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Supplemental Experimental Procedures  

In vivo LTP for mice 

Following anesthetization with sodium pentobarbital, the stimulating electrode was 

positioned to 0.5 mm anterior to the lamda and 3.0 mm lateral to the bregma. A recording 

electrode was positioned to 1.8 mm posterior and 1.4 mm lateral to the bregma. The schedule of 

tetanic stimulation was three trains with 10 sec intertrain intervals consisting of 100 ms duration 

at 200Hz. Stimulation intensity was doubled during tetanus. Five min after the last tetanus, 

potentiation was monitored for 50 min.  

 

Chemical LTP 

Chemical LTP induction was performed essentially as described (Xie et al., 2005) with 

some modifications. D,L-amino-phosphonovalerate (D,L-APV; Tocris) (200 µM) was added to 

cultured hippocampal neurons six days after plating, and the concentration was maintained until 

LTP-induction day. For chemical LTP induction, media were collected and changed to APV-free 

Neurobasal media (Gibco BRL) containing 200 μM glycine. Following 5 min of incubation, 

media were changed again into APV-containing media and incubated for 30 min, followed by 

fixation with 4% paraformaldehyde in TBS. To test whether LTP was induced, GluR1 antibody 

(a gift from Dr. Ryuichi Shigemoto, National Institute for Physiological Sciences, Okazaki) was 
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added to a subset of wells after LTP induction and washed out before fixation. 

 

GST pulldown assay 

GST fusion proteins expressed from pGEX-5X-1 were purified from E. coli BL-21 cells 

by sonication in NETN buffer. The concentrations of the glutathione-Sepharose-purified fusion 

proteins were monitored by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-

PAGE; 11%), followed by Coomassie blue staining. For GST pulldown assays, identical 

amounts of purified GST fusion proteins were preincubated with 20 µl of glutathione-Sepharose 

beads (4 Fast Flow; Amersham Biosciences) in NETN buffer, then washed twice each with 400 

μl of NETN and 400 μl of brain lysis buffer. Hippocampal P2 fraction or purified His-Rac1 

proteins were incubated with the resulting GST fusion protein-bound glutathione-Sepharose 

beads for 2 hrs at 4°C on a rotator (15 rpm). The beads were sedimented by centrifugation 

(1,500 × g/1 min), and the supernatant was removed and the pellet was rinsed with brain lysis 

buffer. The bound proteins were eluted from the beads by boiling the samples in SDS loading 

buffer [1 M Tris-HCl (pH 6.8), 10% SDS, 50% glycerol, 5% 2-mercaptoethanol, and 1% 

bromophenol blue] and resolved by 14% SDS-PAGE.  

 

Immunoprecipitation 
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For brain lysate preparation, rat hippocampal formations were homogenized in ice cold 

immunoprecipitation (IP) buffer [50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1 mM EDTA, 1 

mM EGTA, 1% Triton X-100, 10% glycerol, 50 mM NaF, 1mM Na3VO4, 1mM PMSF plus 

protease inhibitors] with 20 strokes of a Teflon-glass homogenizer. The homogenate was 

centrifuged at 1000 × g for 5 min at 4°C and EDTA was added to the supernatant, followed by 

GTPγs loading (100 μM) (Upstate). After incubation at 30°C for 15 min, lysates were rocked on 

ice before use.  

To prepare antibody-coated Sepharose beads for immunoprecipitation, 40 μl of Protein G 

Sepharose beads (4 Fast Flow; Amersham Biosciences) were rinsed twice with phosphate buffer 

(20 mM Na2HPO4, pH 7.0). Anti-IP3K-A monoclonal antibody (developed in our laboratory) or 

control anti-GST monoclonal antibody (Santa Cruz Biotechnology) (4 µg each) were added to 

400 μl of the beads in phosphate buffer, then incubated at room temperature on a rotator (15 

rpm) for 1 hr. The beads were then washed twice with phosphate buffer and twice with IP buffer.  

The prepared lysates were added to each group of beads and incubated for 2 hrs on a 

rotator (15 rpm) at 4°C. The beads were then sedimented by centrifugation (1,500 × g/1 min), 

and the supernatant was removed, and the pelleted beads were washed four times with 400 μl of 

IP buffer. The proteins bound to the beads were eluted by boiling in SDS loading buffer, 

resolved by 14% SDS-PAGE, and analyzed by Western blotting. 
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Western blotting 

Proteins were transferred onto a nitrocellulose membrane (Amersham Biosciences), and 

nonspecific sites were blocked with 5% nonfat dry milk in TBST (TBS containing 0.2% Tween 

20). For detection, the blot was probed with antibodies for 1hr at room temperature. After 

washing, the membrane was incubated with horseradish peroxidase-conjugated anti-mouse 

antibody (1:25,000) (Santa Cruz Biotechnology) for 1 hr and developed using the ECL system 

(Amersham Biosciences). 

 

Immunohistochemistry 

One hr after the last tetanic stimulation, rats were perfused transcardially with 0.9% NaCl 

containing 25 U/ml heparin, followed by 4% paraformaldehyde in TBS (pH 7.4). Brains were 

removed, postfixed overnight at 4°C in the same fixative, and then coronally cut (50 μm thick) 

by vibratome (Campden Instruments). Sections were blocked for 1 hr with TBS containing 5% 

normal goat serum and 0.2% Triton X-100, then incubated with mouse anti-IP3K-A monoclonal 

antibody, rabbit anti-p-PAK (thr423 for PAK1/thr402 for PAK2; Cell Signaling), or anti-PAK1 

polyclonal antibody (sc-882; Santa Cruz) overnight at 4°C. After washing three times with 

TBST (TBS containing 0.2% Triton X-100), sections were incubated with Alexa Fluor® 488 IgG 
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(1:500; Molecular Probes, Carlsbad, CA) or CyTM3 IgG (1:500; Jackson ImmunoResearch) for 1 

hr at room temperature. F-actin and the nucleus were stained at the same time, by phalloidin-

TRITC (1:3000) or phalloidin-conjugated Alexa Fluor® 350 (1:40) (Molecular Probes) and 

Hoechst (1:5000) (Molecular Probes), respectively, in 5% normal goat serum. After washing 

three times, the sections were coverslipped with aqueous mounting medium (Biomeda, Foster 

City, CA) and observed under a confocal microscope (LSM 510; Zeiss) or fluorescent 

microscope (Axiovert 200; Zeiss). To reduce variations, all the tissues in one set of experiments 

were processed at the same time. Images were digitized using a CCD camera, and the 

fluorescence intensities were obtained using Scion Image software. 

 

Immunocytochemistry 

Cells were fixed with 4% paraformaldehyde in TBS (pH 7.4) for 10 min, blocked with 

TBS containing 5% normal goat serum and 0.2% Triton X-100 for 30 min, then incubated with 

mouse anti-IP3K-A monoclonal antibody, mouse anti-Rac1 monoclonal antibody (BD 

Biosciences), or rabbit anti-p-PAK polyclonal antibody. After washes with TBST, cells were 

incubated with Alexa Fluor® 488 IgG (1:500) or CyTM3 IgG (1:500) for 1 hr at room temperature 

and washed again. F-actin was stained by phalloidin-TRITC (1:3000) or phalloidin-conjugated 

Alexa Fluor® 350 (1:40). The coverslips were mounted and observed under a confocal 
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microscope (LSM 510) or fluorescent microscope (Axiovert 200). 

 

siRNA 

IP3K-A-siRNA and control siRNA were purchased from Dharmacon [ON-TARGET plus 

SMART ITPKA (L-092555), siCONTROLTM (D-001810)]. siRNAs (100 nM) were 

cotransfected with GFP-expressing plasmids into DIV 22 hippocampal neurons and incubated 

for 36 hrs, followed by further experiments. For HeLa cells, 100 nM of siRNAs were 

cotransfected with GFP-IP3K-A-expressing plasmids and incubated for 24 hrs. 

 

Electroporation 

For immunoprecipitation and GST pulldown assays using HeLa cells, Flag-, GFP-, and 

DsRed-tagged constructs were transfected by electroporation. After being detached by 0.25% 

trypsin-EDTA, the cells were neutralized by culture medium, followed by washing twice with 

PBS. Cells (2 × 107) were resuspended in specified electroporation buffer containing 5 μg of 

each plasmid DNA and transferred to a 100 μl electroporating gold tip. Electroporation was 

conducted using the Microporator™ apparatus (iNCYTO, Seoul, Korea). Two 1,020 V pulses 

with 30 ms pulse width and 1 sec of pulse interval were used for transfection. Twenty-four hrs 

after reseeding to a 10-cm plate, the transfected cells were harvested by scraping and used for 
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immunoprecipitation. 

 

Protein expression 

To express GST-tagged IP3K-A, GST-tagged construct-containing BL-21 cells were grown 

in 10 ml of liquid medium with shaking at 37°C, then induced by Isopropyl-β-D-thiogalactoside 

(IPTG) for 2 hrs at 30°C. After removal of medium by centrifugation, cells were sonicated in 1 

ml NETN buffer (20 mM Tris-HCl, pH 8.0; 100 mM NaCl, 1 mM EDTA, 0.5% NP-40). The 

supernatant was collected by centrifugation (10,000 × g /15min) and stored at -70°C until use. 

 

Subcellular fractionation  

The hippocampal formation area was rapidly removed from the rat brain and homogenized 

in 1 ml ice-cold lysis buffer containing 320 mM sucrose, 4 mM HEPES (pH 7.4), 1 mM EGTA, 

and protease inhibitor mix (Roche) with 10 strokes of a Teflon-glass homogenizer. The 

homogenate was centrifuged at 700 × g for 10 min at 4°C. The supernatant (S1) was centrifuged 

again at 12,000 × g for 15 min to obtain a synaptosome fraction pellet (P2), followed by 

resuspension of the pellet in brain lysis buffer [10 mM Tris-HCl (pH 8.0), 150 mM NaCl, 1% 

Triton X-100, 0.1% SDS, 1 mM EDTA (pH 8.0), 10 mM NaN3] and sonication. Protein 

concentration was determined using the Bradford protein assay (Bio-Rad).  



 8

For cultured cell fractionation, neurons were pelleted and homogenized in ice-cold lysis 

buffer with 50 strokes of a Teflon-glass homogenizer. The homogenate was centrifuged at 1000 

× g for 10 min at 4°C. The supernatant (S1) was centrifuged again at 10,000 × g for 15 min to 

obtain a synaptosome fraction pellet (P2), followed by resuspension of the pellet with brain lysis 

buffer and sonication. 

 

Purification of Rac1 protein 

To purify His-tagged Rac1 protein, Rac1-coding DNA was amplified by PCR using rat 

brain cDNA with the appropriate primers (see Supplemental table), digested with BamHI and 

EcoRI (Promega), and ligated into pET-14b (Novagen) with T4 DNA ligase (Promega). The 

construct was then transformed into E. coli BL21 (CodonPlus®; Stratagene). Following 

induction for 2 hrs with IPTG, E. coli BL-21 cells were suspended in binding buffer (20 mM 

Tris-HCl, 500 mM NaCl, 5 mM imidazole, pH 7.9). The cells were lysed by sonication and 

centrifuged at 10,000 × g for 30 min. The supernatant was applied to a 0.5 ml Ni-NTA column 

(Qiagen), equilibrated with binding buffer, and the column was washed with two column 

volumes of washing buffer (20 mM Tris-HCl, 500 mM NaCl, 60 mM imidazole, pH 7.9). The 

bound His-Rac1 protein was then collected by treating the column with elution buffer (20 mM 

Tris-HCl, 500 mM NaCl, 1 M imidazole, pH 7.9). After dialysis three times against PBS (500 
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ml for 2 hrs at 4°C), the protein was determined by Coomassie staining and Western blotting 

with anti-Rac1 (BD Biosciences) and anti-His (Calbiochem) antibody. For pulldown assays, 

EDTA (10 mM) was added to purified Rac1, followed by loading GTPγs (100 μM) or GDP (1 

mM). After incubation at 30°C for 15 min, GST pulldown was performed. 

 

Rac1 activity assay 

GST protein fused to the cdc42 and Rac1 interactive binding (CRIB) domain from human 

PAK1B was expressed in E.coli BL-21 cells and used for the assay. Twenty-four hrs after 

cotransfection of GFP or GFP-IP3K-A and DsRed-Rac1 into HeLa cells by eletroporation, cells 

were sonicated in brain lysis buffer. GST pulldown assays with GST-CRIB fusion proteins were 

performed using these lysates as described above.  

 

Golgi staining  

Littermate mice were deeply anesthetized and sacrificed by transcardial perfusion with 4% 

paraformaldehyde. Brains were postfixed 24 hrs in 4% paraformaldehyde, and then stained with 

the rapid Golgi protocol. Briefly, blocks containing the DG were rinsed with 0.1 N sodium 

cacodylate buffer and stored in a solution of 2.25% potassium dichromate and 0.4% osmium 

tetroxide for 4 days in the dark at 20°C. Blocks were then transferred to a solution of 0.75% 



 10

silver nitrate solution and kept for 3 days in the dark at 20°C. Following processing for electron 

microscopy (dehydration through a graded series of ethanols and then propylene oxide, 

followed by embedding in Epon/Araldite), coronal sections (80 μm thick) were cut from 

embedded samples using a sliding microtome. The sections were re-embedded on glass slides 

and allowed to cure. Fully impregnated dentate granule cells were randomly selected from each 

animal and observed under a light microscope (AxioSkop; Zeiss).  

 

Object recognition test 

The object recognition test was performed using plastic chambers (50 × 40 × 30 cm) in 40 

lux light conditions during the dark phase of the light/dark cycle. After fully handled, all 

littermate mice were exposed for 5 min to the arena for 2 days without any object. The object 

recognition test consisted of two phases: a sample phase (the first day) and a choice phase (the 

second and fourth day). On the sample test day, two identical objects (A and A) were exposed in 

each corner of the open box, 10 cm away from the sidewall. A mouse was placed in center of the 

arena, and the total time spent in exploring the two objects was recorded. After 15 min of 

exploration, the mouse was removed from the box and returned to its home cage. The choice 

test was performed twice, 24 hrs and 72 hrs after the sample test. In the first choice test (5 min 

duration), two different objects (A and B) were placed in the same locations that were occupied 
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by the previous sample objects (A). In the second choice test (5 min duration), object A was 

exposed again while the other one was changed to object C. The time spent in exploring was 

recorded only when the mouse touched the object.  

 

Radial arm maze test 

For the radial arm maze test, a maze was used with a floor made of white Plexiglass, walls 

(17 cm high) of transparent Plexiglass, and each of the eight arms (6 × 28 cm) radiating from a 

circular central starting platform (20 cm in diameter). One-hundred μl of 10% sucrose solution 

in identical wells (1 cm deep and 1 cm in diameter) was presented at the distal end of each arm 

as a reward. The maze was elevated 60 cm above the floor and placed in a room with a number 

of extramaze cues, including the experimenter. Animals were habituated to a restricted water 

supply and exposed to sucrose solution for an hour a day for 3 days before pretraining. On the 

first pretraining day, each mouse was exposed to the central starting platform and allowed to 

explore and to habituate to the maze itself. In subsequent pretraining sessions, the mouse was 

placed in the central platform and allowed to consume rewards scattered over the whole maze 

for a 5-min period. The next day, the mouse was placed at the distal end of each arm and 

allowed to obtain the reward from each well. A trial was finished after the subject approached 

the bait and returned to the central platform, irrespective of whether or not it consumed the 
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reward. This trial was conducted in all eight arms for each mouse. After these pretraining trials, 

actual maze acquisition trials were performed for 14 days. In our spatial memory task, all eight 

arms were baited with sucrose solution. A mouse was placed on the central platform and 

allowed to obtain all eight rewards within 5 min. The mice were confined to the central platform 

for 10 sec after each arm choice. A trial was terminated immediately after all eight rewards were 

consumed or when 5 min elapsed. An arm choice was defined as traveling more than 10 cm 

from the central platform. The trial was conducted once a day, and data were presented as 

sessions of two training trials on consecutive days. For each training trial, the number of revisits 

was recorded and error rates were calculated from the number of revisits divided by the total 

number of visits into any arms.  

 

Quantification 

For quantification of spine density in c-LTP induced neurons, 110 neurons (55 neurons for 

both c-LTP-induced and control groups) were collected from 3 individual experiments. The 

spine number was counted from secondary dendritic branches of each neuron, and the IRs of 

endogenous IP3K-A in spine heads and in shafts were measured with NIH image program by 

blind manner. We have classified spines as protrusions whose terminus is at least twice the 

width of the neck. 
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For over-expression experiments, 54 neurons from GFP control, 40 neurons from GFP-

IP3K-A-WT, 56 neurons from GFP-IP3K-A-Δact, and 55 neurons from GFP-IP3K-A-K262A 

were collected from 3 individual experiments. All the protrusions from secondary branches of 

dendrites were counted by blind manner. Because F-actin signals were completely merged with 

GFP-IP3K-A-WT signals in dendritic protrusions (Figure 3A), GFP-IP3K-A-WT signals can 

represent dendritic protrusion morphology. For GFP-IP3K-A-Δact, pDsRed2 signals were 

perfectly merged with GFP-IP3K-A-Δact signals (Figure S8), indicating that GFP-IP3K-A-Δact 

signals are fully diffused within the cytoplasm of neurons and can represent dendritic protrusion 

morphology. 

For quantification of siRNA treated neurons, 25 neurons from the control siRNA group 

and 29 neurons from the IP3K-A siRNA group were used for counting spine density. For the 

IP3K-A siRNA group, only GFP positive, but IP3K-A negative neurons were included in the 

analysis. 
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Supplemental Statistical Analyses 

Object recognition test 

In an overall test by analysis of variance (ANOVA) with repeated measures, genotype 

effect (F(1, 25)=9.78, p<.05), trial effect (F(2, 50)=7.12, p<.05), and interaction effect (genotype × 

trial) (F(2, 50)=4.78, p<.05) were all found to be significant. Post hoc tests revealed that animals 

in both groups gradually recognized a novel object with the progression of choice trials (F(2, 

26)=8.27, p<.05 for WT; F(2, 24)=4.56, p<.05 for KO). Although WT mice recognized an old 

object well in the 24 hrs choice test, KO mice poorly recognized it (Scheffe test, p<.05). 

 

Radial arm maze test 

ANOVA with repeated measures revealed a significant main effect of training sessions (F(6, 

96)=9.41, p<.05), with the performance of both KO and WT mice improving over time, as 

indicated by a decreased number of revisiting errors (F(6, 48)=6.533, p<.05 for WT; F(6, 48)=3.520, 

p<.05 for KO). There was also a significant main effect of genotype (F(1, 16)=8.14, p<.05), 

indicating that the error rate for KO mice was significantly higher than that of WT mice. On 

further analysis by multiple comparisons with Bonfferoni correction, KO mice were found to 

have impaired spatial memory on sessions 6 and 7 (p<.05). However, interaction effect 

(genotype × session) was not detected (F(6, 96)=0.94, p>.05). 
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Supplemental Figure Legends 

Figure S1. Chemical LTP increases the number of dendritic protrusions  

IP3K-A was densely localized in the heads of increased dendritic protrusions following c-LTP 

induction, whereas nontreated control neurons exhibited more shaft-localized IP3K-A signal. 

When c-LTP was induced, large amounts of GluR1 signals were detected on the dendrite. Inset 

figure shows GluR1-IRs on the dendritic spines, which is consistent with previous reports (Xie 

et al., 2005). Scale bar, 30 μm. 

 

Figure S2. IP3K-A-siRNA effect in HeLa cells and primary cultured neurons 

(A) Cotransfection of IP3K-A-siRNA and GFP-IP3K-A followed by 24 hrs incubation revealed 

that IP3K-A-siRNA efficiently reduces the expression of GFP-IP3K-A in HeLa cells. Western 

blot analysis with lysates of HeLa cells demonstrated that large amounts of GFP-IP3K-A band 

were detected in control-siRNA-transfected cells (lane 2), whereas IP3K-A-siRNA transfection 

markedly reduced the expression of GFP-IP3K-A (lane 3). The amounts of GAPDH, an 

indicator of total protein, were similar in each group (lane 1, 2, and 3). B) In comparison with 

control siRNA trasfected neurons (DIV 14 hippocampal neurons) (B-a), IP3K-A-siRNA 

transfection (16 hrs) significantly reduced the number of dendritic protrusions (B-b), and 

transfection of siRNA-resistant construct of IP3K-A (IP3K-A-aa180) completely abolished the 
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effect of IP3K-A-siRNA (B-c). IP3K-A-aa180 is the N-terminal 180 amino acids of IP3K-A and 

the siRNA is a mixture of siRNAs against 732-750, 1198-1218, 1280-1300, and 1419-1433 

nucleotides of IP3K-A. (C) Quantification revealed a significant reduction in the number of 

protrusions in IP3K-A-siRNA transfected neurons compared with control-siRNA transfected 

neurons and the reduction of dendritic protrusions was rescued by expression of IP3K-A-aa180. 

(F(2, 58)=4.4; Tukey test, p<.05). Data are presented as mean ± SEM. 

 

 

Figure S3. IP3K-A binds to Rac1 in HeLa cells 

Immunoprecipitation assay with HeLa cells. IP3K-A (Flag- or GFP-tagged) and dsRed-Rac1 

were cotransfected in HeLa cells. Immunoprecipitation with monoclonal anti-Flag antibody 

followed by immunoblotting with mixture of anti-IP3K-A and Rac1 antibody demonstrated the 

binding between Flag-IP3K-A and dsRed-Rac1 in HeLa cells. 

 

Figure S4. IP3K-A does not affect the activity status of Rac1 

(A) GST-CRIB (cdc42 and Rac1 interactive binding domain of PAK1B) pulldown assays using 

HeLa cells that were cotransfected with DsRed-Rac1 in combination with GFP or GFP-IP3K-A 

revealed that overexpressed GFP-IP3K-A did not affect DsRed-Rac1 activity when compared 
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with a GFP-vector overexpressed control group. Furthermore, the activity status of endogenous 

Rac1 also was not affected by IP3K-A overexpression. Coomassie staining showed equal 

loading amounts of lysates of HeLa cells and GST-CRIB proteins. (B) Quantification of the blot 

with densitometry revealed no significant difference of Rac1 activity between GFP-vector and 

GFP-IP3K-A overexpressed groups (endogenous Rac1: t=0.88, df=6, p>.05) (DsRed-Rac1: 

t=0.25, df=6, p>.05). Data are presented as mean ± SEM. 

 

Figure S5. PAK1, a binding partner of activated Rac1, is accumulated in the synaptic field 

of dentate gyrus after in vivo LTP induction 

One hour after last tetanus, F-actin, IP3K-A, and PAK1 signals were increased in the spine-rich 

field of DG (MML and OML) in the LTP-induced side when compared with the control side. 

GCL, granule cell layer; IML, inner molecular layer; MML, middle molecular layer; OML, 

outer molecular layer. Scale bar, 200 μm. 

 

Figure S6. IP3K-A-Δact has Rac1 binding ability  

GST pulldown assays with purified Rac1 that had been GTPγs-loaded showed that both GST-

IP3K-A-WT and GST-IP3K-A-Δact could bind efficiently to GTPγs-Rac1, whereas GST and 

GST-IP3K-A-ABD did not bind it. Upper panel: Coomassie staining showed similar amounts of 
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loaded GST-fusion proteins. Lower panel: GTPγs-Rac1 that pulled down with GST-fusion 

proteins (signals were detected by anti-Rac1 antibody). Δact, F-actin-binding domain deletion; 

ABD, actin-binding domain of IP3K-A (amino acids 1-66).  

 

Figure S7. IP3K-A knockout mice show retardation of spine development  

(A) Golgi staining with 4-week-old mice showed reduced spine density in DG of KO mice, 

whereas no difference in spine density was found in 8-week-old KO mice. Scale bar, 10 μm. (B) 

Camera lucida analyses revealed that the number of dendritic spines in 4-week-old KO mice 

was significantly reduced compared with those of WT controls (F(3, 14)=125.2; Scheffe test, 

p<.05). However, 8-week-old brains from both genotypes did not show any differences in spine 

density. Data are presented as mean ± SEM. 

 

Figure S8. GFP-IP3K-A-Δact signals can be used for counting of dendritic protrusions 

Cotransfection of GFP-IP3K-A-Δact and pDsRed vector followed by 36 hrs incubation reveals 

that GFP fluorescence are completely merged with pDsRed fluorescence, indicating that GFP-

IP3K-A-Δact can be used as a soluble marker for dendritic protrusion morphology. Blue signals: 

nucleus. Scale bar, 10 μm for upper panels and 3 μm for lower panels.  
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Movie S1. New dendritic spines were protruded by chemical LTP induction  

Hippocampal primary neurons (DIV 22) expressing GFP were imaged after Chemical LTP 
induction (APV withdrawal with 200 μM glycine treatment). Images were captured every 20 sec 
for 30 min by LSM 510 confocal microscope (Zeiss).  
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