






NEUROSCIENCE. For the article ‘‘Loss of AP-3 function affects
spontaneous and evoked release at hippocampal mossy fiber syn-
apses,’’ by Anita Scheuber, Rachel Rudge, Lydia Danglot, Graca
Raposo, Thomas Binz, Jean-Christophe Poncer, and Thierry Galli,

which appeared in issue 44, October 31, 2006, of Proc Natl Acad Sci
USA (103:16562–16567; first published October 20, 2006; 10.1073�
pnas.0603511103), the authors note that Fig. 3g was labeled incor-
rectly. The corrected figure and its legend appear below.

Fig. 3. Ca-independent quantal release at excitatory synapses on CA3 cells in control and mocha cultured slices. (a) Representative traces of mEPSCs recorded
in CA3 pyramidal cells from control (�/�) and mocha (�/�) cultures, treated or not with TeNT. (b) Averaged mEPSCs (�100) detected from the above recordings.
Black traces, control; blue traces, after TeNT treatment. No difference in their rate of either onset or decay was apparent. (c) (Left) Average amplitude of mEPSCs
recorded in all four conditions. No significant difference was observed (n � 7, 9, 11, and 8 cells, respectively; P � 0.05). (Right) Cumulative amplitude histograms
from the same four data sets. The distributions were not significantly different (Kolmogorov–Smirnov test, P � 0.05). (d) Mean frequencies of mEPSCs were
significantly different between control and TeNT-treated cultures in both control and mocha cultures (P � 0.005 and P � 0.05, respectively). mEPSC frequency
was also different in control vs. mocha culture in the absence of TeNT (P � 0.05). (e) mocha culture slices treated with TeNT for 72 h were fixed and labeled with
antibodies against SNAP25 (red), TeNT (green), and DAPI (blue). The whole surface of the explant can be visualized by either DAPI (nucleus) or SNAP25 (neuronal
plasma membrane). Note that TeNT staining is uniformly distributed, confirming the extended penetration of the toxin. (Scale bar, 200 �m.) ( f) Culture slices
used in electrophysiological recordings were lysed and analyzed by Western blotting with antibodies against AP-3�, Syb2, and actin (as a loading control). A 72-h
treatment with TeNT resulted in efficient cleavage of Syb2, although quantification of the remaining Syb2 revealed a 2-fold increase in TeNT-resistant Syb2 in
mocha slices [mean � SEM; control 17.83 � 2.35, n � 6; mocha 37.58 � 6.31, n � 6; P � 0.015 (Mann–Whitney rank sum test)]. (g) mocha-cultured slices treated
with or without TeNT for 72 h were fixed and labeled with antibodies against Syp (green), Syb2 (red), and DAPI (blue). Note that the remaining Syb2 labeling
after TeNT treatment is very faint. The rare remaining Syb2 puncta are mainly synaptic. (Scale bar, 50 �m.)

www.pnas.org�cgi�doi�10.1073�pnas.0611561104

PNAS � January 30, 2007 � vol. 104 � no. 5 � 1733

CO
RR

EC
TI

O
N

S



This Article

Abstract

Full Text

Services

Email this article to a colleague

Alert me to new issues of the journal

Request Copyright Permission

Citing Articles

Citing Articles via CrossRef

   

Institution: INIST CNRS Sign In as Member / Individual

Scheuber et al. 10.1073/pnas.0603511103.

Supporting Information
Files in this Data Supplement:

Supporting Figure 5
Supporting Figure 6
Supporting Figure 7
Supporting Figure 8
Supporting Text





Fig. 5. TI-VAMP and synaptic proteins localization in the whole hippocampus of control and mocha
mice. (a) AP3δ (red) is expressed in the hilus in the dentate gyrus (DG) and in stratum lucidum in 
the CA3 region of control (+/-)but not in mocha (-/-) mice. (b) TI-VAMP (red) is mainly expressed 
by granule cells in presynaptic terminals of the hilus in the DG and in stratum lucidum in CA3 
region and faint or absent in pyramidal terminals of the CA1 region in control (+/-) mice. TI-VAMP 
expression shows a strikingly different pattern in mocha (-/-) mice. Syp immunoreactivity (green) is 
similar in both mice. The nuclei are labeled with DAPI (blue). (Scale bar = 200 µm.) The boxed 
region corresponds to the field seen in Fig. 1 at high magnification. (c) Distribution patterns of 
synaptic vesicle proteins were assayed in control and mocha mice. No major default was noticed for 
Syb2 and Rab3a (red) immunoreactivities between the two populations of mice.





Fig. 6. TI-VAMP concentrates in synapses in cultured granule cells and accumulates in the Golgi of 
mature mocha pyramidal neurons. (a) Granule cells (21 div) from control mice were colabeled with 
antibodies against TI-VAMP, Syp, and MAP2. TI-VAMP colocalizes with Syp (67.20+/-, 6.65% 
TI-VAMP-positive punctae are also Syp-positive, 10 cells, 1,282 synapses), suggesting it is present 
in a large subset of synaptic terminals. Postsynaptic neurons contacted by Syp+ terminals (neuron, 
n) were identified on the basis of the MAP2 staining to exclude astroglial (glial, g) staining of 
TI-VAMP. (b) Hippocampal neurons (14 div) cultured from control (+/-) or mocha (-/-) mice were 
colabeled with antibodies against TI-VAMP and antibodies against VAMP4. In mocha neurons, 
TI-VAMP accumulates in the Golgi, where it colocalizes with VAMP4. (Scale bar = 10 µm.) (c) 
Ultrathin cryosections of mature cultured hippocampal neurons (14 div) from control or mocha mice 
were immunogold labeled with polyclonal antibodies against TI-VAMP. In control (+/-) neurons, 
TI-VAMP is present on vesicles and tubules throughout the soma and occasionally present at the 
plasma membrane, whereas in mocha (-/-) neurons, TI-VAMP labeling is mainly found associated 
with the Golgi apparatus (GA).





Fig. 7. Neurite outgrowth and TI-VAMP localization to the growth cone are unaffected in mocha 
neurons. (a) Immature hippocampal neurons (3 div) cultured from control (+/-) or mocha (-/-) 
newborn mice were labeled for TI-VAMP and analyzed by confocal microscopy. In both control 
and mocha neurons, TI-VAMP labeling is present in the growth cone. (Scale bar = 10 µm.) (b) 
Hippocampal neurons from control (+/-) and mocha (-/-) mice were grown for 1 div, and their 
neurite length was measured. No difference in neurite outgrowth was observed between control and 
mocha neurons (Bars represent SEM; n = 100 neurons from two independent experiments). (c) 
Hippocampal neurons growing in culture were lysed at different stages in development, and 
TI-VAMP and AP3 expression was analyzed by Western blotting. An equal quantity of protein was 
loaded in each lane. Note that both TI-VAMP and AP3 expression is up-regulated during 
development.

Fig. 8. Increased quantal release at mossy fiber (MF) terminals after acute disruption of AP3 by 
brefeldin A. (a) Sample traces from individual recordings of mEPSCs recorded from CA3 
pyramidal cells in acute hippocampal slices (P10-12). Before recording, slices were incubated for >2 
h in either normal ACSF or ACSF containing 10 µM brefeldin A. In brefeldin-treated slices, 
mEPSC frequency was increased by »127%, as compared to control (2.59 ± 0.33 vs. 1.14 ± 0.25 
Hz; n = 14 and 12 cells, respectively; P < 0.005). (b) Scaled and averaged mEPSCs (»100) detected 
from the recordings shown in a. Black traces, control; blue traces. brefeldin A. No difference in 
either their rate of onset or decay was apparent. (c) Summary data from all recordings. (d) Ratio of 
TI-VAMP:Syp fluorescence intensity in control and BFA-treated slices in the hilus and stratum 
lucidum (mean ± SEM, n = 14 slices).
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Late onset of AP-3 expression explains normal mocha brain development

Our previous studies demonstrated that TI-VAMP is critical for neurite outgrowth (1, 2). Although 
brain development of the mocha mice seemed normal (3), such a defect may impair hippocampal 
connectivity and therefore complicate the interpretation of our present results. We thus examined 
TI-VAMP localization and neuritogenesis in control and mocha neurons (Fig. 7 a and b). Both 
neurite outgrowth and TI-VAMP localization to the growth cone were normal in hippocampal 
neurons cultured 1 to 3 days in vitro (div) from mocha mice (Fig. 7 a and b), demonstrating that 
TI-VAMP is transported to the growth cone in an AP3-independent manner. The lack of function of 
AP3 in neuritogenesis is further supported by the developmental regulation of its expression. In 
neurons growing in culture, AP3-δ expression was greatly increased at 7 days in vitro and reached a 
peak at »14 days (Fig. 7c). These results are thus consistent with both the essential role for 
TI-VAMP in neurite outgrowth and the fact that brain development appears normal in mocha mice, 
suggesting a role of AP3 in synaptic vesicles (SV) recycling rather than neurite outgrowth.

Material and Methods

Antibodies and reagents

The mouse monoclonal antibody (clone 158.2; ref. 4) and rabbit polyclonal antibody directed against 
TI-VAMP (TG18; ref. 5), the rabbit polyclonal antibodies antisynaptophysin (MC1; ref. 6), 
anti-VAMP4 (TG19; ref. 7), and anti-SNAP-25 (MC9; ref. 8) have been described. Mouse 
monoclonal antibodies against Syb2 (clone 69.1), Rab3a (clone 42.2), and Synaptotagmin 1 (clone 
41.1) were generous gifts from R. Jahn (Max Planck Institute, Goettingen, Germany). Monoclonal 
antibody against tetanus neurotoxin (TeNT) has been described (9). Monoclonal anti-AP3δ antibody 
(SA4) was from the Developmental Studies Hybridoma Bank (University of Iowa, Iowa City, IA). 
Chicken polyclonal antibody against MAP2 (ab5392) was from AbCam (Milton Road, Cambridge, 
U.K.). Affinity-purified horseradish peroxidase-, Cy3-, Cy5-coupled, and biotin-coupled goat
anti-rabbit, and anti-mouse immunoglobulins were from Jackson ImmunoResearch (West Grove, 
PA). Alexa 488- and 594-coupled goat anti-rabbit and anti-mouse immunoglobulins and Alexa 
568-coupled phalloidin were from Molecular Probes (Carlsbad, CA). TeNT was isolated and 
characterized as described (10).

Neuronal cell culture and immunocytochemistry

Hippocampal neurons from newborn [postnatal day (P)0-P1] mice were prepared as described (11) 
and grown on polyl-lysine-coated (Sigma-Aldrich, Saint Quentin Fallavier, France) 14-mm 
coverslips at a density of 25,000-50,000 per coverslip in Neurobasal media supplemented with B27 
(GIBCO, Invitrogen, Cergy Pointoise, France) and Cytosine β-d-arabinofuranoside 
(Sigma-Aldrich).Granule cells were obtained by dissecting dentate gyrus on 1-mm-thick slices of 
postnatal (P5) hippocampus (12, 13). Granule cells were then processed as described (12) and 
grown on poly-Ornithine-coated (Sigma-Aldrich, France) per 14-mm coverslips at a density of
250,000 per coverslip in Neurobasal media supplemented with B27 (GIBCO, Invitrogen, France)/2 
mM glutamine/25% horse serum for the first 5 div, 10% thereafter. Neurons in culture were fixed 
with 4% paraformaldehyde/4% sucrose and processed for immunofluorescence microscopy as 
described (5).

Electrophysiological recordings

For recording, cultures were transferred to a submerged chamber mounted on an upright microscope 
and superfused at a rate of »2.5 ml/min with artificial cerebrospinal fluid (ACSF) containing 124 
mM NaCl, 26.2 mM NaHCO3, 11 mM d-glucose, 2.5 mM KCl, 1 mM NaH2PO4, 4 mM CaCl2, 4 
mM MgCl2. Whole-cell recordings from CA3 or CA1 pyramidal cells were made by using patch 
electrodes (3-5 MΩ resistance) made from borosilicate glass capillaries (Hilgenberg, Malsfeld, 
Germany) and filled with internal solution containing 110 mM CsCH3SO3, 20 mM CsCl, 10 mM 
Hepes, 10 mM EGTA, 4 mM MgATP, 0.4 mM Na3GTP, and 1.8 mM MgCl2.



Postsynaptic currents were evoked at 0.1 Hz by using extracellular stimulation through a borosilicate 
microelectrode filled with ACSF and recorded from cells held at -60 mV using an Axopatch 1D 
amplifier and digitized at 20 kHz using Clampex software of the pClamp 9 suite (Axon Instruments, 
Union City, CA). Postsynaptic current (PSC) amplitude and access resistance were monitored 
online. PSCs were then measured offline by using Clampex software. Currents were integrated over 
a 200-ms time window set immediately after the stimulus artifact (C200). To correct evoked PSC 
charge for spontaneous PSCs, baseline currents were also integrated from a 50-ms prestimulus 
period, and the corrected charge was calculated as Ccorr = C200 - 4 ´C50.

mEPSCs were recorded in modified ACSF in which CaCl2 and MgCl2 concentrations were adjusted 
to 0.5 and 4.5 mM, respectively, in the presence of tetrodotoxin (TTX, 2 µM, Latoxan, Valence, 
France) and bicuculline methochloride (20 µM, Fisher Bioblock Scientific, Illkirch, France). For 
focal application of a hypertonic solution, a second patch pipette filled with 0.5 M sucrose in ACSF 
was positioned in stratum lucidum »40-50 µm apart from the recorded cell and connected to a 
PicoSpritzer device (General Valve, Fairfield, NJ). mEPSCs were detected using Detectivent 
software written under LabView (kindly provided by N. Ankri, Institut National de la Santé et de la
Recherche Médicale

U641, Marseille, France).

In some experiments, acute hippocampal slices were prepared from 12- to 14-day-old pups, as 
described (14). Slices were kept »1 h in normal ACSF equilibrated with a 95% O2/5% CO2 mixture. 
Half of the slices were then exposed to 10 µg/ml brefeldin A (Sigma) for an additional 2 h, whereas 
the other half was kept in ACSF until recordings were started.

Electron microscopy

Neurons from control or mocha mice were fixed with 2% (wt/vol) paraformaldehyde (PFA) or with 
a mixture of 2% (wt/vol) PFA and 0.2% (wt/vol) glutaraldehyde in 0.1 M phosphate buffer (PB), 
pH 7.4. Cells were processed for ultracryomicrotomy as described (15). Ultrathin sections were 
prepared with an Ultracut FCS ultracryomicrotome (Leica, Vienna, Austria), and single immunogold 
labeled with antibodies and protein A coupled to 10 or 15 nm of gold (PAG 10 and PAG 15). 
Sections were observed and photographed under a Philips CM120 Electron Microscope (FEI, 
Eindhoven, The Netherlands). Digital acquisitions were made with a numeric Keen View camera 
(Soft Imaging System, Münster, Germany).

Neurite outgrowth measurements

Neurons were fixed at 1 div, labeled with Alexa-568-coupled phalloidin, and imaged with a 
MicroMax CCD camera (Princeton Instruments, Princeton, NJ). Neurite length was measured using 
Metamorph software (Princeton Instruments).
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