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Mezibunécné spoje a extracelularni matrix

» ,socialni interakce” bunék v mnohobunéecnych
organismech

» nejdulezitéjSi jsou ty, které spole¢né udrzuji bunky v tkanich
» prima interakce

» Iinterakce s extracelularni matrix (mezibuneécna hmota)

» umoznuji vznik a organizaci struktury tkani, organu, téla

» prestavba spojeni umoznuje pohyb bunek, prestavbu,
VYVOj, rust, regeneraci

» kontrola orientace, odpovedi na mechanicke podnéty z
okoli

» defekty ze projevuji nebo jsou pfiCinou u Ffady
onemocnéni



Priklad: pojivova tkan vs. epitel

» Pojivova tkan, napr. kost, Slacha — mezibunécna hmota
produkovana bunkami
» matrix — mechanicky odolna

» Epitel — buniky jsou tésné spojeny jedna k druhé a
organizovany do vrstev
» Matrix je méne zretelna — bazalni lamina
» Mezibunécné spoje a ukotveni k bunecnému skeletu a k BL

B mechanical stresses
1 are transmitted from
epithelial cell to cell by cytoskeletal
flestia filaments anchored to
cell-matrix and cell-cell
basal = adhesion sites
lamina
extracellular matrix
2 directly bears mechanical
connective stresses of tension and
tissue compression
collagen — = : ‘:' (SEIVE
fibers LR IS

Figure 19-1 Molecular Biology of the Cell 6e (© Garland Science 2015)



Mezibunééné spoje epitelu obratlovcu

» Kotvici spojeni »  Actin-linked cell-matrix junction
» Adhezni spoj — adherens junction »  Propojeni aktinového cytoskeletu s
> Mechanicky uchyt mezi burikami, propojeny mezibunécnou hmotoy
s cytoskeletem » Tésny spoj — tight junction
» Desmosome » Zaceluje mezery mezi membranami
2 ;g)rﬁgjrinl’ prostfednictvim intermidiarnich » VOdiVy SpOj — gap junction

. » Pruchod ve vodé rozpustnych latek <1500 Da
» Hemidesmosome

> Propojeni intermediarnich filament s
mezibuné&nou hmotou

APICAL
tight junction seals gap between
TIGHT JUNCTION epithelial cells
junctional adherens junction connects actin
complex filament bundle in one cell with
CELL-CELL that in the next cell
ANCHORING JUNCTIONS

desmosome connects intermediate
filaments in one cell to those in
the next cell

CHANNEL-FORMING

2 gap junction allows the passage
JUNCTION n n of small water-soluble molecules
from cell to cell
CELL-MATRIX W
ANCHORING JUNCTIONS XY B
7 S o

BASAL /

actin-linked cell-matrix junction hemidesmosome anchors intermediate
anchors actin filaments in cell filaments in a cell to extracellular matrix
to extracellular matrix

Figure 19-2 Molecular Biology of the Cell 6e (© Garland Science 2015)



Transmembranoveé adhezivni proteiny

» Propojeni cytoskeletu s mezibunéCnym

» kadheriny

» mezibunécné spojeni

» integriny

» spojeni bunék s matrix

cytoskeletal

plasma membranes filaments

CELL 1

extracellular matrix

intracellular transmembrane
adaptor proteins adhesion proteins

Figure 19-3 Molecular Biology af the Cell 6e (© Garland Science 2015)

Anchoring Junctions
Junction Transmembrane
adhesion protein
Cell-Cell

Adherens junction = Classical cadherins

Desmosome Nonclassical
cadherins
(desmoglein,
desmocollin)
Cell-Matrix

Actin-linked cell-
matrix junction

Integrin

Hemidesmosome o B, Integrin, type

XVl collagen

Table 19-1 Molecular Biology of the Cell 6e (© Garland Science 2015)

Extracellular ligand

Classical cadherin on
neighboring cell

Desmoglein and
desmocollin on
neighboring cell

Extracellular matrix
proteins

Extracellular matrix
proteins

strukturami

Intracellular
cytoskeletal
attachment

Actin filaments

Intermediate filaments

Actin filaments

Intermediate filaments

Intracellular adaptor
proteins

a-Catenin, B-catenin,
plakoglobin (y-catenin),
p120-catenin, vinculin

Plakoglobin
(y-catenin), plakophilin,
desmoplakin

Talin, kindlin, vinculin,
paxillin, focal adhesion
kinase (FAK), numerous
others

Plectin, BP230



Spoje bunka-bunka

» odolné — zabranuji oddéleni jednotlivych bunek pri
pusobeni vnéjSich sil

» dynamické a adaptabilni — musi umoznit rust a
regeneraci tkané

» kadheriny (cadherins, calcium-dependent adhesion)
» exprese u vsech mnohobunécnych organizmu
» vazba je zavisla na Ca2+
» prvni tfi objevené (klasicke):
» E-cadherin, epitelialni buniky
» N-cadherin, nervy, svaly, bunky CoCky
» P-cadherin, placenta, epidermis
» .neklasické”
» protocadherins

» desmocollins
» desmogleins



Super rodina kadherinu

classical cadherin

» obsahuji mnoho kopii (E-cadherin) N
extracelularni Casti domény

Fat cadherin —IIIII.IIII

» Klasické >5
» neklasické az 30

» T-cadherin nema ,
, Flamingo
transmembranovou
B [

doménu, k membrané
navazan pomoci
glykosylfosfatidilinositolové
(GPI) kotvy

» homofilni vazba

Ret W e—> @—

desmocollin e S T

protocadherins

e R DS
(Pcdh )

HOMOPHILIC BINDING

T-cadherin oo

INTRACELLULAR EXTRACELLULAR
Figure 19-4 Molecular Biology of the Cell 6e (© Garland Science 2015)

HETEROPHILIC BINDING

Figure 195




Jak je to v kontextu patologickych stavu?

ARTICLES

nature

cell biology

Nature Cell Biology 19, 224-237 (2017) do0i:10.1038/ncbh3478

A mechanically active heterotypic
E-cadherin/N-cadherin adhesion enables fibroblasts
to drive cancer cell invasion

Anna Labernadie', Takuya Kato®, Agusti Brugués', Xavier Serra-Picamal'?, Stefanie Derzsi’, Esther Arwert’,
Anne Weston’, Victor Gonzalez-Tarragé', Alberto Elosegui-Artola’, Lorenzo Albertazzi', Jordi Alcaraz’,
Pere Roca-Cusachs™, Erik Sahai*® and Xavier Trepat'3+>6



Struktura kadherinu

hinge regions

I
| o S . R
9 5 , B
| I >1mM Ca2+
plasma plasma
membrane - membrane Ca?*e o Ca2*
of cell 1 @ £ of cell 2
® ond Y <0.05 mM Ca?+
\'" > cadherin domains
flexible - N-terminal
hinge region cadherin domains
(R) (B)
plasma

membrane ___ ® ,,/9 ,9

of cell 2 P

» repetice extracelularnich domén
jsou oddéleny flexibilnimi regiony

» Ca?tionty se vazi do téchto
oblasti a zabranuiji jejich pohybu

— i » ztrata Ca?* zvysuje flexibilitu a

ivk ol i~ plasma membrane P , , .
(q“ of cell vede ke ztraté spravné orientace
Figure 19-6 Molecular Biology of the Cell 6e (© Garland Science 2015) [> typické Spojenl' je Organizovéno

jako seskupeni molekul
kadherinu fungujicich jako
,suchy zip“



Organizace tkani zavisla na kadherinech

Figure 19-7 Molecular Biology of the Cell 6e (© Garland Science 2015)

» dezintegrovaneé bunky casneho embrya reagregovane
do nahodné sféry

» dokazi se reorganizovat zpét do podoby normalniho
embrya

mesoderm, neuralni lista, epidermalni bunky




Klicova role kadherinii béhem ¢asného vyvoje

ectoderm

neural tube

=== cells expressing E-cadherin
cells expressing cadherin 6B
— cells expressing N-cadherin
=== cells expressing cadherin 7

neural crest

cells
Figure 19-8c Molecular Biology of the Cell 6e (© Garland Science 2015)
., ., . - . cell expressing
» Rozdilné skupiny bunék se segreguiji o & i
. . . . o % ¢
v zavislosti na expresi kadherinu v .‘:::-.0. SO
o 7 r ’ . ’ . @ ®
rizné fazi vyvoje nervové trubice 0300
...:. lll expressing
(A) N-cadherin

cell expressing
high level of E-cadherin

Y

@
oo ® o..‘ SORTING

®
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cell expressing low
level of E-cadherin

(B)

Figure 19-9 Molecular Biology of the Cell 6e (© Garland Science 2015)




Epitelialne-mesenchymalni prechod

» sestaveni epitelu je reverzibilni proces

» zmenou exprese adhezivnich molekul na konkrétnim bunécném
typu Ize zménit jeho fenotyp a mezibunécnou organizaci

» dulezité v embryogenezi, napf. vznik neuralni trubice, vyvoj srdce
» Projevuje se i béhem patologickych stavi — malignity, fibrozy

Yo |

Epiblast

'R ¢ 1} Ectoderm

Jason C. Kovacic et al. Circulation. 2012;125:1795-1808

Mesoderm
(Lateral Plate > Heart)

Endoderm

Cardiac
Specification

Key signaling pathways/factors:

TGF-B & BMPs, FGF, Gatad,
Notch, PDGF, TB4, Wnt/B-
Catenin, Wt1 (see also Table 1)

Intact Epitheliumand BM

%

L Epithelial proteins: Cytokeratin, Desmoplakin, Laminin, others

{ Ceil adhesion/junction proteins: E-Cadherin, Zonula Occludens,
Junctional Catenins and Integrins, others

N MMPs 2, 3, 9 degrade BM

Early cellular changes, loss of cell-cell adhesion,
degradation of BM

Cytoskeletal rearrangements with apical constriction

M EMT transcription factors: Snaill, Snail2, Twist, Goosecoid,
ZEB1/2, others

1 microRNA-200 and other microRNA changes

Advanced stage EMT with degraded BM and
cellular delamination

E
AR

\

I [
N\

1 Mesenchymal proteins: aSMA, DDR2, Collagen | and ill,
Fibronectin, N-Cadherin, Vimentin, FSP1, B-catenin, others

EMT completed: loss of cell polarity,
spindle morphology, I migratory capacity



Kateniny propojuji klasické kadheriny s aktinovym
cytoskeletem

» propojeni kadherinu s
cytoskeletem je zasadni pro cadherin
jejich spravnou funkci

» kadheriny bez
cytoplasmatické domeny
ztraci schopnost vytvaret
stabilni mezibunécné spoje T

» propojeni s cytoskeletem je B-catenin———qlly
nepfimé v zavislosti na Tcatenin
adaptorovém proteinu
» Adherentni spojeni: -catenin,

p120-catenin, a-catenin
» Desmosomy: plakoglobin

plasma membrane

CYTOSOL

vinculin

filaments
Figure 19-10 Molecular Biology of the Cell 6e (© Garland Science 2015)



Sestaveni adherentniho spojeni

lokalni membranové vycnélky a nukleace aktinove sité iniciuje mezibunécny kontakt
malé shluky kadherinu a katenind asociuji s aktinem (dulezita GTPsa Rac)
Rac podporuje vznik dalSich vyénélku v okoli, expanze kontaktni zony

inaktivace Rac a aktivace Rho vede k e zméné organizace aktinu na linearni,
kontraktilni svazky

» nasledné sestaveni myosinovych Il filament

L A A R 4

membrane protrusions actu.\tand :adheru; actin re!:\odeltmg anddm:[:sm
intiate cell-cell contact recruitment expands —>  recruitment expands the
junction adherens junction
S
7 o;
S
<< 2~ actin =
% filaments
—
DS /
S 2523
“A‘:ﬂhﬁl \ AJ“"
557 SSA

small cadherin
and catenin
cluster

(A) (B) recruitment of more (C) contractile actin and
cadherins and catenins myosin bundles

Figure 19-11 Molecular Biology of the Cell 6e (© Garland Science 2015)



Remodelace tkani zavisi na koordinaci mezi kontrakci
aktinu a adhezi mezi bunkami

» Mezibunécna spojeni zaznamenaji zvySenou tenzi a nasledné
zesiluji aktinova spojeni
» Dependentni na a-cateninu

» vinculin podporuje pfipojeni dalSich aktinovych viaken a zesiluje vazbu
mezi bunéCnym spojem a cytoskeletem

(A) NOTENSION (B) TENSION

CYTOSOL

attached cell
pulls on cadherin

cadherin

plasma membrane

folded CYTOSOL
a-catenin extende‘d
® a-catenin -
© vinculin 7
le b, 9° gg‘.’
e V¥ C )
& 4 O?o" e
SN % o
" actin FC ,’f.
filament .’ l .

myosin Il pulls on actin
Figure 19-12 Molecular Biology of the Cell 6e (© Garland Science 2015)



Pasovity desmozom / zonula adherens / adhesion belt

» Kontraktilni svazek actin filaments o ,
; . . inside microvillus microvilli extending
(aktin, myosin Il) viaken from apical surface
obepinajici membranu | P—
kazde z bunek epitelu
» Propojeni sousednich
bunék prostrednictvim
kadherinU a ukotveni k

jejich cytoskeletu

tight junction

bundle of
actin filaments

lateral plasma
membranes of
adjacent

epithelial cells

basal surface

Figure 19-13 Molecular Biology of the Cell 6e (© Garland Science 2015)



Pasovity desmozom / zonula adherens / adhesion belt

» Koordinovana kontrakce
generuje pohyblivou silu
nUtnou pro morfogeneZI INVAGINATION OF EPITHELIAL SHEET CAUSED

. . BY AN ORGANIZED TIGHTENING OF
~ 4 H adhesion belt with
» Slozeni vrstev ep|te|u O e g e ctin filaments l ADHESION BELTS IN SELECTED REGIONS OF

. . o CELL SHEET
trubic, vezikulu, atp

sheet of epithelial cells

EPITHELIAL TUBE PINCHES OFF
FROM OVERLYING SHEET OF CELLS

oioo... oloj®l®

epithelial
tube

Figure 19-14 Molecular Biology of the Cell 6e (© Garland Science 2015)



Desmozomy

nonclassical keratin filaments

cadherin proteins

Podobné adherentnim spojum
Propojuji intermedialni flamenta e

Mechanicka odolnost, dllezita u filaments
obratlovcl

» srdecni sval

» epidermis

Podle typu filament rozliSujeme
specificka spojeni

» Desminova — srdce

» Keratinova — vétSina epitelu
Autoimunitni kozni onemocnéni —
pemphigus — protlatky proti CYTOSOL
desmogleinu SlAEiTA

membranes

dense plaque of
adaptor proteins

basal lamina hemidesmosome
Figure 19-17 Molecular Biology of the Cell 6e (© Garland Science 2015)

CYTOSOL

Figure 19-16a Molecular Biology of the Cell 6e (© Garland Science 2015)

L P T ——")

desmoplakin plakoglobin

j P'akOPhilin] adaptor proteins
> .7 nonclassical
\> > : PSS desmoglem] cadvari

desmocollin -
proteins

intermediate
filaments ~~plasma membrane

Figure 19-16b Molecular Biology of the Cell 6e (© Garland Science 2015)



Tésné spoje / tight junctions

»  Strukturni polarizace epitelu
» bazalni vs. apikalni

»  Selektivni permeabilita epitelu

» bariéra pro tekutinu na apikalni vs.

bazalni strané

» vyzaduje utésnéni mezi burikami,
zabranéni prosakovani tekutiny
mezi vrstvou bunék

» Trans-bunécny transport
» specifické sety transportnich
proteind na apikalni a bazo-
lateralni strané

Na*-driven
glucose transporter

Low

tight
junction

plasma
membranes
of adjacent cells

intercellular
space

passive glucose
transporter

basolateral

surface
ell cell

0 ) 2

basal lamina " —
EXTRACELLULAR
FLUID/CONNECTIVE — glucose LOW
TISSUE l
BLOOD

Figure 19-18 Molecular Biology of the Cell 6e (© Garland Science 2015)



Tésné spoje / tight junctions

interacting
plasma membranes

»  VIaknita struktura spoje cell1

»  Kazdeé vlakno je tvofeno

dlouhym
transmembranovym =
homofilnim adheznim .
proteinem, extracelularni _ s
domény proteind o
vzajemné interaguji
» Claudin cell 2 claudin occludin.

®» 24 typu u ¢lovéka
®»  ovliviuji permeabilitu
(para bunécné pory)
®»  ledviny — prdchod Mg2+ microvilli  intestinal lumen cell 1 cell 2
» occludin

- tight-junction proteins
1 3

Figure 19-21a Molecular Biology of the CellGe (1 Garland Science 2015)

focal
connection

focal
connection

plasma
membrane

(B) ¢

ridges of transmembrane lateral
particles forming sealing plasma
strands (P face) membrane

Figure 19-20 Molecular Biology of the Cell 6e (© Garland Science 2015)

(A)

0.5 um 50 nm




Proteiny asociovaneé s tesnymi spo

Intracellular

» zonula occludens (ZO) proteiny
» Z0-1,-2,-3
velké intracelularni “scafoldy”

»

» strukturni podpora tésnych spoju . 'l*

» specifické segmenty - PDZ ol P
domeény ~ 80 aa vazajici C- I
konce partnerskych proteinu &

Z0 signaling . —
claudin proteins proteins occludin | actin

201 Nemy 1 - 1'\’ NS 1 \Gél(" &-

domains PDZ PDZ PDZ SH3 P

ot N~ '\ A V \VJ.-

domains PDZ PDZ PDZ SH3 GK P
203 Nl o™\t PP s s '\Vf
domains PDZ PDZ P PDZ SH3 GK

Figure 19-22 Molecular Biology of the Cell 6e (© Garland Science 2015)



Mezerovy spoj / gap junction

prekonava mezeru (2-4nm) mezi
sousednimy burikami a vytvari
primy kanal/propojeni cytoplazmy
obou bunéek

kanalové proteiny

» konexiny (obratlovci, 21 isoforem)
» panexiny (innexiny) (bezobratli)
velikost poru ~1,4 nm

vymeéna anorganickych iontu a ve
vode rozpustnych latek

rychly prenos elektrickeho
potencialu

» synchronizace srdec€nich
svalovych bunék

» Peristaltika streva

nepropustné pro makromolekuly
— proteiny, nukleoveé kyseliny

small

¢ . ‘ gap
U i junction
(B)
100 nm 100 nm
Figure 19-23 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Mezerovy spoj / gap junction

6 molekule konexinU
tvori hemikanal —
konexon

spojenim konexonu
sousednich bunék
vznikne funkéni
propojeni

vznikaji rizna spojeni
diky riznym kombinacim
konexinu v konexonech
vétSina bunék exprimuje
vice nez jeden typ
konexinu

dynamické spojeni —
rychla remodelace

interacting
plasma membranes

channel
1.5nmin
diameter

. connexon
two connexons in composed of
register forming six subunits
open channel between

adjacent cells

~Nwu
il

heteromeric  homotypic heterotypic

(B) connexins connexons intercellular channels

Figure 19-25 Molecular Biology of the Cell 6e (© Garland Science 2015)



Gap junctional intercellular communication
(GJIC)

» role v patologickych stavech — rakovina — ztrata GJIC

a - ; :
Table 1 | Connexin genetically modified mouse models and cancer Growth, survival Overall tumour EMT and |__ | Tissue- and connexin < x
and angiogenesis | | suppressor invasion | | isoform-dependent
Connexin Encoding Mouse model Carcinogen OQOutcome Refs Primary tumour 1 _
Cx26 Gjb2 KO DMBA Increased breast tumours. 78 neovasculature \
Cx32 Gjb1 KO None Increased spontaneous liver 67 . csc —
tumours in males. | )

Cx32 Gjb1 KO DEN Increased liver tumours 68,69
Apoptotic
Cx32 Gjb1 KO X-Ray Increased multiple tumour 75 cell d
types Basement
membrane
Cx32 Gjb1 KO DEN Increased lung tumours 70 Invasive - -
tumour cell Circulation
Cx32 Gjb1 Cx32;p27DKO  X-Ray Increased adrenal, pituitary 76 5;'"":“’5' and
and intestinal tumours a ET"CE
Cx32 Gjb1 V139M DEN Igz[ggsed liver tumours in 74 £
Cx43 Gjal G60Sand ERBB2 DMBA Increased breast metastasis 78

= Promote tumour

overexpression cell survival

o Wrtmeitn ey e

Cx43 Gjal +- Urethane Increased lung tumours 79 /
Cx43 Gjal +/- DMBA Increased lung tumours 80 / \

Cx43 Gjal +/- NNK Increased lung tumours 81 Blood

DEN, diethylnitrosamine; DKO, double knockout; KO, knockout; NNK, nicotine-derived nitrosamine
ketone; p27 encoded by cyclin-dependent kinase inhibitor 1B (Cdkn1b).

vessel -

Often prometastatic

isoform-dependent

Aasen, T., Mesnil, M., Naus, C.C., et al. (2017). Gap junctions and
cancer: communicating for 50 years. Nat Rev Cancer 17, 74-74.



ARTICLE

doi:10.1038/nature18268

Carcinoma-astrocyte gap junctions
promote brain metastasis by cGAMP
transfer

Qing Chen'*t, Adrienne Boire"?*, Xin Jin't, Manuel Valiente't, Ekrem Emrah Er!, Alejandro Lopez-Soto't, Leni S. Jacob's,
Ruzeen Patwa!, Hardik Shah?, Ke Xu*, Justin R. Cross® & Joan Massagué'

Cancer cell Astrocyte
GSPNA \:‘GAS /STING
cGAMP cGAMP TBK1
Growth
Chemoresistance
N IFNA7, TNFLIRFS
STATH s ———
p65




Prechodna mezibunécna spojeni

» Selektiny

» prechodna (slaba) vazba krevnich bunék na endotel lymfoidnich
organu a tkani s probihajicim zanétem

» transmembranové proteiny s konzervovanou lektinovou doménou
zodpovédnou za vazbu na specifické oligosacharidy dalSich bunék
» L-selektin — krevni buriky
» P-selektin — krevni destiCky, endotelialni bunky
» E-selektin — aktivované endotelialni bunky

___—"lectin domain

@) EGF-like domain

basal
lamina o - -

STRONG ADHESION
AND EMIGRATION
(integrin-dependent) blood

vessel

[
—
=
- P-selectin
=
=
i
=

EXTRACELI#,L'\%: white blood cell
CYTOSOL ::Itliothellal i
\/ %3ee,
anchor ”\‘ (B) tissue
proteins

actin
(A) filament

Figure 19-28 Molecular Biology of the Cell 6 (© Garland Science 2015)




Mezibunécna spojeni nezavisla na Ca*

» endotelialni proteiny rozpoznavané bilymi N
krVi N kaml disulfide bond
» |ICAMSs - intracellular cell adhesion
molecules N N
» VCAMSs - vascular cell adhesion molecules
» nalezi do ,superrodiny” imunoglobulinu - ]_Ig_“ke
|gG domains
» fada funkci mimo imunitnich ) )
o ] _ fibronectin )
» heterofilni vazba na integriny type lll domains
» ale napf. NCAM — neural cell adhesion
molecule
»  homofilni vazba CYTOSOL
cC C
c 10 nm

NCAM ICAM

Figure 19-29 Molecular Biology of the Cell 6e (© Garland Science 2015)




4 y L

Souhrn — mezibunécné spoj

» Adhezni spoje - kadheriny — silna mezibunécna adheze, ukotveni k
cytoskeletu

» pevne spoje — utésneéni mezer mezi burikami (klaudiny)
» mezerové spoje — plaky konexonu — vyména malych molekul < 1kDa
» prfechodna adheze — selektiny, Ig rodina, integriny (probereme dale)

tiaht seals neighboring cells together in an epithelial
9 sheet to prevent leakage of extracellular

I1X1

JUBLHOH molecules between them; helps polarize cells
0831zt 33— actin 25 8 - . .
:§E §§§/ §§: = :§§ adherens joins an actin bundle in one cell
felt et s e junction to a similar bundlein a
intermediate ! neighboring cell
=1 (~ filaments 5
=¥ N d joins the intermediate filaments
SsTHOsOg in one cell to those in a neighbor
= gap forms channels that allow small, intracellular,
= junction water-soluble molecules, including inorganic
ions and metabolites, to pass from cell to cell
L \Yé

N anchors intermediate filaments
H—r \| hemidesmosome in a cell to the basal lamina

LA e
L

basal lamina

Figure 20-31 Essential Cell Biology, 4th ed. (© Garland Science 2014)



Mezibunécna hmota / Extracellular Matrix

» komplexni sit makromolekul v mezibunécném prostoru
» tvofena fadou ruznych proteint a polysacharidu

» lokalné sekretovana a sestavena v asociaci s bunkami,
které ji produkuji

» obdobné slozeni, ale obrovska tkanova diverzita diky
ruznému usporadani a kvantité jednotlivych slozek napf.:

» Kkalcifikace matrix v zubu
» pruhledna matrice v rohovce
» provazce ve Slase

® neni jen pasivni opora, hraje aktivni a komplexni ulohu v
regulaci chovani buneék (preziti, vyvoj, migrace, proliferace,
orientace v prostoru, funkce)



Mezibunécna hmota / Extracellular Matrix

» fibroblasty pojivovych tkani
produkuji nejvice ECM

proteoglycans and GAGs
» chondroblasty — chrupavky , W
» osteoblasty - kost . ryaluronan
» slozeni ze tri hlavnich skupin _____ S [Pk
makromolekul o= discorin
» glykosaminoglykany — s agarecan
proteoglykany (~ 36)
» velké a vysoce nabité polysacharidy, libzous praseios
kovalentné vazané s proteiny il T
:> KOIageny (~ 40) type IV collagen
» vlaknité proteiny fibrillar collagen
» nekolagenové glykoproteiny (~ 200) alysepeotsins

,..}eeo. laminin

oo nidogen

n< fibronectin
|
100 nm

Figure 19-31 Molecular Biology of the Cell 6e (© Garland Science 2(



Glykosaminoglykanove retézce (GAGS)

» nevétvené fetézce polysacharidd 0@ 0502  coo® cH,050.2
tvorené opakujicimi se ° P 7 P
. . , .. OH o 0S0; o OH o 0SO;
disacharidovymi jednotk o o - -
050, NHSO; 0S0; NHSO;

» N-acetylglukosoamid nebo N-

N-acetylglucosamine glucuronic acid

aCety| g al aCtosam I n I repeating disaccharide ]
» kyselina uronova T
» Vyso ky n eg at|vn |' n é bOJ g.lobular protein (MW 50,000)
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Hyaluronan / hyaluronova kyselina / hyaluronat

» jednoduchy glykosaminoglykan, az 25 000 jednotek disacharidu

» v ruzném mnozstvi ve vSech tkanich a tekutinach dospélych
jedincu

» abundantni u Casnych embryi

» neni typicky GAG - neobsahuje sulfatované cukry ani neni
kovalentné vazan ke kmenovym proteinum, neni syntetizovan
uvnitr bunék, ale spreden a uvolnen pfimo z bunecného povrchu

» zodpovédny za odolnost vuci kompresi
» vyplnuje mezibunécCny prostor

» dulezity pro vyvoj srdce (oddéleni komor), v kloubni tekutiné a pfi
hojeni ran CH,0H

» degradace hyaluronidazou

(o)

N-acetylglucosamine
CH,OH coo
o
0 __\OH

NHCOCH,

(o]
0 NHCOCH, OH
OH glucuronic acid

L ]
repeating disaccharide




Proteoglykany

» glykosaminoglykany kovalentné
vazané s proteiny

» polypeptidovy fetézec, kmenovy
protein — lumen ER,
polysacharidovy fetézec je
sestaven s kmenovym proteinem
v GA pred jeho exocytdézou

» variabilita ve velikosti

» aggrecan, 3x10*6 Da, 100 GAGs
fetézcu

» decorin, 1 GAG retézec

» agregace s dalSimi GAGs a
proteoglykany a asociace se
slozkami matrix (kolagen) —
tvorba zasitovani — komplexni
sestava

» ne vSechny jsou sekretovany

» syndecan — lokalizovan na povrchu
bunék, intracelularni doména
interaguje s cytoskeletem

(MW ~40,000)

N

Figure 19-36 Molecular
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Kolageny

hlavni rodina vlaknitych proteinu

mezibunécné hmoty

» velké mnozstvi v pojivovych tkanich, méneé
v ostatnich (kuze, kosti — 25% celkoveé

proteinové hmoty)

» dlouhé, pevné trojvlakno a fetézcl
kolagenu — vlaknity superhelix

» bohaté na prolin a glycin — dulezité pro
tvorbu trojvlakné struktury

» Clovék — 42 genu pro kolageny, 40 typu
vlaken

» Typ | — nejCastejSi kolagenova vilakna, 10 -
300 nm, stovky um dlouha

» Typ IX, XII — kolageny asociované s
fibrilami

» Typ IV — kolageny formujici sit




Kolageny

Some Types of Collagen and Their Properties

Fibril-forming
(fbrillar)

Fibril-associated

Network-
forming

Transmembrane

Proteoglycan
core protein

Type
1

Vil
XVil
XVIi

Polymerized form

Fibril

Fibril

Fibril

Fibril (with type )

Fibril (with type Il)

Lateral association
with type Il fibrils

Sheetlike network

Anchoring fibrils
Nonfibrillar
Nonfibrillar

Tissue distribution

Bone, skin, tendons, ligaments,
cornea, internal organs (accounts for

90% of body collagen)

Cartilage, intervertebral disc,
notochord, vitreous humor of the eye

Skin, blood vessels, internal organs

As for type |

As for typelll

Cartilage

Basal lamina

Beneath stratified squamous epithelia
Hemidesmosomes

Basal lamina

Mutant phenotype

Severe bone defects, fractures
(osteogenesis imperfecta)

Cartilage deficiency, dwarfism
(chondrodysplasia)

Fragile skin, loose joints, blood
vessels prone to rupture
(Ehlers—Danlos syndrome)

Fragile skin, loose joints, blood
vessels prone to rupture

Myopia, blindness

Osteoarthritis

Kidney disease
(glomerulonephritis), deafness

Skin blistering
Skin blistering

Myopia, detached retina,
hydrocephalus

Note that types |, 1V, V, IX, and XI are each composed of two or three types of a chains (distinct, nonoverlapping sets in each

case), whereas types Il 111, VII, XVII, and XVIII are composed of only one type of a chain each.

Table 19-2 Molecular Biology of the Cell 6e (© Garland Science 2015)



Kolagenova vilakna

» odolnost vuci tahu

® ruzny zpusob organizace v ruznych tkanich
» regulace deposice kolagenu bunkami
» asociace s dalsimi makromolekulami

» typ IX, XlI — flexibilni molekuly interagujici s fibrilarnimi
typy

I
100 nm

<)
type IX collagen
molecule

fibril of
A) type ll collagen

Figure 19-42 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Elasticka vliakna

Elastin, vysoce hydrofébni
protein, podobné jako
kolagen bohaty na prolin a
glycin, neni glykosylovan

» tropoelastin — solubilni
prekurzor, po sekreci do
extracelularnino prostoru je
sestaven do elastickych
vlaken v blizkosti membran,

,Cross-link” vede ke vzniku O TE—
vlaken a vrstev a—
» dominantni ECM protein v L QP,@@
cévach (50% hmoty aorty) %’E}«%\@:
> pokryt mikrofibrilami — N
fibrilin, vytvareji oporu \ e

single elastin molecule

» Mutace fibrilinu — Marfantv
syndrom (1/10 000)
» dlouhé tenké koncetiny a
prsty, dislokace o¢ni ocky,
vydut aorty

cross-lin|

Figare 19-45 Molecukar Biology of the ol 6 (€ Galand Scence 2015)




Organizace mezibunécné hmoty

» glykoproteiny s
mnohonasobnymi doménami
pro vazbu makromolekul ECM
» tenascin
» trombospondin

» fibronectin

» dimer dlouhych podjednotek
spojenych disulfidovym mustkem
na C-konci

» 1 gen, 50 exond, mnoho
isoforem

» mutant — letalni fenotyp,
endotelidlni buriky neformuji
cévy

»  Type Il fibronectin repeat, 90 aa,
15x na kazdé podjednotce

» RDG sekvence (Arg-Gly-Asp) —
integriny vazajici doména
» obsazena v fadé dalSich proteinu

— ECM, regulatory krevni
srazlivosti (disintegrin v jedech
nékterych hadl)

»  fibronektinova vlakna
» na povrchu bunék po vazbé na

integriny, propojeni s
cytoskeletem

fibronectin

nAHINN-000-0:04 HHIH0 L IR

 S—
integrin  heparin fibrin

Y

fibrin collagen
CYR61
N

tenascin

= HNIRIIE--09.0:0:0:0:0-0-0-0-0 @ X

thrombospondin

N—@—Z - HIRIMIIII- - =

KEY TO REPEAT DOMAINS

grN1 frN2 (PN | EGF @ TSPN § TSP1 | TsP3 1sp_c | 1crep

XVWC ' C-term cys knot . FBG . + - alternatively spliced exons
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Bazalni lamina

40 — 120 nm silna vrstva komponent
extracelularni matrix

» podporuje vrstvu epitelialnich bunek, epithelil cels
obklopuje svalove, tukoveé nervové bunky

» oddéluje tyto bunky od pojivovych tkani
» hlavni slozkou je kolagen typ IV a laminin

Figure 19-51 Molecular Biology of the Cell 6e (© Garland Science 2015)

 MUSCLE EPITHELIUM 'KIDNEY GLOMERULUS
basal lamina KOnNCHILIsEON LUMEN OR
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= (T e
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Bazalni lamina

»  Laminin
» primarni organizator struktury BL
»  tfi polypeptidové fetézce - a, B,y
» kolagen typ IV
» Interaguje s dalSimi komponentami BL — flexibilni sit’ podobna plsti

» BL ma rdzné funkce
» molekularni filtr — ledviny
» selektivni bariéra - oddéluje pojivo od epitelu
» neuromuskularni spoje — oddéluje svalové bunky od nervovych, hraje kliCovou roli v
regeneraci spojeni po zranéni

()

self-
assembly
— B chain integrins
. coiled-coil domain
a chain

H,N

dystroglycan S % 8 R idogen

nidogen N perlecan
i ‘ laminin

lntegrlns v dhiain perlecan gr;? Hﬂw
20 Gn‘m/n' ‘\nl‘dogen & V. type IV collagen

nm — dog
NHZ \ laminin / plasma membrane 5,,9;,.,,
self-
assembly Ui
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Degradace mezibunecné hmoty

» dulezita pro obnovu a remodelaci, regeneraci tkani
» pro individualni bunky je zasadni pro uspesné deleni
a migraci

> proteazy
®» matrix metaloproteazy (~ 50)
» Zavislé na Ca2+ a Zn2+
» Serinove proteazy
» degraduji kolagen, lamin, fibronektin

» prisné regulovany proces — aktivace degradace na
spravnem miste a ve spravny okamzik



Souhrn — mezibunecna hmota

» bunky jsou obklopeny mezibunecnou hmotou, ktera
aktivne ovliviuje jejich prezivani, vyvoj, tvar, orientaci,
migraci

» matrice je tvofena vlakny ruznych typu proteinu,
nejCastéji glykosaminoglykany kovalentne vazanymi
na proteiny — proteoglykany

» vlaknita forma kolagenu poskytuje odolnost a pevnost

» elasticita — elastin vytvari zesitovanou strukturu

® bazalni lamina — specializovana struktura oddeélujici
epitel od pojivové tkane, obepinajici svaloveé bunky,
molekularni filtr v ledvinach



Spojeni bunka - matrix

» receptory pro matrix — kliCoveé pro propojeni ECM vne
bunky s cytoskeletem uvnitr

» nemaji jen mechanickou funkci — zprostredkovavaji
odpoved bunek na slozky ECM

» fada molekul slouzi jako receptory Ci koreceptory
ECM

. D Ll



Integriny

¥ x x t lul tri tei

» tvpreny d.v.ema nekoyalentne B "
vazanymi jednotkami - a a 3 -

» obé maji kratkou C-terminalni ,
intracelularni doménu a dlouhou o subunit —gp
extracelularni N-terminalni doménu integrin [ Biobunit

\ of active

» extracelularni ¢ast se vaze na ® integrin
specificky motiv aa extracelularnich |
proteind, nejznamé&;jsi - RGD crrosot '

v v o = . o v ’ 9 i ap )
» u Clovéka — 24 typu integrinu, kazdy 9.{330 tal-Q
ma specifické vlastnosti A8 O 9%
. . 9% vinculin ~g
» 8 genu pro B podjednotku ,,g,g& ,’3‘!’2 9”.'
» 18 genu pro a podjednotku 1.233!’ ,'3,389 .‘,:33"
» vazba je zavisla na koncentraci Ca?* a - 93.!". ,3,33\ actin filament
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» vSechny varianty intracelularné vazou
aktinova filamenta
» adaptorovy protein — talin
»  kindlin, vinkulin



Hemidesmozom

» spojeni specifickych typu integrinu s laminy v bazalni

laminé

epithelial —
cell
keratin filaments —_ keratin
hemidesmosome

basal lamina ™ BP230
\ plectin

=t

integrin
(agB4g)
collagen XVII

(R)

—— laminin

collagen

e

(B)
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Stavy asociované s mutaci integrint

Some Types of Integrins

Integrin Ligand*

af, Fibronectin

o, Laminin

a.B, Laminin

a B, (LFA1) Ig superfamily
counterreceptors
(ICAM1)

a,B, Fibrinogen

aB, Laminin

*Not all ligands are listed.

Distribution

Ubiquitous

Ubiquitous

Muscle

White blood cells

Platelets

Hemidesmosomes
in epithelia

Table 19-3 Molecular Biology of the Cell 6e (© Garland Science 2015)

Phenotype when a subunit is
mutated

Death of embryo; defects in
blood vessels, somites, neural
crest

Severe skin blistering; defects
in other epithelia also

Muscular dystrophy; defective
myotendinous junctions

Impaired recruitment of
leucocytes

Bleeding; no platelet
aggregation (Glanzmann’s
disease)

Severe skin blistering; defects
in other epithelia also

Phenotype when (3 subunit is
mutated

Early death of embryo
(at implantation)

Early death of embryo
(at implantation)

Early death of embryo
(at implantation)

Leucocyte adhesion deficiency
(LAD); impaired inflammatory
responses; recurrent life-
threatening infections

Bleeding; no platelet
aggregation (Glanzmann’s
disease); mild osteopetrosis

Severe skin blistering; defects
in other epithelia also



Aktivni a inaktivni konformace integrinu

» pro migrujici bunky je dulezité umét rychle pferusovat
a obnovovat vazbu k ECM

» receptory pro ECM - integriny maji vlastnost
umoznujici prepinat mezi stavy kdy jsou schopny
adheze a kdy ne — aktivni vs. inaktivni

strong
ligand binding
\\\\ I l///

INACTIVE ACTIVE
INTEGRIN A INTEGRIN
/ 5nm Zn

a strong

B adaptor-protein
binding




Aktivace integrint

» regulovana fadou zpusobu
» outside-in ~ vazba na extracelularni proteiny mize indukovat zménu z
nizkoafinitni konformace (inaktivni) na vysokoafinitini (aktivni)

» vystaveni vazebného mista pro talin a dal$i adaptorové proteiny na  podjednotce —
vazba na aktinova vlakna

» inside-out ~ intracelularni signaly stimuluji schopnost talinu interagovat s 8
podjednotkou. Talin soupefi s a podjednotkou o vazbu s B, blokuje intracelularni
o-f interakci

» pfiklad krevnich destic¢ek: extracelularni signal — trombin, prostfednictvim GPCR aktivuje
intracelularni signalizaci vedouci k aktivaci integrinu

inactive
integrin
active

thrombin 2 g
integrin

CYTOSOL

thrombin
receptor

«

S
Q active talin y 83’3.
FU

. A " actin filament
inactive talin
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Integriny

» Formovani integrinovych cluster
» Po aktivaci se integriny shlukuji do vétsich

komplexu
» Formovani zavisi na radé signalnich
proteind
» Integrin-linked kinase — ILK
» Pinch
»  Parvin SR Towm
»  Actin vazajici proteiny — vinculin, zyxin, VASP,
Ot-a.C'[I n | n TALIN vinculin-binding sites—
» Focal adhesion kinase - FAK L O B e B B BT
» rast a preziti fady bunécénych typu zavisi indng V103 ning
na adhezi k substratu — anchorage - ..
tag attaches N-terminus  C-terminus attac ed
d e pe n d e n Ce /Nto glass slide to magnletlc bead
- Ve . . o V2 < force
» fokalni adheze vede k aktivaci Ras/MAP /4 //"’ g’q'
klnaTzove S|gnallzac.e {5 t}(?;,/
:> Spojenl bunka matrlx OdeVIda na lfolt'le«'ltalinhelil:es1(o‘lZI
H r4 ~ ‘\ as talin unfolds, helix 12 is
meChanICke pOdnety .‘d—/ ‘—_/‘t n{“ exposedandc'andbindtovinculin
ST W ek
A\
vinculin

(B)
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Shrnuti — spojeni bunka-matrix

> integriny jsou kliCové povrchové receptory pro vazbu
bunék k mezibunecné hmote — propojeni bunecného
cytoskeletu s vnejsi matrix

» vétSina integrinu vaze aktinova vlakna, v pfipadé
hemidesmosomu se jedna o intermediarni filamenta

» Integriny jsou heterodimery vazajici extracelularni
ligand a intracelularneé adaptorovy protein (napf. talin)
— konformacni zmény mezi aktivni a neaktivni formou
receptoru

» vazba integrinu je kliCova pro preziti bunék, urceni
polarity a fizeni migrace, muze slouzit i jako
mechanosensor



