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NEUROSCIENCE

Rapid Consolidation

Larry R. Squire

e learn and remember better when
new material can be related to what
we already know. Professional ath-

letes can remember details of particular plays
that occurred in a long match. Experienced
poker players can reconstruct the card distri-
bution and betting sequence that occurred in
previous hands. This is possible because these
individuals have a rich background of relevant
experience and therefore can organize new
material into meaningful and orderly patterns.
On page 76 of this issue, Tse et al. (1) make
use of these ideas to explain their new find-
ings in rats.

In his classic 1932 monograph on remem-
bering (2), British psychologist Frederic Bartlett

developed the concept of “schemas” to referto

preexisting knowledge structures into which
newly acquired information can be incorpo-
rated. Although the schema concept is funda-
mental to the psychological science of human
memory, it has been difficult to bring the con-
cept to biology and especially to studies with
experimental animals. Tse et al. show in rats
how the schema concept is relevant to the phe-
nomenon of memory consolidation. Memory
consolidation refers to the gradual process
of reorganization by which new memories
become remote memories (3, 4). Initially, the
learning of facts and events (declarative mem-
ory) depends on the hippocampus, a structure
deep in the temporal lobe of the mammalian
brain. As time passes after learning, the impor-
tance of the hippocampus gradually diminishes
and a more permanent memory is established
in distributed regions of the neocortex. This
process typically takes a few years in humans
and at least a month in rodents. According to
one influential model (3), the process is slow
because if changes were made rapidly, they
would interfere with the preexisting framework
of structured knowledge that has been built up
from other experiences.

In the Tse et al. study, rats learned to asso-
ciate six flavors with six places in a familiar
testing arena. A rat was first cued with a par-
ticular flavor (a 0.5-g morsel of flavored food)
in one of four start boxes and then could
receive more of the same food by going to the
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We may be able to learn new things very
quickly, and incorporate them into memories,
if representations of related information have
already been stabilized in the brain.
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Good schemas wanted. When a rat learns associations between flavors and spatial locations, as studied by
Tse et al. (1), the associations are initially learned as individual facts (left). With extended training, the
animal develops an organized structure or schema for flavors and places (middle). This organized knowledge
structure (bold lines) can then support rapid learning of new associations in a single trial and the rapid
consolidation of information into the neocortex (right).

correct location in the arena. Animals learned
the six flavor-place associations gradually
across 6 weeks of training; each flavor-place
pair was presented once per session for
training and three sessions were scheduled
each week. Not surprisingly, animals with
hippocampal lesions failed to learn the
associations.

Evidence that flavor-place training af-
forded the development of a schema came
from finding that animals were subsequently
able to learn new flavor-place associations ina
single trial and could remember the new asso-
ciations for at least 2 weeks (see the figure).
The extended training had helped because in a
similar task in which rats were trained on a
new flavor-place association each day (6),
memory was only weakly established and per-
sisted for less than a day. Tse ez al. also tested
other rats that learned six flavor-place associ-
ations in one arena (the consistent arena) and
concurrently learned six different flavor-place
associations in another arena but with the fla-

vor-place combinations rearranged every two
sessions (the inconsistent arena). In the con-
sistent arena, animals could then learn new
flavor-place associations in a single trial, as
before. By contrast, in the inconsistent arena,
animals failed at one-trial learning, presum-
ably because they had not established a stable
schema that could guide rapid learning.

The most surprising finding by Tse et al.,
and what connected the schema concept to
memory consolidation, was that removal of
the entire hippocampus as early as 48 hours
after the rapid learning of two new flavor-
place associations fully spared memory of the
associations (these animals had first been
given extensive training on six other flavor-
place associations, thus establishing a schema).
It was not the case that memory of the new
associations was never dependent on the hip-
pocampus, nor that memory was somehow
formed directly in the neocortex, because hip-
pocampal lesions made 3 hours after learning
abolished memory of the new associations. In
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short, the neocortex was able to incorporate
new information rapidly. This is unexpectedly
rapid for a process that, on the basis of as
many as 20 studies in experimental animals,
ordinarily takes at least a month (7).

It is tempting to suppose that memory con-
solidation proceeded rapidly because new
information was fully compatible with what
had already been learned—in other words, a
good schema was available. If so, questions
naturally arise about the minimum require-
ments for an effective schema. Perhaps con-
tinued training with two new flavor-place
pairs every day would be sufficient (not just
extended training with the same set of pairs, as
was done by Tse et al.). Although new associ-
ations trained in this way ordinarily persist for
less than a day (6), with extended experience
they might persist much longer and also
become rapidly independent of the hippocam-
pus. And what might happen if animals simply
explored the same arena day after day? Would
merely having strong familiarity with a con-
sistent environment support the rapid learning

and rapid consolidation of new associations?
Answers to these questions would help
sharpen the notion of schema and clarify the
conditions under which rapid memory consol-
idation occurs.

The study also casts fresh light on an issue
of long-standing interest. As the authors point
out, the fact that storage and recall of spatial
memory can occur independently of the hip-
pocampus runs counter to the proposal that the
hippocampus forms and stores cognitive maps
(8). Thus, the new findings, as well as other
work (9), give no special emphasis to spatial
cognition and suggest instead that the hip-
pocampus is a general-purpose learner of new
facts and events, both spatial and nonspatial.

The larger question concerns the nature of
memory consolidation itself. Recent studies of
brain metabolism and activity-related genes in
mice describe the decreasing importance of
the hippocampus as time passes after learning
and the increasing importance of several corti-
cal regions, including the prefrontal, temporal,
and anterior cingulate cortex (4). The idea is

not that memory is literally transferred from
hippocampus to neocortex, but rather that the
hippocampus guides gradual changes in the
neocortex that increase the complexity, distri-
bution, and interconnectivity of memory stor-
age sites. This new study is the first to show
that this process can occur rapidly.
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Processive Motor Movement

David D. Hackney

is a lattice of filamentous tracks called

microtubules, upon which molecular
motors travel, moving cargo about. In
this transport system, the molecular
motor kinesin-1 carries relatively large loads
(molecular complexes, membranous vesicles,
and organelles), its motion powered by the
energy liberated from hydrolyzing adenosine
triphosphate (ATP) (7). In fact, kinesin-1 can
move processively for long distances (over
a micrometer) along a microtubule without
falling off. This feat requires coordinating the
two motor domains (“heads”) of kinesin so
that one head is always attached to the micro-
tubule while the other is detached and moving
further along the track, in the direction of
movement. The proposed molecular mecha-
nism underlying this processive motion has
been highly debated. One controversial point
has been how an operation called “gating”
proceeds, that is, how the ATPase cycle of a
kinesin head is stalled until a specific bind-
ing or conformational change needed for

P ermeating throughout a eukaryotic cell
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motility occurs. On page 120 of this issue,
Alonso et al. (2) show that a microtubule
track is not necessary for such gating to
occur. This throws a surprising wrench into
existing models of kinesin movement and
suggests that the track is not required to pro-

A mechanism that controls the stepwise
movement of a molecular motor along a
filamentous microtubule track in the cell does
not seem to require the track itself.

duce the nonequivalence of the heads that is
needed for processive movement.

The first indication of a gate with either
a monomer or dimer of kinesin (one or two
heads, respectively) was that steady-state ATP
hydrolysis rates are low unless microtubules

SOLUBLE TUBULIN GATES

KINESIN DIMER y 7".“
\\'ew{ A
s () P

This gate is closed and
ADP cannot be released.

TUBULIN

(ADEY

- !Ib )
(_)« :7\‘[/‘!;‘/-(’ K W BN

. J 1/ (+) LN
MICROTUBULE

= \6
B

¢

TETHERED
° INTERMEDIATE
ATP binding to the (EB@ Pi
nucleotide-free ’ .;
head opens the v :

gate and allows
ADP release from
_the other head.

MICROTUBULE GATES

Kinesin's gates. Kinesin has two motor domains (heads; red and yellow) joined by a coiled coil. A tethered inter-
mediate of kinesin (shown in one possible conformation) is gated if release of ADP from one head is blocked. ATP
can bind and trigger interchange of heads that bind to a microtubule track. This is coupled to release of ADP,
hydrolysis of ATP, and release of phosphate (Pi). Alonso et al. find that soluble tubulin also has a gate that blocks
binding of another tubulin molecule and release of the second ADP. This gate can also be opened by ATP.

6 APRIL 2007 VOL 316 SCIENCE www.sciencemag.org

Published by AAAS

CREDIT: P. HUEY/SCIENCE

Downloaded from www.sciencemag.org on April 6, 2007


http://www.sciencemag.org

