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1. General Information

In this study, general materials, equipment and procedures are adapted from previous reportsl'4 by our groups and
other DNA-encoded library publications.‘r"6

1a. Materials and equipment used for the synthesis and analysis of oligonucleotides and DNA-encoded chemical
libraries. The DEC-Tec starting unit (DTSU) DNA oligonucleotide (S1, Figure S1) and 5’-phosphorylated
oligonucleotides were purchased from LGC Biosearch Technologies. The purities of all DNA oligonucleotides were
assessed through the general analytical procedure. High-concentration T4 DNA ligase was obtained from
Enzymatics (Qiagen) and its activity was determined through test DNA oligomer ligations on DTSU. All reagents
were purchased from various vendors and used without further purification. Generally reagents were dissolved in

acetonitrile or mixed aqueous acetonitrile solutions. All buffers and ionic solutions, including HEPES 10X ligation
buffer, ag. NaCl (5M), phosphate buffer (pH 8.0), and basic borate buffer (pH 9.5 and pH 8.2), were freshly
prepared in-house. The DNA working solutions were prepared using DNAse free ultra-pure water (Invitrogen),
HPLC-grade acetonitrile (Fisher) or high-purity absolute ethanol (Koptec). LC/MS running solvents were made from
Optima LC/MS grade water (Fisher), Optima LC/MS grade methanol (Fisher), 99+% purity hexafluoroisopropanol
(Sigma) and HPLC-grade triethylamine (Fisher). Solutions were generally transferred or pooled utilizing Biotix brand
pipette tips and reservoirs (various sizes), and reactions were generally performed in polypropylene Eppendorf
tubes (various brands). Heated reactions were performed in ep384 Mastercyclers (Eppendorf). Solutions were
centrifuged in either Avanti J-301 or Allegra X-15R centrifuges (Beckman-Coulter). DNA solution concentration was
measured using Biophotometer (Eppendorf). LC/MS analysis of oligonucleotides was accessed using a Vanquish
UHPLC system integrated with LTQ XL ion trap mass spectrometer (ThermoFisher Scientific).
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Figure S1. Structure of “DTSU” S1 (5’-Phos-CTGCAT-Spacer 9-Amino C7-Spacer 9-ATGCAGGT 3’).



1b. General procedure for the analysis of oligonucleotide compositions.
Diluted samples of DNA stocks or reaction mixtures were injected on a Vanquish/LTQ system in amounts of 5-10
pL containing 50-200 pmol DNA analyte.

LC/MS Parameters for Thermo Vanquish UHPLC with LTQ lon Trap MS Instrument

(i) LC settings

Column: Thermo DNAPac RP (2.1 x 50 mm, 4um)

Solvent A: 15mM triethylamine (TEA)/100mM hexafluoroisopropanol (HFIP) in water

Solvent B: 15mM TEA/100mM HFIP in 50% methanol

Solvent C: Methanol

Flow rate: 0.65 mL/min

Run time: 2 mins

Solvent gradient: 0.0 min (98%A / 2%B), 0.8 min (100% B), 1.0 min (100%C), 1.15 min (98%A / 2%B)
Column temperature: 100 °C (post column cooler at 40 °C)

(ii) MS settings

Source: ESl in negative mode
Spray voltage: 4100 V

Source heater temperature: 390 °C
Sheath Gas: 28 (instrument units)
Auxiliary Gas: 8 (instrument units)
Sweep Gas: 2 (instrument units)
Capillary temperature: 350 °C
Capillary voltage: -33.0V

Tube lens: -92.0V

MS Scan: 500 — 2000 m/z

Samples were analyzed on a Thermo Vanquish UHPLC system coupled to an electrospray LTQ ion trap mass
spectrometer. An ion-pairing mobile phase comprising of 15mM TEA/100mM HFIP in a water/methanol solvent
system was used in conjunction with an oligonucleotide column Thermo DNAPac RP (2.1 x 50 mm, 4um) for all the
separations. All mass spectra were acquired in the full scan negative-ion mode over the mass range of 500-2000
m/z. The data analysis was performed by exporting the raw instrument data (.RAW) to an automated biomolecule
deconvolution and reporting software (ProMass) which uses a novel algorithm known as ZNova to produce
artifact-free mass spectra. Deconvoluted mass spectra were standardized/compared against co-currently run
samples of DTSU S1 and HP S2 to account for any drift from theoretical mass during deconvolution.

1c. General procedure for ethanol precipitation and DNA reconstitution. To a DNA reaction mixture was added
5% (V/V) 5 M NaCl solution and 2.5-3 times the volume of absolute ethanol. The colloidal solution was then
incubated at -20 °C overnight. After centrifugation, the supernatant was decanted and 70 % aq. ethanol then was
added to the pellet before centrifuged again. The DNA pellet was dried in air or under gentle vacuum. Water was
added to reconstitute the DNA to the concentration of 0.5—-1 mM. Ethanol precipitation was generally performed
after each chemical reaction.

1d. Representative general procedure for DNA ligation.

To DNA conjugate 6b (1.5 nmol, 5 uL, 1.0 equiv) was added DNA_1 (5'-ACACTTGCTGGT-3', 1.95 nmol, 1.95 uL, 1.3
equiv), DNA_2 (5'-CAGCAAGTGTGA-3', 1.95 nmol, 1.95 L, 1.3 equiv), and nuclease-free water (3.6 pL), followed by
the addition of 10x HEPES buffer (1.5 pL) and T4 DNA ligase (1.0 uL). The reaction mixture was incubated at room
temperature overnight before performing gel electrophoresis. Gel electrophoresis was executed using precast 10%
TBE acrylamide gel from Invitrogen (12 wells). The gel box was filled with 1x TBE buffer until the gel was covered.
The purified DNA (by EtOH precipitation) was diluted to the concentration of 12 ng/uL. To a tube was added 10 pL
of one DNA sample and 2 pL of 6x DNA loading dye to make a DNA-dye loading sample. The first lane of the gel
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was loaded with a DNA molecular weight ladder, and 5 pL of DNA-dye mixed samples was loaded into each lane.
Gels were ran at 160 V for 35 min and then stained in a container with 0.5 ng/mL ethidium bromide in 1x TBE
buffer for 50 min. DNA fragments were visualized under a UV light device, and assessed for completed ligation.

le. Elaboration of “DTSU” S1 to “HP” S2 for substrate preparation.

This elaborated DNA, “HP” S2, was prepared through ligation of two duplexed 11-mer oligonucleotides with DTSU
S1 through the general DNA ligation procedure (final sequence: 5' d TGA GTG AAT ACC TGC AT -Spacer 9-Amino
C7-Spacer 9-ATG CAG GTA TTC ACT GAG G 3') followed by amidation of Fmoc-15-amino-4,7,10,13-
tetraoxapentadecanoic acid through the general acylation procedure and Fmoc deprotection. A special, 56 b.p
DNA oligonucleotide 5 for chemistry validation and ligation tests was prepared by ligating two 39-mer duplexed
oligonucleotides with S2. (final sequence 5' d TAT GAT ACT AAA GTA AGT CAC ACA CAA TTG GAG CAG TCC TGA
GTG AAT ACC TGC AT -Spacer 9-Amino C7- Spacer 9-ATG CAG GTA TTC ACT GAG GAC TGC TCC AAT TGT GTG TGA
CTTACTTTAGTATCATATC3')

1f. Representative chemical procedures for attaching substrates.

Acylation: A cyano carboxylic acid building block (1000 nmol, 5 pL, 200 mM in MeCN, 100 equiv), N,N-diisopropyl-
ethylamine (DIPEA, 1000 nmol, 5 pL, 200 mM in MeCN, 100 equiv), and 1-[Bis(dimethylamino)methylene]-1H-
1,2,3-triazolo[4,5-b]pyridinium 3-oxid hexafluorophosphate (HATU, 1000 nmol, 5 uL, 200 mM in MeCN, 100 equiv)
were premixed for 10 min. The mixture was then added to a solution of DNA (10 nmol, 10 uL, 1.0 mM, 1 equiv) in
H,O with pH 9.5 borate buffer (4000 nmol, 16 pL, 250 mM, 400 equiv), which was allowed to sit at room
temperature for 2—4 h before being quenched by EtOH precipitation.

Sulfonylation: A cyano sulfonyl chloride building block (1000 nmol, 5 pL, 200 mM in MeCN, 100 equiv) was added
to a solution of DNA (10 nmol, 10 uL, 1.0 mM, 1 equiv) in H,0 with pH 9.5 borate buffer (4000 nmol, 16 uL, 250
mM, 400 equiv), which was allowed to sit at room temperature for 8 h before being quenched by EtOH
precipitation.

Nucleophilic Aromatic Substitution: An electrophilic cyano aryl fluoride building block (1000 nmol, 5 pL, 200 mM
in MeCN, 100 equiv) was added to a solution of DNA (10 nmol, 10 uL, 1.0 mM, 1 equiv) in H,0 with pH 9.5 borate
buffer (4000 nmol, 16 uL, 250 mM, 400 equiv) and the reaction was heated to 60 °C for 12 h before being
guenched by EtOH precipitation.

2. Generation of 3, 5-disubstituted 1,2,4-oxadiazoles

2a) General procedure for amidoxime formation DNA-conjugated nitrile substrates were reconstituted to the
concentration of 1.0 mM after attaching procedure. pH 8.2 borate buffer (2500 nmol, 10 uL, 250 mM, 250 equiv)
was added to DNA conjugates (10 nmol, 10 uL, 1.0 mM in H,0, 1 equiv) followed by the addition of NH,OHHCI
(2000 nmol, 10 pL, 200 mM in H,0, 200 equiv) and Na,CO; (100 nmol, 0.5 uL, 200 mM in H,0, 10 equiv). The
reaction mixture was allowed to sit at room temperature for 48—72 h before being quenched by EtOH precipitation.

Table S1. Optimization of amidoxime formation. Buffer Base 2b°(%)
1 pHO9.5borate” Cs,CO; 91%
2 pH9.5 borate” NaOH 93%
i NHLOHGL 200 saiv i 3 pH 8.2 borate None 87%
M—N Base (10 equiv) MN
k@ _ Peseltbemm b\( 4 pH 8.2 borate NaOAc 87%
CN 25°C,72h | o
1b 2b Neg 5 pH 8.2 borate Cs,CO; 94%
6 pH 8.2 borate Na,CO3 97%
*conversions determined by LC-MS. °Hydrolysis of 7 pH 8.2 borate DIPEA 85%
nitrile to acid was observed. 8 pH 8.2 borate TEA 82%
9 pH7.0phosphate  Na,CO; 88%
10 pH 5.8 Mes Na,CO3 67%



2b) General procedure for O-acylamidoxime. To a solution of DNA-conjugate amidoxime (10 nmol, 10 uL, 1.0 mM,
1 equiv) in H,0 was added pH 8.0 phosphate buffer (4000 nmol, 20 pL, 200 mM, 400 equiv), aromatic or aliphatic
carboxylic acids (2000 nmol, 10 pL, 200 mM in CH3CN, 200 equiv), and 7-Azabenzotriazol-1-yloxy) tripyrrolidino-
phosphonium hexafluorophosphate (PyAOP, 2000 nmol, 10 pL, 200 mM in DMA, 200 equiv), which was incubated
at room temperature for 16 h prior to EtOH precipitation.

2c) General procedure for cyclodehydration of the O-acylamidoxime. To a solution of DNA-conjugate O-
acylamidoxime (5 nmol, 5 pL, 1.0 mM, 1 equiv) in H,0 was added pH 9.5 borate buffer (2500 nmol, 10 pL, 250 mM,
500 equiv), N,N-diisopropylethylamine (DIPEA, 500 nmol, 2.5 pL, 200 mM in MeCN, 100 equiv), and CH3;CN (10 uL,
40% v/v). The reaction was heated at 90 °C for 1.5 h before being quenched by EtOH precipitation.




3. Deconvoluted Mass Spectra of DNA-Conjugates
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Figure S2. Deconvoluted mass spectrum of DNA S2, expected: 12060.0; observed 12061.5.
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Figure S3. Deconvoluted mass spectrum of the 56 b.p. DNA 5, expected: 36088.7; observed

36092.7.
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Figure S4. Deconvoluted mass spectrum of compound 1a, expected: 12189.1; observed 12189.7.
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Figure S5. Deconvoluted mass spectrum of compound 1b, expected: 12189.1; observed

12189.7.
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Figure S6. Deconvoluted mass spectrum of compound 1c, expected: 12219.1; observed 12219.7.
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Figure S8. Deconvoluted mass spectrum of compound 1e, expected: 12225.2; observed 12225.5.
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Figure S9. Deconvoluted mass spectrum of compound 1f, expected: 12206.1; observed 12206.5.
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Figure S28. Deconvoluted mass spectrum of compound 3b4, expected: 12345.2; observed
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Figure $29. Deconvoluted mass spectrum of compound 3b5, expected: 12340.3; observed
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Figure S46. Deconvoluted mass spectrum of compound 3d4, expected: 12346.2; observed
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Figure S47. Deconvoluted mass spectrum of compound 3d5, expected: 12341.3; observed
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Figure S51. Deconvoluted mass spectrum of compound 3d9, expected: 12389.4; observed
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Figure S52. Deconvoluted mass spectrum of compound 3el, expected: 12362.3; observed
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Figure S54. Deconvoluted mass spectrum of compound 3e3, expected: 12363.3; observed
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Figure S55. Deconvoluted mass spectrum of compound 3e4, expected: 12381.3; observed
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Figure S56. Deconvoluted mass spectrum of compound 3e5, expected: 12376.3; observed
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Figure S57. Deconvoluted mass spectrum of compound 3e6, expected: 12420.4; observed
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Figure S58. Deconvoluted mass spectrum of compound 3e7, expected: 12368.3; observed
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Figure S62. Deconvoluted mass spectrum of compound 3f2, expected: 12377.7; observed
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Figure S67. Deconvoluted mass spectrum of compound 3f7, expected: 12349.2; observed
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Figure S72. Deconvoluted mass spectrum of compound 4a3, expected: 12309.2; observed
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Figure S73. Deconvoluted mass spectrum of compound 4a4, expected: 12327.2; observed
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Figure S75. Deconvoluted mass spectrum of compound 4a6, expected: 12366.3; observed

12367.0.

42



o
z
g N
1.5E+004+ (o] =N
| DO\ [
] 4a7
1.2E+0044
9. 1E+003
=)
z J
b .
2 ] g
5
6. 0E+003
3. 0E+003
0L OE+000) T T T T T T T T T T T T T T T T T T 1
10000 11000 12000 13000 14000 15000
MassiDa)

Figure S76. Deconvoluted mass spectrum of compound 4a7, expected: 12314.3; observed
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4. Preparation of Substrates

Testing substrates were conjugated on DNA via acylation, sulfonylation, or nucleophilic

aromatic substitution (SyAr).

Table S2. Data for starting material preparation

Products Structure Expected MW | Observed MW | Conversion
CN

1a °@ 12189.1 12189.7 99 %

VO™ __ Ny

O,
0,
1b N\Z—O—cn 12189.1 12189.7 99 %
MeO
1c °@,CN 12219.1 12219.7 99 %
HDHU__\H
(o] —N
1d N )—CN 12190.1 12190.3 99 %
HDHO__\y
CN

o
le MH_EO 12225.2 12225.5 95 %

g

O,N
1f HTID__{ 12206.1 12206.5 99 %
CN
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5. DNA stability and ligation test
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Figure S124. LC-MS spectrum of compound 5
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Figure S125. ESI Full MS spectrum of compound 5
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Figure $126. Deconvoluted mass spectrum of compound 5, expected:
36092.7.
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Figure $127. LC-MS spectrum of compound 6a
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Figure S128. ESI Full MS spectrum of compound 6a
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Figure $129. Deconvoluted mass spectrum of compound 6a, expected: 36354.9; observed
36360.3.
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Figure S130. LC-MS spectrum of compound 6b
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Figure S131. ESI Full MS spectrum of compound 6b
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Figure $132. Deconvoluted mass spectrum of compound 6b, expected: 36354.9; observed
36362.5.

70



[e]

RT- 0.00 - 10.00 SM: 7B DI ODDODH__\ o
. 575 NL:
Hydrolyzed Side product ) NH; 14388
gV VY N UV_WIS_1

N
\ uv
1000000 OH ol N F Hoov-

N/ \ 1:0&133m
2 Small MW (11995/12073) 6a+6b ‘o*@
| 500000 ; . a2
= impurities \ I8

Unligated HP+Ataluren
0.50 0.78 1.05 1.89 210 2.34 265 3.03 K

5.1 mAU

0 B -
NL:
100 e 5.83E7
TC MS
§ 80 HCD-V-
< 1308133he
S 60 pe
3
<<
2 W
s
I
045 076 130 154 217 235 294 336 362 405 630 679 716 760 791 5§41 896 914 953
[ R A A B L A M M L A Sad el LA A R A R | L Sl A AN LA AN RAL) LANE ML MM AARI RS LA aan i A ]
0 1 2 7 8 9 10
Time (min)
Figure S133. LC-MS spectrum of compound 6a+6b (co-injection)
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Figure S134. ESI Full MS spectrum of compound 6a+6b (co-injection)
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Figure $135. Deconvoluted mass spectrum of compound 6a+6b, expected: 36354.9; observed
36362.5.

71



O,

o}
VIV T DI DA
NH VIV TDHODODPUN__ \
RT: 0.00-10.00 SM: 7B i y—NH2 N F
1 : Hydrolyzed side P N, 5_7[/ , N/ ‘ N
1500000 1.55E6
OH \0 UV_VIS_1
5 vy
Ee 2
£ 1000000 Small MW (11995/12073) Yoo e
%‘ impurities
5' o000 Excess codons \§i
0.78 4.48 2oy — Unligated HP+Ataluren
p1.028 A 08 180 231286 307 362 383 T 9.95
ML:
100 3aTET
mc WS
§ 80 HCD-V-
= 134b_08
S e
3
<<
s 4
=
R
042 082 441 180 236 265 297 343 3.85 427 453 626 664 727 773 7.95 873 891 9.08 046
e e L et e e )
0 1 2 3 4 5 6 7 8 9 10
Time (min)
.
Figure $136. LC-MS spectrum of compound 7
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Figure S137. ESI Full MS spectrum of compound 7
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Figure S138. Deconvoluted mass spectrum of compound 7, expected: 43809.7; observed
43816.3.
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LC setting for compounds 5, 6a, 6b, and 7

Column: Thermo DNAPac RP (2.1 x 50 mm, 4um)

Solvent A: 15mM triethylamine (TEA)/100mM hexafluoroisopropanol (HFIP) in water
Solvent B: 15mM TEA/100mM HFIP in 50% methanol

Flow rate: 0.65 mL/min

Run time: 8 mins

Solvent gradient: 0.0 min (98%A / 2%B), 5.0 min (10%A / 90%B), 6.5 min (98%A / 2%B)
Column temperature: 100 °C (post column cooler at 40 °C)

Ln.1(50 ng) AFVEVID™_\p,

10 % TBE gel, 160 V, 35 min

Ln. 2 (50 ng) DHDHDHOIOIU_— N,

Ln. 3 (25 ng)
- -
Ln. 3 . . .
n Ln.4 Ln.5 Ln.6 Ln. 4 (50ng)
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Loading unit “ng” is based on the O.D measurement

Figure S139. Gel electrophoresis image comparisons between starting material 5, compound 6b,
and compound 7.
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