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Drug development
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€ Early 1990: high-through-put screening (HTS) technologies have evolved (1-2 million compounds)

Chemical space, however, is much larger (for example, >1 X 1025), perhaps unknowably so.

-

€ There is substantial interest in the development of approaches capable of exploring large chemistry
spaces more deeply

® Split-and-pool (Furuka et al. 1989, solid-phase synthesis of peptide libraries)

-

1) Smietana, K.; Siatkowski, M.; Mgller, M. Nat. Rev. 2016, 15, 379.




Collaboration of pharmaceutical companies

2017. 3.21

X-Chem and certain Japanese pharmaceutical companies enter into drug discovery collaboration

X-Chem contain over 120 billion small molecules libraries

That Japanese company will have the option to license identified lead compounds and will be
responsible for further development and commercialization of any resulting programs

Design and synthesize Enrich for selective Characterize selection Identify enriched library Synthesize
DNA-encoded libraries binders via affinity output using deep compounds through representative
>100 billion compounds screening of libraries sequencing of DNA tags statistical analysis compounds off-DNA

Assay compounds
and identify leads




combinatorial chemistry and
in vitro-directed evolution methods

Primer-binding sequence In 1987 development of PCR
|IIIIIII,II
5' - GEGGCCCTATTCTTAG - LINK
|'FI|
/\
Anti-code for Apal restriction site

In 1990 development of combinatorial chemistry

| Coding sequences for first diversity element |

}
) Y
5/ mmﬂ:ﬂ:awm ~ LINK - Gl

)i
5 ACGGETAGCGGCCCTATTCTTAG — LINK — E Richard A. Lerner Sydney A. Brenner
Institute Professor Professor
The Scripps Research The Scripps Research
Institute Institute
Split-and-pool synthesis
In 1992

5'— CACATGCACATGEEECCCTATTCTTAG — LINK="CIly="Cly the use of DNA sequences as a means
5 CACATCACGETACCECEETATTCTTAG - LINK - Met™ Gly to encode the synthesis of a peptide

on a solid-phase support
5'- ACGGTACACATGGGGCCCTATTCTTAG — LINK-Gly— Met
- - - Met—
° ﬁGGT —— TATTCTTAG - LINK ~ [Met= Met DNA-encoded methods have evolved
to the extent that libraries larger than
Coding sequences for second diversity element 100 million compounds are regularly

synthesized and screened.
1) Brenner, S.; Lerner, R. A. Proc. Natl Acad. Sci. USA 1992, 89, 5381.

2) Lener, R. A.; Brenner, S. Angew. Chem. Int. Ed. 2017, 56, 1164. >




Concept of DNA-encoded libraries
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Publications related to DNA-encoded libraries

Academic
10 4
5 -
O T T T T T T T T 1
| Development/Advancement
S 1 Synthesis/Proof-of-principle screenings
Application
~ Industry
FF S S S S S5
HTS DEL
1 ~ 2 million Up to 40 trillion
1000000 40000000000000

Increase of spices

1) Yuen, L. H.; Franzini, R. M. ChemBioChem 2017, 18, 829.



Construction methods of DNA-encoded libraries

v" Double-stranded o v' Single-stranded 0 .
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O DNA-recorded split-and-pool combinatorial synthesis
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o pool
parallel synthesis parallel encodlng

1) Salamon, H.; Skopic, M. K.; Jung, K.; Bugain, O.; Brunschweiger, A. ACS Chem. Biol. 2016, 11, 296. ¢
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Construction methods of DNA-encoded libraries

O DNA-templated chemistry O assembly of DNA-small molecule
(ex. macrocycles) fragment conjugates
2 ale o
HN“M N
R0
\x.._.f

Construction reactions of DNA-encoded compounds

(a) Peptoid libaries o

Ho @ o
T N 0 H <: Fmoc peptide [T H
. EE—
"NH, HOJ\E/ “Fmoc chemistry H
0O
(b) libraries based on diamino substituted scaffolds
O O
0 HOJ\‘Q H)L‘l

CLLCCECCCREEEEEELTLL
T N. <: carbonyl ",
MNH, T HDJ\B/ PG reactions N
HN__
R

HN. o s ors:c‘_N 0,0
®o R

1) Salamon, H.; Skopic, M. K.; Jung, K.; Bugain, O.; Brunschweiger, A. ACS Chem. Biol. 2016, 11, 296.
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Construction reactions of DNA-encoded libraries

(c) libraries furnished by nucleophilic aromatic substitution

0 ®
5 )Cl HN—R T H N_ _NH
T o NH, -+ N7 N <] aromatic N N \Il/
— N l substitution H N N
N s A )
N Cl \ll

(d) libraries synthesized by cross-coupling reactions, e.g. biaryl R

N
o 4 e w

[ O H
(LI /N\
— _ SILEERTTTITIRRETRITRIT
1] ~(PG) cross-couplmg N >3 (PG)
NH, v | RJ reactions H | R,j

Hal

(e) cyclohexene-based libraries synthesized by Diels—Alder cycloaddition

LT
[ - O
H

= 0
O
T = Diels-Alder N‘
"N * dN _o <:] reaction R ¢
H
o]

(f) benzimidazole libraries

: 0
— 0 — .
L benzimidazole III|||I [
N NH, J\. formation
; =5 >—.
NH,

1) Salamon, H.; Skopic, M. K.; Jung, K.; Bugain, O.; Brunschweiger, A. ACS Chem. Biol. 2016, 11, 296. 10




“success stories” DNA-encoded libraries hits

By GlaxoSmith-Kline (GSK)

Development of highly potent and mono-selective receptor
Interacting protein 1 (RIP1) kinase inhibitors

- 7.7 billion compounds -

YA, N R -
N/L\( j‘y/‘\N’ . g. fa““,:"'
H R. O H

,
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E}caﬂﬂ 2 00 7
1 e

BB1 = 632 amino acids
BB2 = 632 amino acids
BB3 = 6594 amine caps

632 x 632 X% 6594 = 2633801856

H R Ry
]MN'N Nm/k Rs
\n/\/ H
@) (@)

BB1 = 1222 amines
BB2 = 632 amino acids
BB3 = 6594 amine caps

1222 X 632 X 6594 = 5092572576

H,C

(0]
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Most HO \ N
enriched ~d
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GSK" 481

DNA-encoded chemical library (DECL) technologies are increasingly

being adopted in drug discovery for hit and lead generation

1) Harris, P. A. et al. J. Med. Chem. 2016, 59, 2163.
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Application for small macrocyclic peptide

macrocycle libraries synthesized by DNA-templated chemistry

12x12x1‘x
O
NH
<:: macrocycle \J vN
synthesis
HN
8% 12x12x 12 =13824 compounds ‘z
, @
scarless linker useful scar linker autocleaving linker autocleaving linker
"9 oo 8 Q 1 MO P | ° 5
HDVH HonSinot N%reagem HO)E[ NH%'EWE”‘ Ph. | ,©)L H%reagen magenl%s_gj ~o? Ry
O OH R
Q Bh D}_’:-P
+ Hzm%tempiate +H?N%templata Rs ‘ )kn’NHf‘themplale ¢ H;.N%tampla!ﬂ
P 0 CH O O
reagent H )\l
NHWNAE’C"SV"‘D NG N AN Ay mmyeagent F ]\n,NH M\ ,, template R NHAM\, template
% template 0o o H
Ph
template
+ pH 11.8
+ NalO,
Ph
i O
template WH H
My -gﬂmHz template My, J\[N“}LH
0

Ph

1) Salamon, H.; Skopic, M. K.; Jung, K.; Bugain, O.; Brunschweiger, A. ACS Chem. Biol. 2016, 11, 296.
2) Tse, B. N.; Snyder, T. M.; Shen, Y. Liu, D. R. J. Am. Chem. Soc. 2008, 130, 15611.
3) Gartner, Z. J.; Kanan, M. W_; Liu, D. R. J. Am. Chem. Soc. 2002, 124, 10304. 12



Capping-based strategy for construction of libraries
step1 | 1) EDC, SNHS, L@ Nz step 1

caff
3.,n‘Wscaffo|d—NH2 reagents| PH®6.0 M products

' s

o annealing 2)|Ac,0O Meaffold unreacted
JLGH 3) p; 11.8 (cleave >=O templates
o @S TN
linker R{—DNA linker) are capped
@
\
step2 | 1) EDC, sNHS, chaffold O Step 2
reagents pH 6.0 products

step 3 1) EDC, sNHS,
r

- PEOENS G, O g pHES
annealing 2)|Ac,0O >=O

> > o

3) pH 11.8 (cleave - 2) AcEO]
Ro~DNA linker) {XXD@ My sc2 NH
A
M caffm " @) ca_p(ure with induc_e ) scaffm_ O
WM step 3 avidin beads macrocyclization K
biot In \ Proc )"'L ICLS - >
X R ¥ final product(s) O
+ capped byproducts \\M@%&NH ﬁ\ self-elute macrocycle @kj'\l-,/NH
" capped byproducts library )
lack biotin

The use of a capping reagent (Ac,0) prevents unreacted or improperly reacted material from participating

in further reactions. The final streptavidin bead capture and macrocyclization steps achieve effective
purification of the final product

1) Tse, B. N.; Snyder, T. M.; Shen, Y. Liu, D. R. J. Am. Chem. Soc. 2008, 130, 15611. 13



Library of codon

code codon 1 anticodon 1 code codon 2 anticodon 2 code codon 3 anticodon 3
1A 5'- GGCTTT | 5'- AAAGCC 2A 5'"- GCTGAA | 5'- TTCAGC 3A 5"- TTCCTC | 5'- GAGGAA
1B 5'- AGGCTT | 5'- AAGCCT 2B 5'- AACGGT | 5'- ACCGTT 3B 5"- AGCTCA | 5"~ TGAGCT
1C 5'- GCCAAA | 5'- TTTGGC 2C 5'- GTCGAT | 5'- ATCGAC 3C 5"- ATCGGA | 5'- TCCGAT
1D | 5'- AGGAAC | 5'- GTTCCT 2D | 5'- GATTGC | 5'- GCAATC 3D [ 5'- TGTGCA | 5'- TGCACA
1E 5'- CGTATG | 5'- CATACG 2E 5"- GGACTT | 5"- AAGTCC St 5'"- AGACTC | 5'- GAGTCT
1F 5'- CATGAG | 5'- CTCATG 2F 5'- ACGGAT | 5'- ATCCGT 3F 5'"- CTTCAG | 5'- CTGAAG
1G 5'- GCAGTA | 5'- TACTGC 2G 5'- AGGACT | 5'- AGTCCT 3G 5"- AGTCGA | 5'- TCGACT
1H 5'- GCGTAT | 5'- ATACGC 2H 5"- TCGAGT | 5'- ACTCGA 3H S5'- ATGACG | 5'- CGTCAT
1l 5'- GAGACA | 5'- TGTCTC 2l 5"- GCAAGA | 5'- TCTTGC 3l 5'"- ACTAGC | 5'- GCTAGT
1J 5'"- CTGTAG | 5'- CTACAG 2J 5"- CTTGTG | 5'- CACAAG 3J 5"- CAACCT | 5'- AGGTTG
1K 5'- GGAATC | 5'- GATTCC 2K 5'- GGCTAA | 5'- TTAGCC 3K 5"- TCCGTA | 5'- TACGGA
1L | 5'- TAGCTG | 5'- CAGCTA 2L | 5'- CTGGAA | 5'- TTCCAG 3L | 5'- GCTTAC | 5'- GTAAGC

|l ”)
HN" ~CCCTGTACACH[codon 3]-AAG 'T-|[codon 2]—ATGI\T-[codon 1]-CTA|CCCACTC-3'
template = ©/\ W

Step 1 reagents —_ HOJlQ/ YOV\,S\:\/OYNH GGGATA} [antiCOdon 1]'GAT -5

@) O 0 (o]
step 2 reagents = HO)OL®,NYO\/\,IS\\/\/OWNH GGGAAA}[anticodon 2]-TACYS'

0] (ONNe (o)
step 3 reagents - /Q@/ T]/\: Ar GGGATG‘ anticodon 3]"TTC (biotin)—S'

1) Tse, B. N.; Snyder, T. M., Shen, Y. Liu, D. R. J. Am. Chem. Soc. 2008, 130, 15611.
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Capping-based strategy for construction of libraries

template
3 cod/ng reg:ons bases 31-41

anneal step1
MM, M M~y J‘q “@ feage"“S’ ”\WW *Q U
NH
; :scaffold codon ; Nhs 2

PCR primer binding sites step 1 reagents O B s/\/o\n, .@/U\OH
0 0
template
bases 20-30 0 = OH O
1) EDC, sNHS, |anneal step 2 . " NNN 1) EDC, sNHS, |anneal step 3
pH 6.0 reagent(s) H o OH H,\© pH 6.0 reagent(s)
- '

2) acetic anhydride 2)|acetic anhydride
%caEEingz HN (capping)
3) NaOHto pH 1 )0 g B 3) NaOHto p

1) Tse, B. N.; Snyder, T. M.; Shen, Y. Liu, D. R. J. Am. Chem. Soc. 2008, 130, 15611. 15



Capping-based strategy for construction of libraries

avidin 0

X
o]

1) EDC, sNHS,
‘“\WW )LQ( I “TIN D) pHeo 5

: 2) avidin beads, wash HN__O

6 )L@NH, 3)[NalO,| pH 3.7 o aka@

H
~NH
o
pH 8.5 i ?f: -
I = W‘\Mﬂ)l\q 3 DNA-templated
I? gl ut’: S i macrocycles
self-
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NSO
H

annealing
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L NH, step 1 step 2 step 3 0 N}(@\NH
N\A//\V”% > S > N\J \VH o .
0 @
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oH © >

1) Tse, B. N.; Snyder, T. M.; Shen, Y. Liu, D. R. J. Am. Chem. Soc. 2008, 130, 15611.



O
WQJ‘\Q/NW step 1 step 2 step 3
HN.__O

Library compon

= '

- T8

OH

Lys-s Orn-s

< )l\_,NHz scaffold scaffold

5\

Iz

1) Tse, B. N.; Snyder, T. M.; Shen, Y. Liu, D. R. J. Am. Chem. Soc. 2008, 130, 15611.
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O OH

H
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OH

Library component

- | | e HN_~ 5\'( f(
= HNY on N

OH
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building blocks | /3 % oMt ‘);Nf
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~ o) OH O HoN
O

A -
(@) HoN OH
H NN O : \/\g’ g)\n’OH -, Z_)\n,
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e P, = O
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" N ! - 3
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0 o}
O 0 o
[ HOQ \N/\IrOH |
H N/\n’OH "o = OH
2 OH
step 3 reagent 4 © HQNYNH FoN .| H2N/\/\g H2N
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(R3) S |
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1) Tse, B. N.; Snyder, T. M.; Shen, Y. Liu, D. R. J. Am. Chem. Soc. 2008, 130, 15611
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in vitro selection of a DNA-templated library

T: o 8x12x12x 12 = 13824 compounds
W‘\y"\/ﬂ\rulg @

IDE in vitro selection 1 results IDE in vitro selection 2 results
14 3, 5.
12 5.
10 [
k= ™ L E
V] 5. g .
] S
E 6—. \.. ® 2. S
4 .0 1\ o * :
2 o“ - “"'u . .
Re o .
0 . . , - .
0 1000 2000 3000 4000 5000 U 1000 2000 3000
sequence abundance sequence abundance

1) Maianti, J. P.; McFedries, A.; Foda, Z. H.; Kleiner, R. E.; Du, X. Q.; Leissring, M. A.; Tang5, W.-J.; Charron, M.
J.; Seeliger, M. A.; Saghatelian, A.; Liu, D. R.; Nature 2014, 511, 94. .
2) Kleiner, R. E.; Dumelin, C. E.; Tiu, G. C.; Sakurai, K.; Liu, D. R. J. Am. Chem. Soc. 2010, 132, 11779.



Selected hit compounds

Selection of 6 compounds

D5 o A2
E/’\/'\N
HzN\lT/\NH TO/O
| HN
NoA, B8
O MNH-

1a (cis olefin) IC5>100 pM  2a (cis olefin)  1C5,=10 pM 3a (cis olefin)  1C5;>20 uM
1b (trans olefin) 1C5,=5.0 uM  2b (frans olefin) 1C;,=0.14 uM  3b (frans olefin) 1C5,=1.5 uM

0% “NH,

4a (cis olefin) 1C5>100 pM 5a (cis olefin) 1C5;>20 uM 6a (cis olefin)  1C5,=5.6 uM
4b (trans olefin) IC5>100 pM  5b (trans olefin) 1C5,=1.0 uM | 6b (trans olefin) 1C5,=0.06 pM

Potent and highly selective macrocyclic IDE inhibitors from the in vitro selection of a DNA-templated
macrocycle library

1) Maianti, J. P.; McFedries, A.; Foda, Z. H.; Kleiner, R. E.; Du, X. Q.; Leissring, M. A.; Tang5, W.-J.; Charron, M.
J.; Seeliger, M. A Saghatellan A.; Liu, D. R Nature 2014 511, 94. 0



Preparation of more 30 analogue

Against

insulin-degrading enzyme (IDE)

selection hits
(trans) 1b

(trans) 2b

(trans) 3b
(trans) 4b
(trans) 5b |

(trans) 6b

diamide linker

(cis) 6a
(saturated) 6¢c

building block A
(D-4-benzyl-Phe) 7

(D-phenylalanine) 8
(D-4-tertBu-Phe) 9
(D-4-phenyl-Phe) 10

building block C
(L-alanine) 15

(D-alanine) 16
(2-Me-alanine) 17
(N-Me-alanine) 18

(serine) 19
(glycine) 20
(lysine) 6bK

(glutamate) 21
(methionine sulfoxide) 22

(selenomethionine) 23

(phenylalanine) 24
(none/skipped) 25

building block B
(phenylalanine) 11

(norisoleucine) 12
(leucine) 13

(alanine) 14

scaffold block D
(D-Lys amide) 26
(L-omithine amide) 27
(L-Lys carboxylate) 28
(L-Lys, aN-ethylamide) 29
(L-Lys, biotin tag) 30
(L-Lys, fluorescein tag) 31

20-atom macrocycle required
and stereochemistry

required
can be
reduced
variable
./\/\N
: H HN
L
o
_ (o)
required required
trans - o
alkene (0] j\
0“ "NH,

6b variable

T I T
103 104 105 106 107 108
Inhibitor potency, IDE ICg, (M)

104 104 105 10€ 107 10°%
Inhibitor potency, IDE ICg, (M)

1) Maianti, J. P.; McFedries, A.; Foda, Z. H.; Kleiner, R. E.; Du, X. Q.; Leissring, M. A.; Tang5, W.-J.; Charron, M.

J.; Seeliger, M. A.; Saghatelian, A.; Liu, D. R.; Nature 2014, 511, 94.



Potent and highly selective macrocyclic IDE inhibitors

O } required O
20-atom macrocycle @ o

and stereochemistry can be
required reduced O
variable JO o)
/\/\N
HN__O : H
NH . H,N HN_ O
I required \n/\NH
0 g HNT o, NS
required N\/& | H
- o N
trans - g ¢)
o :
alkene o
variable @
0“ "NH, NH,
6b 6bK
Fluorogenic peptide degradation
100 1 --®-- human IDE ’:'::’ 100 1 --®-- human IDE "._.-—.
=-8-- mouse IDE ".‘ --8-- mouse IDE ,’./',
80 - . 4 80 - ‘s
§ g R ”,
: ‘l’ : " /
S 60 - ‘e S 60 s
5 s = 2
= 40 ’,:/ IC4, = 60 NM 5 40 - S/ 1Cs =50 nM
a) L e ‘& ICg, = >200 uM (bisepi-)
20 g 20 el
o ' 4
o [ oud
O T T T T T T TTTTIT T T T T — T TTTTm 0 "l—.:ﬁ—rrm—l—l—l—l—ﬁ‘rn—v—l—v—l—rrrn—l—t—ﬁ—rrrn
0.001 0.01 0.1 1 10 0.001 0.010 0.100 1.000  10.000
6b concentration (uM) 6bK concentration (uM)

1) Maianti, J. P.; McFedries, A.; Foda, Z. H.; Kleiner, R. E.; Du, X. Q.; Leissring, M. A.; Tang5, W.-J.; Charron, M.
J.; Seeliger, M. A.; Saghatelian, A.; Liu, D. R.; Nature 2014, 511, 94.



Potency (K /K/IC,,)

1)
2)

1 UM ==

Dual-pharmacophore type

Comparison of M.W. vs potency
Aof leads developed

High LE
1nM -
e Drug
Digas candidates
Lead
optimisation
1 MM == Fragment
hits Low LE
| | —
100 300 500

Molecular weight

Dual-pharmacophore

Fragment-based drug discovery(FBDD)

HTS hit Fragment hit
HTS hits may bind by virtue of numerous suboptimal interactions.
By contrast, fragment hits are more ligand efficient and
involve fewer but more optimized interactions.

Single-pharmacophore

-

Scott, D. E.; Coyne, A. G.; Hudson, S. A.; Abell, C. Biochemistry 2012, 51, 4990.
Wichert, M.; Krall, N.; Decurtins, W.; Franzini, R. M.; Pretto, F.; Schneider, P.; Neri, D.; Scheuermann, J. Nat.

Chem. 2015, 7, 241.
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constant
region
coding
region
A
sub-library lose the pairing information
Modified methods (this paper)
Q Sub-library A
> "Code A ¥

Encoded sub-library A

Synthesis and encoding of sub-library B

V5 5
N
H,N PO,
lq Chemical coupling of sub-library B
building blocks

d-spacer

3 v

S a

PO,
Purification: EtOH precipitation, HPLC
. Analytics: LC-MS

Adding sub-library B code and chimeric
adapter oligo followed by ligation

v
d-spacer

3 AN

v

Code B

1) Wichert, M.; Krall, N.; Decurtins, W.; Franzini, R. M.; Pretto, F.; Schneider, P.; Neri, D.; Scheuermann, J. Nat.

Chem. 2015. 7. 241..

Sub-library B % Sub-library A
i =
-:j. Constant
’t___ region 1
. N '
Assembly_and en_codmg of prowess [ AN
the dual-display library AXB | spacer -
_E Constant
Mixing both sub-libraries —— region 2
P
N Code B
e 8 bases
> Code Al O — > ~7
3,\HIHIIIIHHHH AN I Coce NI e
-spacer \;\ region 3
l DNA-polymerase
s . HO.’
'Code A, ode B’ ’
T LT || o
3 Lovacst L
Encoded self-assembling chemical library
0
HO” ~O
-}-
d-spacer
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Dual-display DNA-encoded library

Sub-library A
5 3

Encoded sub-library A

5 - GGA GCT TCT GAA TTC TGT GTG CTG XXX XXX CGA GTC CCA TGG CGC AGC -3’

) d-spacer )
; N ipo Synthesis and encoding of sub-library B
3’ —CCT CGA AGA CTT AAG ACA CAC GAC ddd ddd GCT CAG GGT AC -5’
5 —-CGA GTC CCATGG CGCAGC TGC -3
Chimeric adapter
d-spacer
A - 3’ - C GCG TCG ACGIRXIOBIRRX -
« l -GTG CCT AGG TAA GCTACG TCC -5’
. N :
#3 5
: : HO
T I :
« dls\p/a:er 5, ’ o
l DNA-polymerase
(0
Code B’ ¥ O¢
||||||\|\||\|\|H| d@ger\\\HIHIHHIH& Ho- "o
Encoded self-assembling chemical library -
d-spacer

1) Wichert, M.; Krall, N.; Decurtins, W.; Franzini, R. M.; Pretto, F.; Schneider, P.; Neri, D.; Scheuermann, J. Nat.
Chem. 2015. 7. 241..

25



Screening by using Dual-display DNA-encoded library

x 202 =111100

1) Wichert, M.; Krall, N.; Decurtins, W.; Franzini, R. M.; Pretto, F.; Schneider, P.; Neri, D.; Scheuermann, J. Nat. ,

Chem. 2015, 7. 241. °



Screening by using Dual-display DNA-encoded library

Normalized

alpha-1-acid glycoprotein (AGP)

x 105
4 . i
a ; :
S 3 : : 4
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1) Wichert, M.; Krall, N.; Decurtins, W.; Franzini, R. M.; Pretto, F.; Schneider, P.; Neri, D.; Scheuermann, J. Nat.
Chem. 2015, 7, 241.
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Hit validation of pharmacophore pair A-117/B-113

Time (min)

Against alpha-1-acid glycoprotein (AGP) (0 %0 0 1% 0 20 30 30
0.00 - T ”
FP ‘on-DNA’ ‘off-DNA’ A-117/B-113 “” HWHHHHH [l
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b
g 104
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1) Wichert, M.; Krall, N.; Decurtins, W.; Franzini, R. M.; Pretto, F.; Schneider, P.; Neri, D.; Scheuermann, J. Nat.

Chem. 2015, 7, 241.
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Hit validation of pharmacophore pair A-493/B-202

Against CAIX e
N 2NH2
FP ‘on-DNA’ ) NH‘ s
C{\ A el ™ o N=N B-202
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1) Wichert, M.; Krall, N.; Decurtins, W.; Franzini, R. M.; Pretto, F.; Schneider, P.; Neri, D.; Scheuermann, J. Nat. .
Chem. 2015, 7, 241.



compound-dye conjugate at the tumor site
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1) Wichert, M.; Krall, N.; Decurtins, W.; Franzini, R. M.; Pretto, F.; Schneider, P.; Neri, D.; Scheuermann, J. Nat.
Chem. 2015, 7, 241. 30



DNA-encoded library Summary

Application for small macrocyclic peptide (by Prof. David R. Liu)
o} 12x12 X '
B

K
’ o )Lq N H
‘.s‘ J VN /\/\
Hz

Anti-diabetic
O activity of insulin-
degrading enzyme

jrge
C;’ ° L@ IC5, = 50 M
Dual dlsplav libraries (by Prof. Dario Neri and Jorg Scheuermann)

Iz

-
(s ”“‘Z
8x12x12x12 = 13824 compounds /

X202 =111100 pairs

/ HR OO=<NH N _
Sub- -library B % _X( Sub-library A

S Constant
[ b region 1

Abasic |—7 \
spacer
E Constant
-_—_5 region 2
:‘:: Code B . .
~ 8 bases v" Low micromolar binder to AGP

A v" The newly discovered subnanomolar CAIX binder dramatically

s iy Constant

RN R improved tumour targeting performance in vivo.
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DNA-encoded chemistry:
enabling the deeper sampling of chemical space

DNA-encoded chemical library (DECL) technologies are increasingly being adopted in drug

discovery for hit and lead generation
DNA-encoded chemical

Advantage library (DECL)
> exploration of chemical spaces

(more deeply than traditional high-throughput screening methods)
» compound information is available as coded information
> available ranking information about binding affinity
» further application is abailable

Identification of hit compounds

elucidation of mechanism

v' simplified methods
- no need man power
- no long time
- low cost

v" no need stock space _
v/ automated system promising tool for
small molecular

drug discovery

Prioritization for drug discovery

Requested improvement

application for medium molecular and complicated compounds
application of target library

application for triple or more displayed libraries

application for harsh reaction conditions
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Linker of DNA-encoded library

Sub-library A

5’ 3

Encoded sub-library A

5 — GGA GCT TCT GAA TTC TGT GTG CTG XXX XXX CGA GTC CCA TGG CGC AGC -3

JO]\ R H\/\/\/\OIENO,OIigonucleotide
R” “OH T %o
(0]
o H T o leotid
igonucleotide
R N ~0o’
F HN - NN NN 0
moc “R)I\OH HoN \([)r o o1
9 Oli leotid
R o HzN\/\/\/\ozP\‘O, onteietiee fo) R (o} 5 a
o Op -~ H H\ Oligonucleotide > 4 Constant
HO SN N0 \00 b region 1
R R O © x
Y ™\
Abasic _—7
spacer
o (o] . . \
H Il Oligonucleotide TN Constant
J]\ RN SN o-R-0 - e
o N —_—— region
R™ ~CI \ﬂ/ Op > 4
o )
N Code B
_‘; 8 bases
H H Y o leotid =
o ,Oligonucleotide = Constant
/N—C—S R«N\n/N\/\/\/\of P\‘O - region 3
R s Oe BN |

48-mer oligonucleotides carrying a free amino group at the 5’-end
(w-aminohexyl phosphate diester) were reacted.

1) Wichert, M.; Krall, N.; Decurtins, W.; Franzini, R. M.; Pretto, F.; Schneider, P.; Neri, D.; Scheuermann, J. Nat.
Chem. 2015, 7, 241.

2) Dumelin, C. E.; Scheuermann, J.; Melkko, S.; Neri, D. Bioconjugate Chem. 2006, 17, 366. 4



Structure of the DEL headpiece
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Discovery of a Covalent Kinase Inhibitor from a DNA
Encoded Small-Molecule Library X Protein Library

Selection
32,096 interactions

. evaluated simultaneously

W"\MQWW =
S®.

M\ ™™ ™@ ‘

- X W

Cl
WP My My My My, rm i
— 3 W™y MMy —3 e

136 DNA-encoded 236 DNA-linked
compounds proteins in cell lysate

ligand:target binding pairs
decoded using high- discovery of a selective,
throughput DNA sequencing covalent inhibitor

1) Chan, A. I.; McGregor, L. M.; Jain, T.; Liu., D. R. J. Am. Chem. Soc. 2017, 139, 10192. 36



Solexa (lllumina) DNA sequencing technology

DMA Clusters

+ About 500 DMNA copies
Bind single 0. b per c|u5te_r )
DNA molecules “=l- am plify - _ * Each E";‘_’“t 1':“‘"‘““ in
to surface - lameler
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*® DMNA Sequencing
Chemistry
+ Extend by one base each
Computer-controlled Enzyme step

Imaging
+tens of millions of
clusters in parallel

» 4 luorescent colors
correspond to the
4 bases
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Base Label

Bentley, D. R.; Balasubramanian, S.; Swerdlow, H. P.; Smith, G. P.; Milton, J.; Brown, C. G.; Hall, K. P.;
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“success stories” DNA-encoded libraries hits

By GlaxoSmith-Kline (GSK)

Development of highly potent and mono
Interacting protein 1 kinase inhibitors

Already
reported
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1) Harris, P. A. et al. J. Med. Chem. 2016, 59, 2163. 38
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“success stories” DNA-encoded libraries hits

Target

Receptor-
interacting protein
kinase 3 (RIP3; also
known as RIPK3)

Protein-arginine
deiminase type 4
(PAD4)

X-chromosome-
linked inhibitor of
apoptosis protein
(XIAP)

Hepatitis C virus
NS4B protein

Soluble epoxide
hydrolase

Phosphoinositide
3-kinase-a (PI13Ka)

Institution

* Emory
University

* GlaxoSmith-
Kline

GlaxoSmith-
Kline

Ensemble

GlaxoSmith-
Kline

X-Chem

GlaxoSmith-
Kline

Library structure and size
Not disclosed

Not disclosed

160,000 chemical
compounds

P P; NP
S\Ny 2 H 1
N=N
Not disclosed
(0]

Ri-NH — L.
B o»—(f N Neg,

334 million compounds

3.5 million chemical
compounds

??H—“‘

R,

N
H o

2
HN-Rg
N\
HO,C

Exemplar compound

S p

H
N
LAY
So N
(0]

Goodnow Jr, R. A.; Dumelin, C. E.; Keefe, A. D. Nature 2017, 16, 131.

Cl

Activity
0.3nM
IC,,in
biochemical
assays

200nM
IC,,in
biochemical
assays

140nM
IC,,in BIR2
biochemical
assays,
dimer more
active

20nMIC,,
antiviral
activity

in vitro

2nMIC,,in
biochemical
assay

10nM
IC,,in
biochemical
assays

Status
Activein cell
assays

Cell active
inin vitro
assay, crystal
structure
available

Active in
mouse
xenograft
model

Has antiviral
activity but
unattractive
resistance
profile

Biochemical
activity in vitrc

Crystal
structure
available



“success stories” DNA-encoded libraries hits

Target Institution Library structure and size =~ Exemplar compound Activity Status
Tankyrase 1 (TNKS) ETH Zurich 76,000 chemical compounds 250nM Biochemical
IC,,in activity

H

N’ OY\O N\/\ON%{\]} biochemical

//l\o HN\H’N& o N assay
© O

A disintegrin and GlaxoSmith- 802 million chemical 10nM >1,000-fold
metalloproteinase Kline compounds IC,,in selectivity
with o @\ biochemical overrelated
thrombospondin SNy HJQAN assay targets
motifs 4 (ADAMTS4) oy Re O \,NVNYN\YN P
JJ\rN N N L N N
H L \I\q T\I/ R3 "NR4Rs 7
1 e N
NRsR;
O/
0.
Branched chain GlaxoSmith-  34.7 million compounds 2.0puM Crystal
aminotransferase, Kline \S,,O IC,,in structure
mitochondrial , HN O biochemical available
(BCATm) HN/RS HN assay
2 OO
g s
5 .
&
S
Br—J ©
BCATm GlaxoSmith- 117 million compounds 1uMIC,, Activein
Kline Br in in vitro orally dosed
NH ,R1—N/R3 /g cell-assay mouse model
o}/—QN & — 0
N/J\Rz HND

N N=
N
(@]

1) Goodnow Jr, R. A.; Dumelin, C. E.; Keefe, A. D. Nature 2017, 16, 131.



1)

Target

Phosphodiesterase
12 (PDE12)

Receptor-
interacting protein 2
(RIP2)

Neurokinin 3 (NK3)

Dual specificity
mitogen-activated
protein kinase kinase
2 (MEK2; also known
as MAP2K?2)

p38a (also known as
MAPK14)

Undecaprenyl
pyrophosphate
synthase (UppS)

Institution

GlaxoSmith-
Kline

GlaxoSmith-
Kline

GlaxoSmith-
Kline

University of
Geneva

Vipergen

GlaxoSmith-
Kline

Library structure and size

9.2 million chemical
compounds

CmP» j&_,ﬂ
No ¢ N
R_QN]IZJ R

Not disclosed

41 million chemical

compounds
G
e
gkiv—x\ o
=N
R
L HN-R

10,000 electrophile-contain-
ing dipeptides

12.6 million chemical
compounds, linear 3-cycle
library assembled using
acylation, reductive
amination and urea
formation

1.6 million compounds,
3-cycle diversity library

Exemplar compound

HOL o /
Nj\[:j:N /~NH
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CN
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N N-
HN N*_Q/N
o
0" 4 o~
L\,NTN\YO\‘/&§ & \\faT
N\EN = NS
:: NH H
HO
HoN

Goodnow Jr, R. A.; Dumelin, C. E.; Keefe, A. D. Nature 2017, 16, 131.

Activity

8nMIC,,in
biochemical
assay

500nM
IC,,in
biochemical
assays

2nMIC, in
in vitro cell
assays

Irreversible
covalent
inhibitor

7nMIC;in
cell assays

8ug per
mlMIC in

cellular
assays

“success stories” DNA-encoded libraries hits

Status

Antiviral
activity,
crystal
structure
available

Crystal
structure
available

Active in cell
assays

Competitive
with
active-site
binder

Active in

cell assays,
selective,
crystal
structure
available
Active in
antibacterial
assays, crystal
structure
available



DEL screening cycle: time scale

Step 1: Step 2: Step 3:
Targetimmobilization and # Affinity Selections q Sample preparation/

activity confirmation (1 week) amplification for sequencing

(1 week) PGB (2 days)
| A e T
’ AN
e, 0
< SO e
Step 6: Step 5: Step 4:
Off-DNAsynthesis and hit h Translation of sequences h Sequencing by lllumina HiSeq
evaluation into structures (1-2weeks)
(2-3 weeks per chemotype) (1-2 weeks)
:: ...L;Q/«o ‘ v |\ .
754 '
504

% inhibition

1) Arico-Muendel, C. C. Med. Chem. Commun. 2016,7, 1898. 42



