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Supplementary Fig. 1 IPA mitigates DSS-induced colitis by enhancing mucosal barrier integrity. a, 

Venn diagram of shared and unique differentially abundant metabolites across four pairwise comparisons. 
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b, Representative LC-MS/MS analysis of IPA: retention time, MS/MS spectra, and proposed 

fragmentation pathway. c, IPA standard curve. d, Overlay chromatograms of IPA and sample retention 

times. e, Experimental schematics: (i) DSS treatment in WT mice; (ii-iv) IPA and DSS administration in WT 

mice. f, Colon lengths in WT mice post-IPA and DSS. g, Western blot of IL-1β, IL-6, TNF-α (n=3). h, 

Gating strategy for immune cells (macrophages, DCs, neutrophils, CD4+/CD8+ T cells) in cLPMCs. i, 

Immune cell profiling in DSS-treated colonic lamina propria (n=6). Data represent mean ± SD from ≥2 

independent experiments. Statistical significance determined by two-sided Student’s t-test. Source data 

are provided as a Source Data file. 

 

  



 

Supplementary Fig. 2 IPA exerts barrier protection in GF DSS mouse model and conventional 

TNBS mouse model. a, Experimental schematics: (i) IPA and DSS administration in GF mice; (ii) TNBS 

schedule in IPA-treated WT mice; (iii) IPA and irradiation (IR) in WT mice for radiation enteritis (RE). b, 

Colon tissue IPA levels in PBS- or IPA-treated GF mice at D0 post-DSS (n=6). c, Colon lengths in WT/GF 

mice post-IPA and DSS/TNBS. Data represent mean ± SD from ≥2 independent experiments. Statistical 

significance determined by two-sided Student’s t-test. Source data are provided as a Source Data file. 
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Supplementary Fig. 3 IPA restores intestinal stem cell populations in DSS-induced colitis. a, 

Experimental schematics: IPA and DSS administration in WT mice. b, Heatmaps of cell-specific marker 

genes in cIECs from IPA- (200 mg/kg, n=2) vs vehicle-treated (Veh, n=3) mice at D0 post-DSS. c, 

qRT-PCR of Hopx, Lgr5, Muc2, and Clu in cIECs (n=6) at D7 post-DSS. d, Violin plots of crypt subtype 

markers. Data represent mean ± SD from ≥2 independent experiments. Statistical significance 

determined by two-sided Student’s t-test. Source data are provided as a Source Data file. 
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Supplementary Fig. 4 IPA restores LGR5+ ISCs by activating HMGCS2-mediated ketogenesis in 

IECs . a, Mitochondrial ketogenesis pathway. b, Experimental schematics: (i-iii) IPA and DSS 
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administration in WT mice; IPA studies in Lgr5CreER/H11Td (iv) and Hmgcs2ΔIEC (v) mice; (vi) GF mice 

treated with IPA (200 mg/kg) plus DSS (3 d); (vii, viii) IPA studies in the therapeutic colitis models; (ix) IPA 

(200 mg/kg) and IR in WT mice (RE model). c, Western blot of colonic HMGCS2 in Veh- and IPA-treated 

animals prior to and at D3/D7 post-DSS (n=4). d-f, Lineage tracing in Lgr5CreER/H11Td mice: (d) 

Co-staining for Ki67/HMGCS2; (e, f) Quantification of Ki67+ and HMGCS2+ cells/crypt (IFA). g-k, WT B6 

mice were treated with IPA (200 mg/kg for 5 d) or Veh after DSS withdrawal (n=6). Analyses were 

performed up to day 17 and 22 (late recovery) post-treatment: (g) Hmgcs2 and Lgr5 expression 

(qRT-PCR); (h, i) Regenerative crypt markers (Ki67/LGR5/HMGCS2) post-DSS recovery; (j, k) Colon 

length and histopathology. Data represent mean ± SD from ≥2 independent experiments. Statistical 

significance determined by two-sided Student’s t-test. Source data are provided as a Source Data file. 

 

 

  



 

Supplementary Fig. 5 IPA-driven BHB promotes LGR5+ ISC proliferation both in vivo and colonic 

organoids post injury. a, Experimental schematics: (i) IPA/DSS in WT mice; (ii) BHB (40 mg/25 g)/DSS 

in WT mice; (iii) BHB with IR (RE model); (iv, v) IPA/BHB in WT and Nlrp3-/- mice with DSS. b, c, Serum (b) 

and liver (c) BHB levels in IPA- or Veh-treated mice (n=6, no DSS). d, Hmgcs2 expression in liver at D3 

post-DSS. e, HE staining and LGR5 (IFA) in colon at D3 post-IR (16 Gy). f, Tnfa, ZO-1, OCLN, Muc2 in 

colon at D7 post-IR (16 Gy, n=6). g, Experimental schematics: (i, iv) IPA treatment in GF mice and human 

colonic organoids (6 h); (ii, iii) GF-derived colonic organoids pretreated with IPA (100 μM) or BHB (10 mM) 

before IFNγ/TNFα injury; (v, vi) Human colonic organoids pretreated with IPA (200 μM) or BHB (10 mM) 

before IFNγ/TNFα injury. Data represent mean ± SD from ≥2 independent experiments. Statistical 

significance determined by two-sided Student’s t-test. 
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Supplementary Fig. 6 P. russellii-driven IPA promotes HMGCS2-mediated ketogenesis in IECs 

a, Schematic of microbial tryptophan (Trp) metabolic pathways. b, Trp concentrations in CMC medium 

(control) vs P. russellii culture supernatants with 0.05% or 0.2% Trp supplementation (n=3). C. 

sporogenes in MRS medium served as positive control. c, Experimental schematics: (i) Hmgcs2ΔIEC mice 

colonized with P. russellii (109 CFU) and treated with DSS; (ii) GF mice receiving FMT from WT mice or P. 

russellii colonization (106 CFU) plus DSS. d, Fecal IPA levels in P. russellii-colonized Hmgcs2ΔIEC mice 

pre-DSS (n=4). e, P. russellii genomic copies in feces from FMT- vs P. russellii-colonized GF mice 

pre-DSS (n=6). Data represent mean ± SD from ≥2 independent experiments. Statistical significance 

determined by two-sided Student’s t-test. Source data are provided as a Source Data file. 
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Supplementary Table 1 
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