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Supplementary Methods 
 
Immunohistochemistry. Mice were deeply anaesthetized with sodium pentobarbital 
(100 mg/kg, Sanofi, France) and perfused transcardiacally with a saline solution (0.9% NaCl) 
containing heparin (5.103 U/ml) at 37°C followed by 4% paraformaldehyde (PFA) in cold 
phosphate buffer (PB), pH 7.3. Brains were dissected out, post-fixed in 4% PFA in PB 
overnight at 4°C and transferred to phosphate-buffered saline (PBS) at 4°C. Brains were 
embedded in an ovalbumin/gelatin mold (Sigma, USA) and olfactory bulbs were serially cut 
using a vibrating microtome (VT1000S; Leica, Germany) into 40 µm-thick coronal sections. 
Sections containing at least part of the medial MOR23-GFP-labeled glomerulus were selected 
under a fluorescent stereomicroscope (Nikon, France) to be processed for either GFP/BrdU or 
GFP/Zif268 double staining using the diaminobenzidine ABC system (Vector Laboratories, 
USA) with different chromogens, or BrdU/NeuN double fluorescence staining. The following 
primary antibodies were used (final dilution and source): rabbit anti-GFP polyclonal antibody 
(1:1000; Molecular Probes, USA), monoclonal rat anti-BrdU antibody (1:200; Oxford Biotech 
Ltd, UK), rabbit polyclonal anti-rat Zif268 antibody (1:1000; #sc-189 anti-Egr-1, Santa-Cruz, 
USA) or mouse monoclonal anti-neuronal-specific nuclear protein (NeuN) antibody (1:200, 
Chemicon, USA). 

For chromogen staining, sections were first pre-incubated with 0.2% Triton-X100 for 
2 hours. Sections were then incubated with anti-GFP primary antibody overnight at 4°C in 
PBS buffer containing 0.2% Triton X-100 and 5% normal fetal calf serum (FCS), rinsed, and 
incubated with biotinylated anti-rabbit antibody for 2 hours at room temperature in PBS. 
Revelation of GFP staining was performed with the ABC system using the VIP substrate for 
peroxydase as a chromogen (Vector Laboratories). After several rinses, sections were 
permeabilized with 0.2% Triton-X100 for 2 hours. For BrdU staining sections were pretreated 
with 2N HCl for 30 min at 37°C to denaturate cellular DNA. For Zif268 staining, non-specific 
site saturation with anti-rabbit Fab fragments (Jackson Immunoresearch, USA) was performed 
in PBS for 1 hour, followed by a 30 min 4% formalin fixation step. Sections were then 
incubated for 48 hours with anti-BrdU primary antibody in 0.2% Triton X-100, 4% BSA at 
4°C, or 16 hours with anti-Zif268 primary antibody in 0.2% Triton X-100, 10% normal FCS 
at RT, rinsed, and incubated with the respective biotinylated secondary antibodies (1:200; 
Vector Laboratories) in PBS for 2 hours at room temperature. After washing, sections were 
stained with the ABC kit using diaminobenzidine (DAB, 0.05%; Sigma) as a chromogen 
(Vector Laboratories). Sections were then mounted in Depex medium (BDH, UK).  

For double-labeled immunofluorescence, sections containing the medial MOR23-
GFP-labeled glomerulus were incubated with BrdU and NeuN antibodies after the DNA 
denaturation step, as described above. Alexa 568-conjugated anti-rat and Cy5-conjugated 
anti-mouse (1:500, Molecular Probes) were used as secondary antibodies. Sections were 
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mounted in Mowiol 4-88 (Calbiochem, USA) in 1,4-Diazabicyclo[2,2,2]octone (Sigma) and 
analyzed using a confocal microscope (Zeiss, Germany). 

The percentages of BrdU/NeuN+ double-stained cells were obtained by analyzing 
images of each section reconstructed on the confocal microscope. The total population of 
BrdU+ cells was examined for NeuN+ staining. All analyses and quantifications were 
performed on OB sections containing the medial MOR23 glomeruli. 
 
Statistical analysis. Out of all collected brains (n = 69), one and two brains in the Zif268 and 
BrdU studies, respectively, were removed because of tissue damage. All statistical analyses 
were performed using Statview 5 software (SAS Institute, USA). For behavioral analyses, 
percentages of correct responses in a session were analyzed using repeated-measures ANOVA 
(r-mANOVA) on proportions, followed by Bonferroni’s post-hoc test. Percentage of sniffing 
time, total number of visits and alternations were compared between paired and unpaired 
groups using Student t-tests. Percentage of BrdU+/NeuN+ cells was analyzed using the 
Student t-test. Normalized total density of BrdU+ cells in the entire GL and GCL was 
analyzed by one-way ANOVA and comparisons were performed using the Fisher’s PLSD 
post-hoc test. Distribution of Zif268+ and BrdU+ cell density throughout the MOR23 axis was 
analyzed using a r-mANOVA, and with the Fisher’s PLSD post-hoc test for comparisons. 
Comparison between the acetophenone-specific activation map and learning-induced survival 
changes was performed by a Pearson correlation. In all cases data were expressed as mean 
values ± S.E.M., and p < 0.05 was considered significant. 
 
Color-coded representations. To construct color-coded representations, learning-specific 
changes in newborn cell survival were obtained by dividing the normalized distribution of 
BrdU+ cell density observed in the paired group by the unpaired group values for each angular 
sector (values from Fig 3E). Then, for color-code maps, the maximal difference was divided 
into 12 intervals and grade colors were assigned to each interval where warm colors code for 
maximal values (in this case, maximal ratio obtained between paired and unpaired groups) 
and cold colors code for minimal values (Fig 3G).  
A similar method was used to build color-coded representations of the acetophenone-specific 
activation map (Fig 3H). In this case, non-rewarded specific activation maps were obtained by 
dividing odorant-normalized Zif268+ maps observed after acetophenone exposure by values 
obtained after lyral exposure (values from Fig. 3F).  
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Supplementary Figures and Legends 
 
 
 
 

 
 

Supplementary Figure 1. The first correct responses at day-1 are similar between paired 
and unpaired groups. No significant differences in first correct responses were found 
between groups at day-1 [group F1,29 = 3.282, p = 0.08, session F2,58 = 0.07, p = 0.93, 
group×session F2,58 = 0.448 and p = 0.64, after r-mANOVA (n = 15-16)]. Note particularly 
the identical performance during the first two trials for both groups. 
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Supplementary Figure 2. Food deprivation, social isolation and handling do not affect 
newborn neuron survival in the OB. (A) Experimental design for this study (see also Fig 
2A). All mice received six injections at day-0. BrdU+ cell density in the GL (B) and GCL (C). 
No significant differences were found between the deprived group (animals isolated, food-
deprived, handled and perfused 30d after BrdU injections) and the control group (naive 
animals perfused 30d after BrdU injections). Values were normalized with respect to the 
control group. P = 0.16 and p = 0.28 for the GL and GCL respectively, with the Student’s t-
test (n = 7). GCL, granule cells layer; GL, glomerular layer. 



 5 

 
 
 
 

 
 
 
 
Supplementary Figure 3. Newborn cell survival and odor-induced activation maps in the 
olfactory bulb. Representative images showing BrdU+ cells in the granule cells layer (A) and 
Zif268+ cells in the glomerular layer (B) taken in different regions of the olfactory bulb from 
distinct animal groups used for quantifications shown in Figures 3E and F, respectively. 
Arrows point to BrdU+ and Zif268+cells. In panel B, asterisk indicates the MOR23-GFP 
medial glomerulus and Aceto means acetophenone. Scale bars = 50 µm. 
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Supplementary Figure 4. Odor activation maps after odorant exposures. Color-coded 
representations showing the normalized distribution of Zif268+ cells throughout MOR23-
containing sections after acetophenone and lyral exposures (see supplementary methods). 


