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Machine Learning on DNA-Encoded Libraries: A New Paradigm for
Hit Finding

Kevin McCloskey,i; Eric A. Sigel,zg: Steven Kearnes, Ling Xue, Xia Tian, Dennis Moccia, Diana Gikunju,
Sana Bazzaz, Betty Chan, Matthew A. Clark, John W. Cuozzo, Marie-Aude Guié, John P. Guilinger,
Christelle Huguet, Christopher D. Hupp, Anthony D. Keefe, Christopher J. Mulhern, Ying Zhang,
and Patrick Riley*

. Disynthon
(a) DEL selection and " ._O_@
. . . /\ ‘ aggregation and x100 s
Ch | °
widngbocks 29 S€4Uencing s @ O@  iabeling ‘ i
DNA tag A C .;A_’ .'@—. x80 +.,.
SO @AQ@ — sce FAO e =
~10 unique molecules o-om ._g<>. \ g
x4

~10° sequence reads ~10° labeled disynthons

(b) Experimental
validation of

predicted hits

Predictions on ©

virtual libraries, QAN =
(e.g., Mcule)

+ o A o
94 ) . o s
._. + model 5y o
AO-

Machine learning
model training

How to cite:
International Edition: doi.org/10.1002/anie.202006280

@ LT AL E T3l Very Important Paper’
doi.org/10.1002/ange.202006280

TEAD-YAP Interaction Inhibitors and MDM?2 Binders from
DNA-Encoded Indole-Focused Ugi Peptidomimetics

Verena B. K. Kunig, Marco Potowski, Mohammad Akbarzadeh, Mateja Klika S'kopic',
Denise dos Santos Smith, Lukas Arendt, Ina Dormuth, Héléene Adihou, BlaZ Andlovic,
Hacer Karatas, Shabnam Shaabani, Tryfon Zarganes-Tzitzikas, Constantine Ne

ochoriti
Ran Zhang, Matthew Groves, Stéphanie M. T hristian Qttmann,|Jorg Rahnenfiihrer,
Roland Fried, JAlexander Domling, and|Andreas Brunschweigerf

German Edition:

Navigating Chemical Reaction Space -
Application to DNA-encoded Chemistry

Silvia Chines,? Christiane Ehrt,b Marco Potowski,>¢ Felix
Biesenkamp,® Lars Gritzbach,?

S[usaﬂnLEﬂ:uTner,d
&L&dﬂﬂkﬁﬂ_dﬂn_ﬁmﬂk,‘% Shilpa Bali,® (Katja Ickstadt)? and
ndreas Brunschweiger.j*

Chemical Science, in revision




The background

receptor block protein-protein interaction

o
)

Diphenhydramine

Drug targets
~500 -1,500

druggable versus undruggable

3



technische universitat
dortmund

Journal of
Medicinal
Chemlstry @ Cite This: J. Med. Chem. 2019, 62, 9732-9742

pubs.acs.org/jme

Exhaustive Repertoire of Druggable Cavities at Protein—Protein
Interfaces of Known Three-Dimensional Structure

Franck Da Silva ,iv Guillaum Bret,v;v Leandro Teixeira,:?' Claudio F. Gonzalez,:?' and Didier Rogn. n*’

“almost no overlap in property
space between PPl and
druggable versus undruggable

,2druggable” pockets”

H
1234567890 »
. 1234567890

genotype - phenotype

discrete, static pooled, dynamic



DNA as a compound barcode

€/base Cost to sequence a human genome (USD)
t 100M =g [T T T T T
10004 chemical DNA synthesis 3 - ' ' ' ' ‘
100 - $10M |- ]
10 4 $1M |- ]
1 - - i
01 4 e $100k |-
0.01 4 $10k |- .
0.001 $1k -
T T T T ™ i
1980 1990 2000 2010 2020 $100 kel T PR FPTTETR IR~

price development 2001 2003 2005 2007 2009 2011 2013 2015 2017

DNA

Molecular evolution, ,survival of the fittest’
« Generic, disease- and target-agnostic assay design
« Purified recombinant tagged proteins

« Efficient: microgramm amounts
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Encoded combinatorial chemistry

7§

split 9QQQQQQ W split QQQQQQ W split QQQQQQQ) ool

QU9 QLY QQOQQQQ
QLOQQQQ QL9999 QLOQQQQ
QL0000 QU000 QLOOO0Q
1. encode [} 1. encode @ 1. encode (PO
2. synthesis O 2. synthesis 3 2. synthesis Q
100 x 100 x 100 = 1.000.0000 compounds
Scalable, efficient Medicinal

Chemistry s m——

. . [l L h . . f bl cer F .

Expanding chemical space, de novo library design | e S "
Franck Da Silva," Guillaume Bret,” Leandro Teixeira,” Claudio F. Gonzalez,” and Didier Rognan®"

Chemical reaction Space? “almost no overlap in property
Building block selection? space between PPl and
Reactivity of chemicals? ,druggable” pockets”

1. Machine-learning approaches for screening library design?
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Chemically stabilized DNA

metal salts
f organic reagentsﬁf.+ -~ anaIyS|s
M 10 1l1la 12a PCR
12a
16mer DNA m PWILIT b, SIg=254, 16 Het=360, 10U {MAHCMET - 181 300 et
mu_ g p 1T J—
W 3 1 150 e -
- | e
(e} HN’AC HN’ 75 [ -
N ~N 5p] i 50 - .
e L, Ay o= il & -
N0 NEae) N 0] — e —— 25 o8
o - e . } ] Z ; T n 2 -
after treatment with 10 % TFA
7-deazaA-DNA

chemically stable to protic acids and to many Lewis acids
ligatable, amplifiable, readable code for DEL
— expanding chemical reaction space for DEL

Potowski and Kunig, Angew. Chem. Int. Ed. 2021; EP 20 166 145.1
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Navigate chemical reaction space

A barcode with enhanced chemical stability

— 2. Selection of reactions from vast chemistry databases?

— Application of data science tools

— Navigate chemical reaction space

100k reactions

descriptors
calculation

Rule-based

Normalizer PCA Row Splitter Fuzzy c-Means

—bwr—bxb—bj:\b@r

L L] L L
Node 3708 Node 3711 MISSING pca DIMENSIONS Node 3710
-11

Chines... Ickstadt, Chemical Science, in revision



Navigate chemical reaction space

oy cha
o o
: O || - - el
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n-“‘fw: : -
I
o
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......

Comprehensive chemistry databases are commercial.

3. Access to chemistry data, e.g. from patents?

Chines... Ickstadt, Chemical Science, in revision



DEL design

couple branch couple
1. reaction [E/ 3. ligate codes @/l B | l c |
2. cleavage é 4. reaction é

branch: key step - structural diversity from reactions

on-DNA reactions:

FG FG N
/ / Klika Skopi¢ Chem. Sci. 2017
;: ;T::\t,':;e @ Klika Skopié  Org. Biomol. Chem. 2017
- é Potowski Chem. Sci. 2019
Kunig Org. Lett. 2019
Potowski Bioorg. Med. Chem. Lett. 2020
aim: DELs w. 1 mio compounds Kiika Skopi¢  J. Am. Chem. Soc. 2019
) . . . Kunig Angew. Chem. Int. Ed. 2020
bifunctional starting materials Potowski Org. Let, 2021
diverse ChemiStrieS Potowski Angew. Chem. Int. Ed. 2021

Klika Skopié Org. Lett. 2022
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A glimpse into the lab

Reaction solution

DNA

Carboxylic Acid

DNA-wash-column

Wash colums and
rack:

Same positioning of
samples!

BAS/AZANZANANZANRZAN/ANZANANT/AZANANZANANZANZANRANANA AN NANANZANRANRANANANZANZANANANANANZANRANANAANANANZANAN, : AT




Building block reactivity

NBoc

»
& a Mg §fN‘iR1

(o) (0]
* oo AN NBoc * "C=NLN=PPh; ——»
R SOH /

= Product
= No Product

(3 : )
Me o
HO
)ﬁ BocHN\)J\OH HO =
n=4 X

0 — 9 © H
O S N OH
HO
o Ho)LﬁMe HN J\E/) AV/ “~OH %
HO n
0 o FF O
o 0 o HN/j)J\ on o Moy ¢ oH
65/ O on s Hon N7 o
HO™ = = \_N N\,)J\oH
= Z
\_ ) \_ & Y,

4. Every BB to be profiled: Machine-learning for reactivity prediction?
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Diagramm1

		Product

		No Product
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Tabelle1

		

		cat		Product		No Product

		val		10		9
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From DEL synthesis to compound identification

DNA

bioactive
molecule

13
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enrichment factor analysis

« barcode PCR encodes selection experiments
 algorithm calculates enrichment factors

» accounts for differences in individual DNA amplification efficency

. . .. 14
algorithm: Ina Dormuth, Lukas Arendt, Profs. Fried and Rahnenfuhrer (TU Dortmund)
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5. Machine learning for compound identification?

Kunig, Angew Chem Int Ed.2020, with Prof. Domling, U. Groningen
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FP assay: H. Karatas; M. Akbarzadeh, MPI Do (Prof. Waldmann); gPCR: B. Andlovic, TU Einhoven



Data science impacts...

encoded library design reactivity prediction of chemicals

nil un

inhibitor validation and development

xRy Inhibition of YAP Binding to TEAD
1.953125E-08

o 200
DNA =[P 2 3.90625E-08 TIK-0156 | VK57
© 7.81256-08 — —
R sl 5 150 —— 15625607 Bottom =0 =0
sequencing N o —— 3.125E.07 Top =700 =700
st 2 $£100 - Zgg'snﬁ LogEC50 | -1.051 0.5109
C A 8 —lEos HillSlope | 0.8721 0.4561
50 ! 150 EC50 008897 | 3243

% Inhibit

; "’:‘\;' ]
oosia © o i i 1004 ® HK-01-56
0 20 40 60 80 100 120 140 160 s o VK57
Time (s) =
2 50d
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design — data analysis — prediction — design
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spreading the message

Bioorganic & Medicinal

Chemistry TOWARDS MEDICINES FOR ALL

The Tetrahedron Journal for Research at the Interface
f Cl

of Chemistry and Biology 2 O 3 5

UPCOMING WEBINAR JOIN THE EFFORT

—— / ’.:'ﬁ. Qw“som
SR ) DNA ENCODED CHEMICAL LIBRARIES FOR HIT
o - WHO WE ARE~  WHAT WE DO
. . =
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Special Issue on DELs Topics in

Medicinal
Chemistry

Ansehen auf (& Youlube

Volume on DELs
w. Prof. Damian Young
Houston
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Thank you!
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