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Neuron-glia communication reveals synaptic information processing by astrocytes

Gertrudis Perea and Alfonso Arague
Ingtituto Cgja, Consgjo Superior de Investigaciones Cientificas
Madrid, Spain
(araque@cgjal.csc.es)

Accumulating evidence demondrates thet astrocytes play an active role in syngptic
physology by exchanging information with the syngptic dements. The syngptic control of the
asrocyte intracellular  Caf* is crucid in the reciprocad  astrocyte-neuron  communication.
However, the properties and regulaion of the synaptically-evoked astrocytic Ca#* signd reman
largely undefined.

Using dectrophysiologicd and C&* imaging techniques in rat hippocampa dices, we have

investigated the properties and modulation of the astrocyte Caf* sgnd induced by activation of

two different afferent pathways that use glutamate and acetylcholine as neurotranamitters, (i.e,

Schaffer collaterals and aveus), and the electrophysiologica consequences of the astrocyte Caf*

sgnd on CA1 pyramida neurons.

We have found that:

1) Astrocyte Ca’* devations were evoked by glutamate relessed from Schaffer collaterals, and by
acetylcholine —but not glutamate—, released form aveus terminds, indicating that astrocytes
discriminated the activity of different syngpses belonging to different axon pathways.

2) The astrocyte Ca#* sgnd was hidirectionally modulated by smultaneous activation of both
pathways, being depressed at high stimulation frequencies and enhanced at low frequencies.

3) The C&* sgnd modulation was required receptor activation, did not depend on neurd
network interaction, and as dicited by direct goplication of transmitters, suggesting that it was
due to astrocytic intringc properties

4) This C&* modulation occurred at discrete regions of the processes, supporting the idea that the
adrocytic subcelular microdomains are the dementary units underlying the reciprocd
communication between astrocytes and neurons.

5) While high frequency stimulation of either pathway induced Cef* devations that initiated in a
process and eventualy propagated to the soma and other processes, upon simultaneous
simulation, the Ca&* signd was was confined to discrete regions, failing to propagate aong
the astrocyte.

6) The astrocyte Ca* devations evoked NMDA receptor-mediated dow inward currents in
pyramida neurons.

We conclude:

1) Adrocytes show functiond domains that discriminate between the activity of different
synaptic pathways.

2) Astrocyte Ca&* sgnd is modulated by interaction of different synaptic inputs, and this
modulation is due to astrocyte intrinsic properties.

3) The smultaneous activity of both synaptic pathways controlled the propagetion of the
astrocyte intracellular Ca* signd.

4) Astrocytic Ca* can regulate the neurond excitability in CA1 pyramidal neurons.

These results indicate that the astrocyte Ca&f* signd does not smply reflect synaptic activity,

rather, the complex properties of the adtrocyte response to neurona activity indicate that

astrocytes discriminate and integrate synaptic information.
We therefore propose that astrocytes can be consdered as celular dements involved in the
information processing by the nervous system.

Supported by MCyT (BFI2001-0206), Spain. GP isa CS C predoctoral fellow.



Functional aspects of neuron-astrocyte reciprocal communication

Giorgio Carmignoto
Neuroscience Ingtitute, CNR and University of Padova
35121 Padova, Italy
(gcarmi @bio.unipd.it)

Synchronization of activity of anatomicdly digtributed groups of neurons represents a
fundamentd event in the processing of information. While this phenomenon is believed to result
from dynamic interactions within the neurond circuitry, how exactly populaions of neurons
become synchronized remains largely to be clarified. We propose that astrocytes are directly
involved in the generation of neurona synchrony in the hippocampus. By usng a combination of
experimentd gpproaches in hippocampa dice preparations, including patch-clamp recordings
and confoca microscopy cdcium imaging, we dudied the effect on CA1 pyramidd neurons of
glutamate relessed from astrocytes upon various stimuli that trigger Ca£* devations in these glid
cdls, incduding Schaffer collaerd dimulation. We found that adrocytic glutamate evokes
synchronous, dow inwards currents (SICs) and Ca* devations in CA1 pyramidd neurons by
acting preferentidly, if not exclusvely, on extrasyngptic NMDA receptors. In the virtua absence
of extracdlular Mc?*, in paired recordings from two CA1 pyramida neurons we aso found that
glutamate released from astrocytes evokes highly synchronous SICs. Due to desengtization,
AMPA receptors were not activated by agtrocytic glutamate unless cyclothiazide was present. In
Ca?* imaging experiments astrocytic glutamate was found to trigger in CA1l pyramidd neurons
NMDA receptor-mediated Caf* eevations that occurred synchronoudy in domains composed of
2 t0 12 CAl neurons. In the presence of extracdlular Mg®* (1 mM) both synchronous SICs and
synchronous Ca* devations in neurond domains were sill observed, dthough with a reduced
frequency. Our results reved a functiond link between adrocytic glutamate and extrasynaptic
NMDA receptors that contributes to the overdl dynamics of neuronad synchrony. Our
observations also raise a series of questions on possible roles of this astrocyte-to-neuron sgnding
in pathologicd changes in the hippocampus such as excitotoxic neurond damage or the

generaion of epileptiform activity.
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Glutamater gic synapses, glia and D-serine: what isit all about?

Jean-Pierre Mothet
Laboratoire de Neurobiologie Cdlulaire et Moléculaire, CNRS UPR 9040
91198 Gif-aur-Y vette CEDEX, France
(mothet@nbcm.cnrs-gif fr)

Although chird molecules can be produced in both L- and D-gterecisomers, only L-amino acids
have been condgdered to be present in higher organisms. Research over the past decade has
chdlenged this dogma with the discovery that the mammadian centra nervous sysem (CNS)
contains high levels of D-serine. Increasing evidence is now supporting the idea that D-serine is
an unusud and new glid-derived regulator for the key brain ionotropic NMDA receptors. Firs,
D-sine is syntheszed within discrete population of glid cdls by the pyridoxd-5'-phosphate
(B(6))-requiring serine racemase. Secondly, D-serine immunoreectivity is detected near NMDA
receptors. Thirdly, D-serine can be released by glutamate through simulation of glid AMPA
receptors. Findly, treatment of brain dices or cdl cultures with the D-serine degrading enzyme,
D-amino acid oxidase, reduces drasticaly NMDA receptor dependent transmisson. Despite
recent progress in the understanding of D-serine functions in the CNS, the precise molecular
mechanisms undelying D-serine redlease by glia are currently unknown.  We have investigated
the different hypothess for putative mechenisms subsarving the regulated D-serine release from
cultured astroglid cdls. Here, we are presenting evidence that astrocytes release D-serine through
a Ca®*- and SNARE protein-dependent mechanisn and that vesicular D-serine is stored in
synaptobrevins2/3-bearing vesicles. Our data highlights the importance of glid exocytotic
pathway in influencing CNS leveds of extracdlular messengers and paticularly D-serine. This
pathway could be related to severd pathol ogies including schizophrenia or ischemia
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The supraoptic nucleus as a modd to study neuroglial interactions

Stéphane H.R.Oliet
INSERM U378, Indtitut Frangois Magendie and Université Victor Segaen
33077 Bordeaux CEDEX, France
(oliet@bordeaux.inserm.fr)

During intense physologica gimulation, such as dehydration or lactation, the supraoptic
nucleus (SON) of the ra hypothdamus undergoes a driking and reversible morphological
plasticity that is characterized by a reduced astrocytic coverage of its neurons. We are taking
advantage of this anetomica neuroglia remodeing to investigete the contribution of astrocytes to
the regulation of synagptic tranamisson in the centra nervous system. Our recent studies indicate
that the relative absence of agtrocytic processes a the vicinity of glutamate release Sites causes a
loca increase in glutamate concentration and results in an enhanced negative feedback control
exerted by glutamate on its own release through the activation of presynaptic metabotropic
glutamate receptors (MGIURS). Furthermore, measurement of diffuson paraneters of the
extracdlular space (ECS) reveded that diffuson in the SON is facilitated under conditions of
diminished dlid coverage of neurons In agreement with this result, mGluUR-mediated
heterosynaptic depresson of GABAergic transmisson is enhanced in the SON of lactating
animds indicating that diffuson of glutamate a a disgance from its reease Stes (spillover) is
improved by the glia withdrawa. Taken together, our data indicate that astrocytes, by controlling
gutamae concentration and diffuson in the ECS, regulate synaptic efficacy a glutamatergic
terminals and intersynaptic crosstalk between glutamatergic and GABAergic synapses.

We dso invedigated whether the adrocytic environment of neurons influenced NMDA
receptor (NMDAR)-mediated responses. Andyss of evoked excitatory postsynaptic currents
(EPCs) reveded that synaptic NMDA responses were impaired in the SON of lactating rats.
Interestingly, D-serine, an endogenous agonist of the glycine ste of NMDAR, is synthesized and
released specificaly by astrocytes. The deficiency in NMDAR activity in lactating rats, therefore,
could result from lower concentrations of Dserine a glutamatergic synapses as a consequence of
the reduced glid coverage of SON neurons. In agreement with this hypothess, exogenous
gopliction of D-serine in lactating rats restored NMDAR EPSCs to vaues damilar to those
measured in virgin animas. Conversdly, degrading D-serine with the specific enzyme D-amino
acid oxidase in dices obtaned from virgin animas resulted in impared NMDAR-mediated
EPSCs. Such a difference in NMDAR activity had some consequences on long-term synaptic
plagticity. Whereas a classcd pairing protocol induced long-term potentiation (LTP) in the SON
of virgin ras, it caused long-term depresson (LTD) in lactating animas. This LTD could be
switched into LTP by supplying the dices with saturating concentrations of D-serine. Taken
together, these data indicate that the level of occupancy of the glycine ste d synaptic NMDAR,
and therefore NMDAR activity, is highly dependent upon the astrocytic coverage of neurons.

Glia thus gppears to be an important physiologica contributor of synaptic transmisson
and pladticity both a pre- and post-synaptic levels. Our findings aso indicate that the SON is a
paticularly appropriate experimenta modd to invedtigae neuroglid interections in  a
physiologica context.
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Role of glia-derived cholesterol in CNS synaptogenesis

Frank.W.Pfrieger
Max-Planck/CNRS Group, UPR 2356, Centre de Neurochimie
67084 Strashourg, France
(pfrieger@neurochem.u-strashg.fr)

Glid cdls, namdy adrocytes, regulate the function of chemicad synagptic connections as
they control the synaptic microenvironment, provide metabolic support and release modulatory
dgnas. The development of synapses has long been regarded as a neuron-intringc process, but
this view appears outdated given the increasing evidence for a glid influence on syngptogeness
(Slezek & Pfrieger, 2003; Ullian et d., 2004). Studies on highly purified rat retind ganglion cdls
(RGCs) reveded that glia-derived factors promote the formation and maturation of Synapses
(Pfrieger & Barres, 1997; Nagler et d., 2001; Ullian et d., 2001), one of them being cholesteral
(Mauch et d,. 2001). These studies raised severd questions including how cholesteral induces the
synaptogenic  effect and whether synaptogenesis in other CNS neurons aso depends on glid
ggnds. In my tak, | will summarize our efforts to address these issues. In the firg part, 1 will
show that 1) cholesterol together with other glid dgnas enhances synaptogenesis in rat RGCs
directly a the pre- and postsynaptic leve and indirectly by promoting specific stages of neurond
differentiation and 2) that evoked transmitter release is highly senstive to the cholesterol leve. In
the second part, 1 will summarize our efforts to study the relevance of glia for synaptogenesis in
other brain regions. To accomplish this, we established new methods to immunoisolate neurons
from three different regions of the postnatd mouse brain (hippocampus, cerebelum and reting)
and to culture them for a least one week under defined, glia-free conditions. Depending on the
brain region, our isolation protocols yields between 30,000 to 500,000 neurons per anima with
less than 0.5% of glid "contamination'. Neuronad surviva requires a combination of growth
factors and an increase in CAMP levels as reported for rat RGCs (Meyer-Franke et a., 1995). Our
electrophysiologica recordings of spontaneous and evoked synaptic activity show that soluble,
dia-derived factors including cholesterol enhance synaptic activity in al regions tested. Thus, our
results corroborate the idea that CNS neurons need glia to develop synapses.

Supported by Ara Parseghian Medical Research Foundation, DFG, Fondation pour la Recherche
Medical, MENRT, Region Alsace and Retina France.
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Modulation of synaptic transmission and plasticity by glial cells

Richard Robitaille
Département de physiologie et Centre de Recherche en Sciences Neurologiques
Universté de Montréa, Montredl,
Quebec H3C 3J7, Canada
(richard.robitaille@UMontreal .CA)

In the centrd and periphera nervous sysems, glid cdls were long conddered passve
dements, playing subsarvient roles in mantaining a proper environment to enable nerve cdls to
function adequately. However, in the past few years the dogmdic view that glid cdls only
played subservient roles in the trandfer of information in the nervous system has been shaken by a
number of obsarvations indicating that glid cdls modulate neurond activity and synaptic
tranamisson. For indance, a the neuromuscular junction, glid cels have been shown to
participate in the regulation of synaptic efficacy and pladticity. Activation of perisyngptic glid
cels by synaptic activity is accompanied by feedback modulation of syngptic efficacy and
ghort_term plagticity. The involvement of glid cdls in such a role a CNS synapses has only
recently begun to be explored.

Here we will tes the involvement of glid cdls in one form of short-term pladticity in the
CNS, heterosynaptic depresson (HSD). It occurs in parald to long_term potentiation at Schaffer
collaerd (SC) syngpses and is induced by NMDA receptors and caused by an
adenogne mediated inhibition of transmitter redease involving interneurons.  Interestingly,
conditions causing HSD such as stimulation of SC or NMDA application aso produce Caf* rises
in hippocampd glid cels.  Syngptic transmisson in rat hippocampad dices was measured by
field recordings Smultaneoudly with Ca#* imaging in glid odls

Our data show tha glid cdls in ra CA1l hippocampd dices ae activated by
Ca’*_mediated processes during heterosynaptic depresson. Moreover, their activation involves
loca and network interactions between afferent fibers inhibitory interneurons and glid cdls, and
is necessary for heterosynaptic depresson. Our data show that glid cels are involved in HSD via
Ca®*_ and GABAg dependent mechanisms, and suggest that heterosynaptic modulation of
SC pyramidad cdl syngpses is mediated by a complex network composed of GABAergic
interneurons and glid cdls These findings underscore a nove physologicd interactive role for
interneurons and glid cdlsin synaptic plagticity a CNS synapses.

Supported by NSERC and CIHR
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Calcium signaling controling neuronal network behaviour

Hilmar Bading
Department of Neurobiology, Interdisciplinary Center for Neurosciences (1ZN)
Univergty of Heidelberg
Heideberg, Germany
(Hilmar.Bading@uni- hd.de)

The generaion of cddum dgnds following dectricd activation is a fundamentd
property of neurons that controls many processes in the developing and the adult vertebrate
nervous sysem. Activity-induced increases in the intracdlular cacium concentration result from
cdcium entering neurons from the extracdlular space through ligand and/or voltage-gated ion
channds these cacum trandents can be amplified through calcdum reease from intracdlular
cdcium gdores. The N-Mehyl-D-Aspartate (NMDA) receptor, a cacium permegble, glutamate-
gated ion channd, plays a paticulaly important role in the mammadian centrd nervous system.
NMDA receptors are present in the synapse but are also located extra-synapticaly. Cacum entry
through synaptic NMDA receptors activates mechanisms that affect syngptic connectivity and
promote neurona surviva; these changes can be long-lasting and may depend on nuclear cacium
ggnding ad gene expresson mediated by the transcription regulators CREB and/or CBP. The
pro-surviva and plagticity programs triggered by synaptic NMDA receptors are antagonized by a
ggnding pathway dimulated by cacium entry through NMDA receptors that are locdized
outsde synaptic contacts, extrasynaptic NMDA receptors couple to CREB shut-off and cdl death
pathways. The gpecification of the biologicd response by the locdization of the receptor
activated is a new concept in neurond cacium sgnding that can explan many of the opposing
roles of NMDA receptors. The presentation will be focused on the role of nuclear cacium-
regulated transcription in neurond plagticity. A novel, very dmple and experimentdly accessble
sysem will be described that alowed monitoring of the collective behaviour of smadl neurond
networks. The results obtained illustrate that both loca, near-NMDA receptor sgnding
(activating the ERK1/2 MAP kinases) and the didogue between the synapse and the nucleus are
important to induce and uphold particular network activity patterns.
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Neuronal activity, genetranscription, and synaptic development

Michad E.Greenberg
Divison of Neuroscience, Enders Building, Children's Hospita Medica Center
Boston, 02115 MA, USA
(greenberg@T CH.Harvard.edu)

The ability to convert trangent simuli into long-term changes in brain function is centrd
to an animd’s capacity to adgpt to and learn from its environment. Sensory experience and
resultant neurond activity are essentia in shaping the comectivity of the mammaian centrd
nervous sysem both at the leve of individud synapses and neurona networks. Indght into the
mechanisms tha underllie this perdstent adgptability came from the obsarvation that the
dimulation of neurons with neurctranamitters can drive new gene expression. Activity-dependent
transcription has now been shown to be crucid for many types of long-laging plasticity, and
work from a number of investigators has identified a class of genes that are regulated by neurond
activity and play key rolesin neurond surviva, synaptogenesis, and synaptic pladticity.

Our laboratory has a long-standing interest in the mechaniams by which neurond activity
regulates new gene transcription. Two classes of genes are regulated by neuronal activity,
immediate-early gene-encoded transcription  factors that mediate cdlular  responses to
extracdlular gimuli and genes sdectively expressed in the nervous system that directly regulate
neuronad development and synaptic pladticity. Of the neurd-sdective activity-dependent genes,
we have extensvey dudied the gene encoding brain-derived neurotrophic factor (BDNF).
BDNF plays important roles in neurona survival, development, and plagticity. Our dudies, in
combination with the work of other laboratories, have characterized sgnding pathways that
couple membrane depolarization to new Bdnf transcription. These intracdlular signaing cascades
converge to modulate the activity of promoter-bound transcriptiond regulators, and we have
identified severa trans-acting factors that act through cacium-responsve dements present in the
Bdnf promoter.

In addition to a role during nervous sysem development, severd lines of evidence
uggest that misregulation of activity-dependent transcription contributes to human disease.  For
example, in the course of our sudy of the transcriptional regulation of the Bdnf gene we found
that the methyl-CpG binding protein 2 (MeCP2) binds sdectively to Bdnf promoter 1l and
functions to repress expresson of the Bdnf gene. MeCP2 has been implicated in long-term
dlencing of gene expresson, and inactivating mutations in the MECP2 gene cause the mgority
of cases of Rett syndrome (RTT), a human X-linked disorder characterized by arrested
neurologicd development and subsequent cognitive decline. In response to membrane
depolarization and subsequent calcium influx into neurons, MeCP2 is repidly phosphorylated and
rleased from Bdnf promoter I, dlowing for activity-dependent transcription of the Bdnf gene.
While RTT has previoudy been hypotheszed to result from a disuption in the long-range
developmental slencing of gene expresson, our findings raise the intriguing posshility that
defects in activity-dependent gene transcription may contribute to RTT pathology.
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NAADP, anew Ca** releasing messenger

José-Manue Cancda
Laboratoire de Neurobiologie Celulaire et Moléculaire, CNRS UPR 9040
91198 Gif sur Y vette CEDEX, France
(jose.cancela@nbcm.cnrs-gif fr)

Hormones and neurotransmitters, in order to control cell functions, generate Ca&* sgnds
such as locd and globd C&* elevations, and dso C&* osdllations Accumulaive evidences
suggest that nuclear Ca&f* play an important part in the control of synaptic plasticity or gene
expression Recent works reported tat in addition to IP; other Ca?* rdeasing messengers such as
cydic ADP-ribose (CADPr) and nicotinic acid adenine dinucleotide phosphate (NAADP) are of
functional importance. For example, in pancreatic acinar cdls, a modd of polarized cdl, & low
concentrations, acetylcholine evokes locd repetiive Ca#* spikes, whereas cholecystokinin, in
addition to such locd signds aso, from time to time, induces globd C&’* transents invading the
nucdeus. We have shown that the transformation of locd Ca?* spikes to globa Caf* trandents
require the combinatorid effects of NAADP, CADPR and in some extend | Ps.

It has recently been shown in the laboratory that NAADP enhances evoked quanta
acetylcholine rdlease a@ the presynaptic terminal of an identified synapse in the buccd ganglion of
Aplysia californica. We have aso investigated the role of NAADP in the generation of globa
Ca’* trandent in Aplysia neurone and in particular, its role in the control of nuclear C&*
homeostasis. Indeed, Ca?* has been reported in these neurones to be important in the regulation of
plagticity and in the regulation of transcription factor CREB. The main advantage of this modd is
that Aplysia neurones are giants with nucle of big sze perfectly adgpted high resolution imaging
experiment (around 40-60um diameter). To investigate the effect of NAADP, cADPR and 1P; on
nucler homeostass, we have established a preparation of isolated nucle from Aplysia neurons.
The changes of the Ca&f* concentration were assayed in the nuclear envelope as well as in the
nucleoplasm using confoca microscopy. Addition of 1Ps, CADPR and NAADP induced a release
of Ca&* from the nuclear envelope and incressed nucleoplasmic Ca*concentration. Our data
suggest that the NAADP, cADPR and IPs receptors are locdized in the inner nuclear membrane.
We found that the nuclear Ca#* pumps require ATP and are sensitive to thapsigargin. Depletion
of the thapsigargin-senstive stores significantly reduced the Ca#* response evoked by IP; or
NAADP. Interegtingly, a NAADP dose-response experiment indicated that the NAADP receptor
may have desengtizing property. Our data bring new insght in the regulation of nuclear Ca*
homeodtasis by severd intracellular messengers suggesting a multiple control of gene expression.
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TRP channd proteinsand neuronal Ca®* signaling

Baruch Minke
Department of Physiology, Hebrew University-Hadassah Medical School
Jerusalem 91120, Isradl
(minke@md.huji.ac.il)

TRP channd proteins condiitute a large and diverse family of proteins that are expressed
in many tissues and cdl types and it is consarved through evolution. This family was desgnated
TRP because of a spontaneoudy occurring Drosophila mutant lacking TRP that responded to a
continuous light with a Trangent Receptor Potentia (and hence TRP). Besides responses to light,
TRP channds mediate responses to nerve growth factor, pheromones, olfaction, mechanicd,
chemicd, temperature, pH, osmolarity, vasordlaxation of blood vessds and metabolic gtress.
Furthermore, mutations in saverd members of TRP related channd proteins are responsible for
severd diseases, such as severa tumors and neurodegenerdtive disorders. TRP related channel
proteins ae found in variety of organiams, tissues and cdl-types, including non-excitable
epithelid and red blood cdls, smooth muscle and neurona cdls. The large functiona diversity of
TRP channds is ds0 reflected in ther diverse permesbility to ions, dthough, in generd they are
classified as non-sdective cationic channels, which are permeabl to Ca’*. The molecular domains
that ae conserved in al members of the TRP family conditute parts of the transmembrane
domains and in most members dso the ankyrin-like repeeats at the amino termind of the protein
and a "TRP domain" a the COOH-termind, which is a highly conserved 25- amino acids dretch
with gill unknown function. All of the above features suggest that members of the TRP family
ae “specid assgnment” channds, which ae recruited to diverse dgnding pathways. The
channels roles and characteriics such as gating mechanism, regulation and permesbility are
determined by evolution according to the specific functiond requirements. During the last years
there is increasing interest in TRP channds because these channds are emerging as essentia
cdlular switches that dlow animds to respond to ther environment. TRP channds thus gppear to
be responshble for fine tuning of wide variety of essentid cdlular processes including sensory
sgnding and synaptic transmisson.
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Regulated exocytosis. not only secretion but also a number of other processes of great
physiological importance

Jacopo Medoles
Vita Sdute San Raffade Universty
20132 Milan, Italy
(meldoles .jacopo@hsr.it)

Regulated exocytods is universdly recognized as the process by which specidized
organelles fuse with the plasma membrane in response to adequate intracdlular sgnds. In many
laboratories, however, regulated exocytoss is conddered a synonymous of regulated secretion,
and the exocytic organdles are identified, in al cases and only, with secretory granules and
vescles. However, many regulated exocytic processes are not secretory. In fact, they serve ether
to trander to the cdl surface specific membrane components, such as channels, receptors,
trangporters and pumps, or to rapidly enlarge the surface, often to compensate for events that
ether lead to a reduction or require an enlargement. | propose these two exocytic processes, that
play key roles in cdl physology, to be caled protein exposng exocytoss and expansve
exocytos's, respectively.

In my presentation | will discuss two issues related to various forms of exocytoss.

1. The nature of a well known type of exocytic secretory organdles, the dense-core vescles,
present in neurons and neurosecretory cells. Previous studies had suggested these organeles to
gopear in any type of cdl following the expresson of one or more proteins of the core, such as
chromogranin B. In our hands no dense core vescle form in those conditions. The transfected
secretory protein is addressed in part to some cytoplasmic puncta which however are postive for
lysosomd enzymes and do not share the minimum requirements that we have established for the
secretory  organelle identification. | believe that expresson of secretory organelles requires
activation of a specific gene programme.

2. The enlargeosome, the new type of nonsecretory exocytic organdle identified in our
laboratory. The enlargeosome exocytoss appears to be of the expansve type. | will show
evidence about its didinction of enlargeosomes from the other cytoplasmic organdles, its
properties, its exocytoss-endocytods cyde, its involvement in a vaiety of cdl functions, dl
requiring argpid enlargement of the cell surface.
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Molecular motors, KIFs, key moleculesfor life: structure, dynamics and functions

Nobutaka Hirokawa
Department of Cdll Biology and Anatomy, Graduate School of Medicine
University of Tokyo
Tokyo, Japan 113-0033
(hirokawa@m.u-tokyo.ac.jp)

Cdls transport and sort various proteins and lipids following synthesis as digtinct kinds of
membranous organelles and protein complexes to the correct dedtinations a appropriate
velocities The intracdlular trangports are fundamental for cell morphogenesis, functioning and
aurvivd. To ducdae this mechanism we have identified and been characterizing kinesn
superfamily proteins, KIFs, usg molecular cell biology, molecular genetics, biophysics, X-ray
crystdlography and cryodectron microscopy. In this conference | will focus on KIF1A, KIF1BI,
KIF17, KIF5s, KIF3 and KIF2A, and present our recent studies about the structure, dynamics and
functions.

KIF1A, KIF1BR, KIF17, KIF5s and KIF2A are deeply involved in neuronal functions and
network formation. KIF1IA and KIF1BR transport synaptic vesicle precursors and play essentia
roles on neurona function and survival. Molecular genetic study reveded that KIF1BR is a
reponsble gene of human hereditary neuropathy. KIF17 conveys NMDA type glutamate
receptors, important for memory and learning, in dendrites through the interaction with
scaffolding protein complex and NR2B subunit of NMDA receptors. Transgenic mice sudy
showed that overexpresson of KIF17 improved spatial and working memory. On te other hand,
conventiona kinesn (KIF5) transports AMPA type glutamate receptors in dendrites via GRIP1
and GluR2 interaction. The middle motor domain type KIF2A is fundamental for correct wiring
of bran by suppressng eongaion of axon collaterds through depolymerizing microtubules in
growth cones. Recently usng X ray crystdlography of KIF2C we have éucidated how unique
KIF2 depolymerizes microtubules at their ends. Our very recent sudy unraveled dso that KIF5
trangports mMRNAs such as CaMKIlI mRNA and Arc mRNA in dendrites through the interaction
of KIF5 tall and a large RNA-Transporting protein complex (~1000s). Thus, KIFs play a number
of ggnificant roles not only on various cdl functionings but dso on brain wiring and higher brain
functions such as memory and learning.

Hirokawa, N. JCB 94: 129-. 1982. / Hirokawa, N. et al. Cell 56: 867-. 1989. / Okabe, S. and N. Hirokawa. Nature
343: 479-. 1990. / Hirokawa, N. et a. JCB 111: 1027-. 1990. / Hirokawa, N. et a. JCB 114: 295-. 1991. / Aizawa,
H. et d. JCB 119: 1287-. 1992. / Kondo, S. et al. JCB 125; 1095-. 1994. / Sekine, Y. et d. JCB 127: 187-. 1994. /
Nangaku, M. et a. Cell 79: 1209-. 1994. / Noda, Y. et al. JCB 129: 157-. 1995. / Okada, Y. et al. Cell 81: 769-.
1995. / Kikkawa, M. et a. Nature 376: 274-. 1995. / Yamazaki, H. et d. JCB 130: 1387-. 1995. / Hirokawa, N.
Trend Cell Biol. 6:135-. 1996. / Terada, S. et a. Science 273; 784-. 1996. / Yamazaki, H. et d. PNAS 93:8443-.
1996. / Saito, N. et a. Neuron 18: 425-. 1997. / Hirokawa, N. Science 279: 519-. 1998. / Yonekawa, Y. et al. JCB
141: 431-. 1998. / Tanaka, Y. et a. Cell 93: 1147-. 1998. / Nonaka, S. et a. Cell 95: 829-. 1998. / Okada, Y. and N.
Hirokawa. Science 283: 1152-. 1999. / Kikkawa M. et al. Cell 100: 241-. 2000. / Setou M. et al. Science 288: 1796-.
2000. / Terada S. et a. Cell 103: 141-. 2000. / Nakagawa T. et a. Cell 103; 569-. 2000. / Miki H et a. PNAS 98:
7004-, 2001. / Kikkawa M. et a. Nature 411: 439-. 2001. / Zhao C. et a. Cell 105; 587-. 2001. / Setou M €t al.
Nature 417: 83-. 2002. / Wong R. et a. PNAS 99: 14500-. 2002. / Guillaud L. et a. J. Neurosci. 23; 131-. 2003. /
Okada Y. et a. Nature 424: 574-, 2003. / Homma et a. Cell 114: 229, 2003. / Ogawa T. et a. Cell 116; 591-, 2004.
/ NittaR. et al. Science 305: 678-683, 2004. / Kanai Y. et a. Neuron 43; 513-525, 2004.
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Dynaynamic imaging of AMPA and NM DA receptorstrafficking
in and out synapses

Danid Choquet, Cecile Bats, Laurent Cognet, Laurent Groc, Martin Heine and
Brahim Lounis
UMR 5091 and UMR 5798 CNRS, Université de Bordeauix
33077 Bordeaux CEDEX, France
(d.choquet@u- bordeaux2.fr)

We will present the gpplication of sngle molecule tracking to follow glutamate receptor
dynamics in living neurons. AMPA subtype of glutamate receptor trafficking in and out of
synapses is one of the core mechanisms for rapid changes in the number of functional receptors
during syneptic plagicity. We directly imaged AMPA and NMDA type glutamate receptor
movements indde, a the periphery and outsde syngpses of live cultured hippocampa neurons
udng dnglemolecule fluorescence microscopy and single paticle tracking of  quantum-dot
coupled receptors. We could also record exchanges of receptors through kterd diffuson between
these different membrane compartments. NMDA receptors are less mobile than AMPA receptors.
Changes in neurona network activity srongly modified AMPAR but not NMDAR laerd
mobility, whereas protein kinase C activation modified both receptor mobilities. Differences in
mobility were mainly detected for AMPARS present in the extrasyngptic membrane. In
conditions of glutamate induced synaptic depresson, AMPA receptor mobility increased indde
syngpses and a higher fraction of mobile receptors was found in a juxtasyngptic annulus.
Conversdly, during the processes which lead to incressed AMPARS numbers a  synapses,
receptors are initidly mobile in synapses and are then dabilized. Altogether, our data show that
rapid exchange of receptors between a synaptic and extra-synaptic localization occurs through
regulation of receptor diffuson ingde and outsde syngpses. Changes in this dynamic equilibrium
could participate in plagticity processes.

Left : Conposite image of an interferential contrast image of cultured hippocampa neurons (grey level)
superimposed with image of AMPA receptor bound Quantum dots (red) and with the trgjectory of an individual

QDot recorded over 1 minute.

Right : Plot of the diffusion coefficient versus time for the displayed trajectory. Note that receptors alternate between
periods of fast and slow diffusion.
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Up-regulation by nicotine of its own receptors. identification of the molecular
mechanisms

Pierre-Jean Corringer
Unit of Receptor and Cognition, Pasteur Ingtitute
75725 Paris CEDEX 15, France
(pjcorrin@pasteur.fr)

Nicotine is the primary substance responsble for tobacco addiction, a mgor cause of
desth in western societies Chronic exposure to nicotine is mediated by the interaction with
neurona nicotinic acetylcholine receptors (NAChRs), a cdass of pentameric ligand-gated ion
channds engaged in chalinergic transmisson in the bran. The effect of acute nicotine on
NAChRs is extensvely documented, and results in a tradent activation through the opening of
ther cation sdective channd (Corringer et al., 2000). In contrast, few are know about the long-
term effects of chronic nicotine. In particular, nicotine has been shown to produce up-regulation
of its own receptors (defined as an increase in the number of nicotine high afinity binding Stes),
in the smoker brain, in rodents as wel as in cdl lines expressng various combinations of
neuronal NAChRs (Buisson and Bertrand, 2002). This paradoxica effect of chronic nicotine
might contribute to its long-term effects, including addiction, tolerance and/or senstization.

To get ingghts into the molecular and cellular mechanism underlying this adaptative process, we
investigated the fate of the adl®2 nNAChR expressed in HEK 293 cdl from ther synthess in the
endoplasmic reticulum (ER) to thar suface export, usng metabolic labding and
immunoprecipitation techniques. We showed that high-mannose glycosylated subunits mature
and assemble into pentamers in the ER. and that only pemtameric receptors reach the cel
aurface following complex sugar processng in the Golgi apparatus. We found that nicotine,
which efficiently penetrate into the cdls, acts very ealy &fter the subunit synthess to promote
their maturation toward species that are recognized by a conformation-dependant antibody. Thus
nicotine enhances a criticd sep in the intracdlular maturation of these NAChRs, leading
eventualy to an increased number of high-affinity functiond receptors.

To further progress in the molecular mechanism of up regulation, we studied the a3(32 and a3(¥4
NAChRs, that display very contrasted up-regulation properties (Wang et al., 1998). By the
systematic congruction of chimeras between the 22 and 4 subunits, we identify 16 amino acids
that govern the different up-regulation properties of a3f2 and a3(4 receptors (Sdlette et al.,
2004). On an atomic three-dimensond modd of the extracdlular domain of NAChRs (Le Novere
et al., 2002), these amino acids form a compact microdomain, tha paves the interface between
the subunits, and dso contact the nicotinic binding sSte. We propose the nicoting, by binding to
immeture oligomers within the ER., dicts a conformationd reorganizetion of the microdomain,
drengthening the interaction between adjacent subunits and thus, facilitating meaturation process
toward high affinity receptors.

This novd mechanism of "maturationd enhancer™ for a drug of addiction like nicotine may
contribute to the long term effect associated with tobacco consumption, by may aso contribute to
neura plagticity in physiologica conditions. This work thus open new perspectives to develop
gpecific "maturationd  enhancers’, designed to modulate the nicotinic system response, or to
rescue receptors that are misfolded, for ingance due to congenita mutations such as those
observed in myasthenic patients (Engdl et al., 2003).

BuissoN, B. and BERTRAND, D. (2002). Trends Pharmacol Sci 23(3), 130-136.
CORRINGER, P.J., LE NOVERE, N. and CHANGEUX, J.P. (2000) Ann. Rev. Pharmacol. Toxico.l 40, 431-458
ENGEL, A.G, OHNO, K, SNE, S.M. (2003). Nat Rev Neurosci. 4(5):339-352.
LE NOVERE N, GRUTTER T, CHANGEUX JP (2002). Proc Natl Acad Sci U SA. 99, 3210-325.
SALLETTE J., BOHLER S, BENOIT P., SOUDANT, M., PONS S, LE NOVERE, N., CHANGEUX, J.P., CORRINGER, P.J. (2004).
J. Biol. Chem. 279(18),18767-75.
WANG, F, NELSON, M.E, KURYATOV, A, OLALE, F, COOPER J, KEYSER K, LINDSTROM J. (1998) J Biol Chem. 30;273,28721-32.
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Virtual screening of compound and target libraries: Application to the identification of
novel GPCR ligands

Didier Rognan
Bioinformatics of the Drug, CNRS UMR7081
67400 lllkirch, France
(dlidier.rognan@pharma.u-strasbg.fr)

G-Protein-Coupled  receptors (GPCRs)  represent the most  important  family  of
macromolecular targets amenable to therapeutical intervention. Until very recently, only very few
targets have been investigated (>50) despite the huge number of druggable GPCRs (350-400) in
the human genome. Herewith, we present a framework amed at getting a relidble 3D nodd for
most human nonolfactory GPCRs that permits to address ligand design by taking into account
the GPCR universe. The GPCR database currently contains 350 nonredundant entries and can be
used for severd purposes. (i) to prioritise binding studies of a given ligand to GPCRs supposed to
be close enough to the cognate receptor and thus address the ligand selectivity as early as possble
(i) to locate poorly-studied or orphan targets in the GPCR universe and predict their druggability
a the light of known data on dready investigated receptors, (iii) to map transmembrane binding
cavities from automaticaly-generated 3-D modds, (iv) to search for nove ligands by screening
focussed compound libraries on a defined target, (v) to search for the most likely target(s) of a
known bioactive ligand by a reverse screening procedure. Each of the above-described directions
will be described by test cases applied to widdy divergent GPCRs.
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Linking molecular motorsto Alzheimer’s disease

Gorazd B. Stokin
Department of Neurology, Clinica Center
School of Medicine
Universty of Ljubljana
Sovenia
(gbstokin@pinkponk.com)

Aberant generation of amyloid-3 peptides (Ab) and their aggregation into senile plaques
ae thought to play a criticd role in the pathogeness of Alzheme’s dissese (AD). The
knowledge that the microtubule-dependent motor protein, kinesin-1, mediates anterograde axond
trangport of APP prompted us to investigate whether this transport may contribute to the
formation of Ab. To this end, we andyzed a genetic cross between mice expressng APP
harboring mutations linked to Swedish familid AD kindreds (Tg-swAPP), which exhibit
Characteridtic axond swellings, and mice deficient in the neuron-enriched kinesn light chain
subunit 1 of kinesn-l (KLC1). We found that benign reductions in KLC1 were sufficient to
increase the formation of axona swellings and to enhance the amyloidogenic processing of APP.
Our reaults reved an interaction between kinesn-l and APP that leads to changes in Ab
reminiscent of the ones caused by familid AD mutations found in presenilin proteins.
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Pharmacological and molecular enhancement of learning in aging and AD

John F. Digerhoft
Department of Physiology, Feinberg School of Medicine, Northwestern University
Chicago, IL 60611-3008, USA.
(jdisterhoft@northwestern.edu)

The functiona dteraions in the brain during learning are beginning to be understood. As
a new asocidion is formed, neuron respongdvity or excitability to the newly dgnificant simulus
input is enhanced. Neurons in aging brains have more difficulty increesng excitability during
learning, a cause for age-rdated learning deficts Cdcium and cacdum-activated potassum
currents of neurons, that hep control intrindc neurond excitability and are dtered during
learning and in aging, have been extensvely sudied and will be described. Behaviord dudies in
which drugs are adminisered to reverse the neurond excitability changes during aging have
demongtrated that age-associated behaviord changes can be reversed pharmacologicaly. These
dudies are being extended in mouse modes of Alzheimer's Disease usng molecular gpproaches
to understand and treet the disesse.

DISTERHOFT, JF. and OH, M.M. (2003). Modulation of cholinergic transmission enhances excitability of
hippocampal pyramidal neurons and ameliorates learning impairments in aging animals. Neurobiology of
Learning & Memory 80, 223-233.

MOYER, JR., J., POWER, JM., THOMPSON, L.T. and DISTERHOFT, J.F.(2000). Increased excitability of aged rabbit
CA1 neurons after trace eyeblink conditioning. Journal of Neuroscience 20, 5476-5482.

OHNO, M., SAMETSKY, EA., YOUNKIN, L.H., OAKLEY, H., YOUNKIN, SG., CITRON, M.VASsAR, R. and
DISTERHOFT, J.F. (2004). BACEL deficiency rescues memory deficits and cholinergic dysfunction in the Tg2576
mouse model of Alzheimer’s disease. Neuron 41, 27-33.

Wu, W.W, OH, M.M. and DISTERHOFT, JF. (2002). Age-related biophysical alterations of hippocampal pyramidal
neurons. Implicationsfor learning and memory. Ageing Research Reviews 1, 181-207.
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Progressive degener ation of human mesencephalic neuronstriggered by dopamine-
dependent oxidative stressis dependent on the mixed lineage kinase pathway

Julie Lotharius, Jeppe Fasig, Johan van Beek, Raf Dringen, Patrik Brundin and
Marce Leg
Department of Diseas Biology, Lundbeck A/S
Vaby, Denmark
(MJL @lundbeck.com)

Modds of Pakinson's disesase (PD) based on sdective neuronal desth have been
successfully applied to smulate the symptoms of PD, and subsequently to vadidate symptomatic
thergpies. Nevertheless, for invedigation of putative neuroprotectants, it is essentid that the
conditions leading to neurodegeneration in experimentd modds replicate those occurring in the
disease. We have developed a human-based in vitro model of PD based on the assumption that
dys-regulated cytoplasmic dopamine levels trigger neurodegeneration in PD. Differentiated
human mesencephdic neurons were exposed to methamphetamine (METH), in order to promote
cytoplasmic dopamine accumulation. In the presence of eevated iron (Fe&™) concentrations, aso
obsarved in PD, the increased cytosolic catecholamine levels lead to oxidative stress, activation
of the c-jun N-termind kinase (INK) pathway, neurite disntegration, and eventudly apoptosis.
We examined the role of the mixed lineage kinases (MLK) in this complex degenerative cascade
by using the potent inhibitor CEP1347. Selective block of MLKs not only inhibited Fe**/METH-
induced JNK activation and gpoptoss, but aso early degenerative steps like neurite degeneration
and lipid peroxidation. This broad neuroprotective action of CEP1347 was associated with
increased transcription of the oxidative dress response dement ATF4 and of the cysine-
glutamate transporter. As a functional consequence, cdlular cydine uptake and intracdlular
levels of the redox buffer glutathione (GSH) were augmented. Thus, this new human modd of
parkinsonian neurodegeneration has the potentid to yidd new indghts into neuroprotective
thergpeutics. In the case of CEP1347, our findings suggest that the enhancement of cdlular
protective mechanisms may be essentid for the disease-modifying properties of new PD drugs.
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Synaptic plasticity and cdll signalingin Alzheimer’s disease

Frank M. LaFela
Department of Neurobiology and Behavior, University of Cdifornia,
Irvine, CA 92697, USA.
(laferla@uci .edu)

The neuropathologicd corrdates of Alzheimer’s disease (AD) include amyloid-3 (AR)
plagues and neurcfibrillary tangles To study the interaction between AR and tau and their affect
on syngptic function, we derived a triple transgenic modd (3xTg-AD) harboring PSlyi4ev,
APPg,e, and taupsor. transgenes (Oddo et al., 2003). The 3xTg-AD mice progressvely develop
anyloid plagues and neurcfibrillary pahology in AD-rdaed bran regions such as the
hippocampus, cortex, and amygdda Synaptic dysfunction, including LTP deficits, manifests in
an age-rdated manner, but notably before plague and tangle pathology. Deficits in short- and
long-term synaptic pladticity corrdate with the accumulation of intraneurond AR More recently,
we further show that the onsat of cognitive deficits dso corrdates with intraneurond AR and,
these deficits can be reversed by immunothergpeutic clearance of AR Taken together, these
dudies suggest a nove pathogenic role for intraneurond AR with regards to synaptic pladticity
and cognitive deficits.  In addition, our lab has is investigating the role that dtered cdl sgnding
plays in the pathogeness of AD. In this regard, a role in nuclear sgnding is one physologic
function mediated by a fragment of APP, cdled the APP intracdlular domain (AICD). AICD
rexcues caddum dgnding deficits in APP null cdls (Leissring et al., 2002) implicating cddum
genes as a potentid target for this fragment. Here we show that AICD governs the expression of
the sarco-endoplasmic reticulum (ER) cadcium ATPase, isoform 2b (SERCAZ2b), the ubiquitoudy
expressed cadcium pump that maintains ER cdcium dore levels, and further show that AR leves
can be modulated by manipulating SERCA activity.

ODDO, S, CACCAMO, A., SHEPHERD, J. D., MURPHY, M. P., GOLDE, T.E., KAYED, R, METHERATE, R., MATTSON,
M. P., AKBARI, Y., and LAFERLA, F. M. (2003). Triple transgenic model of Alzheimer's disease with
plagues and tangles: intracellular A R and synaptic dysfunction. Neuron 39, 409-421.

LEISSRING, M.A., MURPHY, M. P, MEAD, T., AKBARI, Y., SUGARMAN, M., JANNATIPOUR, M., ANLIKER, B.,
MULLER, U., SAFTIG, P., DESTROOPER, B., WOLFE, M.S,, GOLDE, T.E., and LAFERLA, F.M. (2002). A
physiologic signaling role for the?-secretase-derived intracellular fragment of APP. Proc. Natl. Acad. Sci.,
U.SA, 99, 4697-02.
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Regulation of glutamate receptor function and synaptic plagticity
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Neurotransmitter receptors mediate sgnd transduction a the postsynagptic membrane of
synaptic connections between neurons in both the central and periphera nervous systems. We
have been dudying the molecular mechaniams in the regulation of neurotransmitter receptor
function. Recently we have focused on glutamate receptors, the mgor excitatory receptors in the
brain. Glutamate receptors can be divided into two mgor classess AMPA and NMDA receptors.
AMPA receptors mediate rapid excitatory syngptic transmisson while NMDA receptors play
important roles in neurond plagticity and development. Studies in our laboratory have found that
both AMPA and NMDA receptors are multiply phosphorylated by a variety of protein kinases.
Phosphorylation regulates several functiond properties of these receptors including conductance
and membrane targeting. For example, phosphorylation of the GIuR1 subunit of AMPA receptors
by multiple kinases including PKA, PKC and CaM kinase Il regulates its ion channe function.
Recent studies have demonsrated that the phosphorylation of AMPA receptors is regulated
during cdlular modes of learning and memory such as long-term potentiation (LTP) and long-
term depresson (LTD). Moreover, phosphorylation of GIuR1 is required for the expresson of
these forms of plagticity and for the retention of spatial memory.

We have dso been examining the mechanisms of the subcdlular targeting and clustering
of glutamate receptors a synapses. We have recently identified a variety of proteins that directly
or indirectly interact with AMPA and NMDA receptors. We have found a noved family of
proteins that we cdl GRIPs (Glutamate Receptor Interacting Proteins) that directly bind to the G
termini of the GIuR2/3 subunits of AMPA receptors. GRIPs contain seven PDZ domains, protein-
protein interaction motifs, which crosdink AMPA receptors to each other or link them to other
proteins. In addition, we have found that the C-termini of GIuR2 dso interacts with the PDZ
domain of PICK1, a protein kinase Ghinding protein that is found at excitatory synapses. Findly,
the GIuR2 subunit dso interacts with the NSF protein, a protein involved in the regulaion of
membrane fuson events. These AMPA receptor interacting proteins are critica in the proper
subcdlular trafficking and synaptic targeting of these receptors. We have recently shown tha the
binding of PICK1 is required for specific form of LTD in the cerebelum that is a cdlular modd
for maotor learning.

In addition to these studies on AMPA receptors, we have been characterizing a separate
NMDA receptor associated protein complex that is important in synaptic targeting and
downgream sgnding of NMDA receptors. We have recently identified an excitatory synapse
gpecific rasGAP, which we cal synGAP that regulates syngptic Ras sgnaling and has profound
effects on synaptic plagticity

In summary, we have examined the molecular mechanisms underlying the regulaion of
neurotranamitter receptor function. Our sudies have suggested that regulation of receptor
function may be a mgor mechanian for the regulation of syngptic pladticity in the nervous
system and may be an important determinant of anima behavior.
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Expression of the transcriptional repressor gene myoneurin
at the neuromuscular junction, during mouse development and in the adult

Patrick M. Alliel**, Carmen Cifuentés-DiaZZ, M Bitoun', Francois Rieger?,
Daniéle Goudou' and Pierre Pérint
1INSERM U-488, 94270 Le Kremlin-Bicétre, France
2INSERM U440, Paris, France
* (dlid @kb.inserm.fr)

The mixed agonid/antagonist activity of Sdective Steroid hormone Receptors
Modulators (SSRM), such as RU486, could be findy tuned by the reaive amount of
coactivators and corepressors within a given cdl. To date, humerous coactivator proteins are
characterized, but only few corepressor proteins have been identified. In the course of our
investigation to identify nove repressors, we have cloned myoneurin, a novel protein with both a
btb/poz domain and eght tandemly repeated kruppe-type zinc finger motifs. The bth/poz
domain is found in various nudear and cytoplasmic proteins manly involved in ubiquitingtion
and transcription represson. The human gene spans 165 kb, and is composed of seven coding
exons and two non-coding exons. Three transcript variants have been identified in the 5 non
coding region and sx dternatively spliced mRNAs affecting the coding region, could give rise
to gx isoforms. Rodent genes have dmilar intron/exon arangement, but the 2nd non-coding
exon is lacking. Promoter beta-galactosidase condructs were used to define the region (first
intron) that conferred basal expresson of the myoneurin gene. By a usng a GAL-4/luciferase
reporter gene assay, we demondrate that myoneurin represses gene transcription by an histone
deacetylase-independent mechanism. The identification of N- and E-boxes dements within the
5 -upstream region, which ae required for regulating the expresson of genes coding for
components of the neuromuscular junction (NMJ), prompted us to anadyze the myoneurin
expresson a the motor end-plate and in mouse denevated muscle muscle, by
immunohistochemichd and in situ hybridization-studies.- Myoneurin—is~anuclear ~protein,~whose
expresson -is —associated- .with. subsynaptic-nuclel ~a- the - neuromuscular—junetion,  .and._ s
developmentaly regulated, during-the 1ate_emhryonic_period (E16, PO). Newe crush-or- axotomy
both lead te a-burgof "myoneurin transCription and to a_dysregulated. myoneurin. expresson in
extrasynaptic .myonuclg.~ Myoneurin was detected;: by ~€lectron.. microscopyandyses, within the
peripherd chromatin _and“in the euchromatin/heterochromatin  borders; -cleerly"associated - with
functiond  chromain.  Myoneurin ¢ exhibitss both { an' “innervationzdependent  repression- «of
transcription, and  an  enhanced expresson following denervation, thereforethe repressor
myoneurin is a likdy: Zcandidate /to mediate dectricd activity-dependent  expression  of
downstream synapse- specific genes:

Supported by : ARC, FRM, Axoma,Drieux-Combaluzier; GelisSA, Holding financiere'SA-MP
couverture, Saint-Gobain Glass France, STB, andin part by AEM.
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Subunit ¢ of FoF1-ATPase as a structural dement of mitochondrial
permeability trandtion pore
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The DCCD-binding proteolipid of F, the subunit ¢ of RFi-ATPase, was recently found to
be in phosphorylated form. Dephosphorylation of subunit ¢ was promoted by unselective Ca*-
induced mitochondria permesbility trangtion (PT) and prevented by cyclosporine A (CsA).
Additiondly, preincubation of the mitochondrid suspenson with isolated dephosphorylated
subunit ¢ decreased the membrane potentid, promoting “permesbility trangtion pore’ (PTP)
opening'. Incorporation of the subunit c into black-lipid membranes (BLM) increased the
membrane conductivity by inducing sngle channd formation with conductances 15-360 pS.
Their open to close date trangtion times varied in the ms-s range. In contrast the channels formed
by the dephosphorylated form of subunit ¢ had much longer open times (tens of minutes).
Channdls, produced by both phosphorylated and dephosphorylated forms of subunit ¢ are cation
sective. Since subunit ¢ was dephosphorylated during PTP opening, channd properties were
invesigated mostlly on channels formed by dephosphorylated subunit ¢. These channds were
found to be permeable to Na' and to K" ions. Mg™ in range of 0.5-6 mM was observed to
promote a linear increase of channe conductivity. *in range d 10°-10“* M had no effect on
transmembrane conductivity of open channdls, tha a the same time were permegble for cacium.
It is known tha PTP opening is accompanied by sweling of mitochondria We showed that
purified dephosphorylated subunit ¢ added to mitochondrid suspenson simulated the sweling of
mitochondria Thus we demonstrated that Caf* and CsA-sensitive dephosphorylation of subunit ¢
was correated with the opening of PTP (decreasng of the membane potentia, sweling of
mitochondria and ability to keep opened channels in BLM). It is thus suggested that subunit ¢ of
FoF1-ATPase might be a sructura component of the unsdective mitochondrid pore. It is worth
to note some data that could serve as support of our findings. Subunit ¢ homologues are known to
be present in the plasma and intracdlular membranes performing a variety of functions. One is a
16 kDa proteolipid, subunit ¢ of the vacuolar V type H'-ATPase, involved in H® transport
another one is the 16 kDa mediatophore, component of synaptosoma membranes, participating in
neurotrangmitter trangport and findly, ductin a 16 kDa poly-peptide of gap-junction-like
dructures that form megachamnes during intercdlular communications for smal molecules The
channd-forming &bility of these protein is dependent on their orientation in the membrane, on
interactions with other proteins in multiprotein structures and can be regulated by Ca’*. Taking
into congderation the data described above we may suggest that the ¢ subunit of RFi-ATPasein
mitochondria aso could be amultifunctional peptide.

AZARASHVILY TS, TYYNELA J BAUMANN M, EVTODIENKO YV, SARIS NE ( 2000)
Ca(2+)-modul ated phosphorylation of alow-molecular-mass polypeptide in rat liver mitochondria: evidence
that it isidentical with subunit c of F(0)F(1)-ATPase. Biochem Biophys Res Commun. 270

AZARASHVILI TS, TYYNELA J, ODINOKOVA IV, GRIGORJEV PA, BAUMANN M, EVTODIENKO YV, SARISNE. (2002).
Phosphorylation of a peptide related to subunit c of the FOF1-ATPase/ATP synthase and relationship to
permeability transition pore opening in mitochondria. J Bioenerg Biomembr. 34(4):279-84.
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d-conopeptide EVIA isolated from Conus ermineusisa new pharmacological tool for
discriminating sodium channel subtypes
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Friedrich Schiller University Jena, Germany, “Department of Plant Sciences
Td-Aviv Universty, Td-Aviv, |srad
* (barbier@nbcm.cnrs-gif fr)

Ddta conotoxin  EVIA (d- EVIA), isolated from the west-african gasteropod Conus
ermineus venom, contains 32 amino acid resdues and a sx cysteingfour loop framework smilar
to that of previoudy described conopeptides of the O-supefamily ie, w-, d-, nO-, and
k- conotoxins. However, it displays low sequence homology with the latter conotoxins.

Native and chemicaly syntheszed d- EVIA inhibit voltage-sengtive N&  channd
inactivation with unique tissue specificity upon binding to receptor Ste-6 of neurond Na'
channds as detected in binding studies with rat brain syngptosomes. Usng amphibian mydinated
axons and spind neurons, we demonstrate that d- EVIA increases the duraion of action potentids
by inhibiting Na channd inactivation, and enhances nerve termind excitability and synaptic
efficacy a the neuromuscular junction, but does not affect directly-dicited skeletd muscle action
potentids.

The neurond-sdective property of d- EVIA has been confirmed by showing tha a
fluorescent derivative of d- EVIA labds motor nerve endings but not skeetd muscle fibers.
Moreover, in a heterologous expresson system, d- EVIA inhibits inactivation of rat neurona Na
channel subtypes (rNa/1.2a, rNa,1.3 and rNa,1.6), but does not affect rat skeletal (rNa,1.4) nor
human cardiac muscle (hNa,1.5) Na“ channd subtypes. d- EVIA, in the range of concentrations
used, is the first conotoxin found to affect neurona Na channels without acting on Na' channels
of skeletal and cardiac muscles.

Hence, it is a unique tool for discrimingting voltage-sensitive Na channd subtypes, and it
may serve as a lead to design new drugs adapted to treat diseases characterized by defective nerve
conduction.
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In neurons, scaffolding proteins play a crucid role in the establishment, maintenance and
dructure of dendritic spines. These proteins are dso involved in many pod-synaptic sgnding
pathways. In mammas, the three membes of the driain family (driating SG2NA, zinedin)
conditute a new group of scaffolding proteins specificaly expressed in dendritic pines.
Information concerning the physologicd role of the driatin family is beginning to emerge. First,
we have shown that driatin expresson is important for both dendritic growth in cultured rat
embryonic motoneurons and for the control of motor function in adult rats. Second, driatin and
SG2NA have been proposed to be regulatory subunit of proteins phosphatase 2A. At the
molecular leve, eech protein of the driain family shares identicd protein-protein interactions
domains : from the N to the C-termini, a caveolin-biding doman, a coiled-coil dructure a
Ca**/cdmodulin-biding domain and a large WD-repeat-domain. To precise the implication of
these proteins in dgnding and trafficking in neurons, we used SRNA technique to inhibit
SG2NA expression.

By semi-quantitative immunoblotting, we demondrated that the sdected SRNAS
gpecificdly and dramaticdly inhibited the exogenous expresson of SG2NA. This effect was
independent of the type of SRNA expressing vectors and was observed in different cel types
(COS-7, N2a, B104 and HEK). To visudize SRNA expressing cells, we constructed bi-cystronic
vectors expressng EGFP-Actin and SRNA. These vectors dlowed us to observe a robust
decrease in SG2NA expresson in cultured hippocampa neurons. SG2NA inhibition was found to
dter neurond surviva, presumably by apopototic caspase dependent phenomenon. Thus, we
concluded that SG2NA (and potentidly other driatin family members) is probably involved in
neurond survival.
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Antagonistic effect of calcium permeating pathways on embryonic Xenopus laevis neuronal
differentiation
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Recent highlights in nervous sysem deveopment demondrate tha frequencies of
intracdlular cdcium trangents code oecificdly for neurond differentiation, axon extenson and
growth-cone pathfinding.

We found that the man effect of spontaneous cacium influx on cultured neurectoderma
cdls was an inhibition of ther differentiation into neurons. This inhibition was observed on pure
neurectoderm derived neurons independently of neurites outgrowth and it sgnificantly decreased
between the developmental stages 13 (neurd plate) and 20 (neurd tube). This effect was voltage-
insengtive and could be reverse by micromolar concentration of nickd and lanthan. Patch-clamp
experiments peformed on immature differentisted  neurons reveded a nickd-sendtive and
voltage-insengtive calcium permegble cationic conductance that  could mediate the inhibitory
action of cacum.

On the other hand toxins that block specificay voltage-gated cacium channd (300 nM ?-

conotoxin) and nicotinic receptors (100 nNM  a-bungarotoxin) dgnificantly reduced neurond
differenciation while extracdlulary gpplied ATP (1 mM) enhanced neurond differentiation in a
ca cium dependent manner.
Taken together these results suggest that cdcium influx through voltage-gated cdcium channds,
nicatinic receptors and purynergic receptor enhance neurond differenciation whereas its influx
through an unindentified nickd- and lanthan-sensitive channel has the opposite effect. Moreover
these data suggest tha the permedting pathway of the cacium ions is a spaid determinant of
neurond differentiation.
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Controal of nuclear calcium homeostasis of Aplysia neurons by multiple messengers: roles of
NAADP, | P; and cADPR.
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Cdcium rdease from intracdlular stores in response to hormone or neurotransmitter
dimulation is important in the control of syngptic plagticity or gene expresson. Accumuldive
evidences suggest that nuclear cacium plays an important part in these processes. However, the
mechanisms involved in the control of nuclear cacium homeodass reman largey unexplored in
neurons. In this study, we investigated the possble role of three intracdlular messengers, known
to trigger cacium relesse from the intracdlular sores, inostol 1,45 trisphosphate (IPs), cydlic
ADP-ribose (CADPR) and the most recent messenger nicotinic acid adenine dinuclectide
phosphate (NAADP) Cancda M et al., 1999, Cancela MM et al., 2002). The effects of these
messengers were tested on isolated nuclel from Aplysia giant neurons.

The changes of the cacium concentration were assayed in the nuclear envelope as wdl as
in the nucleoplasm using confoca microscopy. Our data showed that addition of IPs (10 uM),
CADPR (10 puM) and NAADP (500 nM) induced a release of cacium from the nuclear envelope
and increased nucleoplasmic cddum concentration. Our data suggest that the NAADP, cADPR
and IP; receptors are locdized preferentidly in the inner nucleer membrane. Usng a cacium
sendtive fluorescent probe, located within the nuclear envelope, we found that the fluorescence
intengty increased when ATP (5 mM) was added in the medium bathing the isolated nucle,
indicating the involvement of C&* ATPases in the cadcium uptake by the envelope. The nuclear
cdcum pumps were found sendtive to thgpsgargin. Depletion of the thagpsgargin-sengtive
gores ggnificantly reduced the calcium response evoked by IP; or NAADP. Interestingly, a
NAADP dose-response experiment indicated that addition of nanomolar concentrations (10, 100
and 500 nM) of NAADP resulted in cdcium release from every nucle tested (n=9) whereas
addition of micromolar concentrations of NAADP faled to evoke a response in 9 out of 12
nuclei. In those 3 responsive nucle, the release of cdcium  was weak compared to the effect of
nanomolar concentrations of NAADP. These results are reminiscent of the response obtained in
intact cells of the mouse exocrine pancress in which high concentration of NAADP (50 - 100
M) does not generate any Ca* signd suggesting a complete desensitization of the receptor. Our
work show that the bell-shape curve of NAADP effect also gppliesto neurons.

Our data show the firgt evidence that the nuclear envelope of aneurond cdl isacdcium
dore sendtive to severd intracellular messengers suggesting amultiple control of gene
expression.

Cancela M et al. (1999) Nature 398: 74-76

Cancela JM et al. (2002) EMBO J 21: 909-919
Key words Calcium NAADP, IP3, cADPR, nucleus, gene expression
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Synaptic  pladticity depending on the activation of N-Methyl-D-Aspartate subtype of
glutamate receptors (NMDAr) is dtered in the aged rat and has been corrdated to memory
impairments. In the hippocampus, activation of NMDAr requires the binding a the strychnine
ineendtive glycne dte of D-saineg, an amino acid drickly synthetized in adtrocytes We
previoudy reported that age-related deficits of synaptic plasticity were correlated to a decrease in
D-szrine efficacy snce supplementing with the co-agonist prevented: 1) the depresson of
NMDAr-dependent postsynaptic potentias recorded in CA1 hippocampa dices of aged rats and
2) the ddficits in long-term synaptic depresson and depotentiation induced by low frequency
dimulation of the Schaffer collaterds. In the present study, autoradiographic studies using H
L689.560 as a radioligand and increased concentrations (3 nM to 300 pM) of the unlabeed
competitor D-serine, exclde any age-related dteration in the affinity of the NMDAr for D-serine.
Quantification of endogenous levels of the D-serine reveds a severe decrease of the amino acid
in aged ras Although semi-quantitative western blottings confirm an age-reated glioss, they
show that the expresson of the enzyme, serine racemase, which syntheszes D-sering, is
ggnificantly lowered in aged animas. On the contrary, the expresson of the D-serine-degrading
enzyme D-amino acid oxidase is not affected. Other putative mechanisms to account for the age-
redated decreased level of D-serine such as dtered enzymdic activities or reduced level of the
precursor L-serine are under investigation.

In concluson, our results document for the firg time that a reduction in synaptic
depogtion of the glid-derived factor D-serine is reated to functional deficits occurring during
normd bran aging undelying the physologicd importance of mantaning the glid-neurond
cross-tak in the active brain..
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Amyotrophic laterd scleross (ALS) is an adult-onset and lethd disease characterized by a
sective degeneration of motoneurons. However, some data suggest that ALS, as others
neurodegenerative diseases, could be a consequence of an abnorma development of nervous
network (Amendola et al., 2004) and neurons properties. In order to test this hypothesis we used
in vitro neonata spina cord preparations from SOD1%°R mmice, a transgenic mode of ALS, and
from wild type (WT) mice a the same age. This preparation dlowed us to invedtigate, by
intracellular recordings in situ, dectrica properties of lumbar spina neurons and motoneurons
identified by their antidromic gimulation. There was no differences between the two drans in
membrane resting potentid, action potentid and afterhyperpolarisation characteristics. But, we
observed a larger input conductance (Gin) for SOD1%%°R motoneurons (Gin = 54.3 + 69 nS, n =
31 SOD1%%R motoneurons; Gin = 30.3 + 2.8 nS, n = 14 WT motoneurons, * p<0.05 t-test)
wheress the Gin from other spind neurons were smilar for the two drains (Gin = 374 £ 6.1 nS,
n = 29 SOD1%%R neurons; Gin 24.7 + 3 nS, n = 25 WT neurons). The motoneurons of transgenic
mice presented lower rheobase and dope of the current-frequency curves. Agan the
modifications observed between the two drains were specific to motoneurons and did not affect
the other spind neurons. We aso noted that recurrent post-synaptic potentials appeared more
frequently for SOD1%%R motoneurons following antidromic simulation of the ventra root
(occurrence: n = 12/18 SOD1°R motoneurons versus n=4/17 WT motoneurons, Fisher exact test
* p = 0.017). Furthermore, the dorsal root evoked excitatory post-synaptic potentids (EPSPS)
recorded from mutant motoneurons exhibited a longer duraion athough no changes occurred in
latency, amplitude and time to pesk. These results show that SOD1%%°R motoneurons present very
early dtered eectrophysologica properties and might provide a new key for the understanding
of the pathogenesisof ALS.

AMENDOLA, J,, VERRIER, B., ROUBERTOUX, P. and DURAND, J. (2004) Altered sensorimotor developmentin a
transgenic mouse model of amyotrophic lateral sderosis Eur. J. Neurosci. in press.
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Catecholamines (CA) secreted by fetd adreno medullary chromaffin cells (AMCs) play

an essentid role during the adaptation to extrauterine life Experiments were performed on
primary culture of AMC from E15 and E19 ra fetuses The techniques of Ca2" current,
amperometry and capacitance measurements were used .
At E15, gpplication of digitonin (20uM) and 10uM free C&* induce secretion of CA. At both
stages, the exocytotic process requires the expresson of HVA cacium channds (Bournaud et d.
2001), this current dendty is not Sgnificatively different and its exocytotic efficiency remains the
same.

The quantal secretion of CA during this prenatd period, was compared by the cumulative
integra of amperometric currents induced by depolarisation with 20 s exposure to 70 mM KCl,
together with the characterigtics of individua spikes. At E19, the vdue of cumulaive integras of
amperometric currents at 1 min after KCl gpplication was larger than a E15; such difference is
the consequence of the increase in the number of molecules of CA per granule. The time delay to
release 50% of the tota amount of quanta mobilized by KCl was shorter a E19 than a EI15.
During the perinata period, AMCs are not innervated and the CA release is supposed to be
controlled by an oxygen sensng mechanism (Thompson et d., 1997). At E19, hypoxia induces a
membrane depolarisstion and CA releese but a EI15 hypoxia induces membrane
hyperpolarisation. Anoxia differentidly modulates multiple K* currents (Thompson and Nurse,
1998). In fact, the dud effect over membrane potentia is related to the changing contribution of
different types of K™ channds. We compared the effect of glibenclamide (50 uM) over the tota
K* current with or without externd Ca?*. At E19, IK ¢, is the main component (61 %) and IKatp
is 14.25 %, of the total IK™ currents. At E15, the predominant K" current is IKatp (48.7 %) and
IKca IS 29.46% of the tota. At E19, both Apamin (400 nM) and Iberiotoxin (100 nM) induce
membrane depolarisation, but hypoxia faled to generate further membrane depolarisation in the
presence of gpamin.

These data show that a EI15, the exocytotic process is functiond but the quanta dze is
smal compared to E19. The non-neurogenic CA secretion gppears when the Apamin-sensitive K*
current is the main component of the total K™ current.

Supported by the ECOS-CONICYT exchange program (C99B03)
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Tonic release of glutamatein hippocampal dices
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Tonic glutamate release may regulate the basdine excitability of neurons. It has been
suggested to be nontvescular and by cysine/glutamate exchange. We assessed tonic glutamate
rlease by measuring the inward NMDA receptor-mediated current produced when glutamate
trangporters were blocked by TBOA. (Control experiments assessed the effects of the
manipulation used on the NMDA receptors used to sense glutamate). This release was unaffected
by reducing vescular rdease with cadmium, but was potentisted by blocking glid glutamine
gynthetase. It was unaffected by blocking sweling-activated ion channds, prostaglandin-
mediated release from adtrocytes, PoX7; receptors or ggp junction hemichannds Superfused
cysine increased glutamate relesse, but block of cysine/glutamate exchange had no effect on
rdlease in the absence of superfused cystine. DIDS reduced the release, and this was not
mimicked by propionate, implying this suppresson did not Smply result from the acidification of
internal pH that DIDS produces.
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K nockdown of amyloid precursor protein gene correctsaltered intracellular Ca®* signalsin
acedl linederived from thecerebral cortex of trisomy 16 mouse:
an animal moded of Down Syndrome

Gonzalo Encinal, Christian Arriagade?, Patricia Opazo, Guillermo Rojas, Michelle de Saint
Pierre!, AnaMarfa Cardenas®, Takeshi Shimahara, Juan Segura-Aguilar*
Ralil Caviedes' and Pablo Caviedes™.
'Prog. Molec. & Clinical Pharmacol., 2Prog. of Morphology, ICBM, Univ. of Chile
3CNV, Univ. of Vaparaiso, Chile
“NBCM, CNRS UPR9040, 91198 Gif-sur-Y vette CEDEX, France
* (pcaviede@ned.uchiled)

Murine trisomy 16 (Tsl6) is an animad modd for Down syndrome (DS). We have
generated immortal neurond cdl lines from norma and Tsl6 mice Our Tsl6-derived lines
overexpress DS-related genes (APP, amyloid precursor protein; SOD-1;Cu/Zn superoxide
dismutase) and show dtered cdlular responses to glutamaergic stimuli. Here, we present
evidence of APP overexpresson in our CTb cdl line, derived from mouse Tsl6 cerebrd cortex,
compared to the CNh line, derived from a norma anima. RT-PCR studies showed that CTb cells
express 38% more APP mRNA than CNh cels. Confocal microscopy and Western blot (WB)
showed intracdlular accumulation of APP products. To rdate this excess APP to glutamatergic
dysfunction, we transfected CTb cdls with specific mRNA antisense sequences in order to
knockdown APP expresson. WB studies showed knockdown of APP expression by 39.4%, 48 h
post transfection (n=4, p<.05). We then studied intracellular C&* responses to 200 mvl externa
glutamate in Fluo-3 loaded cdls. The decay of C&* signds showed significant reductions (p<.05)
of the time congtant a 24 h (31,53+£27,2 s, n=8) and 48 hrs (34,42+4,99 s, n=7) post transfection,
compared to nontransfected cells (97,25+21,22 s, n=7). The results suggest that APP
overexpresson in CTb cdls could contribute to impared glutamatergic function, and that gene
knockdown in cell modedsis ardevant tool to study DS-related pathophysiology.

Supported by Fondation Lejeune (France), Fondecyt 1040862 (Chile)
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A coiled-cail interaction mediates the formation of a ternary complex between dystrophin,
dystrobrevin and kinesin heavy chain:
possibleimplicationsin the mechanisms of transport

Marina Ceccarini *, Paola Torreri, Martina Bernassola, Gianfranco Macchia,
Pompeo Macioce and Tamara C Petrucci.
Department of Cdll Biology and Neuroscience-I1gtituto Superiore di Sanitd, Roma, Italy
* (mceccarini @issit)

Dystrobrevin, a dystrophin-related protein, is a cytoplasmic component of the dystrophin-
asociated protein complex (DPC) that, in muscle, localizes to the sarcolemma Mutaions of
DPC-components are associated with various forms of muscular dystrophy. DPC-like complexes
are expressed in non-muscle tissues including kidney, lung and brain. Recent sudies have shown
that DPC not only functions as a mechanicd link between extracelular matrix and cytoskeleton
but dso as a highly dynamic scaffold for sgnding proteins. Among severd protein isoforms
coded by two different dystrobrevin genes, beta-dystrobrevin is redricted to non-muscle tissues,
and in brain it has been found highly enriched a the postsynaptic dendsties. To understand the
function of DPC-like complexes in bran, we have focused on molecular associaions of beta
dystrobrevin and identified, by yesst two-hybrid screening of a mouse brain cDNA library, the
neurona kinesin heavy chain Kif5A as a new interacting partner for beta-dystrobrevin. The kinetic
rate constant of beta-dystrobrevin-KiF5A interaction in vitro, as evduated by surface plasmon
resonance, is in good agreement with other previoudy reported association kinetics of kinesn with
other cargoes. By in vitro and in vivo association assays, we have found that this interaction is not
restricted to beta-dystrobrevin and Kif5A, but reflects a more genera mechanism involving apha-
dysrobrevin and Kif5B as wadl, thus suggesting a role for dystrobrevins as motor protein
receptors.

Since coiled-coil regions of both kinesn and dystrobrevin are involved in the interaction,
and dystrobrevin and dystrophin are known to interact through their coiled-coil motifs, we have
investigated whether dysrophin  can  affect the dydrobrevin-kinesn interaction. In  vitro
experiments indicate that dystrophin does not interact directly with Kif5, but it is pulled-down by
the dystrobrevin-kinesn complex, with whom it associates to form a ternary complex.

These data suggest that not only dysrobrevin is involved in the sgnding function of the
DPC, but may adso play a role in the trangport and targeting of its binding partners, such as
dystrophin, to specific sitesin the cell.
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M odulation of a presumptive Na,1.9 channel by the activation of NK3 tachykinin receptors
in enteric sensory neurons
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Voltage-gated Na' currents play a critical role in shaping electrogenesis in neurons. We
have identified a tetrodotoxin-resistant Na current in duodenum enteric sensory neurons of the
Guinea Pig. The voltage dependent properties of this current are Smilar to those reported for
NaN/Nav1.9 in dorsad root ganglion neurons. Because the activation of NK3 tachykinin receptors
(NK3r) induces dow synaptic post synaptic potentials in enteric sensory neurons we examined
whether senktide, a specific agonist of NK3r could modulate the NaN like current in enteric
SENSOry Neurons.

Whole-cdll patch clamp recordings from in situ neurons were performed. Senktide applied
by short gpplications (15-209) induced systematicaly a fast increase of the peak current. This
effect is due to a shift of the activation threshold as wel as of the whole current-voltage
relaionship. The activation curve before senktide was characterized by a mid point activation
(V12) of -224+6mV; this vdue shifted to -34.745.1mV after senktide (P<0.05, n=12). The
sengtivity to voltage expressed by the dope factor k was unchanged (control k = 4.96:1.6 mV;
senktide k = 4.36£1.4mV). The conductance (gnax) Of the neurones was not sgnificantly affected
by senktide (control gmax: 25£12.3nS; gnax after senktide: 28+16.3nS).

Prdiminay results have shown tha the inactivation curve was dmilarly shifted. Superimposing
the activation curve to the steady Sate inactivation one gives a bell shape curve ranging from -40
to OmV (control conditions) indicating that a persistent Na current should be produced in this
window and should amount to 20% of the pesk current. After NK3r activation, this window
current is preserved but shifted to more hyperpolarized vaues (from -60mV to -20mV).

Because it is well known that the activation of NK3r triggers PKC pathways, we tested a Ca*-
dependent PKCs activator (OAG; 10uM) and a non sdective PKC activator (PDBuU; 10uM).
OAG ghifted the mid point of activation from -23.3t4.43 mV to -31.3+6.2 mV (n=3) without
affecting the dope factor and the maxima conductance. Similar results were obtained with PDBuU
(control Vi, = -19.13+ 3.3 mV ; PDBuU Vi, = -27.5t047 mV; p<0.05). Preiminary results
indicate that the effect of NK3r activation is partly blocked by Ca?*-dependent-PKC inhibitors
(chderythrine 10uM) as well as by agenera PKC inhibitor (caphostine 10uM).

This is the firs demondration that the NaN current can be modulated by NK3r activation.
This modulation occurs manly via PKC pahways. Under control conditions, the range of
potentials that dlows a persgsent current is reached only trangtory during action potentids.
When modulated by the NK3r activation, the NaN current can be persstent in a range of
potentids that is experienced by enteric sensory neurons during dow excitatory post synaptic
potentids that last around 2 min.
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The nervous sysem is composed of some millions of nervous cdls. From ther functiond
role and the anatomicd pogtion, we can disinguish three kind of nervous cdls, the sensory
neurons, interneurons and motor neurons. These nervous cdls are bound by specific synaptic
connexions that are edtablished during the embryonic life and can be modified later during
activity-dependant modifications. These networks are responsble for learning and behaviour
processes

To andyse the formation of synaptic connections and its dynamics dfter hirth, it is
important to image it in the living aima. We use in the laboratory, a genetic maker composed of
C- temind fragment of tetanus neurotoxin (TTC fragment) fused to the gfp gene (Green
Fluorescent Protein). The hybrid protein is non toxic and retains the neurona binding and
retrograde trans-synaptic transport properties of the holotoxin. For these studies, | have made one
transgenic reporter mouse (by microinjection of the linear transggene in the egg a stage one cdl),
which contains the hybrid gene gfp-ttc under the control of Rosa26 ubiquitous promoter. The
tracer transneurond is coupled to an interna ribosome entry site (IRES) sequence to coexpress a
nis-LacZ (nuclear locdization marker LacZ) reporter gene as a nuclear marker of the cdl where
protein synthess occurs. This “dationary” marker thus identifies the neuron actudly expressng
the transgene, and digtinguishes it from the neurons receiving the fuson congruct because those
will be Bgd negative, but GFP postive. The activation of the Rosa26 promoter depends of the
activation of the recombinase Cre because we have introduced a loxP cassette in front of the
gfpttc gene. By crossing this tranggenic mice with an inducible mice PGK-Cre mice (Ldlemand
and a, 1998) which expressed the recombinase Cre everywhere, we observe the expresson of our
transgene only in certain region of the centrd nervous system of the mice. There is a very strong
labdling punctate of the two reporter genes in the trigemind ganglion during embryogeness
snce embryonic day 125 and in adult life. However, this region contains only sensory neurons
and does not permit us to follow an eventua transport of GFP-TTC protein because of the sense
of the transport. We have adso observed the expresson of the two reporter genes in the retina In
the retina there are severd types of neurons. Briefly, photoreceptor cells send nervous signd to
bipolar cdls which are connected to the ganglion cdls. It gopears that ganglion cdls and bipolar
cdls expressed the two genes. Furthermore, in the bipolar cels, we remarked an accumulation of
GFPTTC protein in the dendrites of the bipolar cells.

The mice can provide a tool to visudize some paticular cdls in the trigemina ganglion
and in the retina In the reting, reporter genes are only expressed in bipolar cdls and ganglion
cdls. We could eventudly visuaize a trangport between the bipolar cdls and the photoreceptors.
Also this mice can be use to study the trangport of the TTC in the neuron because we have an
endogenous expresson of the TTC in some neurons and we can follow in vivo its trangport in a
system like retina
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The NO pathway to increase utrophin in muscle: preclinical testswith
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Strategy for pdliative trestment of Duchenne (DMD) and Becker muscular dystrophies is
to compensate for dystrophin absence by up-regulaion of utrophin, another cytoskeetd protein
of the muscular membrane. Treatment with L-argining, the substrate for nitric oxide synthase or
with molsdomine, a nitric oxide donor, increases utrophin levels in muscles of mdx mice (the
anima modd for DMD) and is associated with a globd regresson of the mgor symptoms of the
disease. To propose a clinicd trid for DMD and Becker patients we tested the ability of arginine
butyrate, an arginine derivative aready used to treat children affected by sckle cdl anaemia, to
produce the same beneficia effects as L-arginine. Tregting mdx mice for 6 weeks with arginine
butyrate (100 mg/kg/day, i.p. injection) resulted in decrease in serum creatine kinase levels by 55
%, atedting to the improvement of the whole musculature. Magnetic resonance imaging of lower
limbs reveded a 40 % reduction of the necrotic zones, confirming the reduction of muscle
pathology evidenced by higtologicd saining. As expected, utrophin levels and transcript in the
muscles were increased by 45% and b-dystroglycan, a member of the dystrophin-associated
protein complex which disgppears from the membrane in dystrophic muscle, was relocalised with
utrophin. During exposure to hypercgpnic conditions (6 and 8 % CO,), the average respiratory
tidd volume was ggnificantly increesed by 14 % in treted mdx mice This improvement of
digphragm performance was supported by the reduction of the number of fibers stained by Evans
blue, a vital dye in trested mice. No weight variaion was noticed between trested and non
treated mice when the treatment was gpplied to young animas during growth, or to adults for a
longer period (one year), suggesting that the trestment was not toxic. Finaly, utrophin leves in
cultured human myotubes were increased (2 fold) after a 8 hour trestment with 0.5 mM arginine
butyrate. Accordingly, and as arginine butyrate efficiently increases utrophin levels and reverses
the dystrophic phenotype in mice, amove towards clinicd trids gppearsjudtified.
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GPR54 a new receptor involvedin the neuroendocrine regulation of
the gonadotr opic axis and the onset of the puberty
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The control of GnNRH secretion is determinant for reproductive maturation. It leads to
normad sexud differentigtion during foetd life, normd pubety and therefore normd fertility.
GnRH neurons aise from olfactory placode and migrate to forebrain and hypothdamus aong
olfactory tractus. In mammas, trandent activation of the gonadotropic axis occurs during late
pregnancy and postnatal. An inhibitory phase of GnRH secretion occurs during childhood. A new
increase of pulsatile GnRH release leading to secretion of glycoprotein hormones by the pituitary
and sexud hormones by the gonads define the onset of the puberty. The molecular mechanisms
involved in this sequence activatiort inhibition-reactivation remain largely unknown.

For saverd years, we have investigated these mechanisms by a human genetic approach.
Functiond defect of the hypothdamo-pituitary unit of the gonadotropic axis leading to
hypogonadism (hypogonadotropic hypogonadism or HH) has been described in severa human
genetic diseases. HH is defined by low circulating plasma levels of sex hormones associated with
paradoxd normd or low plasma gonadotropin levels. Cases of isolated congenitd
hypogonadotropic hypogonadism are classfied into 2 categories : those associated with anosmia
(Kdlmann syndrome) and those apparently isolated without anosmia. Mutations and deletions of
the KAL-1 gene which encodes a protein involved in cdl adheson have been observed in many
cases of the X-linked form of Kalmann syndrome. Very recently, loss of function mutations of
fibroblast growth factor receptor 1 was shown to be linked to dominant form of Kalmann
syndrome. Cases of hypogonadotropic hypogonadism without anosmia (IHH) were consdered as
idiopathic until the recent description of mutations of the GnRH receptor, LH or FSH genes.
However, defects in these genes only account for only a smdl percentage of familia cases with
mendelian transmisson. These results clearly suggested that other unknown proteins play a mgor
role in the physology of the gonadotropic axis. Our group recently described GPR54 as one of
these proteins by a genome mapping drategy performed in a very informative family. GPRY is a
G-protein coupled receptor express within hypothdamus and pituitary. It is the receptor of a RF-
amide peptide derived from KiSS-1 protein known as a metastasis suppressor. Invaidation of
GPR54 in the mouse, peripherd or centrad KiSS-1 injection and two other descriptions of GPR54
loss of function mutations in human have confirmed the key role of this receptor in the regulation
of LH and FSH synthess. These results open a new field in the physology of the onset of the
puberty and lead to suggest a new pharmacologica modulation of this axis which may occur at
the level of the hypothdamus or the pituitary.

DeRouUX, N., GENIN, E., CAREL, JC., MATSUDA, F., CHAUSSAIN, JL., MILGROM, E. (2003).
Hypogonadotropic hypogonadism due to loss of function of the KiSS1-derived peptide receptor GPR54.
Proc Natl Acad Sci U SA. 100, 10972-10976.
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Two-component action of ATP on transmitter release from the motor nerve endings at
the neuromuscular junction.
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Neuromuscular junction is composed by three active partners such as the motor nerve
ending, the postsynaptic specidization of the muscle fiber and the perisynaptic glid Schwann
cdls (Auld and Robitaille, 2003). ATP cordeased from the motor nerve endings with ACh could
potentidly activate any of these three patners culminating in modulation of synaptic efficacy.
We previoudy showed that, on skeletal muscle, ATP inhibited ACh release via presynaptic P2
receptors. The receptor identification (P2X or P2Y), and receptor transduction mechanism
remained, however, unknown. In the present sudy usng the voltage-clamp technique and
imaging technique we andyzed the properties of presyngptic ATP receptors, its subsequent
effector mechanisms and potentid involvement of podtsyngptic membrane and glia ATP
depressed multiquanta end-plate currents without changes in the amplitude of miniature currents
indicating reduced quanta release. This depressant effect of ATP had a longer latency than
gmilar inhibitory action of adenosne operating via Pl receptors suggesting a multistep or
multicomponent activation. ATP?S, agonit a P2X receptors, or Bz-ATP, agonist a P2X7
receptors, were ineffective. The action of ATP was prevented by suramin and unchanged by
PPADS or TNP-ATP, antagonists of P2X receptors, RB-2, a blocker of certain P2Y receptors, or
MRS-2179, a specific blocker of P2Y1 receptors. The depressant action of ATP was reproduced
by UTP, metabotropic P2Y receptor agonist. Pertussis toxin, antagonist of Gi/o-proteins, and
inhibitors of phosphatidylcholine specific PLC and PKC prevented the effect of ATP. The
blockers of PLA, and COX dgnificantly attenuated the depressant action of ATP. Smilar
atenuation of depresson was obtaned with severd antioxidants. Imaging technique with
dichlorofluorescein reveded an increased production of reactive oxygen species in Schwann cdls
ovewheming the fluorescence of motor nerve termina and muscle fiber. However, upon
activation by ATP muscle fiber became a mgor source of fluorescence suggesting that reective
oxygen Species produced by muscle could retrogradely participate in presynaptic inhibitory
effect. Thus, our data indicate, the exisence a the neuromuscular junction of inhibitory PTX-
sengtive P2Y  receptors probably coupled to two distinct executive cascades one of which
includes PLA, and COX with subsequent generation of reactive oxygen Species, new messengers
mediating the action of extracdlular ATP. This divergent presyngptic P2 sgnaling could provide
feedback inhibition of transmitter release and perhaps be involved in presynaptic pladticity.
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At the vertebrate skeletd neuromuscular junction two closdy relaed enzymes can
hydrolize acetylcholine (ACh): acetylcholineserase (AChE) and butyrylcholinesterase  (BChE).
The dasscd function of AChE in regulaiing the duration of ACh action in the syngptic deft is
well established. However, the function of BChE remans controversd. Therefore, the present
dudy was designed to evauate neuromuscular transmisson and the eventud role of BChE in
knockout mice deficient in AChE activity. For this purpose we used AChE knockout mice
(AChE”) (xie et al.2000, Minic et al. 2003), transgenic mice with deletions of dternatively
gpliced exons of the AChE gene (deleted exons 5 + 6, and deleted exon 5/Neo) (Feng et al.1999),
collagen Q-deficient mice (ColQ™) (Feng et d.1999), and PRIMA (Perrier et a. 2002) knockout
mice (PRIMA™).

The kinetics of the current flowing through the endplate membrane in response to an ACh
quantum was andyzed in isolated phrenic-hemidigphragm neuromuscular preparaions from the
various tranggenic mice, as wel as nerve-evoked synaptic responses, muscle twitch and tetanic
tendons. In addition, complementary information was obtained by confocd laser scanning
microscopicad  examination of the endplate region of the various transgenic muscles in order to
determine the characteristics of muscle nicotinic ACh receptor clustering.

The results obtained indicate that focaly recorded miniature endplate currents (MEPC
exhibit a prolonged decay time in dl tranggenic mice examined with the exception of PRIMA™
mutant muscles in which MEPCs were not affected.

Complementary morphologicd  examinaion reveded that there is an  important
remodding and different clustering of muscle nicotinic ACh receptors a junctions lacking AChE
adtivity in which MEPCs were prolonged. These results will be discussed in terms of
physiologica adaptation or compensation for the absence of AChE activity, and in relation to the
expression of AChE and BChE a the neuromuscular junction.
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Ddta Seep Inducing Peptide (DSIP) is an endogenous substance that induces deep in
human and anima and blocks the NMDA dicited seizures in rats in vivo. Effect of DSIP on
NMDA and GABA-evoked ion currents in corticd, cerebellar and hippocampa neurons was
dudied usng whole-cell patch clamp technique. DSIP in range of concentrations 0.1 pM — 1 nM
inhibited patidly the ion currents eicited by NMDA in corticd neurons. DSIP reduced the
NMDA evoked currents up to 40-60% of control vaue at al concentrations tested. DSIP affected
the ionic currents within 1 min. The inhibitory effect of DSIP was fully reversble DSIP in range
of concentrations 1 pM — 1 nM patidly inhibited the currents dicited by NMDA in hippocampa
neurons excepted a 1 nM. The maximd inhibiting effect of DSIP, 44% of control vdue, was
observed at 10 pM.

DSIP in range of concentrations 0.01 pM — 1 nM increased the ionic currents dicited by
GABA in both hippocampa and cerebelar neurons. DSIP affected the ionic currents within
1 min. The inhibitory effect of DSIP was totaly reversble. In hippocampd neurons, the maxima
increase of the GABA-evoked currents, more than 200% relative to control vaue, was observed
a DSIP concentrations of 0.1, 1 and 10pM. The effect of DSIP was less prominent at
concentrations less than 0.1 pM and higher than 10 pM. On the other hand in cerebelar Purkinje
cells DSIP was most effective a 0.01 pM showing increase about 250% of control value. At
01pM — 1nM DSP was less effective than a the lowest dose tested. Thus the inhibitory
influence of DSIP on NMDA evoked ion currents suggests that the anticonvulsve effect of the
compound might be due to blockade of responses to NMDA. Smilarly, the potentiating influence
of DSIP on GABA dicited ion currents suggests that the deep inducing effect of the compound
on anima might be due to an increase of responses to GABA and a decrease of responses to

NMDA aswel.

Supported by an EOARD grant (no 017016)
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In integrated biologicd sysems, a findy tuned coordination between different
mechanisms of cdl-to-cdl communication is required for an gppropriste reguldion of
physologicad function to teke place. Although neurond cdls manly use the synagotic
transmisson mode to exchange indructive sgnds, it is now wel edablished that an dectrica
communication mediated by g junctions is adso a key component of intercelular
communication in the nervous sysem. Compeling evidence argues tha intricate interactions
between eectricd and chemica synapses play an essentid role during synaptogeness. As a
common finding, the criticdl phase of syngpse formation is accompagnied by a switch from a
predominant eectrotonic coupling to a fully mature synaptic transmisson. At present, the cdlular
mechaniams favoring the switch from dectricd to chemicd communicaion that occur during
synaptogenesis dill remain to be ducidated. We addressed this issue a the developing splanchnic
nerve-chromaffin cdl cholinergic synapse in newborn rat acute adrend dices. At birth, the
innervation of chromeffin cdls by the cholinergic syngptic terminds arising from the splanchnic
nerve is not fully competent but completely matures during the first postnata week. Moreover,
neonate chromaffin cells display a high level of dectricd coupling (Martin et al., 2003) compared
to adult (Martin et al., 2001). The neonate adrend medulla therefore represents a suitable model
to examine in pardld how these two mgor modes of cdl-to-cdl communication interact each
other and are regulated during synaptogenesis. We reported here an entirely unanticipated role for
the extracdlular matrix protein agrin in the regulation of both eectrical coupling and synaptic
neurotranamisson during postnatd development of the adrend medulla  Immunofluorescent
detection of agrin reveded an intense daning throughout the adult medulla outlining chromaffin
cdl clugters, whereas in neonates agrin was more weakly expressed. When bath-gpplied in
neonate dices, agrin rapidly induced a decrease in gap junction-mediated eectricad coupling
between chromeffin cdls (50% reduction in the gap junctiond current amplitude recorded in cdl
pars within 5-6 min). In padld, agrin incressed postsynaptic nicotinic currents. This switch
from eectricd coupling to chemicd synaptic transmisson was fully operationd within one hour
and depended on the activation of Src family-related tyrosine kinase-mediated sgnding pathway.

Thus, in addition to its wel-established function in the assembly of the neuromuscular
junction, agrin may play a pivota role in syngptogeness and the maturation of stimulus-secretion
mechanisms in favoring a rapid switch from dectricd to chemicd syngpses. Because in the
centrd nervous system agrin is expressed a ealy developmentd dage in aress involved in
synaptogenes's, we hypothetize that the unexpected role of agrin reported here might be extended
to other developing neuron-neuron synapses.

MARTIN A.O., MATHIEU M.N., GUERINEAU N.C. (2003). Evidence for long-lasting cholinergic control of gap
junctional communication between adrenal chromaffin cells. J Neurosci. 1;23(9):3669-78.

MARTIN A.O., MATHIEU M.N., CHEVILLARD C., GUERINEAU N.C. (2001). Gap junctions mediate electrical signaling
and ensuing cytosolic Ca2+ increases between chromaffin cellsin adrenal slices: A rolein catecholamine
release. J Neurosci. 21,5397-5405.
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Mutationsin MUSK cause congenital myasthenic syndrome
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We report the fird case of a human neuromuscular transmisson dysfunction due to
mutations in the gene encoding the muscle-specific receptor tyrosine kinase (MuSK). Gene
andyss identified two heterodldic mutations, a frameshift mutation (c.220insC) and a missense
mutation (V790M). The muscle biopsy showed dramatic pree and postsynaptic sructura
abnormdities of the neuromuscular junction and severe decrease in  acetylcholine receptor
(AChR) e-subunit and MuSK expression.

In vitro and in vivo expression experiments were performed usng mutant MuSK
reproducing the human mutations. The frameshift mutation led to the absence of MuSK
expresson. The missense mutation did not affect MuSK catdytic kinase activity but diminished
expresson and gability of MuSK leading to decreased agrin-dependent AChR aggregation, a
criticd gep in the formation of the neuromuscular junction. In eectroporated mouse muscle,
overexpresson of the missense mutation induced, within a week, a phenotype smilar to the
patient muscle biopsy: a savere decrease in synaptic AChR and an aberrant axond outgrowth.

These results drongly suggest that the missense mutation, in the presence of a null
mutation on the other dlee, is respongble for the dramatic synaptic changes observed in the

patient.
Supported by Assistance Publique (PHRC AOM1036), Inserm, Gl S-Maladies Rares and AFM
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Coupling between L-type calcium channels and phospholipase C in muscle cells
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* (gamovi@med.uchiled)

Neonatal rat primary muscle cultures were subjected to trains of 400 pulses of 1 ms
duration, ddlivered a 45 Hz. At this frequency, the myotubes developed action potentias in
response to each pulse. During the simulation train cells showed a fast cadcium sgnd associated
to E-C coupling and blocked by TTX and ryanodine. Severa seconds post-simulus, there is a
second cacium sgnd, more prominent within the nucleus, which may last 5 to 10 minutes. This
dow cdcium sgna was action potentid dependent, the dihydropyridine receptors (DHPR)
having a sensor role and cadcdum coming manly from IP; sendtive stores (Biophysicd J. 86:
3042, 2004).

Trestment of cdls with a G protein inactivator pertussis toxin, PTX) blocks both cacium
ggnds and IP; trandents. The vird transduction of a Gl3g scavenger (Ad bARK) dso inhibit the
dow cacium response. These experiments suggest the participation of the GI3g subunit of the G
protein in the signaing of the DHPR to phospholipase C (PLC) activation in skeletal muscle.

Immunocytochemicad dudies usng an anti PLC (83 antibody show, under confocd
microscope, a diffuse dotted pattern in the cytosol. 30 to 50 s post dectrical stimulation, a distinct
punctuate gaining pattern in the nuclear envelope became evident. This saning reverses after 70
s. Trandocation of PLC (33 occurs both in the presence and in the absence of extracdlular
cacium but isinhibited by 10 uM nifedipine,

These resaults suggest a novel mechanism of sgnd transduction coupled to the DHPR
acting as a voltage sensor by which the G protein is involved in the PLC (33 activation though
trandocation to the nudear membrane. This mechanism may be pat of the excitaion
transcription coupling processin muscle cdls.

Supported by FONDAP # 15010006 and CONICYT doctoral fellowship (JME)

51



P23

I dentification of amino acids responsible for the effect of ivermectin at purinergic P2X,
r eceptor
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The rat P2X, receptor is unusud among the purinergic P2X receptors in its potentiation
by an atihdmintic drug ivermectin (IVM). Ivermectin increases the amplitude of ATP-induced
currents and greatly prolongs the action of ATP at P2X,4 receptors in homomeric and heteromeric
configuration, but does not affect ATP-induced currents in cels expressng other types of
purinergic receptors. If agpplied done in the absence of ATP, IVM induces a smdl current in
P2X4-expressing cdls. lvermectin binds to the P2X4 receptor at an adlogteric binding Ste, which
has not yet been locdized. The effect of VM is time-dependent indicating that its accumulation
in the membrane may be criticd. We dudied the effect of Ste-directed mutageness in the firg
transmembrane doman (TM1) and within the membrane-related part of ectodomain N-hdf of the
rat P2X4 purinergic receptor. The effect of ivermectin on ATP-induced currents was measured in
HEK cdls expressing recombinant and mutated rat P2X4 receptors. In the presence of 3 ? M
IVM, the amplitude of (ImM) ATP-induced P2X, current was potentiated by 450 + 55% and the
decay time congtant of current induced by agonist remova increased from about 300 ms to 45 s.
Mutation of crucid amino acid in ectodomain structure abolished the prolongation but caused
IVM to retain potentiation effect. Mutations in TM1 caused partid loss of potentiation effect of
IVM and ivermectin done did not induce any current in these mutated receptors. These results
suggest that IVM binding Ste responsble for ATP current modulation is locdized both in TM1
and ectodomain N-haf of the P2X, purinergic receptor.
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An astrocytic control of excitatory transmission at granular cell synapsesin hippocampus
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Adtrocytes possess  synaptic-like microvescles containing glutamate and rdlease the
transmitter via a Ca?*-dependent exocytotic process similar to that described in neurons (Bezzi et
a., Nature Neurosci., 7(6):613-20, 2004). The question is to know what physiologica roles this
regulated glid glutamate rdease plays, notably during the syngptic function. Here, we report a
modulatory control in the dentate gyrus in response to activation of P2Y1 purinoreceptors. By
immunochemistry we show that P2Y1 is locdized preferentidly in astrocytic processes directly
gpposed to asymmetric synapses. In acute hippocampa dices, activation of P2Y1 receptor with
the specific agonist 2MeSADP triggers a glutamate release that are both Ca?*-dependent and
sendtive to bafilomycin A1, a blocker of synaptic vescle refilling. However, 2MeSADP is
totdly ineffective in releesng glutamate from hippocampa syngptosomes, suggeding that the
rdlease has a nortneurond source. Functiondly, P2Y1 activation with 2MeSADP reversbly
increases MEPSC frequency in granule cdls, indicating a pre-synaptic modulatory control. This
control is NMDA-dependent because AP5 and ifenprodil, two NMDA receptor antagonists,
prevented the faclitatory effect of 2MeSADP. To confirm the impact of glid glutamate on
synaptic activity, we have studied a direct connection between astrocytes and neurons by a
double patch approach (Kang et d., Nat Neurosci., 1. 683-92, 1998). Initial data show that direct
dectricdl stimulation of astrocytes, leading to [Caf']i elevation in these cdls, triggers in 30% of
the recorded granule cells an increased MEPSC frequency. This effect is blocked by ifenprodil
suggesting an involvement of presyngptic NMDA receptors in this astrocytic control. Our data
reved the active control of astrocytes on granule cell synapses via the regulated release of
glutamate.

Support Contributed By: OFES 00.0553 (EC QLG3-CT-2001-2004), FNRS 3100A0-100850/1
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A rolefor phosphatases in altered hippocampal synaptic plasticity in the aged rat.
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Protein kinases and phosphatases activation following high or low leveds of cacium entry
regulate the direction of synaptic strength leading to LTP and LTD respectivdy. We sudied
synaptic pladticity following NMDA gpplication on hippocampa dices from young (3-6 months)
and aged (24 months) ras. In young rats, NMDA (20 microM) induced opposte effects
depending on the duration of te gpplication. A short (1 min) or long (5 min) application induced
a long term depresson of synaptic activity while a 3 min application induced a potentiation. In
aged rats, these responses were aways depressant, whatever the duration used. Can we explain
this difference in the 3 min agpplication between young and aged rats by dteration of NMDA
receptor and/or changes in kinase/lphosphatase balance ? Fird, the potentiation present in dices
from young rats was not restored in aged rats by exogenous application of the co-agonigt of
NMDAr D-sarine (which compensate NMDAr dteration in aged rats). In addition, NMDA
aoplications never induced potentiation in aged rats. These results suggest that aterations involve
mainly intracdlular mechanisms. Depressons in neurons result from phosphatase activation. We
compared the consequences of phosphatase inhibition in young and aged rats. Incubation of dices
in okadaic acid (a PPL/PP2B antagonist), neither affect the depresson induced by 5 min NMDA
goplication in young rats nor the 3 min application in aged rats. The PP2B antagonist FK506
restored a potentiation in young rats (5 min NMDA gpplication) and in aged rats (3 min NMDA
goplication).

These results suggest that application of NMDA on dices from young rats induced a bi-
directionna pladticity through activation of kinase or PP2B. The respective activation depends on
the time window of application. In hippocampa neurons from aged rats, we adways observe a
depresson, suggesting that a preferentia  activation of PP2B  occurs following induction of
NMDA - dependent chemical LTD.
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Characterization of new splice variants of PAK 3 and their implication in mental
retardation
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The three mammdian members of the p2l-activated kinase (PAK) family are involved in
the control of cytoskdeta dynamics and cdl cycle progresson. In bran PAK kinases are
implicated in growth cone collapse and control of neurite outgrowth. More recently, PAKs have
been involved in dendritic soine morphogeness. Transgenic expresson of a pan inhibitor of PAK
leads to abnorma spine morphology and LTP defects. Moreover mutations in the human PAK3
gene are respongble for X-linked menta retardetion. The main questions are. why is the loss of
function of PAK3 not complemented by the two other PAK kinases? What is the specificity of
PAK3 in neurond dgnding? What is the molecular mechanism by which PAK3 regulates the
synaptic pladticity?

Here we report the characterization of three new mammdian PAK3 splice variants. We
have identified two additional sequences of 63 and 45 bp h severd cDNAs of mammadian PAK3
leading to four MRNAS. Theses insarts that correspond to dternatively spliced exons that we
named Ec and Eb, are both located between exon 2 and exon 3. By RT-PCR we identified the
four corresponding transcripts in mouse and human brains. We identified the four PAK3 proteins
in mouse brain lysates with specific antibodies we have generated againgt the peptidic sequences
encoded by ether Ec or Eb.

These four mMRNAs are expressed equdly in the different brain areas. We further show

that PAK3b isoform is present in equal amount to that of PAK3a, while PAK3cb is less abundant
and the last isoform PK3c is the least detected. We aso show that PAK3 is expressed in neurona
but not glia cellswhereas PAK1 and PAK?2 are both expressed in these two cell types.
These dternatively spliced exons encode 21 and 15 amino acids that are located ingde the
regulaiory domain of PAK proteins suggesting these PAK3 isoforms may have particular
functions. Whereas the norma PAK3 kinase (PAK3a) has very week kinase activity in resting
cdls and is srongly activated by recombinant active Cdc42 protein, the three new isoforms
posess a high kinase activity in quiescent cdls and were not simulated by an active GTPase
Indeed, the presence of the inserts dramaticaly impedes the binding to activated Cdc42 or Rac
GTPases. We are currently investigeting their regulatory mechanism.

Three mutations have been identified in XLMR, located in the regulatory domain (R67C)
and in the kinase domain. Because these mutations are present in the four PAK3 isoforms, the
main question is whether the syngptic defect is due to the loss of a common function of the
isoforms, or due to a defect of a gpecific function of one of these isoforms. To initiate this
research, we have introduced the R67C mutetion in the four isoforms and analyzed their kinase
activity. We show a biochemicad defect for the PAK3a-R67C protein which has a reduced
activation by Cdc42-V12. The R67C mutation has no effect on the congtitutive kinase activities
of PAK3b, PAK3c and PAK3ch proteins. The main questions are: Is this defect sufficient to
explan the pladicity imparment? Are the functions of the other isoforms dtered by this
mutation?

Supported by ARC association and the Fondation Jéréme Lejeune
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Protein knase-dependent phosphorylation of membrane receptors, ion channels and transcription
factors are key events of intracdlular signalling, responsible for regulation of various enzymes and many
cdl functions. The biologica role of protein kinase-dependent phosphorylation in mitochondrial systems
such as respiratory chain, ion transport and ATP synthesis is not understood. It is not clear whether the 2d
messenger, namely Ca’*, can directly regulate the energy transforming system in the inner mitochondrial
membrane. Besides, until now no data are available about any interrelationship between protein
phosphorylation and Ca’*-induced opening of the “permesbility trangition pore’ (PTP). The aim of the
present study was to investigate protein phosphorylation n brain mitochondria and to find out whether
they belong to systems that could be regulated by phosphorylation/dephosphorylation, modulated calcium
as a second messenger. Experiments were performed on isolated rat brain mitochondria (RBM).

Phosphorylation of 94, 66-67, 43, 28-30, 26, 17, 6.5 and 3.5 kDa proteins has been observed in
mitochondria. Ca’* regulatory effects on phosphorylation of these proteins were investigated in Cat*-
EGTA buffers. Protein phosphorylation was found to be modulated by C&* in the physiologica
concentration range (10° M - 10° M free Ca’*). Phosphorylation of the 17 kDa and 21 kDa proteins was
increased within the 107 - 10° M free Ca* range, whereas an opposite effect was observed for the 3,5
kDa. These effects were drengthened in the presence of calmidazolium, an antagonist of calmodulin. It
was suggested that Ca™ in physological concentrations, as a second messenger, can control
phosphorylation of the 3.5 kDa, 17 kDa, 21 kDa phosphoproteinsin RBM.

Participation of protein kinase-dependent phosphorylation was investigated in the phenomenon of
PTP. Dephosphorylation of the 3.5 kDa peptide (which was identified as subunit ¢ of FoF-ATP synthase)
and enhanced *?P incorporation into the 17 kDa and 21 kDa proteins were found under conditions of
mPTP opening. These effects were prevented or reduced in the presence of cyclosporin A (CsA), inhibitor
of PTP. It was shown that the drop of |, (registrated with TPP'-selective electrode under the same
conditions) was correlated with a dephosphorylation of the 3.5 kDa peptide and an increased
phosphorylation of the 17 and 21 kDa proteins. CsA prevented mPTP opening and drop of . Based on
these data we suggested that phosphorylation/dephosphorylation of proteins in RBM was connected with
mPTP opening. It should be reminded that CsA is considered to block PTP by interacting with
mitochondriad cyclophilin. It is well known, however, that this complex of CsA and cyclophilin suppress
aso cacineurin. Cdcineurin is camodulin binding protein, representing a high percentage of total brain
protein. Several CaM-binding proteins were earlier reported to be present in mitochondria. Using both
polyclond and monoclona antibody against calcineurin we discovered that brain mitochondria contain
cacineurin. Taking into consideration that mitochondria contain PKA and PKA anchoring proteins, which
bind both PKA and calcineurin, it would be logical to suggest that regulation of mitochondria protein
phosphorylation and modulation of this phosphorylation by Ca* might be exert through PKA and
cacineutin sgnaling system.

Supported by RFBR N 03-04-48213 and N 02-04-49701
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Neurons of the primary visud aea continoudy adjust ther patterns of discharges in
accordance with the environmentd luminance changes. This adeptation levd is modulated by
information exchanges between primary visud area and associative area but dso by numerous
afferences (cholinergic fibers originating from the magnocdlular nucleus, serotoninergic fibers
issued from the raphe, noradrenergic fibers issued from the locus coeruleus).

The am of our work is to andyze the effects of various neuromodulators on a cortica
neurona network in order to determine the resulting change in the exdtability of layer V
pyramidd neurones which daborate the output signas from the cortex. Using rat visud corticd
dices, dectrical simulation in layer | evoked a composite synaptic response recorded in layer V
pyramidd neurones paiched in whole cdl configuration. In this "physologicd context®, the
recorded sgna reflects the process of synaptic integration of excitatory inputs (glutamatergic)
and inhibitory inputs (GABAergic) manly receved by the gpicd dendrite of the recorded
pyramidd neurone. Briefly, the globa evoked synaptic conductance is further decomposed in
excitatory and inhibitory conductances assuming that reversd potentids are respectively equd to
0 mV for excitation and to —-80 mV for inhibition. Given the experimentdly derived excitatory
and inhibitory conductance profiles, we can recondtitute the dynamics of the membrane potentidl.

Immunostaining of neurona nitric oxide (NO) synthase reveds many postive neurons
located between layer 1l and layer V with a larger dengty in layer 1I/I1l. To andyse the effects of
the diffusble messenger NO on synaptic integration, we firs goplied on the cortica dice L-
arginin (the substrate of NO-synthase) or PAPA-NONOate (an exogenous NO donor). Excitatory
and inhibitory conductances were increased but the excitability of the pyramidd neuron did not
change. However, L-NAME (a specific inhibitor of NO-synthase) gpplication induced an increase
of neurond excitability showing that endogenous NO synthess may decrease the excitability of
the pyramidd neurone. The question was then to underdand how the dectricd activity of the
network can trigger NO synthess. We tried a protocol of simulation of the corticd network
casscdly used to induce LTP (long-term potentiation). This protocol consst in theta-burst
dimulation (TBS) of layer | followed by the recording of responses to simulations a low
frequency (0.33 Hz) as in control conditions. An increase in excitatory conductance (by 38 %
,Gexc) and in inhibitory conductance (by 55 %, Ginn) were observed and these effects were
maintained from 15 to 60 min &ter the TBS. The andyss of these results shows that the
excitatory inputs are atenuated under these experimenta conditions compared to control
conditions. Consequently, the pyramidd neuron excitability was decreased. The inhibition of
NO-synthase prior TBS prevents any change of excitation and inhibition (only 4 % incresse for
Gexc and 1 % increase for Gip).

It is concluded that in the neurond network, NO can modulate excitatory and inhibitory
synaptic transmission leading to a decrease in the excitability of the recorded pyramida neurone
in our experimenta conditions. This action of NO could take part in the modulation of visud
cortex output Signals.
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Excitotoxicity is a form of cdl death caused by excessve exposure to glutamate (Glu),
contributing to neuronal degeneration in many acute and chronic CNS diseases including
ischemia In this work we investigated the role played by fractakine/CX3CL1, a chemokine
abundantly expressed throughout the CNS, on the surviva of hippocampa neurons exposed to
the excitotoxic insult; and we show tha CX3CL1 reduces the Glu-mediated excitotoxicity
through the activation of the ERK1/2 and PI3K/Akt pathways, being neuron survival abolished or
reduced by the specific inhibitors PD98059 and LY294002, respectively. We aso report that
CX3CL1 protects nerve cdls from desth not only when administered before Glu gpplication,
reducing the Glu-activated whole-cdl current, but dso when administered up to 8 h after
excitotoxic gimulus. Evidence is dso provided that CX3CL1 is rdeased from hippocampd cdls
upon simulation with high doses of Glu, likdy providing an endogenous protective mechanism
againg excitotoxic cdll death.
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A coordinated regulation between neurons and adtrocytes is essentid for the elaboration
of the glutamatergic syngpse and the control of extracdlular glutamate concentration. Here, we
invedtigated the influence of astrocytes on high &finity Nat-dependant glutamate transport in
primary neurona cultures derived from rat embryonic cortices. The rate of glutamate uptake and
the expresson of the neurona glutamate transporter EAACL were lower in neurons grown in the
absence of astrocyte (pure neurond culture) than in neurons grown with few astrocytes (partidly
purified neurond culture). Trestment of the pure culture with Glid Conditioned Medium (GCM)
induced an incresse in glutamate uptake rate (incresse in maxima veocity). Western blotting
experiments show that at least part of the effect of GCM is attributable to an increase in the tota
amount of the neurond glutamate transporter protein EAACL.

Furthermore, we show that cholesterol (10pg/ml) increased dso glutamate upteke activity

when added directly to neurons but with no effect on glutamate transporter expression.
The effects of GCM on glutamate transport activity were reduced when cholesterol was removed
from GCM by mevadatin trestment of the glid culture (Low-Cholesterol or LC-GCM) and
restored when cholesterol was added to LC-GCM. Furthermore, the effects of GCM and
cholesterol were not additive, confirming that they share a common peathway. Altogether, these
results confirm that cholesterol, present in GCM, regulates glutamate transport in neurons.

In concluson, we have provided new evidences for neurond glutamate transport
regulation by astrocytes and identified cholesterol as one of the factors implicated in this
regulation.

Supported by CNRS and the French DGA-DSP (grant number 0034052004707501)
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In conditions of facilitated synaptic release, CA3/CALl syngpses generate anomaoudy
dow NMDA receptor-mediated EPSCs (EPSCnmpa). Such a time course has been atributed to
the cooperation of syngpses through glutamate spillover. Imitating a natura pattern of activity we
have applied short bursts (2-7 dimuli) of high frequency stimulation and observed a spike-to-
spike dow-down of the EPSCympa kinetics, which accompanied synaptic facilitetion. It was
found that the early component of the EPSCyvpa and the burgt-induced late component of the
EPSCnvpa have diginct pharmacologica properties. The competitive NMDA antagonist R-(-)-
3-(2-carboxypiperazine-4-yl)- propyl-1-phosphonic  acid (D-CPP), which has higher affinity to
NR2A than to NR2B subunits and lowest affinity a NR2D subunits, significantly dowed down
the decay rae of the afterburst EPSC leaving the kinetics of the control current unaffected. In
contrast, ifenprodil, a highly sdective NR2B antagonis, and [Pas-1-[phenanthren-2yl-
carbonyl]piperazine-2,3-dicarboxylic acid (PPDA), a competitive antagonist that is preferentia
for NR2D subunits, more strongly inhibited the late component of the afterburs EPSCywvpa. The
receptors formed by NR2B and (especidly) NR2D subunits are known to have higher agonist
sengtivity and much dower desctivation kinetics than NR2A-containing receptors.  Furthermore,
NR2B is preferentidly and NR2D is exclusvely located on extrasyngptic membranes. As the
dendty of active syngpses increases, the confluence of released glutamate makes EPSC decay
much longer by activating more extrasynaptic NR2B- and NR2D-subunit containing receptors.
Long-term potentiation (LTP) induced by successve rounds of burst stimulation is accompanied
by along-term increase in the contribution of extrasynaptic receptors in the afterburst EPSCympa.
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Differencein neurotransmitter release induced by calcium channel and acetylcholine
receptor activation in adrenal chromaffin cells.
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Molecular mechanisms, which are involved in Ce?*-induced neurotransmitter release have
common features in exciteble cdls such as neurons and adrend chromaffin cdls. In our
experiments we used the rat adrenal chromaffin cels as a modd for sudy neurotransmitter
releese. The influence of different types of stimulation on the secretion of catecholamines from
secretory  vedcles has been invesigated usng an dectrochemicd technique in  configuration
“amperometry” on cultured adrena chromaffin cdls. We show that the mean frequency of
quanta rdesse during cdl dimulation with ACh is definitdy higher than during cdl
depolarization by KCl. A comparative andyss of sngle secretory events show that in case of
gimulation by acetylcholine sngle secretory quanta have a definitely shorter duration, rise and
decay times as compared with those during depolarization. Their amplitude in the first case was
adso definitdy higher. However, the datistical andyss of the area of single secretory spikes did
not reved subgantia difference during both types of dimulation. A mathematicd modding of
the dynamics of the secretory processes led to the concluson tha the experimentaly
demonstrated deceleration of the secretory process during membrane depolarization by
hyperpotassum solution as compared with simulation by acetylcholine may occur due to a
decrease in the diameter of the fuson pore formed during fuson of the secretory vesicle with the
cdl membrane.
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b-Dystrobrevin linksto the neuronal Protein Kinase A signaling pathway by binding the
PKA-Rla subunit
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The dystrophin-associated protein complex links the actin cytoskeleton to the extracelular
matrix, providing mechanicd sabilization to the sarcolemma during muscle  contraction.
However, the dystrophin complex is dso present a membrane specidization in many non muscle
cels including syngptic Stes in neurons. Recent sudies in muscle and non-muscle tissues have
shown that the dystrophin complex functions as a scaffold that locdizes and dabilizes a variety
of sgnding molecules to the plasma membrane. It has been proposed that part of the sgnding
functions of the dysrophin complex is mediated by the dystrobrevins, but their role in this
context is not fully undersood. Dydrobrevins a family of dystrophin-related and associated
proteins, are encoded by two separate genes, a and b. Targeted disruption of a-dystrobrevin gene
in mice has shown tha a-dysrobrevin may sarve a sgnding function that is important for the
mantenance of musde integrity. b-Dysrobrevin is not expressed in adult muscle, and it is
abundant in brain, where it has been found highly enriched a the postsynaptic dendties of
hippocampad and Purkinje neurons. Dysdrobrevins have no enzymatic activity of their own,
therefore their involvement in signding pathways is dependent on ther interaction with other
proteins. Several dystrobrevin-associated proteins have been described but, with the exception of
the syntrophins, whether they contribute to the dgnaing function of dystrobrevin and the
dystrophin complex remains to be seen.

In order to improve our understanding of the role of b-dystrobrevin in brain, we searched
for new interacting proteins usng the yeast two-hybrid sysem. We have recently shown that
dystrobrevin is a kinesn receptor tha may be involved in the traffic and targeting of the
dystrophin complex, or a part of it, to specific stes in the cdl*. Among the other positive clones
characterized after the screen, we report here on one that encodes the type la regulatory subunit
(Rla) of cAMP-dependent protein kinase A (PKA). We have confirmed the direct interaction of
b-dystrobrevin with Rla by pull-down experiments and co-locdization in transfected cdls. We
have dso locdized the ste for Rla binding to b-dystrobrevin by pull-down assays. Sequence
comparison between b-dystrobrevin and known PKA anchoring proteins has identified this dte as
aconserved a-hdica PKA anchoring protein motif.

Our results suggest a role for b-dystrobrevin as an AKAP A Kinase Anchoring Protein),
and imply a nove function of this multifunctiond scaffold protein in connecting the dystrophin-
associated protein complex to PKA sgnaing.

! Macioce, P., Gambara, G., Bernassola, M., Gaddini, L., Torreri, P., Macchia, G., Ramoni, C., Ceccarini, M. and
Petrucci, T. C. (2003). Beta-dystrobrevin interacts directly with kinesin heavy chain in brain. Journal of Cell Science
116, 4847-56.
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The amyloid precursor protein (APP) has been the subject of a lot of studies to understand
how the deregulation of its metabolian could be ddeterious to neurons in Alzhemer disease
However, the physological function of this transmembrane protein is gill poorly understood. We
investigated its possble role in cultured hippocampa neurons development using a peptide
corresponding to the cytosolic part of APP coupled to the penetratin to enter the neurons. This
peptide should compete with endogenous APP for the binding of its partners and inhibit APP
function. This trestment had no effect on neurite outgrowth, neuron polarization or axond
targeting of L1. Neverthdess, peptide treatment is able to promote a patchy digtribution in
neurites of the cytosolic GTPase dynamin 3. Most of untrested cells present a homogenous
punctate digribution of dynamin 3. In neurons, APP daning after fixation is dso patchy but
aurprisingly the labeling of dynamin 3 and APP are apposed and not overlapping. The role of
APP in dynamin 3 locdization does not involve direct interaction as the two proteins do not co-
immunoprecipitate. Dynamin 3 function is ill unknown, however recent work involved this
GTPase in dendritic spines morphogenesis and remodeing (Gray NW et al., 2003). Thus, in
regad of the proposed implication of APP in syngptogeness, the APP/dynamin 3 interaction
should be further investigated during this particular period of neuron development.

Gray, N.W., Fourgeaud, L., Huang, B., Chen, J., Cao, H., Oswald, B.J., Hemar, A., McNiven, M.A. (2003).
Dynamin 3 isacomponent of the postsynapse, where it interacts with mGlIuR5 and Homer.
Curr Biol. 18;13(6):510-5.
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NAADP Signaling in mice pancreatic acinar cells: characterization of
the calcium storesinvolved
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Intracellular C&* levels play a key role in severa cellular processes, including secretion.
Aside from the well established Ca?* releasing messengers IP3 and cADPr Cancela et a., 2002)
, a new Ca’* releasing messenger, NAADP has been recently discovered (Lee et al., 1995). The
NAADP transduction pathway iéagoorly understood. For example, its receptor hasn't been cloned
yet and the identity of the " dore mobilized is dill under invedtigation. Lysosome-like
organelles lave been proposed to be NAADP sendtive in sea urchin eggs (Churchill et al.., 2002)
and pancregtic acinar cels(Yamasski et al., 2004). To test the hypothess that lysosomes are a
Ca’* store recruted by NAADP, Ca&* or agonists, we have smultaneoudy recorded Ca®* signds
and lysosomes digribution using confoca microscopy. Lysosomes have been visudized by the
dye Lysotracker red and specificaly disrupted by application of Gly-Phe-3-ngphtylamide (GPN),
a specific subdrate of the lysosoma enzyme Cathepsn C, that provokes osmotic swelling of
these organelles.

Our data show that:

-Lysosomes labdlled usng the Lysotracker red were disrupted by GPN. The lyss of
lysosomes provoked a Ca’®* release that did not affect the endoplasmic reticulum Ca?* stores
(ER). Store characterization experiments were repeated in Ca’* free media and showed similar
results, indicating that the cytosolic Ca?* increase evoked by GPN treatment originated from an
intracellular store.

-We have observed that CCK or ACh dimulation induced lysosomes mobilisation.

Interestingly, lysosomes were dso mobilized when a Ca&t devation was induced by ER
depletion usang the SERCA pump inhibitor thapsigargin (Tg).

-We have used GPN to test the involvement of lysosomes as a Ca&* sore in
cholecystokinin  (CCK), Acetylcholine (ACh), and NAADP sgndling. Two concentrations of
GPN were tested. A low dose of GPN (50 uM) evokes a small release of Ca* due to lysosomes
lysis and sdlectively disrupt the Caf* response to 5 pM CCK, whereas ACh at 25 nM evokes a
norma Caf* response as previoudy reported (4). However, addition of a higher dose of GPN
(200 pM) induced an even more important C&* release, and prevented the Ca#* response to 25
nM Ach, suggesting that lysosomes are required dso for Ach sgndling.

In addition, we have investigated the effect of lysosomes lysis on the NAADP response.
Our data shows that 200 uM GPN abolishes NAADP C&* response. In regard to our previous

finding that NAADP is involved in CCK-evoked Ca* dgnds, these data suggest that ACh and
CCK may recruit lysosomes through NAADP pathway, and ACh through ER Ca?* mobilisation.

LEE HC et a.. J Biol Chem 1995 Feb 3;270(5):2152-7.
CHURCHILL GCet d. Cell. 2002. Nov 27;111(5):703-8.
CANCELA M et a. EMBO J. 2002 Mar 1;21(5):909-19.
YAMASAKI M, et a. J Biol Chem. 2004 Feb 20;279(8):7234-40.

Keywords: Acinar cell; NAADP; lysosome; Cholecystokinin; Acetylcholine.
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Long action rhythmic activity is one of the man forms of motor neuron function. This
activity manifests itsdf by changes in the tranamitter rdease, so-cdled syngptic pladticity. The
am of our work was to edimate the changes of nerve ending dectrogenesis and transmitter
rdease under long simulation in the presence of reduced intracelular Ca* concentration
([C&1];). The experiments were performed on cutaneous pectoris musde of frog Rana ridibunda.
A modified Ringer solution ([C&£]= 0.5mM, and [Mg’*] = 10 mM) was used to prevent muscle
contractions. Postsynaptic currents and nerve ending (NE) responses were recorded using a single
extracdlular microglectrode. Nerve endings were stimulated a8 10Hz for 10 min and 50 Hz for
5min. BAPTA-AM was used to reduce [Ca*]; . Control 10 Hz-stimulations lead to a gradud
quanta content release increase (Uup to 270%); the second phase of nerve ending response
decreased by 24% and widened by 48%, and the third phase of NE response decreased by 40%.
In case of 50Hz dimulation, during the fird minute quanta content increesed (by 360%)
followed by a complete disappearing of evoked transmitter release, as for NE response its second
phase decreased by 70 % while the width increased by 290% the amplitude of the NE response's
third phase decreased by 70%. After treatment with BAPTA-AM, the 10 Hz simulation leads to
an enhancement of evoked tranamitter release to 290%, second phase of NE response decreased
(by 28%) and widened (by 52%), and its third phase decreased by 51% at the end of stimulation.
A dimulation frequency of 50Hz leads to a diphasic change of tranamitter release too, but the
enhancement developed more quickly and reached a pesk level of 860%. NE response's second
and third phases decreased more quickly and their amplitudes decreased to the noise level by the
end of the simulation, making measurements impossble. These results dlow us to conclude that
long-action rhythmic activity leads to dteration of the kinetics of ion channds a presynaptic
terminds, as evidenced by changing the shgpe of action potentid, which in turn modifies cacium
entry that congderably contributes to transmitter release.
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NM DA receptors, intracdlular calcium and MAP kinasesin rat hippocampus
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We have recently shown that Pregnenolone Sulfate (PREGS) enhances both hippocampal-
asociated gpatiadl memory (Akwa et al, 2001) and in vitro long term potentiation (LTP)
(Siwinski et al, 2004) through NMDA receptors modulation. To further document the molecular
mechanisms underlying these rapid effects of PREGS, the intracdlular cacium mobilisation
(Ca®*;) and the MAP Kinases pathway's were investigated.

In primary cultwes of embryonic rat hippocampa pyramidd neurons, we determined
whether PREGS modifies NMDA receptors influx of [Ca*]; with brief gpplications of glutamate
following a perfuson of PREGS (300 nM,10 min) by using microspectrofluorometry of the Ca’*-
sengtive indicator Fura-2. Perfuson of 50 uM glutamate (1 min) induced a rgpid initid incresse
of [C&*]; followed by a plateau preceeding a regular decresse to the basdine signd. This influx
was completdy inhibited when MK-801(0.5 uM) was bath applied, suggesting that this influx
was NMDA receptor-dependent. In absence of any preperfusion of glutamate, PREGS was not
active on [C&"]; influx while it moified the time-course of the [Ca']; changes after NMDA
receptor activation. This effect was essentidly due to a decrease of the plateaur phase, suggesting
that Ca?*i was more rapidly used in presence of PREGS. We then identified the time-course of
the phosphorylation of MAP Kinases pathways (ERK, CREB) induced during LTP in control and
PREGS perfused dices (300 nM, 10 min immediatedy followed by tetanus (3x100Hz/19).
Phosphorylations of ERK and CREB were edimated by western blotting usng respectively
Phospho p44/42 MAP Kinase and Phospho-CREB (Serl133) antibodies. Slices were prepared and
used as for the eectrophysologica recordings and were teken off at different times after the
tetanus. All biochemical processes were stopped in N liquid and CA; was dissected under ice
and then homogenated in SDS. Sices without tetanus served as control amount of
phosphorylated states. Surprising, a phosphorylation of ERK and CREB was observed 10 min
after the end of the PREGS pefuson in dices without tetanus. Consequently the timing of their
phosphorylations during LTP under PREGS were modified. Findly, we show that PREGS
enhancement of spatid memory was dose-dependently attenuated by the coadministration of a
sdectiveinhibitor of MEK 1/2 (U0126: 0, 0.037, 0.075, 0.15 nmoles, icv).

In concluson, PREGS enhancement of hippocampa-associated memory was combined
with a change of the C&*; function that induced timing changes of the MAP kinases pathways,
thus being likely to alow a better consolidation of the memory.

AKWA'Y, LADURELLE N, COVEY DF, BAULIEU EE. (2001). The synthetic enantiomer of pregnenolone sulfate is

very active on memory in rats and mice, even more so than its physiol ogical neurosteroid counterpart:
distinct mechanisms? Proc Natl Acad Sci U SA. 98 (24), 14033-14037.
SLIWINSKILA. et al. (2004) J Neuroscience Res, in press.
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modulated by oxidative stressinduced by copper and peroxynitrite unveiling arole for
calcineurin B and thioredoxin.
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Choline acetyltrandferase (ChAT) and choline transport are decreased after nitrosative
dress. ChAT  activity is dtered in scrapie infected neurons, where oxidative stress develops.
Cdlular prion protein (PrP") may play a neuroprotective function in participating in the redox
control of neurona environment and regulation of copper metabolism, a role impaired when PrP*
is transformed into PrP* in prion pathologies. The complex cross-tak between PrP° and
cholinergic neurones was andysed in vitro usng peroxynitrite and copper trestments on nerve
endings isolaed from Torpedo marmorata, a modd of the motoneuron presynaptic eement.
Specific interactions between solubilized synagptic components and recombinant ovine prion
protein (PrPrec) could be demondrated by Biacore technology. Peroxynitrite abolished this
interaction in a concentration dependent way and induced ggnificant dterations of  neurond
targets. Interaction was restored by prior addition of peroxynitrite trapping agents. Cu*
trestment of synaptosomes triggered a milder oxidative effect  leading to a bell-shape increase of
PrPrec binding to synaptosoma components, counteracted by the naturd thiol agents
glutathione and thioredoxin. Copper induced modifications of thiols in severa neurond proteins.
A podtive corrdation was observed between PrPrec binding and immunoreactive changes for
cdcineurin B and its patners suggesting a synergy between cdcineurin complex and PrP for
copper regulation.
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The axond initid segment (AlS) is a specidized doman that maintains the polarized digribution
of membrane proteins in neurons. Highly enriched in voltage-gated sodium channels (VGSCs), it
contributes to eectrogeness. To obtan new indghts into the mechanisms tha determine the
targeting and the dugering of VGSCs in this sub-domain, we anayzed, in cultured hippocampa
neurons, the trafficking of a reporter protein containing the cytoplasmic loop connecting domains
[1 and 1ll of the Nav1l.2 subunit. This region, cdled Nav1l.2 II-I1l linker contains a 27-amino-acid
moatif (amino-acids 1102-1128) involved in sodium channes compatmentdization a the AIS
(Garrido e d., Science 2003). Here, we show that this Navl.2 II-1ll linker protein is
preferentidly inserted in the somatodendritic domain and is trgpped a the axond initid segment
by interaction with ankyrinG, prior to its insertion in the axond tips. The non-tethered population
in dendrites, soma and the distd pat of axons is subsequently eiminated by a mechanism of
endocytosis controlled by a 19-amino-acid-moatif (amino acid 1010-1030).

Our results suggest that at least two distinct and independent mechanisms operate in hippocampal
neurons to achieve axond initid segment accumulation of the Navl.2 II-1ll linker protein :
endocyotss and domain-sdlective tethering. However, whether Navl.2 sodium channd follows a
amilar trafficking pathway remainsto be explored.

Garrido, J.J., Giraud, P., Carlier, E., Fernandes, F., Moussif, A., Fache, MP., Debanne, D.and Dargent, B.
Identification of atargeting motif involved in sodium channel clustering at the axonal initial segment.
Science 2003; 30, 2091-2094.

Fache M -P.and Moussif , A , Fernandes F., Giraud P., Garrido J.J.and Dargent B. .
Endocytotic elimination and domain-sel ective tethering constitute a potential mechanism of protein
segregation at the axonal initial segment. JCB 2004, 166 (4) : 571-578.
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Cydic ADP-ribose (ADPRc) and ADP-ribose (ADPR), two metabolites of NAD®, are
known to modulate intracdlular cddum levels and sgnding in various cdl types induding
neurd cdls Cycdic ADP-ribose mobilizes ryanodine-sengtive intracdlular  cdcum  dores,
whereas ADP-ribose acts on TRPM2 channd-mediated cacium entry. The enzymes responsble
for producing cADPR and ADPR in the cytoplasn of mammdian cdls remans unknown,
however two mammdian enzymes that are capable of producing the metabolites extracdlularly
have been identified, CD38 and CD157.

We previoudy have shown the presence of an intracdlular membrane-bound ADP-
ribosyl cyclass’NAD"-glycohydrolase distinct from CD38 and from CD157 in mouse brain Ceni
et al, J. Biol. Chem. (2003) 278, 40670-40). This novd enzyme, which is more active in the
developing brain than in the adult tissue, was suggested to be regulated by a Gprotein-dependent
mechanism.

In the prm WOI’k, we have sudied the = 25 - Mouse brain extracts from
ADPRc content in developing and adult brain tissue  § N meomates (pactnatal oy 1 or 2
islated from wild-type and Cd38” mice. We & 2] { A adults
confirm that this content is independent from CD38. 2 151
We show an important reduction of the cADPR g |
content (25 times) between embryonic (day 15-16) 2
and adult tissues. S 3] m ﬂ

We have shown that intact syngptosomes & 0
prepared from Cd38™ brans (as in Phillips et al. < E N A NoA
Neuron (2001) 32, 63-77) have high CADPR levels 79 o7 nid n=e e

and are enriched in ADP-ribosyl cyclase activity. Cd3g-" Cd3g*
Permeabilisation of the syngptosomes with a detergent resulted in a dragtic increase in CADPR
and ADPR production, showing the intracdlular locdlization of the protein. Moreover, the
optimum pH of both cyclase and NADase activities are compatible with a cytosolic locdization.
The enzyme activities are higher in syngptosomes obtained from neonates compared to
synaptosomes isolated from adults We ae currently characterizing the synaptosomes ADP-
ribosyl cyclase by anadysng its subdtrate affinity and sengtivity to free cacium.

Altogether, our results srongly suggest that the nove mammadian ADP-ribosyl cyclase
could be involved in cADPR messenger production within pre- or post-synaptic gructure. In
addition, it might be regulated in response to some neurotransmitters G protein-coupled receptors
activation.
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The neuromuscular junction is a “tripatite syngpse’ : the nerve termind aborisaion emits
severd branches which make synaptic contacts with muscle fibers a synaptic folds where
acetylcholine receptors are concentrated. Termina  Schwann cdls are nonrmydinaing cdls
which wrgp around the nerve termind a the neuromuscular junction. These cdls participate in
the maintenance and the repair of neuromuscular synapses and modulate neurotransmisson (Auld
and Robitaille, 2003).

The med phenotype in mice is characterized by a severe imparment of neuromuscular
transmisson tha results in death 20 days after birth (Duchen, 1970). Periphera nerves reman
capable of propagating action potentids, a leest down to the intramuscular branches. This
phenotype is due to a mutation in the ScnBa gene coding for the Navl.6 isoform of voltage-gated
sodium channdl (Burgess et d., 1995).

In wild-type mouse Nav1.6 was immunodetected in nodes of Ranvier in CNS and PNS, in
non-myedinated axons in PNS and reting, in the dendrites of corticd pyramidd cdls and
cerebdlar Purkinje cdls, and in radid glia in the cerebdlum (Schaler and Cadwel, 2000 ;
Cddwdl et d., 2000). Nav1.6 is the mgor isoform in periphera nodes of Ranvier in adults and
replaces Navl1.2 during the first week of post-nata development.

In this dudy, fluorescent in sSitu hybridization, immunofluorescence and confoca
microscopy were used to identify the neuronad sodium channd transcripts and protein isoforms
expressed at the neuromuscular junction. In norma adult rats and mice, both Navl.6 transcripts
and protein are expressed in termind Schwann cdls. The Navl.6 protein co-locdizes with the
Schwann cell marker S100 but is not detected in the SV2-pogtive nerve terminds. Pan sodium
channel antibodies do not labe nerve terminds in ether wild-type or homozygous med mice.
Strikingly, in mutant mice, the nonr-mydinaed pre-termind region of axons shows abundant
gorouting a neuromuscular junctions and most of the a-bungarotoxin-labeled endplates are
devoid of S100- or GFAP-postive termind Schwann cdls. In contrast, we found that a smilar
proportion of nodes of Ranvier express sodium channels in mutant and wild type animds and that
Navl1.2 replaces Nav1.6 in med mice. Our data supports the hypothesis that the lack of expression
of Nav1.6 in Schwann cdls might play arole in the med phenotype.

Auld DS, Robitaille R (2003) Neur oscientist 9:144-157.

Burgess DL, Kohrman DC, Galt J, Plummer NW, Jones IM, Spear B, Melder MH (1995) Nat Genet 10:461-465.
Caldwell JH, Schaler KL, Lasher RS, Peles E, Levinson SR (2000) Proc Natl Acad Sci U S A 97:5616-5620.
Duchen LW (1970) J Neurol Neurosurg Psychiatry 33:238-250.

Schdler KL, Cadwell JH (2000) J Comp Neurol 420:84-97.
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The muscarinic receptors and 3-adrenoceptors are the couple of receptors that can serve
a an example of mutudly intercomected receptor systems. In many cases, the heterologous
regulation between these receptors gppears. It can be comprehended as “fine tuning” of signa
brought by neurotransmitters (1). Recently, we have demondrated heterologous regulation of this
par of receptors in many cases in the heart tissue (2). Now, we wondered to know: 1) if this pair
of receptors could adapt to targeted disruption of CRH (corticotropine releasing hormone) gene,
2) if there are some sex differences in receptor expression, 3) if there could be difference in the
effect on a-adrenoceptors and [3-adrenoceptors due to different affinity to noradrendine
(increased in CRH KO), and 4) what are the effects of immobilisation sress in CRH KO mice in
comparison to their wild type (WT) counterparts.

We invedtigated the dengties of muscarinic (MR) and of a;- (AAR), totd number of (3
adrenoceptors (BAR), 3- and [3%-adrenoceptors in the lungs of CRH KO. Lung tissue can serve
& a modd of tisue in which the effects of sympathetic neurotransmiters (i.e. adrendine or
noradrenaine) are antagonised by the effects of parasympathetic neurotransmitters. Compounds
[*H]quinudlidinyl benzilate, [*H]CGP 12177 and [*H]prazosin were utilised as specific markers
of the muscarinic and adrenergic receptors, respectively. The respective subtypes were identified
using specific antagonists (CGP 20712A, I1CI 118.551).

The amount of receptor binding sitesin CRH KO mice were decreased in comparison to

their wild type counterparts. This effect was more prominent in maesthan in femaesand AAR
were mainly affected. The stress brings about profound decreasein MR, BAR and AAR both in
WT and KO femaeswhile lesser effect was seen in maes. The changesin tota BAR dendties
brought by stress were caused by 13 »-adrenoceptors, the (3 - adrenoceptors were not changed or
increased (in females, after 7" immohilization). On the other hand, the changes in the densities of
MR and AAR brought by stress were more noticeable in WT animals.
We can therefore conclude that: 1) targeted disruption of CRH gene is able to change the
dengties of MR, AAR and BAR in the lung tissue, 2) dtress reaction differs in CRH KO animds
in comparison to their WT counterparts, 3) there are sex differences (both in receptor expression
and reaction to stress). Our results showed that receptors adapt to the changed environmenta
condition through deep changesin the levd of receptor binding Sites.

Supported by grant of SP 51/028 08 00/028 08, EU Centre of Excellence Grant | CA1-CT-2000-70008 and
by NATO LST.EAP.CLG.980745.

Selhie, L.A. and Hill, S.J. (1998) G protein-coupled-receptor cross-talk: the fine-tuning of multiple receptor-
signaling pathways. Trends Pharmacol Sci 19: 87-93.

Myslivecek, Jand Trojan, S. (2003) Regulation of 3-adrenoceptors and muscarinic receptorsin the heart.
Minireview. General Physiology and Biohysics 22: 1, 3-14.
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The enzymatic pathway of MM P2 isinvolved in synaptic remodeling induced by axotomy of
rat superior cervical ganglion neurons

LuciaLeone', Maria Egle De Stefano®, Arianna Del Signore®, Tamara Corina Petrucci® and
Peola Paggi™
!Dip. Biologia Celulare e dello Sviluppo, Universita“La Sapienza’ and 2Itituto Superiore di
Sanita, Roma, Italy
* (paola.paggi @uniromal.it)

We previoudy demondrated an increese in the expresson and activation of
metaloproteinase2 (MMP2) in rat superior cervicd ganglion (SCG) dfter ganglionic neuron
axotomy. To daify the enzymaic pathway leading to MMP2 activation, we investigated the
expresson pattern of both the membrane-type 1 MMP (MT1-MMP) and TIMP2, the main
MMP2 activator and inhibitor, respectively. We used Western blot to anadlyze the expresson
levels of MT1-MMP and TIMP2 in SCG extracts a 15, 30, 60 min, and 1, 3 and 5 d post-
axotomy. The level of MT1-MMP begins to increase a 30 min post-axotomy and remains higher
than that of the contral till 1 d after injury. On the other hand, TIMP2 level shows a fird increase
a 30 min, followed by a second one gsarting a 1 day after axotomy. The increase in MT1-MMP
and TIMP2 levels suggests an activation cascade for MMP2 similar to that described in other
experimental systems (Toth et d. JBiol.Chem. 275:41415, 2000). RT-PCR andyss (15 min, 1, 6
h, and 1, 3 and 5 days post-axotomy) reveds that the levdl of MMP2 mRNA is nat sgnificantly
affected by postganglionic nerve crush, while MT1-MMP and TIMP2 mRNAs gradudly increase
reaching a pesk a 1 d. Recent data indicate b- dystroglycan (b-DG), a protein implicated in
synaptic contact Stabilization, as a possble MMPs subdrate in the centrd nervous system. We
investigated whether DG was modified in injured SCG. Western blot reveds an increase in the
30 kDa b-DG degradation product as early as 1 d after axotomy. In conclusion, our data indicate
that both MT1-MMP and TIMP2, together with MMP2, are involved in intraganglionic syngpses
remodeling after SCG neuron axotomy and that DG may be one of MM P2 substrate.
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Molecular determinants of allosteric modulator s of the Calcium-Sensing Receptor
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Martid Ruat!
1|_aboratoire de Neurobiologie Cellulaire et Moléculaire, CNRS UPR 9040, 2Ingitut de Chimie
des Substances Naturelles, CNRS UPR 2301, 91198 Gif sur Y vette, and *Laboratoire de
Pharmacochimie de la Communication Cdlulaire, CNRS UMR 7081, 67401 Illkirch.
* (petrd @nbcm.cnrs-gif.fr)

The extracdlular cdcium sendng receptor (CaR) located a the cdl surface of the
parathyroid cell is simulated by serum C&* and controls parathyroid hormone release (Ruat and
Petrd, Med i, 2004). In brain, the CaR on nerve terminds may regulate neurotransmitter
release and its presence on oligodendrocytes suggests that it participates in the complex processes
of mydinisation. The CaR beongs to G-protein-coupled-receptor (GPCR) class 3 characterized
by an unusuad long bilobed amino-termind domain postulated to contain the ligand-binding ste
of these receptors. Low molecular weight synthetic molecules activating the CaR (cacimimetics)
potentiate the effect of Caf* and are proposed to be of therapeutic benefit for the trestment of
both primary and secondary hyperparathyroidism. Calcilytics inhibit the effect of C&* on the
CaR and may be of interest in the treatment of osteopoross. We have congtructed a modd of the
seven transmembrane domains of the human CaR based on the crysa dructure of bovine
rhodopsin (Palczewski K et a, Science, 2000). This three-dimensona modd was used for
docking (1S.2S,1'R)-N - (4- chlorobenzoyl) - N?- [ 1- (1- naphthyl)ethyl] - 1, 2- diaminocyclohexane
(Cadhex 231), a noved potent negative dlogteric modulator (Petrdl et d, J Biol Chem, 2003;
Kesder et d, ChemBioChem, 2004) and NPS 2143, a reference cacilytic. This modd alowed us
to determine amino acid resdues involved in the binding Ste of these negdive dlogeric
modulators. To demondrate the involvement of these resdues, we have analyzed dose-inhibition
response curves for the effect of these cacilytics on Ca*-induced [®H]inositol phosphate
accumulation for sdected CaR mutants transently expressed in HEK293 cdls. These mutants
were further used for investigating the binding pocket of two chemicadly unrelated postive
dlogteric CaR modulators, NPS R-568 and (R)-2-[1-(1-naphthyl)ethylaminomethyl]-1H-indole
(Cdindol), a nove potent cacimimetic (Petrd et d, J Biol Chem, 2004; Kesder et a, Bioorg
Med Chem Lett, 2004). Our data vaidate the involvement of W818%4®, F821%°!, E837"*° and
1841"*® located in TM6 and TM7 in the binding pocket for binding of both cacimimetics and
cdcilytics, despite important differences observed between each family of compounds.
Importantly, the observation that some mutations which have no effect on cacmimetics
recognition but which affect the binding of cdcilytics in TM3 and TM5, suggests that the binding
pocket of podtive and negative dlogteric modulators is partidly overlgpping but not identicd.
Our CaR modd should facilitate the development of nove drugs and the identification of the
molecular determinantsinvolved in the binding of alogteric modulators of class 3 GPCRs.

Kesder A., Faure H., Petrel C., Ruat M., Dauban P., Dodd R.H. Bioorg. Med. Chem. Lett., 2004. 14(12):3345-9
Kessler A., et a.. ChemBioChem, 2004, 5(8):1131-6.
Palczewski K et a.. Science, 2000; 289(5480):739-45
Petrel C., Kessler A., Madah F., Dauban P., Dodd R.H., Rognan D., Ruat M..
J. Biol. Chem, 2003; 278(49):49487-94.
Petrel C., Kessler A., Dauban P., Dodd R.H., Rognan D., Ruat M. J. Biol. Chem, 2004; 279(18):18990-7
Ruat M, Petrel C.. Med. Sci., 2004. 20(11):980-985.
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Long term effects of rat prenatal ethanol exposure on GIu/GABA balancein central
rhythmic neural network

O. Rerefiche*, C. Dubois, E. Barbier, A. Houchi, M. Naasslaand M. Daoust
Jeune Equipe 2462, Groupe de Recherche sur I’ Alcool et les Pharmacodépendances
UFR Pharmacie, 80000 Amiens, France.
*(Op-Inc@u-picardiefr)

Fetd Alcohol Syndrom (FAS), due to ingestion of acohol during pregnancy, is reveded
by mosly cognitive problems which persst until adult age. Although the teratogenic effects of
acohol teken a early stage of development are known, long term effects of acohol on synaptic
transmisson are dill unclear. Some <udies reported, however, that early chronic acohol
exposure induces long term dteration of neurond discharge properties in some brain regions (eg.
ventral tegmental ared). We studied the short and long term effects of early ethanol exposure on
the excitaory/inhibitory baance (i.ee GLU/GABA) within the centrd rhythmic respiratory
network of rats, and the consequences of such exposure on respiratory function using three
different models: 1) an in vitro spontaneous rhythmic neonatd brangem dice isolaing the
centra pattern generator (CPG) for bresthing, 2) an in situ preparation (with complete centra
respiratory network) for respiratory nerves recording at 3 weeks of age and 3) plethysmographic
measurements of spontaneous breething from intact neonatd rats. In  addition, red time
quantitative RT-PCR and PH]MK801 binding were applied on neonata dices to study NMDA-
R1 and 72-GABA receptors subunits expresson and NMDA receptors pharmacologica
properties. Rat dams were given 10% v/v ethanol solution as only source of fluid 4 weeks before
gedtation, then during gedtation and lactation periods. Rat pups (“EtOH” group) were studied at
either 5-7 days or 3 weeks old.

In spontaneous neonata rhythmic dices of “ EtOH” group, CPG rhythmic activity recorded from
hypoglossal (XII) rootlet reveded an increased Slent period duration of rhythmic activity but no
changes in the active phase, thus decreasing rhythmic frequency. This specific disturbance was
dill present in goontaneoudy bresthing intact neonatad animds, thus decreasng minute-
ventilation and dso on both XIlI and phrenic nerves recordings obtained a 3 weeks of age.
Moreover, rhythmic activity from in vitro dices showed a decreased pharmacological senstivity
to NMDA applications (1.5 pM-5uM) accompanied with an increased sengtivity to bicuculline
(1-3uM). However, these changes were not due to neither a change in the number of NMDA
receptors or [*H]MKS801 binding affinity, nor to changes in mRNA levels for the NR1 subunit
and the 2, subunit of GABAA receptor.

Interestingly, we observed the same disturbance in al three types of preparation conssting in an
increased dlent period of rhythmic activity and a decreased rhythm frequency that was not
compensated in intact or more mature animas. These results suggest a strong and long term
central effects of acohol on rhythmogenic properties of the network.

These prdiminary data demondrate that fetad ethanol exposure induces dterations on ventilatory
function and on the bdance between exctation and inhibition within the centrd spontaneous
rhythmic neural network. It aso drongly suggedts that the gabaergic synaptic transmisson is
reinforced.
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Three-dimensional word of synapse: 3D-reconstructions of hippocampal synapses using
serial ultrathin sectionsfor demonstration of multiple-synapsesin both dendritic spines and
presynaptic boutons

Victor I.Popov'*, Igor V. Kraev*, Vadim V.Rogachevsky', V. Patrushev!, Emil D. Morenkov?
and Michadl G.Stewart®
YInstitute of Cell Biophysics, Russian Academy of Sciences, Pushchino 142290, Russia.
2Moscow State University, Biologica Faculty, Moscow, Russia;
3The Open University, Milton Keynes, United Kingdom
*(popvi@mail.ru)

Three-dimensional (3D) recongtructions of dendritic spines, presynaptic boutons, mitochondria
and cigterns of smooth endoplasmic reticulum (sER) in dendrites and axons from CA1/CA3 and dentate
gyrus hippocampal areas of both rats and ground squirrels were performed via serid ultrathin sections.
Multiple-syngpse boutons and multiple-synapse spines contacting with more than two axons were
observed for al hippocampa areas. Quantitative changes in the shape and surface area of dendritic spines
were obtained in vivo using various three experimentd models. (1) hibernation of Yakutian ground
squirrdl; (2) long-term potentiation in anaesthetized rats; (3) audiogenic seizures in Krushinsky-Molodkina
rats. Five categories of dendritic spines/synapses [(1) thin; (2) stubby; (3) branched; (4) mushroom; and
(5) shaft synapses] were studied in CA1 hippocampa area and dentate gyrus. In contrast to dendritic
spines from CAl and dentate gyrus the apica dendrites of CA3 pyramida neurons contain thorny
excrescences. Mitochondria were not observed to penetrate into dendritic spines in either dentate gyrus or
CA1l, whereas CA3 thorny excrescences (which represent short dendritic branches) contained
mitochondrial segments and numerous microtubules. Cisterns of sER originating from the outer
membrane of the mitochondrial envelope penetrated into every spine examined. The changes in macular
and perforated/segmented postsynaptic densities for al dendritic spines were studied. Our data
demondtrate reversible retraction of dendritic spines and thorny excrescences during experimental
manipulation in vivo, eg. hibernation, long-term potentiation, stress, and spatia learning.

The results of the data presented suggest new paradigms of organization and functioning of
Synapses in centra nerve system.

1. Popov V.1, Deev A A., Klimenko O.A., Kraev |.V., Kuzminykh S.B., Medvedev N.I., Patrushev 1.V, Popov RV., Rogachevskii
V.V., Khutsian S.S., Stewart M.G., Fesenko E.E. Three-dimensional reconstruction of synapse and dendritic spinesinthehippocampusof rasand
ground squirrels: new paradigms of the structure and function of a synapse. Zh Vyssh Nerv Deiat Im | P Pavlova. 54(1):120-9, 2004.

2. Popov V.l., Medvedev N.I., Rogachevskii V.V., Ignat'ev D.A., Stewart M.G., Fesenko E.E. Three-dimentional organization of

synapses and astroglia in the hippocampus of rats and ground squirrels: new structural and functional paradigms of the synapse function.
Biofizika. 48(2):289-308, 2003.
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D-serine and glutamater gic neurotransmission in rat vestibular system
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To conduct informations in the vesibular system either in the peripherd end organs or in
the vedibular nude (VN), the main excitatory neurotransmitter is the glutamate which can act
through ionotropic and metabotropic receptors. Our previous studies have shown first the timing
of the expresson of the glutamate receptors during postnatal development and second, their
involvement in developmenta plasticity.

Recently, it has been demondrated that D-serine, an amino acid present in mammd
centrd nervous sysem (CNS) is the endogenous ligand of glycine ste of NMDA receptors. D
serine works in concert with glutamate to activate post-synaptic NMDA receptors. D serine could
regulate these receptors and could participate in synaptic pladticity related to LTP. D-serine is
gynthetized in adrocytic glid cels, by serine racemase and degraded by D-amino acid oxidase
(DAAOQO). Therefore, in the vestibular system, D-serine could play a role in the maturation of the
glutamatergic syngpse in the VN as wdl as in the peipherd sensory end organ. By
immunocytochemistry and confoca microscopy, we investigaied if D-serine, serine racemase and
DAAO arepresent inthe vestibular system.

In the periphera end organs, D-serine is present in the supporting cells locaized on
afferent nerve fibers which according to some data, are equivaent to glid cdls in the CNS. But
D-szrine as well as serine racemase and DAAO are dso present in trangtiond cdls, which are
epithdia cdls highly involved in K* recyding.

In the VN, we established spatiotempora relationships among D-serine, serine racemase
and DAAO during ra postnatal development. From birth to P21, high levels of D-serine were
detected in glid cdls. The drop of D-serine in adult corresponded to an increesng level of
DAAO which has been shown to have a very high concentration in the brainsgem. The levels of
D-szrine, serine racemase and DAAO and their immunocytochemica patterns from birth to adult
may indicate that, in the mature VN, glycine might be an endogenous ligand of NMDA receptors
as in the adult cerebdlum. In the immature VN glutamatergic synapses, activation of NMDA
receptors would occur through mechanisms involving the release of D-serine from astrocytes,
suggesting arole for astrocytic D-serinein NMDA receptor-mediated synaptogeness.
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The carbamatesthat inhibit acetylcholinester ase by combined type exhibit a calcium
antagonistic activity and low toxicity.

Alexel Redkozubov* and lurii Ivanov
Indtitute of Physiologicaly Active Compounds, Russian Academy of Sciences, Chernogolovka,
142432, Moscow didtrict, Russia
* (redkozub@ipac.ac.ru)

Two series of carbamates, O-carbamoyl acylhydroxymoylchlorides and phenyl esters of
N-subgtituted carbamine acid, have been examined as inhibitors of acetylcholinesterase as well as
cacium antagonists. The carbamates from both series inhibited in vitro a patidly purified
acetylcholinesterase (AChE) from human red blood cdls. Carbamates of the first series, the N-
dkyl- and N,N-didkylcarbamates of oximes inhibited AChE by progressve kinetics type while
the N,N-methylphenylcarbamates of this series inhibited AChE by combined type: both with
progressve and non-progressve kingtics The latter exhibited cdcium antagonidtic activity via
inhibition of the Ca*-induced contraction of the K*-depolarised isolated rat ileum preparation as
wel a by blocking of the voltage-dependent L-type Ca?* channdls in rat cultured cerebellar
granule neurons. They had lower acute toxicity on mice and wesker spasmogenic effect on
intestine reldive to ther high anti-AChE activity; manifesting a paradoxicd toxic effect at
moderate doses. All of the phenyl esters of N-substituted carbamine acid inhibited AChE by both
mechanisms  exhibiting Cat*-antagonistic activity as wel. The Cea*-antagonistic activity of the
phenyl esters of N-subgtituted carbamine acid correlated highly with ther effidency in inhibiting
AChE by nonprogressve kindics but not with efficacy of the enzyme inhibition with
progressve kinetics. It is suggested that one of the carbamate-binding dtes, of both AChE and
the Ca’-channd, may have smilar sructure and that the physiologica effects of the double-
acting carbamates are based on balance of their efficacy in inhibiting AChE and potency as Ca*-
channd antagonists.

Supported by a RFBR grant (# 04-04-49515)
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Regulation of synaptic properties by the microglial protein DAP12/KARAP
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Severd proteins are expressed in both immune and nervous sysems. However, their
putetive non-immune functions in the brain reman poorly understood. DAP12/KARAP is a
transmembrane polypeptide associated with  cell-surface  receptors  in - hematopoeitic  cells
(Tomeasdlo et al., 1998 ). Its mutation in human induces Nasu-Hakola disease, characterized by
presenile dementia and demyeinization (Pdoneva et al., 2000). Synaptic defects have been
proposed to account for the early onsst of some dementiaa We thus hypothesized that
DAP12/KARAP may impact synaptic function. In mice deficient for DAP12/KARAP function
(named K? 75), LTP was enhanced (Fig.1A), and synaptic glutamete receptors were altered with
AMPARs being more permegble to cdcium. This last result was confirmed by biochemica
andysis : in mutants, GIUR2 expresson was decreased only in the post-synaptic densties (PSD)
but not in the whole membrane fraction, demondrating specific imparment of synagptic receptor
accumulation (Fig.1B). Alteretion of BNDF/TrkB sgnding in mutants was demondrated by the
dramatic decrease of syngptic TrkB (Fig.1B), with no change in other regulatory or scaffolding
proteins. This decrease of syngptic TrkB was dso observed by immunocytochemistry in cultured
hippocampal neurons. Findly, DAP12/KARAP was detected only in microglia a perinatd
stages, and never in neurons, astrocytes or oligodendrocytes.

DAP12/KARAP may thus dter microglid physiology, and subsequently synaptic function
and pladicity through a novel microglia-neuron interaction. We are currently investigating by
microarray analyss the factorsinvolved in thislink.
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TOMASELLO et al. (1998). Gene structure, expression pattern, and biological activity of mousekiller cell activating
receptor-associated protein (KARAP)/DAP-12. J. Biol. Chem273, 34115-19.

PALONEVA et al (2000). L oss-of-function mutationsin TY ROBP (DAP12) result in a presenile dementiawith bone
cysts. Nat Genet 25, 357-61.
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Otoferlin, defectivein DFNB9 human deafness, is a synaptic protein of sensory hair cells
involved in exocytosis
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The molecular components underlying the high tempora precision and sustained neurotransmitter
release of the auditory inner hair cell (IHC) ribbon synapse are till unknown. The eucidation of the
molecular mechanisms governing these functional features is a major chalenge, especidly as the small
number of IHCs in the cochlea precludes the use of standard biochemical and molecular genetics
techniques. Thus, the identification of genes responsible for deafness, which may encode proteins
involved in synaptic vesicle trafficking or neurotransmitter rel ease seems a promising approach. Here, we
provide evidence that otoferlin, a predicted transmembrane C2-domain protein defective in DFNB9
human deafness (Y asunaga et al., 1999), could be part of the IHC synaptic machinery.

We conducted immunhistofluorescence analyses of otoferlin localization in the mice cochlea and

investigated its biochemicd properties with respect to the SNARE [soluble N-ethylmaemide-senditive
factor attachment protein (SNAP) receptors] proteins, including syntaxinl and SNAP25. Findly we
explored the effect of otoferlin on vesicle exocytosis in transfected PC12 and chromaffin cells.
Immunohi stofluorescence analyses showed that the distribution of otoferlin in developing and adult mouse
hair cells pardlels their afferent synaptogenesis. Immunoelectron microscopy detected otoferlin near the
ribbons and at the presynaptic plasma membrane of the adult IHCs. Otoferlin colocalizes with presynaptic
markers and directly interacts with syntaxinl and SNAP25, two proteins of the SNARE complex, in a
Ca’*-dependent manner. Otoferlin is able to form oligomers in vitro. Finally, we showed by amperometry
that the presence of otoferlin in chromaffin cells increases the size of unitary exocytotic events. This effect
was not observed with 1515T (Mirghomizadeh et al., 2002) or P1825A (Miglios et a., 2002) missense
mutations that underlie DFNB9 deafness.

Our results suggest that otoferlin is a Ca*-sensor that modulates IHC neurotransmitter release.

Supported by grants from Human Frontier Science Program (RGY19/2004), European Community
(QLG2-CT-1999-00988), the CNRS and the French Ministry of Research (AC-DRAB, to FD MENRT)
(ACI "Biologie du développement et Physiologie intégrative")).

MIGLIOSI, V., MODAMIO-HOYBJOR, S., MORENO-PELAYO, M. A., RODRIGUEZ-BALLESTEROS, M., VILLAMAR, M.,
TELLERIA, D., MENENDEZ, |., MORENO, F., and DEL CASTILLO, |. (2002). Q829X, a hovel mutation in the
gene encoding otoferlin (OTOF), is frequently found in Spanish patients with prelingual non-syndromic
hearing loss. J Med Genet 39, 502-506.

MIRGHOMIZADEH, F., PFISTER, M., APAYDIN, F.,, PETIT, C.,, KUPKA, S, PUSCH, C. M., ZENNER, H. P., and BLIN, N.
(2002). Substitutions in the conserved C2C domain of otoferlin cause DFNB9, aform of nonsyndromic
autosomal recessive deafness. Neurobiol Dis 10, 157-164.

YASUNAGA, S., GRATI, M., COHEN-SALMON, M., EI-AMRAOUI, A., MUSTAPHA, M., SALEM, N., BEL-ZIR, E,
LOISELET, J,, and RETIT, C. (1999). A mutation in OTOF, encoding otoferlin, a FER-1-like protein, causes
DFNBS9, anonsyndromic form of deafness. Nat Genet 21, 363-369.

79



P51
Theroleof agrin during the maturation of human skeletal muscle fibres

Fabio Ruzzier*, Elena Bandi, Mihagla Jurdana, Paola L orenzon, and Marina Sciancaepore
Department of Physiology and Pathology and B.R.A.I.N. Centre for Neuroscience
Universty of Trieste, Trieste, Itdy
*(ruzzier@unitsit)

During synaptogeness, motor axon terminas secrete trophic factors that bind to specific
receptors located on the plasma membrane of the target cells. Signdling cascades activated via
these receptors control cdl maturation. Among these factors, agrin, a heparan sulfate
proteoglycan released by nerve terminds, has been shown to promote clustering of nicotinic
acetylcholine receptors and sodium channels a the neuromuscular junction (in McMahan, 1990;
Cadwell, 2000).

Our work was amed to detect the effect of agrin on the functiond maturation of the
mechanisms controlling cacium homeostass and membrane eectrical properties in developing
human skeetd muscle cdls. Patch-clamp and videoimaging experiments were performed on
human myotubes aneurdly cultured in the absence and presence of purified recombinant neurd
agrin. Voltage-clamp recordings in the whole-cell configuration revedled a decrease in membrane
resstance and a more negetive resting potentia in agrin-treated myotubes.

It is known tha apamin-senstive small conductance Ca*- activated K* (SK) channels
mediate the afterhyperpolarization and are responsible for changes in cdlular excitability (Barrett
et d., 1981). Moreover, in rat skeletd muscles a down-regulation of SK current has been
obsarved during development, suggested to be dependent on muscle innervation (Schmid-
Antomarchi et d., 1985). In our experiments, the dendty of gpamin-sendtive SK currents,
reveded in human myotubes as tal currents dicited after depolarizing pulses, decreased by 33%
in agrin-treated cells.

The maturation of excitaiion-contraction (E-C) coupling mechanism was assessed by
loading the myotubes with the fluorescent cdcum dye Fura2. A maure E-C coupling
mechanism was detected in about 30% of human myotubes as shown by depolarization-induced
intracdlular cacium trandents in the absence of extracdlular cacum. The presence of agrin in
the medium increased the percentage of responsive cdlls up to 70%.

Our results suggest that agrin per se, in the absence of nerve terminds, affects the in vitro
myogenesis of kdetd muscle fibers, promoting the mauration of the mechanisms contralling
electrical membrane properties and calcium homeodasis.

BARRETT, JN. et al. (1981). Calciumdependent slow potassium conductance in rat skeletal myotubes.
Dev. Biol. 82; 258-266.
CALDWELL, J.H. (2000). Clustering of sodium channels at the neuromuscular junction.
Microsc. Res. Tech. 49: 84-89.
MCMAHAN, U.J. (1990). The agrin hypothesis. Cold Spring Harb. Symp. Quant. Biol. 55: 407-418.
SCHMID-ANTOMARCHI, H. et al. (1985) The dl-or-none role of innervation in expression of apamin receptor and of
apamin-sensitive Ca”*-activated K* channel in mammalian skeletal muscle. Proc. Natl. Acad. Sci USA 82:
2188-2191.
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Stimulation of post-lesional reinnervation processesin the hippocampus:
theimpact of a treatment increasing polyamine concentration

Sarah Schimchowitsch, Cécile Courtois, Helke Herberth, Brigitte Cosquer
Chrigtian Kelche and Jean- Christophe Cass
L aboratoire de neurosciences comportementales et cognitives, UMR 7521, IFR 37
Strasbourg, France
* (schim@neurochem.u-strashg.fr)

In the Centrd Nervous System of the adult mammas, the podt-traumatic regenerdion is
limted or nonexigent. After leson, the molecular sSgns of regenerative processes are
nevertheess present, but the regeneration runs into severd obstacles as the formation of a scar
barier or the inhibitory influence of the mydin proteins. Usng a septo-hippocampa pathways
section modd, our experimenta work condsed in  neutrdizing the inhibitory sgndling
mechanisms of the neuritic growth with i) the polyamine putrescing, ii) the inhibitor of the
degradation of the polyamines, aminoguanidine or iii) a combined treatment with putrescine and
aminoguanidine. Thee effects have been hisochemicdly and immunocytochemicdly evduated
a the septd and hippocampa levels and more precissly, on both cholinergic soma and
projections.

Our results, dthought preliminary, show

Sham-operation Lesion that the phamecologicd trestment having
induced the most promising results was the one
combining putrecine  and  aminoguanidine.
Indeed, the combination of these two compounds
induced, six weeks &fter leson, an increase of i)
the acetylcholine-transferase expresson in the
septd  cdl  bodies, i) the chdlinergic fiber
sy densty in both septal and hippocampd regions,
i and Qi) the number of phosphorylated
neurdfilament-immunoreactive  axons  in the
hippocampus. It is possble that these
modifications could be explaned by an effective
regeneration and/or an increased sprouting of the
ventrd cholinergic pathways, left intact by the

Images of rat septal cholinergic neurons, 6

weeks after a section of the fimbria-fornix leson. This promisng tresment, aming &

(B) or a sham-operation (A). Note that ChAT increesing the polyamine intraneurond

expression by soma and fibers, clearly concentration, could thus favor the hippocampa

reduced after the lesion, can be restored after rennervation processss. Other studies are in

fr%r;g'qgne?(z)_ putrescine/ aminoguanidine course to verify if this trestment is, in fine, dso

Scalebar : 50 pm. able to promote a behaviourd recovery of
function
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Expresson and role of Redlin during hippocampal synaptic maturation
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Equipe Avenir INSERM, Pladticité synaptique: maturation et addiction
Ingtitut F. Magendie, 33077 Bordeaux, France
* (Snagra@bordeaux.inserm.fr)

Extracdlular matrix proteins are known to be involved in both synaptic embryonic
development and postnata maturation. The protein redin, an extracdlular protein secreted by
Cgd Retzius cdls, contributes to the regulation of migration and pogtioning of cortical and
hippocampa neurons during embryonic development of laminated structures. Despite the fact
that the population of Cgad Retzius cels disgppears soon after birth, redin is ill present in the
brain of adult rodents. Moreover, redin has been shown to contribute to the early development of
the hippocampus by playing a direct role in the modulation of hippocampa plagticity and
dimulating dendrite outgrowth of hippocampa neurons. However, the precise role of redin in the
postnatal brain, particularly during hippocampa synagptic maturation, has not been ducidated yet.
Therefore, we sudied the developmentd expresson of redin in mice ether in vitro in cultured
hippocampa cdls or in vivo in the freshly extracted hippocampus. Usng immunocytochemica
gpproaches, we found that maturation of hippocampa neurons is characterized by an increase of
redin immunoreectivity from 6 days in vitro (DIV) to 9 DIV where it reaches a plateau, followed
by a reduction from 12 to 21 DIV. Furthermore, the totdity of redin immunoreactive cdls were
identified as GAD67 (GABA-syntheszing enzyme glutamic acid decarboxylase)-labded cdls a
any devdopmental Sage. This indicates tha during ealy postnaid development, redin
expresson is restricted to a subpopulation of GABAergic neurons. In pardlel, we determined the
amount of redin expressed in the hippocampus a postnata days PO, P7, P14 and P21 by
quantification of the three forms of the protein redin (400, 320 and 180 kDa). We show that the
expresson of redin which is sable during the fird week of postnatd development, decreases
from 7 to 21 days after birth. Thus, our results reved a smilar profile of redin expresson during
postnata maturation either in vivo or in vitro, characterized by an increese followed by a
gonificative decrease in the expresson of this extracdlular matrix protein only few days after
birth. Furthermore, by using eectrophysologicd and immunocytochemicad approaches, we
report that redin controls the change in the subunit compostion of syngptic N-methyl-D-
aspartate subtype glutamate receptors (NMDAR) that usualy occurs during postnatad maturation.
Indeed, changes in the functiona profile of NR1/NR2B receptors are timey correated to the
increase in redin expresson, and blocking the function of redin by the CR-50 antibody prevents
these changes.
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Differential properties of GABAergic synaptic connectionsin rat hippocampal
cel cultures

Maksm Storozhuk*, Svetlana Ivanova and Platon Kostyuk.
A.A. Bogomoletz Indtitute of Physiology, Kiev, Ukraine
*(maks m@serv.biph.kiev.ua)

According to the effect of prolonged tetanic simulation (30Hz, 45) we have divided
GABAegic syngptic connections in hippocampa cdl cultures into two groups: connections
facilitated (~45%) and connections depressed (~55%) by the tetanic stimulation. In order to
reved possble reasons for the differentid effect of the tetanisations we have compared severd
properties of the connections belonging to each group. We found that on average, evoked IPSCs
in the connections facilitated by the tetanisations have smdler amplitude and larger coefficient of
vaiation (CV) of IPSC amplitude compared to connections depressed by the tetanisation. We
ads edimaed quantal parameters for both groups of the connections assuming that transmitter
release is reasonably described by a binomid digtribution. We have found that the background
rdease probability (P) is subgantidly lower in the connections fecilitated by the tetanisation
(P~0.5) than in the connections depressed by the tetanisation (P~0.9) and suggest that this
difference underlies the differentid effect of the tetanisation.

We have adso found that tetanisation induces opposte effects on connections made by
diginct presynaptic neurons with the same possynaptic cdl (convergent connections) in a
fraction of postsynaptic neurons studied (3 out of 9). These results support the idea that properties
of the presynaptic neuron are of primary importance for the observed differentid effect of the
tetanisation, but do not exclude arole of the postsynaptic neuron in this effect.

Supported partially by an INTAS grant (No : 01-2117) to M.Storozhuk
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Generation of a mouse model for SchwartzJampe syndrome

Morgane Stum'*, Emmanuelle Girard?, Jordi Molgo?, Nacira Tabtit, Jean-Claude Willer,
Bertrand Fontaine®, Eric Krejci*and Sophie Nicole*
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Schwartz-Jampel syndrome (SJS) is a rare human disease transmitted with an autosoma
recessve mode of inheritance. Petients suffer from functiond handicgp with myotonia and
chondrodystrophy, but their lifespan is not affected (Nicole and Fontaine, 2004). This syndrome
is geneticaly homogeneous and results from hypomorph mutations in the perlecan gene. We
obsarved that SIS homozygous truncating mutations were gathered in the C-termind domain of
perlecan. Perlecan is a heparan sulfate proteoglycan present in basa lamina (BL), where it is
necessary for its dructurd maintenance. In skeletd muscle, perlecan has been involved in
acatylcholinesterase clugtering a the neuromuscular junction (NMJ) (Arikawa-Hirasawa et al.,
2002). To undergand the physiopathologicd mechanism leading to muscle hyperexcitability in
SIS, we have developed a mouse modd for this human disease.

For this we used a line of embryonic stem cells generated by a secretory gene trap
approach (Skarnes et al.,1995). In this line, the insertion of the reporter LacZ gene occurred in the
3end of the perlecan gene a postion smilar to one SIS truncating mutation, leading to deletion
of the C-termina end of perlecan. Heterozygous mice were norma, whereas the homozygous
were lethd in utero. We used this line to study perlecan expression during muscle development
by X-Gd daning in vivo. We observed a down regulation of perlecan expresson, as it was
gsrongly expressed by myoblasts, whereas it was no more expressed by muscle fibers.
Interestingly, a sustained expresson a the adult NMJ by other cell type than the muscle fiber was
observed.

The embryonic lethdity of homozygous mice might result from the fuson between
truncated perlecan and b-Gd. We therefore deleted the LacZ reporter gene (flanked by two FRT
sequences) by crossing the heterozygous with transgenic mice expressng the FLP recombinase.
We obtained homozygous deleted mice that were viable up to 6 months and suffered from
chondrodystrophy and locomotor defects, strongly suggesting that they reproduce the SIS
phenotype. If EMG andyses faled to reved myotonia, eectrophysological recordings of
gynaptic transmission reveded dight modifications including higher frequency of giant miniature
end plate potentids. Preiminary morphologica data revedled mgor modifications of NMJ from
6 month-old mutants, suggesting a role of perlecan in NMJ formation and/or maintenance. Works
are in progress to further characterize this mouse modd and undersand the role of perlecan in
NMJ.

Nicole, S. and B. Fontaine, Perlecan: Schwartz-Jampel syndrome (SJS, MIM 255800) and dyssegmental dysplasia,
Silverman-Handmaker type (DDSH, MIM 224410). in "Molecular basis of inborn errors of development”,
C. Epstein, R. Erickson, and A. Wynshaw-Boris, Editors. 2004, Oxford University Press. p. 957-965.

Arikawa-Hirasawa, E., et al. (2002). Absence of acetylcholinesterase at the neuromuscular junctions of perlecan-null
mice. Nat Neurosci. 5(2), 119-23.

Skarnes, W.C., et al.(1995). Capturing genes encoding membrane and secreted proteins important for mouse
development. Proc. Natl. Acad. Sci. USA,. 92, 6592-6596.
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René Couteaux (1907 - 1999): the first histologist who introduced the physiological term
synapsein histology with successful staining of " subneural apparatus’ and thefirst electron
microscopist who observed an exocytotic opening of synaptic vesicles at the presynaptic
" active zone"

Shigeru Tauji*
Département de Cytologie, Universté Pierre et Marie Curie
75005 Paris, France
*(ShgrTsuji@aol.com)

During a higtoricd research, we redized tha R. Couteaux (1909 - 1999) was the firg
higologis who dsaned possynaptic dructure and judified the use of  physologica term
"gyngpse’ in higology. By means of Janus Green dye, he reveded membranous "subneura
goparatus’, a concave and lamdlar sarcolemma (cdled aso "syngptic gutter”), above which the
motor nerve terminds (neurofibrils) were dtuated in a contiguous way (Couteaux, 1944 and
1947). With a modified higochemica thiocholine method, he locdized acetylcholinesterase
activity to this subneura apparaius (Couteaux & Taxi, 1952). Both his higologicd and
hisgochemicd <anings were superposable and presented a postsynaptic membranous structure
(today we know that it was the basd laming) of the muscle cells which was disinct from the
nerve termind. Thus, he not only supported Cgd's neuron theory but dso gave morphologica
bass to the synapse. These optical microscopic works were done severd years before the first
electron microscopic observations of the syngpses by american neurocytologists. (1954 - 1956).
When the dectron microscopy became avalable in Europe, Couteaux <udied detals of
ultrastructure of the synagpse and demondrated the presynaptic "active zone' which was reveded
as a redricted thickened zone of the presynaptic membrane and flanked with synaptic vesicles
from both sdes. Some of the synaptic vesicles were observed to be opened to the syngptic cleft
by exocytoss a the levd of the active zone (Couteaux & Pécot-Dechavassine, 1970).
Furthermore, the synaptic vedcles are aranged in two rows in the close vicinity of linearly
prolonged active zone which is Stuated just above the trenchrlike junctiona folds (opticd
microscopic  lamdlar  sarcolemma corresponded to  these junctiond folds) of the muscle
membrane (Couteaux & Pécot-Dechavassne, 1974). Under the firg high voltage eectron
microscope, he observed the neurofibrils, which was considered as frameworks of neurons in the
classcd higology and debated by neuronists and reticularists on their contiguity or continuity
with neighbouring neurons. Couteaux confirmed intraneuronal network of the neurofibrils and
absence of their anastomosisin the junctional regions (Carasso, Couteaux and Favard, 1975).

CARASSO N., COUTEAUX R., and FAVARD P. (1975). High and low volage electron microscopical observations of the
neurofibrillar bundles of the leech after silver impregnation. J Microsc Biol Cell 24, 283-294.

COUTEAUX R. (1944). Nouvelles observations sur la structure de la plague motrice et interprétation des rapports myo-
neuraux. C R Soc Biol 138, 976-979.

COUTEAUX R. (1947). Contribution al'étude de la synapse myoneurale. Rev Canad Biol 6; 563-711.

COUTEAUX R. and PECOT-DECHAVASSINE M. (1970). V ésicules synaptiques et poches au niveau des "zones actives"
delajonction neuromusculaire. C R Acad Sci Paris 271 (S&ieD), 2346-2349

COUTEAUX R. and PECOT-DECHAVASSINE M. (1974). Les zones spécialisées des membranes présynaptiques. C R
Acad Sci Paris 278 (Série D), 291-293.

COUTEAUXT R. and TAXI J. (1952). Recherches histochimiques sur la distribution des activités cholinestérasiques au
niveau de la synapse myoneurale. Arch Anat Micr 41, 352-392.
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Inhibition of presynaptic potentiation in neurons persistently infected with Borna disease
virus caused by an interference with PKC signaling
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2INSERM U563, CPTP, CHU Purpan, Toulouse, France

* (volmer@pasteur.fr)

Borna disease virus (BDV) provides a unique system to study the mechanisms whereby a
neurotropic virus can intefere with neurona function without direct destruction of brain cdls.
BDV infects a wide range of warm-blooded anima species and causes a variety of symptoms,
including well described behaviord abnormdities and learning deficits. As BDV persss mostly
in limbic gructures, we have developed an in vitro modd of persgent infection, usng primary
rat hippocampa neurons. In a firs step to study the functional consequences of vira persistence
in neurons, we have analyzed the presynaptic activity by studying synaptic vesicle recycling. Our
results show that vird perdstence has no impact on synaptic vescle recycling under resting
conditions, or after continuous depolarization imuli. However, infected neurons exhibited a
sverdy impared respponse to simuli inducing long-term potentiation of presynaptic  activity.
This potentiation relies primaily on the activation of protein kinases, which phosphorylae
presynagptic proteins involved in syngptic vescle recyding. Usng phosphosyngpan-1 antibodies
we could demondrate that the imparment of presynaptic potentiation observed in infected
neurons was not due to a perturbation of PKA or CaMKI/CamKIl sgnding. In contrast, we
observed a perturbation of PKC sgnding illustrated by a reduced phosphorylation of MARCKS
folowing potentigting simulus. In order to describe more precisdy the vird interference with
PKC dgnding, we directly activated ether PKA (as a control) or PKC usng chemicd
dimulation. We found that potentiation of synagptic vesicle recycling was equivdent in infected
and control neurons after PKA gimulation, whereas infected neurons showed a mgor imparment
of potentiation following PKC simulaion. In BDV infected neurons, direct chemicd gimulation
of PKC aso lead to a reduced leve of phosphorylation of two mgor PKC subdtrates, namely
MARCKS and Muncl8. Taken together, our results suggest that BDV inhibition of presynaptic
potentition is due a specific vird inteference with PKC sgnding. These results rase the
hypothess that behaviord abnormdities found in BDV infected animas may be linked to
impaired syngptic function, illustrating an intriguing aspect of the consequences of a perdgtent
non cytolytic vird infection on neurond function.
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L-Arginine is a widesoread amino acd involved in many physological processes. The
man importance of L-arginine is atributed to its role as a precursor for the synthess of nitric
oxide (NOK). Besides, recently data about specific targets of action of L-arginine independent
from NOX-synthesis emerge. In experiments on neuromuscular preparations of frog cutaneous
pectoris muscle usng extracdlular microgectrodes the role of the nitric oxide precursor L-
aginine on syngptic functions have been investigated. L-Arginine a a concentration of 0.1 mM
decreased the quantum content of end plate currents (EPCs) and incressed the 3™ phase of the
motor nerve ending action potentid which corresponds to the development of the voltage-

dependent K*-currents. These effects reflect the devated NOK synthess in neuromuscular

junction and correspond to the effects of exogenous NOK donors. Concentrations 0.5 and 1mM
of L-agnine induced opposte effects on tranamitter release without changing the nerve ending
response.

It has been suggested that high concentrations of L-arginine were involved in a
mechanism of NOS inhibition. NG-nitro-L-arginine methyleter (L-NAME) —a NOS inhibitor —
increased the transmitter release and decreased the voltage-dependent potassum currents of
motor ending response. L-NAME abolished the effects of L-arginine (0.1 mM) and patidly
preserved the effects of L-arginine a 0.5 and 0.1 mM. These data suggests that L-arginine in high
concentrations is involved in the mechaniam of NO-synthase inhibition and has its own effects in
motor nerve endings. The other precursor of NO synthesis, L-citrulling, a 0.1, 0.2 and 0.5 mM
didn't influence the quantum content of EPCs and the amplitude of voltage-dependent potassum
currents of nerve ending response. Thus we suggest that the enhancement of tranamitter release
under the influence of high concentrations of L-arginine is not linked with an increese of L-
atrulline synthess. Preliminary data indicated a participation of the adenylate cyclase system and
changes of intracellular Caf*-concentration in the effects of high concentrations of L-arginine

Supported by the grants RFBR m03-04-96252, 02-04-48822, “ Leading scientific school1383.2003 4"
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Congenital myasthenic syndrome caused by decreased receptor channel openingsdueto a
novel mutation in the nAChR ? -subunit
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Congenita myasthenic syndromes (CMS) are a group of rare genetic disorders that affect
neuromuscular transmisson. Most of the CMS ae caused by mutations of the nicotinic
acetylcholine receptor (PAChR) in skeletd muscle These mutations lead to low expresson
and/or kinetic anomdies of the nAChR such as dow channd CMS (SCCMS) and fast channe
CMS (FCCMYS).

Here we report an early-onsst and recessvely inherited highly disabling case of CMS.
Symptoms were as follows oculobulbar and limb involvement requiring whed chair & 8 years of
age. Cholinesterase inhibitors were efficient dlowing waking. Electromyography reveded a
decrement after repetitive stimulation. One of his brother was hedthy while the other was dso
affected by the diseese. Ddtoid muscle histologicd examination showed highly abnormd
neuromuscular  junctions with denervetion, reinnervation and Sprouting feetures.  Electron
microscopy showed a dragtic reduction of the postsyngptic folds. Molecular genetic andyss
identified a homozygous mutetion within the nAChR e-subunit where the amino acid proline has
been subgtituted by an arginine in position 282 (eP282R).

In order to assess the functiona consequences of this mutation, we caried out Ste
directed mutagenesis of the e-subunit?Co-trandfection of the a, b, d wild type nAChR subunits
with ether the wild type or mutant eP282R subunits show the following: 1) upon trandfection in
Human Embryonic Kidney fibroblasts (HEK 293 cdls), the mutation causes a 2fold decrease in
the totd amount of 125I-bungarotoxin binding sites, associated with a 10-fold reduction of the
ACh apparent binding affinity. Moreover, whole cell dectrophysologica recordings indicate that
the mutation results in a 5fold reduction of maxima ACh-evoked currents, a 10-fold decrease in
ACh EC50, and a drong accderation of desengdtization. Mutationa analyss at this pogtion
further show that the podtively charged arginine sSde chain causes the phenotype. 2) upon
transfection in Chinese Hamgter Oocyte (CHO) cdlls, used to avoid the interference of endogen
currents exising in HEK cdls, sngle-channel recordings show that eP282R produces a shortened
channd open time, a decreased open probability and decreased channd conductance.

Altogether, these data show that the eP282R mutation causes a loss of function phenotype,
due to a dedtabilization of the active conformation of the receptor, a decreased expresson, and a
decreased channd conductance. This sudy presents for the firsd time a myasthenic mutation
within the loop linking the M2 and M3 transmembrane ssgments. On a three dimensonad mode
of the muscle type nAChR, the mutation is located a the interface between the extracdlular and
tranamembrane domains of the protein, suggesting that this pogtion plays a key role in the long
range dlogeric coupling between the agonig binding Ste and the ion channd.  This nove
(eP282R) mutation may therefore lead to a FCCMS, the functiond endpoint being reduced
responsveness of the postsynaptic membrane to acetylcholine.

Supported by Assistance Publique (PHRC AOM1036), Inserm, GlS-Maladies Rares and AFM
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Day-night variability in the postsynaptic sengtivity to GABA in the suprachiasmatic nuclei
of rat brain dices
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The hypothadamic suprachiasmatic nucleus (SCN) operates as a centra biologica clock in
Mammas. Neurons of SCN exhibit a circadian rhythm in the dectricd activity driven by clock
genes. In both day-active and night-active species, the frequency of action potentids firing in
SCN neurons is higher during the day than during the night. The synaptic transmisson mediated
by gamma-amino butyric acid (GABA) is operative in SCN neurons, but it is unknown whether
or not it undergoes circadian variaions. Usng whole-cel patch clamp technique, we have
recorded spontaneous inhibitory postsynaptic currents (SIPSCs) in identified SCN neurons in
hypothaamic dices during the day and night. For the day experiments, rats were killed 3.6 h after
the lights came on and measurements were done in dices between circadian times 2 and 10. For
the night experiments, ras were killed immediatdy before the ligt was turned off and
mesasurements were done between circadian times 13 and 18. The frequency of sIPSCs, which
reflects spontaneous GABA release by endogenous activit%/ of neurona network, was
ggnificantly higher when measured during the day (153+%.9 $°, mean £ SEM) than during the
night (6.3 + 2.6 s'). In presence of 1uM TTX, which blocked Na'-dependent action potentials,
and 50 uM APV and 20 uM CNQX, which blocked glutamatergic transmission, the frequency of
SIPSCs declined in both groups to comparable levels and reflected spontaneous GABA release by
dlenced neurons (miniature 1IPSCs). In corirast, the mean amplitude of IPSCs was sgnificantly
higher during the night (57.7 £ 3.0 pA) than during the day (45.0 = 3.3 pA) and was not affected
by trestment with TTX, APV and CNQX. Furthermore, the gpplication of 30 UM GABA to SCN
neurons in dices evoked large currents, which amplitudes were adso sgnificantly higher during
the night (1228 + 171 pA) than during the day (796 = 73 pA). These results indicate that there is
a large circadian rhythmicity in the expresson of postsynaptic GABAA receptors, whereas the
spontaneous GABA rdease from the presynaptic nerve terminds of slenced neurons does not
undergo circadian variations,
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