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| OVERVIEW

1 Introduction to Protein Mapping
Why understanding drug-proteome interactions is critical in modern drug discovery.

2 Affinity-Based Protein Profiling (ABPP)
Principles and advantages for identifying protein targets in complex systems.

Designing Chemical Probes for ABPP
Key considerations to ensure selectivity and reactivity.

ABPP Workflow: Tips and Tricks
Practical insights to improve experimental design and data quality.

5 ABPP Applications
Real-world examples demonstrating impact on target identification and drug development.
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Moellering RE et al. Cell Chem Biol, 2012

|WHY IS IT IMPORTANT TO MAP PROTEIN TARGETS?

Hit-to-Lead Pre-clinical Development

Phenotypic Screening Lead Optimization Clinical Trials

* Phenotypic-first drug discovery is reshaping early pipelines
 Target deconvolution allows mechanistic understanding that is critical for optimization
* Defining the interactome reveals off-target risks

 Keyto translational success

A clear understanding of target engagement and off-target profiles supports confident progression into
preclinical and clinical development
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TARGET DECONVOLUTION: EVOLUTION & STRATEGIES

PHENOTYPE-FIRST APPROACH. Genomic perturbation to identify drug targets. Aspirin
Very low-throughput biochemical investigation. Biochemical assays

GENOMICS & TARGET-BASED SHIFT. Transition to rational target-based discovery. HO'O

Affinity chromatography and cDNA libraries emerged. Rapamycin
Affinity Chromatography

OMICS REVOLUTION. High-throughput screening era. RNAi enabled genome-wide ?
validation. LC/MS became as a central tool for proteomics and chemoproteomics, Thalidomide @iﬁ &
advancing direct target capture (e.g. with photoaffinity probes). Chemoproteomics

CHEMICAL BIOLOGY. CRISPR/Cas9 screens enabled genome-wide functional

validation. New assays (DARTS, CETSA) allowed direct measurement of target ';Z';,?;'fg,?,ﬂ Profiling v
engagementin cells. Chemoproteomics expanded to deconvolute challenging targets. /O \/\g/v(”/
HN
Al & MULTI-OMICS INTEGRATION. Al-era. Machine learning, automation, and multi-
omics (e.g. single-cell, proteome-wide) is enabling rapid, accurate target identification C@(\(M@
from phenotypic screens. Advanced computational tools to streamline analysis and )
Dordaviprone

significant advances in silico target deconvolution. Machine Learning Prediction
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Sun J et al. Med Res Rev. 2021

| CHEMOPROTEOMIC APPROACHES FOR TARGET-ID

Key Principle

- Uses chemical probes or ligands to capture interacting proteins.

- Enables unbiased discovery of protein targets without overexpression or
genetic manipulation.

- Allows study of target engagement in physiologically relevant contexts
(e.g., in cells or tissues).

Advantages

- Captures native protein conformations and interactions.

- Canreveal off-target effects, providing important safety data.
- Suitable for whole-proteome scale studies.

Main Approaches

- Affinity-based: direct fishing of targets using probes.

- Stability-based: detect changes in protein stability upon ligand binding.
- Proximity-based: capture proteins near the ligand.
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| CHEMOPROTEOMIC APPROACHES FOR TARGET-ID

Affinity-Based Stability-Based ) Proximity-Based

[
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Modified probes to fishtarget Detects biophysical changes Enables labelling of proximal
proteins upon ligand binding proteins using click-bait system
e.g. ABPP e.g. MS-CETSA, DARTS, TPP e.g. uMapping, REX
Requires synthesis of fine-tuned Label-free, but requires complex Labels all proximal proteins, not
probes data analysis and can be very limited to binders
expensive
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IAFFINITY-BASED PROTEIN PROFILING (ABPP)

Affinity-Based . . .
— A chemoproteomic approach that uses affinity probes to

I : capture proteins based on specific binding interactions. Hit
1
I
I
; | Probes mimic small molecules with known activity to
: | identify interacting proteins.
I
1
|
1 oy .
! | Requires binding small molecule to a resin for enriching Recognition Motif
' , protein targets
Semmmm s s Resin
+ Identifying drug targets and off-target proteins. * Direct physical binding detection.
« Mapping protein-ligand interactomes. * Works in native or near-native proteomes.
« Studying metabolites signalling events * Supports drug development and selectivity profiling.

* Validating hits from phenotypic screens.
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IEVOLUTION OF CHEMICAL PROBES FOR ABPP

Early phase
small-molecules immobilized to resins
.VV\@ Used resin-bound small molecules to capture active enzymes.
‘/\/\@ * Enabled initial identification of targets but limited by poor accessibility and
flexibility.

Photoactivable Labelling
small-molecules immobilized to resins & cross-linked to interacting proteins

Added photoreactive groups that upon UV light activation induce crosslinking
of probes to interacting proteins, capturing transient or weak interactions.
* Expanded probe applicability to a wider range of proteins.

Bioorthogonal Chemistry
small-molecules cross-linked to interacting proteins, then clicked to resins

Designed minimal probes without large detection tags. After covalent labelling,
tags (fluorophores, biotin) are attached via bioorthogonal click reactions.
Reduced steric hindrance. Improved cell permeability. Lower background and
higher versatility.

iy
(e
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|ANATOMY OF A MODERN PAL CHEMICAL PROBE

F

A ﬁ
»-m—»- Crosslinking

Bioorthogonal Chemistry

v
Recognition Motif (C‘f\
Derived from hit compounds | x0T ; f

with known biological -
Flurophore Affinity-Tag

Reactive Group for Crosslinking

Allows to covalently bind the
chemical probe to the target
protein

activity
: i' I
Clickable Group for Reporter /
Probe-tagged proteins can be modified via / l l
click chemistry with a fluorescent reporter / o~
for visualization or an affinity-tag for YA ‘1‘
enrichment (&% | “ “ ‘
// \ — iz
! CONFOCAL IN-GEL MASS
IMAGING FLUORESCENCE SPECTROMETRY
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Kawamata Y et al. Nat. Chem. 2023

| CROSSLINKING STRATEGIES

COVALENT WARHEADS (Activity-based Protein Profiling)
* Enables covalent labelling of chemical probe to interacting = ’
proteins directly on the binding site, exploiting nucleophiles in
close proximity for covalent binding
* Precise labelling of binding sites and no off-target proteins
* Easily applicable to covalent inhibitors

PHOTOAFFINITY LABELLING

* Enables covalent labelling of chemical probe to interacting @m
proteins upon UV irradiation. o
* Allows temporal control of crosslinking

ELECTROAFFINITY LABELLING

* Innovative strategy that allows temporal control of the

crosslinking applying a constant current of (+)C/(-)Ni for 1 min -

(0}
to oxidize a diazetidinone to ketene after N, extrusion /T_I“N,N & f o8 N0
Highly tuneable
 Well-tolerated by cells
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IPHOTOACTIVABLE LABELLING

5

Karaj E et al. Bioorg. Med. Chem. 2022
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= @ 0 Nen &(g N-Ar
s N
Ph CF3 ,
o 1969 1983 i 2011 | 2018
1962 1973 1980 1989 1999 | 2016
G. W. J. Fleet [Smith & Knowles | Nielsen et al. Young & Platz )Battenberg etal. Ota et al.
F F
N ATKQ }_Q " Jj\
N3 & N3
Va ads ke ey Vﬁ)
F_F

Runfola M - Hit & Tell: Chemical Probes for Protein Mapping Through ABPP — 16 July 2025



https://doi.org/10.1016/j.bmc.2022.116721

Homan RA et al. Nat Rev Methods Primers. 2024
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|PHOTOACTIVABLE LABELLING

Aryl azide
uv N / N Nuc N\
R— —> ) —» R—
= \
Nitrene Benzazirine Ketenimine Non- Specmc labelling

R-H ¢ ¢H o)
o NHR NH
R_:O/ R_\):O

Goeldner et al.| | Kolpashchikov et al.| Battenbergetal. = Herner et al.
Singh et al. Galardy et al. Brunner et al. v | N=N
_ (o] o N“N N o ~ N-Ar
Ph CFy ‘ F . o
1969 l 1983 2018
201 y
1962 1973 1980 1989 1999 2016
G. W. J. Fleet 'Smith & Knowles | Nielsen et al. Young & Platz "Battenberg ot all Ota et al.
F F
N
Nl o N Na
F_F
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|PHOTOACTIVABLE LABELLING

Benzophenone
~ N X Alkyl radical X
0 o H-X oH \U o
. Y U Y Y
A uv N AN
R-r <=R-—7 —» R— — R+
= Z 7
Diradicaloid Ketyl radical
Goeldner et al.| | Kolpashchikov et al. Battenbergetal. = Herner et al.
Singh et al. Galardy et al. Brunner et al. | v | n=N
- 0 ° Nen B \(éy /S(g N-Ar
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|PHOTOACTIVABLE LABELLING

Homan RA et al. Nat Rev Methods Primers. 2024

Babulic JL et al. Curr Opin Chem Biol. 2024

[Protein]
Carbene XH X-[Protein]
Diazirine N1 —_—
R R R R
N=N :
+UV or [Prcite| n]
\ Ji CO,H H 0 [Protein]
R™ R \ R>< R' O
Diazo N,
Goeldner et al.| | Kolpashchikov et al. Battenberg etal. Herner et al.
Singh et al. Galardy et al. Brunner et al. FE cl
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|PHOTOACTIVABLE LABELLING

Aryl tetrazole

R [Prote| nj
(* —

R
RN, — N+ CO' H* NH /=
/ _’.. 4 Y /
T\ ,\R1 @>= N A A W

[Protein] O
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|PHOTOACTIVABLE LABELLING

Aryl Azide

<| 260-300 nm

7 . .
ul Simple synthetic
= incorporation
Z

<

2 Small size
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Nucleophile (nitrene)
Cys (benzazarene)
Lys (dihydroazepine)

High-energy
photoactivation

Lower intrinsic reactivity

Side reactions with thiols

——————
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Benzophenone

350-365 nm

Simple synthetic
conjugation

Reversible H,O side reaction

Met

Bulky and high lipophilicity

Photosensitization may lead
to DNA damage

Biased towards Met

~ L

e e - —

Aryl trifluoromethyl
Diazirine

~350 nm

Highly promiscuous
reactive carbene

Reduced protein damage

None (carbene)
Glu/Asp (diazo)
Bulky and lipophilic

Carbene quenched by
wateror O,

Non-specific reactions

Homan RA et al. Nat Rev Methods Primers. 2024

Babulic JL et al. Curr Opin Chem Biol. 2024

Aliphatic Diazirine

355-365 nm

Broadly reactive, minimal
residue bias except with
diazo intermediate

None (carbene)
Glu/Asp (diazo)

Prone to diazo formation,
rearrangements and non-
productive reactions
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Aryl Tetrazole

302 nm

Simple incorporation on
carboxylic acid moieties

Labelling efficiency similar
to diazirine

Glu/Asp

Highly selective for
carboxylate side chains

Bulky and lipophilic

Higher-energy
photoactivation
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| CROSSLINKING STRATEGIES: DIAZIRINE

-

e e e

Aliphatic Diazirine

P d ~ \
/7
/ N=N \
| cFy |
\ )
\ /
N 7/

e

Aryl trifluoromethyl
Diazirine

N=N

alkyl
diazirine

hv

N=N
b4

Ar CF3
aryl

diazirine

West AV, J Am Chem Soc, 2021

protein
labeling
A/\)\ Ar” "CF, H A
alkyl / aryl — OH e OH W
carbene A)\)\ by water Af)\CF
- 3 pH-dependent
D ah
Ar~ "CF rearrangement foactyityiwit
ANA product (alkyl only) | acids
T hv $
w@ II:JI HA III®
- N -— N e | AP jl<H
<
Ar )LCFa Ar/'\CFs Ar” “CF4
aryl electronically , ;
diazo stabilized diazo no diazo labeling
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Membrane proteins

elevated pKa,
highly reactive protonated acids

Proteins with large negative electrostatic surfaces

I

)

electrostatic attraction increases
proximity to reactive amino acids
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IEXAMPLES OF PAL PROBES

Append Replace

SACTN oo ) O

Merge

9 N=N

N=N =N, /=R
ohi PR,
Aryl Diazirines Aliphatic Diazirines Aryl Tetrazoles

I
N< /Q(N o]
N F
> o
N\ J o
o N ~ Oe 0 —N
L0 Q i Qg
COOH v (o]

S Jucens

F

1
@

v [of

<
-4

Liu J, J Agr Food Chem, 2025

Husain SS et al, ) Med Chem, 2006 RomeoE et al, | Med Chem, 2025 GaoJ.J Am Chem Soc, 2018
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IBIOORTOGHONAL CHEMISTRY

high-yielding chemical reactions that proceed rapidly and selectively in biological environments without side reactions
towards endogenous functional groups

Reactants Product Staudinger ligation
Carbonyl condensation In vivo formation of amide bonds
(o] , o} 0
x-. + _— N 2
/ R2-N R?
L .JL ilte) : OMe — o N7
X = NH, O .’LF«H) H
Modified Staudinger ligation R’ PPh; R ’?th
i 1@ ©
Me + Ns—. _ H
PPh, PPh, 3 P
Strain-promoted [3 + 2] cycloaddition
Traceless Staudinger ligation Copper-free coupling with 1,3-dipoles
0 (0]
o, + O —— )@ R
H ~ R2
=R
_ \\Z X—Y
Inverse-electron demand + \
Diels-Alder cycloadditions X L
.@ + NN —_— X -NH
Strained/activated ; R? R1

Copper-catalyzed azide-alkyne
cycloaddition (CuUAAC)

.'\C.: + N-@

Strain-promoted azide-alkyne
cycloaddition (SPAAC)

D - we

Cu cat.

Copper-catalysed azide-alkyne cycloaddition
Minimal size, readily accessible, broadly useful

R?-N; + =——R! >

Scinto SL et al. Nat Rev Methods Primers. 2021

Photoinducible bioorthogonal chemistry
Spatio-temporal control with light

R2
N=—
;_< + /\Ra

N=—
hv N’
N —_— RW-‘
R~ '\N$ N =N,

Tetrazine ligation
Exceptionally rapid kinetics

R1

Native chemical ligation
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Oxime and hydrazone ligations
Enabled by ketone and aldehyde tags

R! }_RZ

Palladium and ruthenium-catalysed
couplings

Unique tags for biomolecule R
modification

Protein synthesis from synthetic or expressed fragments

N o}
2N _R2 o)
S — 4
— .N + RS'N N Rr1
R? NH, © R%8™ "R N

R1
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|BIOORTOGHONAL CHEMISTRY
CuAAC

Cu cat. N~
R?-N; + =——R! > \__

R1
Copper-catalysed azide-alkyne cycloaddition

 Small, minimal perturbation of molecular function.
* Largely unreactive in biological systems

* Modular, aqueous-compatible, by-products free-, user-
friendly

* Done after lysis to avoid live-cell copper toxicity

* Allows enrichment & detection of active proteins

Limitations

» Some proteins can still be damaged by copper in lysates

* Thiols may inactivate copper catalyst, reducing
efficiency

* Requires careful control of reaction conditions and
copper ligands

Scinto SL et al. Nat Rev Methods Primers. 2021

Strain-promoted [3+2] cycloaddition

* Copper-free alternative using strained alkynes
* No copper catalyst needed

* Avoids copper-related damage to sensitive proteins

* Compatible with lysates and live-cell applications

* Simplifies workflow, no need for copper ligands or
quenching steps

Limitations
» Strained alkynes are bulkier, may affect probe design
or reactivity

e Slower than CuAAC in some contexts
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|COMMON REPORTERS

_________________________________________________________________________________________________________________________________________________________________

404/477 nm 503/512 nm 546/579 nm 646/662 nm

BN 42T i
: - Wide range of commercially available
N3 N; 0 fluorophores
~ N,

- Selection depends on application
(e.g., excitation/emission wavelengths,
brightness, photostability)

O5-NH

“00C I

Hydroxycoumarin q - Commonly used in ABPP for
N @ o \ﬁ/ visualization, target validation, and
BoDI-PY | | quantification
\ TAMRA
Jf Affinity-tags Combined
HN
H NH - Biotin-azide available with various linkers
H

s—, (application-dependent)
/\-_\ - Preferred choice for enrichment

S e e e e e e e e e e e e

Ns experiments o
- Biotin-streptavidin interaction provides Biotin
M very strong binding %,o _ =
"'N»__NH ik Cleavable linkers can be incorporated as ’,f ""'"ke;\'" ,
(o] 3 needed rLinker
N;

__________________________________________________________________________________________________________________________________________________________
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Li Z et al. Angew Chem Int Ed Engl. 2013

IADVANCES IN PROBE DESIGN

Crosslinking

* Minimalist tag
* >8steps synthesis
<30% overall yield

* Could be easily inserted
as last step

» Stable

* 60-200£ per50mg

* pH-dependent

A
Minimalist Tag

dialkyl diazirine alkyl diazo alkyl carbene

L1 R=-COOH
L2 R=-NH,
L3 R=-|

I
Z‘J
|

SyntheS|s

I/ ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' \\‘
| i
i i
i 3 steps o 1) NH; NH;504H N=N i
1 TsOH, acetone /\)k/\ 2} | TEA /\)Q/\

I z I
i ,JJ\_,”\ e HDW\ - HO s S = = HO . > i
] 1
: PPhs 1, l !
i imidazole, THF i
i 92% i
] P 1
: MalH, N=N N=H PPhs :
i i v Methanol/H-0 e M a KCN, DMF I3 NaN3 DMF | THF-H;0 L2 i
- — 75% = 80% 85% 3 X 8% L !
i 18 17 i
] 1
] 1
] 1
1 1
\ U
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ADVANCES IN PROBE DESIGN ‘

Crosslinking

Pl

faster
transition )

_hv _ N g o
+

cyclobutane diazirine cyclobutyl diazo alkyl carbene specific protein labeling
- - through short-lived
intermediates

* Minimalist tag
* 11 steps synthesis
12% overall yield
* Could be easily inserted
as last step
» Stable
* pH-independent
* Lengthy and expensive

HO

PALBOX

,—----------‘
=
Il
=
D0
|

synthesis
ynthesis
T e e e == ——— -

/ A
[ HO

1 0 Ho™ ~~~-OH Y o N N N=N i
i : o] 1. DIBAL, THF, 0 °C 1. TBSCI, imidazole, 7 1. MsCl, TEA, DCM, 0 °C ]
i 1. pTSA, Tol. 110 °C 2. NaBH,, THF DCM 2. NH,, MeOH, -78 °C to 24 °C TBAF, AcOH I
] 2.LDA, THF 0 °C, then, , Z 3. HCI (2 M), acet - 3 i
H Y NZ . HCI (2 M), acetone 2. NH,OH-HClI, Pyr, 3.1,, TEA, DCM, 0 °C THF — 1
i N Br’\ N OH " FPIOH,90°C  TBSO TER0 |
H T™MS TMS 7%, three steps ™S 66%, two steps TMS 40% T™S 92% H
1 1
: 2 73%, two steps 3 i 5 6 PALBOX :
i i
I N=N N=N N=N L oY N=N i

o] :
i CrO3, HyS0,4 TsCl, DMAP, Pyr nine steps i
: _ H,0, acetone o _ = DCM,0°C = N// S _— :
i oH 92% oH OH 39% OTs S e 7% overall NH,CI i
1 1
1 PALBOX - PALBOX 8 " . :
\ Y
\ 'I

N S S S - -
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Nakashima T et al. Chem Asian J. 2024

IADVANCES IN PROBE DESIGN

Crosslinking
"f ------------------------------------------------------------------------------------------------------------
1 . N
] N=N o
S O e ]
! | H NH
i hv |
! e —_—
1 //\0 OH NH,
\zZ
///\O OH i Yo
Fluorogenic i O Bioactive Molecule (¢]
Diazirine/Alkyne 1 - ’ o
E v
\\ ____________________________________________________________________________________________________________
* Interesting approach
* 4 step synthesis
11% overall yield
 Could be inserted as last step
Synthesis * Quite bulky could affect probe-target interactions
S T T T T T T T T T T T e E e E T EEEEEEEEm ~
{ i
1 1
1 1
! OH o o 7 1.7 M NH3/MeOH 4 i !
1 . 1
i /5/\ Z e /@A Ph3P\)J\o/\ N oS 0°C3h NS
1 B > o) > > 1
1 0 1
1 DMF, K,COg, RT, 6h butenone, ACN, 60 °C = (6} 2. HOSA, MeOH //\O 1
i HO e = o z" 0°C,3h - \ i
i 26% 81% 0o N !
! 36 % !
1 1
\~ _______________________________________________________________________________________________________________________________________________ 'I
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https://doi.org/10.1002/asia.202400288
https://doi.org/10.1002/asia.202400288
https://doi.org/10.1002/asia.202400288
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https://doi.org/10.1002/asia.202400288

| VALIDATING THE PAL PROBE

Photoactivable

Crosslinking

Labelling

Efficiency

NMR or LC/MS

1. Dissolve probe in MeOH or MeOD

2. Irradiate with UV light for several
minutes

3. Check formation of Methoxy-adduct

via NMR or LC/MS

In-gel Fluorescence

1.

2.

h W

Treat cells from phenotypic assay
with probe and UV-irradiate.

Lyse cells, click reaction with
fluorophore

Run SDS-PAGE

Biological

Activity

Labelling
Specificity

Phenotypic assay

Validate probe biological behaviour on
same phenotypic assay(s) used for
identifying hit compound (dose-
response)

Competition Assay

1. Pre-incubate cells with
structurally similar competitor
(e.g. hitcompound)

2. Treatcells with probe, irradiate,
lyse and click reaction.

Verify protein are labelled in right 3. Run SDS-PAGE
conditions 4. Verify dose-dependent
disappearing of labelled proteins
Runfola M - Hit & Tell: Chemical Probes for Protein Mapping Through ABPP — 16 July 2025 22
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IABPP EXPERIMENTAL WORKFLOW

Optional
a0
18-48h 15 min
Competitor o i
Pre-Incubation Probe Incubation UV Irradiation Cell Harvesting

P o —_——_—e—_————————— -~ N
I’ Active Probe 1
I 10uM 1uM 0.1uM :
I I
I I
I I
I I
I I
. | I
Protein Fluorophore Protein SDS-PAGE Imaging : !
Quantification Bioconjugation Purification I :
' |
: I
. . . . . . . . . . . I
- Critical part as it provides information on labelling specificity of the probe, establishes the : |
protocol for proteomics, provides information on potential protein hits MW. | |

|
i |

. . . . |
- Protocol needs to be adapted to cell line, probe mechanism, and available instruments. . :
I I
I I
I I
| I
\ /
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Runfola M. Unpublished

ICELLULAR VALIDATION: IMAGING

iy

/ & g
o B . n,
! At ‘&}*2" ) .' - . -: -:I: ‘__' :_'C-Y_J:‘t_ QG G 'f;"\\f’,'__,;_-‘[_‘fi,l- ~ Qo G " " o, ‘ 2l . .. : -
Probe Incubation UV lIrradiation Fixation Permeabilization Click Reaction Imaging
PFA 4% Triton-X 100
<15 min <20 min
.- Example ------------------o e .
Active Probe 0.1uM

* Usefulto validate probe entering cells, if
UV-irradiation time is damaging cells, etc

* Allows understanding of probe localization

* Can be used for competition assays and
for target engagement studies using
appropriate antibody

o e e e e e e e e e e e e e

_________________________________________________________________________
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| CONTROLS FOR ABPP

Using adequate controls is critical for success of ABPP.
The right choice of controls depends on specifics of project aims and hit biological profile

__________________________________________________________________

3

-

\ 7 \ 7/ 7/
B No UV-irradiation [g¢ B Inactive Control [g¢ T Competition -’

Skip irradiation step on active Use structurally similar but non- Pre-incubate with excess of
probe treated cells. reactive analogues. known inhibitors or parent
Non-specific photo-crosslinking Validates specificity of probe- Assesses selectivity and target
and background labelling target interactions engagement
Helps confirm signal Demonstrates that labelling is Demonstrate labelling at
dependence on probe reactivity. activity-dependent binding sites.
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|TRANSITION TO CHEMOPROTEOMICS

Probe biologically validated for specificity and sensitivity

Adequate controls
In-gel Fluorescence provides information on size of protein

Confocal imaging provides information on cellular localization of probes

Ready for moving to MS-Proteomics
Similar workflow, but fluorescent reporter is substituted with biotin to allow enrichment via streptavidin binding

Optional
(N =
18-48h \@ 30 min 15 min
Competitor o . .
Pre-Incubation Probe Incubation UV Irradiation Cell Harvesting Cell Lysis
Optional
; 10 min )
2h 7 30 min !
. Pre-clearing N Protein
Prc?tfaln ‘ Biotin Purificati Pulldown Proteomics
Quantification Conjugation urification (Elution)
(Alkylation & Reduction)
Digestion
LC/MS 26
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| DATA ANALYSIS & BIOINFORMATICS

Protein Digestion Peptides LC-MS/MS Peptide-to- Statistical Graph
Enriched Protein Analysis

Volcano Plot

30 4 i . 1QGAP2

Data

Hits . .
IGGAP1 C@ ST RI N G Cellular Localization collected

Protein Network Analysis

Significance g Potential Protein Molecular Weight

DNMBP
= 2 Protein Enriched
S CDC42EP4~—_CDC42EP1
2 \.. \ *CDC42BPB
z KCTD3-® Myo18A ‘PAK2
8 “ v
= o ¢ ARHGEF12 Select Protein Hits
= JWASL 4
10 L CDC42BE’A
. . [ ] v
[ ] L]
o o ‘e Validate by Biology/Pharmacology
L 4
_______________________________ Sl e -  Western Blot
- CETSA

: - Confocal Imaging (competition)
Fold Change (Logz)

>

Enriched Proteins

A
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| ABPP APPLICATIONS: TARGET DECONVOLUTION

Wilkinson IVL et al. Angew. Chem. Int. 2020

Learning and walking difficulties

L &% | & | &
L S | & | A
Severe and 2500people 1in 3500 live 7000+ mutations | Wheelchair by the| Deathby cardiac or
progressive muscle living with DMD male births on DMD gene ageof 10 respiratory arrest
wasting disease in UK early adulthood Gower’s Maneuver
UTROPHIN UPREGULATION
) PhaseOut DMD Discontinued due to lack of | AhR antagonism identified
DAGC | Extracellular Matrix L . i i i )
# LOTSPUURPRPPA 0P N Phase 2 Clinical Trial sustained efficacy as Mechanism of Action
5 N o
B s aasssasasaasaaiaagaly Ezutromid = 2016 2018 2019 2020
Confirmed clinical CYP450 susceptibility identified as

) M Utrophin

Cytoeleton

Actin pges

0\\3,9 N N=N
~ F“°X<IN‘>—©‘.
¢ =) :
Ezutromid Probe

\o |

/é“‘ N

Q-0

o

4 Gen

First orally bioavailable
utrophin upregulator

utrophin upregulation

main cause behind lack of efficacy

Student's T-test difference
Probe vs. probe + competitor
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a ®
@ Nccrpl g 5|
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nlr 3 @ Dynclhl 14 o(.
: s
8 2 e Cat |5
= )
B E o}
o e Tgml g
21 ®DsPeprim2 | g
g ® AR =
- :
=
0 13 -5
- : - 3
=5 0 5 4 -5 0 5

T-test difference active probe vs. negative control
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| TROUBLESHOOTING & RECOMMANDATIONS

Intensity

Probe Design
& Synthesis

Clearly define SARs to
determine where to insert
the PAL group and alkyne.

Use multiple PAL groups
for improved results.

Do not rely on a single
probe; the more options,

the better.

Choose straightforward

synthetic strategies, and
whenever possible, opt for

commercially available
tags.

Biological Validation

Approach validation
methodically.

Optimize timing for
treatment (<2 h).

Test more than one cell
line or model for robust
validation.

Remember that each
modelis unique

Be flexible. Adapt the
protocol to your needs

Remember: at this stage,
no resultis "bad*, all
results are informative.

Chemoproteomics

Use multiple controls

When possible, keep a
high number of biological
replicates (ideally n = 4).

Validate protocols using
in-gel fluorescence and
WB until confident.

Test different conditions
and probes for
comprehensive insights.

Data Analysis
& Hit selection

Reference academic
literature, itis your best
tool.

Use free-online
resources for data
analysis and graphing.

Discuss findings with
colleagues from diverse
backgrounds.

(

Target Validation

Utilize all collected data
for planning validation
experiments.

Prioritize simple and
efficient approaches that
yield clear answers.

Remember:

If something goes wrong, an error in the process is controllable and often due to

human oversight.

Double-check your steps!

Runfola M - Hit & Tell: Chemical Probes for Protein Mapping Through ABPP — 16 July 2025
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| CONCLUSIONS & TAKE-HOME MESSAGE

ABPP is a versatile and powerful platform for drug discovery (at all stages!)
Enables precise interrogation of small molecules behaviour in biological systems
Accelerates the identification and optimization of therapeutic candidates and disease-relevant targets

Broad potential applications

Target Deconvolution

Off-target profiling

Binding Sites Mapping

Screening systems

Target Validation

Functional assays (e.g. cellular localization, target engagement)

Embrace Biology

Understand the pharmacology behind testing small molecules is critical
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