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Methods

Genome-wide search of transcription factor binding sites.  Genome sequences and annotations were obtained from UCSC Genome Bioinformatics Site (http://genome.ucsc.edu). Whole genome text search of full CRE (TGACGTCA) and half CRE (TGACG/CGTCA) sites was performed on the NCBI Build 34 assembly of the human genome (hg16), and conserved CREs were chosen based on the presence of exact sequences in Human/Mouse/Rat (hg16/mm3/rn3) multiple genome alignments. All CRE hits were mapped to promoter/exon/intron/intergenic regions according to locations of RefSeq genes. Promoters were defined as upstream 3000 bp to downstream 300bp of the annotated transcription start sites. For all CREs located in the promoter regions, search of downstream (within 300bp) TATA boxes was performed using a weight matrix (1). CREs located within 50bp of each other were considered to form clusters of CRE. For all other transcription factor binding sites listed in the TransFac database, those that are conserved in human/mouse/rat multiple genome alignment were obtained from UCSC Genome Bioinformatics Site (“tfbsCons.txt.gz” from annotation database of hg16) and mapped to promoter regions. To build Profile Hidden Markov Models (pHMMs) models, known CREB target genes (from literature or from our unpublished ChIP results) were chosen and the CRE sites and flanking sequences were used as training sets. A total of 36 full CRE sites and 50 half CRE sites were used.  For each training set, CRE sites and any conserved flanking sequences were identified by MEME (http://meme.sdsc.edu/meme/website/meme.html) and used to generate the pHMM using the HMMER package (http://hmmer.wustl.edu/). The training set sequences, MEME output, and the pHMM models are available in the accompanying website (http://natural.salk.edu/CREB/). Cutoff scores for pHMM searches were picked as 90% of the scores from training sets. To further choose positional conserved CREs (2), distances to the start of coding regions were compared between human and mouse orthologs, and those with less than either a 10% or 300bp difference from CRE to the start of the coding sequence were chosen. 

Statistical analysis.  To determine whether a certain category of genes is enriched in a list compared to the whole population of genes assayed (for example, when checking if transcription factors are enriched in CREB target genes comparing to all human genes), p-values were computed as the upper bound of the distribution of Jackknife Fisher exact probabilities (3). This p-value is a sliding-scale, conservative adjustment of the Fisher exact which strongly penalizes the significance of categories supported by few genes and negligibly penalizes categories supported by many genes.  It therefore yields more robust results than Fisher exact scores. When determining the number of genes from a list, locuslink numbers were used as unique identifiers. Multiple accession numbers or Affymetrix probe sets associated with the same gene are counted as one.

Methylation analysis of full CRE sites in the genome.  Genomic DNA was digested with Aat II overnight, extracted with phenol, and ethanol precipitated.  PCR primers for CRE containing fragments were designed in batch using Primo Pro (http://www.changbioscience.com/primo/primo.html). 

Tissue preparation, RNA extraction, and microarray analysis.  HEK293T, MIN6, human islet, and primary hepatocytes were cultured, transfected with A-CREB expression vector or infected with dominant negative A-CREB expressing adenovirus, and harvested for mRNA analyses as previous described (2, 4, 5). For characterization of fasting-inducible genes, Male C57 BL/6 mice (8 weeks old) were fasted for 14 hours before providing food to the re-fed group for another 4 hours. Animals were sacrificed, and liver RNA was prepared with Trizol Reagent (Invitrogen) and purified with RNeasy Mini Kit (QIAGEN). RNA samples were amplified, labeled and hybridized to Affymetrix GeneChip arrays according to the standard protocols.  Scanned images were analyzed using the dChip software (6).  Lower bounds of the 90% confidence intervals of fold changes (LFC) (6) were employed to identify cAMP inducible genes. The complete set of expression data and recommended cutoff for LFC (usually between 1-1.3) for each experiment is available at http://natural.salk.edu/CREB/. 

ChIP on chip analysis. Non-discriminating and phospho (Ser133) specific CREB antisera were described previously (7); CBP antibody (A-22) was purchased from Santa Cruz Biotechnology (Santa Cruz, CA).  Promoter arrays were manufactured as previous described (8), except that ~ 6000 additional spots were added. Chromatin immunoprecipitation (ChIP), sample amplification and array hybridization with human hepatoctytes were performed as previous described (8). ChIP assays on HEK293T cells were performed as described (2), and then subjected to the same protocol for amplification and array hybridization as above. For data analysis, an improved error model using intergenic regions located in “gene deserts” was employed as background distribution. All genes predicted by Refseq, Ensembl and MGC from build 34 of the human genome sequence were collected, and the largest gaps between these genes were identified. Primer pairs were designed to amplify approximately 1Kb from the center of the largest 143 gaps in the human genome (all over 1.6 Mb). Depending on primer selection criteria, up to 5 probes were selected for each gap, yielding a total of 623 human intergenic probes. Binding data from these probes were used to normalize the array data and to estimate the significance of binding ratios in ChIPs hybridized to the Hu19K array using the same error as described (8). ChIP positive probes were identified based on the following cutoff; confidence level p-value ≤ 0.001 and binding ratio( 2.
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