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1 Materials and Instrumentations

1.1 Reagents, solvents, purification methods and software

Solvents and chemicals were used as purchased from ABCR GmbH ,-Slidmch, Merck,

VWR, Iris Biotech, CombBlocks,Apollo scientific, EnamineMedChemExpresg,Cl, Acros

and Alfa Aesar. MilliQ® water (mQ HO) was obtained from a Millipore MiHQ system
(Merck). Oligonucleotides were purchased from LGC Biosearch Technologies or Eurofins and
guantified with a Nanodrop 2000 Spectrophotometer (Thermo Fisher Sciel@#iections

were performed using KingFisher (Thermo Fisher Scientific) magnetic paptiokessor.
Materials for ligations and for polymerasbkain reactions were purchased from New England

Biolabs. PCR purification and gel extraction kits were purchased Qiagen.
Purification of oligonucleotides

Preparative reversedphase highperformance liquid chromatography (RP-HPLC) for

the purification of oligonucleotidesasperformed with an Agilent 1200 Series as well as with

a Waters Alliance HT coupled with a PDA UV detector that have been equipped with a XTerra
Shield RP18 preparative column (125 10 x 150 mm)Gradients of eluent C (100 mM
triethylammonium acetate (TEAA) pH 7 in mQ®) and eluent D (100 mM TEAA pH 7 in
80% acetonitrile) were applied at a flow rate of 4 mL/méifter purification fractions were
combined, dried under reduced pressure in a SpeedVac vacuum conceiRk&Dor2-

25CDplus, Martin Christand redissolved for ethanol (EtOH) precipitation



Purification methods and gradients:

1 Purification oflibrary pools aftersplint ligation was performed using the following
method: flow rate: 4 mL/min, 60°C column temperature, gradiettnn 95% C, 1
12.8 min 95% to 84% C, 1283.3 min 84% to 30% C, 1313 min 30% C, 1&0 min

30% to 0% C20-25 min 0% C, 285.1 min 0% to 95% C, 2546 min 95% C).

Purification oflibrary pools afteicoupling of the HIT¢no splint ligation) was performed using

the following method:

1 ASM DELs(derived fromPRA DEL and MB pool Bwere purified using Agilent200
Series (% of eluentC) 0-2 min 90% C, 210 min 9@%6 to50% C, 10-13 min 50% to 0%
C, 1317 min 0% C17-17.1 min 0& to 90% C, 17:18 min 90% CFlow 4 mL/min.
Column temperature: 30 °C.

1 The other ASM DELs were purified usiigaters Alliance HT% of eluentC) 0-1 min
95% C, 15 min 95% to &% C,5-7 min 8% t020% C,7-15 min 20% C, 15-15.1min
20% to 0% C15.1-:18 min0% C,18-18.1 min 0% to 95% C18.1-20 min 95% C.Flow

4 mL/min. Column temperature: 30 °C.

Characterization of oligonucleotides

Liguid Chromatography -Mass Spectrometry (LGMS) spectra were recorded an Agilent

1260 Series LC equipped with an ACQUITY UPLC Oligonucleotide BEH C18 column (130
i, 1.7em, 2.1 x 50 mm) coupled to an Agilent 6100 Series Single Quadrupole MS. The
following gradient of eluent A (15 mM TEA, 400 mM HFIP in mQ®) and eluent B
(methanol) was applied at a flow rate of 0.4 mL/min and 60°C column temperatugenin

95% A, 0.28.2 min 95% to 5% A, 8:8.7 min 5% A, 8.79.2 min 5to0 95% A, 9-:23 min 95%

A.



Liquid Chromatography -Mass Spectrometry (LGMS) spectra were recorded on a Waters
Acquity UPLC HClass system coupled to an EBDFMS (Waters Xevo G2XS QOF)

which was equipped with a Waters AcquigizH C18 column (2.1 x 50 mm, 130 1.7em).

A gradient of mQ water with 0.1% formic acid (eluent A) and acetonitrile with 0.1% formic
acid (eluent B) was applied at 40°C column temperature and a flow rate of 0.6 mL/min (5% to

80% B in 6 min).

Purification s and analytical methods for small molecules

Direct-phasemedium-pressureliquid chromatography was performed using Combklash
NextGen 300+ (TELEDYNE ISCO on RediSpa Silver Flash column (size from 4 grams to

40 grams)Gradient angolvent mixturs are specifiefor every purification

Reversedphase highperformance liquid chromatography (RP-HPLC)

Reverseegphase higkperformance liquicchromatographyf small amounts of product was
performed on a semi preparatigilent 1200 Series RPIPLC with a PDA UV detector. The
system was equipped with a Synerggir, PolarRP 80; 10 x 150 mm C18 column using
flow rate of 5 mL/min with the following gradient of &at A (mQH20 0.1% TFA) and eluent

B (acetonitrile 0.1% TFA): 43 min 90% to 0% A13-14 min 0% A, 14-15 min 0% to 90%

A, 15-16 min 90% A.Product fractions were combined and lyophilized overnight

Reverseepbhase higkperformance liquidchromatographyof big amounts of producivas
performed on greparative Thermo Fish&#tiMate 3000 with PDA UV detector, using a
Hypersil Prep HS phenyl column 5 um, 150 nm at a flow rate of 30 mL/min with linear
gradients of solvents A and(B= Millipore water with 0.1% TFA, B -ACN with 0.1% TFA)

0-1 min 90% A, 120 min 90%to 0% A, 222 min 0% A, 2223 min 0% to 90% A, 224 min

90% A.Product fractions were combined and lyophilized overnight.



Compounds that were not visible at 260 nm wavelength detexted a210 nmwavelength.

High-Resolution mass spectrometry (HRMS)

HR-MS were performed on a Q Exactive Mass Spectrometer (Thermo Fisher Scientific). The
analyte was injected directly into the MS at a flow rategf/#nin. Both MS1 and MS2 spectra
were recorded. MS1 spectra were obtained with a resolution of 70000. MS2 specra
obtained by inducing fragmentation of the molecule with a NCE (normalized collision energy)
= 25 and with a resolution of 70000.

HR-MS analysis were performed with analytical purpose to confirm compound identity but not

to analyze theurity.

1H NMR and 13C NMR spectra

Proton {H) and carbon*fC) nuclear magnetic resonance (NMR) spectra were measured at 298
K on a Bruker AV400 (400 MHz) spectrometer. Chemical shifts are reported in parts per
million (ppm) with deuterated solvents as reference signal. The coupling condtamnésgiven

in Hz using the following multiplicity abbreviations: s = singlet, bs = broad singlet, d = doublet,
t = triplet, g = quartet, quintet = qu, sextet = sext, doublet of doublets = dd, doublet of triplets

= dt, triplet of doublets =td, doultlef doublet of doublets = ddd, m = multiplet.

Software

Databases were organized with InstantJChem (ChemAsqmhChemlinventoryFingerprints
have been visualized and evaluated with MATLAB R2019b (The MathWorks, dnd)
DataWarrior (OpenMolecules). Data fitting and statistical analyssewwerformed with
GraphPad Prism (versi@) Graphpad Software, Inc.). Flow cytometry data was analyzed using
FlowJo (version 10, Tree Star). MS data were analyzed with MassLynx (Wais)
ChemStation (AgilentiNMR wereprocesseavith ACD/Lab andVinova version 14 Mestrelab

Research.



Statistical analysis
Data reported in this article have been generated as independent replicates. Values deriving
from replicate measurements are given as mean = standard error. Error bars have been

calculated based on standard deviatiotwaf or threereplicates.
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2  Library Synthesis

Different onDNA amide coupling conditions were screened on a setrmfcFaminoacidsin
orderto construcDNA-EncodedChemicalLibraries.The efficiency of the coupling has been
tested on a model of amine terminal DNA straareactive amino acids (threshold 75% yield

by LC-MS) have been discarded and not used for library construction.

2.1 LL (Linear Library ) Synthess

Fmoc amino acids used for LL library construction were coupled to the DNA following the

three procedures described below.

2.1.1 General procedures foron-DNA amide formation

General procedure(l) for amide coupling using EDC/HOAt/NMM

Fmocamino acids (200 mM idimethyl sulfoxidgDMSO), 26 eq.) were diluted with DMSO

(56 mM) anda freshly prepared stock solution of EDC:HOAt:NMM (100:20:100 mM in
DMSO, 12:2.4:12 eq.) waadded After 15 min at rt, the practivated acid was added to the
free amino oligonucleotide (1 eq., 1.6 mM), previously dissolved in MOPS buffer (100 mM
MOPS, 1 M NaCl, pH 8). The reaction was shaken for 15 h at 37°@handjuenched with a
500 mM NHOACc solution. The mixture was shaken for 30 min at 3Gdllowed by EtOH

precipitation, centrifugation and drying undeduced pressure.

General procedure(ll) for amide coupling using EDC/sNHS
Preactivation of Fmoeamino acids (200 mM in DMSO, 50 eq.) was performed by diluting the
original stock with  DMSO (56 mM). To this solution was addéd ethy}3-(3-

dimethylaminopropyBarbodiimide (EDC, 100 mM in DMSO, 48 eq.) and- N

11



hydroxysulfosuccinimide (8IHS, 333mM in DMSO:water 2:1133 eq.). After 30 min at
30°C, the preactivated acid was added to the free amino oligonucleotide (1 eq., 1.6 mM),
previously dissolved in MOPS buffer (100 mM MOPS, 1 M NaCl, pH 8). The reaction
proceeded for 15 h at rt. The DNA was then EtOH precgatatentrifuged and dried under

reduced pressure.

General procedure(lll) for amide coupling using DMT-MM

Fmocamino acids (200 mM in DMSO, 200 eq.) were diluted with DMSO (56 mM) and-DMT
MM (200 mM in water, 150 eq.) was added. Theg@cgvation proceeded for 15 min at rt and
the acid was added to the free amaligonucleotide (1 eq., 1.6 mM), previoushssolved in
MOPS buffer (100 mM MOPS, 1 M NacCl, pH 8). The reaction was shaken for 15 h at 37°C.

The DNA was then EtOH precipitated, centrifuged and dried under reduced pressure.

2.1.2 LL library synthesis- Step 1

A1 A464 LL Pool 1 (LL1)
NHFmoc NHFmoc NHFmoc NH
" - @ X @
. 0 0,
é o & A1-Ad64 & A1-A464

(o]
b EE—
; |) ii), iii) iv) 7 ; v), vi)

Figure S1 Schematigllustrationof the synthesis of.L -DEL Pool 1 i) Amide coupling o#64Fmoc
amino acids to individual @le A (Al-A464); ii) EtOH precipitation;iii) HPLC purification of
individual derivatized oligonucleotideis;) Pooling of the 464 derivatized oligonucleotides to generate
Pool 1;v) Fmoc deprotectionsi) EtOH precipitation.

A464
A1-A464
A1-Ad64

Amide coupling of 464Fmoc-amino acids
Amide couplings of the 464 Fmaanino acids with the corresponding 464 codewere

performed followinghecoupling procedure@), (Il ) and (Il ). The Fmoeamino acid was pre
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activated and then added to a solutiah 50 nmol

of codeA ( 5atninoC6

GGAGCTTCTGAATTCTGTGTGCTGXXXXXXCGAGTCCCATGGCGE 06 where

XXXXXX are the bases used as coding regionMOPS buffe(2100 mM MOPS, 1 M NacCl,

pH 8). The reaction was stopped by EtOH precipitation, centrifuged and the pellet was dried

under reduced pressure using SpeedVac. ,Tthercrude was dissolved in 0.1 M TEAA. The
DNA-conjugates were individually purified by RFPLC. After lyophilization, the DNA pellet

was red i

Pool 1 and Fmoc deprotection

The 464 DNAconjugates (2 nmol eactere combined to generate the pool 1 without further
purification. To an aqueous solution of the podlEA (10% v/v) were added, and the reaction
was shaken for 2 h at rt. Subsequently, the DNAEt&¥ precipitated, centrifuged and dried
under reduced pressure using a Speed¥#erwards, the dry DNA pellet was dissolved in

water and the deriveld. pool 1 was used as crude for the elongation with G8dle the next

step.

A

4.0e-2
3.5e-2
3.0e-2

2.5e-2

AU
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Figure S2. LC-MS analysis ofLL pool 1 after Fmoc deprotection and EtOlrecipitation A. LC
chromatogram ofL pool 1 registered at 260 nnB. Nonrdeconvoluted mass spectralaf pool 1.
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2.1.2 LL library synthesis- Step 2

LL Pool 2 (LL2
LL Pool 1 (LL1) ool 2(LL2)

" NH, H,
Y‘ﬂ OY‘ A1-A464 B1-Bs2A
> A1-Ad64 ) H™o

HN NH, B1 B324

3 o NHFmoc NHFmoc 0, A1-Ad64
3 N 3 A1-Ad64
g o e Al - 3 HN 3
z & < 3 Ho= Ho 3
—_— . F =
i), i), iii), iv) o < v), vi), vil), <

viii), ix)

B1-B324

3
Figure S3. Schematidllustration of the synthesis of L-DEL Pool 2. i) Splitting of Pooll in 324
wells; ii) Splint Ligation of 324 individual Code B (BR324); ii) EtOH precipitationiv) Amide
coupling 0f324 Fmocamino acids to the respective derivatized Code BEB24);v) Pooling of the
324 derivatized oligonucleotides to generate Pooli2EYOH precipitation; u) Fmoc deprotection;
viii) EtOH precipitationjx) HPLC purification.
Splint ligation with CodeB
The pool 1 was aliquoted ir28 wells (2.67 nmol eachysing 96well plates. To each aliquot,
324 unmodified  oligonucleotides were added a code B (5 -®hosp
CGGATCGACGYYYYYYYGCGTCAGGCAGG3 0 , 4. 0 nwhee YYYYYYYS eq.
are the bases used for the coding regitme Adaptor 1( 5 TCGATCCGGCGCCATGGE
3,04.1 nmol, 1.6 eq.and T4 DNA ligasebuf f er (21 €L, New Engl ani
B0202S) The mixturewasheated for 5 min at 70 °C. The solution wasncooled down to rt
for 30 min, and T4 DNA Ligas€ 6 . 5 ¢ L, 2600 U, New Engl and B
was added to each well. After 2h at rt the reactions were quenched by heating for 10 min at
65°C. The successful encoding was evaluated by electrophoresis arfblygi®gert

Novext TBE-Urea Gels, 15%, Catalog: EC68855BOX)heT DNA pellets were EtOH

precipitated, centrifuged and dried under reduced pressure

Amide coupling of 24 Fmoc-amino acids Pool 2,Fmoc deprotectionand Purification

The DNA pellets previously encoded with Cod&swere singularly coupled to28 Fmoc

amino acids following theoupling proceduref), (11) and (Il ). The Fmoeamino acid was

14



pre-activated, and the solution was subsequently added to thedeNets (2.67 nmol, 1 eq.)
alreadydissolved in MOPS buffef100 mM MOPS, 1 M NaCl, pH 8). At completion of the
coupling, the 324 reactions were pooled togeth@rool 2) and EtOH precipitated. Fmoc
deprotection of the pool was performeddyd di ng water (1.5 19%) , an
v/v). The reaction proceeded f8rh at 37 °C. The DNA pellet was EtOH precipitated twice

and then was purified by RP HPLC at 70 °C to remove the adaptor and the residual code

The successful encoding and removal of adaptor was determined by electrophoresis gel and
LC-MS (Figures S4S5 After lyophilization of combined fractionshe DNA pellet was re

dissolved in water (4 mL) and quantified by UV absorbance (120 nmol of LL pool 2).

Enco.ded fractions < @ §

with Code B 2 2 R

$ ST

bp & A O U ¥

3
2
1
1

00
00
50
00
75
50
35

Figure $S4. TBE Urea 15% gel ofL pool 2 fractionsobtained after HPLC purificatio
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©
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Figure Sb. LC-MS analysis of L pool 2 after Fmocdeprotection anéRP-HPLC purification A. LC
chromatogram ofL pool 2 registered at 260 nmB. Nonrdeconvoluted mass spectralaf pool 2.

2.2 MB Library Synthesis

General remark for synthetic procedures.

Solutionphasemtermediates aneportedasn ( n = 1, 2, €é)
2.21 MB scaffold synthesis(compound 19)
o) o) 0o
~o _ < 9 1. LiAlH,, THF, - a
o B oﬂ\©)(o’ 0°C,1h 0}‘\©/\N3
OH K,CO3, MeCN, 2. DPPA, DBU,
50°C, ovn O  THF 45°C, ovn O
12 13
1. LiOH, H,O/THF 1:1,  “NH RuCls, NalO,, CCl,, NH
RT, ovn MeCN, H,0,
> O N, RT,1h > O N,
2. 2,6-lutidine, HATU, o
DMF, RT, 2 h
) ) (0]
HoN_ CO,Et M O\)LOH
14 19

Scheme S1Schematic illustration ahesynthesis of compount®.
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Synthesisofme t h-¢ B | B y5l(aozxiyd)o met hy(I3) benzoat e

Commercially available dimethyg-hydroxyisophatalate (4.00 g, 19.3 mmol, 1 eq.) was
dissolved inAcetonitrile MeCN or ACN, 9 mL) and KCOs (6.7 g, 48.2 mmol, 2.5 eq.) was
added. Afterwards, allyl bromide (2.0 mL, 23.1 mmol, 1.2 eq.) was added dropwise to the
reaction mixture. The reaction was stirred overnigtdtC and monitored byhin Layer
ChromatographyTLC), thenethyl acetateEtOAc) was added and washed with water (x 2),

the organic layer was washed with brine (x 1) and then dried witB@aThe solvent was
removed under reduced pressure to obtain compl@uasl white solid. The crude product was
used for the next step without further purification. Compoln (.55 g, 10.2 mmol, 1 eq.)

was dissolved in anhydrowstrahydrofuran (AF, 34 mL). LIAIH2 1 M in THF (5.1 mL, 5.1

mmol, 0.5 eq.) was added dropwise in 20 min at 0 °C. The mixture was stirred for 1 h at 0 °C
and monitord by TLC. Water (3 mL) was added to quench the LiAliH excess and the
reaction was neutralized with 2 M HCI. The aqueous phase was extracted with EtOAc (x 3),
the combined organic phases were washed with brine (x 1) and then dried y8t®, [dad
evaporated. The crude was purified by flash chromatography on silica gel (Hexane:EtOAc,
elution gradient from 20% to 40% of EtOAC) to afford the reduced derivative of compdund
(1.83 g) that was not isolated. The benzylic alcohol derivatiVe whs dissolvedh 80 mL of
anhydrous THF and DPPA (2.65 mL, 12.3 mmol, 1.5 eq) and DBU (1.84 mL, 12.3 mmol, 1.5
eg.) were added. The mixture was stirred overnight at 45 °C. The solvent was evaporated, and
the crude was extracted with EtOAc, washed with water (x 2), britie and then dried over
NaSQu. The solvent was removed under reduced pressure and the crude was purified by flash

chromatography on silica gel (Hexane:EtOAc, elution gradient from 10% to 30% of EtOAc)

17



to obtain compountB (2.28 g, yield = 90%)HR-MS (ESI+) m/z calculated for @H13N303
[M+H]* 248.10297detected?48.10306; accuracy 0.36 ppmH NMR (400 MHz,DMSO-
d6): d (ppm) = 7.57 (tJ = 1.4 Hz, 1 H), 7.45 (dd] = 2.5, 1.3 Hz,1 H), 7.26 (ddJ = 2.4, 1.6
Hz, 1 H), 6.7 6.08(m, 1 H), 5.42 (ddJ = 17.4 Hz, 1.6 Hz, 1 H), 5.29 (dd= 10.5 1.6 Hz,

1 H), 4.66 (dtJ = 5.1, 1.5 Hz, 2 H), 4.53 (s, 2 H), 3.87 (s, 3 H).

248.10306
z=1

Relative Abundance
@
(=}

A 0

2473 2474 2475 2476 2477 2478 2479 2480 2481 2482 2483 2484 2485 2486 2487 2488 2489
miz

Figure S6. HR-MS of intermediaté3

Synthesis ofethyl (3-(allyloxy)-5-(azidomethyl)benzoyl)glycinate (4)

OTOEt

NH
o N

OA

Compound3 (2.03 g, 8.21 mmol, 1 eq.) was dissolved in 26 mL of 1 M LiOH in THF and the
reaction was stirred overnight at rt. A 5%,88s aqueous solution was added, and the mixture

was extracted with EtOAc (x 1). The aqueous layer was acidified with 2 M HCI (to pH = 2)

18



and was extracted withichloromethane@CM, x 3). The combined organic phases were dried
over NaSQs and evaporated to obtain the free acid as white solid (1.00 g). The crude compound
(0.83 g, 3.58 mmol, 1 eq.) was dissolvedlimethylformamide DMF, 12 mL), and glycine

ethyl ester hydrochloride (0.50 g, 3.58 mmol, 1 eq.}l@jdine (0.83 mL, 7.16 mmol, 2 eq.)

and HATU (1.64 g, 4.30 mmol, 1.2 eq.) were added. The mixture was stirred for 2 h at room
temperature. Reaction solvent was removed undeuceddpressure, and the crude was
dissolved in EtOAc, washed with water, the combined organic phases were dried £8@r Na
and evaporated. The crude was purified by flash chromatography on silica gel (Hexane:EtOAc,
elution gradient from 20% to 50% of EtOAc) to obtain compodn(0.933 g, 82%)HR-MS

(ESI+) m/zcalculated for @GH1sN4O4 [M+H] " 319.14@8; detected 319.13%6; accuracy=
1.32ppm.*H NMR (400 MHz,DMSO-d6,): d (ppm) = 8.98 (t)=5.8 Hz, 1H), 7.431 7.47
(m,2H),7.16 6 1 H), 6.67 6.11(m, 1 H, 5.441 5.45(m, 1 H), 5307 5.41(m, 1 H), 465
(dt,J=5.3 1.3 Hz, 2 H), 4.50 (s, 2 H), 4.13 (&= 7.1 Hz, 2 H), 4.00 (d] = 5.8 Hz, 2 H), 1.21

(t, J=7.1 Hz, 3 H).
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Figure S7. HR-MS of intermediatd4

Synthesis of2-(3-(azidomethyl)}-5-((2-ethoxy-2-oxoethyl)carbamoyl)phenoxy)acetic acid
(19; MB library scaffold)

OTOEt

NH
o N,
o
To a solution of compounig (0.933 g, 2.73 mmol, 1 eq.) in MeCN:G@Vater (3:3:4, 100
mL), RuCkAd4,0 (0.0186 g, 2% w/w) and Nal@5.84 g, 27.3 mmol, 10 eq.) were added. The
mixture was stirred for 1 h at ifter evaporation of the solveniater was addedndthe

mixture was extracted with DCM (x 3) and with DCM:MeOH (9:1, x 2). the combined organic

phases were dried over M and evaporated. The crude was purified by flash

2C



chromatography on silica gel (DCM:MeOH, 5% of MeOH) to obtain the final scaff(d.67

g, 73%). HR-MS (ESI+) m/z calculatedfor CisH1eN4Os [M+H]" 337.114£6; detected
337.1138; accuracy= 2.14 ppm!H NMR (400 MHz,DMSO-d6): d (ppm) = 13.09 (§ 1 H),
8.99 (t,J=6.3 Hz, 1 H), 7.45 7.53 (m, 1 H), 7.31 7.44 (m, 1 H), 7.047.20 (m, 1 H), 4.77
(s, 2 H), 4.51 (s, 2 H), 4.13 (4~ 7.1 Hz, 2 H), 4.00 (d) = 6.3 Hz, 2 H), 1.21 (t) = 7.1 Hz,

3 H). 3C NMR (100 MHz, DMSO-d6): d (ppm) =170.38, 170.26, 166.33, 158.22,

138.04,135.78, 120.42, 118.19, 1128.98, 112.94, 65.06, 60.94, 14.57.

337.11354
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Figure S8. HR-MS of compoundL9
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2.2.2 MB library synthesis - Step 1

MB Pool 1 (MB1)

Etl
EtO. 0,0 NH

(o]
A1 A204 2
HNT Et0_0 E'°f° ?A1-A204

N HNT NH,
s \Q) T NHFmoc NHFmoc HN HN N0
o, Qo & ‘@’ ? ? \Q)
: o
- ° e Holo Ho ol Ol\
< - , ;5: HN0 > HN""0

. 5
35 e ; iy

Figure S9. Schematidllustration of the synthesis oMB-DEL Pool 1. i) Coupling of the scaffold
(compoundl9) to 204 individual Codes A (AR204); ii) Staudinger reaction; iii) EtOH precipitation;
iv) Coupling of 204Fmocamino acids to the derivatized@ess A (A1-A204); v) EtOH precipitation;
vi) HPLC purification of individual derivatized oligonucleotides;)\#ooling of the 204 derivatized
oligonucleotides to generate PooMiii) Fmoc deprotectiorix) EtOH precipitation.

A204
A1-A204

Coupling of the Scaffold

Each of 204 amino modified oligonucleotilearing a unique sequena®deA: -&ninc
C6-GGAGCTTCTGAATTCTGTGTGCTGXXXXXXCGAGTCCCATGGCGE 6 where
XXXXXX are the bases used as coding regiovere derivatized with the scaffold9)

following the reported protocol.

A 500 mM stock solution of compouridi n DMSO (5 ¢L, 2.50 e mol

with DMSO (235 ¢€L) in a 2 mL EppendNdSii tube

DMSO: water 2:1 (20 €L, 6.7 emol, 133 eqg.)
of EDC (24 ¢lL, fer 20 mia ab d, the pratt®atian gnixture was ddded to

50 nmol of the aminonodified oligonucleotideprd i ssol ved in 25 L of
TEA buffer (500 mM TEAXCI, pH 10) and the reaction was carried auntf6 h at 37 °C. The

DNA was precipitated from the aqueous phase by adding 10% v/v of 5 M NaCl and 3 volumes

of cold EtOH and was left overnight &0 °C. The mixture was then centrifuged for 1 h at 4

wa

W

AC at 146000 rpm, t he tselDNAepeletavasadnet undearsduakd s c ar

pressure using a SpeedVac. Afterwards, the

22
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buffer (100 mM MOPS, pH 7.5) and 100 mM TCEP
resulting mixture was shaken overnight at 30°C. The DNA pellet was EtOH precipitated,

centrifuged and dried under reduced pressure using a Speasldascribed above.

Amide coupling of 204 Fmoeamino acids

The singularly encoded oligonucleotides bearing the deprotected scaffold were distributed in

204 wells, the solvent wasmovedand the crude DNA pellet (50 nmol) was dissolved in 10

eL of water and 10 eL of MOPS buffer (100 m
Fmocamino acidd 6. 5 ¢ L, 200 mM Réreq.)dévieSdduted With BMSOmo |
(17.5 L) and 6 €L of a fresMNMM(A@R&WEMMed st o
in DMSO, 12:2.4:12 eq) weradded. The resulting mixture was shaken for 10 min at 25 °C.
Successively, the practivation mixture was added to the DNA solution and the reaction was
shaken at 37C. After 1 hour a second addition of Fre@ani no aci d (6 €L, 200
1.3 emol ,-aQti wagqt)edprvwi th EDC: HOAt : NMM (6 ¢L,
12:2.4:12 eq.)vas performed and the reaction mixture was carried out at 37 °C for an additional
hour.The reaction was stopped by EtOH precipitation After centrifugation, the pellet was dried
under reduced pressure and the crude was dissolvet ih DEA Acetate (pH=7). ThBNA-

conjugates were individually purified by RMPLC, then for each code 1 cogate the eluted

fractions were lyophilized, rdissolved in water, analysed by tNMIS and quantified (yields

around 4690 %).

Pool 1 and Fmoc deprotection
All the 204 DNAconjugates (2 nmol each) were combined to generate the pool 1. Fmoc
deprotection was performed in water (700 ¢lL

triethylamine (51 €L, 3% v/v). The mikKture W
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precipitated, centrifuged and dried. Afterwards, the DNA diasolved in water to obtain the

Fmoc deprotectetB pool1( MB p ool 1 final.

A B

Relative

(2) PDA Ch1 260nm@1.2nm Intensity
4.21 Range: 5e-2 100+

4.0e-2] MB pool 1

3525 /

3.0e-2:

2.5e-2:
926.9

AU

2.0e-2: 597.0|
1.5e-2-

1.0e-21

5.0e-33

0.0%

|

concentrati

2.9

1116.9

1121.9

Figure S10. LC-MS analysis oMB pool 1 after Fmocdeprotection and EtOH precipitatioA. LC

chromatogram ofB pool 1registered at 260 nnB. Nondeconvoluted mass spectraddB pool 1

2.2.3 MB library synthesis - Step2

MB Pool 1 (MB1)

NHz
=oy° !A1-A204
NH HN HN"0 NH
2 2
=op !A1-A204 KQ) =op° !A1-A204
HN HN"F0 e HN HN S0
1 B1 B157
HN" 0 NHFmoc NHFmoc
0. . o
o &£ ) = -
oo 5252 U
b @ b S (o ()
[sY} - o~ -
i i, i, Qi) @ i iv), v), vi),
< T < vii), viii), ix)
5
m

Figure S11. Schematidllustrationof thesynthesis oMB -DEL Pool 2. i) Splitting of the Pool 1 in 157
wells; ii) Splint Ligation of 157 individual Codes B (EB157); iii) EtOH precipitation; iv)Amide
coupling of157 Fmocamino acids to the respective derivatized G&i¢€B1-B157); v) Pooling of the
157 derivatized oligonucleotides to generate Pool 2;E¢0H precipitation; vii)HPLC purification;

viii) Fmoc deprotectionx) EtOH precipitation
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Splint ligation with CodeB

The pool 1 was aliquot edeq)uosind%véll platesl Togach( 2. 6 1
aliquot, one of 157 unmodified oligonucleotides (codeB: -Phésp
CGGATCGACGYYYYYYY GCGTCAGGCAGG3 6, 4. 0 nwmie YYYYYYS eq.

are the bases used as coding regipn was added. Then, A
CGTCGATCCGGCGCCATGG&8 6, 4.1 nmol, 1.6 eq.) and T4
New England BioLabs, Catalog: B0202S) were distributed in each well. The mixtures were
heated for 5 min at 70 °C. The solutions were cooled down to rt in 30 min, and T4 DNA Ligase
(6.5 €W, NewZEAgaAd BioLabs, Catalog: M0202S) was added to each well. After 2h

at rt the reactions were quenched by heating for 10 min at 65°C. The successful encoding was
evaluated by electrophoresis analysis (InvitrdgeNovexe TBE-Urea Gels, 15%, Catalog:
EC68855BOX)Figure S12. The DNA pellets were EtOH precipitated, centrifuged, and dried

under reduced pressure

Ligated product

Excess code 2

Adaptor

Figure S12 TBE-Urea 15% gel oMB pool 1fractions after encoding with Code B

Amide coupling of 157 Fmoeamino acids
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The DNA pellets previously encoded with Codgsvere singularly coupled to 157 Fmoc

amino acids following the same procedure already described for the amide coupling in Step 1.
After two hours at 37 AC, the react is®n was ¢
solution and the mixture was shaken for 30 min at 30 °C. All the 157 reactions were pooled
together to generate the pool 2 followed by two EtOH precipitations. The recovered pellet was
purified by RRHPLC at 70 °C to remove the adaptor and excéssae 2. The purified pool

2 was dried by lyophilization, rdissolved in water (4.5 mL), and quantified (MB Pop229

nmol).

Fmoc deprotection of Pool 2

Pool 2 was dried and#i ssol ved in water (360 e€L) and DM
eL, 3% v/v) was added to the pool 2 solution
The DNA pellet was EtOH precipitated, centrifuged and dried under eddpcessure
Afterwards, the DNA wase-dissolved in wateanalysed by LEMS (Figure S13), to afford

the final Fmoc deprotected poo([B pool 2 final concentratio@ 1 & M) .

A B

Relative
Intensity
1004

(2) PDA Ch1 260nm@1.2nm
4.28 Range: 6e-2

MB pool 2 5760

736.9

AU

983.7
979.1f 1027.3

-0.00 050 100 150 200 250 3.00 350 400 450 500 550 600 650 7.00 750
1: TOF MS ES-
441 Tic

3.76

i A Time L L L Mz
000 050 100 150 200 250 300 350 400 450 500 550 600 650 7.00 7.50 500 750 1000 1250 1500 1750 2000 2250
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Figure S13. LC-MS analysis oMMB pool 2 after Fmoc deprotection and EtOH precipitatién LC
chromatogram oMB pool 2 registered at 260 nnB. Non-deconvoluted mass spectraMB pool 2.

2.2.4 MB library synthesis - Step3

MB Pool 2 (MB2) NH MB Pool 3 (MB3)

* B1-B157
" ” o C1C18
B1-B157 @

NH,

o
‘Yo NH * B1-B157 B1-B157
¥ EtOTO ! A1-A204 ‘f'o ‘f’o
Et0__0 ! HN HN"So N s
:]’ A1-A204 Et0__0 HO__O
HN”  HN"So T A1-A204 b A1-A204
HN”  HN"SO HN”  HN"So

o

[e]

ol - HNlo C1 ci183
o

. o . g o;L NHFmoc NHFmoc 0l

§ oy ugs b= - HhNTo ? ----- ? + WO
< o 5 b= HO o HO o S
< N o < > <
—_— — = —
5 - = B - b

2 N 2 ~ i), v), vi), 5

o i), ii), iii) 5 B vii), viii), ix) 2

5 & -

b o

C183
C1-C183

Figure S14. Schematidllustrationof thesynthesis oMB -DEL Pool 3. i) Splitting of the Pool 2 in 183
wells; ii) Encoding by enzymatic polymerization of 183 individual Codes GEC83); iii) EtOH
precipitation; iv)JAmide coupling ofl83Fmocamino acids to the respective derivatized Codes € (C1
C183);v) Pooling of the 183 derivatized oligonucleotides to generate Poo) Bf®H precipitation;
vii) HPLC purification;viii) Fmoc deprotection and ethyl ester hydrolysis; ix) EtOH precipitation.

Encoding by enzymatic polymerization

An aliquot of pool 2 (91.5 nmol) was split i
oligonucleotides (cod€: -&SOGTCTGCACGGTCGXZZz2722Z2ZGCTGCCTGACGE3 06 , 1

nmol, 2 eqwhere ZZZZZZZ are the bases used as coding re¢gvere added, followed with

addition of NEB Buffer 2 (1@L, Thermo Fisher, Catalog: EP0052) and kept for 15 min at 60

AC. After the system was cool e d-dedxgnuateotiteo r oor
triphosphates (5 mM, 16L, 100 eq) and Klenow Fragment (Zk, 50 U, Thermo Fisher,

Catalog: EP0052) were added. The polymerase extension reaction stood for 1 h at 25°C. The

successful encoding was evaluated by electrophoresis analysis (Inviirdgevexe TBE
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Gels, 20%, Catalog: EC63155BQXJigure S15. The DNA was EtOH precipitated,

centrifuged and dried under reduced pressure.

Klenow polimerization reachons

Figure S15. TBE-Urea 15% gel oMB pool 2fractions after Klenow polimerization.

Amide coupling of 183 Fmoeamino acids

The DNA pellets previously encoded with Codesvere coupled to 183 Fmeamino acids

following the same procedure already described for the amide coupling in Step 1 and 2. After

t wo hours at 37 AC, the reacti on halutpruenche
and the mixture was shaken for 30 min at 30 °C. All the 183 reactions were pooled together to
generate the pool 3 followed by two EtOH precipitations. The recovered pellet was purified by
RP-HPLC at 25 °C to remove the excess of code 3. Théigu pool 3 was dried by

lyophilization, redissolved in water (1.5 mL), and quantified (MB pool 3 37.4 nmol).

Fmoc deprotection and ethyl ester hydrolysis
Pool 3 was further dried and-dei s s ol ved i nandd Mtpipariding(25500 wesl L )

added. After 1h at 37°C, the DNA pellet was EtOH precipitated, centrifuged and dried under
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reduced pressuigs previously describe@onsecutively, the pelletwasd i ssol ved i
of water, to perform a second EtOH precipitation and 16.1 nmol of MB pool 3 were obtained

and analysed by L®S and by electrophoresis géligures S16-S17).

A B Relative
Intensity
(2) PDA Ch1 260nm@1.2nm 100 9826

422 Range: 2e-1 i

MB pool 3 84.1
1.6e-1 P
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1017.0
1.2e-1-

1.0e-1
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4.0e-24

2.0e-25

0.0
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Figure S16. LC-MS analysis oMB pool 3 after Fmoc deprotectigrethyl ester hydrolysiand EtOH
precipitation A. LC chromatogram oMB pool 3 registered at 260 nnB. Non-deconvoluted mass
spectra oMB pool 3.

Figure S17. TBE Ureal5%gel of final MB pool 2 and MB pool 3.

2.3 PRA Library Synthesis
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PRA DNA-Encoded chemical Library synthesis has been already described in Puglibli et al

The synth&c schemas shownin Figure S18.

m " Al A178 N,
NH, NHFmoc NHFmoc || 0*.
2 NHFmoc ~-NHz Il ? 0? ENH
5 n, o L N e .
= ; 2 HN 5‘0 L‘,LNHZ Ho< H "o A1-A178
HN o
=y .

HO™ ~0O
; ) :
_——

R - —_—
o ~
A R 3
< b
PRA-DEL
NH,
H,
I °::‘ B1 B285 Fm-szas
b A1-A178 NHFmoc NHFmoc HN"Sg
2 HN" o NH, ? ..... ? IM 0\?.
wn
< Q 2 © I 0?‘ HO HO NH
@ > LA[NH ° ° L, A1-A178
= 2 L A1-A178 3
2 <
S = 2
b &
z B

B285

Figure S18. Schematidllustration of the synthesis oPRA-DEL.

3 Affinity and Selectivity Maturation (ASM) DELSs

Preparation of affinity and selectivity maturation DNA-Encoded Chemical Libraries
(ASM-DELS)

ASM-DELSs were synthesized as free amteaminal DNA conjugate pools, and subsequently
derivatized in parallel by amide bond formation with HIRIT2, and HIT; to obtain the final
ASM-DEL: MBI1-HITx, MB2-HITx, MB3-HITx, LL1-HITx. LL2-HITx, PRA-HITX

(Manuscript, Figure 1).

3.1 Synthesisand Validation of the HITs
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3.1.1 Synthesis of the HITsfor the generation of ASM-DELs

3 ,-bi oxpoh e2y 13-t ¢t 5 a-hyadmrd aGcianrebo x y(HITgwaa c i d

commercially available and was provided by Enamb&$ 431571-3).

Synthesis of( R, 9-1-( 3-d b oXpoh e 12y I3-1 ¢t 5 a-hy & ;r4 aGcianwrebenyl )
4-(d napht-Bavwlemenami do) pr op a-2@aanm Woy YMIFg. od ¢ idd n e
HITowas synt hespihzaesde sy nd dleisd s using Wang resi

resin was swolmien pirn oD MR &Resmrnte@n@diatesara présentech .

asRn(n=1,2, é), and have not been isolated.
O~_OH @\ o}
. NE N'N\rLOH
moc
5 OJ\N 0
N; H
Ns HIT,
1. HATU, HOAL, : 1. HATU, HOALt,
DIPEA, DMF ~ _ o @ DIPEA, DMF =
OH 2. 20% Piperidine in DMF O\©\/o N 2. TMP in THF:H,0 / 9:1
Wang Resin R1

o o SO
NH; HO’U\/\N

’s;

R o)
H 0
o N 1. HATU, HOALt, N N
NH DIPEA, DMF s o
- ® o7 X > i
N-N” O 2, 95% TFA O%N ° "'N’I{_\ o
2.5% iPr3SiH H HN-S O
@ 2.5% H,0 i Q

Scheme 8. Schematic illustration of the synthesisHiT ».

Commerci al | B 3dy aH-fOlalb-®ket (Ret hoxdazadobpwpyt dl id
2carboxylic acid (250 mg |, 0.66 mmol , 2 eq.)
(23 mg, 0.17 mmol, 0.5 eq.) were dissolved i

4 eq.) was aade c.cadf itpwaet S5om, nt he sol ution wa
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resin (0.33 mmol, 1 eq.) and the reaction wa
5 times with DMF foll owed by ilxd3@riimaand2oxn wi t !
10 min)t o perform Fmoc deproteclti Do m@mho vaef f 0 e g
pi peridine, the resin was washed3 /08 exiomes v

pheg@yB-t &t 5 alh yadnrdosbciamd ox yHIi{E£ &abdaA4dmg, O0. 66 mmc

HATU (240 mg, 0.63 mmol , 1.9 eq.), HOAt (23
mL , 1.32 mmol , 4 eq.) were dissolved i n DMF
addeR1(t0o 33 mmol , 1 eqg.). The reaction was i

wi t h DMF. Sub s efgrumetimylpdsphine (IM TR in THEF, 1.32 mmol, 4 eq.)
were diluted in 2 mL of THF:kD (9:1), then added the resin and kept at rt for 2 h. The resin
was washed 3 times with a solution of THECH(9:1) and 10 times with DMF to obtain the
desired freeNH, derivatve R2. Commer ci ally -(aapht2adl ene

sul fonami do) propanoi c aci d -gclt8idv artge d Owi6t6h nHNA

mg, 0.63 mmol, 1.9 eq.), HOAt (23 mg, 0.17 m
4 eq.) i n DMF -dottiiwanmism.l uThenp was Ra(d.exd3 t o
mmo | , 1 eq.) and tdhd omre &cthi can was IAfdwelhratae d

ti mes wi t h DMEF , 5 ti mes wi t h DCM and was d

compl etely dry, a cleavage soluti o8i Howas sti
added to the resin and incubated for 1 h at
mi n) , and the cleaved fractions were coll ect

pressure and the cHRUOUE twaslafpfsorad whdt by sBPi d
overal |l %) iHB-MS (ESt+)nl/Zalculated for @H26NsOsS [M+H]" 607.16056;
detected: 607.15914; accuracy = 2.34 pfiNMR (400 MHz, MeOD)d (ppm) = 8.398.41
(m, 1H), 8.00' 8.04 (m, 2H), 7.94.97 (m, 1H), 7.80 7.84 (m, 1H), 7.59.67 (m, 2H), 7.35

i 7.53 (m, 5H), 4.67 4.78 (m, 1H), 4.38 4.45 (m, 1H), 3.83 3.89 (m, 1H), 3.57 3.73 (m,
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1H), 3.11i 3.17 (M, 2H), 2.17 2.40 (M, 4H)**C NMR (100 MHz, MeOD)d (ppm) = 172.93,
171.98, 161.04, 154.87, 147.99, 139.73, 138.45, 137.35, 134.83, 132.26, 129.23, 128.92,
128.65, 128.56, 128.48, 128.72, 127.72, 127.31, 125.39, 122.04, 57.87, 53.55, 49.00, 39.05,

35.84, 34.13.

MWD1 A, Sig=260

2.776

mAU
1750 4

1500

1250

1000

750

500

250

1 2 3 4 min

Figure S19. HPLC chromatogram dfliT > recorded at = 260 nm.

607.15914
z=1

Relative Abundance
o
(=]

629.14046
z=1

Figure S20. HR-MS of HIT ,
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Synthesis  of (9)-4-(3-((9)-1,5dimethoxy-1,5-dioxopentan2-yl)ureido)-5-methoxy-5-
oxopentanoic acidMe-HIT 3)

HIT 3 was synthesized and coupled to the libraries as a precursor reported here with the name
of Me-HIT 3. Me-HIT 3 presents one free carboxylic function and three methyl esters. Methyl
groups were removed after library conjugation to afford the finddNA HIT 3.

Me-HIT 3 was synthesized using solutiphase synthesis. Soluti@ynthesis intermediates are

namedn (n=1, 2, €) .

o o 1. DCM, DIPEA 0AC to RT, >L 1. TFA RT,
Ao

NH2
2. DCM, DIPEA, 0AC to RT,
1h

Me- HIT3

Scheme 8. Schematic illustration of the synthesishdéthyl protected HIT (Me-HIT 3).

Commer ci al |l y alvglidtaabnat edibhmnedrhoycdhl ori de (500
di ssolved in dry DCM (3 mL) and DIPEA (1.2 r
of-ndtrophenyl chl oroformate (524 mg, 2.60 m
dropwi se at 0AQ@ amd tshérreddtaetyut grhetAflytler 3 C
glutamate hydrochloride (599 mg, 2.36 mmol ,
1 eq.) were added to the solrut iacod. cThible kreaeda dty
analysis. The solvent was evaporated under r
parti al puri ficati on o fflasht dhrematography en siicaggel ac h i
( DCM: Me OH, elution gradient from 0% t-o 20%
products and unreact ed elo o myreu mipdl. -Gl e t-dfoxgr d

l1,bi oxofgh)aar-bgimoyadamatel fcowmpounod i sol ated
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as crude productbutoyl tdheep rneetxal (sit & . mfr,ea@mpg @ un
1 eq.) was performed by the addition of neat
rt. TFA was removed under reduced HOeEslL)ye a
to be purHPL GdfWMwHRB agwhi te powder (HR20 mg,
MS (ESI+)m/zcalculated foiC14H22N209 [M+H] ¥ 363.13981 detected363.13996 accuracy

= 0.41 ppmH NMR (400 MHz, DMSGde): d (ppm) = 6.35 6.49 (m, 2H), 4.09 4.16 (m,

2H), 3.61 (s, 6H), 3.57 (s, 3H), 2:3D.37 (m, 2H), 2.22.28 (m, 2H), 1.88 1.99 (m, 2H),

1.717 1.82 (m, 2H).13.C NMR (100 MHz, DMSQds): d (ppm) = 173.96, 173.64, 173.16,

172.63, 157.19, 53.60, 51.83, 51.40, 41.85, 29.75, 29.53, 27.08, 18.08, 16.74.

MWD1 B, Sig=210

2.051

mAU

600
5004
400 A
300

200 A

100
04

|
1 2 3 4 min

Figure S21. HPLC chromatogram ofe-HIT s recorded at = 210 nm.
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Figure S22 HR-MS of compomd Me-HIT 3

3.1.2 Synthesis ofFITC derivatives of the HITs (2, 6,12)

a8

The HITy, HIT2 and HIT; were synthesized as fluorescent derivatives (Compa2iréjd.2) to

perform initial validatiorbeforecouplingwith the libraries.

Synthesis of N ((3',6'-dihydroxy -3-oxo-3H-spiro[isobenzofuran-1,9'-xanthen]-5-

yl)carbamothioyl)-L-lysine (15 = Linker 1, L1)
SCN
ad
(o}
HO O (0] O OH

HO
0° Y S
)( I 1. Et;N, DMSO, RT, 30 min : JL
/\/\/\
H 2.TFA, RT, 30 min H H

(0]

o
15

Scheme 8. Schematic illustration of the synthesisimtermediatd5.
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Commercially available (tettutoxycarbonyL-lysine (100 mg, 0.41 mmol, 1 eq.) was
dissolved in 2 mldimethyl sulfoxide (IMSO) and 5FITC (160 mg, 0.41 mmol, 1 eq.) and

EtN (229¢L, 1.64 mmol, 4 eq.) were added. The reaction was stirred for 30 min at room
temperature. The solvent was evaporated under reduced pressuiftuandacetic acid (FA,

2 mL) was added to the residue. After 30 min at room temperature, TFA was evaporated, and
the crude was rdissolved in a solution dMF:ACN:H20 1:1:1and purified by RFHPLC to

obtain intermediaté5 (I5 = L1) as orange solid (68 mg, 31% yieldjR-MS (ESI+) m/z

calculated forC7H25N307S [M+H] ¥ 536.1486Q detected536.1481Q accuracy= 0.93ppm

MWD1 A, Sig=260

2.342

mAU

2500
2000
1500
1000 -

500 J
0 S S —

| ' i ' i 1 i ' i N N N v N ' T M N
1 2 3 4 min

Figure S23. HPLC chromatogram of intermedial® recorded at = 260 nm.
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Figure S24. HR-MS of intermediatd5.

Synthesis of 1-(2-(2-(2-aminoethoxy)ethoxy)ethyl}3-(3',6'-dihydroxy -3-oxo-3H-

spiro[isobenzofuran-1,9-xanthen]-5-yl)thiourea (16 = Linker 2, L>)
SCN
et
(o}
AL, :

HO
1. Et3;N, DMSO, RT, 30 min JSL 0 o @ OH
HZN\/\O/\/O\/\H H

0
)(OJLH/\/O\/\O/\/NHZ >

2.TFA, RT, 30 min )

16

Scheme 8. Schematic illustration of the synthesisimtermediatd 6.

Tertbutyl (2-(2-(2-aminoethoxy)ethoxy)ethyl)carbama(@00 mg, 0.9 mmol, 1 eq.) was
dissolved in 2 mL DMSO and-BITC (156 mg, 0.0 mmol, 1 eq.) andriethylamine EtzN or

TEA, 223 ¢ L, 0rhmobk 4 eq.) were added. The reaction was stirred for 30 min at room
temperature. The solvent was evaporated under reduced pressure and TFA (2 mL) was added
to the residue. After 30 min at room temperature, TFA was evaporated, and the crude was re

dissohed in a solution of DMF:ACN:ED 1:1:1 and purified by RPHPLC to obtain
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intermediatd 6 (16 = L2) as orange solid7{ mg, 36% vyield). HR-MS (ESI+)m/zcalculated

for Co7H27N3O7S [M+H] " 53816425 detected53816408 accuracy= 0.32 ppm

MWD1 A, Sig=260

2.285

mAU

2500
2000
1500

1000

500
0 \/\_

1 2 3 4 min

Figure S25. HPLC chromatogram of intermedid&recorded at = 260 nm.
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miz

Figure S26. HR-MS of intemediatel6.

3¢



Synthesis  of N6-((3',6'-dihydroxy -3-oxo-3H-spiro[isobenzofuran-1,9'-xanthen}-5-
yl)carbamothioyl)-N2-(3,5dioxo-2-phenyl-2,3,4,5tetrahydro-1,2,4triazine-6-carbonyl)-

L-lysine (2)

U
0\,0H O O OH HO

Q.
N’N\ OH I5 -

N0 HATU, HOAL, wNs A A~~~
H DIPEA, DMF, A H HOH o
RT,1h 0> N"So
HIT, 2

Scheme 8. Schematic illustration of the synthesiscoimpound?.

HIT 1 (10 mg,0.040mmol, 11 eq.)was dissolvedh DMF (500¢ [, andHATU (14 mg, 0036

mmol, 1 eq.)HOAt (2.5 mg, 0.d8 mmol, 0.5 eg and DIPEA 25¢ LQ.144mmol, 4 eq.)

were addedT he acid was activated for 5 mahroom temperatur@ndI5 (19 mg, 0036 mmol,

1 eq). After 1 hourat room temperature, the solvent was removed under reduced pressure, the
crude was ralissolved in DMF:ACN:HO 1:1:1 angurified by RRHPLC to obtain compound

2 as a orangesolid (9.5 mg, yield =35%). HR-MS (ESI+) m/z calculatedCz7H30NsO10S

[M+H]* 75118169; detected/51.18116accuracy 0.71ppm

MWD1 A, Sig=260
mAU

2000

————3 457

1750 4
1500 -
1250 4
1000 -

750

500

250 J
0

T r r T T T T T T T
1 2 3

-

min

Figure S27. HPLC chromatogram of compoudecorded at = 260 nm.
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Figure S28 HR-MS of compound?.

Synthesis  of N6-((3',6'-dihydroxy -3-oxo-3H-spiro[isobenzofuran-1,9'-xanthen}-5-
yl)carbamothioyl)-N2-((2R,4S}1-(3,5-dioxo-2-phenyl-2,3,4,5tetrahydro-1,2,4triazine-

6-carbonyl)-4-(3-(naphthalene 2-sulfonamido)propanamido)pyrrolidine-2-carbonyl)-L -

lysine (6)
HO. O (0] O OH
(o]
I
HN—gN "o

H
. -N N NH
S
03\” HNJ{,\ 9 HATU, HOAL, ‘ ) Y ‘\ﬁ\
(o]
HN-$ Q DIPEA, DMF, N ©
o RT,1h O 3\\8:0

Scheme 3. Schematic illustration of the synthesiscoimpoundb.
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HIT > (7 mg, 0.011 mmol, 11 eqg.)was dissolvedn DMF (500¢L), andHATU (4 mg, 0.@.0

mmol, 1 eq.), HOAtQ@.7mg, 0.@5mmol, 0.5 eq.) and DIPEA/EL, 0.040 mmol,4 eq.) were

added.The acid was activated for 5 ma room temperaturand|5 (5.4 mg, 0.010 mmol, 1

eq). After 1 hourat room temperaturéhe solvent vasremoved under reduced pressure, the

crude was ralissolved in DMFACN:H20 1:1:1 andpurified by RRHPLC to obtain compound

6 as a orangesolid (4 mg, yield = %%). HR-MS (ESI+) m/z calculatedCssH49N9O14S

[M+H]* 1124.29132detectedt124.29116accuracy 0.14ppm

MWD1 A, Sig=260
mAU

800
7004
600
500
400
300

2004
100

1 2 3 4

Figure S29. HPLC chromatogram of compouidecorded at = 260 nm.
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Figure S30. HR-MS of compoundb.

Synthesisof (15S,1951-((3',6'-dihydroxy-3-oxo-3H-spiro[isobenzofuran-1,9-xanthen]-
5-yl)amino)-12,1%dioxo-1-thioxo-5,8-dioxa-2,11,16,1&etraazahenicosanel5,19,21

tricarboxylic acid (12)

HO

W
L e
HZN\/\O/\/O\/\HJLN HO
H

o]
Y ¥ : e
1. HATU, HOAt,
00 , 00 DIPEA, DCM, HO__O HO O . s O 0 OH
RT,1h H
XO\H/\INJL"K/\H/OH HO NJLN/\/\n’N\/\O/\/O\/\NJLN
o H H o 2.TFA, DCM, RT,1h ) H H ) H H o

12

Scheme 8. Schemaitic illustration of the synthesiscoimpoundL2.

Commercially available(S)-5-(tert-butoxy)4-(3-((S)-1,5-di-tertbutoxy-1,5-dioxopentar2-
yl)ureido)5-oxopentanoi@cid (L0 mg,0.021mmol, 11 eqg.)was dissolveih DCM (500¢ 1),
andHATU (7 mg, 0.9 mmol, 1 eq.)HOAt (1.4mg, 0.0 mmol, 0.5 eg and DIPEA (3

¢ LQ.076 mmol,4 eq.)were addedThe acid was activated for 5 ma room temperaturand

added tocompoundI6 (10 mg, 0.019 mmol, 1 eq The readion was stirred at room
temperature forl h followed by the addition of TFA (508 . After 1 hourat room
temperature, solvent and TFA were removed under reduced pressure, the crude was re
dissolved in DMRH20 1:1 andpurified by RRHPLC to obtain compound2 as a orange

solid (2 mg, yield = 1%%). HR-MS (ESkK) m/z calculated forCsgHaiN5O15S [M+H]*

840.23926 detected840.23872 accuracy .64ppm
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Figure S31. HPLC chromatogram of compoud@ recorded at = 260 nm.
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Figure S32 HR-MS of compoundL.2.
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3.1.3 Validation of the HITs by Fluorescence Polarization against PSMA

and GCPIII

2507 3007 —e- Compound 2
HO,
200 O o
200
a "% LAY 3 R
£ MRS N/\/\/\NJLN
100+ oA oH H H o
100 N
50 °
O~ rrmy—r T TS, O= =TT T T T T T T
10" 101° 10° 10® 107 10° 10° 1012 10" 10" 10° 10® 107 10° 10°
PSMA [M] GCPIII [M]
-=- Compound 6
3004 300+ HO. O o. O OH
200+ 200~ o s
o o HN_gu HO, o
£ £ i
100+ 100~ ‘ % Vﬁg Q.,.\%
2 - | O gL(E°
HN ‘N
O==rrrm—rrmerrrEeT T T O~ rrre—r TSI o&»N
102 10" 10 10° 10® 107 10° 10" 10" 10° 10® 107 10° 10° @
PSMA [M] GCPIIl [M]
250~ 300~
200 -¥ Compound 12 "o
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o 150 N O °
€ HO, of:o\?o ; i O o OH
1004 Ho, : N o
1004 L T ' o
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v
O-—l-rrmq—l-rrmq—l-rrmq—l-rrmq—l-rﬂlq 0=

—I'I'|'|'I|q—l'l'|'|'llq—l'l'|'|'lq—l'l'|'|'lq—l'l'l'lllq
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Figure S33. Fluorescence Polarization curves against PSM#®) and GCPIII(right) for compound®
(A, KD,pSMAz 1.4° 0.7 rTM; KD,chm = ND), COI’T]pOUﬂCB (B, KD,pSMA =47° 1.2 nM; KD,chm = ND)
andcompoundl2 (C, Kppsma=0.9° 1.2 nM;Kpccpm=1.9° 0.4 nM).
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3.2 Synthesisand characterizationof ASM-DELs

3.2.1Preparation of affinity and selectivity maturation DNA-Encoded

Chemical Libraries (ASM-DELS)

ASM-DELSs were synthesized as free amteaminal DNA conjugate pools, and subsequently
derivatized in parallel by amide bond formation with HIRIT2, and HIT; to obtain the final
ASM-DEL: MB1-HITx, MB2-HITx, MB3-HITx, LL1-HITx. LL2-HITx, PRA-HITX

(Manuscript, Figure 1). Schematic representation of ASM DEdymthesis iseported below.

LLPool 1 (LL1)  LL Pool 2 (LL2) PRA-DEL HIT, LL1-HITx LL2-HITx PRA-HITx
H o
™ B1-B285 o o. "ﬁ o, _HITx Bi-B285 "YHITX
B1-B324 "“1} ia®) ol "
Al-Aded HN ) HN ° HITx ™
: ° ° > L 951-5324 g
° " oﬁ,‘ 1), 1), iii), v), vi) AT-A484 kg Mg
p A AEd |I e o Yg ‘ I oy‘
< - 0,
3 g e AT-ATTE L o Sl IIMH A1-A178
3 :(‘- - E = = HN"0
- < o < < b 2
2 3 = 0 b : < <
T @« — b~ I
& 8 HIT, z S8 >
o % W o n_fo ! b &
4} ,—}— [ <N o
‘Is“_NH EN N
MB Pool 1 (MB1)  MB Pool 2 (MB2) MB Pool 3 (MB3) 7 hoho® MB1-HITx MB2-HITx MB3-HITx
>
>
" o C1-C183 1), 1), 1), v), vi) W o C1-C183
A1-A204 B1-B1ST gyl o o
NH, .*fD ‘:1-5157 HITx Ay D H::‘."LN" B1-B157
Eop? ! o0 (@ ’ A1-A204 1T¥ 0 ‘fo ‘Y"
HN”  HNSo T BRRES o o - NH NH H
W NSO T !A1-A204 HO_O ! Huj,o !m e HDTO ?ﬂm-Azm
BN HNSo Me-HIT, HNT » A A HN”  HNSo
° o Tj P °
o wh S P A > A > S * o
b= g HN"SO 0%~ © 0P o o
g < S ! ! l HN"S0
= T g > HN"So 5 Mo 2
z 5 : S i, i), iv), v}, vi) 2 g 3
& g <
& 2 I < = = 5
gL = i &
& & 2 €&
© 2
o
B HITx

H
HO™~ O

H oo % M o n_(o Ho..0 HO_o
0N e ;_ 0
N Q sy N HO 5T OH
HO.F‘N ) §-N Ny N () NN
4 3 E ° o H H o
HIT.
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3

Figure S34. (A) General representation of ASDEL synthesis, via coupling HLTHIT,, Methylate
HIT3 to the six library pools) Amide coupling of the HITs with the amino terminal group of the library
pools; ii) EtOH precipitation; iiijjonly for MB library pools: hydrolysis of ethyl ester group of MB
scaffold and EtOH precipitation; ijlydrolysis of methyl estegroups of MeHITs and ethyl ester
group of MB scaffold for MB pools, followed btOH purification; v)only for derivatized pool 1
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libraries (LL1, MB1): elongation via splint ligation with a dummy Code B and EtOH precipitaiipn; v
Final HPLC purification(B) Molecular structures dhe finalHIT1, HIT2, HITs.

HIT 1, HIT 2, Me-HIT 3 were all synthesized as free carboxylic acids as shoWwigure S34

The three HITs were coupled to the free artgroninal DNA conjugate pools using three
different amide coupling protocols, specific to each HIT. The coupling procedures are reported
below. The free amino DNA pools used for the construction of ASM DELs the following:

MB pool 1 (5 nmol),MB pool 2 (2 nmol),MB pool 3 (1 nmol),LL pool 1 (5 nmol),LL pool

2 (5 nmol) andPRA DEL (0.5 nmol). The amount of water and buffer used to dissolve the
DNA was calculated to have a DNA concentration between 0.D&nchM. The amount of

DMSO added was calculated to have a final ratio DMSO:water 1.5:1.

Coupling of HIT 1. HIT1 was coupled to the free amino groups of the library pools using EDC

and sNHS as coupling reagents. HIT200 mM in DMSO, 50 eq.) was diluted in DMSO and

EDC (100 mM in DMSO, 48 eq.) andNHS (333 mM in DMSO:water 2:1, 133 eq.) were

added. After 30 min at rt, the peetivated acid was added to a solution of each free amino

DEL in MOPS buffer (100 mM MOPS, M NacCl, pH 8). The reactions were carried out at

37°C overnight and subsequently a second addition of the (0D mM in DMSO,50 eq.)
pre-activated with EDC and-NHS was performed. The reactions proceeded for further 4 h

and then were stopped by addir@s v/v of 5 MNaCland 3 volumes of cold EtOH. The DNA

was EtOH precipitated aR0°C overnight hen centri fuged for 1h at
supernatant was discarded, and the pellet was dried under reduced pressure using a

SpeedVacuum.
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Coupling of HIT 2 and Me-HIT 3. The two HITs were coupled to the free amino groups of the
library pools using EDC and$HS as coupling reagents. HITs (200 mM in DMSO, 85 eq.)

were diluted in DMSO and EDC (100 mM in DMSO, 84 eq.) afidHS (100 mM in
DMSO:water 2:1, 40 eq.) were add@&the acids were activated for 30 min at rt and then added

to the DNA pools, prelissolved in a 1:1 water:TEA HCI (100 mM TEA HCI, pH 10) solution.

The reactions were stirred overnight at rt and then the DNA was EtOH precipitated as
previously described, cenr i f uged for 1h at 4AC, at 1406000
and the pellet was dried under reduced pressure using a SpeedVacuum. After couplirg, all Me
HITs-bearing libraries and MBHIT1, MB1-HIT2, MB2-HIT:, MB2-HIT> libraries went

through methyl and ethyl esters hydrolysis to obtain the free carboxylic groups.

Me-HIT s-bearing ASM DELSs - Methyl esters hydrolysis.A 200 mM aqueous solution of

LiOH (1000 eq.) was added to the DNA pellet (1 eq.), previously dissolved in water
(LiOHaq.soswater 1:1) and the reaction was carried out for 1 h at rt. The DNA was precipitated

with 10% v/v of Acetate Buffer (3M Acetate, pH 5) and 3 volumes of cold EtOH and was kept
at-20°C overnight. The pelletswecee nt r i f uged for 1h at 4AC, at

was discarded, and the DNA was dried under reduced pressure&egdVacuum.

MB pool 1 and pool 2 ASMDELSs - Ethyl ester hydrolysis. MB1-HIT 1, MB1-HIT,, MB2-

HIT1, MB2-HIT2 (5 nmol) weredi ssol ved i n water (50 €L each
added. After 1h at rt, the DNA pellets were precipitateth 10% v/v of 5 MNaCl and 3

volumes of cold EtOH and were kept-20°C overnight. The pellets were centrifuded 1h

at 4 AC, a anddriédufdereduced pressure

The ASMDEL were purifiedby RP-HPLC to remove the excess of small molecule and

coupling byproducts and analysed by LCMBrom Figure S35Bto Figure S2).
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Elongation of Pool 1 libraries and final purification

MB1 and LL1 derivatized with the HITs were elongated with a dummy code in order to allow
the screening and sequencing procesigdifferent code B were used in order to differentiate

the combination DEIHITx To the dry DNA pools (5 nmol, 1 eq.), 14Q of codeB (0.05

mM, 7 nmol, 1.5 eq.p O GGATCGACGXXXXXXXGCGTCAGGCAGG3 ) 25 L of
Adaptorl (0.4 mM, 10 nmol, 2 eq OCGTCGATCCGGCGCCATG& )y 240¢L of water

and 45¢L of 10x T4 DNA Ligase Reaction Buffer (1x fingd00 mM TrisHCI, 100 mM

MgCl2, 100mM dithiothreitol, 10 mM ATP, pH 7.®8ew England Biolabs, #B0202S) were
added. The reactions were heated for 5 min at 70°C and cooled down to rt. Afterwelrds, 6

of T4 DNA I|Iigase (New England Biol abs, # MO -
reaction) were added. The ligations were kept for 2 h at room temperature and quenched by
heating at 65°C for 10 min. The reactions were analyzed bivBGind EtOH precipéted.

The DNA pellets were rdissolved in 0.1 M TEAA, and the pools were purifigdRRHPLC

(Figure S35A, S36A, S37A, HA1A, S42A, 33A) at 70 °C to remove the adaptor and excess

of codeB.

All the derivatized pools were purified by RIEPLC. Fractions of final pools were confirmed
via Agarose gel electrophoresisombinedand analysed by L®&S (from Figure S35B to
Figure S52. Additionally, the final generated ASIAELSs were analysedia 15% TBE Urea

gel (Figure S53).
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RP-HPLC and LC-MS analysis of ASM DELs

A 4
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Figure S35. Analysis ofLL pool 1 after coupling with thédIT ; and eacoding with dummyCode B
A. RP-HPLC chromatogram dfL1 HIT ; registered at 260 nn8. LC chromatogranof LL1 HIT

after purificationrecorded 8260 nm.C. Non-deconvoluted mass spectralafl HIT ;.
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Figure S36. Analysis ofLL pool 1 after coupling with thédIT ; and excoding with dummy Code B
A. RP-HPLC chromatogram dfL1 HIT ; registered at 260 nn8. LC chromatogram oEL1 HIT -
after purificationrecorded 8260 nm.C. Nondeconvoluted mass spectralafl HIT ».
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Figure S37. Analysis ofLL pool 1 after coupling with thédIT 3, methyl ester hydrolysandencoding
with dummy Code BA. RP-HPLC chromatogram ofL1l HIT ; registered at 260 nnB. LC
chromatogram ofL1 HIT 3 after purificationrecorded 5260 nm.C. Nondeconvoluted mass spectra
of LL1 HIT .
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Figure S38. Analysis ofLL pool 2 after coupling with thédIT 1. A. RP-HPLC chromatogram dfL 2
HIT 1 registered at 260 nnB. LC chromatogram oL 2 HIT ; after purificationrecorded 5260 nm.
C. Nondeconvoluted mass spectralaf2 HIT ;.
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Figure S39. Analysis ofLL pool 2 after coupling with thédIT 2. A. RP-HPLC chromatogram dfL 2
HIT , registered at 260 nnB. LC chromatogram oL 2 HIT , after purificationrecorded 5260 nm.
C. Nonrdeconvoluted mass spectralaf2 HIT ».
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Figure $40. Analysis ofLL pool 2 after coupling with thedIT 3 and methyl ester hydrolysié. RP-
HPLC chromatogram ofL 2 HIT 5 registered at 260 nnB. LC chromatogram ofL 2 HIT ;5 after
purificationrecorded 5260 nm.C. Non-deconvoluted mass spectralaf2 HIT s.
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Figure $41. Analysis ofMB pool 1after coupling with thédIT 1, ethyl ester hydrolysigsndencoding
with dummy Code BA. RP-HPLC chromatogram oMB1 HIT; registered at 260 nnB. LC
chromatogram oiB 1 HIT ; after purificationrecorded 8260 nm.C. Non-deconvoluted mass spectra

of MB1 HIT 1.
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Figure $42. Analysis ofMB pool 1after coupling with thédIT », ethyl ester hydrolysigsndencoding
with dummy Code BA. RP-HPLC chromatogram oMB1 HIT, registered at 260 nnB. LC
chromatogram oiB 1 HIT ; after purificationrecorded 8260 nm.C. Non-deconvoluted mass spectra
of MB1 HIT .
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Figure $43. Analysis of MB pool 1 after coupling with theHIT 3, ethyl and methyl ester hydrolysis
and encoding with dummy Cod A. RP-HPLC chromatogram dfiB 1 HIT ; registered at 260 nm.
B. LC chromatogram of1B 1 HIT ;5 after purificationrecorded 5260 nm.C. Nondeconvoluted mass
spectra oMB 1 HIT s.
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Figure $44. Analysis of MB pool 2 after coupling with thedIT ; andethyl ester hydrolysisA. RP-
HPLC chromatogram dfiB2 HIT ; registered at 260 nnB. LC chromatogram oMB2 HIT 1 after
purificationrecorded 5260 nm.C. Non-deconvoluted mass spectraMdB2 HIT 1.
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Figure $45. Analysis of MB pool 2 after coupling with thedIT > andethyl ester hydrolysisA. RP-
HPLC chromatogram dfiB2 HIT , registered at 260 nnB. LC chromatogram oMB2 HIT , after
purificationrecorded 5260 nm.C. Non-deconvoluted mass spectraMdB2 HIT ».
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Figure $46. Analysis ofMB pool 2 after coupling with thédIT 5 followed by methyl and ethydster
hydrolysis A. RP-HPLC chromatogram d¥1B2 HIT 5 registered at 260 nn&. LC chromatogram of
MB2 HIT 3 after purificationrecorded 8260 nm.C. Nondeconvoluted mass spectradB2 HIT 5.
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Figure $47. Analysis ofMB pool 3 after coupling with thédIT 1. A. RP-HPLC chromatogram a¥iB3
HIT 1 registered at 260 nnfDue to the low amount of libragvailable the UV signal resulted relatively
low). B. LC chromatogram oMB3 HIT ; after purificationrecorded 5260 nm.C. Non-deconvoluted

mass spectra ¢fiB3 HIT 1.
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Figure $48. Analysis ofMB pool 3 after coupling with thédIT 2. A. RP-HPLC chromatogram a¥iB3
HIT 2 registered at 260 nnfDue to the low amount of libragvailable the UV signal resulted relatively
low). B. LC chromatogram ofMB3 HIT ; after purificationrecorded 58260 nm.C. Non-deconvoluted
mass spectra ¢fiB3 HIT ».
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