Analysis of Histone Acylation by LC-MS/MS
Histones were prepared for MS analysis using derivatization with propionic anhydride as previously described (Lund et al., 2019) except that isotopically labeled propionic anhydride (D10, 98%, Cambridge Isotope Laboratories Inc.) was used to differentiate endogenous (light) from artificial (heavy) histone propionylation. Briefly, 1 volume of 25% propionic anhydride in 2-propanol was mixed with 2 volumes of 0.1M ammonium bicarbonate containing 10-20 mg of histone extracts or 2 mg of mono-nucleosome extracts. After allowing the reaction to proceed for 15 mins at 37°C, the histones were dried in a speed-vac. This derivatization was performed once more prior to digestion with trypsin (1 mg per 20 mg histones) overnight at room temperature in 0.1M ammonium bicarbonate. After digestion, two additional rounds of derivatization were performed to propionylate the free N-termini. Peptides were then desalted with C18 stage tips for analysis by LC-MS/MS.
Peptides were resolved by reversed phase liquid chromatography using EASY-nLC 1000, Dionex Ultimate3000, or NeoVanquish (Thermo) systems fitted with 75 mm i.d. columns (either 15-20 cm packed in-house with 2.4 mm C18 material or 25 cm Acclaim PepMap 3 mm from Thermo) positioned in line with a QE or QE-HF mass spectrometer (Thermo). The chromatography gradient typically started at 2% B for 2 mins, increasing to 10% B from 2-4 mins, increasing to 30% B from 4-49 mins, and increasing to 90% B from 49-52 mins. In some cases, another gradient was used increasing from 2 to 45% B from 0-40 mins and then increasing to 95% B from 40-41 mins. Solvents A and B consisted of 0.1% formic acid in water and 80% acetonitrile with 0.1% formic acid, respectively. Parallel reaction monitoring (PRM) was used to analyze peptides of interest, including the unmodified, acetylated, butyrylated, and endogenously propionylated forms of H3K9 and H3K27. Typical parameters of the PRM were as follows: positive polarity; 17,500 or 30,000 resolution; 5e5 or 1e6 AGC; 50 or 100 ms max injection time; 11 or 20 loop count; 1.2 m/z isolation width or 3.0 m/z isolation width with 0.7 m/z offset; 30 NCE; centroid mode.  Each cycle also included a full MS scan with typical settings as follows: positive polarity; 60,000 or 70,000 resolution; 1e6 AGC; 50 or 100 ms max injection time; 200-1200 or 250-1000 m/z scan range; profile mode.  Data were analyzed with Skyline and fragmentation patterns were visualized with the Interactive Peptide Spectral Annotator (interactivepeptidespectralannotator.com,(Brademan et al., 2019)).  Peptide modifications that were considered included artificial D5-propionyl (+61.057598 to K and N-termini), endogenous propionyl (+56.026215 to K), butyryl (+70.041865 to K), and acetyl (+42.010565 to K).
To construct the titration curve of histone acyl marks, 2 g of unmodified or acylated mono-nucleosomes (H3K9ac, H3K9bu, H3K27ac, H3K27bu) were separately propionylated, digested, and analyzed by LC-MS/MS using 0.2 g injections. Based on the observed peak areas of selected unmodified peptides from H2A, H2B, H3, and H4, peptide concentrations were equalized again to 110 ng/l. A 10-fold dilution series was then prepared from a standard mixture of acyl marks, originally containing 3 l of each acyl mark.  8 l of each dilution, including the starting mixture, was then combined with 2 l of peptides from unmodified nucleosomes. In this way, accounting for the unmodified H3K9 and H3K27 present in acylated H3K27 or H3K9 mono-nucleosomes, respectively, in addition to the unmodified H3K9 and H3K27 in unmodified mono-nucleosomes, the ratio of each acyl mark to its corresponding unmodified background ranges from 3.3E-1 to 2E-7. Final peptide concentrations were equalized to 22 ng/l with solvent and 4.5 l (100 ng) injections were used for LC-MS/MS analysis.
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