Cytoskelet

- mikrofilamenta

- intermediarni filamenta - béhem vyvoje - vimentin nahrazen neurofilamenty
- klesa exprese nestinu
- mikrotubuly

- vysoce asymetricky tvar neuronlt — nutno hodné cytoskeletu
- i neuron specifické cytoskeletarni a cytoskeleton-interaguijici proteiny

- dynamicky systém — transport
- tvorba a modulace synapsi
- rust a maturace neuritu
- vliv na funkci iontovych kanalu
- mechanicka podpora
- prostorova organizace bunécnych struktur
- ukotveni proteind, jejich sorting a sekrece
- bunécéné signalizace
- role v neuropatologiich



Mikrofilamenta

- prumér 7 nm
- polymerizace aktinu

G-aktin — solubilni forma
F-aktin — polymerizovana forma

,Lreadmiling® — na jednom konci vlakna je ATP a na druhém ADP
- k ATP se pfipojuji monomery aktinu a od ADP se odpojuji (depolymerizace)

Neurony — mikrofilamenta v cytoplazme (hlavné v blizkosti cytoplazmat. membrany)
- hodné v presynaptickych i postsynaptickych terminalech
- ve vyvijejicich se neuronech dlouha vladkna ve filopodiich ,growth cones”



Mikrofilamenta

- pfestavba mikrofilament - uloha actin binding proteins (ABPs)

ABPs — aktivita nékterych ABP regulovana Ca?* signalizaci
Priklady ABP:

«  N-WASP + Arp 2/3 — kontrola rlistu mikrofilament - dulezité pro rust neuritd
 VASP/Ena - anti-caping protein — podpora polymerizace aktinu — rist neuritd
« Tropomyosin — stabilizace F-aktinu, blokuje interakci s aktin depolymerizujicimi faktory

- bundling a crosslinking proteiny — spektriny — tvorba svazku
- ruzné v dendritech a riizné v axonech

- synapsiny - Casté v presynaptickych terminalech
- fosforylace CaMK
- schopnost vazat synaptické vacky k mikrofilamentim
- fosforylace < aké&ni potencial — uvolnéni vacku a jejich transport k membrané

- ukotveni F-aktinu k membrané — ankyriny, vinculin, ...



Table 13.1 Major actin-binding proteins

Protein

Sequesters G-actin. Severs F-actin, Abundant in growth

Severs and caps F-actin, Modulated by Ca?* and PIPZ.

Sequesters G-actin. Catalyses actin nuclectide exchange.
Modulated by PIP,. Abundant in growth cones.

Activates Arp 2/3 complex. Promotes actin filament

Interacts with WASP/SCAR. Controls actin filament
nucleation and branching. Present in growth cones

Properties
ADF/Cofilin

cones and presynaptic terminals
Gelsalin

Present in growth cones
Profilin
WASP/SCAR

nucleation. Present in growth cones
Arp 2/3
ENANASP

F-actin stabilizing proteins

Tropomyosin

‘Anti-capping’ protein. Nucleates actin polymerization,
Bundles and crosslinks actin filaments. Binds profilin.
Present in growth cones

Dimer. Present both in dendrites and axons
(including growth cones)

Table 13.1 (continued) Major actin-binding proteins

Protein

Properties

Actin-activated ATPases
Myﬂ;iﬁ I.
Myroéin I
Myosin WV




F-actin bundling and crosslinking proteins

c-Actinin
Amelin

Dystrophin

Filamin

Fimbrin

MARCKS family

Spectrin (o)

Fodrin/Spectrin (o)

Dimer. Modulated by Ca?” . Binds vinculin, integrin and
catenin. Present in growth cones

Bundles F-actin and enhances spectrin binding. Abundant in
soma and dendrites of mature neurons

Dimer. Similar to spectrin

Dimer. Crosslinks F-actin into networks. Present in growth
cones,

Bundles F-actin, Present in growth cones

Crosslinks F-actin. Modulated by calmodulin binding and PK
phosphorylation

Heterodimer and tetramer. Crosslinks F-actin into networks.
Modulated by Ca’~/calmodulin. Abundant in soma and
dendrites of mature neurons. Enriched in dendritic spines

Homologous to spectrin, Present in growth cones.
Abundant in axons

Synapsin |

Utrophin

Bundles F-actin and enhances spectrin binding. Associated
with synaptic vesicles. Abundant in presynaptic terminals

Dimer. Similar to spectrin

Proteins anchoring F-actin to membranes

Ankyrin
Catenin
Talin

Vinculin

Anchors spectrin to membrane proteins
Binds actin, a-actinin and cadherin

Binds vinculin and integrin, Present in growth cones

Binds actin, talin and a-actinin, Present in growth cones




Mikrofilamenta a synapse

- v synaptickych terminalech hlavné aktin — jeho pfestavby ovliviuji silu synapsi

Mikrofilamenta - tvorba, eliminace, stabilita, zmény tvaru a velikosti synapsi
- organizace PSD, ukotveni PSD proteinu, lokalizace translace
- hlavni cytoskelet v synapsich

C
LTP — zvySuje pomér F-aktinu vii&i G-aktinu — .
LTD — naopak
- velka dynamika, vétveni v synapsich
branched
actin
- Dynamika — ovlivhovana signalizacemi

lineair
actin

“
é/ microtubule

(NMDAR, AMPAR, G-proteiny, RTKs)
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Mikrofilamenta a synapse

LTP:

Arc — akumulace v dendritech v blizkosti synapsi (i jeho mRNA v dendritech u aktivnich synapsi)
- link mezi stimulaci synapse a proteosyntézou/pfestavbou synapse
- regulace endocytozy AMPAR

- KO — problémy s pozdni fazi LTP a dlouhodobou paméti u mySi — konsolidace LTP

- exprese Arc — vede k expanzi F-aktinu — pfestavba synapse — dlouhodoba pamét

- inhibice polymerizace aktinu — blokuje LTP udrzZeni (dlouhodobou pamét)
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Model of Arc-dependent LTP consolidation in the dentate gyrus. In this two-stage model, translation activation is followed by Arc-dependent
consolidation. Transktion activation. High-frequency stimulation (HFS; lightning bolt) causes activation of postsynaptic NMDA receptors (MMDAR) and
TrkB receptors leading to local translational activation as well as Are franscription. Translation is modulated through regulation of translation factor
activity, mobilization of mBNA (e.g. oCaMEKIl) from messenger ribonuclecprotein particles (mRNP) and fine-localization of the franslational machinery.
Arc-dependent consolidation. Arc mBMNA is transported to dendrites and translated in activated spines. Sustained translation of dendritically
transported Arc is necessary for cofilin phosphorylation and local F-actin expansion. Figure adapted from reference [1]. TrkB, Tropomyosin-related

kinase B.



Intermediarni filamenta

- rodina proteinud se strukturou head-rod-tail, primér 10 nm

- specificka exprese v burikach urcitého typu a v urcitém stadiu diferenciace

Central rod domain
ta helix, 310-350 amino acids)

Head W_\\._/ Tail

MNWariable size and structure) iVariable size and structure)

C terminus




Intermediarni filamenta

Table 13.2 Intermediate filament proteins

Class Proteins Mass (kDa) Distribution

| Acidic cytokeratins 40-64 Epithelial cells .
I Basic cytokeratins 52-68 Epithelial cells

Il Vimentin 55 Mesenchymal cells

Immature neuronal and glial cells

Desmin 23 Muscle cells

GFAP 51 Astroglia cells

Peripherin a2/ PNS neurans
IV NF-L 68 Neurons

MNF-M 145 Meurans

NF-H 200 Neurons

a-internexin (NF-/66) 66 CNS neurons
V Lamins 62-72 All cells

VI Nestin 240 CMNS neural stem cells




Intermediarni filamenta

Neuroblasty — exprimuji vimentin, ktery béhem diferenciace nahrazen neurofilamenty
- nékteré vyvijejici se neurony - alpha-internexin, peripherin, vétsSina nestin
- neurofilamenta hodné v axonech (vice nez jiny typ cytoskeletu)
- mnozstvi neurofilament — vliv na prumér axonu a rychlost vedeni vzruchu
- fosforylace neurofilament spojena s myelinizaci

IF 1l - dynamicka struktura — regulace fosforylaci, fosforylace ovlivhuje i jejich stabilitu

IF IV — dynamika menS$i — je$té zmenSena po maturaci axonu (tam naopak znacna stabilita)
- fosforylace ovliviiuje i jejich transport a citlivost k proteazam (calpain)

KO mySi v NF-M — axony s mensim prumérem (NF reguluji radialni rast axona)
- snizeni konduktivity axon(
- s vékem progresivni atrofie axonu motorickych neurond v mise

— neurofilamenta dulezita pro strukturni integritu nékterych axonu pfi starnuti



Table 1 Summary of proteins interacting with neurofilaments

Partners Known or possible functions References

Fodrin (brain spectrin) Interaction cytoskeleton-organelle [455, 456]

G-actin Maintenance of the neuronal structure [4537]

HI1 histone DNA synthesis regulation [237]

Hamartin WF-actin interaction [458]

MAP2 Cross-bridging between NF and MT [30, 210]

NUDEL NF assembly [43]

STOP NEF-tubulin interaction [219]

Synapsin [ Interaction NF-non-secretory vesicle [227, 228]

Tubulin Cytoskeletal integrity [18, 122

Kinases—phosphatases

CaMEIL Phosphorylation of N-terminal domain of NFL [97]

Casein kinase [ and 11 Phosphorylation of C-terminal domain of NFL and NFM [91, 129-135]

Cdks Phosphorylation of KSP motifs of NFM and NFH [114-121]
(preferentially human NFH)

Erkl/2 Phosphorylation of KSP motifs of NFM and NFH [120]

GSE3 Phosphorylation of KSP sites in NFM and NFH [117, 124]

PEKA, PEC, PEN Phosphorylation of N-tenminal domain of NFL, NFM and NFH [18, 36, 37, 40, 80]

SAPK Phosphorylation of C-terminal domain of NFH [123, 125, 127]
under stress-activated conditions

PPl and PP2A Dephosphorylation of NFs [142]

Muolecular motors

Diynein NFs axonal transport [222, 223]

Kinesin NFs axonal transport [220, 221, 317, 319]

Myosin Myosin Va NFs axonal transport [459]

Receplor

D(1) dopamine receptor
NMDA receptor subunit NR 1
Other

DNA-RNA

Regulation of cell surface expression and desensitization
Anchoring or localization

DNA synthesis regulation

[460]
[355]

[176, 177]




Mikrotubuly

- prumér 25 nm

- heterodimer z alpha a beta-tubulinu

- polarizace (plus a minus end)

savci — vice izoforem pro alfa beta-tubulin (nékteré neuron-specifické)

- Cetné posttranslacni modifikace — acetylace, fosforylace, polyglutaminace, ...

sGTP-tubulin - klesne li jeho hladina na konci mikrotubulu — rychla depolymerizace
- zvySi-li se hladina — polymerizace = ,dynamicka nestabilita“

Treadmiling — polymerizace na + konci a depolymerizace na - konci
- svazky v cytoplazmé neurond

- jsou klicové pro morfologii neuront - latky depolymerizujici mikrotubuly — axony a dendrity se stahnou do
téla neurond

- Inhibitory polymerizace — inhibice rustu neurit(
- Stabilizace mikrotubull (taxol) — indukce vzniku axon(u)
- Vétveni neuritd

- Transport latek (obousmérny)



DOCK?7

Rac

Stathmin APC tau MAP1B

MT POLYMERIZATION MT STABILIZATION

AXON SPECIFICATION AND QUTGROWTH



Mikrotubuly

Microtubules-binding proteins
— proteiny podporujici sestavovani a stabilizaci mikrotubul(
MAP proteiny - regulace fosforylaci
MAP1B — exprese béhem diferenciace neuronu a rlstu axonl, pak mnohem méné
- KO mys embryonalni letalita

- shizena exprese u mysi — poruchy ve vyvoji NS

MAP2 — vice izoforem
- vysokomolekularni forma pouze v dendritech (selektivni transport mRNA)

tau — nizkomolekularni forma jen v CNS, vysokomolekularni v periferni NS
- pfevazné v axonech, podélna stabilizace mikrotubul(
- hyperfosforylace v nékterych patologiich

DCX a LIS1 — mutace — poruchy migrace neuron(



Table 13.3 Major microtubule-binding proteins

Protein Properties

Assembly—pmmntfn; and microtubule-stabilizing proteins

HMW-Tau Present in the peripheral nervous system

[MW-Tau Abundant in axons of the central nervous system
Contributes to microtubule stabilization

MAP-1A Abundant in dendrites of mature neurons

MAP-1B (MAPS) Present both in axans and dendrites. Contributes to neural
migration and initial neurite outgrowth

.I.";“!AP—EA, B Present in cell bodies and dendrites (including dendritic
spines)

MAP-2C, D Present in axon, dendrites and glial cells

MAP-4 Present in glial cells and in immature neurons

DCX Contributes to neuronal migration

LLS1 Contributes to neuronal migration

Microtubule end-binding protein

CLIP-170 Attachment of microtubules to endosames
APC Attachment of microtubules to cell cortex
EB1 Attachment of microtubules to cell cortex

Microtubule-destabilizing proteins

OP18/stathmin Highly abundant. Favors microtubule destabilization



Microtubule-activated ATPases

Dyneins Move organelles from ‘plus’ to ‘minus’ ends of microtubules
Kinesins Move organelles from ‘minus’ to ‘plus’ ends of microtubules
Proteins anchoring microtubules to membrane receptors

Gephyrin Binds glycine receptors

Table 13.3 (continued) Major microtubule-binding proteins

Protein Properties

Signaling proteins interacting with microtubules

INK (SAPK) Jun amino-terminal kinase
(stress-activated protein kinase)
ERK (MAPK) Extracellular regulated kinase
(mitogen-activated protein kinase)
GSK-3 Glycogen synthase kinase-3
PP2A Protein phosphatase 2A
Heterotrimeric G proteins Bind tubulin
GEF-H1 Rho guanine nucleotide exchange factor. Regulates Rho

protein and actin dynamics




Mikrotubuly

- molekularni motory — mikrotubuly-aktivované ATPazy - kinesiny, dyneiny
- proteiny ukotvujici mikrotubuly k membrané — role pfi klustrovani GABA receptoru
- vazba signalnich proteinu — kinazy, fosfatazy, G-proteiny

- u neuronu i signalizace na dlouhou vzdalenost

- slozky cytoskeletu jsou navzajem propojené — dynamicka sit’



Cytoskelet a polarita neuronu

Axony — mikrotubuly plus koncem k terminalu
Dendrity — smiSena polarita (hlavné v proximalni casti)

Table 13.4 Major differences between axons and dendrites

Axons Dendrites

ET]}DI'I"’« n.'_a_4.||l—'-rn'? - o Tapered morphology

Few branches Highly branched

Lack of polyribosomes Presence of polyribosomes

Fast growth Slow growth

Abundance of neurofilaments Abundance of microtubules

Uniform polarity of microtubules Mixed polarity of microtubules
Narrow spacing between microtubules Wide spacing between microtubules
Abundance of tau protein Presence of MAPZA, B

Presence of oy spectrin Presence of off spectrin

Nonphosphorylated NF-M and NF-H

Highly phosphorylated NF-M and NF-H




Transport proteinu v neuronech

casto na velké vzdalenosti — télo neuronu — 50 um
- nejdelSi axony —ivicenez1m

porucha transportu a jeho regulace — choroby

Tubulin
e a-tubulin Microencephaly
e B-tubulin Polymicrogyria
TUBA8 Tipgas  Lissencephaly
; TUBATA  TUBB3 Congenital fibrosis of
SeRE Spastin the extraocular muscle

i (CFEOM)

f +  Motor neuropathy
;.0° Hereditary spastic
TBCE paraplegia (HSP)

Microtubule

Dendrite

Dynein Mitochondrion Charcot—Marie—
\ Tooth 2 (CMT2)

‘ Hereditary spastic
KIF1B paraplegia (HSP)
Congenital fibrosis of

Lissencenphaly

Amyotrohic lateral
sclerosis (ALS)

Charcot—Marie—

Tooth 2 (CMT2) - EESISERESRNSSNNS - the extraocular muscle
(CFEOM)
Perry syndrome
Spinal muscular
atrophy (SMA)
Microtubule
FoA KIF21A

Microtubule



Table 1. Mutations in transport proteins underlying neurological disorders

Mutant protein

Functional role

Functional defect

Disease

Reference

Mutations in motors
DYNCIHI (dynein)

KIFSA
KIFIB

KIFZ1A

Motor adaptor and regulator
protein mutations
DCTN 1/pl 50

(dvnactin)
LISl (PAFAHIBI)

Cytoskeletal mutations
TUBAILA

TUBASR
TUBB2B

TUBB3

TUBBS
TBCE

SPG4 (spastin)

Wesicular and organelle
transport

Wesicular and organelle
transport

Synaptic vesicle transport,

mitochondrial transport
Axonal transport of K-

dependent Na'/Ca™"

exchanger (NCEX2)

Dynein regulation

Coupling of nucleus to
centrosome during
neuronal migration;
dynein regulator

s-tubulin 1soform
s-tubulin 1soform
B-tubulin isoform

B-tubulin isoform
(neuron specific)

B-tubulin isoform
Tubulin chaperone

Microtubule severer

Defects in neuronal
migration; late-onset
motor neuron degeneration

Impaired axonal transport

Reduced transport of
synaptic vesicle proteins

Atrophy of ocular motor
muscles

Impaired axonal transport;
axonal swelling; synapse
retraction

Impaired neuronal migration;
reduced axonal transport

MNeuronal migration

Local cell positioning
during cerebral cortical
development

MNeuronal migration

Neuronal migrations and
axon guidance defects

MNeuronal migration

Impaired maintenance of
microtubules in motor
axons

Synaptic growth and
neurotransmission defects

Lissencephaly; Charcot—Marie—
Tooth disease 2 (CMT2);
Pemry syndrome; Spinal
muscular atropy

Hereditary spastic paraplegia
(SPG10); CMT2

CMT2

Congenital fibrosis of the
extraocular muscle (CFEOM)

Motor neuron disease;
amytrophic lateral sclerosis
(ALS); Perry syndrome

Lissencephaly

Lissencephaly

Polymicrogyria with optic nerve
hypoplasia

Asymmetrical
polymicrogyria

CFEOM
Facial paralysis
Late-onset axonal
sensorimotor polyneuropathy
Microcephaly
Progressive motor
neuropathy

Hereditary spastic paraplegia

{ Braunstein et al., 2010; Harms
et al.,, 2010; Weedon et al.,
2011; Willemsen et al.,
2012)

(Crimella et al., 2012; Fiiger
etal, 2012)

{Gentil and Cooper, 2012;
Zhao et al., 2001)

(Desai et al., 2012; Lee et al.,
2012)

(Newsway et al., 2010;
Stockmann et al., 2012;
Uribe, 2010)

(Mokdnszlka et al,, 2012)

{Cushion et al., 2013; Hikita
etal., 2013; Tischfield et al.,
2011)

{Abdollahi et al., 2009,
Tischfield et al., 2011)

(Cushion et al., 2013;
Romaniello et al., 2012;
Tischfield et al., 2011)

{Poirier et al., 2010; Tischfield
etal, 2011)

Breuss et al., 2012)
(Martin et al., 2002; Schaefer
et al., 2007)

(Magariello et al., 201 3;
Manetti et al., 2012)



Cytoskelet a neurodegenerativni
choroby

aberantni akumulace nékterych cytoskeletarnich proteinu

porucha cytoskeletu — poruchy transportu, signalizaci
- mitochondrialni dysfunkce, oxidativni stres, az smrt neuront

Tautopatie — heterogenni skupina demenci
- depozity tau bez depozitu beta-amyloidu (oboje je Alzheimer)
- neurodegenerace
- i mutace v tau genu — konformacni zména
- zmény ve fosforylaci

Amyotropicka lateralni skleréza (ALS)
- degenerace motorickych neurontl — paralyza
- abnormalni akumulace neurofilament

Charcot-Marie-Tooth disease 2 (CMT2) — mutace NF-L, mutace v KIF1Bbeta
- porucha axonoveého transportu - neurodegenerace



Transport proteinu v neuronech

Regulace na urovni ER

- receptory a iontové kanaly — slozeny z podjednotek — nékteré kombinace
podjednotek zustavaji v ER — napr. GABA receptory (pentamer ze 16 moznych
podjednotek) —16° moznych kombinaci, v burice jen 20-30 kombinaci, nékteré
kombinace zadrzovany v ER

- ER chaperony — interakce s hydrofobnimi doménami proteint (normalné nejsou
na povrchu) — zadrzeni v ER — oprava nebo degradace

- proteiny mohou nést ER retencni signaly — (RxR signal) — dostupnost regulovana
fosforylaci nebo miuze byt zamaskovan vazbou spravné podjednotky

- proteiny mohou nést také ER exportni signaly (dileucine, diphenylalanine ....)

- mutace téchto signalu — transport/retence z/v ER



Transport proteinu v neuronech

Polarita

vyvoj - rlst neuritu nepolarizovaného neuronu (neurity maji axonové i dendritické markery),
- nasledna exprese specifickych marker

- dendrity a axony vykonavaji rizné funkce — rizné proteiny

- pro vyvoj polarity dilezita AlS (axonal initial segment) bariéra
- aktinova sit’ (+ spectrin a ankyrin), vysoka koncentrace proteinu
- snhizena rozpustnost, snizena prostupnost pro proteiny
- naruseni aktinové sité — ztrata schopnosti selektovat transport
- pokusy s dextranem — jen molekuly o urcité velikosti projdou do axon(
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Transport proteint po siti mikrotubul(
- v dendritech obousmérné (plus i minus konce)
- v axonech plus konec smérem ke konci — i jen nékolik malo opacné
orientovanych vlaken mikrotubuldl — mnozstvi se liSi ve vyvoji, plasticité ...
- pokud vacek s proteiny se navaze na dynein (motor sméfujici k minus konci)
- transport do dendritu
- vazba na kinesin — do dendritu i do axonu
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Kinases and
phosphatases

Rab GTPase '_\
Ca**
//.-- et

f Adaptor protein Microtubule
g KiNESIN el I

Signaly pro polaritu (specifické i nespecifické)
— axonal exclusion a axonal targeting signaly
- dileucinove signaly, YxxO, NPxY — sortrovani do specifickych vacku — ty asociace s
urcitym typem molekularniho motoru
- palmitoylace, navazani AP1 clathrin komplexu, interakce s lipidy
- nékdy stejny signal a u rdznych proteinl rizna lokalizace - dulezita i kombinace signald
- kromé signalul pro transport i signaly pro endocytozu (nékteré typy Na kanall) a docking

Specifické transportni proteiny

- specifické transportni proteiny receptort pro neurotransmitery (GABA, NMDA a AMPA)

- GABA receptor-associated protein — interaguje s y2 podjednotkou GABA a tubulinem — role
pfi sortrovani GABA receptoru do transportnich vackti — transport po mikrotubulech

- proteinové interakce - homer proteiny — homer 1b+mGIuRS do dendritl
homer 1a+mGIuR5 do axonu i dendritu



Transport mMRNA v neuronech

MRNA targeting — ekonomicCnost proti protein targetingu
— z 1 molekuly mRNA mnoho molekul proteinu

v télu neuronu asi 10000 mMRNA x v dendritech jen 400
- v dendritech (i axonech) ribozomy a lokalni proteosyntéza

- existence specifickych adaptorovych proteini — napojeni mMRNA na molekularni motory
(ribonucleoprotein particles RNPs — az 42 proteinu)

- regulaéni nekodujici sekvence mRNA dulezité pro targeting (5" i 3" konec)

Trans-acting factors (TAF) — pr. Staufen, FMRP, ZBP1 proteiny — vazba na mRNA i na
motory (kinesiny, myosiny)

Transport — CamKIlI, Arc, beta-actin, MAP2 ...

Moznost dodani mRNA i trans-endocytozou z gliovych bunék



Transport proteinu v neuronech

Transport axonem

rychly (20-40 cm/den) — velké sekretorické vacky (neuropeptidy), membranové proteiny
- podél mikrotubult — kinesiny (k plus konci)
- dyneiny (k minus konci)
- podél aktinu — myosiny

stfedni (5-10 mm/den) — mitochondrie podél mikrotubult

pomaly (1-8 mm/den) — transport sloZek cytoskeletu, malé sekretorické vacky
- typu A (do 1 mm za den) — neurofilamenta a mikrotubuly
- typu B (2-8 mm za den) — mikrotubuly a mikrofilamenta
- cytoskeleton-asociované proteiny
- pohyb slozek NF — kinesiny
- regulace jejich fosforylaci
- cykly — rychly pohyb a pak pauza

zpétny transport — material endocytovany ze synaptické Stérbiny, rastové faktory ...

- nékteré organely — bidirectional transport
(mitochondrie, sekretor. vacky ...)



Molekularni motory

ATPazy — mikrotubuly — kinesiny, dyneiny
- mikrofilamenta — myosiny

Kinesiny — pohyb od minus konce k plus konci
- 45 gend v lidském genomu (Kinesin superfamily proteins) — 38 exprimovano v mozku
- liSi se ve tom co schopny prepravovat (KIF5B — lysosomy, mitochondrie)
KIF1A — prekursory synapt. vacku

- nékteré kinesiny jen do dendritdl (DN KIF5 — neurony s vice axony)

- specifitu ovliviuji i linking® proteiny
kinesin | — s JIP proteiny — vacky s LDL receptory
s APP — vacky s beta-sekretazou, presenilinem,
synapsinem



Molekularni motory

Dyneiny — od plus k minus konci mikrotubult
- specifita pfenosu dana s dyneinem-asociovanymi polypeptidy
(ARP1 — interakce se spektrinem — transport synaptickych. vacku)

- dulezity ve vyvoji NS — migrace neuronu a axon pathfinding

74-kD intermediate chain __
55-kD light intermediate chain
Dynamitin

p62
Capping protein —

_~Ankyrin

'Arp1, Actin



