Jloruka UMMYHHOM 3a1{UTHI

12-14 nexonit



Jlexuus 1 — OO1ue uaeu 3aiuTbl MHOTOKJIETOUHOTO CYIIECTBA



Kakyto 3amurty Mbl cOOMpaeMcst u3y4arhb. ..

Koro Oynem 3amuiiars U OT 4ero?



3amuTa MHOTOKJIETOYHOTI0 CYIIIECTBA
B MHpe MUKPOOOB, NIPOCTEHIIIUX U BUPYCOB

MHOroKJIeTOYHOE CYIEeCTBO
B arpecCUBHOM MHUPe JPYIuX CylIeCTB




NMMyHHUTET 3a10UIIAET HAL OPraHU3M OT HH(pEKIU U
JAPYIrAX BHCIIHUX BTOPKEHUM, 2 TAKKE 0T CYINECTBEHHbIX
BHYTPCHHUX U3MCHCHUM:

VYnanseT BTOPrimecs: 4yKue KICTKH (HalpuMep, HHPEKIUN) U
qy>KHME€ MOJEKYJIbI (HallpuMep, TOKCUHBI)

BrisiBisieT n yOupaeT H3MEHEHHbBIE COOCTBEHHBIE KIIETKH U
MaKpPOMOJIEKYJIBI.




YTOo4HUM, KAKYIO 3aAIIUTY MbI He Oy1eM U3y4arhb:

* OT Kapbl U CTYKH

* OT rosona M KaxxIbl

* OT oCTpBIX 3yOOB

* OT 0OUIHOTO CJIOBA

* OT craszy

* OT KOJIZIOBCTBA Y HEUUCTOU CUJIBI
* OT IBOMKH HA DK3aAMEHE

* OT HECUACTHOM JITOOBH. . ..



Kakue cBOMiCTBA HAIlIEro OpraHu3Ma
OIpeIeJIAIOT HAILY 3AIMUIIEHHOCTh OT HHpeKIru?

e Pocrt

 Bec

e CwHJia MBIIII]

» JXecTkocTh KOCTEH
e TonmmHa KOXxu

* BBIpa)k€HHOCTh BOJIOCSIHOIO IMMOKPOBA
e JloTauBOCTH

e Pe3BocTh HOT

* Octpora yma

e [IaMaTh

 lIBeT KOXKM

» Kpacora



Hac 3amuinaer MMMYHHUTET — MHOTOKOMIIOHEHTHASI
CHUCTEMA 3alUThl OT HUH(PEKIUN, YY>KEPOJIHBIX BEIIECTB U
COOCTBEHHBIX IMOBPEKACHHBIX (M3MEHEHHBIX ) CTPYKTYP.

B 12-14 nekuuax pacCMOTpUM, KaK IMMYHHAs 3aI[1Ta
opraHu3oBaHa U PyHKIMoHUpYeET. [locTapaeMcs, He yTomas
B JIETAJIsIX, 0Opalliarh BHUMaHUE HA OOIINE MPUHIIUIIBI U
JIOTUKY 3aIlIUTHBIX CUCTEM.

BuptyanbHO BTOprHEMCsI BMeECTE C HH(DEKIUEH B OpraHU3M
MHOTOKJIETOYHOTO (B HAIll OPraHu3M ), TJI€ Mbl IO3HAKOMUMCS
C 3alATOM BO MHOTHMX €€ MPOSIBJICHUSIX.



KoHkypc Ha nydmme naen

Kak 3amuTiTh OTHOKJIETOYHOE CYIIECTBO?




Kak 3a1uTuTh MHOTOKJIETOYHOE CYIECTBO?

onoBparka (Rotifera) ' O
aMO€ MEJIKO€ MHOTOKJIETOYHOE >
Ascomorpha minima 40 mxm

&
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HpI/IHIII/Il'IbI 3allIMThbl HAICTO OPraHnu3imMa

He no3BoisiTh ApYyruM CylecTBaM BTOPTaThCs B MPEACIbl HALLIETO OpraHu3Ma
(He Byckarth)

Ecnu BTOPITIUCD, Y6I/ITI), OCTAaHKH JIMKBHIAMPOBATD, a ITIOBPCKIACHHUA BOCCTAHOBUTD

3anmma}0Tc;1 BC€ KIICTKH OpraHnu3Ma

3aH_II/IH_IaIOT U BHCKJICETOYHbBIC ) KUAKOCTH OpraHu3Ma

KpOMe TOIro, UMCHOTCA CIICHUAJIUIUPOBAHHBIC <GAINMUTHUKMN» - KIIETKH U
BeIieCrBa, ClicaJIbHO ITPCIHASHAYCHHLIC JJIA 3alllUThI



CnocoObI 321U THI MHOTOKJIETOYHOTI'0 CyIleCTBA:

* 3alUTUTH TPAHUALIBI

* [Toxkupars yyKaKoB

* YOuBaTh 4yXakoB

e Caenath XUAKYHO Gazy (MeXIy KIETOK) sSI0BUTOM

* CBOM KJICTKH 3aIIUTUTD OT MOXKUPAHUS, yOUNCTBA U 5]10B

* Y3HaBaTh 4y>KAKOB

* Coo0mare IpyruM KjieTkam o Brop>keHuu (danger)
* 3Barh Ha nmomoiib (SOS)

* Paznnyarbs CBOMX U 4y)KUX

* [ToMHUTH O BTOPKEHUH, YTOOBI JTyYIIE 3alIUAIIATHCS
* Caenatb 0coObIE Cpe/ICTBA 3ALLUTHI TPOTHB
BTOPTaBIINXCS Yy’KAKOB




3amura rpaHuil



YacTo HUMMYHHUTET CPABHUBAIOT C APMUEH,
a TPaHMIIbl HAIIETO TEA — C KPEHNOCThIO

Kakast oHa, Hallla TpaHUIAa C BHEIITHUM MUPOM, KaK YCTPO€HA, KaK HacC 3allyIacT?




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

I'panuua ¢ BHEIIHUM MHUPOM

o O

D

Orta 3amuTa 3pdeKkTuBHA, HO HE aOCOIIOTHA.
EcTh MHOIO CiTydaeB NpOJ0KUTEIILHOTO
COCYIIIECTBOBaHUS (TIapa3uTU3M, CUMOKO03).



[ToueMy HEJB3s MOJIHOCTHIO OTPAAUTHCS
OT OMACHOCTEW BHEUIHETO MUPA




3akppITas OT BHEITHETO MHPa CUCTEMA JIOKHA OBITh ITOJTHOCTHIO
aBTOHOMHOM. ITO 00eCIeUnTh TPYAHO (MJIM HEBO3MOXKHO).

Haxonsick B HenpoHuiiaeMoi 0arucdepe uinu ckadanape, 04eHb TPYIHO
1, MOXKET OBITh, HEBO3MOXKHO 00€CceUnBaTh (PHU3UOJIOTrNUECCKUE
NOTPeOHOCTH B MHILIE, BOJIE, BO3IyXE, HEOOXOAUMOCTb POCTA, IT0JI0BOIO
Pa3MHOXKEHUS U JIp.

He 3Haro npumepa KuBoro
CyLIECTBA, OTJICJIEHHOTO OT
BHEIIHEW CPEJIbI TPAHULIEH, HE
IIPOHUIIAEMOM HU JIJISI KOTO U
HU 151 YETO.




Aino — npuMep, o4eHb OJIM3KHUM K OMoI0ruYecKkoMy Oatuckady.

MHOTOKJIETOYHOE CYIIECTBO KUBET, JBIIINUT U MUTACTCS, PACTET U U3MEHSIETCH,
U IPU 3TOM HAJEKHO 3alUILEHO OT BUPYCOB, MUKPOOOB, MPOCTECHIIINX. . .

b AMIIa HEAOCTATOYHAS — BO3YyX, TEIUIO U 3aIIUTA OT
KPYIHBIX 10 pa3Mepy) MHOTOKJIETOYHBIX JOJIKHbBI ObITh
K COBCEM ILIOXO C MPOAOIDKEHUEM KU3HH.

. a3MHo>1<eHHe) HEBO3MOXKHO.




[Ipupoaa coznana ajist Hac ropasao 00J1ee COBEPIICHHYIO 000JI0UKY, UEM
Oaruchepa, KoOCMUUYECKUN anmapaT uiu ckadangap. Kpemnocts BooOIIe He
BBIJIEP>KMBACT HUKAKOIO CPABHECHHUSI.

Kakast oHa, 3Ta coBepiieHHast 000j0uka? KakoBbI IpaHUIIbI
HAIIIETO TeJIa ¢ BHEITHUM MUAPOM ?

NmenHo 31ech, Ha TpaHuIIe, €0 UMMYHUTETA HAUMHACTCS U
3akaHunBaeTrca B 999999 u3z 1000000 cnydaeB MONBITOK BTOP>KEHUS U3BHE.

Hama rpanuiia — 5To nepBas JMHUA Halllero MMMyHUTeTa. OHAa UMEET
LEJIBIN PSJT YHUKAIBHBIX CBOMCTB, YTO IO3BOJISET HaM YCIICIIHO KUTh B
TOM MHPE.



['panuIbl HAMIErO TEJIa ¢ BHEIMHUM MUPOM QUE€HDb BEJIUKH.
OHM B COTHHM pa3 NPEBBIIAIOT JUHEUHBIC pA3MEPHI TENA.

I’ pannisl PA3HBIE B pa3sHbIX YacTAX Teja, UX YCTPOUCTBO
3aBUCUT OT 33]1a4, KOTOPHIE OHU BBITIOJIHAIOT, HAPAAY C
3alUTON — Ta3000MEH, UTaHUE, BBIJCICHUE U JIP.



OOmeH — uepes
MOBEPXHOCTHBIN
CJION KJIETOK

OOMeH razoB — 4yepes
MOBEPXHOCTD,

a )KUJIKHX U TBEPHbIX
BEIIECTB — Yepe3 _
MUIIeBapUTEIIbHBIHN
MENIOK HIIA TPYOKY

I"'a3000MeH

\

BHenrnue u BHYTPCHHHUC I'PAHUIBI TECJIA

ITutanue

Brinenenune nuiakos




JAbixaresibHas rpanuna ~ 120-140 ks. m.




700 000 000 my3bIpHbKOB (AJIbBEOJT)

NYysSHUMHDIM MEXdM.
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['panuna xxenynouyHo-KuedHoro tpakra 250-400 kB. M.
DTO caMas OoJIbIlIas Hallla TPAHUIlA C BHEITHUM MHUPOM.
K Tomy ke, OHa ryCTO 3acelieHa MUKPOOPTaHU3MaMHU.




CKJI&I[KI/I N BOPCHUHKH YBCINMYHMBAIOT IIOBCPXHOCTh KUIIICYHHUKA, HA
KOTOpOfI IMPOUCXOOUT BCACBIBAHUC ITMTATCIIbHBIX BCIICCTB




MHuorouucsieHabie BOpCMHKHU (100 MKM) BUAHBI B IPOCBETE KUILKH

942 M. N. Marsh and J. A. Swift

FIGS. 2a and 2b. Comparison between the appearance of villi seen (a) in the dissecting microscope (% 50) and (b) in
the scanning electron microscope (% 50). Note contrast and clarity of detail in (b).



Ha BepxynieuHol (anuMkajgibHON) TOBEPXHOCTH KJIETOK SMUTENNS KUIIEYHUKA UMEETCS
2000-3000 BpImsAUMBaHUI — HAHOBOPCHHOK THamMeTpoM okosio 100 HaHOMETPOB

,B.

_TEM - OIVP24, X 30,001

#

Brush border of an absorptive cell in the intestinal lining is
seen in side view, left, and from above, right. The finger-like
projections increase the cells absorptive area; space may

facilitate food absorption.
http://www.naturalhistorymag.com/htmlsite/master.html?http://www.na
turalhistorymag.com/htmlsite/editors pick/1958 12 pick.html



I'paHuubl 0OUeHb TOHKHE (AaKe MPO3pavyHbIe 1JIsl CBeTa)



ANUTENNN TOHKOro KUWeYHnKa CoCToMT U3 OOAHOrO Cros
KIeTokK

Lymphatic (lacteal) capillary
Lymphocytes

Smooth muscle

Striated border

Goblet
cells
APUD -
cell

Lacteal Regenerative

Gland (crypt gl

of Lieberktihn) Paneth

Intestine




BopcHUHKHM KMILIEYHUKA
NOKPBITHI OAHOCJIONHBIM
MUTETUEM, KOTOPbIA
COCTOMT U3 IMUTETUATBHBIX
KJIETOK, 00KAJIOBU/IHBIX
KJIETOK M KJIeTOK Ilanera

ILEUM
villus

L - lumen

V —villus

CL — crypt of Lieberkuhn
GC - goblet cell

PC — Paneth cell

PP — Peyer’s patch

BV — blood vessel




Bo3aymiHbeie TpyOku (Tpaxesi, OpoHXH, OPOHXHOJIbI)
MOKPBITHl MHOTOCJIOMHBIM 3TMTUTEIIHEM.

HauOonpiias 4acTh MOBEPXHOCTH JIETKUX (AJIbBEOJIBI)
TOKPHITA OAHOCJTOMHBIM SIIUTCIIHEM.




MHOrocCJOMHBIN YIUTEJIUN HOCOBLIX X0/10B

MHOroCJI0MHBIN
PECHUTYATHIN
SMUTEINM

I'ncrosornyeckuii mpenapar Cxema
x270



JNUTEJUN Tpaxeu U OPOHXOB

TepMuHaJIbHBIN
OpoHX



Jnddy3usa kucaopoaa NPpoUCXOaUT CKBO3b UTEINI aJIbBe0JI, 0a3aJIbHYI0 MEMOPaHY U
CTEHKY KPOBEHOCHOTI0 KanuJuisipa (cymmapHas Toamuna 0,5 Mxm).

Bpemsa nu¢g¢ys3uu — 0,3 ceKyHabI

KanunnspHoe pycno

|néroqnaa BEHA

) NérouHan aprepus

| Anseaona

OreepcTre
OpoHXKon.I

IToBepxHOCTH OfHOI anbBeonsl D? =3 x 300 x 300 Mxm? =3 x 90 000 =270 000 x 10712 M?>= 27 x10m?

Beero 7 x 10% anpBeon. O6mmas oleHOYHas IOBEPXHOCTD Jerkux 189 m?



OnHOCTOMHBIN MUTEJIUN AJIbBE0JI

AnbBeouuT 2-ro
Tna |

Kanunnap

bl

‘Y—' ¢ 3

® ’%} AnbBeouuT 1-ro
TMna
AnbBeouuT 1-ro TMna o4eHb NSI0CKUM 0.2 MKM Yepes Hero punsTpyeTcd
Kncrnopog

AnbBeouunT 2-ro TMna 60nbLUIOK U rpaHysiPHLIA, NMPOU3BOAUT CYpdakTaHT, MN30LUuMm,
NHTEpdrepoH



M3 Bcex HAIUX TPAHUI C BHEHIHAM MHPOM CaMas TOJICTAs — ITO KOXKA
duuaepmMuc cocTout u3 ~10 cj10eB KIETOK




['panuia npo3payHa Juisl CBETa
Ha 1youry 10 300 MKM




IIpu:ku3HeHHAs CBETOBAsA MHKpOCKOHHH BOpCI/IHOK KMIIeYHUKA

:l- - ——

AnukanbHasi HOBEPXHOCTh
BOPCUHKH

L R =

10 MKM

20,00 um

‘-
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=
|
CrnieBa ¥ MOCPENIMHE : CHHUE - siipa W

Crpasa : 3e51€HbIE — JCHAPUTHBIE KII Clﬂ



JABYX()OTOHHASI MUKPOCKOIUA MO3BOJISIET 3aAMVIIHYTh BIVIYOb KOKH 4€/I0BEKA

Ha rinyousne 10 mxm

Ha rmyoune 20 MM

Ha rimyoune 30 Mmxm



IIpu:xku3HEeHHASE MUKPOCKONUA 023aJIbHOTO CJIOH SNUACPMHUCA.
ITo BpeMeHU cOOCTBEHHOM (h1yopeClEHIIMH MOYKHO pa3indarh
KEPAaTUHOIUTHI (3€JICHO-TOTYObIC) U METaHOIUTHI (OPAHKEBBIE)

FLIM - fluorescence lifetime imaging

(b)

Figure 5: FLIM images of healthy skin acquired in vivo by the Imperial College FLIM system incorporated in the
Dermalnspect . (a) 760nm excitation wavelength. In the false-colour images, keratinocytes appear green-blue,
showing a longer fluorescence lifetime with respect to melanin aggregates corresponding to yellow-red areas
with a shorter lifetime value. (b) 760nm excitation wavelength. Keratinocytes of the basal layer appearing
yellow-red because of the presence of pigmentation Stefania Seidenari et al.. Multiphoton LaserMicroscopy and

Fluorescence Lifetime
Imaging for the Evaluation of the Skin//Dermatology Research and Practice Volume 2012, Article ID 810749, 8 pages.

doi:10.1155/2012/810749



MHOTOCJIONHBINA DIIUTEIINN
tomuuHa < 100 MKkMm

OIHOCITONHBIN dIIUTEIINH
tomuHaa ~ 10-20 MKM

Types of Epithelium l

Stratified cuboidal Pseudostratified columnar

i —

I'panuna ouyeHb TOHKAaA
10-100 mxm coorBercTByeT 1/100 000 — 1/10 000 OT JIMHEITHOTO pa3Mepa HALIIEro TeJjia



I'pannna rudkas, 3JgacTUIHAS



I'panuna rudkasi v 3J1acTUYHAS




KuteTku 3nuTe/inst MOTYT MEHATh CBOKO T€OMETPHUI0 U
CABUIaThCH OTHOCUTEJIbHO COCEIHUX KJIETOK.
ITO MO3BOJIACT JIETKO U3MEHSATh KPUBU3HY I'PAaHMIIbI.

EjVvi










I'panuna npounas



I'panuna npoynas

Mexanuyeckasi MPOYHOCTh AMUTETUAIIBHOTO CJIOS 00€CIIeYnBaeTCs
MEKKJIETOYHOM CEThI0 MMPOMEKYTOUHBIX (PUITaMEHT,
KOTOpasi OXBATHIBAET BECH MUTEIIAM




IIpomexyrounsie puinamentsl (Intermediate filaments)

[TpomexyTouHas
Keparun dbuitameHnrta

o
N

Terpamep Tpoto-
dbuiamenrta



CeTb NPOMEKYTOYHBIX (PUJIAMEHT CO31a€eT
Kapkac u onpejaessieT GopmMy KJIETKH.

Nucleus

Keratin
intermediate
Filament
Network

Figure 2




[IpomexxyTouHbIe (PUITAMEHTHI BCEX KIIETOK SITUTEIIHS
00bEAUHEHBI B OOIYIO CETh




Cetn COCCIHUX KIICTOK COCANMHCHDBI Y€PE€3 1€CMOCOMBI - CIICHHUAJIBHBIC
KOHTAKTHBI, B KOTOPbIX KII€CTKHA CHCIIJICHBI ITIapaMi MOJICEKYJI KAATCPUHA

Nucleus Nucleus
Keratin R - Keratin
intermediate 3 intermediate
Filament B e Filament
Network 2z ~ Network

Figure 2




bejikoBbIe MOJIEKYJIBI, 00pa3yloNIHe JeCMOCOMY

3000-5000 pairs of
Cadherins:
Dsg and Dsc

~

IMpomexxkyTouHasi pUIaMEHT:

| U3 KepaTHuHa

JuaWe|l4 le|pawIalu|

LI I R R R
-30 -20 -10 0 10 20 30 40

nanometers

Dsg = desmoglein
Dsc = desmocollin
PP = plakophilin

DP = desmoplakin




Cadherin —to-cadherin complex
connecting skin cells
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3-D visualization of interacting cadherin
molecules in their native arrangement.

Cryo-electron tomography.

http://www.livescience.com/2072-skin-strong
ells-stick-velcro.html







[IpomexxyTounblie hritaMmeHThl U3 Oeka kepaTtuHa (9-11 HM) 00pa3yroT CETh B KaXK101
MUTEINATBLHON KJIETKe. MeXy KJIeTKaMH — JIECMOCOMbI, KOTOPhIE BO MHOTHX MECTax
MIPOYHO COCAUHSAIOT CETH IMTPOMEKYTOUHBIX (PUIAMEHT COCETHUX KIIETOK.

CeTb NMPOMEKYTOYHBIX (PHUIIAMEHT SMUTEIUS — 3TO CIUIOIIHAS CE€Th, 00eCTIeUMBarOIIAs
MPOYHOCTD AMUTEIUA U YCTOMUMBOCTh K MEXaHUUYECKUM Harpy3KaM.

.|
~ X

Onurenuit. [IpomexyTounbie puaaMeHThl — KpacHbIE,
AJlpa KJIETOK - 3€JICHBIC



[TpO4YHOCTH KOHTAKTa MEXY IBYMs KJICTKaMH
SNUTENNA u3Mepsierca cuiion ~ 50 HanoHproTOH

L1 cCpaBHEHUS:

Cuna ogHOM MUKPOTPYOOUKH,
KOTOpasi IBUTAET XPOMOCOMY
~ 50 nukoHrr0TOH
(to ecth B 1000 pa3 meHb11IC)




I'panuua HenmpoHuIIaeMast



CThIKHM MEXKIYy COCETHUMU KJIeTKAMM THIATEJIbHO FrepMeTU3MPOBAHbI
10 BCEeMY IepuMeETPY.
B 310 repMeTH3anuU UCMOJIB3YeTCS ABA THIIA KOHTAKTOB —
IJIOTHBIE (OKKJIIO3MOHHBIE) U aire3NOHHbIE

MUKpOBOPCUHKH

30Ha
OKKJIFO3UH

30Ha
aare3uun




[Tosic anre3moHHOrO KOHTAaKTa 00pa3oBaH MOJIEKYJIaMU KaAr€pUHOB.
BHyTpH KJIETKH OHHM CKPETUJIEHBI MUKPO(PUIIAMEHTAMU U3 aKTHHA.

[Tosic aAT€3MOHHOIO KOHTAKTa HE 3alUPaIOIIUid,
OH YIEPKUBAET KIETKU BMECTE

BCLIn flla.ment.s microvilli extending
inside microvillus from apical surface

— tight junction

bundle of

plasma
membrane

adhesion
belt
CYTOSOL

lateral plasma
L. membranes of
adjacent

epithelial cells

p120-catenin

B-catenin

other anchor
proteins

actin S g
filament basal surface



IIpoHMKHOBEHME BeLIECTB Yepe3 IMUTEIN CTPOro OrpaHUuY€EHO
IJIOTHBIM KOHTAKTOM (tight junction)

—




CTpykTypa mi0THOr0 KOHTaKTa (tight junction)

Plasma
membrane

Actin

WAV V<o

\—"‘nr)

Occludin/ E&

tricellulin &5
- JAM-1

Schematic representation of the basic structural transmembrane components of tight junctions. ZO-1 or ZO-2 is
important for clustering of claudins and occludin, resulting in the formation of tight junctional strands. The role of the other
scaffolding proteins (ZO-3/MAGI/MUP1) is less clear. The ZOs and cingulin can provide a direct link to the actin
cytoskeleton. - journal of Investigative Dermatology (2007) 127, 2525-2532; d0i:10.1038/sj.jid.5700865



Tight junctions — 3anupauUe UJIN OKKJIO3UOHHBbIE IVIOTHbIE KOHTAKTHI.
CKBO3b 3TH 3aNIMPAOIIME MBI MPOHUKAIOT MOJIEKYJIbl MEHBIIIE 4 AHTCTPEM — BOA U MOHBI

interacting
plasma membranes

Myv —microvilly, TJ — tight junction, AJ — adhesive junction, D - desmosome



IIpoHnuaeMoCTh IVIOTHOTO KOHTAKTA (tight junction)

Uepes MIOTHBIN KOHTAKT (TIapaleuIIoIsiPHO) MOTYT IPOHUKATh
TOJIBKO BOJIa U MOHBI, Pa3Mep KaHAJIOB OKOJIO 4-6 AHrcTpeM

JluaMeTp OOJIBIIMHCTBA HOHOB OT 3 710 4 AHICTpPEM.
Monekyna Boabl 2,8 AHTCTpEM

[TuieBbie cyOCTpaThl — MPOCTHIE caxapa, aMUHOKHUCIIOTHI, JIMITUIBI U
Ip. — TPAHCHOPTUPYIOTCS CHENUAIBHBIMU TPAHCIIOPTHBIMHU
CHUCTEMaMHM 4epe3 KJIETKHU AMUTENUS (TPAHCIEUTIONAPHO)

M3MeHeHne Koau4uecTBa, COCTaBa, CBOMCTB O€IKoB, oOpa3yromux tight
junction (dbochopunupoBaHue, NaIbMUTOUINPOBAHUE, KOMILUIEKC C HOHAMU
Ca u ap.), NpUBOAUT K UBMEHEHUIO MPOHUITAEMOCTH Oapbepa.

IIpumep:
Knaynunsi 1, 3,4, 5, 8,9, 11, 14 3anuparor Oapsnep.

Knaynunsi 2, 7, 12, 15 hopMupyrOT MOpBHI.



HI/ITOKI/IHBI, KOTOPBIC ILMOBLITIAIOT ITPOHUIACMOCTD IIJIOTHOI'O KOHTAKTA

(tight junction) MexXxay KJIeTKaMu SIUTETUS

Table 1 Cytokines and growth
factors which increase intestinal
TJ permeability

* Permeability is based on
results for TER and the
paracellular passage of

molecules

® Symbols 1 and | indicate
increases and decreases in the
protein or mRNA expression,

respectively

Cytokine and growth factor Pemmeability”  Cell Mechanism”
IFN-y Increase T84 Myosin II-dependent vacuolarization,
internalization of JAM-A, occludin,
claudin-1 and claudin-4 [96, 97]
TNF-« Increase Caco-2 Z0O-1 | [103]
Increase Caco-2 MLCK 1, pMLC 1 [104, 106]
Increase HT29/B6 Claudin-2 T [107]
TNF-a/TFN-y Increase Caco-2 MLCK 1, pMLC 1 [109, 110]
LIGHT/IFN-y Increase Caco-2 MLCK T, pMLC T, Caveolar endocytosis
(occludin, ZO-1 and claudin-1) [111]
IL-18 Increase Caco-2 Occludin | [116]
Increase Caco-2 MLCK 1, pMLC 1 [117]
IL-4 Increase T84 Claudin-2 T [121]
IL-6 Increase Caco-2, T84 Claudin-2 T [128]
IL-13 Increase T84 Claudin-2 T [142]
Increase HT29/B6 Claudin-2 T [141]
Increase Caco-2 Potentiate oxidant [150]




[{UTOKUHBI, KOTOPHIE YMEHBIIIAIOT MPOHUIIAEMOCTh IIJIOTHOIO KOHTAKTa
(tight junction) MeXay KIETKaMH SIUTEIINS

Table 2 Cytokines and growth
factors which decrease and
restore intestinal TJ
permeability

* Permeability is based on
results for TER and the
paracellular passage of
molecules

> Symbols T and | indicate
increases and decreases in the
protein or mRNA expression,
respectively

Cytokine and growth Permeability® Cell Mechanism”
factor
IL-10 Decrease T84 Neutralize IFN-y [134]
IL-17 Decrease T84 Claudin-1 T, Claudin-2 T [146]
TGF-2 antibody Decrease Caco-2  Neutralize hydrogen peroxide [149]
TGF-f Decrease T84 Claudin-1 T [151]
Decrease HT29/ Claudin-4 T [152]
B6
Decrease T84 Neutralize EHEC, restoration of occludin,
claudin-2 and ZO-1 expression [151]
Decrease T84 Neutralize IFN-y [152]
Decrease T84 Neutralize cryptosporidium parvum [153]
EGF Decrease Caco-2  Neutralize hydrogen peroxide,
restoration of occludin and ZO-1 distribution
[155]
Decrease Caco-2  Neutralize hydrogen peroxide, restoration
of actin cytoskeleton assembly [157, 292]
Decrease Caco-2  Neutralize ethanol, restoration of microtubule
assembly and oxidation/nitration of tubulin [158]
Decrease Caco-2  Neutralize acetaldehyde, restoration of occludin

and ZO-1 distribution [42, 159]




I'paHMIbl MOCTOSTHHO OOHOBJISIIOTCS



OOHOBJICHUE ANUTENUS KUILIEYHUKA MPOUCXOIUT 3a 5-6 THEN.
3a 310 Bpems npoucxoaut 3amena 100 miapa. kieTok (y yesioBeKa).
B TeyeHue KU3HU 3TOT npolecc cosnaer 6 x 1014 knetok

Wnt signaling

Notch signaling

1

! {

Math1 I— Hes1
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B I"J'IY6I/IHG KPHUIIT BHOBb BO3HHUKAIOIIHUC KIICTKHU 1 1
BCTpPAanBarOTCA B BHHTGHHﬁ, OTTCCHSAA KBCPXY
APYTIUC KIICTKU SIMUTCIINA.

Ha camom BCPXY Ha alMKaJIbHOU qacCTu,
YMHUPAOIUEC KIICTKU SITUTCIIUA C6paCI>IBaIOTC$I.

!

Tgf-BRIl

1

Enterocyte

M3 CcTBOJIOBEIX KJIETOK 06paBYIOTC$[ BCC THUIIbI
KJICTOK SIITUTCIINA KUILICYHHUKA Secretory lineage

Absorptive lineage



DNUJAECPMHUC TOKE NOCTOSHHO OOHOBIISECTCSA

Poroso

17}
I'panynspu
13171

[HIumoBaTsel

(V)

nu

bazaipHbI

[

u

bazanbHbIH C10M pa3MHOXKAETCsI, CABUTASICH KBEPXY, MU PepeHITupyeTcs, yMUPAET,
BCTPAMBAECTCS B IIUTHI POTOBOTO CJOS.

BHOBB 00pasyromuecs KJISTKH ABMKYTCS 2 HeeIU U3 6a3aJbHOTO CJI0S B TPaHYISIPHBIN
CJIOM.

Eme 4 Henenu oHM MepeCcEeKaroT PpOroBOM CJIOH, MOKA HE OKAXYTCS HA cCaMOu
MOBEPXHOCTH U He OyayT coporiensl. Ha momnyto 3ameny anuaepMuca yXoauT 48 mHe.



DOnuTennui IpIXaTeabHBIX MyTel oOMeHuBaeTcs MejieHHo (~ 200 nHeit).
AJIBBEOIIUTHI 2 TUMA 00pa3yIOT BCE TUIBI KJIETOK ajibBeol, a kieTku Kmapa (Clara
cells) B Oponxuonax pazMHoOXKaroTcs U TUPHEPEHIUPYIOTCS B KJIETKU
PECHUTYATOTO SIIUTEIHUSA U B OOKAJIOBUAHBIC KIIETKH OpPOHXOB.

CKopoCTh BO30OHOBJICHUSI AMUTENINS AbIXaTCIIbHBIX MyTEH PE3KO BO3pACTAET MOCTIE
€ro MOBPEKICHUS.

OO6BeneHsl oBaamMu cBeTsAIIMECs (pa3MHoOXkKatoluecs ) kietku Kiapa

http://www.nhlbi.nih.gov/meetings/workshops/sc-wksp.htm



I'paHuubI TOHKHME, TIPOYHBIE, THOKHE

CAMOOOHOBJIAIONIHNECSH

l

Jlosropeynbie




I'panuua goaropeynasi (BbBIHOCJIMBOCTD)

Jlerkue — 750 000 000 BOoXOB-BBIIOXOB, 1 MJIpJ . ATUTPOB (= 5 00BEMOB
buodaka): Bo3ayX, OblIb, IbIM, 0J1aro- ¥ 3JIOBOHUS, OT XOJIOAHOTO JI0
ropsiuero pasauiia S0°C, u HUKOIIa HE MPOUCXOAUT JAaXe MEJTBYaAUIITNX
Pa3pbIBOB U TPEIIIMH.

Kumeunnk — 3a 70 net yepe3 KuiedHuK npoTtaikuBaeTcs 30 ToHH nuiu. Tam
Y KOCTOYKH, U KOMKH, U TIECYNHKH, TAM U €JKUE KUIKOCTH, TAM U OTPOMHOE
KOJIMYE€CTBO MUKPOOOB. ITOM rpaHuile Bce HUMo4YeM. [Ipu BCKpHITUHN OHA,
KaK HOBEHbKas: OjecTsias, ru0Kas, 371acTU4Has, HU TPEIIUHKHU, HUA
MOTEPTOCTHU. 3a BCE ATO BPEMSI HU MPOKOJIA, HU Pa3phIBa.

Koxa — kak MuHMMYM, 50 J€T OCcTaeTcs MaJaKou, Kak HOBEHbKAas, IOTOM
HAYMHAET CJIETKa MOPIIUHUTLCS. A MPeACTaBbTe KOXKaHbIN MOPTQeb UIu
KYpPTKY, KOTOpYtO0 Bbl HOCHTE, HE cCHUMas 24 Jaca B CyTkH B TeueHue 20-30
aet!!



3amuTa rpaHuIbl 3a MpeaeJaMu HAIEro OPraHu3Ma
(TIIMKOKAJIMKC, CJIU3b)




[ToBEpXHOCTb AMUTENHS I'YCTO MOKPHITA MEMOPaHHBIMU MOJIEKYJIAMU
IJIMKOKOHBIOTATOB — MOJIEKYJI C OOJIBIINM COACP>KAaHUEM OJIMTOCaXapuaHbIX
LETI0YEK

Filaments Terminal web Microvilli Cell coat

TLh e

[ mukokanukc
~50-100 aMm




BcTpoenHslit B KJIeTOYHbIE MEMOpPAaHbI MYIIUH — OCHOBHOM 3JIEMEHT IVIMKOKAJIUKCA —
CO3JIaeT Iperpaay, TPYAHO MPEOA0IMMYIO IS TF00BIX YaCTHII, B TOM YUCJIEe, MUKPOOOB

O-Linked Glycarns

Core Protein

Transmembrane Region
'+

-
Cytoplasmic Region ~~




bokajoBuAHDbIE KJIETKH NUTEINA IMPOAU3BOAAT MHOI'0 CJIM3H




Cmuzp Bpra6aTBIBaeTC}I HCIIPCPBIBHO U B OOJIBIIHNX KOJIMUECTBAX

B JKKT B3pocnoro yenoBeka eXeITHEBHO IIPOM3BOAUTCS NIOpsiaKa 1 murpa cnusy,
3a rox — 360 smtpoB! B Teuenue xxu3Hu — 25 TOHH!!




Cnusb o0pa3yeT renb. BOmu3u sanuTenus — IIOTHBIN U BA3KUH,
MOJAJIBIIE OT MUTEIIUS - PHIXJIbII

" | BHemnuii cioii ciu3n

1 BryTpeHHui cnou cimsu

= DIUTEINI




CTpoeHne MeMOPaHHOIO U reJie00Pa3HOro MyUMHA

Gel-forming Transmembrane SEA or vwWD domain
mucin mucin held together
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Figure 1 | Simplified model of a gel-forming mucin produced by goblet cells and
transmembrane mucins attached to the apical membrane of enterocytes. Left:

the MUC2 mucin polymer is packed in the granulae of the goblet cells and during
secretion expands to form flat ring-like structures that stack under each other.

The enlarged ring shows the oligomeric nature of the MUCZ2 polymer, and above the
MUC2 monomer is shown with its central mucin domains and exemplified O-glycans.
The MUC2 N-termini and C-termini are held together with numerous disulphide
bonds. Right: the apical side of the intestinal enterocytes are covered by a
glycocalyx made up of mucins that are anchored in the cell membrane. The long and
extended mucin domains make up the glycocalyx. The cleaved and associated SEA
and VWD domains are indicated as well as the mucin domain. Abbreviations:

SEA, sea urchin-enterokinase-agrin domain; vwWD, von Willebrand domain.



Myuun o0pa3yer IIOTHBIN cJi0i (S — stratified) coiu3u
TOJIUHON S0 MKM BOJIN3H MOBEPXHOCTH IMUTEINA TOJCTON KUIIKH,
u emre 150 MM 0oJiee PHIXJI0H CJIM3HM HA 3THUM CJI0EM

Cnu3b B OOKaJTOBUAHBIX KJIETKaX U B MPOCBETE TOJICTOM KUIIKH - 3€JICHas,
MUKPOOBI B IPOCBETE KUIIIEYHUKA — OPAHIKEBBIE.

Johansson M E V et al. PNAS 2011;108:4659-4665
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Colon

Mucus thickness (1m)
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Fig. 1. A schematic figure showing the thicknesses of the 2 mucus gel layers in vivo in the corpus, antrum,
midduodenum, proximal jejunum, distal ileum, and proximal colon of the rat gastrointestinal tract. The mucus gel
layer was continuous and did not follow the contours of the villi in the intestine. However, on removal of the loosely
adherent layer, mucus was also removed between the villi, leaving behind a firmly adherent mucus layer attached
to the mucosa. In the stomach and colon, the firmly adherent layer was continuous, but in the small intestine the
firmly adherent layer had a patchy distribution and was absent on individual villi. Both mucus gel layers were
translucent. The loosely adherent mucus layer was removable by careful suction, whereas the firmly adherent
mucus layer was not. The table presents values for mucus thickness as means * SE for each group.



CepbesHas nperpaja ajisi MUKpoOOB
1 MKM,, ~

anutenun




Ha IMOBCPXHOCTHU SIUTCIINA AbIXAaTCIbHBIX HYTCﬁ TOXKC BBIpa6aTBIBaCTCH CJIN3b.
Knerku snutenuns uMeroT IMOABHKHBIC PCCHUYKH, YTOOBI ABUI'aTb OTY CJIN3b




MukpoBopcunkH (cilia) B Tpaxee u OpoHxax MPOJBUTAIOT
CJIN3b, aKTUBHO OYMIIAS OT MOMABIIUX YaCTUYEK




Pecauuku (cilia) anuTenus TepMUHATIBLHOTO OpOHXA

5 pm

0.2 pm

Lung lining. Color-enhanced scanning electron micrograph (SEM) of a section through epithelial cells of the
terminal bronchus (lung airway). Some of the cells are covered in cilia, tiny microscopic hairs. Rhythmic
movements of the cilia serve to move mucus and trapped particles away from the gas-exchanging parts of the lung,
and towards the throat, where they can be expelled. Magnification: x10,000 when printed at 10 cm wide.

http://www.pinterest.com/pin/47710077275892169/



BosiHo0OOpa3HbIe IBUKEHUS PECHUYEK B TPaxee MbIIIHU

Kaxxmast pecHHYKA IBUXKETCS B OIHOM IIOCKOCTH — Tyna u ooparuo 12+1 Hz
OTKJIOHEHHE OT INIOCKOCTH — 3°

Mark A ChilversMark A Chilvers, Christopher Q'Callaghan.Analysis of ciliary beat
pattern and beat frequency using digital high speed imaging: comparison with the
photomultiplier and photodiode methods Thorax 2000;55:314-317
doi:10.1136/thorax.55.4.314

Francis R J B et al. Am J Physiol Lung Cell Mol Physiol
2009;296:L1067-L1075






B Hamem opranusMe npou3BOJAUTCS OKOJIO COTHU SHJIOTE€HHBIX aHTUOMOTHKOB.
Onu 3¢ (heKTUBHBI IPOTUB OAKTEpUil, TPUOOB, BUPYCOB.

['paHulbl TEJIa C BHEIITHUM MUPOM BOOPYKEHBI AHTUOUOTUKAMHU 00JIe€ IPYTUX TKAHEH.



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 %)




Jle(peHCUHBI — 3TO KATHOHHBIE MOJIUTIENTH/IBI,
B KOTOPBIX 6 0CTATKOB IMCTEHMHOB 00pa3yloT 3 (ucy/ab(uaHble CBA3U

| . |

a-defensins . —eed(le = ————— GCh=======r cc

HNP-1 A Ip AGERRYGIC YQGRLWARQC

HNP-4 \ LV RTELRVGNCLIGGVSFTYQCIRVD

HD-6 GSTRAF R~ STEYSYGTCIPVMGINHRACK

| }

p-defensin ~  —---- - CF----4F--

hBD-1 GLGHRSDHY SSGG RGKAH qc KZ

hBD-2 GIGDP KSGA LPGTHACKKP

hBD-3 GIINTLOK VRGG TRGRHACRRKK

0-defensin G/F—?l— Bi= 1 ke -CS: i R\R
(TD-1 RS : s @a
:\T*:_‘I'C":i~ | - é- R -IC'V/



PasHoobpa3sue

Type

Gene Name

ePEERHRE

Description

o-defensin

Defensin, alpha 1

Neutrophil defensin
1

Defensin, alpha 1B

Defensin, alpha 1

Defensin, alpha 3,

Neutrophil defensin

neutrophil-specific 3
Defensin, alpha 4, | Neutrophil defensin
corticostatin 4
Defensin, alpha 5, ,
} Defensin-5
Paneth cell-specific
Defensin, alpha 6
i Defensin-6

Paneth cell-specific

Are expressed primarily in neutrophils as well as in NK cells and
certain T-lymphocyte subsets. DEFAS5 and DEFAG6 are expressed in
Paneth cells of the small intestine, where they may regulate and
maintain microbial balance in the intestinal lumen.

B-defensin

Defensin, beta 1

Beta-defensin 1

Defensin, beta 2

Beta-defensin 2

Defensin, beta 103B

Beta-defensin 103

Defensin, beta 107A

Beta-defensin 107

Defensin, beta 110

Beta-defensin 110

Defensin, beta 136

Beta-defensin 136

Are the most widely distributed, being secreted by leukocytes and
epithelial cells of many kinds. For example, they can be found on
the tongue, skin, cornea, salivary glands, kidneys, esophagus, and
respiratory tract. It has been suggested (but also challenged) that
some of the pathology of cystic fibrosis arises from the inhibition
of B-defensin activity on the epithelial surfaces of the lungs and
trachea due to higher salt content

O-defensin

Defensin, theta 1
pseudogene

not expressed in
humans

Are rare, and thus far have been found only in the leukocytes of the
resus macaque and the olive baboon, Papio anubis, being vestigial
in humans and other primates




Jepencun




PoacrBeHHbIe 1e)eHCHHBI
PACTECHUI1, HACEKOMBIX U YeJI0BEKA

AFP-1 JTPO3OMMIIUH Bz-z[e(beHCHH



H3BeCTHBIEC MEXAHU3MBbI JICUCTBUA JIEPEHCUHOB HA MUKPOOHYIO KIIETKY:

1. OO6pazoBaHue HOHHBIX KaHAJIOB U BOJIHBIX MOP B
JUTNHAAHBIX MEMOpaHax MUKpoOa.

2. Paspymienue munuaHbIX MEMOpPaH MUKPOOA.

3. OOpazoBanue komiuiekca ¢ MukpoousivMu JIHK u PHK, u
HapylieHne ux (yHKIIMOHUPOBAHUS



Jleencun obpasyer 3aBucsAMe oT norernuana K™ kanaisn
B MeMOpaHe OaKTepuun

Defensin
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Fic. 1. K* efflux induced by defensin. Logarithmic phase M. lu-
teus cells were resuspended in 10 mm NaP;, pH 7.8, at 37 °C (3 ml, 0.63 h ; II | LA H ﬂ | Il IH | ‘ | Ill
mg of cells, dry weight/ml). The cells were energized by addition of 0.2% + 66 mV
glucose and 0.5 mm KCl. Defensin (2.2 pg/mg of cells, dry weight) was
added at 20 s, The initial rate of the K* efflux was measured in the

linear part of the efflux curve.
+ 100 mV WWM
+ 120 mV WMUMW

s
8
]
+ 140 mV
80}
Fic. 8. Single-channel currents induced by defensin. Represent-
% 5 100 150 ative traces were obtained for different values of AW in a patch-clamp
Time (5 experiment performed on giant liposomes into which the peptide had
Fic. 6. Membrane potential changes induced by defensin. Cells been incorporated (10 pg of peptide/1 mg of lipid). The potential in the
(0.63 mg of cells, dry weight/ml) were incubated at 37 °C in 10 mu NaP;, 1 : :
pH 7.8, containing 0.2% glucose and 0.5 mu KCI. [FHITPP* (10 o, 2,17 pipette served as reference. Bath medlu{n contameq 10 mMm nges/KOH
GBg/mmol) was added 5 min before addition of various concentrations adjusted to pH 7.8 and 50 mm KCIl. Pipette medium contained bath
of TCS: 0.1 py (0), 0.2 py (O), and 1 pm (@). In the control (M), no TCS . . i
e e e e miaial medium plus 0.4 mm CaClz. Opemr}g of chanpe]s corresponds to down
was added. ["HITPP* uptake by the cells was measured at different time ward current deflections at negative potentials and upward current
intervals using the filtration method. A¥ values were calculated taking : L: 3 r s -
f1ts St rtoplbls et 16 (Yoo o€ ol ey Wl deflections at positive potentials. Note the heterogeneity both in con

ductance sizes and in opening and closing durations.

Tur Journal oF Biotocical CHEMsTRY Vol. 268, No, 26, Issue of September 15, pp. 19239-19245, 1993
© 1993 by The American Society for Biochemistry and Molecular Biology, Inc. Printed in USA
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[NedeHcnH-a5 (KpacHbIN) B CNU3NCTON ABEHAALATUNEPCTHOM KULLIKW.
Y3Kkue cTpernkn ykasblBatoT KIeTkn [1aHeTa, B KOTOpbIX OOHapyXnuBaeTcs AePeHCUH.
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JdepMuuann
AHTUMUKPOOHBIIN MOJMUIIENITU, IOCTOSHHO CEKPETUPYETCS IOTOBBIMU
Kele3aMHu yesioBeka. Yousaet ['p- u ['p+ Gakrepun 1 HEKOTOPBIC IPUOBI

DCD-1L SSLLEKGLDGAKKAVGGLGKLGKDAVEDLESVGKGAVHDVKDVLDSVL
DCD-1 SSLLEKGLDGAKKAVGGLGKLGKDAVEDLESVGKGAVHDVKDVLDSV
SSL25 SSLLEKGLDGAKKAVGGLGKLGKDA

Human Dermcidin, 3D structure

Korka uenoBeka, okpaiieHa aHTUTEIOM K
nepmiauny (nepokcuaasa, DAB)



Fig. 1. Crystal structure and surface characteristics of the human dermcidin channel. (A) X-ray structure of the hexameric DCD channel shown in cartoon
representation from the side and top (Middle and Right), and as surface representation (Left). The different orientations of the individual peptides relative to
the membrane normal are marked in orange and dark blue, and termini are marked (NT, N terminus; CT, C terminus). Arrows combined with tilt angle and
axes give the relative orientation. Residues involved in Zn binding are shown in stick representation and Zn ions are marked in gray. The symmetry axis of the
channel is marked with C2 (for the side view) and C3 (for the top view). Two interfaces of different surface area are formed after trimerization and named IF1
and IF2. (B) Close-up into the Zn-binding site S1. Four residues (Glu5 and Asp11 from one peptide and Asp41 and His38 from the second) form each Zn-binding
site. The distance between the Zn ions is marked by arrows. (C) Electrostatic surface representation of the channel with two monomers marked in ribbon
representation. The channel comprises five alternating patches of elongated negative (red) and ring-like positive (blue) charge. (D) Side view of DCD (hy-
drophobic residues in magenta). (E) Ribbon model of DCD. The pore diameter is represented by spheres. The lateral entry points are marked with circles. (F)
Hydrophilic residues on the trimeric interface (negatively charged residues in red, positively charged residues in blue, polar residues in green). Nonpolar
residues are shown in white. (G) The hydrophilic channel interior. For clarity, the front dimer is omitted; colors as in F. (H) Channel radius along the
pore axis.

Song et al. PNAS | March 19,2013 | vol. 110 | no. 12 | 4587
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Fig. 3. Computational electrophysiology and molecular dynamics simu-
lations of the channel. (A) Evolution of DCD tilt in three 250-ns single-bilayer
MD simulations in POPE/POPG(3:1). (B) Water distribution (red/white
spheres) in and around the DCD channel in the bilayer (gray); view along the
channel axis. (C) Pathway of ion permeation. One complete ClI~ permeation
event is shown, with red spheres representing snapshots of CI~ position. The
brown arrows indicate the direction of permeation. (D) The |-V relationships
from computational electrophysiology simulations. Each data point was
obtained from a 100-ns MD trajectory by monitoring the number of per-
meation events (and thus the current) and the overall transmembrane po-
tential during this time window. Blue and green circles are from simulations
with 0.15 M and 1 M Nacl in solution, respectively. Dashed lines: linear fit of

the conductance data, with the slope (and the asymptotic SE) showing
overall conductance
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Fig. 2. Electrophysiology and ss-NMR of DCD in the presence and absence of zinc ions. (A and B) Proton-decoupled "°N and (C) H ss-NMR spectra of 2 mol %
["*N-Gly22,%H3-Ala25)-DCD in oriented POPE/POPG without ZnCl (A) and with fivefold molar excess of ZnCl; relative to the peptide concentration (B and C).
">NH,4CI (40.0 ppm) and ?H,0 (0 Hz) were used as external references and the spectra processed with an exponential line broadening of 50 (A and B) and 500
Hz (C), respectively. The gray line in Cshows a simulated spectrum arising from a 3° Gaussian distribution for the peptide alignment and a spectral line width
of 2 kHz. (D) Current trace and point amplitude histogram representing DCD activity in 1 M NaCl, 5 mM Hepes, pH 7.1 recorded at a holding potential of +100 mV.
Protein activity was only rarely observed under these conditions. (€ and F) Current traces and point amplitude histograms of DCD-1L in 1 M NaCl, 3 mM ZndCl,,
5 mM Hepes, pH 7.1 recorded at a holding potential of +100 mV; (E) 3.3 uM DCD-1L was added resulting in one defined conductance state. In (F) 7.9 pM DCD-
1L was used and two distinct conductance levels each of about 80 pS were monitored, suggesting the insertion of two channels. (G) An event histogram of the
conductance levels (n = 1,009) shows a mean conductance of G = (81 + 14) pS. (H) Open lifetime analysis with t = (4.4 + 0.2) ms.
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[Icopuazun — HEOOJIBIION aHTUMUKPOOHBIN Oestok 13 cemeiicTBa S100A7,
B €0 CTPYKTYpE OTUYETIMBO BUIHBI
5 anb(a-cnupanabHBIX YYaCTKOB U 2 OeTa-mmnuibku (hairpin).
N3BecTHO 0KO010 20 poncTBeHHBIX OenkoB SI00A7 ¢ mon.m. ~ 11 000 /la.
OHM CyIIECTBYIOT B BUJI€ aHTUIIApAJIIICTbHBIX TUMEPOB, CBA3bIBaIOT Ca 1 Zn

[Icopuasun CHHTE3UPYIOT KEPATUHOIMTHI — SMUTEIHATBHBIC KJIETKH KOXKH,
a TaK)Ke MHOTHE JIPyTHE TUITBI KJIETOK.
[Icopuazun o0nanaeT OAKTEPULIUIHON aKTUBHOCTBHIO.
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Fig. 5. Pore-forming activity by rh-psoriasin derivatives. The dissipation of valinomycin-induced diffusion potential was monitored as an increase of fluorescence over time.
(A) For the Ser-Pso { 2.4 nmol), Met-Pso (2.4 nmol) and AcSer-Pso (8.0 nmol) proteins, pore formation was measured at pH 5.2. (B) At pH of 7.4, pore formation was not
detected for all three rh-psoniasin derivatives { Ser-Pso( 4.8 nmol), Met-Pso{ 4.8 nmol) and AcSer-Pso (8.0 nmol) ). Alamethicin (0.1 nmol )and the peptide solvent were used as
a positive and negative control, respectively. Arrows mark the addition of peptide.
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Fig. 4 Membrane permeabilization by the rh-psoriasin derivatives. The release of the fluorescent dye calcein from liposomes was measured. (A) The increase in fluorescence
was measured at different pH values for a given concentration of 0.5 M of each rh-psoriasin derivative. All derivatives permeabilized the liposomes at pH values below 6.5.
(B) At a pH value of 5.2 all derivatives permeabilized liposomes in a concent ration-dependent manner. All data points comrespond to mean values of three measurements and
emror bars denote the standard deviation



CX0ACTBO CTPYKTYphI IICOpHA3MHA YEJIOBEKA U aMeOanoprHa aMmeObl
CBHUJICTEJIbCTBYET O APEBHEHIIIEM ITPOMCXOXKICHUU aHTUMUKPOOHBIX OCIIKOB
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I'panuiia BeICOKOA(PhEKTHBHA B CMBICJIE 3aIIUTHI OT BTOPKEHUM
HEBUMMBIX CYIIECTB U BeliecTB (0onee 95-97% BpeMeHU KU3HU
rpaHuUlla HAC OrpaXkJaeT oT HenpusiTHOcTe. Mbl Ooseem He Ooiee 3-5%
KU3HU (B cpeaHeEM, 2 pa3a B o 1o 1 Heaene). bone3np o3Hayaer, 4To
rPaHMIA HE CIIPABWIIACK, MPUIILIOCH BKIIOUYUTH HE TOJIBKO MTOTrPAHUYHBIE,
HO Y BC€ OCTAJIbHBIC 3aIIMTHBIC BO3MOKHOCTH.

I'panuIia HE MeIIaeT BBHIMOJHEHUIO KU3HEHHO HEOOXOIUMBIX CIIOMKHBIX
OMOJIOTHYECKHX 3aJ1a4 TaKUX, KaK IMOMCK MUIIM ¥ BOABI, 3aIIUTA OT
MakKpoonacHocTel (3yObl, KOTTH U Jp.) ¥ TIOJIOBOE Pa3MHOXKEHHE.
I'panuila HE3aMEeHUMA U KU3HEHHO HE00X0IMMa, KaK TOJJOBHOM MO3T,
Ceple, MOYKH U TTedeHb. MOXKHO MOTEPSATHh MOJOBUHY TIEYECHU U MOYEK,
HO HEJb3sI TEPSATH Jaxe HeOoublnoi yactu rpanuiibl. [Toreps (0.1-10%)
IPAaHUYHOIO SMUTENNS] HEMUHYEMO MTPUBOJIUT K rubenu.. Hebompiioi
IIPOKOJI B AMUTEJIMM KUIIIEYHUKA IPUBEET K a0CIeCCy KUIIIEYHUKA UITH
nepuToHUTy. HeOOobI110M MPOKOJI B MOBEPXHOCTH adbBEOJI MPUBEIET K
THEBMOTOpAKCy U tieBputy. Ynanenue 10 kB. cm. koxu (<0,1% ot Bcen
KOKM ) TIOCTABUT HAIll OpTaHU3M Ha I'paHb r'HOeru.
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