Supplementary Information (Extended Methods Section for Nature's Web site)

Methods:

The Linearized NR2B transgene expression vector pJT-NR2B containing the CaMKII promoter and the NR2B transgene was prepared by digestion of pJT-NR2B with Sal and purified away from plasmid sequence.  The transgenic founders were produced by pronuclear injection of the linearized DNA into C57B/6 inbred zygotes as described16.  The inbred founders were crossed into either C57B/6 or CBF1 to produce F1 generation.  The F2 offsprings derived from intercross between C57B/6 and CBF1 were used for various analyses.  We found that F2 wild-type mice on this hybrid background consistently showed excellent learning behaviors, which are critical to any comparative behavioral studies.  This mating strategy, therefore, sets a much higher standard for our behavioral enhancement experiments.  

The genotypes of all offspring were analyzed by preparing tail DNAs.  The 5' and 3' primers for detecting NR2B transgene SV40 polyA sequence (505 bp) were 5'-AGAGGATCTTTGTGAAGGAAC-3' and 5'-AAGTAAAACCTCTACAAATG-3', respectively.  Mouse tail DNAs (about 1(g) were amplified 30 cycles (1 min, 94oC; 45 sec, 55 oC; 1 min, 72 oC) on a thermal cycler.  For detecting transgene mRNA, a SV40 poly(A) tail fragment was used for Northern blot.  For Western blot, the antibodies against NR1, NR2A, and NR2B were purchased from Upstate Biotechnology.  Synaptic membrane proteins were prepared from the mouse forebrain.  The sample were resolved on 7.5% SDS-polyacrylamide gel followed by immunoblotting with the above antibodies respectively, detected by peroxidase-labeled secondary antibodies and the ECL detection system (NEN Life Science products).  For in situ hybridization, mouse brains were dissected and rapidly frozen.  Crytostat sections (20 (m) were prepared and postfixed for 5 min in 4% PFA in PBS buffer (pH7.5).  The slices were hybridized to the [35S] oligonucleotide probe (5'-GCAGGATCCGCTTGGGCTGCAGTTGGACCT-3'), which hybridizes to sequences present in the 5' untranslated artificial intron region unique to the transgene.  The detailed procedures were the same as previously described15.

Hippocampal cell culture and recording 

Primary cultures of hippocampal neurons were prepared from individual neonatal mice (P1).  Whole cell patch recordings were carried out as described elsewhere17.  The composition of the FM 1-43 (Molecular probe, Eugene, Or.) staining solution was KCl 90 mM, NaCl 39 mM, Glucose 30 mM, HEPES 25 mM, CaCl2 2 mM, MgCl2 1 mM, and FM 1-43 0.01 (adjusted to pH 7.4 with NaOH).  Recordings were made with 200B integrating patch clamp amplifier (Axon Instruments) with a 1 kHz (8 pole Bessel) low-pass filter.  Data were digitized at 10 kHz using a Digidata 1200B A/D converter (Axon Instruments).  Glutamate currents were evoked by iontophoresis as described17.  Briefly, Following a one minute incubation in the FM1-43 solution, neurons, continuously perfused with tyrode, were visualized under confocal microscope (Olympus Fluoview) using a 40x planachromat water immersion objective.  Following placement of the iontophoresis electrode, brief (1ms) glutamate pulses of varied amplitudes were delivered to an isolated FM-labeled presynaptic bouton.

Hippocampal slice recording

Transverse slices of the hippocampus from transgenic and wild-type littermates (4-6 month old) were rapidly prepared and maintained in an interface chamber at 28oC, where they were subfused with ACSF consisting of 124 mM NaCl, 4.4 mM KCl, 2.0 mM CaCl2, 1.0 mM MgSO4, 25 mM NaHCO3, 1.0 mM Na2HPO4, and 10 mM glucose, bubbled with 95% O2 and 5% CO2.   Slices were kept in the recording chamber for at least two hours before the experiments.  A bipolar tungsten stimulating electrode was placed in the stratum radiatum in the CA1 region and extracellular field potentials were recorded using a glass microelectrode (3-12 M(, filled with ACSF) also in the stratum radiatum.  Stimulus intensity was adjusted to produce a response of approximately 1 mV amplitude, with an initial slope of approximately -0.5 mV/msec.  Test responses were elicited at 0.02 Hz.  Homosynaptic LTD was induced by prolonged low frequency stimulation (1 Hz for 15 min).  LTP was induced by tetanic stimulation (100 Hz for 1 sec).  Paired-pulse facilitation (PPF) of the response at various interpulse intervals (25-400 msec) was also measured.  In depotentiation experiments, the stimulus to produce LTP was 100 Hz for 1 sec, delivered twice with an interval of 20 sec.  This was followed by a low frequency stimulus of 5 Hz for 3 min to produce depotentiation.  Data are presented as mean ± s.e.m..  One-way analysis of variance (with Duncan’s multiple range test for post hoc comparison) and Student’s t-test were used for statistical analysis.

Behavioural tests. Adult transgenic and wild-type mice (3-6 months-old littermates) were used.  Mice were maintained under the standard condition (23±1 oC, 50±5 % humility) in the animal facility.  All experiments were conducted in a soundproofed and specialized behavior room.  All experimenters were blind to the genotype of the individual animal. 

Novel Object Recognition Task. The apparatus, an open-field box (20 x 20 x10 high inches), was constructed from plywood and painted black with non-toxicity paint.  Before training, mice were individually habituated by allowing them to explore the open-field box for 5 min per session for three sessions per day and for 3 days.  During training session, two novel objects were placed into the open-field 14 inches away from each other (symmetrically) and then the individual animal was allowed to explore for 5 min.  Exploring to object was considered when the head of animal was facing the object within 1 inch away from the object or any part of the body except the tail was touching the object.  The time spent to explore each object was recorded.  The animals were returned to their home cages immediately after training.  During retention test, the animals were placed back into the same open-field box again after certain intervals, and allowed to explore freely for 5 min.  Now, one of the familiar objects used during training was replaced by a novel object.  All objects were balanced in term of physical complexity and were emotionally neutral.  Moreover, the open-field and objects were thoroughly cleaned by 70% alcohol after each session to avoid possible instinctive odorant cues.  A preference index, a ratio of the amount of time spent exploring any one of the two items (training session) or the novel object (retention session) over the total time spent exploring both objects, was used to measure recognition memory.  Two-way ANOVA (group X retention time) and post hoc Dunnett’s test were used to determine genotype effects on the behavioral responses.

Fear Conditioning Task. The fear conditioning shock chamber and the TruScan multi-parameter activity monitors were used (Coulbourn Instrument).  Briefly, it consists of a shock chamber (10 X 10 X 15 inches high) with a 24-bar inescapable shock grid floor, a multi-tone producer and speaker, an electrical-shock producer, a photobeam-scanner, and a workstation.  The walls of the chamber are transparent, thus freezing responses of mice in the chamber could be observed by experimenters from the peep window on the curtain. Before training, animals were individually habituated to the chamber a day before the experiment for 5 min per session and three sessions total.  Conditioned stimulus (CS) used was an 85dB sound at 2800Hz, and unconditioned stimulus (US) was a continuous scrambled foot shock at 0.75 mA.  During the training, mice were put individually into the chamber and allowed to explore the environment freely for 3 min, and then were exposed to the CS for 30 sec.  At the last 2 sec of the CS, the US was delivered for 2 sec.  After the CS/US pairing, the mice were allowed to stay in the chamber for another 30 sec and then returned to their homecages immediately.  Throughout these procedures, freezing responses were recorded simultaneously experimenters using a 5-sec interval time-sampling method as well as the photobeam-scanner system.  Freezing was judged as complete immobile of the body except for the respiratory movements.  Freezing response during the 30 sec after shock was recorded as immediate freezing.  During the retention test, each mouse was placed into the shock chamber and freezing response was recorded for 3 min in this context (contextual conditioning).  Subsequently, the mice were put into a novel chamber (triangular box with a smooth flat floor and yellow-black walls) and monitored for 3 min before the onset of the tone (pre-CS).  Immediately after that, a tone identical to that in the training session was delivered for 3 min and freezing responses were recorded (cued conditioning).  Two-way ANOVA (group X retention time) and post hoc Dunnett’s test were used to determine genotype effects on the behavioral responses.

Fear Extinction Experiment. Another groups of transgenic and control mice were used for this experiment.  Twenty-four hours after training as described above, the mice were given a first extinction trial.  Each extinction trial consisted of contextual and cued extinction.  The mice were first put individually into the shock chamber and observed for 3 min in the absence of electric shock (US) for the measurement contextual extinction.  Then, the mice were transferred into a novel box for the measurement of cued fear extinction.  The freezing responses were observed for 3 min in the absence of the tone (pre-CS) and subsequently with the identical tone used in the training session for another 3 min.  Following this, the 4 same extinction trials were given at an interval of 2 hr and freezing responses were recorded throughout the texts.  Two-way ANOVA (group X extinction trial) and post hoc Dunnett’s test were used to determine genotype effects on the freezing responses. 

Water Maze Task. The apparatus for water-maze is consisted of a circle pool (1.2 m in diameter).  The procedure was essentially the same as described previously21.  The training protocol is consisted of 6 sessions (4 trials/session/day).  The movement of mice was tracked by a videocamera, and the escape latency to the platform was recorded.  One-way ANOVA and post hoc Dunnett’s test were used to determine genotype effects on the escape latency.  In addition, two transfer tests were performed.  The first one was carried out at the end of third session and the second one at the end of the last session.  During the transfer test, the platform was removed and the mice were allowed to swim in the pool for 60 sec.  The time spent in each quadrant was recorded.  Student’s t-test was used to determine genotype effect on the spatial preference.
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