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NOVE POHLEDY NA BIOLOGII NERVOVYCH
BUNEK (?)
 Definice problematiky

 Hlavni oblasti zajmu neurobiologie
e Zinek a CNS
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NERVOVE BUNKY

Evolucni konzervovanost
Superspecializace

Elektricka excitabilita, synapse
Regenerace a degenerace
Plasticita

Stabilni populace



PROC NAS ZAJIMA BIOLOGIE
NERVOVE BUNKY?

1) Biologie
2) Mapovani

3) Starnuti
a/Patologie

http://www.nature.com/news/big-neuroscience-billions-and-
billions-maybe-to-unravel-mysteries-of-the-brain-1.12519



MAPOVANI

1) Topografie — konektomika

2) Topografie — funkcni

Tomografie, Resonance, Svételna a
elektronova mikroskopie
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MAPOVANI | - CLARITY

-through brains

http://www.natur
e.com/news/see-
through-brains-
clarify-
connections-
1.12768
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MAPOVANI Il - TRANSKRIPTOM
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MAPOVANI I

Human Brain Project

http://www.nature.com/news/whole-human-
brain-mapped-in-3d-1.13245



BIOLOGIE NERVOVYCH
BUNEK

Axonalni mRNA lokalizace
Neurdalni proteom — dendriticky a synapticky

Kontext ECM - proteoglykany chondroitin
sulfatu (CSPGSs)

Planarni bunecna polarita (PCP)
Dendritické vybézky a rozvétveni dendritu
Nekodujici RNA

Zelezo, vapnik......



AXONALNI mRNA
LOKALIZACE

a Axon survival and maintenance

Target-derived cues
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NEURONALN| PROTEOM

A neuron from the brain in which DNA has been stained red and the Dasm1 protein, which
controls mammalian dendrite development, has been stained green. Dasm1 is abundantly
expressed in the dendrites of neurons, but not in the axons. Image: Cover, PNAS, September 7,
2004. Copyright 2004, National Academy of Sciences, U.S.A
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PLANARNI BUNECNA
POLARITA
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http://www.nature.com/nrn/journal/v14/n8/fig_tab/nrn3525_ F1.html



NEKODUJICI RNA

Class
Antisense IncRNAs

Antisense termini-associated

short RNAs

Centromere
repeat-associated small
interacting RNAs

Endogenous small interfering
RNAs

Enhancer RNAs
Enhancer-like long ncRNAs
Large intergenic RNAs

IncRNAs
MicroRNA-offset RNAs

MicroRNAs
Mitochondrial ncRNAs
PIWl-interacting RNAs

Promoter-associated long
RNAs.

Promoter-associated small
RNAs

Small nucleolar RNAs

Small RNAs derived from
small nucleolar RNAs

Smallnuclear factor
90-associated RNAs

Splice-site RNAs

Telomere small RNAs

Telomere repeat-containing

RNAs

Termini-associated short
RNAs

Transeription initiation RNAs
Transcription start site
associated RNAs
tRNA-derived RNA fragments

3'-untranslated
region-associated neRNAs

Vault RNAs

¥ RNAs

Description
IncRNAs derived from antisense transcription, present at ~70% of mammalian genomic loci and
implicated in the regulation of sense protein-coding genes

Smalt ncRNAs with 5 poly-U tails cnglnaimg fﬂ;\m 3 ternﬂm of genes in antisense orfentation,
suggesting transcription by RNA-dep NA poly

Small ncRNAs (34-42 nucleotides) derived from centromeric repeats with putative roles in local
epigenetic fi ions and h hi in formation

Small DICER-dependent ncRNAs (21-26 leotides) iated with A te proteins (AGO2) and
involved in post-transcriptional and epigenetic silencing of protein-coding genes and transposens

IncRNAs transcribed from enh domai
neuronal genes

of, and exp d coordinately with, activity-dependent

IncRNAs exhibiting enhancer activity, particularly for genes regulating development and
differentiation

IncRMAs derived from intergenic regions that act as guides for recruiting PRCZ, CoREST and other
h in-modifying pl
Large family of neRNAs (>200 nucl with diverse

Small ncRNAs (~20 nucleatides) produced from microRNA precursors and exhibiting independent
expression relative to associated microRNAs, implying distinct functional roles

Small DICER-dependent ncRMNAs (20-23 nucleotides) associated with Argonaute proteins (AGO1-4)
and involved in post-transcriptional silencing of protein-coding genes and ncRNAs

roles

Small ncRNAs and IncRNAs generated from beth strands of the mitochondrial genome, regulated by
nuclear-encoded mitochondrial proteins and expressed in cell type- and tissue-specific patterns

Sma{t ncRNAS(Iﬁ ~30nuclectides} associated with the PIWI subclass of Argonaute proteins and
dinsil g of mRNAs and tr

IncRNAs transcribed from p d of protei
modulators, and capable o! recruiting regula!oryfactors

ding genes, particularly cell eycle

Small ncRNAs (20-200nucleotides) possessing 5' ends that coincide with the transcription start sites
of protein-coding genes and ncRNAs

Small ncRNAs derived from intronic regions with roles in promoting RNA medifications, including
pseudouridylation (H/ACA snoRNAs) and methylation (C/D snoRNAs), as well as pre-mRNA processing

Small ncRNAs derived from 3’ ends of H/ACA snoRNAs (20-24 nucleotides) and 5" ends of C/D
snoRNAs (17-19 nucleotides and >27 nucleotides) with microRNA-like functions

Small ncRNAs (117 nucleotides) associated with the nuclear factor 90 RBP and exhibiting accelerated
evolution and expansion in heminids and region-specific expression in human brain

Small ncRNAs (17-18 nucleotides) derived from splice sites of highly transcribed genes, and expressed
in developmental stage- and region-specific patterns

Small DICER-ind: fic ncRNAs (~24 nucleotid

IncRMAs transcribed from telomeric repeats and dynamically regulated during the cell cycle with roles
inheterochromatin formation and telomere functioning

1t telomere=sp:

Small neRNAs ariginating from 3 termini of protein-coding genes and ncRNAs

Small ncRNAs (18 nucleotides) originating downstream of transcription start sites of protein-coding
genes, impli d in modulating CTCF local and nucl density

Small ncRNAs (20-90nucleotides) originating from the -250 to +50 position relative to the
transcription start site of protein-coding genes

Small ncRNAs (19-40nucleotides) derived from cleavage of mature tRNAs constitutively by DICER
and in response to stress by angiogenin {in humans), promoting stress granule assembly and inhibiting
mRNA translation

IncRNAs derived from 3"-untranslated regions of protein-coding transcripts and exhibiting
independent developmental stage- and tissue-specific expression profiles

Small ncRNAs (83— lODnuclemu:lesl integral to the vault RNP complex with putative roles in multidrug
resistance, and innate i

Small ncRNAs (~100 nucleotides) required for DNA replication, cleaved into microRNAs and
implicated in Ro RBP localization and function
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CoREST, repressor element 1-silencing transcription factor corepressor 1: CTCF, CCCTC-binding factor: IncRNA, long non-coding RNA; neRNA, non-coding
RNA: PRCZ. Polycomb repressive complex 2: RBP, RNA-binding protein.



ZINEK — POHLEDEM VEDY

Nutricni specialista - fyziolog
Biochemik

Ekolog a toxikolog

Genetik

Neurovedec (neurobiolog)



ZINEK — BIOLOGICKE FUNKCE

Bunécéna integrita -
cytoprotekce

Proliferace

DNA syntéza a genova
exprese

Enzymaticka katalyza
Signalizace
Reparace a regenerace

Bunécna smrt

http://www-dsv.cea.fr/en/institutes/institute-of-life-sciences-research-
and-technologies-irtsv/laboratories/chemistry-and-biology-of-metals-
laboratory-lcbm/biology-of-metals/transmembrane-transport-and-
storage-of-zinc-in-neurons.-roles-of-trpc6-channels



ZINEK - INTRACELULARNI SIGNALIZACE

o Specifické senzory kovu, transportéry (DTC, ZnT) a
vazneé proteiny

o Influxni a effluxni mechanizmy

« Labilni (volna) a vazana forma

VAZANA VOLNA
e Proteiny obsahujici zinek e Zinkozomy
(metallothioneiny)

e Proteiny regulované
zinkem (tubulin)

e Protein-zinkové
komplexy (zinek-inzulin)



ZINEK — KONCENTRACE

* Intracelularni celkova — nM az mM

e Intracelularni volna — pM az nM

* Nejvyssi koncentrace — prostata
— pankreas
— CNS



ZINEK — NEURONY V CNS

1) Intracelularni vazany (80%)

2) Intracelularni volny (?)

3) Synapticky (vezikule) (10%) — 300 uM



GLUZINERGICKE NEURONY

““¢ Ghtamate | .
*2 Free zinc It
) Gitamate transporter ﬂt‘g’:

Mature Reviews | Neuroscience



Table 1 | Zinc-sensitive targets in the central nervous system

Specific protein Main effect of zinc References
Glutamate receptors
AMPA, Up- and downregulates 254
MDA Tanic downregulation 99,255
Fhasic effect disputed
Metabotropic Downregulates 256
Other receptors
GABA, Mostly downregulates 17,257
GABA, Mimics, downregulates 258
Glycine Upregulates 125
sigma 2 Mimics 259,260
Acatylcholine Up- and downregulates 124
Adenosine Up- and dowmregulates 121
Serotonin Downregulates 261
Dopaming Up- and downregulates 117,118
Catecholamine Up- and downregulates 120
Ielanocortin Upregulates 262
Zinc receptor Mobilizes intracellular Ca? 134
Proton receptor Zinc—proton synergy a9
Opioid Downregulates 263
Channels
Ca? Blocks, inhibits 264
K Up- and downregulates 265
Na+ Mixed 102,266
Cl- Facilitates 267
Ca?-amyloid Blocks 268
Transporters
Glutamate Decreases uptake 135,269
Dopaming Decreases uplake 136,270
AMPA, c-amino-3-hydroxy-5-methyl-4 isoxazole propionic acid; GABA,/GABA,, y-aminobutyric

acicl type A/B; NMDA, N-methyl-c-aspartate.



NEUROBIOLOGIE ZINKU

e |ont vs molekula

e Chemickeé chovani



ZINEK AMOZEK

Inhibice excitaCnich a inhibiCnich receptoru

Normalni mozek — redukce excitability
(endogenni antikonvulzant)

Aktivni role pri synapticke plasticité (uceni a
pamet)



ZINEK, MOZEK A TOXICITA

Eukaryotni bunky umiraji — 100 nM Zn
1988 (potkani model)
ZnT3 knock-out mysi

- CA3 oblast hipokampu

- CA1l a thalamické neurony

Oxid dusnaty a MT3



ZINEK A NEURODEGENERATIVNI
STAVY

e Alzheimerova choroba
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Table 2 | Metal levels in patients with Alzheimer's disease and healthy individuals

Location Zinc pg g (UM)* Copper pg g (UM)* Iron pg g (pM)*
Flague nim B 10247 23 (357) e (938)F
Plaque core 87 (1327)° 30 474) 53 (951}
Total senile plague G0 (1055)1 25 (20 53 (940)¢
Alzheimer's neuropil a1 (F86) 19 (3204) 30 (B605)
Control neuropi 23 (346) 4 (59) 19(338)

"Mumibears In brackets represent molar concantrations, 'which wane comveried with the assumption of a sample density equivalant (o
1 gem™; p<0.05 (plagus values comparsd With Neunopis rom patients with AFheimers diseass); o<0.05 (newropls rom patients with
Alhaimer's disease compared with neuropds from control Indhviduals). Adaptaed from REF. 195,



ZINEK JAKO TERAPEUTICKY CIL

e Inhibice NOS (excitotoxické poskozeni)
e Pufrace volného zinku (clioquinol - AD)

* Pyruvat



NEUROBIOLOGICKE PERSPEKTIVY

* Hloubkova topografie NS

* Definice signalu vnéjsiho prostredi

e |nteraktom



