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Late-phase, protein synthesis-dependent long-term
potentiation in hippocampal CA1 pyramidal
neurones with destabilized microtubule networks

CA Vickers1 and DJA Wyllie

Centre for Neuroscience Research, University of Edinburgh, Edinburgh, UK

Background and purpose: Protein synthesis-dependent late-long term potentiation (L-LTP) is an enduring form of synaptic
plasticity that has been shown to rely on, at least partly, protein synthesis at synaptic and/or dendritic sites. Evidence suggests
that somatic transcription of new mRNAs may provide a significant contribution to the availability of mRNAs at synaptic sites
where they are made available for dendritic translation. Transport of mRNAs from somatic to dendritic sites might be expected
to involve movement along a microtubule network. In this study we examined whether it was possible to maintain L-LTP in
hippocampal slices with destabilized microtubule networks.
Experimental approach: Extracellular field excitatory postsynaptic potentials (fEPSPs) were recorded from rat hippocampal
slices and following a period of baseline recording, stimuli were given that induced LTP. LTP was monitored for 5 h in both
control slices and slices treated with vincristine to depolymerize tubulin.
Key results: L-LTP was induced and maintained in vincristine-treated slices. Four hours after tetanic stimulation fEPSPs were
196719% of baseline values. The magnitude of potentiation was similar to that seen in untreated slices (175715%). L-LTP in
vincristine-treated slices was, however, not maintained in the presence of the protein synthesis inhibitor, rapamycin.
Immunohistochemistry and confocal microscopy of vincristine-treated slices verified that the microtubule network had been
destabilized.
Conclusions and Implications: Communication between somatic and synaptic sites through protein and/or mRNA trafficking
via an intact microtubule network is not required for protein synthesis dependent L-LTP.
British Journal of Pharmacology (2007) 151, 1071–1077; doi:10.1038/sj.bjp.0707314; published online 4 June 2007
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Introduction

Alterations in synaptic efficacy are thought to underpin the

formation and storage of new memories. Long-term poten-

tiation (LTP) is the most widely studied cellular model for

changes in synaptic strength that might underlie the process

of memory acquisition and maintenance. If LTP or related

phenomena underpin memory formation, it is to be

expected that processes involved in bringing about changes

in synaptic strength are such that they can persist for as long

as is necessary for permanent change in synaptic connec-

tions to be established. Studies have shown that LTP can

persist for many hours in vitro (Schwartzkroin and Wester,

1975; Frey et al., 1988) and for several weeks and even

months in vivo (Bliss and Gardner-Medwin, 1973; Abraham,

2003). It is now widely accepted that the phenomenon of

NMDA receptor-dependent LTP possesses both protein

synthesis-independent and protein synthesis-dependent

components. Thus early (E-) LTP, lasting up to 2 h, is not

dependent on de novo protein synthesis, whereas late (L-) LTP

is defined by its sensitivity to inhibitors of protein synthesis

(for reviews see Kelleher et al., 2004b; Lynch, 2004). Recent

studies have shown that the protein synthesis required

for the maintenance of L-LTP in vitro can be derived from

the translation of pre-existing dendritic mRNAs (Bradshaw

et al., 2003; Tsokas et al., 2005; Vickers et al., 2005).

Indeed, mRNAs have been identified in dendrites and

synaptic locations (Steward and Levy, 1982; Steward and
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Fass, 1983; Bagni et al., 2000), although the identification of

the specific mRNAs and proteins involved in L-LTP remains

to be determined.

Proteins and dendritic mRNAs can move throughout

cells attached to kinesin motors, which travel along a

network of microtubules, which are in turn composed of

polymerized tubulin (Bassell et al., 1994; Setou et al., 2002;

Hirokawa, 2006). Specifically, cis-acting sequences on

mRNAs are recognized by RNA-binding proteins (RBP),

which can then bind the mRNAs to the cytoskeletal network

for transport (Zhang et al., 2001). An example of such an

RBP is zipcode-binding protein 1 (ZBP1) which has been

demonstrated to bind to b-actin mRNA and regulate its

activity-dependent location to dendritic sites in neurons

(Eom et al., 2003). The majority of transport throughout

dendrites is along microtubule networks composed of

tubulin, whereas at dendritic spines, the cytoskeleton

becomes more actin dense and is comprised of a micro-

filamentous network.

Many hypotheses on the role and mechanisms of protein

synthesis in synaptic plasticity and in particular, L-LTP,

suggest that trafficking of proteins and mRNAs from the

soma and distal dendritic sites to the activated synapses

provides the pool of new proteins necessary for the

maintenance of L-LTP (Kelleher et al., 2004b). There is also

evidence that there is a readily available pool of dendritic

mRNAs and translation machinery local to activated

synapses that could provide the locus for de novo protein

synthesis (Sutton and Schuman, 2006). In this study,

using the microtubule-destabilizing drug vincristine, we

investigated whether an intact microtubule network that

could provide a pathway for the transport of mRNAs to

synaptic sites for local translation was necessary for the

maintenance of the protein synthesis-dependent phase of

L-LTP. Our data show that application of vincristine to

hippocampal slices does not alter baseline synaptic transmis-

sion and that L-LTP can be maintained in slices with

destabilized microtubule networks. These results imply that

transport of proteins and/or mRNAs along such networks is

not required for the maintenance of L-LTP in the in vitro

preparation.

Materials and methods

Preparation of slices

Male Wistar rats (6–12 weeks old) were decapitated under

halothane anaesthesia (in accordance with current UK Home

Office procedures), their brains removed rapidly and placed

in ice-cold (2–41C) recording solution (mM: NaCl 120, KCl

2.5, MgSO4 1.3, CaCl2 2.5, NaH2PO4 1, NaHCO3 26 and

glucose 11), gassed with 95% O2 and 5% CO2. The

hippocampus was isolated and transverse slices (400 mm

thick) were prepared using a tissue slicer (Stoelting, Wood

Dale, IL, USA). Slices were incubated in recording solution

for 1 h before being transferred to an interface humidified

chamber (FST, Heidelberg, Germany) where they were

perfused, at a flow rate of 3 ml min�1, with continuously

gassed recording solution. All experiments were carried out

at 331C.

Electrophysiological recording of field potentials

Field excitatory postsynaptic potentials (fEPSPs) were re-

corded via an electrode placed in the stratum radiatum.

Recording electrodes were made from thick-walled borosili-

cate glass, filled with the same extracellular recording

solution as detailed above and had resistances of B2 MO.

Two tungsten bipolar electrodes were placed either side of

the recording electrode to evoke fEPSPs in two independent

pathways. The stimulus intensities used to evoke fEPSPs

ranged from 30 to 150 mA. The S1 pathway was used to apply

the tetanus stimulation to evoke LTP, while the S2 pathway

acted as a control in order that we could assess the stability of

responses during prolonged periods of recording. Constant

current stimuli were used to evoke fEPSPs whose slopes were

approximately one-third of the magnitude of those evoked

by a maximal stimulus. S1 and S2 pathways were stimulated,

alternately, at a frequency of 0.033 Hz. Two pulses, 50 ms

apart, were applied to measure paired-pulse facilitation (PPF)

ratios before and after the induction of LTP. fEPSPs were

amplified via an EXT-102F amplifier (NPI, Tamm, Germany).

The LTP Program (Anderson and Collingridge, 2001) was

used to display fEPSPs and allow the monitoring of online

measurements of the slopes of fEPSPs. Subsequent off-line

analysis was carried out to provide an accurate measure of

these slopes. Before evoking LTP, stable baselines were

recorded for at least 1 h. LTP was induced by the application

of three high-frequency trains of stimuli 5 min apart, each

comprising a single 1 s 100 Hz tetanus. The assignment of S1

and S2 pathways, relative to the position of the recording

electrode, was changed regularly to ensure that there was no

bias in attempting to induce LTP in only one particular

recording configuration. Several criteria had to be satisfied in

order for an experiment to be included. Baseline recordings

of fEPSPs from both S1 and S2 pathways had to be stable for

at least 50 min before the application of the tetanus, and any

slice that showed a 410% change in the slope of the fEPSP in

either pathway was discarded from further analysis. In

addition, following the application of the tetanic pulses to

the S1 pathway, the slope of fEPSPs in the control (S2)

pathway was not allowed to drift by more than 15% in any

60 min recording period. Finally, LTP was deemed to have

been established if the slopes of fEPSPs in the S1 pathway

were at least 150% of baseline values 60 min post tetanus. In

our recordings of L-LTP in non-drug-treated slices, we

monitored fEPSPs for at least 5 h following the application

of the tetanus. Vincristine and rapamycin (Sigma, Poole, UK)

were dissolved in dimethylsulphoxide (DMSO), the final

volume of which did not exceed 1% of the recording

solution. This concentration of DMSO did not affect the

duration or magnitude of L-LTP. Both drugs were applied 1 h

before the delivery of the L-LTP-inducing tetanus and were

present for the duration of the experiment.

Immunohistochemistry

Hippocampal slices were prepared as described above and

then incubated in extracellular recording solution in the

absence or presence of vincristine (5 mM) for 2 h before being

submerged overnight in fixative (4% paraformaldehyde in

0.1 M sodium phosphate buffer (PB), pH 7.4). Transverse
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sections (30 mm) were then cut on a freezing microtome

(Leica, Wetzlar, Germany). Sections were then washed in

phosphate-buffered saline (PBS), before being permeabilized

and quenched in 50 mM NH4Cl and 0.2% (w/v) saponin in

PBS. Sections were washed in PBS before being incubated for

1 h in a 1:1000 dilution of an antibody against a-tubulin

(DMA clone; Upstate, Hampshire, UK) in solution A (0.2%

(w/v) gelatin, 0.02% (w/v) saponin, 0.02% (w/v) NaN3 in

PBS). Sections were washed with solution A and incubated

with a secondary antibody (Cy2 goat anti-mouse IgG;

Jackson ImmunoResearch, West Grove, PA, USA) diluted

1:500 in solution A for 1 h. Sections were then washed again

in PBS before being incubated in a 1 mM solution of TOPRO-3

(Molecular Probes, Eugene, OR, USA) for 10 min. Sections

were then mounted onto glass slides in Mowoil (Calbiochem,

Nottingham, UK, 40% in glycerol) and coverslipped. Slides

were stored at 41C until analysis. Labelling was visualized

using laser scanning confocal microscope (Biorad Radiance

2000) with � 40 oil-immersion objective. Confocal z-series

were merged using Biorad LaserSharp and Adobe Photoshop

software.

Statistical analysis

Results are presented as mean7s.e.m. and statistical compar-

ison between data sets was assessed using paired t-tests.

Origin 6.0 software was used for graphical presentation.

Results

Application of the microtubule-destabilizing drug vincristine

disrupts a-tubulin organization in rat hippocampal CA1

pyramidal cell dendrites.

To establish that we were able to depolymerize the micro-

tubule network in CA1 pyramidal neurons, we performed

confocal image analysis of vincristine-treated and untreated

control hippocampal slices. Figure 1a shows a confocal

image of a control slice where labelling of a-tubulin is shown

in green and the labelling of CA1 pyramidal cell nuclei by

TOPRO-3 is indicated in blue. Figure 1b shows a similar

image but taken from a hippocampal slice that has been

treated with the microtubule-destabilizing drug vincristine

(5mM). Comparison of these two images shows that a-tubulin

staining is more diffuse in the vincristine-treated slice when

compared to the staining seen in the control slice. Indeed in

the control slices, the a-tubulin shows a more organized

distribution, whereas in the vincristine-treated slice the

a-tubulin labelling is more dispersed and is consistent with

the ‘particle effect’ seen when neurons are treated with this

toxin (Weber et al., 1975; Allison et al., 2000). Moreover, if

one compares the cell bodies of CA1 pyramidal neurons in

control and vincristine-treated slices, there is evidence of

‘pooling’ of a-tubulin label in the drug-treated slices that is

absent in control slices. The results illustrated in Figure 1 are

typical of those seen in a series of similar experiments (n¼6

in each group) and demonstrate that application of vincris-

tine (5mM) under these conditions is sufficient to induce

depolymerization of a-tubulin molecules and results in the

dispersion of the microtubule network in CA1 pyramidal

neuron dendrites.

As a test of the electrophysiological integrity of hippo-

campal slices following vincristine treatment, we compared

input–output curves for control and drug-treated slices (n¼5

in each group). Figure 1c illustrates pooled data from these

experiments and shows that treatment of slices with

vincristine did not alter significantly input–output relation-

ships compared to untreated slices.

Induction and maintenance of L-LTP is not affected by

destabilization of the microtubule network

We next examined the effect of destabilizing the microtubule

network on the ability to induce and maintain L-LTP.

Figure 2a shows examples of fEPSP waveforms recorded from

an experiment where a hippocampal slice had been treated

with vincristine. Vincristine was applied 1 h before tetanus

and remained in the bath for the duration of the experiment.

Figure 1 Incubation of acute hippocampal slices in vincristine destabilizes the microtubule network in CA1 pyramidal cells.
(a) Immunofluorescent labelling of the CA1 region of the hippocampus with a-tubulin (green) co-stained with TOPRO-3 (blue) in a ‘control’
(untreated slice). (b) Immunofluorescent labelling of the CA1 region of the hippocampus with a-tubulin co-stained with TOPRO-3 in a slice
exposed to vincristine (5mM). Note that the a-tubulin staining is more diffuse throughout the section in (b) compared to that seen in (a). The
boxed areas in (a) and (b) highlight the fact that in (b) there is diffuse pooling of a-tubulin around the cell soma, whereas in (a) there is a lack of
a-tubulin staining. Scale bar in (a) and (b) is 50mm. (c) Comparison of input–output curves for vincristine-treated and control slices. No
significant differences were observed over the stimulus intensities examined.
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The slope (and amplitude) of the fEPSP is increased,

compared to baseline levels, 4 h after the delivery of the

tetanus to the S1 pathway. Example, fEPSP waveforms

recorded from the control (S2) pathway do not show any

significant change before and after tetanic stimulation.

Figure 2b shows pooled data from a number of such L-LTP

experiments and demonstrates clearly that L-LTP can be

established in vincristine-treated slices (n¼10) and that the

magnitude of the potentiation seen is not different from that

observed in control slices (n¼9). Thus at 1 h following the

application of the tetanus, vincristine-treated slices exhib-

ited potentiation of 215720% compared to baseline (pre-

tetanus) levels, whereas control slices showed 216710%

potentiation. Four hours after the application of the tetanus,

vincristine-treated slices exhibited potentiation of

196719%, which was not significantly different from the

175715% potentiation observed in control slices. Potentia-

tion of fEPSPs was observed in all slices for at least 5 h. The

levels of potentiation seen in the present series of experi-

ments are comparable with that reported in a previous study

(Vickers et al., 2005). As described above, for all L-LTP

experiments, we monitored a second ‘non-tetanized’ path-

way (S2) in our recordings to ensure that during prolonged

recording periods there was no generalized drift in the

amplitude of fEPSPs. For both control and vincristine-treated

slices, these S2 pathways remained stable for both conditions

and gave mean fEPSP slopes of 9778% (1 h) and 95711%

(4 h) for control slices and values of 10978% (1 h) and

95711% (4 h) for vincristine-treated slices.

Following the induction of NMDA receptor-dependent LTP

in the CA1 region, PPF ratios did not change (see for example

Manabe et al., 1993). We measured PPF ratios before and 1

and 4 h following the induction of LTP in both control and

vincristine-treated slices. No significant changes in PPF ratios

were observed (Figure 2c). For control slices, PPF ratios for

baseline and 1 and 4 h post tetanus were 1.470.1, 1.570.1

and 1.470.1, respectively. The corresponding values for

vincristine-treated slices were 1.370.1, 1.470.1 and

1.670.2.

L-LTP in the presence of vincristine is dependent

on protein synthesis

In a previous publication (Vickers et al., 2005), we have

demonstrated that under our recording conditions, protein

synthesis-dependent LTP is evident within 2 h following the

application of a tetanus. Thus given that L-LTP lasting for at

least 5 h was observed in vincristine-treated slices, one might

assume that protein synthesis-dependent L-LTP is not

inhibited in slices where the microtubule network has been

destabilized. Nevertheless, application of vincristine might

cause changes in the dependency of L-LTP for de novo protein

synthesis that could result in long-lasting potentiation being

obtained which was insensitive to protein synthesis inhibi-

tion. However, as is illustrated in Figure 3, L-LTP in

vincristine-treated slices is inhibited when recordings are

made in the presence of the mRNA translation inhibitor

rapamycin (1 mM; n¼5). In this set of experiments, rapamy-

cin was applied 1 h before the delivery of the tetanus and

remained present throughout the duration of the experi-

ment. Figure 3a shows examples of average fEPSP waveforms

recorded during the baseline period, around the peak of the

potentiation and 2 h after tetanic stimulation. Thus,

although the initial potentiation (1 h following the applica-

tion of the tetanus) seen in slices treated with vincristine and

rapamycin is 190728%, which is comparable to that seen in

slices treated with vincristine only (shown as grey symbols

and reproduced from Figure 2a), the extent of the potentia-

tion wanes. Indeed this potentiation is not maintained and

at 3 h following the application of the tetanus, the size of

fEPSPs has decayed to near baseline levels (109714%;

Figure 3b). This profile for rapamycin-induced inhibition of

L-LTP in vincristine-treated slices is similar to our previous

study (Vickers et al., 2005).

Discussion

In this study, we have demonstrated that the induction and

maintenance of protein synthesis-dependent L-LTP in acute

Figure 2 L-LTP can be induced and maintained in hippocampal slices with destabilized microtubule networks. (a) Upper panel, typical fEPSP
waveforms (average of five consecutive samples) recorded in the S1 pathway before and 4 h after the application of the LTP-inducing tetanus.
Lower panel, typical fEPSP waveforms (average of five consecutive samples) recorded in the S2 (non-tetanized) pathway at similar time points
shown in the upper traces. (b) Pooled data showing the time course of L-LTP induced in vincristine-treated (n¼10) and control (n¼9)
hippocampal slices. The extent and magnitude of L-LTP is similar for both groups. Non-tetanized (S2) pathways in both vincristine-treated and
control slices show no significant increase in fEPSP slopes during these recordings. (c) Comparison of PPF ratios recorded before and 1 and 4 h
after the application of the LTP-inducing tetanus in vincristine-treated and control slices. There is no significant difference in the PPF ratios at
the different time points shown or between the two groups. fEPSP, field excitatory postsynaptic potential; L-LTP, late-long term potentiation;
PPF, paired-pulse facilitation.
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CA1 hippocampal slices does not require an intact micro-

tubule network. Furthermore, we show that L-LTP in the

presence of vincristine is protein synthesis dependent. These

data suggest that trafficking of mRNAs from either somatic

or dendritic sites distal to activated synapses, via an intact

microtubule network, is not necessary for the de novo protein

synthesis required for long-lasting forms of synaptic plasti-

city in in vitro hippocampal slice preparations.

Understanding the mechanisms underlying protein synth-

esis in LTP is crucial if we are to identify the molecular and

structural changes involved in these persistent changes in

synaptic efficacy, which may also underpin processes

involved in the formation and consolidation of memory.

Indeed, disruption in the translation of mRNAs has been

shown to be involved in the manifestation of disorders such

as fragile X syndrome, whereby mutations on the FMRP gene

result in altered protein synthesis and trafficking. Recent

research has suggested that this translation deficiency has a

significant dendritic component (for review see Bagni and

Greenough, 2005). Thus, the molecular mechanisms of

enduring synaptic modification could provide important

advances in the understanding of such disorders.

Studies have shown that the translation of pre-existing

dendritically located mRNAs plays an important role in the

protein synthesis involved in LTP that persists for several

hours (Tsokas et al., 2005; Vickers et al., 2005). Moreover,

many in vivo studies have reported that the synthesis of new

proteins is required for the maintenance of long-lasting

changes in synaptic strength at the cellular level and for the

consolidation of memory at the systems level (Frey et al.,

1996; Kelleher et al., 2004a; Morris et al., 2006).

Over time, somatic transcription of new mRNAs would be

expected to contribute to the ongoing protein synthesis, but

the delineation between the two mechanisms – local

translation of pre-existing dendritic mRNAs and somatic

transcription and/or transport – is important if we are to

advance our understanding of the mechanisms of synaptic

modification. Direct evidence that mRNAs and translational

machinery local to specific synaptic sites can provide the

new proteins to facilitate lasting synaptic potentiation has

been difficult to obtain. Elegant studies in culture have

shown that the RBP, ZBP1, can bind to b-actin mRNA and

regulate its transport to distal dendritic sites in an activity-

dependent manner, and studies in synaptosome prepara-

tions have shown activity-dependent protein synthesis

(Bagni et al., 2000; Tiruchinapalli et al., 2003; Huttelmaier

et al., 2005). However, direct evidence for translation at

synaptic sites in the in vivo or in vitro preparation has not

been possible to obtain. A recent study has shown an

increase in the size and number of polyribosomes in

dendritic spines after the induction of LTP (Bourne et al.,

2007). Moreover, this study showed that the increase in

polyribosomes correlated with the increase in the size of

specific postsynaptic densities, 2 h after LTP induction. The

data we report in this study are consistent with a ‘spine-

delimited’ process where the translation of pre-existing (and

locally available) mRNAs is sufficient to allow increases in

synaptic strength that last several hours.

Studies of protein and mRNA trafficking along microtu-

bule networks have provided evidence that proteins bind

to tubulin via chaperone proteins and kinesins, and that

these complexes can travel along dendritic and axonal

processes to specific destinations. Kinesins such as KIF1

and KIF17 have been shown to bind, albeit indirectly, to

AMPA receptors and NMDA receptors respectively and

facilitate their trafficking through the cytoplasm (Setou

et al., 2000, 2002; Kim and Lisman, 2001). Direct evidence

for the dendritic transport of mRNAs via molecular motors

has come from the isolation of an RNAase-sensitive granule

as a binding partner for KIF5. This granule contained mRNAs

for the proteins CAMKII and Arc, both of which had

previously been identified as mRNAs important in local

protein synthesis and synaptic plasticity (Kanai et al., 2004).

Thus, there is evidence that dendritic trafficking of proteins

and mRNAs is a potential mechanism for alteration of the

protein complement at synaptic sites that is necessary for

enduring forms of synaptic plasticity and perhaps for the

consolidation of memory. Our data suggest that the traffick-

ing of mRNAs along such networks is not necessary for the

early stages of L-LTP and that these events may become

Figure 3 L-LTP in vincristine-treated slices is dependent on protein synthesis. (a) Typical fEPSP waveforms (average of five consecutive traces)
recorded in the S1 pathway before the delivery of the tetanus (trace 1), around the peak of the potentiation (trace 2) and 2 h following the
tetanus (trace 3). (b) Pooled data (n¼5) showing the time course of potentiation of fEPSPs in vincristine-treated slices in the presence of
rapamycin (1mM). After an initial large potentiation, slope values of fEPSPs decay to near baseline levels within 3 h. The non-tetanized (S2)
pathway remains stable throughout the recording period indicating that the decrease in the fEPSPs seen in the S1 pathway is not due to a
deterioration in the slice preparation when exposed to the protein synthesis inhibitor. For comparison, the magnitudes and time courses of
L-LTP obtained in slices treated with vincristine only are reproduced from Figure 2b. fEPSP, field excitatory postsynaptic potential; L-LTP, late-
long term potentiation.
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important when L-LTP persists such that it is sensitive to

transcriptional inhibition (in our studies, at least 5–6 h post

tetanus; see Vickers et al., 2005).

Previous studies have shown that vincristine, at the

concentrations used in the present study, efficiently desta-

bilizes microtubule networks. Intriguingly, one study examin-

ing the components of the postsynaptic density, including

NMDA receptor subunits and scaffolding proteins, found

that destabilization of the microtubule network had no

effect on the composition of dendritic spines and the

postsynaptic density in cultured neurons (Allison et al.,

2000). These data suggest several important possibilities.

First, it provides evidence that the application of the drug

vincristine had no effect on the composition of the synapses

in our preparation. Second, it suggests that local newly

synthesized proteins in the presence of vincristine will not

be prevented from accessing the postsynaptic density or

surrounding sites.

A recent study has examined the role of another important

cytoskeletal protein, actin, in the induction and mainte-

nance of L-LTP (Kelly et al., 2007). The authors found that in

the presence of the actin-destabilizing agent lantrunculin B,

LTP was not induced with field potentials returning to near

baseline within 60 min. However, application of the inhi-

bitor after the induction of LTP had no effect on the

maintenance of LTP up to 1 h after application. These data

suggest that the actin-rich cytoskeleton, most likely that

seen in dendritic spines, is vital for the synaptic changes

involved in the induction and immediate expression of LTP,

but that once established, is not required for maintenance in

its protein synthesis-dependent phase. We hypothesize that

the cellular mechanisms involved in the maintenance of

L-LTP in the acute slice preparation can be orchestrated from

mRNAs and translation machinery located proximal to the

synaptic sites involved, and that it is only as the potentiation

persists that recruitment of new RNAs from somatic sources

and possibly distal dendritic sites is required.

In conclusion, our study has shown that in the in vitro

hippocampal slice preparation, the protein synthesis

required for the maintenance of synaptic plasticity is not

dependent on mRNA trafficking from somatic or distal

dendritic sites, and that local protein synthesis, possibly

directly beneath the activated synapse, is sufficient to

establish long-lasting changes in synaptic efficacy.
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