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            Abstract
Epithelial barrier loss is a driver of intestinal and systemic diseases. Myosin light chain kinase (MLCK) is a key effector of barrier dysfunction and a potential therapeutic target, but enzymatic inhibition has unacceptable toxicity. Here, we show that a unique domain within the MLCK splice variant MLCK1 directs perijunctional actomyosin ring (PAMR) recruitment. Using the domain structure and multiple screens, we identify a domain-binding small molecule (divertin) that blocks MLCK1 recruitment without inhibiting enzymatic function. Divertin blocks acute, tumor necrosis factor (TNF)-induced MLCK1 recruitment as well as downstream myosin light chain (MLC) phosphorylation, barrier loss, and diarrhea in vitro and in vivo. Divertin corrects barrier dysfunction and prevents disease development and progression in experimental inflammatory bowel disease. Beyond applications of divertin in gastrointestinal disease, this general approach to enzymatic inhibition by preventing access to specific subcellular sites provides a new paradigm for safely and precisely targeting individual properties of enzymes with multiple functions.
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                    Fig. 1: Long MLCK1 is specifically recruited to the PAMR in response to inflammatory stimuli.[image: ]


Fig. 2: Identification and preliminary characterization of small molecules that bind to IgCAM3.[image: ]


Fig. 3: Divertin reverses acute TNF-induced MLC phosphorylation and barrier dysfunction in vitro.[image: ]


Fig. 4: Divertin prevents acute TNF-induced barrier dysfunction in mouse jejunum in vivo and human jejunal mucosae ex vivo.[image: ]


Fig. 5: Divertin corrects increased intestinal permeability in IL-10 knockout mice without significant systemic, mucosal, or epithelial toxicities.[image: ]


Fig. 6: Divertin corrects intestinal permeability defects and limits the progression of experimental inflammatory bowel disease.[image: ]
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Extended data

Extended Data Fig. 1 IgCAM3 drug-binding pocket and in silico candidate identification.
a, Crystal structure of human IgCAM3. The colors indicate hydrophobic (blue) or hydrophilic (orange) residues. b, Predicted Î”G scored for the 139,735 molecules docked into the region of small molecule binding. Two groups of molecules with either very low or intermediate Î”G are indicated by symbols that coincide with those in Fig. 2c. The inset shows the IgCAM3 binding pocket (red), with predicted docking of selected small molecules.


Extended Data Fig. 2 Divertin binds to recombinant IgCAM3.
a, IgCAM3 shown as a ribbon diagram with the location of tryptophan 447 (W447) and three residues in the putative drug-binding pocket, leucine 449 (L449), glutamine 457 (Q457), and aspartic acid 481 (D481). b, Changes in peak fluorescence of wild-type IgCAM3, mutant IgCAM3, and NATA in the presence of increasing concentrations of NSC55937 reveal a shift in the maximum wavelength of wild-type IgCAM3 only. c, Fluorescence emission spectrum of wild-type IgCAM3 in the presence of increasing NSC55937 concentrations demonstrates dose-dependent tryptophan fluorescence quenching and a red shift in the maximum emission wavelength, indicative of NSC55937 binding to IgCAM3. NSC55937 was used at 0â€‰Î¼M (red), 10â€‰Î¼M (orange), 33â€‰Î¼M (yellow), 100â€‰Î¼M (green), 333â€‰Î¼M (blue), and 1000â€‰Î¼M (violet). d, Mutant IgCAM3 (Leu449Arg, Gln457Lys, and Asp481Val) abolishes the ability of NSC55937 to quench IgCAM3 tryptophan fluorescence across all concentrations of divertin. e, Fluorescence emission spectra of the tryptophan analog (1â€‰mM) in the presence of increasing concentrations of NSC55937. No fluorescence quenching occurred. Data are representative of three or more independent experiments with similar results.


Extended Data Fig. 3 Divertin delays the development of experimental inflammatory bowel disease.
a, Fourteen days after T cell transfer, mice were treated with daily intraperitoneal injections of saline (green) or divertin (red). nâ€‰=â€‰10 independent animals per condition. The meanâ€‰Â±â€‰s.e.m. is shown. **Pâ€‰<â€‰0.01 by unpaired, two-sided t-test with Welchâ€™s correction. b, Divertin-treated mice were protected from the weight loss experienced by saline-treated (green) mice. nâ€‰=â€‰10 independent animals per condition. the meanâ€‰Â±â€‰s.e.m. is shown. **Pâ€‰<â€‰0.01 by unpaired, two-sided t-test with Welchâ€™s correction. c, Divertin significantly increased survival during adoptive transfer colitis. nâ€‰=â€‰10 independent animals per condition. *Pâ€‰<â€‰0.05 by Gehanâ€“Breslowâ€“Wilcoxon test. d, Intestinal permeability on day 56. Data are normalized to recovery from a healthy wild-type mouse. nâ€‰=â€‰7 (saline), nâ€‰=â€‰10 (divertin). **Pâ€‰<â€‰0.01 by unpaired, two-sided t-test with Welchâ€™s correction. e, Mucosal TNF on day 56 was significantly reduced by divertin treatment (red). nâ€‰=â€‰7 (saline), nâ€‰=â€‰10 (divertin). *Pâ€‰<â€‰0.05 by unpaired, two-sided t-test with Welchâ€™s correction. f, Colon lengths on day 56. Images of representative colons are shown, with their lengths corresponding to the labels on the y axis. nâ€‰=â€‰7 (saline) or nâ€‰=â€‰10 (divertin) independent animals per condition. **Pâ€‰<â€‰0.01 by unpaired, two-sided t-test with Welchâ€™s correction. g, Colonic histopathology scores on day 56. nâ€‰=â€‰7 (saline) or nâ€‰=â€‰10 (divertin) independent animals per condition. **Pâ€‰<â€‰0.01 by unpaired, two-sided t-test with Welchâ€™s correction. h, Histopathology shows crypt loss (asterisk) and crypt abscesses (arrow) in the mucosa from a saline-treated mouse and partial goblet cell preservation in the mucosa from a divertin-treated mouse (arrowhead). Bar, 50â€‰Î¼m. The insets show complete cross sections of colon, with the boxes indicating the areas shown at higher magnification. Bar, 250â€‰Î¼m. Images are representative of three independent experiments with similar results. The experiment shown in this figure used female mice as T cell donors and immunodeficient recipients. Results were similar in two independent studies that, in combination, included nine saline-treated and nine divertin-treated male mice.
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