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Supplementary Figures

Representative HCD M S/M S spectra
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Figure S1. HCD MS/MS spectrum of doubly chargedipedSIDppSSDEESELSKKRP-4)
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Figure S2. HCD MS/MS spectrum of triply chargedtmp SKVEDAEYEppSSDDEDEKLDK

(PP-6)



Representative CID MSM S spectra
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Figure S3. Comparison of CID MS/MS spectrum
(P2-5) and peptide RSHHDDEEEppSSEKRR-5)
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Figure S4. Comparison of CID MS/MS spectrum oflyripharged peptide ISIDppSSDEESELSKK

(PP-4) and peptide ISIDppTSDEESELSKRR-8)



Representative EThcD M S/M S spectra of triply charged precursor ions
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Figure S5. EThcD MS/MS spectrum of triply chargegtide ISIDpSpSDEESELSKKP¢-4)
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Figure S6. EThcD MS/MS spectrum of triply chargegptide RSHHDDEEESppSEKKPP-5)



Figure S7.
(PP-6)
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EThcD MS/MS spectrum of triply chargesbtide SKVEDAEYEppSSDDEDEKLDK



Representative EThecD M S/M S spectra of doubly charged precursor ions
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Figure S8. EThcD MS/MS spectrum of doubly chargepgtidle VNEDSPSppSSSIRPR-1)
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Figure S9. EThcD MS/MS spectrum of doubly chargeptidle SSDSSppSDSESESRR:3)



Chromatographic behavior of di-and pyrophosphorylated peptides
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Figure S10. Extracted ion chromatograms (XIC) & fynthetic peptideB,.6, PP-6 (m/z 830.982;
blue line),P,-4 andPP-4 (m/z 913.873; red line) showing the similar chromatptra behavior of di-
and pyrophosphorylated peptides. The doubly phagtdted peptides exhibit shorter retention times
than the pyrophosphorylated counterpart.



Spike-in experiment peptide | SIDppTSDEESEL SKK (PP-8)

TIC b XIC CID MS/MS

(M+3H- 1065+ | [M¥3H-178]>
80 [M+3H-98]*

QO
(@)

N

100

-
o

‘ 37.2 min

| | i

Jl \ 1.JM«Q‘!}M’M{'&'\.ﬂl\ﬁ'}f\.h.ljyled‘bj._ [ Jll ‘ }n 0

30 40 50 60 20 30 40 50 60 300 400 500 600 700 800 900
Retention time (min) Retention time (min) m/z

60

40

Intensity (1e8)

o = N w » OO N
o
o

Intensity (1e6)
Relative Abundance (%)

o

N
o

Triggered EThcD MS/MS

IS JDJp pTISIDIEJEJ:SjEjLJSJKJ K

100

80 . 2+e
[M+2H]

Relative Abundance (%)

400 600 800 1000 1200 1400 1600 1800

m/z

Figure S11. Detection of a synthetic pyrophosphtigepin a spike-in experiment using the DDNL-EThcD
approach. (a) Total ion chromatogram (TIC) of thel B protein digest. (b) Extracted ion chromatog(xncC)

m/z 614.255 of the synthetic peptidRP-8. (c) CID MS/MS spectrum of peptideP-8 acquired at a retention
time of 37.23 min indicating dominant neutral lass 98, 178 and 196 Da. (d) Triggered EThcD MS/MS
spectrum of the pyrophosphorylated pepti@&DppTSDEESELSKKshowing gapless sequence coverage

without loss of the labile modification. Fragmeons$ pinpointing the site of modification are labieded.



Characterization of synthetic pyrophophopeptides
PeptidePP-1 (VNEDSPSppSSSK)
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The purity of the isolated peptide was confirmedabglytical HPLC [C18; t = 0 min 0% of solvent B
in solvent A, t = 20 min 20% of solvent B in solveXxt 1 mL/min; 214 nm; k= 8.483 min & k =
8.805 min]. Both peaks in the analytical HPLC welected and HRMS confirmed that both
fractions contained pyrophosphopeptiRie-1 as the primary product (HRMS (Bulk Material) [M+H]
calcd for GuH7eN13O.P," 1296.4393, found 1296.4463; [M+2H]calcd for GaH7/NizOeP%"
648.7233, found 648.7255; [M+2H+N#4]calcd for GsH7N1aNaOsP,>* 440.8133, found 440.8070)
and*'P NMR (202 MHz, HO, pH = 7.70)% -6.78 (d,Jp.p = 27.8 Hz), -10.73 (¢Jp.r = 19.9 H2).
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PeptidePP-2 (SSEDppSSEEEDKA)
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The purity of the isolated peptide was confirmedabglytical HPLC [C18; t = 0 min 0% of solvent B
in solvent A, t = 20 min 20% of solvent B in solteéy 1 mL/min; 214 nm; & = 9.610 min], and the
identity of pyrophosphopeptideP-2 was confirmed by mass spectrometry (HRMS [M*&8lcd for
CuoHgoN14035P," 1472.4350, found 1472.4332; [M+ZHEalcd for GoHgiN15045P,°* 736.7211, found
736.72125; [M+2H+N4d] calcd for GgHgiN1sNaOssP,>" 499.4794, found 499.4697) atié® NMR

(202 MHz, HO, pH = 7.59)% -6.84 (d,%Jp.p = 20.5 Hz), -10.87 (dJp.r = 21.1 Hz).

NH2

DAD1 C, Sig=214,4 Ref=360,100 (LMY\LMY_SEQUENCE2 2014-10-27 08-26-08\LMY-I1X-024_PP_NOPP140_PURE.D)
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PeptidePP-3 (SSEDppSSEEEDKA)
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The purity of the isolated peptide was confirmedabglytical HPLC [C18; t = 0 min 0% of solvent B
in solvent A, t = 20 min 20% of solvent B in soltey) 1 mL/min; 214 nm; & = 6.433 min], and the
identity of the pyrophosphopeptid®P-3 was confirmed by mass spectrometry (HRMS [M+H+Na]
calcd for GgHgiN14Os6P," 1491.4408, found 1491.4410; [M+22F|] calcd for GgHgoN14Os6P>"
746.2240, found 746.2255; [M+2H+NA4]calcd for GgHgN1.,NaOsP,** 505.8147, found 505.8057)
and*'P NMR (202 MHz, HO, pH = 7.67)% -6.57 (d,"Jp.r 21.8 Hz), -10.81 (Jp.r = 21.1 Hz).

DAD1 C, Sig=214,4 Ref=360,100 (LMY\LMY_SEQUENCE2 2014-10-27 08-26-08\LMY-IX-017_PP_AP3B1_P3_PURE.D)

mAU ] e
300—3 %
250—f ‘
200—2 I‘
150% |
100—f | i

] ‘

50 i |

04— PN AN - ~ N

12



PeptidePP-4 (ISIDppSSDEESELKK)
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The purity of the isolated peptide was confirmedabglytical HPLC [C18; t = 0 min 0% of solvent B
in solvent A; t = 20 min 47% of solvent B in solv&x 1 mL/min; 214 nm; § = 13.957 min], and the
identity of pyrophosphopeptideP-4 was confirmed by mass spectrometry (HRMS [M+ZHalcd
for CegHiaoN17057P,>" 913.8709, found 913.8686; [M+3H]calcd for GgHiidN170sP,>" 609.5830,
found 609.5823) anttP NMR (202 MHz, HO, pH = 8.07% -6.77 (d,2Jp.» = 20.5 Hz), -10.99 (d'Je.p
=21.7 Hz).

DAD1 C, Sig=214 4 Ref=360.100 (LMY\LMY_SEQUENCES 2015-05-11 08-43-14\LMY-X-088_PP-PUF6_CALZ0UL D)
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PeptidePP-5 (RSHHDDEEESppSEKK)
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The purity of the isolated peptide was confirmedabglytical HPLC [C18; t = 0 min 3% of solvent B
in solvent A; t = 13 min 15% of solvent B in solvekt 1 mL/min; 214 nm; % = 8.637 min], and the
identity of pyrophosphopeptideP-5 was confirmed by mass spectrometry (HRMS [M+ZHalcd
for CosHisiN»30s1P,>" 936.8362, found 936.8294; [M+3H]calcd for GsHisMN,30s:P,>" 624.8908,
found 624.8833; [M+Na+3H] calcd for GsHisN,sNaQy,P,** 468.9181, found 468.9133) arithP
NMR (202 MHz, HO, pH = 7.91% -6.27 (d, 2Jp.r = 21.8 Hz), -10.76 (d,%Jp.p = 21.4 Hz).

DAD1 C, Sig=214.4 Ref=360,100 (LMY\LMY_SEQUENCE3 2016-01-28 11-44-40\LMY-XII-008_PP-SRG-POL1-PURE.D)
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PeptidePP-6 (SKVEDAEYEppSSDDEDEKLDK)
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The purity of the isolated peptide was confirmedabglytical HPLC [C18; t = 0 min 0% of solvent B
in solvent A; t = 20 min 47% of solvent B in solv&x 1 mL/min; 214 nm; & = 10.351 min], and the
identity of pyrophosphopeptideP-6 was confirmed by mass spectrometry (HRMS [M+ZHalcd
for CosH15:N230s:P>" 1246.4714, found 1246.4687; [M+3Hkalcd for GsHisN,30s.P,>" 831.3167,
found 831.3180; [M+Na+3H] calcd for GsHisMNsNaG;,P,** 629.2348, found 629.7307) antP
NMR (202 MHz, HO, pH = 7.94% -6.64 (d, 2Jp.p = 21.7 Hz), -10.78 (d,%)p.p = 21.5 Hz).

DAD1 C, Sig=214,4 Ref=360,100 (LMY\LMY_SEQUENCE3 2015-05-11 08-43-14\LMY-X-101_PP-RRP5_CAL20UL.D)
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PeptidePP-7 (SHHDDEEESppSEKKK)
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Using Procedure B, pyrophosphopeptixbex was prepared from phosphopeptigex (11.5 mg
6.52umol) in 2 steps as previously describéd give the title peptide in 28% vyield (3.40 mg34
umol) over two steps as a white solid. The purityhaf isolated peptide was determined by analytical
HPLC [C18; t = 0 min 0% of solvent B in solvent A= 20 min 30% of solvent B in solvent A; 1
mL/min; 214 nm; &k = 8.830 min], and the identity of pyrophosphopap#P-7 was confirmed by
mass spectrometry (HRMS [M+2H] calcd for G/H10dN21:036Px>" 922.8404, found 922.8409;
[M+3H]®*" calecd for GHyNx1OsP®" 615.5627, found 615.5619; [M+4H] calcd for

CeH111N21036P," " 461.9238, found 461.9221) aftP NMR (202 MHz, HO, pH = 7.75)% -6.43 (d,
2Jp.p = 21.5 Hz), -10.86 (dJp.p = 21.5 H2).
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PeptidePP-8 (ISIDppTSDEESELSKK)
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The purity of the isolated peptide was confirmedabglytical HPLC [C18; t = 0 min 0% of solvent B
in solvent A; t = 20 min 47% of solvent B in soltekx) 1 mL/min; 214 nm; & = 10.463 min], and the
identity of pyrophosphopeptideP-8 was confirmed by mass spectrometry (HRMS [M+ZHalcd
for CegH121N1703/P>" 921.8820, found 921.0145; [M+3H]calcd for GgHiidN17057P,%" 614.2549,

found 614.3337) antP NMR (202 MHz, HO, pH = 7.91% -6.97 (d,Jp.p = 20.4 Hz), -11.73 (dJp.p
=20.5 Hz).
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