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INTRODUCTION 

A. Ferrús 

Neurosc::ience has entered a new era. Severa! behaviours, 
learning and memory in particular, have begun to be understood 
in terms of the underlying cellular and molecular mechanism. The 
progress along this reductionist approach has been parallel by 
similar advancements in the physiology of ensembles of cellular 
networks. It: is quite fortunate that scientists working from both 
ends have begun to interact and to find common grounds for 
discussion and, consequently, to create novel interpretations. 
This workshop represents ene such fortunate occasion where 
neuroscienti sts with diverse fields of specialization have met 
because of 1:heir common basic interest to understand behaviour. 

Behaviour is the final manifestation of the biology of an 
organism. Quite properly, the biological meaning of all cellular 
processes l <ead to this final function. Also, it is becoming 
apparent ho,., behaviour is indeed a majar force in evolution. This 
workshop has served to review the existing data that support the 
previous s1:atements. The coming years will witness majar 
developments of the basic findings now discovered. Animals with 
specific chatnges in the molecular consti tuents of their synapses 
will be generated and the behavioural consequences will be 
studied with a level of resolution never reached befare. 

The integrative nature of behaviour requires a proper 
mixture of t :echnical expertises towards a single goal. However, 
it is becoming apparent that the genetic foundations need to be 
studied in a much greater depth in arder to unravel the governing 
rules of behaviour. The functional organization of the genome is 
causaly linked to physiology and, thus, to behaviour. In turn, 
behaviour modifies the genetic activity closing the ever moving 
wheel of biology and tracing the path of evolution. 

Three days and a tight programme of presentations and 
discussions have served to evaluate our views on these subjects 
and, most certainly, will modify our future behaviour. 
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Olfactory reception: the molecular basis of signal recognition and 

transduction 

Heinz Breer 

University Stuttgart-Hohenheim 

Institute of Zoophysiology 

70593 STUTTGART, Germany 

The sense of smell allows to continously monitor the chemical 

environment for small volatile molecules and plays a central role 

in driving basic patterns of behavior in most animals including 

identification and evaluation of territory, food and reproductive 

partners as well as prey and predators. The primary process of 

odor perception, i.e. recognition and transduction of olfactory 

stimuli are mediated by the chemosensory olfactory neurons. The 

specificity of the system is supposed to be based on the 

interaction of distinct odorous molecules with specific receptor 

proteins in the membrane of a subset of cells. Interaction of 

odorants with suitable receptors activates transduction pathways 

that modulate the excitability of the sensory neurons; these 

transmembrane signalling mechanisms, which include second 

messenger cascades, prov ide a considerable amplification of the 

initial signal, the basis for the sensitivity of the system. The 

identification of molecular elements comprising the olfactory 

signalling machinery revealed that each step of the chemo­

electrical transduction process in olfactory neurons appears to be 

an adaptation of a general principle in membrane signalling; i.e. 

the task of the olfactory system in detecting and discriminating 

myriads of extraneous chemicals is not based on d e novo paradigms 

but rather is accommplished by widely conserved molecula~ devices, 

such as G-protein coupled receptors, second messenger cascades and 

ion channels. Thus, the convergent results of recent experimental 

studies employing modern b i ological techniques provide sorne new 

insight into the mechanisms underlying the flow of information 

from odor molecules to the neuronal activity of sensory olfactory 

cells. 

Breer, H. (ed.) Biology of the olfactory system. 

Seminars in Cell Biology 5, 1-74, 1994 

Breer, H., Raming, K., Krieger, J . 

Signal recognition and transduction in 

olfactory neurons. 

Biochim. Biophys. Acta 1224, 277-287, 1994 
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OLFACfORY LEARNING AND MEMORY 

E B Keveme, Sub-Department of Animal Behaviour, University of Cambridge, 

Madingley, Cambridge CB3 8AA 

Memory permits the acquisition, retention and retrieval of different kinds of 

infonnation, providing a reserve of experience from which animals may tak:e 

advantage. The question has recently arisen as to whether memory is a unitary event 

explained by a single set of general principies, or whether multiple systems underlie 

the diverse phenomena of memory. Neuropsychological evidence suggests that the 

mammalian brain possesses a number of different and potentially independenr 

memory systems with different anatomical dispositions in the brain. Our interest 

coneems an olfaetory (pheromone) recogniúon memory in mice located at the first 

relay in the sensory processing network l. It is acquired with one tria! learning 

eontingent on noradrenaline activation at mating2, and lasts for severa! weeks3 

Neurally the mechanism is simplistic, involving synaptic changes at dendrodendritic 

synapses in the accessory olfactory bulb4. As a result, males made familiar by 

mating are reeognised by the female thereby mitigating pregnancy block. Such a 

memory function is of significan! biological imponance to the female, for without it, 

she would rarely become pregnant. 

To illustrate the eonservation of neural mechanisms, the very same parameters ha ve 

been shown to be active in other species and other contexts. Mother infant 

reeognition in both sheep and mice likewise have critica! periods dependen! on 

noradrenergic activation, which is triggered by stimulation of the female's 

reproduetive traet (parturition)5. Failure to make this olfactory recognition results in 

cannibalism in mice, and the loss of selectivity in ewes allowing unrelated lambs to 

suelde. 

The synaptic eircuitry of the first olfactory relay is relatively simple. The mirra! cells 

fonn reciproca! dendro-dendritic synapses with granule cells, the main class of 

intemeuron. Granule cell synapses are depolarised by excitatory amino acid release 

from the mirra! eells, and in turn provide a feedback inhibiúon to the mitra! cells vía 

GABA release. Since glutamate mediates the transmission from mitra! to granule 

cells, we have investigated the effects of selective (NMDA) and non-selectivc 

excitatory amino acid antagonists on the recognition memory, formed by female mice 

to male pheromones. These studies together with GABA-ergic antagonists in mice, 

and in vivo micro-dialysis studies in sheep have demonsrrated changes in synaptic 

plastieity at the mitra] to granule eell synapse6. The findings illustrate how a 
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relaúvely primitive trilaminar structure has the capacity for synaptic changes 

rendering the processing of bio1ogical1y significant odours different on subsequent 

exposures. 

l. Brennan, P., Kuba, H. & Keverne E.B. (1990). 

Science, 250, 1223-1226. 

2. Keverne, E.B. & de la Riva, C. (1982). 

~. 296,148-150. 

3. Kaba, H. , Rosser, A.E. & Keverne E.B. (1988). 

Neuroscience. 24, 93-98. 

4. Brennan, P. & Keveme, E.B. (1989). 

Neuroscience, 33, 463-468. 

5. Keverne, E.B., Levy, F, Poindron P. & Lindsay. (1983) . 

Scjence. 219,81-83 

6. Kendrick K.M., Levy, F & Keverne, E.B. (1992). 

Science. 256, 833-836. 
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THE EVE OF THE FLV: A USER FRIENDLV PROCESSOR FOR STUDVING 

THE NEURAL BASIS OF VISUOMOTOR CONTROL 

Nicolas Franceschini, C.N.R.S., Laboratoire de Neurobiologie, 31, Chemin J . Aiguier 
F, 13402, MARSEILLE Fax (33) 91 22 08 75 

Because of the crystalline organization of its neurones, the compound eye of the fly can be 
used to analyse in great detail how a message received from the physical world is processed by a 
natural neural network. Here the higher díptera (flies) offer unique advantages as material for 
research because: 
• their visual capacities are highly evolved and yet can be easily quantified 
• the mechanisms al work can be analysed using genetic dissection in Drosophila 

• the same ldentifiable visual neuronas can be pinpointed in severa! different individuals 
• photoreceptor cells can be identified, analysed, and stimulated individually using real time 
techniques on living, intact animals. 

The fly with its panoramic compound eye is therefore an invaluable modal system. We are 
using many different angles of approach with a view to stripplng this particular sensory device 
down to its elementary microcircuits and components , and thus discovering the cellular logic 
behind the neural network in question. We are focussing on the one hand on the actual wiring 
diagram, and on the other hand on the working principies which govern the neural microcircuils 
and enable the animal's eye to extract information about shape, movement, distance, colour ... from 
the physical world. These ad hoc microcircuits are all controlled by a mosaic of 50 .000 
photoreceptor cells which were analysed not only with electrophysiological techniques but also 
with novel methods we have devised, such as in vivo microspectrophotometry and in vivo 

microspectrofluorimetry (2) . In providing us with unique means of studying single neuronas in 
their natural environment , with a resolution comparable to that attainable with cell cultures. 
these methods recently lead us to the discovery of phenomena of general interest in Neuroscience: 
neuronal "photo-degeneration" and neuronal "photo-permeabilization·, which have interesting 
potential applications in neuroanatomy, neurophysiology and neurosurgery (6,7) . 

The optical methods we have devised for analysing receptor cells in vivo (1) can now be 
used lo stimulate single , identified cells while simultaneously recording the activity of various 
neuronas in the visual chain by means of microelectrodes . For instance, in arder to call up the 
microcircuit responsible for motion detection and examine how this proper "sequence 
discriminator" works, we recordad from the identifiable neurone H1 while stimulating two 
neighbouring photoreceptor cells sequentially, so as lo simulate a micro -movement in the animal 
visual field {3). The optical instrument we have constructed for this purpose is a kind of 
microscope-telescope, the main lens of which is quite simply one of the eye's facets (diameter 25 
~m; focal length 50 ~m) . With th is instrument, two micro-spots with a diameter of 1¡.tm can be 
projected onto two preselected receptor cells located 3,5 ¡;m apart with in the focal plane of the 
facet under investigation. The results of this "apparent motion" experiment carried out at the 
single cell leve! is that H1 responds with an increase in spike frequency when the two receptors 
are presentad with a sequence that mimics motion in the "preferred" direction, and with a decrease 
in spike frequency for the opposite sequence (4) . A series of experiments with microstimulation 
of single photoreceptor cells have helped to elucidate the "hidden logic" governing an animal motion 
detector and to specify its kinetic properties and nonlinearities (8). 

In an attempt to meet the challenge of the sophisticated visuomotor control system of the 
fly , we have constructed artificial motion sensors, which pul our modelling of the biological 
system severely to the test. These electro-optical circuits are hardware simulations of the signa! 
processing steps discovered in the fly , including their kinetics and nonlinearities. This synthetic 
approach ended up with the construction of an autonomous mobile creature that uses a compound 
eye with an array of local motion detectors to avoid obstacles and steer itself through a cluttered, 
previously unexplored environment {5). 

The compound eye of our mobile robot consists of about 100 ommatidia, with facet lenses, 
photoreceptor ce lis and optlc fiber "rhabdoms". The first "optic ganglion" performs signa! 
conditioning, the second one consists of a retinotopic array of about 1 oo smallfield local motion 
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detectors (L.M.D.'s) derivad from their physiological counterparts . They drive a third "optlc 
gangllon" which is devoted to obstacle avoidance. The latter ganglion also performs the major task 
of fuslng the 100 slgnals from the L.M.D.'s with the 100 signals from an accessory, target­
seeking eye . A single output signa! results, which expresses (In Voits) the steering angle that the 
robot has lo adopt to prevent collision on its way to the target. 

Obstacle avoidance is based on a local map of the obstacles, expressed in polar coordinates. 
11 is available al the end of each transiatory step in a retinocentr ic trame of reference and 
immediately converted into a motor map that eventually initiates an eye saccade towards the newly 
determinad heading dlrection. The collision-free paths of this cartoon-iike sensorimotor system 
gives evidence that smart, visually-guided locomotion can be achieved without symbolic 
representation and logical reasoning about obstacles, wlthout permanent world model, without a 
central processing unit, wlthout signa! digitization, without accurate and precisely matched visual 
sensors , wlthout large memory resources. Computation taking place en-board this electro­
mechanlcal creature essentially relies on braln/ike, para/le/, analogue, continuous time, 

asynchronous networks, with many additional features common to advanced animal visual systems, 
such as nonuniform retina! sampling, retinotoplc projections of sensory maps, saccadic 
suppression, and "corollary discharges· that inhibit vision during eye rotations (9). All circuits 
are hardwired, yet adaptive behaviour ls achieved in the sense that the robot immediately copes 
with novel environments withou1 learning. The "surface mounted devices" (SMD) technology usad 
throughout to construct the visual system has some abil ity lo carry out complax signa! processing 
in a relatively small volume. 

In our attempt to link real-time vision with real-time action , specific amphasis was glven 
to completing the sensory-motor control loop, with the constraint that the "art of signa! 
processing" should remain similar lo that of the nervous system , in spite of the great number of 
interconnects required by the parallel, analogue implementation . In this project, both tha 
computar simulation and tha construction phases provided us with deeper insights into the real 
problems common to any, living or synthetlc vehicle, which makes use of vision to move forward 
in a complex, uncertain environment. 

References and reviews from the laboratory: 

1/ Franceschini, N. (1975) Sampling of the visual environment by the compound eye of the fly : 
fundamentals and applications 
In : "Photoreceptor optics" A. Snyder and R. Menzel (Eds) , Springer, Berlin pp . 98·125 

2/ Franceschini, N. (1983) In vivo microspectrofluorimetry of visual pigments 
In: Biology of Photoreception, D. Cosens and D. Vince-Price (Eds) . Cambridge Univ. Press, 
pp 53-85 

3/ Franceschini, N. (1985) Early processing of colour and motion in a mosaic visual system 
Neurosc. Res. Suppl.2, 17-49 

4/ Franceschini, N., Riehle, A., Le Nestour A. (1989) 
Directionally selectiva motion detection by insect neurons 
In: "Facets of Vision", D.G. Stavenga and R.C. Hardie, Springer, Berlin , .pp. 360-390 

51 Pichon, J.M., Blanes, C., Franceschini, N. (1989) 
Visual guidance of a mobile robot equipped with a network of self-motion sensors 
In : "Moblla Robots", W. Wolfe, W. Chun Eds, S.P.I.E. Vol. 1195, pp 44-53 

6/ Picaud, S. Wunderer, H.J., Franceschinl, N. (1 990) 
Dye-lnduced photo-permeabilization and photo·degeneration : a lesion technique useful for 

neuronal tracing 
J. Neurosc. Meth. 33, 101 -112 

71 Picaud, S., Peichl, L. , Franceschlni, N. (1990) 
Dye-induced photo-degeneration and photo-permeabilisation of mammalian neurons 
Brain Res . 531 , 117-126 

8/ Franceschlni, N.(1 992) 
Sequence-discriminating neural network in the eye of the fly 
In: "Analysis and modeiing of neural systems·. F. Eeckman, Kluwer, pp. 189·197 

9/ Franceschini , N., Pichon, J.M., Blanes, C. (1992) 
From lnsect vision to robot vision 
Phil-Trans-Roy SOZ B 337 283-294 
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Classification and selection of visual targets in Drosophila 

Karl Georg Gotz 

Max-Planck-Institut für biologische Kybernetik, Spemannstr. 38, 

72076 Tübingen, Germany 

The affinity of Drosophila for visual objects in the environmcnt 

depends not only on the apparent contrast, size and shapc of an object 

but also on the object-related sensory context in space and time. A 
variety of experimental results supports this notion. 

In a choice between promising visuallandmarks Drosophila is likely 

to approach and-explore one ofthe nearest targets . Thjs minimizcs the 

average distance covered between successive trials. Depth perception 

by stereopsis is lirnited toa range in the order of the body length . The 

long-range distance discrimination in a choice seems to be achieved 

by evaluation of the apparent slip-speed, or motion parallax, between 

figure and ground as seen by a moving fly: Near figures stand out by 
their motion parallax. Remate figures appear to be embcdded in the 

background and do not elicit lasting curiosity in Drosophila 1
. Lo~~al 

interaction between figure-specific and ground-spccific signals seems 

to account for the preference of near figures2 

Almost nothing is known about the nervous correlates of the 

perception and discrimination of visual targets in Drosophila . A fcw 

results have been derived from the motor system: At least threc pairs 

of flight control muscles rcspond to displaccrnents of thc retina! 

images of figure and ground. Each pair contributes to fixation and 
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tracking of a figure, and to stabilization of course and altitude with 
respect to the ground. Two pairs support a rigid strategy of 

'instructional' fixation. The third pair engages in a flexible strategy of 
'operant' fixation suitable to cope with artificially inverted 
displacements. Only 'instructional' fixation is found in the 
corresponding rnuscles of the rnutant 'small optic lobes' 3:

4
. 

To investigate choices between different figures in a flight simulator, a 
flying Drosophila is held in fixed position and orientation at the center 

of a cylindrical panorama. The intended tums are recorded and control 

the rotation of the panorama about its vertical axis. By appropriate 
training the fly leams to avoid a course towards patterns that ha ve 

been previously associated with noxious heat shocks5
. In similar 

experiments, Drosophila was successfully trained to avoid a course 
towards one of two figures that has been associated with the repellent 
odor benzaldehydé. Previous exposure to benzaldehyde in the larval 
state and presurnably even in the embryonic state seems to increase 
the tolerance towards this odor in the adult fly. A valid explanation of 

this effect requires further control experirnents. So far, we can exclude 
substantial inhibiting effects of-the repellent on both perception and 
discrirnination of the figures used in the paradigm. 

1) K.G. Gotz (1994), Fortschr. Zool. 39: 47-59 
2) S. Schuster, K. Goti, R. Strauss (1995), In : Learning and Memory, 

Eds. N. Elsner, R. Menzel, Thieme, Stuttgart (in press) 
3) K.G. Gotz (1985), Biol. Chem. Hoppe-Seyler 366: 116-117 
4 ) R. Wolf, M. Heisenberg (1986), Nature 323: 154-156 
S) M. Dill, R. Wolf, M. Heisenberg (1993), Nature 365: 751-753 
6) A.K. Guo, K.G. Gotz (in prep.) 
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How Flies Recognize Pattems 

Manin Heisenhcrg 
Theodor-Boveri-Institut für Biowissenschaften, Lehrstuhl für Genetik 

Am Hubland, D-97074 Würzburg, G~rmany 

Tethered Drosophila melanogaszer flies in lhe t1ighL simula!Or can be conditionea to 
avoid certain flight orientations relative to visual panerns that had bcen combined with h~at or 
exafferent panern oscillation (panern avoidance conditioning). In this situation flies first leam to 
switch the temperature by their changes in flight orientation and subsequently associate no-hcat 
with certain visual panerns. Conditioned panero preferenccs are still observcd after 24 hours. 
Only the safe patterns are remembered whereas the heat-HSSociated patte.mS seem to be 
forgottcn instantly. 

In the sam.e apparatus without deliberate reinforcemc:nt flies in a choice between a novel 
and a famili:u pattem prefer the novel one (novelty choice). Familiarity is apparent aiready after 
a one-minute exposure and lasts for more than 5 min. ~ovdty choice is not dependent upon 
opaant training in thc flight simulator. 

Restrícting the visual field to two opposing 90• -windows reduces the learning 
performance in both paradigms. For pattcrn avoidance conditioning with the windows 
positioned laterally, a slgnificant learning index is obtaincd indicating that pattern recognition is 
not a purely foveal task. With the windows in front and back no panero memory is detected. 
Curiously, thi.s relation is the inverse for novelty choice. 

In both paradígms patterns presented during a training phase have 10 be recognized in a 
subsequent test. Recognitlon is abolished if in the test, pauerns are displayed at a dífferent 
height, in a different size, rotated or v.ith invertt:d contrast. No special invariance mechanisms 
are observed. A template matching proct=~s is sufficic:nt 10 explain thc data. Small invariances 
can be e;~:plained by a graded similarity function. The experiments are best dcscribed by a 
function which is the ratio of the area of maximal overlap 10 the area of the actual image. No 
analysis of shape is required for this type of visual pattern mcmory. 

Mutants are used to study the two paradigms at the stru<.-1ural (ccl!ular) and mole<.:ular 
leve!. 

Dill, M., Wolf, R. & Heisenberg, M (1993) Narure 365: 751-753 
Dill, M. & Heísenberg, M. (1995) Phil Trans R Soc Lond B (in press) 
Wolf, R. & Heisenberg, M. (1991)J CompPhysiolA 169:699-705 
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Genetic Dissection Of Memory 

T. Tully, M. Del Vecchio and J.C.P. Yin 
Cold Sprlng Harbor Laboratory 

Behavioral, genetic and pharmacological analyses of memory formation 
after Pavlovian olfactory leaming have revealed four functionally distinct 
phases-M short-term memory (STM), middle-term memory (MTM), anesthesia­
reslstant memory (ARM) and long-term memory (LTM). Memory processing 
appears sequential through STM and MTM and then branches into two parallel 
pathways represented by ARM and LTM. 8oth ARM and LTM show properties of 
eonsolidated memory but are genetically distinct components of memory. 
ARM is not disrupted by cold-shock anesthesia or the protein synthesis 
lnhibitor, cycloheximide (CXM), and is disrupted by the single-gene mutation 
radish. L TM is CXM-sensitive but is not disrupted by the radísh mutation. 

We have shown a specific block of L TM formation in transgenic flies 
carrying an inducible repressor isoform of dCREB2, a Drosophíla homolog of 
vertebrate the cAMP-responsive transcription factor. These results 
demonstrate for the first time that regulation of gene expression underlies 
the formation of long-lasting memory in behaving animals. More recently, we 
have produced an enhancement of L TM formation in transgenic flies carrylng 
an induclble activator isoform of dCREB2. These opposing effects suggest 
that CREB acts as a "molecular switch" for LTM. A model is proposed. 
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Gene Targeting and the biology of learning and memory. 
Alcino J. Silva. 
Cold Spring Harbar Laboratory, Cold Spring Harbor NY 11724. 

The key dif1iculty in the study oflearning and memory is the integration of behavioral, anatomical, 
and physiological inforrnation into a theory unrestrained by disciplinary boundaries. Thus, physiologists 
struggle with studies of specific mechanisms in behaving animals, and behaviorists face the daunting task of 
uncovering the biological processes tmderlying the acquisition, processing and storage of inforrnation. 

Novel genetic techniques now provide the opportunity to study the impact of the loss of specific 
genes in the biochemistry, electrophysiology, anatomy and behavior of miee[J]. Thus, our laboratory 
derives mice mutant for genes expressed in key forebrain structures, such as the túppocampus and 
neocortex, and then analyses the physiology and behavior of these mice. The results of these stud.ies 
suggest that ttús approach might uncover the cellular processes underlying learning and memory formation 
in mammals. The ease with wtúch new mutants are generated, with overlapping but importantly d.ifferent 
properties, indicates t11at models lntegrating the multidisciplinary analysis of the mutant mice will be readily 
test.able[2]. Titis is crucial because the greater the complexity of a problem !he easier it should be to test 
candidate solutions. Below, I will summarizc key features of the phenotypes of mutants studied in our 
Iaboratory. 

1- The aCaMKII can both promote and limit neurotransmitter release. 
Previously, we found ú1at the aCaMKll is required for long-term potentiation in the CAl region of the 
ltippocaropus(3]. Recently, we have confirmed that ttús kinase also has a crucial role in pre-synaptic 
plaslicity[4]. With field and whole-cell studies we have shown thal paired-pulse facililation is blunted in 
lhe CAl region of mice heterozygous for a targeled mutation of aCaMKII, confirming earlier results with 
field recordings of aCaMKII homozygotes, and indicating that this kinase can promote neurotransmitter 
release. Unexpectedly, field and whole-cell recordings of post-tetanic potentiation show that the synaptic 
responses of mulants are larger than those of controls, showing tlut the aCaMKII can also inhibit 
transmitter release immed.iately after tetanic stimuiation. Thus, aCaMKll has the capacity to eitl1er 
potentiate or depress excitatory synaptic transrnission depenc!ing oo tl1e pauem of presynaptic activation [4]. 

II- Impalred learning in mice with abnormal short-term plasticity. 
The los ~ of the o.CaMKII in mice homozygous for a targetcd c!isruption of this kinase leads to a deficit in 
L TP in the túppocarnpus (CAl), and to abnormalilies in prc-synaptic plaslicity [5]. Heterozygotes show 
similar pre-synaplic abnormalities, but no LTP deficit in CAl . To determine the impacl of deficits of short­
term plasticity in learning and memory we tested these mutants in tl1e water rnaze lasks. In the visible­
plaúorrn test (hippocampal-independent) the performance of ú1e heterozygotes was indistinguishable from 
that of controls. However, in thc ltidden-platform test (bippocampal-dcpendent) ú1e heterozygotes were 
impaired afler 3 days of traioing, In contras! to homozygotcs, tl1e hcterozygolt:s learn to find tl1e plaúorm 
with an additional 2 days of training. 

To extend these findings , we tested mice on anotl1er tasb: known to require hippocarnpal funclioo: 
contextua] fear conditioning. After a single trial, tl1e controls, but nol tl1e helerozygotes, were able to 
show contextual fear conditioning (40+5% and 6+4% respecti vely). However, tl1e helerozygoles d.id show 
conditioning toa discrete CS (tone; 43o/o:t5) , wtúch is known to be b.ippocampal iodependent. Similar! y lo 
the water maze, the heterozygotes showed significan! contextual conditioning (43+4%) witl1 extended 
traioing (5 trials); homozygoles did nol Our results show that des pite irnpaired short-rerm plasticity, 
heterozygotes ha ve normal L TP (CAl), and suggests thal their defi cils in hippocampal short-term 
plasticity could underlie the behavioral irnpairments detectcd in ltippocampal-dep ~ ndent lasks. To furtl1er 
address tl1i s possibility we looked at another mutant (mice lacking Synapsin I) witl1 normal CAl LTP bul 
abnormal short-term plasticily (increased PPF [6]). The results were consisten! with our rnodel since 
synapsin l mice only learned as well as controls after intensive rraining (contextua! condilioning task). 

Il- Thc cAMP Responsive Elemcnt Binding Protein (CREII) is requircd for LTP and for long-term 
memory. 
CREB is a factor tl1al med.iates transcriptional responses lo changes in tl1c intracellular concentration of 
cAMP and Calcium (7]. lnterestingly, phosphorylation of CREB at scrine 133 iocreases dramatically its 
ability to promote rranscription of CRE containing genes. CaMKll and PKA botl1 phosphorylate CREB at 
ttús si le. Since studies in our laboratory had involved CaMKll in learoing, and in the induction of long­
term potentiation (L TP) in the ltippocampus we determined whetl1er CREB is involved in tl1c mainlenance 
of LTP and in memory consolidation. CREB has al so beco implicaled in tl1e acti vation of protein syntl1esis 
rcquired for long-term facililation [8], a cellular modcl of mcmory in Aplysia. Our studies witll fear 
condi tioning and with tl1e water maze show that mice with a targeted disruption of the a and li isoforrns of 
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CREB are profoundly deficieut in long-term memory. In contras!, short-term memory, lasting between 30 
and 60 minutes, is normal. Consisten! with models claiming a role for long-term potentiation (L TP) in 
memory, LTP in hippocampal slices from CREB mutants decayed to baseline 90 minutes after tetan.ic 
stlmulation. However, paired-pulse facilitation and post-tetanic potentiation are nonnal . These results 
implicate CREB-dependent transcription in mammalian Jong-term memory [9]. 

111- The mutation of the NFI GTPase activating protein (NFI-GAP) gene in mlce affects behavior 
and synaptic transmission. 
Recent biochernical studies in our laboratory show tllal the a.CaMKII can phosphorylate the NFJ GAP 
(neurofibrorn.in), a protein that whcn mutated causes the genetlc disorder known as Neurofibramatosis 
type 1 (NFl) . NFl is an autosomal dominant genetic disorder affecting 1/3500 humans. The 
manifestations of this disorder are complex, but they hnve a clear impact on tumorinogenesis and on the 
function of the CNS: in 30-50% of cl1ildren affected, the partialloss ofthe NF1 protein leads to cognitive 
deficits and Jearrúng disabilities (and sometimes seiz.ures). The NF1 protein is the most abundan! GAP in 
the brain, and it is known to be highly enriched in the cytoskeleton and in dendritic endoplasmic 
reticulurn of neurons. 

We have studied a mouse with a targeted disruption of the NF1 gene [ 10]. Similar ro humans, the 
homoz.ygous mutation is Jethal in mice. Strikingly, the heterozygous mutan! mice have subtle but 
significan! "1earrúng" deficits: Performance in the hidden-platform version of the Morris water maze is 
impaired, while performance of the mutaot mice in the visible-platform version is indistinguishable from 
controls. We also generated mice with heterozygous mutations on NFI, aod on either the NMDA receptor 1 
(NMDAR1), or aCaMK.Il. In both cases the addition of the NFI heteroz.ygous rnutation exacerbated 
sigrúficaotly the "learning" deficits of the mutant mi ce. Additionally, electrophysiological analysis showcd 
tllat the NF1 protein is involved in the rnodulation of synaptic function. These data dernonstrate that the 
NFI rnutation affects brain function in rnice, and they suongly suggest that the mutaot rnice are an 
irnponant rnodel to investigate the etiology of the neurological disorders associated with NFI . These 
srudies suggest that this approach might be useful to rnodel neurogenetic disorders. 
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ERIC KANDEl 

Howard Hughes Medica! lnstitute Research taboratories 
Columbia Unlversitv College of Physicians and surgeons 

722 west 168ttl street 
NEW YORK, NY. 10032 (USAl 

GENES, SYNAPSES ANO LONG-TERM MEMORY 

Cognitive psychological studies have shown that there are at least two distinct types of 

learning: learning about people, places, and things (explicit or declarative forms of 

learning), and learning motor skills and perceptual strategies (implicit or procedural 

forms of learning). These two forms of leaming have been localized to düferent neural 

systems within the brain. Explicit leaming requires regions within the temporal lobe of 

the cerebral cortex including the hippocampus, whereas implicit leaming involves the 

specüic sensory and motor systems recruited for the particular task (for review see 

Squire, 1992). As a result, implicit leaming has been studied in a variety of simple reflex 

systems, including those of invertebrates such as Aplysia, Hermissenda, and Drosophila. 

By contrast, explicit forms of leaming can best (and perhaps only) be studied in 

mammals. 

ln my talk I will consider the question: To what degree do thes two majar leaming 

processes share common molecular steps? 

One clue to shared mechanisms comes from the study of memory storage, the 

retention of information acquired through leaming. Memory has stages, and is commonly 

divided into two temporally distinct phases, short-term memory which lasts minutes to 

hours, and long-term memory which can last days, weeks, or even longer. Studies of both 

implicit and explicit leaming indica te tha t a transient application during leaming of 

inhibitors of mRNA and protein synthesis selectively block the induction of long-term 

memory without affecting short-term memory. By contrast, a similar application of 

inhibitor has no effect on the maintenance of long-term memory once it is established. 

These studies suggest that the switch to long-term memory requires the induction of 

genes and proteins not required for the short-term memory. 

I will describe recent studies that have begun to identify some of the proteins 

involved in the switch from short- to long- term memory. Studies of sensitization of the 

gill- and sipbon-withdrawal reflex in Aplysia, a simple form of implicit learning, have 
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revealed a representation of short- and long-terre memory at the cellular level. Training 

leads to a strengthening of the connections between the sensory and motor neurons of 

this reflex. The short-term enhancement of synaptic strength occurs by means of post­

translational modification of preexisting proteins mediated primarily by the presynaptic 

action of cAMP-dependent protein kinase (protein kinase A) but also involving protein 

kinase C, wbich results in an increase in transmitter release from the presynaptic 

terminals of the sensory neurons . The long- term process requires cAMP-mediated gene 

expression and new protein syntbesis, which results in the growth of new synaptic 

connections. Studies by Yin, Quinn, Tulley and their colleagues have shown a similar 

dependence of long-term memory in Drosophila on cAMP-mediated gene expression. 

Is there a similar representation of memory storage for explicit forms of leaming 

in the mammalian brain? Memory storage for explicit forms of leaming requires 

structures within the temporal lobe including the hippocampus. Tbe hippocampus itself 

has three majar (and a number of minar) synaptic relays in series. Input to the 

hippocampus comes from the neurons of the entorrhinal cortex by means of their axons, 

the perforan! pathway, that synapse on the granule cells of the dentate gyrus. The 

granule cells in turn send their rucons, the mossy fiber pathway, to synapse on the 

pyramidal cells of the CA3 regían. Finally, the axons of the pyramidal cells in the CA3 

regions, the Schaffer co/lateral pathway, termínate on the pyramidal cells of the CAl 

region. Each of these pathways makes a direct monosynaptic connection on its target 

cells, and damage to a single pathway witbin the hippocampus is sufficient ;:o produce 

memory disturbance in humans. 

In 1973 neurons of the hippocampus were shown to have plastic capabilities of the 

kind that might be required for memory storage. Brief, high-frequency trains of action 

potentials in any one of these three neural pathways within the hippocampus produce an 

increase in synaptic strength in that pathway. The increase can last for hours in the 

anesthetized animal and for days and even weeks in the freely-moving animal. This 

activity-dependent increase in synaptic strength is called long-term potentiation (LTP). 
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These three pathways can be studied ex vivo in hippocampal slices, where all three 

pathways have been sbown to use glutamate as their transmitter, and in all three 

pathways LTP looks quite similar. Nevertheless, the pathways use two different 

inductive mechanisms for triggering LTP, distinguishable both by the critica! roles of 

different glutamate receptors in initiating LTP and by the pre- or postsynaptic locus of 

induction. In the medial perforant and the Schaffer collateral pathways LTP is initiated 

in the postsynaptic cell. Induction involves activation of the NMDA-type glutamate 

receptor and requires influx of Cal+ into the postsynaptic cell through the NMDA 

receptor channel. By contrast, LTP in the mossy fiber pathway is induced 

presynaptically and requires neither activation of the NMDA receptor nor Cal+ influx 

into the postsynaptic cell. 

LTP has been studied extensively at the NMDA-dependent synapses, and 

particularly in the synapses of the Schaffer collateral pathway. Here, the Cal+ influx 

triggered by activation of the NMDA receptor recruits severa! second-messenger kinases 

in the postsynaptic cell, including calcium/calmodulin kinase n, protein kinase e, and 

tyrosine kinases. Once induced, LTP in the Schaffer collateral pathway shows distinct 

phases. There is an early phase, lasting 1 to 3 hours, that does not require protein 

synthesis, and a later persistent phase that requires the activity of PKA as well as new 

protein and RNA synthesis. 

Is the requirement for cAMP-mediated protein and RNA synthesis a general 

feature of LTP in the hippocampus? Does NMDA receptor-independent LTP ÍI) the mossy 

fiber pathway also have this requirement? In the mossy fiber system, LTP has both an 

early and a late phase and PKA contributes to both phases. We have foWld that the early 

phase is induced presynaptically and involves a mechanism that is protein synthesis­

independent, whereas the late phase, whose locus of expression is as yet undetermined, 

requires protein and mRNA synthesis. 

Thus, the early phase of LTP in the mossy fiber synapse, which involves PKA, is 

distinct mechanistically from the early phase of LTP at the Schaffer collateral synapses, 

which depends instead on the Cal+/calmodulin kinase, PKC, and tyrosine kinases. The 



Instituto Juan March (Madrid)

30 

roechanisms for the early phase of LTP in tbe two pathways are distinguisbed not only by 

the kinases recruited for their expression but also by the locus of induction. Schaífer 

collateral LTP is induced postsynaptically and requires activation of the NMDA receptor 

channel and the subsequent influx of CaZ+. By contrast, LTP in the mossy fiber system 

is induced presynaptically and does not require activation of NMDA receptors or CaZ+ 

influx into tbe postsynaptic cell. 

Despite these düferences in induction and expression of the early phase, the 

mechanisms for the late phase of LTP in these two synaptic pathways seem similar in 

outline, although they are likely to düfer in detall. In both pathways, the late phase is 

dependent on new RNA and new protein synthesis, and in both cases, the cAMP­

dependent kinase seems to be involved. In turn, these mechanisms for the late phase of 

LTP, tbought to be important for long-term memory storage following explicit forros of 

learning, resemble tbose utilized in Aplysia and in Drosophila for storing bebavioral long­

term memory for implicit tasks. This convergence of findings suggests that even though 

iroplicit and explicit forros of learning are fundamentally different, they do not 

necessarily use düferent mechanisms for storing long-terro memory. Rather, the two 

different classes of learning can, at least in certain cases, use a common class of 

molecular mechanism for converting a labile, short-term forro into a stable, long-term 

forro: the induction of genes by cAMP and PKA. As a corollary, these several findings 

suggest tbat, even though düferent forros of learning recruit activity in a variety of 

parallel and distributed neuronal pathways (each of which is likely to have a,number of 

synaptic relays capable of giving rise to distinctive short-term processes), the molecular 

mechanisms utilized at these various sites for the storage of long-terro memory may be 

quite restricted and conserved. 
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Neuronal Mechanisms of Perception 

Wolf Singer 

Max Planck Institute for Brain Research, Frankfurt/Main 

The cerebral cortex, a 2 mm thin sheet of nerve cells and connections covering the 

cerebral hemispheres, is the latest invention of evolution and the substrate of the 

cognitive abilities and motor skills which distinguish humans from primates and 

lower mammals . Because the intrinsic organization of the neocortex is strikingly 

similar across areas devoted to different functions one has to infer that the 

computational operations performed by different cortical modules are similar and of 

such general nature that they can be exploited for functions as different as object 

recognition, orientation in space, motor control and language. 

One primordial function appears to consist of the selective association of distributed 

input signals and the representation of the resulting constellations by neuronal 

responses . When viewing a complex visual scene, e.g., a very large number of 

neurons in many different cortical areas are activated simultaneously and the visual 

system has to resolve the task to identify those subsets of responses which are 

associated with a particular object. These selected responses then have to be bound 

together for further joint processing and it needs to be assured that they do not get 

confounded with the responses originating from other objects or the embedding 

background. One solution to this binding problem consists of the implementation of 

binding units which receive converging input from selected subsets of feature coding 

neurons and which respond only if the respective set of input neurons is c!)njointly 

activated. The responses of individual binding units would then signa! the presence 

of the specific feature constellation characterizing a particular perceptual object. 

However, there are limits to this binding strategy as it seems unlikely that specific 

binding units can be implemented fo r the nearly infini te number of possible fea tu re 

constellations that ha veto be coped with in perception. 

A complementary solution to the binding problem is the dynamic association of 

sclected neurons by creating functionally coherent cell assemblies. ln that case all 

members of the assembly represen! conjointly a particular constellation of features, 

or at higher levels, a whole perceptual object . This greatly economizes on the number 

of required cells because a particular cell can join at different times different 

assemblies and hence can participate in the representation of many different 

constellations of features . The problem here is how responses can be selected and 
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flexibly bound together into assemblies that are easily identifiable for further joint 

processing. A common strategy to select responses consists of increasing their 

saliency. This can be achieved in two ways. The selected cells could be made to 

discharge more frequently as this enhances their impact on target cells at the next 

processing stage dueto temporal summation. Another way to increase the impact of 

a neuronal discharge is to make it coincident in time with discharges of other 

neurons provided these contact the same target cells, because simultaneously 

arriving inputs summate particularly effectively. The advantage of response 

selection by synchronization is that it permits to create different assemblies in rapid 

succession without running the risk that they get confounded . The reason is that 

unlike increased discharge rates coincident inputs can be detected without requiring 

temporal integration. The particular properties of cortica l networks, their high 

degree of divergence and convergence, the low efficacy of individual excita tory 

synapses, relatively low firing rates and short integration intervals are favorable for 

response selection by synchronization. 

Over the past few years experimental evidence has become available that cortical 

neurons are indeed capable of synchronizing their discharges with the required 

precision and flexibility . Predictions on specific relations between neuronal 

synchronization and stimulus configurations could be confirmed and cortico-cortical 

association fibres have been identified as substrate responsible for such feature 

specific response synchronizat ion. Thus, it is likely that one of the prominent 

functions of neocortex, the representaban of perceptual objects - which requires 

selection and binding of specific constellations of input signals - is achieved by 

dynamic selection and association of responses in parallel and distributed 

architectures by synchronization and coincidence detection. 
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Daniel L. Alkon, M.D. 

Chief, Laboratory of Adaptlve Systems 
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A non-Hebblan Synaptic Transformatlon for Memory Storage in 

the Hlppocampus 

Abstract. Human memory is characteristieally associativc or relational. 

Thus, we typically do not remember isolated bits of information, but the 

relations of those bits in time nnd spacc. Human memory is also 

characteristically extremely long-lastin¡;, often pcrsisting for many decades. 

Our stratcgy to uncover how relations are learned and stored for such 

durations by ccllular and subcellular mechanisms began with a search for 

fundamental networlc architectures responsible for a simple learned relation 

such as Pavlovian conditioning. We thcn idcntified molecular and biophysical 

steps in memory storage that are conserved and, thcrefore, prcsent in rcduced 

nervous systems (e.g., that of a mollusc) as wcll as far more corriplcl\ brains 

(e.g., those of mammals). Evidencc for such conservatlon was obtained for: 

( 1) behavioral featurcs of associative mcmory; 

(2) synaptic transmission; 

(3) íonic channels; 

( 4) second rnessengers; 

( 5) protein substrates; and 

( 6) regulation of gene transcription. 

Onc examplc.: of a conscrved change in molluscan and rnammalian synapscs 

during associative learning paradigms is a new phenomenon which wc call 

Long-Tcrm Transformation or LTT. To summarize. L TT of a GABAergic response 

frorn ~ynaptic inhibition to excitation, can be induced in CAl pyramidal cclls. 



Instituto Juan March (Madrid)

34 

This obs.ervation extends to a mammalian brain structure, the rat 

hlppocampus, a novel long-term synaptic modification reccntly observed in 

the visual-vestibular network of thc mollusc Htrmlssenda. Pairing of pre- and 

post-synaptic excitation transformed l.p.s .p.'s ellcited by basket cell 

stimulatlon into e.p.s .p.'s. This transfonnation was blocked by furosemide but 

was not eliminated by APS together with CNQX. Moreover, exogenous GABA, 

when · paircd with post-synaptic depolarization, also produced LTI. Tbis 

transformation of inhibition into cxcitation, produced by 5-10 pairings , 

pcrsisted for more than 60 minutes. Otber cxperiments provide C\'Ídence that 

palrin¡:-induced long-tenn potentiation (L TP) and L TT sharc common 

undcrlying mcchanisms . Each is blocked by furosemide, a CJ· pump blocker 

that elimlnates soma but not dendrltic GABAA clicited response. Botb L TT and 

pairin¡;:·induced LTP werc preventcd by 1 IJ.M anandamide. LTT differs from 

LTP in that the !alter produces prolonged quantitative changes (e.g., enhanced 

e.p.s.p.'s) whilc the former produces a prolonged qualitative (and thus non­

Hcbbian) response change (i.c., conversion of i.p .s.p. into an c.p .s.p.). 

L TI was initially observed with stimulus parameters chosen to si m u late 

sensory stimuli that produced Pavlovian conditloning of living animals . Thc 

role of this persisten! synaptic transformatlon, thcreforc, could provide a new 

behaviorally rclevant context for pairing-induced LTP. Receptor-mediated 

anandan1idc responses include inhibition of adenylatc cyclasc , blocldng N­

typc Ca2+ channel conductance, and enhanccment of K+ conductance. 

Anandamide's inhibition of L TT and associatively-induced L TP is consisten! 

with onc or more of thcse receptor-mediatcd inhibitory effec:s . It might be 

speculated that a physiological role for anandamide in bchavioral lcaming, 

thercfore, is to inhibit storagc of less relevant scnsed information that might 

obscure storage of information that is at the focus of attenlion. 
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RELATIONSHIP BETWEEN LONG-TERM DEPRESSION AND LONG-TERM 
POTENTIATION OF EXCITATORY SYNAPTIC TRANSMISSION IN 
NEOCORTEX AND HIPPOCAMPUS 

AArtola 

Depamnent ofNeurobiology, Swiss Fedenllnstitute ofTechnology Zürich. ETII-Hónggerberg. 

CH-8093 Zürich, Switzerland. 

The physiological substrate of memory ís likely to involve persistent, use-dependent 

changes in synaptic efficacy. Sínce the discovery of Iong-term potentiation (LTP) in tbe 

hippoccampusl, use-dependent enhancement of synaptic strength h.:J.s been observed in a Iarge 

number of braln. structures including neocortex.. In tbe majority of cases, induction of L TP is input 

specific and associati.ve; th.at is, modifications are restricted to the activated inputs, and synapses 

are potenriated only if there ís near simulraneous coinciden ce of synaptic activarion and adeqoate 

postsynaptic depolarization (for review see Ref. 2). More recen ti y, evidence has been obtained 

thatsynaptic transmission canalso undcrgo long-tec:n depression (LID). In contrast ro L1P, LID 

h2s boen observed to occar eíther at inputs wbose activation con tributes to the indoctíon of the 

modi:fication ('homosynaptic' LID) or at inputs that had been inactive during induction 

('heterosynaptic' LID) (for review see Ref. 3). 

The finding that injection of Ca2+ cbel.amts into the postsynaptic cell blocks LTP as well as 

LID2.3 strongly snpport a role for intracellular Ca2+ ([Ca2+J¡) in the induclion of both synaptic 

modificatious. It has been proposed4 that properties of the ea2+ signa! control the direction of 

change in synaptic strength: a small rise in. [Ca2+]¡ favors the induction of LID while a Iarger one 

lcads to LTP. Thi.s is supported by the notion that the induction ofhomosynaptic LTP requires a 

stronger postsynaptic depol..arization than tha.t of homosynaptic LID. fudeed. results obtain.ed, 

fi.rst in the visual cortex3 and subsequently in other brain arcas, ha ve led ro the notion of two 

volta¡e-dependent thresholds. Homosynaptic LTD is obtained if postsyn.aptic dcpolarizarion 

exceeds a critic3llevel (e-) bot remains below a second threshold (e+) whereas LTP is induced i.f 

e+ is reached. 

It is long known tbat raising extracellular ea2+ concentration ([Ca2+Jo) transicndy from 2 

to 4 mM for 10 min produces, after retum to 2 mM and in the abseuce of synaptic activation, a 

maxked LTP in all hippocaiilpal areas6,7_ The same exposure to elevar.ed (Ca2+]0 initiares LID in 

excitatory synapSe.s Iocated in layer II-m pyramidal cells of the rat visual cortex.. Thís Ca2+_ 

induced LID occludes homosynaptic (teta.nus-induced) LTD. As Ca2+-induced LTP in the 

hippocampus, ea2+-induced LID in the neocortex is voltage-<lependent Comparison between the 

results obtained in hippocampus8 and in neocorr.ex shows rlill t Ca2+_inducai LTP is obtained at 

more depolarized membrane potentials than Ca2:+--induced LID. The two thresholds for Ca2+_ 

induced LTD and LTP resemble those for súmulation-induced LTD and LTP. Thc:se results 

suggc::st 1/ th.at a transient in crease in (Ca 2+ ]¡ is alone sufficient t.o elicit a syna pti e modific:uion 

and '21 that whether, at any given instance, a synapse potenti:ues or depresses may depend in part 

on th.e spatialand temporal dynamics of changes in postsynaptic [Ca2+]¡ . 
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Several obsuvations in hippocampus indicat.e that two different enxyme cascades initiar.e 

either L1D or LTP. Although a protein phosphataso casca.de is involved in L11)9. 10, it is thought 

that a cascade of protein Jdn.ases2 may contribute to the induction of LTP. Thos the control of 

syru¡ptic efficacy at excitatory synapses may be under the regulation of a complicated netwotk of 

interacting and mumally regulatory signalling cascades, the functions of which are to control the 

phosphorylation state of ctitical substrate phosphoprotcins. It remains to determine the critical 

stib.strate proteins contributing to the control of synaptic efficacy _ 

lBliss T. V .P. and Lomo T. (1973) J.PhysioL, 232, 331-356; 2Bliss T.V.P and Collingridge G. 

(1993) Naturt! 361, 31-39; 3Artola A. and Singer W. (1993) TINS 16, 480-487; 4Lisman J. (1989) 

PNAS 86, 9574-9578; 5Artola A., Brocber S. and Singer W. (1990) Nature 347, 69-72; &rumer 

R.W., Baimbridge K.G. and Miller J. (1982) NeuroscL 7. 1411-1416; 7Mody L. Baimbridge 

K..G. and Miller J. (1984) NeurophamUJ.col. 23, 625-631; 8Grover L.M. and Teyler T.J. (1990) 

Brain Res. 506, 53-61; 9Mulkey R.M., Herron C.H. and Malenka R. C. (1993) Sclmce 261, 1051-

1055; 10Mulkey R.M.., Endo S., Sbenol.ikar S. and Malenka R. C. (1994) Nano-e 369, ~6-488. 
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Daniel L. Alkon, M.D. 

Chief, Laboratory of Adaptive Systems 

National Institutes of Health 

A Role for a Specific G-protein That Regulates Protein Synthesis in 

Memory Storage and Alzheimer's Disease 

Abstract. Recent observations of Alzheimer's disease (AD)-specific changes 

of K+ channels and of receptor mediated , IP:¡-induced intracellular ca2 + 

release in human fibroblasts , and n:lated K+ channel changes in human 

olfactory neurobla~ts togcther with sorne of our other obscrvations. suggestcd 

that there may be kcy protelns (othcr than ~ - amyloid and tau) that are critica! 

for AD, but also conUibute to storage of associativc memory . To idcntify such 

proteins and their physiological functions. we undenook to analyze a spccific 

mcmory-associated protein , cp20, in fibroblasts from AD and control donors. 

cp20. a high·affinity substratc for PKC, shows specific diffcrences of 

phosphorylatlon in neurons of molluscs and mammals that undergo 

associative leaming. In response to temporally specific training stimuli in 

such paradi¡tms as Pavlovian conditioning and spatial water maze leaming. 

elcvation of intracellular Ca2+ togethcr with DAG and arachadonic acid cause 

translocatlon and thus activation of protein ldnasc C (PKC) and 

phosphorylation of cp20. This GTP-binding protein, which induces a ñumber 

of memory·spccific neuronal changes [e.g., K+ currem reduction . focusing of 

synaptic tenninal branchcs], also regulatcs retrograde axonal transpon and is 

a membcr of the ARF-protein family that has been implicatcd in the 

trafficking of panicles bctween tbe Gol&i and tbe endoplasmic reticulum. In 

addition, it has bccn recently found that cp20 acli vates DN A transcription in 

nerve cclls, which corrclates with our previous findines showing incrcased 
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mRNA synthesis in condiúoned animals. Moreover, cp20 was found highly 

enriched in ribosomcs and nuclei of both squid optic lobe and sea urchin 

oocytcs. Takcn together, these obscrvations indlcate that cp20 may be an 

imponant componen! of a signa! transduction pathway that includcs 

regulation of gene transcription and is essential in memory storage proccsses. 

Wc rcport here that cp20 is conslstently and markcdly reduced in the 

fibroblasts of both AD paticnts and non-affected clase rclatives of AD patients, 

but not in aged-matchcd controls who are no! mcmbers of famili ties with 

hereditary AD. Incubation of normal fibroblasts with low concentrations of 

soluble ~-amyloid rcproduced the AD phenotypes for cp20 . 

These findings extend our previous observations showing that cellular 

steps (K+ chac.nel regulation, Ca2+ release) In memory storagc are altered in 

AD. Sincc cp20 is an extremely potcnt rc¡ulator of K+ channels. its abscncc or 

reduction in AD could havc sorne relatlonship to the prcviously observed 

diffcrenccs of l(+ chanmls for AD fibroblasts and olfactory neuroblasts . The 

prevlously demonstratcd rcgulat ion by cp20 of retrograde axonal transpon, as 

well as its sequemial homology with the ARF protein Sarlp (inv-olvcd in 

vesicle trafficking), suggest that its absence could also influcnce the 

predisposition to and/or development of thc proteinaceous plaques and 

ncurofibrillary tangles that characterize AD pathology in thc human brain . 

These pathological proccsses , like cp20, directly or indircctly invo lve vesicle 

trafflcking and, possibly. altcrations of microtubule-associatcd protcins . 

Phosphorylation of tau (a potcntially pathological event) by mitogen-activatcd 

protein (MAP) kinase, can be prometed by APP (amyloid precursor protein, 

the protein from which ~-amyloid originales) and prcvcntcd by inhibitlon of 

ras proteins. The ras involvement in this process is intriguing, smce ras and 

cp20 sharc functional propenies and al so so me degree of homology . 
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Behavioral and Cellular Analysis of Habituation in c. elegans 
Catharine Rankin, Department of Psychology, University of British 

Columbia, Vancouver, B.C. Canada, V6T lZ4 

The development ot c. elegan5 as a system for the study of 
learning an mernory offers a nurnber of unique opportunities for 
answering questions concerning the cellular mechanisrns of learning 
and memory. These opportunities are the result of the wor.ms 
simplicity and the large amount of biological research that is has 
focused on C. elegans. C. elegans is a self-fertilizing 
hermaphroditic namatode that has bean the target of intensiva 
developmental, anatomical and genetic analysis. The complete cell 
lineage is available for each of the 959 somatic cells (Sulston 
et.al., 1986; Sulston et.al., 1988). The nervous system of c. 
eleg~ns consists of 302 identified neurons that have been mapped at 
the electron rnicroscope level, with all morpho1ogically distinct 
electrical and chemical synaptic zones recorded (White et.al., 
1986; White et.al, 1988). In addition C. elegans has been the 
target of genetic analysis; investigators frorn around the world 
have cornbined their findings to map over 95% of the genorne 
(sumrnarized in Coulson et.al., 1986 and Hodgkin et.al, 1988). 
r ·urt:.nennore 1 a .LcsL·c,¡tl nwnt~eL u t. mu l.CSII'- ::t l.Lalms lle1 vt:l I.Jt:lt:lH l>•uld.l..te<..l 
and the molecular basis of the many of the various mutations 
determinad. Since C. elegans can survive freezing (at ternperatures 
around -B0°C) these mutant strains can be collected and stored 
indefinitely; for a review of much of the research on c. elegans 
anda listing of available mutant strains see W. Wood, 1988). 

In our experirnents we have focused on a simple reflex behavior, 
a withdrawal response to vibratory stimulation that we :tave called 
the tap withdrawal reflex. This reflex shows the forms of non­
associative learning of habituation, dishabituation and 
sensitization. In addition we have demonstrated that the tap 
withdrawal reflex shows long-term rnemory for habituation training 
for at least 24 hours, a considerable fraction of the wonms 14 day 
lifespan (Rankin, et. al., 1990). We have made considerable 
progress in understanding the behavioral characteristics of 
habituation in the tap withdrawal reflex and the neural circuit 
underlying it. 

In the research reported here I will focus on our work on 
habituation which Graves and Thornpson (1970) defined as the 
decrease in response magnitude that results from repeated 
stimulation. We have shown that, like many other organisms, c. 
elegans shows greater habituation and !aster spontaneous recovery 
to short ISis than to long ISis (Rankin and Broster, 1992) and that 
the ISI is a more important component in determining recovery than 
are the number of stimuli received and the arnount of habituation 
present. In a second series of experiments (Broster and Rankin, 
1994) we investigated the effect of changing !SI on habituation and 
recovery frorn habituation. We found that habituation is more rapid 
at fixed intervals than at variable ones for both long and short 
ISis. When we changed the ISI from long to short or from short to 
long halfway through training we found that recovery was at the 
normal rate for · the ICI delivered second. We also found that long 
ISis delivered first influenced the rata of habituation of the 
following short ISis but that short ISis delivered first did not 
appear to impact the following long ISI. All of our experimente 
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point to the importance of interstimulus interval in determining 
features of habituation. This has led us to hypothesize that 
habituation may be mediated by a number of different cellular 
mechanisms, that are differentially recruited by long and short 
ISis. Thus sorne of the cellular processes mediating habituation at 
a long ISI may be different from sorne of the processes mediating 
habituation at short ISis. 

In addition to our behavioral research we have also made 
considerable progresa in our understanding of the neural circuit 
underlying the tap withdrawal response through the use of laser 
ablation of identified neurons. We have tested the roles of more 
than 35 different identified neurons and combinations of neurons 
(in more than 900 worms) in response toa rnechanical tap to the 
dish and have shown that the tap withdrawal circuit consists of 3 
head-touch ce11s (ALML, ALMR, and AVM), 2 tail-touch cells (PLML 
and PLMR), and 5 pairs interneurons (AVAs, AVBs, AVDs, PVCs, and 
PVDs) and 1 putative stretch receptor (DVA). These neurons make up 
two competing circuits that are activated when a tap is delivered: 
the head touch circuit that produces reversals (swimming 
backwards), and the tai1 touch circuit that produces acce1erations 
(swimming forwards). Each of the two circuits has an input to the 
final observed behaviour, and plays a role in the plasticity 
observed in habituation. Studies of each circuit independently (by 
ablating the opposing sensory cells) have shown that the head touch 
~iL~uit habituates more quickly than the tail toueh eircuit, and 
the competition between the two circuits produces more rapid 
habituation than we would see with either circuit alone. No single 
neuron plays a major role in habituation, rather it appears that 
the decrements take place at varying rates over a number of 
synapses in the circuits. 

Through our studies of habituation and our ana1ysis of the 
neu rAl r.i rr.n i t . nnciP.rl yi ng i t. WP. hnVP. extended our understa.ndinQ of 
the process of habituation as well as our understanding of how 
neurons in a circuit work together to produce behavior. 
References 
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MODULATION AND SPECIFICATION OF OSCILLATORY MOTOR CIRCUITS IN 

LOBSTERS. 

Maurice MOULINS, John SIMMERS & Pierre MEYRAND. 

Laboratoire de Neurobiologie et Physiologie Comparées, Université de Bordeaux I & CNRS, 

33120 ARCACHON, FRANCE. 

It is now widely accepted that the ability of central pattem generator (CPG) networks to 

produce rhythmic motor behavior derives both from the synaptic interacúons between constituent 

neurones and their intrinsic membrane properties. Moreover, these synaptic and cellular properties 

are not invariant, but are subject to neuromodulatory influences that by modifying the bioelectrical 

behavior of individual neurones and/or the strength of their synapses, are able to adapt the outpur 

of a given motor circuit to the changing n~s _of the animal. Despite this ability to produce 

different functional configurations, the assurnption remains of a CPG as a predefined assemblage 

of interconnected neurones that is dedicated to a particular behavioral task and functionally 

distinguishable from other neural circuits responsible for other behaviors. However, our recem 

studies on the stomatogastric nervous system (STNS) of Crustacea has begun to question this 

concept of the CPG as a discrete structural and functional entity within the central nervous system. 

When the STNS of the lobster Homarus is isolated from the animal, it continues 

spontaneously to produce 4 fictive motor programmes (oesophageal, cardiac sac, gastric and 

pyloric rhythms) responsible for the different regional behaviours of the foregut. These 

independent pattems are generated by separate small networks comprised of different neurones 

and which operate at different frequencies. However, recentiyCl) we have shown that a single 

neurone, hitherto considered to be an integral member of the pyloric network, can at times leave 

the pyloric pattem and become active with the cardiac sac nerwork. This switching of a neurone 

from one nerwork to another is ensured by a specific modulatory induced alteraúon in the intrinsic 

membrane properties of the element itself. More recentlyC2)(3), we ha ve found that subject to the 

endogenous rhythmic discharge of a pair of identified interneurones, cenain elements otherwise 

participating as integral mernbers of these four STNS networks are reconfigured intó a single new 

functional circuit responsible for swallowing-like behaviour. This dynamic circuit construction, 

which arises from a functional breakdown of the preexisting STNS nerworks, is achieved by 

diverse synaptic influences of the rwo interneurones, involving conventional synaptic excitation or 

inhibirion of specific target neurones, and longlasting enhancement or suppression of their 

regenerative bursting properties. 

On this basis, therefore the selection of the motor programme responsible for a particular 

rhythmic behaviour requires that the underlying network must frrst be specified from a pool of 

neurones of disparate origin. In a wider context, moreover, this forces us to reconsider our 

thinking about the unit construction of the CNS; if our building block is the neural network, then 

we must be aware that a functional circuit may exist only in a panicular behavioral situation 

dictated by modulatory influences. 

(1) Hooper, S. & Moulins, M. (1989) Science 244, 1587-1589. 

(2) Meyrand, P., Simmers, J. & Moulins, M. (1991)Nature 351,60-63. 

(3) Meyrand, P., Simmers, J. & Moulins, M. (1994) J. Neurosci . 14, 630-644. 
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ON THE ROLE OF NITRIC OXIDE IN THE PROCESSING OF INFORMATIOl'i IN 
THE VISUAL SYSTEM J. CudeirO:, C. Rivadu!la, R. Rodríguez, S. Martínez-Conde, C . Acuña. ·opto 

Ciencias de la· Salud!, Univ. de La Coruña. Opto. Fisiología, Univ. Santiago. 

1l1e visual cortex a.nd the visual thalamus contain neurons or neuronal elements that rnay releas e one 
of a variety of putative neurotransmitters including excitatory aminoacids, the inhibitory aminoacid 
GABA and severa! neuromodulatory sub~1a.nces such as serotonin. histamine, norepinephrine or 
acdylcholine. Traditionally, excitutory and inhibitory a.minoacids have been proposed to be utilized 
by the "specific" neuronal networks that perform the computations associated with neuronal sensOf)' 
processing, while neuromodulators are utilized by the "modulatory" network systems that are thought 
t o control thc overall excitability and pattem of activity genera.ted in thalamocortical systems in a 
state-dependcnt ma.nner. One of such putative neuromodulators, acetylcholine, presents a widespread 
localization both in the visual conex and in the dorsal lateral geniculate nucleus ( dLGN). and it has 
been implicated with shifis in attcntion and i.ncreased arousal (see Singer, 1977: Fibiger, 1982). In the 
v isual cortex, acetylcholine is found in tenninals of fibers arising in the basal forebrain, and in the 
dLGN in fibers arisi.ng in the parabrachial region ofthe brainstem. Interestingly, recent evidcnce has 
shown that nitri c oxide synthase (NOS), the enzyme responsible for the production of nitric oxide 

(NO), is also looalized within cholinergio terminals (Bickford et al.,l993 ,1994). This raises the 
possibility that NO may actas a novel neuromodulatory substance in the visual systern. 

We have r=-~tly presented preliminary evidence using iontophoreti.:: appli.::ation of putative inhibitors 
of NOS that, within the cat LGN, NO acts lo enhance visual responses, speci.fically and selectively 
enhancing NMDA mediated excitation (Cudeiro el al., 1994a,b). In arder to examine the mechanisrns 
ofthis effect more fully, we. ha ve derived dos.::-response curves for excitatory aminoacids and for the 
non-aminoacid excitan! ACh in the presence and absence of the competitive inhibitor ofNOS, NG­
nitro-L-Arginine (L-NOArg). The NO donor nitroprusside was also tested. \Ve also presenl here 
preliminary data, suggest ing that NO plays a similar rol e in the cal visual cortex. Experiments were 
carried out on adult cats anesthetized with a mixture ofN,O (70%), O, (30%) and halothane (0.1-5%) 
and paralyzed with gallamine (1 Omglkg/h). Seven barrelled micropipettes were used for recording 
single-unit activity and the iontophoretic application of drugs , both, in the dLGN and i.n the primary 
visual cortex. 

Iontophoretic applicat ion of in.hibitors of NOS resulted both in significan! decreases in visual 
responses, without change in response selecti vity, and decreased responses to exogenous ápplication 
ofNMDA 1l1ese effects were reversed by co-application ofthe natura l substrate for NOS, L-arginine, 
but not the biologically inaotive isomer, D-argi.nine. Ni troprusside, a NO donor, but not L-arginine, 
was able lo increase markedly both spontaneous activity and the responsiveness to NMDA application. 
Responses of cell s in animals without retina!, cortical and parabrachial input 10 the dLGN suggest a 
post-synaptic site ofaction ofNO. This modulation ofthe gain ofvisual signals transmitted to the 
co1iex suggests a completely novel pathway for NO regulat ion of funotion, as yet described only in 
primary senSOI)' thalamus ofthe mammalian Cl'\S . The d Tccts scen in the. visual corte.'\ a lso indicate 
that NO contributes to visual processing at this leve l. 

-Bickford ME, Gtm1ük AE, Guidc W, Shenmm SM (1993) J Comp N curo/ 334: 41 0-430. 

-B ickford lv!E, Gün1ük .'\E, Van Hom SC. Shcm1an SM (l99J) J Comp N"urol 348:4 81-5! O 
-Cudeiro J, Rivadulla C, Rodríguez R. Martínez-Condc S, Acuña C, Alonso JM (l994a) .J Neurophysiol 71 146-149. 
-C ud eiro J, Gri eve KL, Rivadulla C, Rodríguez R, Martínez-Condc S, Acuña C (l994b) . Neuropharmacology 

33 : 14 13-14 18 
. Fibiger HC ( 1982) Brai11 Res. Rev. 4:327-388. 
- Singer W (1977). Physiol. Rev. 57:386-420. 
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DEVELOPMENT ANO ORGANIZATION OF REPRESENTATIONS IN THE 
MAMMALIAN CEREBRAL CORTEX 

Wolf Singer, Max-Planck-Institute for Brain Research, Frankfurt, F.R.G. 

One of the goals of neurobiological research is to understand how the brain 
constructs representations of its environment. Knowing the neuronal code of such 
representations is a prerequisite for any reductionistic explanation of cognitive 
functions such as perception, memory and learning. At present two hypotheses are 
pursued: One assumes that perceptual objects are represented by the responses of 
highly selective, object-specific neurons which are located at the top of hierarchically 
structured processing systems. The other favours the view that representations are 
distributed and consist of assemblies of cooperatively interacting neurons . A key 
feature of assembl:y coding is that individual neurons can participate at different 
times in different assernblies which greatly economizes the nurnber of neurones 
required for the forrnation of different representations. This, however, requires a 
versatile mechanisrn of response selection which allows to associate in a highly 
flexible way subsets of distributed neuronal responses for further joint processing. 
Here, it will be proposed that synchronization of responses could serve as 
rnechanism for the dynarnic selection and binding of responses beca use it raises with 
great precision and without requiring time consuming temporal integration the 
saliency of responses containing synchronized epochs. Experirnents will be reviewed 
which have been designed to test predictions derived from the synchronization 
hypothesis. It will be shown that feature selective neurons in the visual cortex can 
synchronize their discharges if activated by the outlines of the same visual object and 
that synchronization probability reflects sorne of the established Gestalt criteria for 
perceptual grouping. Evidence is further provided, that this synchronization is 
achieved at Ieast in part by cortico-cortical association projections. The architecture 
of these connections . is shaped during postnatal development by an 
experience dependent process. Experiments with strabisrnic animals suggest that 
cortico-cortical connections are selected according to a correlation rule and that 
modifications of these connections are reflected by altered synchrónization 
probabilities. Data will also be reviewed from strabisrnic animals which have 
developed arnblyopia. Correlation analysis of multi-electrode recordings suggest 
that the amblyopic deficit is associated with a reduced ability of cortical neurones to 
synchronize their responses. Finally, evidence will be provided that the cortica l 
connections rnediating response synchronization remain susceptible to 
use dependent rnodifications of synaptic efficacy in the mature visual cortex: they 
can undergo long-term potentiation and depression. It is proposed that these 
modifications serve the experience dependent generation of new assemblies such as 
is required for perceptual learning. It is proposed that these results are compatible 
with the hypothesis that temporal relations between distributed neuronal responses 
play an important role in cortical processing. 
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THE TRANSITION BETWEEN SHORT- AND LONG-TERM MEMORY: 

ROLE OF SYNAPTIC ADHESION MOLECULES 

Abstract of lecture at Instituto Juan March 

Madrid, February 28th 1995 

(Symposium on Cellular and Molecular Mechanisms in Behaviour) 

Steven PR Rose 

Brain and Behaviour Research Group, Open University, Milton Keynes 

MK76AA UK 

Long-term memory is supposed to depend on modulation of neuronal circuitry vía 
changes in synaptic connectivity. Both in behavioural models of learning and in long­
term potentiation, early synaptic transients involve a time-dependent cascade of 
processes including glutamate release, upregulation of NMDA receptors, synthesis of 
the putative retrograde messengers NO and arachidonic acid, PKC-dependent 
phosphorylation of membrane proteins and intracellular calcium signalling. There ha ve 
been proposals that long-term memory might simply require the permanent activation of 
enzymes involved in this sequence, such as CAMIIkinase. However, there is good 
evidence that if lasting storage is to be achieved, structural modification of synapses 
must occur, and that this is accomplished vía gene activation (mediated by transcription 
factors and immediate early genes) and the de novo synthesis of a family of 
glycoproteins, which, inserted into pre- and post-synaptic synaptic membranes, serve 
to stabilise synapses in a new configuration. 

We have studied both early and late phases of the cascade in a "naturallearning model" 
involving a one trial passive avoidance task in the day-old chick. I will present evidence 
for the involvement of glycoprotein synthesis in the late phase, occurring sorne 5.5-8hr 
posttraining. The glycoproteins involved include the neural cell adhesion molecules 
NCAM and Ll, and antibodies to either, or IgG or fibronectin fragments which bind 
homophilically to their extracellular domains, administered 5.5 hr postraining, will 
result in amnesia 24 or 48 hr later. A similar timewindow has been observed following 
passive avoidance training in rats, and there is also evidence for the role of cell 
adhesion molecules in the maintenance of LTP. Furthermore, weak learning,which is 
not normally retained beyond 6hr, can be potentiated by injections of corticosterone 
given around the time of training, and this dose of corticosterone enhances subsequent 
glycoprotein synthesis. Both the memory and the enhanced glycoprotein synthesis are 
blocked by steroid antagonists. Evidence that the effect of a number of so-called 
nootropic drugs is mediated by way of steroid hormones leads to a general model of 
long-term memory forrnation and points to novel possible directions in which 
phara.macological manipulation of memory may be attempted. 



Instituto Juan March (Madrid)

51 

learning-induced plasticity of auditory corte:x 

H. Scheich, H. Stark, W. Zuschratter, F. Ohl and C. Simonis 

Federallnstitute for Neurobiology (lfN), 
.Magdeburg, Germany 

The described investigations aim at elucidating the role of auditory cortex in 
acoustic avoidance conditioning and in this way at a central issue of the 
learning and memory problem namely the architecture of the sensory memory. 
Among at least seven fields in gerbil auditory cortex the primary field (Al) and 
the anterior auditory field (AAFl showed prominent tonotopic organization with 
parallel dorsoventral iso-frequency contours (Scheich et al. 1993, Thomas et al. 
1993). Aversive tone condítioning paradigms reshaped frequency receptiva 
fields of single units in Al in a specific way and also changed the spatial 
representation of tones in fluoro-2-deoxyglucose experiments (FDG) (Scheich et 
al. 1994). This suggests that spectral features as well as aspects of behavioural 
meaning of sounds may be representad in Al through Iearning. 

As one aspect of plasticity antibodies against the immediate early gene product 
e-Fas identify the spatial distributíon of neurons in auditory cortex which 
presumably change metabolism as a result of stimulation with novel auditory 
signals. Less than 3 min training with a novel tone led to tonotopic columnar 
expression of c-Fos in Al. Longer stimulation led to spreading of c-Fos 
expression across auditory cortex while habituation with the same tone 
prevented c-Fos expression. 

The search for transmitters which mediate this gene activation is greatly aided 
by microdialysis through chronically implantad probes in auditory cortex. So far, 
metabolites cif dopamine and serotonine transmission were found to reflect 
specific aspects of auditory avoidance conditioning in a shunle box. Notably 
dopamine seems to reflect the forming of a behaviorally relevant association. 

Scheich H., Heil P., Langner G. Europ. J. Neurosci. 5:898-914 (1993) 

Thomas H., Tillein J ., Heil P., Scheich H. Europ. J. Neurosci. 5:882-897 (1993) 

Scheich H., Simonis C., Ohl F., Thomas H., Tillein J. In: Structural and 
Functional Organization of the Neocortex. B. Albowitz, K. Albus, U. Kuhnt, H.­
Ch. Nothdurft, P. Wahle (Eds.). Berlín- Springer Verlag pp. 252-267 (1994) 
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SHORT-TERM AND LONG--TERM CHANGES OF MAMMALIAN CENTRAL 

NEURONS DURING ATTENTIVE STATES, MOTOR LEARNING AND 
REGENERA TION 

José M. Delgado-García 

Laboratorio de Neurociencia, Facultad de Biología, Universidad de Sevilla 

The behavior of most animals seems to be the result of the highly complex action of 

neural circuits able to generate the necessary and sufficient commands signals. The research 

work of a neuroscientist is (or should be) oriented to the understanding of the transfer 

function from neural activity to overt behavior. Even simple and stereotyped motor acts, as 

reflex responses, are, first, generated in defined neural structures and , second, susceptible of 

being modified in their gains (output motor commands/input sensory signals) according to, 
oras a function of, externa! circumstances - namely, they are able to learn. 

Por the most current point of view, the above-mentioned behavioral changes are 

supposed to be embodied in the molecular architecture of composing neurons during a process 
that indicates the plasticity of the involved neural system. When dealing with more complex 

neural networks (i .e., more complex behaviors) we are obliged to accept a wider range of 
variability, i.e. , plasticity. A slightly opposed view is that the plasticity of a neural system 

is -properly speaking- its physiology. This proposition means that research efforts should be 
directed to define the functional limits of a given motor ability (i .e. , the nictitating 

membraneleyelid reflex response) and the molecular and cellular bases of the supposed range 

ofvariability. In my opinion, the development of those neural properties that are commonly 

claims as higher functions (complex leaning tasks, declarative memory) is the result of the 

redundancy, structural undefinition and multiple use (S.G. Gould dixit) of different neural 
structures (nucleus, layers and circuits) , but not of well established (i.e. , functionally fixed) 

sensory-motor integrated networks. By definition, plasticity decreases and evolutionary 

processes tend to stabilize when a function is perfectly defined and adapted . 

Severa! examples will be introduced during the presentation that will cover the whole 

scope of the proposed title: 
i) Plasticity and/or variability embodied for 100.000.000 years in reflex ~esponses, as 

the vestíbulo-ocular reflex . 
ii) Very short-term changes (30-50 milliseconds) observed in th.e interaction between 

mossy and climbing fibers at cerebellar cortex and nuclei levels during attentive states and 

orienting movements. 
iü) Degree of adaptability (in term of months) of adult mammal motoneurons to new 

motor tasks when obliged to regenerate in a foreign muscle, and compensatory mechanisms 

activated in synergic motor systems by the surgery . 
iv) True learning (in term of days) as, for example, the change in the functional 

properties of brain stem circuits during the classical conditioning of the nictitating 

membrane/eyelid response. And, 
v) Restorative properties of the central nervous system of adult mammals after 

axotomy or removal of target muscles or motor neurons. 

As a central hypothesis of this presentation, it will be proposed that plastic phenomena 

responsible of the acquisition of new motor skills (described in iv) are similar to those 
observed during regeneration and reorganization of neural circuits following neural damage 
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(described in v) . In this sense, restorative, compensatory and adaptive responses of the central 
nervous system after the lesion of the neural tissue represents the obliged use of neural 
mechanisms available for changes in motor behavior when environmental changes made them 
necessary. 

References : 

l. R.R. de la Cruz, A.M. Pastor and J. M. Delgado-García, Effects of target depletion 
on adult mammalian central neurons: morphological correlates. Neuroscience, 58: 59-79, 
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Behavim·ally Lotluctd Neural Plasticity in the Cerebraland Cerebellar Cortices 
Manuel A. Ca.\l!o-Alarnancos 
Dept. 1\'eum;cicncc, T:Jrown ünivers iLy, Pro,·idence Rl02<JJ2, USA 

Recent data indicates that differcnt CNS structurcs (i.e. cerebral concx, cerebellurn ... ) are 
able to adapt to enviroruncmai changes and thatlhese adapt..1.tiom may be at thc basis of 
inforrnation storag<: and pr,H;essing. Onc plall. ~ ible hypothcsis which inspires currem 
research is that changes in synaptic cfficacy underlie norrnallearning and mcrnory 
prucesscs in which these su·ucturcs may be involved. Thc ha.~ic experimental cvidenc:: 
from whü.:h thesc ideas ha ve emerged in thc cerebral cortex are smdics showing 
n::organizational processes Ul ~ curring in this structun; after periphcral manipulations (i.c. 
nerve lcsions, arnputations .. ). More r:::ccnt evidence indicares that similar plast ic changcs 
rnay rned.iate processes such as functional recovery after brai.Jt darnage, the acquisition of 
motor abililie~. sensory disctimination abili Lies and otl1er expcricncc dcpemlent processes 
which occur thruughout the lifc of thc individual. The charactcristic of the.se 
reorganizations occurring in tbe cerebral cortex is its distrihuted nature. In c011U"as t, 
adaptations in response to experience involving sintplcr forrns of leaming (i.e .. associatc 
moror learning) which are typil·ally not cortical! y mcdiatcd and invo lvc: other sU11cmrcs 
(i .e cereb.:llum) may [uve a more !ocalizcd representaLicm. Simi lar mechanisms invoh·ing 
changes in synaptic cíiicacy (i.c. LTP. LTD) may be ~ hared by both. tl1e distributed and 
th~ localizcd acquircd represc.mat.ions. Th~ . involvement of specific pcptidcs in hasic forrns 
of lcarning med ¡;,.;~d by the cerebellun1, has rece.ntly been suggcstcd and this evidence 
links both the hehavioral proc~s~es (i.e. associative motor learning) and thc proposed 
synaptic mechanism (i .e. L TD). In the cerebral concx no link yct cxim hctween the 
l"Ortically mediated behaviors and changcs in synaptic srrcngth. Changes in ~ynaptic 
strcngtb havc rcccntly bccn dc;;cribed in the adult cerebral conex and interestingly seem to 
show anwng other characteristics area dependen! propertit:s which may ha ve irnponant 
functional irnplications. In conclusion, distributed or localized adaptative proccsscs are thc 
mirror of our experiences throughout life and the investiga !ion of the mcchanisrns 
responsible for these processes is providing insight on how thc brain acquircs. procc;;scs 
and swres inforrnaüon. 
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Social Control of Gene Expression 

Russell D. Fernald 
Stanford University 

Survival requires that animals modify their behavior in response to 

changing physical and social environments. Some responses , such as 

fighting or fleeing, are immediate and can be understood or at least 

described in terms of their proximate physiological causes. Other 

responses may result in long term changes in animals including tissue 

growth (or loss), modified responsiveness to signalling molecules, or 

other alterations in the regulation of physiological systems. We have been 

studying an African cichlid fish where the connection between physiology 

and behavior can be made visible and the consequence of social success 

can be traced directly to changes in the brain, both in the short and long 

term. In this species, territorial males inhibit the sexual maturation of 

nonterritorial males during development, and the continued presence of 

territorial animals prevents sexual reproduction by nonterritorial males. 

Moreover, after a mate becomes sexually mature and controls a territory , 

if he loses a territorial battle, he reverts to nonterritorial status and his 

gonads to regress rapidly . These changes are mediated by cells in the 

hypothalamus which contain gonadotropin releasing hormone (GnRH). The 

size of these cells and consequently the amount of GnRH they contain 

change in response to altered ~ocia! status in the maJe. That is, in males 

which become dominant , GnRH containing cells hypertrophy and 

conversely, in males which become nonterritorial the same cells shrink. 

How does the recognition of changed social status result in cell specific 

changes in size and ultimately in cell specific ch:mges in gene 

expression? We have recently cloned and sequenced genes which code for 

GnRH in this fish, and are studying their regulation in response to the 

social signals used to control social dominance. 
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The contextual guidance 

of learning and processing 

as a basis for cortical computastiou 

W A Phíllips 

Centre for Cognitive and Computational 

University of Stirling Scotland 

N( 11roscience 
1JK 

To be presented to the Workshop on Cellular and Molecular Mechanisms 
in Behaviour, Madrid, 27 February - 1 March 1995 

In most connectionist theories of neural computation local processors trc;u all of their 

inputs in essentially the same way, and their synaptic inputs adapt through either 

supervised or unsupervised Jcaming. The hypotheúcallocal processors described in this 

talk ha ve two distinct classes of input: receptive field (RF) input that pro vides the primat)' 

drive, and con textual field (CF) input that modula tes the effects of the primary drive. A 

transfer functíon will be described th.rough wh.ich the co~nextual predictions can guide 

processing so as to emphasize cohe.rent pattems of acúvity, but without becoming 

confused with the infonnation that is transmitted about the RF input. Long-range 

horizontal collatcrnls between cortical pyramidal cells provide a prima facie example of 

CF inputs. A possible role for thege inputs is to emphasize infonnation that is relevant to 

thc conte.xt within which it occurs. Infonnaúon theory wH! be used to make this goal 

precise, and thus to de.rive leaming rules for the RF and CF connections. The rules 

derived ha ve defin1te similarities to a fonn of synaptíc plasticity shown to occur in slices 

of ndult rat visual cortex. Símulations of mulú·stream multi-stage nets built from :c;uch 

processors show that they can discover the relcvant RF variables concurrently with and 

because of discovering the predictive relations berwe.en thcm. Anaromical, physiologicaJ, 

and neuropsycbological evidence that contexn1al guidancc 1U1d coherent populacion coding 

rr1ay w•.t.l·;butc. to oomputltion in rhp, rnam¡n¡lliall cerebral conex will be briefly outlined. 
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Increas~ng the number of synapses in Drosoph~la 

A. Ferrús. Instituo Cajal CSIC. Ave. Dr. Arce 37, M~~d 28002 

Learning is a facul ty dependent upon modifd.cation o.f 
synCiptic eff:icacy. The Hebbian mode~ of learn:ing postulates 
changas . in the number of active synapses as t~ cellular 
substra~ ;for learning. We ha ve maéle a utili tariap use of a 
Dro~op~la mutant to increase the number of synaptic contacts in 
arder to study potential changes in learning perfonnance. · 

The mutation gigas (gig) causes an increment of cell size 
of about three times in differentiating cells. This increment in 
e~ size resUlts in a correspond:ing increment of synapses in the 
case of :neurons. Although the mutant is lethal at the end of the 
th~d larval instar, we can analyze mosaics in wh:ich only the 
presynaptic neuron is rnutant while the rest of the nerwous :system 
is normal. Eased on these mosaics, we have found that the 
increment in synapse number is an autonomous prop~rty of the 
pr~synaptic cell which irnposes upon the normal postsynaptic 
counterpart an increment of about three times the normal number 
of contacts. We have characterized the morphological features of 
this type of mosaics in the case of the photorecepto~s by serial 
section ; reconstiuction at the EM. Also, mechano : end 
chemorec;:eptors have been studied by means o:f HRP retrograde 

· tracings. 

Each sensory modal :f. ty of mosaics ha ve been analyzed in 
behaviollral tests of phototaxis, cleaning reflex · and odour 
discrimination and sensitivity. We find behavioural changes in 
these responses ·coincident wi th the changes in synapse nurnber and 
corinect:ivity of these sensory neurons. The behavioural test 
evidence that the additional synapses are functiona~ and their 
input is integrated in the CNS evoking a coherent, albei t 
unusual, response. current experiments attempt to measure the 
thi'eshold for olfactory conditioning and its retentfon time. 

In addition, gig represents a convenient tool to reg:i.ster 
the electrophysiological activity of synaptic bouton$ directly . 

. Voltage ~a patch-clamp recordings have been obtained from these 
motorneuron terminals and a nurnber of new ionic condulitances have 
been :fou..'ld in a particular type of boutons known as type lii in 
the larVal :muscles. 

Re:fs.: 
CJUOU..L e.t: a.l. (1994) 7he prc;cynap:..!::: ~ell dct:IU'm.i..Des thc: n~e:- e! tyna¡:.ae5 i:"' t.!?:• I>:"'S:Qphila ortic 

ge\g:lie.. t'ur • .J. lleuro5~i. 6~ 14Zl-1-4J! . · 

n:M'O"S."- - and ~. l- (199') Th• Jl4ba•1Ds- 8roi.n of & Fly. Tre.nd5 in Nec.ro5cicnces. . ;17. 47'il-4~6. _ 
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Concluding remarks 

M. Heisenherg 

"N othing makes sense in che N eurosciences excepr in the light of behaviour." lltis 

simple truism follows directly from the famous statement of T. Dobzhansky: "Nothing 

makes sense in Biology except in che light of Evolution." Emphasis on behaviour in a 

scientific Iandscape in which a new glutamate receptor is valued more than a new 

behavioural paradigm, had been one of the guidelines in setting up the worksbop. 

During the meeting behaviour did emerge as a cornmon denominator of the di verse 

topics presented and was a recurrent theme in the intense discussions. It was apparent, 

however, tbat in the various projects behavioural research played very different roles. 

In sorne sturlies it was used as a kind of Lackmus paper to indica te the relevance of 

physiological or biochemical processes in the nervous system; in others it was 

analyzed toa degree that would allow deductions about and compa.rison with, the 

underlying neuronal machinery. In still other projects the ecological context of a 

particular behaviour provided the decisive cues for assessing the ~s of m~chanisms 

underlying it. Finally, in studies of human perception behaviour dwindled toa loose 

framework within which to search for the interna! constraints of the neuronal system. 

Yet, it was not just the behavioural research that made the meeting so special. For 

much of this century, or at the latest since the discovery of single-unit recording it had 

been the uncontested conceptual base of functional neurobiology th~t behaviour was to 

be explained by the properties of neurons and neuronal circuits in the CNS. This era 

now is over. Molecular genetics has successfully undermined this belief. Nearly every 

presentation during these three days vividly documented that mechanistic analysis of 

behaviour requires both cellular and molecular levels. The excitement pervading the 

workshop, I believe, carne from the solid and broad demonstration that behavioural 

mechanisms need to (and can) be understood in terms of molecular networb of which 

the cellular network is a part. 

No doubt, molecular genetics has been a major driving force in this quiet revolution. In 

most studies presented molecular genetic tools were used in one way or an other, for 

instance for generating functionally active substances, for assessing the molecular 

diversity of the neural tí~'Ue, for identifying cells, tracing neuronal circuits and 
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manipulating synapses. In many laboratories transgerüc animals, so far mainly flie!) 

and mice have entered the scene. More than that, molecular geneúcs is revealing in a 
quantitative manner to which astonishing degree phylogeny unifies the Neurosciences. 

We can learn from a synapse in a snailabout synapses in the hlppocampus. Similar 

processes underlie learning and memory in molluscs, flies and mammals. Homologou!i 

genes control eye development in flies and man. The ba!iic organization of brain ami 

behavíour may be common to all animals. 

It is too early to tell whether we are witnessing a renaissance of the behavioural 

sciences or whether the interest in the molecules of the brain will still prevail for sorne 

time. In any case, I believe, the workshop has publicised and advanced an important 
branch of the brain sciences: the integrative analysis of molecular, cellular and 

behavioral functions. Moreover, it has reviewed outstanding researcll and, most 

significantly, it has been fun. 
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Contribution of maxillary palp information to the olfactory bebavior in 

Drosophila melanogaster 

María Jesús Charro and Esther Aleona. 

Departamento de Biología Funcional (Area de Genética). Facultad de Medicina. 

Universidad de Oviedo. C/ Julián Claveria s/n, 33.071 OVIEDO. SPAIN. 

Maxillary palps have been proposed as secondary o1factory organs, afu:r the anr.ennae, in 

Drosophila melanogaster . Our study tries to quantify the relative importance of both 

organs as olfactory infonnation rnediators. Dose-response curves for three odorants: 

ethyl a.cetate. propiona.Jdehyde and ben2aldebyde were carried out for co.mparing olfaction 

in either complete animals or flies surgically deprived of antennae. Amennaless fi.ies 

tested in a Y -rna.ze behavioral assay showed indifferent, a.ttractant and ~llent responses 

depending on concentration, similarly as normal flies do. However, they clearly 

displayed less sensirivity than normal flies. The range of concentrations they were able to 

perceive was correlated to aruennal sensiti.vity approximately by a factor 1:10 for ethyl 

acetate and benzaldehyde, and between 1:10 and 1:100 at high concentrations of 

propionaldehyde. 

A cornplementary experiment was performed to test changes in olfactory behavior 

produced by removing maxillary palps in the prescnce o!' antennae. At hígh 

concentrations of odorant, responses to ethyl aretate and propionaldehyde experienced 

small changes when both palps were removed. Results are compatible with a swmnation 

model of all olfactory inforrnation reaching the brain either through antennae or palps. 

This summation rnust take place before brain integration of the olfactory inforrnarion 

sin ce maxillary palp information quantitatively affects the a!ülCtaDt-repellem decission. 
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INVOLVEMENT OF GENE EXPRESSION IN THE OLFACTORY BULB 
IN FORMATION OF ODOR RECOGNITION MEMORY IN RATS 

Konstantin Anokhin 

P.K.Anokhin lnstitute of Normal Physiology, 103009, Moscow, Russia 

Olfactory memory plays an i.mportant role in the behaviour of newbom rats. 

1l1e aim of this work was to study the involvement of the first relay structure of the 

olfactory system, the olfactory bulb, in the fom1ation of the odor recognition 

memory in yow1g rats and to investigate the role of gene expression in these 

processes. Rat pups of 1 O days old were trained to find a lactati.ng da m in a Y -maze 

using sunflower oil as an olfactory cue. Testing of olfactory memory took place in 

an odor preference test 1-24 hours later. Single training session of 8 trials was 

sufficient to establish a strong and selective preference of pups for the conditioned 

odor. Analysis of c-fos mRNA levels in the olfactory bulb after leaming has 

demonstrated a marked elevation of this inunediate early gene expression. Induction 

of c-fos in the olfactory bulb occured in al! experimental conditions whenever a 

novel odor was presented to a pup. Tllis increase of c-fos mRNA did not depend on 

the positive reinforcement or the success of Ieaming. In arder to inllibit the 

observed odor-induced gene expression a protein synthesis inh.ibitor cyclohexem.ide 

(CXM) was injected in the olfactory bulb at different times prior or after training. 

When i.njected 30 nlin befare training CXM suppressed in a dose-dependent 

mam1er the odor-recognition memory tested 24 hours later. At the same time it did 

not disrupt leaming of the olfactory task and its retrieval from 30 mfn to up to 9 

hours after trailúng. CXM was effective in induci11g amnesia only when injected in 

a short time window witlún one hour after the end of traitúng - the period wlúch 

corresponds to stinnllus-induced synthesis of inunediate-early gene encoded 

proteins. 

These results suggest that the olfactory bulb is cngaged in the storagc of the 

long-tenn odor recogiútion memory in rats and that consolidation of tllis memory 

is critically dependent on odor-induced gene expression in the olfactory bulb. 
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MODULES FOR MOLECULES? TOPOGR.APHICAL ORGANIZATION OF THE 

ZEBRAFISH OLFACTORY SYSTEM 

Herwig Baicr, Franco Weth, Sigrun Korschi.ng 

Max-Planck-lrutitut für Entwickungsbiologie, P.O. Box 2109, D-72011 Tübingen, 

baler@fservl.m pib-tuebingen.m pg.de 

It is largely unknown how odor responses are spatially represented in the 

vertebrate olfactory system. By a combination of axon tracing and in situ 

hybridization teduügues, we are testing the possibility that olfactory sensory 

neurons expressing the samc odorant receptor molecule project to a common 

glomeru.\1.1~ in the olfactory bulb of adult zebr¡¡fish, Danio rerio. 

Wc injccted one previously identified glomerulus with Dil to trace back 

olfactory neurons conntcted to it. Thesc ncurons are widely scattered over the 

sensory surface without apparent topographical order. Huwever, the relative 

positions oi retrogradely labeled neurons are not completely random (i. c. , 

generated by a Poisson point process), as judged from measuring ncarest­

neighbor distanccs . Rather, a spacing mcchanism is involved: Olfactory 

neurons projecting to the same glomerulus keep ,1 mínimum distance of 

r01..1.ghly ten cell diameters from e¡¡ch other. This short-range ordering provides 

for ¡:¡ more regular distribution of sensory neurons that feed into one 

glomerular unit. It can be speculated that this projection mode maximizes the 

probability to detect different odorants. 

Odorant rc:ceptor molecules in zebrafish bclong to a large gene family of 

about 50 membcrs and are homolngous to their mammalian cow1terparts . In 

situ h ybridizations with probes directed ugainst receptor seguences rcveal that 

individual receptors are expre~sed by a small fraction of sensory neurons, 

which ¡¡re wid.ely scattered over the olfactory epithelium. We are cunently 

investigating whether the properties of thcir distribution resemble those of 

neurons backlabeled frnm a single glomerulu:; . As a preliminary result of this 

analysis, we find cases of in situ 14ibeled neurons adjacent to each other, arguing 

agains t a simple one-to-one correspondence. In a more direct, but technically 

demanding appronch, we <~ttempt to double-label olfactory neurons by the two 

method s. 
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THE PHYSIOLOGICAL ACTION OF BDNF ON RETINAL GANGLION 

CELLS: AN UNSOLVED PUZZLE 

A. Cellerino•, P. Carro!#, G. Kreutzberg•, H. Thuenen# and Y.-A. Barde* 

Department of Neurobiochemistry'. Neurochemislry# and Neuromorphology", Max Planck 
lnstítut for Psychiatry Martinsried Germany. 

During normal developmenl more than 50% or the retina! ganglion cells are eliminated, and 
essentially all of them if theír connections w!th the central target are severed. Programmed 
neuronal death is a general phenomenon in !he nervous system and is supposedly regulated 
by the availability of extracellular S1gnals pro vided by the target tissues. In the periphera l 
nervous system the members of lhe neurotrophín fam1ly NGF, BDNF, NT-3 support the 
survival of pelipheral neurons in vitro that woulcl otherwise die. They do also regulate 
neuronal elimination during natural clevelopment. BDNF supports tlle survival uf retina! 
ganglion cells in vitro 1, as well as in vivo 2 after axotomy. lt ís nowever unclear whether 
BDNF regulates the surviva! of retina! ganglion cells in the intact organism. Th1s question is 
of particular interest sínce a role of neurotrophins in tt>e control of programmed cellular death 
in the central nervous system !las been never directly addressed . 
. As a first step the presence of BDNF receptors on retina/ ganglion cells durirrg the períod of 
neuronal e! imination was investigated bv in situ hybridisation. 
Retina! ganglion cells express the BDNF receptor, trkB. in E11 and E14 chick embryos as 
well as newborn (PO) mice . lnterestingly PO retina/ ganglion cells express also the NGF 
receptor trkA and the NT3 receptor Ir!\ C. 
The presence of BDNF in the target of retina! ganglion ce!ls, the superior co l lic~;lus, was 
investigated by Northem blot BDNF can be detected in the innervatíon field of retina l 
ganglion cells in the mouse, as previously observed in the chick 3. 
We invest1gated the natural elimination of retina! ganglion in experimentals models where the 
endogenous levels of BDNF were manipulated. Quanlitative analysis of electrornicrographs 
showed lhat the number of axons in the optic nerve of BDNF K.O. mice does not differ from 
wild type controls. In addition treatme;nt of chick embryos with BDNF does not reduce the 
number of naturally degenerahng retina! ganglion cells. 
One possible explanation for these relalively unexpected resu!ts might reside in a substantial 
difference between peripheral and central neurons. The regulation of retinal gang lion ce/ls 
elimination could resutt irom an interplay between severa/ different signals as suggested by 
the presence of trkA and trkC m the retina! ganglion cell !ayer. According to this scenario 
other trophic factors would compensate for the lack of BDNF . Survival effects are obse!"'ed 
only when all trophic support is interrupted. for example as a consequence of axotomy. This 
patho/ogical situat ion does not correspond to the sítuation encountered in the intact 
organism . Under these circumstances neurons could become more sensiiive lo activation of 
cell surtace receptors and therefore responsive to BDNF. BDNF would thus act 
phanmacologically on a receptor tha\ 1s present on retina! ganglion for the control of 
developmental processes didtinct from apoptosis. What could be that physiological relevance 
of BDNF? During the period or retina! gangl!on ce!l death \he overall organisation of the 
retino-tectal system is laid out. An involvement of NGF in the plasticity of the visual cortex 
has been recently proven 4,5,5 1\ is well possible that in the developing retino-fuga/ system 
BDNF could oarticipate in !he shaping of neural connectíons, ror example by acting as a 
retrograde messenger for syrapse stabilisation . 

l . Rodrigo¡cz-Tcba:r. JdTre) . Thocncu el al (19!1\1) De' . Biql , 13G. 296-303 
2. 1\·!ausour-Roubao::}·, CJarl<e, W~ng et al. ( 1 CJ9J l Proc. D.atnl. í~cad . Sci . USII 91, 1 (,32-1 íi .1fi 
3. Herzog, Bailey aud Barde (11}94) Developmenl 110, 1643-16~9 
4 Maffci . Bcrardi, Do:n<:nici ct al. (19?2) J. Ncurosci 12. 4651-1662 
5. Bcrardi , Cdlcrino. Dl'mcnici cl al . (1994) Proc. natnl. Acad. Sci . USA 9 t. (,~-l--Ci~R 
6. Domenici, Cellenno, RerardJ et al. (19\14) Neurorepon 5, 2041-20-U 
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Po~tcr Abslract 

Genelic and bchavioural measures of olf,lCtory coding in a simple systcm 

Ma!!hew Cobb, Mécanismes de Communica!ion, NAM CNRS URA 1491, Université París SL1d, 
Ors~y, Francc. 

Dr!l~!lphila mda11ogast!'r larvae show bchavioural responses to a wide range of nlfactory stimuli 
(alcohols, at ~ ctatcs, aeids, aldehyde:; ... ). Mosl odours induce varying dcgrccs of attraction, wmc 
induce rcpulsion whilst othcrs induce no behaviomal response. Thc larval olfaclory organ cnnlains 
only 21 ncurons, so thc range of odours which can be detcctcd Í$ probably rc!Mively small. EMS 
mutagenesis revealcd the existt~ncc uf a gene on tlw right arm of chromusomc lll which, whcn 
mulated, induces a complctc ami specific: <~nosmia in response to Nonanol, an alcohol which 
normally repulses Drosophila lm'\'ile. This mutation, lndUíerent, leilves behavioural response& to 
eight other alcoholb intact, sug¡;esting thnt an eleml'nt bpecific to the processing of Nonam>l is 
aífeC'led by thc mulalion . Thc study of geogr~phical strains revcalcd the exislence of othcr genes 
controlling spceific and total ,mosmias lo lwptanol, hexyl <Kctatc and pentyl acetate. These 
genelic ano~mias are unique in Drusopllila : othl'r known olfactory mutanls lend to show rcduced 
responses rather than gcnuinc anosmia~. 

ln order tu dctect whethcr larval' cnn distinguish bctween odours with similar struetures, 
~daptation tests wcrc carried out. !.arvt- WLTL' pre-slimul<1tcd with doses of a given odour for 
varying period¡; of time (J-60 minutes) nnd then prt,Sented with a rangc of test odours. If thc 
larvae no lunger respond to thc odom u sed during prc-stimulation, auto-adaplalion has occurred, 
suggcsling that somt' clcment of thl' processing pathway no longer responds. This effect i~ 

h·ansitory, and bchaviourill responses rcturn lo norrnol after 30-60 minutes. lf anuther lhe l.uvac 
no longcr respond tu another odour (cruss-ndaplation), this indicales that the twu odours sharc 
sorne element(s) of the proc:essing pathway. These experiments reveal subst,mtial differenccs in 
lhe ~ffinity of different odour~ for the oHactory pathway, and suggcst that two or three separatc 
olfactory palhwAys cxist for the processing uf alcohols. Somc differenl chemical funetions 
apparently sh11rc ~omc or all elements uf thc processing pathway. TI1ese results are discussed in 
the light of different models of olfactory proet::ssing ami thc rclationship bctwecn the nurnber uf 
neuwns and the numbcr of rccepto1·s. 
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EFFECT OF CHRONIC INTAKE OF CYTIDINE-5'­
DIPHOSPHATE-CHOLINE (CDP-CHOLINE) ON BEHAVIORAL 
ANO NEUROMORPHOLOGIC FEATURES OF THE AGED MICE. 

R. Verduga, C. Fernández-Viadero, V. Ovejero, and D. Crespo. 
Department of Anatomy and Ce// Biology, Faculty of Medicine, 
University of Cantabria. 3907 7-Santander, Spain. 

Integral brain activity leads to the appearance of motor behavior. Moreover, it is 

a well known fact that severa! environmental conditions, such as; dietary variations, 

alcohol consumption, and nervous system-stimulating drugs may lead to the arousal 

of both cognitive and motor disorders. In this way, the effects of chronic 

administration of CDP-choline (a phosphatidylcholine precursor which determines 

neuronal estructure and function) were studied in 24 months old mice (CFW) .The 

drug was administered diluted in the drinking water ( 1 50 mg.Kg-1 per da y) . The 

treatment started when animals were 1 Z months old, and two groups were employed. 

The treated group and a second set of control animals that were drinking tap water. 

When both groups were 2 years old, their motor behavior was characterized. For the 

behavioral purpose the animals were placed for Z hours in a translucent cage. After 

one hour in the cage, the motor activity was filmed for 1 h with a video camera 

connectedtoa VCR. Severa! behavioral parameters were studied such as; basic body 

postures consisting of the position displayed by the mouse, without movement 

(standing, lying down, etc), posture-associated motor actions (head grooming, 

scratching, etc), and interaction with the environment (burrowing, feeding, 

smelling, etc.) . The main levels of behavioral activity were significantly increased 

(p<O.O 1) in the CDP-choline treated group versus the control. 

For the neuromorphologic study, the dentate gyrus (DG) was studied by light and 

electron microscopy (EM) . After general tissue processing for EM, semithin sections 

were u sed for the morphometric analysi s of severa! parameters ( cellular and 

nuclear sizes) . The results obtained demonstrate that there is a significant increase 

in cellular and nuclear sizes of the DG neurons in the treated group when compared 

with control animals (p<0.05). The ultrastructural examination of these neurons in 

the control group indicated the aggregation of tertiary lysosomes. Moreover, they 

were unexistent in the CDP-choline. Taken all together these results suggest that the 

chronic administration of CDP-choline enhances motor behavior in aged mice and an 

increased neuronal activity in the neurons of the DG as the neurohistologic study 

suggest. 

References: 

González, J., and Cuevas,L. Physiol.& Behavior. 52; 1207-1209 ( 1992). 

Crespo,D., Stanfield,B.,Cowan,W,M. Exp. Brain Res. 62;541-548 (1986). 

Supported by grant PM91-0170 from DGICYT. 
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THE NITRIC OXIDE IS IMPLICATED IN THE GENERATION OF EYE MOVEMENTS 
B. Moreno-López, C. Estrada• and M. Escudero. Lab. of Neuroscience, Fac. of Biology, 
Univ. of Seville. "'Dept. of Physiology, Fac. of Medicine, Univ. Autónoma de Madrid. 
In the last few years it has been reported that nitric oxide (NO), a free radical gas, plays a 
physiological role in the regulation of: i) the irnrnune response, as mediator of macrophage 
actions; ii) blood vcssel dilatntion, as endothelial-derived relaxing factor; and iii) 
neurotransrnitter release in the nervous systern, as a retro¡:rade messenger. Although there are 
sorne interesting experirnents associating NO with complex functions in vitro, very little is 
known about íts role in the processing of information in physiolo~ioal conditions. In arder to 
look for a system in which NO could partícipate, we have analyzed the distribution of 
inmunohistochemical stained NO synthase neurons in the brainstern of the cat. As result of 
this study we have found a niccly distribution of immunoreactive neurons in the oculomotor 
systern, concretely, a high density of labelled neurons in thc prepositus hypoglossi nucleus 
(PHN) and scattered neurons in the vestibular and abducens nuclei . All this nuclei are 
implicated in the gen~ration of horizontal conju~ate eye movements. Given the highest 
staining of PHN neurons we concentrated on this nucleus in the alert cat. Cats were prepMed 
for chronic recording of eye movements with thc scleral search-coil technique and implanted 
with stimulating electrodes on the Vlth nerve. The location of the PHN was made by takiog 
the centre of the abducens nucleus (maximum antidrornic field potential recorded by 
stimulating the Vlth nerve) as a reference, displacing caudally the micropipete by 1-l.S mm 
and recording the neuronal activity at this point. Injections of L-nitroarginine methyl ester (L­
NAME), D-NAME, N-monomethil-L-arginine (L-NMMA) and nitroprussid~ (SNP), at 
concentrations of 80 mM, were delivered at the se!ected zone by pulses of air pressure. 
lnjected volumes were carefully controlled and ranged between 0.1 and 0.5 ¡.d. Blockers of 
the NO synthase, L-NAl'v!E and L-NMMA, induced nystagmic conjugated horizontally­
directed eye movements whit almost linear slow phases directed contralateral!y to the injected 
side, being the velocity of the slow eye disp!acement proportional to the employed doses. 
During sinusoidal vestibular stimulation in darkness there was a displacement of the eye 
velocity in the same direction than spontaneous eye movements without modification of the 
gain and phase of the vestibulo-ocular reflex. On the contrary, the D-NAME at the same 
concentration as L-NAME did not induce any effect. The donar of NO, SNP, induced a 
nystagrnus whose slow phases were ipsilaterally directed to the injected side~ Injections 
slightly deviated from the PHN produced little or any effect. Presem results indicate that NO 
is implicated in the brainstem generation of eye movements, and the characteristics of the 
induced effects point out that the NO plays a role in the regulation of the vestibular input 
signals impinging on the PHN. 
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CORTICAL POTENTIALS ASSOCIATED TO VISUAL STIMULI, MANUAL 

RESPONSES ANO SACCAOIC EYE MOVEMENTS OURING GAP ANO NON GAP 

PARAOIGMS 

C. G6mez, M. Atienza and M. vazquez 

Lab. Psicobiología, Oto. Fisiología y Biología Animal 

Univ. of Sevilla, Spain 

The presence of a gap between the offset of a central light 

and the switching on of a peripheral light produces a shift 

advancement in the latencies for both eyes and manual responses. 

An experiment was conducted on naive human subjects to measure 

the time benefits on finger reaction times produced by the offset 

of a central fixation point 200 rosee befare the appearance of a 

target stimulus in the periphery. Subjects produced a shift 

advancement of manual reaction times. Simultaneously, the event­

related potentials were recorded. The gap paradigm induced offset 

visual evoked potentials anda frontal negativity, it also 

induced a higher P300 than the non-gap condition. A similar 

experiment was performed asking to the subjects to move the eyes 

to the peripheral target. The gap, as during manual responses, 

induced a shift advancement in the saccadic latencíes and a 

frontal negati vi ty. The resul ts suggest that the gap prometes the 

speeding of the responses by a cortical priming, such cortical 

activation by the gap it is similar when ocular or manual 

responses are required. 
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KINEMATIC ANALYSES OFTIIEBLINKING BEHAVIOR. Aenes Gruart, Laboratorio 
de Neurociencia, Departamento de Fisiología y Biología Animal, Universidad de Sevilla. 

e!assical conditioning of the eyelid response to a tone or a light seems to be a suitable 
paradigm in the study of the neural basis underlying associative learning. Thus, the 
simultaneous recording of the electromyographic (EMG) activity of the orbicularis oculi 
muscle and the movement of the upper eyelid may give precise information on the kinematics 
of unconditioned and conditioned responses. 

Under general anesthesia, cats were implanted with a small (3 mm in diameter) five­
turn coi! into the center of both upper eyelids, near the lid margin and with bipolar stain-steel 
hook electrodes in both orbicularis oculi muscles . Animals were al so implanted with a holding 

device for head stabilization during recording sessions. Our aim was to study the latency and 
topography of eyelid movements during the acquisition of (new) motor responses to 
conditioned stimuli (eS) differing in either sensory modality (tones, weak air puffs) or side 
-o(presentation with respect to thé unconditioned stimuius (ÜS) . The US always corlsist of a 
strong air puff. This approach was expected to help to elucidate the primary site in which the 
new motor response is elaborated (according to its latency) and the differences with well­
established reflex responses (according to their kinematics) . 

Eyelid responses to air puffs applied to the cornea consists of a short latency (9-16 
ms), fast (up to 2,000 deg/s) downward movement that lasts for 25-30 ms, followed by late, 
small downward sags that are sometimes still evident after stimulus offset and that are also 
dependent in their latency and amplitude on air puff pressure. However, these sags occurred 
at a dominant frequency of "' 25 Hz, which was independent of stimulus parameters, 
suggesting that this frequency is a property of the neural circuit controlling reflex blinks. 

The latency of the conditioned response (eR) is a function of the es (tone or air puff) 
and of the side where the es is presented (ipsi- or contralateral to the US). Por the 4 
conditioning paradigms used, the latency of the eR was always in the range of the 
corresponding reflex response and did not depend on es-US interval. It is concluded that eRs 
are initiated in the same brainstem circuits that produce the unconditioned response (UR) , 
i.e. , the reflex response, according to es sensory modality, duration, strength and 
presentation side. The CR appeared as a downward lid movement that radiates from its onset, 

in a done temporal proximity to the es, toward the US, where it reached its maximum 
amplitude. The CR was formed by successive small downward sags similar in amplitude to 
the late components in reflex blinks. The number of the sags increased, and their duration and 
amp!itude decreasecLwith successive.conditioning sessions until straight and dumped lid eRs 
were reached. At the same time and as the proximal cause of these motor changes, the 
orbicularis oculi muscle changed from a phasic EMG activity to a tonic firing that was 
maintained along the eS-US interval . 

-A . Gruart and J.M. Delgado-García. (1994). Neuroscience, 61(3), 665-681. 
-A. Gruart, P. BlázquezandJ.M. Delgado-García. (1994). NeuroscienceLetters, 175,81-84. 

-A . Gruart, P. Blázquez and J. M. Delgado-García. Joumal of Neurophysiology (submitted) . 



Instituto Juan March (Madrid)

76 

MOLECULAR OISSECTION OF LONG-TERM POTENTIATION BY SUBTRACTIVE 
HYBRIOIZATION. L.de Lecea, J.R. Criado, S.J. Henriksen, J.G. Sutcliffe. 
Oept. of Molecular Biology. The Scripps Research lnstitute. La Jolla, CA92037 

Long-term potentiation (L TP) is a well studied paradigm of synaptic plasticity 
and has been proposed as a cellular model of memory. The long lasting changes in 
synapses that are linked to long-term potentiation require the activation of gene 
transcription and de novo protein synthesis. Genes that are specifically induced in 
such conditions may include those involved in neurotransmitter uptake and release, 
and genes required for the physical remodeling of synapses. 

We have used a subtractive hybridization method to isolate genes that are 
induced at different time points after tetanic stimulation to produce L TP in the 
perforant path. After subtraction, 95 % of the labeled target cONA was removed, 
which represents the population of mRNAs that are present in both stimulated and 
unstimulated tissues. We have identified genes corresponding to the three waves of 
gene expression that occur after synaptic stimulation. These include immediate early 
genes, such as c-fos and NGFIA. and metabolism-related proteins ( 1 hr post­
stimulus); modulators of signal transduction at 6 hours after tetanus (e.g.protein 
kinase A inhibitor PKia); and proteins involved in synaptic remodeling such as 
membrane ectopetidases (24h post tetanus). 

The characterization of these cONA clones will allow us to further understand 
the molecular mechanisms underlying the maintenance of long-term potentiation and, 
in general, of synaptic plasticity. 
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P.ntch-Cl.nmp recordings from single synaptic boutons in Drosophila 
neurómusculár junctions. M. Martínez Padrón andA. Ferrús. 
The study of synaptic rransmission and modulation at the neuromuscular junction has 
been severe!y hampered by the small size of the presynaptic terminals, wl'!ich precludes 
eledrophysiological recordings. We have made use ofthe gigas (glg) mutation to 
generare motor endings of a size amenable to electrode impalement. JdeT,Jtified 
neuromuscular junctions exhibit at least three types of synaptic boutons, termed I, II and 
m. Type 1 boutons in gíg mutants can be as large as 15 Jlm in diameter, whereas type IIl 
boutons can reach up to 9 ¡1m. Quantal analysis of synaptic transmission suggests that 
mutant junctions are undistinguishible from those ofthe wild type. We h!we succesfully 
recorded single channel acriviry from type III boutons in the inside-out cnnfiguration, as 
well as 'vhole cell currents using the nystatin perforated-patch tecnique. F;everal types of 
potassium channels are found in the synaptic terminal, and their properties are presently 
under investigation. 
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CELLULAR ANO MOLECULAR ANALYSIS OF THE OLFACTORY JUMP 
REFLEX IN DROSOPHILA. 

John Keane, Brian McCabeand Cahir O'Kane. 
Dept. of Genetics, Cambridge University, CB2 3EH, England. 

We have conducted a novel form of behavioural screen using GAL4 

enhancer traps to express tetanus toxin light chain in a variety of patterns in 

the central and peripheral nervous systems of Drosophüa. Tetanus toxin light 

chain is a nervous system specific toxin that inhibits neurotransmitter release 

from the neurons in which it is expressedl. 

When wild type Drosophila are exposed to certain noxious odours a 

reflex pathway is activated which results in leg extension and a 'jump 

response'2. We have screened for and isolated GAL4 lines which, when 

crossed to U AS-Tetanus, jump with abnormally low frequencies after 

exposure to the odour benzaldehyde. A number of these enhancer trap lines 

are particularily interesting in that they have GAL4 expression patterns that 

do not overlap with the known neural components of the light-off jump 

response3. 

A more in-depth behavioural analysis of these lines is currently taking 

place to ascertain whether the tetanus mediated block in the pathway is at 

the olfactory level or further downstream. We also wish to determine 

whether the neurons identified play a role in the habituation of the jump 

reflex. We intend to test this using the GAL4 system to manipulate the 

intracellular sign.alling pathways of these cells. 

l. Sweeney S.T., K. Broadie, J. Keane, H. Niemann & C.J. O'Kane (1995) Neuron (in press) 

2. McKenna M., P. Monte, S. L. Helfland, C. Vlo' oodard & J. Carlson (1989) P.N.A.S. 86: 8118 

3. Baird D.H., A.P. Schalet & R.J. Wyman (1990) Genetics 126: 1045 
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OISTRIBUTION OF NITRIC OXIDE SYNTHASE POSITIVE NEURONS ANO 
NEUROPIL IN THE VENTRAL STRIA TUM ANO VENTRAL PALLIDUM OF 
THE CAT. E. Mengua!. S. Rivas and J.M. Giménez-Amaya. Departamento de 
Morfología, Facultad de Medicina, UA.M., 28029 Madrid, SPAIN. 

The nitric oxide has been described as a neuromodulator that, among a 
wide variety of functions, seems to be also implicated in learning and memory 
tasks. Severa! anatomical studies have reported that the NADPH-diaphorase 
histochemical reaction accounts for nitric oxide synthase activity (NOS) in the 
brain tissue. The purpose of this study was to describe in detail the distribution 
of NOS-positive neurons and neuropil in the ventral striatum of the cat by 
means of NADPH-diaphorase histochemistry. The ventral striatum, which 
includes not only the nucleus accumbens but also an extensive part of the 
olfactory tubercle as well as the most ventral portions of the nucleus caudate 
and putamen, has been widely implicated in motor behaviour and learrJng. 
Four animals were used in this study, and their brains were processed for 
NADPH-diaphorase histochemistry as well as for other histochemical 
techniques in adjacent coronal sections. The main findings of our study are as 
follows: 1) The NOS-positive neuropil was heterogeneously distributed in the 
different subdivisions of the ventral striatum. The most intensely stained 
regions displayed a circular contour and were located in the ventral portions of 
the nucleus accumbens, being continuous with the most ventral regions of the 
putamen and the most lateral portions of the olfactory tubercle. 2) Patches of 
very intensely stained neuropil were detected in the superficial dense celllayer 
of the olfactory tubercle, corresponding to the islands of Calleja. 3) The ventral 
pallidum was remarkably devoid of NOS activity. 4) The distribution and 
morphology of NOS-positive cells at rostral levels of the nucleus accumbens 
were very similar to those of NOS-containing cells in the dorsal striatum. 5) A: 
more caudal Ievels these NOS-positive cells were mainly concentrated within 
the ventral heavily stained circular areas of the nucleus accumbens and ventral 
putamen. 6) These areas were intermingled with poorly stained zones srwwing 
very few NOS-positive cells, that were preferentially located in the periphery of 
these zones. The multicompartmental distribution of NOS activity in the ventral 
striatum of the cat might indicate different functional assignments of the 
distinct subdivisions within this part of thc basal ganglia. Supported by FIS 
93/0337. 
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Calcium metabolism of honeybee Kenyon cells 
A combined patch-clamp and fluometric aproach 

Rosenboom H.,Jakubith S., Goldberg F. and Schafer S. 

lnstiut für Neurobíologíe, Freie Uníversítát Berlín 
Konigín Luises Strar3e 28-30 14195 Berlín 

Kenyon cells are the intrinsic neurons of the mushroom bodies, a neuropil of the 
insect brain that is thought to be involved in learning and memory processes. We 
work with dissociated Kenyon cells from mushroom bodies of the brain of the 
honeybee Apis Melifera. Our aim is to study the electric properties of the Kenyon 
cells with respect totheir assumed role in learning and memory processes. For that 
we performed whole cell patch-clamp recordings on short term cultured Kenyon 
cells l. In a next step, modulation of the examined currents by neurotransmitters 
were investigated. Because calcium plays a key role in many second messenger 
pathways and affects severa! kinase systems that might be involved in 
neuromodulation, we started to measure changes of the intracellular calcium 
concentration by fluometric means . The measurements give insight into a complex 
interplay between the two possible calcium sources, the extracellular solution and 
interna! stores. 
As we know from the patch-clamp data, calcium can enter the cell through a 
voltage dependent calcium channel and a nicotinic type of ACh-receptor, that was 
shown to be highly conductive for calcium. Calcium from interna! stores can be 
released by caffein application. There is good evidence for a calcium induced 
calcium release from the fluometric experiments; complex time functions of the 
calcium signa! could be observed as oscillations, depending on the amount of 
calcium entering the cell. 
To understand the electrical behaviour of a nerve cell and especially the changes in 
the input response function under the influence of transmitters as would be 
expected in leaming processes, calcium fluometry seems to be a powerful tool to 
get insight into parts of the modulatory network that steers the function of the ion 
channels and therewith the electrical properties of the Kenyon cells. 

l . Schafer, S., Rosenboom H. and Menzel R. (1994) 
lonic currents of Kenyon ce lis from the mushroom body of the honeybee. 
J. Neuroscl. 14(8): 4600-4612 
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Expression and topography of N-CAM isoforms in chick forebrain 
following training 

Rusakov DA, Davies HA, Stewart MG, Krivko IM, Schachner M 

Department of Biology, The Open University, Milton Keynes MK7 6AA, UK; Bogomoletz Instiutute of 
Physiology, Academy of Science, Kiev 252601, Ubaine; Neurobiology, Swiss federal Institute of 
Technology, CH-8093, Zurich. 

Possible involvement of neural cell adhesion molecule (N-CAM) isoforms in 
mechanisms of the learning-related neuroplasticity was investigated using passive 
avoidance training in one-day-old chicles. A quantitative immunoelectron 
microscopy study was carried out in an area of the chick forebrain, hypestriatum 
ventrale, which exhibits profound morphological plasticity and biochemical 
changes following training [1,2]. 

An antibody against three major protein isoforms (120, 140, and 180 KDa) and one 
against polysialic asid (PSA), associated with N-CAM, were employed to label 
(separately) with immunogold the protein epitopes in post-embedded tissue. 
Preparations were taken from control birds and tbose 6 hours after training, the 
time window which corresponds to a training specific amnesia induced by an N­
CAM injection [3]. 

Compreheosive morphometrical designs, icluding ANOV A and statistics of 
random processes, were used to analyze the densities and arrangements of 
immunogold partid es in neuropil. The results show that: ( 1) a narrow sub­
membrane region of nerve cells is 10-30 times more enriched in N-CAM isoforms, 
and has a two fold bigher proportion of PSA-N-CAM, than the tissue (membrane 
plus non-membrane) as a whole; (2) there were no significant changes in levels of 
labelled N-CAM or PSA following training; (3) 375-400 nm regular arrays of PSA­
N-CAM were revealed in membrane proflles in the control, but not the trained, 
group. These data suggest that (a) the training task may cause subtle re­
arrangement, rather than changes in the expression leve!, of N-CAM isoforms; (b) 
leaming-related changes in N-CAM isoform tumover can be attributed toa narrow 
sub-membrane region ofthe nerve cells involved [4]. 

A pilot experiment with double immunogold labelling in the control group of birds 
has shown that: (1) labelled major N-CAM isoforms and PSA are co-localized 
spatially at the sub-cellular level; (2) labelled PSA exhibits a profound spati:ll 
clustering (within a 50-150 nm range), in contrast to major N-CAM isoforms [5]. 

The data obtained provide the basis for further studies of the subtle relationship 
between learning-associated neural changes and subcellular re-distribution of 
protein isoforms related to cell adhesion. 

l. Rose SPR (1991) Trends Neurosci 14: 390-397. 
2. Doubell TP and Stewart MG (1993) J Nturosci 13: 2230-2236 . 
3. Scholey AB, Rose SPR, Zamani MR ct al (1993) Neurosci 55: 499-509. 
4_ Rusakov DA, Davies HA, Krivk.o 1M et al (1994) Neurorepon (in prcss) . 
5. Rusak.ov DA, Davies HA, Stewart MG and Schachncr M (1995) Neurosci Lerr (in press). 
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Targeted expression of tetanus toxin in Drosophila specifically eliminates 

synaptic transmission and causes behavioural defects 

Sean T. Sweeneyfll. Kendal Broadie[2], John Keane[ 1], Heiner Niemann[3] and 
Cahir 1. O'Kane[l] 

[ ll Department of Genetics, University of Cambridge , Dowrúng Street, Cambridge, 
CB23EH,UK 

[2] Department of Zoology, University of Cambridge, Downing Street, Cambridge, 
CB23EJ, UK 

[3] Bundesforschungsanstalt fuer Viruskrankheiten der Tiere, Postfach 11 49, D-
72001 Tuebingen, Germany 

Tetanus toxin cleaves the synaptic vesicle protein synaptobrevin, and the ensuing loss 
of neurotransmitter exocytosis has suggested a kcy role for synaptobrevin in this 
process. To further the study of synaptic function in a genetically tractable organism, 
and to gcnerate a too! lo di sable commuoicatioo betwcen defined neurons for 
behavioural studies, we have expressed a gene encoding tetanus toxin light chain in 
Drosophila. Expression of toxin throughout development of the embryonic nervous 
system Jeads to elimination of neuromuscular synaptic transrrússion. No other 
developmental or morphological defects were detected. Correspondingly, Drosophila 
neuronal synaptobrevin, n-syb, but not the ubiquitously expressed syb protein, is 
cleaved by tctanus toxin when produced in an in vitro translation system. In sorne 
cases targeted expression of toxin is associated with behavioral defects . Wben tetanus 
toxin is expressed under control of one P-GAlA line, a specific defect in the olfactory 
escape response is observed. We are currently constructing tetanus resistant forros of 
the n-syb gene to express concomitantly with the tetanus toxin light chain. Expréssion 
of a tetanus resistan! n-syb would enable us to examine the possibility that thcre may 
be other ccllular substrates for tetanus toxin in thc nervous systcm of Drosophila . 
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