General Experimental Details for Chemical Synthesis
SmBiT peptide (VTGYRLFEEIL) was purchased from GenScript. All other reagents and solvents for chemical syntheses were purchased from Aldrich, TCI America, Combi-blocks, and Fisher, and were used without further purification. cGAMP was synthesized according to a published patent procedure (Patel et al, WO 2014179335). Purifications of synthetic intermediates and final SmBiT-cGAMP product were performed on a Waters Preparation HPLC (Waters 2487 Series) equipped with a 1” C18 column, using 0.1 M aqueous triethylammonium bicarbonate (TEAB) or 0.1% aqueous trifluoroacetic acid (TFA) and acetonitrile as eluent. Reaction progress monitoring was performed using a Waters LC-MS with a Waters 2695 Separation Module/3100 Mass Detector. The purity and confirmation of identity of small molecule intermediates were determined by 1H NMR, 13C NMR, and HRMS. The purity and confirmation of identity for peptide intermediates and the final cGAMP-PEG8-SmBiT product was determined by LC-MS and HRMS. HRMS mass spectra were collected via Sciex TripleTOF® 5600+. NMR spectra were collected with a 400 MHz Bruker NMR. All purified products were lyophilized from MeCN/water.
Synthesis of SmBiT-PEG8-SE


To a 20 mL vial was added 4,7,10,13,16,19,22,25-octaoxaoctacosanedioic acid (105 mg, 0.224 mmol), TSTU (149 mg, 0.493 mmol), and DMSO (3 mL). The mixture was stirred for 30 min. To the mixture was added SmBiT (100 mg, 0.0747 mmol). After 1 h, the mixture was purified by reversed phase HPLC (0-70% MeCN in 0.1% aq TFA) to afford SmBiT-PEG8-SE (27.0 mg, 19% yield). HRMS/ESI [M+H]+ calc’d for C87H138N16O30 1887.9838 found 1887.9838.
Synthesis of cGAMP-Succinate


To a 4 mL vial was added cGAMP-2TEA (116 mg, 0.132 mmol), water (1.15 mL, and TEA (183 µL, 1.32 mmol). The mixture was stirred. To the mixture was added a solution of succinic anhydride (185 mg, 1.85 mmol) in THF (1.15 mL). After 5 min, the mixture was concentrated to ~1 mL to remove the THF. The mixture was then purified by reversed phase HPLC (0-15% MeCN in 0.1 M aq TEAB). The third eluting peak was collected, concentrated, and lyophilized to afford the desired cGAMP-Succinate-2TEA (13.4 mg, 10% yield). NMR analysis showed that the product eluted with more TEA than expected with ~ 5:1 TEA:cGAMP succinate ratio. 1H NMR (400 MHz, DMSO-d6) δ 8.4 (s, 1H), 8.1 (s, 1H), 8.0 (s, 1H), 7.8 (d, J = 2.2 Hz, 1H), 7.3 (s, 2H), 6.8 – 6.4 (m, 2H), 5.9 (dd, J = 8.5, 5.8 Hz, 2H), 5.4 (td, J = 9.1, 5.0 Hz, 1H), 5.3 (d, J = 5.0 Hz, 1H), 5.1 (dd, J = 6.9, 4.1 Hz, 1H), 5.1 – 5.0 (m, 1H), 4.2 (q, J = 11.0 Hz, 1H), 4.1 (d, J = 2.2 Hz, 1H), 4.1 – 3.9 (m, 2H), 3.8 (d, J = 12.0 Hz, 1H), 3.5 (ddd, J = 11.2, 7.7, 3.9 Hz, 1H), 3.4 – 2.7 (m, 1H), 2.6 (q, J = 7.2 Hz, 29H), 2.6 (dd, J = 6.6, 3.5 Hz, 1H), 1.0 (t, J = 7.2 Hz, 46H). 13C NMR (101 MHz, DMSO) δ 174.32, 172.52, 157.22, 156.57, 154.45, 153.03, 152.43, 150.17, 141.05, 135.40, 120.00, 116.83, 87.66, 83.64, 83.24, 74.96, 74.05, 71.11, 65.94, 63.48, 58.09, 54.23, 46.06, 30.16, 29.91, 11.03. HRMS/ESI [M+H]+ calc’d for C24H28N10O16P2 775.1233, found 775.1222.
1H NMR spectrum


13C NMR spectrum



Synthesis of cGAMP-amine


To a 20 mL vial was added cGAMP-Succinate (13.4 mg, 0.0137 mmol), DMSO (0.5 mL), DIPEA (24 µL, 0.14 mmol), and N1,N2-dimethylethane-1,2-diamine (15 µL, 0.14 mmol). To the mixture was added HATU (7.8 mg, 0.021 mmol). The mixture was stirred for 1 h. The mixture was diluted with water (3 mL) and was then purified by reversed phase HPLC (0-20% MeCN in 0.1 M aq TEAB) to afford cGAMP-amine (8.5 mg, 73% yield). Analysis by NMR shows a ratio of ~2:1 TEA:cGAMP-amine. Analysis by NMR was complicated by the presence of amide rotamers. 1H NMR (400 MHz, DMSO-d6) δ 8.44 (d, J = 2.1 Hz, 1H), 8.15 (d, J = 1.7 Hz, 1H), 7.92 (d, J = 21.6 Hz, 1H), 7.84 – 7.70 (m, 1H), 7.28 (s, 2H), 6.57 (d, J = 26.0 Hz, 3H), 5.96 – 5.82 (m, 2H), 5.40 – 5.14 (m, 2H), 5.03 (dq, J = 12.6, 5.1 Hz, 2H), 4.30 – 4.00 (m, 4H), 3.85 – 3.66 (m, 3H), 3.64 – 3.51 (m, 4H), 3.01 (s, 4H), 2.94 – 2.86 (m, 1H), 2.82 (s, 2H), 2.71 (s, 12H), 2.42 (d, J = 14.0 Hz, 3H), 1.02 (t, J = 7.2 Hz, 18H). 13C NMR (101 MHz, DMSO) δ 172.33, 172.21, 171.97, 170.87, 157.20, 156.56, 154.40, 153.12, 152.34, 150.23, 140.87, 140.74, 135.45, 135.24, 119.89, 119.85, 116.95, 87.39, 74.90, 73.86, 73.73, 71.36, 71.26, 65.98, 58.38, 55.39, 46.15, 35.69, 33.66, 33.50, 33.29, 31.09, 29.89, 29.45, 28.87, 11.05. HRMS/ESI [M+H]+ calc’d for C28H38N12O15P2 845.2133, found 845.2124.
1H NMR spectrum


13C NMR spectrum


Synthesis of cGAMP-PEG8-SmBiT


To a 20 mL vial was added SmBiT-PEG8-SE (26.6 mg, 0.0141 mmol), cGAMP-amine (8.5 mg, 0.010 mmol), DMSO (2 mL), and DIPEA (70 µL, 0.403 mmol). The mixture was stirred at RT for 5 hours. The mixture was purified by reversed phase HPLC (20-50% MeCN in 0.1 M aq TEAB) to afford cGAMP-PEG8-SmBiT (13.6 mg, 52% yield). HRMS/ESI [M+H]+ calc’d for C111H171N27O42P2 2617.1623, found 2617.1535.
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