
In modern neuroscience, the analysis of
learning mechanisms is a thriving enterprise.
But although classical and operant condi-
tioning are both important, the mechanisms
of classical conditioning have received far
more attention. Why should this be? The rea-
son lies, at least in part, in how researchers
approach the problem. The basic goal of a
neurobiological analysis of associative learn-
ing is twofold: first, to identify the site of the
association in the brain; and second, to char-
acterize the neural mechanisms involved in
forming the association. For classical condi-
tioning, this strategy is relatively straightfor-
ward. One would first identify the pathways
of neurons that respond to the conditioned
and unconditioned stimuli. The points at
which the two pathways converge would be
good candidates for the sites at which an asso-
ciation between the stimuli is formed.

But matters are potentially more compli-
cated in the case of operant conditioning.
Here, an association is made not between
two stimuli but between an action and its
consequence, such as a benefit (or ‘reward’,
in learning parlance) or punishment. So the
site of association is not intuitively obvious.
For example, it could occur where informa-
tion about the reward converges with the
brain region that initiates the behaviour,
which could be more difficult to locate than
the regions that respond to conditioned and
unconditioned stimuli.

Brembs et al.1 have overcome these diffi-
culties by studying the operant conditioning
of feeding in Aplysia (Fig. 1). The authors
attacked the problem at several levels, from
the behaviour of the whole animal down to
the electrophysiological properties of single
neurons. They focused on feeding in Aplysia
because this is known to be capable of oper-
ant conditioning5 and, more importantly,
because the neural circuitry underlying
feeding has been well characterized.

First, Brembs et al. looked at the electrical
activity of the oesophageal nerve in whole
animals, and found that it increased when
the animals ingested food. Presumably, this
activity signals the presence of a reward —
food. Next, Brembs et al. ‘trained’ the 
animals to associate spontaneous biting
(whether or not food was ingested) with
a reward by stimulating the oesophageal
nerve, mimicking the usual reward signal,
during biting. The result was that the 
molluscs made significantly more sponta-
neous bites than controls, both immediately
and 24 hours after training. In other words,
the operant response (biting) can be 
reinforced by a food-related reward signal 
(stimulation of the oesophageal nerve);
moreover, the memory of the association
between biting and reward can persist for at
least 24 hours.

The authors then turned their attention
to where this memory might be stored. Here,
the previous detailed characterization of the

neural circuitry underlying feeding behav-
iour was a big help. In the central nervous
system, a particular group of neurons — the
buccal ganglia — controls biting, and the
authors studied one of these, called B51,
because it is essential in generating the 
correct programme of neuronal activity.
By recording the electrical activity of B51 
neurons in buccal ganglia that had been sur-
gically isolated from Aplysia, Brembs et al.
showed that the burst threshold was lower
and the input resistance higher in neurons
from trained animals than in controls. The
changes in these properties together increase
the likelihood that B51 will become active,
and hence improve its ability to generate
ingestion-related neural programmes.

So it seems that operant conditioning can
alter certain properties of the B51 neuron.
But it was not clear whether B51 is a genuine
site of convergence between bite behaviour
and reward — that is, if it is where the associ-
ation is formed and stored — or whether it
is simply affected by that site. To find out,
Brembs and colleagues isolated and cultured
B51 neurons and examined whether similar
changes in properties could be induced by
mimicking the operant conditioning pro-
cedure at the single-neuron level. They
paired the activation of B51 (that would gen-
erate a bite) with brief pulses of dopamine, a 
neuromodulator that probably serves as the
reward signal in this system6 and many 
others7. They found a significant reduction
in burst threshold and increase in input
resistance in B51. This did not occur when
dopamine application and B51 activation
were unpaired.

How do these observations relate to the
learned association between biting and
reward? The idea is this. B51 activity is
required for an animal to attempt to take a
bite of food. If that attempt is successful —
if food ends up in the mouth — the
oesophageal nerve is stimulated. This causes
the release of dopamine in the buccal gan-
glia, increasing the excitability of B51. Given
that direct activation of B51 can elicit inges-
tion-related activity in isolated ganglia8,
one can envisage that a direct consequence
of enhancing B51 excitability would be a
greater likelihood of further biting.

So, collectively the data show that B51 is
directly affected by operant conditioning,
implying that it is at least one important site
of memory storage. Moreover, an exciting
aspect of the study is that it provides a neu-
ronal mechanism for operant conditioning
that can explain not only its associative fea-
tures, but also how that associative compo-
nent might control future biting behaviour.

But the significance of the paper extends
further. Now that an associative site for oper-
ant conditioning has been found, it will be
possible to examine the underlying cellular
and molecular mechanisms in detail —
though this is no easy chore, to be sure. More-
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100 YEARS AGO
Mr. Marconi brought forward two interesting
pieces of information in his lecture at the
Royal Institution last Friday. The first relates
to the new form of magnetic detector which
he has been employing in place of the
coherer. The instrument is found to be more
sensitive and trustworthy than the coherer,
and gives promise of a great increase in the
speed of working. Already a speed of thirty
words a minute has been attained, and this
may possibly be increased to several
hundred. The second point relates to the
recent Transatlantic signalling. It seems that
on the occasion of Mr. Marconi’s journey
across the Atlantic in the Philadelphia, the
signals transmitted during the day failed
entirely at a distance of 700 miles, although
a message was successfully sent at night
more than 1550 miles, and a signal more
than 2000 miles. This effect Mr. Marconi
suggests may be due to the diselectrification
of the aërial waves by the daylight. The
difficulty can, however, be got over by the
use of greater transmitting power — as is
evidenced partly by the fact that the signal
received at Newfoundland was transmitted
during the daytime. 
From Nature 19 June 1902.

50 YEARS AGO
It is known that the isotopic composition of
carbon in living matter and related materials
is different from that in carbonates. About a
hundred plants, representing most of the
major plant groups, have been investigated...
Various hypotheses have been postulated in
order to explain the results, and they can
easily be described in terms of the ‘local
carbon dioxide cycle’, well known to
botanists and geochemists. It is assumed
that there is a difference in the rate of
assimilation of the light and the heavy
carbon dioxide molecules. This difference
is accentuated by the cycle: ‘local
air’–plant–soil–‘local air’, which works as an
isotope enrichment process, assuming that
there is an exchange between the ‘local’ air
and the ‘main’ atmospheric air. At places
where this cycle is intense the isotope effect
is large; where it is almost absent, for
example, in deserts or very windy places,
the isotope effect will be small... These
results are also of some interest in
connexion with the carbon-14 method for
age determinations. The observed effects
will be accentuated because the difference
in rates of assimilation will be much larger.
From Nature 21 June 1952.
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