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including late stages of sensory3 and cogni-
tive4 processing, have also been character-
ized. Yet there has been limited success in
describing a topography for those cortical
areas5, suggesting that higher and more com-
plex aspects of perception and cognition
might not be systematically mapped. On
page 610 of this issue, however, Hampson
and colleagues6 reveal a functional organiza-
tion for the hippocampus, one of the highest
cortical-processing areas in the brain.

Although the hippocampus is crucial for
memory, the nature of its contribution is
controversial. Human studies point to criti-
cal hippocampal function in ‘declarative
memory’7 (our ability to record personal
experiences and weave these episodic mem-
ories into our knowledge of the world about
us). By contrast, animal studies indicate that
the hippocampus is dedicated to ‘spatial
mapping’. Animals with hippocampal dam-
age show severe and selective impairments in
spatial memory8 (their ability to learn and

express knowledge of spatial relations
among cues in the environment). Animal
studies have also revealed the existence of
hippocampal ‘place cells’ — neurons that
fire when the animal is at a particular loca-
tion, as though signalling occupancy of a
coordinate in a spatial map9. 

Recent studies offer the beginnings of a
reconciliation between the ‘declarative’ and
‘spatial’ views of hippocampal processing.
For example, rats with hippocampal damage
have impaired learning, and they cannot
express knowledge about relations between
distinct experiences in nonspatial memory10.
It has also become clear that hippocampal
neurons are activated in association with
specific nonspatial cues, as well as with cog-
nitive events and behaviours that occur at
different times in many places11. These
observations suggest the hippocampus is
fundamental in registering and linking
episodic memories into larger networks for
both spatial and nonspatial memory12. In a

network of spatial memories, the critical
links may be remembered places that a per-
son visited at different times. In a nonspatial
memory network, the links may be particu-
lar objects, people or events that are com-
mon to (and hence can bridge) distinct
episodic memories that include those items.
But how would such memory networks be
organized within the architecture of the
hippocampus?

Hampson et al.6 now outline, for the first
time, a functional organization of the hip-
pocampus — a sketch of a memory network
on the surface of the hippocampus. The
authors monitored the activity of hip-
pocampal neurons in rats, first when they
performed a simple task, and then when they
remembered the episode in a subsequent
test. On each trial the animal initially pressed
a ‘sample’ lever, presented in one of two posi-
tions in a chamber. The rat maintained this
memory for several seconds, then demon-
strated it by choosing the other lever when
both were presented in a ‘nonmatch’ phase
of the trial.

To make these recordings, Hampson et al.
used a unique electrode array that allowed
them to monitor many cells at known dis-
tances apart in the hippocampus (Fig. 1). In
each animal the activity of some neurons was
associated with the position of the lever
being pressed, regardless of whether this
occurred during the sample or nonmatch
trial phase. Other cells fired during just one
of the trial phases, independently of the
lever’s position. Yet other cells fired in asso-
ciation with the various combinations of
lever position and trial phase (for example,
left–match), or with several events that
made up a specific type of trial (for example,
right–sample then left–nonmatch). All of
which means that hippocampal neuronal
activity represents both the relevant aspects
of space and the relevant nonspatial features
of the task, consistent with the mixture of
spatial and nonspatial coding observed in
other situations11.

By combining the data from several ani-
mals, Hampson et al. found a set of regular
anatomical patterns (Fig. 1). Lever-position
codings are segregated, such that alternating
0.6–0.8-mm cross-sectional segments of
the hippocampus contain clusters of ‘left’
or ‘right’ lever-position codings. Trial-phase
codings are also segregated in alternating
0.2–0.4-mm cross-sectional clusters of
‘sample’ and ‘nonmatch’ responses. The two
topographies are interleaved, such that each
position cluster contains clusters for both
trial phases. Furthermore, in this mapping,
function follows form — the clusterings of
position and trial-phase specificity follow
the known anatomical organization in
which neurons are more closely intercon-
nected within cross-sectional segments
(called lamellae) than they are across them13.
This correlation between anatomical and
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The organization of
membranous structures in
the cell, such as the Golgi
body or endoplasmic
reticulum, depends on
motor proteins and the
microtubules along which
they move. Of the two
major protein families
involved, the dyneins
move towards the ‘minus’
end of the microtubules,
generally clustered close to
the nucleus, whereas the
kinesins chiefly move
towards the ‘plus’ ends of
the microtubules,
distributed about the
periphery of the cell. 

Although organelle
transport is a central
function of microtubule-
based motors, these motor
proteins were originally
identified for other
reasons, such as their
ability to make
microtubules glide over
glass coverslips. Now,
however, Ron Vale and
colleagues present a more
direct approach (J. Cell
Biol. 147, 493–505; 1999).
By specifically assaying
organelle transport they
have identified two new
kinesin-like motors from
the slime mould

Dictyostelium discoideum.
To do this, the authors

mixed Dictyostelium cell
extracts with organelles
and assembled
microtubules. Then, using
video-enhanced
differential interference
microscopy, Vale and
colleagues assessed the
extracts’ ability to
reconstitute organelle
movement, and also
determined the direction
of that movement. An
example of this assay is
shown in the picture.
Video stills separated by
half a second are overlaid
and colour-coded to show
the direction of motion
(purple–cyan). 

Using a number of
chromatography steps,
two plus-end-directed
activities were purified
associated with proteins of
relative molecular masses

(Mr) 245,000 and 170,000.
Peptide analysis allowed
the identification, cloning
and sequencing of the Mr

245,000 protein. It proved
to be homologous to
known kinesins from mice
and nematode worms, and
was named DdUnc104
after the worm
homologue. When Vale
and colleagues knocked
out the DdUnc104 gene,
the mutant mould had
disrupted organelle
transport, confirming the
in vivo role of DdUnc104
in this process.

The importance of this
work is not so much in the
identification of two
previously unknown
kinesins, but in the
establishment of a system
for dissecting the
mechanics of organelle
transport. Because
Dictyostelium is so
amenable to genetic
manipulation, it should be
possible to investigate not
only the motors involved,
but also the accessory
proteins and receptors that
allow them to identify and
transport specific
organelles.
Christopher Surridge 

Molecular motors

Spotting the goods trains


	Spotting the goods trains

