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1. Abbreviations

AMA: methylamine (40% wt.)/ ammonium hydroxide (30% wt.), 1:1
BB: boric acid buffer

BBs: building blocks

BME: B-mercaptoethanol

BSA: bovine serum albumin

CPG: controlled-pore glass

DCM: dichloromethane

DIPEA: N, N-diisopropylethylamine

DMA: N, N-dimethylacetamide

DMT-MM: 4-(4, 6-dimethoxy-1, 3, 5-triazin-2-yl)-4-methylmorpholinium chloride
HFIP: 1, 1, 1, 3, 3, 3-hexafluoro-2-propanol

HP-P: headpiece primer

HSA: human serum albumin

MW: molecular weight

NHS: N-hydroxysuccinimide

PAGE: polyacrylamide gel electrophoresis

PB: phosphate buffer

PMDETA: 2, 5, 8-trimethyl-2, 5, 8-triazanonane

PSA: porcine serum albumin

TBE: tris-borate-EDTA

TEAA: triethylammonium acetate

TEA: trimethylamine

TLC: thin layer chromatography

TIC: total ion chromatogram

UPLC-MS: Ultra performance liquid chromatography-mass spectrum

UV: ultraviolet
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2. Materials and General Methods

2.1 Chemical and biological materials

DMA (Cas: 127-19-5, Catalog: 271012) was purchased from Sigma-Aldrich. DMSO
(Cas: 67-68-5, Catalog: JJHG000170), DCM (Cas: 75-09-2, Catalog: JJHG000282) MeCN
(Cas: 75-05-8, Catalog: JJSM000738), MeOH (Cas: 67-56-1, Catalog: JJHG000015), and
iodine (Cas: 7553-56-2, Catalog: 10604) were purchased from Kelong. BSA (Cas: 9048-
46-8, Catalog: A6020), HSA (Cas: 70024-90-7, Catalog: A6230) were purchased from
Biotopped. PSA (Catalog: L3530-00) was purchased from Guangzhou Ruite
biotechnology. Cestbon water was used in all the reactions unless otherwise stated.
Chemical building blocks and reagents were purchased from a variety of commercial

suppliers.

2.2 DNA materials

Two types of DNA were used in this work and their structures are shown below.
ssDNA Dol-A (5'/5Amino-modifier/- GGAGCG CCACATTACTGTGACTTA -3, MW: 7519)
was synthesized via DNA synthesizer; headpiece dsDNA
(5'/5Phos/GAGTCA/iSp9/iUniAmM/iSp9/TGACTCCC -3') and code sequence were
received from HitGen Ltd. Dol-A was stored in aqueous solution (1 mM), and

headpiece DNA was stored in aqueous solution (0.5 mM).

.0
N0 GGAGCGCCACATTACTGTGACTTA-3!

(a)

HO

OH e O~ j.O
0 TGACTCCC
12! o}
__X*\)
o> o HC o
B OO R
R0 o ACTGAG S’

(b)

Fig. S1. Structure of Dol-A (a) and headpiece DNA (b).
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2.3 General methods for monitoring and characterization of small molecules

Reactions were monitored by TLC or UPLC-MS. TLC analysis was visualized by
using general staining reagents or UV light (A = 254 nm). Novel synthetic compounds
were characterized by 'H-NMR, 3C-NMR, and HRMS. NMR spectrum were recorded
on Agilent 400 MHz spectrometer using residual non-deuterated solvent (DMSO-dg)
as the internal standard. Multiplicity abbreviations are as follows: s = singlet, brs =
broad singlet, d = doublet (dd = doublet of doublets), t = triplet, g = quartet, m =
multiplet. Unless otherwise noted, all deuterated solvents were purchased from

Adamas.

2.4 Preparation of Dol-A

Dol-A was synthesized on Applied Biosystems 3400 DNA synthesizer using
standard phosphoramidite protocols and purified by reversed-phase HPLC with
aqueous 0.1 M TEAA/CH5CN gradient on Waters 1575EF systems (Eclipse-XDB C18, 5
uM, 9.4 x 250 mm). After solid-phase synthesis, oligonucleotides were cleaved by an
AMA cleavage solution (55 2C, 1 h) over dry bath. The cleaved oligonucleotide was
then concentrated and neutralized with TEAA (2 M) followed by HPLC purification
using a gradient of acetonitrile (5-80%) from 5 min to 25 min. For all the non-standard
phosphoramidites (dA-, dG-, dC- and dT- phosphoramidites), coupling time was
modified to 600 sec. 5-Amino-modifier was prepared in our laboratory.
Oligonucleotides were quantified by BioTek Epoch UV-Vis spectrometer based on
extinction coefficients at 260 nm and characterized by Agilent UPLC-MS. All DNA

sequences are written in 5'- to 3'- orientation unless otherwise noted.

2.5 General methods for DNA conjugate purification

General method for ethanol precipitation: to the DNA reaction mixture was
added 10% (v/v) NaOAc (3 M, pH 5.0) solution and 3 times the volume of cold (-20 °C)
ethanol subsequently. The solution was maintained at -80 °C for over 2 h and then
centrifuged at 13,500 rpm for 30 min at 4 °C. The supernatant was discarded and the

pellet was rinsed once with cold 70% ethanol. After centrifuging at 13,500 rpm for
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another 10 min at 4 °C, the supernatant was discarded and the pellet was dried by a
speedvac. The recovered sample was then dissolved in an appropriate buffer for
subsequent analysis or experiments. Eppendorf 5424R centrifuge is used for ethanol
precipitation of all the DNA samples.

General method for HPLC purification: preparative reversed-phase high-pressure
liguid chromatography (RP-HPLC) for the DNA conjugate was performed on a Waters
1575EF Series with a reversed-phase HPLC column (Eclipse-XDB C18, 5 uM, 9.4x250
mm) using eluent A (100 mM TEAA in H,0) and eluent B (100 mM TEAA in 80% MeCN)
with gradient: 10% B (0 to 1 min), 10% to 30% B (1 to 11min), 30% to 100% B (11 to
11.1 min), 100% B (11.1 to 12 min), 100% to 10% B (12 to 12.1 min), 10% B (12.1 to 16

min). The fractions containing the product were combined and lyophilized overnight.

2.6 General methods for DNA analysis

Analysis of on-DNA reactions by UPLC-MS: 10-20 pmol of the samples was
injected into a reversed-phase UPLC column (Agilent, AdvanceBio Oligonucleotide,
C18, 2.1x50 mm, 2.7 um) at flow rate of 0.3 mL/min with gradient: 5% to 17% B (0 to
1 min), 17% to 30% B (1 to 8 min), 30% to 90% B (8 to 8.1 min), 90% B (8.1 to 9 min),
90% to 5% B (9 to 9.1 min), 5% B (9.1 to 10 min) (Solvent A: 200 mM HFIP and 8 mM
TEA in H,0; Solvent B: MeOH). The effluent was detected by absorbance at 260 nm,
and analyzed on Agilent TOF (6230 B) in negative ion mode.

Conversion calculation: the conversion of on-DNA product was determined from
UV absorbance trace (260 nm) peak area by using the equation: conversion% = UV
(product)/UV (total DNA recovered), ignoring the UV coefficient difference among all
the DNA products and assuming 100% DNA recovery. Any non-oligo material that had
an absorbance at UV 260 nm was subtracted from the conversion calculation.!

Analysis of molecular mass: observed m/z could be calculated as m/z = (m - z)/z.
BioConfirm software (Agilent, v10.0) was used to deconvolute the multiple charge

states.
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3. Experimental Procedure for on-DNA Reactions

3.1 On-DNA amidation

Scheme S1. Synthesis of compound 1a.

HO DMT-MM N
—NH, + ) _—— -’
O HN RT,2h O HN /

Dol-A 1a

To the solution of amino-modified oligonucleotide Dol-A (10 uL, 1 mM) in sodium
borate buffer (250 mM, pH 9.4) was added indole-7-carboxylic acid (10 uL, 200 mM in
DMA) and DMT-MM (10 pL, 200 mM in ddH,0), and then mixed by vortex. The
reaction was agitated at 25 2C for 2 h, followed by ethanol precipitation. The product
was purified by preparative HPLC and quantified by UV absorption at 260 nm to give
a conversion of 90%. The conjugate was characterized by UPLC-MS. Deconvoluted

molecular mass: predicted: 7662; found: 7662.

3.2 On-DNA sulfenylation

3.2.1 General methods for on-DNA sulfenylation by using thiols

Scheme S2. Synthesis of compound 3a.

I,, BSA, MeOH/H,0 i R
H 4+ HS > - g
O HN / 40 cC, 150 min O HN /

1a 2a 3a

DNA conjugate 1a (4 uL, 0.05 mM in H,0, 0.2 nmol) and 14 pL H,0 ina 1.5 mL
Eppendorf tube were equipped and quickly added with 4-methylbenzenethiol (4 pL,
100 mM in MeOH, 400 nmol) and iodine (4 pyL, 50 mM in MeOH, 200 nmol). Then the
solution was mixed by vortex and added with BSA (4 uL, 0.75 mM in H,0, 0.3 nmol).
The mixture was vortexed again, centrifuged, and heated at 40 °C for 150 min. The
product was obtained by ethanol precipitation and characterized by UPLC-MS.

(conversion: 98%)

All the DNA-indole conjugates and thiol reactions were performed using the
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method above. During the reactions, attention must be paid to: sequence of adding
reagents should not be reversed, and the time of adding reagents should be controlled
within one min. DMA is suggested to help dissolve the thiols with poor solubility in

methanol.

3.2.2 Optimization of the model reaction

(1) Optimization of sulfenylation by using different oxidants

— 0,, Cu(OAc); (entry 1) —

— 0,, FeCl; (entry 3) —_—
- TBHP (entry 4)
K,S,0; (entry 5)
—_ I,/ BSA (entry 7) —

Time (min)

Fig. S2. The HPLC chromatography showed that no desired product was detected in
the conditions that contained transition metals (entries 1-3), TBHP (entry 4) and

K,S,05 (entry 5).

(2) Optimization of sulfenylation under different temperatures

3a 55

x102 F
. — 60°C (entry 11) —

DNA damage 55 57 = 25°C (entry 12) —
—— 40°C (entry 7) —

4.1

0.75 4 26 3.3 a2

m Au
=)
=

0.25 4

Time (min)

Fig. S3. The HPLC chromatography showed that high temperature led to obvious DNA

damage (entry 12) and low temperature gave a lower conversion (entry 11).
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(3) Optimization of sulfenylation by using different serum albumins.

5.5
3a
x102 5,
14
— HSA (entry 10) —
— PSA (entry 9) —
0.75 4 — BSA (entry 7) —
05 |
E:
E
025 4 ﬁ
‘ —
0 - . - T r T
2 3 4 5 6 7 8
Time (min)

Fig. S4. The HPLC chromatography showed that similar high conversions were

obtained in the three conditions (HSA, entry 10; PSA, entry 9; BSA, entry 7).
(4) Control experiments

depurination  ;,

— without BSA (entry 6) —

(a)
2 55 3a — without iodine (entry 8) —
X0 1a / — L /BSA(entry7) —
14
0.754
2 05
€
025
0 T T
2 3 4 5 6 7 8
r Time (min)
*1%) -ES| Scan(rt: 5.2-5.8 min)
|M11‘|

depurination

1341881

Intensity

7200 7300 7400 7500 7600 7700 7800 7900
Counts vs. Deconvoluted Mass (amu)
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(b)
x103

1.2

= After reaction —

- — Before reaction —

mAU

0.6

0.39

Time (min)
Fig. S5. (a) Compared to the standard condition (entry 7), deprivation of BSA afforded
DNA damage (entry 6, depurination shown in the box), and deprivation of iodine gave
no desired product (entry 8). (b) Compound 1a was replaced with acetylated Dol-A
conjugate to undergo the condition (entry 7), and no reaction occurred. The result

indicated no sulfenylation onto the heterocyclics of the DNA base pairs.

3.2.3 Scale-up reaction for sulfenylation

5.5
x102

" 55

0.75 A

2 — 5 nmol —_—
—— 200 pmol —_

0.25 o . N J% —

3 4 5 6 7 8
Time (min)

Fig. S6. DNA conjugate 1a (5 puL, 1 mM in H,0, 5 nmol) and H,0 (85 pL) in the
Eppendorf tube were equipped and quickly added 4-methylbenzenethiol (20 pL, 100
mM in MeOH, 2 umol) and iodine (20 pL, 50 mM in MeOH, 1 umol). Then the solution
was mixed by vortex and added with BSA (10 uL, 0.5 mM in H,0, 5 nmol). The mixture
was vortexed again, centrifuged, and heated at 40 °C for 150 min. The product was
obtained by ethanol precipitation and characterized by UPLC-MS. 3a conversion: 85%.

The UPLC chromatography of 200 pmol scale reaction was used as the comparison.
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3.2.4 General methods for sulfenylation by using disulfides

Scheme S3. Sulfenylation of 1a with disulfides.

(1) RISSR2
H BME, RT, 10 min H R! H i
/N7([%,H — d + N g
L/ (2) I, BSA, MeOH/H,O 5 HN—Y 8 HN-Y
1a

40 °C, 150 min

R'SSRZ:
fo s o L0 et =l e

S$S81, 85% (R': R2=1:0.8) $S82, 79% S$83: 81% §S4; >95% (R R2=1:2.3)
R'. -m-OMe-Ph, R2; -p-Br-Ph R' = RZ; -p-Me-Ph R' = RZ -Ph R -m-OMe-Ph, RZ: -2-pyridyl

Disulfide (10 uL, 200 mM in DMA) and BME (10 pL, 200 mM in DMA) were mixed
at 25 °C for 10 min. Then, to a solution of DNA conjugate 1a (4 pL, 0.5 mM in H,0, 0.2
nmol) in 12 puL H,0 was added reaction mixture (4 pL) from premixed solution and
iodine (4 uL, 50 mM in MeOH, 200 nmol), and mixed by vortex, followed by adding
BSA aqueous solution (4 pL, 0.75 mM in H,0, 0.3 nmol). The mixture was vortexed,
centrifuged, and heated at 40 °C for 150 min. The product was obtained by ethanol

precipitation as described above and characterized by UPLC-MS.

3.2.5 On-DNA sulfoxide formation

Scheme S4. Optimization of on-DNA sulfoxide formation.

H H
NalO,, H,0
/“r%s — f‘“f@%—s«
o HN-J RI.2 b o w4

3a 4a
Entry Oxidant Conversion (%)

1 H,0, 0

2 TBHP 0

3 NalO,4 95

4 K3Fe(CN)5 0
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To the solution of DNA conjugate 3a (1 pL, 2 mM in H,0, 0.2 nmol) in 45 pL H,0
was added NalO, (5 pL, 100 mM in H,0, 500 nmol). The mixture was vortexed,
centrifuged, and allowed to incubate at 25 °C for 5 h. The product was obtained by

ethanol precipitation and characterized by UPLC-MS.

3.3 On-DNA selenylation

Scheme S5. Synthesis of compound 8a.

P
H
M . QSZ (1) BME, RT, 10min__ /N‘K%Se
I e< > (2) 1, BSA, MeOH/H,0 O N
1a 7a

40 °C, 150 min 8a

Diselenide (10 pL, 200 mM in DMA) and BME (10 pL, 200 mM in DMA) were mixed
at 25 °C for 10 min. To a solution of 1a (4 uL, 0.5 mM in H,0, 0.2 nmol) in 12 pL H,0,
was added crude solution (4 uL) from premixed solution and iodine (4 uL, 50 mM in
MeOH, 200 nmol), and mixed by vortex. To a DNA reaction mixture was added BSA
aqueous solution (4 pL, 0.75 mM in H,0, 0.3 nmol). The mixture was vortexed,
centrifuged, and heated at 40 °C for 150 min. The product was obtained by ethanol

precipitation and characterized by UPLC-MS.
3.4 On-DNA selenoxide formation

Scheme S6. Synthesis of compound 9a.

To the solution of DNA conjugate 8a (1 L, 2 mM in H,0, 0.2 nmol) in 45 uL H,0
was added NalO, (5 pL, 100 mM in H,0, 500 nmol). The mixture was vortexed,
centrifuged, and allowed to incubate at 25 °C for 5 h. The product was obtained by

ethanol precipitation and characterized by UPLC-MS.
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4. Synthesis of Substrates

Scheme S7. Synthesis of P1 and P2.

Br

@ |2' BSA‘ Hzo
N
H

40°C

Iz U)/ :

COOH
1a 2g P1

COOH

OH

O

40°C

[:;:I/COOH
. HS‘@_BF I, BSA, H,0

N/N OH

)J

=z
— \
z
>
[

1b 2g P2

To the solution of 1a (0.5 mmol, 80 mg), 4-bromothiophenol (0.6 mmol, 112 mg)
in water (1 mL) were added BSA (25 mg) and iodine (0.3 mmol, 76 mg). The reaction
was stirred at 40 °C and monitored by TLC. Upon completion, saturated sodium
thiosulfate was added to the reaction and the mixture was extracted with ethyl
acetate. Organic layer was combined, dried over Na,SO,, filtered and concentrated in
vacuo to give a residue, which was purified by column chromatography on silica gel to
afford product P1 (89 mg, yield: 52%).2 'H NMR (400 MHz, DMSO-dg) 6 13.24 (s, 1H),
11.67 (s, 1H), 7.84 (d, J = 7.4 Hz, 1H), 7.75 (d, J = 2.3 Hz, 1H), 7.65 (d, J = 7.8 Hz, 1H),
7.39 (d, J = 8.4 Hz, 2H), 7.20 (t, J = 7.6 Hz, 1H), 6.95 (d, J = 8.4 Hz, 2H). 3C NMR (101
MHz, DMSO-dg) 6 167.5, 138.5, 135.4, 134.1, 131.8, 129.9, 127.4, 125.1, 123.7, 120.0,
117.8, 114.9, 99.6. HRMS (ESI) exact mass predicted for CysH1oBrNO,S ([M-H]):
345.9543; found: 345.9536.

By following the reaction, product P2 was obtained (108 mg, yield: 54%). *H NMR
(400 MHz, DMSO-dg) 6 13.20 (s, 1H), 12.58 (s, 1H), 8.34 (s, 1H), 8.03 (d, J = 8.0 Hz, 1H),
7.84(d,J=7.5Hz, 1H), 7.61 (s, 1H), 7.47 (d, J = 8.3 Hz, 2H), 7.04 (d, J = 8.0 Hz, 2H), 2.13
(s,3H). 3C NMR (101 MHz, DMSO-d¢) 6 166.9, 138.0, 131.9, 131.7,129.5, 127.0, 126.4,
124.4, 121.0, 117.8, 12.4. HRMS (ESI) exact mass predicted for C;7H,3BrN,03S ([M-H]

): 404.9757; found: 404.9744.
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IH-NMR of compound P1
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5. Structure Confirmation by Co-injection Experiment
5.1 Sulfenylation of DNA-conjugate indole
Scheme S8. The compound 3g was synthesized via two routes.

Br

; DMT-MM
—NH, * HOOC%/S
HN Route 1
Dol-A P1
H
_N p S
O HN

l,, BSA, MeOH/H,0O 39

40 °C, 150 min
+ HS Br
O HN /) Route 2

1a 29

H
N

~

Above was route 1 where amide coupling between Dol-A and P1 afforded 3g, and

below was route 2 where the on-DNA sulfenylation of 1a with 2g generated 3g.

53
x103
1.24
= Co-injection ==

39 \ — Route 1 =—
= Route 2 —
0.9 53

53

0.3

L P

2 3 4 5 6 7 8
Time (min)

Fig. S7. Co-injection experiment of 3g from two independent synthetic routes in
Scheme S8. HPLC chromatography showed that the peak from the co-injection (curve
in blue) shared the same retention time with the other two peaks (3g from route 1,

curve in green; 3g from route 2, curve in red).

5.2 Sulfenylation of DNA-conjugate pyrazole
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Scheme S9. The compound 5g was synthesized via two routes.

Br
HOW/gS:@ Br.

— DMT-MM
—NH, +  HOOC N\ Q

\©/ te 1

Ho.
Dol-A P: 7‘&\
/ | N
I
e :
o HOW/g\ o, BSA, MeOH/H,0 59
o :

“N N\N/ . HS‘@Br 40 °C, 150 min
H Route 2
1b

2g

Above was route 1 where amide coupling between Dol-A and P2 afforded 5g, and

below was route 2 where the on-DNA sulfenylation of 1b with 2g generated 5g.

X103
16 —— Co-injection —
— Route 1 —
= Route 2 =—
12 5  —
\5-5
3
< 038 5.5
E
04
7
4 s
s /s
rd 4
F 4 d
s 4
s s
/
04/ 7
2 3 4 5 6 7 8
Time (min)

Fig. S8. Co-injection experiment of 5g from two independent synthetic routes in
Scheme S9. HPLC chromatography showed that the peak from the co-injection (curve
in blue) shared the same retention time with the other two peaks (5g from route 1,

curve in green; 5g from route 2, curve in red).

6. UPLC-MS Spectrum

6.1 HPLC spectrum of DNA-conjugated indole 3a with thiols
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Fig. S9. Spectrum of on-DNA Product 3a.

UPLC chromatograph and deconvoluted MS of 3b.
Conversion: 90%
Calculated Mass: 7784 Da; Found Mass: 7784 Da
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UPLC chromatograph and deconvoluted MS of 3c.
Conversion: 87%
Calculated Mass: 7784 Da; Found Mass: 7784 Da
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Calculated Mass: 7820 Da; Found Mass: 7821 Da
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Calculated Mass: 7774 Da; Found Mass: 7775 Da
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Conversion: >95%
Calculated Mass: 7776 Da; Found Mass: 7776 Da
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UPLC chromatograph and deconvoluted MS of 3m.
Conversion: 92%
Calculated Mass: 7856 Da; Found Mass: 7857 Da
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Calculated Mass: 7771 Da; Found Mass: 7771 Da
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Conversion: 93%
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Calculated Mass: 7777 Da; Found Mass: 7778 Da
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Conversion: >95%

S26



Calculated Mass: 7841 Da; Found Mass: 7841 Da
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Conversion: >95%
Calculated Mass: 7810 Da; Found Mass: 7810 Da
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Conversion: 92%
Calculated Mass: 7825 Da; Found Mass: 7825 Da
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Conversion: 93%
Calculated Mass: 7876 Da; Found Mass: 7877 Da
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Conversion: >95%
Calculated Mass: 7854 Da; Found Mass: 7854 Da
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Conversion: 93%
Calculated Mass: 7845 Da; Found Mass: 7845 Da
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Conversion: 11%
Calculated Mass: 7784 Da; Found Mass: 7785 Da

x102
=

(¢] HN

mAU

'I'Imsk(mln)

x10 4 -ESI Scan (rt: 4.813-5.213 min, 25 scans) Frag=175. 0¥ 515-SL¥-04-33-41-.d Subtract Deconvoluted (Isotope Width=0. )

1.75 7785
1.5
1.25

0.25 5879 7552
L

0 o R e e T e
UPLC chromatograph and deconvoluted MS of 3y.
Conversion: 65%
Calculated Mass: 7800 Da; Found Mass: 7802 Da
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Conversion: >95%
Calculated Mass: 7775 Da; Found Mass: 7775 Da
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UPLC chromatograph and deconvoluted MS of 3aa.

Conversion: >95%
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Calculated Mass: 7820 Da; Found Mass: 7821 Da
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Conversion: 82%
Calculated Mass: 7812 Da; Found Mass: 7813 Da
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Conversion: 88%
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Calculated Mass: 7812 Da; Found Mass: 7813 Da
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Conversion: 36%
Calculated Mass: 7906 Da; Found Mass: 7907 Da
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Calculated Mass: 7774 Da; Found Mass: 7774 Da
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Conversion: 94%

Calculated Mass: 7761 Da; Found Mass: 7761 Da
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Conversion: 94%
Calculated Mass: 7793 Da; Found Mass: 7794 Da
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Conversion: 90%
Calculated Mass: 7846 Da; Found Mass: 7846 Da
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UPLC chromatograph and deconvoluted MS of 3a;j.
Conversion: >95%
Calculated Mass: 7829 Da; Found Mass: 7830 Da
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Conversion: 95%
Calculated Mass: 7800 Da; Found Mass: 7801 Da
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UPLC chromatograph and deconvoluted MS of 3al.
Conversion: 94%
Calculated Mass: 7828 Da; Found Mass: 7828 Da
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Conversion: 94%
Calculated Mass: 7786 Da; Found Mass: 7786 Da
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Conversion: 97%
Calculated Mass: 7788 Da; Found Mass: 7788 Da
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Conversion: 40%
Calculated Mass: 7802 Da; Found Mass: 7802 Da
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Conversion: 90%

Calculated Mass: 7776 Da; Found Mass: 7777 Da
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Conversion: 71%
Calculated Mass: 7868 Da; Found Mass: 7869 Da
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Calculated Mass: 7778 Da; Found Mass: 7778 Da
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Conversion: 67%
Calculated Mass: 7826 Da; Found Mass: 7826 Da
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Conversion: >95%
Calculated Mass: 7841 Da; Found Mass: 7841 Da
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UPLC chromatograph and deconvoluted MS of 3au.
Conversion: 22%
Calculated Mass: 7827 Da; Found Mass: 7827 Da
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UPLC chromatograph and deconvoluted MS of 3av.
Conversion: 95%
Calculated Mass: 7833 Da; Found Mass: 7834 Da
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UPLC chromatograph and deconvoluted MS of 3aw.
Conversion: 87%
Calculated Mass: 7798 Da; Found Mass: 7798 Da
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UPLC chromatograph and deconvoluted MS of 3ax.
Conversion: 85%

Calculated Mass: 7798 Da; Found Mass: 7799 Da
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UPLC chromatograph and deconvoluted MS of 3ay.
Conversion: 78%
Calculated Mass: 7800 Da; Found Mass: 7800 Da
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UPLC chromatograph and deconvoluted MS of 3az
Conversion: 30%
Calculated Mass: 7772 Da; Found Mass: 7772 Da
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UPLC chromatograph and deconvoluted MS of 3ba.
Conversion: 62%
Calculated Mass: 7814 Da; Found Mass: 7814 Da
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UPLC chromatograph and deconvoluted MS of 3bb.
Conversion: 90%
Calculated Mass: 7895 Da; Found Mass: 7896 Da
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UPLC chromatograph and deconvoluted MS of 3bc.
Conversion: 61%
Calculated Mass: 7785 Da; Found Mass: 7786 Da
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UPLC chromatograph and deconvoluted MS of 3bd.
Conversion: 79%
Calculated Mass: 7838 Da; Found Mass: 7839 Da
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UPLC chromatograph and deconvoluted MS of 3be.
Conversion: 89%
Calculated Mass: 7788 Da; Found Mass: 7789 Da
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UPLC chromatograph and deconvoluted MS of 3bf.
Conversion: 80%
Calculated Mass: 7806 Da; Found Mass: 7806 Da
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UPLC chromatograph and deconvoluted MS of 3bg.
Conversion: 89%
Calculated Mass: 7804 Da; Found Mass: 7805 Da
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UPLC chromatograph and deconvoluted MS of 3bh.
Conversion: 95%
Calculated Mass: 7805 Da; Found Mass: 7805 Da
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UPLC chromatograph and deconvoluted MS of 3bi.
Conversion: 93%
Calculated Mass: 7839 Da; Found Mass: 7839 Da
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UPLC chromatograph and deconvoluted MS of 2bj.
Conversion: 83%
Calculated Mass: 7889 Da; Found Mass: 7890 Da
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UPLC chromatograph and deconvoluted MS of 3bk.
Conversion: 76%
Calculated Mass: 7828 Da; Found Mass: 7829 Da
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UPLC chromatograph and deconvoluted MS of 3bl.
Conversion: >95%
Calculated Mass: 7828 Da; Found Mass: 7829 Da
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UPLC chromatograph and deconvoluted MS of 3bm.
Conversion: 85%
Calculated Mass: 7820 Da; Found Mass: 7820 Da
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UPLC chromatograph and deconvoluted MS of 3bn.
Conversion: 5%
Calculated Mass: 7815 Da; Found Mass: 7815 Da
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UPLC chromatograph and deconvoluted MS of 3bo.
Conversion: >95%
Calculated Mass: 7840 Da; Found Mass: 7840 Da
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Calculated Mass: 7824 Da; Found Mass: 7825 Da
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6.2 Substrate scope of the sulfide formation from 1b and thiols on DNA
UPLC chromatograph and deconvoluted MS of 5a.

Conversion: 86%

Calculated Mass: 7827 Da; Found Mass: 7827 Da
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UPLC chromatograph and deconvoluted MS of 5b.
Conversion: 77%
Calculated Mass: 7827 Da; Found Mass: 7827 Da
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UPLC chromatograph and deconvoluted MS of 5c.
Conversion: 91%
Calculated Mass: 7827 Da; Found Mass: 7829 Da
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UPLC chromatograph and deconvoluted MS of 5d.
Conversion: 87%
Calculated Mass: 7829 Da; Found Mass: 7830 Da
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UPLC chromatograph and deconvoluted MS of 5f.
Conversion: 84%
Calculated Mass: 7891 Da; Found Mass: 7893 Da
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UPLC chromatograph and deconvoluted MS of 5g.
Conversion: 44%
Calculated Mass: 7858 Da; Found Mass: 7858 Da
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UPLC chromatograph and deconvoluted MS of 5h.
Conversion: 40%
Calculated Mass: 7863 Da; Found Mass: 7864 Da

x102

124 N—N
| )—oH
S
0.8
2
<
044
o

5
Time (min)

4104 -ESI Scan {rt: 5.045-5.311 min, 17 scans) Frag=175.0V S7-SLT-04-38-a4—d Subtract Deconvoluted (Isstope Width=0.5)
z
18
16
14
i
1
0.8
0.6
0.4 ‘
e 5531 iy Mk E
e i) "
4500 4760 5000 5250 5500 6960 600D 6Z60 6800 6760 7000 7250 7500 7760 8000 8250 G500 5760 9000 5260 9500 9750 10000

ounts ¥s. Deconvoluted Mass (amu;

864

UPLC chromatograph and deconvoluted MS of 5i.
Conversion: 82%
Calculated Mass: 7815 Da; Found Mass: 7815 Da

)ﬂO2

44

mAU

5
Time (min)

~EST Scan (rt: 3.730-3.848 min, 14 scans) Frag=175.0V SLY-04-34-A4-53.d Subtract Deconvoluted (Isotope Width=(. )

L0 T814.99

3.5
2.5
15

0.5 9878, 45
sl k]

4R00 4750 GO0 GZ50 BROD G750 AODD  AZR0  ABDO  ATHO OO0 7HR0 7500 77RO BODO 450 BNO0  G7RO OO 03RO 900 97RO 10000

ounts (%) vs. Deconvoluted Mass (amu

S56



UPLC chromatograph and deconvoluted MS of 5j.
Conversion: >95%
Calculated Mass: 7835 Da; Found Mass: 7836 Da
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UPLC chromatograph and deconvoluted MS of 5k.
Conversion: 89%
Calculated Mass: 7819 Da; Found Mass: 7820 Da
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UPLC chromatograph and deconvoluted MS of 5I.
Conversion: 92%
Calculated Mass: 7854 Da; Found Mass: 7855 Da
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UPLC chromatograph and deconvoluted MS of 5m.
Conversion: 94%
Calculated Mass: 7899 Da; Found Mass: 7889 Da
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UPLC chromatograph and deconvoluted MS of 5n.
Conversion: 88%
Calculated Mass: 7814 Da; Found Mass: 7814 Da
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UPLC chromatograph and deconvoluted MS of 50.
Conversion: >95%
Calculated Mass: 7820 Da; Found Mass: 7821 Da
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UPLC chromatograph and deconvoluted MS of 5p.
Conversion: >95%
Calculated Mass: 7803 Da; Found Mass: 7803 Da
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UPLC chromatograph and deconvoluted MS of 5q.
Conversion: 91%
Calculated Mass: 7884 Da; Found Mass: 7885 Da
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UPLC chromatograph and deconvoluted MS of 5r.
Conversion: 88%
Calculated Mass: 7853 Da; Found Mass: 7853 Da
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UPLC chromatograph and deconvoluted MS of 5s.
Conversion: >95%
Calculated Mass: 7868 Da; Found Mass: 7868 Da
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UPLC chromatograph and deconvoluted MS of 5t.
Conversion: >95%
Calculated Mass: 7919 Da; Found Mass: 7920 Da
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UPLC chromatograph and deconvoluted MS of 5u.
Conversion: >95%
Calculated Mass: 7897 Da; Found Mass: 7898 Da
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UPLC chromatograph and deconvoluted MS of 5v.
Conversion: 85%
Calculated Mass: 7898 Da; Found Mass: 7899 Da
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UPLC chromatograph and deconvoluted MS of 5w.
Conversion: 92%
Calculated Mass: 7888 Da; Found Mass: 7888 Da
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UPLC chromatograph and deconvoluted MS of 5x.
Conversion: 44%
Calculated Mass: 7827 Da; Found Mass: 7827 Da
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UPLC chromatograph and deconvoluted MS of 5z.
Conversion: 90%
Calculated Mass: 7818 Da; Found Mass: 7818 Da
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UPLC chromatograph and deconvoluted MS of 5aa.

Conversion: >95%

Calculated Mass: 7863 Da; Found Mass: 7863 Da
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UPLC chromatograph and deconvoluted MS of 5ab.

Conversion: >95%

Calculated Mass: 7855 Da; Found Mass: 7856 Da
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UPLC chromatograph and deconvoluted MS of 5ac.
Conversion: 79%
Calculated Mass: 7855 Da; Found Mass: 7856 Da
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UPLC chromatograph and deconvoluted MS of 5ad.
Conversion: 73%
Calculated Mass: 7949 Da; Found Mass: 7951 Da
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UPLC chromatograph and deconvoluted MS of 5ae.
Conversion: 78%
Calculated Mass: 7817 Da; Found Mass: 7817 Da
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UPLC chromatograph and deconvoluted MS of 5af.
Conversion: >95%
Calculated Mass: 7897 Da; Found Mass: 7898 Da
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UPLC chromatograph and deconvoluted MS of 5ag.
Conversion: 81%
Calculated Mass: 7804 Da; Found Mass: 7804 Da
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UPLC chromatograph and deconvoluted MS of 5ah.
Conversion: 86%
Calculated Mass: 7836 Da; Found Mass: 7837 Da
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UPLC chromatograph and deconvoluted MS of 5ai.
Conversion: 93%
Calculated Mass: 7889 Da; Found Mass: 7889 Da

x10
14
—N
47 H N, OH
081 N Y
N
0 S
~
2 / o
E
044 Cl
024
39
0 T T T T T T
3 4 5 6 7 8
Time (min)

x10 3 —ESI Scan (rt: 4.694-4.993 min, 19 scans) Frag=175.0V $42-5LY-04-38-#d-.d Subtract Decomvoluted (Isotope Width=0.5)

AL
7889

N

4500 4750 BOD0 5250 5500 5750 6000 6350 600 6750 7000 7460 7RO 7750 8000 8250 BS00 G750 G000 9350 9500 9750 10000
Counts vz, Deconvoluted Mass (amu)

UPLC chromatograph and deconvoluted MS of 5aj.
Conversion: 92%
Calculated Mass: 7872 Da; Found Mass: 7873 Da
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UPLC chromatograph and deconvoluted MS of 5ak.
Conversion: 83%
Calculated Mass: 7843 Da; Found Mass: 7843 Da
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UPLC chromatograph and deconvoluted MS of 5al.
Conversion: 86%
Calculated Mass: 7871 Da; Found Mass: 7871 Da
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UPLC chromatograph and deconvoluted MS of 5am.
Conversion: >95%
Calculated Mass: 7829 Da; Found Mass: 7829 Da
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UPLC chromatograph and deconvoluted MS of 5an.
Conversion: 91%
Calculated Mass: 7831 Da; Found Mass: 7831 Da

x102
54
N/N
N M MOH
' O
2] / ]
E

x10 °
2,25
1,75+
1,25

0,754
0.5+

0,254

2 3 2 5 6
Time (min)

—EST Scan (rt: 4.447-4.747 nin, 19 scans) Frag=175.0V $25-SLY-04-33-#4—.d Subtract Deconvoluted (Isotope Width=0.85)

7331

714 u\

4500 4750 HODO 5250 G500 57RO 6000 6250 6B00 6750 7000 7250 7S00 7750 BOO0 8350 8500

ounts vs. Deconvoluted Mass (amu;

S71

8750 9000 9750 9500 9750 10000



UPLC chromatograph and deconvoluted MS of 5a0.
Conversion: >95%
Calculated Mass: 7845 Da; Found Mass: 7845 Da
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UPLC chromatograph and deconvoluted MS of 5ap.
Conversion: 84%
Calculated Mass: 7819 Da; Found Mass: 7819 Da
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UPLC chromatograph and deconvoluted MS of 5aq.
Conversion: 77%
Calculated Mass: 7911 Da; Found Mass: 7912 Da

an’ Q

24 44 N—N
¥ ! OH
_N Y
o S /N\N
1.5 //
/ o
2
-
—0
0.5 33
31
o
2 3 ] 5 13 T B
Time (min)

5104 —EST Scan (rt: 4.425-4.625 min, 13 scans) Fraz=175.0% $7B-SLY-04-80-Ad-.d Subtract Deconvoluted (Isatope Width=0.5)

7912

L R S - )

e
AJJ‘“L

4500 4750 60O 5250 BR00 5RO G000 6250 6B00 6750 7000 7250 7500 7750 BOOO G250 @500 B8R0 9000 5250 8800 9750 10000

ounts ws. Deconvoluted Mass (amu,

UPLC chromatograph and deconvoluted MS of 5ar.
Conversion: >95%
Calculated Mass: 7821 Da; Found Mass: 7822 Da

x10%
24
3.8

mAU
(%]

0.5

2 3 4 5 6 7 8
Time (min)

5105 —ESI Scan (rt: 3.781-4.097 min, 20 scans) Frag=175.0Y ST2-SLY-04-Bd—Ad—.d Subtract Deconvoluted (Isotope Width=0.5)

4500 4750 5000 5250 5500 5750 AOO0 6250 ASO0 G750 OO0 TS0 TS00  77S0 8000 8250 8500 8750 9000 9250 9500 49750 10000

Counts vs. Deconvoluted Mass (amu)

S73



UPLC chromatograph and deconvoluted MS of 5as.
Conversion: 77%

Calculated Mass: 7869 Da; Found Mass: 7870 Da
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UPLC chromatograph and deconvoluted MS of 5au.
Conversion: 91%

Calculated Mass: 7870 Da; Found Mass: 7871 Da
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UPLC chromatograph and deconvoluted MS of 5av.
Conversion: 94%
Calculated Mass: 7876 Da; Found Mass: 7877 Da
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UPLC chromatograph and deconvoluted MS of 5aw.
Conversion: 80%
Calculated Mass: 7841 Da; Found Mass: 7842 Da
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UPLC chromatograph and deconvoluted MS of 5bb.

Conversion: 93%
Calculated Mass: 7938 Da; Found Mass: 7939 Da
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UPLC chromatograph and deconvoluted MS of 5bc.
Conversion: 70%
Calculated Mass: 7828 Da; Found Mass: 7828 Da
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UPLC chromatograph and deconvoluted MS of 5bd.
Conversion: 55%
Calculated Mass: 7881 Da; Found Mass: 7881 Da
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UPLC chromatograph and deconvoluted MS of 5be.
Conversion: 83%
Calculated Mass: 7831 Da; Found Mass: 7832 Da
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UPLC chromatograph and deconvoluted MS of 5bf.
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Conversion: 84%
Calculated Mass: 7849 Da; Found Mass: 7850 Da
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UPLC chromatograph and deconvoluted MS of 5bg.
Conversion: 85%
Calculated Mass: 7847 Da; Found Mass: 7848 Da
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UPLC chromatograph and deconvoluted MS of 5bh.
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Conversion: 59%
Calculated Mass: 7848 Da; Found Mass: 7849 Da
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UPLC chromatograph and deconvoluted MS of 5bi.
Conversion: 75%
Calculated Mass: 7882 Da; Found Mass: 7883 Da
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Conversion: 81%
Calculated Mass: 7871 Da; Found Mass: 7872 Da
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UPLC chromatograph and deconvoluted MS of 5bl.
Conversion: 67%
Calculated Mass: 7871 Da; Found Mass: 7871 Da
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UPLC chromatograph and deconvoluted MS of 5bm.

S80



Conversion: 92%
Calculated Mass: 7863 Da; Found Mass: 7863 Da
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UPLC chromatograph and deconvoluted MS of 5bp.
Conversion: 96%
Calculated Mass: 7867 Da; Found Mass: 7868 Da
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Conversion: 77%
Calculated Mass: 7843 Da; Found Mass: 7844 Da
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UPLC chromatograph and deconvoluted MS of 5bs.
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Conversion: 86%
Calculated Mass: 7897 Da; Found Mass: 7897 Da
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UPLC chromatograph and deconvoluted MS of 5bt.
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Conversion: 78%
Calculated Mass: 7892 Da; Found Mass: 7893 Da
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Conversion: 94%
Calculated Mass: 7827 Da; Found Mass: 7829 Da
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UPLC chromatograph and deconvoluted MS of 5bv.
Conversion: 82%
Calculated Mass: 7853 Da; Found Mass: 7853 Da
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UPLC chromatograph and deconvoluted MS of 5bw.
Conversion: 89%
Calculated Mass: 7873 Da; Found Mass: 7874 Da
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UPLC chromatograph and deconvoluted MS of 5bx.
Conversion: 93%
Calculated Mass: 7857 Da; Found Mass: 7858 Da
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UPLC chromatograph and deconvoluted MS of 5hy.
Conversion: 87%
Calculated Mass: 7828 Da; Found Mass: 7829 Da
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UPLC chromatograph and deconvoluted MS of 5bz.
Conversion: 81%
Calculated Mass: 7889 Da; Found Mass: 7889 Da
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UPLC chromatograph and deconvoluted MS of 5ch.
Conversion: 86%
Calculated Mass: 7843 Da; Found Mass: 7844 Da
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6.3 Substrate scope of DNA conjugates for sulfenylation
UPLC chromatograph and deconvoluted MS of 6c.
Conversion: 86%

Calculated Mass: 7784 Da; Found Mass: 7786 Da

2
x10 /@/

4.8 3

N

3.6 H
<24

1.2

th T T
2 3 a 6 T 8

5
Time (min)

~ESI Scan (rt: 5.031-5.331 min, 19 scans) Frag=175.0¥ SLY-04-118-51-413.d Subtract Deconvoluted (Isotope Width=0.35)

L S R = g

4500 4760 GODO G250 BGOO  ATRO0  AODD  BI50 ABDO  ATR0 TODO TZR0 TR0 7750 8000 8750 BAO0 8750 G000 9IR0 9RO0 G750 10000

Counts (%) ws. Deconvoluted Mass (amu)

UPLC chromatograph and deconvoluted MS of 6d.
Conversion: 52%
Calculated Mass: 7784 Da; Found Mass: 7785 Da
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UPLC chromatograph and deconvoluted MS of 6e.

Conversion: 93%
Calculated Mass: 7798 Da; Found Mass: 7800 Da
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UPLC chromatograph and deconvoluted MS of 6f.

Conversion: 87%
Calculated Mass: 7798 Da; Found Mass: 7799 Da
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UPLC chromatograph and deconvoluted MS of 6g.
Conversion: 92%
Calculated Mass: 7798 Da; Found Mass: 7839 (7798+K*) Da
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UPLC chromatograph and deconvoluted MS of 6h.
Conversion: 91%
Calculated Mass: 7814 Da; Found Mass: 7815 Da
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UPLC chromatograph and deconvoluted MS of 6i.
Conversion: >95%
Calculated Mass: 7784 Da; Found Mass: 7786 Da
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UPLC chromatograph and deconvoluted MS of 6j.
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Calculated Mass: 7826 Da; Found Mass: 7827 Da
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UPLC chromatograph and deconvoluted MS of 6k.
Conversion: 81%
Calculated Mass: 7812 Da; Found Mass: 7812 Da
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UPLC chromatograph and deconvoluted MS of 6l.
Conversion: 76%
Calculated Mass: 7869 Da; Found Mass: 7869 Da
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UPLC chromatograph and deconvoluted MS of 6m.
Conversion: 82%
Calculated Mass: 7867 Da; Found Mass: 7868 Da
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UPLC chromatograph and deconvoluted MS of 6n.
Conversion: 91%
Calculated Mass: 7788 Da; Found Mass: 7789 Da
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UPLC chromatograph and deconvoluted MS of 60.
Conversion: 82%
Calculated Mass: 7830 Da; Found Mass: 7831 Da
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UPLC chromatograph and deconvoluted MS of 6p.
Conversion: 95%
Calculated Mass: 7833 Da; Found Mass: 7834 Da
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UPLC chromatograph and deconvoluted MS of 6q.

Conversion: 95%

Calculated Mass: 7849 Da; Found Mass: 7850 Da
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UPLC chromatograph and deconvoluted MS of 6r.

Conversion: 82%

Calculated Mass: 7853 Da; Found Mass: 7853 Da
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UPLC chromatograph and deconvoluted MS of 6s.
Conversion: 35%
Calculated Mass: 7785 Da; Found Mass: 7786 Da
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Conversion: 56%
Calculated Mass: 7791 Da; Found Mass: 7792 Da
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UPLC chromatograph and deconvoluted MS of 6u.
Conversion: 98%
Calculated Mass: 7855 Da; Found Mass: 7856 Da
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UPLC chromatograph and deconvoluted MS of 6v.
Conversion: 86%
Calculated Mass: 7819 Da; Found Mass: 7820 Da

x102
16

5.1 o

Double coupling

5
Time (min)

%101 -ESI Scan frt: 5.1%0-5.323 nin, 9 scans) Frag=175.0V SLT-05-12-51-412.d Subtract Deconvoluted (Isotope Width=0.3)
1.4
1.2

14
0.8
0.6
0.4
0.24

04

4500 5000 5500 000 500 7000 7500 BODO 500 5000 9500

Counts (%) vs. Deconvoluted Mass (amu)

UPLC chromatograph and deconvoluted MS of 6w.

S96

10600



Conversion: 83%
Calculated Mass: 7798 Da; Found Mass: 7799 Da
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UPLC chromatograph and deconvoluted MS of 6x.
Conversion: 23%
Calculated Mass: 7788 Da; Found Mass: 7789 Da
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Conversion: 92%
Calculated Mass: 7812 Da; Found Mass: 7813 Da
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UPLC chromatograph and deconvoluted MS of 6z.
Conversion: 85%
Calculated Mass: 7828 Da; Found Mass: 7829 Da
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Conversion: 90%
Calculated Mass: 7841 Da; Found Mass: 7842 Da
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Conversion: 65%
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Conversion: 6%
Calculated Mass: 7876 Da; Found Mass: 7878 Da
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Conversion: 88%
Calculated Mass: 7855 Da; Found Mass: 7856 Da
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6.4 Substrate scope of DNA conjugates for selenylation
UPLC chromatograph and deconvoluted MS of 10c.
Conversion: 82%

Calculated Mass: 7818 Da; Found Mass: 7819 Da
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Conversion: 77%
Calculated Mass: 7818 Da; Found Mass: 7819 Da
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UPLC chromatograph and deconvoluted MS of 10e.

Conversion: 85%

Calculated Mass: 7832 Da; Found Mass: 7833 Da
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UPLC chromatograph and deconvoluted MS of 10g.
Conversion: 78%
Calculated Mass: 7832 Da; Found Mass: 7833 Da
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UPLC chromatograph and deconvoluted MS of 10h.
Conversion: 88%

Calculated Mass: 7848 Da; Found Mass: 7849 Da
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UPLC chromatograph and deconvoluted MS of 10p.
Conversion: 50%
Calculated Mass: 7867 Da; Found Mass: 7868 Da
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UPLC chromatograph and deconvoluted MS of 10t.
Conversion: 10%
Calculated Mass: 7825 Da; Found Mass: 7825 Da
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UPLC chromatograph and deconvoluted MS of 10ab.
Conversion: 61%
Calculated Mass: 7818 Da; Found Mass: 7819 Da
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Conversion: 60%
Calculated Mass: 7836 Da; Found Mass: 7837 Da
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UPLC chromatograph and deconvoluted MS of 10af.
Conversion: 50%
Calculated Mass: 7860 Da; Found Mass: 7861 Da
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UPLC chromatograph and deconvoluted MS of 10ah.
Conversion: 17%
Calculated Mass: 7814 Da; Found Mass: 7815 Da
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7. Application of on-DNA Selenylation in Mock Peptide-like DEL Synthesis

7.1 General procedure for DNA ligation

To the DNA conjugate HP-P (5 nmol, 5.0 pL, 1.0 equiv.) was added DNA code 1 (5'-

phosphate-TAGTTCTCGGAAG-3' -OH, 7 nmol, 3.5 plL, 1.4 equiv.), DNA code 1’ (5'-

phosphate-TCCGAGAACTACA-3' -OH, 7 nmol, 3.5 uL, 1.4 equiv.) and nuclease-free

water (5.0 uL), followed by the addition of 10x ligation buffer (2.0 pL, HitGen Inc.) and

T4 DNA ligase (1 pL, 2000 U, HitGen Inc.).3 The reaction mixture was incubated at 20

°C for 8 h. The conversions were all over 80% based on denaturing PAGE analysis.

7.2 Regioselectivity validation

H s
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O HN N-N
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40 °C, 150 min
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40 °C, 150 min
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Fig. $10. (a) Three DNA-conjugated aryl compounds were tested with 5-methyl
thiadiazole under the optimized condition. Compound 1a afforded the corresponding
product as the positive control while the other two aryl rings derivatives gave no
product, indicating that no sulfenylation occurred under the reaction condition. (b)

HPLC chromatograph of the three reactions.
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7.3 General procedure for mock peptide-like DEL synthesis

Scheme $10. Synthetic protocol of the indole-based focused DELs.

2 H H
HOOC—@—NHFmoc ﬂ—coor—« RA
Q Q Q =

T - s
S NH, Amidation SNH  NH, Code 1, pm N N Amidation m— N
hundreds of BBs hundreds of BBs

H s S
[ 3= ® ®
- 9 o Q o - ] o
Code 2, mm Sulfenylation Code 3, m
— 2B s mEy Gy — e > mEy N —_— > A -NH HN
—_— hundreds of BBs - o

Millions of sulfur-containing members

HP-P was initially coupled with ERA-containing Fmoc-protected amino acid BBs
via amide formation reaction and then tagged with bar-coding DNA. The product was
then coupled with aryl carboxylic acid BBs, followed by enzymatic ligation to achieve
DNA conjugate. Round 3 included the sulfenylation onto the ERAs under the optimized

condition, and then the products were coded with DNA tags.

7.4 Mock peptide-like DEL synthesis
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Fig. S11. Mock peptide-like DEL synthesis. (a) General procedure for DEL synthesis. (b)

UPLC chromatogram of DNA conjugate in each round. (c) 20% PAGE characterization

of DNA ligation in each round.
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Fig. S12. Mass spectrum of DNA conjugate 2.
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Fig. S13. Another mock peptide-like DEL synthesis. (a) General procedure for DEL
synthesis. (b) 20% PAGE characterization of DNA ligation in each round.
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Fig. S14. Two DNA-conjugated protected-tryptophans were reacted with 2-mercapto-
5-methyl-1,3,4-thiadiazole to afford corresponding 2-indole sulfenylated products,
respectively.

7.5 Stability of the sulfur/selenium-containing DNA-conjugates under the standard

affinity selection condition.

Protocol 1%

Sulfur/selenium-containing DNA-conjugates working solution: Mix the 500 pmol
sulfur/selenium-containing DNA-conjugates in H,O (5 uL) with PBST-HS (5 uL) and
PBST (90 L) in order to obtain the DECL working solution.

PBS solution is 50 mM sodium phosphate and 100 mM NacCl, pH 7.4. Dissolve
sodium phosphate and sodium chloride in water under constant stirring. Adjust the
pH with 5 M NaOH. The buffer should be freshly prepared.

PBST is PBS, to which Tween 20 is added under constant stirring, to yield a Tween
20 concentration of 0.05% (vol/vol).

PBST-HS is PBST, containing 0.2 mg/ml herring sperm DNA. Prepare by adding
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10mg/ml herring sperm DNA solution to PBST.

A 100 pmol biotinylated CA-Il was immobilized on 10 pL streptavidin magnetic
beads (Promrga, Z5418). Sulfur/selenium-containing DNA-conjugates working
solution (100 uL) was added and incubated with the immobilized CA-1l for 1 h at room
temperature. The magnetic beads were then separated and the supernatant
recovered by ethanol precipitation (Figure S15c, S16c).

Protocol 2°:

A 100 pmol biotinylated CA-Il was immobilized on 10 L streptavidin magnetic beads
(Promrga, Z5418). Sulfur/selenium-containing DNA conjugates (500 pmol) in 100 uL
selection buffer (50mM Tris-HCI, pH 7.5, 150mM NaCl, 0.1% tween-20, 1mg/mL
herring sperm DNA (Invitrogen, cat: 15634-017), 1mg/mL BSA, and 1mM BME) was
incubated with the immobilized CA-Il for 1 h at room temperature. The magnetic
beads were then separated and the supernatant recovered by ethanol
precipitation(Figure S15d, S16d).

Protocol 3°:

Sulfur/selenium-containing DNA-conjugates (5 uL, 500 pmol) was added to 95 pL
working buffer containing 1.0 uM biotinylated carbonic anhydrase Il (CA-Il) in 0.1 M
sodium phosphate, pH 8.0, 0.25 M NacCl, 0.02% (V/V) tween-20, 0.2 mg/mL herring
sperm DNA (Invitrogen, cat: 15634-017). And the CA-Il to the mixture and incubated
2 hours at 25 °C. Then incubated at 0 °C for 30 min before light irradiation at 365 nm
by a UVP CL-1000 Ultraviolet crosslinker. The mixture was incubated with pre-washed
streptavidin magnetic beads (Promrga, Z5418) for 2 hours. The magnetic beads were
then separated and the supernatant recovered by ethanol precipitation(Figure S15e,
S16e).
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Fig. S15. Stability of the sulfur-containing DNA-conjugates (3a) under affinity selection
conditions. a) herring sperm DNA; b) 3a before selection; c) Stability of 3a under the
protocol 1 selection condition; d) Stability of 3a under the protocol 2 selection
condition; e) Stability of 3a under the protocol 3 selection condition.
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Fig. S16. Stability of the sulfur-containing DNA-conjugates (8a) under affinity selection
conditions. a) herring sperm DNA; b) 8a before selection; c) Stability of 8a under the
protocol 1 selection condition; d) Stability of 8a under the protocol 2 selection
condition; e) Stability of 8a under the protocol 3 selection condition.

Moreover, we treated DNA-conjugated molecules sulfenylated product or

selenylated product with incubation process stated above first and then processed at
high temperature (95 °C) for ten minutes.
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Fig. S17. Stability of the sulfur-containing DNA-conjugates (3a) under affinity selection
conditions after processed at 95 °C for ten minutes. a) herring sperm DNA; b) 3a before
selection; c) Stability of 3a under the protocol 1 selection condition; d) Stability of 8a
under the protocol 2 selection condition; e) Stability of 3a under the protocol 3
selection condition.
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Fig. S18. Stability of the sulfur-containing DNA-conjugates (8a) under affinity selection
conditions after processed at 95 °C for ten minutes. a) herring sperm DNA; b) 8a before
selection; c) Stability of 8a under the protocol 1 selection condition; d) Stability of 8a
under the protocol 2 selection condition; e) Stability of 8a under the protocol 3
selection condition.

No detectable DNA damage was observed under these protocols, which

demonstrated the stability of the sulfur/selenium-containing compounds under the
standard affinity selection condition.
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