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MHOTroKJIeTOYHOE 3ALUIIECHO OT BTOPKEHHUS APYIMX CYIIECTB
(BMpyCOB, MUKPOOOB, MPOCTEHIINX, APYTMX MHOTOKJIETOYHbIX)

I'panuua ¢ BHEIIHUM MHUPOM

o O




I paHu1Ibl ¢ BHEITHUM MHUPOM

JOITOJIHUTCJIBHO 3allIUIIICHbI

eorpoMHbIe 110 miomanu (150 — 400 kB. m.)

*TOHKHE (OJIMH WJIM HECKOJIBKO CJIOEB KJIETOK srnukokarkcoM (100 am),
TommuHON 1 — 50 MKM), eciu3bio (50 — 500 MKM)
*TUOKHE *3HJIOT€HHBIMU aHTHOMOTHKAMHU

*TIPOYHBIE
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Kusrbie cymiecta menbue 1 MM (1000 MKM) HE IETEKTUPYIOTCS OpraHaMu YyBCTB

®* HCJIb34 YBUACTD,

* yCJIbIIIATh,

* IIOYYBCTBOBATh HA BKYC,
* OIIPCACIINTD I10 3allaxy

knew, Dermatophagoides Eschericha coli

~100 MKM ~1 MKM



KiyeTku Halmiero opraiu3ma cHa0KeHbI MOJICKYJISIPHBIMM CEHCOPaAMM MH( KU,
Pa3HooOpa3ue CeHCOPHBIX MOJIEKYJI - MHOTHE JeCATKH BUIO0B.

Ha kasxaom Tuie KJIeTok NpeaACTaBJICHA HINPOKAA IMMAJIUTPA CCHCOPOB.



MonekysipHbI€ CEHCOPBI Ha HAIIUX KJIETKax
MOTYT JI€TEKTUPOBATh HEBUUMBIC CYILIECTRA.
OHU pacro3HaloT MOJIEKYJIbI WK HEOOIBIITNE YACTH MOJIEKYIT
(ot 0,1 1o 10 HaHOMETPOB — OT MPOCTOrO caxapa Wjx Jucaxapuaa
10 MoJiekyJibl JITIC)

Peuenropnas monekyna ~ B 100 pa3 MeHbIlie OakTepuu,
Y y3HAeT OHA OYE€Hb MAJICHBKHUE CTPYKTYPHI,
pazmepom ~ 1/1000 yactb OakTepuu

LPS
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Ha
6CAAKO20 MyOpeya dosonpo npocmomei

Hamm kiieTkn pacno3HarT KoHcepsamugtbvle nPUsHaKy MUKpOOPTaHU3MOB,
TO €CTh TAKUE MOJIEKYJISIPHBIE CBOMCTBA, KOTOPBIE MIPUCYIIUA OOIBIIAM
[apCTBaM MHUKPOOPTaHU3MOB.

Hanpumep:
*0011I1€ CBOMCTBA BCEX OAKTEpHil,
*0011IM€ CBOMCTBA BCEX [ paM-0TpULIATENIbHBIX OaKTEepUil
*0011IM€ CBOMCTBA BCEX | paM-MOJI0KUTENBbHBIX OaKTEpUid
*0o0mue npuzHaku PHK-conepkammx BupycoB
co0mue npuzHaku JIHK-coaepxkamux BUpycoB

[TpuHIMO pacio3HaBaHUS KOHCep8amuaHvlx (3aKOHCEPBUPOBAHHBIX B ABOJIFOIIHH )
MOJICKYJIIPHBIX TPHU3HAKOB MO3BOJISIET OTHOCUTEILHO HEOOJIBIITUM KOJIMYECTBOM
pPELIENTOPOB JIETEKTUPOBATH HEBEPOSTHO OOJIBIIIOE pa3HOOOpa3re OaKTEpu,
rpuOOB, BUPYCOB U JPYTUX MOTCHIIMAIBHO OMACHBIX CYIIECTB MUKPOMHUPA



[IpuMepsl 00MMX MOJICKYISIPHBIX MPU3HAKOB BCEX OAKTEPUI:

* OnurocaxapuaHbI€ [EMOYKN 3aKAHYMBAIOTCS OCTATKOM MAHHO3BI
* N-KOHIIEBOM OCTATOK METHUOHMHA 3aliuileH ¢GopMuiibHOM rpynmnoit —CHO

* bakrepuanshHas JJHK nMeeT MHOTO HEMETHIIMPOBHHBIX TAHIEMOB [TUTO3UH-
ryanuH (CpQG)
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Cytosine o-
NH, N n :
CH,-0-P=0
NHH nd NH (0]
2 H-pond
5'end o
en 2 N Hpéhd
1 o~
=P-0- 1
R om0 O\, CH:-0-P=0
o o
Hy’nd N
o
N “)ﬁ“’ NH,
o HN Hp6ha
I
0=P-0-CH,
1 N

N NH,

Guanine
3' end



MaHHO3HBIN peuenTop

-

OnurocaxapuaHbIC METIOYKH OAKTEPHIA
3aKaHYMBAIOTCSA OCTATKOM MAaHHO3EI.

MaHHO3HBIE pelenTophl Ha HAIIUX KJIETKax
MOTYT JIETKO OOHAPY>KUTh OAKTEPHUIO
110 MHOTOYHUCJICHHBIM KOHIIEBBIM OCTaTKaM MaHHO3BI



CTPOEHUE BAKTEPUAJIbHOM MEMBPAHBI

[pam-HeraTneHas [pam-no3nTmBHas




bakrepuaabHbIN JUNONOJIUCAXAPU
SIBJISIETCS OOLIUM MOJIEKYJISIPHBIM NIPU3HAKOM
Bcex [’ pam-oTpunareJbHbIX 0aKTepuUii
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VY Hac ecTh penenTopsl, pa3no3Harolire 6akTepuanbHbIi Tunononucaxapus (LPS).
C MoMoIIbIO ATOTO PEIENTOPHI HAIIIK KJIETKU Y3HAIOT JTF00BIe [ paM-oTpuIiaTeibHbie OaKTepUH

Orot penentop HazbiBaeTcs Toll-like receptor 4 (TLR4).
OHn paboraet B KoMIIiekce ¢ 6ekom MD-2

Ha pucynke noka3zano, kak peuentopHbii komiuieke [ TLR4+MD-2] cBsa3bIBaeT MOJIEKYIIBI
OaKTepuaNbHOIO JIMIONOINCAXAPU/IA.
Kupusie «xBocts» JIIIC nponukaroT B rugpodoOHbie kapMansl MD-2,
a rugpodunbHas yrieBogHas yactb Mosiekyibl JITIC cBsa3piBaercs ¢ yyactkom mosekynsl TLR4

LPS
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MoJiekyJasipHbIe CEHCOPbI MH(PEKIUH U MOBPEKICHUMN
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Toll-like receptors




Toll-like receptors

Peptidoglycan (Gram-positive)

Lipcteichoic acids (Gram-negative)

Lipoproteins
Lipcarabinomannan
(Mycobacteria)

Zymosan (yeast)

qqqq
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LPS (Gram-negative)
Endogenous ligands

Flagellin
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MYD88 TRAM
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NF-xB, IRF and
- MAPK signaling
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(Toxoplasma gondii)
Uropathogen?




NOD-like receptors

NALP3
NALP4-14

NAIP

T
IPAF/NAIP

NOD1
NOD3
NOD4

NOD2

NLRX1/
NODS5

CITA




RIG-like receptors and cytosolic DNA sensors

Penennrop JInranani

Viruses: Vaccinia, mouse cytomegalovirus
AIM2 Bacteria: F. tularensis, L.monocytogenes
Synthetic ligand: AT-rich B DNA

DAI Viruses: Human cytomegalovirus, Herpes simplex 1
Bacteria: S. pneumoniae

DDX41 Synthetic ligand: AT-rich B DNA

Viruses: Herpes simplex 1

IFI16
Synthetic ligand: dsDNA sequence-independent 70>>50 bp

Viruses: Vesicular stomatitis
LRRFIP1 Bacteria: L. monocytogenes
Synthetic ligand: dsDNA, dsRNA, AT-rich B DNA, GC-rich Z-DNA

Viruses: Picornavirus, Encephalomyocarditis, Rabies, Sendai, Dengue, Rotavirus,
MDA-5 murine hepaitis, murine norovirus |

Synthetic ligand: Poly(I:C)

Viruses: Newcastle disease, Sendai, Influenza, Vesicular stomatitis, Japanese
RIG-I encephalitis, measles, Rabies, Hepatitis C, Dengue
Synthetic ligand: S'triphosphate double stranded RNA (5 ppp-dsRNA)

Viruses: Adenovirus, Epstein Barr
RNA pol II1 Bacteria: L. pneumophila
Synthetic ligand: AT-rich B DNA




MDA-5 — onun u3 cencopoB cemeiictBa RIG-like receptors

Onna monekyna MDA-5 npencraBneHa B Bujae nosepxHoctu. CoceHre MOJIEKYIIbI — B BUJIE JICHTOUEK
JIOMEHBI ATOH MOJIEKYIbl OKPAIIEHBI CBETIIO-CEPBIM, TOTyObIM H TEMHO-CEPBIM I[BETAMHU.
Buana cnupans asynenoueudoit PHK (Bupycnas PHK), kotopyro miotHo oonumaer MDA-S5.

Berke ICBerke IC, Yu XBerke IC, Yu X, Modis YBerke IC, Yu X, Modis Y, Egelman EHBerke IC, Yu X, Modis Y,
Egelman EH. MDAS5 assembles into a polar helical filament on dsRNA. Proc Natl Acad Sci U S A. 2012 Nov
6;109(45):18437-41. doi: 10.1073/pnas.1212186109. Epub 2012 Oct 22




Penenropsi-mycopuiuku (scavenger receptors)
CBA3BIBAIOT PA3JIMYHBIC BCIICCTBA KCBOM» U KIYIKHUCH,
B YaCTHOCTH, JIUIUI-COAEPIKAIINE KOMIUIEKCHI Pa3JIMYHOU CTPYKTYPBI U COCTaBa
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C-type lectins
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Dectin-|
Dectin-2
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Mannose receptor
MaHHO3a Ha
KOHLe
onurocaxapuga

DC-SIGN
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KO}II)I peuciTop-iurana, Kak npaBmujio, CHJiIbHO BbIPOK/ICHHbBIC

BoT 4T0 MOKET CBA3BLIBATH MAHHO3HBIM pelenTop:

FNII [TatoreHsr:

Bupycei: BUY, /lenre Bupyc, Bupyc renarura B

I'pu6el: Candida albicans, Pneumocystis carinii

Baxrepuu: Mycobacterium tuberculosis, Klebsiella pneumoniae (LPS),
Streptococcus pneumoniae (KancyabHBIN TTOJMCAXapUT)

I'eneMunTHL: Schistosoma mansoni (soluble egg antigens),

Trichurus muris (secretory proteins)

CTLD

OHJIOT€HHBIC JINTaH/IbI:

JM30COMAJIbHBIE TUAPOJIA3bl, MUEIIONEPOKCUIA3A,

TKaHEBOW aKTHBATOP IJIA3MUHOTeHa, MeTaJonpoTenHaza Adam-13,
POCTOBOH (haKTOP renaToluToB, THPOTIIOOYIUH

Konnarens! I, 11, II1, IV >>>>V tunos

LA R B B L B J LA A A B 2 A J

Figure 1. Structural properties of MR (Mannose Receptor).

MR is a type | membrane molecule with three types of extracellular domains. Through the CR domain, MR binds sulfated glycans that can be found in lymphoid tissues (see text) and
kidney [3], as well as the major cat allergen Fel d 1 and lutropin. The FNII domain binds collagens, and the CTLDs bind endogenous and exogenous molecules, including allergens and
microbial products. M_, macrophage; HBV, hepatitis B virus; CPS, capsular polysaccharide; SEA, secreted egg antigen; Adam-13, a disintegrin and metalloprotease 13.



JIroOble TUIIBI KJIETOK HAIIEr0 OpraHu3ma (3MUTeNIalbHbIe, MbIIICYHbIE,
HEPBHBIE, JICHKOLUTHI U JIP.) UMEIOT PELIENTOPhI, PACHO3HAIOIINE
UH(EKIHIO.

B kauecTBe npumMepa Ha CIEAYIOIIEM ClIane JaHa Tadauua
nanuuus Toll-like penenTopoB Ha pa3HBIX AUTETUSX.
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TLR1 {71, 72}, TLA2 (73-75). TLR3 {73), TLR4 (73, 75,
76}, TLRs (71. 72). TLA& (71, 72), TLR7 (73], TLRa
(11—73), TLR9 {71, 721

TLR-TLR0 {82, 81)
TLR1-TLAS, TLR®, TLR10 (30, &2)
TLR2-TLR4, TLR3 {83-E¢)

TLR1 (87, TLRZ {5, 87-804, TLR3 [7-83), TLR4 I5,
87-84), TLRS €37, 913, TLRE [871, TLR7 (87, B8], TLR9
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TLR1 {87, TLR2, TLR3 (27, B3), TLR4 |67, 88, 33l TLRT
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TLH2-TLR4, TLRY {B3-86)

TLA1 &2), TLR2 I8, 57, 90, 93-65), TLR3 5, 6759, &2,
23), TLRA 5, 88, 90, 93, 95-8&), TLRS (87, 91-95, 97),
TLAG {22), TLRY (87, 89)

TLA3 i3], TLR4 I8, 53), TLR3 (ag

TLA2-TLR4 oal
TLA4 {o8)
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TLR-TLR10 1101, 102}

TLR1 (7, 81, 104), TLRZ (7, BY, 704, 105, TLR3 (7, 81,
1041, TLAA (7, 81, 104, 106), TLRS-TLR107, 87, 1048)

TLR1 (81, 106), TLRZ (81, 108-111), TLA4 181, 101, 103,
103, 111, 112), TLRS, TLRE 81, 108)

TLR2 {102, 103, TLR3 {102), TLR4 (103]

TLA1, TLR2 (7, 104, 106, ¥07), TLRS (7, 104, 107, TLR4
{7, 104, 106, 207, TLRS, TLR6 (7, 104, 107, TLRZ
TLRS,. TLRo (A

TLA2 1105, 109, 110}, TLR4 (103, 108-112), TLRS 108l

TLR-TLAS (13
TLR2, TLR4, TLRS (115-117%

TLR1 (81, TLR2 31, 118, 113, TLR3 (61, TLR4 (51,
118 120~122), TLRS-TLR10 181)

TLAI-TLR3 (113, TLRa 113, 114, TLRs (113
TLA2, TLR4, TLRS M15-117

TLAZ {51, 118, 11ITLR3 (123), TLR4 {118, 120-122),
TLAS in®, 123), TLRS (123

TLR2 TLR4.TLRS 124)

Pende, urethra testis, prostate

Female
Vagina

Endocenvix/endocarvix
Endometrium, uterusfallopian tubes

Urinary tractiranal

TLR1. TLR2 {81). TLR3 81, 125-127), TLRa-TLR7 (810,
TLRE (81, 125-127) TLRg, TLR10 (31)

TLR1-TLAS, TLR®, TLR10 (123, 130)

TLRW-TLH3, TLRS-TLA3 (120, 132
TLR1-TLAS (130), TLR7-TLRS (130, 133, 134)

TLR1-TLHs, TLRY (135, 136l

TLR2 {81, 125-128). TLR3, TLR4 {128, TLRB (125),
TLR9 &1, 125127}

TLA1 (128, 1300, TLRZ 1123-131), TLR3, TLAS, TLRE
128-131)

TLA1-TLR3, TLAS, TLRE, TLR® (130, 132)

TLA1, TLA2 (130), TLRS (130, 134], TLR&-TLRSG {1301,
TLA7-TLRg {130, 132-134)

TLA2-TLR4 1135, 137-140), TLAS, TLR8 1137
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Relative mRNA
expression in RHE

Candida albicans
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TLR4 B mecte kodTakra snurenud ¢ Candida albicans



Peakuuu nepBoit TMHUM:
CEKpelus CIIM3U U aHTUOMOTHUKOB B 30HE KOHTAKTa C MH(EKIUEH

MukpoopraHu3Mbl

AHTHUOMOTHUKH

AHTHONOTUKH

OIUTETNO-




JHIAOTeHHbLIC AHTHOMOTUKY —
3AIUTHLIC BeNIeCTBA 0eJIKOBOM M NEeNTHIHOW NPUPOILI:

*1c(DEHCHUHBI
*KaTCTUIIATUHBI
*THCTaTUHBI
*JIakTO(DEeppUH
*JIN301[UM
*[ICOpHA3HH
* ICpMIIUINH
Y MHOTHE JPYTHE. ..



IMponykuusa ajnbda-aepeHCcuHa B CTEHKe TOHKOM KUIIKM 310POBOI0 YeJI0BeKa

Hedencuna-aS (kpacHbIN) U TU30LKUM (3€JICHBIN) B CIIM3UCTON KUIIIKH.
[IIupokure cTpeNKu yKa3bIBAIOT KJIETKH, B KOTOPHIX 00HAPYKUBAETCS TOJIBKO JTHU30IIHM.

VY3kue crpenku — kieTku [lanera, B KOTOPBIX 1ePEHCHUH-05 U JIU30IUM.

I W, 'hﬁ'um‘n ef ol O PEERN Laettors SN CHNM ) S Add-5 %)




B xnerkax Ilanera B oTBeT Ha MHMEKIIUIO HApacTaeT
KOJIMYECTBO U COACPKUMOE TPaHyJI
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Jlo undexuun [Tocne nndunupoBanus
(rpanysbl — KpacHbIE)



Conep:xxkumoe rpanya kjietok Ilanera

The figure illustrates the large electron dense secretory granules of
Paneth cells that are directed toward the apical membrane for secretion
into the crypt lumen (L). The extensive endoplasmic reticulum and
basolaterally oriented nucleus (N), charactenstic of this lineage, are
indicated. ER, endoplasmic reticulum; SG, secretory granule. The elec-
tron micrograph was generously provided by Dr Susan J. Hagen, Beth
Israel Deaconess Medical Center, Boston, Massachusetts, USA.

Tomas Ganz. Angiogenin: an antimicrobial ribonuclease// Nat Immunology, 2003, v 4, No 3, p 213

Lysozyme

sPLA2

IL-17A

TNF-o

Reglll-y
o-defensins
Angiogenin-4
MMP-7

CD15

CD95 ligand
Xanthine oxidase
IgA

CRIP
Metallothionine
Leptin
Adiponectin
Serum amyloid A1
Haptoglobin
Complement factors D, |
o-1-antitrypsin



Uto AenaroT KICTKHU SIMUTENs, BCTPETUBIIKCH ¢ HH(PEKInei?

3a1u1/11ua}0Tc>1 — BBIACIIAOT aHTI/IMI/IKpO6HBIG BCIICCTBA U CIIN3b



Candida albicans

Oral or vaginal

epithelium




Peakuuu BTOpPOil JIMHUU:

KileTkn pbIXJI0i COETMHUTENLHON TKaHU (Makpodaru, JeHIPUTHBIE,
Ty4HbIe, (UOPOOIACThI) AKTUBUPYIOTCS:

(2) moa BIUSHUEM LIMTOKMHOB U A€(PEHCUHOB AIUTEIHUS

(0) B pe3yJsibTaTe KOHTAKTa C BEMIECTBAMH UH(PEKITMOHHOW MPUPOIBI



Candida albicans
Oral or vaginal
epithelium
IL-1a 1L-6
IL-1B IL-8
GM-CSF

@ dudpobmacT

TydHas KJIeTka Makpodar JleHapuTHas KiIeTKa

I

Curnaant SOS 1 Danger



Curnaasl danger - «OnacHocts! I'oToBbTECH K €e oTpaKkeHuro! !
lIpumepor: nuatepdeponsl, heat-shock proteins

Curnaasl SOS - «Ilomorurte! Ha Mmenss Hammajau!!»
IIpumepwi: Bce XeMOKHHBI U (haKTOPHI, 00J1agaroniue 3gpdexraMu
XEMOKHUHOB (J1Ie()eHCHH)



Nudexuus akruBupyer B MAaKpo@parax TpaHCKPUNUUIO MHOTHX T'€HOB:

A °* Huroxuns: TNF, IL-6, IL-12, IL-1P

* Penrenrropel utokuHoB IL-7R and IL-15RA

* Xemoknnbl CCL2, CCLS5, and CXCLS

* Penienntop xemokuna CCR7

* NO cunraza 2 (NOS2) — npou3Bo/ICTBO
MHKPOOMITHIHBIX BEIICCTB

* CD80 n CD86 K0-CTUMYJIITOPHBIE MOJIEKYJIBI

FIGURE 2. Common transcriptional signature of macrophages in response to bacterial
infections. Transcriptional data from 12 studies on the response of human and mouse
macrophages to several bacteria and bacterial components were analyzed by hierarchical
clustering analysis and represented by a color gradient from green (down-regulation) to red
(up-regulation). Only genes involved in M1/M2 polarization that were modulated in at least
one condition were included. Gray box represents unavailable data.
Abbreviations/designations not defined elsewhere: BCG. Bacillus Calmette-Guérin;
BCGhsp65, BCG heat shock protein 65; B. melitensis, Brucella melitensis; B. pertussis,
Bordetella pertussis; C. pneumoniae, Chlamydophila pneumoniae; EHEC,
enterohemorrhagic E. coli; L. pneumophila, Legionella pneumophila; LPS E, E. coli LPS;
LPS S, Salmonella LPS; LTA, lipoteichoic acid; MDP, muramyl dipeptide; M. leprae,
Mycobacterium leprae; MPA, mycophenolic acid; S. aureus, Staphylococcus aureus;
TBhsp70, tuberculosis heat shock protein 70.




Makpodar akTuBupyeTcs Npu KOHTaKkTe ¢ uHpekuuen (M2 — M1),.
npuodperaer CroCOOHOCTh MPOU3BOANTH ATPECCUBHbIC BElIEeCTBA,
youBamwinue HHQeKIuo

IL-12 IL-]
TNF IL-23 M1
2k IL-6
CXCL9 CXCLS D80
CXCLI10 CCL2 s
CXCLI1 CCLS MHC2
CXCL16 CCL3 3
ROLRNI
o
/ g
OCR iNOS % TLR2
’ i TLR4
=¥
s | p |L-10
O b‘ .3"‘35‘ e IL-lra
[L-10 i CXCR2
T 3 Nep Decoy ILIRII
IL-la  CDI14 l
CD150 % CD23
\\m ; MHC2 CD163
SR MR
“g \l{
CCLI16 CDS0 (.(‘I-IT
CCLIS CDS6 CCLIS
CXCLI3 1L-10 MHC2 ) OCL22
IL-1 CCLI CCL24
TNF
M2c¢ IL-6 M2b M2a




B aktuBupoBannom ¢arouurte npoucxoaut coopka NADPH-okcuaassbl
Be3ukysibl ¢ akTUBHBIM (JEPMEHTOM,
rae O, MOXKeT TpaHC(HhOPMUPOBATLCS B CyniepoKcuI-anuon O,
CJIMBAIOTCSI C BHEUTHENH MeMOpaHOM.

A B




AHTH-MHKPOOHBbIE BellleCTBA, KOTOPble CHHTE3UPYIOT (PATrONMTHI

OXYGEN-DEPENDENT MECHANISMS:

—

hexose monophosphate ]
Glucose + NADP* . pem?seNig%sghme [

Cynepokc shunt | 0, burst + generation
yn KCK cytochrome b of superoxide anion
[-aH1OH NADPH + 0, n 25 . NADP* + 0, J:

CWHrNeTHbI spontaneous -

& 20, + 2H* > 4. ﬂ

" Kkncnopon ¢ dismutation H,0; + °0, Spontaneous formation

| of further

MMapoKeun- 05 +H,0, ~ OH-OH -0, microbicidal agents

aHWOH ? i
myeloperoxidase ey
OCl-aHunoH H,0, + Cl - 0Cl +H,0 Siysiopsecaiiins
| generation of micro-
Cl-aHnoH . 0ClI™ + H,0 -+ 10, +Cl" + H,0 bicidal molecules
Mepekuncb 3 _ > superoxide R -
BOJOpOAA w + 8 dismutase > 02+ H0, Protective mechanisms
ol used by host +
| 2H,0, Canase - 2H,0+ 0, many microbes

OXYGEN-INDEPENDENT MECHANISMS:

Low mol. wt defensins

Cathepsin G N

High mol. wt cationic profeins Damage to microbial membranes
Bactericidal permeability increasing protein |

Lysozyme Splits mucopeptide in bacterial cell wall
Lactoferrin Deprives proliferating bacteria of iron
Proteolytic enzymes

|— )

' Variety of other hydrolyfic enzymes Digestion of killed organisms
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Kak pearupyer makpodar Ha uHPeKIHI0
WM CUTHAJIBI OT APYIUX KJIETOK, BCTPETUBIINXCHA ¢ MHpEeKIueH

B Tedenue nepBbIXx MUHYT Makpodar HauMHaeT BhIOpachIBaTh LOTOBLIE U
CHUHTE3UPOBATh HOBbIC TPOTUBOMUKPOOHBIE BEIICCTRA.

Kpome npoTuBOMHKPOOHBIX BEIIECTB, BhIPA0ATHIBAIOTCS CUTHAJIBHBIC MOJICKYIIbI,
3aJ1a4a KOTOPBIX aKTUBHUPOBATh 3AIIUTHBIC CBOMCTBA COCEIHUX KIECTOK
U MIPUBJICYb B 30HY O€JICTBUS JIOMOJHUTEIBbHBIX OOMIIOB

Makpodar, pearupyromuii Ha UHOEKIHUIO WM CUTHAJIBI IPYTUX KIETOK,
BCTPETUBIINX UH(DEKINIO, CUILHO MEHSIETCS —
B HEM akTuBHpYyeTcs TpaHckpunius ~200-300 panee MoT4aBIIMX TEHOB
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KOHTaKT KJIETKH ¢ MUKPOOOM WM BHPYCOM IMPHUBOJUT K
aKTUBAIIUH KJIECTKU.

OHa BeIpabaThiBa€T aHTUOMOTHUKY JIJIS 3aIIUTHI OT HHPEKIIUHN U
curHajibl SOS u danger 17151 ONOBEIICHUS APYTUX KIETOK.

Ha nomotibs npuxoasat ¢paromuThl.

>© KiieTku 001a1atoT perenTopamu it AeTEKINU UHPEKIIHiA.



XEMOTAKCHUC

— IBMKEHHME KJETKH K HCTOYHHUKY XHMMHY€ECKOr0 CUIHAJIa
(B HanpaBJieHHH 00JIbIIIe KOHIEHTPAIMA XUMH4Y€CKOr0 CUTHAJIA,
KOTOPbIHA HA3LIBAETCHA XEMOKHNHOM)
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HaﬂpaBJICHI/IC ABUKXCHUSA KIICTKH









Peuenrop xeMOKHHA

Klco, J. M. et al. J. Biol. Chem. 2003;278:35345-35353



Cxema IBMKYHIEHCH KJIETKH

Bun ceepxy

Jlamemnmanonusa

Bun cOoky

Jlamennanoaus
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VILOIN BUHXUEY auHalrgedie

IIpoxosbHBIN Cpe3 JIaMeJJIONOTUA
HaHpaBJIeHI/Ie JABHUKCHUA KIICTKU
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dusiaMmeHThI U3 Oesika-akTuHA (MeTKa GFP)
YIJIHHAKTCH CO CKOPOCTHIO 1 pm/min

Figure 1 Arrest of a steadily protruding lamellipodium and preservation of the actin gradient. (a) Final frame (GFP channel) of a
video sequence showing a B16 melanoma cell expressing GFP—actin and mCherry—VASP. (b) Actin—GFP image of a cell fixed within 3
s after the last video frame shown in a. The inset shows intensity scans (I (Actin)) across the lamellipodium (boxed region) before
(green line) and after (red line) fixation; d in the inset is the distance. (c) Upper panels: video sequence leading to fixation of boxed
region in b (green, GFP—-actin; red, mCherry—VASP). Lower panel: protrusion rate over the terminal period (v, um min-1; blue) and
the relative mCherry—VASP intensity at the front edge of the lamellipodium (I (VASP); red). (d) Overview electron micrograph of the
cell after negative staining. Bars are 10 um (a, b, d) and 3 um (c).



Kak akTuHOBBIC (PUTAMEHTHI BLITATHBAKTCHA BHYTPHU JIaAMEJJIONOTUU
HA nepeaHeM (PPoHTE IBUKYLICHCH KICTKU

6 wave
© Arp2/3
o VASP
% Actin
@ Formin

Figure 6 Hypothetical scheme of actin network generation in lamellipodia. In response to signalling events (including those downstream of Rac), nucleation-promoting factors (the WAVE

complex), longation complexes (Ena/VASP proteins) and nucleator/elongators (formins) are recruited to the
membrane. We suggest that WAVE, VASP and formins associate in different combinations in multimolecular complexes to regulate the balance between network and bundle formation.
Possible schemes are indicated. (a) Single actin filaments are nucleated by the docking of the Arp2/3 complex onto the WAVE complex. (b) Filaments elongate, initially tethered via the

WAVE WH2 domain, with the Arp2/3 complex on the filament minus end. (c) VASP molecules associated with the WAVE complex take over the role of filament elongation (as oligomers)

through common binding partners, releasing WAVE
for further nucleation events. (d) Some growing actin plus ends tethered by VASP oligomers and associated proteins come together by lateral flow in the membrane and (e) initiate the

formation of a filament pair through recruitment of an actin-bundling protein (X-linker). (f) Filament pairs could also be nucleated and elongated directly by formins (a doublet making up

one ring) in combination with a bundling protein. Finally, long cross-linking proteins (such as filamin and a-actinin) stabilize the network by forming filament interconnections (not
shown). For clarity, the filament density in the scheme is lower than in the real cell.

NATURE CELL BIOLOGY, Vol 12 | NUMBER 5 | MAY 2010



Ilouemy akTHHOBbIE PUIAMEHTHI PACTYT B 00J1aCTH
JUIUPYIOLIEr0 (PPOHTA KJIETKH

G-protein
PI3-kinase

PI3-P

Peuenrrop
XEMOKHHA

]

H&HpaBJICHI/Ie ABUXKXCHUA KIICTKU

CBA3bIBAaHUE XEMOKHHA € PEleNTOPOM NPUBOAUT K AKTUBAIUU KACKA/AA
coOBITUI BHYTPH KJIeTKH. B KOHIIEe Kackaaa — akTuBauud 0ejika Arp2/3,
KOTOPbIH 3aIyCKAET NOJIMMEPHU3aLMI0 AKTUHOBBIX (PUIAMEHT



*  DOuIonoaus BBIMSYUBACTCS MyIKOM aKTHHOBBIX (DHITAMEHT.
* Kaxnas aktuHoBas pumamMeHTa MPUKpEIUIIeTcs K MeMOpaHe.

* B sTOoM mMecTe Ha MeMOpaHe pacioIOKEHBI PEUENTOPhl (MHTETPHUHBI)
IUTSI KOHTAKTa ¢ CyOCTpaToM, 10 KOTOPOMY ITOJI3ET KIIETKA.

WHTerpun — penenTop A CBSI3bIBaHUSA C

BOJIOKHaAMH MCKKJICTOYHOT'O MAaTpHUKCa UJIN
cybcTpara, Io KOTOPOMY TIOT3€T KIIeTKa ™ Integrins

Formins
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Myosin-X

Actin-bundling proteins
(e.g. fascin or o-actinin)

Actin

ECM
Arp2/3

Capping proteins

]

Schematic representation of filopodia during cell migration on a planar substrate. (a) During cell migration, receptor-mediated cell-ECM
interactions induce the assembly of dynamic and heterogeneous cytoplasmic adhesion platforms, termed adhesion complexes. As cells migrate in
2D, different types of adhesion complexes (nascent adhesions, focal adhesions and fibrillar adhesions) can be discerned based on maturation
stage, sub-cellular distribution and protein composition. These support cel-ECM adhesion and function as signaling platforms that tightly control
cell behavior. In particular, adhesion-mediated signaling at the leading edge regulates Arp2/3-mediated actin remodeling and polymerization to
drive lamellipodia membrane protrusions and forward cellular movement. In addition, linear actin polymerization leads to the formation of filopodia
that explore the cell surroundings. (b) Filopodia probe the ECM by assembling specialized adhesion complexes at specific sub-filopodial locations,
namely ‘tip adhesions’, ‘shaft adhesions’ and ‘base adhesions’. (c) Filopodia formation is facilitated by proteins such as the insulin-receptor
substrate p53 (IRSp53) (or other inverse (1)-BAR domain-containing proteins) which deform and/or tubulate the plasma membrane, and by the
motor activity of myosin-X which triggers actin fiber convergence at the cell periphery. Within a filopodium, actin crosslinking protein such as
fascin or a-actinin bundle actin filaments together and formins including Dia2 (diaphanous-related formin-2) and/or actin regulators such as
Ena/VASP (enabled/vasodilator-stimulated phosphoprotein) promote actin filament elongation. Myosin-X also transports various proteins to
filopodia tips, including adhesion receptors such as integrins [22] or VE-cadherin, with key roles in filopodia maintenance, environment sensing,
establishment of cell-cell junctions and long-distance transport.



YTo BaXXHO JJIA ABHKCHUSA KJIICTKH.

* BoITAruBarh puiaonoauu

* 3aKpenuThCs BHITAHYTOM (pritonoauei 3a cyocTpar

* /I3 HECKOJIBKUX COCENHUX (PUIONOMNA 00pa30BaTh JIAMEILTIOMOINIO

* [TonTaHyTh TEJNO KIETKU

* BekTop NBMXEHUS 3a7a€TCSI XUMUYECKUMU CUTHAJIAMU XEeMOTaKCHuca

(XeMOKHUHBI, MOJIEKYJIbI HTH(EKIIMOHHOW MPUpOojibl) . be3 BekTopa JBHXEHUE
KJIETKHU OyzieT OeCcropsI04HbIM.
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KOHTaKT KJIETKH ¢ MUKPOOOM WM BHPYCOM IMPHUBOJUT K
aKTUBAIIUH KJIECTKU.

OHa BeIpabaThiBa€T aHTUOMOTHUKY JIJIS 3aIIUTHI OT HHPEKIIUHN U
curHajibl SOS u danger 17151 ONOBEIICHUS APYTUX KIETOK.

Ha nomotibs npuxoasat ¢paromuThl.

>© KiieTku 001a1atoT perenTopamu it AeTEKINU UHPEKIIHiA.



@darouuTo3 — NPOIrJIOTUTH Bpara, yOuthb €ro u nepeBapurThb



DarouuTo3 — MNOMIOIIEHUE KJICTKON YaCTUIbI WJIM APYIOMl KJIETKU

William Osler, Nnbsa Nnbud Me4HUKOB
KAHA/JACKMI Bpay U MCCJIe10BATe/Ib,
OMHUCAJI 32XBAT YaCTHUIL YIJIs
KJIeTKaMHu Jjerkoro B 1876 r

AsneHne garountosa 6b110 oTkpbiTo William Osler. Heckonbkumn rogamm nodxe U.A.MeuHmkoB oBHapyxun
3TOT MpoLecc B OrblTax C MOPCKUMU 3Be30aMn 1 JadoHUSIMKU, BBOASA B X OpPraHn3Mbl MHOPOAHbIE Tena.

Korma MeuHukoB nomectun B Teno gadHum crnopy rpubka, OH 3aMeTws, YTO Ha Hee HanagatT ocobble
noaBwKHbIe KrneTkn. Korga oH BBEN CANULWKOM MHOIO Crnop, KNEeTKU He ycrenu NornoTuTb BCe Cropbl, U XXUBOTHOE
nornéno. Knetku, sawmwiasLine opraHnuam ot cnop, 6aktepun n rpubos, MeyHnkoB Ha3Ban carountamu.

Recently at the Medical Historical Museum of McGill University, Dr. Rick Fraser discovered a microscope slide prepared in 1876
from the lung of a patient with pneumoconiosis. Photomicrographs show the presence of coal dust particles in alveolar cells.
This case and several related ones had been reported in 1875 by William Osler, who also had demonstrated the cellular uptake
of carbon particles in kittens injected with India ink. In 1869 a Philadelphia physician described the uptake of bacteria by
leukocytes in saliva and urine. Both investigators postulated a protective role for this cellular phenomenon. Neither of these
reports has been generally cited in histories of immunology. These two papers are summarized here along with a short review of
other reports describing phagocytosis which predating Metchnikoff’'s entrance into the field.

The Osler slide, a demonstration of phagocytosis from 1876: Reports of phagocytosis
Metchnikoff's 1880 paper.// Cellular Immunology, 2006, v 240, issue 1, p 1-4



Kierku-noxkupareau (parouurbi)

Makpodar nornorui 3 kietku rpuda Candida Heittpodun normomiaet
OakTepunr CUOMPCKOI SI3BBI
(Anthrax)



Makpodar garonutupyer mapuk




darouuTo3 ¢ MOMOIIbLI0O MEXaHU3MA «KKPIOKA H JIONATHI»

~ b
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b Filopodia retraction activates FimH-CD48 catch bond
and uncoils fimbrial quaternary helical structure

L,/"ﬂ»

e

c Extension of lamellipodium to sequentially sever
surface-bound bacterial fimbriae

Figure 7 | Proposed “Hook-and-Shovel” mechanism for macrophage pick up of surface-bound type 1 fimbriated E. coli. (a) The mannosylated
membrane anchored surface receptor CD48 of macrophages specifically binds to the bacterial fimbrial tip adhesin FimH, which contains a single
mannose-binding pocket in the lectin domain (Hook). (b) Due to filopodia retractions, the bacterial fimbriae are elongated. As bacteria adhere tightly to
substrate surfaces via multiple bonds, the macrophages fail to pull bacteria off the surface via the hook alone. (c) To facilitate uptake, macrophages
protrude lamellipodia towards the bacterium to sequentially break the bonds that anchor E. coli to the surface (Shovel). (d) Once the bacterium is
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Kak noaBu:xkHbIe MAKPO(Aru U JeHAPUTHBIE KJIETKH
padoTaloT B CTEHKEe KUIIEYHUKA

@ Salmonella
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IIpu:ku3HeHHAs CBETOBAsA MHKpOCKOHHH BOpCI/IHOK KMIIeYHUKA
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Ha ITOBCPXHOCTHU BOPCUHOK KHUIIIKHW BUJIHBI OTMHOYHBIC ICHAPUTHBIC KIICTKH

s
20,00 pmn

Kanp u3z Movie S3.

[ToBEpXHOCTh HECKOJIBKUX
BOPCUHOK MOAB3OIIHON KHUILIKH.
Snpa snuTenuanbHbIX KIETOK
(3HTEpPOLMTOB) OKPAIIEHbI CUHUM.
Kopuunessiit et umeror CD103"
JNEHAPUTHBIE KIeTKU. OHn
HaXOJATCS CPEAU SHTEPOIUTOB B
CaMOM MOBEPXHOCTHOM ciioe. Kpome
TOT0, UX MHOTO IO/ SIIUTEIUEM, B
OCHOBHOM IJIACTUHKE (HA 3TOM
ciaiifie TOro He BUIHO).



I[CHI[pI/ITHaH KJICTKa ABHKCTCA MCKAY SIIUTCINAIbHBIMUA KJIICTKAMHW BOPCHUHKH

OC: 0004

Cron-kaJipel ¢ UHTEPBAJIOM 3 CEK U3 BUCO3AIUCH




JIeHIpUTHBIE KJIETKU BBITTISAAT aMeOOUIHBIMU U aKTUBHO TOJI3AI0T,
a Makpodary npearnoyruTaroT BEITATUBATH JJIMHHBIE JICHIPUTHBIC
BBIPOCTHI, IPOHUKAIOIIUE B CAMbBIN IOBEPXHOCTHBIN CIIOM SIUTEIUS
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qepeS 30 MHUHYT ITOCJIC BHCCCHUA B IIPOCBCT KUIIKHW MHBA3UBHBIX CAJIBMOHCILI
ACHAPHUTHBIC KJICTKHW BBIIIIN HAa I/IH(l)I/IHI/IpOBaHHYIO ITOBCPXHOCTD OIIUTCINA

0 CcD103* DCs [ Salmonella M Autofluorescence



B oTBeT Ha I/IH(l)eKIII/IIO ACHAPHUTHBLIC KJICTKN HAKAIVINBAKTCH
B IIOBEPXHOCTHOM CJIO€ JIMMUTECIUA
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In vitro 1eHIpUTHBIE KIETKU U MaKpodaru OIMHAKOBO aKTUBHO
(harolMTUPYIOT CAIIbMOHEIT
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JleHIpuTHBIE KIIETKK U Makpodaru 3aXBaTbiBalOT PaCTBOPHUMBbIC

BelecTBa u3 npocsera kuiku (OVA-Alexa 594)
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Makpodaru 1 AEHIPUTHBIC KJIESTKH SHIOUUTUPYIOT PAaCTBOPUMBIE BEIIECTBA U
(barorUTUPYIOT MUKPOOHBIE KIIETKU

JIeHApUTHBIC KJIETKH YHOCSIT 3aXBaUYCHHBIN MaTeprall B TUM(ATHUSCKUE y3IIbI



BoJHAa «BO30VKICHHUS

Krnetku nepBou JIMHUU pPEarupoOBaHUs - SIIATEIUN

|

KieTku BTOpOit IMHUU pearupoBaHusi — Ty4Hble, Makpodaru, AEHIPUTHBIE U JIP.

}

KiieTku TpeThel JIMHUU pearupoBaHusi — HOBbIE Makpodaru (XeMOTaKCHC), SHAOTEIINI
COCYIOB U Ip. i

()

Yto0 najabiie o

Ecin akTuBauus pacnpoCcTPAaHUTCH HA BCe KJIETKU OPTraHU3Ma, TO HACTYIIUT CMEPTh!



ITouemy BOTHA aKTHBAIMU KJIETOK, HAYaBIIMCh B oyare HH(EKIIUH,
HE PACIPOCTPAHSIETCS 110 BCEMY OpraHu3My?



JToKHBI OBITh «TOPMO3aY.,
1 OHU €CTh.

1. Benen 3a aktuBaTOpamMu MPOU3BOJSATCS HHTUOUTOPBI

2. PerienTopbl aKTUBAIIMOHHBIX JIMTAH/IOB COPACHIBAIOTCS UJIM 3aMEHSIIOTCA Ha
peLEeNTOPbI-UHTUOUTOPBI

3. Ilocne akTUBaIMKU KJIETKA BCTYIAET B (pa3y apeakTUBHOCTH
(HampuMep, SMUTCHETUYECKUE U3MEHEHUS 3aKPBhIBAIOT TPAHCKPHIIIIUIO)

4. AKTUBUPYIOTCSA CTICIIMATIbHBIC TOPMO3HBIEY» THUIIBI KJIETOK (CyIPeCcCophl) Uin
nutokuHbl (SOCS u ap.).



PaccMoTpen HorpaHuyHVIO 3alIUuTy B 1EUCTBUHU

OnTtuMalnbHbIN ClIeHapUi — JJOKaJbHbIN. MHDeKIus yaaneHa cuaaMu NOrpaHUYHHUKOB.
DTO NPOUCXOIUT HECMETHOE KOJMYECTBO Pa3, U Mbl HUKOI/Ia 00 3TOM HE 3HAEM.

He oueHb OnaronpusTHBIN ClICHAPUH — FreHepaau30BaHHbIN. [lorpaHnyHuKy HE
CIIPABWJIMCH JTAXKE C TOMOINIBIO JOTOJHUTEIbHBIX MPUTPAHUYHBIX CUJI (XEMOTAKCHUC).
Jns ynanenust ”HQEKIUU TPUAETCS MPUOETHYTh K TOMOIIUA BCETO OpraHu3Ma
(3TO - 0OJIE3HB).

3amura 1o 3ToMy CIIEHapHrI0 Oy/lIeT pacCMaTPUBATHCS B CICAYIOIINX JEKIIAIX













AKTHUBUPOBaHHBIE MHPEKIMEH NCHAPUTHBIC KIETKH IPUHECYT
B TUM(ATUYECKUHN y3€1 UH(PEKITMOHHBIC AHTUTEHBI.

31€Ch OHU BBICTYIIAT B POJIY IIyCKOBOTO MEXaHU3Ma, HAYUHAKOIIETO
aJanTUBHYIO UMMYHHYIO PEAKIMIO TPOTUB TaHHON MH(EKIIHUH.



DHAO0TENNN TUM@aTHIeCKuX KanuiisapoB BeipadaTeiBaeT CCL21,
YTO BBI3BIBAECT XEMOTAKCHUC JCHAPUTHBIX KIETOK K HCTOUHUKY CCL21

Control exog. CCL21

DC obnenmnu 1uMdpaTudecKkre Kanuuisipsl (Ciesa),
DC cobpanuce B 30Hy BBeIeHHOTO 7Kk30TeHHOTO XemokuHa CCL21 (cmpaBa)



YeM Onumke K TUM(PaTUUIECKOMY KauJuIsapy, TEM TOYHEE
HaIpaBJICHUE XEMOTAKCUCA ACHIPUTHBIX KJIETOK.
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XemokuH CCL21 BermensgeTcs KJIETKaMU YHIOTEINA
TUMGATUYECKUX KAIMMJUIIPOB U UMMOOUITU3UPYETCS Ha
renapaHcyiibdare BHEKJIECTOUHOTO MaTpHUKCa.

To eCTh TPaIuUCHT XEMOKHHA - B BUJE I'PAJIMCHTA
KOHILICHTPAIM1 UMMOOMJIM30BaHHOIO BEIIIECTBA
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H NHCOCH;

N-acetyl-D-glucosamine



CprKTypa JIMKAaHOBOM ICTOYKH IIPOTCOTTIMKAHOB

CH,080;H

H  OSOsH H  NHOSO;
L-iduronate-2-sulfate  N.sulfo-D-glucosamine-6-sulfate
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H NHCOCH;
D-glucuronate  N-acetyl-D-glalactosamine-4-sulfate
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H NHCOCH;
L-iduronate N-acetyl-D-galactosamine-4-sulfate

Hepmaran-cynbdar







Appendix



TuIbl OTBETOB KJIETOK HAa MH(EKIINIO
WY [IUTOKUHBI, MHAYIUPOBAHHBIC HHDEKIINEH

* AKTUBaIIUS TPAHCKPUIIIUH

* I3MeHeHue TpaHC AU

* [locT-TpaHCAAIIMOHHBIC U3MEHEHUS OeTKa
* Cexpenus

 DKCIpeccrsi MeMOpaHHBIX MOJICKYII

* JleneHne KICTKU

* JIBU)KEHUE KIIETKH

» MI3MeHenre GopMbl U ar€3MOHHBIX CBOMCTB KJIETKH



Makpodar cren mukpoda. Kro nooeaui?

\ °



Coen -> nepeBapuil

\ °



Coen -> youn -> nepeBapuil

3aWwmnTUTb Ccebn
OT COOCTBEHHOro saa
(HeoGXxoauMMO nmMeTb
npoTtuBosiaue)



Chben -> He yOuII -> «GKepTBa» cTajla arpeccopoM

«KepTBay MMeeT MPOTUBOSAIHE



Youn -> cren -> nepeBapui

DTO caMbIil HAJICKHBIN CIIEHApHUH A1 Makpodara,
MOTOMY-TO OYEHb MOJIE3HA CEKPEIINSI AHTUMUKPOOHBIX BEIIIECTB



