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Figure S1-77: Mass spectral data for the peptides identified with 2-alkenal adductions.  
 
Figure S78: Proposed structures of ARP-specific ions observed in the MS/MS spectra 

reported. 
 
Figure S79: Biological network and pathway analysis of the carbonylated proteins identified in 

this study.   
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Figure S1. (A) Full mass spectrum and (B) MS/MS spectrum acquired by ESI-Q-TOF of the [M+2H]2+ ion of the ARP 
labeled, acrolein modified peptide C*IGDLK; monoisotopic m/zcalc 509.25; accuracy (m/z) = 0.00 Da
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Figure S2. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF of the [M+H]+ ion of the 
ARP labeled, acrolein modified peptide C*IGDLK; monoisotopic m/zcalc 1017.49; accuracy (m/z) = -0.04 Da



ATP5H_RAT: ATP synthase D chain

N-C*-A-Q-F-V-T-G-S-Q-A-R
y y y y y y y y

b2 b3     b4      b5

100
825.87

826.37

A.

y10      y9      y8      y7        y6     y5      y4                            y1

826 827 8280

826.86

827.36

827.86

826 827 828
m/z

0

y6
619.32

865.47 1064.53

y10

y

y8
100

B.

826.38718.40

993.52
y9

y7

404.14

332.14

518.27
587.22

658 22

y5

b3
[ARP+H]+

ARPF1

b2

[ARP-ACR-SH2]+

*
*

227.09

175.13
255.11 461.24

658.22

786.32

933.36

1143.60

1281.58
1205.59

1425.63

b4

b5

y4
y1

*
*

Figure S3. (A) Full mass spectrum and (B) MS/MS spectrum acquired by ESI-Q-TOF of the [M+2H]2+ ion of the ARP 
labeled, acrolein modified peptide NC*AQFVTGSQAR; monoisotopic m/zcalc 825.88; accuracy (m/z) = -0.01 Da
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Figure S4. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF of the [M+H]+ ion of the 
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Figure S15. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF of the [M+H]+ ion of the 
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CX6B1_MOUSE, Cytochrome c oxidase subunit VIb isoform
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Figure S27. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF of the [M+H]+ ion of the 
ARP labeled, HNE modified peptide NALANPLYC*PDYR; monoisotopic m/zcalc 1978.95; accuracy (m/z) = 0.04 Da



y2y4y5y6y7y8

QCR2_RAT: Ubiquinol-cytochrome-c 
reductase complex core protein 2

100
755.37

N-P-L-Y-C*-P-D-Y-R
b3

A.
100

%

755.87

756.37

756.87

755 756 757 m/z0

100
338.20

y2B.
100

%
550.28

757.39
1185.50

1022 51P
 F

1 332.15

[A
R

P
+

H
]+

b3

y4

y5

y6

*
*

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 m/z0

325.21

227.09
698.34

1022.51

1298.67

A
R

y7

y8
2+ *
*
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DHSA_RAT: Succinate dehydrogenase 
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Figure S30. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF of the [M+H]+ ion of the 
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Figure S31. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF of the [M+H]+ ion of the 
ARP labeled, acrolein modified peptide AVEEQYSC*EYGSGR; monoisotopic m/zcalc 1946.80; accuracy (m/z) = 0.01 
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ARP labeled, acrolein modified peptide DIMYTGTVDC*WR; monoisotopic m/zcalc 1828.78; accuracy (m/z) = -0.07 Da



K-G-A-D-I-M-Y-T-F-T-V-D-C*-W-R
y1y3y4y6y7y9

ADT1_RAT: ADP/ATP translocase 1

80
90

100

y

20
84

.9
8

20
85

.9
8

20
86

.9
8

8

K G A D I M Y T F T V D C W R

A.

2084.54 2085.96 2087.38 2088.80 2090.22 2091.64
Mass (m/z)

0
10
20
30
40
50
60
70
80

%
 In

te
ns

ity

20
87

.2
1

20
88

.9
8

20
87

.9
8

Mass (m/z)

100 83
3.

43

y3

B.

*

60

70

80

90

ns
ity

(A
C

R
-A

R
P

)]
+

20

30

40

50

60

%
 In

te
n

17
5.

14

17
15

.8
4

17
68

.8
6

41
5.

27

05
.7

0

.1
5

47 63 4

y1

v2

w3

y4 y6

y7

y9

F2

P

[M
+

H
-(

* *
*

*

69.0 495.2 921.4 1347.6 1773.8 2200.0Mass (m/z)
0

10

20

12
0

23
0.

94
8.

4

11
48

.6

14
69

.7
4
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Figure S44. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF of the [M+H]+ ion of the 
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Figure S55. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF  of the [M+H]+ ion of the 
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Figure S59. (A) Full mass spectrum and (B) MS/MS spectrum acquired by ESI-Q-TOF  of the [M+2H]2+ ion of the ARP 
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Figure S60. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF  of the [M+H]+ ion of the 
ARP labeled, acrolein modified peptide VDGMDILC*VR; monoisotopic m/zcalc 1489.70; accuracy (m/z) = -0.06 Da
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Figure S64. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF  of the [M+H]+ ion of the 
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= 0.01 Da



MMSA_RAT: Methylmalonate-semialdehyde 
dehydrogenase

y4y5y6y7y8y10y11y12y13

100 881.41

881 92

C*-M-A-L-S-T-A-V-L-V-G-E-A-K
b3 b8A.

/

%

881.92

882.42

882.91

883.41
883.92

881
m/z0

882 883 884

B.
100

881.44
[M+2H]2+

332.14
[ARP+H]+

[M+H -(ARP-ACR)]+

%

404 22 675.26

974.55 1430.75

1158.69

1087.64
ARP F1

y4

y
y6

b3
y7

y8

y10

y11

y12

[M+H -ARP]+

[ ( )]

*

m/z0

227.09
404.22

616.38
503.29

573.75

675.26
786.47

714.43 1392.78

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

ARP F1

218.15
y2

y5
y8

1289.71
y13b8

2+*

Figure S65. (A) Full mass spectrum and (B) MS/MS spectrum acquired by ESI-Q-TOF  of the [M+2H]2+ ion of the ARP 
labeled, acrolein modified peptide C*MALSTAVLVGEAK; monoisotopic m/zcalc 881.44; accuracy (m/z) = -0.03 Da



C* S G
y4y5y6y8y9y10y11y12 y7

MMSA_RAT: Methylmalonate-semialdehyde 
dehydrogenase

90
100 17

61
.9

4

17
62

.9
4

94

C*-M-A-L-S-T-A-V-L-V-G-E-A-K
b2 b3 b8 b9b4

A.

1761 47 1762 48 1763 50 1764 51 1765 52 1766 540
10
20
30
40
50
60
70
80
90

%
 In

te
ns

ity 17
63

.9

17
64

.9
4

1761.47 1762.48 1763.50 1764.51 1765.52 1766.54
Mass (m/z)

100 33
2.

19

[ARP+H]+
B.

70

80

90

100 3

61
6.

40

A
R

P
 F

1 y6

P
]+H
 –

(A
C

R
-A

R
P

)]
+

*

30

40

50

60

%
 In

te
ns

ity

6

22
7.

12

67
5.

32

40
4.

23

71
5.

48

97
4.

61

78
6.

53

50
3.

31

14
30

.8
4

78
8.

39
7.

59

46
.6

0
70 9 843

13
92

.8
3

A

y4

y5

b2

b3

y7 y8 b4

y9

y10

y11 y12

b8

b9
b10

[M
+

H
 –

A
R

P

[M
+

H

P*

*
*

* *

69 427 785 1143 1501 1859Mass (m/z)
0

10

20

5 1

88 11
4

10
87

.7

12
59

.6

13
58

.8

60
4.

25

11
58

.7

2

Figure S66. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF  of the [M+H]+ ion of the 
ARP labeled, acrolein modified peptide C*MALSTAVLVGEAK; monoisotopic m/zcalc 1761.87; accuracy (m/z) = 0.07 
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Figure S68. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF  of the [M+H]+ ion of the 
ARP labeled, acrolein modified peptide EANSIVITPGYGLC*AAK; monoisotopic m/zcalc 2076.03; accuracy (m/z) = -
0.01 Da
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Figure S69. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF  of the [M+H]+ ion of the 
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Figure S71. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF of the [M+H]+ ion of the 
ARP labeled, acrolein modified peptide C*IGAIAMTEPGAGSDLQGVR; monoisotopic m/zcalc 2315.09; accuracy (m/z) 
= 0.01 Da
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dehydrogenase, mitochondrial precursor 

C*-I-G-A-I-A-M-T-E-P-G-A-G-S-D-L-Q-G-V-R
.1

4

23
32

.1
4

14
A.

10
20
30
40
50
60
70
80
90

100

%
 In

te
ns

ity

23
31

23
35

.1
5

2

23
33

.1

23
34

.1
4

2330.80 2332.12 2333.43 2334.75 2336.06 2337.38
Mass (m/z)

0
10

B. y5

100 57
2.

40

60

70

80

90

ity .6
0

y11

P
A

R
P

)]
+

20

30

40

50

60

%
 In

te
ns

10
56

17
5.

14

.0
5

.2
0

03
9.

58

7

y1

A
R

P
 F

1

[A
R

P
+

H
]+

y4
y6 y7y

y9

y11-NH3

y12 y13 y18

[M
+

H
 –

(
H

A
-A

69.0 543.6 1018.2 1492.8 1967.4 2442.0Mass (m/z)
0

10

20

19
4633

2 1

68
7.

41

45
9.

31

11
85

.6
7

90
2.

51

77
4.

47
83

1.
52

12
86

.7
8

22
7.

13
27

4.
23

17
29

.9
2

95
9.

50

Ay2
4 y7y8

y9
y10

y18

Figure S72. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF of the [M+H]+ ion of the 
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accuracy (m/z) = 0.05 Da
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Figure S73. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF of the [M+H]+ ion of the 
ARP labeled, HHE modified peptide C*IGAIAMTEPGAGSDLQGVR; monoisotopic m/zcalc 2373.14; accuracy (m/z) = -
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ACADL_RAT: Long-chain specific acyl-CoA 
dehydrogenase, mitochondrial precursor 

100 .0
9 24

14
.0

9

09

C*-I-G-A-I-A-M-T-E-P-G-A-G-S-D-L-Q-G-V-R

A.

0
10
20
30
40
50
60
70
80
90

100

%
 In

te
ns

ity

24
13

24
15

.

24
16

.0
9

24
17

.0
9

24
18

.0
9

2411.99 2413.66 2415.34 2417.01 2418.68 2420.36
Mass (m/z)

0

B.

100 57
2.

47

y5

60

70

80

90

en
si

ty

05
6.

72

y11

E
-A

R
P

)]
+

P

20

30

40

50

%
 In

t 1

17
5.

16

03
9.

69

97
.3

5

85
.8

0

46
.1

5

35 48 835 70 0

y1

y3
y4 y8

y13 -H2O

y15y6 y7y2

A
R

P
 F

1

y11-NH3 y12 [M
+

H
 –

(O
N

F2

69.0 564.4 1059.8 1555.2 2050.6 2546.0Mass (m/z)
0

10

10 2011
8

19
4

45
9.

68
7.

5

33
1.

28

12
68

.8

77
4.

55

51
3.

41

83
1.

5 7

22
7.

20
27

4.
24

14
88

.9
0

Figure S74. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF of the [M+H]+ ion of the 
ARP labeled, ONE modified peptide C*IGAIAMTEPGAGSDLQGVR; monoisotopic m/zcalc 2413.17; accuracy (m/z) = -
0.08 Da
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Figure S75. (A) Full mass spectrum and (B) MS/MS spectrum acquired by MALDI-TOF/TOF of the [M+H]+ ion of the 
ARP labeled, HNE modified peptide C*IGAIAMTEPGAGSDLQGVR; monoisotopic m/zcalc 2415.18; accuracy (m/z) = -
0.10 Da
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Figure S78. (A) Structure of ARP-HNE modified Cys, indicating the various neutral losses observed in CID MS/MS 
experiments.  (B) Fragment ions generated by the ARP tag in CID MS/MS experiments



 

 

 

 

Figure S78.  Biological network and pathway analysis from the carbonylated 

proteins generated with function data from the KEGG database.  Carbonylated 

proteins are colored as yellow nodes and the functional pathways are displayed 

as colored nodes. White colored nodes represent pathways for which only one 

protein was identified. 
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