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Eukaryotic Cells

All cells are surrounded by a plasma membrane
made of phospholipids and proteins.

Eukaryotic cells have membrane bound intracellular
organelles.

The most prominent is the nucleus that controls the
workings of the cell.
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Eukaryotické bunky jsou charakteristické velkou morfologickou
variabilitou. Tvar bun ék je zavisly na komplexu siti proteinovych
filament, které se rozpinaji cytoplasmou. Tato $1filament se nazyva

. Protoze je cytoskelet zodpatdny za buréény pohyb,

mohl by se rovréz nazyvat cytomusculaturou.

ODLISNE AKTIVITY CYTOSKELETU JSOU ZAVISLE NA
TRECH TYPECH PROTEINOVYCH FILAMENT:




Table 7.2 The Structure and Function of the Cytoskeleton

Property

Structure

Dhameter

Protein subunits

Mamm [unclions

Microtubules

Hollow tubes; wall consists of
13 columns of tubulin molecules

25 nm with 15-nm lumen

lubulin, consisting of

ae-tubulin and G-tubulin

Maintenance of cell shape
{compression-resisting “girders™)

Cell motility (as in cilia or Jagella)
Chromosome movements in cell division

Organelle movements

{0 Tubuline dimer

‘-;f_: ?a‘ﬁiﬁ?

i

Microfilaments
(Actin Filaments)

Ty intertwined strands of actin

7 mim

Actin

Mamtenance of cell shape
(tension-bearing elements)

Changes in cefl shape
Muscle contraction
Cytoplasmic streaming

Cell motility {as in pauudupndi.:]

Cell division {cleavage furrow formation)

iU pm
—

Actin subunit

Copyright f Pearson Education, Ing., publishing as Ben@amin Cummings.

Intermediate Filaments

Fibrous proteins supercoiled into
thicker cables

B-12nm

UIne of several ditferent proteins of the
keratin !'.1513'5]'..'1 ;ln:pl:mli]lg on cell type
Maintenance of cell shape
{tension-bearing elements}

Anchorage of nucleus and certain other
organelles

Formation of nuclear lanuna

5 pm

e

Protein subunits
Flhmua quhumt:&

i pecEn Adapted from W, ML Becker, Lo T Kleinsmnith, and [ Hardin, The Werld of the Cell, 4th ed, {5an Francisoo, CA: Benjamin Commings, 20001, p. 753




Eukaryotické bunky jsou tvoieny biliony proteinovych molekul, které tvai
priblizné 60% bunééné masy. Existuje 10 tisic typ proteinu, které vykazuji
svoji specifickou funkeci.

1) AKTINOVA FILAMENTA _ (mikrofilamenta)

sou dvoustranneé helikalni polymery tvdaené proteinem aktinem. Jevi se jako
flexibilni  struktury s pr amérem 5-9mm. Jsou organizovany do
dvoudimenzionalnich siti. Jsou roztazeny po celé ke, ale nejvice jsou
roztazeny v kortexu, #€sné pod plasmatickou membranou.

2) MIKROTUBULY

sou tvareny tubulinem, ktery je uspd‘ddan do dutych cylindrai. Maji pr amér

25nm. Maji schopnost rychle se smtovat a natahovat. Jsou rigid@jSi nez
aktinova vlakna. Jedna ¢ast mikrotubuld se dotyka tzv. centra organizujiciho
mikrotubuly (MTOC), které se nazyva CENTROZOM. Centrozomy jsou
polarni struktury s + a — koncem, jsou schopné rychlét ristu. Nékolik stovek

mikrotubul @ vybih& z centrosomu tak ze mohou dosahovat mnoho mikna. +

konec mikrotubulid se tak dotyka kraje bungék.




occur in bundles or mesh-like networks.
Actin filaments play a structural role in intestinal

microvilli and also interact with motor molecules, such
as myosin.

actin filament

\ myosin
molecules

anchor head membrane




are small hollow cylinders made of the

globular protein
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Centrioles

are short
cylinders witha 9 + 0
pattern of microtubule
triplets.

Centrioles may be involved
IN microtubule formation
and disassembly during
cell division and in the
organization of cilia and
flagella.




Microtubule motors

There are two major groups of microtubule motors:
kinesins (most of these move toward the plus end of theianotubules) and
«dyneins (which move toward the minus end).
*The rapid transport of organelles, like vesicles and madchondria, along the axons of
neurons takes place along microtubules with their plus ensl pointed toward the end of the
axon. The motors are kinesins.
*CENTROSOMES located in the cytoplasm attached to theutside of the nucleus.
«Just before , the centrosome duplicates.
*The two centrosomes move apart until they are on oppositades of the nucleus.
*As mitosis proceeds, microtubules grow out from each cemdsome with their plus ends
growing toward the metaphase plate. These clusters of miatubules are called spindle
fibers.
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3) INTERMEDIALNI FILAMENTA

provazcovita vlidkna o priméru 10 nm, jsou tvarena intermedialnimi

proteiny. Jednim typem je jaderna lamina, Filéhajici k jaderné

membrané. Jiny typ téchto filament je natazeny zkrz cytoplasmu a tak
poskytuje buinkam mechanistické rozpinani, to umoiiuje

zprostiredkovani meziburéé¢nych komunikaci.

There are several types of intermediate filament, each catructed
from one or more proteins characteristic of it.

are found in epithelial cells and also form hair andails;
form a meshwork that stabilizes the inner membrane
of the nuclear envelope
strengthen the long axons of neurons;
provide mechanical strength to muscle (and other) cells.
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F-actin in bovine articular chondrocytes
(Actin forms microfilaments)




F-actin
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Structure of the Nucleus

. DNA and proteins

. Chromatin and ribosomal subunits

. Double membrane with pores

: Semifluid medium inside the nucleus.

: Protein structure
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Nuclear Matrix Breakdown

Disossamby of
Muclear Matriz

d FCh Exposure of
Degradafion o ramatin :
by Endogenous Endonucleases Chromatin




Laminy a dalSi proteiny jsou slozky jaderné membrag. Byl podan dikaz,
piritomnosti lamina i v nukleoplasmg. Proteiny typu lamini jsou
zodpowdny za jadernou architekturu, z divoda jejich kontaktu se
strukturami chromatinu. Tyto vzajemne vztahy se néni béhem bunéé¢ného
cyklu a diferenciace.

Zmény v expresi lamini (A, B1, B2) koreluji se znéna v bunééné

diferenciaci, s vyvojow-zavislymi zménami a se znénami v expresnich
profilech, které probihaji béhem zmirénych procedi.

Laminy jsou hlavni komponety i jaderné matrix, polymerizované laminy
tvori hlavni kostru bunééneho jadra. Mutace v laminech, a dalSich
proteinech jaderné matrix jako je emerin, nurim, zpasobuji dalsi
nestability chromatinu a fragilnost bunéénych jader. Specifické mutace
laminid A/C a emerini jsou zodpowdné za vznik Emery-Dreifuss svalové
dystrofie.




Laminy maji rovn &z schopnost se vazat na proteiny asociované s chronmam.
laminy jsou povazovany i za regulatory transkripcel LA a LC se vazou na pRb
protein (centrantralni regulator bun é¢neho cyklu, inhibuje geny dilezité pro
vstup do S-faze, tim ze aktivuje HDAC komplexy, kteg jsou zodpo¥dné za
inaktivitu struktur chromatinu), ktery se vaze na LAP 2 alfa. Vyblokovani LA

| LC inhibuje aktivitu pol [l a m éni formovani nékterych transkrip ¢nich faktor.

Z tohotofaktu je zirejme,
CYTOPLASH Ze proteiny jaderne
S el slupky ovliviuji strukturu
il

Muclear pore

MAN1  Emerin LAP2} =3

chromatinu.
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Laminy- intermedialni filamenta (IF), komunikuji s dalSimi IF, jsou souwasti
tzv. nuclear lamina a tudiz i matrix, jsou zodpo¥dné za organizaci chromatinu




Lamin B (green) and invagination of nucelar membrane




Laminy A/C se rovnéz tésné dotykaji
neterochromatickych struktur jako jsou telomery
a centromery, které jsouc¢asto umis€ny v tésné
nlizkosti jaderné periferie
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Nup153

. etal., 1999

MEF bunky izolované z LA/C knock out mysi — vhodny model ke sdiu lamini.
Ztrata LA/C neni pro bunky fatalni, ale RNAIi vyblokovany LB — apopt6za
(Vecerova J.). Ztrata LA/C neovliviiuje distribuci a morfologii ,nuclear specles
a ani formovani faktoria seskihu (Vecerrova et al., 2005). Z experimerit plyne,
ze dynamicky organizované proteiny nehistonové povgmsociované s
chromatinem vykazuji schopnost vlastni organizace, kra neni zavisla na
proteinech nukleoskeletalnich intermedialnich filamemntypu lamin .




Apoptotic lamin B cleavage

PARP (120 kDa)
Cleavage fragment (80 kDa)

Lamin B (65 kDa)

Cleavage fragment (45 kDa)




° U' 4
Laminy a apoptoza
e apoptdoza je charakterizovana zmensSenim jadra a
kondenzaci chromatinu (fragmentace na ,bodies")
 béhem apoptdzy jsou laminy &teny kaspazami v mist
kyseliny aspartove na centralni doraéaminu A (jedna z
nejvice konzervovanych oblasti v proteinech IF)
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Nuclear lamina and lamins

connection between cytoplasm and genome

mechanical stability for the NE and organizing of
chromatin structure at the nuclear periphery

essential role in chromatin and NPCs architectack a

organization

NE breakdown and reassembly
MItosIs

DNA replication

RNA polymerase |I-dependent
expression

transcriptional repression
laminopathies

@
Ribosomes ——&) O ’

)\ Nucleoplasm

Cytoplasm

o O o Nuclear pore complex
@ U NS NN

(Ellis and Maidment, 2002)




Nuclear lamina and lamins

o A-type lamins - gene (A, A10, C, C2)
(in differentiated cells, tissue homeostasis)
e B-type lamins - , genes (B1, B2, B3)

(in somatic cells, essential for cell viability, demanent)

Lamin structure
e short N-terminal ,head” domain (NH

* |onga-helical coiled-coll ,rod“ domain lamin A/C lamin B
« globular tail* domain (COOH) _
__ _ :  nucleoplasmic
W L .
i i pool of the lamin A
Lamin Bl ’[___‘_.Wn A A A R | 584
Bl Arod '_IToom™ A T e
A/B1 A rod S s 8

(E.C. Schirmer et al., 2001)



Three possible mechanisms of targeting
lamins A/C to the nucleoplasm

prelamin A . mature lamin A
i a « g

ONM

INM

. Lamina

(Dorner et al., 2006)



INM proteins

Lamin associated proteins

LBR (lamin B receptor)
LAP1 (lamin associated polypeptide)
LAP2a, 3 (lamin associated polypeptide 3)

emerin
MAN1
Nesprin-h

Goldman et al., 2002

Mudaar e




Lamin associated proteins

Nucleoplasmic soluble proteins
 BAF (barrier-to-autointegration factor)
o components of RNA polymerase Il transcription

complexes
 DNA replication complexey " omomsw
e H2A, H2B dimmers ke ek =

e actin 4
 RB protein A~
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Heterochromatin

dissociation of the Oct-1 from lamin B and the eaclperiphery
correlate with reduced inhibitor activity

Nup2p was shown to tether chromatin to the nucleeg pomplex
blocking propagation of chromatin

Epigenetic markers of chromatin regulation

transcriptionally repressive marker of facultative

heterochromatir was lost on the Xi
transcriptionally repressive marker of constitutive
heterochromatiri was down-regulated and

was increased
observed before changes in nuclear shape



Transcriptional regulation

INM directly associate with chromatin modifiers and
transcriptional repressors.

 LBR associates with HP1 and H3/K4 histone
 LAP2[ associates with GCL and HDAC3

e emerin associates with Btf and LAR2

Epigenetic ,histone code”

 site specific combinations correlate with transtonal
activation or repression

H4K8ac + H3K14ac + H3S10ph = activation

H3K9me3 + lack of H3K4ac = repression



Syntéza DNA a transkripce

e podpora jaderneho obalu a um&inefektivniho
transportunebozadrzentranskrignich faktof

 kolokalizace lamifh s PCNA a RFC ghem S-faze BC

o expreseiznych lamirh v riznych fazich vyvoje ([
exprese lamilntypu A kEhem diferenciace tkani u
obratlovdl — u nadorovych buik nizka exprese)

* Interakce se zakladnim transkimim mechanismem a
poskytnuti kostrypro slozeni nebo stabilizaci aktivnich
transkrignich komplex

» do transkripce zasahuji také LAPs skrze protein GCL



Nucleoplasmic complexes

lamins A/C - LAP2a + pRB — activating function of
lamin A complexes on pRb repressor activity

lamins A/C - LAP2a + chromatin and DNA —

control higher order chromatin organization andjepetic
gene regulation, interaction with core histones

LAP2a - BAF + chromatin - BAF contribute to

formation of heterochromatin and the requlatiog@rhe
expression

Dorner et al., 2007



Potential functions of nucleoplasmic lamins
A/C-LAP2a complexes in the gene regulation

(Dorner et al., 2006)



Laminopathies
(nuclear envelopathies)

premature ageing syndroms, myopathies, neurogathie
lipodystrophies, dermopathies

lamin A/C (EDMD, HGPS), emerin (EDMD), MAN1,
LBR, LAP2a (cardiomyopathy)

< mutated nuclel are
mechanically more fragile, defects in NE structigaediac-
and skeletal-muscle pathologies)
+ mutations in lamina proteins
could promote diseases by compromising various gene

regulatory pathways in different tissugBB + lamin A and
LAP2a, important for skeletal muscle and adipose tissue
differentiation)



Laminopatie

 Emery Dreifuss Muscular Dystrophy
(EDMD) — mutace \LMNA (autozomalg
dominantni)v emerinu (recesivni)

 |INé priznaky nez u mysi az po 4-5 letech
 Dilated cardiomyopathy (DCM)
 Familiar partial lipodystrophy (FPLD)

e Limb girdle muscular dystrophy (LGMD)

e asi 50 mutaci Y MNA (bodové mutace,
delece, nonsence mutace,...)



Laminopathies

e loss of heterochromatin in HPGS patients (epigenet
marks, Goldman et al.)

* nuclei from old people have similar defects as HGPS
patients (Scaffidi and Misteli) — including changes |
histone modifications and increased DNA damage

 direct link between heterochromatinization deféeégling
to HGPS, and ageing



Laminy a nemoci

u mysi knock out v genuMNA

normalni narozeni, po 2-3 tydnech zpomaleni
rastu a dalsi fiznaky

do 8 tydrii smrt — zasazeny kosterni svaly a sval
srdeni, ztrata bileho tuku

kultivace fibroblasi z LMNA-/- mysi

snizeni mnozstvi lamin LAP2, tvorba puchiku
nebo bublinek, v jejichz oblasti n@ghal
chromatin k jaderné membrén

zmenéna distribuce emerinu (reverzibilni)



Laminy a evoluce

cetnost a slozitost génkodujicich laminy
vzristala s evoluci

Caenorhabditis elegans: 1 gen [mn-1), exprese
temet ve vSech bikach

Drosophila melanogaster: 2 geny PDm,, C),
exprese [, ve vsech bitkkach, expres€ v
embryu a diferencovanych fikach

kvasinky aArabidopsis. nemaji jaderné laminy
(vyvoj az u buik s otew¥enou mitozou)



Laminy v bunécném cyklu
Stavba jaderného obalu

béhem mitdzy (profaze/metafaze) se jaderné laminiileyc
rozpadaji diky fosforylaci kindzou p34/cdc2

po mitdze jsou laminy defosforylovany a znovu slogze
priblizné ve stejnou dobu jako jaderny obal a jaderné pory
laminy typu A a B majiidzny timing

Interakce lamin-lamin zahrnuty v uti nistki spojujici

membranoveé wky s chromatinemiptvorbe¢ jaderné
membrany

laminy interaguji se ddma skupinami protein
integralni(LAP2, emerin, MAN1, LBR, p18,...)
neintegralnv oblasti laminy (GCL, YA, PP1, Octl)



Organizace laminu

v interfazi jsou laminy kontinuafnsyntetizovany a
iInkorporovany do laminy

je to dynamicka strukturaghem interfaze v ja@
polymerizuji

v buice existuji viznych stavech (FRAP — fluorescence
recovery after photobleaching)
tvorba vnitniho ,veil®

(zavoje)

R.D. Goldman et al., 2002



Laminy a viry

jaderny obal fedstavuje bariéru pro DNA i RNA viry, ktere se
replikuji v jade

DNA viry (pr. herpesvirus) se po replikaci musi v poglob
nukleokapsid dostat skrz vninhi jadernou membranu

Eliminace nukleokapsidje provazen rozpadem laniima
okraji jadra Bhem pozdni faze infekce

RNA viry (pt. HIV) musi v podob preintegraniho komplexu
(PIC) projit do jadra, ale jaderné pory maji mg8mer nez
PIC, a tak neni jeSfasne, jak dochazi k jichodu




Our contribution to the topic

® "
LMNA+/+ ulam|ns LMNA-/-
\ kontrola / 0

+
TSA

Bearing in mind the
we studied the effect of histone hyperacetylation,
induced by TSA, in lamin A/C deficient fibroblasts.

Nuclear changes caused by lamin A/C deficiency can be partially
compensated by HDAC inhibition.



Acetylace a deacetylace
histonu

nukleozom — oktamer histdn
dsDNA, histon H1

N-koncovécasti histor (tails)
histonacetyltransferazy (HAT)
histondeacetylazy (HDAC)

sestavovani nukleozamrozliseni
heterochromatinu a euchromating
regulace genove exprese
(reorg.chromatinu)




LMNA +/+ LMNA -/-
TSA C TSA

Lamin A (74 kDa)
Lamin C (65 kDa)

Lamin B (65 kDa)

Total protein
level
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Laminy a chromatin

Interakce lamii a LAPS s chromatinem

vazba lamif na sekvence DNA v mistech matrix
attachment regions (MARS) a scaffold attachment
regions (SARS)

stabilni navazani LAPs vyzaduje LEM doménu (oblast
43 aminokyselin)

ovlivnéni organizace chromatinu
| aktivity geni

M

R.D. Goldman et al., 2002



Scaffold

GENOM JE SBIRKOU PRESNE ORGANIZOVANYCH SMY CEK




A) proteiny jaderné vytvareji specifické vazebné
body, na kterych je @richycena DNA. Vysledkem je
lokalizovana topografie, ktera ovliviiuje genomové
regulace a procesy. Existence jaderne matrix je
neustale diskutovana, steji tak teorie ,, chromatin
self-organization”

B) spojeni histoni a jiny pozitivné nabitych proteinta
s negativreé nabitou DNA zajist’uje vétsi flexibilitu
B\/AV

C) chromatin utvari strukturalni organizaci genomu.




Existuje tak zvany .V tomto modelu, velka
chromatinova vlakna tvori smycky, které jsou uspdradany do
chromosomi. Oblast, kde gFiléha DNA k proteinovemu leSeni ,scaffold®
se nazyva scaffold attachment region.

je dynamicka struktura, ktera rozhoduje o0 vysoce
organizovaném usp#adani vlaken chromatinu. Scaffold je flexibilni
struktura schopna relaxace i velmi €&sné kondenzace. Mnoho proteit
jaderne matrix je dulezitych pro fyziologickou kondenzaci chromozon,
napriklad pri mitdze, diferenciaci a apoptoze.

DalSi komponent scaffoldu je enzyni (topo Il). Ma svou
nezastupitelnou funkci v kondenzaci/dekondenzaci chroatinovych
smycek. Prefererné se vaze na AT bohaté oblasti. DNA je bohata na AT
oblasti a bylo zjist€no, ze AT sekvence se vyskytuji podél os chromosém




noho experimenfi bylo orientovano na izolaci jaderné matrix a podle
metody a zjiS€nych skutetnosti bylo publikovano rékolik nazvia oblasti
jaderné matrix:

1) Scaffold Attachment Region (SARS)
2)  Matrix attachment regions (MARS)

3) Loop basement attachment regions (LBARS)




Function of MARS

* Facilitate the processes @fne expression
andDNA replication
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; JONAS e RNA RNA —— Protein ¢ |
A [ avY.at *..-

. ( REDHCBIIDH //MAR




Shrnuti problematiky:

1. Struktura a funkce cytoskeletu.

2. Hlavni proteiny cytoskeletu.

3. Laminy a dalsi proteiny jaderného skeletu.

4. Jaderna matrix.

5. Oblasti MARs, SARs a LBARs a jejich funkce.




