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Arrowsmith, J., Miller, P. Phase Il and Phase lll attrition rates 2011-2012. Nat Rev Drug Discov 12, 569 (2013).
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Background

Bioinformatics, Mass spectrometry, Chemical genetics improved the understanding of cellular pathways...

State-of-the-art PAL

Small molecule Phenotype
Bioinformatics drug candidate cell death, UV light
proliferation etc.
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Fig1. Application of Different approach in drug Fig2. Small molecule target ID in phenotypic screening-based drug discovery

discovery and its deficient
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Improvements made by Photocatalytic

Carbene N=N
< Rapidly form E ¥, carbene _ | \/
covalent bond with FaCT N tip ~4ns F3Cx
target proteins \ é

Dexter

energy

transfer

[ . Photocatalyst group
\ m‘*’_{ 20 < Activated by blue light
, \NJK/\C / % Further activate Diazirine to
H generate Carbene
H
F30)<©\ H Me
Diazirine-biotin group ’Nto
. : F5C
s Can be activated by SEGS
Dexter energy transfer O%-NH.H NH % Increased specificity
< Labelling the target | = NS . s
i -8 ¥ < Signal Amplification
diazirine-PEG3-biotin blue light

I | | % Efficiency
Fig1. Visible light-mediated photocatalytic target 1D

J. B. Geri et al., Microenvironment mapping via Dexter energy transfer on immune cells. Science 367, 1091-1097 (2020).
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Designed Photocatalyst for Enhanced Cell
Permeability and Intracellular Targeting

% TAMRA-CI: Fluorescent probes labeled with TOM20-Halk

% TOMZ20: A protein located on the membrane of Mitochon
Geri et al. Science (2020) This work:

Carboxylic acid S
conjugation handle N WY@ Ir-Gi-hexyl-Cl Ir-G2-hexyl-Cl
COH Easily prepared Probe (M) - 10 5 10 5 10
TAMRA-CI (pM) 5 5 5 5 5 5
F Multiple derivatives TOM20-
F prepared (Ir-PEG3- halotag
NH,, Ir-DBCO, Ir- anti-TAMRA
F development
anti-GAPDH
l | CO-H photocatalytic target ID

HaloTag chaser assay reveals only Ir-G2

. Gen 1 photocatalyst (Y) Gen 2 photocatalyst s signal catalyst is cell permeable
N\ intracellular small- labeling
2@

extracellular uMap amplification . . :
events Fig2. Cell permeability of Ir-photocatalysts determinec

antibody labeling molecule target ID
by HaloTag chaser assay

Fig1. intracellular photocatalyst suitable for small molecule target ID

s Changes of structure truly improve the permeability of Catalyst

J. B. Geri et al., Microenvironment mapping via Dexter energy transfer on immune cells. Science 367, 1091-1097 (2020).
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To further test whether this method can access any Ir-Drug conjugate

The photocatalyst truly increase the e SWISS NETWORK FOR

Here, they employ an inhibitor of the BRD4, and a spectator protein CA
Me (+)-JQ1-Gen 2-Ir (1)

Labeling of recombinant CA & BRD4
Me targets SUR4 Biotin-PEG3-Dz 4 15 mi
S°S (250 M) 50 nm (15 min)
Me Cl 3
)‘,‘N = : Ir-NHBoc (1.3 pM) + - —
N .. N G)PF (+)-JQ1-G2 (1.3 uM) — + -
CN) FsCos E L (9)-JQ1-G2 (1.3 uM)  — — +
Me z ‘N I Can bind with biotin «<——— Steptavidin
NH I :
N Ry
T Ne., BSANF Total protein [M—_—. —(—
N | z ’N No labeling with inactive (-)-JQ1 enantiomer
O S | F . : :
FBC Fig2. Western blot assay result of labelling recombinant

Fig1. The structure of (+)-JQ1-Gen 2-Ir conjugate CA & BRD4
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This Photocatalyst also works in the live
cells in a time-dependent manner

Biotin-PEG3-Dz 450 nm (15 min) < The intensity of labeling was found to be linearly
L related to irradiation time
(+)-JQ1-G1 (5 uM) - + -
(+)-JQ1-G2 (5 uM) + — - Time dependent labeling of BRD4 in HelLa cells ——
Biotin-PEG3-Dz 450 nm 450 nm 450 nm
BRD4 (250 uM) (2 min) (5 min) (15 min)
(pull down)
(+)-JQ1-G2 (5 uM)  + - + - + - -
(inpult-ls) Ir-NHBoc (5 pM) __—= + = + = + =

BRD4
No labeling with (+)-JQ1-G1-Ir catalyst pul d°“"“’\;_|
S ————
input
Fig1. Comparing permeability of G1- and G2- gt
based (+)-JQ1 probes following irradiation in

Hela cells Labeling increases with time due to signal amplification
Conclusive target ID by TMT chemoproteomics

<+ The G2-based (+)-JQ1 probe successfully _ o _ _ .
Fig2. BRD4 label time (2-min, 5-min, and
identified the BRD4 protein '9 a e'ng;gfrrsiisiffagﬁirog;ﬂe( min, 5-min, an
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The Targeting of (+)-JQ1 is specific

g{£L-JQ1-G2-Ir (1) vs. Ir-NHBoc (free-lr) . . S—g;JO1-GZ-Ir (1) vs. Ir-NHBoc + (+)- <% Comparing with (-)-JQ1-, only BRD2
and BRD3 was enriched.
6- B— [l [l .
T SR % This stereogenic center improves the
4- a0 o ALCAM specificity of Targeting
5] " e (+)-JQ1-G2-Ir (1) vs. (-)-JQ1-G2-Ir (inactive)
£} -
i | | | i | l [
-6 -4 -2 4 6 -4 -2 2 4 BRD2
Fig1. Quantitative chemoproteomic analysis shows enrichment of several BRD RS
proteins in HelLa cells labeled with (+)-JQ1-Gen 2 2
“ BRD proteins are highly enriched due to the specifically binding of ‘#
(+)-JQ1-Gen 2, and was not affected by using Ir-NHBoc 0- . . |
4 i 0 2 4
% The binding and labelling by (+)-JQ1 is indeed specific Fig2. Comparative analysis of the interactomes of

(+)-JQ1-G2 enantiomers
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Comparing with state-of-art PAL

4(+)-JQ 1-Dz-alkyne (1) vs. (-)-JQ1-Dz-alkene

State-of-the-art UV photoaffinity labeling using JQ1-Dz-alkyne

3_
Me — State-of-the-art PAL in Hela cells —
N Me UV (20 min) 2]
Me - c| (+)-JQ1-Dz-alkyne (M) 5 —

N’ . (5)-JQ1-Dz-alkyne (uM) - 5 14 b
9] (pull down) . R 3,
T T

HNA(\/// -2 -1 0 1 2
NN Streptavidin Fig2. TMT-based quantitative chemoproteomic
(+)-JQ1-Dz-alkyne (2) (pull down) analysis
State-of-the-art
photoaffinity probe

+» The UV-PAL didn’t lead to selective enrichment of
BRD4

Fig1. State-of-the-art PAL employing active (+)-JQ1- and inactive (-)-
JQ1-Dz-alkyne probes



Using the Photocatalyst to identify the target o
Dasatinib(Das)
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% Previous studies have demonstrated difficulties in maintaining potency and cell permeability using dasatinib-

derived probes

desHEP-Dasatinib-PEG5-Gen 2-Ir (3)

Src/Abl tyrosine kinase inhibitor |

o s N =T b
Me ﬁ”\(\_b’ “r o, R SN
N NN e F
b NT |
Me N
Dasatinib-Gen 2-Ir (4) g
~ F
full length conjugate Me FsC
N N*"N
Me H | 1
N S X NTXIN o, Biological
cl O He K’NI ctivity retained
PF
F | NPl Foh 0 Conclusive
N A target ID
E n,,‘,(;l'jl ““\N ~
F I
|\N “ '\ To improve the
IN‘ X NH permeability of
F CF, o) probes

Fig1. The designed Probe and ntracellular labeling of p38 using
desHEP-Das-PEG5-G2 in THP1 cells

average densitometry

—— desHEP-Das-PEG5-G2 (3) vs. Ir-G2-NHEt =
THP1 cells * vk ® Kinasc
4 ® Lysosomal
@ Off target
Successfully enriched p38
= e ABCC1
2 SRPKY @ P3Ba
Intracellular labeling fof p38 using 2 o LyR oo .5C
desHEP-Das-PEG5-GE in THP1 cells e 2= * " ¢ MARK3
e & FN3KRP
5000 = g~ Jotss
4000
3000 'y I 1 I | I
-6 -4 -2 0 2 4 6
2000 Logs (fold change)
Fig2. Label-free proteomic analysis in THP1 cells
1000
N I % The desHEP-probe successfully
(o | BN \(2o 1 identified the target of Das

s Enrichment of several kinases (red), as

_well as lysosomal proteins (green)
Das-G2 compete with

free das
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Dasatinib-G2 probe can Identify the target
protein as well

The kinase binding to the
probe or natural Das
Dasatinib-G2 (4) functional assay

C 18 h DMSO Das Das-G2

. . Phosphorylation of Abl Phosphorylation of p38
incubation phory 0.5 phory p
257 ’ s 8
probe (uM) 5 5 5 & 2 o0 59@* N
0 20- o] - o & &
E n":l_ 5 Q“’by q“??
phospho-p38 > 154 > 0.3+ S —
" °
- - m— -g 10 .2 0.2 anti-p38
5 ™ 197 b Rl
1 . % 5+ g 0.1 bz anti-phos-p38
0 {O \‘ 0 -‘O \( anti-GAPDH
F & & & &
. . . & &
Fig1. Kinase activity assays & 0,;0 &P ‘b,;a

Q
Fig2. Analysis of cellular activity in K562 cells with dasatinib vs Dasatinib-PEG3-Ir and
DMSO controls.



Comparing with state-of-art PAL

D 8-r— Dasatinib-G2 (4) + Dasatinib (off-compete) ——
K562 cells :
® Kinase
® Lysosomal
6 @ Off target
]
2 o Sl p38a
2 4- " .
= CTSD
(@]
7
y
0 | | I
-3 -2 -1 2 <
Log. (fold change)
Fig1. TMT-based quantitative chemoproteomic analysis
in K562 cells

+» The Dasatinib-G2 identified extensive enrichment of

kinases p38, Myt1, and CSK, confirming the binding
specificity
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6 Dasatinib-Dz (5) + Dasatinib (off-compete)
Me K562 cells
N"*N N\ H Me Dasatinib-Dz-
K\NMN’QS_)\”N alkyne (5),
PAL prob
s ag’ae’s SR
g 2 N:N
(oK
= 197} N
>
32
0= T I T T T
-1.5 -1.0 -0.5 0.0 0.5 1.0 15

Log, (fold change)

Fig2. TMT-based quantitative chemoproteomic analysis

in K562 cells

* The Dasatinib-Dz only lead to trace enrichment of

certain kinases
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Identification of Paclitaxel targets

s Paclitaxel have been proposed to be binding to microtubules, leading to stabilization and mitotic arrest
however, the full extent of its mechanism remains unclear

Paclitaxel-Gen 2-Iridium conjugate (6

8- Paclitaxel-G2 vs Ir(dFCF3)(dMebpy)*

targets tubulin F p,:s MCF7 cells
TUBB4B ® TUBA1A
H . TUBB3 » ¢
’f |@\ %

o]
1

. % The isoforms of tubulin also ey
enriched by photocatalyst

* Tuee

N

—Log4q (p-value)
nA
1

-
%

O
N
1

0

— Intracellular labeling in MCF7 cells — ‘ -6 -11 '2 0 5 A 6
Log, (fold change)
Biotin-PEG3-Dz 450 nm irradiation

(E50 M) {20 min} Fig2. TMT-based quantitative chemo-proteomic

pacitax.-G2 (20 um) [ — _ analysis in MCF7 cells
I-NHBoc (20 uM)|  — + _
a-tubulin i Lo
(pudl i) % Successful labeling of tubulin in breast cancer cells
actubulin with Gen2-Iridium
(inputs)

Fig1. Western blot analysis with anti-a-tubulin
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After discussing the efficiency of photocatalytic target ID for Intracellular
protein. We turned our attention to cell surface....

Small-molecule iridium conjugates localize to cell membrane leading to photocatlytic target ID

A

G-Protein Coupled Receptors - GPCRs

Gen 1 iridium charged carboxylates preclude
the most intensively studied drug targets O catalyst for cell cell penetration
274, cat surface labeling
>30% of all -:_? Vit o7 v N=N
approved drugs ?" Iridium provides catalytic signal FaC FaC
target GPCRs amplification at GPCR surface Me Me

: g
m Can pyMap overcome challenges in GPCR target ID? M;we E .N( J/O\/\o/\/o
m Few surface exposed residues HN 0

m Low copy number

®m Lack of available antibodies for detection L L.
Diazirine-Biotin probe

' _ B Hydrophobic peptides complicate MS analysis modular CU'C.”Ck conjuggti il Residue agnostic carbene
m diabetes m obesity m Alzheimer's ® CNS enables rapid construction enables GPCR labeling

Fig1. An overview of the use of photocatalytic iridium conjugates for targeting G protein-coupled receptors (GPCRs)



Photocatalytic target identification (ID) versus
classical UV-based PAL
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F
MK-8666-Ir (7) + MK-8666 (off-compete)
targeting MK-8666 targets 6
modality o H GPR40 (FFAR1)
-~ 5
~o Me | \
N / ‘ , 4_
H  “CO.H
MK-8666—Gen 1- MK-8666 —Dz, 8 MK-8666 — Dz-biotin, 9 o FEART
iridium conjugate, 7 (R = diazirine alkyne) (R = diazirine-PEG3- 2= e
(R = PEG3-iridium) biotin)
) O MK-8666-Dz yr aran.
HEK293T  MK-8666-Dz S & biotlr MK-8666-Ir
Probe (M) 1 1 - 1 1 1 1 o : | T i
Comp(M) - 100 - - 100 - 100 “5_ % i U. _ - 4 ?
kDa | Fig2. TMT-based quantitative chemo-proteomic
95 — . analysis in GPR40-expressing HEK293T cells
streptavidin

% Photocatalyst G1 labelled more GPR40 protein than
28 = Dz-biotin

total protein

Fig1. Comparative analysis of labeling of GPR40 & FEAR1 was significantly Changed using MK-8666-

Ir
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Another example of membrane protein

N;H SCH58261 targets Aoy (ADORA2A)
0] :
targeting SCH58261—Gen 1-
" modality iridium conjugate,
N%’ 10 7~ PEG3 < Photocatalyst G1 more significantly identified
— iridium . .
| —N SETERERG D 1 ADORA2A in different cell types
YN-hN’}\@ (R = diazirine alkyne)
HoN O
SCH58261-Dz (11) + SCH58261 (off- 51‘CH58261-G1 (10) + SCH58261 (off-
Bccbmpete) c<9n1pete)
8- .
6 Adora2a
6=
4=
W 4—-
.y o b- ADORAZA :
: d v
0 1 1 1 1 0 1 1 1 I
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Fig1. TMT-based quantitative chemo-proteomic Fig2. TMT-based quantitative chemo-proteomic

analysis in A2a-expressing HEK293T cells analysis in PC-12 cells



Pros and Cons

Pros

% This research describe a general platform

for Target ID of the intracellular proteins
and prove its reliability

“ The photocatalytic target ID has allowed
for the identification of multiple protein
targets and off-targets across multiple
drug classes and cellular compartments

“ The whole process of validating the
reliability can also served as a reference
for other similar researches

% This technology uses blue light, which
ensure the sample integrity
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Cons

*»» The author did not mention the limitation of
this technology

% The specificity can be further improved

% There might be some side effect of this
photocatalyst because of the metal ions
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“ What are the difficulties for small molecule drug’s target identification?

Transient interaction
Specificity

“ What further research we can conduct with this new technology?



