Chapter 2 Materials and Methods
2.1 General procedures and materials

Molecular biological procedures were performed as described in (Sambrook and Russell, 2001) except as detailed below. All chemicals were analytical grade and purchased from Sigma-Aldrich except where specified. All oligonucleiotides were purchased from Sigma-Aldrich.
General molecular cloning was performed in DH10B E.coli electrocompetent cells or One Shot® Mach1™-T1R Chemically Competent E. coli (Invitrogen). For transformation of plasmids larger than 10 kb, electrocompetant DH10B were prepared as described in (Sharma and Schimke, 1996), or One Shot® TOP10 Electrocomp™ E. coli (Invitrogen) were used. Transformation of commercially available E. coli cells was performed according to manufacturer’s protocols. Recombineering was performed in EL350 strains as specified (Liu et al., 2003).

Mice were treated in accordance with UK animals (Scientific Procedures) Act, 1986 and all procedures were approved by the British home office inspectorate.

2.2 Restriction digestion and DNA fragment purification

DNAs were digested with the type II restriction endonucleases, purchased from New England Biolabs. Certain amount of DNAs were mixed with digestion buffer (one tenth of final volume) and appropriate volume of water to provide the proper pH and salt concentration before adding restriction enzyme (10 unit enzyme per 1 (g DNA). After a brief centrifugation of digestion mixture, digestion reaction starts by incubating mixture at the appropriate temperature (usually 37(C) for at least 30 minutes. Restriction fragments were size separated by agarose gel eletrophresis on a mupid electrophoresis system (Eurogentec) and purified from the gel Wizard® SV gel and PCR clean-up kit (Promega). 
2.3 Ligation and transformation

DNAs were ligated using Quick Ligation Kit (New England Biolabs, NEB) at room temperature (20-25(C) for 5 minutes or 1 unit of T4 DNA ligase (NEB) at 16(C overnight. 
In the case of chemical transformation of bacteria, 1-3 (l of ligation reaction was mixed with 1 vial of chemically competent One Shot® Mach1™-T1R Chemically Competent E. coli (Invitrogen), incubated on ice for 30 min and then heated for 30 sec in a water bath according to manufacturer’s instruction. The cells were then mixed in 250ul room temperature SOC medium (Invitrogen) and incubated at 37oC for 1hr with shaking at 250 rpm before being spread onto LB agar plates containing the appropriate antibiotic(s) and incubated at the same temperature overnight.
For electrical transformation of bacteria, 1 (l of ligation reaction was mixed with 50 (l electrocompetent DH10B E.coli which were produced as described in (Sharma and Schimke, 1996). The mixture were transferred to an ice-cold, 1mm-gap electroporation cuvette (Bio-Rad) and subjected to an exponentially decaying pulse of 1.8 kV and 200 (F in a Gene Pulser Xcell electroporation unit (Bio-Rad). The cells were immediately mixed with 1 ml room temperature LB medium or SOC medium (Invitrogen) and incubated at 37(C for one hour with shaking at 250 rpm before being spread onto LB agar plates containing appropriate antibiotics and incubated at the same temperature overnight. Antibiotics were used as the following concentrations:

Ampicillin

100 (g/ml

Kanamycin

30 (g/ml

Tetracycline

14 (g/ml

Chloramphicol

12.5 (g/ml 
2.4 Plasmid DNA preparation and sequencing

Single E.coli colonies were picked from agar plates into 3ml LB containing the appropriate antibiotic(s) at the concentrations above and incubated at 37(C overnight with shaking.
DNA was extracted using the Wizard® Plus Minipreps DNA Purification System (Promega), or the Qiagen Plasmid Midiprep Kit, according to standard protocols. Routine plasmid sequencing from unique primers was performed by the Wellcome Trust Sanger Institute Small-Project Sequencing Facility, using standard dideoxy methods.
2.5 Polymerase Chain Reaction (PCR) Amplification
Oligonucleotides for use as PCR primers were designed using the web-based program Primer3 (Rozen and Skaletsky, 2000), or the web-based OligoPerfect™ Designer (Invitrogen). All PCR reactions were carried out in a GRI (MJ Research).
Oligonucleotide sequences are listed in Appendix 1.
General amplification: 

PCR for amplification of DNA probes for genotyping mice with short amplication products was performed as follows:

1 µg genomic DNA template in a reaction containing 1.5 units of hotstarTaq DNA polymerase (Qiagen), 1x amplification buffer (Qiagen), 200 µM equally mixed dNTPs (Thermo Science) and 0.5 µM of forward and reverse primers. A single reaction was carried out in a volume of 25 µL which was made up by double distilled water.The cycling protocol is shown in Table 2.1
	Temperature ((C)
	Time (s)
	Cycle Number

	95
	900
	1

	
	
	

	94
	45
	

	55
	45
	30

	72
	60
	

	
	
	

	27
	600
	1


Table 2.1 Taq recycling programme.

High fidelity PCR amplification:

In the case of constructing targeting vectors where accurate amplification of target gene’s homology arms is required for recombineering, high fidelity Platium Pfx DNA polymerase (Invitrogen) was used.

Approximately 50 ng plasmid DNA or 1 (g genomic DNA was added in a reaction containing 3 units of Pfx polymerase, 1x Pfx amplification buffer, 0.3 (M of forward and reverse primers, 400 (M pre-mixed dNTPs and 1 mM MgSO4. A single reaction was carried out in a volume of 25 (l made up with double distilled water. Table 2.2 shows the cycling condition for this assay.

	Temperature ((C)
	Time (s)
	Cycle Number

	95
	120
	1

	
	
	

	94
	15
	

	55
	30
	26

	68
	45
	

	
	
	

	68
	120
	1


Table 2.2  High fidelity PCR cycling protocol with Platium Pfx polymerase.
ES cell genotyping (long range PCR amplification):

To identify correctly targeted embryonic stem cell colonies, long range PCR amplification was performed using the Expand Long Template PCR system (Roche), utilising a mixture of thermostable Taq DNA polymerase and thermostable Tgo proofreading DNA polymerase. Approximately 1 (g of genomic DNA was added in a reaction containing 1.75 units polymerase mix, 1x Expand amplification buffer 3, 0.2 (M of each forward and reverse primer and 200 (M of each dNTPs (Invitrogen). A single reaction was carried out in a final volume of 50 (l made up with double distilled water. For each PCR reaction, the genomic DNA, dNTPs, forward and reverse primers were first mixed and made up to 25 (l with double distilled water. The mixture was first incubated at 95 (C for 15 min, then the pre-mixed polymerase and amplification buffer in a volume of 25 (l made up with double distilled water was immediately added to the previous mixture. The combined mixture was then subjected to the long range PCR cycling programme, as shown in Table 2.3.

	Temperature (oC)
	Time (s)
	Cycle Number

	94
	120
	1

	
	
	

	93
	10
	

	65
	30
	10

	68
	180
	

	
	
	

	94
	15
	

	65
	30
	20

	68
	180 & 20s/cycle
	

	
	
	

	68
	420
	1


Table 2.3 Long range PCR cycling condition with Expand Long Template PCR System (Roche).

2.6 Recombineering in E.coli
The recombineering procedure was performed as described previously (Liu P. et al., 2003). 
The homology arms for PSD-93 and SAP102 targeting vector construction were retrieved by gap repair from the bacterial artificial chromosome (BAC). BAC clone bMQ-338M14 for PSD-93 and clone bMQ312G21 for SAP102 were acquired from the Wellcome Trust Sanger Institute.

The BAC DNA was transformed into E.coli strain EL350 cells by electroporation. To prepare the electrocompetent EL350 bacteria, the cells were cultured in 5 ml LB medium at 32 (C overnight, followed by centrifugation at 5,000 rpm for 6 min at 4 (C. The cell pellets were then resuspended with 1 ml ice-cold double distilled water.

The above process was repeated for further two times before the cell pellets were finally resuspended with 100 (l of ice-cold water. 3 (l of BAC DNA was immediately added to the electrocompetent EL350 cells on ice. The mixture was then transferred into an ice-cold, 1 mm-gap elecporation cuvette (Bio-Rad) and subjected to an exponentially decaying pulse of 1.8 kV and 200 (F in a Gene Pulser Xcell electroporation unit (Bio-Rad). After electroporation, the cells were then incubated at 32 (C for one hour before spreading on LB agar plates that were supplemented with chloramphenicol and incubated at 32 (C overnight.

The linearlised retrieval intermediate vector was transformed into the EL350 cells harboring the desired BAC DNA. In principle, the EL350 cells were culture in 5 ml LB medium at 32 (C overnight. The following day, 1 ml of overnight culture was added to 19 ml fresh LB medium in a soap-free flask and grown with shaking at 32 (C for 2-3 hours until its ODA600 value reached ~0.5. Ten milliliters of the culture were then transferred into a new soap-free flask and shaken at a speed of 180 rpm at 42 (C for 15 min to induce the ( phage genes (exo, bet and gam)? expression. The remainder culture were kept shaking at 32 (C as a negative control for recombineering. The flask was then immediately chilled on the wet ice for 10 min with initial manual shaking followed by a further non-shaking incubation on ice for 20 min. The cells were transferred into a centrifuge bottle and subjected to a centrifugation of 6,000 rpm at 2 (C for 5 min. After centrifugation, the supernatant was carefully removed and the cell pellets were gently resuspended with 1 ml ice-cold water. The cell suspension was then transferred into a 1.5 ml ice-cold Eppendorf tubes and centrifuged at 10,000 xg for 1 min at 2 (C. After the supernatant was carefully discarded, the cell pellet was gently resuspended with 1 ml ice-cold water again. The above procedures with centrifugation and resuspending were repeated for further twice until the cell pellet was finally resuspended with ~20 (l of ice-cold water, resulting in a total volume of 50 (l cell suspension. These electrocompetent cells were briefly mixed with 100 ng of linearised retrieval vector. The mixture was then subjected to electroporation as described above. Once electroporated, the cells were then incubated at 32 (C for 1 hour followed by being spread on LB agar plates supplemented with ampicillin. 

The transformation of un-induced EL350 cells that were only grown at 32 (C  should result in the absence of recombination events due to its failure expression of the ( phage genes. As such, no colonies would grow after plating on LB plates with antibiotics. Whereas the DNA transformation in the induced cells which were grown at 42 (C and induced abundant expression of Redα, redβ and redγ recombinases, homologous recombination between linearised retrieval vectors mini homology arms with the homologous sequence of BAC DNA would occur. The linearised retrieval vector therefore should be filled by gap repair and form a circular intact plasmid, thus allowing the expression of antibiotic resistance gene. As a result, transformation of induced cells would produce large amount of colonies after plating.

2.7 Embryonic stem cell culture and targeting

Embryonic stem (ES) cell culture and gene targeting were performed as described previously (Nagy et al., 2003). All cell culture reagents were purchased from Invitrogen unless otherwise specified.
Murine ES cell line E14 TG2a were maintained on 0.1% gelatine -coated plastic multiple well plates or Petri-dishes in ES medium containing GMEM (Glascow’s Modified Eagle’s Medium), 10% ES-culture serum (Stem Cell Tech), 1% nonessential amino acid, 1% sodium pyruvate, 2 mM L-glutamine, 100 (M 2-mercaptoethanol and supplemented with 1000 U/ml leukemia inhibitory factor (LIF) (Chemicon International) at 37(C in humidified air with 5% CO2. 
Frozen ES cells were quickly thawed at 37 (C and immediately diluted and washed with ES cell medium before plating with 10 ml of ES medium and grown at 37 (C incubator humidified air with 5% CO2. Culture media were replaced every 24 hours and 2-3 hours before passage.

For gene targeting, 1 x 107 ES cells were electroporated with 100 (g of linearised and purified targeting vector in a 0.4 mm gap electroporation cuvette (Bio-Rad) at 0.8 kV, 3 (F using a Gene Pulser Xcell electroporation unit (Bio-Rad). After electroporation, cells were plated on 90 mm petri dishes and grown at 37 (C. Three hundreds microgram per millilitre of G418 were added to the ES cell culture 24 hours after plating for positive selection. Single G418-resistant colonies were picked up 5-7 days after G418 selection. Surviving colonies were expanded and duplicated into two 48-well plates for either analysis after genomic DNA extraction or freezing. To freeze  ES cell culture, ES cell media were replaced with freezing media which contains 10% DMSO and 20% FBS.  For blastocyst injection, frozen positive clones were thawed and further expanded, then passaged a final time into medium without G418 before trypsinising, washing and then resuspending into fresh G418-free medium for injection. Blastocyst injection of targeted clones was performed as described 
 ADDIN EN.CITE 

(Ramirez-Solis et al., 1993)
 .

2.8 DNA extraction from mammalian tissue

For long-range PCR screening of ES cell positive colonies, and PCR genotyping of mice, genomic DNA was extracted from either ES cell colonies grown in 48 well plates, or mouse ear-punches (~0.5cm in diameter) using the high-throughput Wizard® SV 96 Genomic DNA Purification System (Promega) according to standard protocols, with a 96 well robot system (David). Approximately 1 μg of genomic DNA was used for genotyping according to the appropriate PCR protocol.
2.9 Mouse colony management

Establishing a colony: 

Chimeras were produced by injecting modified E14 embryonic stem cells (derived from 129P2 mice) into C57Bl/6J blastocysts. The first heterozygote(s) were produced in the F1 generation from chimera crossings with C57Bl/6J wild-type mice. The mice were then backcrosses onto CMV-Cre deleter transgenic to excise the positive selection cassette. Six back-crosses were set up in pairs or trios using F2 and F3 heterozygotes with C57Bl/6J wild-types which are allowed to litter until at least eight male and eight female heterozygotes were produced.
Colony Maintenance: 

Two or three heterozygotes were each crossed with C57Bl/6J wild-type mice and allowed to produce 3-4 litters. A Mendelian ratio of 1 : 1 (heterozygotes : wild-types) is assumed. Backcrosses were set up every 3 months using heterozygotes from the previous back-cross.
2.10 Forebrain protein extraction

To prepare forebrain protein extraction for western blot, mutant or wildtypes mice were sacrificed by cervical dislocation. The head and scalp were removed, and the brain was extracted quickly. All the following procedures were performed on ice to keep tissues at a low temperature for better preservation of protein samples. The brain was placed on a plastic platform, covered with filter paper.  The olfactory bulb, midbrain, and cerebellum was dissected and discarded. The remaining forebrain was either homogenised immediately, or frozen on liquid nitrogen and stored at -80 (C until further use. Frozen brains were homogenised within 30s of being removed from -80 (C. Forebrains were individually homogenised using a dounce homogeniser with 7mL of fresh, chilled, DOC buffer containing (per 10mL stock): 500uL of 1M Tris pH 9, 6.75mL double distilled water, 1mL NaF, 1 µL 200mM, 250 (L 20mg/ml PMSF (in EtOH), 200mM NaVandate, one 25 X Complete Protease Inhibitor Cocktail Tablet (Roche), and 1ml 10% sodium deoxycholate (DOC). Homogenates were centrifuged at 25,000 rpm for 25 min at 4(C in an ultracentrifuge. The supernatant was then aliquoted into eppendorf tubes on ice and then frozen on liquid nitrogen. All protein samples were stored at -80(C and thawed on ice before use. No protein extract aliquot was thawed more than twice. Extracts were quantified using a bicinchoninic acid assay (Pierce), according to manufacturers instructions and using a spectrophotometer (Amersham Biosciences).

2.11 Western blot

At least an equal volume of 2x Laemmlin buffer (with 5% 2-mercaptoethanol) (Bio-Rad) was added to each protein sample to normalize protein sample concentration to 1 mg/ml. The samples were boiled at 90(C for 5 min, and then cooled to room temperature and centrifuged at 13,000 rpm for 10s to collect condensation. Samples were then analysed immediately by SDS-PAGE. NuPAGE 4-12% Bis-Tris gels 10 wells 1.5 mM (Invitrogen) were used to perform separation of all proteins with a molecular weight less than ~130kDa. 1x NuPAGE MOPS running buffer (Invitrogen) was used for running Bis-Tris gels. The SDS-PAGE gels were run in Invitrogen Xcell SureLock Mini-cells (Invitrogen) with wells facing into the central chamber. The seals were closed and the central chamber filled with the appropriate running buffer. The running buffer was also added to the outside chamber until it was higher than the foot of the gel. Any residual storage buffer was flushed out from the wells with running buffer before loading samples. Ten microliter of Precision-Plus Kaleidoscope pre-stained standards (Bio-Rad) were loaded into lane 1. 30 (l of each 1mg/mL protein sample (i.e. 30 ug) was loaded into each of lane 2-9 of the gel. The X-cell SureLock Mini-cell tank was then connected to a power supply (Bio-Rad) and run at 100V for 10 min, and then 140V for 80 min, or until the dye front reaches the foot of the gel.

Once finished the running, 1X NuPAGE transfer buffer with 20% methanol was used for transfer. The transfer buffer was chilled on ice before use. A PVDF Hybond-P membrane (GE Healthcare) was activated in methanol for 10 sec and then put into cold transfer buffer. Transfer sponges (Bio-Rad) and 3mm blotting paper (Whatman) were soaked in cold transfer buffer. The gel cassettes were cracked open with a gel knife (Invitrogen) and the gel carefully removed from cassette. The western transfer stack was assembled in a Mini-Transblot Electrophoretic Transfer Cell (Bio-Rad), taking care to avoid the introduction of air bubbles between the PVDF membrane and gel.  The transfer cell assembly was as follows: (2 sandwiches per tank) 

Black side of cassette 

1 sponge 

1 blotting paper 

SDS-PAGE Gel 

1 PVDF membrane 

1 blotting paper 

1 sponge 

Clear side of cassette 

If only one gel was to be transferred, a spare cassette was used with sponges in order to fill up space in the transfer tank. An ice block and active magnetic stirrer were placed in the transfer tank, which was then filled with cold transfer buffer. The tank was placed on a magnetic stirrer plate. The tank was connected to a power source (Bio-Rad) and transfered at 100V for 90 min.

The PVDF membrane was removed from the western transfer assembly and put directly into a tray of PBS to prevent dessication. The membrane (6.5cm X 7.5cm) was inserted without overlap into a roller bottle (Sarstedt).  Ten millilitre 5% milk PBS-T was added to the membrane, which was blocked for 1-2 hr at RT on rollers. The primary antibody was diluted in 5 ml 1% milk PBS-T and incubated on rollers at 4oC overnight. The blot was rinsed quickly in PBS-T and then washed for 15-20 min in PBS-T (3 x 20 ml).  The secondary horseradish peroxidase (HRP) conjugated antibody was diluted in 5 mL 1% milk PBS-T and incubated on rollers at room temperature for 1 hr. The blot was rinsed quickly in PBS-T and then washed for 15-20 min in PBS-T (3 x 20 ml). Finally, the blot was rinsed once in PBS for 5 min (1 x 20 ml). 

Immobilon Western HRP Substrate (Millipore) was used to activate chemiluminescence. Equal volumes of both reagents were mixed 1:1 in a Falcon tube and protected from light. A total volume of 2 mL (i.e. 1mL luminol + 1mL peroxide) was used per membrane in each roller tube. The final PBS wash was poured off, and 2 mL of detection reagent to each roller bottle containing 1 membrane. The membrane was incubated on rollers for 2 min. The reagent was then poured off and membrane removed from the roller bottle. The excess reagent was quickly drained onto tissue paper, and the blot was then wrapped in plastic cling-film (Saran), with the protein side facing down on a smooth surface and protected from light. The membrane was immediately exposed using a Kodak image station 4000M with Kodak Molecular Imaging Software Version 4.0. The membrane position was ‘previewed’ in the image station with lid open in order to adjust field of view/zoom to fit membrane. Several exposures were performed per blot, typically 10 sec, 1 min, and 5 min. The exposure of best apparent resolution was reported for each blot.
2.12 In vitro differentiation of ES cells derived neurons (ESN)

In vitro differentiation of ES cells derived neurons was performed according to a well-established protocol in our lab based on the previous publication (Stavridis and Smith 2003). Wild type and PSD95-EGFP targeted ES cells were grown on 0.1% gelatin-coated T25 flasks in normal ES media. After becoming fully confluent, ES cells were briefly trypsinized and transferred to bacterial culture dishes to allow the formation of embryoid body (EB). EBs were then grown for 3 days in the absence of LIF and subsequently plated on new dishes with media supplemented with 10 (l/ml retinoic acid. The EB growing media were carefully replaced every other day. After 5 days, cells were trypsinized, titrated to a single-cell suspension and seeded on laminin-coated Petri-dishes or coverslips (No. 1.5, VWR International) in the overnight plating media containing equal amount of DMEM and F12 Ham (Invitrogen) supplemented with 1% B27 and 0.1% FGF. The following day, the overnight plating media was replaced by complete neurobasal media (Neuronal Base Medium without L-Glutamine (Invitrogen) supplemented with 0.5% L-glutamine (Invitrogen) and 2% B27 (Life Technologies Ltd.)). One third or half of the complete neurobasal media were replaced every 3 to 4 days. 

2.13 Primary neuronal culture

Twenty-four well plates with coverslips placed in each well were first coated with Poly-D-lysine (PDL) solution overnight at 37 (C (Sigma-Aldrich). The following day, PDL solution was aspirated and culture vessels were washed with PBS (Invitrogen) twice. Frozen stocks (50 (l) of mouse laminin (Life Technologies Ltd.) were slowly thawed by incubating the vials on ice. Once completely thawed, the laminin was further diluted by 8 ml of PBS. Three hundreds fifty microliter of Laminin solution was added into each well and the plates were incubated at 37 (C overnight. On the day of plating neurones, laminin solutions were aspirated from each well, followed by two times washing with PBS. One millilitre of complete neurobasal media was then added to each well and incubated 37 (C in the incubator until plating. 

Primary cortical neurons were obtained from E17.5 mouse embryos. Pregnant female mice were sacrificed by cervical dislocation and the abdomen were carefully cut to avoid damanging the foeti. Individual foeti were taken and placed in ice-cold PBS. The brains of each embryo were dissected under a dissection microscope. Forebrains were further isolated and placed in ice-cold PBS. The forebrain tissues were then subjected to enzymatic digestion using 1 ml, pre-warmed papain solution (Worhtington Biochemical Corp) incubating at 37 (C for 22 min.  The digested tissues were immediately transferred into a new 15 ml Falcon tube which contains pre-warmed 1 ml of washing media (DMEM supplemented with 10% FCS, 1% Penicillin/streptomycin (PAA Laboratories). A gentle titration by an Eppendorf pipette tip pipetting 8-10 times was performed to disperse cell clumps from connective tissues. The cell suspensions were centrifuged at 1,500 rpm for 3.5 min and the supernatants were carefully removed without disturbing cell pellets. The cell pellets were then resuspended with washing media and the above centrifugations were repeated. After the final washing, the cell pellets were gently resuspended with complete neurobasal media. The cell suspension was then incubated at 37 (C supplemented with 5% CO2 until plating. An aliquot of cell suspension (10 (l) was taken and diluted with 90 (l washing media to make up an uniform 1:10 dilution. Cell densities of the diluted cell suspension were then manually counted by a haematocytometer.  Dead cells were ignored during the counting. 2x105 cells were seeded into each well on 24 well plates with complete Neurobasal media (Neurobasal media (Invitrogen) supplemented with 2% B-27 (Life Technologies Ltd.) and L-glutamine (0.5mM, Invitrogen). The cells were grown in a humidified at 37(C with 5% CO2. One third or half of the culture media were replaced every 3 to 4 days.

2.14 Immunocytochemistry

Cultured neurons were fixed in ice-cold methanol (Sigma-Aldrich) for 7 min. Fixed cells were briefly rehydrated with PBS before placing into a PBS blocking buffer which contains 3% Bovine serum albumin (Sigma-Aldrich) and 0.2% Triton X-100 (Sigma-Aldrich) for 1 hour blocking at room temperature. 

Fifty to sixty microliter of the following primary antibodies which was diluted with the above blocking buffer were then added and incubated for 1 hour at room temperature:

Chicken anti-GFP (1:1000, Abcam Cat No. ab13970) 

Mouse IgG1 anti-Synaptophysin (1:1000, Chemicon Cat No. MAB5258)

Chicken anti-MAP2b (1:5000, Abcam Cat No. ab5392)

Rabbit anti-SAP102 (1:500, a gift from Dr. Watanabe)

Mouse IgG1 anti-PSD93 (1:500, NeuroMab Cat No. 75-057)

Mouse IgG1 anti-VGlut1 (1:500, NeuroMab Cat No. 75-066)

Rabbit anti-NR1 (1:1000, Thermo Cat No. PA3-103)

After washing in PBS, cells were then incubated with cyanine 3-, cyanine 2- and cyanine 5- or Alexa Fluor 488 / 546 /633 conjugated secondary antibodies (Jackson Immunoresearch Laboratories, Invitrogen). 

2.15 Intracadial perfusion of mice and tissue preparation

The handling and treatment of all the mice in my project is in accordance with the UK animals act (Scientific Procedures) 1986 and all procedures were approved by the British home office.

Heavily sedated mice by intraperitoneal injection of prewarmed Avertin (2-2-2 Tribromoethanol) at a dose of 250 mg/Kg were checked by firstly pinching the tail tip, then the toes and cornea to confirm lack of response to pain stimulus. Once the animal were thoroughly anesthetized, it was placed on corked surface. The thorax was open until the heart was fully exposed and easy to access. An small incision was made in the right atrium of heart, and the animal was transcardially perfused by inserting a fine needle into the left ventricle, slowly rinsed with 10 ml of PBS followed by 10 ml of fixative (4% paraformaldehyde (PFA, Sigmal-Aldrich) in 0.1M PB, pH 7.4).  

After removed from the skull, the brain was immediately post-fixed in the same fixative (4% PFA) for 3-4 hours at 4(C. Fixed samples were then transferred into a new vial containing 30% sucrose (w/v in 0.1M PB, Sigma-Aldrich) and incubated at 4 (C for at least 24 hours. 

2.16 Tissue sectioning

Mice brains were fixed and cryoprotected by 30% sucrose as described above. Brains were divided into two hemispheres. Single hemisphere was mounted on the cooling stage of a sliding microtome (Leica) in order to freeze the tissue. Once the sample was completely frozen, twenty-five or 30 (m of coronal or parasaggittal sections were cut. Selected sections were picked up and kept in the PBS at 4 (C for further use.

2.17 Fluorescent immunohistochemistry

Parasagittal and coronal brain sections were washed briefly with PBS and blocked with 5% bovine serum albumin (BSA) in TBS containing 0.2% Triton X-100 for 30 minutes at room temperature. Sections were then incubated with the following primary antibodies diluted in TBS containing 3% BSA in 0.2%Triton overnight at 4 (C:

Chicken anti-GFP (1:250, Abcam Cat No. ab13970) 

Mouse IgG1 anti-Synaptophysin (1:250, Chemicon Cat No. MAB5258)

Chicken anti-MAP2b (1:1000, Abcam Cat No. ab5392)

Rabbit anti-SAP102 (1:100, a gift from Dr. Watanabe)

Mouse IgG1 anti-PSD93 (1:250, NeuroMab Cat No. 75-057)

Mouse IgG1 anti-VGlut1 (1:100, NeuroMab Cat No. 75-066)

Rabbit IgG Anti GluR1 (1:100, Chemicon Cat No. AB1504)

Rabbit IgG anti-NR2A (1:200, Serotec Cat No. AHP1880)

The specificity of PSD-93 antibody has been validated with immunohistochemical staining in PSD-93 knockout mice. 

After washing with TBS containing 0.2% Triton X-100 for three times, sections were added Cyanine 3- and Cyanine 5- or Alexa Fluor 488/546/633 conjugated secondary antibodies and incubated for 30 minutes at room temperature with gentle agitation. Slices were then washed three times with TBS containing 0.2% Triton X-100, transferred to slides, air-dried and mounted with mounting media (Prolong gold antifade reagent, Invitrogen, P36930).

2.18 Confocal laser scanning microscopy

Fixed neuronal cells and brain sections were immunofluorescent stained as described above. Samples were then examined by a Zeiss confocal laser scanning microscope LSM510. The LSM510 set is equipped with an inverted Axiovert microscope combining a UV laser (405 nm), an argon laser (458/488/514 nm, 25mW), a green helium laser (543 nm, 1mW),  a red helium laser (633nm, 5mW) and a mercury arc lamp. For optimal visualization of emissions from different fluorephores, microscope detector was carefully adjusted to maintain a working linear range. When examine multiple fluorescences stained samples, each fluorescent channels were sequentially switched after frame acquisition in order to prevent fluorescence ‘bleed through’. During image acquisition, pinhole sizes of each fluorescence channel were carefully adjusted to obtain optimal optical sections of the sample. Scale bars were added to the representative images employing a LSM510 imaging software (Zeiss). 

2.19 Wide field fluorescent microscopy

Low magnification (either 5x, 10x or 20x) images were acquired by a wide field epifluorescence light microscope Axioplan2 (Zeiss) containing high-speed shutter. The microscope employs Axiovision 4.1 software (Zeiss) for imaging acquisition.  

2.20 Image analysis

2.21 Pentylenetetrazol (PTZ)-induced seizure in Mice

Convulsive seizures in mice were induced by using a widely-accepted chemical convulsant, pentylenetetrazol (PTZ). PTZ (Tocris) was dissolved in the sterile saline (0.9% NaCl) to prepare a fresh solution with a concentraion of 10 mg/ml on the day of procedures. The experiments were conducted on adult Arc-Venus and wildtype C57BL/6J mice according to The Jackson Laboratory protocol. All mice were weighed before the experiments and used only once during the experiment. To test animal’s sensitivity to PTZ, a group of wildtype mice were first administrated with a sub-threshold dose (40 mg/Kg) or super-threshold dose (80 mg/Kg) of PTZ by intraperitoneal (i.p.) injections.  Mice were then separately placed into a new holding cage and monitored for at least 30 minutes. Approximately 10 minutes after injections, mice started to show atypical behavior  (e.g. moving arrests) and isolated myoclonic jerks. Fully generalized seizures and tonic-hind limb extensions were observed from all the mice which were administrated with super-threshold of PTZ. After determining the appropriate dose of PTZ, adult mutant mice were induced seizure by i.p. injection of 80 mg/Kg PTZ. Immediately after injections, mice were moved into new cages and monitored the incidence of seizures. Mice that developed characteristic seizure responses were divided into two groups, one group was sacrificed at 20 minutes after injection, whereas the other group was sacrificed at 2 hours after PTZ injection.
