[image: ]
Supplementary Fig. 1: STK38 regulates TNF-α-induced necroptosis in HeLa-RIPK3 cell line
A–C CRISPR-Cas9 gRNAs targeting STK38 were lentivirally transfected into HeLa cells stably expressing RIPK3. The expression of RIPK1, RIPK3, MLKL, and STK38 in STK38 knockout cell lines were analysed using western blotting (A). STK38 KO and control HeLa cells were treated with TBZ in the presence or absence of GSK'963 (TBZG) for 3.5 h. After treatment, the cells were stained with annexin V-FITC and 7-AAD, followed by flow cytometry analysis (B). Parallel samples were collected at the indicated time points for analysis by western blotting (C). [image: ]
Supplementary Fig. 2: STK38 deficiency sensitises HT-29 cells to TNF-a-induced cell death in a dose- and time-dependent manner. 
A–C STK38-KO and control HT-29 cells were treated with Birinapant (1 µM), zVAD-fmk (10 µM), and indicated concentrations of TNF-α (0.003–30ng ml⁻¹) for 2h (A), 4 h (B), and 6 h (C). D, E STK38-KO and control HT-29 cells (D), or STK38-KO cells reconstituted with sgSTK38#3-resistant WT or K118R mutant STK38 (E) were treated with TNF-α (0.003 ng ml⁻¹), Birinapant (1 µM), and zVAD-fmk (10 µM) for up to 24 h. In all panels, cell death was assessed by Annexin V-FITC/7-AAD staining followed by flow cytometry. Data are presented as mean ± s.d., with n = 3. Statistical significance was determined by two-tailed unpaired t-test (*P < 0.05, **P <0.01, ***P < 0.001 and n.s.).



[image: ]
[bookmark: _Hlk226411771]Supplementary Fig. 3: STK38 regulates TNF-α-induced necroptosis with STK38L acting additively to modulate necroptosis.
A–C shRNA targeting STK38L were transfected lentivirally into STK38 KO and control HT-29 cells. The expression of STK38 and STK38L were analysed using western blotting (A). To analyse necroptotic population, the cells were treated with TBZ in the presence or absence of GSK'963 (TBZG) for 3 h. After treatment, the cells were stained with annexin V-FITC and 7-AAD, followed by flow cytometry analysis (B). Cells were harvested at the indicated time points and analysed using western blotting (C). Data are presented as mean ± s.d., with n = 3. Statistical significance was determined by two-tailed unpaired t-test (*P < 0.05, **P <0.01, ***P < 0.001 and n.s.).
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Supplementary Fig. 4: STK38 promotes TNF-α-induced apoptosis. 
A CRISPR-Cas9 gRNAs targeting STK38 were lentivirally transfected into HeLa cells. The expression of RIPK1, Casp8, Casp3, PARP and STK38 in STK38 knockout cell lines were analysed using western blotting. B–C STK38 KO and control HeLa cells were treated with TNF-α (20 ng ml⁻¹) and Birinapant (10 μM) to induce apoptosis. z-VAD (20 μM) was used to inhibit apoptosis. After treatment, Cells were harvested at the 4 hours and were stained with annexin V-FITC and 7-AAD and necroptosis was measured using flow cytometry (B). Cells were harvested at the indicated time points and analysed using western blotting (C). D, E STK38 KO and control HT-29 cells were treated with TNF-α (30 ng ml⁻¹) and Birinapant (3 μM) to induce apoptosis. After treatment, the cells were stained with annexin V-FITC and 7-AAD, followed by flow cytometry analysis (D). Cells were harvested at the indicated time points and analysed using western blotting (E). F STK38 KO and control HeLa cells were lysed at the indicated time points. The complex was pulled down using an anti-Casp8 antibody and the assembly of the RIPK1-FADD-Casp8 complex was analysed using western blotting. Data are presented as mean ± s.d., with n = 3. Statistical significance was determined by two-tailed unpaired t-test (*P < 0.05, **P <0.01, ***P < 0.001 and n.s.).
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Supplementary Fig. 5: STK38 does not regulate NF-κB activation and Complex Ⅰ formation and promotes necroptosis independently of its transcriptional regulation activity. 
A STK38 KO and control HT-29 cells were treated with TNF-α (30 ng/ml) at the indicated time points to induce NF-κB activation signaling. The cells were harvested and analysed using western blotting. B HT-29 cells were treated with TNF-α (30 ng ml⁻¹) at the indicated time points, followed by immunoprecipitation of TNFR1. The recruitment of complex Ⅰ components to TNFR was analysed by western blotting. C STK38-KO and control HT-29 cells were treated with TNF-α, lysed and incubated with anti-TNFR1 antibodies to pull down the TNFR1 complex. The recruitment of RIPK1 to TNFR1 was analysed using western blotting. D, E STK38 KO and control HT-29 cells were treated with TNFα/Cycloheximide/z-VAD (TCZ) in the presence or absence of GSK’963 (TCZG). After treatment, the cells were harvested at the time point and were stained with annexin V-FITC and 7-AAD, followed by flow cytometry analysis (D). Cells were harvested at the indicated time points and analysed using western blotting (E). Data are presented as mean ± s.d., with n = 3. Statistical significance was determined by two-tailed unpaired t-test (*P < 0.05, **P <0.01, ***P < 0.001 and n.s.).
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Supplementary Fig. 6: STK38 interacts with RIPK1 and is incorporated into the apoptotic complex. 
A, B HeLa cells were treated with TB, lysed at the indicated time points and incubated with anti-STK38 (A), anti-Casp8 (B) antibodies and protein-G agarose beads to pull down. The recruitment of RIPK1, FADD, caspase-8 and STK38 was analysed using western blotting. C HeLa cells were treated with TB for 1 h, fixed, and stained with anti-STK38 and anti-RIPK1 antibodies, followed by DAPI. Higher magnification views of the boxed regions are shown on the right. Scale bars, 20 µm. D, E STK38 KO and control HeLa cells were treated with TNF-α/Cycloheximide to induce apoptosis. z-VAD was used to inhibit apoptosis. After treatment, Cells were harvested at the indicated time points and were stained with annexin V-FITC and 7-AAD and apoptosis was measured using flow cytometry (D). Cells were harvested at the indicated time points and subjected to western blotting with the indicated antibodies (E). Data are presented as mean ± s.d., with n = 3. Statistical significance was determined by two-tailed unpaired t-test (*P < 0.05, **P <0.01, ***P < 0.001 and n.s.).
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Supplementary Fig. 7: STK38 interacts with RIPK3 via RHIM dependent manner like RIPK1, but does not associate with ZBP1 or TRIF.
A–D HEK293T cells were co-transfected with indicated plasmids: pcDNA3-FLAG-STK38 and HA-RIPK3 WT or RHIM deletion mutant (A, B), FLAG-ZBP1 and HA-STK38 (C), or FLAG-TRIF and HA-STK38 (D). Immunoprecipitation was performed using anti-FLAG or anti-HA antibodies, and western blotting was conducted using anti-HA or anti-FLAG antibodies.
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Supplementary Fig. 8: MEKK2 interacts with STK38 and inhibits TNF-α-induced apoptosis. 
A HT-29 cells were treated with TB and harvested at the indicated time points. Samples were analysed by western blotting. B, C MEKK2-KO and control HT-29 cells were treated with TB to induce apoptosis. Cells were stained with annexin V–FITC and 7-AAD and analysed by flow cytometry (B). Parallel samples were collected at the indicated time points and analysed by western blotting (C). D MEKK2-KO and control HT-29 cells were treated with TB, lysed at the indicated time points, and subjected to immunoprecipitation with anti-Casp8 antibodies. The formation of the apoptotic complex was analysed by western blotting. Data are presented as mean ± s.d., with n = 3. Statistical significance was determined by two-tailed unpaired t-test (*P < 0.05, **P <0.01, ***P < 0.001 and n.s.).

[image: ]
Supplementary Fig. 9: Identification of RIPK1 Ser309 as a functional phosphorylation site targeted by STK38 during TNF-a-induced cell death.
A RIPK1 KO HT-29 cells is transfected lentivirally to express sgRIPK1 #1-resistant RIPK1 WT, or indicated serine/threonine to alanine mutant. The expression of RIPK1 in cell lines were analysed using western blotting. B Cells were treated with TBZ to induce necroptosis. After treatment, cells were stained with annexin V-FITC and 7-AAD and necroptosis was measured using flow cytometry. C HEK293T cells were co-transfected with pcDNA3-FLAG-STK38 and HA-RIPK1 ID or ID S309A. Lysates were subjected to immunoprecipitation with anti-HA antibodies, followed by western blotting. D FLAG-tagged RIPK1 ID protein was purified from transfected HEK293T cells using anti-FLAG beads. The tandem mass spectrum (MS/MS) identifies the peptide sequence KEYSpNENAVVK, where pS indicates phosphorylation at serine 309. The precursor ion was observed at m/z 680.81140 (z=2+), corresponding to a monoisotopic MH+ of 1360.61551 Da. The fragmentation pattern shows a comprehensive series of b-type ions (red) and y-type ions (blue). The site-specific phosphorylation at S309 is confirmed by the mass shifts observed in the fragment ion series, specifically within the annotated b-ion and y-ion sequences flanking the serine residue. E TB-treated HeLa cell lysates were immunoprecipitated with anti-pS309 specific RIPK1 antibodies, followed by λ-phosphatase treatment. Phosphorylation of RIPK1 at Ser309 was analysed by western blotting using anti-RIPK1 antibodies. F STK38-KO and control HeLa cells were treated with TB, lysed at the indicated time points, and analysed using anti-pS309 specific RIPK1 antibodies, as described above. Data are presented as mean ± s.d., with n = 3. Statistical significance was determined by two-tailed unpaired t-test (*P < 0.05, **P <0.01, ***P < 0.001 and n.s.).
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Supplementary Fig. 10: RIPK1 Ser309 phosphorylation promotes apoptotic complex formation and RIPK1 kinase activity by disrupting its interaction with MK2.
[bookmark: _Hlk224644508]A–C RIPK1 KO HT-29 cells is transfected lentivirally to express sgRIPK1 #1-resistant RIPK1 WT, or S309A mutant. Cells were treated with TB as indicated and subjected to a flow cytometry (A), and western blotting analysis (B), and were lysed at the indicated time points and incubated with anti-Casp8 antibodies and protein-G agarose beads to pull down. The recruitment of complex related protein was analysed using western blotting (C). D shRNA targeting STK38 were transfected into RIPK1 KO, WT and S309A HT-29 cells. The expression of RIPK1 and STK38 were analysed using western blotting. E FLAG-tagged RIPK1 WT and S309A was purified from HEK293T cells treated with GSK’963 to block cellular RIPK1 activation, and then subjected to an in vitro kinase assay in the presence of 200 µM ATP at 30 °C for 30 min. RIPK1 auto-phosphorylation was assessed by western blotting for pS166. F HT-29 cells were treated with TBZ in the presence or absence of inhibitors for MK2 (PF-3644022, 10 µM), AMPK (Compound C, 20 µM), or TAK1 (5Z-7-oxozeaenol, 1 µM). RIPK1 phosphorylation and inhibitor efficacy markers were analysed by western blotting. G, H STK38 KO and Cas9 control HT-29 cells (G), MEKK2 KO and Cas9 control HT-29 cells (H) were treated, lysed and immunoprecipitated using anti-MK2 antibodies. co-immunoprecipitation was analysed by western blotting. Data are presented as mean ± s.d., with n = 3. Statistical significance was determined by two-tailed unpaired t-test (*P < 0.05, **P <0.01, ***P < 0.001 and n.s.).
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Supplementary Fig. 11: STK38 does not regulate TNF-α-induced cell death in mouse cells lacking conserved phosphorylation sites. 
 A The conserved sequences at the same position as the 309th serine sequence of human across mammalian species. B, C shRNA targeting mouse Stk38 were transfected into L929 cells. The expression of Stk38 were analysed using western blotting (B). Cells were treated with mouse TNF-α (5 ng ml⁻¹) and zVAD-fmk (10 µM) to induce necroptosis. GSK’963 (100 nM) was used as a necroptosis inhibitor. Cells were stained with annexin V-FITC and 7-AAD and necroptosis was measured using flow cytometry (C). D, E shRNA targeting mouse Stk38 were transfected into TC-1 cells. The expression of Stk38 were analysed using western blotting (D). Cells were treated with mouse TNF-α (10 ng ml⁻¹), Birinapant (1 µM) and zVAD-fmk (10 µM) to induce necroptosis. GSK’963 (100 nM) was used as a necroptosis inhibitor. Cells were stained with annexin V-FITC and 7-AAD and necroptosis was measured using flow cytometry (E). Data are presented as mean ± s.d., with n = 3. Statistical significance was determined by two-tailed unpaired t-test (*P < 0.05, **P <0.01, ***P < 0.001 and n.s.).
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Supplementary Fig. 12: STK38, RIPK1 and phospho-RIPK1 expression levels correlate with colorectal cancer patient survival outcomes. 
A, B Kaplan–Meier survival curves of TCGA-READ patients stratified by expression levels of STK38 (A) and RIPK1 (B). Expression and survival data were obtained from the Human Protein Atlas (https://www.proteinatlas.org), and plots were reconstructed using GraphPad Prism. C, D Kaplan-Meier survival curves comparing overall survival between groups with high and low expression levels of STK38 (C) and pRIPK1 (D) in colorectal cancer patients.
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Supplementary Fig. 13: Depletion of STK38 inhibits RIPK1-dependent cell death triggered by LPS, FasL and TRAIl. 
A–C STK38 KO and control HT-29 cells were treated with LPS (200 ng ml⁻¹), Birinapant (1 μM), zVAD (30 μM) (A), anti-Fas (0.5 μg ml⁻¹), Birinapant (1 μM), zVAD (30 μM) (B), TRAIL (100 ng ml⁻¹), Birinapant (1 μM), Emricasan (1 μM) (C) to induce necroptosis. Cells were stained with annexin V-FITC and 7-AAD and necroptosis was measured using flow cytometry. D STK38 KO and control HT-29 cells were treated with TRAIL (100 ng ml⁻¹), Birinapant (3 μM) to induce apoptosis. Cells were stained with annexin V-FITC and 7-AAD and apoptosis was measured using flow cytometry. E–H Cells were treated with indicated reagents and were harvested at the indicated time points and analysed using western blotting. (I, J) Cells were treated and lysed at the indicated time points and complex was pulled down using an anti-RIPK3 (I) or anti-Casp8 (J) antibodies. The assembly of the cell death complex was analysed using western blotting. Data are presented as mean ± s.d., with n = 3. Statistical significance was determined by two-tailed unpaired t-test (*P < 0.05, **P <0.01, ***P < 0.001 and n.s.).









[image: ]Supplementary Fig. 14: STK38-mediated RIPK1 S309 phosphorylation promotes necroptosis cell death in vivo.
A–F Subcutaneous tumours were established in mice by injecting HT-29 cells reconstituted RIPK1 WT or S309A mutant with stable STK38 knockdown or shGFP control. Harvested tumour tissues were subjected to H&E staining and immunohistochemistry (IHC) using the indicated antibodies. The DAB-positive areas were quantified and are presented as a percentage of the total area. G, H Protein expression levels of STK38 and RIPK1 in the harvested tumour tissues were validated by western blotting. Data are presented as individual data points, where each point represents the quantification of one independent field (mean ± SD, n = 5 images per group). Statistical significance was assessed by unpaired two-tailed t-test. *P<0.05, **P<0.01, ***P<0.001, and ****P<0.0001
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