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Supplementary Table 1 

Motor skills, exploratory behavior, anxiety and social approach behavior were normal 

 in Tsc2+/– mice. 

WT littermates Tsc2+/– 

 n Mean +/– SEM n Mean +/– SEM 

(a) Accelerating rotarod 

Latency to fall (s) 

Trial 1 

Trial 2 

Trial 3 

Trial 4 

11 

  

  

  

  

  

  

  

208.2 +/– 19.0 

271.8 +/– 18.5 

303.2 +/– 27.4 

291.0 +/– 20.6 

11 

  

  

  

  

  

  

  

175.2 +/– 29.5 

232.5 +/– 25.2 

267.3 +/– 28.7 

272.9 +/– 11.8 

(b) Open field 

Path length (cm) 

Ratio path in outer zone/total path 

17 

  

  

 

1474.2 +/– 80.0 

0.23 +/– 0.012 

17 

  

  

 

1449.2 +/– 71.2 

0.24 +/– 0.017 

(c) Elevated plus maze 

% time spent in open arms 

11 

  

  

13.4 +/– 2.0 

11 

  

  

14.8 +/– 2.6 

(d) Visible version of the  

      Morris water maze 

Escape latency (s) 

Block 1 

Block 2 

Block 3 

Block 4 

8 

 

  

  

  

  

  

  

  

52.4 +/– 3.7 

49.1 +/– 5.0 

37.4 +/– 4.3 

24.2 +/– 5.3 

8 

 

  

  

  

  

  

  

  

54.7 +/– 5.3 

35.3 +/– 4.1 

36.4 +/– 7.4 

30.9 +/– 5.7 

(e) Shock reactivity 

Baseline activity (cm/s) 

Activity burst (cm/s) 

21 

 

 

12.3 +/– 1.9 

99.1 +/– 7.0 

18 

 

 

10.2 +/– 1.8 

104.4 +/– 9.0 

(f) Context conditioning 

1 × 0.5 mA shock (% time freezing 

on test) 

1 × 0.75 mA shock (% time freezing 

on test) 

11 

 

11 

 

40.3 +/– 6.4 

 

56.7 +/– 4.9 

 

12 

 

9 

 

43.6 +/– 5.4 

 

60.8 +/– 6.4 

 

(g) Social interaction 

Time exploring conspecific (s)  

Time exploring empty cup (s) 

12 

 

 

63.6 +/– 11.7 

29.3 +/– 3.0 

14 

 

 

52.8 +/– 7.6 

26.0 +/– 4.2 

(h) Brain weight 

at age 6 weeks (mg) 

12 

 420 +/– 5 

18 

 424 +/– 4 

(i) Body weight 

at age 6 weeks (g) 

8 

 18.4 +/– 0.6 

11 

 18.6 +/– 4.9 

 

(a) Latencies to fall from the accelerating rod did not significantly differ between genotypes (one-way 

repeated-measures ANOVA with genotype as between-subjects factor: F(1,20) = 1.647; P = 0.2141), 

indicating that gross motor skills were comparable in Tsc2+/– mice and WT controls. 



(b) Exploratory activity was recorded in a 20 min open field session. Tsc2+/– mice and WT littermate 

controls covered similar distances (t-test: P = 0.8198), indicating that activity levels were not different. 

The ratio between the path length in the outer zone and the total path did not differ between genotypes 

(t-test: P = 0.5585), suggesting that anxiety levels were similar in Tsc2+/– mice and WT controls. 

(c) Anxiety-related behaviors were also studied in the elevated plus maze. Percent time spent in the open 

arms was not significantly different in Tsc2+/– mice and WT controls (t-test: P = 0.6741). 

(d) Escape latencies on a visible version of the Morris water maze were not different in Tsc2+/– mice and 

WT controls (one-way repeated-measures ANOVA with genotype as between-subjects factor: F(1,14) = 

0.116; P = 0.738) 

(e) Velocity (cm/s) during the 2 s prior to the onset of a 0.75 mA, 2 s shock (baseline activity) and during 

the shock (activity burst) was measured and not found to be different in Tsc2+/– mice and WT controls 

(activity burst: t-test: P = 0.6445). This suggests that pain processing and responding was not altered in 

Tsc2+/– mice.  

(f) We trained Tsc2+/– mice and WT controls in context conditioning with different shock intensities (1 × 

0.5 mA or 1 × 0.75 mA). The results revealed no differences between mutants and controls (test in 

training context: 1 × 0.5 mA: t-test: P = 0.6951; 1 × 0.75 mA: t-test: P = 0.6147), indicating that the 

contextual discrimination deficits of Tsc2+/– mice were not due to abnormal conditioning responses (i.e. 

enhanced conditioning responses). 

(g) A large proportion of TSC patients is diagnosed with autism (20-60%), accounting for about 1-4% of 

all cases of autism spectrum disorder5,6. Therefore, we compared social approach behavior in Tsc2+/– mice 

and WT controls, using a social choice paradigm7. Tsc2+/– mice and WT controls spent both more time 

exploring a conspecific than an inanimate object (paired t-tests of time spent exploring conspecific vs. 

time spent exploring empty cup; WT: P = 0.0134; Tsc2+/–: P = 0.0025).  

(h) Brain weight was not significantly different in Tsc2+/– mice and WT controls (t-test: P = 0.5993). 

(i) Body weight of Tsc2+/– mice did not differ from WT controls (t-test: P = 0.717). 

 



Supplemental methods 

 
Behavior 

Visible version of the Morris water maze: Mice were given 4 daily 

training trials for 4 consecutive days in the visible version of the water 

maze. The position of the visible platform and the animals’ starting 

position varied across trials. Trials were completed when animals 

reached the platform or 60 s had elapsed, whichever came first. One-

way repeated-measures ANOVA with genotype as between-subjects 

factor was used for statistical analysis of the escape latencies. 

Open field: Activity was tested in the open field assay. Mice were 

placed for 20 min in a square open field made of acrylic, and activity 

was recorded by an automated system (Med Associates). Total 

distance moved (cm) was the primary measure for exploratory 

activity. Zone analysis was performed to determine outer sector 

occupancy of mice; high scores in this measure can indicate high 

anxiety levels. For statistical analysis either t-test or ANOVA were 

used, as described in the text. 

Elevated plus maze: Mice were placed on an elevated plus maze for a 

5 min session and behavior was videotaped for offline analysis. 

Percent time spent on the open arms was determined and compared 

across groups by t-test.  

Accelerating rotarod: Motor coordination skills were tested with four 10 

min trials on the accelerating rotarod (inter-trial interval: about 1 h). 

The rod accelerated from 4 to 40 rpm within the initial 5 min and 

stayed at 40 rpm for another 5 min. Latency to fall or adopt passive 

cycling (for > 2 consecutive rounds) was recorded and statistical 

analysis was performed with one-way repeated-measures ANOVA with 

genotype as the between-subjects factor. 



Social interaction: Social approach behavior was studied in Tsc2+/– 

mice and WT controls using a 3-compartment apparatus, as previously 

described7. Mice (all male) were habituated to the center of the 

apparatus (5 min) and subsequently given access to the side 

compartments (test phase: 10 min). One side compartment contained 

a stimulus mouse (ovarectomized female; constrained by a 

transparent, perforated acrylic cup), the control compartment an 

empty cup. Time actively investigating (approaching, sniffing, rearing) 

the mouse/empty cup was measured and compared by paired t-test. 

 
Western Blots 

To determine p-S6 levels (normalized to total S6), hippocampi were 

extracted from naïve mice under resting condition (home cage) or 

following context conditioning (15 min after a 5 min conditioning 

session involving 3 × 0.75 mA shocks, as described above). Mice were 

treated with rapamycin (5 mg/kg i.p. for 5 d prior to and including the 

day of context conditioning) or vehicle (100% DMSO; DMSO dose: 2 

ml/kg; volume of a single injection did not exceed 50 µl) prior to 

behavioral procedures and hippocampal extraction, using the same 

protocol as described above for the behavioral study. To determine 

tuberin, hamartin and total S6 levels (normalized to α-tubulin; similar 

results were obtained when total S6 served as loading control for 

tuberin and hamartin, data not shown), hippocampi were extracted 

from Tsc2+/– mice and WT controls under resting conditions. Whole 

hippocampal extracts were homogenized in lysis buffer containing 150 

mM NaCl, 50 mM Tris (pH7.5), 50 mM NaF, 0.5% NP-40, 2 mM EDTA, 

1 mM sodium orthovanadate and 1 × complete protease inhibitor 

cocktail (Roche). Protein concentrations were determined by DC 

Protein Assay (Biorad).  Equal amounts of lysates (100 µg) were 

separated by 4-15% SDS-PAGE (Biorad), and transferred to 



nitrocellulose membrane (Biorad). Membranes were incubated with 

antibodies to p-S6 (S235/236), S6 (both Cell Signaling Technology), 

hamartin (HF6)8, tuberin (TSDF)8 or α-tubulin (Sigma), followed by 

horseradish peroxidase-conjugated secondary antibodies (Chemicon), 

and then visualized using the ECL system (Amersham Biosciences). 

Experimental conditions (antibody concentrations, protein loading, 

exposure times etc.) were optimized to ensure detection in the linear 

range and this has been confirmed by serial dilutions. For western blot 

quantification of protein levels, samples were run on gels in a pseudo-

random order (experimental groups were counterbalanced across 

gels). Signal intensities were quantified from these quantitative blots. 

Protein levels were normalized to loading control for each sample 

(total S6 or α-tubulin) and data were presented as percentage of the 

WT/home cage/vehicle group or WT group, respectively. Two-way 

ANOVA with genotype and behavioral group assignment as between-

subjects factor was used to test for genotype effects on resting or 

post-conditioning p-S6 levels. To test whether rapamycin reduced p-

S6 levels, three-way ANOVA with genotype, drug treatment and 

behavioral group assignment as between-subject factors was used for 

statistical comparisons. T-tests were used to compare hippocampal 

hamartin, tuberin and total S6 levels across genotypes. Representative 

examples were chosen to generate representative blots (these blots 

were not used for quantification), on which samples are shown sorted 

by experimental condition. 

 

Drugs 

Lovastatin: HMG-CoA reductase inhibitor lovastatin was purchased 

from Sigma, stored according to the manufacturer’s instructions and 

freshly dissolved, as previously described4 . Lovastatin (10 mg/kg) or 



vehicle was injected once daily s.c. for 3 d prior to and during Morris 

water maze training (6 h prior to training). As in the other 

experiments, animals were trained in the hidden version of the Morris 

water maze for 5 d (4 trials/d) after which a probe trial was given.  

Anisomycin: Anisomycin (Sigma) was stored according to the 

manufacturer’s instructions and freshly dissolved in 0.9% saline (1N 

HCl was used to adjust pH to 7.4). Anisomycin (150 mg/kg) or vehicle 

were injected intraperitoneally 30 min prior to context conditioning (3 

× 0.75 mA shocks), as previously described3. Context fear was tested 

one day later. The experiment was performed using C57BL/6NCrl WT 

mice.  

Rapamycin (see also Methods): For the 5 mg/kg experiments, 

rapamycin or vehicle (100% DMSO; 2 ml/kg; volume of a single 

injection did not exceed 50 µl) was administered once daily i.p. for 5 d 

prior to and including the day (3 h before conditioning) of context 

conditioning. For the 150 mg/kg experiment, rapamycin or vehicle 

(100% DMSO; 4 ml/kg; volume of a single injection did not exceed 

100 µl) was i.p injected once 3 h prior to context conditioning. Context 

conditioning involved 3 × 0.75 mA shocks and conditioned fear was 

tested one day later (5 min session in the training context). These 

experiments were done in C57BL/6NCrl WT mice.    

 
Immunohistochemistry 

Mice were killed with an overdose of sodium pentobarbital and 

perfused transcardially with 4% paraformaldehyde in cold 0.1 M 

phosphate buffer (pH 7.4). Brains were left in fixative overnight and 

then transferred to 30% sucrose. Forty µm coronal slices were 

prepared with a cryostat (Leica) and stored in a cryoprotectant 

solution (25% ethylene glycol, 25% glycerin and 0.05 M phosphate 

buffer). After washing slices in TBS and a blocking step in TBS-plus 



(TBS pH 8.5 with 0.1% Triton X-100 and 3 % donkey serum), slices 

were incubated in antibody to GFAP (Sigma; 1:2000) for 48 h at 4°C. 

Next, after washing and blocking steps, slices were incubated in Alexa-

488-conjugated secondary antibody (Molecular Probes; 1:250; for 4 h 

at room temperature, protected from light). Slices were washed and 

coverslipped in polyvinyl alcohol with diazabicyclo-octane as anti-

fading agent.  
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