REINHARD JAHN*

SYNAPSES — WHAT ARE THEY AND HOW DO THEY WORK?

INTRODUCTION: NEURONS ARE THE ELEMENTARY UNITS OF OUR NERVOUS
SYSTEM

Every feature of ourselves that allows us to live as human beings is gov-
erned by our nervous system. It is not only responsible for our conscious-
ness, but we also rely on it when we see, feel, listen, or move. Moreover,
our nervous system controls most other functions of our body, such as
our digestive system or our heart and blood circulation, which we become
aware of only when something goes wrong.

Our brain is the master of our nervous system. It receives all signals
from the outside or from other parts of our bodies, processes them, and
governs the «output» which summarizes everything that is initiated by the
brain, whether it be a movement, a change in our mood, or a new idea.
How this happens is still fascinating for a large community of biologists,
neuroscientists, physicists, and medical doctors. Despite more than one
hundred years of research and enormous progress, particularly in the past
few decades, we have only just begun to scratch the surface in our under-
standing of this miracle of evolution.

There are some similarities between our brain and a high-performance
computer. Both systems are composed of elementary units — here the neu-
rons and there the transistors. Both systems are specialized in the process-
ing of information. However, that is where the similarities end. On one
hand, modern computers are much more powerful and a lot faster than
any nervous system. On the other hand, the complexity of a human brain
and its performance still dwarfs that of high-performance computers in
many aspects.

Let us zoom in on the neurons that make up our nervous system (Fig. I).
A closer look reveals that relays are anything but simple. Neurons are struc-

* 2016 Balzan Prizewinner for Molecular and Cellular Neuroscience.

—59__



REINHARD JAHN

turally highly diverse, and each neuron is connected to many — sometimes
more than a thousand — other neurons, resulting in complex and intercon-
nected networks. Moreover, there are many different classes of neurons
that differ in their functional properties and in the nature of their signaling
molecules. Despite their diversity, however, all neurons share a set of com-
mon features. Like every other cell of our body, neurons are surrounded
by a membrane, termed plasma membrane, that controls the exchange of
molecules with the outside and that forms an electric insulator separating
the cells’ interior from the outside, a prerequisite for the generation and
propagation of electric signals. Moreover, neurons have unique shapes, set-
ting them apart from all other cells of our body. They consist of a cell body,
termed soma, which contains the nucleus, and two types of thin and mostly
branched processes that range from a few pm to many mm in length, and
that are called dendrites and axons, respectively. For the most part, dendrites
are highly branched, and they form the antenna region of the nerve cell
at which signals are received. Frequently, individual neurons form many
dendrites. In contrast, neurons mostly have only a single axon emanating
from their somata that, however, may form highly branched networks at
their distal ends. Axons serve as cables in which the signal output of the
neuron is propagated in the form of stereotype electrical signals, the action
potentials. The sheer number of neurons in our nervous system is stagger-
ing — close to 100 billion. Indeed, we are still barely able to understand the
wiring diagram of a cubic millimeter of our brain, and even if we have this
in hand it constitutes only a first step towards understanding, considering
the biochemical and functional diversity of the neurons.

SIGNALING BETWEEN NEURONS: AN OVERVIEW OF SYNAPTIC TRANSMISSION

How are signals transmitted between neurons? Neurons are connected
with each other at specialized contact sites. Information transfer is unidi-
rectional: axons of the «sender» neuron connect with dendrites or cell bod-
ies of the receiving neuron by forming specialized contact zones termed
synapses (Fig. II). Here, the electrical signals reaching the axon terminals
(also referred to as presynaptic terminals) are re-coded in chemical signals.
The neurotransmitters that are released from the axon terminals into the
extracellular space diffuse across a narrow cleft and bind to specific recep-
tors in the membrane of the receiving, or postsynaptic, neuron. Binding to
the receptors changes the electrical properties of the postsynaptic mem-
brane, resulting in the generation of an electrical signal that is then inte-
grated with signals received from other synapses, propagated passively as
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far as the axon initial segment (Fig. I), where it is converted into action po-
tentials as output signal. Action potentials are stereotype electrical signals,
and the conversion of the graded electrical potentials into action potentials
resembles an analog-digital conversion. The type of neurotransmitter de-
termines whether synapses exert an excitatory or an inhibitory influence,
i.e., whether the postsynaptic neuron increases or reduces the frequency of
its action potentials. Moreover, neurons may be exposed to a tug-of-war: if
both excitatory and inhibitory synapses are activated at the same time, the
effect on the receiving neuron will depend on which influence is stronger.
Thus, individual neurons are far more sophisticated than a transistor in that
they are capable of complex signal integration and computation in time
and space.

Although synapses are tiny (on average 1 um in diameter), they are
complex structures specialized for the rapid release of neurotransmitters.
The most striking feature of synapses is the high concentration of small
vesicular structures — the synaptic vesicles — that store neurotransmitters
before release. While most synapses in our brain contain a few hundred
of such vesicles, there are «industry-style» variants that are much larger
and may contain several hundred thousand vesicles, such as the synapses
regulating the contraction of our muscles. When an action potential ar-
rives in the nerve terminal, the voltage across the membrane changes (it
is depolarized), which triggers the influx of calcium ions into the synapse.
Normally, the calcium concentration inside the synapse is very low, where-
as on the outside it is high, with an almost ten thousandfold concentration
difference. Thus, the opening of calcium channels results in an inwardly
directed and jetlike spurt of calcium ions that is sensed by nearby synaptic
vesicles and triggers their fusion with the plasma membrane. This process
is termed exocytosis (see Fig. II), and results in the release of their neu-
rotransmitter content.

As stated above, synapses are anything but simple relays. The amount
of neurotransmitter that is released per arriving impulse depends on
many variables, such as the past stimulation history or signals received
from their surroundings. For instance, some synapses become stronger
over time when excited by repetitive pulses (facilitation or potentiation),
whereas others reduce their output under such conditions (desensitization
or depression).

Although synaptic transmission is among the fastest known biological
reactions, it is agonizingly slow when compared to a computer. At each
synapse, there is a delay of about 1 millisecond before an incoming elec-
trical signal results in an electrical response at the postsynaptic neuron, a
far cry from the near light speed that governs electronic devices. Indeed,
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synaptic delay poses an upper limit on our performance in time, which
cannot be overcome even if we try very hard. For instance, due to synap-
tic delay it is impossible to beat a slot machine in a gambling casino — the
number of synapses that need to be passed in the circuit from our eye to
the control of our muscles is too high to react in time. Moreover, consid-
ering that neurons can fire many hundreds of times per second, synapses,
particularly their synaptic vesicles, need to be continuously recycled, which
puts additional constraints on the timing of information processing. The
first step of recycling is termed endocytosis, where pieces of membranes
corresponding to the membrane pieces incorporated during exocytosis are
retrieved back into the interior of the presynaptic nerve terminal. Such co-
ordinated retrieval also serves to maintain the shape of the synapse which
enlarges if more and more of the vesicle membrane is incorporated into
the plasma membrane. At least two different retrieval pathways are known
to exist — one very fast and probably less accurate (ultra-rapid endocytosis,
discovered only a few years ago, WATANABE et al. 2013), and a second, slower
one that is associated with the regulated assembly of a protein coating sur-
rounding the vesicle during its formation (see Fig. II). After retrieval, syn-
aptic vesicles are regenerated within the nerve terminal, which sometimes
involves intermediate steps. Individual vesicles can locally recycle many
times, but at some point, they age and accumulate molecular defects. Such
vesicles are eventually dismantled and shipped back towards the cell body
for degradation. Conversely, vesicles freshly made by the protein and mem-
brane factories close to the nucleus arrive by axonal transport for replen-
ishment, thus ensuring that synapses continue to function for many years.

In our work, my collaborators and myself attempt to better understand
the molecular basis of exocytosis and synaptic vesicle recycling, with a fo-
cus on two steps: (i) the regulated fusion of synaptic vesicles with the pre-
synaptic plasma membrane, and (ii) the re-filling of synaptic vesicles with
neurotransmitter after endocytosis and regeneration.

ExocYyTosis OF SYNAPTIC VESICLES — SUPRAMOLECULAR MACHINES WITH
FASCINATING PROPERTIES

Synaptic vesicles are nanostructures of high complexity. They are small-
er than viruses such as influenza or Sars-CoV2, but are structurally more
diverse and contain many dozens of different proteins. Considering the
abundance of neurons and considering further that each neuron on average
forms 1,000 synapses, it is no surprise that synaptic vesicles are the most
abundant organelles in our body. Each of us carries an estimated number of
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more than 10" synaptic vesicles, an almost unimaginably high number: over
seven orders of magnitude more than our genome have letters (base pairs).
If you put all your synaptic vesicles on top of each other, you would obtain a
pile that would cover the distance from the earth to the moon several times.
For a biochemist like myself, such abundance is an advantage because it is
possible to isolate synaptic vesicles from animal brains in sufficient quanti-
ties for a detailed molecular analysis. Figure III shows a molecular model
of an average synaptic vesicle with its main protein components. These
proteins are instrumental for carrying out the two key jobs that synaptic
vesicles must perform: (i) the attachment of the vesicle to the presynaptic
membrane and its rapid fusion in response to an influx of calcium ions, and
(ii) the re-loading of synaptic vesicles with neurotransmitter molecules.

Exocytosis is mediated by a set of three conserved proteins. They have
funny names that were given to them as «brand names» before it was known
what they did: Synaptobrevin (or VAMP) is anchored to the membrane of
synaptic vesicles and the proteins syntaxin and SNAP-25 in the plasma mem-
brane, and they are commonly referred to as SNAREs or SNARE proteins.
These proteins work like a zipper at the nanoscale: when a vesicle close to
the plasma membrane is getting ready for exocytosis, these proteins get in
touch with each other at their distal ends. Then they spontaneously zipper
up, thus pulling the membranes forcefully together and initiating the fu-
sion reaction. Indeed, high-resolution structures obtained by X-ray crystal-
lography have revealed that after zipping up, these proteins form extended
bundles with a repetitive helical structure (Fig. IV). Moreover, biochemical
experiments have confirmed that assembly is initiated at the membrane-
distal ends and progresses towards the membrane anchors, supporting
the zipper model of SNARE function. It is generally accepted that these
three molecules are indeed the «working engine» of membrane fusion. For
instance, numerous studies using genetic techniques have shown that de-
letion or modification of any of the proteins affects (or largely prevents)
exocytosis. Moreover, all three proteins are selectively targeted by tetanus
and botulinum neurotoxins, which exert their toxic effects by blocking sig-
naling between neurons. When reaching the bloodstream, these bacterial
toxins bind to the nerve terminals where they enter the cells and selectively
cut either one of the three proteins. When this happens, synaptic vesicles
cannot undergo exocytosis any longer — when action potentials arrive and
calcium entry is initiated.

Due to intense research efforts by many laboratories, we now have a
detailed molecular understanding of how exactly SNAREs mediate mem-
brane fusion (Fig. V). SNARE proteins do not operate alone, but are regu-
lated by a whole battery of additional proteins. In particular, initiation of
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SNARE assembly — the «ignition» of the SNARE engine — is tightly regu-
lated by a set of two proteins, Munc18 and Munc13, which by themselves
are connected to a network of additional proteins at the site where fusion
occurs. Although the details are still debated, it is becoming clear that these
two proteins bind to the SNAREs before they assemble and guide them to
the initiation of the zippering — the SNAREs need to be correctly «thread-
ed», otherwise they will not work at the required speed. Another protein,
complexin, facilitates subsequent fusion by binding to partially or fully as-
sembled SNARE:s.

How is calcium influx linked to SNARE-mediated exocytosis? This link
is executed by another crucial regulatory protein, synaptotagmin. It is an
abundant membrane protein of synaptic vesicles containing two calcium-
binding domains. These domains operate like switches: they are «on» when
calcium is bound, and as soon as calcium is removed from the synapse, they
switch back into the «off» position. Synaptotagmin forms a small family of
closely related proteins with slightly different functions, which allows for
fine-tuning of the responsiveness of a given synapse to an arriving action
potential. Although there is compelling evidence showing that synapto-
tagmin is indeed responsible for initiating exocytosis after calcium influx,
exactly how this happens is still debated. Apparently, SNARE zippering is
halted after initiation of their assembly at the membrane-distal ends, and
synaptotagmin releases the brake somehow, thus allowing the SNAREs to
assemble completely and mediate the fusion of the membranes. According
to one view, synaptotagmin, when activated by calcium, directly binds to
the partly zippered SNAREs, giving them a «push» to overcome the block
and complete the zippering. According to another view, synaptotagmin
binds to the membrane directly adjacent to the SNAREs in the plasma
membrane, destabilizing it and thus enabling the SNAREs to progress in
zippering towards fusion. In any case, the speed of synaptic transmission
can only be achieved when the SNARESs are already correctly ignited and
only need to flash through the superfast zippering process when triggered
by synaptotagmin. Indeed, this step requires less than 200 ps, i.e., only one
fifth of the one millisecond required for synaptic transmission.

As discussed above, SNARE zippering is spontaneous, and although
regulated by other proteins, it is «exergonic»: the energy released during
zippering is used to fuse the membranes. After fusion, however, SNAREs
need to be regenerated to become active again, which involves the dissocia-
tion of the SNAREs from the complex (i.e., the re-opening of the zipper).
How is this achieved? The protein responsible for this step is termed NSF,
which belongs to a class of specialist proteins whose job it is to disentangle
other protein assemblies by grabbing them and pulling on their parts. They
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all are ring-shaped nanomachines, whose small arms extending from the
ring grab, pull, and probably stuff the parts they pry loose from their tar-
gets through the hole in the middle of the ring. Obviously, such action
requires energy that is supplied in the form of the molecular energy cur-
rency termed ATP. ATP-turnover allows the subunits of the ring to induce
movement (conformational change in scientific terms) in their attached
arm domains, thus transferring mechanical force to the bound substrate.
Intriguingly, NSF does not directly connect to the SNAREs but rather uses
an intermediate protein termed SNAP, i.e., it does not use its own «hands»
to pull the SNARESs apart but uses a «crowbar» as a tool. SNAP is a stiff and
twisted molecule, so well-suited for such action.

Disassembly by the NSF-SNAP system «closes» the SNARE cycle that
re-generates the SNARE proteins for another round of exo-endocytosis.
Obviously additional steps are required, not all of which are understood.
Most importantly, after disassembly the liberated SNARE synaptobrevin
needs to be separated from its partners in the plasma membrane and to
join the recycling of synaptic vesicles. An overview over the SNARE cycle
is shown in Figure V.

Even small problems in any of the steps governing synaptic vesicle exo-
cytosis and recycling may quickly accumulate to have catastrophic conse-
quences for the organism, as impressively shown by the effects of poisoning
by tetanus or botulinum neurotoxins. We are only beginning to understand
how it is ensured that these incredibly complex molecular machines can
operate for many years in a «fail-safe» mode. As mentioned above, there
are mechanisms that replenish damaged vesicles or damaged proteins with
new ones while dismantling the dysfunctional ones into their molecular
components. These replacements happen while the synapse continues
functioning. Moreover, there are so-called «chaperones», i.e., proteins that
help the key players to get back into shape if they end up with problems
in their continuous conformational gymnastics. Intriguingly, mutations in
one of these helping chaperones, termed synuclein, are in themselves caus-
ative for a major disease (Parkinson’s disease), although Parkinson’s is sole-
ly caused by irreversible aggregation of the protein itself and has nothing
to do with its chaperone function in the SNARE cycle. Another mechanism
for avoiding short-term problems is redundancy: the proteins crucial for
exocytosis and membrane recycling are among the most abundant proteins
of our brain — there is a huge reservoir of many of the critical components
in the synapse and in nearby membranes, and this allows them to jump
in and take over if one of the proteins has a problem in doing the job.
Nevertheless, it is becoming evident that mutations in many of the criti-
cal proteins (most prominently the SNARE SNAP-25), while having only
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very subtle and barely measurable effects on synaptic function, may result
in altered performance of our nervous system, thus giving rise to neuro-
logical disease. Frequently, such mutations only become disease-inducing if
combined with other similarly subtle defects in other proteins or pathways.
Only when a «threshold» of such accumulating defects is crossed does the
disease become apparent. At present, there has been rapid progress in iden-
tifying such defects, raising hopes that one day this knowledge may be in-
strumental for developing novel therapeutic approaches.

FILLING OF SYNAPTIC VESICLES WITH NEUROTRANSMITTERS

Synaptic vesicles are containers for the signaling molecules, or neu-
rotransmitters, that are released upon excitation and then «read» by the
postsynaptic neuron. After exocytosis, the transmitter molecules quickly
diffuse and are mopped up by powerful «<vacuum cleaners» — transport pro-
teins that very rapidly and with high efficiency pump them back into the
neurons and surrounding glial cells. Moreover, each nerve terminal has the
capacity to synthesize neurotransmitters from general metabolic precur-
sors. However, in order to serve in signaling, they need to be transported
from the synaptic cytoplasm into the lumen of synaptic vesicles to reach
very high concentrations. Without such transport, synapses could not re-
lease their transmitters and signaling between neurons would not work.

Our nervous system uses only a handful of small molecules as neu-
rotransmitters. In addition to specialists that are only made for the purpose
of functioning as transmitters, such as acetylcholine, serotonin, dopamine,
or noradrenaline, a few common metabolites also serve as neurotransmit-
ters, most prominently the amino acids glutamate, glycine, and GABA. In
the latter cases, the vesicular loading mechanism is responsible for deciding
which transmitter is being released as they all are present as metabolites in
the cytoplasm of all cells.

Unlike calcium influx discussed above, neurotransmitters need to be
transported against their concentration gradient. The intravesicular con-
centrations that need to be achieved are a lot higher (in some cases sev-
eral orders of magnitude) than those in the cytoplasm. This is achieved by
transport proteins termed «secondary active» since they link the transport
of their target to the transport of another molecule or ion that exhibits a
concentration gradient in the reverse direction. This may be likened to a
device that pumps fluids uphill while being powered by water driving a wa-
ter wheel while flowing downbhill. Using appropriate reduction gears, fluids
can be pumped up much higher than the height difference of the water
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powering the wheel. This is exactly how some of these transport proteins
operate: they can achieve concentration gradients far higher than those of
the «driving» ion, simply by linking the inward transport of one molecule
to the outward transport of two or more of the driving ions.

In the same way that the water flowing downhill needs to be replen-
ished by rain, the gradients of the driving ions must be maintained. This
is particularly important for the synaptic vesicles which, due to their small
size, can only accommodate a few hundreds of ions at any given time. Us-
ing such ions for coupled transport would very quickly drain the gradient,
and could result in stopping or even reversing transport unless the gradient
is continuously replenished. Synaptic vesicles use protons as the driving
ion, with the gradient being maintained by the continuous activity of a
specialized proton pump termed V-ATPase, which pumps protons into the
synaptic vesicle at the expense of metabolic energy. Indeed, the continu-
ous operation of this pump is critical for vesicle loading, particularly since
each synaptic vesicle contains only one (rarely two) copies of these pumps.
Moreover, it turns out that this pump is by far the biggest energy consumer
of our brain: it burns even more ATP than the ion pumps that operate
at the neuronal plasma membrane and maintain the membrane potential,
i.e., all the electrical activities of the brain.

A handful of vesicular transporters specialized for their respective neu-
rotransmitters are known. In some cases, there are several transporters for
a single transmitter, such as glutamate, or transporters for several different
transmitters, such as serotonin and the monoamine transmitters. Among
the most abundant ones are the vesicular transporters for the amino acid
glutamate (termed VGLUTS, see Fig. III) that serves as the main excitatory
neurotransmitter in our central nervous system.

In our group, we are primarily interested in understanding how synap-
tic vesicles can be filled with high amounts of transmitter in seconds. When
a vesicle is regenerated by endocytosis, it does not contain any transmitter,
but rather extracellular fluid with a defined ionic composition. Pumping in
huge amounts of transmitter, particularly those that are ions such as gluta-
mate, acetylcholine, or the amines, requires that not only charge neutrality
is maintained during transport, but also that the intravesicular increase in
osmotic pressure is compensated in one way or another. We also want to
understand how vesicle filling is regulated. Are all vesicles stereotypically
filled with the same amount (like when the gas tank of a car is completely
filled), or are there factors controlling the degree of filling, and thus the
amount of transmitter that is released from a vesicle? To achieve this, we
are adapting and developing methods that make it possible to monitor ves-
icle filling and associated ion fluxes with high precision, high time resolu-
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tion, and high sensitivity. For instance, a few years ago we used appropriate
fluorescent sensors to show that the proton gradients can be monitored
at the level of single synaptic vesicles, despite the fact that they are too
small to be resolved in the light microscope unless the most advanced su-
per-resolution methods are applied. Another approach is to construct our
own vesicles with predefined properties, either by using purified proteins
or by inserting the membrane of native synaptic vesicle into large artificial
vesicles, which can be achieved by SNARE-mediated fusion. We hope that
in the next few years we will have made progress along these lines and suc-
cessfully addressed at least some of these open issues.
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Fig. I. Architecture of a typical neuron. See text for details.

Fig. II. Schematic overview over the main steps in synaptic transmission. When an electrical signal
(action potential) arrives, the presynaptic membrane changes its voltage, resulting in the opening of
voltage-gated calcium channels. The resulting influx of calcium ions triggers the exocytosis of synaptic
vesicles, resulting in the release of their neurotransmitter content. Synaptic vesicles are regenerated
within the nerve terminal by endocytosis (which may involve the formation of clathrin-coated vesi-
cles) and regenerated, involving endosomal intermediates. See text for details.

Fig. III. Molecular model of an average synaptic vesicle from mammalian brain. Proteins involved in
the exocytosis of synaptic vesicles are labeled in black, those involved in the filling of the vesicle with
neurotransmitters are labeled in green. Adapted from TakaMort et al. (2006).
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Fig. IV. Structures of the partially (left) and fully (right) assembled SNARE proteins as determined by
X-ray crystallography. Note that only fragments of SNAP-25 and syntaxin were crystallized in these
experiments. The sites where the various botulinum neurotoxins (BoNT) and tetanus toxin cleave the
SNARE proteins (and thus inactivate them) are indicated. Adapted from SutTon et al. (1998) (left) and
STEIN et al. (2009) (right).

Fig. V. Schematic overview over the cyclic assembly (zippering) and disassembly of the synaptic SNARE
proteins, which drives exocytotic fusion of synaptic vesicles with the plasma membrane. The «power
stroke» is the step in which energy is liberated to overcome energetic barriers for the fusion of mem-
branes. To re-charge the SNARE «machine», the proteins need to be disentangled and separated, which
is mediated by an energy-consuming enzyme termed NSF (see text).



	Balzan Papers 5.pdf
	Copertina
	Comitati
	Frontespizio
	Colophon
	SOMMARIO
	Parte prima – SAGGI
	Antonio Padoa Schioppa, ANCORA SU DANTE E L’IDEA DI IMPERO
	Nathalie Heinich, DIFENDERE L’AUTONOMIA DELLA SCIENZA
	Reinhard Jahn, SYNAPSES – WHAT ARE THEY AND HOW DO THEY WORK?

	Parte seconda – INTERVISTE
	Salwa El-Shawan Castelo-Branco, REVIEW OF STUDIES ON A GLOBAL HISTORY OF MUSIC BY REINHARD STROHM
	A THIRD CONCEPT OF FREEDOM FOR CONTEMPORARY DEMOCRACIES
	«EN SUISSE, NOUS AJOUTONS TOUJOURS UN DEGRÉ DE SÉCURITÉ SUPPLÉMENTAIRE»

	TAVOLE
	Parte terza IINTER-LA+B
	PANDEMICS
	Alberto Quadrio Curzio, IINTER-LA+B 2021: PANDEMICS
	Marilyn Strathern, PANDEMIC NARRATIVES
	Tony Crook, ETHNOGRAPHIC HORIZONS
	Bruno Guimarães – Virgínia Amaral, CRISIS AND ONTOLOGICAL DISCONTINUITIES
	Simon Kenema – Priscila Santos da Costa, PRECARITY AND THE STATE
	Klaus F. Rabe, IINTER-LA+B “PANDEMICS” RESEARCH PAPERS
	Thomas Bahmer, THE IMPACT OF PANDEMICS – A PATIENT PERSPECTIVE
	Espen E. Groth, VACCINES: ON SCIENCE AND RELIGION
	Mustafa Abdo, MANAGEMENT STRATEGIES DURING PANDEMIC CRISIS


	Parte quarta FORUM INTERDISCIPLINAREDELLA FONDAZIONE
	BALZAN PRIZEWINNERS 2020
	Alberto Quadrio Curzio, INTRODUZIONE AL FORUM INTERDISCIPLINARE DEI PREMIATI BALZAN 2020
	Susan Trumbore, DYNAMICS OF THE LAND CARBON CYCLE
	Joan Martinez-Alier, WORLD MOVEMENTS FOR ENVIRONMENTAL JUSTICE
	Jean-Marie Tarascon, A BRIEF PRESENTATION OF MY SCIENTIFIC ACTIVITIES

	Parte quinta – EVENTI E NOTIZIE DALLA FONDAZIONE
	Werner Seeger, THE GREAT IMPORTANCE OF THE «SMALL» PULMONARY CIRCULATION
	La Fondazione Internazionale Balzan
	The International Balzan Foundation
	ORGANI DELLA FONDAZIONE INTERNAZIONALE BALZAN
	PREMI BALZAN PER LE LETTERE, SCIENZE MORALI, ARTI
	PREMI BALZAN PER L’UMANITÀ LA PACE E LA FRATELLANZA FRA I POPOLI

	FINITO DI STAMPARE
	Quarta di copertina




