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Protocol S1:Synthesis ofBu glyoxal andBu pyruvate

Esterification of fumaryl chloride.
To a solution of BUOH (27 mL, 284 mmol, 1.9 eqn-butyl lithium (99 mL, 1.6 mol/L in
hexane, 158 mmol, 1.1 eqg.) was added over a pefiéd® min at 0 °C and stirred for another
30 min. The ice-water bath was removed and a nextdifumaryl chloride (8 mL, 74 mmol)
in absolute diethyl ether (36 mL) was added at raemperature over 1.5 h. After 6.5 h the
reaction mixture was diluted with ethyl acetatan{B) and water (30 mL). The organic phase
was washed with saturated aqueous solutions of KlgHCO0 mL) and NaCl (100 mL) and
dried over NgSQ,. Solvents were removed by distillation under redlgressure. The
resulting brown material was dissolvedrnshexane and purified on a silicagel column (§iO
20 cm length, 5 cm inner diameter) using a mixtfraexane and ethyl acetate (95/5, v/v). Di-
'Bu fumarate was obtained as colorless needles ¢148.7 mmol, 86%, Lit: 68%h
TLC (silicagel) R (hexane/ethyl acetate 3/1 (v/v)) = 0.8

R (hexane/ethyl acetate 95/5 (v/v)) = 0.3

'H-NMR (300 MHz, CDC}) & = 6.60 (s, 2H, CHCH), 1.43 (s, 18 H, 2* OC(CH¥).

Ozonolysis of di-'Bu fumarate. Di-'Bu fumarate (14.6 g, 63.7 mmol) dissolved in dry,CH
(74 mL) was cooled to -78 °C before a mixture of@ was introduced into the stirred
solution until its blue color indicated the reaatcompletion (1.5 h). Excess @as removed
by purging the reaction mixture with nitrogen. Téecondary ozonide was opened by slowly
adding S(CH), (20 mL, 274 mmol, 2.6 eq.) to the cooled reacsofution which was then
stirred for 16 h while being allowed to warm to moéemperature. CiIl, and excess S(Gh
were removed by distillation under reduced pressBre glyoxal was obtained in a slightly
yellow, viscose dimethyl sulfoxide (DMSO) solutiofl7.6 g, 3.84 mol/L, 68%). The

concentration was calculated using the relativé peeas ifH-NMR spectrum.
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'H-NMR (300 MHz, CDC}) 5 = 9.23 (s, 1H, CB), 2.57 (s, 6H, OS(Ch), 1.50 (s, 9H,
OC(Chp)y).
BC-NMR (75 MHz, CDC{) & = 185.0 (GO), 158.4 (©O0), 84.2 (O(CHs)s), 40.6

(OS(CH3)2), 27.4 (OC(EH3)s3).

Ozonolysis of 'Bu methacrylate. 'Bu methacrylate (47 mL, 289 mmol) was dissolvediiied
CH.Cl, (340 mL), cooled, and ozonolyzed for 5h as dbsdriabove. Opening of the
secondary ozonide was performed via addition oftgJ£(56 mL, 766 mmol, 2.6 eq.) to the
cooled, stirred solution which was then allowedwarm to room temperature. After 48 h
CH.Cl,, excess S(C¥),, and HCHO were removed by distillation under restlpressure. The
reaction mixture was filtered and the formed wipitecipitate was washed with ethyl acetate.
Concentration of the filtrate yieldéBu pyruvate as a colorless solution in DMSO (24.0 g
2.9 mol/L, 17%). The concentration was calculatsihg the relative peak areas’if-NMR
spectrum.

'H-NMR (300 MHz, CDC}) & = 2.57 (s, 12H, 2 eq. OS(GH), 2.34 (s, 3H, C(O)Ch), 1.48

(s, 9H, OC(CH)3).

¥C-NMR (75 MHz, CDC}) § = 192.8 (GO)CH), 159.9 (®O0), 83.6 (OQCHs)s), 40.4

(OS(CHs),), 27.4 (OC(E13)3), 26.2 (C(O)E15).

Thin layer chromatography. Reactions were monitored by TLC using Merck sitigh 60 sy

TLC aluminium sheets and visualized under a UV lamg/or with Seebach staining solution.

NMR spectroscopy. NMR spectra were recorded in CRQ®ith a Fourier 300 (Bruker). Raw

data were processed with MestReNova Lite 1.6 soéwAn exponential window function

with 0.2 Hz peak width was used and spectra sizein@eased by zero fillingt: 16—32 k,
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13¢: 3264 k). Referencing was done to tetramethyl sildhie § = 0.00) and CDGI(**C, 5 =

77.02), respectively. Phases were corrected manudiile the base line automatically.
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Protocol S2:Peptide purification

Peptides were purified by ion pair reversed phagle performance liquid chromatography (IP-
RP-HPLC) on an Akta Purifier 10 system (GE HealtacAmersham Biosciences Europe
GmbH, Freiburg, Germany) using agueous acetongridglients on Jupiter C18 columns (15
or 10 um particle size, 300 A pore size, PhenoménexAschaffenburg, Germany). lon pair
reagents were trifluoroacetic acid (TFA, 0.1% (V/for peptidel and heptafluorobutyric acid
(HFBA, 0.1% (v/v)) peptide? - 9.

Eluent A: 0.1% (v/v) aqueous TFA,

Eluent B: 60% (v/v) agueous acetonitrile contaimng (v/v) TFA,

Eluent C: 0.1% (v/v) agueous HFBA, and

Eluent D: acetonitrile containing 0.1% (v/v) HFBA.
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Table S1:ESI-source parameters and mass analyzer settipljisdpn the 4000 Q TRAP

MS/MS scans

Experiment Q1-MS

Parameter scan Product ion Prepursor Enhqnced product

ion ion (EPI)
ESI-source

IS [V] 5500 5500 5500 5500

Temperature 0 0 0 0

Ne_bullzer gas (Gas 1, 10 10 15 10

psig)

Drying gas (Gas 2, psig) 0 0 0 0

Curtain gas (CUR, psig) 15 15 10 15

Mass analyzer

Declustering potential i i

(DP, V) 10-256 60-205 25 70

Collision cell entrance

ootential (EP, V) 10 10 10 -

Collision cell exit

potential (CXP, V) - 10 10 -

Interface heating on on on on

Q1 resolution unit unit high high

Qs resolution - unit high -

Qs entry barrier (V) - - - 8

Collision (CAD) gas - medium medium medium

\C/:)olllsmn potential (CE, i 5.13¢ 40, 56 3555

m/z range 350-1400 50 - 1000 300-900 50-1500

Scan rate (m/z s 10 10 0.5 250

Step size in/2) 0.1 0.1 0.1 0.03

2DP ramping was performed in 5 V step€E ramping was performed in 5 V steps;

° depended on the reporter idrdepended on peptide sequence and charge state.
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Table S2:ESI-source parameters and mass analyzer settipjedpn the ESL-TQ-Orbitrap

XL ETD.
Experiment Survey scan Dependent scan
Parameter (Orbitrap - MS) (LTQ - MS/MS)
ESl-source
Spray voltage (kV) 1.70
Capillary temperature (°C) 200
Capillary voltage (V) 36
Tube lens (V) 110
Mass analyzer
m/z range 400-2000 adjusted automatically
Resolution 60,000

collision-induced

Activation type i dissociation (CID)

Normalized collision energy - 35%
Activation frequency - 0.250
Activation time (ms) - 30,000
Isolation width (Da) - 2.00

Data-dependent acquisition (DDA) parameters

Max. no. MS/MS per MS scan 6
Minimum signal intensity (MS) 500.0

Exclusion list size (hom/z values) 500
Exclusion duration (s) 60

Database search parameters

Modification Mass increment [Da] Amino acid(s)
Carbamidomethyl (cam) +57.021 C
Oxidation (0x) +15.995 D FF’J*\’N*’(’YM' N P,
Dioxidation (diox) +31.990 ¢ F H\;V"(’YM’ PR
Trioxidation (triox) +47.985 C,wW
Deamidation (deam) +0.984 N, Q, R
Amadori (Am) +162.053 K
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CML/CMA (CM) +58.056 K, R
CEL/CEA (CE) +72.021 K, R
Glarg (Glarg) +39.995 R
MG-H 1,2,3 (MG-H) +54.011 R
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Table S3Instrumental (LOLB) and method detection limits (LQB) for precursor ion scans

with m/z187.1 and 201.1 acquired at the 4000 QTRAP omiat€qQ mode. Peptides were

infused with a syringe pump (5 pL/min).

Sensitivity
Peptide
LOD; (nmol/L)? lon LOD r, (hmol/L)"° lon
2 5 M+ H]" 20 [M + HJ
3 2.5 [M + 2HF* 50 M+ HT

#Samples were dissolved in 60% (v/v) ag. acetoeitwith 0.1% (v/v) formic acid.

® Samples were spiked into a tryptic digest of HSB0(nmol/L) dissolved in 60% (v/v) aq.

acetonitrile containing 0.1% (v/v) formic acid.
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Table S4: Singly charged fragment ions that could interfeiiéh CML- and CEL-specific

reporter ions.

L Reporter ion , :
Modification b, and internal ions

(m/2)
142.1 -

CML
187.1 (E,G), (D,A), (S,V)
156.1 -

CEL
201.1 (E,A), (L/1,S), (C,P), (T,V)
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Table S5:Peptides identified in a tryptic digest of glyahtdSA that may have interfered with the precursargcan signals.

Precursor ion scan nanoLC-LIT-Orbitrap-MS DDA

Reporter ion

No® . Detected atm/z tr
m/z | rel.int. [%] (min) m/z Xcorr® | Prob. Sequence
min

187.1| 142.10riginal®| lower Z°
1 (440.7 6 - X 19.9| 440.721 2 2.34 2.4 AEFAEVSK
2 14764 11 8 X 23.7| 476.221 2 261 2.0 DLGEENFK
3 |547.4 7 - X 285 547313 3 4.70 255 KVPQVSTPTLVEV

& Peptides are numbered by increasivgvalues.

® Originally detected in the modification-specifiepursor ion scan.

“ m/z recalculated to lower charge state.

4 Only peptides annotated with.g¢> 2.20 for doubly- and> 3.75 for triply charged ions are listed.
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Table S6Peptides identified in analyses of diabetic plagrhase sequences may have caused false positiwgrpoe ion scan signals.

Precursor ion scan

nanoLC-LIT-Orbitrap-MS DDA

reporter ion _
No? , found by m/z Protein
rel. int. [%] tr g Annotated
m/z ) m/z z | XCorr“ | Prob. :
) (min) sequencé Accession , o
187.1 | 142.1 PIS’ | lowerZ Protein description
number
Serum albumin precursor
1/409.6] 11 - X 32.6| 409.540833 | 3.97 1.0 FKDLGEENFK P02768
[ALBU_HUMAN]
Serum albumin precursor
21440.8 18 - X 26.0| 440.72412 | 2.46 1.0 AEFAEVSK P02768
[ALBU_HUMAN]
Serum albumin precursor
31476.3 14 8 X 25.9| 476.22422 | 2.74 7.2 DLGEENFK P02768
[ALBU_HUMAN]
Alpha-1-antichymotrypsin
41480.8 - 49 X 26.2| 480.75902 | 3.58 3.8 ADLSGITGAR P0O1011
[AACT_HUMAN]
ADDKETCcamF- Serum albumin precursor
X 20.5 | 500.5480 3 | 3.93 | 20.8 P02768
AEEGK [ALBU_HUMAN]
5|500.7, 11 - _
Serrotransferrin
X 29.1 | 500.7538 2 | 2.31 1.0 YLGEEYVK P02787
[TRFE_HUMAN]
Alpha-1-antitrypsin
6/508.4 8 - X 34.4| 508.310p2 | 2.23 1.0 SVLGQLGITK P01009
[A1IAT_HUMAN]
KVPQVSTPTL- Serum albumin precursor
7|547.4) 15 4 X 31.3| 547.31813 | 4.63 1.0 P02768
VEVSR [ALBU_HUMAN]
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NQVSLT- Ig gamma-2 chain C regior
8|581.4/ 15 5 X 32.4| 581.31902 | 2.54 1.0 P01859
CcamLVK [I[GHG2_HUMAN]
GPSVFPLA- Ig gamma-2 chain C regior
91644.7/ 4 - X 33.8| 644.32722 | 3.06 | 32.9 P01859
PCcavSR [I[GHG2_HUMAN]
SVIPSDGPSV- Serrotransferrin
10|708.3] 5 - X 28.8| 708.36452 | 2.61 | 29.3 P02787
ACcamVK [TRFE_HUMAN]

@ Peptides are numbered by increasiigvalues.
® Originally detected in the modification-specifieepursor ion scan.

“ m/z recalculated to lower charge state.

4 Only peptides annotated with.g¢ > 2.20 for doubly- and> 3.75 for triply charged ions are listed.

€ cam, carbamidomethylation.
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Figure S1 Sections of the tandem mass spectranaf865.5 (A), 923.5 (B), and 937(®)
corresponding to [M+H]ions of peptided, 2, and3, respectively, recorded with a QqLIT
mass spectrometer operating in positive ion moddligon potential 50 V). Signals
indicating neutral losses of water are marked \agterisks (*) andi-amino€-caprolactam-
and tetrahydropyridine-related lysine-derived i@re labeled with full diamonds) and
circles @), respectively. Signals indicating internal fragrmens are denoted as jgt(a and

b as terminal residues).
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Figure S2: Tandem mass spectra ofz865.3, 923.3

protonated peptides(A, B), 2 (C, D), and3 (E, F), respectively, recorded on a QqLIT-MS in

enhanced product ion mode (A, C, and E) or a QqM3~(B, D, and F) using a collision

potential of 50 V (55 V in A). Signals indicatingater and ammonia losses are marked with
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denoted as ig, (a and b as terminal residue®. &d
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into a QqLIT mass spectrometer operating in a pasiton mode. DP was ramped in
increments of 5 V. Signal intensities of [M+¥H[M+2H]**, and [M+3H}" are shown as full,

dashed, and dotted lines, respectively.

S-18



- N
55

7 124 © i

o 7

Q

o

(=] -

=

.as_

c

[

2

=

0 4

300 400 500 600 700 800 900
m/z
16 -
712+ B
% (2]
O
=
2
3 8 4
(=1
[
E
i
o
&
ada d "
1 . T T T e 1
300 400 500 600 700 800 900
m/z
16 ~
w124
o
g N
S ®
: 2l
2
=,
(=
g
£
- o N NN ONNN =0 D ©
4406 ~ S ONT BUSN SN o =]
8 8| 3FFIIBITITH 3
S W)
0 4 plos. T Jl T 1
300 400 500 600 700 800 900
m/z

Figure S6: Precursor ion scans fawvz 187.1 of a tryptic digest of glycated HSA (10 pfapl
recorded with declustering potentials of 70 (A), @, and 10V (C). The sample was
dissolved in aqueous acetonitrile (60%, v/v) camtey formic acid (0.1%, v/v) and infused
via a syringe pump at [@/min into a QqLIT mass spectrometer operating ojQQpositive

ion mode.
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Figure S7 Intensity of the reporter ion signals for diffetaollision potentials applied in a

product ion scan of peptidés (A), 7 (B), 8 (C), and9 (D). Shown are signal intensities

corresponding ta-aminoe-caprolactam-derived ions (black) for CMin/g 187.1) and CEL

(m/z 201.1) and tetrahydropyridine-derived ions (griey) CML (m/z 142.1) and CELnVz

156.1) obtained by fragmentation of singly (fudpubly (dashed), or triply charged (dotted)

precursor ions. Peptides were dissolved (2.5 pmodbueous acetonitrile (60%, v/v)

containing formic acid (0.1%, v/v) and infused dtaav rate of 5 pL/min into a QgLIT mass

spectrometer operated in QqQ mode.
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Figure S8: Precursor ion scans acquired foz 187.1 (A) and 201.1 (B) with peptid29A,
[M+H] ") and3 (B, [M+2H]*") at concentrations corresponding to their LOP.e. 2.5 and 5
nmol/L, respectively). Peptides were dissolveddoepus acetonitrile (60%, v/v) containing

formic acid (0.1%, v/v) and infused at a flow rabé 5 puL/min into a QqLIT mass

spectrometer operated in QqQ mode.
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Figure S9: Precursor ion scans acquired folz 187.1 (A) and 201.1 (B) with peptid@9A,
[M+H] ") and3 (B, [M+2H]?") at concentrations corresponding to their L{3i.e. 20 and 50
nmol/L, respectively). Peptides were dissolveddneous acetonitrile (60%, v/v) containing
formic acid (0.1%, v/v) and infused at a flow rabé 5 puL/min into a QqLIT mass

spectrometer operated in QqQ mode.
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Figure S10Precursor ion scans of a tryptic digest of glyca#sA (10 umol/L) acquired for
m/z201.1 (A) and 156.1 (B). The digest was dissolire@dqueous acetonitrile (60%, v/v)
containing formic acid (0.1%, v/v) and infused dtaav rate of 5 pL/min into a QgLIT mass

spectrometer operated in QqQ mode.
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