Cerveau Humain >10""x Neurone(s)
Vue latérale hémisphére gauche Cellule pyramidale de la couche 6

du cortex visuel primaire

2/3  \\ ¢
N\

4A
4B

+ axone (ramifications)

2

A A/dendrltes

Anterior -«——> Posterior ‘ (0.5X) /

©E00T Lyppesoolt Willarms 5 Wilking

F. Briggs and E. M. Callaway, J.0.N.S.,~




philippe.ascher@univ-pariss.fr

1. Signaux électriques

1.1. Gradient €lectrochimique
Courants 1oniques. Potentiel de membrane
Voltage imposé

1.2. Potentiel d’action
Hodgkin et Huxley
Potentiels d’action dendritiques. Retropropagation.
Activite répetitive

1.3. Potentiels synaptiques.
Récepteurs ionotropiques et métabotropiques
Récepteurs présynaptiques et post synaptiques

2. Signaux calciques
La mesure du Ca intracellulaire.
Flux calciques
Stocks calciques intracellulaires

3. Neuropharmacologie

4. Plasticité synaptique
LTP et LTD. Induction et expression
Meétaplasticité
STDP
Meécanismes homeostatiques

Six notions
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Cellular'Molecular
Spine Ca®" Signaling in Spike-Timing-Dependent Plasticity

Thamas Mevian and Bert Sakmann
Diepu iz af Cell Firyrialngy, Macx Masck lusiis far Medical RBewarch, D-e830 Hiiddbery, Gorracy

Caldum 15 & sscond , which an irigger the nodtficaiion of syrapiic eflcacy. We investigabsd the question of whether a
diferenilal risz In posisynapiic Ca® = |Ca ™|, alone s suffident to aocount for the Indection of long-iemm potenilation (LTF) and
Jong-term depression (LTI af EFSPs In the baml dendrivss of layer 203 pyramidal neurons of the somaicsemsory corez. Volome-
averaged [Ca** | translenis wers measured In spines of the basal derdritic arbor for spike-iiming-dependent plasticky Induciion pro-
ncals, The rise In [Ca ) was mcorrdated to the dirsction of the changs insyrapiic efficacy, bsanss ssvenl patning promoals swolsd
similarspine|Ca®~ | ransientsbutresahiedin either LTPor LT, The ssqueance dependence of nsar-colnd dent presmapiicand postsym.-
apik aciivtiyon the dirsdtion of changesin smapik sirmpth suggesied thai LTP and LTDwers Induced by teo processes, which were
omirallsd ssparately by postemaptic [(Ca* =) Jevels. Aciivation of wohiage-depmdent Ca®* channels before mebotropic ghitamate

ors mElaRs] resulisd In the phos C-d ent [PLC enif) of erdocannabinolds, which acied as a
ﬁdtmﬂm 1o Indooe Huptuﬂjbrt:;]fu‘:i 1 J.l?;TiE.l"} 1mmwmﬂ;mm recepior acifaiion. Blocking mGhRs
abalishied the indnctianof LTD and anooversd the Ca® “.dependent indoction of LTF.

e conclo de that the wolume-averaged peak ebevation of [Ca® ) in spines of layer 208 pyramids determines the magnimde of long-
term changss In synapiic efficacy. The drecilonof the change s comirollsd, however, viaa mGkR-conplsd signaling cascade. mGkRs ad
Incanjurctian with PLC & sequence-seraliive colnckdenoes d stechars when posisynaptlc precede presynaptic acionpotenials 1o indoce
LTD. Thos presamably two differeni Ca*~ semsarsin spines coninol the Induciion of splke-iiming-dependent smapiic plastictiy.

Fey wird'ss LTP; LTDs smapik plasticitys caldnms two-phoban microscopy i spines sples-iiming-depmdent plasiichiy mGkiR; SMOLR

Intreduction
Long-lemm changss In smaptic sflcacy ane thoaght 1o be the
celular bass of infarmaton staragd and memery formallen
[Elsr and Collngridgs, 1993 Whidedk i al., 2056). MedHlca-
1lons tn the efflcacy of bransmisson at smapts concects can b
inéced by colnddert presmaptc and pastmaptic actvey
[Maged aned Johmstan, L1557 Markram stal., |597; Dibanne dal.,
159E). The prechs Hming and the arder of presmapik and
pestrmaptic actlon potntals (ARs] determing the magntmds
and fha direction afths change in synaptic srengih (Marknm &
al.. L¥57; Bl and Pooy, 1953 Feldman, 30083 Sjoasinom & a1, 2000
Froamka and Dan, 2000, A postsapeic AP that fallaws 3 pre-
mmapilc AP wihin a dmi windaw of tsns of millseoands ress
in Jang-tarm potsmilation (LTP), whireas the reverse oroar re-
sults In depression [LTD. Theratore, splie-tming-dependsnt
platichy (STOP]isone predbl calnlar modd farthe iIndacion
of lecdl symapllc modfladons, which conld scoent for
exparienca-driven changss of 1ha connecthety n néuronal nai-
works (Song and Abbort, 1054: Senm, 2003}

Far STOP palring pratoceds as well a for other plastary in-
dnction protecals, ks presmapilc anlc sitmoladon Lymch
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al., L¥33] of repaihe low-freqmncy smaptk sHmmldan
{Mnkey and Maknka, 1957), e dkvation of postynaptc
[1Ca*"], Isassandal. [Ca® |, probably acs 25 ofe seoond mass-
Réf £n downstream meiabalic cascadas that are respansbk for
the sentnal madificatdan af smaptic ecacy [Lisman, 1985). &
Iorsg-Standing hypoihass sggss that Hie paak amptimde of
pesisynapdc (a7, ekrvation dkbsrminss the drection and i
magniteds af snch modHicrtions [B4ar et al., 1985: Ariola and
Sinpgsr, 1593 Hareel et al, 1957 ). Sevnl sodles have sapp oricd
this hypochests by measoring it [Ca*, {Cormier o al,
D000 1mmalkoy ot al., 2004 Sall &f al, 305, Neverfhsless, e
prabikm of howa singk variable, the ncraase n global [Ca®<),
can cariral the dMTersntal indnctian of changes in smapilc M-
cacy has Tt en sxplained canchisivdy, Accoedng to fhis
“Ca** poninol hypoihests™ tha kvel of [Ca®~ |, acts diTersntally
on J0wrsiream. profein cacadas, sdivating ther Rinases of
phosphamsas, which, respectively, phasphorylate ar dephos-
pheryiaia paseymaptic AMPA recepions [Lisman, L58%; Latstal,

D000}, Modified wersons of this hj‘pn:id:llds Inchode vaio macha-
nlsms far LT o mederata Ca™™ Ll [Kobin & al., 305],
differsmilal miaodamain Ca ¥~ dgnaling [Franks and Sg§nowstl,
1002}, or tha praposician af @ seoond colnckXknce dilecior | Far-
markar and Enonomane, 2002} 10 accoand tac the diffzrenilal
Indnction of LTC and LTP.

Hare we characienze fhe Ca** signals in spines of basal den-
drites of laysr 203 [L23) pramidil nrocans in The somatasn-
SOCYCOTX dring LTP-and LTD-inducing proleoals, Wafound
that posismaptic slevaton of [Ca**], in spines ks necesary, bal
by keseiTIE 15 ot saffiden, ta acoon for beth potindaton and

Nevian and Sakmann
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Fig. 13.7 “SLiDING THRESHOLD” THEORY OF SYNAPTIC LEARNING The Bienenstock, Cooper,
and Munro (1982) learning rule, proposed within the context of developmental learning. is a Hebbian
rule with a twist. The synaptic weight change is proportional to the product of the presynaptic activity
and a function ¢ (Eq. 13.10). This function depends on the postsynaptic activity in the manner illustrated
in (A). A critical feature 1s the modifiable threshold #,,: postsynaptic activity less than this threshold
causes LTD, while higher activity leads to an increased synaptic weight (LTP). The sliding threshold
changes as a supralinear function of the ime-averaged postsynaptic activity. (B) Direct experimental
evidence bolstering the arguments for the existence of ¢ with a similar shape as used in the BCM
model (Dudek and Bear, 1992). Here, 900 spikes are generated in the Schaffer collaterals to the CA|
pyramidal cells in a hippocampal slice via electrical sumulation, varying at frequencies between (0.5
and 30 Hz. Presynaptic stimulation frequencies below 10 Hz always lead to a reduction in the slope of
the EPSP (relative 1o basehine), that is, in LTD, which persists without any sign of recovery for at least
one hour. Higher stimulation frequencies lead to LTP. These effects are dependent on NMDA receptor
achivation. Reprinted by permission [rom Dudek and Bear (1992).

Koch, Biophysics of computation, 1999



Ca Indicators



Intensity

o

Fura2 excitation spectrum

300 Wavelength /nm

l

400



Ohki et al. 2005

%apUl UDHo3I]
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QuickTime™ et un
décompresseur TIFF (non compresseé)
sont requis pour visionner cette image.

Presynaptic receptors: the sources of the agonists
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Nowicky, Fox and Tsien, 1985
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Two coincidence detectors for STDP
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Dendritic trees come in difTerent shapes and sizes. The size of the dendntic tree (largest
dimension) is given in brackets. (a) Cat spinal motoneuron (2.6 mm). (b) Locust mesothoracic
ganglion spiking interncuron (0.54 mm). (¢) Rat neocortical layer 5 pyramidal ncuron
(1.03 mm). (d) Cat retinal ganglion neuron (0.39 mm). (e) Salamander retinal amacrine neuron
(0.16 mm). () Human cerebellar Purkinje neuron. (g) Rat thalamic relay neuron (0.35 mm).
(h) Mouse olfactory granule neuron (0.26 mm). (1) Rat striatal spiny projection neuron
(0.37 mm). (j) Human nucleus of Burdach ncuron. (k) Fish Purkinje neuron (0.42 mm).
Modified from Mel, B. W, (1994). Newral Computation, 6, 10311085,

Stuart et al., Dendrites
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Presynaptic inhibition in the spinal cord (Engelman et al., NNR04)
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