Comunicarea In sistemul nervos:
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Nivel macro:
% Anatomia functionala a sistemului nervos
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Bazele Structurale ale unui Neuron Tipic

1) Dendrites - Processing Elements - generally no
action potential is generated — electrical signaling is
by passive conductance

2) Soma — Integration of input from dendrites and
triggering of action potential. Also metabolic center —
site of gene regulation (contains nucleus) and protein
synthesis

3) Axon — Transmission of action potential — synaptic
contact with target cell(s)



Bazele Structurale ale unui Neuron: 4 regiuni functionale

1) Input (Receptive) — Generallydendritesand soma
2) Integrative — Generallysoma

3) Conductive — Generallyaxon

4) Output — Axon terminals
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Clasificarea neuronilor pe baza numarului de procese care provin din corpul celulei

A Unipolar cell B Bipolar cell C Pseudo-unipolar cell
Unipolar - single process with different W
elements serving receptive vs transmission \Dendrites Perioheral
roles. Characteristic of invertebrate nervous \D : enp. Giel anon
system endrite to skin and

muscle

Bipolar - two processes with distinct
dendritic and axonal elements. Bipolar cell
of retina

— Axon
Pseudo-unipolar - single process that ‘ Single bifurcated
divides into receptive (dendritic) and | process
transmission (axon) elements. Dorsal root !
ganglion Central
axon
— Axon terminals

Invertebrate neuron Bipolar cell of retina Ganglion cell of dorsal root



Neuron Multipolar - un axon, multiple dendrite.

Cel mai frecvent tip de celule din sistemul nervos al mamiferelor.

' 7Dendrites
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Cell body
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, body
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Potentialul de actiune - baza pentru transmiterea semnalelor electrice intre celule

igure 2-2 | his historic tracing is the first published intra-
cellular recording of an action potential. It was recorded in
1939 by Hodgkin and Huxley from a squid giant axon, using
glass capillary electrodes filled with sea water. The timing
pulses are separated by 2 ms. The vertical scale indicates the
potential of the internal electrode in millivolts, the sea water
outside being taken as zero potential. (Reproduced, with per
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A Oligodendrocyte

Oligodendrocyte Perineural
in white matter oligodendrocytes

Neuron

Oligodendrocytes — smaller cells with relatively fewer
processes — provide myelin in white matter and in gray matter
perineual oligodendrocytes surround and support neurons.



B Schwann cell

Nodes of Ranvier

Schwann
cell

Nucleus

Inner
tongue Axon

Schwann Cells — Provide myelin sheath surrounding peripheral

axons. Several Schwann cells provide myelin sheath (~ 1 mm
intervals) with intervening bare space (Nodes of Ranvier) — this is

Important in action potential propagation.



C Astrocyte

Capillary

End-foot

End-foot WA Fibrous

\ ') astrocyte

Neuron "'
(/ \J

Astrocytes — Most numerous type of glial cells. Characterized by
star-like shape and the broad end-feet processes that make contact
with capillaries. Important role in forming the blood-brain barrier.



Sinapsa

 Termen inventatde Charles Sherrington

e Zona specializata de contactintre un
neuron si celula tinta a acestuia.

* Electrice vs. chimice




Sinapse Electrice vs. Chimice

Type of Distance Cytosolic Components Agent Delay Direction
synapse Continuity
Electrical 3.5 nm Yes Gap-junction Current Absent  Bidirectional
Chemical 20-40 nm No Presynaptic  Neurotransmitter At least Unidirectional
vesicles and 0.3 ms,
active zones; usually
postsynaptic 1-5ms

receptors



Debitul de curent la sinapsele electrice si chimice

Presynaptic Postsynaptic

Sinapsa chimica: fluxulde curent
limitat la neuron- nu se raspandeste
direct catre celula tinta - nu exista
continuitate citosolica.

Sinapsa electrica: fluxul de curent se
transmite directde la neuron la celula
tinta prin continuitate citosolica.

Presynaptc Postsynaptic




Gap Junctions (Jonctiuni “Gap”
= Interval)
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Transmisia sinaptica la sinapsele chimice

Action potential In Ca®* entry causes Receptor-channels open,
nerve terminal vesicle fusion and Na' enters the postsynaptic
opens Ca“'channels transmitter release ceil and vesicles recycle

Presynaptic
nerve
terminal
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boutons

Mitochondnon

Synaptic vesicle (ACN
Presynaphc membran:

Active xone———\

Synapuc cleft

Postsynaptc
membrane

-~
~———
-~
-
-~
-
-~
-~
-y
-~
-

Ca®" channel

Basement Membrane ————i

Juncuional fold

Voltage-gated
Na* channed

Jonctiuni neuromusculare

Neuronul motor - Potentialele de actiune s-au
propagat in axon pana la terminalul presinaptic
unde neurotransmitatorul (ACh) este eliberat din
veziculele sinaptice

Fibra musculara - celula tinta - localizarea
receptorilor colinergici postsinaptici



Morfologia jonctiunii neuromusculare variaza intre
tipurile de fibre musculare




Densitatea veziculelor sinaptice la zonele active
(Rezervorul “gata de eliberat” de vezicule sinaptice)

lf‘”‘.’ ol 10
v"&\ l.“._\ . - ; l::".\ ; /
- g .

- {l ' : \ “
Synaptic f, - i

i ‘ h
Vesicles 4" &
— ~1 .

.
0 3
o 4. :

Vo ".b-g ' S |
. ‘ *l 4 ’?'.4
| . A b.?i.

5 Postsynaptic
.. membrane




(Re)Ciclul(area) veziculeisinaptice

Buddin? of synaptic
vesicle from endosome

. : Mature transmitter
Fusion with -filled vesicle
endosome

Clathrin-mediated endocytosis

recycling
¢ull fusion

Receptors

Veziculele umplute cu neurotransmitatorise aduna in apropierea zonelor active. Unele vezicule se indreapta spre
siturile din zona activa si sunt pregatite pentru eliberare. Tn timpul unui potential de actiune, Ca2 + citosolic creste
declansand deschiderea unui por de fuziune si eliberarea neurotransmitatorului. Trei cai propuse pentru intoarcerea
veziculelor in bazinul eliberabil: (1) printr-o reinchidere directa a porilor de fuziune si reformarea veziculei - ,,sarutasi
fugi” (“kiss an run”), (2) prin fuziune completa urmata de endocitoza mediata de clatrina si (3) prin fuziune completa si

endocitoza ca mai sus, dar vezicula endocitata fuzioneaza mai intai cu un endosom si veziculele mature se formeaza
apoi prin inmugurirea din endosom.



Synaptic Vesicle Pools

* Reserve Pool
 Cycling Pool
Readily Releasable Pool

Bazine de vezicule sinaptice

** Bazinul de rezerva
** Bazinul de reciclare activa

¢ Bazinul “gata de eliberat”




Synaptic Vesicle Pools

* Reserve Pool
 Cycling Pool
Readily Releasable Pool

Bazine de vezicule sinaptice

** Bazinul de rezerva
** Bazinul de reciclare activa

+¢* Bazinul “gata de eliberat”




Synaptic Vesicle Pools
* Reserve Pool

Reserve
Synaptic Vesicle Pool

@ Bazine de vezicule sinaptice
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Sinteza acetilcolinei si eliberarea veziculelor sinaptice

Glial cell

Presynaptic element __£

Choline
Acetyltransferase

—

; . Postsynaptic receptor
Vesicular choline

transporter



Microdomeniide influxCa2 + cu concentratii de [Ca2 +] i crescute
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Proteinele veziculelor sinaptice

. Synaptotagmin — Ca?* binding —
Synaptotagmin possible trigger for vesicle fusion

Cysteine-string protein
Cc

Synapsin — likely tethers vesicle to Synaptobrevin — Part of SNARE
actin cytoskeleton ORRRR00C complex — acts in a late essential
Synapsin | AN 7P stage of vesicle fusion
\\\\‘\\\\\Q\t\\ll\\‘\\\t\hl(l{d] / /' 1y g
N

AN
P

ATP

A
6/ rab 3
" :
Rab3 - Possiblerole in vesicle
v targeting and availability
Transmiller V2
transporters
N Cc
Transmitter uptake and vesicular fusion- Cytoplasm

Captarea neurotransmitatoruluisi fuziunea veziculara



Eliberarea neuro-transmitatorului necesita depolarizarea terminalului presinaptic

A Experimental setup

Recording

Recording

Potential when Na'*
channels are blocked

TTX 4+ 7 min FOS

TTX 4+ 14 min

TTX + 158 min

TTX > 15 min

Input-output curve
of transmitter release

15}
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Presynaptic spike amplitude imV)

50 60 70

Presynaptic spike amplitude (mV)

Postsynaptic potential



Eliberarea neuro-
transmitatorului
este o functie a

Influxului Ca ++1n

terminalul
presinaptic

Postsynaptic
potential

Pre§ynaptic
Ca®’ current

Presynaptic
command
potential




Timing-ul influxului
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Secventa si sincronizarea transmisiei sinaptice

Presynaptic action potential (APpre)
Gativig Ca*-chamnels 0.3 ms
Ca?* current (ICa)

Ca™Inggeved l 05ms

fuséon pore cpening

Exocytosis (plotted as release rate)

Neurotransmitier binding 04 ms
to posisynaptic receptors

Evoked postsynaptic current (EPSC)

Summaton of EPSCs 0.1ms
tnggers achon potential

Postsynaptic action potential (APpost)

Release
probability

Response
probability




Localizarea canalelor
Ca ++ si a receptorilor
ACh la jonctiunea

neuromusculara
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Jonctiunea neuromusculara la vertebrate

Schwann
cell

Synaptic
vesicles
Basal lamina
in synaptic
cleft

Muscle
plasma
membrane

Muscle
contractile
proteins




Neurotransmitatorul este eliberat in Quante fixe

Response

S S
__I\,'_/\\_ Quadruple

—— . e — Fa"ure

S

——~J\———— DOUbIe

Failure

Number of observations

0 02 04 06 08

Amplitude of spantaneous
miniature end-plate potentials (mV)

S
'\-"‘T'—‘ Failure

S
——‘rJ\N— Double
'—-"j\-— Double
1.2

) | 2mV ; ;
Stimulus 16 s Amplitude of end-plate potentials (mV)

Number of observations

Mini EPP ~ 0.5 mV 1 mini-Epp ~ 2000AChRc ~ 150 quantaper
Single AChRc ~ 0.3 pV 2 Ach/Rc =4000Ach/quanta /0 mV EPP



Freeze Fracture
Techniques
[Tehnici de “fractura
inghetata”] pentru a
vizualiza structura
sinaptica

ntrameambranous
parncles




Vizualizarea

EM a functiei
sinaptice
A:t=0s
B:t=5ms
C:t=10s




Vizualizarea
EM a functiel

sinaptice

Copyright © 2002, Elsevier Science (USA). All rights reserved.




Mecanismele de
fuziune si exocitoza a
veziculelor

SNARE: N-ethylmaleimide-sensitive
factor attachment protein
receptor

SNAP: Synaptosomal associated
protein

VAMP: Vesicle-associated
membrane protein

NSF: N-ethylmaleimide-sensitive
fusion protein

70 AA SNARE
motif

Figure 14-15 The molecular machinery for fusion and ex-
ocytosis.

A. The SNARE r,po hesis, Vesicie anc nﬂwbraf‘w

o~
W r'V_; fL.vl’\ﬂ t

position and thus p
botulinum (BoNT} and tetanus toxin ch’\ | are indicated




Mecanismele de fuziune si exocitoza a veziculelor

Vesicle
|
1 Mobilization membrane

Vesicle
transporter
CAM kinase || 2 Trafficking
3 Docking-priming 4 Fus:on R

\

Synapsins

Cytoskeleton

Synaptotagmin Synaptophysin
(65}

{synaptobrevin)

SNAP-25
2+ Neurexin
% ’ a“" channel
Tetanus toxin e
Botulinum toxin Syntaxin Syntaxin |

a-Latrotoxin




Mecanismele de fuziune si exocitoza a veziculelor

Docked

Synaptotagmin:

ATP Primed Ca** NT Release

Leaga Ca ++
Leaga fosfolipidele in mod dependent de Ca ++
Leaga SNARES

Functioneaza ca senzor Ca ++ pentru eliberarea NT



A Calcium control of vesicle fusion and mobilization

Controlul fuziunii
veziculare
de catre Ca ++

Synapsins

g—GTP

‘Rab3A GDP e

+P CDP
g—GDP

G TP
RGTP

Rab3




Modulare sinaptica:
Modularea presinaptica a eliberarii neurotransmitatorului

Normal Hyperpolarized Depolarized

Presynaptic

membrane

potential (mV)
o

3

N

=
L
©
= 10
Q
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a

Postsynaptic
membrane
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Modulare sinaptica:

Modularea Axo-axonica a eliberarii neurotransmitatorului

A Presynaptic inhibition

g

Presynaptic Postsy

B Presynaptic facilitation

Presynaptic Postsynaptic

Presynaptic ~ Postsynaptic
action ( \ potentia
\

potential \

24 2
Ca“® current
in presynaptic
neuron

Presynaptic \ Postsynaptic
action potential

potential \

Ca®" current
in presynaptic
neuron

/ Control
'

Inhibited

Control

Facilitated

Facilitatad
/

\ \‘\—x Prolongation of
v\ action potential

- e ——

Prolongation of
Ca*" current




Transmisia sinaptica (chimica) — mai simplu nu se poate ©

ACTION POT AL

Presynaptic
membrane

/

4

| Postsynaptic
neuron

GERS RELEASE OF NEUROTRANSMITTER

voltage gated ion channels

Ca2* (1) Action potential
Ca?* arrives; triggers entry
Ca2+ of Ca?t,

response to Ca2+,
membrane, release
- /‘v neurotransmitter.

3 lon channels open when
neurotransmitter binds,
causes change in

postsynaptic cell potential.

A ligand gated ion channels




Neurotransmitatori



Definitia unui neurotransmitator

» Este sintetizat de neuroni.

» Este prezent in terminalul presinaptic si eliberat in cantitati suficiente
pentru a exercita o actiune categorica asupra tintei postsinaptice.

» Cand este administrat exogen, imita actiunea transmitatorului endogen.

» Exista un mecanism specific pentru eliminarea acestuia din locul sau de

actiune.

Clase de neurotransmitatori

v Neurotransmitatori cu molecule mici

v' Neuropeptide



Table 48.1 The Major Known Neurotransmitters

Neurotransmitter

Acetylcholine

Biogenic Amines
Norepinephrine

Dopamine

Serotonin

Amino Acids

GABA (gamma
aminobutyric acid)

Glycine

Glutamate

Aspartate

Neuropeptides
Substance P

Met-enkephalin
(an endorphin)

Structure
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Copynght © Pearson Education, Inc.. publishing as Benjamin Cummings

Functional Class

Excitatory to vertebrate skeletal
muscles; excitatory or inhibitory

at other sites

Excitatory or inhibitory

Generally excitatory; may be

inhibitory at some sites

Generally inhibitory

Inhibitory

Inhibitory

Excitatory

Excitatory

Excitatory

Generally inhibitory

Epinephrine, Histamine, ATP, Adenosine

Secretion Sites

CNS; PNS; vertebrate
neuromuscular junction

CNS; PNS

CNS; PNS

CNS; invertebrate
neuromuscular junction

CNS

CNS; invertebrate
neuromuscular junction

CNS

CNS; PNS
CNS




A u u

Familii de neurotransmitatori peptidici

Table 15-3 Some Families of Neuroactive Peptides

Family Peptide members

Opioids Opiocortins, enkephalins, dynorphin, FMRFamide

Neurohypophyseal hormones Vasopressin, oxytocin, neurophysins
Tachykinins Substance P, physalaemin, kassinin, uperolein, eledoisin, bombesin, substance K

Secretins Secretin, glucagon, vasoactive intestinal peptide, gastric inhibitory peptide,
growth hormone-releasing factor, peptide histidine isoleucineamide

Insulins Insulin, insulin-like growth factors I and 1l
Somatostatins Somatostatins, pancreatic polypeptide

Gastrins Gastrin, cholecystokinin




Ciclul de viata al unui neurotransmitator clasic

Glial cell

7 _Release-modulating
autorecptor

__Synthesis-modulating
_ autorecptor

Presynaptic element

: Postsynaptic receptor
Vesicular

transporter
Metabolizing enzyme

Plasma membrane/
transporter

Copyright @ 2002, Elsevier Science (USA). All rights reserved.




Transmitter Uptake
and Packaging

Captarea si impachetarea
neurotransmitatorului

Transportoare veziculare:
Ach
Amine Biogene
Glutamat

Glycine & GABA

A Vesicle transporters

Extracellular
space




Sinteza, eliberarea si incetarea actiunii
unui neurotransmitator peptidic (neurotensina)

Glial cell
NT receptor

Diffusion
Transcription\\
e=—c==—c==AN |

l Splicing ,’ ;
Vesicular incorporation

‘ \
\\\—’\/\/— AN ,/ _and transport
N\ hn-mRNA \ £ ==

| ®
‘\~‘-"} @/© T * | = |
A / Interpalization|

@)

NT receptor

Postsynaptic element

EP24.11
EP 24.15

EP 24,16
l—

pephde:% pGlu Leu Tyr Glu Asn Lys Pro Arg Arg Pro Tyr lle Leu OH
1 2 3 4 5 6 7 8 9 10

Prepro NT/NMN processing Enzymatic inactivation of NT

Copyright @ 2002, Elsevier Science (USA). All rights reserved.



Mecanisme de indepartare a neurotransmitatorului

» Degradare (Ach)
» Recaptare (Reuptake) (NTs cu molecule mici)

» Difuzie (toate NT, neuropeptidele)



Transmisia
sinaptica ca loc
de interventie

farmacologica
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Semnalizarea Intracelulara
n Sistemul Nervos




Moleculele de semnalizare intracelulara actioneaza ca “intrerupatoare” moleculare

SIGNAL OFF §& SIGNAL|

GTP GTP @

kinase hosphatase iy .
ATP activates ¥ ina?:tivates GDP blnfjnng hydrolysis
ADP GTP activates  inactivates
i I//
S

0 nv
SIGNAL SIGNAL
ouT ouT

(A SIGNALING BY PHOSPHORYLATION  (B)  SIGNALING BY GTP-BINDING PROTEIN




Proteinele G se dezasambleazain doua subunitati
de semnalizare atunci cand sunt activate

plasma membrane

G protein

(A)
receptor
protein
signaling
./ molecule
\ EXTRACELLULAR
SPACE
(B)
CYTOSOL
activated
G-protein subunits
(C)

activated activated
By complex o subunit

Subunitateaalpha a proteinei G se dezactiveaza
prin hidrolizarea GTP-ului sau legat

target
protein

activated
@ subunit

EXTRACELLULAR
SPACE

/
activated
By complex

ACTIVATION OF TARGET PROTEIN
BY ¢t SUBUNIT OF G PROTEIN

re-formed inactive target protein
inactive G protein






Enzimele activate de proteinele G catalizeaza sinteza
moleculelor-mesager intracelulare

activated By complex activated enzyme

activated o subunit
of G protein

Intracellular messenger molecules
‘ that diffuse widely to acton target
‘ . proteins in various areas of the cell

4/‘;0‘;{‘\A




Mesageri secunzi: AMPc

Activarea transcriptiei genice de catre cresterea AMPc

Cresterea AMPc ca raspuns la un
semnal extracelular sgnal molecui scivited

adenylate cyclase

time O secs time 20 secs

/
receplor

activated a subunit

* sarotor of G protein
—_— cyclcc AMP
Oo 0 e
actwatod
A-kinase
inactive
(A} (B) CYTOSOL A-kinase
: nuciear
NUCLEUS pore

activated A-kinase

Honin

activated, phosphorylated
gene regulatory protein

l.‘ 1 - ‘,'
/__\ ’
activated target gene

e—— F
O o—
| TRANSCRIPTION
e w1
| TRANSLATION
néw protein




Gos —>

Metabolismul AMPc este crucial pentru functiile celulare

Adenylate
Cyclase

Phosphodiesterase

> AMP

cAMP

PKA
(Inactive)

ATP

Drosophila Memory mutants:

o

PKA —
(Active)

\ CREB1

CREB2 \ q
NSNS NN

Nucleus

'FAMP — Loss of short-term memory

dAMP —p LOss of short-term memory



Mesageri secunzi : PLC

a signaling molecule

G-protein-linked inositol phospholipid
receptor activated

phospholipase C diacylglycerol

H
. // | \\\
_ protein
activated G-protein kinase C
o subunit inositol

1,4,5-trisphosphate . '. : Ca2+

(IP,)

22’020 0 006 °

open Ca2+
channel

endoplasmic
reticulum



Semnalizarea Intercelulara Retrograda
in Sistemul Nervos




The Neurotrophic Factor Hypothesis
Concisely stated by Dale Purves in 1986:

Innervating neurons compete for a limited supply
of a target-derived trophic factor in order to match
the density of innervation to the size of the target
and to ensure the propriety of innervation.

Exuberant connectivity 1s pruned as the
result of competition between axon terminals
for a limiting supply of a trophic factor
provided by the target.



“FROM EXUBERANT TO PRUNED CONNECTIONS”
DE LA LEGATURI EXUBERANTE LA CONEXIUNI SELECTIVE

Projection
Neuron

lDeveIopment

Y. Loser
P

‘:‘{) “::’- e,
Projection Winner
Neuron
; L] aer®

Pruned Connections




Neurotrophic NOT Neurotropic

The distinction 1s important.

While neurotropism 1s certainly a critical factor in
development of the nervous system. 1t 1s largely
restricted to local action via gradients.

Neurotrophism. in contrast. 1s rooted n:

ACTION AT A DISTANCE.
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NGF Effects on Neurite Outgrowth

+NGF Cultured Chick DRG (24 hr)

From Levi-Montalcini and Hamburger 1953




Signals

What is the molecular basis of the Neurotrophic
Factor Hypothesis?

NGF 1s released by the target and binds to
receptors located on the presynaptic terminal
of an mnervating axon. These receptors in turn
transduce a signal that 1s communicated from
the distal axon terminal back to the cell body.

Neuron survival depends upon this retrograde
signal.




So what is this signal?

Growth Factor Signaling Pathways:

MAPK = mitogen-activated protein Kinase
-ERK1/2 = extracellular signal regulated kinase
-p38/HOG = high osmolarity glycerol-induced kinase
-INK/SAPK = c-jun N-terminal kinase/
stress-activated protein kKinase

PI3K = phosphoinositide-3 kinase

JAK/STAT = Janus kinase/ signal transducer and
activator of transcription

PLCy and PKC = phospholipase C and protein kinase C




Exemple de factori neurotrofici si receptorii lor

NGF = Nerve Growth Factor
BDNF = Brain-Derived Neurotrophic Factor

NT-3 = Neurotrophin-3
NT-4/5 = Neurotrophin-4 and Neurotrophin-5

Receptor Tyrosine Kinases (RTK):
TrkA
T1kB
TrkC

Common Neurotrophin Receptor:
p7SNTR
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p75NTR only = “low-atfinity” binding
TrkA only = “low-attfinity” binding

TrkA + p75NTR = “high affinity” binding and
tull biological activity




One Neurotrophic Factor Many Neurons

motor neurons

hippocampal ncurons

sympathetic ncurons NF: Trigeminal Neurons
pyramidal neurons Petrosal-Nodose Neurons
cerebellar neurons Vestibular Neurons
dopaminergic neurons Cochlear Neurons
Dorsal Root Ganglion (DRG) Neurons
Cortical Neurons
Hippocampal Neurons

sensory neurons

One Neuron Many Neurotrophic Factors DRG Neuron: NGF
AN BDNE
A NT-3

- NT-4/5
GDNEF
Neurturin
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