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Materials and Methods 

Animals 

Male Sprague Dawley rats maintained on a 12 hour light / dark cycle (lights on at 7 

am) with ad libitum access to food and water were used for all behavior experiments. All 

protocols were as per the National Institutes of Health Guidelines for the Care and Use of 

Laboratory Animals and were approved by the Tata Institute of Fundamental Research 

Animal Ethics Committee (56/1999/CPCSEA). 

Drug treatment paradigms 

Pregnant primiparous dams delivered	   pups within the animal housing facility. On 

postnatal day 1 (P1) litters were randomly assigned to Control (Ctrl) or postnatal fluoxetine 

(PNFlx) groups with a litter size of 8-10 animals per dam. Pups in the Ctrl group were orally 

fed with 5 % sucrose solution (vehicle) daily from P2 to P21 with the help of feeding needles 

(1 ul / gm body weight). Pups belonging to the PNFlx group were fed with fluoxetine (10 mg 

/ kg body weight) dissolved in vehicle once daily from P2 to P21. Fluoxetine feeding was 

based on body weight measurements (1ul / gm body weight). Experimental groups included 

at a minimum pups derived from 3 separate litters to minimize any litter effects. Feeding of 

pups was carried out in a separate room away from the dams, so that ultrasonic vocalizations 

emitted by the pups during the feeding procedure did not interfere with maternal behavior of 

the dams. Feeding of each litter was accomplished within 3 minutes. All litters were briefly 

handled at 3 – 4 day intervals to allow for cage cleaning. Pups of both genders received 

vehicle or PNFlx treatment. Male and female rats were separated at P28 and once weaned, all 

pups were housed in same-sex sibling groups of 3-4 rats. All experiments post P28 were 

carried out only with male rats. For postnatal HDAC inhibitor sodium butyrate experiments, 
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pups received vehicle (5% sucrose) or sodium butyrate (300 mg/kg) from P2-21 with two 

groups: Ctrl and PNSB.  

Behavioral tests 

Juvenile Play behavior   

Tests for juvenile play behavior were performed as described previously. In brief, two 

days preceding the test, male rats aged P28 to P32, belonging both to Ctrl and PNFlx groups 

were habituated for 10 minutes to the test acrylic plastic cages (30 cm x 20 cm x 15 cm) with 

approximately 2 cm of corn cob layering the floor. Animals to be used for the test were age-

matched and weight-matched, and had no previous common social interaction. Each animal 

was used only once for the test. Experiments were performed in a dimly lit, sound-proof 

room to minimize the influence of extraneous sounds. Pairs of rats within the same treatment 

group were tested for 5 minutes in the test cage, and behavior was video recorded. Frequency 

of pouncing, duration of social grooming, and time spent in follow and chase were manually 

scored per pair of playing partners, by an investigator blind to the treatment conditions.  

Open Field Test (OFT) 

As a measure of anxiety-like behavior, we used the open field paradigm. The open 

field consisted of an arena made of wood with the following dimensions, 100 cm x 100 cm x 

70 cm. The open field arena was placed in a dimly illuminated room, covered with curtains 

from all four sides. Ctrl / PNFlx animals were gently released at one corner of the open field, 

facing the center, and allowed to explore the field for 10 minutes. At the end of the test 

animals were returned to their home cages. The open field was cleaned using 5% ethanol and 

dried in between each test. The behavior was recorded using a CCD camera and analysed 



Postnatal fluoxetine-evoked HDAC4 regulation 

	   4	  

using automated behavior tracking software Ethovision 3.1(Noldus, Netherlands). Behavior 

tests were performed between 8 am and 2 pm.  

Elevated Plus Maze (EPM) 

The EPM apparatus consisted of a plus shaped maze with two open and two enclosed 

arms. The walls of the enclosed arms were 30 cm high, while each arm measured 45 cm in 

length and was 10 cm wide. The maze had an elevation of 50 cm from the ground. Ctrl / 

PNFlx rats were gently placed at the center of the maze facing the open arms and allowed to 

explore the maze for the 10 minutes. At the end of the test, animals were returned to their 

respective home cages and the maze was cleaned using 5% ethanol. Behavior was recorded 

using a CCD camera and Ethovision tracking software (Noldus, Netherlands).  

Forced Swim Test (FST) 

A modified version of the FST was performed as described previously. On day 1, also 

known as pre-test or habituation, a plexi-glass cylinder (50 cm tall, 21 cm in diameter) was 

filled with water upto 20 cm.  Ctrl and PNFlx rats were individually released in the cylinder 

and allowed to swim for 15 minutes. On day 2, 24 hours later, rats were released in the 

cylinder for 5 minutes and their behavior was recorded using a video camera from above. At 

the end of 5 minutes, the animals were removed from water, dried and returned to their home 

cages as on day 1. Immobility time was defined as time spent immobile with minimum 

movements necessary to avoid sinking of the head and was scored by an investigator blind to 

the treatment groups. 

Morris Water Maze (MWM) 

A separate cohort of two month old Ctrl and PNFlx animals were tested for spatial 

learning and memory using the MWM as described previously. The maze consists of a tank 

(150 cm in diameter) containing water (25 ± 1 ºC) rendered opaque using milk powder, in a 
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room with prominent proximal and distal visual cues. At the center of one of the quadrants 

(i.e target quadrant) of the tank, an escape platform (10 cm diameter) was placed, 2 cm below 

the surface of water. The position of the platform remained fixed throughout the period of 

training. Over 4 days of training, and 4 trial sessions/day, animals learned to locate the 

position of the platform guided by visual cues. Trials lasted for 120 seconds each, with inter-

trial intervals of 60 seconds and ended when the animal swam to the platform and stayed on it 

for 15 seconds. Behavior was video recorded and analyzed using an automated tracking 

software (Ethovision, Noldus, Netherlands). Short and long term retention of spatial memory 

were assessed using probe tests, performed 24 hours and 10 days post the last day of training. 

On the day of the probe test, each animal was tested in the MWM from which the escape 

platform had been removed. Percentage of time spent by each animal in the target quadrant 

was analyzed to measure retention of memory in the probe tests.  

Microarray 

Global transcriptional changes within the hippocampi of PNFlx animals were assessed 

using microarray analysis. RNA was extracted from the hippocampi of 2 month old Ctrl and 

PNFlx animals using the Qiagen RNeasy mini kit following the manufacturer's 

recommendations. Total RNA integrity was assessed using RNA 6000 Nano Lab Chip on the 

2100 Bioanalyzer (Agilent, Palo Alto, CA) following the manufacturer’s protocol. Total 

RNA purity was assessed by the NanoDrop® ND-1000 UV-Vis Spectrophotometer 

(Nanodrop technologies, Rockland, USA). Total RNA samples with OD260/OD280>1.8 and 

OD260/OD230 ≥ 1.3 were used for the microarray experiments. RNA samples having a 

rRNA 28S/18S ratio greater than or equal to 1.5, with the rRNA contribution being 30% or 

more and an RNA integrity number (RIN) ≥ 7.0 were considered to be of good quality and 

included for the array studies. 
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The samples for gene expression were labeled using an Agilent Quick-Amp labeling 

Kit (p/n5190-0442). Control and PnFlx samples (500 ng each) were incubated with the 

reverse trancription mix at 40°C and converted to double stranded cDNA primed by oligodT 

with a T7 polymerase promoter. The double stranded cDNAs were used as a template for 

cRNA generation. cRNA was generated by in vitro transcription and the dye Cy3 was 

incorporated during this step. The cDNA synthesis and in vitro transcription was carried out 

at 40°C. Labeled cRNA quality was assessed for yield and specific activity. The labeled 

cRNA samples were hybridized to a Custom Rattus Norvegicus 8x15k designed by 

Genotypic Technology Pvt. Ltd. (AMADID: 016532). 600ng of Cy3 labeled samples were  

fragmented and hybridized. Fragmentation of labeled cRNA and hybridization was done 

using the Gene Expression Hybridization kit of Agilent (Part Number	   5188-5242). 

Hybridization was carried out in Agilent’s Surehyb Chambers at 65º C for 16 hours. The 

hybridized slides were washed using Agilent Gene Expression wash buffers (Part No: 5188-

5327) and scanned using the Agilent Microarray Scanner G2505C at 5 micron resolution. 

Data extraction from Images was done using Feature Extraction software v 10.5.1.1 of 

Agilent. Samples were grouped based on the replicates. Significant genes up- and down- 

regulated showing 0.6 fold differences between the samples were identified. T-test p-value 

was calculated using volcano Plot. Differentially regulated genes were clustered using 

hierarchical clustering to identify significant gene expression patterns.  Genes exhibiting 

differential regulation were filtered with the cutoff of greater than 1.35 for up-regulations and 

lesser than 0.74 for down-regulations. Statistical analysis was done using a t test with a 

significance level of 0.05 and was corrected for multiple comparisons using the Benjamin and 

Hochberg method with a false discovery rate of 0.05 for all arrays. Hierarchical clustering 

was done based on fold change values for each gene using the Gene Spring software.  

Gene ontology analysis 



Postnatal fluoxetine-evoked HDAC4 regulation 

	   7	  

Up and down-regulated genes in PNFlx animals were subjected to functional cluster 

analysis using the DAVID (Database for Annotation Visualization and Integrated Discovery : 

http://david.abcc.ncifcrf.gov/) functional annotation tools. DAVID was used to identify 

enriched biological themes (Gene Ontology terms) having enrichment scores of greater than 

1.3 from the list of genes regulated in the microarray. We noticed several odorant receptors 

that were significantly regulated in our array data. While it is unclear in the absence of qPCR 

validation of all of these receptors whether they represent ectopic expression (Otaki et al., 

2004; Flegel et al., 2013) or false positives (Lawrence et al., 2013), we performed GO term 

analysis with DAVID on array data following removal of the odorant receptors to avoid any 

bias to the gene categories found to be enriched.   

Quantitative PCR 

In order to validate candidate genes from the microarray, we performed qPCR on 

tissue samples from an independent cohort of Ctrl and PNFlx animals (n = 8 in each group). 

Tissue samples from bilateral hippocampi were prepared as described above. RNA was 

extracted from the tissue using Tri-Reagent (Sigma) and quality control was performed to 

check for RNA integrity using a spectrophotometer. RNA was reverse transcribed and 

subjected to qPCR using Sigma oligo-probes (Figure S2). Quantification was done using the 

∆∆Ct method, the calibrator is chosen to be the samples of the control group to which the 

samples of the treatment group were to be compared. The ∆∆Ct, or calibrated value for each 

sample was given by the formula ∆∆Ct  = ∆Ctsample - ∆Ctcalibrator. The fold change for each 

sample relative to the calibrator = 2(-∆∆Ct). The measure of experimental error was given by 

the formula SEM = (standard deviation of a group) / (√ number of samples in the group). 

Data from all the groups was normalized to the endogenous housekeeping gene 

hypoxanthine-guanine phosphoribosyltransferase 1 (Hprt1). qPCRs were also performed to 

estimate levels of enrichment of H3 and H4 acetylation at the promoter of genes Hdac4, 
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mTOR, Gnai1, and the enrichment of HDAC4 at the promoters of downregulated genes such 

as mTOR, Gnai1, Prkcc and Hcn1. H3 and H4 acetylation levels at the promoter of Hdac4 

gene were normalized to the levels of H3 and H4 acetylation at the promoter of endogenous 

housekeeping gene Hprt1, which showed no regulation in our microarray and qPCR studies. 

Results were compared to the control group and expressed as fold change ± SEM. 

Chromatin immuno precipitation assay (ChIP) 

ChIP analysis was performed on 2 month old Ctrl, PNFlx and Ctrl, PNFlx and PNFlx 

+ AFlx animals (n = 6-10 per group) that were sacrificed by rapid decapitation. Bilateral 

hippocampi were dissected out in ice cold phosphate buffered saline (PBS) containing 1X 

protease inhibitor cocktail (PIC) and 10µM NaButyrate. The tissue was then minced into 

1mm thick pieces using a brain slicer and cross linked in 1% formaldehyde for 12 minutes at 

room temperature. The cross-linking reaction was stopped by addition of 2M glycine. The 

tissue pieces were washed three times in cold PBS containing a protease inhibitor cocktail 

(Roche, Germany) and stored at -70 ºC until further processing. Chromatin was homogenized 

on ice using a Dounce homogenizer in detergent lysis buffer (1% SDS, 50mM Tris, 10mM 

EDTA, 1x PIC and 10µM Na Butyrate), and sonicated using the Bioruptor (Diagenode) to 

generate 400-800 bp chromatin fragments. Following sonication, chromatin lysate was 

centrifuged at 12,000 rpm for 5 minutes at 4 ºC, and the supernatant was further processed for 

ChIP. ChIP assays were performed to measure the levels of H3 and H4 histone acetylations 

and HDAC4 enrichment at gene promoter sites. For this, the nucleic acid concentration in the 

chromatin lysate was measured using NanoDrop spectrophotometer (NanoDrop 

Technologies, Wilmington, DE) and equal amounts of chromatin lysate (70 µg ) were diluted 

with ChIP dilution buffer ( 0.01% SDS, 1.1% TritonX 100, 1.2 mM EDTA, 16.7 mM Tris 

buffer pH 8.1, 167mM NaCl, 1x Protease inhibitor cocktail and 10µM NaButyrate ) to a final 

volume of 1 ml. The chromatin solution was pre-cleared with salmon sperm DNA/ 50% 
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protein A-agarose gel slurry (Pierce, USA) for 2 hrs. 10 % of the pre-cleared lysate was 

stored aside at -70 ºC, to be processed separately for chromatin precipitation, without addition 

of specific antibodies, to serve as loading control or input. Immunoprecipitations with 1µg of 

antibody directed against H3-acetylation (H3K9K14ac), H4-acetylation (H4K5K8K12ac) 

(Millipore Bioscience Research Reagents) and HDAC4 (ab1437, Abcam, UK) overnight at 

4ºC were performed on pre-cleared chromatin. As a control, samples were also 

immunoprecipitated with 1µg of nonimmune rabbit IgG (Millipore Bioscience Research 

Reagents). The histone residue specific and HDAC4 specific, modification bound antibodies 

were pulled down by incubating the antibody containing lysate with protein A-agarose beads 

for 4 hrs at 4 ºC. The beads were washed thrice with RIPA buffer (0.1% SDS, 1% sodium 

deoxycholate, 10 mM PBS, 150 mM NaCl, 2mM EDTA, 1% IGEPAL) followed by three 

washes with TE buffer (10mM Tris buffer pH 8, 1mM EDTA). The DNA-histone complex 

was then eluted from the beads in 150µl of NaHCO3 / SDS elution buffer. DNA and histone 

was reverse cross linked at 65 ºC following which the proteins were digested using proteinase 

K treatment for 2 hrs at 55 ºC. The chromatin associated with enrichment of H3 and H4 

acetylation and HDAC4, was extracted with phenol/chloroform/isoamyl alcohol, precipitated 

with 100% ethanol and re-suspended in 20µl of nuclease-free water prior to analysis using 

quantitative PCR with specific primers of interest (Figure S3). 

Viral overexpression of HDAC4 in the hippocampus 

HSV-HDAC4-GFP or control HSV-GFP viral vectors were injected bilaterally into 

the dentate gyrus of the hippocampus by stereotactic surgery following standard methods. 

Bregma coordinates used were as follows : -3.1mm posterior, +/- 2.0mm lateral, and 3.6mm 

ventral relative to bregma. Rats were anaesthetized with ketamine (100 mg/kg) - xylazine (10 

mg/kg) during the surgery. The virus was delivered at a rate of 0.1 µl/min using 33-gauge 

syringe needles (Hamilton), for a total volume of 0.7µl per animal (on each side).  Rat 
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behavior was tested at day 3 of viral infection when transgene expression is maximal. Levels 

of infection were assessed by measuring Hdac4 mRNA and HDAC4 protein levels with 

western blotting  and assessing GFP expression in the hippocampus of the animals receiving 

HSV-HDAC4-GFP  or HSV-GFP. GFP expression was assesd on brain slices (35 µm) in 

thickness, mounted on slides, dehydrated and coverslipped with Prolong Gold anti-fade 

containing DAPI. Imaging was performed using Zeiss Axiovision.  

Statistical analysis  

Experiments with two or three groups were analyzed using unpaired Student’s t test or 

one-way ANOVA followed by Student-Newman-Keul’s post-hoc test respectively, with 

significance at p < 0.05 (Instat, Graphpad Software Inc., USA). Repeated measures ANOVA 

was performed for analysis of escape latencies in the MWM task (SPSS, IBM Corporation, 

USA), with paired Student’s t test for group-wise post-hoc comparisons. 
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Results  

Figure S1:   Behaviour tests performed on PNFlx animals across life 
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Shown are schematic representations of the experimental design for behavioural tests 

performed in this study (A-F). Control (Ctrl) and postnatal fluoxetine (PNFlx) treated 

animals were subjected to behavioral tests for juvenile play, open field test (OFT), elevated 

plus maze (EPM), forced swim test (FST) at different stages across life (A). Ctrl and PNFlx 

animals in adulthood were assessed on the Morris water maze test (B). Ctrl, PNFlx, PNFlx + 

PNSB as well as Ctrl and PNSB animals were subjected in adulthood to the OFT and FST 

tasks (C, D). Ctrl, PNFlx, PNFlx + AFlx animals were assessed for behavior on the OFT and 

FST task commencing at the end of 21 days of AFlx treatment with fluoxetine administration 

continued until cessation of behavioral experiments and sacrifice (E).  



Postnatal fluoxetine-evoked HDAC4 regulation 

	   13	  

Figure S2 :   Shown is the list of primers used for qPCR validation of microarray results.  

 

Gene name Gene 
symbol 

primer sequence 

Histone deacetylase 4 Hdac4 F – TCGGTGTTTGTCAGGCTTCC 

R - TCCACTACACAGCCTACAGCCA 

Protein phosphatase 2r2b Ppp2r2b F - ACATTCCAGAGCCATGAACC 

R - GGCCTCTTATCACGCTCACT 

Arginine vasopressin receptor 2 Avpr2 F – CCCATGCATGTCTTCATCAG 

R - GCCAGGATCATGTAGGAGGA 

Galanin Gal F – TATGGGCGGATCTCCATTAG 

R - GGATGCCAACAAAGGAGAAG 

Doublecortin Dcx F - CTTGGCTAGCAGCAACAGTG 

R - AGGACCTGCTCGAAAGAGTG 

Voltage gated potassium channel 
subfamily H member 2 

Kcnh2 F - CCTGCAGCCACTTTAACTGC 

R - GTCTTCCCTGATTGCAGAGC 

Metabotropic glutamate receptor 
8 

Grm8 F - CTTGTGGGGAGCTGAAGAAG 

R - TATGGGCGGATCTCCATTAG 

Elk1 Elk1 F - ACCACTGAGATCACCCAACC 

R -AGGTATGTGTGGGGAGCAAG 

Mammalian target of rapamycin mTOR F - AGGATGACCCAGAGCTGATG 

R - CCCGAGGAATCATACAGGTG 

Guanine nucleotide binding 
protein α inhibiting 1 

Gnai1 F - ACGGACACATCCATCATCCT  

R - TCCGTTACAGCATCGAACAC 

Protein kinase C gamma Prkcc F - TTGATGGGGAAGATGAGGAG 

R - CGGACGTGGTCTAAAAGGAG 
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Notch3 Notch3 F - TGAACACACAGGGCTCATTC 

R - TCCACCTCACAGAAGGTTCC 

Hyperpolarization activated 
cyclic nucleotide gated potassium 
channel 1 

Hcn1 F - GTGGAGAAGGAGCAGGAAAG 

R - CACGGTGTTGTTGTTTGCTC 

Hypoxanthine-guanine-
phosphoribosyl transferase 1 

Hprt1 F – GCAGACTTTGCTTTCCTTGG 

R - GTCTGGCCTGTATCCAACACT 

Histone deacetylase 1 Hdac 1 F – ATAATGTCGCTCGGTGCT 

R - ATTGGAAGGGCTGATGTGAA 

Histone deacetylase 2 Hdac 2 F – TGAGGATGGAGAAGACCCTGAC 

R - TCAATCCTGGCTTTTTTGGC 

Histone deacetylase 3 Hdac 3 F - ATCCGCCAGACCATCTTTG 

R - TCTCCACATCGCTTTCCTTG 

Histone deacetylase 5 Hdac 5 F - GTCGAAAGGATGGCACTGTT 

R - AGCCAGTAAAGCCGTTCTCA 

Histone deacetylase 6 Hdac 6 F - CAGCGCAGTCTTATGGATGG 

R - AGCGGTGGATGGAGAAATAG 

Histone deacetylase 7 Hdac 7 F - TAGCCAGCAGTGTGGTCAAG 

R - CAGGGATTTCTTGGGTTTGTAG 

Histone deacetylase 9 Hdac 9 F - GCAGAGGCAAGAACAGGAAG 

R - TGATCCAGTGATGTGTGGTG 

Brain derived neurotrophic factor Bdnf F - TCTTGCTGTGGTCTCTTTTTGG 

R - CCACAGACATTTACTTACAGTTTCAATG 

Neurotrophic tyrosine receptor 
kinase type B 

TrkB F – TTCCGAGGTTGGAACCTAACAGCA 

R - TTGCCGTTCTTCAGAAACGCCTTG 

Glial cell line derived 
neurotrophic factor 

Gdnf F - ATGGACTTCCAGACCCACTG 

R - CTCGGCAGGTACAGCCTAAG 
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Activity regulated cytoskeleton-
associated protein 

Arc F - GCCCCCAGCAGTGATTCATA 

R - GACTCAGCCCCTCTGGGAC 

c-Fos proto oncogene c-Fos F - TGAAGACCATGTCAGGCGG 

R - TTCCCTTCGGATTCTCCGT 
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Figure S3: Shown is the list of primers used for qPCR analysis of ChIP experiments 

 

Gene name Gene symbol sequence 

Hypoxanthine –guanine-
phosphoribosyl  
Transferase 1 

Hprt1 F - CAGGCCCAACTTGTCAGAAC    

R - TCGACAACACCTCAGAGACG 

Histone deacetylase 4 Hdac4 F – TTGAGAGAGGCCGATCGAAG   

R – CCCTGCCTGGTTTCTAATGA 

Mechanistic target of 
rapamycin 

mTOR F - TGATTGGCTCTCCGGAATAC     

R - GCCCTACAACCAATCAGAGG 

Guanine nucleotide binding 
protein α inhibiting 1 

Gnai1 F – CTTCCACTTGCTCGGATTTC 
 
R – GGGAATGCTATTCAGCTTGC 
 

Protein kinase C gamma Prkcc F – GTGGACAAGGCTTGGAGGAC 
 
R – CCGCACCTGCTGAAATGTAG 
 

Hyperpolarization 
activated cyclic nucleotide 
gated potassium channel 1 

Hcn1 F - ATTCCAACAGGCGTTCAGTG 

R - TGGGAGGGGAGAAAAGAAAG 
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Figure S4: 

Total distance moved in the open field in PNFlx animals in adulthood 

                      

Two month old control (Ctrl) and PNFlx animals were tested for anxiety in the open field 

test. Total distance moved in the open field during the test, did not differ between 

experimental groups. Data are the mean ± SEM of the total distance moved in the open field 

(cm) (n = 8 – 10 per group, Student’s t test).  
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Figure S5: 

Elevated Plus Maze behavior in PNFlx animals in adulthood 

 

 

Control (Ctrl) and PNFlx animals were tested for anxiety on the elevated plus maze test in 

adulthood (P80). PNFlx animals exhibited a significant decrease in both percent time (A) and 

pathlength (B) in the open arms of the maze. PNFlx animals also exhibited a significant 

decrease in number of entries to the open arms as compared to their age-matched controls 

(C). Total distance moved in the elevated plus maze did not differ between experimental 

groups (D). Data are represented as the mean ± SEM  (n = 8 – 10 per group, * p <0.05, 

Student’s t test).  
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Figure S6: Open Field and Forced Swim test behavior in 18 month old PNFlx animals 

 

Enhanced depression- and anxiety-like behavior on the FST (B) and OFT (C-E) persisted 

upto 18 months in PNFlx animals. In adulthood, PNFlx animals showed depression-like 

behavior on the FST with increased immobility events (B). On the OFT, PNFlx animals 

showed significant decreases in percent path length in the center of the arena (C) with no 

change however in the latency to approach the center (D) as compared to age-matched 

control animals. Total distance travelled in the OFT remained unaltered in PNFlx 18 month 

old animals (E). Data are the mean ± SEM (n = 8 – 10 per group, * p <0.05, Student’s t test).  
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Figure S7: 

Morris water maze performance following PNFlx 

 

Shown is a schematic representation of the behavioral paradigm for the Morris Water Maze 

test (A). Adult control (Ctrl) and PNFlx animals were trained (T) over 4 days (4 trials/day) 

and tested for short and long-term retention of memory using probe tests, 24 hours (P) and 10 

days (R) after the last day of training.  Acquisition of spatial learning was assessed by 

determining the latency to approach the hidden platform (escape latency) in the target 

quadrant. Across all four days of training, Ctrl and PNFlx animals exhibited no difference in 

escape latencies (B). Data shown is the mean ± SEM of the latency to approach the platform 

(in seconds) over 4 trials. (n = 9/group, repeated measures ANOVA). On the days of probe 

test (C) and retention (D), Ctrl and PNFlx animals spent equal duration of time in the target 

quadrant, suggesting no difference between groups in learning and memory. Data shown is 

the mean ± SEM of the time spent in target quadrant (n = 9 /group, Student’s t test). 
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Figure S8:  Functional category analysis of genes significantly dysregulated in the 
microarray (unpaired t test, * p < 0.05) 

Gene ID 
 

Response to organic substances 
 

Number of 
genes 

regulated 
Enrichment 

score p value 
     

25075 5-hydroxytryptamine (serotonin) receptor 1B 100 5.86 9.1E-9 
114630 ATP synthase, H+ transporting, mitochondrial     

24224 B-cell CLL/lymphoma 2    
64639 Bcl2-antagonist of cell death    

245962 Cd48 molecule    
171562 ERO1-like (S. cerevisiae)    

25639 FK506 binding protein 1a    
171078 MLX interacting protein-like    
316013 SET domain containing 2    
114203 SH2B adaptor protein 2    

29357 SMAD family member 2    
373541 TAF9 RNA polymerase II, TATA box binding     
313020 WD and tetratricopeptide repeats 1    

25732 acid phosphatase 5, tartrate resistant    
29437 actin, alpha 1, skeletal muscle    

245921 activin A receptor, type IC    
64622 activity-dependent neuroprotector homeobox    

114024 acyl-CoA synthetase long-chain family member 3    
113976 acyl-CoA synthetase long-chain family member 4    

64532 adenylate cyclase 5    
25289 adenylate cyclase 6    
25238 adrenergic, beta, receptor kinase 1    
25026 adrenomedullin    
24792 alanine-glyoxylate aminotransferase    

307092 aldo-keto reductase family 1, member C1     
25586 alkaline phosphatase, liver/bone/kidney    
24153 alpha-2-macroglobulin    
54225 apolipoprotein B (including Ag(x) antigen)    
25386 aquaporin 2 (collecting duct)    
65054 aquaporin 9    
25108 arginine vasopressin receptor 2    
25120 arylalkylamine N-acetyltransferase    

315222 arylsulfatase A    
360715 biregional cell adhesion molecule-related    

81509 bradykinin receptor B1    
313495 carbonic anhydrase 9    
171118 carboxylesterase 2 (intestine, liver)    

25423 cathepsin C    
25302 cholinergic receptor, nicotinic, alpha 7    
24255 cystic fibrosis transmembrane conductance regulator   

313375 cytochrome P450, family 2, subfamily J, 4    
361523 cytochrome P450, family 2, subfamily b, 2    
171522 cytochrome P450, family 2, subfamily d, 4    
114700 cytochrome P450, family 27, subfamily b, 1    

25642 cytochrome P450, family 3, subfamily a, 1    
24326 endothelin receptor type A    
24890 estrogen receptor 1    
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25445 fos-like antigen 1    
29141 galanin prepropeptide    
24385 glucokinase    
24957 glutamate-ammonia ligase (glutamine synthetase)    
25283 glutamate-cysteine ligase, catalytic subunit    

114022 glutaredoxin 2    
57298 glutathione S-transferase mu 3    
25735 hepatocyte nuclear factor 4, alpha    

363287 histone deacetylase 4    
25117 hydroxysteroid 11-beta dehydrogenase 2    
24506 insulin 2    
24954 insulin receptor    
25685 insulin-like growth factor binding protein 1    
60582 interleukin 1 receptor antagonist    

171334 interleukin 12 receptor, beta 2    
24517 jun B proto-oncogene    
24530 lecithin cholesterol acyltransferase    
24536 leptin receptor    
81680 leukemia inhibitory factor receptor alpha    
56718 mechanistic target of rapamycin    

154968 meningioma expressed antigen 5 (hyaluronidase)    
59108 myoglobin    
64042 neuromedin U receptor 2    

309452 nuclear factor of kappa light polypeptide enhancer    
58850 nuclear receptor subfamily 0, group B, member 1    
58852 nuclear receptor subfamily 1, group H, member 3    
58853 nuclear receptor subfamily 4, group A, member 3    

117554 pancreatic lipase-related protein 2    
50557 phosphatase and tensin homolog    

246145 phosphatidylethanolamine binding protein 2    
29526 phospholipase A2, group IB, pancreas    
24653 phospholipase A2, group IVA (calcium-dependent)    
25692 plasminogen activator, tissue    
29527 prostaglandin-endoperoxide synthase 2    
84006 protein kinase C, iota    
85428 ras homolog gene family, member Q    
24715 renin    
83840 ribosomal protein S6 kinase, 70kDa, polypeptide 1    
29270 sepiapterin reductase (7,8-dihydrobiopterin)    
25125 signal transducer and activator of transcription 3    

301252 similar to heat shock protein 1, beta    
252971 suppressor of cytokine signaling 1    

25615 syndecan 2    
29219 synuclein, alpha (non A4 component)    

117514 thioredoxin interacting protein    
25653 thyroid stimulating hormone, beta    
25625 tumor necrosis factor receptor superfamily, 1a    

362675 tumor protein p73    
24860 uncoupling protein 1 (mitochondrial, proton carrier)    
29414 v-akt murine thymoma viral oncogene homolog 3     
59323 v-erb-a erythroblastic leukemia viral oncogene 4     
24337 v-erb-b2 erythroblastic leukemia viral oncogene 2    

313481 zinc finger, CCHC domain containing 11    
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Gene ID 
 

DNA binding 
 

Number of 
genes 

regulated 
Enrichment 

score 
p value 
 

297867 AT rich interactive domain 1A (SWI-like) 94 3.11 7.6E-2 
117232 BarH-like homeobox 1    

64530 CCHC-type zinc finger, nucleic acid binding protein    
298447 DNA methyltransferase 1-associated protein 1    
304815 E74-like factor 3    
304786 ELK4, member of ETS oncogene family    
291293 F-box only protein 18    

54254 GATA binding protein 4    
29300 GATA binding protein 6    

294734 GC-rich promoter binding protein 1    
364140 GS homeobox 2    
171160 HOP homeobox    
171078 MLX interacting protein-like    
252915 Max dimerization protein 3    
305999 NK3 homeobox 1    
192110 POU class 3 homeobox 1    
689210 SAM domain containing ets transcription factor    
114634 SIX homeobox 1    

29357 SMAD family member 2    
84046 SRY (sex determining region Y)-box 11    

140586 SRY-box containing gene 9    
301020 SWI related actin dependent regulator of chromatin    
316477 SFN related actin dependent regulator of chromatin   
313507 T-cell acute lymphocytic leukemia 1    
288533 TAF6 RNA polymerase II, TATA binding protein    
373541 TAF9 RNA polymerase II, TATA binding protein     
363247 X-ray repair complementing in Ch Hamster cells 5    

64622 activity-dependent neuroprotector homeobox    
296259 acyl-CoA synthetase short-chain family member 1    
362169 alkB, alkylation repair homolog 3 (E. coli)    
117180 cold shock domain containing E1, RNA binding    
303469 distal-less homeobox 4    
315500 endonuclease family domain containing 1    

24890 estrogen receptor 1    
362733 ets variant 1    
171302 forkhead box E3    
300054 forkhead box H1    
363185 forkhead box P4    
311547 forkhead box S1    

25445 fos-like antigen 1    
83635 glucocorticoid modulatory element binding 2    

316409 heat shock transcription factor, Y linked 2    
25735 hepatocyte nuclear factor 4, alpha    

680097 histone cluster 2, H4    
363287 histone deacetylase 4    

25607 homeo box A1    
79241 homeo box A5    

315341 homeo box C5; homeo box C4    
114504 homeo box, msh-like 3    

29721 HIV type I enhancer binding protein 2    
64345 hypoxia inducible factor 3, alpha subunit    
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316052 integrin alpha 9; eomesodermin homolog     
363630 jumonji domain containing 3    

24517 jun B proto-oncogene    
367314 leucine rich repeat (in FLII) interacting protein 1    
287521 max binding protein    
361724 metastasis associated 1 family, member 2    
288532 minichromosome maintenance deficient 7     
310483 myeloid leukemia factor 1    
290221 neural retina leucine zipper    
309452 nuclear factor of kappa light polypeptide, enhancer    

58850 nuclear receptor subfamily 0, group B, member 1    
58852 nuclear receptor subfamily 1, group H, member 3    
81808 nuclear receptor subfamily 2, group F, member 1    
58853 nuclear receptor subfamily 4, group A, member 3    
29508 nuclear transcription factor-Y alpha    
25281 nucleoporin 153    

113983 paired-like homeodomain 1    
29609 paired-like homeodomain 3    
25682 peroxisome proliferator-activated receptor delta    
83516 peroxisome proliferator-activated receptor gamma    

297804 pleiomorphic adenoma gene 1    
309457 polycomb group ring finger 6    

83503 polymerase (RNA) II (DNA directed) polypeptide F    
65045 protein phosphatase 1, regulatory subunit 10    

307481 protocadherin 1    
257642 rRNA promoter binding protein    

24706 retinoic acid receptor, beta    
25125 signal transducer and activator of transcription 3    

502382 similar to FoxB2 protein    
679158 similar to SRY (sex determining region Y)-box 3    
317259 similar to non-POU domain containing    

85384 son of sevenless homolog 2 (Drosophila)    
301965 telomerase reverse transcriptase    
309902 tet oncogene 1    
313994 transcription factor CP2-like 2    
362675 tumor protein p73    
314380 tyrosyl-DNA phosphodiesterase 1    

64572 ventral anterior homeobox 2    
361627 zinc finger protein 143    
287076 zinc finger protein 263    
292610 zinc finger protein 606; vomeronasal 2 receptor    
293067 zinc finger, AN1-type domain 6    
296478 zinc finger, CCCH-type with G patch domain    

     

Gene ID 
 

Regulation of cellular protein metabolic processes 
 

Number of 
genes 

regulated 
Enrichment 

score 
p value 

 
24224 B-cell CLL/lymphoma 2 46 3.58 9.2E-5 
85273 F-box protein 2    
25639 FK506 binding protein 1a    

291609 Nedd4 family interacting protein 1    
312927 RB1-inducible coiled-coil 1    
373541 TAF9 RNA polymerase II    

64622 activity-dependent neuroprotector homeobox    
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24153 alpha-2-macroglobulin    
29373 bone morphogenetic protein 2    
81509 bradykinin receptor B1    
78965 colony stimulating factor 1 (macrophage)    
24326 endothelin receptor type A    
25317 fibroblast growth factor 1    
54250 fibroblast growth factor 2    

314642 fizzy/cell division cycle 20 related 1 (Drosophila)    
25283 glutamate-cysteine ligase, catalytic subunit    
25735 hepatocyte nuclear factor 4, alpha    

363287 histone deacetylase 4    
114504 homeo box, msh-like 3    

24506 insulin 2    
24954 insulin receptor    
60582 interleukin 1 receptor antagonist    

287287 interleukin 4    
56718 mechanistic target of rapamycin     

154968 meningioma expressed antigen 5 (hyaluronidase)    
116667 mitogen activated protein kinase kinase kinase 1    

25499 nardilysin 1 (N-arginine dibasic convertase)    
58852 nuclear receptor subfamily 1, group H, member 3    
29359 phospholipase A2, group X    
64031 programmed cell death 4    

287984 proteasome (prosome, macropain) 26S subunit    
58854 proteasome (prosome) subunit, beta type 4    
24681 protein kinase C, gamma    

373545 protein kinase, AMP-activated, gamma 2 subunit    
295706 proteoglycan 3    

65051 serine peptidase inhibitor, clade A, member 5    
295703 serine peptidase inhibitor, clade G, member 1    

25245 bradykinin receptor B2    
301252 similar to heat shock protein 1    
252971 suppressor of cytokine signaling 1    

29219 synuclein, alpha     
24827 transforming growth factor alpha    

362675 tumor protein p73    
114590 ubiquilin 1    
361831 ubiquitin-conjugating enzyme E2D 1    

     

Gene ID 
 

Regulation of protein kinase activity 
 

Number of 
genes 

regulated 
Enrichment 

score 
p value 

 
64666 TAO kinase 2 23 1.47 9.4E-2 
64622 activity-dependent neuroprotector homeobox    
24205 adenomatous polyposis coli    
64532 adenylate cyclase 5    
25289 adenylate cyclase 6    
81509 bradykinin receptor B1    
25302 cholinergic receptor, nicotinic, alpha 7    
78965 colony stimulating factor 1 (macrophage)    
83681 cytokine inducible SH2-containing protein    
24326 endothelin receptor type A    
54250 fibroblast growth factor 2    
24414 glutamate receptor, metabotropic 1    
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24506 insulin 2    
24954 insulin receptor    
60582 interleukin 1 receptor antagonist    
56718 mechanistic target of rapamycin     

116667 mitogen activated protein kinase kinase kinase 1    
64031 programmed cell death 4    

373545 protein kinase, AMP-activated, gamma 2 subunit    
24827 transforming growth factor alpha    

362675 tumor protein p73    
24337 v-erb-b2 erythroblastic leukemia viral oncogene 2    

296478 zinc finger, CCCH-type with G patch domain    
     

Gene ID 
 

Transcription repressor activity 
 

Number of 
genes 

regulated 
Enrichment 

score 
p value 

 
298447 DNA methyltransferase 1-associated protein 1 20 2.75 8.7E-2 
304815 E74-like factor 3    
171160 HOP homeobox    

25049 ataxin 1    
29515 atrophin 1    
29373 bone morphogenetic protein 2    

313128 caspase 8 associated protein 2    
307042 enhancer of polycomb homolog 1 (Drosophila)    
363185 forkhead box P4    
363287 histone deacetylase 4    
114504 homeo box, msh-like 3    
361724 metastasis associated 1 family, member 2    

58850 nuclear receptor subfamily 0, group B, member 1    
64460 peroxisomal biogenesis factor 14    
25682 peroxisome proliferator-activated receptor delta    
83712 retinoblastoma binding protein 7    

309757 sirtuin 1     
299897 trichorhinophalangeal syndrome I homolog (human)   
292925 tumor susceptibility gene 101    
287076 zinc finger protein 263    

     

Gene ID 
 

Response to glucocorticoid stimulus 
 

Number of 
genes 

regulated 
Enrichment 

score 
p value 

 
24224 B-cell CLL/lymphoma 2 19 3.93 4.3E-4 
64639 Bcl2-antagonist of cell death    
25026 adrenomedullin    
24792 alanine-glyoxylate aminotransferase    
25586 alkaline phosphatase, liver/bone/kidney    
24153 alpha-2-macroglobulin    
25120 arylalkylamine N-acetyltransferase    
25642 cytochrome P450, family 3, subfamily a    
25445 fos-like antigen 1    
25117 hydroxysteroid 11-beta dehydrogenase 2    
24954 insulin receptor    
60582 interleukin 1 receptor antagonist    
24517 jun B proto-oncogene    
24530 lecithin cholesterol acyltransferase    

117554 pancreatic lipase-related protein 2    
24653 phospholipase A2, group IVA (calcium-dependent)    
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25692 plasminogen activator, tissue    
29527 prostaglandin-endoperoxide synthase 2    
83840 ribosomal protein S6 kinase, 70kDa, polypeptide 1    
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Figure S9: 
 

HDAC4 enrichment levels at the Prkcc and Hcn1 promoters 
 

 
 
 

Chromatin immunoprecipitation (ChIP) analysis revealed no change in HDAC4 enrichment 
at the Prkcc and Hcn1 promoters. Data are expressed as fold change of control and are the 
mean ± SEM (n = 6-10 per group, Student’s t-test). 
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Figure S10: 
 

 H3 acetylation at the mTOR and Gnai1 promoters 
 
 

 
 

Chromatin immunoprecipitation (ChIP) analysis indicated no significant alteration in H3 
acetylation at the mTOR (A) and Gnai1 (B) promoters. Data are expressed as fold change of 
control and are the mean ± SEM (n = 6-10 per group). (Student’s t-test).  
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Figure S11: 

Behavior of PNSB animals in the open field and forced swim test 

 Ctrl PNSB  

Open Field Test Mean ± SEM Mean ± SEM p value 

% time in the center 3.17 ± 0.47 2.2 ± 0.45 0.18 

% path length in the center 5.80 ± 0.95 3.7 ± 0.79 0.12 

Number of visits to the center 14.14 ± 2.8 8.57 ± 2.0 0.13 

Total distance 8741 ± 133 8624 ± 170 0.55 

Forced Swim Test    

% time spent immobile 9.6 ± 1.5 12.4 ± 1.4 0.22 

Latency to first immobility 157.4 ± 12.6 109 ± 19.9 0.08 

Immobility events 24.6 ± 3.8 30.0 ± 4.4 0.38 

 

Control (Ctrl) and postnatal sodium butyrate (PNSB) animals were tested in adulthood on the 

open field test (OFT) and the forced swim test (FST). PNSB did not alter behaviour either on 

the OFT or on the FST in adulthood. Percent time spent in the centre, percent pathlength 

traversed, and number of visits to the centre of the open field and total distance moved in the 

entire arena remained unaltered between Ctrl and PNSB animals. On the FST, percent time 

spent immobile, latency to first immobility and number of immobility events were also not 

significantly changed in PNSB animals. Data are the mean ± SEM (n = 6-7 animals per 

group, Student’s t-test). 
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Figure S12:Details of ANOVA analysis performed for PNFlx + PNSB and PNFlx +AFlx 

experiments: 

PNFlx+PNSB  FST: 

%  time spent immobile (F2,16 = 7.8, p = 0.004) 

Latency to first immobility (F2,16 = 6.86, p =0.0001) 

PNFlx+PNSB  OFT: 

% time in the centre (F2,18 = 16.8, p = 0.0001) 

% path length in the centre (F2,18 = 21.1, p = 0.0001) 

number of visits to the center (F2,18 = 17.6, p = 0.0001) 

PNFlx+PNSB  qPCRs: 

Hdac4 (F2,25 = 21.3, p <0.0001) 

mTOR (F2,24 = 20.9, p = <0.0001) 

Gnai1 (F2,25 = 50, p = <0.0001) 

Prkcc (F2,22 = 25.2, p = <0.0001) 

Hcn1 (F2,25 = 22.3, p = <0.0001) 

PNFlx+AFlx  FST: 

%  time spent immobile (F2,15 = 35.5, p <0.0001) 

Immobility events (F2,15 = 36.9, p <0.0001) 

PNFlx+AFlx  OFT: 

% path length in the centre (F2,26 = 5.12, p = 0.01) 

number of visits to the center:  (F2,26 = 7.4, p = 0.002) 

PNFlx+AFlx  Molecular data: 

Hdac4 mRNA (F2,24 = 4.2, p = 0.026) 

mTOR mRNA (F2,20 = 4.25, p = 0.029) 
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Gnai1 mRNA (F2,24 = 4.63, p = 0.019) 

H3 acetylation at Hdac4 promoter (F2,16 = 5.21, p = 0.017) 

H4 acetylation at Hdac4 promoter (F2,25 = 4.36, p = 0.020) 

Hdac4 enrichment at mTOR promoter (F2,19 = 4.55, p = 0.024) 

Hdac4 enrichment at Gnai1 promoter (F2,18 = 5.13, p = 0.020) 

mTOR western (F2,9 = 6.90, p = 0.015) 
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