Neurobiology

Introduction to neurosciences for Cognitive MSs.




The Action Potential

Resting, Polarized Membrane
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. When an axon is in its resting (or polarized)
state, there is a balance between the number
of positively charged ions on the outside of
the cell membrane and the negatively charged
ions on the inside.

Depolarization
(sodium ions flow in)

2. An action potential begins when a small section of

the axon adjacent to the cell body is adequately
stimulated by an incoming message. Pores

(or channels) in the membrane at the stimulated
area open and allow positively charged sodium

ions to move inside the cell membrane. This
movement causes a depolarization at that spot on
Sodium ions pumped the membrane.
out of neuron
Desolarizaf; Flow of depolarization
epolarization
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3. This depolarization produces an imbalance of 4. As the action potential continues down the axon,
ions in the adjacent section on the axon neighboring sections open and the process is
membrane. Pores in this neighboring area now repeated. Note that the first section has now
open, and more positively charged sodium completely recharged and is beginning the
ions flow in. Meanwhile, the positively return to the resting state.
charged ions in the previous section sre being
“pumped” out if the first section.
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Synaptic Transmission and Brain
Neurochemistry




Synapse

» The synapse Is the junction between an axon
terminal and an adjacent dendrite or cell body.

» Neurotransmitter (NT) molecules are released from
the axon terminal into the synapse when the action
potential arrives at the axon terminal.

© 2004 John Wiley & Sons, Inc.
Huffman: PSYCHOLOGY IN ACTION, 7E



The Synapse

1. Electrical impulses (action potentials) travel
from one neuron to another across a tiny junction
known as a synapse.
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" 2. When an action 3. The sending neurcn normally reabsorbs
Vesicle containing potential reaches an excess neurctransmitter molecules,
neurotransmitters axon terminal, it a process called reuptake.
stimulates the
release of
neurotransmitter

molecules from sacs
called vesicles. These
molecules cross the
synaptic gap and bind
Receptor sites on Neurotransmitter to receptor sites on
receiving neuron




Transmission at the Synapse
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1 DELIVERY OF SYNAPTIC VESICLE
COMPONENTS TO PLASMA MEMBRANE

2 ENDOCYTOSIS OF SYNAPTIC VESICLE
COMPONENTS TO FORM NEW SYNAPTIC VESICLES DIRECTLY

ENDOCYTOSIS OF SYNAPTIC VESICLE COMPONENTS AND DELIVERY TO ENDOSOME
BUDDING OF SYNAPTIC VESICLE FROM ENDOSOME
LOADING OF NEUROTRANSMITTER INTO SYNAPTIC VESICLE
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ACTION POTENTIAL
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Figure 13-64. Molecular Biology of the Cell, 4th Edition.



Kémiai szinaptikus transzmisszio
léepesei

» 1. Trm. synthesis,

» 2. tarolas,

» 3. felszabadulas,

» 4. postsyn. receptorkotes,
» 5. trm Inactivation




felszabadulas

» Presyn. AP
» fesz. fuggo Ca csatorna nyitas

» Ca bearamlas
» IC Ca cc novekedése és aktiv helyekhez kotédése

» exocitozis, quantalis trm felszab.
» trm a syn résbe diffundal



The synapse has adapted forms of
vesicle cycling found in all cells.
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Figure 13-3. Molecular Biology of the Cell, 4th Edition.



postsyn. receptorkotés,

» trm+postsyn. receptor kotes

» postsyn csatorna nyitas/zaras VAGY masodlagos
hirvivo rendszer aktiv.

» postsyn- IPSP/EPSP, ionalis mech.



" trm inactivation

» trm eltavolitasa a syn. resbdl
diffuzio,
lebontas,
reuptake



A transzmiterek kritéeriumai:

» szintetizalodjon a neuronban

» szabaduljon fel és hasson

» Kivulrol beadva hozzon létre hasonlo hatasokat
» legyen jelen a "takarito" apparatus



Psychoactive Drugs

» Agonists enhance neurotransmitter function
» Antagonists block neurotransmitter function
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Dale elv és kritikaja:
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egy neuron azonos traszmittert hasznal minden szinapszison (!1?)
fejlddd neuronok
felndtt neuronok: coexistencia : kicsi transmitter + peptid

amakrin sejtek a retinaban: ACh és GABA

ACh és VIP: enteralis idegek

spinal motoneuron: ACh és CGRP

vegetativ ganglionban: ACh és LHRH

ATP mindkét tipusuval urulhet

ATP és lebomlasi termékei adenozin: purinerg (adenin és guanin)
szivizom, bél simaizom, hatso gyoki neuronok

peptideknél: azonos prekurzor, kulonb6zo végtermekek

update: egy neuron u. azt a transzmitterkombinaciot hasznalja
minden szinapszisan

felnott neuron differenciacioja: biz. biokémiai apparatust hasznal
csak



Brain Neurotransmitter Pathways

Major Brain Pathways




ACh

v VvV Vv
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szerkezet: nem aminosav szarmazeék, kolin acetilésztere
precursors: kolin + acetil KoA

synthesis: ChAT

lebontas: AchE

metabolits: kolin + acetate

receptors:

Muscarinerg: M1, M2, M3, M4, M5, agonista muscarin, antagonista: atropin
Nikotinerg: agonista:nikotin, antagonista: d-tubokurarin
sites

-gerincveldi motoneuronok az 0sszes gerincesben,

-vegetativ idegrendszerben a ganglionokban (N), és a paraszimpatikus
postganglionaris végzddésben

-agy (nucleus basalis Meynertbdl cortex (M), hippocampus) (Alzheimer kor)
-ideg-izom kapcs. (N), simaizmok (M)

effect: N-ionbearamlas, M-G-protein (IP3)

Inactivation: decomposition



Biogén aminok

» szerkezet: katekolaminok:  dopamin, NA, A,
serotonin, hisztamin:

» synthesis: Phe- (Phe hidroxil, maj)- Tyr-(Tyr hidroxil,
sejtplazma)-L-DOPA-(dopa dekarboxil,sejtplazma) -
DA-(dopamin B hidroxil, synapt. vegkesz. vezikulai)-
NA-(feniletanolamin-N-metil-transf, sejtplazma)-A

» metabolits: mandulasav



v Vv Vv Vv Vv Vv V9

NA: -locus coeruleus cortex, cerebellum, gerincveld (uj stimulusra
figyelés, autonom integracio)

decomposition: MAO (idegsejt mitokondr)—COMT (vérben)

A: -mellékveseveld

Dopamin: -agytorzsi magok: substancia nigra, striatum (Parkinson
kor)

decomposition: COMT (veér)

receptors:ALFAL,2 agonista: NA-A-1ZO

& BETA 1 agonista: [ZO-A+NA
BETAZ2 agonista: [ZO- A-NA
D1,D2 (D3,4,5) agonista: DA-A+NA

effect: Gprotein (AC, IP3-Ca)
Inactivation: reuptake
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Ser (5-HT): -kozepvonali raphe magok cortex, limbikus rendszer,
hippocampus

synthesis:Trp- (Trp hidroxil, dekarboxil)-5HT

decomposition: MAO

metabolit: 5-HIAA

receptors. 5-HT1a,b, 2

hatasmech.:K csatorna zaras - excitacio (LSD), nyitas - inhibicio
Inactivation: reuptake

His: transzmitter a gerinctelenekben, gerinces agy (hypothalamus),
gyomorsosav szekrecio, antidepresszansok

prekurzor: His -(His dekarboxil)-
decomposition: histaminase
receptors: H1,2,3

hatasmech: Gprot.



» Aminosavak

» GABA: gatlo transzmitter a bulbus olfactoriusban, retina
amacrin sejtek, kisagy Purkinje sejtjel, kosarsejtek a
kisagyban és hippocampusban

gatlo, szorongasoldd, antidepresszans
prekurzor: Glu (Glu dekarboxil)
decomposition: GABA transaminase

receptors: GABA A (antagonista:bicucullin), B
(agonista:baclofen)

» BZD kotese: agonista:diazepam (Valium), antagonista:
flumanezil

» hatasmech: Cl csat. nyitas



glycin: gerincveldi gatlo interneuronok (antagonista
Izmot-sztrichnin),

gatlo

a sejtben a metabolikus és transzmitter AS-t el kell
valasztani: vezikulak?

hatasmech: Cl csat. nyitas

glutaminsav, asparaginsav: agyban, gerincveloben,
HC, retinaban

serkento
receptors: NMDA, Non-NMDA (kainat, kviszkalat)
hatasmech: kationcsat. nyitas



» Peptidek

» kulonbseg a peptidkotesek es egyéb
transzmitterek gyartasa kozott:

» klasszikus transzmitter: gyorsan urul, gyorsan
potlodik, peptid: valoszintleg Ca++ val urul,
lassan potlodik (sejttestbol jon)

» VIP, somatostatin, LHRH, substance P, NPY,
CGRP, opioid peptidek (u —morfin, k-
prodynorphine, o —enkephalins))




Purinerg synapsis

adenosine, ATP

NO

prekruzor: Arg

synthesis: NO synthetase

NniNCs receptora

hatasmech: guanilate cyclase aktiv



Szinapszisok kolcsonhatasai:

» térbeli és idobeli szummacio,
» a kdd az AP frekvencigja

» -serkentés: posztszinaptikus és preszinaptikus facilitacio (K+ aram
csOkkentése)

» -gatlas:posztszinaptikus (tk. IPSP), Gly, a hatas az EPSP és IPSP eredéje

b preszinaptikus (Ca++ gatlas- K+ serkentés, Cl- hyperpolarizacios,
depolarizaciés), GABA

» -syn. plaszticitas: a PSP kialakulasa fugg a syn. megel6z6 allapotatal,
tanulas, D. Hebb féle tanulas

» divergencia (azonos palyan, kulonb6z6 palyakra) - altalaban szenzoros
» konvergencia (azonos forrasbal, kulonbozo forrasbol) - altalaban motoros

» soros kapcsolatok, parhuzamos elrendezes, visszacsatolas (feed forward,
feed back), reverberacios korok

» faradas: transzmitter, receptor, postsynaptikus Ca++ felszaporodas (Ca++
dep. K csatornak)



Drug Effects on Neurotransmission
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Method 5: intrinsic signals

)

B: blcod vessels V1 and V2

C: ocular gominance columns: pictures obianed
during left eye stimulation were subtracted
from right eye stmulation

D: orlentation map

E° comparsion of orientation tuning obiained from

Intrinsic signals and elecirophysiology



Recentive Fields

T, Electrode Receptive field e
@) system e

Place an electrode near a cell in a monkey brain

¢ : Make the monkey stare at a fixation spot without
y | / / | moving its eyes

i Stimulate various regions of visual space
fgineolggefyv-isew - | epie | A cell will respond to stimulation in one part of
- / _ 1 space more than any others
| {\ s } ‘ The region of visual space that drives a particular
- e . cell forms its receptive field (RF)
e
= Different cells have different RFs
T In early visual areas, RFs are small
i \ S ITTTRTTHTI. In later visual areas, RFs become larger
- e Some cells’ responses are tuned not only to the
. 1 iEEe location of the stimulus but also other properties
7 s (shape, color, direction of motion)
i U L

Source: Gazzaniga, Ivry & Mangun, 2002



Mi a kod?

Jelenlegi tudasunk szerint az egyeduli
Informacio atviteli kdd az idegrendszerben
Az akcids potencialok szama

Tuzelési frekvencia (firing rate)




