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Supplemental Figure 1. ChIP-seq of bulk hippocampus of water and caffeine-treated mice. Principal Component 
Analysis (PCA) of control (water-treated) and caffeine-treated mice from ChIP-seq of H3K9/14ac (A) and H3K27ac 
(B) data (N=2). H3K27ac mark shows more robust separation between water and caffeine-treated animals. A total of 
2 biological replicates were used per histone mark. (C) Genomic representation by The Integrative Genomics Viewer 
(IGV) of some representative H3K9/14 and H3K27 acetylated regions not altered by chronic caffeine consumption in 
the mouse hippocampus (Dusp3, Psme3, Mlh3, Acyp1).  
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Supplemental Figure 2. Hippocampal transcriptomics of water and caffeine-treated mice. (A) MA plot generated 
from RNA-seq data showing no statistically significant gene expression changes between water and caffeine-treated 
animals in basal conditions (N=4). (B) Violin plot representation of the integration between RNA-seq and ChIP-seq 
of H3K27ac depleted genes in caffeine-treated mice showing significant overall decrease in gene expression (z-score) 
(b) over the same number of randomly chosen genes (test performed in 6 different random datasets). *p<0.05 using 
unpaired two-tailed T-test. (C) Genomic region representation of some metabolic and transcription-related genes 
found depleted in H3K27ac and H3K9/14ac in caffeine-treated mice. (D) RT-qPCR results of these acetylation 
depleted genes after acute (24h), chronic treatment (2 weeks) as well as after caffeine withdrawal (2 weeks) (N=5-6). 
Data are shown as mean ± SEM. * p<0.05; ** p<0.01; ***p<0.001 vs control using One-Way ANOVA followed by 
Tukey’s multiple comparison test. 
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Supplemental Figure 3. H3K27ac CUT&Tag in all cells. (A) Volcano plot showing the differential enriched 
genomic regions of H3K27ac (CUT&Tag) upon caffeine treatment (10010 decreased and 2983 increased peaks) in all 
cells. Red dots represent the significant different regions (FDR<0.003). (A) Ingenuity Pathway Analysis (IPA) of 
ChIP-seq and CUT&Tag decreased H3K27ac genes, showing common upstream regulators in both datasets. (C) 
Overlap of decreased H3K27ac genes between both epigenetic techniques showing that approximately 30% (648) of 
the decreased H3K27ac genes by ChIP-seq was found using the CUT&Tag technique. KEGG pathways of the 
common H3K27ac depleted genes between both techniques. Blue arrows pointing towards the pathways found in 
H3K27ac ChIP-seq represented in Figure 1e. A total of 2 biological replicates were used for both experiments. 
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Supplemental Figure 4. Validation of CUT&Tag in neurons. (A) Genomic representation (IGV) of the H3K27ac 
and H3K27me3 in control samples of neuronal genes, showing higher enrichment in acetylation and depleted in 
methylation. (B) Genomic representation of glial-related genes demonstrating higher H3K27me3 levels compared 
with the acetylation ones.  (C) PCA plot of control (water-treated) and caffeine-treated mice from CUT&Tag of 
H3K27ac an (d) and H3K27me3 samples.  A total of 2 biological replicates were used per histone mark.  
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Supplemental Figure 5. Gene Ontology analysis of H3K27ac and H3K27me3 changes induced by caffeine in 
mouse hippocampal neurons.   (A) GREAT analysis of H3K27ac depleted regions and (B) H3K27me3 enriched 
ones showing the most significant associated Biological Processes. (C) Intersection of depleted/enriched regions 
between H3K27ac and H3K27me3 (Bedsect V3 tool, overlap size of 100bp, (Mishra G et al, 2020. BedSect: An 
Integrated Web Server Application to Perform Intersection, Visualization, and Functional Annotation of Genomic 
Regions From Multiple Datasets. Frontiers in Genetics, 1664-8021).  (D, blue) GREAT analysis of the regions 
depleted in H3K27ac and increased in H3K27me3 (282 regions) showing that transcription-related terms are among 
the most significant molecular functions. (d, red) GREAT analysis of the genomic regions increased in H3K27ac and 
depleted in H3K27me3 demonstrating that ion transport-related molecular functions are the most significant terms. 
(E) ClusterProfiler analysis (Wu T. et al, 202, clusterProfiler 4.0: A universal enrichment tool for interpreting omics 
data. The Innovation 2(3), 100141) of depleted/enriched H3K27ac and H3K27me3 showing the most significant 
deregulated biological processes (adjusted p-value<0.05). Warmer colors represent greater statistical significance and 
circle size determines the gene ratio within the pathway. H3K27ac enrichment and H3K27me3 depleted genes are 
related to membrane potential as well as learning and memory processes. 
*RNA pol II core promoter proximal region sequence-specific binding 
**RNA pol II transcription regulatory region sequence-specific binding 
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Supplemental Figure 6. Morris-Water maze experiments in water and caffeine-treated animals. 
Distance to reach the platform (in meters) during the acquisition period (N=4). Thigmotaxic analysis, represented by 
the time spent in the periphery of the pool during the 3-days of training, Day 1 and 3 show a tendency for decreased 
thigmotaxic behavior in the Caffeine group (p=0.059 and p=0.069, respectively). Swim speed (m/second) during the 
3 days for both groups. Data are shown as mean ± SEM. * p<0.05 for caffeine vs control using One-Way ANOVA 
followed by Sidak’s multiple comparison test. 
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Supplemental Figure 7. Caffeine-induced transcriptomic alterations upon learning and integration with 
H3K27ac CUT&Tag dataset (A) RNA-seq data of genes up-regulated by learning in both control and caffeine-
treated animals, but significantly more induced in the Caffeine group. (B) Genes up-regulated by learning specifically 
in the Caffeine group. P-values were retrieved from DESeq2 analysis: * p < 0.05; ** p < 0.01; *** p < 0.001, between 
learning and home cage conditions. # p < 0.05 between both learning groups. (C) Venn diagram showing the overlap 
of 198 genes that were depleted in H3K27ac (all cells hippocampus CUT&Tag) and up-regulated (RNA-seq) by 
learning in caffeine-treated mice (re-setting effect). (D) Violin plots of the expression values (z-score) of the 198 genes 
showing decreased expression in home-cage (HC) and increased in learning conditions between water and caffeine-
treated mice. **** p < 0.0001 using One-way ANOVA followed Bonferroni’s multiple comparison post hoc test. (E) 
Gene ontology analysis performed with STRING of the 198 genes demonstrating that they are strongly associated 
with metabolic related biological processes (top 16 by FDR). Data in C-E refers to CUT&Tag all cells and supports 
the results obtained by ChIP-seq bulk hippocampus (Figure 5 I-K). 
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Supplemental Table 1. Differential enrichment analysis from H3K9/14ac and ChIP-seq between caffeine treated and 
control mice hippocampus (xls uploaded). 
Supplemental Table 2. Differential enrichment analysis from H3K27ac ChIP-seq between caffeine treated and 
control mice hippocampus (xls uploaded). 
Supplemental Table 3. Canonical pathways (IPA) of epigenomics data (H3K27ac and H3K9/14ac) filtered by Central 
Nervous System terms (xls uploaded). 
Supplemental Table 4. Upstream Regulators (IPA) of epigenomics data (H3K27ac and H3K9/14ac) filtered by 
Central Nervous System term (xls uploaded). 
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Supplemental Table 5. Metabolomics data (metabolites and lipids) of control and caffeine-treated mice hippocampus. 
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Supplemental Table 6. Proteomic alterations of control and caffeine-treated mice hippocampus (xls uploaded). 
Supplemental Table 7. Upstream regulators of depleted H3K27ac regions from ChIP-seq and CUT&Tag experiments 
in bulk hippocampus (xls uploaded). 
Supplemental Table 8. H3K27ac and H3K27me3 differential enrichment analysis of caffeine-treated mice in 
hippocampal neurons (CUT&Tag) (xls uploaded). 
Supplemental Table 9. Differential expression analysis (RNA-seq) performed in the hippocampus of caffeine treated 
and control mice, in basal and upon learning conditions (xls uploaded). 
 
 
 


