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Cer OJHA MBI 6YI[CM 06CY)KI[&TB YIIIEBOA-CBA3BIBAIOIIINC OCJIKH.

HeoOxonumas muteparypa, Kak 0OBIYHO MPEAICTaBICHA Ha CIIale.



INekTuHbl U apyrue yrneBoa-
cBsi3biBaoLLme 6enku

He Bce YITICBOA-CBA3BIBATOIIINC OCJIKU SIBJISTFOTCS JIEKTHHAMM.



YrneBoa-cBA3biBarowWme 6enku
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Co6CTBEHHO NEKTUHBI

J1eKTMHbI — 3TO cneumpmqecme Genku, obnagatowmne CBOMCTBOM |/|36V|paTeano CBA3bIBaTb
yrmeBoAbl 1 yrneBoAHble KOMMOHEHTbI MMWKOKOHBbHOratoB paSJ'II/ILIHOVI npupoabl. JlekTnHammn
NPUHATO CYUTATb TOJIbKO Te€ YIreBOoA-CBA3bliBaroLne Genku, KOTOpble He obnapatot
CI'IeLI,I/ICbVNeCKOI;I FJ'IVIKOd)epMeHTaTVIBHOVI AKTUBHOCTbLHO n NMerT HEUMMYHHOE
nponcxoxaeHue, 1.e. He ABNAKTCA aHTUTenamu.

Mo>xHO BBIJICIINTH HCCKOJIBKO TUIIOB YITICBOA-CBA3BIBAOIIHUX 6CJ'[KOB, HC
SABIAIOMUXCA JICKTUHAMMU:

1) AHTI/I—YI‘JIGBOI[HLIG AHTUTCJIA, KaK CCTCCTBCHHBIC, TAK 1 UMMYHHBLIC,

2)

3)

A octanpHble cienudpuyeckue 0eaku, 00JagaroIIue CBOMCTBOM H30UpaTEIbHO

PACIIO3HAIOT YITICBOAHBIC CTPYKTYPHI, T.C. CBA3bIBAIOT HX.

@epMEHTHI, YYACTBYIOIINE B CHHTE3€ OJIMTOCAaXapUIHON LIETH
(Tmuko3mnTpancdepasbl) WK PaCHICTUISIONINAE TTIMKO3UIHYIO CBS3b, TEM
CaMbIM BBI3BIBAS ICTPAIALIMIO YIIIEBOAHBIX IeTNel (TITUKO3UIa3bl) TAKKE

PACIIO3HAIOT U CBA3BIBAIOT YINIEBOJHBIE CTPYKTYPHI.

TpaHncnopTHbIE O€TTKH, KOTOPBIE TPAHCIOPTUPYIOT YITIEBOACOAEPIKAIIINE
CTPYKTYpPBI, TAK)K€ PACTIO3HAIOT U CBA3BIBAIOT YITIEBOAHBIE CTPYKTYPHI.

CBA3BIBATDb YITICBOABI U YITICBOAHBIC KOMIIOHCHTBI ITTMKOKOHBIOI'aTOB

paganHoﬁ MMpUPOJabl, HO HC ABJIAIONIUCCS YITICBOA-CBA3SBIBAIOIITUMHA GGHKaMH,

TIePeINCICHHBIMI BEIIIE, OTHOCSIT K JIeKTHHAM. JIGKTHHBI TOXE
MO/Ipa3JIeSIOTCS Ha JiBa OOJBIINX KJIacca: COOCTBEHHO JIEKTHHBI U
[IMKO3aMHUHOTIMKAH-CBA3BIBAIOIIAE OEIKU.




CpaBHeHVIe ABYX OCHOBHbIX KJ1laCcCoOB yrneBoa-

CBAA3bIiBalOLWMX 6enkoB

Lectins2

5

Glycosaminoglycan-binding proteins®

Shared evolutionary origins

yes (within each group)

no

Shared structural features

yes (within each group)

no

Defining AA residues involved in binding

often typical for each group

patch of basic amino acid residues

Type of glycans recognized

N-glycans, O-glycans,
glycosphingo-lipids (a few also
recognize sulfated
glycosaminoglycans)

different types of
sulfated glycosaminoglycans

Location of cognate residues within
glycans

typically in sequences at outer ends
of glycan chains

typically in sequences internal to an
extended sulfated glycosaminoglycan
chain

Specificity for glycans recognized

stereospecificity high for
specific glycan structures

often recognize a range of related
sulfated glycosaminoglycan structures

Single-site binding affinity

often low; high avidity generated by
multivalency

often moderate to high

Valency of binding sites

multivalency common (either within
native structure or by clustering)

often monovalent

Subgroups

C-type lectins, galectins, P-type
lectins, I-type lectins, L-type
lectins, R-type lectins etc.

heparan sulfate—binding

proteins, chondroitin sulfate—binding
proteins, dermatan sulfate— binding
proteins

Types of glycans recognized within each
group

can be similar (e.g., galectins) or
variable (e.g., C-type lectins)

classification itself is based on type of
glycosaminoglycan chain recognized

O1imunsg coOCTBEHHO JICKTUHOB U TTIMKO3aMHWHOITINKAaH-CBA3bIBAIOIII X OCJIKOB:

B To BpPCMA KaK KIIACCHYCCKUEC JICKTUHBI UMCIOT o6mee OBOJIOIIMOHHOC
MPOUCXOKACHUC U CXOAHBIC CTPYKTYPBI IJIA Ka)KHOﬁ T'pyHIIibl JICKTUHOB, 6CJ'IKI/I,
CBA3BIBAIOIUEC ITTUKO3aMHUHOITIMKAHBI, JIMIIICHBI 9THUX CBOMCTB.

B ClIydac KJIAaCCUUCCKHX JICKTHHOB BIIOJTHC OIIPCACIICHHBIC OCTATKH
AMHWHOKHCJIOT BOBJICUCHBI B CBA3BIBAHUC YITICBOAHBIX JIUTAHJOB.

B 10 %e Bpems MIMKO3aMHUHOITIMKAaHbI, HECYIIIUE OTPULATENIbHBIN 3apsi,
KOTOPBIN o0ecreunBaeTcs CylbparupoBaHUEM UITU HAJTUYHEM OCTATKOB
YPOHOBBIX KHCIIOT, CBSI3BIBAIOTCS C INIMKO3aMUHOTIIUKAH-CBSI3bIBAIOIINMU
OeJikaMu 4epe3 OCTaTKU OCHOBHBIX aMUHOKHUCJIOT.

JIeKTUHBI pacro3HalT MOHOCAXAaPUIHBIE OCTATKH, PACIIOJIOKEHHbBIC HA KOHIAX
OJIMTOCAaXapUIHOM LEMU, TPUUYEM OHH PACIIO3HAIOT ONPENEICHHbBIE CTPYKTYPBI
C IOBOJILHO BBICOKOW CTIEIIM(PUIHOCTHIO, TOT/Ia KaK TIIMKO3aMHUHOTIIMKAH-
CBS3BIBAIOIIME OCITKU YaCTO PACIO3HAIOT HA0OP CXOIHBIX YIIIEBOIHBIX
CTPYKTYP TIIMKO3aMUHOIIMKAHOB, PACCIIONIOKEHHBIX B INIYOUHE IIeNel 4acTo
BHYTPH MPOTSHKEHHBIX CHIIBHO CYIh()aTUPOBAHHBIX JOMEHOB.

yrﬂeBO,Z[-CBHBI)IBaIOIHI/Ie JAOMCHBI JICKTUHOB MYJIbTUBAJICHTHEIL, 4 B
TTIMKO3aMHUHOITIMKAaH-CBA3bIBAIOIINX OeKxax MOHOBAJICHTHEI.

Knaccudukanust TIeKTHHOB O4eHb HMIMPOKas, a
DTMKO3aMHHOTITMKAHCBSA3BIBAIOIINE OCTKH HA3BIBAIOT IO TUITY



TJTIMKO3aMHWHOIJINKAaHa, KOTOpLIﬁ 9TH OCJIKH PAaCIIO3HAIOT, U TOCKOJIbKY 9TUX TJIMKAHOB
HC TaK MHOI'O, TO U T'PYIIIT CBA3BIBAOIINX HUX OCJIKOB HE MHOTO.



[mnko3amuHornukaH (FAlN)-
cBA3blBaloLWme 6enku

Ceituac MbI mogpoOHEe paccMOTpuM mnko3amuHornukan (I'ATN)-

CBSI3BIBAIOIIHUE OCIIKH.




Mpumepbl 6enkoB, cBasbiBalowmxcsa ¢ Al

Growth factors

Cell/matrix Coagulation/ . . .
. . e . Lipolysis  Inflammation and
interactions fibrinolysis
morphogens
. . . lipoprotein  cytokines FGFs and FGF
Rl SO lipase (IL-2, IL-7, IL-8) receptors
fibronectin heparin cofactor I hepatlc el el
lipase factor
chemokines

. . tissue factor
vitronectin pathway inhibitor apoE (e.g., MIP-13, VEGF

SDF-1, etc.)
thrombospondin apoB TGF-B
tenascin thrombin apoA-V BMPs
various protein C inhibitor TNF-a Hedgehogs
collagens
amyloid proteins tPA and PAI-1 L and P selectins  Wnts
superoxide
dismutase

microbial adhesins

B tabnuie npuBeaeHbl TpUMEPHI M Ha3BaHUS NMKO3aMHUHOIIMKaH-
CBs3bIBAIOIIMX OenKoB. OHU KJIacCU(UUHUPOBAHBI IO TUIIAM BBITIOJIHAEMBbIX
MU OMOJIOTHYECKUX (PYHKUUMN, Cpeid KOTOPBIX JIMIIOJIN3, CBEPTHIBAHUE KPOBH,
B3aMMOJICHCTBHUE KJIETOK MEXIy OO0 M BHEKJIETOUHBIM MaTPUKCOM,
BOCITAJIUTENIBHBIE TIPOLECCHI.



Mpumepbl onurocaxapmuaoB, KOTOpPble Y3HAOTCA 8
FAlr-cBasbiBaloOWMMM 6enkamm

Protein Glycosaminoglycan Oligosaccharide
partner
16S
Antithrombin heparin/heparan sulfate . (x40 B4 . a4@ o4 .

Fibroblast growth factor 2

Lipoproteinlipase

Heparin cofactor I

Herpes simplex virus
Glycoprotein gD

heparin/heparan sulfate

heparin/heparan sulfate

dermatan sulfate

heparin/heparan sulfate

NS3S 2S5 NS

6S 6S 6S
.oc4e oy | a4@ o4 .oc4@

NS 25 NS 28 NS 28

QMIMQMIM@

NS 2S

4s 4S 4s
[1B4< o3[ B4 <> a3 []p4 <
25 2S 2S

<}a4 .a4@oc4 .a4<} o/B4 .0(46&4 ]

NS 2S NS 2S5 NH,3S

3,}16013 NpCACTABIICHBI CTPYKTYPBI TTIMKAHOB, KOTOPBIC Y3HAKOTCA 3TUMU
oenkxamu. C HCKOTOPBIMH MBI YK€ CTAJIKUBAJINCH, HAIIPUMED, aHTI/ITpOM6I/IH,
KOTOpLIfI CBA3BIBACT HeHTacaXapHI[HLIfI (bpar MCHT I'CTIapHHaA.



[ oMeHHas cTpykTypa renapaHcynbdara/renapmHa: 9
CalTbl CBA3bIBaHUA C pPa3fiIMYHbIMU NUraHgamm

NS Domain NA/NE Domain MNA Domain
[ L 1 = =J1
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BaxHO 4TO B monucaxapuie CylmecTBYIOT Pa3HbIe JJOMEHBI, KOTOPHIC
o0aiaroT pa3Hoi CICIM(PUIHOCTHIO CBI3BIBAHUS C TIIMKO3aMHUHOTIIMKAH-
CBSI3BIBAIOIIMMH Ocnikamu. Tak, HarpuMep, B TeapuHe aHTUTPOMOHWH
pacIio3HaeT MEHTACAXapUIHYIO TTOCIEA0BATEILHOCTD, a (PaKTOPBI POCTa
($hubpo0IaCTOB PacO3HAIOT COBCEM APYroi (hparMeHT, KOTOPBINA
MCYCPIBIBAIOIIC CYIb(aTHPOBaH.



Komnnekc aHTUTPOMOGMHA ¢ NneHTacaxapuaHbIM 10
cparmeHTOM renapMHa

NpoTeorIMKaH

Arg129 Asn45 Lys11 Lys125 Lys114 Arg13 Arg46 Arg47 Glu113

,/’ \\
: f OSHN
\
“oso 0 0

co;°

°ho NHf’\cO 0 oso
o 0350 oso3

080y

DTa KapTHUHKA JOJKHA BaM HAIIOMHUTh, KAK MHOTO YYaCTKOB CBS3bIBAHUS
MOHOCAaXapUJIHBIX OCTATKOB B IMEHTACaXapUIHOM (pparMeHTe renapuHa c
Pa3HBIMU OCTaTKaMU aMUHOKHUCIIOT B aHTUTpoMOuHe. briarogaps atomy
cnenpuIecKOMy PacIIO3HABAHUIO 3AITyCKAETCS] TEPMUHUPOBAHUE KOATYIISIIUN
KpPOBH.



Knaccndumkauymsa nekTmHoB

11

Tenepb MbI pazdepeM KinaccUpUKAIUIO JIEKTHHOB.
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BapunaHTbl Knaccudmkaumm neKTMHOB

» Knaccudumkaums, ocHoBaHHaA Ha NPUPOAE MMKaHOBbIX
nocnenoBaTenbHOCTEN, C KOTOPbIMU NEKTUH CBA3bIBAETCS
Hanbonee Npo4YHO

4 Hanpmmep, B-FaﬂaKTO3I/I,EI,-CBF|3bIBa|OLLI,I/Ie JIEKTUHbI = raneKkTuHbl.

» Knaccudgoumkauus, ocHoBaHHasa Ha aHannse romMmosnorum
aMUHOKMCIOTHbLIX NMocreaoBaTenibHOCTEN B6ENKOBLIX LEnen n
CXOACTBa UX TPETUYHBIX CTPYKTYP.

» Yrnesoa-ceasbiBawLme gomeHbl (CRD) kaxaou rpynnel (Tvna)
NEeKTUHOB coepaT KOHCepBaTUBHbIE MOTUBbI
nocriegoBaTenbHOCTEN aMUHOKUCIIOT.

» OOwasa gomMeHHasa apxuTekTypa (MOTMB YKMaAKW) KaKgoro Tuna
NEKTUHOB CXOA4Ha ANd npeacTaBuTenen ogHoro tuna (MMmeet
XapakTepHbIn «dona») u pasnuyaetca A58 NEeKTUHOB Pa3sHbIX
TUMNOB.

BLII[CJ'I}HOT ABEC KJIaCCI/I(I)I/IKaI_II/II/I JICKTHHOB!:

[TepBast ocHOBaHa Ha MPUPOJIEC NIMKAHOBBIX MOCIEAOBATEILHOCTEM, C
KOTOPBIMH JICKTUH CBSI3bIBAETCA Hanbosee mpouHo. YacTo 3Ty cnenuduuHoCTh
CBS3BIBAHUS OTPAXKACT JIa’Ke Ha3BaHUS ITUX JICKTUHOB. Hampumep, -
raJlaKTO3UI-CBSA3BIBAIONINE JIEKTHHBI = TaJICKTHHBI, KOTOPBIC PACIIO3HAIOT
TepMUHAJIbHBIC OCTATKH [0eTa]-rajJakTo3bl.

Bropoii BapuaHT ki1accudukanuy OCHOBaH Ha aHAJIN3€ TOMOJIOTHH
AMUHOKHCJIOTHBIX MOCJIEIOBATEILHOCTEN OCIKOBBIX IETEH U CXOACTBA UX
TPETUYHBIX CTPYKTYP.

Oxka3sbIBaeTcs, 4TO YIIeBo/-CcBa3bIBatomue qoMeHbl (CRD) kax ot rpymmbl
(TUma) JIEKTUHOB COJIepKaT KOHCEPBATUBHBIC MOTUBBI MOCIIEIOBATEIILHOCTEH
aMUHOKHCJIOT. BenencTBue yero o61ias JOMEHHasi apXUTekTypa (MOTHB
YKJIaJKW) KaXI0T0 TUIA JIEKTUHOB CXOJIHA JUIsl IPEICTABUTENE OJHOTO THUIA
(MMeeT xapakTepHbIN «(omT») U pa3aTuvaeTcs s JCKTHHOB PAa3HBIX TUTIOB.

12



C-type

Selectin
y Hepatic
f GL\:! lectin

laL) cs

o \
C3

&Er 1
GL - C3

|
c3

Outside

Inside

ptype | CD22

CI-MPR

NS .

OCHOBHbIe TUNbI NNIEKTUHOB (Ha OCHOBe aHanuM3a 13
nepBUYHON/TPETUYHON CTPYKTYpPbI Oernka)

YrneBopa-cBsisbiBaloLme

AomeHbl (CRDs):

(CL) C-type lectin CRD;

(GL) S-type lectin CRD;

(MP) P-type lectin CRD;

(IL) I-type lectin CRD.

(EG) EGF-like domain;

(IG2) immunoglobulin C2-

set domain;

» (TM) transmembrane
region;

» (C3) complement
regulatory repeat.

v v v v v v

Ha cnal‘/’me MMPUBCACHBI OCHOBHBIC THUIILI JICKTUHOB, KOTOPHIC ObLIN

KJ'IaCCI/I(I)I/II_[I/IpOBaHBI Ha aHaJIN3¢C IMOCJICA0BATCIIBHOCTHU HOJIPIHCHTHI[HOﬁ O CIIn.

3):[60]: MOXHO BUACTH, YTO JICKTUHBI MOT'YT OBITH PaCTBOPUMBIMHU U

MeMOpPaHOCBSI3aHHBIMH, UIMEIOT Pa3HOOOPA3HYIO apXUTEKTYPY U Pa3THIHbIC

CBS3BIBAIOIINE JTOMEHBI.

13



Pa3HooOpa3ue TMNOB TPETUYHbLIX CTPYKTYP 14
(«dbonaoB») NEKTUHOB: HECKOSNIbKO NPUMepoB
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311ech NOKa3aHbl 9 MPUMEPOB TUIIOB TPETUUHBIX CTPYKTYP JIEKTHHOB,
Ha3bIBa€MbIX (poigaMu. DTOT clailj] IEMOHCTPUPYET TO, HACKOJIBKO OHH
pasHBbIE.



Mannepesa NeKTUHOB: BCe N3BECTHbLIE TUMDI 15
TPETUYHLIX CTPYKTYpP («donaoB») NeKTMHOB

| e T

62. D. Solis, N. V. Bovin, A. P. Davis, J. Jiménez-Barbero, A. Romero, R. Roy, K.
Smetana Jr., H.-J. Gabius. Biochim. Biophys. Acta 2015, 1850, 186-235.
DOI: 10.1016/j.bbagen.2014.03.016.

Bbonee nonpoOHBIil CIMCOK CTPYKTYP (OJIIOB MOXKHO HAWTH B 0a3axX JaHHBIX, a
HEKOTOpbIE IPUBE/ICHBI B MPEACTaBICHHON Ha Cllaiijie MyOIuKaluu, T TaKKe
JIETAJIbHO OMMCAHO, KAKUE Caxapa OHU CBA3BIBAIOT U KAK OHU ATO JENAOT.
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JlekTuHbI pacTeHnn

JlekTnHbl L- n R-TunoB

16

I[OJ'II‘OC BpCMA CHUTAJIOCH, UTO JICKTHUHBI IPUCYTCTBYIOT TOJIBKO B PACTCHUAX.

16



JleKTUHbI pacTeHun

JIeKTUHbI: YTO 3TO TaKoe U YeM BpegHo?

JleKTvHaMK Ha3biBaloT O4YeHb pa3H006pa3Hoe
ceMelicTBO Yrnesoa-cBAsbIBakWnX benkos. B
npupoae HaCTONbKO MHOIMO NEKTUHOB, YTO OHK
COAEpKaTCA BO BCEX PaCTUTENbHbIX U

o KUBOTHBIX opraHusMax. bes npeysennueHns

4 MOXHO CKa3aTb, YTO 6e3 NeKTUHOB HET XW3HW.

A eCcnv TaK, noyeMy Toraa U3BECTHO, UTO
¥ NEKTUHbI BPeaHbl, M YTO € MX ynoTpebneHnem B
nuLLY Hago BbiTb OYeHb OCTPOXHBIM?

17

JIeKTUHBI paCTeHI/Iﬁ AO0CTAaTOYHO XOPOIIO OIMMCAHEBI JAXKE B HOH}’J’DIPHOﬁ

nuteparype. Ha cnaiine npuBeaeHa TUIMYHAS CTPAaHUYKA U3 UHTEPHETA.

17



Mcnonb3oBaHMe NEKTUHOB B IMUKOOMONOrnu: 18
JNIeKTUHbI — UHCTPYMEHTbI UCCrief0BaHuUA

Lectin ELISA MEASUREMENTS
or F GLYCAN CELL SELECTION/
antibody DETERMINANTS MUTATION
PHENOTYPES/
MITOGENESIS/
DEFINING
GLYCOSYLATION
STATUS OF CELLS

BLOOD TYPING/
CELL AGGLUTINATION

3
2 . HISTOCHEMICAL
- L STAINING

/ GLYCOCONJUGATE
= PURIFICATION

Bound
ASSAYING ENZYMES

D—i)—.—()—

‘Giy;usy\— i &53 i

p  transferase B4 gl | o
oMmtr st R . Not bound

00—
cord GoP

PactuTenbHble JEKTUHBI AKTUBHO HUCIIONIB3YIOTCS B OMOJIOTHH YK€ MHOTHE
ronbl. barogaps cnennuuHOCTH B3aUMOIEUCTBYS IGKTUHOB C YITIEBOJHBIMU
CTPYKTypaMu ObLIN YCTAHOBJIEHBI CTPYKTYPbI OJIMTOCAXapHUIHBIX (PparMeHTOB
C KOTOPBIMH CBSI3bIBAIOTCS JIEKTUHBL. JIEKTUHBI IPUMEHSIOTCS B
UMMYHO(EPMEHTHOM aHaJIn3e, THCTOXUMUYECKOM OKPALIUBaHUU, aHAJIN3E
MPOAYKTOB (hepMEHTATUBHON peaKkluu, ONPEAEIICHUN TPy KPOBU MIPH
KOAryJISIlIMK, @ UMMOOMIM30BAHHbBIE JIEKTUHBI MOXKHO MCIIOJIB30BaTh JJIs
OYMCTKH NNIMKOKOHBIOIaTOB WM JIJISl COPTUPOBKH KJIETOK.

9
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MukaHbI, NPO4YHO CBA3biBawOLWnecs C NIeKTuHaMmu

Ric i utinin | Inhibitor :
f-iinked terminal Gl olml-r T RGA "Ga
Erythrina crista-galli lectin Inhibitor :
pldlinkedtemina Gl OXgE-R i e Gal
At 03~ Bl Griffonia simpiicifolia agglutinin 1-B4 Inhibitor :
o1-3-linked terminal Gal O_O_._g (GSI-B4) Ealfirons
o/ Wisteria fioribuncda agglutinin Inhibitor :
Terminal GalNAc ——-r (WFA) GalNAc
Ulex europasus agglutinin | (UEA-) Inhibitor ;
2] pa PR oo ol (AAA) &
o \nguilla anguilla aggiutiinin
o1-2-linked Fuc R {bound tightly)
Tetragonolobus purpureas agglutinin | (TPA)
(bound weakly)
Te b Jutinin|  Inhibitor :
AR R (034 etragonolobus %ﬁ't:%freas agglutinin nl |l: uCc)r

R’ # Sialic Acid R para B R

Aleuria aurantia lectin Inhibitor :
o1-2-,-3-, or 6 | 02 a% P (AAL) Fuc
linked Fuc Pl B o Plgg B o R
+-

p6
Bi- and triantennary B2 6
complex-type o B Lens culinaris agglutinin (LCA) Inhibitor :
N-glycan Plombiny and a-methyl-Man
(but not alternate Pisum sativum agglutinin (pea lectin)
triantennary or B2 3

tetraantennary)

Ha cnaline npuBeneHbl NpuMepsI INUKAHOB, KOTOPBIE TPOYHO CBS3BIBAKOTCS B
PACTUTEIBHBIMU JIEKTUHAMU. JTO INIMKaHBI, COAEP/KAIINE OCTATKU T'aJIAKTO3BI,
(byko3bl WM OoJIee CIOKHBIE CTPYKTYphl. B Tabnuue, npeacTaBieHHON Ha
claiizie, TakKe MPeCTaBICHBl MHTHOUTOPHI, MPEMATCTBYIONINE CBSI3BIBAHUIO
ATUX YIJIEBOJHBIX CTPYKTYP C JIEKTUHAMH.
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MukaHbl, y3HaBaeMble NeKTUHaAMN pacTeHUN

Lycopersicon esculentum agglutinin

Inhibitor :
(tomato lectin or LEA chitotriose (GlcNAC,
Do 3 ~ Py B3 ~ B4 R Solanum tuberosum lectin )
(potato lectin)
Datura stramoniurm agglutinin (DSA)

4,
T 6 Phytolacca americana mitogen Inhibitor :
g (pokeweed mitogen) chitotriose (GIcNAC,
_QB_“-E Piog B Ping B o Triticum vulgaris agglutinin )

{wheat germ agglutinin or WGA)

B
R Maackia amurensis Inhibitor :
6 leukoagglutinin (MAL) lactose

"

0B~ B

B Sambucus nigra Inhibitor :
agglutinin (SNA) lactose

i uﬁi o o

Triticum vulgaris agglutinin Inhibitor :
(wheat germ agglutinin or WGA) GleNAG
Limax flavus agglutinin (LFA) sialic acid
Triticum vulgaris agglutinin Inhibitor :
IE R (wheat germ agglutinin or WGA) GleNAC
Griffonia simplicifolia lectin Il (GSL-1I)
(low affinity)
B4 R Griffonia simpiicifolia lectin Il (GSL-1l) Inhibitor :
(high affinity) GlcNAc
Vicia villosa agglutinin (VVA) Inhibitor :
D ¢lg Wistenria floribunda agglutinin (WFA) GalNAc
Dolichus bifiorus agglutinin (DBA) GalNAc

allN,
Artocarpus integrifolia agglutinin (Jacalin lectin)  e-methyl-Gal

@“_ R Artocarpus integrifolia agglutinin Inhibitor :
(Jacalin lectin) o-methyl-Gal

Arachis hypogaea agglutinin Inhibitor :
B3, (3 (peanut agglutinin or PNA) lactose
R Artocarpus integrifolia agglutinin c-methyl-Gal
(Jacalin lectin)

B T0 xe BpEMs paCTUTCIIbHBIMU JICKTUHAMUA Y3HACTCS 1OpPa3ao OOJIBIITNIH Ha6op
CTPYKTYD, BKJ'II-O‘-IaIOIJ_II/Iﬁ CHAJIOBBIC KUCJIOTHI U JIAKTO3aMHWHHBIC LICIIN.

20



N-ImukaHbl, y3HaBaeMble KOHKaHaBariuHoM A 21
(ConA) n3 Canavalia ensiformis
. o6
Oligomannose-type Con A Inhibitor :
N-gycan @la L ALY (boundntightiy) a—r:etlhyﬂrlan
ca-methyl-Gle
Hybrid-type ConA Inhibitor :
N-glycan (bound tightly) o-methyl-Man
o-methyl-Glc
Biantlenngy 5
complex-type o ConA Inhibitor :
hni;c?thtffgn%m B4 BAsn {bound :‘Meakly) q-rgetlhylc-)rMan
tetraantennary a-methyl-Gle
complex-type
N-glycan

Ha sTom cnaiine 6onee KpynHbIM IJIaHOM MOKa3aHbl INTUKAHOBBIE CTPYKTYPHI,
Y3HaBa€Mble KOHKAHABAIMHOM A. DTO OIMH U3 CaMbIX U3BECTHBIX JIEKTUHOB,
KOTOPBIN pacro3HaeT oJIMrocaxapuanble pparMeHThl N-1enel I1KaHoB,
COZIEp KAIUX OCTAaTKH MaHHO3bI. B paMKy 0OBeZIeHbI CTPYKTYpHhI, y3HaBaeMble
9TUM JIEKTHHOM. B OnoxumMmuueckux 1abopaTropusix 4aCcTo MOXKHO CIIBIIIATD,
YTO 3TOT JIEKTHH CBA3BIBAETCS ¢ MAaHHO30M. Kak MOXHO BUIETh U3 KAPTHUHKH,
3TO SIBHOE YITPOILECHHUE.

21



AddbuHHaa xpomatorpadusa: Ha KONOHKaXxX 22
VIMMOGMHVISOBaHUbI nektuHbl (ConA, LCA, MAL)

oot
e

Mixture of glycans
applied to ConA-Sepharose

a-GlcOMe 3 a-ManOMe
a-ManOMe a-ManOMe
Lac o / Lac
g; Hapten Hapten

CriocoOHOCTD JIEKTUHOB CHEIM(PUYHO CBA3BIBATHCS ¢ THKAHOBBIMU
(parMeHTaMu aKTUBHO UCIOJIb3yeTcs B ahPpuHHON Xpomarorpapuu ass
OYHMCTKHU TIMKOKOHBIOTATOB.

31ech moKazaH MpUMEP UCTIOIb30BaHUS HECKOIBKUX aQ(pUHHBIX KOJTOHOK U
HECKOJIbKMX HHTUOUTOPOB CBSI3BIBAHMS, KOTOPHIE CEJIEKTUBHO DITIOUPYIOT
ONpEIETIEHHBIE TUIIBI CTPYKTYP IIUKAHOB.

22
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JIEKTWHbI KNETOK XMBOTHbIX

CeneKTUHbI, KONNeKTUHbI, (OUKOTNUHbI, CUTTIEKN,
raneKkTuHbI

B KOHIIC 60-x TOOOB IPOHIJIOI0 BCKA IMMOABUIINCH IICPBLIC YBCPCHHBIC JAHHBIC,
YTO JICKTHUHBI O6H3pY)KeHLI Y )KUBOTHBIX, HA3BaHUS KOTOPBIX TICPCUUCIICHBI HA
cnaﬁne. I[aﬂee MBI IO O4YCPCAn PACCMOTPUM I3THU KJIACCHI Ooiee HOI[pO6HO.



CDyHKLIMVI JIEKTUHOB KIeTOK XXUBOTHbIX

Activity

24

Example of lectin

Recognition of stem region of N-glycans a signal for ubiguitin conjugaton when accessible
in incorrectly folded glycoproteins

Molecular chaperones with dual specificity for Glc,/Glc,MangGlcNAC; and protein part of
nascent glycoproteins in the ER

Targeting of misfolded glyoproteins with Man, «GleNAC, as carbohydrare ligand to ER-
associated degradation (ERAD)

Intracellular routing of glycoproteins and vesicles and apical delivery

Intracellular ransport and extracellular assembly

Enamel formation and biomineralization

Inducer of membrane superimpasition and zippering ( formatien of Birbeck granules)
Cell type-specific endocytosis

Recognition of foreign glyans (51 3-glucans, cell wall peptidoglycan, EOS" and LPS”),
mycobacterial ghycolipid or host-like epitopes

Recognition of foreign or aberrant glycosignatures on cells (including endocytosis or
imidation of opsonization or complement activation) and of apoptmtic/necrotic cells

(glycans or peptide motifs)
Targeting of enzymatic activity in multimodul ar proteins

Bridging of molecules
Induction or sup pression of effector release (H,0., cytokines etc.)

Alteration of enzymatic activities in modular protei ns/receptor endocytosis via lattice
formation

Cell growth control, induction of apeptosis/anoikis and axonal regeneration

Cell migration and routing

Cell-cell interactions

Cell-matrix interactions

Matrix network assembly

F-box proteins Fos1 and Fbs2, which comprise the ligand-specific part of SCF” ubiquitin
ligase complexes
Malectin/ribophorin [ complex, calnexin, calreticulin

EDEM1,2°Mnl 1 (Hom1) (lectins or glycosidases?), YosSp (MRH" domain) in yeast,
erlectin (XTP3-E%) and 059 in mammals

Comitin, ERGICSF and VIP36" (probably atso ERGL and VIPL'), galectins-3, -4 and -9,
P-type lectins

Non-integrin 67 kDa elastin/laminin-bnding protein

Amelogenin

Langerin (CD207)

Cysteine-rich domain (B-trefoil) of the dimeric form of mannose receptor for GalNAc-
4-50,-bearing glycoprotein hormones in hepatic endothelial cells, dendritic cell and
macrophage C-type lectins (mannose recepror family members (tandem-repeat type)
and slngL&CRD" lectins such as wimeric langerin/CD207 or terameric DC—S[CN'JCIJZDBJ,
hepatic and macophage asialoglycoprotein receptors, HARE™, P-type lectins

CR3" (CD11h/CD18, Mac-1 antigen), C-type lectins such as collecting, DC-SIGN, dectin-1,
Mincle and Regflly (murine)? or HIF;PAP (human), ficolins, galectins, immulectins,
intelectins, Limufus coagntation factors C and G, siglecs, tachylectins

Collectins, C-type macrophage and dendritic cell lectins, CR3 (CD11b/(D18, Mac-1
antigen). o/B-defensins, fioolins, galectins. penraxins (CRP. limulin), Regliry (HIP/PAP),
siglecs, tachyledins

Aaosin, Limulus coagulation factor C, laforin, f-trefoil fold ( (QxW); domain) of
GalVAC-Ts" imvolved in mucin-type O-glymsylation, frequent in microbial
ghvcosyihydrolases for plant cell wall polysaocharides, termed carbohydrare- binding
maod ules

Cerebellar soluble lectin, cytokines (e.g. IL-2*-IL-2R and CD3 of TCR), galectins

Chitinase-like YKL-40, galectins, [-type lectins (eg. CD33 (siglec-3), siglecs-7 and -8),
selectins and other C-type lectins such as (D23, BDCAZ and dedtin-1, Toll-like receptor 4

Mannan-binding lectin (acting on meprins); galectins

Amphoterin and other heparin-binding proteins, cerebellar soluble lectin, chitinase-like
lectins, C-type lectins, galectins, hyaluronic acid-binding preteins, siglecs (eg. (D22 and
(D33)

Galectins, hyaluronic acid-binding proteins (CD44, hyalectans lecticans, RHAMM®),
I-type lectins, selectins and other C-type lectins

Galectins, gliolectin, I-type lectins (eg. siglecs, N-CAM", P, or L1), selecting and other
C-type lectins such as DC-SIGN or macrophage mannose receptor

Calreticulin, discoidin I, galectins, heparin- and hyaluronic add-binding lectins induding
hya ke ctans/lecticans

Galectins {eg. galectin-3/hensin). non-integrin 67 kDa elastin/aminin-binding proten,
protenglycan core proteins (C-type CRD and G1 domain of hyalectans flecticans )

DTOT ClIaifl IEMOHCTPUPYET OIPOMHOE pazHooOpas3ue QyHKIUN JIEKTUHOB
’KUBOTHBIX KJIETOK.
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Yto Y3HAKT JIEKTUHDbI MIleKonuTarLwmx?

» ASGPR (cBoe)

» ranekTuHbl (CBOE U Yyxoe-7?)

v

CUrnekun (CBoe 1 4yxoe)

v

LIMTOKUHBI (CBOE)

v

KOSMMEKTUHbI (Yy>KOE)

v

dorKOnMHbI (Yyxoe)
» Man-cBasbiBatowme 6enkun C-trna (4yxoe)

DC-SIGN (4yxoe)

v

JIGKTUHBI MJICKOIMUTAOIINUX Y3HAIOT PAa3HbIC YITICBOAHBIC CTPYKTYPBI:

AcuanorukornporenHoBsiit peuentop (ASGPR) ysnaer CBOU mvkansl,
coJiepKalllie OCTaTKU rajiakTo3bl U N-aleTUiaratakTo3aMuHa.

EcTb ranakro3o-pacno3Haroiiye raJeKTHHbI, KOTOPbIE KaK U CUTJICKH, Y3HAIOT
u CBOW rnukansl, 1 YYXKXUE. Ilutokunsl pacno3HaroT Tobko CBOE, Torna
KaK KOJUIEKTUHBI, (PUKOJTMHBI, MAHHO30-CBsI3bIBaromie 6enku C-tuma u DC-
SIGN — toneko UYXKOE, yTo ncnonb3yeTcst i 3alUThl OT TaTOT€HOB.

25



JlektuHbl C-TMNAa

CeneKTUHbI, KOMNJEeKTUHbI,
acuanornMkonpoTeMHOBLIN peLuenTop,
peuenTopbl AeHOPUTHBLIX KNEeTOK,
peuenTopbl 3HAOLUTO3a

26

Mp1 Oynem paccMarpuBaTh JEKTUHBI B COOTBETCTBUH C MX IEPBUYHOMN
AMUHOKHUCIJIOTHOM MOCJIEI0BaTEIbHOCTBIO, KOTOpasi TPaHCIUPYETCs B
pa3IuyYHbIE TpeXMEpHbIE CTPYKTYpHI (donasl). Hanbonee usydens u
pa3HooOpa3Hbl JeKTUHBI C-THMA.

26



TunuyHaa TpeTu4yHaa CTPYKTypa NEeKTUHOB 27
C-tuna: B-caHaBuY

Glco1,4Glca1,4Glc

Tpetnunas ctpykrypa (ponn) nextuHo C-Tuna npeacrasieHa [oeral-
c3H]BUYeM. B 00pa3zoBaHnn KOMIUIEKCaA YIIIEBOJHOIO JIMTaH/A C
MOJIMIIENITUAHON Lenbio JeKkTuHA C-Tuna Beerja y4acTBYIOT HOHBI KaJIbLIUS.
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N——C POLYPEPTIDE

17 N'pynn nektuHoB C-TUna: AOMEHHOEe CTPOEeHue

xtracellular b CRUCIFORM

a Cytoplasm
; COLLECTIN @ C-TYPE LECTIN DOMAIN
| Lectican N_@.‘—..a_ -C
Rd RiCIN (R-TYPE DOMAIN)
Il ASIALOGLYCOPROTEIN & RECEPTOR @ 1g-LIKE DOMAIN
DG RECEPTORS N OLIGOMER !
(DIMERS OR @ PKD (Ig-LIKE)
V NK-CELL RECEPTORS TRIMERS)
@ LINK
11l COLLECTINS @ cor ]
IV SELECTING G -@ GOP (SUSHY |
VI MULTI-CTLD ENDOCYTIG | cus
RECEPTORS © N | REJ
= COLLAGEN

VIl REG GROUP [Examples: SP-D, conglutinin, and CL-46 MM o-HELX
@49 FIBRONECTIN TYPE 2

VIll CHONDROLEGTIN, LAYILIN
BOUQUET 0 LDL CLASS A

XEEIMLES COLLECTIN
X TETRANECTIN ¢ O-GLYCANS
c ® WsC
X POLYGYSTIN | M A SCP
VON WILLIBRAND

XIATTRACTIN G FACTOR (VWF) TYPE C

Coiled | CSPG REPEAT

Examiples: MBL and gp-a  %-helices % Cal.p
XIll DGCR2 (DI-GEORGE « (DC) Dendritic cell; q psi
SYNDROME) o=@ « (NK cell) natural killer cell;
+ (MBP) mannose-binding
M protein;
* (SP-Aand SP-D) surfactants;
« (CCP) complement control
protein;

XVIl GBCP/Fram1/GBRICK N—FHHHHHH2—C ¢ - (CTLD) C-type lectin domain.

XN EGSINOPHIL MAJOR
BASIC PROTEIN (EMBEP)

XIV THROMBOMODULIN ¢

XV SEEC

Pa3noobpasue n1oMeHoB JeKTHHOB C-TUna NO3BOJUIO BBIACIUTE 17 rpymmn
ATUX JIEKTUHOB. JIOMEH y4acTByeT B y3HABaHUU YINIEBOJOB IIpU
MIOCPEAHNUYECTBE HOHOB KaJIbLMs. MoJekyna JeKTHHA MOKET COEpkKaTh OJUH
WJIM MHOTO JIOMEHOB, KOTOPBIE MOT'YT PACIIONAraTbCsi BHyTPU LEMOYKH, NN HA
€€ KOHIIAaX IIeTIOYKH, WJIX 00Pa30BhIBATh Pa3IMUHbIE CTPYKTYPHI.
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JNlekTuHbI C-TNNA: cuctema BpOXOaeHHOoro 29
MMMYHUTETAa, paCcno3HaBaHUe NaTtoreHoB n

KretoyHas agre3us
(e e i oo e e e o (=]

ENDOTHELIUM DC-SIGN
'+ DEC-205
Aoy T DENDRITIC MGL
PATHOGEN CELL

(e.g., HIV-1, bacteria,
parasites, fun gi)

ICAM-3
MR
L-Selectin
| .ﬂ
) S TOLL-
7 :\“-w. J é" PSGL-1 52 .~ RECEPTORS
i Bl (.9., TLR-2,
PSGL-1 g/-\ s TLR-4)
T CELL i o
DC-SIGN /
?: 9 ao®
B 0T o
131303 Z
ENDOTHELIUM Ll 16 e )
B e O oo e e e e =}

Jlextunsl C-THnA SBISIOTCS KOMIIOHEHTAMU CHCTEMBI BPOXKIEHHOTO
MMMYHUTETA, U [IOMOTal0T OPraHU3My paclio3HaBaTh YIIIEBOJAHBIE CTPYKTYPbI
[IaTOTE€HOB Y yYaCTBYIOT B KJIETOYHOM aAre3uu. DTH JEKTUHBI PACIIOJIOKEHBI HA
T-kneTkax, JEHAPUTHBIX U HIOTEIINAIBHBIX KIETKaX.
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JlekTnHbl C-Tna Kak peuenTopbl 3HAOLUTO3a

Ayl

ey "'"‘ Glycosylated ligand

A

Recycling receptors
(e.g., ASGPR)

Endocytic
C-type lectin

4

i

LA
Clathrin-coated pq

(

7
Nonrecycling
receptors
(e.g. DC-SIGN)

7
Late endosome
(pH < 5)

[TepBriit Tum 1eKTUHOB C-THUIIA — 3TO PEUENTOPHI F3HAOLUTO3a. [ TMKOTIpOTEUH,
HECYIIWW JTUTaH/ JICKTUHA, PACTIO3HAETCSA U CBA3BIBACTCS C JICKTUHOM, Jlaliee
ATOT KOMILUIEKC, 00pa30BaHHBIN MPU Y4aCTUH MOHOB KaJbIUs,
TPAHCIIOPTUPYETCSI BHYTPh KIETKU BHYTPH 3HI0COMBI. [locne noakucieHus
pH 10 5 B mo3aHUX 3HI0COMAaX KOMIUIEKC PacmagaeTcs, MOCIE Yero
[JIMKOTIPOTEUH PACIICTUISIETCS, a IEKTUHOBBINA PEIENITOP MOXKET JIMOO TOXKE
pacHIeIIsThCS, TMO0 BHOBb BO3BPAIATHCSI HA MEMOpaHy KIETKH IS
ITOBTOPHOTI'O IIMKJIA. DTO 3aBUCUT OT THIIA PELENTOPA.

Hanpumep, acuanorIMKonpOTEnHOBBIA PEIENTOP TOBTOPHO 3KCIIPECCUPYETCS
Ha MEMOpaHe KJIETKH TOCIIe aKTa PEIENTOP-0MOCPEIOBAHHOTO YHAOIMUTO3A.

30



AcnanornmkonpoTenHOBbIN
peuenTop

JlekTuH C-Tuna

31

PaccmoTpum atot perientop noapoduee. OH siBnsieTcs JekTUHOM C-TuIa.

31



ASGPR - acuanornnkonporeMHoBbIW peuentop: 32
KaK OTKPbISIN NepBbIA NEKTUH MIIEKONUTaKOLNX

100
80
60 -

40

Caeruloplasmin

Asialocaeruloplasmin
8 - € NeuAc
64 @Gal
4 - B GIcNAc
O Man

% Remaining in circulation

0 5 10 15 20 25
Minutes after injection

DT0 nepBblil IEKTUH, 0OHAPYKEHHBIH B MJIEKOMUTAIOLIUX.

OTKpbUIH aCUaJIOTIIMKONIPOTEUHOBBIN PELETITOP CIy4ailHO, U3ydasi TUHAMUKY
HUPKYJISIUMU B KPOBU 1iepyioriazMuna. CopepkaHne 3TOro IMKOMPOTEHHA B
KpOBHU HE U3MEHSETCS B TeUeHHE noiydaca. OaHaKo acHalionepyIoia3MuH,
MTOJTYYCHHBINA TIOCJIE €r0 00pabOTKH TIIMKOIIPOTEHHA CHATUAA30M,
OTHIEIUISIIOIIEH OCTAaTKU N-aleTUIHEMPaMHUHOBOW KUCJIOThI, BBIBOJIWIICS U3
KpoBH 3a 15 MuHYT.
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ASGPR - acuanornnkonporeMHoBbIW peuentop: 33
KaK OTKPbISIN NepBbIA NEKTUH MIIEKONUTaKOLNX

100
80
60 -

40

acuano-arasiakto

Asialocaeruloplasmin
8 - € NeuAc
64 @Gal
4 - B GIcNAc
O Man

% Remaining in circulation

0 5 10 15 20 25
Minutes after injection

Ho oka3anock, 4yTo ecnu rajakro3ua3zoi yopars U3 acualolepyliomia3MuHa
OCTAaTKM TaJaKTO3bl, TO MOJYy4aeMbIil aCHaJI0-araJakTo-IepyIOIIa3MUH CHOBA
JIOJITO LIUPKYIUPOBal B KpoBH. [lo3TOMY 3TH HccieaoBaTeNu MPUILLITU K
BBIBOJTY, YTO PE3KOE CHMXKEHHE LIUPKYIUPYIOLIETO B KPOBU acuaso-
[EPYIOIIIa3MUHA OOBSICHSIETCS €T0 B3aUMOJICHCTBUEM C PEIEITOPOM, B
KOTOPOM aKTMBHOE y4aCTHE UTPAIOT OCTATKHU TajJaKTO3bI.
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CBnasbiBaHue ¢ ASGPR - nepBbin 3Tan
peuenTop-onocpeaoBaHHOINO 3HAOLMTO3a

Geometric Relationship
of ASGR Binding Site

Lysosomes

o
22A

Hydrolysis

o
25A

Endosomes
Coated vesicle

: v Coated
Q {2 81,4 branch | pit

C-type
CRDs
Neck/stalk
ARAR| | [RARR H B GIcNAc Recycling vesicle
w HBUU O Man
N ® O Gal

Tpu cyobeanHuLbI

Cell surface |

34

Binding
(PH7.2)

PGHCHTOP BKJIFOYACT TpU CY6’L€I[I/IHI/II_[BI, PACIIOJIOKCHHBIC B BEPIINHAX

HCPABHOCTOPOHHCT'O TPCYTOJIbHUKA.

CBs3bIBaHUE C ACHAJIOTIIMKOIIPOTCUHOBBIM PCUCIITOPOM — 3TO HepBBIﬁ oTall
pPeucuTOpP-0IMOCPCAOBAHHOTO S9HAOTHUTO3a TTIMKOIIPOTCHHOB, COACPKAIITUC

INIMKaHbl ¢ TCPMHUHAJIBHBIMHU OCTATKaAMU I'aJIAKTO3bI UJIN N-
aliICTUJITraJIaKTO3aMHUHa.
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TpeboBaHUA K TOYHON CTPYKTYpe rnuKaHa

(1]
[ [ Galpt—4GicNacB1—6
= N
Galp1—4 GluNacpf1— 2Man o 1—6
ABCD o Man B 1—=4 (Glc Nac), - Asn
L Gal1—4 GluNacpfp1— 2Manoa 1—3
L Structure Affinity (M)
L Gal p1—4 (Elu Nac f 1—4 A (ASOR) 2% 109
{(£)a1-3 B 5.8x 109
L-Fuc (o 150 x 109
D (AsTf) 49,000 x 109

OOBIYHO TOBOPSIT, YTO ATOT PELENITOP CAB3BIBIACT TIIMKAHBI C TEPMUHATILHBIMHU
OCTaTKaMHM TaJlaKTo3bl HiIM N-areTuiranakTo3amMmunaa.. Ho 3To cuiibHOe
YIIPOIIIEHUE CUTYaIlMH, KaK MOYKHO BHJICTh U3 TOTO ciaima. Bapeupys
PacCIIOJIOKEHUE OCTATKOB TAJIAKTO3bI B TNIMKAHE MOXXHO MEHSTH €T0
aUHHOCTH HA HECKOJILKO TIOPSIJIKOB.
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JlekTuHbI Ha OE€HOPUTHbLIX KITeTKax

INekTnHbI C-TUNA, ranekTUHbI, CUINEeKU

36

Ha ACHAPUTHBIX KJICTKAX PACIIOJIOKCHBI JICKTHHBI C—TI/IHa, a TAKKC I'aJICKTUHBI

1 CHUITICKU.

36



JlekTMHbI Ha AeHApPUTHLIX KneTtkax (DC) 37
» JlekTnHbl C-THNa:
» DC-SIGN
» DEC-205
» Mf Gal-peuenTop
» Man-peuentop
» [JeKkTunH
» ClLec
» L-CenektuH

» [anekTuHbl: -1, -3, -9
» Curnekun: -3, -7,-9, -10, -15

MpbI paccMoTpuM cenekTuHbl, MaHHO3HbIN penentop u DC-SIGN. Oto- Bce
nektuHsl C-TUna.

I'aeKTUHBI ¥ CUTTICKH HYMCPYIOT, T.K. UX MHOTIO.
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®PYHKUUUN NeKTMHOB C-TUna Ha aHTUreH- 38
Npe3eHTUPYILWNX KIeTKax

Hidden-self Altered-sejf
- un'\ca‘\c‘“ Cell death and cell transformation No"'seff
cell adneso" and ) i Living cell Tumor call Pa'hUQens
o '35/@ PAMPs ,‘_ A
' \ WX 4
- Apﬂp{ulic cell  Necrotic cell ‘ . 8 .

) Tcell i i
\ ¢ |
Dendritic cell i ': b y iw ’
N Ligand?
SAP130

FITE . G & ST

m— DEC205 Mincle CLEC9A DC-SIGN -
/ N
Tolerance
Immunity

Phagocyte/dendritic cell

OyHKUINY JEKTUHOB C-THUIIA HA AEHAPUTHBIX KIETKaX CBOISATCS K TOMY, YTO
OHU PaCIIO3HAIOT YITIEBOAHBIE CTPYKTYPhl KaK «CBOe» M «uyxoey». Korma 3to
CTPYKTYpbI «cBoeroy» 3T JekTuHbl (DC-SIGN) sBist0TCS MOCpPETHUKAMU B
KOMMYHHKAIIMU MEXIY KJIETKaMHU U UX aAre3uu. boiee Toro, 3TH JIEKTUHBI
MOT'YT PacIiO3HaBaTh «CKPBITHIE CBOW» WJIM U3MEHEHHbBIE CTPYKTYPHI Ha
KJIETKaX B pe3y/ibTare OHKOTpaHC(HOpPMAIINK, 3amycKasi allonTo3 WIK HEKPO3
TAKUX KJIETOK B pE3yIbTaTe B3AUMOJCHCTBUS Y3HAHHBIX YITIEBOAHBIX CTPYKTYP
C pa3HbIMU JIEKTUHOBBIMH PEIIENITOPaMU Ha ACHAPUTHBIX KieTkax. [Ipu
pacro3HaBaHuM JeKTUHaMH C-TUIa yIJIEBOAHBIX CTPYKTYP «UYXKOro» Ha
MaTOre€Hax 3alycKaeTcsl KacKaJ BOCIAIUTEIbHBIX UMMYHHBIX peakuuid. Takum
o0pa3oM, pacro3HaBaHUE JICKTUHOBBIMU PEIENITOPAMU JACHAPUTHBIX KIETOK
YIJIEBOAHBIX CTPYKTYP MO3BOJISIET PETYIHPOBATH OallaHC TOJIEPAHTHOCTH K
«CBOEMY» U UMMYHHOIO OTBETa K «UYKOMY».
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DC-SIGN (Dendritic Cell-Specific Intercellular 39
adhesion molecule-3-Grabbing Non-integrin

Nektun C-Tvna

DC-SIGN [GalNAcB1-4(Fucal-3)GleNAc], >Le*-Le* = Man,-GlcNAc, >
WHTepHanusauus BupmoHa Mang-GleNAc, > Le? = LeY > Le* = Man,-GleNAc, = GalNAcB1-

HIV-1 (cBsi3biBaHne gp120) 4(Fucal-3)GleNAc = Man,-GleNAc, = Le*~ SuLe*

DEC-205 [GlcNAcB1-4];> LeY-LeX-LeX = KDNo2-3Galp1-4GIcNAcp = Galal-
3Galf1-4Glc = GlcAB1-6Galf = GleNAcB

Macrophage  GalNAcal-3Gal; LacdiNAc; GD2; A (type 2); GaINAcB1-4(Fucal-
Gal-binding  3)GlcNAc; GM2; GleNAcfB1-6GalNAca; GalNAcal-3GalNAca;
lectin (MGL) GalNAca (Tn); 6SuGalNAca; SiaTn

MBP Mannans, branched Man 4

DCAL Man-terminated glycans, LacdiNAc, LNnT

Dectin-1 B1-3Glc, (n>6); Chito-OS, su-OS, GlcNAcf1-3GalNAca, Sia;

CLec-1 3',6',6 Su;LacNAc > GalB1-3GalNAcB1-3GalNAcal-4Lac;
LacNAc2Mana3(Mana6)Manp4GlcNAc4GleNAc; Glef

230-235A CLec-2 su-08, Sia;, Glef
Neck

CLec-6 Globo-H ~ 3',6',6Su;LacNAc > Man;

CLec-15 Fucal-4GlcNAc

: W %‘ CLec-18 GlcB, NeuSAca2-6, Fucal-2Gal

3204/- 20A galectins (GalB1-4GIcNAc),

Jlextunossiii peuentop DC-SIGN sBisieTcs HHTEpMEIUaTOM MEKKIETOYHOM
aszre3uu. bosiee TOro oH pacrno3HaeT HEKOTOPbIE BUPYCHI, HAIPUMED,
mrKonpoTeuH gpl20 Bupyca uMMyHOIEPUIIUTA YETTOBEKA.



MaHHO3HbIN peuenTop MakpodaroB 40
(MMR, CD206)

NektnH C-tuna Complement +
complement
receptor

Micro-organism
Ll Q
7 \
\

\
Mannoselreceptor
I

MBP%I? Gly’gans %
1
Collecin

= receptdr?

Actin \\
N\
network X\

Phagolysosome

Macrophage

MaHHOSO-CBSIBBIBaIOH_II/Iﬁ PELCITOp HA MaKpO(I)al“aX, OTHOCHUTCS K JekTuHaMm C-
THUIIA, PACIIO3HACT YITICBOAHBIC ICIIH I1IaTOI'CHOB, Oorarble ocTaTKaMu MAaHHO3BI,
IIOCJIC Y€Tro IIaToIcH (I)aI‘OL[I/ITI/IpyeTCH B JIN30COMC MaKpO(bara.



MaHHO3HbIN peuenTtop makpodgaros (MMR), DCu 41
numdoLuUTOB: ABa pa3HbIX canTa CBA3bIBaHUSA

Riype CRD N/ SO 4Gald

tFibrolr|1ectir1t () 4-O-cynbpatr GalNAc
e |l repea

ERECHIEE [MMKONPOTENHOBBIX

TOPMOHOB runodusa

Maned, ,;
gManm\ .
Manat/ ™~ .

C-type CRDs

PR

, 2Magw;1/
« Manm/
MaHHO3HbIE Lienu MHOTnX
naToreHHbIX MUKPOPraHM3MOB:
Candida albicans, Pneumocystis
carinii, Leishmania donovani

DR

RRASARA Mumunkpusa mukobakTepui (MpoHUKaKT
HHHSHUY B Makpodaru 1 X1ByT B HUX):

Mycobacterium tuberculosis v M. leprae
&

Y MaHHO3HOTO perenTopa Makpo(}paroB €CTh HECKOJIBKO CATOB CBSA3bIBAHMUS:
caiit C-Tuna pacrno3HaeT OCTaTKM MaHHO3bl B TEPMUHAIBHOM TOJIOKEHUN
Henel NIMKOKOHBIOraTOB MHOTMX MAaTOI€HHBIX MUKPOOPTaHU3MOB. A Takxe
ecTh calT R-tuna, pacnosnaromuit 4-O-cyibhar GalNAC mmkonpoTenHOBBIX
TOPMOHOB rumnodusa.

Ho ecTb penkoe NCKITIOUEHUE, KOTa OaKTepHs UCTIONB3YeT MaHHO3HBIN
perenTop sl CBOMX IeieH — 1 nHpumupoBaHus. Tak, MUKOOAKTepUU
Mycobacterium tuberculosis 1 Mycobacterium leprae cBs3bIBatoTCS C
MaHHO3HBIM PEIENITOPOM M IMPOHHUKAIOT B MaKpodaru, a 3aTeM KUBYT B HUX B
TEUEHUE JUTUTEIHLHOTO TIEpHo/ia BPEMEHH, HE BBI3bIBasi CHMIITOMOB 0oJie3HU. B
MUpPE 0YeHb MHOTO JIFO/ICH MHPHUIIMPOBAHBI MUKOOaKTepusiMu. [Tpyu naMeHeHUH
BHEITHUX YCIIOBUH — MPHU OCJIA0JICHUN OpraHU3Ma - MHKOOAKTCpUU
AKTUBU3HUPYIOTCS U 00JIC3Hb TIPOSBIISACTCS.
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CenekTuHbI

JlekTnHbl C-TUNa

KPATKOE OBOBIIEHUE HECKOJILKUX TIOCJIEAYIOIINX CIAWIOB
STOTO PA3JIEJIA:

CeneKTUHBI SBISIOTCS NPE/ICTaBUTENIMU cemelicTBa ektuHoB C-tumna (Ca2+-
3aBUCHUMBIEC JIEKTUHBI), KOTOPHIE CBSI3BIBAIOT YITIEBOJIBI TOJIBKO B MPUCYTCTBUU
HMOHOB KaJIbIIASI M1 MOTYT OOHAPYXKUBAThCS KaK Ha TOBEPXHOCTH KJICTOK, TaK H
B pacTBOpUMOi dopme. Paznnuaror Tpu BH1a CEIEKTHHOB B COOTBETCTBUU C
HMCTOYHUKOM UX MPOUCXOXKICHHS. L-CEIeKTUH MOCTOSIHHO MPUCYTCTBYET HA
MMOBEPXHOCTH JICUKOIIUTOB, MOHOITUTOB U He3pebiX T-mumdonuros. P-
CEJIEKTUH COACPKUTCS B O-TpaHyjaX TPOMOOIIUTOB, YHAOTEIUATBHBIX KIETKAX
Y METaKapUOIUTaX U IKCIPECCUPYETCS Ha KJIETOYHOW MOBEPXHOCTH MO/
JeHCTBHEM TPOMOWHA U TUCTaMHUHA. E-cenmekTrH oOpasyeTcs B
SHJIOTEUANIBHBIX KJIETKaX MPU UX CTUMYISIIIUU IUTOKUHAMU (MHTEPJICHKUH- 1,
daktop o Hekpo3a omyxojeit) u aunononucaxapugoM (JITIC). OOmenpuHATHIM
B HacTOSIIIEE BpeMsl SIBJISICTCS MPEJCTABICHUE O TOM, YTO HaYabHasl CTaIUs
MIPUKPETITICHUS JICHKOITUTOB K COCYIMCTON CTEHKE B YCIOBHUSIX KPOBOTOKA
obecrieunBaeTCs MMOCPEACTBOM TaKMX SHIOTCHHBIX JICKTHHOB, Kak P- u E-
CEJICKTHUHBI SHJOTEIUANIBHBIX KIETOK U L-cenektuH neikonutoB. [Ipu aTom
MPOUCXOJIUT aKTUBAIUS JPYTUX aITC3MOHHBIX MOJIEKYII, IIPOYHOE
MPUKPEIJICHHUE KJIETOK K SHJOTEIUIO TOCPEJACTBOM UHTETPUHOB U MUTPAITUS
JISMKOIIUTOB B ouaru Bocrajienus. Iloka3zano, uro E-cenektun u P-cenekTun
00eCcTIeunBarOT TaK)Ke MPOIECCHI aJIMe3UH OIyXOJIEBBIX KIIETOK
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COOTBETCTBEHHO K 3HJIOTEJIMAJIBHBIM KJIeTKaM U TpomobouuTaM. [Ipennonaraercs, 4ro
OMOCPE0BaHHOE P-CeNIeKTUHOM CBS3bIBAHME AKTUBUPOBAHHBIX TPOMOOLIUTOB C
OITyXOJIEBBIMH KJIETKaMU MEJIKOKJIETOUHOTO paKa JIETKUX, HEMpoOIacTOMBI U
TEPAaTOKAPLIMHOMBI MOKET UIPATh BAXXHYIO POJIb HA PAHHUX CTaJUsX
MeTacTa3upoBaHUs ommyxoJiei. BeisiBieHs! crienndrueckine MMMYyHHBIE 3a00JI€BaHNUs,
BKJIOYAsi CUHAPOM HapyuieHus aare3uu jerkonutoB (leukocyteadhesiondeficiency,
LAD-cunapom), MoJIeKyasipHasi OCHOBa KOTOPBIX ONPEAEINIAETCS OTCYTCTBUEM Ha
MTOBEPXHOCTH KJIETOK penenTopoB K P- u E-cenektunam. C 1pyroil CTOpOHBI, BaXKHOE
naTo(QU3NOIOTHIECKOE 3HAYCHUE MOKET MMETh aKTHBAIIHS SKCIIPECCUN CETIEKTHHOB
Ha TOBEPXHOCTH d(H(HEKTOPHBIX KIETOK MO IEHCTBUEM Pa3IMIHOTO PO/ia SHAOTCHHBIX
KJIETOYHBIX MEAUATOPOB. B yacTHOCTH, ITOKa3aHO, YTO TAKUE MEAUATOPHI, KAK
rucramuH, TpoMOUH U C5a KOMIIOHEHT KOMIJIEMEHTA, Tak ke kak 1 H202, BbI3bIBaIOT
MOSIBJIEHUE HA TOBEPXHOCTH 3HIOTEINAIBHBIX KJIETOK P-CeNeKkTrHa U MOoCIeyIony o
aAre3uro HEUTPO(UIOB K MOHOCIIOI aKTUBUPOBAHHBIX SHIOTETHONHUTOB. Cpenn
AKTHBAaTOPOB IKCIIPECCUU L-cenekTrnHa Ha MOBEPXHOCTHU JIEUKOLUTOB MOKHO Ha3BaTh
unrepneiikunsl L1, IL2, ILS, IL6, duroremarmitoTHHUH, TOTJIa KAK MHTHOUTOpAMHU
3TOTO Ipolecca ABISIIOTCS uHTepaerkunsl [L3, 114,
rpaHyloUUTapHbIA/MakpodaraabHbld KoloHuecTUMYynupytomuii ¢pakrop (GM-CSF) u
JITIC. Takum 00pa3oM, SKCTIpEeCCHs CEICKTHHOB Ha MTOBEPXHOCTH KJIECTOK 3aBUCHUT OT
BO3JICMCTBUS PSA1a IMMYHOMOIYJIUPYIOIIMX ar€HTOB €CTECTBEHHOTO MPOUCXOXKICHUS,
BKJIFOYAs] TUTOKUHBI.
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P-, E- n L-CeneKktuHsl

P-selectin

1 NH2

NH2

L-selectin
NH2

plagma
ek ane

T evioplasm
COOH COOH COOH

Pasznuuatot cenextunsl L-, E- u P-tuna, pacnonoxenusie Ha tuMmdonurtax (L),
suporenuu (E) u tpomborurax (P).



PonnuHr nenkountoB no KPOBEHOCHbIM COoCyaAaM

44

OTH IEKTHUHLI BOBJICUCHBI B POJUINHT HeﬁKOI_[I/ITOB 10 KPOBCHOCHBLIM COCydaM.

Ota mukpodoTorpadusi IEMOHCTPUPYET TO, KAK JIEUKOIIUTHI «KATIATCSI» TO

CTCHKaM KPOBCHOCHOI'O COCyaa.
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PonnuHr nenkouutoB, onocpeaoBaHHbIN 45
E- n P-cenektuHamm

Selectin-mediated adhesion to leukocyte sialyl-Lewis* is weak, and
allows leukocytes to roll along the vascular endothelial surface

Blood flow —»

basement membrane

Ha nmoBepxHOCTH 3HAOTEINATBHBIX KIETOK UMEIOTCS E-CEeNEeKTUHBI, KOTOphIE
pPacMoO3HAIOT IIMKOIPOTEUHBI HAa IOBEPXHOCTH JIEUKOILIUTOB, COAEPKAIIUE
onurocaxapuj cuanui-LewisX (s-LeX). B3aumopeiicTBue 3T0 He CUIIBHOE, HO
JOCTATOYHOE JIUIS TOTO, YTOOBI JIEHKOITUT HEHAOJITO MMPUKPEITHIICS K
SHJIOTEJINIO, & TIOTOM OH OTPBIBAETCS O] JCUCTBUEM TOKAa KPOBH, B PE3YJIbTATE
JIEUKOLUTBI «KATSITCS» MO CTEHKAM COCY/IOB.

Tethering of circulating leukocytes to activated endothelium via interactions
between selectins and their ligands. (a) In normal venules, leukocytes flow
without adhesive interactions with the endothelium, but in inflamed vessels,
selectins and integrin ligands are expressed on endothelial surfaces. This leads
to tethering, rolling, and arrest of circulating leukocytes and their eventual
extravasation from the circulation to the surrounding tissue. For example, P-
selectin is normally expressed in Weibel-Palade bodies of endothelial cells,
but within minutes after endothelial cell activation by thrombin, histamine,
hypoxia, or injury, these bodies fuse with the plasma membrane, promoting the
expression of P-selectin on the endothelial cell surface. Similarly, P-selectin
stored in the a-granules of platelets becomes expressed on the surfaces of
platelets within minutes after platelet activation. Leukocytes tether to and roll
on activated endothelial cells and platelets. (b) The example shows neutrophils
constitutively expressing PSGL-1 and L-selectin on their microvilli. These
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cells interact by random contact with membrane P-selectin on endothelial cells
through PSGL-1. E-Selectin may also participate in these interactions by binding to
PSGL-1 or other ligands on these cells. These interactions enable leukocytes to tether
to and roll along the endothelium. Leukocyte—leukocyte interactions involving L-
selectin and PSGL-1 are also depicted. Adherent cells become activated by regionally
presented chemokines or lipid autacoids. The activated leukocytes express integrins
(e.g., LFA-1, CD11a/CD18 and Mac-1, CD11b/CD18) that interact with
immunoglobulin-like counterreceptors on endothelial cells ICAM-1, ICAM-2) to
strengthen the adhesion and promote the transmigration of cells from the circulation
into the underlying tissues.
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Mo6unusaumsa nemkoumnToB K CanTy BocnaneHus

Normal venule

_ Neutrophil Endothelial cell

SR

NHTEHCUBHOCTD SKCIIPECCUU CEIIEKTUHOB HA MOBEPXHOCTHU SHIOTEIUSA
ONPEAEIISIETCS COCTOSSHUEM Oprannu3Ma. Tak B HOpME CEIEKTHHBI TPAKTUYECKU
HE AKCIIPECCUPYIOTCS, TTOITOMY JICUKOIIUTHI CBOOOTHO Pa3HOCATCS TOKOM
KpoBU. OJTHAKO TPU BOCHAJIEHUU CEIEKTHHBI MTHOBEHHO 3KCIIPECCUPYIOTCS Ha
MTOBEPXHOCTH COCYJIOB, U JIEUKOIIUTHI HAYMHAIOT «UEIJISATHCS 32 HUX,
obOecrieurBasi TEM CaMbIM POJLIUHT.

Tethering of circulating leukocytes to activated endothelium via interactions
between selectins and their ligands. (a) In normal venules, leukocytes flow
without adhesive interactions with the endothelium, but in inflamed vessels,
selectins and integrin ligands are expressed on endothelial surfaces. This leads
to tethering, rolling, and arrest of circulating leukocytes and their eventual
extravasation from the circulation to the surrounding tissue. For example, P-
selectin is normally expressed in Weibel-Palade bodies of endothelial cells,
but within minutes after endothelial cell activation by thrombin, histamine,
hypoxia, or injury, these bodies fuse with the plasma membrane, promoting the
expression of P-selectin on the endothelial cell surface. Similarly, P-selectin
stored in the a-granules of platelets becomes expressed on the surfaces of
platelets within minutes after platelet activation. Leukocytes tether to and roll
on activated endothelial cells and platelets. (b) The example shows neutrophils
constitutively expressing PSGL-1 and L-selectin on their microvilli. These
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cells interact by random contact with membrane P-selectin on endothelial cells
through PSGL-1. E-Selectin may also participate in these interactions by binding to
PSGL-1 or other ligands on these cells. These interactions enable leukocytes to tether
to and roll along the endothelium. Leukocyte—leukocyte interactions involving L-
selectin and PSGL-1 are also depicted. Adherent cells become activated by regionally
presented chemokines or lipid autacoids. The activated leukocytes express integrins
(e.g., LFA-1, CD11a/CD18 and Mac-1, CD11b/CD18) that interact with
immunoglobulin-like counterreceptors on endothelial cells ICAM-1, ICAM-2) to
strengthen the adhesion and promote the transmigration of cells from the circulation
into the underlying tissues.
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E-CenekTuH akcnpeccupyeTcs Ha 47
aKkmueupoeaHHbIX 3HAOTeNManbHbIX KneTkax

AKTUBUPOBaAHHbIE KNEeTKU To ke ¢ HeaKTUBMPOBaHHbLIMU
+ SiaLe*-hnyopecueHTHasa Yyactuua KIeTkamm

E-Cenextun OKCIIPCCCUPYCTCA HA AKTUBUPOBAHHBIX SHAOTCIINAJIBHBIX KJICTKAX
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MpukpenneHne NeMKOUUTOB K IHAOTENManbHbiIM 48
KINeTKkamMm U 3aKCTpaBa3auus U3 cocyaa B TKaHb

Rolling adhesion| Tight binding Diapedesis Migration

CXCL8R
(IL-8 receptor)

s-LeX — L5 LFA-(a:8,)
E‘ -(?o : v !

selectingy

¢

chemokine ¢ S
CXCLS (IL-8) X

Takue «xarsmmecs» JSHKOIUTHI SKCIIPECCUPYIOT PEIENTOPEI, Y3HAIOIINE
XEMOKUHBI, B3aUMOJICHCTBYIOT C XeMOKHHAMU Yepe3 OeI0K-OeIKOBbIE
B3aMMOJICHCTBUS, OIaroapsi 4eMy 3TO «KadeHHe» ocTaHaBiuBaercs. Jlanee
B3aUMOJICHICTBHE C TIOBEPXHOCTHIO COCY/Ia YCHIIMBACTCSI MHTETPUHAMU, ITOCIIE
Yero JICHKOIUT MPOHUKAET B TKAHb U MHTPUPYET K O4ary BOCIAJICHUS
(XemoTaKcuc).

Tethering of circulating leukocytes to activated endothelium via interactions
between selectins and their ligands. (a) In normal venules, leukocytes flow
without adhesive interactions with the endothelium, but in inflamed vessels,
selectins and integrin ligands are expressed on endothelial surfaces. This leads
to tethering, rolling, and arrest of circulating leukocytes and their eventual
extravasation from the circulation to the surrounding tissue. For example, P-
selectin is normally expressed in Weibel-Palade bodies of endothelial cells,
but within minutes after endothelial cell activation by thrombin, histamine,
hypoxia, or injury, these bodies fuse with the plasma membrane, promoting the
expression of P-selectin on the endothelial cell surface. Similarly, P-selectin
stored in the a-granules of platelets becomes expressed on the surfaces of
platelets within minutes after platelet activation. Leukocytes tether to and roll
on activated endothelial cells and platelets. (b) The example shows neutrophils
constitutively expressing PSGL-1 and L-selectin on their microvilli. These
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cells interact by random contact with membrane P-selectin on endothelial cells
through PSGL-1. E-Selectin may also participate in these interactions by binding to
PSGL-1 or other ligands on these cells. These interactions enable leukocytes to tether
to and roll along the endothelium. Leukocyte—leukocyte interactions involving L-
selectin and PSGL-1 are also depicted. Adherent cells become activated by regionally
presented chemokines or lipid autacoids. The activated leukocytes express integrins
(e.g., LFA-1, CD11a/CD18 and Mac-1, CD11b/CD18) that interact with
immunoglobulin-like counterreceptors on endothelial cells ICAM-1, ICAM-2) to
strengthen the adhesion and promote the transmigration of cells from the circulation
into the underlying tissues.
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MoGunusauma nemMKkounUToB K cauty BocnaneHusa: 49

dTanbl
Selectin-dependent Integrin-dependent
| I 1 |
1- Tethering 2 - Rolling 3 - Firm adhesion 4 - Extravasation
= = I =) W W — O - —
Leukocyte
v 1_ Selectin
‘i eg., neutrophll} /\ /\ ‘ Postcapillary venule
- } Bload flow
PSGL 1 "

P- Selectin : [T E Selectin il ~ R
e o — M AN — 5 = — ] 2 L= i -} T - W .~ . | =]

Activated endothelial cells expressing P- and/or E-selectin
Dk 5 - Chemotaxis

Ha MMOBCPXHOCTHU HeﬁKOI_IHTOB CCTb L—CeHeKTI/IHBI, KOTOPBIC pACIIO3HAKOT
YITICBOAHBIC JIMTAHABI HA ITIOBCPXHOCTU COCCIHUX HeﬁKOHHTOB, 6)13.1“0)131)}1
YCMYy IIPOUCXOOUT arperanusa HeﬁKOHHTOB u e OoblIee UX
3aTOPMA’)KMBAHUC U aATC3UA K IIOBCPXHOCTHU COCyaa.



L-CenekTuH-onocpenoBaHHbIN POSISINHT: 50
BO3BpaleHne B NMMQPOUAHYI0 TKaHb («XOMMUHI»)

;) HOMING
//__— RECEPTOR
/" (LsELECTIN

)

| LYMPHOCYTE

A
3 %
g) \ A
W\(' O,‘\,\E\,\
& E\\\D CE\‘\'

«AOpecCUHbI»:
CD34, GlyCAM-1, MAdCAM-1 v gp.

L-Cenextunbl TuMQOITUTOB TaK)Ke MPU3BAHBI HAPABIISTH KICTKU B
TuM(OUTHYIO TKaHb («XOYMHUHT»). JIJisi 9TOT0 Ha TOBEPXHOCTH
SHJIOTEIUAIIBHBIX KJIETOK IKCIPECCUPYIOTCS UX YIIIEBOJIHBIC JTUTAH/IbI
(«ampeccuHbl»)

JInmb ol BTOPUYIHBIX TUM(OUIHBIX OPTaHOB HAXOAATCS B IIOCTOSTHHOM
TIBUKCHHUH, TIEPEMEIIAACh 10 MAPIIPYTy «IHMpOHIHAS TKaHb—ITUM(pa—
KpOoBb—IUM(pOUIHAS TKaHbY. ITO €IMHCTBEHHASI KATETOPUs KJIETOK,
CrOCOOHAas K pEHUPKYISIUUA B CUCTEME «KPOBb-TKaHW». EjkeyacHO B mpoiiecc
BoBiIeKaeTcs 1-2% aumMQOIUTOB, KOTOPHIE MEHSIOT CBOM IMO3UIINH HA
nepudeprn, Iepexo1st U3 OHOTO JIUMGPOUIHOTO OTCEKA B APYTHE.
BosBparenue B tuMpOHUIHYIO TKaHb MPOUCXOANUT Yepe3
CICIUATM3UPOBAHHBIC YIaCTKH MOCTKATMILIIPHBIX BEHYJI BTOPHUHBIX
nuM@ouiHbIX opraHoB. OHU BBICTIIAHBI 0COOBIM THUIIOM SHIOTEIHATBHBIX
KJIETOK (KyOMYeCKHI, WIM BRICOKUI YHIAOTENI), KOTOPBIN SKCIIPECCUPYET
PEeNenTOpPHI («aIPECCUHBD), 00ECIICUNBAIOIINE aIT€3UI0 U BBIXOJ TUMQPOIIMTOB
13 KPOBOTOKA. AZIPEeCCHHBI HA3BIBAIOT TAK)KE MOJICKYJIAMU «XOMHHTa» (OT
aHr1. homing — BO3Bpar), Tak Kak OHU OMPEACIISAIOT U30UPATEIHbHOCTh
TKaHEBOTO pacmpeielIeHUs TUMQOIUTOB.

L-cenexTun Ha TuMQoOIUTaX U AAPECCHH HA YHIO0TEITUATBHBIX KIETKaX
o0ecIeYnBaloT HAMPaBICHHYIO MUTPAIUIO TUM(POIIMNTOB B ONPEICICHHBIN
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MukaHbl — MegnaTopbl CerieKTUH- 51
onocpenoBaHHOW aare3um KreTok

Sial.e* — oOWMM NUraHp Bcex cenekTMHoOB

6-sulfo-SLe® 6'-sulfo-SLe®
sLe B-sulfo-SLe™

6-sulfo-SLe™

n 5 o Ser/Thr

03 ~Paegh3 Extended .
core 1 O-glycan MECA-79

Takue ymieBogHbIE TUTaH/ABI, PACIIO3HAIOIIMECS CEIEKTUHAMU, SBIISIIOTCS
MEIMaTOPaMHM CEJIEKTUH-ONOCPETIOBAHHON air€3UN KJIETOK. JTO INIMKAHBI,
coneprkane cuanui-LewisX uian ero cynbparupoBaHHbIE POU3BOIHBIE.
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Komnnekc E-cenekTunHa c SialLeX

Secondary
subsite

JlekTnH C-Tnna

OO0 Cc e®@ 0 O0® N O ca*

E-cenexktunbl 00pa3yroT KOMIUIEKC ¢ cuanui-LewisX Mpu y4acTuu MOHOB
kanslus. [lepBuunoe B3aumopelicTBrue oOpasyercs ¢ 0CTaTKOM (PyKO3bl, a
BTOPUYHOE C y4acTHEM KapOOKCUIbHOU rpynn N-areTHiiHeHpaMuHOBON
KHUCIIOTHI ¥ TIOJIOKUTENIBHO 3apSKEHHBIX OCTATKOB aMUHOKHUCIIOTHOM
MIOCJIEI0OBATEIbHOCTH.
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CeneKkTuHbI U UX peuenTopbl 53

Leucocyte
ARRRRRRARRRRS ARAARARRRRARRRRRRARA RRAAR S RRRRR RRARR RRR SARRRR ARRRR ARARRRRARR
BULSSH S MMM MM < B s BB BRI i

lg
domams

- 84‘ ~ GIyCAM

..&
vedi |
ESL-1 ‘f

MadCAM-1 .
CD34
A.! Slalyl Lew1$’<
' Sulphate
C-type CRD
EGF-like domain
E-selectm P-selectin L-selectin Short consensus repeats

~ (Sushi domains)

RRRAARARRR ARARRA S ARRARARARRRR ARARRARRRARAR
i B LBUUULBUULIN S MMUUHHUMUUUE MUHUI MUY ﬁﬁ

Endothelial cell Leucocyte

ﬂﬂﬂﬁﬂﬂﬂﬁ ﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬁﬁﬁﬂﬂﬂﬁﬂﬁﬂﬁﬁﬂ RRRAMR
EEREEIER TR T T o

Ha xaptunkax cnesa u cupasa [10 OTJEJIbHOCTU noka3aHbl CENEKTUHBI U
UX YIJIEBOJHBIE JTUTAH]IbI (C HA3BaHUSIMU 3TUX INIMKOMPOTEHHOB) HA KIIETKAX-
napTHepax (3HAOTEIHANIbHBIX KJIETKaX U JeikonuTax). O0parute BHUMaHue
Ha TO, YTO KapTUHKHU «II€PEBEPHYTHDY VIS TOTO, YTOOBI CBEPXY BCeraa ObLIU
YIJIEBOJIHBIE JIUTAH/Ibl CEJIEKTUHOB. TepMUHaNIbHBIE JETEPMUHAHTHI CHAJIHI-
LewisX (romyOble IpsIMOYrOJIBHUKHK) MOTYT 3KCIIpECcCUpOBaThes Kak Ha O-
Hensx (MyLHHbl), Tak U Ha N-1ensX IMUKOIPOTEnHOB (00paTuTe BHUMaHUE Ha
XapakTepHbIid Kop N- 1enei NUKONPOTEHHOB).
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domeHHas cTpyktypa P-, E-, L-cenekTtuHoB un 54
T 25 PSGL-1 [s0a
- SO5- 50
PSG L 1 so??li f_:s.u:’ " Tyrosine
TS g, sulfates
P-Selectin E-Selectin L-Selectin '*E;, ,>OfGchans
@
£ — Mucin
‘—é C-type E .~ repeats
s i /Iectmr o
= " domain '
= ; EGF-like
= #~ domain
7 Consensus
" «— repeats
(CCP)
i «+TM domain
f ] « Cytoplasmic ]
A o oo domain toor L
Expressed on Expressed on Constitutively Expressed on
activated platelets activated expressed on leukocytes
and endothelial cells endothelial cells  all leukocytes
b — T =
-Selectin on platelets i
. and endothelial cells
»,\ " PSGL-1on leukocytes 2
Qutside == Cytoplasm
C
Core 2 O-glycan expressing
sialyl Lewis*

AHanu3 nepBUYHONM aMUHOKHUCIIOTHOM MOCIEA0BATEILHOCTH TPUBOAUT K
BBIJICJICHUIO HECKOJIBKUX JOMEHOB B MOJIUNENTUIHON LIETH CEJIEKTUHOB,
KOTOpBIE UMEIOT CXOJIHOE CTpoeHUE. Bce OHM Ha KOHIIAX MOJUIENTHAHON Lenu
coziep Kar JICKTUHOBBIN JIoMeH C-Thra, KOTOPBI B3aUMOJEHUCTBYET C
[IMKAHOBBIMH LIETISIMU TJIMKONPOTENHA, a TAK)KE C OCTATKAMHU TUPO3UH-
cynbdara.
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B3sanmopencreue mexay P-cenektTmHom u 55
aMMUHO-KOHUOM ero nuraHga — PSGL-1

P-Selectin C-type lectin domain

Subsites within
the CRD
Amino terminus of PSGL-1 e

(s
. E N

) y
FercertrRerePo B

EGF-like

i Core 2-based
domain Car Tyrosine- O-glycan with

sulfate sialyl Lewis*

CR

PSGL-1

amino-terminal
ticle

JlexktunoBbIN oMeH C-Tumna P-cenekTuHa B3auMOAEHCTBYET HE TOJBKO C
IJIMKAHOBBIMU IIETISIMU, HO M C OCTaTKaMUu TUPO3UH-Cynbdara. Ha cnaiine
MOKa3aHbl YYaCTKU CBS3BIBAHUS ATUX PPArMeHTOB. 31€Ch YMECTHO
MOIYEPKHYTh, YTO MPUPOJIA HE 3HAET JICJICHHSI HA XUMUIO YIIIEBOOB,
AMUHOKHCJIOT WJIH JIMIUIOB. DTO YCIOBHOE JIEJIEHUE, TPUAYMAHHOE JIIOIbMHU.
JInst anre3nu K SMUTEIUI0 JICMKOLIUTHI UCIIOIB3YIOT BCE JOCTYITHBIE UM
crocoObl B3aUMOJICHCTBUS ¢ MOJIEKyJIaMu-apTHepamu. BaxHo, uTo
CEJIEKTUBHOCTb 3TOM a/Ir€3UU ONMPEAEIACTCS YIIIEBOJHBIMU CTPYKTYPaMHU.
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PonnuvHr nenkountoB No KPOBEHOCHbLIM cocyaam

2 Multistep adhesive and signaling events during leukocyte extravasation:
inflammation and lymphocyte homing

lethering and Rolling  Signaling Firm Adhesion  Extravasation
f,———\ (integrin activation)
Leukocytes

Endothelial
cells

Vearbohydrate ligand Chemokines integrin mediated
interaction Cell-cell contact

L-selection: leukocytes  E- and P- selectin: activated-endothelial cells GlycoWord |

PonnuHr 1eMKOLMTOB 1O KPOBEHOCHBIM COCYZIaM — 3TO HAIlPaBJICHHBII
TPAaHCHOPT JICMKOLIMTOB B OYar BOCHAJICHUS, IJIe dKcIpeccupyrorcs E- u P-
CEJICKTUHBI, TU00 B TUMQPOUIHYIO TKaHb, SKCIIPECCUPYIOUTYIO YITICBOIHBIC
nurasasl L-cenektuHoB. [lepBuYHBIC B3aMMOJEHCTBHS — YIIIEBOI-OCIIKOBEIC, a
nanee OoJyee MPOvYHbIE OETOK-OETKOBBIE B3aUMOICHCTBUS C y4ACTHEM
WHTETPUHOB.



KonnekTnHbl 1 OUKONUHBI

57

TCHCPB paccMOTpuM OCO6YIO Tpyniry JEKTHHOB, K KOTOPBIM OTHOCATCA
KOJIJICKTHUHBI U pOACTBCHHBIC UM (I)I/IKOJ'II/IHBI.
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KonnekTnHbl n poacTBeHHble HeMeMOpaHHble 58
6enku: MBP (MBL) 1 KOHrMIOTUHUH

CxoacTBo ¢ 6enkamMum cucteMbl KOMMNNEeMeHTa

KonnektuH = Collectin
(collagen-like lectin)

Activate
complement
Via
Lectin Pathway

%6
MBP i
Serve as Opsonin
x3 for i
Bacteria
x4 \ / #
P HIV &
Subunit Structural unit L — Ir:;v!:l‘:'a Virus
polypeptide  (Three polypeptides) 20nm Infection
INektnH C-tnna
Conglutinin

1 G-type GRD £ Triple colled-coil neck region  =werewmes Collagen-like triphe helix s Cysteine-rich M-tarminal segment
Gilyeo¥Word |

OT10 He MeMOpaHHbIe, a pacTBOpUMbIe Oenku. HazBaHue KOJIEKTHUHBI
ONpENENAETCS TEM, UTO UX AMUHOKHUCIIOTHAS TIOCJIEN0BATEIBHOCTD CX0XKa C
TaKOBOW y KoJuiareHa, mostomy 310 - KOJInarenonono6usie JIEKTUHBI
(KonJlektunsl). Ha cnaiiie mpeACcTaBI€HO CTPOCHUE MOJUTICTITHIHON
CyOBeAMHMUIIBI, HAa KOHIIE KOTOPOH PACIIONOKEH JIEKTUHOBBIN ToMeH C-THma.
Tpu Takue moaunenTUIHbIE HENU MOTYT 00pa30BbIBaTh CIUPAIU, KOTOPHIE B
CBOIO 0YEpPEb MOTYT TPYIIIUPOBATHCS B 00JIee CIOKHBIE CTPYKTYPHI MO
YEThIpE, KAK Y KOHIJIFOTUHUHA WJIM M0 IIECTh, KAK Y MAHHAH-CBS3bIBAIOIIETO
oenka (MBP, npyrue HazBaHUs — MAaHHO30-CBS3BIBAIOIIUI OCIIOK, MAaHHAH-
cBsi3bIBatoluii JiekTuH (MBL)).

OTH NEKTUHBI SABJISIIOTCS KOMIIOHEHTAMH CUCTEMbI BPOKJIEHHOTO UMMYHHUTETA
(6e3 yuacTus aHTUTEN), YYaCTBYSl B AaKTUBAIIMH CUCTEMbI KOMILJIEMEHTA.
Konnektunsl npeaoTBpamaoT HHOUIIMPOBAHNE HEKOTOPBIMU BUpyCaMu
(Bupyc rpunmna u BUY), a ns MHOrMX OaKkTepuii OHU BBICTYIAIOT KaK
OoncoHMHBIL. [IpucyTcTBUE KOJUIEKTUHOB MOBBIIIAET YCTOMYUBOCTh OPraHU3Ma K
nHpexnusM. BoT camblit sspkuii mpumMep. JIBYXJIETHsIS IeBOYKa ObLiIa OUYCHb
0onpHA U HaxoauIach B OoJibHUIIE C 4-MecsiyHOTO Bo3pacTa. [locie
HeCKOIbKUX UHbeKIM MBL oHa BbI3I0OpOBENa 1 He 0oJieNia B TEUEHUE TPEX
JeT. DTH JIaHHbIE YKa3bIBAIOT Ha TO, yTo MBL B OyayiiieM MOXeT MPUMEHSIThCS
B Ka4eCTBE JICKApCTBA ISl JIIOACH C UMMYHO-ASHHUITUTOM M JUISI TIOBBIIICHHS
YCTOWYUBOCTH K BUPYCHOU WIIH OaKTepHAIbHOW HH(EKITNH.
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CTpoeHune KONNeKTMHOB U (PUKONMHOB

MEBEL

Konnarewonogobien gomed CRD (carbohydrate-recognition
; domain)

UuerenHoboraweHHe i il
PErMOoH CRD (carbohydrate-recognition

KonnareHonoaobHesii  ®rbpuHoreHnoaobHsIR
[OMEH NOMEH

v

DUKONUH @-

| |1 |
Konnarenonogofxeld  @ubpuHoreHnogobHbIm
AOMEH AoMeH

3}1605 IMOKa3aHO CTPOCHUC KOJUICKTMHOB U POACTBCHHOC CTPOCHHUC Y
(I)I/IKOJII/IHOB, BBITIOJTHAIOIINX CXOOHBIC (I)YHK]_II/II/I



JleKTUHOBBLIN NYTb aKTUBaLWUM KOMMJIEMEHTa: 60
AEeUCTBME KOMMEeKTUHOB U (PUKONNHOB

bt t 40 ot 44

MNMonucaxapuas GakrepransHon
oBonouku

Monucaxapwapl BakTepuansHon
oBonoukn

PucyHok 5. Mexauuam geifcTeug MBL 1 pukonuHoOB

Mpumeyadide: C — KOMIMOHEHTL KomnnemenTa, MAK — meMBpaHoarakylow il komniexkc, MASP — MBL-
accolnHpPOBaHHbIe CEepUHOBLIE NMPOTEa3kl.

[Tpu cBSA3BIBAHUY ATHX JICKTUHOB C MOJIMCAXapuaaMu OAKTePU aKTUBUPYIOTCS
OeTIKM CHCTEMbI KOMIIEMEHTA, YTO MPUBOIUT K OPMUPOBAHUIO
MeMOpaHOAaTaKyIOIIEro KOMIUIEKCa, KOTOPBIN pa3pyliaeT MeMOpaHy OakTepHii
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Escherichia coli lipopolysaccharide

JluraHabl KONJMEeKTUHOB

Glea1-6Glcait
Rhaa1-3FucNAc-Core-Lipid
GlcNAca1”
Manai. 6
, 3aMana1-2Manat—-2Manat
Mana1 6
Manoi\ oManat
Mana1-2Mana1” \6 ’ ;
Mana1-2Mana1/ 3 oMana Candida albicans mannan
5
ManB1-2Mana1-2Mana1—-2Mana1” 6

Mana1-Core-GlcNAcB1-4GIcNAcB1-Asn

Leishmania donovani lipophosphoglycan

Mana1-2-Mana1-P-[6Galp1-4Mana1-P] -6Gala1-6Gala1-3GalfB1—-3Mana1-3Mana1-4GIcN-Lipid
6

|
Glca1-P

Manai—2Manai—5AraB1-2Arap1-(Ara),-Manai. Mycobacterium tuberculosis lipoarabinomannan

gManoﬂ\

Mana1” gManoﬂ\

Mana1” 6
oMana

7/
Manat gManoﬂ\

Mana1”

6Manoﬂ-Core—Lipid

Yacto B KauecTBE JIMTaH/I0B KOJIJIEKTUHOB INIABHBIM 00pPa30M BBICTYIAIOT
YIJIEBOAHBIE LIETIH, COAECPKALIME OCTATKN MaHHO3bI. Takue CTpyKTyphl
COJEpIKaTCs B KJIIETOYHOU CTEHKE MHOTHX OaKTepuid, TpuOOB U MPOCTEHNIINX,
MIO3TOMY OPraHU3M MJIEKOITUTAIOIINX «y3HAET» TAKHUE MTaTOTEHBI.
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CneKkTp MUKpPOOpPraHu3moB, pacno3HalLmnxcs 62
konnektuHom MBL

Mpynna

MWKpPOOPraHu3moB et

BakTepumn Staphylococcus aureus, Sreplococcus pneumoniae, Streptococcus pyogenes, Enterococcus
spp., Listeria monocytogenes, Haemophilus influenzae, Neisseria meningitidis, Neisseria
gonormhoeae, Escherichia coli, Klebsiella spp., Pseudomonas aeruginosa, Salmonella
montevideo, Salmonella typhimurium, H.pylori, Chlamydia rachomatis, Chlamydia pneumonia,
Proprionibacterium acnes, Mycobacterium avium, Mycobacterium tuberculosis, Mycobacterium
leprae, Leishmania chagasi

Bupychl BMY-1, -2, Bupyc NnpocTore reprneca, BAPYC npunna A, BMpyc renatura B, empyc renatuta C

TpwBkl Aspergillus fumigatus, Candida albicans, Cryptococcus neoformans, Saccharomyces cerevisiae

MpocTeiwme Plasmaodium falciparum, Cryptosporidium parvum, Trypanosoma cruzi

MaHH030-CBSI3bIBAIOIIHI OSIOK pacio3HaeT OOJIBIIOE KOJIMISCTBO MAaTOTCHOB.
[ToaTomMy B HOpMeE, KOTZIa OpTraHU3M HE 0CJIa0JIeH, CHCTEMa BPOXKIACHHOTO
UMMYHHTETa Oarogapsi 3ToMy OCIIKY 3alllUIIacT Hac OT MIUPOKOTO CIICKTPa
WH}EKIHA.
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Curneku

JlekTuHbI I-TMNa
Siglec (sialic acid—binding, immunoglobulin-like lectin)

CJICZIYIOH.IPIIZ THII JICKTUHOB I10 CTPYKTYPC HOJII/IHCHTI/IIIHOfI oIk HAaIIOMHMHACT
I/IMMYHOI‘J'IO6y.]'II/IHBI, IIO3TOMY OHH OTHOCATCA K JICKTUHAM I—TI/IHa, a CUTTICKaMH
OHHM HA3BIBAIOTCS M3-3a CIIOCOOHOCTH CBA3BIBATH CHAJIOBBIC KUCIIOTHI.



TunuyHaa TpeTn4yHas CTPYKTypa NeKTUHOB |- 64
T1Mna: lg-noao6HbIN chong

Neu5Aco2,3GalB1,4Glc

Curieku Toxe UMEIOT OYeHb XapaKTEPHbI UMMYHOTTI00YTUH-TIOJOOHBIN (OJIT
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Curneku
Siglec (sialic acid—binding, immunoglobulin-like lectin)
Human CD33- — Os.ig|ec41
. . related Siglecs 90
Sialoadhesin
Siglec-1 Siglec-5

7

Siglec- -
Siglee6 0 Siglec-8 il Siglec-14

CcD33
Siglec-3

[ Conserved
}E',_] Siglecs
‘—'—I cbaz
7 siglec-2
= MAG _ ;
Siglec-4 Mouse CD33 Siglen-g U Ig domain, V-set,
l‘—,., t . related Slg[ecs sialic acid binding
i L ;] Sig|e(}-F D Ig domain, C2-set
Fmy : ; £ A SV —
u Eﬁf 15 coss Siglec-E ) @ gﬁlqrgm;m”xwp 2
& L"‘_I Siglec-3 @ TiM-ike
] m Qz} [ @ Gro2 vinding mout
i - O i
e + Basic residue in
A Th region

65

Curnek = Siglec (sialic acid—binding, immunoglobulin-like lectin).

N3BeCcTHBI HECKOIBKO TUTIOB JOCTATOYHO KOHCEPBATUBHBIX CUTJICKOB,
Ha3BaHUS KOTOPBIX OTIMYAIOTCS TOJBKO HOMEPAaMH, HO €CTh U Ipyrue
Ha3BaHUs, KOTOPBIEC CBS3aHBI C PYHKIMSIMU 3TUX JICKTUHOB (HarpuMmep,
CUTJIEK- | WM cramoaare3nH, CUTICK-4 UM MUCITHMH-ACCOIIMUPOBAHHBIH
IJIUKOIIPOTEHH ).

65



66

KomMnnekc curneka-7 ¢ cmanoBou KUCNoTom

Arg124

Ha cnaline moka3zad KOMIJIEKC CUITIEKA-7 C CHAJIOBOI KUCJIOTOM
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Buonorunyeckmne dpyHuumn, meaumpyembie 67
curnekom-1 (cnanoagresmH, Sn, CD169)

Sialoadhesin-dependent
internalization of viruses CurneK-1 Ha
and pathogens

Sialoadhesin-dependent
i i MaKpog@arax
T ymphocytes. S, Sialylated virus or poc
. SR acterium  \acrophage
L0758 galactose-binding
E. lectin

<. B ) .
..* £z Sialoadhesin
L& -
B en 0oll

Migrating
leukocyte

Curnek-1 (cuanoaare3ut, Sn, CD169), koTopslii s3xkcnpeccupyeTcs Ha
Makpodarax, pacrio3HaeT INIMKAHbI, COACPIKAITUE CUAIOBBIE KUCIIOTY, U
SIBJISIETCS UHTEPMENATOM B3aUMOJICHCTBUS MaKkpo(aroB v JTMMQOIIUTOB,
MO3BOJISIET MHTEPHAJIM30BATh BUPYCHI U IPYrUe MMAaTOTE€Hbl, yYaCTBYET B
MUTPAIAH JIEUKOLIUTOB.
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«MackupoBKa» currneka Bcrneacreme yuc- 68
B3aumMoaeucTBuUMn
{a}
[ i _
Ligand 3
Exprassing 3
cell I
§
l 2
i i
5 @
Siglec Siglec g
—fp- | expressing aXprossing 5
cill call .E il
8
Unmasked on Unmasked on §
unmasked activation or activation or o
axposure to wposure o T
sialidase (eg viral sialidage (eg viral L
infecthon) infection) 4%
Call-cell interactions Call signalling Adhesion/signalling? Reducad l
(e sialoadhesin) {eg CDEE) {eg CD22) adhesion! signafling? 5"

B3aunmMozeiicTBre curiieka ¢ CHaTUIMPOBAHHBIMY TNIUKAaHAMU MOXET OBITh
HUBEJIMPOBAHO, KOTJIAa Ha KJIETKE, YKCIIPECCUPYIOINIECH CUTTIEKHU, OJHOBPEMEHHO
MMEIOTCS U TJIMKaHbI, CoJiepkKaIliiue ocTaTku N-areTmiHeipaMuHOBOM min N-
TIMKOJIMITHEHPAMUHOBOM KHCIIOT, KOTOPBIC «MAaCKHUPYIOT» CBSI3BIBAHHE C
IJIMKaHaMM COCEeIHEH (Hampumep, MaTOTeHHOW) KIIETKH BCIICJACTBUC IIHC-
B3auMOIeHCTBUN. JlecnanunupoBanue MOXXET UHTUOUPOBATh dPdeKT
MACKHUPOBKH, TOTJIa B3aUMOJICCTBHE CUITIEKA C COCEIHEN KIIETKOM, HECYIIEH
CUATTMJIMPOBAHHBIN JTUTaH/I, BOCCTAHABIMUBACTCS.
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«,El,emacxupOBaHMe» curneka. gecunanunnmpoBsaHue

i o b

Slalylated pathogen

Slaloadhesin
exprassing
macrophags.

Increased pathogen uptake? Decreased immune cell activation?
Decreased pathogen survival? Increased pathogen survival?

«I[eMaCKI/IPOBaHI/Ie» CUrjiicKa: ACCHAINIINPOBAHUC



Cwurnek-2 (CD22) Ha B-numdouuTtax: 70
yuc-s3ammogencteue moaynupyet curHan BCR

+Q Gl g g N
Wild-type | = r e R e
cells ]
- 2B
B Cell [l bl linked Sia
] [ ] i
e @ o ¢ B
cD22
o
-
sTeGait”" | &
B Cell ]: BCR
|

Clathrin-enriched xe'*“-::;_,

3

microdomains Lt

[TogoGHOE 1HC-B3aUMOACHCTBHE XOPOIIIO OBLIIO U3YYEHO B CIydae CHUIJIeKa-2,
SKCTIpeccupyromerocs Ha B-nmumdorurax.

Curnek-2 sBisieTcss ”HTHOUTOPHBIM KO-PEIennTOpoM B-kiieTodHoro perentopa
(BCR, memOpaHo-cBsi3aHHbIN IMMYHOIIIOOYIMH [gM): OH MOHMXAaeT ero
9yBCTBUTEIBHOCTH U TPEIOTBPAIIACT TUIIEPCTUMYIISAIHNIO KJIETKA aHTUTCHOM.
B kneTounoit memOpane B-kiteTok curiek-2 HaXomauTCs B KOHTaKTe ¢ B-
KJICTOUYHBIM PEIEITOPOM U TIOHMUKAET €ro aKTUBHOCTh. CTUMYIIsIHs B-
KJIETOYHOTO PEelieNTOpa AHTUTEHOM MPUBOJUT K (OCHOPUITUPOBAHUIO OCTATKA
TUPO3WHA B [IUTOIIA3MAaTUYECKOM XBOCTE TIOJIHIICTITUAHON 1IN CUITIEKa-2 1
aKTUBAIUU TUPO3UH-hocdarassl, kKoTopas aehochopuaupyeT (To eCTh
JI€3aKTUBUPYET) MHOTHE MOJICKYJIbI, BOBICUEHHBIC B ITepeIady CUTHaNIa ot B-
KJIETOYHOIO pelenTopa. ITo NPUBOAUT K MHTUOMPOBAHUIO NIEpelaul CUrHaIa
yepe3 B-kineTouHslil perenTop.

CriocoOHOCTh cUTVICKa-2 HHTHOMPOBATh Mepeady CUTHaia B B-kierTky,
WHIYIIUPOBAHHYIO CBSI3BIBAaHHEM B-KIICTKU C aHTUTCHOM, HAIPSMYIO 3aBUCUT
OT TIPOCTPAHCTBEHHOMN OJIM30CTH MOJIEKYIIBI CUIVIEKa-2 U B-KiieTouyHOTro
penieriropa. B xierounoit MmemOpane HopManbHBIX (Wild-type, Ha ciaiine
BBepXy) B-kieTok mume Maas 10oJisi MOJICKYJ CHUTVICKa-2 HaXOAHUTCS B
KOHTaKTe ¢ B-kieTouHbIM penieniropoM (Ha craiige cBepxy). OCHOBHAs 4acTh
MOJIEKYJT CHIVICKa-2 00pa3yeT MPOCTPAaHCTBEHHO OTJICJICHHBIC TOMO-
MYJIBTHMEPBI BCIICACTBHE ITUC-B3aUMOICHCTBHN C 02-6-CHATMITHPOBAHHBIMH
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YIDICBOAHBIMU JIMTAHAAMHU HA IMMOBCPXHOCTU B-xnetok (Ha cnafme BBerY).

B myTraHTax, TUIIEHHBIX CHATMI-TpaHCc(epassl U, 3HAYUT, JINTAHJOB CHUIJIEKa-2, 3TO
[[MC-B3aUMOJICHCTBHE OTCYTCTBYET (IMMPOUCXOIUT JEMACKUUPOBAHUE CHUATIO-
CBS3BIBAIOILIETO CaiiTa CUIVIeKa-2). ITO MPUBOAUT K TOMY, UTO OOJbIIAS TOJIST MOJIEKYII
CHUIJIeKa-2 HAaXOAUTCS B KOHTaKTe ¢ B-KJIeTOYHBIM perienTopoM (Ha cliaifjie CHU3Y).
Kak crnencTBue nepenada curHaia CHAXKACTCS.

H3MmeHeHne uncia 1uc-KOHTAKTOB CHAJIO-CBA3BIBAIOIIECTO CalTa CUIjeKa-2 ¢ 02-6-
CHATTMJIMPOBAHHBIMY YIJIEBOJHBIMU JINTAHJIAMU HA MOBEPXHOCTH B-kieTok (1ruc-
B3aUMOJICHCTBUE) U, KaK ciecTBUE 3P(HEKTUBHOCTh HHTMOUPOBAHUS MTepeaaun
CUTHaJIa, MOXKET MOIYIUPOBATHCSA CTENEHBIO CHATMIIMPOBAHUS KICTOUHOMN
noBepxHocTu. He ciaydaitHo, nepenaya curaajia yepe3 B-KiaeTouHbIi penenTop
OCYIIECTBIIICTCS TOJIBKO B IMM(OUTHBIX TKAHSX, TJIe 0COOCHHO MHOTO
CHUAJTMJIMPOBAHHBIX JIMTAHJ/IOB CUTJIEKA-2, SKCIIPECCUPYIONTUXCs Ha B-kieTkax.

" IMOTOMY 0COOCHHO SIPKO BBIPAXXCHBI I_[I/IC—BSaI/IMOI[ef/'ICTBI/ISI, 4TO IMPHUBOJUT K
CHWKCHUIO ITOpOra aKTHBaIIUn B-xnetok n JAcaacT BO3MOKHOM S(I)CI)CKTI/IBHHﬁ CHHTC3
O9THUMH KJIICTKAMU aHTHUTCII IIPOTHUB YUY KCPOAHBIX aHTUI'CHOB.
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Curnek-2 («aeMackKMpoBaHHbINY):
XOMMHr B-numcounTtoB B KOCTHbIN MO3r

A

71

XoymMHHT B-nmuM@OUTOB B KOCTHBIN MO3T IIPOUCXOAUT IIPU yHaCTUU
J€CUATWIINPOBAHHOTO CUITIEKA-2.
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MHrmbupoBaHue pocta akcoHoB curnekom-4 (MAG)

Inhibition of axon
outgrowth

T

Active
G Rho Kinase
Axori Rho-GDP Rho-GTP

®—B—]

2 Inactive
‘ Rho Kinase

NgR

y-Secretase

i TR |

p7SNTR

.

" GT1b

YT,

1-0122‘

#* GDla
O

Periaxonal myelin

N3Becten npumep UHTUOUPOBAHUS POCTA AKCOHOB Ha HEPBHBIX KJIETKAX,
KOTOPOE€ OCYIIECTBIISICT APYroi JICKTUH (MUETHUH-ACCOIMUPOBAHHBIIN
[JIMKOTIPOTEUH, CUTJIEK-4), CHOCOOHBIN pacro3HaBaTh YIIIEBOIHbBIE CTPYKTYPhI
raHDIMO3WA0B Ha HelpoHax. Ha 3Tom crnaiizie npecraBiieHa cxema,
JEMOHCTPUPYIOIasi B3auMOJICHCTBUE cUTieKa-4 ¢ akcoHoM. [loaTomy
pa3paboTKa JeKapCTBEHHOIO Mpenapara, CHloCOOHOT0 HHTMOUPOBATh 3TO
B3aUMO/ICHICTBUE, MOBBICUT PEFEHEPALINIO AKCOHOB MOCIIE TOBPEKICHUS U
MO3BOJIMT OCYILIECTBIATH Mepe/lady HEPBHBIX UMIYIILCOB. JTO TaK Ha3bIBacMast
TUIACTUYHOCTh HEUPOHOB.

72



Cuvrnekm 4yenoBeka: aKcnpeccus 73
Siglec (sialic acid—binding, immunoglobulin-like lectin)

@ V-set domain O ITAM (activatory motif)
O ITIM (inhibitory motif)
Sialoadhesin 0 C2-set domain @ Putative signaling motif

CD22
CD33-related Siglecs
MAG |
AIRM1
OB-BP1
CD33 ? ? ?

Macrophages Oligodendrocytes Monocytes NK cells Monocytes Macrophages
Schwann cells Granulocyles Monocyles Granulocytes
B cells Monocytes Placenta Eosinophils Monocytes Lumenal
Myeleid B cells Eosinophils apithelium
GilveoWord Precursors B calls

Ha sTom ciaiizie moka3aHbl CUITIEKH YEJIOBEKA U T€ KJIIETKH UMMYHHOU
CUCTEMBI, B KOTOPBIX OHU IKCIIPECCUPYIOTCSI.
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Curneku yenoBeka: JKCnpeccusa Ha Tunax KretTok

. CD33/Siglec-3
Myeloid ) others?

CD33/Siglec-3
CD33/Siglec-3

cD8
T cell .
ubset Basophil

Lymphoid
progenitor

progenitor

Siglec-7  CD22/Siglec-2 Siglec-7 CD33/Siglec-3 Siglec-5 Siglec-8 CD22?
Siglec-9 Siglec-5 Siglec-9 Siglec-5 Siglec-9 Siglec-10 (lo) Siglec-8 (lo)
Siglec-6 Siglec-10 Siglec-7
Siglec-9 Siglec-9
Siglec-10 Siglec-10 (lo)

Sn/Siglec-1
CD33/Siglec-3 Macrophage CD33/Siglec-3
Siglec-7 Siglec-5

Siglec-11

Ha sTtom cnaﬁme ITOKa3aHbl CUITICKH YCJIOBCKA.

Jlpyras kinaccudukamnus: KakKiue CUIIICKH SKCIIPECCUPYIOTCS Ha KOHKPETHBIX
KJIeToK. Pa3zHooOpasue mopaxaer.
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YrnesoaHasa cneundpuUUYHOCTbL CUTNEKoB

Oligosaccharide| R1 [ R2 |3 || @ = Sia O =Gal . = GlIcNAc
N-Glycan | + [[]=GaINAc A =Fuc
O-Glycan | + +

Relative Recognltlon by Human Slglec

Gl lipid
YOORC |+ | * 11213]4(5(6]7]8]9][10]11

QasQOB4BRY| - (44|44 |- [ - |- |- |-|+|+]-
0(13064.[34’!1 e N o I e e R E R AL
Qus@QasQOBlIBR + | - |+ |- |- |- |++|+ |+ |- |++
Qa3OB3MBRI|++| - [+ [+ | - |- |- |+ |[+]|+]-

# |- -]-|-|+|[*]-]-

’usOB‘t.ﬁ-Fﬁ + | -
a3

@a3OB3[]p-RYxR3| + | -

+
+
.
.
L]
.
+
]
.

QasOssqtynz/mns 22|24+ |-|-|+|-|+[2]?
a
®
[IB-R2aR3| + |+ |4 - |- [+ |+ |+]|+]|+]-
ab
®

OTta Ta6J'II/II_Ia IIOKa3bIBACT, 4TO CHCHI/I(I)I/ILIHOCTL CHUIJICKOB JOBOJIBHO
OorpaHHMYcCHA. O6H3.pY)KCHBI YIDICBOAHBIC JIMTAHABI, KOTOPBIC PACIIO3HAIOTCA
Pa3HBIMHA CUTTICKAMMH.



U3BecTHble U npeanonaraemblie PyHKLUN CUTTIEKOB 76

With the exception of MAG and CD22, wherein biological roles in glial cells (maintenance of myelin
organization and inhibition of neurite outgrowth) and B cells (dampening the response to BCR
ligation), respectively, are well documented, we do not yet know the physiological functions of any
other Siglec. The fact that Sn and CD33rSiglecs are found predominantly on cells of the innate
immune system suggest that this is where their primary functions lie. Given the highly conserved
preference of Sn for a2-3-linked Neu5Ac and to a lesser extent for a2-8-linked Neu5Ac, its presence
on tissue macrophages, and the lack of cytosolic signaling motifs, it is reasonable to speculate that
Sn’s primary role may actually lie in recognition and phagocytosis of bacterial pathogens that
express Sias. In keeping with this, a2-3-and a2-8-linked Neu5Ac (and not Neu5Gc) are the
dominant sialylated motifs on bacterial pathogens studied to date. Of course, one cannot rule out an
additional intrinsic role of Sn in interactions with other cell types within the hematopoietic or
lymphoid systems. The CD33rSiglecs stand in striking contrast to Sn, having rapidly evolving Sia-
binding preferences and expression patterns, and inhibitory cytosolic motifs. The best explanation
for the findings to date is that these molecules serve to detect the host “sialome” as “self,” thereby
down-regulating innate immune cell reactivity via their ITIM motifs. In keeping with this notion, a
very recent study using siRNA and other techniques has demonstrated a “constitutive repressor
activity” of CD33 on human monocytes that involves phosphoinositide 3-kinase—mediated
intracellular signaling and requires Sia recognition to function optimally. However, it was also
reported that one CD33-related Siglec could be involved in bacterial uptake.

In further exploring Siglec functions, we must remember that potential ligands could be formed not
only by Sias on the same cell surface (or on the Siglec itself), but also on other cell surfaces or on
soluble glycoproteins. Direct cell-cell interactions could thus potentially occur among Siglec-positive
cells or between Siglec-positive cells and another other cell type. Soluble sialylated glycoprotein
ligands could also interact directly with Siglec-positive cells, bridge between two such cells, or serve
to inhibit cell—cell interactions involving Siglecs.

31ech epeurciieHbl U3BECTHBIE U TIpeAnoaaracMblie (yHKITUN CUTIICKOB.
[TpakTuuecku Bce OHM OOCYXIaTUCh HAa MPEIbIAYIINX ClIaiaax.



[[aneKkTuHbI

JlekTUHbI S-TUNa

77

I'anexkTunbl — JeKTUHBI S-TUMa. Ha3Banue BBIJACT UX CHGI_II/I(I)I/I‘-IHOCTB. 210 —

TraJIaKTO3a-CBA3bIBAIOIINUC OcaKu

77



TunuyHaa TpeTuyHasa CTPYKTypa raneKTMHOB: 78
B-caHABUY

GalB1,4Glc

Doy TaIeKTUHOB, HA3bIBAEMBIN [0eTa]-coHBUYEM, MTPEACTABIICH Ha ciaiije.



TpeTuyHas CTpyKTypa ranekTuHoOB:
ranekTmH-1

a
/;' .:':.‘ %
¥ AL
\“ ( J. |

Ly
Sideview Turned 90°
E&b\cﬁ ,_,x
:g Hﬁ‘%m)” %w
Bound lactose Unbound CRD
in the CRD
c

Human

55 62 69 7274
galectin-1 NLCLHFNNPRFNAHGD ----- ANTIVCNSKD-GGAWGTEQRE -

79

Ha cnaline moka3zan KOMIJIEKC TaJIEKTHHA-1 ¢ JJaKTO30H

79



a

Prototypical

Galectin-1
Galectin-2
Galectin-7
Galectin-10
Galectin-13
Galectin-14

b

Galectin-1
Galectin-2
Galectin-3
Galectin-4

Galectin-7

ManekTUHbI YenoBeKa

Galectins in humans

Chimeric

Tandem repeat

QN C OQ

Galectin-3

Galectin-4
Galectin-8
Galectin-9
Galectin-12

Sequence alignments of some human galectins

41 * k *
NLCLHFNPRFNAHGD
KLNLHFNPRFS
DVAFHFNPRFNENN
DVAFHFNPRFDG
DIALHINPRMG
DAALHFNPRLD

56 * 66 %
ANTIVCNSKD-GGAWG

-ESTIVCNSLD-GSNWG

RRVIVCNTKL-DNNWG
WDKVVENTLO-GGKWG
NGTVVRNSLL-NGSWG
TSEVVFNSKE-QGSWG

71k *

TEQRE
QEQRE
REERQ
SEERK
SEEKK
REERG

(N

(C

80

term)
term)

M3BeCcTHBI rajleKTUHBI HECKOJILKUX THUIIOB:

- IPOTOTAJIEKTUHBI, KOTOPBIX JOBOJIBHO MHOIO, CYIIECTBYIOIIKUE B BUE
romoauMepos, umeroT Asa UJIEHTHUYHDBIX calita cBA3bIBaHuMS;

- XMMEPHBIE TaJICKTUHBI COJIEpKaT OJUH CAUT CBSI3bIBAHUS U (PparMeHT, He
YYaCTBYIOIIUM BO B3aUMOJICMCTBUM C YIIIEBOAHOMW LETIBIO;

- TAaHJIEMHBIE TaJCKTUHBI COJIEPKAT J[Ba caiiTa CBSA3BIBAHUS, Pa3/ICIICHHbIC
JIOMEHOM, HE YYaCTBYIOIIUM BO B3aUMOJCHCTBUU C YIIICBOJHOM IIETIBIO.

CHCHI/I(I)I/I‘{HOCTB 9THUX CalTOB pasjimiHa.

OTH NTEKTHHBI XapaKTCPU3YIOTCA HCKOTOpOﬁ TOMOJIOTHEH aMHUHOKHCJIOTHBIX
OCTAaTKOB, ITIO3TOMY HX O6’LCZ[I/IHSIIOT B OAHH KJIaCC JICKTHHOB.
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ManekTuHbI

Proto Chimera Tandem-repeat

Galectin

Two identical Two distinct @
Galectin CRDs Galectin CRDs e T ~
Galeetin-1,25,7,10 Galectin-46,8,9 B '-‘ / N\ |
Crasslink Cross-ink / ptEs \
homologous two distinct A f % RNP |
carbohydrate carbofydrate A : 4
ki i _ \ particle/ |
Subcortical N\ /
: ~
N vesicles =
Nucleus
\ ,

[IpoToraniekTuHbl y4acCTBYIOT B PACIIO3HABAHUN OJMHAKOBBIX YIIIEBOJIHBIX
JINTAH]IOB, a TAHJEMHbIC TAJICKTUHBI MOTYT CBSI3bIBaTh Pa3HbIC YITIEBOAHBIE
JTuraHAbl Oarogapsi pa3Hou CrielM(PUIHOCTH CBOMX JIOMEHOB. XUMEPHBIE
rajJe€KTUHBI MOTYT NPUBOJINUTH K KPOCC-CBS3BIBAHUIO YIJIEBOJIHBIX U
HEYIIIEBOJIHBIX JINTAHJIOB.
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B1nocCUHTEe3 ranekTMHOB: ranekTuH-1

. Binding,
Galectin cross-linking, and
receptor stabilization

—_— S
Efx;!ac?ned Folding?
olding oy en Bom 3
intermediate? Geemones]

Out
BEBBER RSB
A5EHNES

it &r'
pid

2

‘g(
o 4
a/
@

BBRRRRRRRR AR
TR T

In A o
Stimulated secretion/

export? unfolding?
\ !

Galectin monomer Galectin dimer

Folding? 3t
Chaperones? 5
mRNA

wn

NHg

Free ribosome

buocuHTe3 raJeKTHHOB OCYIIECTBIISICTCS B IIUTOILIA3ME, TJC CHHTE3UPYETCS
MOJIMTICTITUAHAS IIeTIh, KOTOPAsl 3aTEM CBOPAUYMBACTCS U TPAHCTIOPTHPYETCS HA
BHEIITHIOI CTOPOHY MeMOpaHbl. MoHOMepHas ¢opma HecTaOmibHA. JlMMepbl
JIOTIOTHATEIFHO CTAOMITM3UPYIOTCS 00Pa30BaHIEM KOMIUIEKCOB C
YIJICBOAHBIMU JIMTAHIaMHU.



Komnnekc ranektnHa-1 ¢ GalB1-4GIcNAc

OO c e®@ o OO N

83

3nech npeactanieH koMmiuieke ranektuHa-1 ¢ GalB1-4GIcNAc
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FanekTUHbI MOryT y3HaBaTb b6onblLue, 84
yeMm TepMuHanbHbIN octaTtoK Gal1-4GIcNAc

(Gal, GalNAc, Fuc, Sia, Su)-Galp1-4GIcNAc-X-X-X

HcTopudecku raieKTHHAMHU Ha3bIBAJIH JICKTHHBI, Y3HAIONIUE TEPMUHAIBHBIC
OCTaTKH TaJIaKTO3bI WJIM TajlakTo3aMuHa. OHAKO TENEPh YCTaHOBIICHO, YTO
3TOT JAMCAaXapu He 00s3aTeIbHO TOJDKEH OBITh TEpPMUHAILHBIM. Bee kak
00BIYHO, 0KA3aJIOCh CJIOJKHEE.
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CDyHKLI,VIOHa.H bHble B3aMMOAENCTBUSA rarieKTMHOB

=gy iT

i, AT
“ailtee,,,  Plasma membrane o
*u. el o
uf*"--.":'--._‘_‘._ _“..-"-':,-.\--"
Outside e 15[ T
LTI e esane, pp——" I
e P L
Cell-cell

interactions

Cross-linking
and lattice formation

Cross-linking and
Intracellular signaling
\ protein-protein
interactions

["anexTuHBI y4aCTBYIOT B MEKKIIETOUHBIX B3aUMOJIECHCTBUSX, BO
B3aUMOJICHCTBUM C MEKKJIETOUYHBIM MaTPUKCOM, TAKKE OHU MOTYT
B3aUMO/JICICTBOBATh CO CTPYKTYPaMH, PACIIOIO0KEHHBIMU HA MIOBEPXHOCTHU
OJIHOM Y TOM K€ KJICTKH, 3aIyCKasl arperamuro, KIaCTepHU3aAUI0 HIN
CUTHAJIbHBIN KacKaJl, B pe3yJIbTaTe KOTOPOT0 aKTUBUPYIOTCS KIJIETOYHBIE
peuenTopsl

85



TpaHcnupoBaHue «yrneBogHou UHgopmauun» B 86
adhhekTbl: cBA3bIBaHUE JIeKTUHA — CUrHan

ot M _ _
lectin binding and
R R R|R receptor clustering
cyt H at the plasma membrane

intracellular signal
transmission

cellular

cell cycle arrest  eponse

Ha cnaﬁ)le CXCMATUYHO IIPCACTABJICH ITPUMCP, KOT'ld JICKTUH BOBJICUCH B
KJIaCTCpu3anuo peuciTopoB, YTO BIMACT HA IICPCaad1y CUTHAJIA
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CesA3blBaHMe ranektuHa-1 ¢ PuUGpoHeKTUHOBbIM 87
peLenTopoM — CUrHan K oCTaHOBKe KNeTO4YHOro
LMKna

nel

& -
S G phase

— ,‘,
S phase S phase

OTOT npoluecc NoKa3aH Ha IPUMEPE CBSI3bIBaHMS FaJIEKTHHA- ¢
(uOpPOHEKTUHOBBIM perentTopoM. B HOpMe PUOPOHEKTHH CBSI3bIBAETCS C
(uOpPOHEKTUHOBBIM PELENITOPOM, U KJIeTKa fAenutcs. B cimyuae, korna
TJIEKTHH- ] CBSI3BIBAETCS C PELIENITOPOM, 3aITyCKAETCSl CUTHAJIBHBIN KacKas,
MPUBOJAIINI K OCTAHOBKE KJIETOYHOTO LIMKJIA.

87



ManekTuH-3

T Superoxide
anion production

T Respiratory burst
in exudated and
fMLP- or LPS-

activated neutrophils

1 Differentiation
into plasma cell

TIL-2
production in
Jurkat cells

T Apoptosis

| TCR-mediated
signaling

T Mediator
release

Eosinophil

T Adhesion to
laminin and
endothelial cells
T Extravasation

Monocyte

88

T Superoxide
anion production

T LPS-induced
IL-1 production

o} T Chemotaxis

O é ‘ T Phagocytosis
T

Macrophage

LIL-5
production

Mast cell

I'anexkTuH-3 BOBJICUEH B BHIIOJIHCHHUE PA3JINIHBIX (I)YHKI_II/Iﬁ UMMYHHBIMHA

KJICTKaMH: y4aCTHUC B KJIETOYHOM aJIrC3uu, NPOAYKIIMU CYIICPOKCUA-aHHUOHA U

ITUTOKHMHOB, XCMOTAaKCHCC, (I)aI‘OI_II/ITO?»e, alloIITO3C.

88



AnonTo3 T-numdounTa, Bbi3BaHHbLIN 89
CBsi3blBaHWEM C rarieKTMuHom-9

No galectin-9 binding Galectin-9 binding

Galectin-9

Teell Teell 2] :
L TR
nhibitory
signaling | K/
{ Reduced T cell proliferation ]
Reduced IFN-y production
a b T cell death

CBs3bIBaHnE JJuragjga ¢ raJeKTUHOM-9 IMPpUBOAUT K aIlOIITO3Y T—J'II/IM(I)OHI/ITOB.



Buonornyeckne ponu ranekTMHOB: anonTo3, pak, 9(

WMMYHHbIA OTBET M BOCManuTesibHble NpoLecchbl
Galectin-1 0’\\ Galec!in-am

involved in Treg cell function and enhances Treg formation

conflicting results on effects on T-cell viability

mediates adhesion of thymocytes to thymic epithelium

induces apoptosis in CD4*CD8" double positive thymocytes

induces shift in Th1 response to Th2 (decreases IFNy;

increases IL-5)

reduces TNFu IL-1B, IL-12, IL-2 and IFNy

increases IL-10 production in both naive and activated T cells

inhibits mast cell degranulation

reduces pathology-associated graft-versus-host disease,
Con A-induced hepatitis, experimental allergic

blocks apoptosis of T cells when overexpressed intracellularly

endogenously involved in T-cell vlab»hty

extracellularly induces apoptosis of T cel

promotes adhesion of thymocytes to thym\c epithelium

enhances Th2 immune responses

enhances adhesion of naive T cells to DCs

binds TCR, reducing TCR mediated T cell activation

inhibits IL-5 production in eosinophils

induces mast cell degranulation independent of antigen-
mediated IgE stimulation

exacerbates Th2 immune responses (asthma)

encept gravis and id arthritis

reduces acute inflammatory responses

expression in endothelial cells up regulated by activation

induces (PS) exposure
(Car -dependem) in neutvophlls

inhibits chemotaxis of neutrophils

inhibits extravasation of neutrophils

activates NADPH-dependent respiratory burst in neutrophils

induces maturation of dendritic cells

Galectin-2
induces T-cell apoptosis under some conditions
decreases IFNy and TNFa while increasing IL-10 and IL-5
involved in the pathogenesis of atheroma formation
induces apoptosis-independent PS exposure (Ca**-dependent)
of neutrophils

Galectin-4 M

induces IL-6 production in T cells
induces apoptosis-independent PS exposure (Ca**-independent)
of neutrophils

int llular 1 induces is of tumor cells

extracellularly can inhibit growth of cells

Galectin-8 w

activates Rac-1in T cells
activates NADPH-dependent respiratory burst of neutrophils
modulates integrin-mediated neutrophil adhesion of neutrophils

Galectin-10 ®

highly expressed in eosinophils (Charcot-Leyden crystal protein)
involved in Treg function

on surface of macrophages (also called Mac-2
antigen)

enhances phagocytosis of macrophages

enhances resglratory burst of macrophages

enhances LPS-induced IL-1B secretion of macrophages

inhibits apoptosis (intracellularly)

blocks IL-4-induced survival of activated B cells

favors plasma cell differentiation

exhibits an anti-apoptotic role in B-cell lymphomas

expression induced in dendritic cells by T. cruzi infection

enhances pro-inflammatory cytokine release in endothelial
cells

gulated in tumor cells
induces chemolaxls of neutrophils
enhances extravasation of neutrophils
activates NADPH-dependent respiratory burst of neutrophils
induces activation of neutrophils
induces release of IL-8 of neutrophils
mediates interaction of neutrophils with laminin and fibronectin
(both directly and indirectly)
enhances leukocyte adhesion to endothelium

Galectin-9 w

induces apoptosis in thymocytes and T cells

induces selective loss of CD4* Th1 cells

induces selective loss of CD8* T cells

induces eosinophil ct is, activation,

induces moderate degranulation of eosinophil
expression in endothelial cells induced by virus infection
induces maturation of dendritic cells

Galectin-12

intracellular expression induces apoptosis of tumor cells
can cause cell cycle arrest and growth suppression

3}1605 MEPCUYUCIICHBI PA3JIMYHBIC OMOJIOTHYECKHE POJI TAJICKTUHOB, KOTOPBIC
BOBJICUCHBEI B aIlOIITO3, OHKOTpaHC(I)OpMaI_[I/IIO, I/IMMYHHblﬁ OTBCT U
BOCHTAJIUTCIIBHBIC TIPOICCCHI.
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FaneKkTnHbI B anuTenunasnbHbIX KNeTKax

91

OTOT cnaﬁz[ ACMOHCTPHUPYIOT pACHIPCACIICHUC PA3HBIX TAJICKTUHOB Ha
SIUTCIIMAJIBHBIX KIICTKAX

91



CanTbl cBA3bIBAHUSA rarieKTUHOB B aNUTENUN

=

92

MGTOI[BI UMYHOTUCTOXUMHUHU TTO3BOJIAIOT JIOKAJIN30BATH CalThI CBSI3LIBAaHUS

TAJICKTHUHOB B JIIUTCIINU.

92



EaKTepmaanble TOKCUHbI

93

BaKTepI/IaHBHLIe TOKCHHBI — 3TO €IIIC OJUH 0O0IBIION KJIacC JIEKTHHOB.
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BakTtepunanbHbleé TOKCUHbI

94

Clostridium tetani (tetanus toxin)

GD1b, GT1b

Clostridium botulinum (neurotoxin, tvpe A-F)

GQlb, GT1b, GD1a

Clostridium perfringens (85 toxin) GM2
Clostridium perfringens (€ toxin) NeuSAc
Vibrio cholera (cholera toxin) GM1

Vibrio mimicus (hemolysin) , GD1a, GT1b
Vibrie parahemolyticus (thermostable direct GT1
hemolysin)

E. coli (heat-labile enterotoxin) GM1

E. coli (heat-stable enterotoxin b) sulfatide

Bordetella pertussis (pertussis toxin)

GD1a; NeuSAco2-6GalPl-4GlcNAc

Staphylococcus aureus (a toxin)

NeuSAcGalGlcNAcGalGle

Staphylococcus aureus (v hemolysin, leucocidin)

GM1

Ha Cﬂaﬁﬂe npeacTaBjICHbl TOKCHUHBI ITIATOTC€HOB - JICKTUHBI, KOTOPBIC
CBA3LIBAIOTCA C TAHITIMO3WAaMM Ha IMOBEPXHOCTH KJIECTOK XO34HHA.
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NMeHTacaxapma GM1 n xonepHbIn TOKCUH (NeHTamep

a

XOpo1I10 U3y4eHO CBSI3bIBAHUE XOJIEPHOIO TOKCHHA (3TO IEHTaMEP C MATHIO
UJICHTUYHBIMU CaliTaMM CBsI3bIBaHUS) U nieHTacaxapuaa GM1, Hecyero
ocTaToK N-aleTuaIHeHpaMUHOBON KUCIIOTHI.
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NMeHTacaxapma GM1 n xonepHbIN TOKCUH

e 116  Bindingsiteof
gl (1 g M8 choleratoxin
SR 1S ) B subunit 9
u : i,

N o ko
S 0

'.¥ 243 ) 1
(28]

4 (Tipos)

i -
Glutt)

H‘h—._\_‘.‘. Leu3_1\|| NeubAc

T i
Hs13)

96

HpaKTI/I‘-IeCKI/I BCC I'PYIIIIBI OJIUT OcaXapI/II[HOﬁ IS BOBJICUCHBI BO
B3aHMOI[eﬁCTBHH C TOKCHHOM.
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Cenekuua KoHdopmepoB neHTtacaxapmaa GM1 o7
ranekTuHomMm-1 u xonepHbIM TOKCUHOM

(a) Gal GalNAc

OH ,OH OH ,OH
OH

NHAc -

OH 5

AcHN HO
HO 0 o} OH
OH
coo L

Gal’

OH OH
ranekTuH-1 NeuNAc Glc  XONEepHbIN TOKCUH

(b)
@i (i)

R48 H57
N4G /(L\ 158
Ko1 Q56

Wwes

3nech mpuBeeH cenekius KonpopMepoB nentracaxapuga GM1 rajgexktuHom- 1
Y XOJIEPHBIM TOKCHHOM.

ONnuH U TOT KE JIUT aAH][ CBA3BIBACTCA C PASHBIMHU JICKTUHAMUA B PA3HBIX
«OMOAKTHUBHBIX» KOH(I)OpMaHI/IHX. HpI/I 9TOM BO BBaPIMOZ[eI\/JICTBI/IC MOT'yT OBITH
BOBJICUCHBI PA3JIMYHBIC MOHOCAXapUIHBIC OCTATKH.



JlekTuHbI-LLanepoHbI

JlekTnHbl L-TUNa

98

K nextunam L-tuma oTHOCATCS JICKTUHBI-IIAIICPOHBI

98



CBopauuBaHue 6enkoB B JAlP: nekTuHbI-LLanepoHbI 99

— Folded protein

|

Glucosidase Il
Glucosldase Il

Glucosidase |

HpI/IMepOM TAKUX JICKTUHOB MOT'YT CIIYKUTH KaJIHCKCUH U KaJIPCTHUKYIINH,
paciio3Haromumue FHIOKOSI/IJII/IPOBaHHBIﬁ IIOJIUIICIITU A, YTO H€O6XOI[I/IMO JJIs
MIpaBUIIbHOT'O (I)OJII[I/IHFa HOHHHGHTHZ[HOﬁ e B IIPpOLECCC ouocuHre3a N-
TTIMKaAHOB.
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[pyrve nekTuHbl

100

100



LUnTOKMHBbI CBA3bLIBAKOTCA C yrnesogamMu

npHMepbI yrileBoiHast cenupuIHOCTD
IL-1a (Neu5Ac-Gal-GlcNAc-Man);Man-GlcNAc,
1L-1B GPI sixopb, GM4
1L-2 l Mans/Mang
1L-4 l NeuSAc-1,7-1akToH
IL-7 | Neu5Aca2-6GalNAca
TNFa Man;/GlecNAcB1-4GlcNAc

,U,e(*)eHGWIHbI TOXe CBA3bIBAKOTCA C yrrieBoaaMMm...

101

I_[I/ITOKI/IHBI n ILC(IJCHBI/IHI:I CBA3BIBAIOTCA C YITICBOAAMHU U ITIOTOMY OTHOCATCS K

JICKTHUHAaM.
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MexxkneTouyHasa agre3vs,
ornocpegoBaHHaga yrnesogamm

102
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Yucno rnmkaH-cBA3bIBaOLWUX peLenTopoB C 103
NnoTeHuMnanbLHOU ponbio B aAre3mm KneTtok

Number of Receptors with
Receptor family human proposed roles
receptors in cell-cell adhesion
L, E and P-selectin
. DC-SIGN
Cyjps loan 24 Scavenger receptor C-
type lectin?
Galectins 9 Several possible
. Myelin-associated
Silglees 13 glycoprotein (MAG)

B mexkneTounom AArc3un y4aCTBYIOT U JICKTHHBI C-TI/IHa, U T'aJICKTUHBI U
CHUTIJICKU.

B HAaCTOAIICEC BPEMA BLIABICHO OOJIBIIIOE YKCIIO TAKUX TJTIMKAaH-CBA3bIBAOIIINUX
PEUCIITOPOB € HOTCHL[I/IaJIBHOﬁ POJIBIO B aATC3UH KIICTOK
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Y3HaBaHue yrneBoAoOB KIIeTKU-XO35IMHA 104
NEeKTUHOM OaKTepuu — nepBbIN 3Tan aare3vm

P-®umbpun — PapG: ranabuosa

";Escherichia coli
®dPumbpum Tuna 1 — FimH: maHHo3a 4

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 HACTOAIICMY BPEMCHU HAKOITUJIOCH JOCTATOYHO MHOTI'O BECbMa
Y6€I[I/ITCJIBHBIX JAaHHBIX B IIOJIB3Y TOI'O, YTO BCAKaA 6aKTepI/IaJIBHa$I I/IH(I)CKI_II/IH
Ha4YMWMHACTCA CO CBA3bIBAHUA 6aKTepI/II/I C MOBCPXHOCTHBIMH YITICBO/-
COACPIKAIMMUMU MOJICKYJIIaMH KJIICTOK XO35WHaA.

Pacrnio3naBanue YITICBOAOB MOBCPXHOCTHU KICTKHU-XO35IMHA JICKTUHOM 6aKT€pI/II/I
SABJIACTCA IICPBBIM 3TAallOM 6aKT€pI/IaJ'II>Ha$I aare3un nu nocnenyfomeﬁ HHBa3uH.

Ha xonmnax ¢puMOpuii (apyroe Ha3BaHWE — MWK ) OAKTEPUIA PACIIONIOKCHBI
aJre3WHBI — OCJIKH, CIICIIU(UIHO CBA3BIBAIOIINECS C OMPEICIICHHBIMU YITICBO/I-
COZICPIKAIMMH CTPYKTYpaMHu Ha TTOBEPXHOCTH JKUBOTHOM KJIIETKHU. Tak,
HarpuMep, aare3uHbl GuMOpuUii THIa 1 yporaToreHHbIX MTAMMOB KHIIIEUHOW
MAJIOYKH CITOCOOHBI Y3HABATh TIMKOIPOTEHHBI, COJCpKAIINE MAHHO3Y, a
anre3uHbl P-uMOpuii — IIMKOMUIUABI TTI000-CEPUH, COEpKAIITUE JUCAXAPH]T
rayiabuo3y. [Ipu 3ToM mrTamMmMbl 6akTepuu, BepadaTbiBaromue aare3ud PapG,
BBI3BIBAIOT 3a00JICBaHMSI TTOYCK (MUETOHEPPHT), B TO BpEMs KaK JIPYTHE
mTaMMBbI OaKTepuid, BeIpabarpiBaromue aare3na FimH, Bei3biBator
BOCTIAJICHUS HIDKHUX OTJICJIOB MOYEBBIX ITyTEH.

VY Tex peako BCTPEUANOIIUXCS JIFOACH, B KPOBHU KOTOPBIX HET (pakTopa P,
AMUTETUATbHBIC KJIETKH MOUYEBBIX MTyTEH HE CBSA3BIBAIOT OAKTEPUU KUIIICUHOM
najnouku, Hecymme P-¢humOpun. Takue UHIUBUABI 3HAYUTEIHLHO MEHBIIIE
MO/IBEP>KEHBI UH(DEKIUAM 3TON OaKTEPUU M0 CPABHEHUIO C APYTUMH JIFOIbMH.
OpnHako 3KCHEpPUMEHTAIBHO YCTAHOBIIEHO, YTO €CJIM UX SMUTEIUATIbHbIE
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KJIETKU MOKPBITh CHHTETUYECKUM IIIMKOJIUIUAOM, COAEPKAIIMM Tajaduo3sy , TO 3TH
KJIETKU MPUOOPETAIOT CIOCOOHOCTH CBsA3bIBaThCA ¢ E. coli.
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YrneBoabl NOBEPXHOCTU KMETOK — CauTbl 105
npucoeanHeHus GaKTepVIaHbeIX natToreHoB
Organism Target tissue Carbohydrate Structure
E. coli Type 1 Urinary Mano3Mano6Man GP
E. coli P Urinary Galo4Gal GL
E. coli S Neural NeuAc (¢12-3)Galpf3GalNAc GL
E. coli CFA/1 Intestinal NeuAc (02-8) GP
E. coli FIC Urinary GalNAcp4Galf GL
E. coli F17 Urinary GlcNAc GP
E. coli K1 Endothelial GleNAcP4GIlcNAc GP
E. coli K99 Intestinal NeuAc((xQ—?-)GalB:lGlc GL
C. jejuni Intestinal Fucor2GalpGleNAc GP
H. pyvlori Stomach NeuAc(02-3)Gal4GlcNAc GP
Fuco2Gal33(Fuco4)Gal GP
K. pneumoniae Respiratory Man GP
N. gonorrhoea Genital Gal4Glc(NAc) GL
N. meningitidis Respiratory [NeuAc(o2-3)] GL
Galp4GlcNAcP3Galp4GlcNAc
P. aeruginosa Respiratory L-Fuc GP
Respiratory Gal [BGIC('.\TACJBBGMMGFC GL
S. typhimurium Intestinal Man GP
S. pneumoniae Respiratory NeuAco2-3Galp1-4GlcNAc[1- GL
3GalB1-4Glc
S. suis Respiratory Galo4Galp4Gle GL
GP = glycoprotein, GL = glycolipids

Ha sTom craiizie mepeuuciieHbl CTPYKTYPhI YITICBOIBI TTOBEPXHOCTH KIICTOK —
CaWTBI MPUCOCTUHEHHUS PA3IMYHBIX OaKTEpPHAIBHBIX MaroreHoB. OH MpU3BaH
MPOUJLTIOCTPUPOBATH pa3HOOOpa3ne YIIIEBOMHBIX CTPYKTYP, Y3HaBaCMBIX
OaKTepHsIM.

O Ba)XHOCTH ATHX TPOIECCOB YITICBOA-OCIKOBOTO y3HABAHUS CBHUJICTCIHCTBYCT
TOJIBKO OJTMH (PaKT.

bbu10 ycTaHOBIEHO, YTO MHOTUM M3BECTHBIE TACTPUT U 53Ba KEIylIKa CBSI3aHbI
¢ unpuupoBanueM O6akrepuein Helicobacter pylori, »uByrieit B kuciom
COJEP>KUMOM >KEJTYIIKa U B €0 CIU3UCTON 000J0uKe. “3a OTKPBITUE OAKTepUn
Helicobacter pylori u ee ponu npu ractpute u si3BeHHOM 00e3am” B 2005 T
ObL1a IpucyxaeHa HoGeneBckas mpemMust 1o MeauIuHe U (PU3UOJIOTHH.

NHuTepecen dakruaeckn GuiaocoPpCKkuii BOMPOC, 3a4eM KIETKH KUBOTHBIX
CO3/1al0T Ha CBOCH MOBEPXHOCTH BEChMa CIIEIU(DUUHBIC CAUTHI JIJIs
MPUCOCTUHEHUS TAaTOTCHHBIX OakTepuii. T.e. CO3/1at0T B MOIIIHOW CUCTEME
3aIUTHI JIJA3CUKH JJIs Bpara. B mureparype naxe cpaBHUBAIOT 3TOT (DEHOMEH C
PEIaTeIbCTBOM.
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AQresuna KneTtok: moaenu BsaumoaenucTBus 106
rmuKkaH—peuenTop

Galectin-MUC1 : \‘g/

Glycan

Galectin8

€
Protein-protein :
Glycan adhesion €

-,

L4 A 4l
Y)Y Y
e

Polysialic acid
anti-adhesion

v

Receptor

Y Y.}
veev

|

B GlcNAc O GalNAc
@ Mannose A Fucose
O Galactose 4 Sialic acid

D10 OoNee coBpeMEHHas CXeMa, HIUTIOCTPUPYIOIIAs TO, KaK MOXKET
OCYILIECTBISTHCS aire3usl KIETOK C Y9aCTHEM YIJIEBOJIOB.

1) Jonroe BpeMs CUATANIOCH, YTO B3aUMOJIEHCTBHUE KJIETOK OCYIECTBISIETCS
MEXy [NIMKAaHOBBIM JINTAHOM, PACOJI0)KEHHBIM Ha MOBEPXHOCTU OAHOM
KJIETKH, U €r0 JIEKTUHOBBIM PELENTOPOM Ha JPYroil KIIETKE.

2) CyuTanock, YTO AaHAJOTUYHO OCYIIECTBIISIETCS B3aUMOJICHCTBHUE KIIETOK
MIPH YU4aCTUU TaJIEKTHHA, MMEIOIIETO JIBA CaliTa CBA3BIBAHUS U
CIIMBAIOIIIETO JIBa IIMKAHOBBIX JIUTaH/A HA TTOBEPXHOCTSAX PA3HBIX KIIETOK.
OpHako Mo3ke 0Ka3anoch, YTO TaJICKTUHBI, BEPOSATHEE BCErO, BOBJICYCHBI B
[IMC-B3aUMOACHCTBHS HAa TIOBEPXHOCTU OJTHOM KJIETKH. ITH IIHC-
B3aMMOJICHCTBUS CIIMBAIOT YIJIEBOAHBIC CTPYKTYPhl MYIIHTHOB Ha
MOBEPXHOCTH KJIETOK, OJlaroapsi 4eMy CTaHOBUTCSI BOBMOXKHA aJre3ust
KJIETOK, OMOCpeAoBaHHasl OEIOK-0ETKOBBIMU B3aUMOICHCTBUSMU.

3) Anresus, onocpeoBaHHasi O€IO0K-O0ETKOBBIMU B3aUMOJICHCTBUSIMU TaKKe
MOXET OBbITh 3aTPYyIHEHA, KOT/Ia Ha TOBEPXHOCTU OJHOU U3 KIJIETOK
AKCIIPECCUPYETCS INIMKOMPOTENH, COEPKAITUN OTPULIATETEHO
3apsOKCHHBINA YIIICBOAHBIA (DparMEeHT, IPEICTABICHHBIN TOJNCHAIOBOM
kuciotoil. [loaromy B3aumoseicTBre Meay KIETKaMU CTAaHOBUTCS
BO3MOXHO, €CJIM 3TOT ()parMeHT YaeTCsl OTIIECTHUTh OT MOJIUIEHTUIHOM
Lenu.
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MexaHu3m yrrneBog-0enkoBoro
CBS13bIBaHUA

107

107



LlecTb ypoBHen perynauum acpcpuHHOCTHU 108
CBSI3bIBaHUSA rNIMKaHa C NIEKTUHOM

» 1. Mono- and disaccharides (including anomeric position and
substitutions)

» 2. Oligosaccharides (including branching and substitutions)

» 3. Spatial parameters of oligosaccharides
» a. Shape of oligosaccharide (differential conformer selection)
» b. Conformational flexibility differences between isomers

» 4. Spatial parameters of glycans in natural glycoconjugates

» a. Shape of glycan chain (examples: modulation of conformation by substitutions not
acting as lectin ligand, such as core fucosylation or introduction of bisecting GIcNAc in
N-glycans, influence of protein part)

» b. Cluster effect with bi- to pentaantennary N-glycans or branched O-glycans (including
modulation by substitutions, please see a.)

» 5. Cluster effect with different, but neighboring, glycan chains on the
same glycoprotein (e.g. in mucins) or a glycoprotein—glycolipid complex
(e.g. integrin—ganglioside complexes)

» 6. Cluster effect with different glycoconjugates on the cell surface in
spatial vicinity forming microdomains

A(l)(bI/IHHOCTB CBs3bIBaAHUA ITIMKaHA C JICKTHHOM 6YILCT ONpCHCIIATHCSA
CJICAYyOIUM:
1) MOHO- WJIHN Iucaxapuiaamu, BSaHMOHeﬁCTBYIOLHI/IMH C JICKTHUHOM,

2) oJImrocaxapuaamu, pasjimiyarommuMHUCsa CTCIICHBIO PA3BCTBJICHHOCTHU U
3aMCCTUTCIISAMMU,

3) mpocTpaHCTBEHHOW KOH(GOPMAIUEH OJIUTOCAXapUJIOB;

4) HE TOJIBKO HGpBH‘-IHOﬁ IOCIACOAOBATCIBHOCTBIO ITIMKAHOB, BEb MAJIbIC
3aMCIICHUA B MECTaX, JAJICKHUX OT CalTOB CBS3bIBAHUS JAJICKHUX
3aMeCTHTeHeﬁ, MOTYT BJIMATH HA ITPOCTPAHCTBCHHYIO IIPE3CHTAIINTO
MNPUPOJAHBIX TTIMKOKOHBIOTATOB,

5) xnacrepHbie Ah(HEKThl COCEAHUX TITMKAHOBBIX IIETIEH
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BnusaHune CTpOEeHUA Ha cBA3biBaHUe C JieKTUHaMun

(a) a-D-NeupsSNAc-(2-3)-f-D-Galp-(1-4)-B-D-GlepNAc-(1-2)-0-D-Manp-(1-6)+ u-L-Fucp-(1-6)+
B-D-GlepNAc-(1-4 }-B-D-Ma!ﬂp-ﬂ-4J-B-D-G\cpNAc-(1-4)-B-D-Gicp|NAc-{1-4}-Asn
U—D—NeupﬁNAc—\E—G}VB—D—GB!]}U—4)—B—D—G\cpNAE—(1—Z)ﬂ—D—Maﬂp—(i—3)‘+ () - Cell surface staining (SW620)
Key: = EBF

mm BB
== Bir
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HO No sialylation 23 2,6
NHA
HO c NHAc
\w N ~Asn

NHAc

Blood level

Key: ; E.:BF
OH 20 == 55
OH OH = Bir
=+HO ~0 o) 15
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NHAc 10
ou=>OH ]]
AcHN ol 5
Hoiﬁa/
0
coo-

OH OH

BI[CCB npCaACTaBIICH TPUMCEP TOTO, KaK 3aMCIICHUC B PA3HBIX ITOJIOKCHUAX
BJIUACT Ha BSaHMO,Z[CfICTBI/Ie C JICKTUHaMH

Complex-type biantennary N-glycan bearing a2,3/6-sialylation. Shown are
a2,6-sialylation (blue) in the al,3-arm, a2,3-sialylation (red) in the al,6-arm,
and the two core substitutions, i.e. core fucosylation (in al,6-linkage, green)
and bisecting N-acetylglucosamine moiety (purple) at the central b-linked
mannose unit, as a carbohydrate sequence (a) and in a conformational formula
(b). Positions for further branching/elongation are indicated by arrows (note
that some types of substitutions are mutually exclusive owing to restrictions
imposed by the enzymatic assembly line). Surface staining of colon
adenocarcinoma (SW620) cells by labeled neoglycoproteins [Bi: biantennary
N-glycan, with additional core fucosylation (F) and/or bisecting N-
acetylglucosamine moiety (B), without/with a2,3- or a2,6-sialylation] given as
a percentage of positive cells (¢) and level of each neoglycoprotein in
circulation 6 h after i.v. injection (% injected dose/ml blood) (d), revealing the
influence of the type of core substitutions and sialylation on cell binding and
serum clearance.
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[Ba pa3nnyHbIX MexaHM3Ma CBA3bIBaHUA 110
Tpucaxapuaa Le* ¢ peuentopom

GlcNAc

GlcNAc

DC-SIGN Scavenger receptor C-type lectin

Ha cmaiine moka3aHbl JBa pa3IMIHBIX MEXaHU3Ma CBSI3bIBAHUS TpHUCaxXapuia
LeX ¢ nByMs pa3nmudHbIMU JeKTHHAMU. [IpuMeuarensHo, 9To 00a OHU
OTHOCSATCS K OHOMY Kitaccy C-JICKTHHOB, T.€. (Ka3ajJ0Ch ObI) UMEIOT CXOIHYIO
CTPYKTYpY YIVICBOJI-CBSI3BIBIOIICTO JIOMEHA. B 000uX ciydasx B 00pa3oBaHUU
KOMIUIEKCA YJacTBYEeT MOH Kablus. TOJBKO B OJHOM ciiydae (cieBa Ha
Claiizie) B KOMIICKCOOOPa30BaHUU C KAJIbIIUEM BOBJICUYCH OCTATOK L-(hyKo3bl
(6-ne3okcu-anbda-L-ranakrossl), a B IPyroM — OCTaToOK OeTa-D-ranakTo3sl.
Co CTOpOHBI OETTKOB TaK)Xe MPUHUMAIOT YJaCTHE PAa3IMUYHbIC AMUHOKHCIIOTHBIC
OCTaTKH.
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Ctparternyeckasa ponb CaZ* B akTUBHOCTHU 111
NeKTUHOB

Function Lectin type

Leguminous lectins homologous to
Structural role in stabilizing the lectin  concanavalin A, lectin chaperones involved
domain or organizing the site for in quality control (calnexin, calreticulin),
ligand binding (no direct contact to animal lectin-type cargo receptors (i.e.
ligand), oligomerization of subunits ERGIC53b and VIP36¢), Anguilla anguilla
agglutinin, discoidin |

Structural role and direct contact to

anionic group(s) of ligand or Pentraxins, laminin G-like module, annexin
neutralization of repulsive forces A2, cation-dependent mannose-6-
between anionic charges in ligand phosphate receptor

and lectin

Most C-type lectins, Cucumaria echinata
lectin 11l (B-trefoil fold), Pseudomonas
aeruginosa lectin | (two coordination
bonds) and lectin Il (four coordination
bonds)

Direct contact to neutral group(s) of
ligand with/without structural role

Crparernueckas posib Ca’" B aKTHBHOCTH JIEKTHHOB Pa3INyHa ¥ CBOIUTCS K
TOMY, YTO:

1) HOHBI KAJIBIHUA MOT'YT CTa6I/IJII/13HpOBaTB KOH(I)OpMaI_[I/IIO JICKTHUHOBOI'O
AOMCHA UJIN TPpCAOPraHU3alnuto cayra I CBA3BIBAHUSA C JIMT'AHIIOM, ITPU 9TOM
HWOHBI KaJIbIIWA HAIIPAMYIO HC BSaHMOHeﬁCTBYIOT C JIMTAaHAO0M,

2) B TO € BPEMSI HOHBI KaJbI[Msl MOTYT HEMOCPEICTBEHHO PEarupoBarh C
AHMOHHBIMU TPYIIaMU YIJIEBOAHOTO JIUTAH/IA, HEUTpaIU3ysl €ro
OTPULIATEIbHBIN 3aps/I;

3) TaKXKC BO3MOKXHBI HCIIOCPCIACTBCHHBIC BSaHMOﬂeﬁCTBHﬂ HOHOB KaJIbIIUsd C
HeﬁTpaHLHHMH TpyniiaMu JIMraH/jia.
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Kak ycTaHoBUTb paKkT CBA3bIBAHUS
berka c rmmkaHom?

112
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YcTaHoBrneHue CTPYKTYpbl JIEKTUHOB, (hakTa u 113
aetanen KoOMMnrekcoobpasoBaHus

Box 1. Experimental approaches to determine lectin structure and complex formation®

Atomic force microscopy: measurement of binding strength under
force for surface-presented lectin/ligand pairs indicates lectin poten-
tial to engage in transient or firm contacts.

Biodistribution: determination of clearance from serum and organ
uptake of radioiodinated lectin after i.v. injection.

Chemical mapping: analysis of inhibitory potency of ligand deriva-
tives (mostly deoxy, fluoro or O-methyl) in a binding assay yields
information on hydrogen bonding contribution and steric aspects at
each position.

Circular dichroism: monitoring yields insights into secondary struc-
ture elements; ellipticity changes at distinct wavelengths reflect
involvement of aromatic amino acid residues in ligand binding.
Fluorescence-activated cell scanning (cytofluorometry): binding of
labeled lectin to cell surfaces (measuring mean fluorescence intensity
and percentage of positive cells) characterizes the glycophenotype;
when performed with a panel of lectins (Table 3), this is termed
glycophenotyping.

Fluorescence correlation spectroscopy: monitoring of translational
diffusion of a fluorescent protein in solution indicates shape proper-
ties and detects ligand-induced changes.

Fluorescence titration: quenching of intrinsic protein fluorescence
(from Tyr and especially Trp residues) by ligand presence indicates
alterations in their microenvironment/surface presentation and/or
direct ligand contact.

Gel filtration: elution profile yields information on hydrodynamic
behavior as an indication of quaternary structure and respective
influence of the ligand.

Hemagglutination: erythrocyte agglutination to determine inhibitory
potential by saccharides (classical assay for lectin activity). Note: the
glycomic profile on erythrocytes varies.

Isothermal titration calorimetry: measurement of heat released or
absorbed by ligand binding enables determination of association
constant (K}, stoichiometry (n) and enthalpy of binding (AH°), thereby
facilitating calculation of entropy (AS®).

Lectin cyto- and histochemistry: localization of lectin-reactive sites in
cell preparations and frozen/fixed tissue sections.

Saturation transfer difference NMR spectroscopy: magnetization
transfer (spin diffusion) from, in this examplg, saturated protein to
ligand protons maps spatial vicinity (below 5 A).

Small angle neutron/X-ray scattering: spectrum yields information
on quaternary structure and shape and detects ligand-induced
changes.

Surface plasmen resenance: measurement of changes in refractive
index near a planar surface presenting lectin/ligand in resonance units
(RUs; 1000 RUs equal 1 ng of mass per mm?) leads to equilibrium and
kinetic constants.

Transferred nuclear Overhauser effect spectroscopy: signal genera-
tion by through-space dipolar interaction between two ligand
protons, preferably separated by a glycosidic bond, helps to define
bound-state topology.

Ultracentrifugation: relative protein sedimentation reflects average
molecular mass (equilibrium analysis) and hydrodynamic parameters
(velocity analysis).

X-ray crystallography: diffraction pattern yields electron density map;
crystallization might require unphysiological conditions, packing can
cause artifacts and will preclude the separation of static from dynamic
disorder.

“See also Figure 4, where experimental data for these techniques are
presented.

Ha cnaﬁ)le MEPCUYUCIICHBI BCC (1)I/I3I/I‘-IGCKI/IG MCTOBbI, ITO3BOJIAIOIIUC YCTAHOBUTDH
CTPYKTYPHI U B3aHMOI[eﬁCTBHH, MOT'YT MOATBCPANUTDL UJIN OIIPOBCPIHYTH (I)aKT
CBA3BIBaAHHUA JICKTHHA C TTIMKAHOM.
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yrneBoa-6enkoBbIX B3aumoaemcTBum

JKcnepuMeHTanbHble MeToAbl U3y4YeHUs 114

Biochim. Biophys. Acta 2015, 1850, 186-235. DOI: 10.1016/j.bbagen.2014.03.016.

D. Solis, N. V. Bovin, A. P. Davis, J. Jiménez-Barbero, A. Romero, R. Roy, K. Smetana Jr., H.-J. Gabius. |

ITonHBIN CIIMCOK M3BECTHBIX OKCIICPUMCHTAJIBHBIX METOOOB U3YUCHUSA

YIIIEBO-OEIKOBBIX B3aUMOJICHCTBUM MPUBE/ICH B MPEJCTABICHHON Ha claije

CCBIIIKE.
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BbisiBneHne cBs3biBaHMUA OeNnKOB C rMUKaHamMmm

(i) Hemagglutination (i) FACScan
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I'emar TIIFOTUHAIHA, U3O0TCPMHUYCCKAA MUKPOKAJIOPUMETPUI,
I_II/ITO(I)J'IIOOpI/IMCTpI/ISI U THCTOXUMHNYCCKUEC MCTOABI ITIO3BOJIAIOT BBIABIIATDH
B3aHMO,HeﬁCTBHe JICKTHHA C €TI0 JIUI'a’Ha0M
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Individual glycans
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«Mukounn» — OCHOBHOU UHCTPYMEHT 116

B nocnennue rogpl OCHOBHBIM HHCTPYMEHTOM U3YUEHHUSI YITIEBO/I-OCITKOBBIX
B3aUMOJICVCTBUH SABIISICTCS «IJIMKOUHUID», KOT/IA Ha MOBEPXHOCTU MOOUIU3YIOT
Ha0Oop MIMKAHOB, C KOTOPBIMU CBSI3bIBAIOTCS aHTUTENA. O (DaKTe CBA3BIBAHUSA
CBHJICTEILCTBYET (DIIYOPECIICHITUS B COOTBETCTBYIOIICH OOIACTH Claia.
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CBaA3bliBaHUe Bupyca rpunna A ¢ rmmkaHamu, 117
MMMOOUIN30BaHHbLIMU Ha «rIIUKOYUNE»

PR L L N Glyoan #247
20,0001 L —

oo fiag b Glycan #243

Glyean #248

o o o b
I[1G 2 f.a. B Glycan #245
'ma - u4. B a Glycan #246 ‘ i

504

'u.ﬁ ’ 54‘6 B e Goantoes |

Fluorescence

Glycan number

910 IpuMcEp BBaHMOHeﬁCTBHH BHpYyCa rpuiiiia Ac TTIMKaHaMH,
MMMOOMJIN30BaHHBEIMHU Ha «(IJIAKOYHUIICY», B PC3YIILTATC YCTO BBIABJICHO, YTO
BHPYC CBA3BIBACTCA C ITIMKAHAMHU, COACPIKAIIUMU TPpUCAXAPUIHBIC (I)paFMCHTBI
CI/IaJ'II/IJ'I-N-aHGTI/IJ'IJ'IaKTO3aMI/IHa
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NoBepXHOCTHLIN NIa3MOHHbIN pe3oHaHC (SPR)

a Polarized light % Reflected light
Prism dad
Z

Sensor chip with | \/

gold film in flow cell

Analyte bindmg‘ .. o e “
 oGER s, Flow of analyte *
— 5

Analyte or
free glycan

b Removal of analyte

Dissociation kinetics
of analyte

Amount of analyte bound

Add analyte

Time (sec) —»

[ToBepxHOCTHBIN MIa3MOHHBINA pe3oHaHc (SPR) mo3Bossier uzyyarsb
B3aMMO/ICIICTBUE UMMOOUIIN30BAaHHBIX JIEKTUHOB C UX JIMTAHAAMHU B
JUHAMUYECKUX YCIOBUAX (B MOTOKE). MOXKHO U3MEPATh KHHETUKY COPOLIMU U
JeCOpOIMY JINTaH/Ia.

SPR-mmarnoctuka (ot Surface plasmon resonance) — MeTo ONpeaeIeHUs
KOHCTAHT CBSI3bIBAaHUSI MAaKPOMOJICKYJ, OCHOBAaHHBIN Ha SBIICHUU
MOBEPXHOCTHOTO MJIa3MOHHOIO PE30HAHCA.

DNEKTPOHBI HAa IOBEPXHOCTH 30JI0TBIX YaCTHUL KOJUIEKTUBHO OCLMILIMPYIOT B
OTBET Ha OOJYy4EHHE CBETOM C ONpeAeEHHON NuHOM BoHbL. [Ipu 3TOM B
CHEKTpEe OTPaKEHHOTO CBETA MOSABJISIOTCS MMUKH, KOTOPBIX HE OBIJIO B CLIEKTPE
BO30yXaromero ceeta. Ecinyu Ha mOBEpXHOCTH HAaHOYACTUIIBI UMMOOUIN30BaH
0€JI0K, KOTOPBI MOXKET MOIIOIIATh CBET, M €0 YacTOTa MOIIOLICHHS
MIEPEKPBIBACTCS C YACTOTOM MIIA3MOHHOIO PE30HAHCA, TO B ITMKE PACCESIHUS
MOSIBJISIETCSI POBAJI B TOM 00JIaCTH CHEKTpa, IJe Momniomaet 0enok. Meros
SPR-1uarHoCTHKM OCHOBAH Ha CPABHEHHMH CIIEKTPOB PACCESIHUS HAHOYACTHIL] U
HaHOYACTHI] C UMMOOYIIM30BaHHBIM OCJIKOM. DTOT 3(pdeKT, BO3HUKAS Ha
MOBEPXHOCTH METAININYECKON IIJIEHKH, PACIIPOCTPAHSIETCS BIIyOb PacTBOpA,
3aTyxasi SKCIOHEHIIMAJIbHO KaK (PyHKIUS paccTosiHus. B3aumonencTeus
MEKy MOJIEKYJIAMH M3MEHSIOT 3aTyXarollyl0 BOJIHY, YTO MPUBOAUT K
M3MEHEHUIO XapaKTEPUCTHUK ITOBEPXHOCTHOIO IIa3MOHA, KOTOPHIE
BBIPAXKAIOTCA B U3BMEHCHUHU PE30HAHCHOTIO yIVla M IOKA3aTelIsl IPEIIOMIICHUS B
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MOBEPXHOCTHOM cJjo€. [10 u3MeHeHnto nokasaressi peaoOMIIEHUs CYIAT O
B3aUMOJICVCTBUU OMOMOJIEKYS. DTOT METO]I IO3BOJISIET HAOIIOIATh 3a Peakiuei B
pealbHOM BPEMEHU.
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MwukpokanopumeTtpus 119
Time (min) K,
0 30 60 9 Lectin (L) + Glycan (G) % LG
2
y’v ”V'VHI‘ i
8 K, = [LG]/[LI[G] = k1 /k»
S
K, = [L][G]/[LG] = 1/K, = ke
- AG, = RTInK = AH —TAS
b5
3
£
8
= @
0 0.5 1.0 15
Molar Ratio

MI/IKPOKaHOpI/IMeTpI/IH HU3MCEPSCT TCIIO, BBIACIIACMOC IIPH O6p330BaHI/II/I
KoMIjiekca. MOKHO OoNpCACIINTE TCPMOANHAMNWYCCKHUEC ITAPaMCTPhI 9TOT'O
KOMHHCKCOO6pa3OBaHI/I5{.
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KoHeL nekuun 6

https:/lyrneBoabl.su
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