Bunecna migrace a bunécna polarita v
embryonalnim vyvoji
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Vznik asymetrie — C. elegans

Model: Prvni bunécna déleni na modelu hadatka (Caenorhabditis elegans)

Asymmetric divisions segregating P granules into the founder cell of the C. elegans germ line.

The micrographs in the upper row show the pattern of cell divisions, with cell nuclei stained blue with a DNA-
specific fluorescent dye; below are the same cells stained with an antibody against P granules. These small
granules (0.5—-1 pym in diameter) are distributed randomly throughout the cytoplasm in the unfertilized egg (not
shown). After fertilization, at each cell division up to the 16-cell stage, both they and the intracellular machinery
that localizes them asymmetrically are segregated into a single daughter cell. (Courtesy of Susan Strome.)




Segregace P granul a vznik asymetrie




/RNA
complexes

Princip fazoveé separace

MEG/PGL/RNA
condensates

-
Ve s

RNA competition model for P granule asymmetry in the 1-cell embryo:
RNA-induced phase separation of P granule proteins is suppressed in the anterior cytoplasm by MEX-5,
an RNA-binding protein that prevents P granule proteins from accessing RNA




| symetrické deleni vede ke vzniku asymetrickych
dcerinych bunék (role Notch)
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Notch a vznik asymetrie

legenda k obrazku:

Asymmetric localization of polarity mediators and cell fate determinants in the early
embryo. P granules: black discs; cytoplasmic POS-1, MEX-1, and cytoplasmic and nuclear PIE-1:
blue; nuclear PAL-1: hatched; MEX-5 and MEX-3: peach; plasma membrane localized GLP-1:
black; membrane localized APX-1: green; membrane localized MES-1: red. Although shown
discreetly localized for simplicity, the cytoplasmic proteins are present at low levels in the opposite
domain before division, and in the sister cell after division. In addition, MEX-5, MEX-3, MEX-1,
POS-1 and PIE-1 are also present on P granules. (A) MEX-5, MEX -3, MEX-1, PIE-1, POS-1 and P
granules are uniformly present in the cytoplasm just after fertilization, but become asymmetrically
localized during the one-cell stage. (B) The anterior and posterior determinants are differentially
segregated to AB and P1 as a result of the first asymmetric division. GLP-1 protein first appears in
AB at the two-cell stage, and PIE-1 protein enters the nucleus in addition to being cytoplasmic. As
the cell cycle proceeds (not shown), posterior determinants become restricted to the posterior half
of P1, while MEX-5 appears in the anterior half of P1. (C) In the four-cell embryo, GLP-1 is
expressed on membranes of both AB cells, but only ABp is in contact with the P2 cell expressing
APX-1. MES-1 is enriched at the cell contact between P2 and EMS; MES-1/SRC-1 signaling in
conjunction with Wnt signaling polarizes the EMS cell, such that it will divide asymmetrically. As the
cell cycle proceeds, posterior determinants within P2 become asymmetrically localized as in
previous P cells. MEX-5 disappears from the AB cells, but is still present in the anterior daughters
of each P division.




Embryondini vyvoj Drosophila melanogaster
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Maternalni geny

»  Transkripce ve vajecniku, translace az po
fertilizaci

a) Urcujici anterior-posterior polaritu: napr.
nanos, bicoid, oskar, gurken

b) Urcujici dorso-ventrdlni polaritu: dorsal, toll



Maternalni geny
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Duvody lokalizace mRNA

lokalizace mRNA zabranuje nezadouci expresi
jinde nez v misté potreby
»  pF. cytoplazmatické determinanty v embryu D.

melanogaster - oskar, nanos; zména lokalizace vede k
vyvojovym abnormalitdm

2. rychlejsi reakce na lokdlni pozadavek proteinu

»  dulezité predevsim u velkych, polarizovanych bunék
(napr. neurony)



Mechanismy lokalizace mRNA

1) mistné specifickd syntéza (vzacnd)
» gurken mRNA u Drosophily melanogaster

| 2) lokdlni ochrana pred degradaci
| » degradace nesprdvné lokalizovanych transkripti
» vyzaduje dva odlisné cis-elementy v 3 UTR oblasti
(degradacni a protekéni)
» evolu¢né konzervované

| 3) diftze a ukotveni

» pasivni difldze cytoplazmou az do zachyceni vazeb.
proteinem

» nanos, cyklin B, gc/ - posterior oocytu Drosophila

4) aktivni transport

% Fizeny cytoplazmaticky transport za (casti cytoskeletu
(myosiny, dyneiny, kinesiny + organely a dalsi struktury)



Sekvencni elementy zajist'ujici lokalizaci mMRNA

Pr. bicord mRNA
- 3600 nukleotidl

bicoid mRNA (3" UTR)

EEEE Early localization (BLE1)
B Corly and late localization
B RNA anchoring




Tvorba mRNA télisek (fazova separace)

» 30 mRNA molekul
% shluknuti do transportnich ¢astic

> oskar mRNA - putuje na jinych oskar mRNA
molekuldch

> bicoid mRNA - tvorba dimerl




Regulace translace

» mMRNA neni translatovana dokud se nedostane
do svého cilového mista

» Proteiny interagujici s 5 -UTR:
» stabilizatory mRNA a inhibitory ftranslace
» zesilovace translace (enhancery)

» Proteiny interagujici s 3 -UTR:
» stabilita a lokalizace mRNA
» vyznam polyadenylace mRNA -> vyssi stabilita mRNA




Nekanonicka Wnt draha
| (draha planarni bunécnée polarity — PCP)

« ustaveni proximo-distalni polarity v epitelu

Wt-ra

* konvergentni extenze dorsa

FGF-4
distal
antenior - = pOsienor shh
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ventral

« regulace morfogeneze



SnapShot: Noncanonical Wnt Signaling Pathways
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Planarni bunéecna polarita v kridle octomilky

A1 PCP signaling in Drosophila wing

Apical

™ Proximal | Distal

Basal

Distalni: Dsh — Dishevelled (DVL) Fz — Frizzled (FZD)
Proximalni: Stom (Strabismus) — VANGL Pk — Prickle
Stabilizujici: Fmi (Flamingo) - CELSR




Drosophila — planarni bunécna polarita
(planar cell polarity, PCP)

Planar cell polarity




Molekularni mechanismus ustaveni PCP

Ecx 1| Molecular interactions between the Fz/PCP core factors
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Seifert and Mlodzik, Nature Reviews in Genetics, 2007



Molekularni mechanismus ustaveni PCP

Anterior Posterior

e FZ D5H DGED e STEM/YVAMNG, PK

Irrer

Seifert and Mlodzik, Nature Reviews in Genetics, 2007



Molekularni mechanismus ustaveni PCP

- legenda k obrazku:

Figure 2 | Subcellular distribution of core Fz/PCF factors in Drosophila
melanogaster and vertebrates. a—c | Examples of cellswith epithelial character
imarked by grey shading). Drosophila melanogaster wing cells and eye R3 and R4

cells and mouse sensory hair cells inthe cochlea (inner earjare shown ina, b and ¢,
respectively. d.e | Examples of dividing cells. The spindle arientation in the

DL melanogaster sensory organ precursor i 30F) cells depends on the asymmetric
distribution of the Frizzled (Fz)/planar cell polarity (PCP) factors (as shownin d). as
does the arientationof neuroectodermal cells in zebrafish (as shown in e; note that
during mitosis the asymmetric distribution of PK is lost and then re-established).
Depending onthe tissue, only a subset of the respective proteins has been analysed
ithe D. melanogaster wing is the only tissue inwhich all proteins were analysed; all but
D5H have been analysed in the eye). These illustrations represent the localizations
patterns of FCF proteins at the proposed time of signalling. Inthe wing, asymmetry of
Flamingo (FMIyhas been reported earlier, but the relevance of this is unknown®. Mote
that in the mouse inner ear (as shownin ¢ vang-like 2 (VANGLZ2)and FZ3/F26 localize
to the same side of the cells; it is not known whether other Fz family members localize
with the D5H homologues DVL1 and DVL2 to the opposite side. During zebrafish
gastrulation (as shown in e) Prickle (Pk), which is represented by green circles, is
cytoplasmic during cell division but regains polarity after separation of the daughter
cell. Only PK has been analysed inthis context, but its localization depends on the
presence of Strabismus (STEM).

Seifert and Mlodzik, Nature Reviews in Genetics, 2007



PCP v epitelu u savcu: vnitrni ucho

Orientace stereocilii vlaskovych bunék ve
® vhnitinim uchu

Qian et al., 2007, Dev. Biol.




Poruchy v nekanonicke signalni draze Wnt
u savcu

www. KLUBMORCAT com




Poruchy v nekanonicke signalni draze Wnt
u savcu
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Wnt/PCP draha a konvergentni extenze

uninjected

Ortology ,klicovych® genu zapojenych do PCP signalizace
vykazuji u obratlovct typické fenotypy souvisejici s
prodluzovanim télni osy



Konvergentni extenze (CE) - video




Konvergentni extenze (CE) - video

100 min future dorsal side future dorsal side

animal view vegetal view




Konvergentni extenze (CE) - video

230 min

speed (Um/min)

dorsal view lateral view




Konvergentni extenze - video

100 min




PCP draha pri konvergentni extenzi

A2 PCP signaling in convergent extension movement
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Medial | Lateral
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Bunécny princip konvergentni extenze
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Konvergentni extenze — migrace bunék smérem ke stredu
téla — vede k prodluzovani télni osy




Moznosti studia CE - Kellerovy explantaty (Xenopus)




Moznosti studia CE - Kellerovy explantaty (Xenopus)

control XLRP5 MO XLRP5 MO
+ mLrp5




Zmeny tvaru buneéek pri CE
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Dusledky narusené konvergentni extenze (CE)
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Hamblet et al., 2002, Development



Wnt/PCP draha pri morfogenezi

Signaling Noncanonical Signaling
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Wnt5a knockout embryo

Wﬂfﬁam Wn IE.E-.-'*“ir 2

+/+ -/-

- defekty v morfogenezi struktur
vystupujicich z téla (outgrowth)
jako jsou koncCetiny, ocas,

hlavove struktury nebo genitalie

E 18.5

Yamaguchi et al., 1999



Wnt/PCP ovliviuje morfogenezi diky kontrole
bunécné orientace a asymetrického deleni

Control CT-based 3D reconstruction of E15.5 Wnt5a—/-
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Mutace v ROR2 (a také WNTS5A a DVL3) zpusobuiji
Robinowlyv syndrom

Robinowdv syndrom - soubor pfiznakd autozomalné& dominantné dédi¢né
dyschondroplazie. Trpasli¢i vzrlst je disproporciondlni, pfitomna je
brachymelie, vystouplé Celo s hypertelorismem, hypoplazie dolni Celisti s
cetnymi anomaliemi zubd, hypoplazie skrota a penisu, kryptorchismus.
Plodnost a dusevni vyvoj je v normé

Provided by S. Stricker



Podobna mutace v DVL2 jako je pozorovana u pacientu s RS
podminuje specificky fenotyp buldoki a buldocku




Anmnual Review of Genetics

Mechanisms of Neural Crest
Migration

Andrds Szabé and Roberto Mayor

Department of Cell and Developmental Biology, University College London, London WC1E
6BT, United Kingdom; email: r.mayor@ucl.ac.uk




Prehled hlavnich migrac¢nich proudu NC —
predozadni pohled

b Connective Cartilage Neurons Connective Meurons Adrenal Melanocytes Schwann Meurons
tissue and bone and glia tissue and glia medulla cells cells and glia
ﬁ n =
C Skull Facial Heart outflow Enteric Adrenal Dorsal root
bones structures tract nervous system medulla ganglia
Figure 1

Neural crest migration and contribution to a variety of tissues and organs. (#) Time of delamination varies according to position, with
simultaneous delamination into thick streams in cranial regions and progressive delamination into thin streams in the trunk along the
anterior—posterior axis. () Examples of neural crest derivatives from the cephalic ( green), vagal (blre), and cunk (brown) regions.

(¢) Examples of neural crest contribution to organs from the three regions.



Dorsolateralni a ventromedialni migrace NC a
hlavni molekularni regulatory

Figure 3

Paths of NC migration are shaped by external positive and negative signals. (#) Characteristic NC paths in the cephalic and munk
regions. Arrows indicate the cephalic, ventromedial trunk, and dorsolateral trunk migratory paths corresponding, respectively, to panels
b—d. (b—d) Main external signals inhibiting (red), promoting ( yellow), or allowing (hfue) NC migration along the (F) cephalic,

(¢) ventromedial trunk, and (d) dorsolateral trunk streams. Abbreviations: EDNRB, endothelin receptor B; FGF, fibroblast growth
factor; NC, neural crest; Nrpl/2, neuropilins | and 2; PDGF, platelet-derived growth factor; Sdfl, stromal cell-derived factor 1; Sema,
semaphorin; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor.




Zakladni principy kontrolujici migraci (nejen)
bunék neuralni listy

a Confinement effect == E-cadherin d self-generated € Contact-dependent
: L Connexin gradient of VEGF chemotaxis toward
Racl Sdf1
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Figure 4

Control of collective neural crest (NC) migration. (#) Confinement enhances the persistence of migrating NC. (#) Conwmct inhibiton of locomoton (CIL) polarizes
colliding cells. () Coattraction, or chemotaxis toward a self-secreted chemokine, helps maintain collectiveness. (d) The self-generated chemoattractant gradient of
vascular endothelial growth factor (VEGF) requires a differentiation of leaders and followers. (¢) Contact-dependent chemotaxis toward stromal cell-derived factor 1
(Sdf1). (f) The chase-and-run mechanism between NC cells and placodes directs NC migration and coordinates the migration between NC and placodes. Across the

panels, colors differentiate the Racl (blue) and RhoA (red) activity of NC cells ( green) and placodal cells (magenta).
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Zakladni principy kontrolujici migraci (nejen)
bunék neuralni listy

== E-cadherin d self-generated € Contact-dependent
Connexin gradient of VEGF chemotaxis toward
Racl Sdf1

RhoA ‘

a Confinement effect
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Racl Inhibitory molecules (Versican,
RhoA F-spondin, semaphorin, ephrin, endothelin)
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Figure 4

Control of collective neural crest (NC) migration. (#) Confinement enhances the persistence of migrating NC. (#) Conwmct inhibiton of locomoton (CIL) polarizes
colliding cells. () Coattraction, or chemotaxis toward a self-secreted chemokine, helps maintain collectiveness. (d) The self-generated chemoattractant gradient of
vascular endothelial growth factor (VEGF) requires a differentiation of leaders and followers. (¢) Contact-dependent chemotaxis toward stromal cell-derived factor 1
(Sdf1). (f) The chase-and-run mechanism between NC cells and placodes directs NC migration and coordinates the migration between NC and placodes. Across the

panels, colors differentiate the Racl (blue) and RhoA (red) activity of NC cells ( green) and placodal cells (magenta).




Omezeni trasy (confinement)

Kolektivni migrace bunék je regulovana prostorovym
omezenim (napr. diky molekulam extracelularni matrix jako
je proteoglykan versican), které pusobi jako fyzikalné-
chemicka bariéra a podporuje vznik organizované migrace
v oddélenych proudech.

a Confinement effect

&2& S

Rac Inhibitory molecules (Versican,
RhoA F-spondin, semaphorin, ephrin, endothelin)




Kontaktni inhibice lokomoce
Contact inhibition of locomotion

Kontaktni inhibice lokomoce (CIL) je proces,
pri kterem se bunky, které prichazeji do
vzajemného fyzického kontaktu, zastavi
migraci v puvodnim sméru. Po kontaktu
reaguji repolarizaci a migraci v opacném
smeru.

Rac1
RhoA
I N-cadherin
p120
~ a-catenin
uFz7
* Wnt11
¥ Syndecan4
= Dishevelled
B Strabismus
- Traction
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Autokrinni chemotaxe (co-attraction)

Autokrinni chemotaxe (co-attraction) mezi hromadné
migrujicimi bunkami je proces, pri kterem bunky stejného
typu vyluCuji chemoatraktant (napf. soucast komplementu
C3a v bunkach neuralni liSty), ktery stimuluje dalSi bunky ve
skupine, které maji receptory na tento chemoatraktant.
Bunky reaguji na stimulaci pohybem k sobe navzajem a
udrzuji tak vysokou hustotu bunek.

€ Autocrine chemotaxis (coattraction)




Kolektivni chemotaxe

€ Contact-dependent
chemotaxis toward
Sdf1

Kolektivni chemotaxe je proces,
pri kterém jsou bunky schopny
ucinnejSi chemotaxe v pfipade,
Ze jsou ve skupiné/spoleném
kontaktu. Typicky pfiklad u bunék
NC je chemotaxe smérem k
CXCL12 (SDF1)




Axon guidance

Navadéni axont (axon guidance) — proces(y), kterym je vznikajici axon
navadén k cilovym neuronim, se kterymi pak navazuje synapticka
spojeni




Navadéni axonu — rustovy konus

AXON GUIDANCE

The acon navigates by zensing attractive and repulsive
gignals that influesnce the leading edge of the axon, calad
the growth cone. The growth cone consists of a sanes of
finger-ike projections called filopodia. Projections that
primarily receive repulsive signals shink and collapse.
Thosa that recaive attractive signaks continue to axpand,
uitinnately adopting the mole of an axon and foming thair
own growth cones.

Within a growth cona, the signals tigger responses that
can include:

& destruchon of exshng protains
# franslation of messangar AMNAS into now protains

* mambrane cycling, which changes the set of proteing
prasent on the growth cona's surface.
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Molekuly regulujici axon guidance

» Slit/Robo
» ephriny
» semaphoriny

» klasické morfogeny (Wnt,
BMPs, FGFs...)



Eph/ephrin komplex

ephrin — jsou membranoveé
vazané ligandy (podobné jako
ligandy Notch drahy)

ephriny A — na membrané
upevnény pomoci tzv. GPI
kotvy

ephriny B — transmembranové
ligandy, které samy jsou
schopny signalovat do bunky
Eph/ephrin systém je zapojen
zejmeéna do ,navigace” bunék
(napf. bunék cév) Ci jejich Casti
(napf. navadéni axonu v
nervove soustave), a do
,contact-mediated cell sorting"
ve vyvijejicim se embryu. Jde o
obecny mechanismus regulujici
migraci bunék.

Artery

PDZ binding motif

=lobular domain
Ephrin B2

Cysteine rich regio

Fibronedin-type lll repreats

membrane region

Juctamembran e reos

EphE4

Kinase comain

=AM domain
PDZ binding motif

Schematic representation of EphB4 and Ephnn B2 structures




Eph/ephrin komplex

Supporting Information Movie 2. Ephrin-B2
induces extremely rapid growth cone collapse
and axon retraction in VT RGCs. Movie
depicts VT growth cones treated with ephrin-
B2. Frames were captured at 30-second
intervals for 45 minutes, replayed at 15 frames
per second. 0.5 ug/ml pre-clustered ephrin-B2
was added after 15 minutes (2 second interval
in movie).

Supporting Information Movie 4. Inhibiting Rho
kinase strongly diminishes axon retraction but
does not affect growth cone collapse. Movie
depicts VT growth cones pre-treated the Rho
kinase inhibitor Y-27632 for 1 hour, followed
by treatment with ephrin-B2. Frames were
captured at 30-second intervals for 45
minutes, replayed at 15 frames per second.
0.5 pg/ml pre-clustered ephrin-B2 was added
after 15 minutes (2 second interval in movie).

videa z Petros et al., Dev. Neurobiol. 2010




Molekuly regulujici axon guidance

» Slit/Robo Semaphorin/plexin systém

> ephriny - semaphorin (Sema4D) je

N hori membranoveé vazany ligand,
Semapnoriny ktery se vaze na svj receptor

» klasickeé (plexin nebo neuropilin, Nrp1)
morfogeny - aktivace vede k aktivaci
(Wnt, BMPs, malych GTPaz (napf. RhoA),
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Moznosti studia migrace — attractant/repelent assays
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Syntéza a pripomenuti

VSechny procesy diskutované v dnesni prednasce maji spoleéného
jmenovatele na bunééné urovni: Dynamické procesy na urovni
cytoskeletu — pojd'me si to pripomenout.

Slidy z Biologie zivo¢iSné bunky



Pohyb bunky po substratu

actin cortex substratum
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Figure 16-75 Molecular Biology of the Cell 6e (© Garland Science 2015)



Pohyb bunky po substratu

actin staining actin staining

fimbrin

non-muscle
Arp2(3 Myosin Il
filamin a-actinin

Lamelipodia Stresova vlakna

Figure 16-84 Molecular Biology of the Cell 6e (© Garland Science 2015)



Aktinova sit v lamelipodiu — klicova role Arp2/3

net filament
assembly at
leading edge

capping ¢ e
protein ¢ & * -

diffusion
\ ¢ )ofactin
288085 monomers

4 net filament
disassembly behind

leading edge

Figure 16-80 Molecular Biology of the Cell 6e (© Garland Science 2015)
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Malé GTPazy z Rho rodiny jsou klicové regulatory cytoskeletu

GTPase Activating Proteins
GAPs
P;
“active” GTP GDP ‘inactive”
GDP GTP
GTP Exchange Factors
GEFs
(Dbl-homology proteins)
Figure 16-84 Molecular Biology of the Cell 6e (© Garland Science 2015)




Malé GTPazy z Rho rodiny jsou klicové regulatory cytoskeletu

actin staining actin staining

(A) QUIESCENT CELLS

(C) Rac ACTIVATION (D) RhoACTIVATION L |
20 pm

Figure 16-84 Molecular Biology of the Cell 6e (© Garland Science 2015)




Malé GTPazy z Rho rodiny jsou klicové regulatory cytoskeletu
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Arp 2/3 filamin (decreased)
(branching (web myosin
nucleator) cross-linker) activity
branched actin web less stress
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Figure 16-85a Molecular Biology of the Cell 6e (© Garland Science 2015)




Pohyb bunky po substratu
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Figure 16-85b Molecular Biology of the Cell 6e (© Garland Science 2015)



Pohyb bunky po substratu — primarni urceni polarity
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Figure 16-86b Molecular Biology of the Cell 6e (© Garland Science 2015)




Rac1-RhoA v migraci (nejen) bunék neuralni
listy

== E-cadherin d self-generated € Contact-dependent
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Connexin gradient of VEGF chemotaxis toward
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o
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Figure 4

Control of collective neural crest (NC) migration. (#) Confinement enhances the persistence of migrating NC. (#) Conwmct inhibiton of locomoton (CIL) polarizes
colliding cells. () Coattraction, or chemotaxis toward a self-secreted chemokine, helps maintain collectiveness. (d) The self-generated chemoattractant gradient of
vascular endothelial growth factor (VEGF) requires a differentiation of leaders and followers. (¢) Contact-dependent chemotaxis toward stromal cell-derived factor 1
(Sdf1). (f) The chase-and-run mechanism between NC cells and placodes directs NC migration and coordinates the migration between NC and placodes. Across the

panels, colors differentiate the Racl (blue) and RhoA (red) activity of NC cells ( green) and placodal cells (magenta).







