Lecture 2
Small Molecule Microarrays
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a low-tech ligand discovery platform



Start of the millennium - the view from 2000
Diabetes (type 2)

< 100 Mendelian disease genes
(e.g. CFTR in cystic fibrosis, HEXA in Tay-Sachs)

12 common disease genetic variants
(e.g. CTLA4™17Alajn Type 1 Diabetes, PRNPMet129Val in Creutzfeld-Jacob)
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2 decades+ on from the Human Genome Project

Asthma

Atrial fibrillation
Breast cancer
Crohn’s disease
Diabetes (type 1)
Diabetes (type 2)
Hypercholesterolemia
Lupus

Macular regeneration
Myocardial infarction
Obesity

THE

FUTURE
SBRIGHT

LSP1  CDKN2B/A
Prostate Cancer HHEX 8924
CDKAL1 ATG16L1
ORMDL3 5p13
4925 10921
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TCF2 NKX2-3
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FTO 3p21 Thousands
IFIH1 CDKN2B/A  1q24 .
PCSK9 FGFR2 PTPN2 of Io.c !
CBF/C2  TNRCY9  IGF2BP2 affecting
CD25 LOC387715 MAP3K1 8q24 hundreds of
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PPARy NOD2 CTLA4 KCNJ11  PTPN22  CFH TCF7L2  PTPN2  Kkipao3so — diseases
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2024 — Gene-Disease Catalog (GDC

Show SNPs for
. Digestive system
disease
. Cardiovascular m
disease

GWAS Catalog

The NHGRI-EBI Catalog of human genome-wide association studies

O Metabolic disease
O Immune system

Search the catalog a
. 1, HBSIL

disease

O Nervous system m
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. Liver enzyme m
measurement
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Drugging the genome

# of proteins targeted
by the full armamentarium of
drugs on the market <735

John P. Overington, EMBL-European
Bioinformatics Institute

3p21
PCSK9 1924
CBF/C2 PTPN2
LOC387715 |GF2BP2
8q24 8q24 FGFR2
IBD5 IL23R LSP1 TNRC9
PPARy NOD2 KCNJ11 CFH TCF7L2 HHEX  MAP3K1
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Thousands
of loci
affecting

hundreds of

common
diseases



From Lecture 1 - Chemical probes of disease biology

MLL NOTCH2  BRAF

EGFR MYB ZNF278

SSX4 KRAS IDH1
NKX-2.1 BRD4 BCL11A

SOX2 ETV1 MITF

MYC REL PAX5

discover or develop small

molecules that reverse the
impact of disease genes

physiologic settings to test

patient samples reveal
the impact of disease genes

list of disease genes

Approach: use small molecules to test emerging concepts in human disease
in physiologically relevant settings

Output: validated small-molecule probe to facilitate human clinical development
or diagnostic applications



An engineer’s perspective on perturbation of proteins

intervention can take place at various parts of the system

lysosome

degrade/

siRNA
shRNA _'
CRISPR-Cas13

< \V

proteasome

genetic perturbants
v" shRNA
v CRISPR

— activator

‘/ inhibitor

chemical perturbants
inhibitor
activator
degrader

' CRISPRko
CRISPRi

nucleus

Your chemical probes may utilize any of these mechanisms



A new approach - targeted protein degradation

ADD textfor1, 2, 3




Targeted protein degradation
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‘Undruggable’ targets are aplenty

disordered proteins DNA binding proteins integral membrane
protein-protein interactors proteins
e.g., amyloids, transcription e.g., transcription factors, e.g., cell adhesion proteins,
factors, enzymes extracellular growth factors, enzymes, receptors
y g y P

scaffold proteins
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1998 — ‘on-bead’ binding assays

Split-Pool
Combinatorial
Synthesis
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R® = 62 different
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Chemical Library
2.18M compounds on
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1998 — ‘on-bead’ binding assays

Chemical Library = ‘Gradbot’
2.18M compounds on Angela
90 um Tentagel beads @ Harvard

2180106 structures
R® = 62 different
carboxylic acids

no fluorescent
binding bead —

assay
positive

rhodamine dye
540/625 nm




1998 - other binding assay formats
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isothermal titration calorimetry

measure changes in temperature upon binding,

plotted as power needed to maintain a constant T
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Light is
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fluorescence polarization

measure changes in rate of rotation

upon binding



Late 1990s - ‘Spatially addressable systems'

Dr. Patrick O. Brown

Quantitative Monitoring of Gene Expression
Patterns with a Complementary DNA Microarray

Mark Schena,” Dari Shalon,*t Ronald W. Davis,
Patrick O. Browni

A high-capacity system was developed to monitor the expression of many genes in
parallel. Microarrays prepared by high-speed robotic printing of complementary DNAs on
glass were used for quantitative expression measurements of the corresponding genes.
Because of the small format and high density of the arrays, hybridization volumes of 2
microliters could be used that enabled detection of rare transcripts in probe mixtures
derived from 2 micrograms of total cellular messenger RNA. Differential expression
measurements of 45 Arabidopsis genes were made by means of simultaneous, two-color
fluorescence hybridization.

SCIENCE ¢ VOL. 270 * 20 OCTOBER 1995

Exploring the new world of the genome
with DNA microarrays

Patrick O. Brown'3 & David Botstein?

Departments of 'Biochemistry and *Genetics, and the >Howard Hughes Medical Institute, Stanford University School of Medicine,
Stanford, California 94305, USA. e-mail: pbrown@cmgm.stanford.edu cDNA

Thousands of genes are being discovered for the first time by sequencing the genomes of model organisms,
an exhilarating reminder that much of the natural world remains to be explored at the molecular level.
DNA microarrays provide a natural vehicle for this exploration. The model organisms are the first for
which comprehensive genome-wide surveys of gene expression patterns or function are possible.

The results can be viewed as maps that reflect the order and logic of the genetic program, rather than the
physical order of genes on chromosomes. Exploration of the genome using DNA microarrays and other
genome-scale technologies should narrow the gap in our knowledge of gene function and
molecular biology between the currently-favoured model organisms and other species.

follow changes in gene expression during yeast sporulation
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Small Molecule
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compound stock solutions

fluorescent
antibody
1

%protein target ;'

array of small molecules
on a glass slide

Microarrays (SMMs)

SMM manufacture and screening

SMM containing 10,800 features and probed with protein

T~

screened SMM



Proof-of-concept experiments for SMMs

detecting known protein-ligand interactions
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Proof-of-concept experiments for SMMs

evaluating affinities and multiplexed formats
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Capture chemistries for making SMMs
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Capture chemistries for making SMMs

o  Diels-Alder Staudinger ligation TR

benzoquinone Ph
SAM Ph TN
° 0 HN
OH O OH \/\NJ\/R /&o

S\ T H HOOC-, COOH

o o o " R
Small Molecule TR

» §-Si-0-Si-0-Si-}
Microarrays '
S s s / 4 MethOdS and Pr0t0(0|5 ‘-7em. Int. Ed. 42, 5830-5834, 2003

Houseman, B.T., Mrksich, M. Che Edited by !

Mahesh Uttamchandani on
°oo.:1i°/‘r’1DI'\({,|r'1:Ioride e
1.0% thionyl Shao Q. Yao Photoaffinity
(l)H (l)H QH rt, 4 hours (F| (;:
{-si-0-8i-0-8i-§ ———— §-si-0-si O capture
A B 80
Hergenrother et al., J. Am. Ch¢ 2 & Humana Press 3
o
o
0=

N /@ANNHTs
NH, NHz NHa ho0c

. NH /

PyBOP o i. Array compounds
— % NH o — : §-8i-0-5i-0-8i-}
o & ) s i.NaOMe 0.1 M (<)3_ (<)3_ (Qa_ ii.quench with:
§—8i-0-8i-0-Si-§  ethylene glycol i—Si~O-Si-0-Si-3 o
A B Kanoh et al., Angew. Chem. Int. Ed. 42, 5584-5597, 2003

Barnes-Seeman et al., Angew. Chem. Int. Ed. 42, 2376-2379, 2003



Primary capture chemistry for making SMMs

isocyanate coating reacts with nucleophilic functional groups
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Bradner, J. E., McPherson, O. M., Mazitschek, R. M., Barnes-Seeman, D., Shen, J. P., Dhaliwal, J., Stevenson, K.,
Duffner, J. L., Park, S. B., Nghiem, P. T., Schreiber, S. L., Koehler, A. N., Chem Biol, 13, 493-504 (2006)

Bradner, J. E., McPherson, O. M., Koehler, A. N., Nature Protocols, 1, 2344-2352 (2006)



SMMs contain compounds from a variety of sources

’E KOCH

for Integrative Cancer Research

% MIT CENTER FOR
' PRECISION
J CANCER MEDICINE

>135,000 commercials
~4,000 macrocycles

o, ~ e ~4,000 bioactives, drugs

~4,000 Boston University

<1,000 MIT synthetics

100,000 Broad

In silico analysis of 400,000 ‘National Library’ for screens:
>75% isocyanate-reactive



Interactions with varying kinetics can be visualized
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Detecting multiple interactions with Rapamycin

J Choi, J Chen, S L Schreiber, J Clardy, Science 1996, 273, 239-242.

FRB FKBP12

2063, KD =26 pM KD =0.5nM

80’s loop

1 mM Rapamycin 0.2 mM Rapamycin

A A
4 Y A

FKBP12

FRB
domain
of mTOR

300 pm



SMMs containing natural product extracts
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SMM of extract fractions

manzamine A

elF4a binder
stimulates IRES- and
cap-dependent translation

misakinolide A

6Me

1000 pm

tubulin binder

Schmitz, K., Haggarty, S.J., McPherson, O. M., Clardy, J., Koehler, A. N., J. Am. Chem. Soc., 129, 11346-11347, 2007



SMMs enable a new type of screen

target-directed assays in a native environment

Lec 3 - MAX
Lec 5 - SHH

small molecule -

puﬁﬁed
protein protein

small molecule - .
protein complex &% 1, Lec 4 — P3F
= Lec 6-CDK9

cell lysate



Candidate
small molecules

SMMs enable surveys across panels of proteins

assess ‘targetability’ — typically with pure proteins or domains

Cl’\GmICOl — 100 transcription factors (Clemons et al., PNAS, 2010)
11 HDACs (Boskovic et al., ACS Chem Biol, 2016)
Inhibition of Zinc-Dependent Histone Deacetylases with a i .
Chemically Triggered Electrophile 20 RNA-binding proteins (recently completed)
Zarko V. Boskovic,""" Melissa M. Kemp," " Allyson M. Freedy,"" Vasanthi S. Viswanathan, 34 cytokines (recently completed)

Marius S. Pop,”" Jason H. Fuller, \nml'~ M. \l.ulmu Samuel O. Figueroa Lazi, lnnun\, A. Hong, "™
Timothy A. Lewis,” Daniel Calarese,” James D. Love,” Amedeo Vetere, Steven C. \lmo
Stuart L. Schreiber, * and Angela N. Koehler

on-array selectivity
on-array SBR patterns

fragmentation (e.g., BRICS,
RECAP, Bemis-Murcko, etc.)

signatures as training sets for
machine leaming

BRD-4354
selectively inhibits HDACs 5 and 9

HDAC1 HDAC5CD HDAC4 HDAC7 HDAC6 HDAC10  HDAC3  HDAC2 HDAC11 HDAC8  HDAC9
Array of HDAC proteins



Binding screens involving cell lysates

HEK-293T Cells

control
transfection lyse cells

(empty vector)
by
X

Bradner, J. E., McPherson, O. M., Koehler, A. N.,

Flag-FKBP12
lyse cells transfection

o I

FKBP12

Nature Protocols, 1, 2344-2352 (2006)



Comparing detection methods using lysates

8.8nM /)

OMe
OMe : %2_%
§4<ﬁ4<i:> 2,600 nM
Flag

FKBP12

Captopril  Glutathione

Detection via a Fluor-Labeled
FKBP12 Secondary Antibody J%

FKBP12

Detection via Green
Fluorescent Protein

Detection via anti-FKBP12 Antibody
500 pm and Labeled Secondary

Bradner, J.E., McPherson, O.M., Mazitschek, R., Barnes-Seeman, D., Shen, J.P., Dhaliwal, J., Stevenson, K., Duffner, J.L.,
Park, S.B., Nghiem, P., Schreiber, S.L., Koehler, A.N. Chem. Biol. 13, 493-504, 2006



Binding screen using in cell lysates

10,800 printed features

3g 3 3 |
Mock _FKBP12 C1.C2 C3 C4 C5 F1 F2 F3 F4 F5 P
Rapamycin 0.003968
39 0.003968
39 0.003968
3j 0.003968
3j 0.003968
. 3 0.003968
printed 3 0003968
features ai 0.003968
6 0.003968
1276-M08 0.003968
3d 0.003968
3i 0.003968
3d 0.003968
3b 0.003968
3b 0.003968
3c 0.003968
3f 0.003968
3f 0.003968
3c 0.02381
4 0.02381
0 1.25 2.24 Rapamycin 0.02381
3 0.02381

Bradner, J.E., McPherson, O.M., Mazitschek, R., Barnes-Seeman, D., Shen, J.P., Dhaliwal, J., Stevenson, K., Duffner, J.L.,
Park, S.B., Nghiem, P., Schreiber, S.L., Koehler, A.N. Chem. Biol. 13, 493-504, 2006



Analysis pipeline — the simple version

small molecules...
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Public access for SMM data sets
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small molecules

ChemBank: an analytical tool for the community

assays (cell-based, biochemical, binding)

[

DOS compound

J

inhibitor of arginine
HMT (PRMT1)
enzymatic activity

hitin a PRMT1 SMM binding assay high-signal outlier in a Wnt assay

relationships between assays (protein and phenotype)

relationship of structure to screen performance
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<Y KRONOS-BIO

Small Molecule Microarray (SMM) TRN Candidate & Indication Discovery IND-enabling  Phase1 Phase 2 Phase 3

MYC/TF KB-0742 MYC-amplified solid tumors and other
Fusions (CDKS Inhibitor) transcriptionally addicted tumors

KB-9558 :
IRF4 (p300 KAT inhibitor) R/R Multiple Myeloma

B-Catenin | Undisclosed

Undis- Discovery Collaboration GenentECh

closed A Member of the Roche Group

/ P\

OSMM hits



20.109 MAX screens (Spring 2023)
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subarray with ‘gal file’
(genepix alignment) file
superimposed

subarray with
sentinel pattern for
alignment

SCan

each team screens
~10,000 unique
compounds

small molecule ‘hits’

16x16x48 = 12,288 full array with 48 for your 2024 studies
2 replicate slides subarrays (4 x 12)

4 replicates for each compound



Upcoming Lectures

2/8/24 Lecture 1 Intro to chemical biology: small molecules, probes, and screens

2/13/24 No Lecture Snow Day

2/15/24 Lecture 2  Small Molecule Microarrays

2/20/24  No Lecture

2/22/24  Lecture 3 Our protein target - MAX

2/27/24  Lecture 4 Quantitative evaluation of protein-ligand interactions
2/29/24  Lecture 5 KB-0742: A Phase 2 clinical candidate discovered by SMMs

3/5/23 Lecture 6 Wrap up discussion for Mod 1 experiments and report



