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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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Eukaryoticke bunky jsou charakteristicke velkou morfologickou
variabilitou. Tvar bunék je zavisly na komplexu siti proteinovych
filament, které se rozpinaji cytoplasmou. Tato sit’ filament se nazyva

. Protoze je cytoskelet zodpovédny za bunécny pohyb,

mohl by se rovnéz nazyvat cytomusculaturou.

ODLISNE AKTIVITY CYTOSKELETU JSOU ZAVISLE NA
TRECH TYPECH PROTEINOVYCH FILAMENT:



Table 7.2 The Structure and Function of the Cytoskeleton

Property

Structure

[hameter

Protein subunits

hain functions

socE: Adapted from W, M. Becker, L.

Microtubules

Hollow tubes; wall consists of
13 columns of tubulin molecules

25 nm with 15-nm lumen

Tubulin, consisting of
ae-tubulin and B-tubulin

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

Cell motility (as in cilia or ﬂiL::_.',E'.l.lH
Chromosome movements in cell division

0 TEAne | |.L' movemenlts

Microfilaments
(Actin Filaments)

Twa intertwined strands of actin

7 nm

Actin

Maintenance of cell shape
(tension-bearing elements)

[.:l".‘-:'IL]fnl.',L'!* in cell :e|:upu
Muscle contraction
I-::-:r"l:lFl;l?il'ﬂi.L' strearning

Cell matility {as in pseudopodia)

Cell division {cleav age lurrow formation)

10 pm
il

Actin subunit

I 7 nm

[. Kleinsmith, and [. Hardin, The Wonld of e Cell, 4th ed, {San Francisoo, CA: Benjamin Cummings, 20040

Copyright @ Pearson Education, Inc., publishing 85 Benjamin Cummings

Intermediate Filaments

Fibrous proteins supercoiled into
thicker cables

B=12nm

Ohe of several different proteins of the
keratin family, depending on cell type
Maintenance of cell r-'slu@rl.'
|:1|_'-]'|.~:in.“|-['|;'.|3'i:'|5_-'; elements)

Anchorage of nucleus and certain other
organclles

Formation of nuclear lamina

Protein subunits
|| Fibrous subunits

&mpnm




Eukaryotické bunky jsou tveieny biliony proteinovych molekul, které tvori
priblizné 60% bunééné masy. Existuje 10 tisic typa proteini, které vykazuji
svoji specifickou funkci.

Al) AKTINOVA FILAMENTA (mikrofilamenta)

jsou dvoustranné helikalni polymery tvorené proteinem aktinem. Jevi se jako
flexibilni  struktury s primérem 5-9mm. Jsou organizovany do
dvoudimenzionalnich siti. Jsou roztazeny po celé buice, ale nejvice jsou
roztazeny v kortexu, tésné pod plasmatickou membranou.

B2) MIKROTUBULY

Jsou tvoreny tubulinem, ktery je uspoiadan do dutych cylindri. Maji primér
25nm. Maji schopnost rychle se smr§tovat a natahovat. Jsou rigidnéjsi nez
aktinova vlakna. Jedna ¢ast mikrotubula se dotyka tzv. centra organizujiciho
mikrotubuly (MTOC), které se nazyva CENTROZOM. Centrozomy jsou polarni
struktury s + a — koncem, jsou schopnée rychlého ruastu. Nékolik stovek
mikrotubuld vybiha z centrosomu tak Zze mohou dosahovat mnoho mikroni. +
konec mikrotubuli se tak dotyka kraje bunék.




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

A0
myosin

molecules

anchor head membrane




are small hollow cylinders made of the
globular protein

Microtubules help maintain the shape of the cell and
act as tracks along which organelles can move.
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Microtubule motors
There are two major groups of microtubule motors:
kinesins (most of these move toward the plus end of the microtubules) and
«dyneins (which move toward the minus end).
*The rapid transport of organelles, like vesicles and mitochondria, along the axons of
neurons takes place along microtubules with their plus ends pointed toward the end of the
axon. The motors are kinesins.
*CENTROSOMES located in the cytoplasm attached to the outside of the nucleus.
«Just before , the centrosome duplicates.
*The two centrosomes move apart until they are on opposite sides of the nucleus.
*As mitosis proceeds, microtubules grow out from each centrosome with their plus ends
growing toward the metaphase plate. These clusters of microtubules are called spindle

fibers. ,
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http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/M/Mitosis.html

Bez pritomnosti neni mozné jaderné déleni. Konkrétni funkci
centrozomu je organizovani mikrotubuli do prostorové sité. Béhem
bunécného déleni zajiSt'uje navazani chromozomii na mikrotubuly. Nachazi se
v ném asi 100 riznych proteini, které jsou vétSinou zcela unikatni a neexistuji
k nim analogické proteiny v jinych ¢astech bunky.

Vyskytuje se v cytoplazmé tésné u jaderneé membrany (karyolema),
ktera je v jeho okoli mirné prohloubena, a pred mitdzou se duplikuje. Dva
centrozomy tvori poly déliciho (mitotického) vreténka, jehoz vytvareni a
orientaci zajiSt'uji. V zivo€iSnych bunkach (na rozdil od rostlinnych) jsou
centrozoOmy pozorovatelné po celou dobu mitozy.

je valcovita bunécna organela, ktera se nachazi ve vét§iné
eukaryotickych bunék vyjma vysSich rostlin a hub. Buiiky obvykle obsahuji
dvé centrioly. Par centriol, které jsou vzajemné kolmo orientované, vytvari
centrozom. Pired mitdzou vyrostou nové centrioly z obou stavajicich, ¢cimz
vzniknou dva pary centriol. Dcerinné bunky ziskaji vzdy jednu materskou a
jednu dcerinnou centriolu.



http://cs.wikipedia.org/wiki/Cytoplazma
http://cs.wikipedia.org/wiki/Bun%C4%9B%C4%8Dn%C3%A9_j%C3%A1dro
http://cs.wikipedia.org/wiki/Karyolema
http://cs.wikipedia.org/wiki/Mit%C3%B3za
http://cs.wikipedia.org/wiki/Bu%C5%88ka
http://cs.wikipedia.org/wiki/Organela
http://cs.wikipedia.org/wiki/Eukaryota
http://cs.wikipedia.org/wiki/Vy%C5%A1%C5%A1%C3%AD_rostliny
http://cs.wikipedia.org/wiki/Houby
http://cs.wikipedia.org/wiki/Centroz%C3%B3m
http://cs.wikipedia.org/wiki/Mit%C3%B3za

3) INTERMEDIALNI FILAMENTA

provazcovita viakna o priuméru 10 nm, jsou tveiena intermedialnimi
proteiny. Jednim typem je jaderna lamina, priléhajici k jaderne
membrané. Jiny typ téchto filament je natazeny zkrz cytoplasmu a tak
poskytuje  buiikim mechanistické rozpinani, to umoZiuje
zprostiredkovani mezibunéénych komunikaci.

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

are found in epithelial cells and also form hair and nails;
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.



http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/N/Nucleus.html#The_Nuclear_Envelope
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F-actin in bovine articular chondrocytes

(Actin forms microfilaments)
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The nucleus and the nuclear envelope
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Nuclear Matrix Breakdown

Complate Nucleus

Disassemby of
Muclear Matrix

Exposure of
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Laminy a dalSi proteiny jsou slozky jaderné membrany. Byl podan diikaz,
pritomnosti lamint i v nukleoplasmé. Proteiny typu laminu jsou
zodpovédny za jadernou architekturu, z davodi jejich kontaktu se
strukturami chromatinu. Tyto vzajemné vztahy se méni béhem bunécéného
cyklu a diferenciace.

Zmény v expresi lamina (A, B1, B2) koreluji se zména v bunécné
diferenciaci, s vyvojové-zavislymi zménami a se zménami v expresnich
profilech, které probihaji béhem zminénych procesii.

Laminy jsou hlavni komponety i jaderné matrix, polymerizované laminy
tvori hlavni kostru bunééného jadra. Mutace v laminech, a dalSich
proteinech jaderné matrix jako je emerin, nurim, zptasobuji dalSi
nestability chromatinu a fragilnost bunéénych jader. Specificke mutace
lamini A/C a emerini jsou zodpovédné za vznik Emery-Dreifuss svalove
dystrofie.



Laminy maji rovnéz schopnost se vazat na proteiny asociované s chromatinem.
laminy jsou povazovany i za regulatory transkripce. LA a LC se vazou na pRb
protein (centrantralni regulator bunécného cyklu, inhibuje geny dulezité pro
vstup do S-faze, tim Ze aktivuje HDAC komplexy, které jsou zodpovédné za
inaktivitu struktur chromatinu), ktery se vaze na LAP2 alfa. Viyblokovani LA

i LC inhibuje aktivitu pol II a méni formovani nékterych transkrip¢nich faktoru.

MNuclear pore

Z tohotofaktu je zi‘ejmé,
Ze proteiny jaderne
slupky ovliviuji strukturu
chromatinu.




Laminy- intermedialni filamenta (IF), komunikuji s dalSimi IF, jsou soucasti
tzv. nuclear lamina a tudiz i matrix, jsou zodpovédné za organizaci chromatinu.



Lamin B (green) and invagination of nuclear membrane




Laminy A/C se rovnéz tésné dotykaji
heterochromatickych struktur jako jsou telomery
a centromery, které jsou c¢asto umistény VvV tésné

blizkosti jaderneé periferie

Telomeres :—\




mCherry-lamin A / GFP-HP1p
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mCherry-lamin A / GFP-HP1[3

GFP-lamin A

Legartova et al. (2013)



Time-lapse microscopy / A-type lamin invagination
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mCherry-lamin A / Fibrillarin / Nucleus

Legartova et al. (2013)



mCherry-lamin A/ GFP-PML
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LAP2c / lamin A
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Legartova et al. (2013)
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HP1p after y-irradiation

HP1p and

irradiation by y-rays

Non-irradiated cell




FRAP data

Lamin A

HP1 foci

HP1p away from foci

HP1p in colocalization with Lamin A
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Experiments: Petra Sehnalova



Fluorescence intesity in DNA lesions
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Study 2: A-type lamins and DNA repair
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Bartova et al., J. Cell. Biochem. (2018)
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Conclusion: A-type lamins and Lap2a protein
were not recruited to local DNA lesions.
However, A-type lamin depletion and Lap2a
deficiency affected recruitment kinetics of
53BP1 to DNA lesions. The levels of A-type
lamins were reduced Iin irradiated Lap2a
deficient cells.



Lamin A/C Nup153

.etal., 1999

MEF burky izolované z LA/C knock out mysi — vhodny model ke studiu laminui.
Ztrata LA/C neni pro buiiky fatalni, ale RNAi vyblokovany LB — apopt6za
(VecCerova J.). Ztrata LA/C neovliviiuje distribuci a morfologii ,,nuclear specles
a ani formovani faktori sestrihu (VeCerova et al., 2005). Z experimenti plyne,
Ze dynamicky organizovaneé proteiny nehistonové povahy asociované s
chromatinem vykazuji schopnost vlastni organizace, ktera neni zavisla na
proteinech nukleoskeletalnich intermedialnich filament typu lamini.
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Lamin B1 deficiency




Shimi et al. Genes Dev (2008)
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Apoptotic lamin B cleavage

PARP (120 kDa)
Cleavage fragment (80 kDa)

Lamin B (65 kDa)

Cleavage fragment (45 kDa)




° ' 4
Laminy a apoptoza
e apoptoza je charakterizovana zmenSenim jadra a
kondenzaci chromatinu (fragmentace na ,,bodies*)
* b¢hem apoptozy jsou laminy stépeny kaspazami v misté
kyseliny aspartove na centralni doméné laminu A (jedna z
nejvice konzervovanych oblasti v proteinech IF)

o degradace laminti hraje dialezitou roli BRE . 5%
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Předvádějící
Poznámky prezentace
Centrální doména laminu A je vysoce konzervovaná a je kritická pro polymerizaci IF do struktur vyššího řádu.


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 architecture and

organization

NE breakdown and reassembly
mitosis

DNA replication

RNA polymerase 11-dependent
expression

transcriptional repression
laminopathies
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Předvádějící
Poznámky prezentace
Nuclear envelope is composed of INM, ONM and nuclear pore complexes, which mediate bidirectional transport of macromolecules between cytoplasm and nucleus. The major structural components of NE are IF-type proteins – lamins. These proteins together with integral membrane proteins form the nuclear lamina – a protein meshwork on the nucleoplasmic side of NE. Lamins participate in a mechanical stability…
Nuclear lamina is proposed to have an essential role in… and mutation in proteins of nuclear lamin have been shown to cause a wide array of genetic diseases termed laminopathies. 



Nuclear lamina and lamins

o A-type lamins -

(in differentiated cells, tissue homeostasis)
o B-type lamins - , genes (B1, B2, B3)

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

Lamin structure
 short N-terminal ,,head* domain (NH,)
» long a-helical coiled-coil ,,rod* domain

» globular ,,tail* domain (COOH)

heend rod fail
Lamin A .
Lamin B1 [ T e T [ | 586
Bl Arod 'Tomg® i VA | ] 586
1 % T Mo 536
ABT Arod TEEEDY ™ =~ T |

— il

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

gene (A, AA10, C, C2)

lamin A/C lamin B

* nucleoplasmic
pool of the lamin A


Předvádějící
Poznámky prezentace
The mammalian genome contains 3 lamin genes encoding up to 7 different lamin isoforms. A-type lamins are the alternatively spliced isoforms of LMNA gene. They are expressed in differentiated cells and may have an important function for tissue homeostasis. B-type lamins encoded by LMNB1 and LMNB2 are essential for cell viability and development and are incorporated into nuclear lamin earlier then A-type lamins. 
Lamins consist from short … all three tails have ability to bind chromatin, but recent study of Hideo Taniura and colleagues mapped the chromatin binding region of the lamin C  and core histones are the major chromatin components responsible for the binding this region.
A-type lamins can be found also in nucleoplasm: their C-terminal 18 amino acids (contain farnesyl group) can be removed in mature lamin in contrast to B-type lamins. Well, A-type lamins can assemble into the relatively stable nucleoplasmic structures or pools in nucleoplasm.



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

prelamin A . mature lamin A
¢ It ¢ 1€

LAPZ
(Dorner et al., 2006)


Předvádějící
Poznámky prezentace
These mechanisms are not mutually exclusive. 1) pre-lamin A is transiently localized in nucleoplasm before his assembling into the peripheral nuclear lamina, young proliferating cells posses stable full of fully processed mature lamin A, while pre-lamin A are accumulating in aged or diseased cells. 2) nucleoplasmic lamins A/C may be specifically modified and exist in a conformation different to that of the peripheral lamins in the NE. 3) nucleoplasmic lamins A/C may be targeted to the nuclear interior by interactions with specific nucleoplasmic binding partners – LAP2α (is located exclusively in the nucleoplasm), they form a stable complex in the nucleoplasm, which can perform essential cellular function, stabilization by modif. Or conform. Or by LAP2α


Prelamin A'is on the
cysteine residue of a carboxyl-terminal CaaX motif. This
post-translationally modified cysteine residue is removed
from prelamin A when it is processed
Into mature lamin A. The protein encoded by this gene
binds to the prenylated prelamin A carboxyl-terminal tail
domain. It may be a component of a prelamin A
endoprotease complex. The encoded protein is located In
the nucleus, where it partially colocalizes with the nuclear
lamina. It shares limited sequence similarity with iron-
only bacterial hydrogenases. Alternatively spliced
transcript variants encoding different isoforms have been
Identified for this gene, including one with a novel exon
that is generated by RNA editing.



http://en.wikipedia.org/wiki/Cysteine
http://en.wikipedia.org/wiki/Translation_%28biology%29
http://en.wikipedia.org/wiki/Protein_domain
http://en.wikipedia.org/wiki/Cell_nucleus
http://en.wikipedia.org/wiki/Hydrogenase
http://en.wikipedia.org/wiki/Isoforms
http://en.wikipedia.org/wiki/Exon

INM proteins

Lamin associated proteins

LBR (lamin B receptor)
LAP1 (lamin associated polypeptide)
LAPZ20, B (lamin associated polypeptide a, )

emerin
MAN1
Nesprin-la

Goldman et al., 2002
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Předvádějící
Poznámky prezentace
The number of INM associating with lamins is still growing.
Loss of emerin is responsible for X-linked EDMD.


Nucleoplasmic soluble proteins
BAF (barrier-to-autointegration factor)
components of RNA polymerase 1l transcription

complexes

DNA replication complexes
H2A, H2B dimmers

actin

RB protein

Goldman et al., 2002

Lamin associated proteins
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Předvádějící
Poznámky prezentace
Besides INM proteins can lamins bind to nucleoplasmic soluble proteins such as …


Heterochromatin

* dissociation of the Oct-1 from lamin B and the nuclear
periphery correlate with reduced inhibitor activity

* Nup2p was shown to tether chromatin to the nuclear pore
complex blocking propagation of chromatin

* loss of heterochromatin or its altered organization at the
nuclear periphery in lamin A knockout mice


Předvádějící
Poznámky prezentace
Various studies established that a correlation exist between…
Gene poor chromosomes have been shown located more peripherally then gene-rich chromosomes and transcriptionally silent genes are located at or translocated to the nuclear periphery.
Example: Dissociation of the trascriptional repressor Oct-1 from lamin B and the nuclear periphery was correlated with reduced inhibitory activity. 
proteins of the NPC - nucleoporins function as inhibitors of the gene repression or rather as activators of transcription (Nup2p) For purpose to analyze the mechanisms responsible for the loss of heterochromatin in cells of HGPS patients, epigenetic markers regulating facultative and constitutive chromatin were examined.


Laminopathies
(nuclear envelopathies)

premature ageing syndroms, myopathies, neuropathies,
lipodystrophies, dermopathies

lamin A/C (EDMD, HGPS), emerin (EDMD), MAN1,
LBR, LAPZ20 (cardiomyopathy)

- mutated nuclel are
mechanically more fragile, defects in NE structure (cardiac-
and skeletal-muscle pathologies)

- mutations in lamina proteins
could promote diseases by compromising various gene

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


Předvádějící
Poznámky prezentace
Mutations in proteins of the nuclear lamina cause wide array of laminopathies. They include premature… Mutated genes responsible for these diseases are…
Mutated LAP2α causes cardiomyopathy.
Most frequent disease is EDMD: 1:100 000
How mutations in the same gene or group genes can cause such a wide variety of tissue specific diseases? Two major models attempt to explain this question.
 More fragile, which can lead to nuclear damage and cell death. This idea is attractive for cardiac and skeletal pathologies – muscle contraction might potentially lead to breakage of nuclei, that contain a defective nuclear lamina.
 This model is supported by several lines of evidence: association of nuclear lamina proteins with transcriptional regulators, disrupted heterochromatin at the nuclear periphery, impaired epigenetic histone modification in lamin A mutated cells.
pRb was shown to bind both lamin A/C and LAP2α


Laminopatie

* Emery Dreifuss Muscular Dystrophy
(EDMD) — mutace v LMNA (autozomaln¢
dominantni), v emerinu (recesivni)

* jiné ptriznaky nez u mysi az po 4-5 letech
 Dilated cardiomyopathy (DCM)

o Familiar partial lipodystrophy (FPLD)

* Limb girdle muscular dystrophy (LGMD)

e asi 50 mutaci v LMNA (bodové mutace,
delece, nonsence mutace,...)


Předvádějící
Poznámky prezentace
Emerin – jaderný protein, člen rodiny LAP (LAP1, LAP2, LBR), nachází se ve svalech srdce a kosterních svalech
Je X-linked – spojený s chromozomem X, ženy jsou nositelky a synové mohou dostat EDMD a přenést ji na dcery (100%), ženy nositelky mohou nemoc přenést na dcery (50%)
Příznaky EMDM – zkrácení šlach na patách, loktech a krku, ochabnutí svalstva pánevního pletence, bicepsů a tricepsů, ztráta reflexů šlach, problémy s vedením vzruchu v srdci, ochabnutí obličejových svalů
Příznaky FPLD – do puberty nic, pak ztráta podkožního tuku v okrajových oblastech těla a hýždích, zároveň nadměrné ukládání tuku na krku, obličeji a zádech, rezistence k inzulinu, cukrovka
Příznaky LGMD – ochablost pánevních a ramenních svalů


Laminopathies

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

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

o direct link between heterochromatinization defects leading
to HGPS, and ageing


Předvádějící
Poznámky prezentace
Goldman and coleagues analysed the mechanisms responsible for the loss of heterochromatin in cells of HGPS patients. This study is the first to define specific alterations in histone lysin methylation as early events in disease pathology. This suggest that either mutated lamin A or general distorsions of the nuclear lamina impair regulation of epigenetic modifications.
Scaffidi and Misteli showed that nuclei…


Laminy a chromatin

interakce laminu a LAPs s chromatinem

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

stabilni navazani LAPs vyzaduje LEM domeénu (oblast
43 aminokyselin)

ovlivnéni organizace chromatinu

a tim 1 aktivity genu

R.D. Goldman et al., 2002


Předvádějící
Poznámky prezentace
Navrhovaná úloha laminů v replikaci a transkripci může být také spojována s interakcí laminů a LAPs s chromatinem.
LEM doména – oblast 43 aminokyselin, jsou také na emerinu, MAN1, otefinu
Červená – laminy, zelená - chromatin (vajíčko škeble)
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