Supplementary Material

Supplementary Figure S1. The cysteine residues of CueP are gradually oxidized in the
absence of a reducing agent. The purified CueP was reduced by 10 mM DTT, and then, the
DTT was removed using a desalting column. The concentrated CueP sample (5 uM) was
incubated at 277 K for the given amount of time and then subjected to Ellman’s assay to
measure the redox state. The means of the three independent experiments are displayed with
the standard error (error bars).
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Supplementary Figure S2. Tandem mass spectra assigned to b- and y-ions of cysteine-
and/or histidine-modified peptides of trypsin/chymotrypsin-digested CueP. After the
purified CueP protein was stored for two weeks in the absence of a reducing agent, the
peptide peaks with variable modifications were detected by LC-MS/MS, as described in the
main text and Figure 2.

(a) Tandem mass spectra of the modified peptide peaks of *THPCF’

apa: carbamidomethyl cysteine at position 96
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(continued Figure S2a)

apaa: protonated histidine at position 94 and carbamidomethyl cysteine at position 96

# b b++ Seq. y y++ y+++ #
100 A 1 T 66273 | 33187 | 22158 |5
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apnem: protonated histidine at position 94 and N-ethylmaleimide cysteine at position 96
# b b++ Seq. y y++ y+++ #
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(b) Tandem mass spectra of the modified peptide peaks of *NHSLSGCGGEMPNKPF'*?

biaa: carbamidomethyl cysteine at position 104

# b b++ b+++ Seq. y y++ y+++ #
1 N 1732.89 866.95 5783 16
100 2 | 25225 126.63 H | 161878 | 809.9 54027 | 15
()] 3 339.33 170.17 S 1481.64 741.33 494.55 14
g 4 452.49 226.75 L 1394.57 697.79 465.53 13
© 5 539.56 270.28 S 128141 641.21 427.81 12
-g 75 b 6 596.61 298.81 G 1194.33 597.67 398.78 11
S 7 | 756.78 378.89 25293 | cM| 1137.28 | 569.14 379.77 |10
Qo 8 | 813.83 | 40742 | 27195 G 97712 | 489.06 | 32638 | 9
g 50 A1 9 | 87088 | 43594 | 29097 G | 92006 | 46054 30736 | 8
> 10 1000 500.5 334 E 863.01 432.01 288.34 7
+— 11 1131.19 566.1 377.74 M 733.9 367.45 2453 6
% 25 - 12 122831 614.66 410.11 P 602.7 301.85 201.57 5
x 13| 134241 | 67171 | 44814 N | 50559 2533 4
14 1470.58 735.8 490.87 K 39148 196.25 3
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briaa: protonated histidine at position 99 and carbamidomethyl cysteine at position 104
# b b++ b+++ | Seq. y y++ yH++ #
1 N 1733.9 86745 | 57864 | 16
2 | 25326 12713 HY | 161979 810.4 5406 |15
100 1 3 | 34034 | 17067 s | 148164 | 74133 | 49455 | 14
[} 4 | 45349 | 227.25 L | 139457 | 697.79 | 46553 |13
g 5 | 54057 | 27079 s | 128141 | 64121 | 427.81 |12
© 75 | 6 | 597.62 299.31 G | 119433 | 59767 | 39878 |11
-g 7| 75779 3794 25327 | CM | 1137.28 | 569.14 | 379.77 | 10
S 8 | 814.84 | 40792 | 27228 | G | 977.12 | 489.06 | 32638 | 9
'% 50 - 9 | 87189 | 43645 | 2913 G | 92006 | 46054 | 30736 | 8
) 10 [ 1001 501.01 | 33434 | E 86301 | 43201 | 28834 | 7
> 11 | 11322 566.6 | 37807 | M 733.9 36745 | 2453 | 6
T 12 | 122932 | 61516 | 41044 | P 602.7 301.85 | 20157 | 5
o) 25 1 13 | 134342 | 67221 | 44848 | N | 505.59 2533 4
o 14 | 147159 | 7363 491.2 K | 39148 | 19625 3
| 4 I l 15 | 156871 | 78486 | 52357 | P | 26331 | 13216 2
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bnem: N-ethylmaleimide cysteine at position 104
# b b++ b+++ | Seq. y y++ y+++ | #
1 N 1801 901 601 |16
2 | 25225 | 12663 H | 168689 | 843.95 [562.97 | 15
o 100 3| 33933 | 17017 S | 154975 | 77538 | 517.26 | 14
o 4 | 45249 | 22675 L | 146268 | 731.84 [488.23 |13
% 5 | 53956 | 270.28 S | 134952 | 675.26 | 45051 | 12
o 75 A 6 | 596.61 | 298.81 G 126244 | 63172 |421.48 | 11
= 7 | 82489 | 41295 | 27563 |CNM| 120539 | 603.2 | 40247 | 10
_g 8 | 88194 | 44147 | 29465 | G 977.12 | 489.06 | 32638 | 9
@© 50 - 9 [ 93899 470 31367 | G 92006 | 460.54 | 307.36 | 8
() 10 | 10681 | 534.56 | 356.71 E 86301 | 432.01 | 28834 | 7
; 11| 11993 | 600.15 | 40044 | M 7339 | 36745 | 2453 | 6
@ 25 | 12 | 129642 | 64871 | 43281 | P 6027 | 301.85 [ 20157 | 5
9} 13 | 141052 | 705.76 | 47084 | N | 50559 | 2533 4
ad 14 | 153869 | 769.85 | 513.57 | K | 39148 | 19625 3
15 | 163581 | 818.41 | 54594 | P 26331 | 13216 2
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(continued Figure S2b)

brnem: protonated histidine at position 99 and N-ethylmaleimide cysteine at position 104

# b b++ b+++ Seq. y y++ y+++ #
1 N | 1802 [90151| 60134 |16
100 - 2 | 25326 | 12713 HY | 16879 |84445| 5633 |15
()] 3 | 34034 | 17067 s | 154975 [77538 | 517.26 |14
8 4 | 45349 | 227.25 L | 146268 |731.84 | 48823 |13
] s | s4057 | 27079 S | 134952 [67526 | 45051 |12
'8 75 1 6 | 597.62 | 299.31 G | 126244 | 63172 | 42148 |11
> 7 | 8259 | 41345 | 27597 | CV®M | 120539 | 603.2 40247 |10
% 8 | 88295 | 44198 | 29499 | G | 97712 |489.06 | 32638 |9
o 50 1 9 | 940 | 4705 314 G | 92006 | 46054 | 30736 | 8
> 10 | 1069.11 | 53506 | 357.04 | E | 863.01 | 43201 | 28834 | 7
% 11 | 120031 | 600.66 | 40077 | M | 7339 |36745| 2453 |6
o 251 12 | 120742 | 64922 | 43315 | P | 6027 | 30185 | 20157 |5
o 13 | 141153 | 70627 | 47118 | N | 50559 | 2533 4
| | | 14 | 15397 | 77035 | 5139 K | 39148 | 19625 3
0 - 15 | 163682 | 81891 | 54628 | P | 26331 | 13216 2
300 600 900 1200 = 1%l -
SEQUEST result:
m/z Matches = 54, S Score = 333.1
bo: cysteine oxidation at position 104 (sulfenic acid)
# b b++ b+++ Seq. y y++ y+++ #
1 N |1691.86| 84643 | 56463 |16
100 A 2 | 25225 | 12663 H |1577.76| 78938 | 52659 |15
8 3 | 33933 | 17017 S |144062| 72081 | 48088 |14
c 4 | 45249 | 22675 L |135354| 67727 | 45185 |13
.g 75 - 5 | 53956 | 27028 S |124038| 6207 | 41413 |12
c 6 | 59661 | 29881 G |115331| 57716 | 38511 |11
g 7 | 71575 | 35838 | 23926 | © |109625| 54863 | 36609 |10
® gg 8 | 7728 | 38691 | 25827 | G | 97712 | 48906 | 32638 | 9
1) 9 | 82086 | 41543 | 27729 | G |92006| 46054 | 30736 |8
= 10 | 95897 | 47999 | 32033 E |86301| 43201 | 28834 |7
T 11| 109017 | 54559 | 36406 | M | 7339 | 36745 | 2453 |6
o 251 12 | 1187.28 | 59414 | 39643 P | 6027 | 30185 | 20157 |5
o 13| 130138 | 6512 434.47 N | 50559 | 2533 4
14 | 142956 | 71528 | 477.19 K |391.48 | 196.25 3
0 el . r 15 | 152667 | 763.84 | 50956 | P | 26331 | 13216 2
300 600 900 1200 L | f62 !
SEQUEST result:
m/z Matches = 61, S,Score = 365.9

bo,: cysteine dioxidation at position 104 (sulfinic acid)
# b b++ b+++ Seq. y y++ Y+t #
1 N | 1707.86 | 85443 | 569.96 |16
o 100 ~ 2 | 25225 | 12663 H | 159375 | 79738 | 531.92 |15
o 3 | 33933 | 17017 S | 145661 | 72881 | 48621 |14
% 4 | 45249 | 22675 L | 136954 | 68527 | 457.18 | 13
o 75 A 5 | 53956 | 27028 S 125638 | 62869 | 41946 |12
c 6 | 5961 | 29881 G | 11693 | 58515 | 39044 |11
g 7 | 73175 | 36638 | 24459 | © | 111225 | 55663 | 37142 |10
< 50 4 8 | 7888 3949 | 2636 G | 97712 | 489.06 | 32638 | 9
o 9 | 84585 | 42343 | 28262 | G | 92006 | 46054 | 307.36 | 8
; 10 | 97496 | 48799 | 32566 | E | 86301 | 43201 | 28834 | 7
© o5 11| 110616 | 55358 | 36939 | M | 7339 | 36745 | 2453 | 6
7} 12| 120328 | 60214 | 40176 | P 6027 | 30185 | 20157 | 5
o 13| 131738 | 65910 | 4398 N | 50559 | 2533 4
o Lk, 14| 144555 | 72328 | 48252 | K | 39148 | 19625 3
1 T T 15 | 154267 | 77184 | 51489 | P | 26331 | 13216 2
300 600 900 1200 [ F 166.2 1

m/z SEQUEST result:
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(c) Tandem mass spectra for the modified peptide peaks of

B TASHAIATSDDSQTCLTELPLRY™

Ciaa: Carbamidomethyl cysteine at position 172

# b b++ b+++ | Seq. y y++ yH++ | #
1 T | 238856 | 1194.78 | 796.86 |22
2 | 17319 A | 2287.45 | 1144.23 | 763.16 |21
3 | 26027 130.64 S | 221638 [1108.69 | 739.46 | 20
4 | 39741 199.21 H | 21293 | 106515 | 710.44 |19
® 100 5 | 468.48 23475 A | 199216 | 996.58 | 664.72 |18
O 6 | 581.64 291.32 I | 1921.08 | 961.04 | 641.03 |17
% 7 | 65272 326.86 | 21824 | A | 1807.92 | 904.47 | 60331 |16
S 75 - 8 | 753.82 37742 | 25195 | T | 173685 | 86893 |579.62 | 15
c 9 | 8409 42095 | 28097 | S | 163574 | 818.37 | 54592 |14
3 10 | 955.99 4785 31933 | D |1548.66 | 774.84 | 51689 |13
c 50 - 11 | 1071.08 | 53604 | 357.7 | D | 143358 | 717.29 | 47853 |12
) 12 | 115815 | 579.58 | 386.72 | S | 131849 | 659.75 | 44017 |11
= 13| 1286.28 | 643.65 | 42943 | Q | 123141 | 61621 | 411.14 |10
E 14 | 1387.39 | 694.2 46313 | T |[1103.28 | 552.15 | 36843 | 9
o 25 1 15 | 154755 | 774.28 | 51652 | CM|1002.18 | 50159 | 33473 | 8
nd 16 | 1660.71 | 830.86 | 55424 | L | 842.01 | 42151 | 28134 | 7
17| 176181 | 88141 |[587.94 | T | 72886 | 364.93 | 24362 | 6
0 18 | 189093 | 94597 | 63098 | E | 627.75 | 31438 | 20992 | 5
19 | 200409 | 1002.55 | 668.7 L | 49864 | 249.82 4
300 600 900 1200 1500 20 | 21012 10511 | 701.07 | P | 385.48 | 193.24 3
21| 221436 | 1107.68 | 73879 | L | 288.37 | 144.69 2
m/z 22 R | 17521 1
SEQUEST result:
Matches = 90, S,Score = 961.6
cnem: N-ethylmaleimide cysteine at position 172
# b b++ b+++ | Seq. y y++ y+++ #
1 T | 2456.67 | 1228.84 | 819.56 | 22
2 | 17319 A | 235556 [1178.29 | 785.86 | 21
3 | 26027 | 13064 S | 228448 | 1142.8 | 76217 | 20
4 | 39741 | 19921 H | 219741 | 1099.2 | 73314 | 19
100 A 5 | 46848 | 23475 A | 2060.27 [1030.64 | 68743 | 18
8 6 | 581.64 | 29132 1 |1989.19 | 995.1 | 663.73 | 17
% 7 | 65272 | 32686 | 21824 | A | 1876.03 | 938.52 | 626.02 | 16
S 75 A 8 | 753.82 | 37742 | 25195 | T | 1804.95 | 902.98 | 60232 | 15
(e 9 840.9 42095 | 28097 | S | 1703.85|852.43 | 56862 | 14
_g 10 | 955.99 | 4785 | 31933 | D | 161677 |808.89 | 5396 | 13
@© 50 - 11 | 1071.08 | 536.04 | 357.7 D | 1501.69 | 751.35 | 501.23 | 12
g 12 | 1158.15 | 579.58 | 386.72 | S | 1386.6 | 693.8 | 46287 | 11
= 13 | 1286.28 | 643.65 | 42943 | Q | 129952 | 650.26 | 433.85 | 10
© 25 14 | 138739 | 694.2 | 46313 | T |1171.39| 586.2 | 39114 | 9
& 15 | 161566 | 808.33 | 539.23 | C“M |1070.29 | 535.65 | 357.43 | 8
16 | 172882 | 864.91 | 576.94 | L | 842.01 | 42151 | 28134 | 7
. 17 | 1829.92 | 915.46 | 61065 | T | 728.86 | 364.93 | 24362 | 6
0 T 18 | 1959.04 | 980.02 | 653.68 | E | 627.75 | 31438 | 20992 | 5
300 600 900 1200 1500 1800 19 | 207219 | 1036.6 | 6914 L | 498.64 | 249.82 4
20 | 216931 [1085.16| 72377 | P | 385.48 | 193.24 3
m/z 21| 228247 |1141.74| 76149 | L | 28837 | 144.69 2
22 R | 175.21 1

SEQUEST result:

Matches = 103, S,Score = 1335.4




Supplementary Figure S3. The electron density map surrounding Cys104.
The 2Fo-Fc map contoured at 1.0c is displayed in gray.
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