
Supplemental Figure and Table Legends 

Supplemental Figure 1.  Total ion current increases as a function of the number of multiple 

fills.  A trace of total fragment ion current obtained upon fragmenting [M+16H]16+ ions from 

recombinant H4 using a reaction time of 8 ms ETD, 20 ms IIPT as the number of multiple 

fragment ion fills is varied.  Precursor m/z 703.4, 1 µscan, r = 60,000, 1-20 multiple fills.   

 

Supplemental Figure 2.  Hand-annotated ETD/IIPT MS/MS spectra from Figure 1.  Hand 

annotated MS/MS spectra of intact recombinant H4 (precursor charge state +16, m/z 703.40) 

following ETD (8 ms) and IIPT (20 ms) reactions with 1 and 20 fragment ion fills of the C-trap.  

Note, these are not exhaustive lists of fragments observed but rather those that are most abundant 

that are easily distinguishable.  (A) Spectrum produced from a single iteration of ion/ion 

reactions (1 fill, 1 µscan, r = 60,000 at 400 m/z, 0.56 sec elapsed scan time).  (B) Spectrum 

produced from 20 iteration of ion/ion reactions (20 fills, 1 µscan, r = 60,000 at 400 m/z, 6.24 sec 

elapsed scan time).  (C) Spectrum produced by averaging 20 (A) spectra (1 fill, 1 µscan, r = 

60,000 at 400 m/z, 0.57 sec elapsed scan time/spectrum, 11.2 sec total acquisition time). 

 

Supplemental Figure 3.  ETD/IIPT MS/MS spectra recorded on intact H4.  Precursor m/z 

703.4, 1 µscan, 15 multiple fills, r = 60,000, average of 5 spectra.  (A) ETD spectrum recorded 

on [M+16H]16+ ions from recombinant H4 using a reaction time of 6 ms.  (B) Spectrum obtained 

by performing 20 ms IIPT reaction on the ETD-produced fragment ions in A.   Precursor m/z 

703.4, 1 µscan, 15 multiple fills, r = 60,000, average of 5 spectra, elapsed scan time 3.62 sec 

(ETD only) or 4.73 sec (ETD/IIPT). 

 



Supplemental Figure 4.  Hand-annotated ETD/IIPT MS/MS spectrum from Figure 2.  

ETD/IIPT spectrum recorded on [M+19H]19+ ions from H2A type 1 (P0C0S8) using 4 ms ETD 

and 25 ms IIPT.  Precursor m/z 738.0, 3µscans, 15 multiple-fills, r = 30,000, average of 6 

spectra, 11.7 sec elapsed scan time/spectrum (~19.8 sec for single fill/transient equivalent 

spectrum).  Note, these are not exhaustive lists of fragments observed but rather those that are 

most abundant that are easily distinguishable.   

 

Supplemental Figure 5.  Full MS spectrum indicated unique proteoforms of intact H2A 

identified by MS/MS.  Averaged, high resolution full MS spectrum depicting sample 

heterogeneity.  Proteoforms identified by MS/MS are indicated.  All PTMs were site-localized 

(K5).     

 

Supplemental Figure 6.  Annotated ETD/IIPT MS/MS spectrum of intact H4 proteofrom.  

ETD/IIPT spectrum recorded on [M+16H]16+ ions from H4 (P62805) containing 4 acetylated 

lysine residues (K4, K8, K12 and K16) along with K20 dimethylation using 4 ms ETD and 40 

ms IIPT.  Precursor m/z 718.0, 3 µscans, 10 multiple-fills, r = 30,000, average of 8 spectra, 8.75 

sec elapsed scan time/spectrum.  The spectrum is renormalized to the largest peak in the 

subsection in increments of 250-750, depending on the density of the spectrum within each 

region.  (A) m/z 220-750 & m/z 750-1250.  (B) m/z 1250-1500 & 1500-1750.  (C) m/z 1750-

2000.   

 

Supplemental Figure 7.  ETD/IIPT MS/MS spectra recorded on intact H1 isoforms.  (A) 

ETD/IIPT spectrum recorded on [M+35H]35+ ions from H1.4 (P10412) using 2 ms ETD and 25 



ms IIPT.  Precursor m/z 623.1, 3µscans, 15 multiple fills, r = 30,000 average of 10 spectra, 11.6 

sec elapsed scan time/spectrum.  (B) Sequence coverage (~72%) obtained from MS/MS 

spectrum shown in A.  (C) ETD/IIPT spectrum recorded on [M+36H]36+ ions from H1.2 

(P16403) using 2 ms ETD and 25 ms IIPT.  Precursor m/z 609.0, 3µscans, 15 multiple fills, r = 

30,000 average of 10 spectra, 11.6 sec elapsed scan time/spectrum.  (D) Sequence coverage 

(~67%) obtained from MS/MS spectrum shown in C.  

 

 Supplemental Figure 8.  Hand-annotated ETD/IIPT MS/MS spectrum from Figure 4.  

ETD/IIPT spectrum recorded on [M+23H]23+ ions from H1.2 (P16403) with an undocumented 

single amino acid substitution (A141T) using 4 ms ETD and 20 ms IIPT.  Precursor m/z 

927.5, 1 µscan, 25 multiple-fills, r = 100,000 at 400 m/z, average of 11 spectra, 9.38 sec elapsed 

scan time/spectrum (27.6 sec for single fill/transient equivalent spectrum).  Note, these are not 

exhaustive lists of fragments observed but rather those that are most abundant that are easily 

distinguishable.   

 

Supplemental Figure 9.  Expanded views of Figure 5 panel C.  Expanded views of the m/z 

regions where +8 species A-E (Table 1) should be observed upon isolation. The distinct 0.125 

m/z shift indicative of a +8 is only clearly observed in panels D and E (corresponding to species 

D and E, accordingly).   

 

Supplemental Figure 10.  Expanded view of m/z region containing intact histone H2B 

isoforms from Figure 5 panel D.  Expanded view of m/z 2730-2800 region MS/MS spectrum 



produced upon isolation of ions possessing m/z 790-830 and 140 ms IIPT with charge reduced 

precursor “parked” in the 2300-3900 m/z range.   

         

Supplemental Figure 11.  ETD/IIPT MS/MS spectrum recorded on truncated H2B 

proteoform.  (A) ETD/IIPT spectrum recorded on [M+15H]15+ ions from a truncated form of 

H2B (residues 26-125, possibly P62807) using 4 ms ETD and 40 ms IIPT.  Precursor m/z 747.3, 

3µscans, 10 multiple fills, r = 30,000 average of 5 spectra, 9.3 sec elapsed scan time/spectrum.  

(B) Sequence coverage (~90%) obtained from MS/MS spectrum shown in A.   

 

Supplemental Figure 12.  ETD/IIPT MS/MS spectra recorded on truncated H2A 

proteoforms.  (A) ETD/IIPT spectrum recorded on [M+11H]11+ ions from truncated H2A2A 

(residues 57-129, Q6FI13) using 8 ms ETD and 40 ms IIPT.  Precursor m/z 733.7, 3µscans, 5 

multiple fills, r = 30,000, average of 2 spectra, ~6.73 sec elapsed scan time/spectrum.  Sequence 

coverage is also included.  (B) ETD/IIPT spectrum recorded on [M+6H]6+ ions from truncated 

H2A (residues 1-45, possibly Q6FI13) using 8 ms ETD and 40 ms IIPT.  Precursor m/z 811.5, 

3µscans, 5 multiple fills, r = 30,000, average of 2 spectra, ~6.41 sec elapsed scan time/spectrum.  

Sequence coverage is also included.  (C) ETD/IIPT spectrum recorded on [M+6H]6+ ions from 

truncated H2A (residues 1-44, possibly Q6FI13) using 8 ms ETD and 40 ms IIPT.  Precursor m/z 

799.5, 3µscans, 5 multiple fills, r = 30,000, average of 2 spectra, ~6.73 sec elapsed scan 

time/spectrum.  Sequence coverage is also included.  For all spectra, green circles indicate 

neutral losses from charge reduced precursor.  Blue circles indicate other species that were co-

isolated and charge reduced.   



Supplemental Figure 13.  LC-MS characterization of in vitro clipping of histone H2A type 

2A. (A) Extracted LC-MS chromatogram of (left) intact histone H2A and (right) clipped histone 

H2A after 15 min, 30 min and 1 hour of incubation with Cathepsin L.  In italic above the peaks 

the area under the curve of the ion chromatogram.  (B) Quantification of the C-terminal histone 

H2A peptides identified in the in-vitro experiment.  The cleavage site is determined in the y-axis, 

including the intact protein form (full).  The abundance is expressed in arbitrary units (AU), 

corresponding to the area under the curve of the extracted ion chromatogram.  (C) Annotated 

MS/MS ETD spectrum of the G44 clipped histone H2A, deconvoluted using Xtract (Thermo).  c 

and z fragments are marked with orange and yellow labels.  On the right of the spectrum the 

signal of the intact peptide not fragmented.  These data were acquired on an Orbitrap Fusion with 

FETD. 

 

Supplemental Table 1.  N-terminal truncated histones observed in H2A1 fraction from 

butyrate treated HeLa cells.  Sequences of observed truncated H2A proteoforms are given 

along with their respective residue numbers and quantitation expressed in arbitrary units 

corresponding to the calculated area of the extracted ion chromatogram.   

 

Supplemental Table 2. Identified peptides from the in-vitro histone H2A proteolytic 

digestion.  Peptide sequences of the peptides identified using Mascot database searching (Matrix 

Science).  The protein/peptide sequence is annotated with the respective mass (MH+) and 

cleavage site.  The cleavage site is annotated in the Motif column as “-“ with the surrounding ± 6 

amino acid residues.  Quantification is expressed in arbitrary units, corresponding to the 



calculated area of the extracted ion chromatogram.  Prior both database searching and LC peak 

area integration the raw files were deconvoluted using Xtract (Thermo).  
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Supplemental Table 1 
 
 

Sequence Residues AU 
SGRGKQGGKARAKAKSRSSRAGLQFPVGRVHRLLRKGNYAERVGAGAPVYMAAVLE-56 

57-YLTAEILELAGNAARDNKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 
Intact 
1-129 

6.671E+10 

SGRGKQGGKARAKAKSRSSRA 1-21 1.727E+07 
SGRGKQGGKARAKAKSRSSRAG 1-22 2.666E+07 
SGRGKQGGKARAKAKSRSSRAGL 1-23 1.189E+07 
SGRGKQGGKARAKAKSRSSRAGLQF 1-25 1.255E+07 
SGRGKQGGKARAKAKSRSSRAGLQFPVG 1-28 3.040E+07 
SGRGKQGGKARAKAKSRSSRAGLQFPVGRVHRLLRK 1-36 1.812E+07 
SGRGKQGGKARAKAKSRSSRAGLQFPVGRVHRLLRKG 1-37 6.719E+07 
SGRGKQGGKARAKAKSRSSRAGLQFPVGRVHRLLRKGNYA 1-40 1.484E+07 
SGRGKQGGKARAKAKSRSSRAGLQFPVGRVHRLLRKGNYAERVG 1-44 1.122E+08 
SGRGKQGGKARAKAKSRSSRAGLQFPVGRVHRLLRKGNYAERVGA 1-45 5.379E+07 
SGRGKQGGKARAKAKSRSSRAGLQFPVGRVHRLLRKGNYAERVGAG 1-46 3.876E+07 
SGRGKQGGKARAKAKSRSSRAGLQFPVGRVHRLLRKGNYAERVGAGA 1-47 2.000E+07 
SGRGKQGGKARAKAKSRSSRAGLQFPVGRVHRLLRKGNYAERVGAGAPVYMAAVLE 1-56 1.345E+07 

YLTAEILELAGNAARDNKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 57-129 1.305E+07 
LAGNAARDNKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 65-129 1.336E+07 

GNAARDNKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 67-129 1.874E+07 
NAARDNKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 68-129 6.762E+07 
AARDNKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 69-129 1.024E+07 

DNKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 72-129 1.281E+07 
NKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 73-129 1.000E+08 

KTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 75-129 1.218E+07 
TRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 76-129 1.689E+07 

GKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 98-129 2.310E+07 
KVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 99-129 3.303E+07 

GGVLPNIQAVLLPKKTESHHKAKGK 105-129 2.558E+07 
GVLPNIQAVLLPKKTESHHKAKGK 106-129 6.375E+07 
VLPNIQAVLLPKKTESHHKAKGK 107-129 2.406E+07 
LPNIQAVLLPKKTESHHKAKGK 108-129 3.407E+07 
PNIQAVLLPKKTESHHKAKGK 109-129 6.237E+07 

QAVLLPKKTESHHKAKGK 112-129 1.283E+07 
AVLLPKKTESHHKAKGK 113-129 2.142E+07 
VLLPKKTESHHKAKGK 114-129 1.395E+07 
LLPKKTESHHKAKGK 115-129 1.435E+07 

PKKTESHHKAKGK 117-129 1.076E+07 

 

 

 

 

 



Sequence MH+ [Da] Cleavage site Motif 15 min 30 min 1 hour 

SGRGKQGGKARAKAKSRSSRAGLQFPVGRVHRLLRKGNYAERVG-44 
45-AGAPVYMAAVLEYLTAEILELAGNAARDNKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 

14412.07723 (intact) NA 9.36E+09 1.03E+10 1.10E+07 

AGAPVYMAAVLEYLTAEILELAGNAARDNKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 9228.20502 G44 YAERVG-AGAPV 2.96E+09 6.80E+09 2.18E+10 

AAVLEYLTAEILELAGNAARDNKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 8538.84161 M51 GAPVYM-AAVLE 4.80E+06 2.05E+08 3.43E+08 

LAGNAARDNKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 7123.1231 E64 TAEILE-LAGNA 6.55E+06 4.21E+07 5.66E+07 

KKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 6240.61681 N73 NAARDN-KKTRI 9.46E+06 7.32E+07 5.55E+07 

RIIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 5883.46855 T76 RDNKKT-RIIPR 4.55E+08 4.53E+08 3.25E+09 

IIPRHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 5727.33432 R77 DNKKTR-IIPRH 3.14E+07 2.96E+07 1.77E+09 

RHLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 5404.12777 P80 KTRIIP-RHLQL 6.34E+06 2.66E+06 1.89E+07 

HLQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 5248.01759 R81 TRIIPR-HLQLA 2.45E+08 4.08E+07 5.33E+08 

LQLAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 5110.95762 H82 RIIPRH-LQLAI 3.14E+07 1.44E+06 2.42E+06 

LAIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 4869.84071 Q84 IPRHLQ-LAIRN 2.64E+09 7.84E+09 1.46E+10 

AIRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 4756.73387 L85 PRHLQL-AIRND 8.54E+08 1.54E+09 5.62E+09 

IRNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 4685.69103 A86 RHLQLA-IRNDE 9.27E+08 1.23E+09 4.39E+10 

RNDEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 4572.5985 I87 HLQLAI-RNDEE 1.72E+08 7.91E+07 1.35E+08 

DEELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 4302.45079 N89 QLAIRN-DEELN 3.71E+08 7.17E+07 2.06E+08 

EELNKLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 4187.43615 D90 LAIRND-EELNK 1.18E+07 1.25E+08 1.09E+07 

KLLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 3702.2246 N94 NDEELN-KLLGK 4.53E+07 1.42E+07 3.78E+07 

LLGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 3574.13171 K95 DEELNK-LLGKV 1.99E+07 8.87E+06 4.01E+07 

LGKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 3461.05053 L96 EELNKL-LGKVT 4.41E+06 4.34E+06 1.06E+07 

GKVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 3347.97448 L97 ELNKLL-GKVTI 2.34E+08 3.98E+08 3.20E+09 

KVTIAQGGVLPNIQAVLLPKKTESHHKAKGK 3290.94445 G98 EELNKL-LGKVT 1.30E+09 1.68E+09 1.07E+10 

VTIAQGGVLPNIQAVLLPKKTESHHKAKGK 3162.84833 K99 NKLLGK-VTIAQ 2.59E+07 3.20E+06 3.57E+07 

TIAQGGVLPNIQAVLLPKKTESHHKAKGK 3063.78051 V100 KLLGKV-TIAQG 3.42E+07 2.19E+07 3.78E+07 

IAQGGVLPNIQAVLLPKKTESHHKAKGK 2962.73119 T101 LLGKVT-IAQGG 3.34E+08 5.07E+08 2.07E+09 

AQGGVLPNIQAVLLPKKTESHHKAKGK 2849.65038 I102 LGKVTI-AQGGV 3.01E+07 2.47E+07 3.21E+07 

QGGVLPNIQAVLLPKKTESHHKAKGK 2778.61279 A103 GKVTIA-QGGVL 2.27E+08 1.46E+08 6.37E+08 

GGVLPNIQAVLLPKKTESHHKAKGK 2650.5523 Q104 KVTIAQ-GGVLP 6.98E+07 5.35E+07 1.82E+07 

GVLPNIQAVLLPKKTESHHKAKGK 2593.5296 G105 VTIAQG-GVLPN 4.91E+07 3.38E+07 7.35E+07 
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