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Synapse

Lidsky mozek obsahuje
50,000,000,000 neuronti
(5.10%19),

Na neuronu muZe byt aZ
200,000 synapi

10*13 synaptickych kontaktt
v mozku clovéka

HO OH
NH;

Kyselina glutamova



Předvádějící
Poznámky prezentace
Rychlá signalizace mezi neurony centrální nervové soustavy se uskutečňuje uvolňováním chemických látek (neuropřenašečů) z presynaptického neuronu, který vyvolává změnu membránového potenciálu (depolarizaci nebo hyperpolarizaci) postsynaptického neuronu (tzv. chemická synapse). U primitivních organismů se vyskytují tzv. elektrické synapse kde se elektrický signál šíří přímo z jednoho neuronu na druhý.
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Excitacni synapse

200 000
synapsi

Presynapticky neuron

-

_

Postsynapticky neuron




Uvolnovani glutamatu z presynapticke terminaly
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1 mM glutamatu na dobu 1 ms




Excitacni postsynapticke proudy

0.1 nA
50 ms

AMPA receptor EPSC

NMDA receptor EPSC

|0.1 nA

400 ms




Podjednotkové sloZeni ionotropnich glutamatovych receptorti

Ionotropni
glutamatové receptory

Podjednotka Gen Chromozom

AMPA (a-amino-3-hydroxyl-
5-methyl-4-isoxazole-propionate)

GluAl GRIA1 5933
GluA2 GRIA2 4q32-33
GluA3 GRIA3 Xq25-26
GluA4 GRIA4 11q22-23
ORIGIN
Ny 1 mkpraeccsp kfwlvlavla vsgsrarsgk sppsigiavi lvgtsdevai kdahekddfh
Kalnat 61 hlsvvprvel vamnetdpks iitricdlms drkiqgvvfa ddtdgeaiaq ildfisaqtl
121 tpilgihggs smimadkdes smffqgfgpsi eqgasvmlni meeydwyifs ivttyfpgyq
GIUKl GRIK]- 21q211'221 181 dfvnkirsti ensfvgwele evllldmsld dgdskigngl kklgspiill yctkeeatyi
- 241 fevansvglt gygytwivps lvagdtdtvp aefptglisv sydewdyglp arvrdgiaii
giuﬁg gﬁigg ?qéi:; 59321 ggi Efa§§clirrlie hifipeptsi ginil:hetriy gsnminryli nvggﬁ(i]rrjls Tsedgﬁrphp
u p -p viillnke rkwervgkwk slgmkyyv wprmcpetee geddhlsivt leeapfvive
421 svdplsgtcem rntvpcegkri vtenktdeep gyikkcckgf cidilkkisk svkftydlyl
GluK4 GRIK4 11q223 481 vtngkhgkki ngtwngmige vvmkraymav gsltineers evvdfsvpfi etgisvmvsr
541 sngtvspsaf lepfsadvwv mmfvmllivs avavfvfeyf spvgynrcla dgrepggpsf
GIUKS GRIKS 19q132 601 tigkaiwllw glvfnnsvpv gnpkgttski mvsvwaffav iflasytanl aafmigeeyv
661 dgvsglsdkk fgrpndfspp frfgtvpngs ternirnnya emhaymgkfn qrgvddalls
, 721 1ktgkldafi ydaavlnyma grdegcklvt igsgkvfast gygiaigkds gwkrqgvdlai
NMDA [N-methyl-D-aspartat) 781 Iglfgdgeme elealwltgi chneknevms sqldidnmag vfymlgaama Islitficeh
841 Ifywqgfrhcf mgvcsgkpgm vfsisrgiys cihgvaieer gsvmnsptat mnnthsnilr
GIUNl GRIN1 9q34‘3 901 Ilrtaknman Isgvngspgs aldfirress vydisehrrs fthsdcksyn nppceenlfs
961 dyisevertf gnlglkdsnv ygdhyhhhhr phsigsassi dglydcdnpp fttgsrsisk
GIUNZA GRINZA 16p132 1021 kpldiglpss khsglsdlyg kfsfksdrys ghddlirsdv sdisthtvty gniegnaakr
1081 rkqqykdslk krpasaksrr efdeielayr rrpprspdhk ryfrdkeglr dfyldgfrtk
GIUNZB GRINZB 12p12 Egi (:nsphwegvd Itd;ykersd grﬁrdsvsgg gpctnrshil_( hgtngI:Egvv ?g:j/[_)ap\évek:\
- tnvewedrs ggnfcrscps nysttvt ggnsgrgaci rceackkagn lydisedns
GIUNZC GRINZC 17q24 q25 1261 geldgpaapv avtsnasttk ypqgsptnska gkknrnklrr ghsydtfvdl gkeeaalapr
GIuN2D GRIN2D 19q131qter 1321 svslkdkgrf mdgspyahmf emsagestfa nnkssvptag hhhhnnpggg ymlskslypd
1381 rvtgnpfipt fgddgcllhg sksyffrgpt vagaskarpd fralvtnkpv vsalhgavpa
GluN3A GRINSA 9q3 11 1441 rfgkdicign gsnpcvpnnk nprafngssn ghvyeklssi esdv
GIluN3B GRIN3B 19p13.3
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Alternativni sestrih
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A GluN1 GluN2A GluN2B GluN2C GIluN2D
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.. to be or not to be.....

Synaptické receptory

Mimosynaptické receptory

Aktivace
anti-apoptotickych genti

Synaptické r

Mimosynaptické receptory

Aktivace
pro-apoptotickych genii



Pamatujete si tento obrazek?
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Long term potentiation of synaptic transmission (LTP)

NMDA receptor EPSC

o

AMPA receptor EPSC
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Long term potentiation of synaptic transmission (LTP)

NMDA receptor EPSC

-~

AMPA receptor EPSC
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Odstranéni glutamadtu

Glutamat = Glutamin

Intracellular
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Pamatujete si jméno tohoto vedce?
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Pamatujete si jméno tohoto vedce?

Takashi
Hayashi
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EXxcitotoxicita

Glutamat
7?<100nM ... 100 uM |
Hodiny az dny




Excitotoxicity

Glutamate 30 min




“Glutamatergni” teorie vzniku:

Vyrazna neurodegenerace

Dalsi

e Alzheimerova choroba

e Dusledky mozkové prihody

e Tramatické poskozeni mozku

e Parkinsonova choroba

e Tardivni dyskinezie

e Huntingtonova choroba

e Amyotroficka lateralni skleroza

e Olivopontocerebellar degenerace
e AIDS

Alergicka encefalomyelitida

e Epilepsie

e Anxieta

e Deprese

e Schizofrenie

e Chronicka bolest
e Lékova zavislost
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Human diseases and mutations in GRIN genes

GluN2B | Genotype Phenotype Age of Source
mut. onset
P553L | c.1658C | ID, hypotonia Early (de Ligt etal., 2012)
L/ postnatal
V5581 | c.1672 ID - (Hamdan et al., 2014)
q_[/ (Lelieveld et al., 2016)
W607C | c.18210 ID, DD, dysmorphic - (Yavarna etal,, 2015)
ql_ll/ features
N615I c.1 84414_.‘ /] WS, ID A-] 7 weeks (Lemke etal., 2014)
V618G c.1853 _l/ ID, WS, Epi- 4 months | (Lemke etal, 2014)
" _| encephalopaty,
S628F €.1883( " ID, DD, Epi- - (Platzer etal., 2017)
¥ | encephalopathy
E657G c.19704 ___ / ID, DD - (Platzer etal., 2017)
G820E 24590 ID, microcephaly Early (Hamdan et al,, 2014)
—/ ¥bstnatal
G820A | c.2459 ,| ID, DD, DMD, Eh ASD# | (Platzer etal., 2017)
M824R c.2471" ID, DD, microcepﬁaly, 'months | (Zhu etal,, 2015)
_l/ Rett-like picture, Fpi
activity opg EEG
L825V | ¢.2473T>G |ASD ' - (Awadalla etal, 2010)
(Swanger et al.,, 2016)

ID - intellectual disability; DD - developmental delay; WS - West symdrome; Epi - epilepsy and/or seizures,
infantile spasms; ASD - Autism Spectrum Disorder; DMD -Dyskinetic movement disorder; ES - epileptic
spasms; GVL - generalised cerebral volume loss



N1
2A
2B
2C
2D

N1
2A
2B
2C
2D

pre-M1 M1
(549) STLDSFMQPFQSTLWLLVGLSVHVVAVMLYLLDR
(544) VSPSAFLEPFSASVWVMMEVMLLIVSAIAVEVEE
(545) VSPSAFLEPFSADVWVMMEFVMLLIVSAVAVEVEE
(542) VSPSAFLEPYSPAVWVMMFVMCLTVVAITVEMFE
(572) VSPSAFLEPYSPAVWVMMEVMCLTVVAVTVEIFE

M3
(625) RSFSARILGMVWAGFAMIIVASYTANLAAFLVLDRP
(623) KGTTSKIMVSVWAFFAVIFLASYTANLAAFMIQEEF
(624) KGTTSKIMVSVWAFFAVIFLASYTANLARFMIQEEY
(621) RGTTSKIMVLVWAFFAVIFLASYTANLAAFMIQEQY
(651) RGTTSKIMVLVWAFFAVIFLASYTANLAAFMIQEEY

C

NTD

M2
(604) SSAMWFSWGVLLNSGIGEGAP
(602) GKAIWLLWGLVEFNNSVPVQNP
(603) GKAIWLLWGLVFNNSVPVQNP
(600) GKSVWLLWALVFNNSVPIENP
(630) GKSIWLLWALVFNNSVPVENP

M4 M3
(808) LTFENMAGVFMLVAGGIVAGIFLIFIE-TIAYK
(812) LDIDNMAGVFYMLAAAMALSLITFIWEHLEYW
(813) LDIDNMAGVFYMLGAAMALSLITFICEHLEYW
(810) LDIDNMAGVFYMLLVAMGLALLVFAWEHLVYW
(840) LDIDNMAGVFYMLLVAMGLSLLVFAWEHLVYW

M4

CTD

E807
M3
& G820
P553 GIluN2B
M824
V558
N615 L825
V618 M4
W607
S628 -

M1

M2




Intellectual disability

Estimates of the prevalence of ID range widely, from 9 to
40 per 1,000 (1-4%)

Intellectual disability (ID), also known as general learning disability, and mental
retardation (MR), is a generalized neurodevelopmental disorder characterized by significantly
impaired intellectual and adaptive functioning. It is defined by an IQ score under 70 in addition
to deficits in two or more adaptive behaviors that affect everyday, general living.

QO Mild ID (IQ 50-69)
U Moderate ID (IQ 35-49)
U Severe or profound ID

Some of the early signs can include:

e Delays in reaching or failure to achieve milestones in motor skills development (sitting, crawling, walking)
* Slowness learning to talk or continued difficulties with speech and language skills after starting to talk

* Difficulty with self-help and self-care skills (e.g., getting dressed, washing, and feeding themselves)

e Poor planning or problem solving abilities

* Behavioral and social problems

» Failure to grow intellectually or continued infant-like behavior

* Problems keeping up in school

* Failure to adapt or adjust to new situations

* Difficulty understanding and following social rules



Most recent reviews tend to estimate a

prevalence of 1-2 per 1,000 for autism and

6 per 1,000 for ASD

Autism is a developmental disorder characterized by troubles with
social interaction and communication, and by restricted and
repetitive behavior. Parents usually notice signs in the first two or
three years of their child’s life. These signs often develop gradually,
though some children with autism reach their developmental
milestones at a normal pace and then worsen.

fhen

Paul Eugen Bleuler (1857 -
1939) Swiss psychiatrist - he
started using the term around
1911

Hans Asperger (1906-1980)
Austrian pediatrician, medical
theorist, and medical professor -
... his work on “autistic
psychopathy”. .. 400 children with
autistic psychopathy.

DUSTIN oM
HOFFMAN CRUISE

B RAIN MAN

Leo Kanner (1894 - 1981)
Austrian-American psychiatrist
- Autistic disturbances of
affective contact. Nerv Child
1943; 2:217-50. 28



.kde jsou geny, tam jsou probléemy ...

Family o
Subunit Gene Chromosome HsC OH
bd++2 hdf{z
AMPA (a-amino-3-hydroxyl- Leucin Valin

5-methyl-4-isoxazole-propionate)

GluA1l GRIA1 5q33 GIuN2B (L82 SV) ]

GluA2 GRIA2 4q32-33
GIuA3 GRIA3  Xq25-26 N
GluA4 GRIA4 11q22-23 v y‘m 1 g‘ aama
Kainate ORIGIN
GluK1 GRIK1 21921.1-22.1 61 hlovvprvel Titricding drkiqovvfa ddtdaeaiaq 11dfrsaqtl

_ 121 tpilgihggs smimadko-s smffqfgpsi eqgasvmini meeydwyifs ivttyfpgyq
GIUKZ GRIKZ 6(]163 q21 181 dfvnkirsti ensfvgwelenevllldmsld dgdskiqgngl kklgspiill yctkeeatyi

GluK3 GRIK3 1p34_p33 ggi fevangvglalt gy%)_/twi\lips aefpll:gli?\_/ sydiwyg:p irvgdgiari]i

ttaasdmlse hsfipepkss gsnminryli nvtfegynls fsedgygmhp

GluK4 GRIK4 11q223 igi kl\d/i:IInke rkwervgtwk wpl:rlzﬁpeﬁeie: q?gqulliivﬁ Ieiigf\é:v?

svdplsgtcm rntvpcgkri sep gyikkcckgf cidi sk svkftydly

GIUKS GRIKS 19 132 481 vtngkhgkki ngtwngmige vvmkraymawx gsltineers evvdfsvpfi etgisvmvsr
q

541 sngtvspsaf lepfsadvwv mmfvmllivs
601 tigkaiwllw glvfnnsvpv gnpkgttski

661 dgvsglsdkk fgrpndfspp frfgtvpngs nnya emhaymgkfn\ qrgvddalls
NMDA (N'methyl'D'aSpartate) 721 lktgkldafi ydaavlnyma grdegcklvt i iai gwkrgvdlai
781 lIglfgdgeme elealwltgi chneknevms sqldldnm-- \% mI-aama Islitficeh
841 Ifywqgfrhcf mgvcsgkpgm vfsisrgiys cihgvaieer gsvmnsptat mnnthsnilr

avavfvfeyf spvgynrcha dgrepggpst

901 llrtaknman Isgvngspgs aldfirress vydisehrrs fthsdcksyn nppceenlfs
gqu;A ggig;A 2(613111-;2 1821 ﬁy:ggv?rtf Eﬂlq:kg?nv )lgd?l;hzhhr pnzfj??as(sji dg!ydﬁdnpp ftl_:qsrsiik
pldiglpss khsqlsdlyg kfsfksdrys g irsdv sdisthtvty gniegnaakr
u I) * 1081 rkqqykdslk krpasaksrr efdeielayr rrpprspdhk ryfrdkeglr dfyldgfrtk
GIuN2B GRIN2B 12p12 1141 ensphwehvd Itdiykersd dfkrdsvsgg gpctnrshik hgtgdkhgvv sgvpapwekn
1201 Itnvewedrs ggnfcrscps klhnysttvt ggnsgrqaci rceackkagn lydisednsl
GluNZC GRINZC 17q24-q25 1261 geldgpaapv avtsnasttk ypqgsptnska gkknrnklrr ghsydtfvdl gkeeaalapr
1321 svslkdkgrf mdgspyahmf emsagestfa nnkssvptag hhhhnnpggg ymlskslypd
GluN2D GRIN2D 19q131qter 1381 rvtgnpfipt fgddgcllhg sksyffrgpt vagaskarpd fralvtnkpv vsalhgavpa

1441 rfgkdicign gsnpcvpnnk nprafngssn ghvyeklssi esdv

GIuN3A GRIN3A 9q31.1 i on asnpevp prafngssn gy

GluN3B GRIN3B 19p13.3
29



v

Surface expression

Functional properties:
I. agonist affinity
II. receptor desensitization
iii. probability of opening
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,Patch-clamp” technika

Recombinant receptors

HEK293 (GluN1/GluN2B)
¥ ki\ Loilr L A
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Hippocampal
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Erwin Neher  Bert Sakmann

NP... Medicine 1991

Patch-clamp amplifier
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,2Patch-clamp“a rychla aplikace latek
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,2Patch-clamp” a rychla aplikace latek

Tﬂ“’ﬂ”‘}ﬂw F*”‘ﬂ .
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Pravdépodobnost otevreni a desensitizace

R+A2RA+A2 RAA 20

WT P, =
10% KL kg
A Llesv Mksol a 0 MK801 D
i -y
0.1 nA | 0.1 nA
10s e |01 nA
' 55

L825V P, = 1.4%

B s MK801 a b MK801

—

0.2 nA
10 s

!

D= 72%




Acute ,,non-genomic” action of steroids

RNA —
protein

Acute

- effect

Genomic

i effect

Anesthetic Effect of Steroid Hormones,
Proc. Soc. Exptl. Biol. Med. 46, 116-21 (1941)

H. H. B. Selye
(1907 - 1982)

The Austrian-Hungarian endocrinologist
was born in Vienna and graduated at
Prague's German Faculty of Medicine. ... is
known as "the father of stress,,.
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Předvádějící
Poznámky prezentace
Allopregnanolone    Acute anesthetic effect


Steroids and NMDA receptors

Neurosteroids: | Pregnanolon sulfate (PAS) 20-oxo-5p-pregnan-3a-yl sulfate I
U are synthesized de novo in

the CNS Inhibition
O canreach a high local ' O

concentrations
O have a direct non-genomic

effect 0SSO

| Pregnenolon sulfate (PES) 20-oxopregn-5-en-38-yl sulfate I

h Potentiation

>y
-2

Dependency
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Steroids can compensate NMDA receptor malfunction

hGIuN1/hGIUN2B hGIUN1/hGIuN2B(L825V)
v \ \

AE-hSuc

Androst-5-ene hemi succinate
(AE-hSuc)
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Veda je velke dobrodruzstvi

Dékuji za pozornost
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