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peptide most likely enhanced the reconsoli-
dation of fear-provoking contextual memory.
This finding has several important implica-
tions, some of which are discussed below.

Memory reconsolidation resulted in much
stronger fear when trafficking of AMPARs
was blocked, indicating that AMPAR traffick-
ing constrains the reconsolidation of a labile
memory and thus protects from excessive fear.
This also suggests that, if proceeding without
inhibitory control, reconsolidation would not
only stabilize!?, but also strengthen!!!2, the
fear-provoking memory. As the shock is not
present at memory recall, it seems paradoxical
that the memory gets stronger, and it is still
unknown what triggers reconsolidation, why
it overrides extinction, and which new infor-
mation is added to strengthen the memory.
Human studies suggest that reconsolidation
may target the fear-provoking rather than
sensory component of the memory'3: block-
ing reconsolidation results in a profound loss
of fear despite intact memory of the condition-
ing episode. It is possible that experiencing
fear itself for the first time in response to the
context both stabilizes the existing contextual
memory and adds new aversive value. Such
a mechanism could contribute to the ‘fear of
fear’ phenomenon present in most individuals
with anxiety disorders'.

If AMPARSs stay on the neuronal membrane
when the fear-provoking memory is labile,
extinction progresses, the original memory is
notlost and fear returns with time. It therefore
seems that, after recall, trafficking of AMPAR
allows extinction to override reconsolidation.
This can be a result of the constraining effect
of AMPAR trafficking on reconsolidation

(as observed in the reconsolidation protocol;
Fig. 1a), an enhancing effect on extinction!®
or possibly both mechanisms (Fig. 1c). The
relationship between surface AMPAR level
and post-recall memory modification can be
further clarified by comparing the persistence
of extinction performed during endocytosis
versus reinsertion of GluA2.

The discovery of AMPAR trafficking as a
constraining mechanism of reconsolidation
could help answer the intriguing question of
why post-recall extinction effectively and last-
ingly overrides the fear-provoking memory,
whereas extinction alone fails to do so. This
phenomenon is perplexing because recall is
an integral part of every extinction proce-
dure. The answer may lie in the activation
patterns of signaling molecules; although we
commonly state that molecular changes in the
brain are triggered by environmental stimuli,
most known molecular responses are in fact
triggered by the offset of these stimuli. That is,
changes of most protein kinases and immedi-
ate early-genes show a conserved time course
after the offset of stimulus exposure, indepen-
dent of its duration®. Thus, a delay between
recall and the extinction procedure could
allow activation of the molecular responses
required to render the fear-provoking memory
labile and modifiable by the extinction pro-
cess (Fig. 1b). However, if recall only occurs
as a part of extinction, molecular changes
and the associated memory lability may not
be induced until the procedure is over, and
thus extinction cannot override the original
memory (Fig. 1c). It remains to be tested
whether AMPAR trafficking is also shifted by
different extinction procedures.

Is that a bathtub in your kitchen?
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This innovative and significant work will
stimulate future experiments aiming to answer
several important questions. If AMPAR traf-
ficking is specific for modification of aversive
memory, what are the mechanisms of recall
and reconsolidation of non-aversive contex-
tual and spatial memory!'? Which individual
neuronal molecules regulate AMPAR endocy-
tosis and membrane reinsertion, and how do
they affect recall, reconsolidation and extinc-
tion? Do impairments of AMPAR trafficking
contribute to anxiety disorders? Pursuing
these questions will guide development of
new preventive and therapeutic strategies for
anxiety disorders by targeting mechanisms
that regulate AMPAR trafficking, constrain
reconsolidation and enhance extinction.
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We can efficiently and rapidly recognize daily-life visual settings. A study finds that scene recognition involves the
posterior object-selective visual cortex, where multiple within-scene objects are represented in parallel.

At a brief glance, we perceive grazing animals
and trees or we see cars and traffic lights. This
object information helps to distinguish a pas-
ture from a city street. Recognizing such daily-
life visual scenes is a common task for the
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visual system and is one at which it is highly
adept. Yet despite the apparent ease with which
we categorize scenes, the neural mechanisms
of real-world scene recognition are complex
and largely unknown. In this issue, MacEvoy
and Epstein! provide compelling neural evi-
dence that the parallel analysis of multiple
diagnostic objects, objects typically found in
the context of a specific scene, may constitute
a mechanism by which real-world scenes are
efficiently recognized.

Although the neural basis of visual object
perception has been studied for decades, much

of this research has evaluated brain responses
evoked by objects shown in isolation. As a
result, little is known about how the brain
processes objects that are present in meaning-
ful, but typically cluttered, real-world scenes.
In daily-life scenes, the visual appearance of
an object (for example, a chair) may change
radically depending on variations typical of
the real world. For example, an object may be
partly occluded (a chair behind a desk). We
have a remarkable ability to quickly recognize
objects across such naturalistic variations?.
Recent functional magnetic resonance imaging
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(fMRI) studies®* have provided evidence that
object-selective regions in higher-level visual
cortex may support this ability. These regions,
defined by their strong response to intact as
compared with scrambled objects, have been
found to represent within-scene objects inde-
pendently of real-world variations in their
appearance and location®*.

However, for rapid scene recognition, the
brain would need to represent multiple objects
in parallel, as one object may not provide suf-
ficient information about a given scene type.
For example, a chair may be found both in the
kitchen and in the living room. The study by
MacEvoy and Epstein! takes a substantial step
toward a better understanding of real-world
scene perception by investigating the neural
processing of multiple simultaneously pre-
sented objects in scenes. They provide evidence
that multiple within-scene objects are indeed
processed in parallel and that this occurs in the
posterior part of object-selective cortex. Such
information about the presence of multiple
objects in a scene can be used to support reliable
inferences about scene category; for example, to
distinguish a kitchen from a living room.

Using fMRI, MacEvoy and Epstein! recorded
brain activity of participants while they viewed
pictures of four different scene types (bath-
room, kitchen, intersection and playground),
each of which contained two diagnostic objects
(for example, all bathrooms contained a bath-
tub and a toilet). Participants also viewed
different exemplars of these object types indi-
vidually and without scene background. By
measuring the multi-voxel patterns of brain
responses evoked by these isolated objects, the
authors established a ‘neural signature’ of each
object type. Previous research has shown that
such multi-voxel activity patterns allow the
discrimination of object categories®. Here the
similarity between the isolated object-evoked
responses and the scene-evoked responses
was used as a measure of the degree to which
within-scene objects were processed?.

Their results revealed that in one brain
area in particular, the object-selective lateral
occipital cortex, there was a close correspon-
dence between response patterns evoked by
within-scene objects and response patterns
evoked by these objects when shown in isola-
tion. For example, response patterns evoked by
pictures of bathrooms were similar to response
patterns evoked by isolated pictures of bath-
tubs, relative to other objects not present in the
bathroom scene. These results indicate that lat-
eral occipital cortex carries information about
the objects in the scenes and that it processes
within-scene objects similarly to how it pro-
cesses these objects without scene context. Other
brain regions did not carry such information.

In particular, activity patterns in the parahip-
pocampal place area (PPA), a region implicated
in scene perception®, did not generalize from
the isolated objects to the within-scene objects.
This is consistent with the proposal that PPA
processes global scene characteristics rather
than within-scene objects”1°.

Next, the authors tested whether averaging
the patterns evoked by two isolated objects
(such as a bathtub and toilet) would improve
the prediction of lateral occipital cortex activ-
ity patterns evoked by the full scene (such as a
bathroom). Notably, a significantly better pre-
diction of the scene-evoked response patterns
consisted of the mean of the response patterns
evoked by the two isolated objects as compared
with response patterns evoked by one of the
two objects separately. This provides evidence
that response patterns in lateral occipital cortex
carry information about multiple objects pres-
ent in the scene. Thus, responses to multiple
objects seem to be combined linearly in lateral
occipital cortex, similarly to the way responses
to multiple objects without scene background
are computed in this region!!.

In the study described above, participants
viewed the scenes for 1 s, which is sufficient to
make several eye movements and to process the
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objects one by one. Because of the poor temporal
resolution of f/MRI, responses to two serially pro-
cessed objects would not be discriminable from
responses to two objects processed in parallel.
To provide evidence for parallel processing
of the two objects in the scenes, the authors
conducted a second study and presented the
scenes for just 150 ms, followed by a mask-
ing pattern. Such a short presentation time is
too brief to make eye movements and helps to
reduce (although not eliminate) serial deploy-
ment of attention. Despite the much shorter
presentation time, the results were remarkably
similar to the results of the first study, suggest-
ing that a brief glance at a scene is sufficient
for lateral occipital cortex to process multiple
within-scene objects.

The authors conclude that lateral occipi-
tal cortex, through its ability to represent
multiple within-scene objects, embodies
an object-based channel for scene recogni-
tion. Such a mechanism is likely to be most
useful for the recognition of scenes that are
closely related to the identity of one or mul-
tiple foreground objects, such as a kitchen or
a bathroom: the information that a bathtub
and a toilet are present in the scene would be
sufficient to infer a bathroom scene. In other

-
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Figure 1 Does lateral occipital cortex represent scene category or within-scene objects? One possibility
is that lateral occipital cortex responds to within-scene objects independently of scene category:
lateral occipital response patterns would be similar on presentation of the same set of objects in a
congruent context, in an incongruent context and in isolation. In this scheme, lateral occipital cortex
may contribute to scene recognition by ‘listing’ the objects present in a scene, but would not represent
scene category (for example, desert or living room) directly. Alternatively, lateral occipital cortex may
integrate object with contextual information (computed in other regions), responding differently to the
same object in congruent versus incongruent context. In this scenario, lateral occipital cortex would
distinguish scene categories even when they largely share the same set of objects, suggesting a more
direct role in scene representation. The results of MacEvoy and Epstein!, together with those of other
recent studies’~19, are more consistent with the first scenario.
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cases, however, scenes may share the same set
of objects and may only be discriminable on
the basis of spatial relations between objects
(for example, parking lot versus highway) or
on the basis of global scene characteristics (for
example, mountain versus desert). MacEvoy
and Epstein! propose that an additional path-
way, which includes the PPA, may support
recognition of scenes based on global scene
properties. This dual-pathway hypothesis
is consistent with recent studies that found
that the PPA contains information about the
spatial layout of scenes®®, whereas object-
selective cortex contains information about
within-scene 0bjects7’9. At a behavioral level,
coherent scene context facilitates the percep-
tion of within-scene objects!>!3, and objects
facilitate scene recognition when these are
mutually coherent!3. A critical question then
is where and how the two proposed pathways
interact to support scene recognition. In par-
ticular, does lateral occipital cortex represent
objects independently of scene context or does
it integrate object representations with contex-
tual information (Fig. 1)?

Owing to capacity limitations, the brain can-
not possibly represent all of the information that
is typically present in our cluttered natural envi-
ronment. In daily life, we overcome such limita-
tions by using cognitive ‘top-down’ mechanisms.
Such goal-driven mechanisms may enhance the

processing of relevant information and filter out
irrelevant information. For example, we actively
search for objects by forming mental templates
of the things that we are looking for (such as
a friend in a crowd of people), and we make
predictions about the presence or absence of
objects on the basis of typical scene charac-
teristics (for example, we anticipate a bathtub
when we enter a bathroom). Accordingly, pre-
vious research has shown that the processing
of real-world scenes is biased toward relevant
objects® and that this selection is mediated by
anticipatory processes*. In contrast, MacEvoy
and Epstein’s results! suggest that the averaging
of neural responses evoked by multiple objects
in lateral occipital cortex is a highly automatic
and ‘bottom-up’ process, given that participants
were not instructed to attend to any particular
object in the rapidly presented scenes. Thus,
the object-based channel for scene recogni-
tion might operate independently of top-down
sources that provide feedback to the object rec-
ognition system. Alternatively, it is possible that
the repeated presentation of a relatively small
number of scene types and diagnostic objects
may have prompted participants to antici-
pate these objects while viewing the scenes.
An important question for future studies is to
address how many within-scene objects can be
processed in parallel without prior knowledge of
the scenes and objects that will be presented!*.

Maintaining a Highwire act

In all organisms with a nervous system, the construction of functional neural circuits requires
a precise choreography of developmental events that includes the growth and guidance of
axons to their proper targets and the formation of mature synapses. Studies in species ranging
from worms to mice have revealed that proteins from the PHR (Pam/Highwire/RPM-1)
family of E3 ubiquitin ligases modulate neural development via the formation of an F-box
protein—containing complex and activation of the MAP kinase signaling cascade. Despite
these advances in our understanding of the components and activities of these integral protein
complexes, it is still unclear as to how the essential PHR proteins themselves are regulated
during development. On page 1267, Tian and colleagues identify Rael as a binding partner of
the Drosophila PHR protein Highwire (Hiw) that acts to prevent its degradation and promote
refinement of the presynaptic terminal.

The authors identified Rael as a Hiw complex—associating protein using tandem affinity
purification and liquid chromatography—tandem mass spectrometry. Flies expressing only
a mutant form of Rael exhibited a concurrent increase in neuromuscular junction synaptic
bouton number and a decrease in bouton size, a phenotype that mimics that observed in hiw
null mutants. Notably, mutation of Rael also resulted in a decrease in the neuronal levels
of Hiw protein (but not mRNA), suggesting that Rael acts to prevent post-translational
degradation of Hiw. Indeed, blocking autophagy was sufficient to rescue both Hiw protein
levels and synaptic bouton overgrowth even in the presence of mutated Rael, whereas

In sum, MacEvoy and Epstein! showed that
the response in lateral occipital cortex to mul-
tiple within-scene objects can be approximated
by a linear combination of responses to these
objects in isolation. This raises the intriguing
possibility that lateral occipital cortex consti-
tutes a pathway involved in scene recognition
based on a scene’s component objects.
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overexpression of wild-type Rael blocked Hiw degradation in the presence of the autophagy-promoting protein Atgl. Taken together,
these results suggest that Rael is an integral member of the PHR E3 ubiquitin ligase complex that acts to promote synaptic refinement

by maintaining Hiw protein levels during development.
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