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1. Supplementary tables and figures

Table S1. Screening of photocatalysts for desulfurization of peptide cysteine.

SH
r PhotoCat. (0.2 mM) (l:H3
_ _ TCEP (10mM)
HoN LAV CHMF P G—COOH 200/450 nm light » HN—L AV .c H M F P G—COOH
Model peptide, 2a (1 mM) PB buffer (pH 7.4, .25% MeCN) 2
rt., 2 min
Conversion
Entry Photocatalyst
(%)
1 Riboflavin 53
2 Riboflavin tetrabutyrate (RFTB) 77
3 Flavin mononucleotide (FMN) 51
4 Riboflavin tetraacetate (RFTA) 61
5 Rose Bengal (RB) 46
6 MesAcrClO, 14
7 Ru(bpy);Cl, 16
8 Ru(bpz);(PF6), 22
9 [Ir(ppy)2(dtbbpy)](PF) 16
10 Alloxazine-Bu (400 nm) 99
11 - N.D.
12 400 nm/450 nm (absence of PhotoCat.) N.D.
13 Alloxazine-Bu (absence of light) N.D.

Conditions: 2a (1 mM), TCEP (10 mM) and photocatalyst (0.2 mM) under light irradiation (400 nm or
450 nm) for 2 min at rt using PB buffer (pH 7.4, 25% MeCN) as solvent. Conversion was determined
by LC-MS.
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Table S2. Optimization of catalyst loading and phosphine loading.

Catalyst or phosphine Conversion
Entry Catalyst or phosphine .

loading (mM) (%)
1 1 99
2 0.5 99

Alloxazine-Bu
3 0.2 99
4 0.1 56
5 20 99
6 TCEP 10 99
7 5 72
8 P(OEt); 10 N.D.
SH
r Alloxazine-Bu CH;

phosphine source
400 nmlignt . HeN—(L AV C HM F P G—COOH

Model peptide, 2a (1 mM) PB buffer (plt-l 72-4, 25% MeCN) 2
r.t.,, 2 min

HN— L A V. C H M F P G —COOH

Conditions: 2a (1 mM), phosphine source and alloxazine-Bu (0.2 mM) under light irradiation (400 nm)
for 2 min at rt using PB buffer (pH 7.4, 25% MeCN) as solvent. Conversion was determined by LC-MS.

Table S3. Optimization of buffer pH for desulfurization of peptide cysteine.

-SH
I Alloxazine-Bu (0.2 mM) CH3
TCEP (10 mM) [
HN— L AV H —COOH -
2 SNINIEIE 200 fight H,N— L (A 'V C 'H M F P G—COOH
Model peptide, 2a (1 mM) PB buffer (25% MeCN) 2b
r.t., 2 min
Entry pH Conversion (%)
1 5.5 92
2 6.0 95
3 6.5 97
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Conditions: 2a (1 mM), TCEP (10 mM) and alloxazine-Bu (0.2 mM) under light irradiation (400 nm or
450 nm) for 2 min at rt using PB buffer (25% MeCN) as solvent. Conversion was determined by LC-
MS.
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Figure S1. The 'H NMR analysis of the desulfurization reaction of GSH. (a) Assignment of the
reaction before light irradiation. (b) Assignment of the reaction after 2 min light irradiation. MSM:

dimethyl sulfone.
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2. NMR analysis of desulfurization

2.1. General information

All chemical reagents are commercially available from Energy Chemical without purification. Nuclear
Magnetic Resonance (NMR) spectra were recorded on Bruker 400 MHz spectrometer under ambient

temperature (20 °C).

2.2. NMR analysis of desulfurization of GSH

A typical desulfurization reaction of GSH. To a 2 mL vial was added GSH (1.5 mg, 10 mM),
alloxazine-Bu (0.2 mg, 0.1 mM), TCEP (2.5 mg, 20 mM), Na;PO, (3.3 mg, 40 mM), and 500 uL D,O
(20% Methanol-d,). Dimethyl sulfone (MSM, 1.9 mg, 40 mM) was added as internal standard. The vial
was then caped and equipped with magnetic bar. The reaction was stirred and irradiated with 400 nm
LED light (40 W) for 2 min. The resulting solution was then transferred to an NMR tube, and analyzed
by '"H NMR on a 400 MHz spectrometer. As shown in Figure S1, the NMR spectra are consistent with

the reported literature.!
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3. Supplementary information for desulfurization of peptides

3.1. General information

All chemical reagents are commercially available from Energy Chemical without purification. High-
Resolution Mass Spectrometry (HRMS) and MS/MS analysis were measured on a
Q Exactive_Focus. Reverse Phase High Performance Liquid Chromatography (HPLC) was
performed on SHIMAZU prominence LC-20AT instrument equipped with Kromasil 100-5-C18
column (4.6 x 250 mm, 5 um). H,O (containing 0.1% TFA) and pure CH3CN were used as solvents in
linear gradient mixtures. Mass Spectrometry (MS) to screen the molecular weight of HPLC fractions
were carried out on SHIMAZU LC-MS 8030 in positive ion mode.

3.2. General procedure for the desulfurization reaction of peptide

A 10 mM MeCN stock solution of alloxazine-Bu was made up of 3.4 mg alloxazine-Bu (0.01 mmol)
and 1 mL MeCN, and a 100 mM water stock solution of TCEP was made up of 25 mg TCEP (0.1
mmol) and 1 mL deionized water. These stock solutions were stored at room temperature away from
light. To a 2 mL vial was added specific peptide (0.2 umol), 200 uL PBS buffer (pH 7.4, 25% MeCN)
and 4 pL alloxazine-Bu (10 mM) and 20 pL. TCEP (100 mM) stock solution. The vial was then caped
and equipped with magnetic bar. The reaction was stirred and irradiated with 400 nm LED light (40 W)
for 2 min, as shown in the following figure. The resulting solution was then analyzed directly via
HPLC after filtration. Desired distillates were identified by MS and lyophilized to obtain target

products.
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3.3. Characterization data for the reaction of peptide 2

H

/>
o Hereer 5% %)"’M’
/¢\)L I(N\)L \)L 3 Q\/’-__)LN/\IC]:OH visible light \)L I( \)l\ \)LN/\n/OH

PBS buffer (25% MeCN )
rt.2min

ZT

Z

2a 2b

The reaction was followed General Procedure using peptide 2a, sequence: NH2-LAVCHMFPG-
OH.

0 5 10 20 25
Time (min)

0 5 10 .. 15 20 25
Time (min)

LC trace of the reaction of peptide 2a and purified product 2b.

oo

./ In6 M Gnd HCl buw

0 5 10 15 20 25

Time (min)
.{ In 8 M Gnd HCl buL
0 5 10 Time (min) 15 20 25

LC trace of the reaction of peptide 2a in 6 M and 8 M guanidine hydrochloride buffer.
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ESI Mass spectrum of purified product 2b. Calculated Mass [M+H]": 942.49; [M+2H]?*": 471.75;
Mass Found (ESI+) [M+H]*: 942.49; [M+2H]*": 471.75.

S9



DS-1-M3MS.1.1
30008

aw", Bativ

b6+ 623.34
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LAV CIHJM FJP G

fa by b b ba b
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& o :‘: E
‘.M‘ . I||||’|illll H\‘wl {.ltll Lml "II|‘L‘I LIJLQ‘ | | | .‘t I. - — :‘ —
) |
05 ‘
# L(1/%) A(2/8) V@E/7) C(4/6) H(5/5) M(6/4) F(7/3) P(8/2) G(*/1)
b+ 114.0913 |185.1284 |284.1969 |355.2340 |492.2929 |623.3334 |770.4018 |867.4546 |[*
b++ 57.5493 93.0679 142.6021 178.1206 |246.6501 |312.1703 |385.7045 ([434.2309 |(*
y+ ' 829.4025 |758.3654 451.2010 76.0393
y++ * 415.2049 |379.6863 |330.1521 |294.6336 |226.1041 [160.5839 87.0497 38.5233
De novo ms/ms analysis of purified product 2b.
3.4. Characterization data for the reaction of peptide 3
2
COOH CONH,
o CONH, O Alloxazine-Bu (0.2 mM)
TCEP (10 mM)
HNL,( . . N N\.)L/[,(N\.)L A N AHon —
z z z H H z 5 S visible light
\COOH o o /\OH \ PBS buffer (25% MeCN)
©\/\g s r.t. 2 min
N N ~
OH H H
3a HoN NH NH,
COOH CONH, NH
OHH CHy O o) CONH, o) y 0 y ©
POV HJ\n,N Ay N\E)LH N\)L \)LN N\)L” N\E)LOH
] (o} ~NcooH (o} (o] oH o N o
D » s
N N ~
OH H H
3b
The reaction was followed General Procedure using peptide 3a, sequence: NH2-

SYCDEFNWQTRHKM-OH.

L
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10 _. .15
Time (min)

20

|

10 . ., 15
Time (min)

20 25

LC trace of the reaction of peptide 3a and purified product 3b.
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ESI Mass spectrum of purified product 3b. Calculated Mass [M+2H]?": 907.42; [M+3H]?": 604.94;
Mass Found (ESI+) [M+2H]?": 907.42; [M+3H]*": 604.94.

3.5. Characterization data for the reaction of peptide 4

¢JI(UL ¢ JLDW“JLNﬁrWL J;(L A %?05: s o

V|S|ble light
PBS buffer (25% MeCN)
CONH2 r.t. 2 min
COOH
CONH2
4b

The reaction was followed General Procedure using peptide 4a, sequence: NH2-
LITQLMPFGCLLD-OH.

0 5 10 15 20 25
Time (min)
e
0 5 20 25

10 _ . . 15
Time (min)

LC trace of the reaction of peptide 4a and purified product 4b.
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ESI Mass spectrum of purified product 4b. Calculated Mass [M+H]": 1431.79; [M+2H]**: 716.40;
Mass Found (ESI+) [M+H]*: 1431.79; [M+2H]*": 716.40.
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DE-2-MSME.1,1,1 File:"08-2-MEMS zaw”,

386208
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FR
3
t e
i
¥ g
= 8 : 5 s
LR By f
! g . ] &0 8 E
& -] & r s 5
I} I ‘lw{ ol . Lo, B el
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o
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# L1/ 12/12) T(3/11) Q(4/10) L(5/9) M(6/8) P(7/7) F(8/6) G(9/5) C(10/4) L(11/3) L(12/2) D(/1)
b+ 114.0913 2271754 328.2231 456.2817 569.3657 700.4062 797.4590 944.5274 1001.5488 |1072.5860 |1185.6700 |1298.7541 |*
b+ | 575483 [174.0913 |164.6152 |226.6445 |285.1865 |3507067 |399.2331 |472.7673 |501.2781 |536.7966 |593.3387 6498807 |*
v | 1318.7075 11025758 : 6353300 [488.2715 |431.2500 |360.2120 |247.1288 |134.0448
yer |* 6508574 |6033154 |5527915 |4887622 |432.2200 3667000 |318.1736 |2446394 |216.1287 |180.6101 |124.0681 | 67.5260

De novo ms/ms analysis of purified product 4b.

3.6. Characterization data for the reaction of peptide 5

The

reaction was

PN
N
<
2 H
HQN\_)LN N A
F :H
AN o

Alloxazine-Bu (0.2 mM)
TCEP (10 mM)

visible light
PBS buffer (25% MeCN)
rt.2min
NH COOH
=,
H Q H
R R e
0O X o _A [l
sequence:

followed General Procedure using peptide 5Sa,

VHLLECAWLEIGLV-OH.

0 5 10_ . 15 20 25
Time (min)
wm

e

P

2

» A~

0 5 20 25

10 _ .15
Time (min)

LC trace of the reaction of peptide 5a and purified product 5b.
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ESI Mass spectrum of purified product 5b. Calculated Mass [M+H]": 1562.92; [M+2H]*": 781.96;
Mass Found (ESI+) [M+H]*: 1562.92; [M+2H]*": 781.96.
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ba
o
= [vam HeAy  [wenz) [y [esno [cem)  [age) [wem [uee) E10/5)  [I01/4)  |G(12/3) L3/ |ven)
b+ 100.0757 237.1346 350.2187 |463.3027 592.3453 663.3824 |734.4195 920.4989 1033.5829 [1162.6255 (1275.7096 [1332.7310 [1445.8151 (*
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De novo ms/ms analysis of purified product 5b.

3.7. Characterization data for the reaction of peptide 6
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The reaction was
CGKQLEDGRTLS-OH.
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H o
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followed General Procedure using peptide 6a,

Alloxazine-Bu (0.2 mM)
TCEP (10 mM)

visible light
PBS buffer (25% MeCN)
1.2 min
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N N
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LC trace of the reaction of peptide 6a and purified product 6b.
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ESI Mass spectrum of purified product 6b. Calculated Mass [M+2H]?*": 637.84; [M+3H]*": 524.56;

Mass Found (ESI+) [M+H]*

- [M+2H]2*: 637.84; [M+3H]?*: 524.56.
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b+ 72.0444 129.0659 [257.1608 385.2194 (498.3035 |627.3460 |742.3730 |799.3944 |955.4955 1056.5432 |1169.6273 |*
b+ | 36,5258 | 650366 |129.0840 |193.1133 |249.6554 |314.1767 |371.6901 |400.2009 |478.2514 |528.7753 5853173 |*
y+ x 1203.6328 |1146.6113 |1018.5163 |890.4578 |777.3737 47€ 320.1816 106.0499
y++ |* 6023200 |573.8093 |509.7618 |445.7325 |380.1905 (3246692 |267.1557 |238.6450 |160.5044 |110.0706 | 53.5286

De novo ms/ms analysis of purified product 6b.

3.8. Characterization data for the reaction of peptide 7
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reaction was
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followed General Procedure using peptide 7a,
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LC trace of the reaction of peptide 7a and purified product 7b.

[M+2H]
846.38
846,88

-]

BE5.86

Relative Abundance
P

Bo@

Ll
I | Ll ’ | I 1 1
et T T T —————— e T T AL L ]
800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1800 2000

miz

ESI Mass spectrum of purified product 7b. Calculated Mass [M+2H]*": 846.38; Mass Found
(ESI+) [M+2H]?*": 846.38.
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De novo ms/ms analysis of purified product 7b.

3.9. Characterization data for the reaction of peptide 8
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The reaction was followed General Procedure using peptide 8a, sequence: NH,-CYIQNCPLG-
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ESI Mass spectrum of purified product 8b. Calculated Mass [M+H]
:945.51; [M+2H]?*": 473.26.
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De novo ms/ms analysis of purified product 8b.

3.10. Characterization data for the reaction of peptide 9

DS TS N 7“”
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J\']/N\)I\ T rt. 2 min I g
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The reaction was followed General Procedure using peptide 9a, sequence: NH,-
AGCKNFFWKTFTSC-OH.
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LC trace of the reaction of peptide 9a and purified product 9b.
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ESI Mass spectrum of purified product 9b. Calculated Mass [M+2H]?*": 788.40; [M+3H]*": 525.94;
Mass Found (ESI+) [M+2H]?": 788.40; [M+3H]*": 525.94.
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4. Supplementary information for desulfurization of proteins

4.1. General information

All chemicals were purchased from Sigma-Aldrich or Energy Chemical, unless otherwise stated. All
solutions were made with ultrapure Milli-Q water (Millipore, Bedford, MA). ESI-MS analysis was

measured on a Q_Exactive Focus.

4.2. General procedure for the desulfurization reaction of protein

A 10 mM MeCN stock solution of alloxazine-Bu was made up of 3.4 mg alloxazine-Bu (0.01 mmol)
and 1 mL MeCN, a 100 mM water stock solution of TCEP was made up of 25 mg TCEP (0.1 mmol)
and 1 mL deionized water, and a 100 umol stock solution of protein was made up with 1 mL PBS
buffer (pH 7.4). These stock solutions were stored at room temperature away from light. To a 2 mL vial
was added 200 pL protein solution, 0.4 pL alloxazine-Bu (10 mM) and 10 pLL TCEP (100 mM) stock
solution. The vial was then caped and equipped with magnetic bar. The mixture was then degassed
with nitrogen. The reaction was stirred and irradiated with 400 nm LED light (40 W) for 20 s. The
resulting solution was then analyzed by ESI-MS and LC-MS/MS.

The full sequence of BSA:
DTHKSEIAHRFKDLGEEHFKGLVLIAFSQYLQQCPFDEHVKLVNELTEFAKTCVADESHAGCE
KSLHTLFGDELCKVASLRETYGDMADCCEKQEPERNECFLSHKDDSPDLPKLKPDPNTLCDEF
KADEKKFWGKYLYEIARRHPYFYAPELLYYANKYNGVFQECCQAEDKGACLLPKIETMREK
VLASSARQRLRCASIQKFGERALKAWSVARLSQKFPKAEFVEVTKLVTDLTKVHKECCHGDL
LECADDRADLAKYICDNQDTISSKLKECCDKPLLEKSHCIAEVEKDAIPENLPPLTADFAEDKD
VCKNYQEAKDAFLGSFLYEYSRRHPEYAVSVLLRLAKEYEATLEECCAKDDPHACYSTVFDK
LKHLVDEPQNLIKQNCDQFEKLGEYGFQNALIVRYTRKVPQVSTPTLVEVSRSLGKVGTRCCT
KPESERMPCTEDYLSLILNRLCVLHEKTPVSEKVTKCCTESLVNRRPCFSALTPDETYVPKAFD
EKLFTFHADICTLPDTEKQIKKQTALVELLKHKPKATEEQLKTVMENFVAFVDKCCAADDKE
ACFAVEGPKLVVSTQTALA

The full sequence of UBE2D?2 with His-tag:
MNHKHHHHHHSSGENLYFQGAMDPMALKRIHKELNDLARDPPAQCSAGPVGDDMFHWQAT
IMGPNDSPYQGGVFFLTIHFPTDYPFKPPKVAFTTRIYHPNINSNGSICLDILRSQWSPALTISKV
LLSICSLLCDPNPDDPLVPEIARIYKTDREKYNRIAREWTQKYAM

4.3. ESI-MS analysis the reaction of protein

Mixture was subjected to centrifuge (5000 rpm) by using ultrafiltration centrifuge tube (with 10K
molecular weight cutoff), which was pretreated with water. The protein substrates were washed (3 x

200 pl water) to remove the remaining substrates and the mixture concentration was determined by
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Nano drop for ESI-MS analysis.

4.4. LC-MS/MS analysis the reaction of protein

After dry in the speed VAC, obtained samples were loaded onto a Thermo analytical column (75 pm
i.d. x 25 cm) C18 column with an Easy-nLC 1200 chromatography pump coupled with Orbitrap
Exploris™480. For each analysis, we reconstituted peptides in 10 ul 0.1% FA and loaded 8 pl onto the
column for running. Peptides in each running were separated on a 110 min (8-40% ACN) gradient.
Parameters are as follows in Full MS/ data dependent -MS2 TopN mode: mass analyzer over m/z
range of 350—1500 with a mass resolution of 60000 (at m/z=200) in a data-dependent mode, 1.6 m/z
isolation window. 20 most intense ions are selected for MS/MS analysis at a resolution of 15000 using
collision mode of HCD. Peptides labeled in vitro were analyzed by Orbitrap Exploris™480 and

peptides labeled in vivo were analyzed by Lumos, under the same setting parameters.
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