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As frequently stated by Ramon y Cajal, understanding how the cortex works is arguably 

the most importan! problem in Neuroscience and one ofthe major challenges ofmodem Biology. 

Although sorne investigators argue that the function of the cortex could be understood without 

knowing its "wiring diagram", a sufficiently deep understanding of cortical function seems 

impossible without understanding the structure and basic function of the cortical microcircuit. In 

spite of over a century of research, the precise microcircuitry of the cerebral cortex, defined as 

the ínter- and intralaminar connections found in any given cortical area, is still basically 

unknown. Indeed, it is still not even clear how many different classes of neurons exist in the 

cortical circuits. Widely different views coexist currently among researchers interested in cortical 

circuits. Sorne investigators argue that most cortical connections are essentially random, and the 

cortex is a gigantic neural network whose purpose is to shuftle and mix information in order to 

enable associations among any possible stimuli. Other investigators argue that the cortex is an 

ancicnt machine composed of scores of extremely precise circuits, each implementing a particular 

function. 

While most investigators of cortical function study correlations between the activity of 

cortical neurons and behavioral or receptive field processing in vivo, there is a host of 

laboratories around the world whose main goal is to describe and reconstruct cortical 

microcircuits. These Iaboratories have traditionally used anatomical techniques. In the last 

decade, however, many new approaches have been introduced, such as dual recordings from 

synaptically connected neurons in slices, computerized photostimulation of specific cortical 

locations, optical probing of connectivity, multivariate analysis of morphological data and 

expression analysis of dozens of different genetic markers. These new techniques are providing 

exciting new information and have the potential to revolutionize the study of cortical circuits. 

This workshop brought together representatives from these novel lines of work with 

structural researchers that represented and encompassed more traditional approaches. Our goal 

was to enable the extensive and, at the same time, relaxed, exchange of detailed information in 

order to facilitate cross-fertilization among a worldwide team of experts in different aspects of 

cortical microcircuitry. Such a cross fertilization appears necessary to formulate a comprehensive 

theory of microcircuit function . The workshop did not include the large area of in vivo cortical 

physiology, but remained focused on the architectural principies of the neocortical microcircuit. 

The meeting was organized into five sessions around three interrelated topics : (1) Excitation, (2) 

Inhibition and (3) Computation. As the reader can note from the collection of abstracts that 

follow, the recurrent themes, highlighted in many ofthe presentation as well as in the discussions 

that followed, were the description of different cellular types of cortical neurons, particularly 

among the intemeurons, as well as the characterization of what appear to be very precise 

connections. The more ambitious goal of linking the specific circuits to particular computations 

was also touched upon by severa! presentations, although at the same time, recognized as 

premature at this stage. The overall sense of most participants was one of excitement, since the 

effort to decipher cortical circuits appears not only fruitful as an experimental program in itself, 

but al so, increasingly related to the understanding of the "heart" of the neocortical computation. 

We hope the reader is able to share this excitement with us. 

Rafa Yuste, Ed Callaway and Henry Markram 

Instituto Juan March (Madrid)
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Properties of intra- and interlaminar synaptic connections in adult neocortex 

Alex M. Thomson 

Department ofPhysiology, Royal Free and University College Medica! School, Rowland Hill 

Street, London NW3 2PF 

Dual and triple intracellular recordings with biocytin-labelling of recorded neurones, in 

si ices of adult neocortex ha ve been u sed to study intra- and interlaminar synaptic connections. The 

excitatory projections from !ayer 4 spiny cells targeted lower !ayer 3 pyramidal cells with a 

probability of a connection for each pair of cells tested that was approximately equal to the intra­

laminar connectivity between excitatory cells in these two layers. Inhibitory intemeurones were 

relatively more rarely innervated by this 'forward ' projection, however. The one such !ayer 3 

intemeurone identified in catas postsynaptic to !ayer 4 spiny cells, an unusually large 'basket-like' 

cell, was however excited by all 3 cells so tested. A minority oflayer 3 intemeurones are therefore 

activated from !ayer 4, but this minority appears to be dense! y innervated. In the retum direction, 

from !ayer 3 to !ayer 4, no spiny excitatory cells were innervated by !ayer 3 pyramidal cells. This is 

despite the presence of pyramidal cells in !ayer 4 whose apical dendrites extend through !ayer 3 . 

Layer 4 intemeurones, particularly those in the upper part ofthe !ayer, were however frequently 

innervated by !ayer 3 pyramidal ce lis. Many of these intemeurones innervated both the upper half 

oflayer 4 and the lower part oflayer 3, though few extended beyond !ayer 3. Severa! ofthese 

intemeurones were immuno-positive for parvalbumin, suggesting that they may also ha ve received 

direct thalamo-cortical input and thus be able to integrate primary sensory information with 

activity in both layers. (Thomson and Bannister, 2002) 

A similar picture emerged from studies of connections between layers 3 and 5. Large, burst 

firing pyramidal cells in upper !ayer 5 received an extremely dense input from !ayer 3 pyramidal 

cells whose so mata were within 1 OO¡.un of their a pi cal dendrites, although smaller !ayer 5 

pyramidal cells rarely if ever received this descending input. This indicates that two parallel 

streams of information are being processed in !ayer 5, one that has direct access to inputs in !ayer 1 

via the apical tufts ofthe large pyramidal cells as well as via their inputs from !ayer 3 pyramids, the 

other cannot access this information in either way. Although axon collaterals oflayer 5 pyramidal 

cells extend to the superficial layers, they rarely innervate pyramidal cells there (Thomson and 

Bannister, 1998). lnstead, they appear to innervate the distal dendrites of other !ayer 5 cells and 

intemeurones with regular spiking behaviour (Dantzker and Callaway, 2000). Thus, 'forward ' 

projections (from !ayer 4 to !ayer 3, and from !ayer 3 to 5) target pyramidal cells and sorne 

intemeurones, while 'back' projections (from 5 to 3 and from 3 to 4) almost exclusively target 

inhibitory intemeurones. These findings correlate well observations made in visual cortex in vivo. 

The response properties of neurones in each of these layers to sensory stimuli beco me further 

removed from those of thalamic relay neurones and indicative of additionallevels of integration 

from !ayer 4 to 3 and from 3 to 5 (Hirsch et al, 1998). The influence that !ayer 5 pyramidal cells 

will ha ve on the response properties oflayer 3 and !ayer 4 cells would therefore be expected to be 

subtle and these studies suggest, act via inhibition alone. 

Dual recording techniques also allow the properties ofthe synaptic connections involving 

morphologically identified neurones to be studied in detail. Pyramidal axons contact many different 

types of postsynaptic target in the neocortex and each class appears to receive its own unique 

Instituto Juan March (Madrid)
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transform of the presynaptic spike code. This transformation occurs at the synaptic terminals at 

which the many different mechanisms that control the release of transmitter are differentially 

expressed (Thomson, 2000, for review) . We do not know how the postsynaptic target cell signals 

its identity to the presynaptic terminal, we can only observe the outcome ofthis signa!. To date, 5 

different mechanisms that reduce the amount oftransmitter released during a second or subsequent 

action potential and 3 that increase that release have been described. Sorne ofthese mechanisms 

are expressed at all terminals studied, but sometimes their presence is obscured by the functional 

dominance of others. Others can only be demonstrated at particular types of synapse. At sorne 

connections, therefore one ora few ofthese mechanisms dominate the control ofrelease and the 

relationship between presynaptic firing rate and transmitter release is relatively simple. At others, 

combinations of these mechanisms can result in very complex relationships between the 

presynaptic firing rate and pattern and release, particularly at high firing frequencies. These 

patterns of release and the properties of the postsynaptic neurones together determine when, or 

whether it will fire in response toa give synaptic volley. 

The more carefully the cortical circuitry is studied and the more detail that is recorded, the 

more impressive does the fine tuning of the connections appear. 

References: 

Dantzker JL. Callaway EM (2000) Laminar sources of synaptic input lo cortical inhibitory interneurons and pyramidal 
neurons. Nat. Neurosci. 3:701-707. 

Hirsch JA, Alonso JM, Reid RC, Martinez LM ( 1998) Synaptic integration in striate cortical simple cells. J Neurosci. 
18:9517-28. 

Thomson A.M. (2000) Molecular frequency filters at central synapses. Prog. Neurobiol. 62: 159-196 

Thomson AM. Bannister AP (1998) Posls)naptic target selection by descending !ayer III pyramidal axons : dual 
intracellular recordings and biocytin filling in slices ofrat neocortex. Neuroscience 84:669-683 . 

Thomson AM, Bannister AP (2002) lnter-laminar connections in the neocortex. Cereb. cortex In the press. 
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Imaging cortical microcircuits with single cell resolution: precision in 

synaptic connections and in intrinsic spontaneous dynamics 

Yuste R., Kozloski J, Hamzei-Sichani F, Mao BQ, Hamzei-Sichani F, Aronov D and 

FroemkeRC 

Dept. Biological Sciences, Columbia University 

The rnicrocircuitry of the mammalian neocortex remains largely unknown. Although 

the neocortex could be composed of scores of precise circuits, an altemative possibility is that 

local connectivity is probabilistic or even random. 

To examine the precision and degree of deterrninism in the neocortical rnicrocircuitry, 

we used optical probing to reconstruct rnicrocircuits in !ayer 5 from mouse primary visual 

cortex. We stimulated "trigger" cells, isolated from a homogenous population of corticotectal 

pyrarnidal neurons, while optically detecting "follower" neurons directly driven by the 

triggers. Followers belonged to a few selective anatornical classes with stereotyped 

physiological and synaptic responses. Moreover, even the position of the followers appeared 

deterrnined across animals. Our data reveal precisely organized cortical rnicrocircuits. 

In a second study, we investigate the flow of spontaneous activity in the cortical 

rnicrocircuitry. We use calcium imaging to reconstruct, with millisecond and single-cell 

resolution, the spontaneous activity of populations of neurons in unstimulated slices from 

mouse visual cortex. We find spontaneous activity correlated among networks of !ayer 5 

neurons from slices of mouse primary visual !ayer 5 pyrarnidal cells. Synchronous ensembles 

occupy overlapping territories, often share neurons, and are repeatedly activated. Sets of 

neurons are also sequentially activated numerous times. Network synchronizations are 

blocked by glutamatergic antagonists, even though spontaneous firing persists in many 

"autonomously active" neurons. This autonomous activity is periodic and depends on 

hyperpolarization-activated cationic (H) and persistent sodium (Nap) currents. We conclude 

that the isolated neocortical microcircuit generates spontaneous activity, mediated by a 

combination of intrinsic and circuit mechanisms, and that this activity can be temporally 

precise. 

Instituto Juan March (Madrid)
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Cortical dynamics 

Charles Gilbert, M.D., Ph.D. 

The Rockefeller University 

Adult primary visual cortex performs a high leve! analysis of the visual scene, 
mediating contour integration and surface segmentation. These properties reflect the 

geometric regularities present in visual scenes, and there is a remarkable consonance between 
the receptive field properties of neurons in primary visual cortex (V 1) and the statistics of 
natural scenes. Cells in VI can encode a rich variety of complex incentive configurations, and 

even in V 1 cells integrate information o ver large areas of visual space. The specificity for 
complex shapes is represented systematically across the cortical surface, and the functional 

architecture for complex stimulus configurations is related to the architecture of simple 
stimulus attributes. The mechanism underlying the representation of complex stimuli is found 
in the relationship between cortical connections and cortical functional architecture. The 

functional properties of primary visual cortex are subject to leaming. It is capable of encoding 
information about stimuli that subjects are trained to recognize. We find that adult neurons, 

rather than having fixed functional properties, are dynamically tuned, changing their 
specificities according to sensory experi.ence. We have shown further that the cortex 

continually changes its functional role according to the influence of attention, expectation, and 
perceptual task. This suggests that the properties of any cortical area, even in adults, are 

dynamic, being experience dependen! and subject to top-down influences. 

The mechanisms of experience dependen! cortical plasticity can be observed at severa! 

levels - its perceptual characteristics, alterations in the representation of information across 

multiple cortical areas, the changes in the functional properties of neuronal ensembles, 
changes in local cortical circuits and changes in gene expression. The finding that plasticity of 

primary visual cortex are associated with both functional recovery following lesions of the 
CNS and with perceptual learning creates the opportunity for using it as a model for the study 
of the mechanisms of learning in general. It offers distinct advantages in this regard, because 
of our knowledge of the circuitry, receptive field properties and functional architecture of this 

area. Plasticity of V 1 reflects an ongoing process, beginning with our early experience of the 
regularities of the world and continuing throughout our lives, to assimilate the specific 

pattems to which we become familiar. 

References: 

Crist RE, Li W, Gilbert CD. (200 1) Learning to see: experience and attention in primary visual cortex. Nature 
Neuroscience, 4: 519-525. 

Gilbert CD, Sigman M, Crist RE. (200 1) The neural basis of perceptualleaming. Neuron 31: 681-697. 

Sigman M, Cecchi GA, Gilbert CD, Magnasco MO. (2001) On a common circle: Natural scenes and gestalt 
rules. Proc. Natl. Acad. Sci. USA 98: 1935-1940. 

Kapadia MK, Westheimer G, Gilbert CD. (2000) The spatial distribution of contextua! interactions in visual 
perception and in primary visual cortex. J. Neurophysiol. 84: 2048-2062. 

Sigman M, Gilbert CD. (2000) The role of perceptual leaming in object-oriented attention. Nature Neurosci. 
Nature Neuroscience.3: 264-269. 
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Functional correlation maps in neocortical microcircuits 

Silberberg, G , Wu, CZ & Markram, H. 

Department ofNeurobiology, Weizmann lnstitute of Science, Rehovot Israel 

The neocortex consists of a diverse set of neurons intricately and precisely 

interconnected to form a recurrent microcircuit. The anatomy and physiology of the individual 

neurons and synaptic connections have been studied extensively, but the manner in which 

these neurons are active with respect to each other (their functional relationship) is however, 

not known. We developed an approach based on correlated sub-threshold synaptic activity to 

explore these functional relationships Simultaneous multiple neuron whole-cell recordings 

were obtained from different neurons in rat neocortical slices and synaptic input was recorded 

befare, during and after the network was stimulated with a solution containing high [K+] and 

lowered divalent ions. Cross correlations of the sub-threshold membrane potential during 

network excitation were used to represent functional relationship between neurons. The 

electrophysiological identity of the different neurons was obtained from a detailed 

electrophysiological investigation and the anatomical identity was obtained after loading cells 

with biocytin and 30 anatomical reconstructions. The study reveals characteristic functional 

correlations between neurons depending on the type of neurons involved and the underlying 

synaptic architecture. We found that the functional correlations can also be used to predict 

detailed microcircuit properties . We conclude that this approach offers new potential insight 

into the functional structure ofthe neocortical microcircuit during activation. 

Instituto Juan March (Madrid)
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Repeating templa tes of spontaneous activity recorded intracellularly and 

optically from visual cortex in vitro 

Gloster Aaron and Rafael Yuste 

Various models of cortical function have presented the neocortex as an exquisitely 

organized network of distributed feedback circuits (Hebb, 1949; Hopfield and Tank, 1986). 

These models imply that activity in the neocortex in the absence of peripheral stimulation 

should reflect the organization of this architecture as opposed to a purely random process. 

Indeed, isolated neocortical slices can generate persistent activity that can display oscillations 

similar to those found in intact preparations (Sanchez-Vives and McCorrnick, 2000), 

suggesting that the locus of the organization required for these oscillations is located in the 

cortex itself. 

Results from a previous study have shown that pyrarnidal neurons from isolated visual 

cortical slices display repeating patterns of correlated activity in that sets of neurons will 

either fire at the same time or fire at specific time intervals relative to each other (Mao et al. , 

200 l ). These results are consistent with the existence of "synfire chains" (Abeles, 1991 ). 

If sets of neurons spontaneously and periodically fire coordinated pattems of activity 

relative to each other in the isolated cortex, then this activity may be discemable to almost any 

single neuron, since a single neuron is synaptically connected to a large array of other 

neurons. Our project tested this hypothesis by recording spontaneous PSPs from single 

whole-cell patched !ayer 5 neurons in coronal slices of mouse VI cortex and then exarnining 

these PSP records for repeated patterns of activities. From this exarnination we found that 

most neurons did indeed show 2-5 second long epochs of activity ("templates") that repeated 

with remarkable precision. These templates were not found when the PSP trace was 

randomly shuffied, nor were they found when the quality of the electrophysiological 

recording deteriorated. In sorne experiments, optical recording of activity from many neurons 

simultaneous with the recording of PSPs from a single neuron showed that the surrounding 

cortex displayed a specific pattem of activity during the template discovered in the single 

neuron, suggesting that the template in the single neuron was formed by a network 

phenomenon. Future experiments will attempt to patch those neurons participating in the 

templates. These results suggest that "synfire chains" may be discovered in isolated cortical 

slices and can be detected with the aid of a single neuron. 

Instituto Juan March (Madrid)
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Scales for computational elements in the cortex 

M. Abeles 

Jerusalem 

The classical parcellation of cortex is based on cyto- (myelo-) architectonics. Each 

area is expected to ha ve a distinct function . This is a fundamental parcellation of function till 

our days . The same notion is taken also to mean that activity is induced by inputs to each 

area, the input information is processed for a while in the area and then outputted to another 

area. 

In the last few decades the regional nature of function was refined by further 

parcellation of cytoarchitectonic areas into patches (Columns, Blobs, Barreis) with unified 

function . Within each patch the neurons share sorne specific common function ( orientation, 

whisker). The idea of input-processing- output holds as well for the patchy cortical 

architecture. It has been known for long time that cortico-spinal neurons exist not only in 

primary motor cortex (area 4), but also in premotor (area 6) and somatosensory (area 3) 

cortices. But this did not disturb the basic dogma. 

Most neurophysiological studies of single neurons in the cortex assume that each 

neuron has a distinct function. Experiments in which repetitive stimuli of the same kind are 

given for many times (or the same motor action is executed over and over again) support this 

notion. However adjacent neurons may have very different functions. This is stressed by the 

fact that cross correlations between spike trains of next neighbors is often flat or very week. 

When recording in association cortices while an animal behaves along a fixed behavioral 

paradigm one find that approximately one third of the neurons show "task related activity". 

But even this fraction may typically be further fractionated among different roles (epochs) 

within the task. Thus the special dimension of unity of function may be reduced to a single 

neuron. 

However, in behaving animals, with paradigms that allow diversity one often observes 

periods in which the same neuron takes part in different functions . Such periods may last O. 1-

1 sec. This has been shown by our group for the prefrontal and posterior parietal cortices 

long ago, and recently for the motor cortex. Such functional time-multiplexing is in 

accordance with the findings that cross-correlations between a pair of cells are dynamically 

changing on a time scale of a fraction of a second. 

Extrapolating from the above one may ask is it possible that every spike participates in 

a different function? 

On the theoretical ground this is quite possible. Synfire chains clearly posses the 

ability to multiplex functions on a spike-by-spike basis, and to readout such multiplexed 

processes without confusion. Experimental results on precise firing sequences show that it is 

possible to sort-out spikes which are part ofa given process from spikes which are not. 

The above will be discussed with examples from our experimental results using multi­

electrode recordings in behaving monkeys. Instituto Juan March (Madrid)
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Microcircuitry of memory function in prefrontal cortex 

P.S.Goldman-Rakic 

Y ale School of Medicine, New Ha ven, CT 0651 O 

The stimulus-independent sustained activation of neurons in the prefrontal cortex and 

their content- specific coding of information constitute the fundamental cellular basis of the 

brain' s working memory functions. The two properties - persistent neuronal firing that 

outlasts a stimulus by seconds; and preferential coding of stimulus parameters derive both 

from biophysical properties and network dynamics. My laboratory is interested in elucidating 

these mechanisms as they pertain to and underpin working memory capacity in primates, 

including humans. The nonhuman primate is an unexcelled model for in vivo examination of 

persistent activity as well as coding and we have used primarily ferret prefrontal cortex for 

complementary in vitro investigations of cellular mechanisms. 

A first order hypothesis for understanding persistent activity in prefrontal cortex is that 

it is mediated, in part, by recurrent excitation among pyramidal neurons. This is an attractive 

hypothesis in that prefrontal neurons have been shown to possess a higher density of spines 

per neuron than in other cortices (Elston et al. , 2001) and hence a possibly higher density of 

local excitatory synaptic connections . We have used two methods to examine recurrent 

excitatory interactions. Simultaneous recording of multip1e neurons in monkeys trained on 

working memory tasks is the approach we have used to address questions of functional 

interactions between pairs of pyramidal cells. Our findings from diverse studies have 

established that microcircuits exist for memory phenomena and that they are constrained both 

by location in the cortex and by content, justas they are for sensory processes (Constantinidis 

et al. ,200 1). Moreover, in vitro analysis of pyramidal-pyramidal interactions has allowed us 

to examine the modulation of these recurrent circuits by neurotransmitters such as dopamine 

(Gao et al.. , 2001). We have shown both in vivo anc! in vitro that dopamine depresses 

excitatory transmission between pairs of pyramidal neurons. The irnplications of these 

findings for understanding disorders of dopamine regulation, such as schizophrenia, will be 

discussed. 

A cell' s tuning function can be assumed to be critica! for the accuracy ofmemory and 

comprehension. If it is sharp, memory may be razor-sharp; if blunted, rnemory may be 

inaccurate and faulty. Spike width and firing rates have been used to discriminate putative 

pyramidal and non-pyramidal partners as they are engaged during performance of spatial 

working memory task. We have shown the memory fields of prefrontal neurons are highly 

dependent on inhibitory input from both isodirectionally and cross-directionally tuned 

interneurons (Rao et al, 1999; 2000) . Doparnine modulates these relationships as well both 

by presynaptic and postsynaptic mechanisms (Gao and Goldman-Rakic,submitted). 

Finally, both excitatory and inhibitory mechanisrns are intertwined in the online 

operations that underly the conscious thought process that is disturbed in numerous disorders 

(Constantinidis et al. , 2002). 
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Interaction of spontaneous activity with sensory responses in layer 2/3 

barrel cortex 

Carl Petersen and Bert Sakmann 

The primary somatosensory neocortex of urethane anesthetised rats displays slow 

large amplitude spontaneous electrical activity observed in EEG recordings which are tightly 

correlated with changes in membrane potential of individual !ayer 2/3 pyramidal neurons 

observed through whole-cell recordings. These spontaneous events can be imaged with 

voltage-sensitive dye revealing propagating waves of activity in !ayer 2/3 . The membrane 

potential of !ayer 2/3 pyramidal neurons is defined by two distinct states: a DOWN state at 

resting membrane potential and a noisy UP state depolarised by -20mV from which 

spontaneous action potentials can occur. Local pharmacological blockade of ionotropic 

glutamatergic synaptic transmission prevents spontaneous activity, suggesting that local 

excitatory synaptic transmission through recurrent feedback excitation mediates these waves 

of excitation. Sensory responses evoked by deflection of whiskers show large trial-to-trial 

variability which is almost entirely accounted for by interaction with spontaneous activity. 

Responses during UP state were small, brief and confined to a small cortical region relative 

to DOWN state responses. The spontaneous activity thus appears to compete with sensory 

evoked responses and in sorne cases spontaneous events appear in fact to be a replay of 

recently evoked sensory experience. 
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Synaptic responses to sound in visual areas from visually deprived cats 

M.V. Sánchez-Vives
1
; LG. Nowak

2
; V. F. Descalzo

1 

l. Instituto de Neurociencias, Universidad Miguel Hernandez-CSIC, 03550 San Juan 

Alicante, Spain 

2. Centre de Recherche Cerveau et Cognition, CNRS-UPS, 31062 Toulouse, France 

Our objective has been to determine if there is cross-modal neuronal reorganization 
between auditory and visual areas in visually deprived cats and if there is, to characterize it at 
the cellular leve! by means of intracellular recordings. Cats were deprived of visual 
stimulation by keeping them in a dark room, where they were supervised with an infrared 

sensitive video camera. Four different pure tone sounds between 2 and 20KHz at 60 -70 dB 
were used to generate sound stimulation during 2-7 hours/day, apart from the usual noises at 
the animal facility . Intracellular recordings were obtained from the visual cortex of 
anesthetized and paralyzed cats held to the stereotaxic by hollow ear-bars containing 
loudspeakers inside. Auditory stimulation was generated by 150 ms to 2 s pulses of pure 
frequencies (1-20KHz) or white noise. Our recordings from area 17 (n= 17) did not show 
noticeable responses to sound stimulation. However, some (n=5) ofthe recordings obtained at 
the border 1 7 1 18 did show clear synaptic responses to auditory stimulation. We conclude that 
under visual deprivation and sound stimulation, the auditory-visual innervation is functionally 
active and induces synaptic potentials in cortical visual neurons. 

Key words: plasticity, cross-modal, in vivo, auditory 
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Interplay of excitation and inhibition in the sculpting of anatomical cortical 

columns in macaque primary visual cortex 

Jennifer S. Lund
1
, Alessandra Angelucci\ Jonathan B Levite and Paul C. Bressloff 

1
Moran Eye Center, University ofUtah, 50 North Medica! Orive. Salt Lake City, Utah 84132. 

2 
Department ofBiotogr,, City College ofCity University ofNY, !38th St. and Convent Ave., 

New York, NY 10031. Department ofMathematics, University ofUtah, 155 S. 1400 E. Salt 

Lake City, Utah 84112 

The concept of a cortical colurnn will be re-exarnined in macaque primary visual 

cortex, to consider to what extent a functionally defined colurnn reflects any sort of 

anatornical entity that subdivides cortical territory. Functional studies have shown that 

colurnns relating to different response properties are mapped in cortex at different spatial 

scales. We suggest that these properties first emerge in rnid-layer 4C through a combination 

of thalarnic afferent inputs and local intracortical circuitry, and are then transferred to other 

layers in a colurnnar fashion, via interlarninar relays, where additional processing occurs. 

However, not all properties are strictly colurnnar since they do not appear in all cortical 

layers. In contrast to the functional column, an anatornically-based cortical colurnn is defined 

most clearly in terms of the reciproca! connections it makes, both via intrinsic intra-areal 

lateral connections and via inter-areal feedback/ feedforward pathways (Angelucci et al., 

2002; Lund et al., 2002). We suggest that the anatornical colurnn boundaries are reinforced by 

interplay between lateral inhibition spreading beyond the colurnn boundary and disinhibition 

within the colurnn. The anatornical colurnn acts as a functionally tuned unit and point of 

information collation from laterally offset regions and feedback pathways. Thalarnic inputs 

provide the high contrast receptive field sizes of the colurnn's neurons, intrinsic intra-areal 

lateral connections provide their low contrast summation field sizes, and feedback pathways 

provide surround modulation of colurnn receptive fields responses. We suggest that these 

various excitatory puts sum and engender local inhibition within the colurnn that modulates 

the activity of its output neurons. 
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Quantitative classification of cortical GABA cells by the axonal morphology 

Yasuo Kawaguchi 

Division of Cerebral Circuitry, National Institute for Physiological Sciences, Okazaki, Japan 

It remained to clarified how many classes of GABAergic intemeurons exist in the 

cortical circuit. Depending on the assumption that cortical cells could be defined 
morphologically, chemically and physiologically, we continued their grouping into severa! 

classes by the qualitative descriptions . Recently, we've started to quantifY morphological 
parameters of GABA cells. In the present study, we analyzed their morphological 

characteristics quantitatively by the 3D-reconstructions and the principal component analysis 
(PCA) of the morphological parameters. 

In the rat frontal cortex, we divided GABAergic non-pyramidal cells into 3 groups, 

that is, fast-spiking (FS) cells, late-spiking (LS) cells, and non-FS cells, based on their firing 
characteristics. Non-pyramidal cells in !ayer II/111 and V of frontal cortex were 
physiologically identified and loaded with biocytin by whole cell recording in slices from 
young rats (19 - 23 days postnatal) . After fixation, the recorded cells were histochemically 

stained and embedded in Epon. Sorne cells were also identified imrnunohistochemically. 

Axon collaterals, boutons, somata, and dendritic branches were reconstructed using 

N euro lucida. 

W e measured following 8 parameters for the axon branching pattem and bouton 
distribution,: (1) number of branching points (nodes); (2) the highest order of branching; (3) 

branch Iength corresponding to the 33.3% oftheir cumulative plot; (4) number ofboutons; (S) 
bouton percentage below the soma along the radial axis; (6) bouton percentage within the 200 

¡¡m vertical colurnn; (7) bouton percentage within the 400 ¡¡m vertical colurnn; (8) bouton 
percentage within the 200 ¡¡m wide horizontal slab ( 100 ¡¡m from soma to white matter and 

pial side, respectively). We also measured the bouton percentage attaching to somata. 

By PCA of these 8 parameters, we obtained severa! principal components (PCs). We 
mapped nonpyramidal cells on the plane made by PC 1 and PC2. This mapping revealed sorne 
clusterings on the PC 1-PC2 plane. This map was purely made from axonal morphology 
parameters, but the clusterings on the PC plane were correlated with firing characteristics, 

chemical content and basket terminal formation to sorne extent. 
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Principies of neocortical internen ron recruitment 

Gupta A.(l), Wang Y.(2) and Markram H.(l) 

l) Department ofNeurobiology, Weizmann Institute ofScience, 76100 Rehovot, Israel 

2) Section ofNeurobiology, Y ale University School ofMedicine, 333 Cedar Street, New 

Haven, CT 06520-8001 , USA 

GABAergic intemeurons constitute only a minor fraction (20-30%) of neocortical 

cells, but are essential for normal brain function. Recent studies have expanded our 

knowledge of how tlús small and lúghly diverse population of cells, inlúbit neighboring 

neurons, but the properties of their recruitment are still largely unknown. We therefore 

obtained simultaneous whole-cell patch clamp recordings (n> l20) from severa! anatomical 

and electrophysiological distinct types of intemeurons receiving convergent inputs from up to 

three presynaptic pyramidal cells (PCs) in layers 2-4 of rat neocortical slices. Glutamatergic 

synapses formed by PCs onto intemeurons were diverse in their dynamic properties, being 

either facilitating or depressing. Morphologically distinct interneuron types were found to 

receive both types of synapses. However, distinct electrophysiological subclasses of a given 

morphological intemeuron type invariably received either only facilitating or depressing 

synapses (synapse mapping principie). Indeed, inputs from severa! PCs converging onto a 

single intemeuron target all forro synapses of the same type (n>25), and single pyramidal 

neurons innervating different electrophysiological intemeuron subclasses ( divergence) 

differed in their temporal dynamics (differential synaptic transmission). Facilitating synapses 

varied widely in their underlying kinetic properties and synaptic strengths: sorne target 

intemeurons could be discharged by a single presynaptic PC, whereas others could not be 

discharged by even three convergent PC-inputs. Intemeurons, therefore, differ in their 

thresholds for recruitment, alluding to functionally unique positions witlún the neocortical 

microcircuitry during network activity. Finally, in many cases PCs were found to be 

reciprocally connected to their target intemeurons indicating that many intemeurons may 

directly affect the population of PCs responsible for their initial recruitment. Our findings 

show that innervation of intemeurons by PCs follows distinct organization 

Keywords: neocortex, intemeurons, pyramidal cells, recruitment 
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Basic cortical microcircuits 
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The neocortex might be conceived as composed of multiple, small vertical units of 

information processing. Each vertical unit is subdivided across layers into different subunits 

of processing, these subunits being composed of multiple repeating microcircuit elements. 

Most researchers on cortical microantomy would agree that the skeleton of the basic 

microcircuit is formed by a pyramidal cell and its input-output connections, which shows the 

same basic pattem of synaptic connectivity in al! cortical areas and species. That is excitatory 

inputs arrive only to the dendritic arbor and originate from extrinsic afferent systems and 

spiny cells (which include other pyramidal cells and spiny stellate cells). Inhibitory inputs, 

which mostly originate from GABAergic intemeurons, termínate on the dendrites, soma and 

axon initial segment. These intemeurons are interconnected between themselves, with the 

exception of chandelier cells, which only form synapses with the axon initial segment of 

pyramidal cells. However, the neuronal elements that made up the basic microcircuit are 

differentiated into subtypes, sorne of which are lacking or display great modification in 

different cortical areas of the same or different species. For example, the size, number of 

bifurcations, and spine density of the basal dendritic arbors of pyramidal cells (the principal 

neuron of the cerebral cortex) differ considerably between cortical areas within the same or 

different species. Furthermore, the number of neurons contained in a discrete vertical cylinder 

of cortical tissue is highly different in various species. Similarly, double bouquet cells, which 

constitute a widespread microcolumnar inhibitory system in humans imd monkeys, in other 

species like in rats this rnicrocolumnar organization is lacking. Thus, it is impossible to draw 

a sufficiently complete basic diagram of cortical circuitry that may be valid for all species. In 

conclusion, cortical microanatomy in different areas (within the same or different species) 

differs considerably among themselves and, therefore, data obtained in one area are not 

necessarily applicable in another. Assuming that the functional signatures of neurons in 

different cortical areas are determined, in part, by microanatomy and intraareal circuitry, the 

differences in microcircuitry are likely to be instrumental in determining function throughout 

the cortical areas. Therefore, it is of great interest to discem what are the basic or fundamental 

bricks of cortical microcircuits which are common to all cortical areas and species and what 

are the specific variations in a given cortical area and species. 
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A kinetic signature for hippocampal interneurons 

R. Cossart, C. Dinocourt, J.C. Hirsch, Y. Ben-Ari, M. Esclapez, C. Bemard 

Inhibitory g-Amino butyric acid (GABA) contammg intemeurons are a majar 

component of most neuronal networks in the brain. They play multiple functions, ranging 

from the control of signa) integration, action potential firing, synaptic plasticity of their 

postsynaptic targets to network oscillations and epileptic synchronization. Since intemeuronal 

discharge is instrumental to insure these functions, it is important to characterize the 

parameters which control the firing of action potentials, and hence the properties of the 

synaptic inputs that these interneurons receive. Such study is difficult because of the extreme 

diversity of interneurons at the morphological (somatic location, dendritic arborization and 

axonal projection field), neurochemical and physiological levels. Since the pre- and post­

synaptic properties of neurotransmission depend on both the source and the target each 

morphological class of interneurons could have a unique, specific repertoire of synaptic 

properties. Our understanding of the physiological properties of synaptic currents in 

intemeurons in relationship to their morphology is incomplete. To examine this question, we 

have analyzed the kinetics of inhibitory and excitatory postsynaptic currents (IPSCs and 

EPSCs) recorded in various morphological classes of CAl hippocampal interneurons. 

Surprisingly, there turns out to be a strict correlation between the repertoire of kinetics of 

excitatory and inhibitory currents recorded in CAl intemeurons and the hippocampal layers 

that their axons innervate. In contrast, the repertoire of kinetics of synaptic events that excite 

or inhibit a given intemeuron does not depend upon its somatic Jocation or dendritic 

arborization. This reveals a physiological signature of intemeurons and a new rule of 

inhibitory network organization. 
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Cell type specificity of neural circuits in visual cortex 

Ed Call away 

The Salk Institute for Biological Studies 
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La Jolla, CA 92037 
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We have studied the organization of local circuits within the primary visual cortex 

(V 1) to better understand how neural circuits gi ve rise to the visual response properties of 

cortical neurons and to cortical function in generaL Intracellular labeling and reconstruction of 

axonal and dendritic arbors of individual neurons has revealed the cell types present within 

the various layers ofVI and how they might be interconnected. Relating the axonal projection 

patterns to the laminar and colurnnar functional architecture of VI provides insight into the 

functional influence of the various connections. We have used "Photostimulation" to identi fy 

which of the possible connections, inferred from anatomical overlap of dendritic and axonal 

arbors, in fact exist. In these experiments, light is used to release caged glutamate and thus 

"photostimulate" small populations of neurons while recording from a single celL This results 

in the identification of the locations of neurons presynaptic to the recorded celL Analysis of 

functional input to individual neurons reveals that anatomically and physiologically distinct 

types of inhlbitory and excitatory neurons typically receive input from distinctly different 

sources, even amongst neurons located in the same cortical !ayer. Thus, functional 

connectivity cannot be predicted from the spatial overlap of axons and dendrites. Cell type 

specificity confers an even finer leve! of organization of functional microcircuits than the 

laminar and colurnnar cortical organization. This specificity implies that future studies of 

relationships between circuits and function must match this leve! of organization. For 

example, because differences in functional input are correlated with morphological 

differences, this provides the possibility of correlating circuits with single ce!! receptive fields 

in future studies. We are also developing methods using viruses and cell type specific 

promoters to allow quickly reversible inactivation of selected cell types. These methods will 

allow in vivo tests of the role of particular cell types within the functioning cortical network. 
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Networks of GABAergic neurons in the neocortex 

Shaul Hestrin, Zhiguo Chu and Mario Galarreta 

Stanford University School ofMedicine 

Ramon y Cajal proposed a hundred years ago that intemeurons are important in 
organizing local circuits in the neocortex. These ideas, which preceded the concept of 
inhibition, were raised because neocortical inhibitory neurons have strictly local axons with 
projection fields that are cell type specific. This suggests that different classes of intemeurons 
may define different functional domains within the cortex. In the last 10-20 years 
experimental work in vivo and in vitro suggested that intemeurons are not only acting in 
balancing excitation but could also form inhibitory networks controlling timing in the cortex. 
Furthermore, it has been suggested that the properties of the interactions among intemeurons 
play a critical role in coordinating the activity of a group of intemeurons. However, the 
properties of synaptic interactions among neocortical intemeurons and how inhibitory 
networks may generate synchrony are only poorly understood. 

We have used whole-cell recordings to study the properties of synaptic interactions 
among pairs of neocortical inhibitory neurons in vitro. We recorded simultaneously from pairs 
of fast-spiking (FS) cells in layer 5 and from pairs of latespiking (LS) cells in layer l. The FS 
cells were immunoreactive to parvalbumin and had local and horizontal ax:on projections. The 
LS cells had dense horizontally oriented ax:ons restricted mostly to layer l . 

We have found that both FS and LS cells form GABAergic chemical synapses among 
themselves as well as with other intemeurons and pyramidal cells. We also found that both FS 
and LS cells form electrical synapses among themselves with high probability of occurrence 
(60-80% of pairs). However, FS cells did not form electrical synapses with non-FS cells and 
LS cells did not form electrical synapses with non-LS cells. These data demonstrate directly 
the presence of electrical synapses among GABAergic neurons and support the hypothesis 
that electrical synapses define networks of inhibitory neurons embedded within the neocortex. 

Next we asked how both electrical and GABAergic connections among inhibitory 
neurons may allow groups of intemeurons to be sensitive to synchronous excitatory inputs. 
First we showed that the EPSP-to-spike transformation of local excitatory inputs to FS cells is 
temporally precise. Moreover, this property allowed groups of FS cells interconnected by 
electrical and GABAergic synapses to detect the relative timing oftheir excitatory inputs. 

Taken together, our results suggest that electrical synaptic interaction occurs among 
GABAergic neurons belonging to the same class, and that the electrical and GABAergic 
connections within groups of intemeurons may play a role in the detection and promotion of 
synclu·onous activity. 
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Interactions between convergent unitary inputs in neocortical neurons 

Gábor Tamás 

Department of Comparative Physiology, University of Szeged, Hungary 

The temporal relationship between input and output events appears crucial in cortical 

operation: important findings showed that correlated neural activity is a potential neural code 

underlying sensory processing in the brain. How cortical neurons integrate inputs and how 

neuronal output reflects input activity are key questions for the explanation of cortical 

function . Theoretical studies predict that the modes of integration of coincident inputs depend 

on their location and timing. 

To test these models experimentally, we simultaneously recorded from three 

neocortical neurons in vitro and investigated the effect of the subcellular position of two 

convergent inputs on the response summation in the common postsynaptic ce!!. When 

scattered over the somatodendritic surface, combination of coincident excitatory andlor 

inhibitory synaptic potentials summed linearly in postsynaptic cells. Slightly sublinear 

summation with connection specific kinetics was observed when convergent inputs targeted 

closely placed sites on the postsynaptic neuron. Moderate sublinearity of summation was 

maintained between inputs targeting cellular compartments of relatively Iimited volume and 

also when a significant portian of inputs targeting the same compartment was activated. The 

degree of linearity of summation also depended on the type of connection, the relative timing 

of inputs, on the activation state of Ih and on the leve! of background synaptic activity. 

Furthermore, we recorded the effects of convergent, unitary inputs on postsynaptic firing and 

found that synchronization entrained by individual inputs was enhanced during simultaneous 

activation. 

These results suggest that, when few inputs are active, the majority of afferent 

permutations undergo linear integration, maintaining the importance of individual inputs . 

However, compartment and connection specific nonlinear interactions between synapses 

located e lose to each other could increase the computational power of individual neurons in a 

cell type specific manner. 
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Molecular determinants in GABAergic interneurones for network 
synchrony and oscillatory activity 

Hannah Monyer, Dept. Clínica! Neurobiology, University ofHeidelberg, Germany 

Synchronous neuronal activity underlies a number of higher brain functions including 
plasticity and complex cognitive tasks. Synchronous neuronal activity at different frequencies 
has been found and characterized in various brain regions during development and in the adult 
and has been associated with distinct functions . One major aim of our research is directed 
towards the identification of the 'key players' involved in the generation and modulation of 
synchronous network activity. Thus, there is increasing evidence that GABAergic 
interneurones, in addition to being the main source of inhibition in the adult brain, are 
critically involved in the generation of synchronous activity and oscillatory activity in large 
networks of pyrarnidal neurones. Our experimental efforts, which include the use of gene­
manipulated rnice, are directed towards addressing the following questions: l . Which are the 
critica( players regarding neurochernical transrnission in GABAergic interneurones that are 
important for synchrony and oscillations? 2. To which extent is electrical neurotransrnission 
via gap junctions important, in which cell types does it occur and which brain rhythms are 
affected? 3. Which are the GABAergic intemeurone subtypes that control brain rhythms at 
different frequencies? 4 . How does developmental change of receptor and gap junction 
expression affect network oscillatory activity? The presentation will address the importance of 
differential NvfP A receptor expression in GABAergic intemeurones, the role of Cx36 
expression in interneurones and the scientific potential residing in the technique of in vivo 
labelling of different types of GABAergic intemeurones. The latter is a tremendous aid for 
functional and anatornical characterization of identified neuronal subtypes in the acute brain 
slice but also in vivo. 
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Synaptic transmission in hippocampal interneuron networks 

Peter Jonas 

Mutual synaptic interactions between GABAergic intemeurons are thought to be of 

critica! importance for the generation of network oscillations and for the temporal encoding of 

information in the hippocampus. The functional properties of inhibitory synaptic transmission 

between hippocampal intemeurons are, however, largely unknown. To address this issue, we 

have made paired recordings from putative basket cells (BCs) of rat and mouse hippocampal 

slices. BCs were identified either on the basis of their morphological properties by infrared 

differential interference videomicroscopy (in the dentate gyrus) or by enhanced green 

fluorescent protein (EGFP) labelling in transgenic mice that expressed EGFP under the 

control ofthe parvalbumin promoter (in the CA3 and CAl region). 

Unitary GABAA receptor-mediated IPSCs at BC-BC synapses in all hippocampal 

subfields showed a fast rise and decay, with a mean amplitude-weighted average decay time 

constan! of 1 - 3 msec (at 32 - 34°C). IPSCs were approximately 2-fold faster at BC-BC 

synapses than at BC-principal neuron synapses in the same subfield. Synaptic transmission at 

BC-BC synapses showed paired-pulse depression (PPD) and multiple-pulse depression during 

repetitive stimulation. Electrical coupling was observed in a subset of BC-BC pairs in all 

subfields. Thus, fast postsynaptic conductance change, PPD, and electrical coupling appear to 

be general principies of synaptic transmission at intemeuron-intemeuron synapses in the 

entire hippocampal formation. 

To examine the consequences of the fast postsynaptic conductance change for the 

generation of oscillatory activity, we developed a computational model of an intemeuron 

network based on realistic assumptions about synaptic properties and network structure. 

Interneurons were represented as single compartments and endowed with intemeuron-specific 

active conductances. 200 neurons were arranged in a ring-like structure, and were coupled by 

inhibitory synaptic connections and gap junctions. In comparison to an intemeuron network 

model based on slow inhibitory postsynaptic conductance changes, the quasi-realistic model 

showed (1) higher coherence values, (2) higher robustness against both heterogeneity of the 

excitatory drive and sparseness of the connectivity, and (3) coherent oscillations o ver a much 

wider range of frequencies. A tonic excitatory drive applied to al! cells resulted in the 

generation of high-frequency coherent oscillations over the entire gamma frequency band. 

However, a tonic excitatory drive applied to a subset of closely spaced interneurons evoked 

coherent oscillations in the ripple frequency. Thus, intemeuron networks could act as robust 

generators of coherent oscillations, with a preferred oscillation frequency that is dependen! on 

the spatiotemporal structure ofthe excitatory drive. 
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Chance or design? The structure of axons in cat visual cortex 

Kevan A. C. Martin 

Institute ofNeuroinformatics, Winterthurerstrasse 190, CH-8006 Zurich, Switzerland 

Discovering the rules by which neurons interconnect has significant consequences for 

model of cortical microcircuits. Despite the effort devoted to studying cortical connectivity, 

we are still far from understanding these rules. While it is clear that the formation of any 

particular synapse requires that an axon grows to its target and there forms a synapse, the 

literature on the branching pattems of axons is largely anecdotal. Similarly, the actual 

placement of boutons along individual axon collaterals has been little studied. Fragments of 

Golgi-stained pyramidal cell axons in the rodent neocortex have provided the majar source of 

data and the majar impetus for theories of how cortex is wired. The rather surprising result 

from the rodent cortex is that boutons are distributed randomly along the axon. This led 

Braitenberg and Schuz (Anatomy of the Cortex, 1991) to propase that the cortical wiring is 

unspecific. Our explorations with complete axons of different types of cortical neurons from 

cat visual cortex indicate that the bouton distributions are skewed as in the rodent, although 

the spacing of the boutons are cell type specific. These long-tailed distributions, however, are 

consistent with diffuse and specific models of neuronal connections. We show that quite 
simple rules can explain these distributions and resolve the dichotomy between chance or 

design in cortical microcircuits. 
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Diversity of inhibitory input tuning and its contribution to the genesis of 
orientation and direction selectivity in primary visual cortex 

Y ves Frégnac, Cyril Monier, Frédéric Chavane, Pi erre Baudot and Lyle Graham 

Unité de Neurosciences Intégratives et Computationnelles, Gif-sur-Yvette, France 

This quantitative investigation ofthe functional role ofthe balance between excitation 
and inhibition and its dynamics during sensory processing gives insight into the emergence of 
orientation and direction selectivity in cat primary visual cortex. Using Sharp and Patch 
electrodes, the visually evoked synaptic activity was measured intracellularly in a large 
population of cells. Various steps of postsynaptic integration in the cortical response were 
analyzed and compared, based on integral measures of the evoked spiking rate, of the 
subthreshold membrane potential changes and ofinput conductances. This analysis provided 
three indirect estimates of the presence of visually evoked inhibition: spike suppression, 
hyperpolarization and reduction oftrial-to-trial variability ofmembrane potential . In addition, 
two methods were used to quantify the input more directly, by increasing the driving force of 
inhibition during spike inactivation protocols, and by monitoring the dynamics of excitatory 
and inhibitory conductances, in continuous mode in voltage clamp and current clamp. The 
results suggest three different patterns of interaction between excitation and inhibition that 
underlie the genesis of orientation and direction selectivity. In a first scheme, (P-P: 62% of 
cells), excitatory and inhibitory inputs are both selective and demonstrate the same preference 
as the spike. In a second scheme (P-NP: 19% of cells), excitation has the same preference as 
the spike, and inhibition is the strongest for non-preferred stimuli. In the last scheme (NP-NP: 
19% of cells), the excitatory and inhibitory inputs are both optimal for non-preferred stimuli. 
In all cases, and particularly for the P-P scheme, the evoked increases in excitatory and 
inhibitory conductances have a tendency towards a greater temporal overlap for the non­
preferred stimulus (in-phase) than for the preferred one (anti-phase). 

We propose that the diversity of input combinations found in different cells reflects 
anatomical non-homogeneities in the pattern of intracortical lateral connectivity. This 
diversity may be predicted in part by neighborhood relationships derived from the topological 
lay-out ofthe orientation and direction preference map in the plane ofthe corticallayers. It is 
thought to be the result of up- and down-regulation of intracortical connectivity by 
correlation-based activity-dependent processes. We conclude that there exists for each 
individual cell a variable interaction scheme between excitation and inhibition depending on 
its spatial location in the global orientation map, whose diversity conditions the substrate for 
orientation adaptation and plasticity. 

This work was supported by grants ji-om the CNRS (Bioinformatique) and HFSP RG-103-98 to Y.F 
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Differential functional roles of three inbibitory cell types in a recurrent 

cortical network model of working memory 

Xiao-Jing Wang 

It is well known that inhibitory interneurons in the cortex can be subdivided into 

different classes, according to their distinct physiological, morphological, and wiring 

properties. However, the functional implications of these intemeuron types are basically 

unknown. Here, we propose that in a local cortical network, stimulus-selective sustained 

neural activity is generated by recurrent circuit mechanisms in which three major intemeuron 

types play distinct roles. Our conductance-based network model is designed for persistent 

activity during working memory. 

There are four cell populations: pyrarnidal neurons, parvalburnin-containing, calbintin­

containing and calretinin-containing intemeurons. The firing properties of these cell types and 

the synaptic connections in a rnicrocircuit are calibrated from the anatornical and 

physiological data. We show that stimulus tuning of mnemonic persistent activity arises from 

concerted action of broadly projecting inhibition mediated by parvalburnin-containing 

intemeurons, and localized disinhibition of pyrarnidal cells via calretinin-containing 

intemeurons. Moreover, resistance against distracting stimuli (a fundamental feature of robust 

working memory maintenance) is subserved by calbintin-containing intemeurons which 

inhibit dendrites of those pyramidal cells not engaged in encoding the stored stimulus. We 

discuss experimental evidence in support of our model, testable predictions, and implications 

for doparnine modulation of working memory process in prefrontal cortex. 

Our model provides a theoretical framework for understanding division of labor and 

cooperation among different inhibitory cell types in a reverberatory cortical circuit. 
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Rate and timing in cortical plasticity 

Sacha Nelson 

Dept of Biology and Center for Complex Systems 
Brandeis University MS 008 

Waltham, MA 02454 

Debate has raged over the last few years as to whether cortical neurons transmit 
inforrnation primarily in their average firing rates or in the precise timing of their spikes. 1 
will address the related question of which features of spike trains control plasticity at cortical 
synapses. Using paired recording in slices we have developed a quantitative and predictive 
description of the joint dependence of cortical plasticity on the rate and relative timing of pre­
and postsynaptic firing. The results hold important implications for which parts of the neural 
code are most readily stored for later retrieval. In addition we have examined the 
complimentary question of how plasticity changes the coding properties of cortical synapses. 
Prior work suggested that LTP in neocortex acts mainly by changing short-terrn plasticity, 
which changes the way cortical spike trains are read out by their postsynaptic targets. In 
contrast, work in the hippocampus suggests that L TP affects mainly the gain of transmission, 
without altering synaptic dynamics. We find that neocortical LTP has mixed effects, altering 
both short-terrn plasticity and and the overall gain of transmission. In contrast, LTD has 
essentially pure effects on response dynamics. Finally, we have identified the signalling 
pathways required for induction of spike-timing-dependent LTD. Suprisingly, this forrn of 
plasticity appears to require retrograde signalling by endogenous cannabinoids. 
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Molecular basis of electrophysiological diversity of neocortical 

interneurons 

Toledo-Rodríguez M , Blumenfeld B , Wu CZ , Luo JY, Mae S.L , Markram H. 

Neocortical GABAergic neurons exhibit a daunting heterogeneity m 

electrophysiological properties At least 15 majar electrophysiological subclasses have been 

identified This electrophysiological diversity is due to different constellations K' , Ca
2

· , and 

non-specific ion channels. Studies investigating the ion channel basis ofthe electrophysiological 

behavior ha ve been limited to a few channels. Recently we have develop a series of single cell 

multiplex RT-PCR protocols that allow the simultaneous investigation for the expression of 

over 30 voltage activated ion channel alpha and beta subunits at the single cell leve!. We have 

included virtually every channel subunit that may play a role in shaping the neurons 

electrophysiological behavior. Whole-cell patch clamp recordings were obtained from 

intemeurons in neocortical slices, a detailed electrophysiological analysis carried out in which 

over 140 parameters of the passive and active properties of the neurons was obtained and 

cytoplasm was aspirated for subsequent single cell multiplex RT-PCR. During recording, 

neurons were also loaded with biocytin in order to allow subsequent 3D anatomical computer 

reconstructions, morphometric analysis and objective anatomical classification of intemeurons. 

We will present the results of detailed correlations between mRNA pro files of ion channels and 

the different electrophysiological features of the cell as well as correlations between expression 

patterns and anatomically defied neurons. 
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Two populations of tyrosine hydroxylase immunoreactive neurons and 

fibers in the human temporal cortex as defined by the differential 

expression of ni trie oxide synthase 

Ruth Benavides-Piccione and Javier DeFelipe 

Instituto Caja! (CSIC), Ave Dr. Arce 37, Madrid, Spain 

In the mammalian neocortex, neurons containing tyrosine hydroxylase (TH), the rate 

lirniting synthesizing enzyme for catecholarnines, constitute an enigmatic and ill-defined 

group of aspiny non-pyrarnidal cells. In the human they are mostly found in layers V-VI, 

where another conspicuous group of non-pyrarnidal cells can be labeled by NADPH­

diaphorase histochernistry, and by immunocytochernistry for nitric oxide synthase (nNOS). 

The main goal of the present work was to determine the extent to which the populations of 

neurons and fibers containing TH, NADPHd or nNOS overlap in the human temporal cortex, 

using single and double-labeling techniques. We found that 26% of TH neurons contained 

nNOS and that 31% of labeled nNOS neurons also expressed TH. In !ayer 1 TH and nNOS did 

not co-localize in horizontally orientated fibers, indicating that TH and nNOS containing 

fibers constitute two separate populations in this !ayer. In contrast, co-expression of these 

markers was observed in sorne fibers of layers II-VI. Previous studies ha ve shown that in the 

human neocortex, only 50% of TH neurons contain GABA, whereas nitrergic neurons are 

GABAergic and contain a variety of other peptides. Therefore, it is likely that TH/nNOS 

neurons are those cells that express GABA and that contain a variety of peptides, while the 

TH neurons that do not express nNOS probably include those that do not contain GABA. 

Thus, these results suggest that TH neurons can be divided into at least two sub-populations 

of non-pyrarnidal cells, one characterized by greater neurochernical diversity and the other by 

the presence ofTH alone. 

(Supported by CAM 011078212000 and DGCYT PM99-0105) 
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Reorganization of exuberant axonal arbors contributes to the development 
of laminar specificity in ferret visual cortex 

Víctor Borrell and Edward M. Callaway 

Layer-specific cortical axons are believed to develop precisely from the outset without 
making exuberant branches in incorrect cortical layers. Recent in vitro studies, however, 
suggested the possibility that layer 2/3 pyramidal neurons might make incorrect branches 
during the initial formation of axonal arbors. This possibility was here tested directly by 
following the development of axonal arbors in ferret visual cortex. We began our studies atan 
earlier stage than previous studies and focused on !ayer 2/3 pyramidal neurons, which in the 
adult have dense axonal arbors in layers 2/3 and 5 and not in !ayer 4. At the earliest age 
examined (postnatal day 14) axonal arbors were very immature, with very few axonal 
branches. At P 18 there were significant increases in axonal branches in both !ayer 4 
("incorrect" branches) and !ayer 5 ("correct'' branches). At subsequent ages the number of 
incorrect branches in layer 4 decreased while there was extensive axonal growth specifically 
in layers 2/3 and 5. Analyses of axonal arbors growing in slice cultures showed that this 
developmental sequence can be rnirnicked in vitro . Axonal growth lacked normal specificity 
in slice cultures from P 14 animals, but was layer-specific after P 18. These studies suggest that 
the mechanisms that regulate layer-specific growth of !ayer 2/3 pyrarnidal cell axons do not 
mature prior to the growth of the first branches. Furthermore, there are likely to be 
mechanisms that can elirninate branches from incorrect Iayers. 
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Local functional inputs to deep layer neurons in primate VI 

Farran Briggs and Edward M. Callaway 

We are interested in understanding how the local circuitry involving specific neuronal 

cell types contributes to their cellular function. We have recently been studying neurons in the 

deepest layers of primate primary visual cortex (VI) because their anatomical diversity 

suggests they play significan! roles in visual information processing. 

Layer S of primate VI contains three main types of excitatory neurons: non-projecting 

pyramidal cells, projecting pyramids, and large Meynert cells (Callaway and Wiser, 1996). 

Layer 6 contains eight morphologically distinct types of pyramidal neuron grouped into two 

main classes (Wiser and Callaway, 1996; Briggs and Callaway, 2001). Class I neurons are 

characterized by dense axonal and dendritic arborizations within the magnocellular (M) 

and/or parvocellular (P) subdivisions of the lateral geniculate nucleus (LGN) recipient !ayer 

4C (Wiser and Callaway, 1996). Class II neurons avoid arborizing in !ayer 4C and instead 

extend axons to deep and/or more superficial cortical layers. Based on their axonal and 

dendritic morphologies, the excitatory neurons in !ayer S and 6 are hypothesized to play roles 

in functionally distinct types oflocal circuits (Callaway, 1998). 

Close examination of the anatomy of the cell types in the deepest cortical layers 

reveals that these neurons have the capability to receive input from and provide output to 

neurons in every !ayer of Vl. This observation illustrates the necessity of an assay of 

functional connections to discriminate the individual input pattems for each cell type (see 

Sawatari and Callaway, 1996; Dantzker and Callaway, 2000; Sawatari and Callaway, 2000; 

Yabuta et al, 2001, Briggs and Callaway, 2001) . To identify functional connectivity, we 

employ scanning laser photostimulation and whole-cell voltage clamp recording to assay the 

laminar sources of functional excitatory input onto each type of deep !ayer pyramidal neuron. 

In order to target the rare Meynert cells for photostimulation, we will employ the use of an 

adeno-associated viral infection system in which adeno-associated virus (AA V) expressing 

GPF is injected into cortex where it infects Meynert cells causing them to fluoresce. Large 

fluorescing neurons are then targeted for recording. 

We find that distinct cell types in layers S and 6 receive distinct patterns of local 

laminar inputs. An extensive study has been completed on pyramidal neurons in !ayer 6 

(Briggs and Callaway, 2001). Contrary to our initial predictions, Class I neurons, regardless 

of their anatomical preference for the M or P subdivision of !ayer 4C, receive input from both 

subdivisions of layer 4C. M or P pathway specificity onto Class I neurons originales instead 

from the superficial target layers of 4Ca and 4Cb, layers 4B and 2/3 respectively. Class I 

neurons with dense anatomical projections to !ayer 4Ca receive M-dominan! superficial !ayer 

input from !ayer 4B while Class I neurons with dense projections to !ayer 4Cb receive P­

dominant superficial !ayer input from !ayer 2/3. Class Il neurons received input from the same 

layers targeted by their local axonal projections, as predicted based on their anatomies. 

Preliminary results from our study of input to !ayer S neurons suggest that layer S 

pyramids receive strong deep !ayer input. An emerging trend suggests that non-projecting 

!ayer S neurons receive stronger superficiallayer input than projecting !ayer S neurons. 
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Reelin immunoreactivity in the adult primate brain: Intracellular 

localization in most projection and local circuit neurons of the cerebral 

cortex, hippocampus, and subcortical structures 

Martínez Cerdeño V, Galazo MJ, Cavada C, Clascá F 

Department ofMorphology, School ofMedicine, UAM 

Reelin is the protein defective both in the ataxic mutant mice reeler, and in a recessive 

form of human lissencephaly with cerebellar hypoplasia. Reelin has been shown to act as an 

intercellular signaling molecule of the extracellular matrix, regulating cell-to-cell interactions 

that lead to correct neuroblast positioning in development. In addition, Reelin is wídely 

expressed in the brain of adult marnmals, including humans, but its biological functionls in 

the adult brain remain largely unknown. To gain insight on which neuronal populations and 

specific circuits may be under the influence of Reelin in the adult, we have conducted an 

analysis of Reelin-immunoreactive neuron types in the cerebral cortex, and subcortical 

regions of macaques at the light and electron microscope levels. Results show that a large 

majority of brain neurons, including both intemeurons and projection neurons, are 

immunoreactive for Reelin in adult macaques. The immunoreactive protein is located 

intracellularly, mainly in neuronal somata, dendrites. Reelin is also present in sorne long 

axonal pathways and their terminal arborizations, indicating that Reelin can be axonally 

transported o ver long distances. There is also a remarkable diversity of staining pattems of the 

labeled neurons. Compared to previously published reports, our data reveal a wider 

distribution of Reelin in adult brain of primates than in any other species investigated to date. 

Most brain circuits in the adult primate brain, therefore, may be under the direct influence of 

reelin function. 
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A network model of generation and propagation of slow (<1Hz) oscillations 

in the cerebral cortex 

A. Compte, M. V. Sanchez-Vives, D. McCormick and X.-J. Wang 

Volen Center MS013, Brandeis Univ. , Waltham MA, USA 
Inst. Neurociencias, Univ. Miguel Hernandez-CSIC, Alicante, Spain 

Neurobiology, Y ale University, New Haven CT, USA 

Cortical slow oscillations (<1Hz) that resemble those occuring in vivo during slow 
wave sleep (Steriade et al. J. Neurosci 13 :3252, 1993) were recorded from cortical slices in 
vitro (McCormick and Sanchez-Vives, Soc. Neurosci. Abs. 1999; 874.11). Bursts ofsynaptic 
activity (0.3 Hz) occurred in all cortical layers, originated in infragranular layers, propagated 
across the slice at -lO mm/s and were followed by a silent period of 2-4 s. To understand 
better the mechanisms of generation and propagation of this cortical activity, we modeled it 
through a two-population network model of a cortical module consisting of excitatory and 
inhibitory units. 

Neurons are modeled as conductance-based units with Hodgkin-Huxley spiking 
dynarnics. 

Excitatory neurons have a Ca-activated K current and a Na-activated K current 
contributing to spike-frequency adaptation at very different time scales. Neurons are 
interconnected with high probability if they líe within 200 microns of each other through 
realistic synaptic dynarnics (rnirnicking AMPA, NMDA and GABA_A postsynaptic currents) . 
When the neurons in the model are set to display spontaneous activity, we observe slow 
oscillations with active episodes at low rates followed by a slow afterhyperpolarization and a 
long time interval between episodes, consistent with experiments. 

Oscillations propagate along the network at -10 mm/s. We analyzed how the 
oscillation is generated and propagates as a result of the interplay between intrinsic membrane 
properties (adaptation currents) and synaptic mechanisms (spatial range and dynarnics of 
recurrent currents). 

Sponsored by NSF (ffiN-9733006), A.P. S loan Foundation and MCyT (Plan Ramon y Cajal) 
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Synaptic connectivity among parvalbumin-fast spiking inhibitory 

interneurons in the neocortex of adult m ice 

Mario Galarreta
1 & Shaul Hestrin

1
•
2 

1
Department ofComparative Medicine, 

2
Department ofNeurology and Neurological 

Sciences, Stanford University School ofMedicine, Stanford CA, 94305-5330, USA 

Networks of GABAergic intemeurons connected via electrical and chemical synapses 

are thought to play an important role detecting and promoting synchronous activity in the 

cerebral cortex (Jefferys et al. , 1996; Galarreta and Hestrin, 200Ib). Although networks of 

inhibitory intemeurons are thought to operate in adult animals, the synaptic interactions 

among these cells have only been studied systematically in juvenile animals (Galarreta and 

Hestrin, 1999; Gibson et al., 1999; Tamás et al ., 2000; Venance et al. , 2000; Bartos et al., 

2001 ; Galarreta and Hestrin, 2001a; Szabadics et al. , 2001). Here, we have used transgenic 

rnice expressing the enhanced green fluorescent protein (EGFP) in cells containing 

parvalburnin (PV) (Meyer and Monyer, 1999) to study the synaptic connectivity among fast­

spiking (FS) cells in slices from adult animals (2-7 month old). By recording simultaneously 

from pairs of PV -FS cells, we ha ve found that the majority of them were electrically coupled 

(61 %, 14 out of 23 pairs). In addition, 78 % of the pairs were connected via GABAergic 

chernical synapses, often reciprocally. The average coupling coefficient for step injections 

was 1.5% (n=l4). GABA mediated IPSCs and IPSPs decayed with exponential time 

constants of 2.6 and 5.9 ms, respectively, and showed paired-pulse depression (50 ms 

interval) . These results indicate that PV-FS cells are highly interconnected in the adult 

cerebral cortex by both electrical and chernical synapses, establishing networks that can have 

important implications for coordinating activity in cortical circuits. 
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Cortical pyramidal neurons as non-linear oscillators: 

experiment and theory 

Gutkin B. S (1) & Brumberg J. C. (2) 

( 1) Unit Neurosciences Integratives et Computationnelles, Gif-sur-Yvette, Fr; (2) Dept. of 

BioL Sci. Columbia U New York, USA 

Cortical neurons are capable of generating repetitive discharge in response to constant 

current injection. These cells thus can be considered as non-linear oscillators. We indentifY 

the underlying dynarnics that produce the oscillation by probing the neuron with sinusoid 

inputs of different frequencies. The details of the response then yield the signatures of 

different dynarnical mechanisms. Here we present experimental results from in vitro 

recordings alongside of theoretical work. The experiments show that the pyrarnidal neurons 

are capable of following the input up to a critica! frequency above which period skipping and 

1-to-x phase locking occurs. These cells show clear "devils staircase" behavior. The critica! 

frequencies can be influenced by the input parameters (amplitude; the de offset) and/or 

correlated with intrinsic cell characteristics (spike width). We propase that the latter can be 

related to the dynarnics of the spike generating currents. Our thesis is that the experimental 

data can be explained by a canonical theory of membrane excitability and spike generation. 

We show that this canonical model shows the full 'devils staircase" behavior, and reproduce 

the critica! frequency dependence on the dynarnics ofthe spike generating mechanism. 
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Simulating stereotyped topology in neocortical microcircuits 

James Kozloski, IBM Research 

*R. Yuste, Columbia University 

te. Peck, R. R. Rao, and G. Cecchi, IBM Research 

A fundamental, yet controversia!, question among anatomists and theoreticians alike is 

to what degree the microcircuitry that interconnects neocortical neurons is random or precise. 

Given that neocortical tissue comprises hundreds of neuronal types, and since each neuron 

makes and receives thousands of connections, tracing this microcircuitry has proven daunting 

throughout the past century. By starting at an identified point in the in the neocortical 

microcircuit and employing a novel method for tracing connections optically, we observed a 

highly precise pattern of connectivity between individual neocortical neurons. Not only did 

we observe the same types of neurons targeted for connections across different animals, but 

even the position of these targets relative to the starting point were conserved. Our results 

suggest a highly conserved sub-millimeter topology of circuit elements across different 

individuals, indicating robust developmental control over microcircuit formation and 

function. Furthermore, our results indicate that a simulation infrastructure is needed for 

studying cortical microcircuits that will allow specification of complex, yet stereotyped 

patterns of connectivity between large number of computational units. 

Contributing authors: ·cortical microcirctuit topology, tspecification architecture for 

microcircuit simulations. 
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Organization and bormone sensitivity of associational and callosal cortical 
connections in rats 

Charu Venkatesan and Mary F. Kritzer 

The cerebral cortex orchestrates highest arder sensory, motor and cognitive functions. 

Behavioral studies in humans, primates and rats suggest that the maturation of sorne of these 

functions, e.g., language, motor, or spatial skills, is sensitive to ganada! steroid stimulation. 

The studies presented here explored anatomical endpoints of cortical circuit organization that 

may be relevant to this influence. 

Specifically, studies paired classical hormone manipulations with microcircuit tract 

tracing to address hypotheses concerning hormonal shaping of the three-dimensional structure 

of associational and callosa! connections of identified layers of representative sensory, motor, 

and association areas of the cerebral cortex in mate rats. Studies focused separately on the 

supragranular and infragranular layers of the primary motor and primary visual cortex, and on 

the infragranular layers of the dorsal anterior cingulate cortex. The connections of each of 
these compartments were revealed by localized nanoliter volume injections of the retrograde 

tracer cholera toxin (inactive B fragment conjugated to colloidal gold), followed by 

reconstructions of resultant labeling with respect to cytoarchitechtonic areas and lamination. 

Qualitative and quantitative comparisons of this labeling among hormonally manipulated and 

intact animals revealed a selective effect of postnatal hormone stimulation on the lateral reach 

of ipsilateral labeling in primary motor cortex; in this area alone, small, but statistically 

significant decreases in the hmizontal spread of associational labeling were revealed that were 

attenuated by replacing hormone-deprived rats with exogenous steroid (Venkatesan and 

Kritzer, 1999). Otherwise, there was a general insensitivity of the connections exarnined to 

postnatal changes in the hormone environment. The data obtained in control animals utilized 

in these comparisons did, however, provide extremely precise and novel detail about regional 

and laminar specializations of cortical circuit structure in rats, including systematic 
differences that seem as a rule to distinguish associational from callosa! connections. Thus, in 

addition to being significantly foreshortened in the mediolateral plane, callosallabeling is also 

often distinguished from corresponding associational circuits by selective reductions in 

connections with laterally situated cortical zones that are typically of disparate function. F or 

example, whereas the associational connections of primary motor cortex extended weU into 

the medially adjacent premotor cortex and laterally adjacent somatosensory area Parl , in the 

contralateral hemisphere labeling extended into premotor cortex, but invaded the sensory 

region to a significantly lesser extent. Driven by the links between ganada! hormones and 
cortical function on the one hand, and between cortical structure and function on the other, 

these and future studies examining for example the influence of prenatal hormone exposure 

on the sculpting of cortical circuit organization may provide insight into the biology of sex 

differences in acquisition and performance of cortically mediated skills. Insights may also be 

gleaned regarding cortical deficits in disorders such as schizophrenia, dyslexia, and autism 

which are often accompanied by sex differences in illness incidence or outcome. Along the 

way, however, useful and highly detailed inforrnation about the precise anatomical 
organization of cortical circuits should also continue to emerge. 

Refereoces: 
Veokatesan, C. aod M.F. Kritzer Perinatal gonadectomy affects 

corticocortical connections in motor but not visual conex in adult male 

rats. (1999) J. Comp. Neurol. 415 : 240-265 . Instituto Juan March (Madrid)
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The influence of spike history on synaptic efficacy at different stages of 

cortical processing 

Luis M. Martinez 1 and Jose-Manuel Alonso2 

!NEUROcom. Dept de Med icina. Fac. Ciencias de la Salud . Campus de Oza. Univ. A 

Coruña, SPAJN 

2Dept of Psychology, Univ. of Connecticut, 406 Babbidge Road, Storrs, CT 06269, USA 

We are interested in how the cortical microcircuit shapes functional response 

properties. Here, we aimed to determine how spike history influences the efficacy of 

presynaptic spikes to evoke firing in postsynaptic cells located at ditferent layers of cat 

primary visual cortex and, hence, at ditferent stages of cortical processing. For this purpose, a 

matrix of seven electrodes was introduced in the medial bank of the cortex. Since each 

electrode could be moved independently and run parallel to the cortical surface, we could 

record simultaneously from cells within the same or nearby orientation columns at ditferent 

cortical layers (from !ayer 4 to !ayer 5). We recorded from 166 pairs of cortical neurons with 

overlapping receptive fields (percentage of overlap > 50%). In more than half of the cases 

(n=92),cross-correlation analysis showed strong, statistically significan!, peaks with latencies 

consisten! with monosynaptic connections l . In those 92 cell pairs, 32 showed enough signal­

to-noise and spike counts to allow further analysis. In 19 cases a simple cell in !ayer 4 was 

presynaptic to a complex cell in the superficial layers; in 7 cases a simple cell in !ayer 4 was 

monosynaptically connected to a complex cell in upper !ayer 5; finally, in 6 instances we 

could record form pairs of complex cells, the first one in layers 2+3 and the second one in 

!ayer S, al so monosynaptically connected. 

Our results suggest that the influence of spike history on synaptic efficacy changes 

according to laminar location and cell type. When simple cells in !ayer 4 fired at low 

frequencies (below 20 Hz), their synapses onto layers 2+3 complex cells showed signs of 

synaptic facilitation or depression depending on whether the complex cell responded, or not, 

to static stimuli. The connection from layers 2+3 to !ayer 5, however, showed no trace of 

synaptic facilitation at low frequencies and rather, a tendency to synaptic depression was 

apparent on most pairs. Finally, sorne !ayer 4 cells sent a direct projection to !ayer 5 that 

underwent strong synaptic facilitation at low frequencies . 

Thus, the flow of information through primary visual cortex appears to follow two 

parallel, alternative, pathways originating in !ayer 4 that are selected for on the basis of the 

input pattern determined by the visual stimulus. One of them, from !ayer 4 simple cells to 

!ayer 5 complex cells, via a relay in the superficial layers, that is mostly active when the 

cortical network is firing at high frequencies (above 20Hz). The other, a divergent connection 

from !ayer 4 to a subset of cells in the superficial layers and !ayer 5 that is preferentially 

engaged when the network gain is low. 

Rcferences : 

!Alonso. J-M and Martinez, LM (1998) Nature Neurosci . 1(5), 395-403 . 

Sponsorcd by NlH and HFSPO. 
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Molecular phenotype of DS-positive neurons in the striatum 

Israel Alberti, Alicia Rivera, Ana Martín, Adelaida de la Calle and Rosario Moratalla 

Instituto Caja!, CSIC, Madrid 

Within the basal ganglia complex, the striatum plays a pivota! role in the regulation of 

motor control, as well as cognitive and emotional processing. The integration of information 

within this neural system requires the precise coordination of the activities of striatal 

projection neurons and interneurons. Dopaminergic input from the substantia nigra plays a 

crucial role regulating the activity of all striatal neurons, including interneurons. Dopamine 

(DA) acts on specific G protein-coupled receptors, grouped in Dl-class (DI and D5 subtypes) 

and D2-class (D2, D3 and D4 subtypes) families, based on their biochemical, 

pharmacological and physiological profiles (Missale et al. , 1998). Dopamine stimulates or 

inhibits the cortico-basal ganglia circuits by interacting with these receptors located on striatal 

neurons. In this study we demonstrate the presence of D5 receptor subtype in different 

populations of striatal neurons, projection neurons and intemeurons. The overall abundance of 

this receptor subtype in the striatum is low, particular! y, in striatal projection neurons of both, 

direct and indirect projection pathways, identified by the presence of the neuropeptides 

dynorphin or enkephalin respectively. However, the expression of DS receptors in striatal 

intemeurons identified by the presence of choline acetyltransferase or somatostatin is rather 

high. The expression intensity in other intemeurons like parvalbumin- or calretinin-positive is 

low to moderate. Therefore our results demonstrate the presence ofDS receptors in all striatal 

cell populations described so far, although with different intensities in each. The fact that a lot 

of striatal neurons express D5 receptors subtype suggests that this receptor have an important 

function in the integrative information process ofthe striatum. 
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Electrophysiological evidence for the existence of a posterior cortical­

prefrontal-basal forebrain circuitry in modulating sensory responses in 

visual and somatosensory cortical areas 

A. Núñez*, L. Golmayo* and L. Zaborszky+ 

*Department ofMorphology, School ofMedicine, Autonomous University ofMadrid , 

Madrid, Spain. +Center for Molecular and Behavioral Neuroscience, Rutgers University, 

Newark NJ 07102, U S.A. 

The prefrontal cortex receives input from all sensory neocortical regions and send 

projections to the basal forebrain . The present study in rats tested the possibility that pathways 

from sensory cortical regions via the prefrontal cortex and basal forebrain back to specific 

sensory cortical areas could modulate sensory responses. Two prefrontal areas that responded 

to stimulation of the primary somatosensory and visual cortices were delineated: (1) an area 

encompassing the rostro-dorsal part of the cingulate cortex responded to stimulation of the 

visual cortex, (2) a region dorso-lateral to the first in the precentral-motor association area 

reacted to stimulation of the primary somatosensory cortex. Basal forebrain neurons 

responded to electrical stimulation of the prefrontal cortex. They were located in the ventral 

pallidum, substantia innominata and dorsal part of the horizontal limb of the diagonal band 

areas. Ofthe responsive neurons, 42% reacted only to 'visual' prefrontal, 33% responded only 

to the ' somatosensory' prefrontal stimulation and the remaining neurons (25%) reacted to 

both prefrontal cortical areas. The effect of basal forebrain and prefrontal cortex stimulations 

on tactile and visual evoked potentials was tested. Basal forebrain stimulation increased the 

amplitude of both somatosensory and visual evoked potentials. However, stimulation of the 

somatosensory prefrontal area increased only somatosensory evoked potentials (90% of the 

cases) while stimulation of the visual prefrontal area increased only visual evoked potentials 

(83%). Atropine blocked both facilitatory effects. 

The proposed cortico-prefronto-basalo-cortical circuitry might be important in cortical 

plasticity and selective attention. 
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Functional and anatomic compartmeotalizatioo of 

primary auditory cortex (Al) 

Heather L. Read, Jeffery A. Winer and Christoph E. Schreiner 

University ofCalifornia at San Francisco and University ofCalifornia at Berkeley 

The pattern of layer III horizontal connections reflects topographic organization of 
acoustic feature representation in the primary auditory cortex. A uní-modal gradient for 
characteristic frequency (CF) at threshold sound pressure levels (SPL) is observed along the 
cochlear epithelium and conserved in the caudal-rostral axis of the primary auditory cortex 
(AI)of the cat. In species such as the cat that ha ve an extended iso-frequency representation in 
Al a modular organization of level-dependent bandwidth has been described (Read et al. , 
PNAS 2001 ; Cheung et al. , J. Neurophysiol. 1999). Anatornic connections between layer m 
neurons observe this functional modularity so that connections are most prevalent between 
subdomains with common bandwidth properties. Ventral division neurons of the Medial 
Geniculate Body (MGBv) project to layers III and IV forming a patchy anisotropic pattern 
that is also aligned to the iso-frequency axis of Al. Thalamocortical neuron pairs exhibiting 
fast cross-correlation functions can ha ve precisely aligned CF's or show convergence of up to 
1/3 of an octave (Miller et al., 2000). Thalamocortical neuron pairs can have extreme disparity 
in their temporal following rates as characterized with reverse correlation of dynarnic noise 
envelops and neural spiking. Thus, it would appear that severa! receptive field properties 
converge in the transition from MGBv to Al. We describe the nature ofthis convergence with 
respect to functional compartmentalization in Al. 
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Domain-specific summation of unitary EPSPs and IPSPs in neocortical cells 

János Szabadics and Gábor Tamás 

We have shown experimentally that summation properties of IPSP-IPSP and EPSP­

EPSP interactions depend on the subcellular position of the inputs. Here we address the 

summation of convergent, unitary EPSPs and IPSPs in neocortical cells using simultaneous 

triple whole-cell recordings in layers 2/3 . EPSPs evoked by local pyramidal cells were paired 

with IPSPs evoked by electrophysiologically identified intemeurons innervating separate 

domains ofthe postsynaptic cells 

Out of 24 experiments, the experimental sum 10 unitary EPSP-IPSP input 

combinations was similar to the calculated sum of individual responses. In these linearly 

summating combinations, presumably perisomatic IPSPs (n=7) were more frequent than 

dendritic IPSPs (n=3) . Moderately non-linear (14-3 %) input summation was observed in 14 

triplets and non-linearity was due to IPSP (n=11) or EPSP (n=3) dominance. Dendritically 

evoked IPSPs (n=8) were more effective in dominating non-linear summation than 

perisomatic IPSPs (n=3) when recorded at -50 mV membrane potential or at the reversa! 

potential ofthe IPSP. Summation properties were not significantly correlated to the amplitude 

of unitary PSPs. 

These results suggest that unitary dendritic IPSPs are more effective in controlling 

coincident excitation than perisomatic GABAergic inputs. The spatial preference of linear and 

non-linear input processing increase the computational power and selectivity of cortical 

neurons. 
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Excitatory synaptic plasticity in visual cortex interneurons 

F. Tennigkeit, B. Voigt, D.-l Rhie and W. Singer 

Dept. Neurophysiology, Max-Planck lnstitute for Brain Research, 60528 Frankfurt, Germany 

Activity-dependent synaptic plastici ty is important for neocortical development and 
sensory processing. Hebbian pairing of pre- and postsynaptic firing induces long-term 
potentiation (L TP) or -depression (L TD) of excitatory postsynaptic potentials (EPSPs), in 
neocortical and hippocampal pyramidal neurons. Also, sorne intemeuron subtypes in 
hippocampus exhibit excitatory synaptic plasticity, while others do not. Here we studied for 
the first time excitatory synaptic plasticity in different subtypes ofvisual cortex intemeurons. 

Whole-cell patch-clamp recordings were obtained from !ayer 2/3 intemeurons in 
visual cortex slices ( 4-week-old rats) . Severa! classes of intemeurons were identified by 
quantitative electrophysiological parameters (firing pattems and action potential properties) 
and morphological features after neurobiotin labeling and confocal fluorescence imaging. 

Stimulation electrodes in !ayer 4 or in !ayer 2/3 evoked EPSPs in the recorded 
interneurons. The induction protocol consisted of 500 EPSP- action potential (AP) pairings at 
20 Hz on a depolarizing step pulse or l 00 EPSP-AP pairings at 40 Hz on membrane 
oscillation peaks. These pairings of coincident pre- and postsynaptic activity induced 
homosynaptic L TP or L TD in the paired pathway in severa! subtypes of interneurons and 
heterosynaptic plasticity in a non-stimulated control pathway. 

These results indicate, that severa! subtypes of visual cortex interneurons exhibit 
homosynaptic L TP or L TD and heterosynaptic plasticity. These properties are relevant for the 
activity-dependent network dynamics of neocortical processing. 

Supported by DFG, Humboldt Foundation. and Max-Planck Society. 
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Action potentials in distal apical dendrites of layer 2/3 neocortical 

pyramidal neurones studied in vitro and in vivo 

Jack Waters, Matthew Larkum, Bert Sakmann and FritjofHelmchen 

Abteilung Zellphysiologie, Max-Planck-Institut fur Medizinische Forschung, D-69120 

Heidelberg, Germany 

The dendritic trees of !ayer 2/3 (L2/3) and LS pyramidal neurones receive inputs in 

both Ll and deeper layers ofthe neocortex (Cauller & Connors (1994) J. Neurosci. 14, 751-

762) A cellular mechanism for associating superficial- and deeper-layer inputs has been 

described in LS neurones (Larkum, Zhu & Sakmann (1999) Nature 398, 338-341) This 

results from two cellular properties: active backpropagation of a somatically initiated action 

potential (AP) and a second AP initiation zone in the apical tuft. Here we consider whether 

L2/3 neurones have comparable dendritic properties. We used whole-cell recording and 

calcium imaging to study apical dendrites of L2/3 pyramidal neurones in primary 

somatosensory cortex in acute slices (CCD camera) and urethane-anaesthetized rats (2-photon 

microscope). 

Both in vitro and in vivo, action potential (AP) amplitude declined gradually from the 

soma (to half the somatic amplitude at approx 250mm from the soma in vitro). Calcium 

transients induced by single somatic APs were visible at (and often distal to) the principal 

bifurcation in al! neurones, both in vitro and in vivo, but rarely in far distal Ll branches. 

Active AP backpropagation was confirmed in vitro by blocking sodium channels with TTX, 

which decreased both dendritic depolarization and the resulting calcium transient following 

injection of an AP-like waveform at the soma (under voltage clamp) 

L2/3 neurones also have a distal initiation zone since a dendritically initiated 

regenerative potential could be induced in the majority of neurones by dendritic current 

injection in vitro. A substantial dendritic calcium transient accompanied this dendritically­

initiated event. Pairing of a somatic action potential with subthreshold dendritic 

depolarization could also trigger this distal event. These active dendritic properties therefore 

provide a mechanism whereby L2/3 neurones may associate superficial- and deeper-layer 

inputs. 
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Texts published in the 
SERIE UNIVERSITARIA 
by the 
FUNDACIÓN JUAN MARCH 
concerning workshops and courses organized within the 
Plan for International Meetings on Biology (1989-1991) 

* : Out of stock. 

*246 Workshop on Tolerance: Mechanisms 
and lmplications. 
Organizers: P. Marrack and C. Martinez-A. 

*247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organizers: V. Conejero and L. C. Van 
Loon. 

*248 Course on DNA- Protein lnteraction. 
M. Beato. 

*249 Workshop on Molecular Diagnosis of 
Cancer. 
Organizers: M. Perucho and P. Garcia 
Barreno. 

*251 Lecture Course on Approaches to 
Plant Development. 
Organizers: P. Puigdomenech and T. 
Nelson. 

*252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizer: .Juan F. Santarén. 

253 Workshop on Genome Expression 
and Pathogenesis of Plant ANA 
Viruses. 
Organizers: F. Garcia-Arenal and P. 
Palukaitis . 

254 Advanced Course on Biochemistry 
and Genetics of Yeast. 
Organizers: C. Gancedo, J. M. Gancedo, 
M. A. Delgado and l. L. Calderón. 

*255 Workshop on the Reference Points in 
Evolution. 
Organizers: P. Alberch and G. A. Dover. 

*256 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato and A. 
A. Travers. 

257 Lecture Course on Polyamines as 
Modulators of Plant Development. 
Organizers: A. W. Galston and A. F. 
Tiburcio. 

*258 Workshop on Flower Development. 
Organizers: H. Saedler, J . P. Beltrán and 
J. Paz-Ares. 

*259 Workshop on Transcription and 
Replication of Negative Strand ANA 
Viruses. 
Organizers: D. Kolakofsky and J . Ortin. 

*260 Lecture Course on Molecular Biology 
of the Rhizobium-Legume Symbiosis. 
Organizar: T. Ruiz-Argüeso. 

261 Workshop on Regulation of 
Translation in Animal Virus-lnfected 
Ce lis. 
Organizers: N. Sonenberg and L. 
Carrasco. 

*263 Lecture Course on the Polymerase 
Chain Reaction. 
Organizers : M. Perucho and E. 
Martínez-Salas. 

*264 Workshop on Yeast Transport and 
Energetics. 
Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organizers: T . A. Springer and F. 
Sánchez-Madrid. 

*266 Workshop on lnnovations in Pro­
teases and Their lnhibitors: Funda­
mental and Applied Aspects. 
Organizar: F. X. Avilés. 
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267 Workshop on Role of Glycosyi­
Phosphatidylinositol in Cell Signalling. 
Organizers: J. M. Mato and J. Lamer. 

268 Workshop on Salt Tolerance in 
Microorganisms and Plants: Physio­
logical and Molecular Aspects. 

Texts published by the 

Organizers: R. Serrano and J. A. Pintor­
Toro. 

269 Workshop on Neural Control of 
Movement in Vertebrates. 
Organizers: R. Baker and J. M. Delgado­
García. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors *10 Workshop on Engineering Plants 
Tell the Brain? Against Pests and Pathogens. 
Organizers: C. Belmonte and F. Cerveró. Organizers : G. Bruening , F. García-

Olmedo and F. Ponz. 
*2 Workshop on DNA Structure and 

Protein Recognition. 11 Lecture Course on Conservation and 
Organizers: A. Klug and J. A. Subirana. Use of Genetic Resources. 

*3 Lecture Course on Palaeobiology: Pre- Organizers: N. Jouve and M. Pérez de la 

paring for the T~enty-First Century. 
Vega. 

Organizers: F. Alvarez and S. Conway 
12 Workshop on Reverse Genetics of 

Morris. 
Negativa Stranded RNA Viruses. 

*4 Workshop on the Past and the Future Organizers : G. W. Wertz and J . A. 

of Zea Mays. Melero. 

Organizers: B. Burr, L. Herrera-Estrella 
and P. PuigdomEmech. *13 Workshop on Approaches to Plant 

Hormone Action 
·s Workshop on Structure of the Major Organizers: J. Carbonell and R. L. Jones. 

Histocompatibility Complex. 
Organizers: A. Arnaiz-Villena and P. *14 Workshop on Frontiers of Alzheimer 
Parham. Disease. 

*6 Workshop on Behavioural Mech-
Organizers: B. Frangione and J. Ávila. 

anisms in Evolutionary Perspectiva. 
*15 Workshop on Signal Transduction by 

Organizers: P. Bateson and M. Gomendio. 
Growth Factor Receptors with Tyro-

*7 Workshop on Transcription lnitiation sine Kinase Activity. 
in Prokaryotes Organizers: J. M. Mato andA. Ullrich. 
Organizers: M. Salas and L. B. Rothman-
Denes. 16 Workshop on lntra- and Extra-Cellular 

*8 Workshop on the Diversity of the 
Signalling in Hematopoiesis. 
Organizers: E. Donnall Thomas and A. 

lmmunoglobulin Superfamily. Grañena. 
Organizers: A. N. Barclay and J. Vives. 

9 Workshop on Control of Gene Ex- *17 Workshop on Cell Recognition During 
pression in Veast. Neuronal Development. 
Organizers : C. Gancedo and J. M. Organizers : C . S. Goodman and F. 

Gancedo. Jiménez. 
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18 Workshop on Molecular Mechanisms 
of Macrophage Activation. 
Organizers: C. Nathan and A. Celada. 

•19 Workshop on Viral Evasion of Host 
Defense Mechanisms. 
Organizers : M. B. Mathews and M. 
Esteban. 

•20 Workshop on Genomic Fingerprinting. 
Organizers: M. McCielland and X. Estivill . 

21 Workshop on DNA-Drug lnteractions. 
Organizers: K. R. Fox and J . Portugal. 

•22 Workshop on Molecular Bases of Ion 
Channel Function. 
Organizers: R. W. Aldrich and J . López­
Barneo. 

•23 Workshop on Molecular Biology and 
Ecology of Gene Transfer and Propa­
gation Promoted by Plasmids. 
Organizers: C. M. Thomas , E. M. H. 
Willington , M. Espinosa and R. Díaz 
Orejas. 

•24 Workshop on Deterioration, Stability 
and Regeneration of the Brain During 
Normal Aging. 
Organizers: P. D. Coleman, F. Mora and 
M. Nieto-Sampedro. 

25 Workshop on Genetic Recombination 
and Detective lnterfering Particles in 
ANA Viruses. 
Organizers: J. J . Bujarski, S. Schlesinger 
and J . Romero. 

26 Workshop on Cellular lnteractions in 
the Early Development of the Nervous 
System of Drosophila. 
Organizers: J. Modolell and P. Simpson. 

•27 Workshop on Ras, Differentiation and 
Development. 
Organizers: J. Downward, E. Santos and 
D. Martín-Zanca. 

•28 Workshop on Human and Experi­
mental Skin Carcinogenesis. 
Organizers: A. J. P. Klein-Szanto and M. 
Quintanilla. 

•29 Workshop on the Biochemistry and 
Regulation of Programmed Cell Death. 
Organizers: J . A. Cidlowski, R. H. Horvitz, 
A. López-Rivas and C. Martínez-A. 

•30 Workshop on Resistance to Viral 
lnfection. 
Organizers: L. Enjuanes and M. M. C. 
Lai. 

31 Workshop on Roles of Growth and 
Cell Survival Factors in Vertebrate 
Development. 
Organizers: M. C. Raff and F. de Pablo. 

32 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato andA. P. 
Wolffe. 

•33 Workshop on Molecular Mechanisms 
of Synaptic Function. 
Organizers: J . Lerma and P. H. Seeburg. 

•34 Workshop on Computational Approa­
ches in the Analysis and Engineering 
of Proteins. 
Organizers: F. S. Avilés, M. Billeter and 
E. Querol. 

35 Workshop on Signal Transduction 
Pathways Essential for Yeast Morpho­
genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nombela. 

36 Workshop on Flower Development. 
Organizers: E. Coen , Zs . Schwarz­
Sommer and J. P. Beltrán. 

•37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Organizers : M. Heisenberg and A . 
Ferrús. 

38 Workshop on lmmunodeficiencies of 
Genetic Origin. 
Organizers: A. Fischer and A. Arnaiz­
Villena. 

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 
Organizers : K. N. Timm is and J . L. 
Ramos. 

•40 Workshop on Nuclear Oncogenes and 
Transcription Factors in Hemato­
poietic Cells. 
Organizers: J. León and R. Eisenman. 
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*41 Workshop on Three-Dimensional 
Structure of Biological Macromole­
cules. 
Organizers: T. L Blundell, M. Martínez­
Ripoll , M. Rico and J. M. Mato. 

42 Workshop on Structure, Function and 
Controls in Microbial Division. 
Organizers: M. Vicente, L. Rothfield and J. 
A. Ayala. 

*43 Workshop on Molecular Biology and 
Pathophysiology of Nitric Oxide. 
Organizers: S. Lamas and T. Michel. 

*44 Workshop on Selective Gene Activa­
tion by Cell Type Specific Transcription 
Factors. 
Organizers: M. Karin , R. Di Lauro, P. 
Santisteban and J. L. Castrillo. 

45 Workshop on NK Cell Receptors and 
Recognition of the Major Histo­
compatibility Complex Antigens. 
Organizers: J. Strominger, L. Moretta and 
M. López-Botet. 

46 Workshop on Molecular Mechanisms 
lnvolved in Epithelial Cell Differentiation. 
Organizers: H. Beug, A. Zweibaum and F. 
X. Real. 

47 Workshop on Switching Transcription 
in Development. 
Organizers: B. Lewin, M. Beato and J. 
Modolell. 

48 Workshop on G-Proteins: Structural 
Features and Their lnvolvement in the 
Regulation of Cell Growth. 
Organizers: B. F. C. Clark and J. C. Lacal. 

*49 Workshop on Transcriptional Regula­
tion at a Distance. 
Organizers: W. Schaffner, V. de Lorenzo 
and J. Pérez-Martín. 

50 Workshop on From Transcript to 
Protein: mANA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj, J. Ortín and J. 
Valcárcel. 

51 Workshop on Mechanisms of Ex­
pression and Function of MHC Class 11 
Molecules. 
Organizers: B. Mach and A. Celada. 

52 Workshop on Enzymology of DNA­
Strand Transfer Mechanisms. 
Organizers: E. Lanka and F. de la Cruz. 

53 Workshop on Vascular Endothelium 
and Regulation of Leukocyte Traffic. 
Organizers: T. A. Springer and M. O. de 
Landázuri. 

54 Workshop on Cytokines in lnfectious 
Diseases. 
Organizers: A. Sher, M. Fresno and L. 
Rivas. 

55 Workshop on Molecular Biology of 
Skin and Skin Diseases. 
Organizers: D. R. Roop and J. L. Jorcano. 

56 Workshop on Programmed Cell Death 
in the Developing Nervous System. 
Organizers : R. W. Oppenheim, E. M. 
Johnson and J. X. Camella. 

57 Workshop on NF-teBIIteB Proteins. Their 
Role in Cell Growth, Differentiation and 
Development. 
Organizers: R. Bravo and P. S. Lazo. 

58 Workshop on Chromosome Behaviour: 
The Structure and Function of Tela­
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín and A. Villasante. 

59 Workshop on ANA Viral Quasispecies. 
Organizers: S. Wain-Hobson, E. Domingo 
and C. López Galíndez. 

60 Workshop on Abscisic Acid Signal 
Transduction in Plants. 
Organizers : R. S. Quatrano and M. 
Pages. 

61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organizers : E. K. Weir and J. López­
Barneo. 

62 1996 Annual Report 

63 Workshop on TGF-P Signalling in 
Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bemabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers: S. J. Benkovic and A. Ba­
llesteros. 
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65 Workshop on Signa! Transduction in 

Neuronal Development and Recogni­

tion. 
Organizers: M. Barbacid and D. Pulido. 

66 Workshop on 1 OOth Meeting: Biology at 

the Edge of the Next Century. 

Organizar: Centre for lnternational 

Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 

Organizers: V. Malhotra andA. Velasco. 

68 Workshop on DNA Repair and Genome 

lnstability. 
Organizers: T. Lindahl and C. Pueyo. 

69 Advanced course on Biochemistry and 

Molecular Biology of Non-Conventional 

Yeasts. 
Organizers: C. Gancedo, J . M. Siverio and 

J . M. Cregg. 

70 Workshop on Principies of Neural 

lntegration. 
Organizers: C. D. Gilbert, G. Gasic and C. 

Acuña. 

71 Workshop on Programmed Gene 

Rearrangement: Site-Specific Recom­

bination. 
Organizers: J . C. Alonso and N. D. F. 

Grindley. 

72 Workshop on Plant Morphogenesis. 

Organizers: M. Van Montagu and J. L. 

Mico l. 

73 Workshop on Development and Evo­

lution. 
Organizers: G. Morata and W. J . Gehring. 

*74 Workshop on Plant Viroids and Viroid­

Like Satellite RNAs from Plants, 

Animals and Fungi. 
Organizers: R. Flores and H. L. Sanger. 

75 1997 Annual Report. 

76 Workshop on lnitiation of Replication 

in Prokaryotic Extrachromosomal 

Elements. 
Organizers: M. Espinosa, R. Díaz-Orejas, 

D. K. Chattoraj and E. G. H. Wagner. 

77 Workshop on Mechanisms lnvolved in 

Visual Perception. 
Organizers: J. Cudeiro and A. M. Sillita. 

78 Workshop on Notch/Lin-12 Signalling. 

Organizers: A. Martínez Arias, J. Modolell 

and S. Campuzano. 

79 Workshop on Membrane Protein 

lnsertion, Folding and Dynamics. 

Organizers: J . L. R. Arrondo, F. M. Goñi , 

B. De Kruijff and B. A. Wallace. 

80 Workshop on Plasmodesmata and 

Transport of Plant Viruses and Plant 

Macromolecules. 
Organizers : F. García-Arenal , K. J. 

Oparka and P.Palukaitis. 

81 Workshop on Cellular Regulatory 

Mechanisms: Choices, Time and Space. 

Organizers: P. Nurse and S. Moreno. 

82 Workshop on Wiring the Brain: Mecha­

nisms that Control the Generation of 

Neural Specificity. 
Organizers : C. S. Goodman and R. 

Gallego. 

83 Workshop on Bacteria! Transcription 

Factors lnvolved in Global Regulation. 

Organizers: A. lshihama, R. Kolter and M. 

Vicente. 

84 Workshop on Nitric Oxide: From Disco­

very to the Clinic. 
Organizers: S. Moneada and S. Lamas. 

85 Workshop on Chromatin and DNA 

Modification: Plant Gene Expression 

and Silencing. 
Organizers: T. C. Hall, A. P. Wolffe, R. J. 

Ferl and M. A. Vega-Palas. 

86 Workshop on Transcription Factors in 

Lymphocyte Development and Function. 

Organizers: J . M. Redondo, P. Matthias 

and S. Pettersson. 

87 Workshop on Novel Approaches to 

Study Plant Growth Factors. 

Organizers: J. Schell and A. F. Tiburcio. 

88 Workshop on Structure and Mecha­

nisms of Ion Channels. 
Organizers: J . Lerma, N. Unwin and R. 

MacKinnon. 

89 Workshop on Protein Folding. 
Organizers: A. R. Fersht, M. Rico and L. 

Serrano. 

Instituto Juan March (Madrid)



90 1998 Annual Report. 

91 Workshop on Eukaryotic Antibiotic 
Peptides. 
Organizers: J. A. Hoffmann , F. García­
Oimedo and L. Rivas. 

92 Workshop on Regulation of Protein 
Synthesis in Eukaryotes. 
Organizers: M. W. Hentze, N. Sonenberg 
and C. de Haro. 

93 Workshop on Cell Cycle Regulation 
and Cytoskeleton in Plants. 
Organizers: N.-H. Chua and C. Gutiérrez. 

94 Workshop on Mechanisms of Homo­
logous Recombination and Genetic 
Rearrangements. 
Organizers: J . C. Alonso , J . Casadesús, 
S. Kowalczykowski and S. C. West. 

95 Workshop on Neutrophil Development 
and Function. 
Organizers: F. Mollinedo and L. A. Boxer. 

96 Workshop on Molecular Clocks. 
Organizers: P. Sassone-Corsi and J. R. 
Naranjo. 

97 Workshop on Molecular Nature of the 
Gastrula Organizing Center: 75 years 
after Spemann and Mangold. 
Organizers : E. M. De Robertis and J. 

Aréchaga. 

98 Workshop on Telomeres and Telome­
rase: Cancer, Aging and Genetic 
lnstability. 
Organizer: M. A. Blasco. 

99 Workshop on Specificity in Ras and 
Rho-Mediated Signalling Events. 
Organizers: J . L. Bos, J . C. Lacal and A. 
Hall. 

100 Workshop on the Interface Between 
Transcription and DNA Repair, Recom­
bination and Chromatin Remodelling. 
Organizers: A. Aguilera and J. H. J . Hoeij­
makers. 

101 Workshop on Dynamics of the Plant 
Extracellular Matrix. 
Organizers: K. Roberts and P. Vera . 

102 Workshop on Helicases as Molecular 
Motors in Nucleic Acid Strand Separa­
tion. 
Organizers: E. Lanka and J. M. Carazo. 

103 Workshop on the Neural Mechanisms 
of Addiction. 
Organizers: R. C. Malenka, E. J. Nestler 
and F. Rodríguez de Fonseca. 

104 1999 Annual Report. 

105 Workshop on the Molecules of Pain: 
Molecular Approaches to Pain Research. 
Organizers: F. Cervero and S. P. Hunt. 

106 Workshop on Control of Signalling by 
Protein Phosphorylation. 
Organizers: J. Schlessinger, G. Thomas, 
F. de Pablo and J. Mosca!. 

1 07 Workshop on Biochemistry and Mole­
cular Biology of Gibberellins. 
Organizers: P. Hedden and J. L. García­
Martínez. 

108 Workshop on lntegration of Transcrip­
tional Regulation and Chromatin 
Structure. 
Organizers: J . T. Kadonaga, J . Ausió and 
E. Palacián. 

1 09 Workshop on Tumor Suppressor Net­
works. 
Organizers: J. Massagué and M. Serrano. 

11 O Workshop on Regulated Exocytosis 
and the Vesicle Cycle. 
Organizers: R. D. Burgoyne and G. Álva­
rez de Toledo. 

111 Workshop on Dendrites. 
Organizers: R. Yuste and S. A. Siegel­
baum. 

112 Workshop on the Myc Network: Regu­
lation of Cell Proliferation, Differen­
tiation and Death. 
Organizers: R. N. Eisenman and J. León. 

113 Workshop on Regulation of Messenger 
RNA Processing. 
Organizers: W. Keller, J . Ortín and J. 

Valcárcel. 

114 Workshop on Genetic Factors that 
Control Cell Birth, Cell Allocation and 
Migration in the Developing Forebrain. 
Organizers: P. Rakic, E. Soriano and A. 
Álvarez-Buylla. 
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115 Workshop on Chaperonins: Structure 
and Function. 
Organizers: W. Baumeister, J. L. Garras­
cosa and J. M. Valpuesta. 

116 Workshop on Mechanisms of Cellular 
Vesicle and Viral Membrane Fusion. 
Organizers: J. J. Skehel and J. A. Melero. 

117 Workshop on Molecular Approaches 
to Tuberculosis. 
Organizers : B. Gicquel and C. Martín. 

11 8 2000 Annual Report. 

119 Workshop on Pumps, Channels and 
Transporters: Structure and Function. 
Organizers: D. R. Madden, W. Kühlbrandt 
and R. Serrano. 

120 Workshop on Common Molecules in 
Development and Carcinogenesis. 
Organizers: M. Takeichi and M. A. Nieto. 

121 Workshop on Structural Genomics 
and Bioinformatics. 
Organizers : B. Honig , B. Ros! and A. 
Valencia. 

122 Workshop on Mechanisms of DNA­
Bound Proteins in Prokaryotes. 
Organizers: R. Schleif, M. Coll and G. del 
Solar. 

123 Workshop on Regulation of Protein 
Function by Nitric Oxide. 
Organizers: J . S. Stamler, J. M. Mato and 
S. Lamas. 

124 Workshop on the Regulation of 
Chromatin Function. 
Organizers: F. Azorín, V. G. Corees, T. 
Kouzarides and C. L. Peterson. 

125 Workshop on Left-Right Asymmetry. 
Organizers: C. J. Tabin and J. C. lzpisúa 
Belmonte. 

126 Workshop on Neural Prepatterning 
and Specification. 
Organizers: K. G. Storey and J. Modolell. 

127 Workshop on Signalling at the Growth 
Cone. 
Organizers: E. R. Macagno, P. Bovolenta 
and A. Ferrús. 

Out of Stock. 

128 Workshop on Molecular Basis of lonic 
Homeostasis and Salt Tolerance in 
Plants. 
Organizers: E. Blumwald and A. Rodríguez­
Navarro. 

129 Workshop on Cross Talk Between Cell 
Division Cycle and Development in 
Plants. 
Organizers: V. Sundaresan and C. Gutié­
rrez. 

130 Workshop on Molecular Basis of Hu­
man Congenital Lymphocyte Disorders. 
Organizers: H. D. Ochs and J . R. Re­
gueiro. 

131 Workshop on Genomic vs Non-Genomic 
Steroid Actions : Encountered or Unified 
Views. 
Organizers: M. G. Parker and M. A. Val­
verde . 

132 2001 Annual Report. 

133 Workshop on Stress in Yeast Cell Bio­
logy ... and Beyond. 
Organizer: J. Ariño. 

134 Workshop on Leaf Development. 
Organizers: S. Hake and J. L. Mico!. 

135 Workshop on Molecular Mechanisms 
of lmmune Modulation: Lessons from 
Viruses. 
Organizers: A. Alcami, U. H. Koszinowski 
and M. Del Val. 

136 Workshop on Channelopathies. 
Organizers: T. J . Jentsch, A. Ferrer­
Montiel and J . Lerma. 

137 Workshop on Limb Development. 
Organizers: D. Duboule and M. A. Ros. 

138 Workshop on Regulation of Eukaryotic 
Genes in their Natural Chromatin 
Context. 
Organizers: K. S. Zaret and M. Beato. 

139 Workshop on Lipid Signalling: Cellular 
Events and their Biophysical Mecha­
nisms. 
Organizers: E. A. Dennis, A. Alonso and l. 
Varela-Nieto. 

140 Workshop on Regulation and Functio­
nallnsights in Cellular Polarity. 
Organizers : A. R. Horwitz and F. Sán­
chez-Madrid. Instituto Juan March (Madrid)



The Centre for International Meetings on Biology 

was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a private foundation specialized in scientific activities 

which complements the cultural work 

of the Fundación Juan March . 

The Centre endeavours to actively and 

sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 

through the organization of Workshops, Lecture 

Courses, Seminars and Symposia. 

From 1989 through 2001, 

a total of 162 meetings, 

all dealing with a wide range of 

subjects of biological interest, 

were organized within the 

scope of the Centre. 

Instituto Juan March (Madrid)



The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 171h through the 191" of ]une, 2002, 
at the Instituto luan March. 

All published articles are exact 
reproduction of author's text. 

There is a limited edition of 450 copies 
of this volume, available free of charge. 


