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texturingand the implications for
theEarth’s innercore
Michael I. Bergman

Nature 389, 60–63 (1997)
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Owing to a typographical error, this Letter appeared under the title
‘‘Measurements of electric anisotropy due to solidification texturing
and the implications for the Earth’s inner core’’. The word ‘elastic’ in
the first line was erroneously replaced with ‘electric’. M
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Hong-jun Song, Guo-li Ming & Mu-ming Poo

Nature 388, 275–279 (1997)
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The order of panels in Fig. 3 of this Letter is incorrect as published.
Figure 3a–e should be labelled as f–j, and Fig. 3f–j should be
labelled a–e. M
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In this Letter, we overlooked a citation of G. Oszlanyi et al., Phys.
Rev. B 54, 11849 (1996), who reported the observation of covalently
bound (C60)
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Janice M. Weidman, Claire Fujii, Cheryl Bowman,
Larry Watthey, Erik Wallin, William S. Hayes,
Mark Borodovsky, Peter D. Karp, Hamilton O. Smith,
Claire M. Fraser & J. Craig Venter

Nature 388, 539–547 (1997)
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In this Article, we incorrectly stated that the amino acids lysine and
arginine are twice as abundant in H. pylori proteins as they are in
those of Haemophilus influenzae and Escherichia coli. This statement
was derived from amino-acid analyses that compared absolute
differences in abundance, but these do not reflect the frequencies
with which amino acids are found in the organisms in question. The
actual abundance of arginine in H. pylori, H. influenzae and E. coli is
3.5, 4.5 and 5.5%, respectively; the abundance of lysine in these
organisms is 8.9, 6.3 and 4.4%, respectively. This oversight is
particularly unfortunate because Russell H. Doolittle, who wrote
an accompanying News and Views on our Article and brought this
to our attention, was led to comment on the significance of our
inaccurate observation. We regret this and any other misunder-
standing that our error may have caused. M
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months old) F-344 rats were first tested on the Morris swim task (six trials per
day for four days), which requires that the rat learns the location of a
submerged escape platform in a pool of water, on the basis of external
landmarks. The performance measure, corrected integrated path length
(CIPL)25, is the sum of the distances from the target minus the shortest possible
sum if the rat had swum directly to the platform at its mean speed. As reported
previously25, the old rats were impaired on this task (mean CIPL 6 s:e:m: on
day 4: young, 1:81 6 0:61 m; old, 2:76 6 0:39 m; F1;10 ¼ 4:99, P , 0:05), but
they were unimpaired when the platform was not submerged and a distinct
visual cue was suspended above it (on final trial: young, 0:15 6 0:07 m; old,
0:16 6 0:10 m; F1;10 ¼ 0:90, P . 0:36). Thus the old rats were deficient in
spatial memory, a characteristic of hippocampal dysfunction, but exhibited
normal visual association memory, which does not depend on an intact
hippocampus29.
Neurophysiological recording. The rats subsequently underwent the surgical
implantation of a micromanipulator array that carried 12 tetrode recording
probes, for parallel recording of groups of hippocampal neurons1,21. The rats
were trained using a food reward to traverse a track 6 cm wide in the shape of a
rectangular figure 8 (Fig. 1a), located in a moderately illuminated room with
prominent visual landmarks and numerous tactile, auditory and olfactory
spatial cues. Initially, the rats were confined to the north half of the apparatus by
a removable partition that prevented access to or view of the other portion. The
rats thus ran repeatedly (15–20 laps per episode) around a rectangular course.
Three different manipulations were carried out to investigate the consistency of
place-field maps on repeated visits to a fixed environment. The first was to
allow the rats to spend ,25 min exploring the unfamiliar (south) portion of the
track before returning to the familiar portion. This was carried out twice for
each rat. In subsequent manipulations, rats were removed from the recording
room for 1 h. In half of these sessions, they were returned to their home room;
in the other half, they were allowed free exploration in each of six different
rooms, for 10 min each, before returning to the recording apparatus. For five
young and four old rats, the recording apparatus for the latter manipulations
consisted of the north half of the figure 8. For two old rats and one young rat,
the full apparatus (with no partition) was used as the test environment, instead
of just the north half. (The details of the behavioural experience sequences are
available as Supplementary Information.)

Each recording session thus consisted of 5 phases. Sleep 1, a period of
,30 min as the rat sat quietly and/or slept in a small ‘nest’; Maze 1, in which
the rat made multiple traversals of the track, always running in the same
direction; Treatment, in which the rat was either transferred to the novel
portion of the track or was removed from the room; Maze 2, in which the rat
was returned to the track in its Maze 1 configuration; and Sleep 2, in which the
rat was returned to the ‘nest’. For four young–old rat pairs, data were available
for two sessions in each of the three recording conditions. For technical and
logistical reasons, the number of usable data sets was reduced for two rat pairs
(Fig. 2).
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Development of the nervous system depends on the correct
pathfinding and target recognition by the growing tip of an
axon, the growth cone1–3. Diffusible or substrate-bound molecules
present in the environment may serve as either attractants or
repellents to influence the direction of growth-cone extension4–11.
Here we report that differences in cyclic-AMP-dependent activity
in a neuron may result in opposite turning of the growth cone in
response to the same guidance cue. A gradient of brain-derived
neurotrophic factor normally triggers an attractive turning
response of the growth cone of Xenopus spinal neurons in culture,
but the same gradient induces repulsive turning of these growth
cones in the presence of a competitive analogue of cAMP or of a
specific inhibitor of protein kinase A. This cAMP-dependent
switch of the turning response was also found for turning induced
by acetylcholine, but not for the turning induced by neurotro-
phin-3 (NT-3). Thus, in the presence of other factors that mod-
ulate neuronal cAMP-dependent activity, the same guidance cue
may trigger opposite turning behaviours of the growth cone
during its pathfinding in the nervous system.

Isolated spinal neurons in 14–20 h Xenopus cultures were used for
these experiments. A microscopic gradient of brain-derived neuro-
trophic factor (BDNF) was created near the growth cone by pulsatile
application of picolitres of BDNF-containing saline with a
micropipette12,13. The tip of the micropipette was positioned
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100 mm from the centre of the growth cone and at a 458 angle with
respect to the direction of neurite extension. The direction and total
length of neurite extension were measured after 1 hour’s growth in
the presence of the gradient. The attractive turning response was
revealed by a large percentage of growth cones turning towards the
source of BDNF (Fig. 1a,b). Superimposed traces of the trajectory of
growth cone extension for a population of neurons (Fig. 1c) and the
scatter plot of the final position and total extension of growth cones

(Fig. 1d) showed significant attractive turning of the growth cone
in the BDNF gradient (50 mg ml 2 1 in the pipette). No significant
turning response was observed when the pipette solution con-
tained either a low concentration (0.5 mg ml 2 1) of or no BDNF
(Table 1). The attractive response to BDNF was apparently
mediated by tyrosine-kinase receptors, because the effect was
abolished by an inhibitor of tyrosine kinase K252a (200 nM;
ref. 14). Table 1 summarizes the average turning angle and the

Table 1 Response of Xenopus nerve growth cones in chemical gradients

Chemicals
in the pipette

Chemicals added
in the bath†

[Ca2þ]0
(mM)

Turning angle
(degrees)‡

Net neurite
extension (mm)‡

Turning responses (%)§ Number of cells
examined

þ 0 2
...................................................................................................................................................................................................................................................................................................................................................................

None None 1 1:4 6 2:3 16:7 6 2:5 18 65 18 17
None Rp-cAMPS 1 2:2 6 3:8 11:6 6 1:5 30 50 20 10
...................................................................................................................................................................................................................................................................................................................................................................

BDNF None 1 14:3 6 3:0** 19:6 6 1:4 74 17 9 35
(50 mgml2 1) K252a 1 2 1:0 6 2:9 18:1 6 2:4 25 42 33 12

None 0.001 1:2 6 4:5 24:5 6 4:5* 24 47 29 17
Rp-cAMPS 1 2 14:6 6 3:7** 17:2 6 2:2 6 24 70 17
Rp-cAMPS 0.001 2 2:4 6 6:4 19:2 6 1:6** 18 55 27 11
Sp-cAMPS 1 20:8 6 5:2** 16:1 6 1:4 91 9 0 11

KT5720 1 2 18:4 6 5:2** 22:5 6 3:3 10 10 80 10
ACPD 1 2 13:6 6 2:9** 16:6 6 2:3 0 20 80 10

...................................................................................................................................................................................................................................................................................................................................................................

BDNF None 1 2 1:8 6 4:3 16:1 6 1:8 27 45 27 11
(0.5 mgml2 1) Forsklin 1 13:3 6 3:6** 23:2 6 3:2 80 20 0 10

1,9-dideoxy-forsklin 1 2 0:1 6 3:4 18:3 6 2:3 20 60 20 10
...................................................................................................................................................................................................................................................................................................................................................................

Forsklin None 1 21:7 6 4:2** 14:2 6 1:6 80 20 0 10
(5mM) Rp-cAMPS 1 2 2:3 6 4:1 13:7 6 2:4 18 64 18 11

None 0.001 18:0 6 4:7** 36:5 6 4:5** 80 20 0 10
...................................................................................................................................................................................................................................................................................................................................................................

1,9-Dideoxy-forsklin None 1 2:5 6 3:0 15:9 6 2:9 30 50 20 10
(5mM)
...................................................................................................................................................................................................................................................................................................................................................................

NT-3 None 1 9:4 6 3:3* 16:0 6 2:3 67 27 7 15
(50 mgml2 1) None 0.001 14:6 6 5:8* 27:6 6 4:2* 73 13 13 15

Rp-cAMPS 1 10:6 6 4:4* 15:3 6 4:7 60 33 7 15
...................................................................................................................................................................................................................................................................................................................................................................

ACh None 1 13:5 6 3:8** 14:5 6 1:7 80 7 13 15
(100mM) Rp-cAMPS 1 2 9:6 6 2:9* 14:7 6 1:8 7 33 60 15
...................................................................................................................................................................................................................................................................................................................................................................
† K252a, 200 nM; Rp-cAMPS (adenosine 39, 59-cyclic phosphorothiolate-Rp), 20 mM; Sp-cAMPS (adenosine 39, 59-cyclic phosphorothiolate-Sp), 20 mM; KT5720, 200 nM; ACPD ((1S, 3R)-1-
aminocyclopentane-1,3-dicarboxylic acid), 50 mM; forsklin (6b-[b9-(piperidino)propinyl]-forsklin), 5 mM;1,9-dideoxy-forsklin, 5 mM.Thedrugswere added to the bath solutionbefore the start of
the chemical gradient and were present throughout the experiments.
‡ Values represent mean 6 s:e:m: Values marked with * (P , 0:05) and ** (P , 0:01) were significantly different from the control (first two rows) using non-parametric Kruskal–Wallis test.
§ Growth cone turning responseswere scored as follows:þ, percentageof cells showingpositive turning towards to the sourceof the chemical (turningangle . 58); cells showingno turning
( turningangle < 58j
�
� ); 2 , cells turning away (turningangle , 2 58).

Figure 1 Attractive and repulsive

turning of Xenopus growth cones

induced by BDNF. A gradient of

BDNF was applied in normal saline

(a–d), in low-Ca2þ (1 mM) saline (e–h)

and in saline containing 20 mM Rp-

cAMPS (i–l). On the left are images of

the growth cone at the onset (a, e, i)

and at the end of the 1-h period (b, f,

j). p: Tip of BDNF-containing pipette

(50 mg ml2 1 in the pipette). Scale bar,

20 mm. On the right are summary

plots. Superimposed traces (c, g, k)

depict the trajectory of neurite exten-

sion during the 1-h period for a

sample population of 15 neurons.

The origin is the centre of the

growth cone at the onset, and the

original direction of growth was ver-

tical. Arrows indicate the direction of

the gradient. Tick marks, 5mm. Scatter

plots (d, h, l) depict all data collected

for each condition. Each point

depicts the final angular position of

a growth cone (abscissa) and its total

neurite extension (ordinate) during

the 1-h period.
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percentage distribution of growth cones growing towards and away
from the pipette.

To investigate the transduction mechanism underlying the turn-
ing response, we examined the roles of Ca2þ and cAMP, which both
affect growth-cone behaviour15,16. First, extracellular Ca2þ ([Ca2þ]0)
was reduced from the normal level of 1 mM to 1 mM. Consistent
with previous findings13,17, this reduction in [Ca2þ]0 led to an
increased rate of neurite extension in these neurons. The attractive
response was abolished (Fig. 1e–h and Table 1), however, indicating
that an influx of Ca2þ may mediate the turning response induced by
BDNF. The requirement for Ca2þ is similar for the potentiation of
acetylcholine (ACh) release by BDNF at neuromuscular junctions in
these cultures18. Second, the role of cAMP was examined: when a
non-hydrolysable analogue competitor of cAMP, Rp-cAMPS19, was
added to the saline (at 20 mM), nearly all growth cones exhibited
repulsive turning in the same BDNF gradient (Fig. 1i–l; Table 1).
Bath addition of Rp-cAMPS (20 mM) in the absence of BDNF in the
pipette solution had no effect on the direction of growth-cone
extension (Table 1). Rp-cAMPS treatment apparently altered the
action of endogenous cAMP in these neurons, because the same
treatment also abolished the attractive turning response of these

growth cones induced by a gradient of forskolin12, a drug that
activates adenyl cyclase and endogenous production of cAMP
(Table 1). Addition of a specific inhibitor of protein kinase
A(PKA), KT5720 (200 nM; ref. 14), to the bath also led to a repulsive
turning in the BDNF gradient (Table 1), suggesting that the effect of
Rp-cAMPS is probably due to its inhibition of PKA in these
neurons19. Furthermore, bath application of Sp-cAMPS (20 mM;
ref. 19), a cAMP analogue that activates PKA, resulted in a slight
enhancement of the BDNF-induced attractive response (Fig. 2a;
Table 1). Involvement of cAMP-dependent processes in BDNF-
induced turning was also indicated by the following results. In the
presence of 50 mM ACPD, a specific metabotropic glutamate
receptor agonist that reduces the neuronal cAMP level20, a BDNF
gradient triggered clear repulsive responses (Fig. 2b; Table 1). A
gradient of BDNF produced with a pipette containing 0.5 mg ml 2 1

BDNF, which was normally ineffective in attracting the growth
cone, became highly attractive when forskolin was added to the bath
(Fig. 2c,d; Table 1), whereas an inactive analogue, 1,9-dideoxy-
forskolin, had no effect (Table 1). Finally, reduction of [Ca2þ]0 to
1 mM completely abolished repulsive turning in the presence of Rp-
cAMPS (Table 1), suggesting that both attractive and repulsive

Figure 2 Growth cone turning under a variety of

conditions. a, b, Turning responses induced by a

BDNF gradient (50 mg ml2 1 in the pipette) in a

medium containing Sp-cAMPS (20 mM; a) and

ACPD (50 mM; b). c, d, Turning responses

induced by a gradient of BDNF (0.5 mg ml2 1 in

the pipette) in normal medium (c) and a medium

containing 5 mM forskolin (d). e–h, Turning

responses in the presence of a gradient of NT-3

and of ACh (50 mg ml2 1 and 100 mM in the

pipette), respectively, in normal medium (e, g)

and in a medium containing Rp-cAMPS (20 mM; f,

h).
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responses induced by BDNF require Ca2þ influx into the growth
cone.

We also examined whether modulation of cAMP-dependent
activity results in a switch between attractive and repulsive
responses to the BDNF gradient in the same neuron. First we
applied the standard BDNF gradient for 1 hour in normal saline,
which induced attractive turning of the growth cone; the BDNF
pipette was then repositioned 100 mm away and at a 458 angle with
respect to the new direction of neurite extension for a further hour,
either in the presence or absence of KT5720 (200 nM). As shown in
Fig. 3a–e, there was a consistent switch to the repulsive response in
the presence of KT5720, whereas there was further attractive turning
in the absence of the drug (Fig. 3f–j). These results also indicate that
the BDNF gradient did not desensitize the growth-cone response.
The switch of the turning behaviour with KT5720 occurred without
alteration in the rate of neurite growth (Fig. 3d,e) and both
attractive and repulsive responses were preceded by asymmetric
filopodia protrusion activity on two sides of the growth cone. No
collapsing effect was observed after addition of KT5720.

The cultured Xenopus neurons also show attractive turning
towards the source of neurotrophin-3 (NT-3), which acts through
a different receptor (TrkC) from that used by BDNF (TrkB).
Reduction of [Ca2þ]0 to 1 mM, or addition of Rp-cAMPS (20 mM)
was ineffective in altering the attractive resposne induced by NT-3
(Fig. 2e,f; Table 1). Thus the cAMP switch of the turning behaviour
may operate only in neurons for specific types of guidance signals.
The dependence of the effects of BDNF (but not of NT-3) on cAMP
was also found for the long-term survival and growth of developing
retinal ganglion cells in culture21. Gradients of ACh are known to be
attractants for these Xenopus growth cones13: the transmitters
appear to act by opening receptor channels to allow an influx of
Ca2þ into the growth cone; the turning response is prevented by
removing extracellular calcium13. Here we find Rp-cAMPS (20 mM)
in the bath causes a repulsive turning of the growth cone in the
presence of an ACh gradient (Fig. 2g,h; Table 1). The similar
requirement for extracellular Ca2þ in ACh- and BDNF-induced
turning responses, together with the findings that both ACh and

BDNF can trigger an increase in cytosolic Ca2þ in these neurons13,22,
suggests that the cAMP switch may operate in the turning induced
by Ca2þ influx. The concentration of calcium in the neuron can
influence the production of cAMP in the neuron through activation
of Ca2þ-dependent adenyl cyclase23,24. An extracellular gradient of
BDNF or ACh may trigger a cytoplasmic Ca2þ gradient, which leads
to a cAMP gradient within the growth cone and causes an attractive
turning response12. On the other hand, elevation of cytosolic Ca2þ

also inhibits growth-cone motility and neurite extension15, so the
cytosolic Ca2þ gradient by itself may induce a repulsive response in
the growth cone; this effect is normally overridden by the attractive
response owing to the cAMP gradient generated by the Ca2þ

gradient. Inhibition of cAMP-dependent processes by Rp-cAMPS
or KT5720, which block the attractive response, may thus reveal the
repulsive effect of the cytosolic Ca2þ gradient. cAMP signalling
presumably follows an increase in Ca2þ concentration, as a forskolin
gradient can still induce an attractive response in a low-Ca2þ

medium (Table 1).
A family of proteins known as netrins act as attractants for axons

extending towards the ventral midline of the nervous system and as
repellents for axons growing away from it10,25–27. Different netrin
receptors may induce these different responses by modulating
cAMP levels in the neuron. The action of transmitters and mod-
ulators is often mediated by regulation of second messengers20,28–30

like cAMP. The presence or absence of these factors may thus switch
the growth cone’s response to the same guidance cue between
attractive and repulsive. During its pathfinding in the developing
embryo, a growth cone may be attracted to a ‘guidepost’ cell by a
gradient of diffusible factor released by the cell. Upon arrival at the
guidepost cell, changes in the cAMP level due to the presence of
another signal, perhaps triggered by the contact of the guidepost
cell, may switch the attractive response to a repulsive one, allowing
the axon to grow away from the cell for its next stage of pathfinding.
Finally, electrical activity can alter the level of cAMP in the active
neuron through the activation of Ca2þ-dependent adenylyl
cyclase23,24 and also in nearby neurons through the action of
neuromodulators released by the active neuron30. Activity-dependent

Figure 3 Switching from attractive to repulsive turning induced by KT5720. a–c, A

neuron was exposed to the same BDNF gradient as for Fig.1 for 1 h, followed by

exposure to the same gradient for another hour with the pipette repositioned to a

site 100 mm away and oriented 458 with respect to the new neurite direction, and

KT7520 (200 nM)was added to the saline.a, At the onset;b, end of the first hour; c,

end of the experiment. Tick marks, 10 mm. d, Superimposed traces of the

trajectory of neurite extension in five neurons examined as that described in a–c.

Triangles mark the end of the first hour. e, Scatter plot of the net neurite extension

and final angular position of the growth cone at the end of the first (open symbols)

and second hour (filled symbols). f–j, The same as that described in a–e, except

that no drug was added into the saline during the second hour.
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competition and refinement of nerve terminals near the target
neuron may thus involve attraction or repulsion of the target-
derived factor on the active and inactive nerve terminals, respectively,
depending on their cAMP levels. M
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods

Cell cultures. Cultures of Xenopus spinal neurons were prepared from the
neural tube tissue of 1-day-old Xenopus embryos as described12,13. The tissue
was dissociated in Ca2þ- and Mg2þ-free solution (115 mM NaCl, 2.5 mM KCl,
10 mM HEPES, 0.5 mM EDTA, pH 7.4) for 20 min and plated on the surface of
clean glass coverslips. The culture was preincubated at room temperature (20–
22 8C) for 14 h before use. The culture medium consisted of 49% (v/v)
Leibovitz medium (GIBCO), 1% (v/v) fetal bovine serum (HyClone) and
50% (v/v) Ringer’s solution (115 mM NaCl, 2 mM CaCl2, 2.5 mM KCl, 10 mM
HEPES, pH 7.4). The experiments were carried out in modified Ringer’s
solution (140 mM NaCl, 1 mM MgCl2, 1 mM CaCl2, 5 mM KCl, 10 mM
HEPES, pH 7.4). Low-Ca2þ (1 mM) medium was modified Ringer’s solution
containing 0.9 mM CaCl2, 4 mM EDTA.
Production of microscopic chemical gradients. Microscopic gradients of
chemicals were produced as described12,13. Briefly, repetitive pressure injection
of picolitre volumes of solutions containing the chemical was applied through a
micropipette that had a tip opening of ,1 mm. The pressure was applied with
an electrically gated pressure application system (Picospritzer General Valve). A
standard pressure pulse of 3 p.s.i. in amplitude was applied for 20 ms to the
pipette at a frequency of 2 Hz using a pulse generator (SD9, Grass Instruments).
By measuring the size of droplet in the mineral oil after 50 pulses of repetitive
ejection with the same pressure pulse parameters, the average volume of ejected
solution per pulse was estimated to be ,1.5 pl. Analysis of the gradient12,13

indicates that, under these pulse parameters, the average concentration of the
chemical was ,103-fold lower than that in the pipette, and a concentration
gradient of ,5–10% was created across a growth cone 10 mm wide, 100 mm
away from the tip of the ejecting pipette. The total volume of the saline in the
culture dish during the experiment was 5 ml. The final average bath concentra-
tion of BDNF at the end of the 1-h experiment was ,0.1 ng ml2 1.
Measurements of extension and turning of the growth cone. A phase-
contrast inverted microscope (Nikon Diaphot) was used to observe the neurite
growth. Microscopic images of the neurite were recorded with a CCD camera
(Toshiba IK-541RA) attached to microscope and stored on videotape. To find
the length of neurite extension, the entire trajectory of the neurite at the end of
an hour was measured with a digitizer. To assay growth cone turning, the tip
of the pipette containing the chemical was placed 100 mm away from the
centre of the growth cone and at an angle of 458 with respect to the direction
of initial direction of neurite extension. The direction of the neurite was
determined by the last 10-mm segment of the neurite. The turning angle was
defined by the angle between the original direction of neurite extension and a
straight line connecting the positions of the growth cone at the onset and the
end of the 1-h period. Only growth cones with a net extension .5 mm over
the 1-h period were scored for the turning assay.
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Long-term potentiation (LTP), the long-lasting increase in synap-
tic transmission, has been proposed to be a cellular mechanism
essential for learning and memory, neuronal development,
and circuit reorganization. In the original theoretical1 and
experimental2 work it was assumed that only synapses that had
experienced concurrent pre- and postsynaptic activity are subject
to synaptic modification. It has since been shown, however, that
LTP is also expressed in synapses on neighbouring neurons that
have not undergone the induction procedure3–5. Yet, it is still
believed that this spread of LTP is limited to adjacent postsynaptic
cells, and does not occur for synapses on neighbouring input
fibres2,6,7. However, for technical reasons, tests for ‘input
specificity’ were always done for synapses relatively far apart.
Here we have used a new local superfusion technique, which
allowed us to assess the synaptic specificity of LTP with a spatial
resolution of ,30 mm. Our results indicate that there is no input
specificity at a distance of less than 70 mm. Synapses in close
proximity to a site of potentiation are also potentiated regardless
of their own history of activation, whereas synapses far away show
no potentiation.

Synaptic specificity of LTP was examined for synapses between
the Schaffer collaterals and the CA1 region in organotypic slice
cultures of rat hippocampus3,8. By using a local superfusion
technique9 we localized and individually activated neighbouring
groups of synapses with a spatial resolution of less than 30 mm.


