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Supplementary Figure Legends 

Supplementary Figure 1. STING co-immunoprecipitates with IRE-1. (A) Three-day LPS-stimulated 

wild-type B cell lysates were immunoprecipitated using an anti-IRE-1 antibody. Immunoprecipitates 

were analyzed by SDS-PAGE, and stained with Coomassie Brilliant Blue G-250. The black triangle 

marks IRE-1, confirmed by LC-MS/MS sequencing. The red triangle marks IRE-1’s interactor identified 

as STING (TMEM173) by LC-MS/MS sequencing. HC: IgG heavy chains; LC: IgG light chains. (B) 

STING peptides identified by LC-MS/MS.  

 

Supplementary Figure 2. Chemical structures of STING agonists. (A) 2’2’-cGAMP, (B) 3’3’-

cGAMP, (C) 2’3’-cGAMP, (D) c-di-UMP, (E) DMXAA and (F) CMA.. 

 

Supplementary Figure 3. Analysis of 3’3’-cGAMP. 3’3’-cGAMP was chemically synthesized and 

analyzed by RP-HPLC (upper panel) and NMR (lower panel). 

 

Supplementary Figure 4. STING does not undergo N-linked glycosylation before and after 

stimulations by 3’3’-cGAMP. WT MEFs were radiolabeled for 4 h and chased for 4 h in the presence 

of 20 M 3’3’-cGAMP. Lysates were immunoprecipitated with an anti-STING antibody. Eluted proteins 

were treated with endo-H or PNGase F, and analyzed by SDS-PAGE and autoradiography. Data in this 

figure are representative of three independent experiments. 

 

Supplementary Figure 5. Deletion of mouse STING gene by ZFN. Zinc finger nuclease (ZFN) 

mRNA reagents specific to STING were designed, assembled and tested for functionality using 

CompoZr fluorescent protein (FP)-linked ZFN technology. Successful delivery of mouse STING-specific 

ZFN mRNA was confirmed by Surveyor Mutation Detection Assay. Digested heteroduplexed DNA was 

resolved on a 10% TBE-PAGE gel to verify the cleavage of the 326 bp product into 181 bp and 145 bp 

fragments. 
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Supplementary Figure 6. STING-null A20 cells are resistant to 3’3’-cGAMP-induced apoptosis. 

A20 and A20 STING-ZFN cells were treated with 20 M 3’3’-cGAMP for indicated times and lysed for 

analysis of indicated proteins by immunoblots. Data are representative of three independent 

experiments. 

 

Supplementary Figure 7. Tandem MS spectra of phosphorylated S357 and S365 peptides of 

mouse STING. Representative MS/MS spectra of (A) the triply charged S357 phosphorylated peptide 

334QEEKEEVTMNAPMTSVAPPPSVLSQEPR361 (m/z 1065.1510, 1.39 ppm error), and (B) the double 

charged S365 phosphorylated peptides 362LLISGMDQPLPLR374 (m/z 774.8945, 2.46 ppm error) are 

shown. The phosphorylated S residues are indicated in red. The b and y fragment ions provide 

sequence information from the N- and C-termini, respectively. 

 

Supplementary Figure 8. The affinity-purified anti-STING antibody specifically immunostains 

mouse STING in 5TGM1 myeloma cells. 5TGM1 and 5TGM1 STING-ZFN cells were co-

immunostained with anti-STING and anti-Man2A1 antibodies, and analyzed by confocal microscopy. 

Scale bar: 10 m. 

 

Supplementary Figure 9. An IRE-1/XBP-1 pathway inhibitor, B-I09, enhances the cytotoxicity of 

3’3’-cGAMP in normal and malignant B cells. (A) Two-day LPS-stimulated wild-type B cells were 

treated with 20 M 3’3’-cGAMP or 20 M 3’3’-cGAMP in combination with 20 M B-I09 for indicated 

times, and lysed for analysis of indicated proteins by immunoblots. (B) A20 cells were treated for 24 h 

with 0, 5, 10, 20 or 50 M B-I09 or B-I09 in combination with 5 M 3’3’-cGAMP, and subjected to XTT 

assays. Percentages of growth were determined by comparing B-I09-treated with untreated (0 M) 

groups (blue line), or comparing B-I09 plus 5 M 3’3’-cGAMP-treated groups with those treated with 5 
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M 3’3’-cGAMP alone (red line). Each data point derived from four independent groups receiving 

exactly the same treatment was plotted as mean ± SD. Results are representative of three independent 

experiments.  

 

Supplementary Figure 10. STING agonists do not induce apoptosis, but elicit phosphorylation of 

IRF3 and STAT1 in melanoma, hepatoma, and Lewis lung cancer cells. The expression levels of 

IRE-1 and XBP-1 in these solid tumors also do not undergo significant changes upon 3’3’-

cGAMP stimulations. (A) 5TGM1 and Hepa 1-6 cells were treated with 20 M 3’3’-cGAMP for 

indicated times, and lysed for analysis of indicated proteins by immunoblots. (B-D) B16 (B), Hepa 1-6 

(C) and LL/2 (D) cells were treated with 20 M 3’3’-cGAMP or 20 M DMXAA for indicated times and 

lysed for analysis of indicated proteins by immunoblots. (E-G) B16 (E), Hepa 1-6 (F) and LL/2 (G) cells 

were treated with 20 M 3’3’-cGAMP for indicated times and lysed for analysis of indicated proteins by 

immunoblots. All immunoblot data in this figure are representative of three independent experiments. 

 

Supplementary Figure 11. STING agonists do not induce apoptosis in normal T cells. T cells 

purified from wild-type mice were treated with 3’3’-cGAMP at indicated concentrations in the presence 

of IL2 (100 ng/ml) for 24 h, and stained with CD3-APC-Cy7, CD19-Alexa647, CD4-BV-605, CD8 -PE-

Cy7, Annexin V-PE and DAPI. CD3+/CD19- T cells were analyzed for CD4+ or CD8+ populations. 

Gated CD4+ or CD8+ T cell populations were further analyzed for the presence of Annexin V+ and 

DAPI+ populations. Data are representative of three independent experiments. 

 

Supplementary Figure 12. STING-deficient 5TGM1 and A20 cells respond normally to ER stress 

inducers, and exhibit normal intracellular transport of class I MHC molecules. (A-B) 5TGM1 and 

5TGM1 STING-ZFN cells (A) or A20 and A20 STING-ZFN cells (B) were treated with 5 mM DTT, 2.5 

M thapsigargin (Tg), 5 g/mL tunicamycin (Tu), 100 ng/mL subtilase cytotoxin (SubAB), 20 M B-I09, 
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3.5 M Brefeldin A (BFA), or 50 M MG132 for 3 h. Cells were lysed for analysis of indicated proteins 

by immunoblots. Data are representative of three independent experiments. (C-D) 5TGM1 and 5TGM1 

STING-ZFN cells (C) or A20 and A20 STING-ZFN cells (D) were radiolabeled for 15 min, chased for 

indicated time and lysed. Lysates were immunoprecipitated using an anti-class I MHC heavy chain 

(HC) antibody, and analyzed by SDS-PAGE followed by autoradiography. CHO and CHO* represent 

high mannose-type glycans and complex-type glycans, respectively. Data are representative of three 

independent experiments.  

 

Supplementary Figure 13. 5TGM1 myeloma cells grafted subcutaneously in immunodeficient 

NSG mice do not migrate to bone marrow, peripheral blood and spleens. 5TGM1 cells (5 × 106) 

were subcutaneously injected into immunodeficient NSG mice (n=10) on Day 0. Five 5TGM1-grafted 

NSG mice were intraperitoneally injected with the vehicle (20% DMSO in PBS), while the other five 

were intraperitoneally injected with 3’3’-cGAMP (10 mg/kg). A single injection occurs daily on the first 5 

days of each of the three weeks. At the end of the three-week 3’3’-cGAMP treatment, single-cell 

suspensions (after lysis of red blood cells) from bone marrow, peripheral blood, spleens and tumors 

were stained with CD138-PE and DAPI. CD138+ 5TGM1 myeloma cells were only found in tumors in 

all ten NSG mice. 


