
20x106

15

10

5

0

Io
n 

C
ou

nt
s

108010781076107410721070
m/z

35
0.

00

10
73

.5
2

R = OH

A. D.

Supplemental Fig.1 

(Dead-end) R = OH (Dead-end) R = OH (Dead-end)

R = Ac-IEAEKGR (inter-link)

G.

B.

C.

E.

F.

H.

I.

R = Ac-IEAEKGR (inter-link) R = Ac-IEAEKGR (inter-link)

2+

1+

3+ 00x106

80

60

40

20

0

Io
n 

C
ou

nt
s

14001300120011001000900
m/z

13
70

.1
5

91
3.

77

10x106

8

6

4

2

0

Io
n 

C
ou

nt
s

510505500495490
m/z

49
8.

25

50x106

100

50

0

Io
n 

C
ou

nt
s

800750700650600
m/z

58
0.

79

77
4.

05

4+

3+3+ 2+

40x106

30

20

10

0

Io
n 

C
ou

nt
s

642641640639638637636635
m/z

63
8.

29

3+ 3+

35x106

30

25

20

15

10

5

0

Io
n 

C
ou

nt
s

1000900800700600
m/z

35
0.

00

63
3.

66

94
9.

98



O OOH

R
2

R
1

O OO

R
2

R
1

O
NH2

520.2 1+

R1 = Lysine  nitrogen
R2 = Lysine  nitrogen (inter-, intra-link) or hydroxyl group (dead-end)
R3 = Lysine  nitrogen (inter-, intra-link) or oxygen (dead-end)

O OO

O
NH

O

P
O

NH

O

NH2

R
1

R
2

I

II
III

+

+

+

O
+

P
O

NH

O

NH2

+

OH
NH

O
+

P
O

NH

O

NH2

H

+

CH2
+

O
NH

O

P
O

NH

O

NH2

+

O OO

R
3

R
1

447.21+

508.21+

I

II

III

Supplemental Fig.2 



8x105

6

4

2

0

Io
n 

C
ou

nt
s

750700650600550500450
m/z

44
7.

19

50
8.

24
52

0.
24

70
2.

87
 [M

+2
H

-5
20

.2
-H

2O
]2+

71
1.

87
 [M

+2
H

-5
20

.2
]2+

71
7.

87
 [M

+2
H

-5
08

.2
]2+

74
8.

40
 [M

+2
H

-4
47

.2
]2+

I II
III

4x107

3

2

1

0

Io
n 

C
ou

nt
s

11001000900800700600500
m/z

44
7.

19

50
8.

24
52

0.
24

95
6.

48
 [M

+2
H

-5
20

.2
-H

2O
]2+

97
4.

49
 [M

+2
H

-5
20

.2
]2+

98
6.

49
 [M

+2
H

-5
08

.2
]2+

10
47

.5
4 

[M
+2

H
-4

47
.2

]2+I

II

III

A B

Supplemental Fig.3 



70

60

50

40

30

20

10

0

Io
n 

C
ou

nt
s

1000800600400200
m/z

26
2.

13
 b

2

42
4.

91
 [b

2
y 5

]
2+

53
2.

91
 [b

4
y 5

]
2+

59
7.

38
 [M

+2
H

-N
H

3]
2+

84
9.

31
 [b

2
y 5

]

95
0.

46
 [b

4
y 3

]

10
65

.1
0 

[y
5

b 4
]

1.0x104

0.8

0.6

0.4

0.2

0.0

Io
n 

C
ou

nt
s

1000900800700600500
m/z

43
8.

23
 [b

1
b 2

]

50
9.

13
 [b

2
b 2

]

58
4.

60
 [b

1
y 3

]

61
0.

31
 [b

3
b 2

]

65
5.

34
 [b

2
y 3

]

72
4.

34
 [b

4
b 2

]

75
6.

61
 [b

3
y 3

]

87
0.

39
 [b

4
y 3

]

10
00

.4
1 

[M
+H

-N
H

3]

TKA NEα

β HG KG K

y5 y2

y3y5
b2 b4

b4

A B

C

D

TKA NEα

β KGK
y3

b1 b2 b3 b4

b2

6x104

5

4

3

2

1

0

Io
n 

C
ou

nt
s

12001000800600400
m/z

44
7.

24

50
8.

18

52
0.

07

10
05

.4
2 

[M
+H

-5
20

.2
]

10
17

.4
9 

[M
+H

-5
08

.2
]

10
78

.3
8 

[M
+H

-4
47

.2
]I

II

III

3500

3000

2500

2000

1500

1000

500

0

Io
n 

C
ou

nt
s

650600550500450
m/z

44
7.

35

50
8.

20

52
0.

18

60
0.

59
 [M

+2
H

-5
20

.2
]2+

60
6.

54
 [M

+2
H

-5
08

.2
]2+

63
6.

92
 [M

+2
H

-4
47

.2
]2+

I

II

III

Supplemental Fig.4 



G HGK K GT P HNL G FL GR
y9 y8 y7 y6 y5

b6

y4 y3y14 y11 y10

b15b13b11b7 b8 b9 b10

6x104

5

4

3

2

1

0

Io
n 

C
ou

nt
s

600550500450
m/z

44
7.

20

50
8.

15

52
0.

13

58
2.

28
 [M

+2
H

-5
20

.2
]2+

58
8.

28
 [M

+2
H

-5
08

.2
]2+

61
8.

96
 [M

+2
H

-4
47

.2
]2+

I

II

III

6x103

5

4

3

2

1

0

Io
n 

C
ou

nt
s

1000800600400200
m/z

23
3.

10
 a

2

26
1.

02
 b

2

40
8.

24
 b

3

47
8.

97
 b

4

51
5.

41
 y

3

57
3.

75
 [M

+H
-N

H
3]

62
8.

57
 y

4
64

9.
15

 b
6

68
5.

54
 y

5

75
6.

43
 y

6

90
3.

45
 y

7

10
17

.4
9 

b 8

A B

C

D

IMox F IAG K KK
b2 b3

y7

b4 b6 b8

y6 y5 y3y4

3x105

2

1

0

Io
n 

C
ou

nt
s

650600550500450
m/z

44
7.

26 50
8.

17

52
0.

06

59
7.

08
 [M

+3
H

-5
20

.2
]3+

60
1.

03
 [M

+3
H

-5
08

.2
]3+

62
0.

91
 [M

+3
H

-4
47

.2
]3+

I
II

III

1.0x104

0.8

0.6

0.4

0.2

0.0

Io
n 

C
ou

nt
s

1000800600400
m/z

34
3.

79
 y

62+

37
9.

35
 y

3
40

0.
32

 y
72+

48
6.

50
 b

9-
H

2O
2+

49
2.

41
 y

4
50

5.
86

 y
92+

53
4.

29
 y

10
2+

54
9.

36
 y

5

58
4.

98
 y

11
2+

55
8.

88
 y

14
3+

62
0.

30
 b

11
2+

68
6.

46
 y

6

70
5.

66
 b

13
2+

72
1.

47
 b

6

77
8.

53
 b

7

79
9.

34
 y

7

80
7.

52
 b

15
2+

87
5.

64
 b

8

91
3.

73
 y

8

98
9.

55
 b

9

11
02

.4
6 

b 1
0

Supplemental Fig.5 


