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the type of cultures they used. An earlier electrophysiological study found that
the depletion of releasable vesicles
occurred more readily in inhibitory
synapses from synapsin I null mice11.
Real-time visualization of synapsins
and other proteins, as developed by Chi
and colleagues2, adds a powerful analytical method to the existing array of
techniques used to study presynaptic
function. It permits analysis of the
dynamics of presynaptic molecules in situ
while monitoring synaptic function.
Imaging biochemistry inside living

synapses in real time will no doubt
facilitate analysis of mechanisms in
vesicle trafficking.
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Synaptic connectivity and
computation
Anthony M. Zador

A new study finds two classes of synapses between layer 2/3
neurons in auditory cortex, and suggests they may be involved
in processing transient versus sustained acoustic stimuli
What endows a cortical circuit with its
unique identity? How does a bit of cortex implement the computation that it
must perform? The simple answer, of
course, is that function arises from the
pattern of synaptic connection between
neurons and the strengths of these connections. This view motivates much
research on synaptic function and plasticity, and is enshrined in formal neural
network models of computation. There
is, however, remarkably little experimental evidence detailing how a particular matrix of synaptic connectivity gives
rise to a particular computation.
Atzori and colleagues 1 advance an
intriguing hypothesis that begins to
bridge this gap between cortical computation and synaptic mechanism.
Using dual whole-cell patch-clamp
recordings, they examined the properties of synaptic connections between
pairs of coupled neurons in layer 2/3 of
acute slices of auditory cortex. In the
rat, these layer 2/3 neurons (along with
neurons in layer 4) receive direct input
from the auditory thalamus; layer 2/3
The author is at Cold Spring Harbor
Laboratory, 1 Bungtown Rd., Marks Bldg., Cold
Spring Harbor, New York, 11724, USA.
e-mail: zador@cshl.org

neurons in turn make connections both
to other layer 2/3 neurons, and to layer
5 neurons. Atzori et al. found that these
layer 2/3 connections fell into two
classes, ‘weak’ and ‘strong,’ which
differed in a number of important
characteristics, including average
amplitude, failure rate and paired pulse
ratio. Most notably, these connections
differed in their temporal dynamics, as
assessed by the response to a sustained
train of action potentials. Strong connections decayed during the train,
while weak connections retained their
efficacy at a constant, albeit lower, level
throughout the train. Strong connections thus gave their most robust
responses to the transient portion of
stimuli, while weak connections
responded equally well to both transient and sustained stimuli. By contrast, synaptic characteristics between
pairs of layer 2/3 neurons in the barrel
cortex fell into a third category, which
might be called ‘very strong.’
The authors noted an interesting
parallel between these two synaptic
classes identified in auditory cortex and
the two types of firing patterns—‘transient’ and ‘sustained’—with which thalamic inputs to the auditory cortex
respond to acoustic stimuli. They sug-
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gest that the two classes of synaptic connection might provide two distinct, parallel channels within the cortex for
processing information about these two
kinds of auditory stimuli, just as the
magnocellular and parvocellular pathways provide separate pathways in the
visual system for processing different
kinds of visual stimuli.
The core of the present findings
relates to the physiological properties
underlying excitatory coupling between
neuronal pairs of layer 2/3 of the cortex.
According to the classical quantal
model 2 , synaptic transmission is a
probabilistic process in which the presynaptic terminal is coupled to its postsynaptic target through a set of n release
sites. When an action potential invades
the presynaptic terminal, each of the
sites releases a vesicle of neurotransmitter with a probability p (and therefore
fails to release with probability 1 – p);
the postsynaptic response due to the
vesicle is given by the quantal size q
(which has units of mV or pA). The
total postsynaptic response R following
an action potential is thus given by the
simple equation:
R=npq

(1)

Together, the product of the three
quantal variables n, p and q governs the
average synaptic response R, with weak
synapses having a smaller product than
strong synapses.
Although the quantal model was
originally developed to describe events
at the neuromuscular junction, the
same framework, with relatively minor
modifications, has been able to account
for transmission at central synapses as
well. One important difference is quantitative. At the neuromuscular junction,
the number of release sites is typically
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