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Sample size

Data exclusions

Replication

Randomization

Blinding

Publicly accessible databases and datasets used in this study are as follows and in the order they are referenced in the Methods section.

RNA-Seq data analysis: C. elegans reference genome (Genome assembly WBcel235 [https://www.ncbi.nlm.nih.gov/assembly/GCF_000002985.6]).

Tissue-specific correlations of human genes with GRHL1: GTEx database (v8) data for tissue-specific gene TPMs (version 2017-06-05_v8_RNASeQCv1.1.9).

GSEA of human genes correlating with GRHL1: Gene set assembly Human_GO_AllPathways_with_GO_iea_March_01_2021_symbol.gmt retrieved from
[download.baderlab.org/EM_Genesets/current_release/Human/symbol].

BXD mice data analysis: Murine Grhl1 expression data and phenotypic traits were obtained from GeneNetwork2 [www.genenetwork.org]. Gene expression datasets
analysed: EPFLMouseMuscleCDRMAEx1112, EPFLMouseMuscleCDRMA1211, EPFLMouseMuscleHFDRMAEx1112, EPFLMouseMuscleHFDRMA1211,
EPFLMouseLiverCDEx0413, EPFLMouseLiverCDRMA0413, EPFLMouseLiverCDRMA0818, EPFLMouseLiverHFDRMA0818, EPFLMouseLiverHFDRMA0413. Phenotypic
traits analysed: 21450 (Lifespan); 17661, 17662 (glycemia during oGTT – AUC); 17663, 176634 (insulin during oGTT - AUC); 17603, 17604 (body weight percentage
gain 8-28 weeks).

GTEX and FUSION dataset analysis: Common Fund (CF) Genotype-Tissue Expression Project (GTEx) (phs000424.v8.p2) and The Finland-United States Investigation of
NIDDM Genetics (FUSION) Tissue Biopsy Study (phs001048.v2.p1) datasets were obtained from dbGaP (request #28650: “Population genetics of human aging”).

Mass spectrometry data analysis: UniProtKB/Swiss-Prot Homo sapiens proteome database (taxonomy 9606, release 2018_09 [https://ftp.uniprot.org/pub/
databases/uniprot/previous_major_releases/release-2018_09/knowledgebase]).

The RNA-Seq data generated in this study have been deposited in NCBI's Gene Expression Omnibus (GEO) database under GEO Series accession number GSE159077
[https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE159077]. The mass spectrometry proteomics data generated in this study have been deposited to the
ProteomeXchange (PX) Consortium via the PRIDE database under dataset identifiers PXD021768 [https://www.ebi.ac.uk/pride/archive/projects/PXD021768] and
PXD021808 [https://www.ebi.ac.uk/pride/archive/projects/PXD021808]. All other data supporting the findings of this study are available within this paper, its
Supplementary Information, and its Supplementary Files. Source data are provided with this paper.

Sample sizes were not determined a priori using any specific statistical method but are similar to those reported in previous studies for
comparable types of experiments, i.e., were selected according to established scientific standards and to allow appropriate statistical
calculations. All C. elegans lifespan and health assays used sample sizes as reported previously (e.g., PMID 17908557, 19488025, 26586186).
All transcriptomics and proteomics experiments used three independent biological replicates of each respective strain or cell line and
treatment condition, as reported previously for comparable analyses (e.g, PMID 26679294, 32203922) and generally considered as sufficient
to detect relevant changes (see, e.g., PMID 16212444, 19222236, 27022035 for discussion thereof). The cell-based luciferase reporter primary
high-throughput screening used a single dose and replicate to determine initial hit compounds with a stringent cut-off. All hit compounds
studied subsequently were first validated in a three-point dose response reporter assay with two to three independent biological replicates,
and in each case successfully confirmed to be activators of the GRHL luciferase reporter. All additional cell-based luciferase reporter assays
used at least four independent biological replicates. Note that sample sizes and applied statistical tests are reported in full in the manuscript
wherever applicable.

No data were per se excluded from any of the analyses. However, certain censoring criteria apply to C. elegans lifespan assays: Nematodes
that crawled off the plates, displayed internal hatching, or a protruding vulva were censored. These exclusion criteria were pre-established
and reflect the widely accepted standard for agar-based solid culture C. elegans lifespan assays (PMID 17908557, 28241407).

All reported data in the manuscript were obtained from independent biological replicates and/or independently repeated experiments
(usually at least three replicates), and full outcomes are as reported in the manuscript, its Supplementary Information, and its Supplementary
Files. For C. elegans lifespan assays, representative outcomes of individual experiments are depicted in the respective figures and detailed
data and statistical analyses of all lifespan assays, including independent repeats, are reported in full in the Supplementary Files. All replicates
of non-lifespan experiments are depicted in the respective graphs and sample sizes are as reported in the figure legends. All attempts at
replication were successful.

Samples/organisms were allocated randomly into the respective experimental groups.

The individual main investigators were usually not blinded to group allocations during experimental setup and data analysis, since genotypes
(e.g. of C. elegans strains or human cell lines) and treatments (e.g. with a specific RNAi and/or drug compound) had to be carefully confirmed
and documented to prevent mistakes. Wherever possible, experiments and readouts after initial setup were performed by technicians or
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Antibodies
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Validation

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

other investigators in the lab that where unaware of the experimental design, thus excluding bias.

Primary antibodies:

Anti-!-Tubulin antibody, mouse monoclonal clone DM1A, purified from hybridoma cell culture (Sigma-Aldrich, #T6199); Dilution
1:2000 for WB

Monoclonal ANTI-FLAG® M2 antibody produced in mouse (Sigma-Aldrich, #F3165); Dilution 1:1000 for WB, 1:200 for ICC/IF

Phospho-p38 MAPK (Thr180/Tyr182) antibody (Cell Signaling, #9211); Dilution 1:1000 for WB

Secondary antibodies:

Alexa Fluor® 488 goat anti-mouse IgG (Thermo Fisher Scientific, #A-21141); Dilution 1:1000 for ICC/IF

Anti-rabbit IgG, HRP-linked antibody (Cell Signaling, #7074); Dilution 1:2000 for WB

Anti-mouse IgG, HRP-linked antibody (Cell Signaling, #7076); Dilution 1:2000 for WB

Anti-!-Tubulin antibody, mouse monoclonal clone DM1A, purified from hybridoma cell culture (Sigma-Aldrich, #T6199)

Species reactivity: bovine, rat, yeast, human, mouse, chicken, fungi, amphibian

Validated for WB with human samples (see, e.g., PMID 22348083) and, according to supplier, used in 1500+ peer-reviewed articles.
For additional validation information see supplier's website [https://www.sigmaaldrich.com/product/sigma/t6199].

Monoclonal ANTI-FLAG® M2 antibody produced in mouse (Sigma-Aldrich, #F3165)

Species reactivity: all

Validated for WB and ICC/IF with human samples (see, e.g., PMID 26772433 and 27294876) and, according to supplier, used in 5000+
peer-reviewed articles. For additional validation information see supplier's website [https://www.sigmaaldrich.com/product/sigma/
f3165].

Phospho-p38 MAPK (Thr180/Tyr182) antibody (Cell Signaling, #9211)

Species reactivity: human, mouse, rat, monkey, flies, pig, yeast

Validated for WB with human samples (see, e.g., PMID 28497795) and, according to supplier, used in 1900+ peer-reviewed articles.

For additional validation information see supplier's website [https://www.cellsignal.com/products/primary-antibodies/phospho-p38-
mapk-thr180-tyr182-antibody/9211].

Alexa Fluor® 488 goat anti-mouse IgG (Thermo Fisher Scientific, #A-21141)

Validated by the supplier and used in 300+ peer-reviewed articles.

Anti-rabbit IgG, HRP-linked antibody (Cell Signaling, #7074)

Validated by the supplier and used in 5600+ peer-reviewed articles.

Anti-mouse IgG, HRP-linked antibody (Cell Signaling, #7076)

Validated by the supplier and used in 3000+ peer-reviewed articles.

The HEK293 wild-type cell line was obtained from a commercial source (CLS Cell Lines Service GmbH, #300192)

All other HEK293 cell lines used in this study were derived from this initial cell line, as described in the Methods section.

The HEK293 wild-type cell line was authenticated by the supplier and confirmed in-house by growth and morphology.

All other derived human cell lines used throughout this study were authenticated/genotyped as described in the Methods




