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PROXIMITY-BASED LABELING SYSTEMS AND APPLICATIONS THEREOF

RELATED APPLICATION DATA

The present application claims priority pursuant to Article 8 of the Patent Cooperation
Treaty to United States Provisional Patent Application Serial Number 62/858,539 filed June 7,
2019 and United States Provisional Patent Application Serial Number 62/982,576 filed February

27,2020, each of which is incorporated herein by reference in its entirety.

FIELD
The present invention relates to proximity-based labeling techniques and, in particular, to
compositions and methods permitting high resolution labeling of proteins in cellular

environments.

BACKGROUND

Protein proximity labeling has emerged as a powerful approach for profiling protein
inter-action networks. The ability to label associated or bystander proteins through proximity
labeling can have important implications on further understanding the cellular environment and
biological role of a protein of interest. Current proximity labeling methods all involve the use of
enzyme-based generation of reactive intermediates that label neighboring proteins on a few
select amino acid residues through diffusion or physical contact. Despite the transformative
impact of this technology, the inherent stability of these reactive intermediates such as phenoxy
radicals (t12 > 100 us) through peroxidase activation or biotin-AMP (t12 > 60 s) through biotin
ligases can promote diffusion far from their point of origin. As a result, these enzyme-generated
reactive intermediates pose a challenge to profiling within tight micro-environments.
Furthermore, the large enzyme size, the dependency on certain amino acids for labeling, and the
inability to temporally control these labeling systems present additional challenges for profiling
within confined spatial regions. Given these limitations, new approaches for proximity-based

labeling are needed.

SUMMARY
In one aspect, compositions and methods are described herein for providing a

microenvironment mapping platform operable to selectively identify various features, including
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protein-protein interactions on cellular membranes. In some embodiments, a composition
comprises a catalyst, and a protein labeling agent, wherein the catalyst activates the protein
labeling agent to a reactive intermediate. The catalyst, in some embodiments, can have
electronic structure for permitting energy transfer to the protein labeling agent to form the
reactive intermediate. The reactive intermediate reacts or crosslinks with a protein or other
biomolecule within the diffusion radius of the reactive intermediate. If a protein or other
biomolecule is not within the diffusion radius, the reactive intermediate is quenched by the
surrounding aqueous or aqueous-based environment. As described further herein, the diffusion
radius of the reactive intermediate can be tailored to specific microenvironment mapping
considerations, and can be limited to the nanometer scale. In some embodiments, for example,
the diffusion radius can be less than 10 nm or less than 5 nm. Moreover, in some embodiments,
the reactive intermediate can have a half-life of less than 5 ns. In some embodiments, a protein
labeling agent can be functionalized with a marker, such as biotin or luminescent markers for
aiding in analysis. Any catalyst operable to participate in energy transfer with the protein
labeling agent to provide the reactive intermediate can be employed. In some embodiments,
transition metal catalyst is used. Alternatively, non-transition metal organocatalyst may be used.
Energy transfer from the catalyst to the protein labeling agent can occur via a variety of
mechanisms described further herein, including Dexter energy transfer.

In another aspect, conjugates for proximity-based labeling are described herein. A
conjugate comprises a catalyst coupled to a biomolecular binding agent. The catalyst can have
electronic structure for energy transfer to a protein labeling agent for generation of a reactive
intermediate as described above. The biomolecular binding agent, in some embodiments, can be
used to selectively locate or target the catalyst to a specific environment for mapping. The
biomolecular binding agent, for example, locate the catalyst in the desired cellular environment
for proximity labeling and associated analysis. The biomolecular binding agent can comprise a
protein, polysaccharide, nucleic acid, or lipid, in some embodiments. In some instances, the
biomolecular binding agent can comprise a multivalent display system comprising a protein,
polysaccharide, nucleic acid, or lipid. Moreover, the biomolecular binding agent can also be a
small molecule ligand with a specific binding affinity for a target protein.

In another aspect, systems for proximity-based labeling are described herein. A system,

in some embodiments, comprises a conjugate including a catalyst coupled to a biomolecular
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binding agent, and a protein labeling agent activated by the catalyst for binding to a protein. The
conjugate and protein labeling agent can have any composition and/or properties described above
and in the following detailed description.

In a further aspect, methods of proximity-based labeling are described herein. A method
of proximity-based labeling comprises providing a catalyst, and activating a protein labeling
agent to a reactive intermediate with the catalyst. The reactive intermediate couples or bonds to
a protein. In some embodiments, the catalyst is coupled to a biomolecular binding agent to
selectively locate or target the catalyst to a specific environment for protein mapping in
conjunction with the protein labeling agent. The catalyst, conjugate, and protein labeling agent
can have composition and/or properties described above and in the following detailed
description.

These and other embodiments are further described in the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates energy transfer between an iridium photocatalyst of Formula (I) and a
diazirine protein labeling agent, according to some embodiments described herein.

FIG. 2 illustrates various diazirines operable to form reactive intermediates via energy
transfer from a transition metal photocatalyst for protein or other biomolecule labeling,
according to some embodiments.

FIG. 3 illustrates a reaction mechanism for flavin-based protein labeling according to
some embodiments.

FIG. 4 illustrates various transition metal photocatalysts of Formula (I) having a reactive
functionality for coupling a biomolecular binding agent.

FIG. 5 illustrates several transition metal photocatalysts of Formula (I) forming a
conjugate with a biomolecular binding agent according to some embodiments.

FIG. 6A illustrates operation of proximity-based labeling systems and methods described
herein according to some embodiments.

FIG. 6B illustrates operation of proximity-based labeling systems and methods described
herein for identification and validation of membrane G protein-coupled receptors (GPCR)

according to some embodiments.
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FIG. 7A illustrates labeling of proteins with carbenes generated via diazirine sensitization
with photocatalyst according to some embodiments.

FIG. 7B illustrates the Ir-photocatalyst employed in the reaction scheme of FIG. 7A.

FIG. 8A illustrates conjugate targeted proximity-based labeling of VEGFR2-Fc or
EGFR-Fc on agrose beads showing spatially selective protein labeling of VEGFR2-F¢ or EGFR-
Fc.

FIG. 8B illustrates non-selectivity of primary antibody targeted labeling of agrose bead
bound VEGFR2 or EGFR with HRP-secondary antibody conjugates.

FIG. 9A illustrates CD45-targeted uMapping on Jurkat cells and associated Western blot
analysis.

FIG. 9B illustrates uMapping of CD45, CD29, or CD47 on Jurkat cells resulting in the
enrichment of unique sets of proteins, which included both known (CD29:CD49D,
CD45:CD45AP:CD2) and previously unknown interactors.

FIG. 9C illustrates results from state-of-the-art peroxidase proximity-based labeling
methods where cell surface CD45 and associated proteins were not resolved from CD29 or
CDA47.

FIG. 10A illustrates use of conjugates and protein labeling agents described herein for p-
Mapping the PD-L1 microenvironment according to some embodiments.

FIG. 10B illustrates string analysis of convergently enriched proteins resulting from p-
Mapping the PD-L1 microenvironment, according to some embodiments.

FIG. 11A illustrates frans or cis labeling with compositions and methods described herein
via intra/extrasynaptic targeting according to some embodiments.

FIG. 11B is flow cytometry analysis of antibody targeting of PD-L1 on JY-PD-L1 B cells
with uMapping compositions described herein using 10-minute light irradiation relative to
peroxidase-based targeted labeling according to some embodiments.

FIG. 11C is flow cytometry analysis of antibody targeting of CD45RO on Jurkat T cells
with uMapping compositions described herein using 10-minute light irradiation relative to
peroxidase-based targeted labeling according to some embodiments.

FIG. 11D provides two cell system confocal microscopy images illustrating selective
labeling by uMapping compositions described herein relative to non-selective peroxidase-based

targeted labeling according to some embodiments.
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FIG. 12A illustrates bead-based protein labeling employing a secondary antibody flavin
conjugate according to some embodiments.

FIG. 12B is Western blot analysis of light dependent CD45 biotinylation for the indicated
time points, according to some embodiments.

FIG. 12C is a schematic of CD45RO- or CD45RA-targeted cell labeling in mixed T-cell
populations according to some embodiments.

FIG. 12D is flow cytometry analysis of photolabeling time course of CD45RA+ or
CD45RO+ T cell biotinylation, according to some embodiments.

FIG. 13A is a schematic depicting photoproximity labeling of CD45 on Jurkat cells with
secondary antibody flavin conjugate (AFC) according to some embodiments.

FIG. 13B is Western blot analysis of CD45-targeted labeling of the Jurkat cells of FIG.
13A.

FIG. 13C is confocal imaging of cells with CD45-directed labeling indicating that
biotinylation is both confined to the cell surface and light exposure time dependent.

FIG. 13D provides volcano plots of significance vs. fold-enrichment for targeted- vs
isotype-targeted biotinylation of CD45 in Jurkat cells.

FIG. 14A is a schematic depicting photoproximity labeling of PDL1 on JY-PDLI1 cells
with secondary antibody flavin conjugate (AFC) according to some embodiments.

FIG. 14B provides volcano plots of significance vs. fold-enrichment for targeted- vs
isotype-targeted biotinylation of PDL1 on Raji cells expressing PDLI1.

FIG. 14C is a Venn diagram of significantly enriched proteins identified from PDL1
targeted labeling on JY and Raji cells expressing PDL1.

FIG. 14D is a list of significantly enriched proteins identified from PDL1 targeted on JY
and Raji cells with known PDLI1 related function.

FIG. 14E is a string protein interaction network and GO term analysis of significantly
enriched proteins for PDL 1-targeted experiments.

FIG. 15A is a schematic depicting a two-cell system consisting of engineered Jurkat and
Raji cells according to some embodiments.

FIG. 15B is flow cytometry analysis wherein biotinylation is detected on both Raji and
Jurkat cells with PDL1 targeting using the antibody flavin conjugate (AFC), but not detected

using Isotype targeting or in the absence of visible light irradiation.
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FIG. 15C is confocal microscopy imaging of the Raji-Jurkat two cell system with PDL1
targeting on Raji cells revealing labeling on both Raji cells and points of cellular contact on
Jurkat cells using the AFC.

FIG. 15D is a schematic depicting a two-cell system consisting of engineered Jurkat and
Raji cells according to some embodiments.

FIG. 15E is flow cytometry analysis wherein targeting labeling of CD45RO on Jurkat
cells (known to be excluded from the synapse) resulted in low levels of Raji transcellular
labeling using an AFC and nearly quantitative labeling when HRP was used.

16 illustrates the experimental set up and results, including the sulfonamide-iridium
conjugate and biotin-tagged diazirine, for selective labeling of carbonic anhydrase with small-
molecule based conjugates according to some embodiments.

FIG. 17 details the ability of the ligand-iridium conjugates to label their corresponding
protein targets by their selectivity versus BSA according to some embodiments.

FIG. 18 illustrates identification of protein-protein interaction with proximity-based
labeling compositions and methods described herein, according to some embodiments.

FIG. 19 illustrates identification of protein-protein interaction with proximity-based
labeling compositions and methods described herein, according to some embodiments.

FIG. 20 illustrates identification of protein-protein interaction with proximity-based
labeling compositions and methods described herein, according to some embodiments.

FIG. 21 illustrates an A2aR-Ir conjugate and Az.R-diazirine conjugate according to some
embodiments.

FIG. 22 illustrates a photocatalytic-labeling method described herein showing a 3 log:
fold change enrichment for ADORAZ2A and lack of statistical enrichment when using the
stoichiometric diazirine, ADORA2A.

FIG. 23 illustrates an hGPR40-Ir conjugate and Diaz-PEG3-Bt according to some
embodiments.

FIGS. 24A and 24B are Westen blot results of hGPR40 labeling by compositions and

methods described herein, according to some embodiments.



10

15

20

25

30

WO 2020/247725 PCT/US2020/036285

DETAILED DESCRIPTION

Embodiments described herein can be understood more readily by reference to the
following detailed description and examples and their previous and following descriptions.
Elements, apparatus and methods described herein, however, are not limited to the specific
embodiments presented in the detailed description and examples. It should be recognized that
these embodiments are merely illustrative of the principles of the present invention. Numerous
modifications and adaptations will be readily apparent to those of skill in the art without

departing from the spirit and scope of the invention.

Definitions

The term “alkyl” as used herein, alone or in combination, refers to a straight or branched
saturated hydrocarbon group optionally substituted with one or more substituents. For example,
an alkyl can be C1 — Cso or C1 —Cis .

The term “aryl” as used herein, alone or in combination, refers to an aromatic monocyclic
or multicyclic ring system optionally substituted with one or more ring substituents.

The term “heteroaryl” as used herein, alone or in combination, refers to an aromatic
monocyclic or multicyclic ring system in which one or more of the ring atoms is an element
other than carbon, such as nitrogen, boron, oxygen and/or sulfur.

The term “heterocycle” as used herein, alone or in combination, refers to an mono- or
multicyclic ring system in which one or more atoms of the ring system is an element other than
carbon, such as boron, nitrogen, oxygen, and/or sulfur or phosphorus and wherein the ring
system is optionally substituted with one or more ring substituents. The heterocyclic ring system
may include aromatic and/or non-aromatic rings.

The term “alkoxy” as used herein, alone or in combination, refers to the moiety RO-,
where R is alkyl, alkenyl, or aryl defined above.

The term “halo” as used herein, alone or in combination, refers to elements of Group
VIIA of the Periodic Table (halogens). Depending on chemical environment, halo can be in a
neutral or anionic state.

Terms not specifically defined herein are given their normal meaning in the art.
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I Proximity-Based Labeling Compositions

Compositions are described herein for providing microenvironment mapping platforms
operable to selectively identify various features, including protein-protein interactions on cellular
membranes. In some embodiments, a composition comprises a catalyst, and a protein labeling
agent, wherein the catalyst activates the protein labeling agent to a reactive intermediate. The
catalyst, in some embodiments, can have electronic structure for permitting energy transfer to the
protein labeling agent to form the reactive intermediate. In some embodiments, for example, the
catalyst engages in Dexter energy transfer with the protein labeling agent. The energy transfer
can proceed via single electron transfer, in some embodiments.

The energy transfer to the protein labeling agent can originate from an excited state of the
catalyst electronic structure, in some embodiments. The excited state of the catalyst, for
example, can be a singlet excited state or triplet excited state. The excited state of the catalyst
can be generated by one or more mechanisms, including energy absorption by the catalyst. In
some embodiments, the catalyst is a photocatalyst, wherein the excited state is induced by
absorption of one or more photons. In other embodiments, the catalyst may be placed in an
excited state by interaction with one or more chemical species in the surrounding environment.
Alternatively, the energy transfer to the protein labeling agent, including electron transfer, may
originate from a ground state of the catalyst electronic structure.

Energy transfer, including electron transfer, to the protein labeling agent forms a reactive
intermediate of the protein labeling agent. The reactive intermediate reacts or crosslinks with a
protein or other biomolecule within the diffusion radius of the reactive intermediate. If a protein
or other biomolecule is not within the diffusion radius, the reactive intermediate is quenched by
the surrounding aqueous or aqueous-based environment. The diffusion radius of the reactive
intermediate can be tailored to specific microenvironment mapping (proximity-based labeling)
considerations, and can be limited to the nanometer scale. In some embodiments, for example,
the diffusion radius of the reactive intermediate can be less than 10 nm, less than 5 nm, less than
4 nm, less than 3 nm, or less than 2 nm prior to quenching in an aqueous environment.
Accordingly, the reactive intermediate will react or crosslink with a protein or other biomolecule
within the diffusion radius or be quenched by the aqueous environment if no protein or
biomolecule is present. In this way, high resolution of the local environment can be mapped via

concerted effort between the catalyst and protein labeling agent. Additionally, the reactive
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intermediate can exhibit a ti2 less than 5 ns, less than 4 ns, or less than 2 ns prior to quenching,
in some embodiments. In additional embodiments, the diffusion radius can be extended to
between 5-500 nm though extension of the reactive intermediate half-life.

Any catalyst-protein labeling agent combination exhibiting the foregoing electronic
structure properties for energy transfer and reactive intermediate generation and associated
protein or biomolecule binding can be employed for microenvironment mapping. In some
embodiments, the catalyst is a transition metal complex. The transition metal complex, in some
embodiments, can exhibit a long-lived triplet excited state (T1) facilitating energy transfer to the
protein labeling agent. The T state can have ti2 of 0.2-2 ps, for example. Transition metal
complexes described herein can be photocatalytic and, in some embodiments, absorb light in the
visible region of the electromagnetic spectrum. Absorption of electromagnetic radiation can
excite the transition metal complex to the S state followed by quantitative intersystem crossing
to the T state. The transition metal catalyst can subsequently undergo short-range Dexter
energy transfer to a protein labeling agent, and returned to the ground state, So. The energy
transfer to the labeling agent activates the labeling agent for reaction with a protein or other
biomolecule. The Ti state of the transition metal complex can be greater than 60 kcal/mol, in
some embodiments. The metal center, for example, can be selected from transition metals of the
platinum group. The metal center can be iridium, in some embodiments.

The transition metal complex can have any composition and structure consistent with the
foregoing principles of excitation and energy transfer to a protein labeling agent. In some
embodiments, a photocatalytic transition metal complex is hexacoordinate. Transition metal
photocatalyst of proximity-based labeling compositions described herein, in some embodiments,

are of Formula (I):
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wherein M is a transition metal;
wherein A, D, E, G, Y and Z are independently selected from C and N;
wherein R! — R¢ each represent one to four optional ring substituents, each of the one to four
optional ring substituents independently selected from the group consisting of alkyl, heteroalkyl,
haloalkyl, halo, hydroxy, alkoxy, amine, amide, ether, -C(0)O", -C(O)OR’, and -R®OH, wherein
R’ is selected from the group consisting of hydrogen and alkyl, and R® is alkyl; and
wherein X" is a counterion. It is understood that hydrogen occupies positions on the aryl rings of
Formula (I) in the absence of optional substituents R —R®. In some embodiments, counterion
(X) can be selected from tetraalkylborate, tetrafluoroborate, tetraphenylborate, PF¢", and
chloride. In some embodiments, M is selected from transition metals of the platinum group. The
metal center can be iridium.

Ligands of the transition metal complex of Formula (I) can comprise one or more
pyridine moieties, in some embodiments. In some embodiments, one or more ligands comprise
bipyridine or derivatives thereof. Ligands of the transition metal complex can also be selected

from the species provided in Table 1.

10
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Table I — Photocatalytic Transition Metal Complex Ligands

dtbbpy
dF(CFs)ppy
diPh-bpy
diOMe-bpy

In some embodiments, the photocatalytic transition metal complex of Formula (I) is
(Ir(dF(CF3)ppy )2(dtbbpy)](PFs), [Ir(dF(CF3)ppy)2(bpy)](PFs), or derivatives thereof.

Additionally, ligands of photocatalytic transition metal complexes described herein,
including complexes of Formula (I), can be modified with one or more polar or hydrophilic
moieties for enhancing solubility of the transition metal complexes in aqueous or aqueous-based
environments. Suitable moieties can include, but are not limited to, carboxyl, hydroxyl, and/or
alkylene oxide moieties, such as polyethylene glycol.

As described further herein, transition metal complexes can incorporate a reactive
functionality for coupling a biomolecular binding agent. In some embodiments, for example, a
transition metal catalyst, including transition metal photocatalyst of Formula (I), can comprise
one or more click chemistry moieties including, but not limited to, BCN (bicyclononyne,
bicyclo[6.1.0]nonyne), DBCO (dibenzo-bicyclo-octyne), TCO (trans-cyclooctene), tetrazine,
alkyne, and azide.

Catalyst operable for energy transfer to a protein labeling agent for producing a reactive
intermediate can comprise non-transition metal catalyst, in some embodiments. Various
organocatalyst for use in proximity-based labeling compounds and methods described herein can
include a thioxanthone, phenothiazine, flavin, phenoxazine, benzophenothiazine, coumarin,
acetophenone, or a benzophenone group, in some embodiments. In some cases, an
organocatalyst comprises a triarylmethane group, rose Bengal, porphyrin, chlorin,
bacteriochlorin, methylene blue, an acridine dye, a xanthene dye, or an arylmethane dye. The
non-transition metal organocatalyst can have any electronic structure and/or other properties of
transition metal complexes described herein, including singlet and/or triplet excited states for
energy transfer to the protein labeling agent. Energy transfer from the organocatalyst to the
protein labeling agent may occur via any mechanism described herein, such as Dexter energy
transfer or single electron transfer. In some embodiments, an organocatalyst is a photocatalyst,

wherein the excited state for energy transfer to the protein labeling agent is generated by

11
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absorption of one or more photons by the organocatalyst. Organocatalyst, for example, may
absorb light in the visible region of the electromagnetic spectrum.

Protein labeling agents receive energy transfer from the catalyst to form a reactive
intermediate. The reactive intermediate reacts or crosslinks with a protein or other biomolecule
within the diffusion radius of the reactive intermediate. Diffusion radii of reactive intermediates
are described above. Specific identity of a protein labeling agent can be selected according to
several considerations, including identity of the catalyst, the nature of the reactive intermediate
formed, lifetime and diffusion radius of the reactive intermediate.

For example, in embodiments wherein the catalyst is a transition metal photocatalyst, the
protein labeling agent can be a diazirine. Triplet energy transfer from the excited state
photocatalyst can promote the diazirine to its triplet (T1) state. The diazirine triplet under-goes
elimination of Nz to release a free triplet carbene, which undergoes picosecond-timescale spin
equilibration to its reactive singlet state (t12 < 1 ns) which either crosslinks with a nearby protein
or is quenched in the aqueous environment. FIG. 1 illustrates energy transfer between an iridium
photocatalyst of Formula (I) and a diazirine protein labeling agent, according to some
embodiments described herein. Notably, the electromagnetic radiation employed to generate the
excited state of the transition metal catalyst does not activate the diazirine to a reactive carbene.
In some embodiments, the extinction coefficient of the transition metal complex is 3 to 5 orders
of magnitude greater than that of the diazirine.

Any diazirine consistent with the technical principles discussed herein, including the
reaction mechanism of FIG. 1, can be used. Diazirine sensitization, for example, can be
extended to a variety of p- and m-substituted aryltrifluoromethyl diazirines bearing valuable
payloads for microscopy and proteomics applications, including free carboxylic acid, phenol,
amine, alkyne, carbohydrate, and biotin groups. FIG. 2 illustrates various diazirines operable to
form reactive intermediates via energy transfer from a transition metal photocatalyst for protein
or other biomolecule labeling, according to some embodiments. As illustrated in FIG. 2, the
diazirine can be functionalized with a marker, such as biotin. In some embodiments, the marker
is desthiobiotin. The marker can assist in identification of proteins labeled by the protein
labeling agent. The marker, for example, can be useful in assay results via western blot and/or
other analytical techniques. Markers can include alkyne, azide, FLAG tag, fluorophore, and

chloroalkane functionalities, in addition to biotin and desthiobiotin.

12
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In some embodiments wherein the catalyst is a transition metal photocatalyst, the protein
labeling agent can be an azide. Triplet energy transfer from the excited state photocatalyst can
promote nitrene formation from the azide. The reactive nitrene either crosslinks with a nearby
protein or is quenched in the aqueous environment. Any azide operable to undergo energy
transfer with eth transition metal photocatalyst for nitrene formation can be employed. In some
embodiments, an azide is an aryl azide.

In some embodiments wherein the catalyst is an organocatalyst, the protein labeling agent
can comprise one or more moieties for receiving single electron transfer from the organocatalyst.
Single electron transfer to the protein labeling agent can generate a reactive radical having
diffusion radius and/or lifetime described herein for reacting with a protein in the local
environment of the organocatalyst. For example, an organocatalyst can be a flavin photocatalyst.
The excited flavin photocatalyst can undergo single electron transfer with phenol moieties to
generate a reactive phenoxy radical. FIG. 3 illustrates a reaction mechanism for flavin-based
protein labeling according to some embodiments. As illustrated in FIG. 3, the phenol protein
labeling agent is functionalized with a tag or marker for assisting in identification of proteins

labeled by the protein labeling agent.

1I. Conjugates

In another aspect, conjugates for proximity-based labeling are described herein. A
conjugate comprises a catalyst coupled to a biomolecular binding agent. The catalyst coupled to
the biomolecular binding agent can comprise any catalyst described herein, including the
transition metal catalysts and organocatalysts detailed in Section I above. Moreover, the
biomolecular binding agent can comprise a protein, polysaccharide, nucleic acid, or lipid, in
some embodiments. In some instances, the biomolecular binding agent can comprise a
multivalent display system comprising a protein, polysaccharide, nucleic acid, or lipid. In some
embodiments, the biomolecular binding agent can be a small molecule ligand with a specific
binding affinity for a target protein. The biomolecular binding agent can be employed to locate
the catalyst in the desired extracellular environment for proximity labeling and associated
analysis. Accordingly, specific identity of the biomolecular binding agent can be selected
according to the chemical and/or steric requirements of the desired target site for placement of

the catalyst in the proximity based labeling process. Any biomolecular target site can be chosen,
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and target sites are not limited in the present disclosure. In some embodiments, target sites can
be proteins for studying protein-protein interactions, including interaction with cellular
membrane receptors. In some embodiments, for example, the biomolecular binding agent is an
antibody, such as a secondary antibody for interacting with a primary antibody bound to the
desired antigen. In other embodiments, the biomolecular binding agent is a ligand with
specificity for a protein receptor of the cellular membrane, such as a G protein-coupled receptor.
The biomolecular binding agent can be bonded to the catalyst. In some embodiments, the
catalyst comprises a reactive handle or functionality for coupling the biomolecular binding agent.
In some embodiments, for example, a catalyst can comprise one or more click chemistry
moieties including, but not limited to, BCN, DBCO, TCO, tetrazine, alkyne, and azide. FIG. 4
illustrates various transition metal photocatalysts of Formula (I) having a reactive functionality
for coupling a biomolecular binding agent. As illustrated in FIG. 4, an alkylene oxide linker of
varying length can be employed between the reactive functionality and the coordinating ligand.
Length of the alkylene oxide linker, such as ethylene oxide, can be chosen according to several
considerations, including steric condition of the target site. FIG. 5 illustrates several transition
metal photocatalysts of Formula (I) forming a conjugate with a biomolecular binding agent

according to some embodiments.

I11. Systems for Proximity Based Labeling

In another aspect, systems for proximity-based labeling are described herein. A system,
for example, comprises a conjugate including a catalyst coupled to a biomolecular binding agent,
and a protein labeling agent activated by the catalyst for binding to a protein. The conjugate can
comprise any catalyst and biomolecular binding agent described herein, including the
embodiments detailed in Section II above. The catalyst, for example, can have electronic
structure to activate the protein labeling agent to a reactive intermediate via energy transfer.
Moreover, the protein labeling agent can comprise any of the labeling agents described herein,
including the protein labeling agents set forth in Section I above. Specific identity of the
conjugate and associated protein labeling agent can be selected according to several
considerations, such as the chemical nature and/or steric requirements of the biological

environment to be mapped with the proximity-based labeling system.
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Systems for proximity-based labeling described herein can be employed in various
applications. In some embodiments, the systems enable target identification, wherein the
conjugate and associated protein labeling agent permit identification of one or more molecules in
a biological context by proteomics. Additionally, systems comprising the conjugate and protein
labeling agent facilitate interactome mapping. Targeting a conjugate and protein labeling agent
allows detection and identification of one or more molecules and neighboring interactors in a
biological context by proteomics. Identification of such molecules by systems described herein
can permit enrichment and/or purification of such molecules and neighboring interactors.
Additionally, systems comprising a conjugate and protein labeling agent further enable detection

and identification of one or more molecules in a biological context via microscopy.

IV. Methods of Proximity-Based Labeling

In another aspect, methods of proximity-based labeling are described herein. A method
of proximity-based labeling comprises providing a conjugate comprising a catalyst coupled to a
biomolecular binding agent, activating a protein labeling agent to a reactive intermediate with the
catalyst, and coupling the reactive intermediate to a protein. The conjugate can comprise any
catalyst and biomolecular binding agent described herein, including the embodiments detailed in
Section Il above. Moreover, the protein labeling agent can comprise any of the labeling agents
described herein, including the protein labeling agents set forth in Section I above. Specific
identity of the conjugate and associated protein labeling agent can be selected according to
several considerations, such as the chemical nature and/or steric requirements of the biological
environment to be mapped with the proximity-based labeling system. In some embodiments of
proximity-based labeling, the catalyst can be provided in the absence of a biomolecular binding
agent.

Methods described herein can be employed to map various biological environments,
including local areas of cellular membranes and/or the local extracellular environment. The
conjugate comprising the catalyst and biomolecular binding agent may be targeted to a specific
local region of a cellular membrane, such as a receptor of interest. Activation of the protein
labeling agent can identify protein(s) and/or other molecules in the targeted local region.
Notably, the activated protein labeling agent can also identify or label molecules associated with

another cell in contact with the targeted cellular region. Therefore, intercellular interactions and
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intercellular environments can be elucidated and mapped with systems and methods described
herein. The foregoing methods enable interactome mapping, and the identification of one or
more molecules and neighboring interactors in a biological context by proteomics. Identification
of such molecules by methods described herein can permit enrichment and/or purification of
such molecules and neighboring interactors.

FIG. 6A illustrates operation of proximity-based labeling systems and methods described
herein according to some embodiments. As illustrated in FIG. 6A, a conjugate comprising a
photocatalyst and antibody targets a specific local area of the cellular membrane. The
photocatalyst is irradiated to produce the excited state followed by energy transfer to the
diazirine protein labeling agent. The diazirine protein labeling agent comprises a tag for
identification purposes in the analysis. The energy transfer activates the protein labeling agent to
the reactive carbene. The reactive carbene binds to proteins and/or other biomolecules within the
tight diffusion radius, as described herein. Diazirine labeling agent outside the activation or
energy transfer radius of the photocatalyst is not activated. Additionally, proteins and/or other
biomolecules outside the diffusion radius of the reactive carbene are not labeled. In this way,
high resolution proximity-based labeling can be achieved.

FIG. 6B illustrates operation of proximity-based labeling systems and methods described
herein for identification and validation of membrane G protein-coupled receptors (GPCR)
according to some embodiments. As provided in FIG. 6B, a conjugate comprises a photocatalyst
coupled to a biomolecular binding agent having specificity for the GPCR. The conjugate binds
to a local site of the GPCR. The photocatalyst is irradiated with blue light to provide an excited
state followed by energy transfer to the diazirine protein labeling agent. The diazirine protein
labeling agent comprises an affinity handle or tag for identification purposes in the analysis. The
energy transfer activates the protein labeling agent to the reactive carbene. The reactive carbene
binds to proteins and/or other biomolecules within the tight diffusion radius, as described herein.
Multiple labeling events may occur at the local GPCR site leading to signal amplification.

These and other embodiments are further illustrated by the following non-limiting

examples.
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EXAMPLE 1 - Photocatalytic diazirine sensitization for protein labeling

It was demonstrated that carbenes generated through photocatalytic diazirine sensitization
could label proteins. As illustrated in FIG. 7A, photocatalyst 3 was combined with diazirine 4
and BSA in DPBS to afford reaction mixtures with 100 pL total solution volume and desired
component concentrations. Photocatalyst 3 is illustrated in FIG. 7B, and Table I summarizes the
sample conditions. These samples were then either placed in the dark, irradiated with UV (375
nm) light, or irradiated with visible (450 nm) light in a biophotoreactor for 10 minutes at 100%
intensity. 30 uL. samples were then removed, combined with 10 puL of 4x reducing Laemmli
sample buffer (5% B-mercaptoethanol), vortexed, and heated at 95 °C for 10 minutes. 10 pL of

each sample was then analyzed by Western blot.

Table I — Sample Conditions

Sample Diazirine 4 (uM) Photocatalyst 3 (um) BSA (uM) Light
1 100 0.0 10.0 None
2 100 0.0 10.0 375 nm
3 100 0.0 10.0 450 nm
4 100 25 10.0 450 nm
5 100 5.0 10.0 450 nm
6 100 7.5 10.0 450 nm
7 100 10.0 10.0 450 nm

Biotinylation of BSA was detected for Sample 2. When a solution of BSA and biotinylated
diazirine probe was irradiated with 450 nm light (Sample 3), the degree of biotinylation was less
than 0.5%, establishing that the diazirine presents minimal background signal at this wavelength.
However, in the presence of water soluble photocatalyst 3, catalyst dependent biotinylation of
BSA was observed. Photocatalytic labeling of BSA was further confirmed through intact protein
mass spectrometry. Unlike prior enzyme-based labeling methodologies, this approach requires
continuous delivery of visible-light to sustain diazirine sensitization via the photocatalyst 3 for
protein labeling. This feature was exploited to demonstrate how turning the light source on or

off affords fine temporal control over the labeling process, as illustrated in FIG. 7A.

EXAMPLE 2 — Antibody-photocatalyst conjugate and proximity-based labeling using the same
A secondary antibody-photocatalyst conjugate was prepared as a general entry point for
spatially targeted photocatalytic proximity labeling on cell surfaces. A goat anti-mouse (Gt/a-
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Ms) antibody was first decorated with azide groups through reaction with azidobutyric acid N-
hydroxysuccinimide ester, and then conjugated to alkyne-bearing iridium catalyst via click
chemistry, resulting in an antibody-photocatalyst ratio of 1:6. The iridium catalyst is the iridium
complex 3 illustrated in FIG. 7B.

Next, to address protein targeted labeling on a surface, a model system was prepared
containing human Fc-tagged vascular endothelial growth factor receptor 2 (VEGFR2) and
epidermal growth factor receptor (EGFR) proteins attached to a-human immunoglobulin-G
(IgG) agarose beads (FIG. 8A). These beads were sequentially incubated with 20 a Ms/a-
VEGFR?2 antibody and Ir-Gt/a-Ms to position the iridium catalyst close to the VEGFR2 proteins
on the bead surface. Irradiation of these beads with 450 nm light in the presence of a diazirine-
biotin probe afforded selective labeling of VEGFR2 over EGFR. When Ms/a-EGFR was used as
the primary antibody, the selectivity of labeling was reversed. It is important to note that an
analogous experiment, using peroxidase-based labeling, was incapable of differentiating between

EGFR or VEGFR2, as illustrated in FIG. 8B.

EXAMPLE 3 — Microevironmental Mapping on Cellular Membranes

Antibody-targeted photocatalytic diazirine activation (i.e. uMap) was applied to the
surface of live cells. For these experiments, addition of the antibody to the cell surface 5 was
maintained at 4 °C to limit antibody-mediated protein crosslinking. CD45, a highly abundant
tyrosine phosphatase on T cell surfaces involved in antigen receptor signaling was selected as an
initial target. Western blot analysis of CD45-targeted uMap on Jurkat cells showed light and
time dependent protein biotinylation compared to the isotype targeting control (FIG. 9A). Next,
tandem mass tag (TMT)-based quantitative proteomic analysis of streptavidin enriched proteins
was used to identify CD45 and two known associators (CD45AP and CD2) as part of a wider
subset of enriched cell membrane proteins (FIG. 9B).

With proof of concept for cell surface labeling in hand, it was explored whether uMap
could differentiate between spatially separated microenvironments on the same cell membrane.
To this end, CD29 and CD47 were selected as ideal targets with no known co-spatial association
on the cell surface. Indeed, pMapping of CD45, CD29, or CD47 on Jurkat cells resulted in the
enrichment of unique sets of proteins, which included both known (CD29:CD49D,
CD45:CD45AP:CD2) and previously unknown interactors (Fig. 9B). Crucially,
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although several proteins were shared between pairs of targeted proteins, none were shared
across all three, validating the ability of uMap to discriminate between unrelated
microenvironments. In contrast, when employing state-of-the-art peroxidase-based proximity
labeling methods, cell surface CD45 and associated proteins were not selectively resolved from

CD29 or CD47 (FIG. 9C).

EXAMPLE 4 — Microevironmental Mapping on Cellular Membranes

The selectivity of compositions and methods described herein was also harnessed to
investigate the proximal protein interactome of PD-L1 in B cells. As has been well established,
PD-L1 plays an important role in cancer cells as an immune checkpoint ligand that can
accelerate tumor progression via suppression of T cell activity. In the event, PD-L1 targeted
uMap revealed CD30, a member of the tumor necrosis factor receptor family, and CD300A, an
immune inhibitory receptor 5 (FIG. 10A), as potentially new interactors based upon significant
enrichment. These results highlight the potential of uMapping to provide new insights with
respect to the microenvironments of checkpoint proteins.

To further validate the enriched subset of proteins identified by PD-L1 uMapping, 10
targeted labeling of these two highly enriched proteins were performed. Targeted pMapping of
these proteins within the PD-L1 microenvironment should, therefore, afford similar enrichment
lists, verifying their spatial association. Indeed, it was found that a-CD30, a-CD300A, and a-PD-
L1 directed uMapping identified the same set of 12 surface receptors (FIG. 10B).

EXAMPLE 5 — Intra/Extrasynaptic u-Mapping within a two-cell system

It is well recognized that the development of new therapeutic oncology strategies will
require an understanding of the underlying mechanisms of intercellular communication,
particularly within the context of T-cell activation and differentiation. Furthermore, given that
localization of PD-L1 is found within the T cell/antigen presenting cell (APC) immunosynapse
(i.e. at the interface between two immunointeractive cells), it was hypothesized that PD-L1
directed uMapping with conjugates and methods described herein should lead to not only
biotinylation of a PD-L1 expressing APC surface (cis-labeling), but also to the biotinylation of
the adjacent synaptic T cell (frans-labeling) (FIG. 11A). As an important control experiment, it
was further posited that when targeting a protein excluded from the synapse, such as CD45RO,
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the diffusion minimized radius of uMap would preclude biotinylation of the distant frans-cell
membrane.

PD-L1- and CD45-targeted uMapping was evaluated in a two-cell system composed of
PD-L1-expressing JY- B-lymphocytes as the antigen presenting cell and Jurkat T-lymphocytes
uniquely expressing PD-1 and the CD45RO isoform. Given that immune cell-APC interactions
are driven by the binding of multiple receptor types (e.g. adhesion, co-stimulatory/co-repressor,
and T cell receptor (TCR)-major histocompatibility complex (MHC) 5, staphylococcal
enterotoxin D (SED) was employed to facilitate MHC class II and TCR engagement and promote
B cell / T cell immune synapse formation and signaling (FIG. 11A). After the application of the
blue light irradiation-based pMap protocol, the extent of cis/frans labeling selectivity was
assayed via flow cytometry analysis. As anticipated, PD-L1-targeted uMap resulted in both cis-
and frans-cellular labeling, while CD45RO-targeted uMap led to selective cis-labeling on the
CD45RO-expressing Jurkat cells (Figs. 11B and 11C) without any labeling of the adjacent B-
cell. In stark contrast to pMap, peroxidase-based proximity labeling of PD-L1 or CD45RO
within this two-cell system led to complete labeling of both cell types within 30 seconds, clearly
visualized through flow cytometry and confocal microscopy (FIGS. 11B, 11C and 11D). In
comparison, PD-L1 targeted uMap showed high selectivity for trans-labeling solely at the cis-
and frans-cellular contact regions (FIG. 11D). Importantly, applying the uMap technology on
PD-1 in the Jurkat-JY co-culture system resulted in the reciprocal trend of cis- and frans-cellular
labeling. Collectively, these findings clearly demonstrate that the capacity of uMap to elucidate
protein-protein interactions can be directly translated towards the highly selective labeling of

dynamic interfaces within complex multicellular systems.

EXAMPLE 6 — Antibody-photocatalyst conjugate and proximity-based labeling using the same
Conjugates comprising flavin photocatalyst in conjunction with phenol-based protein
labeling agents can be employed in proximity-based labeling compositions and methods
described herein. FIG. 12A illustrates bead-based protein labeling wherein CD45-Fc or PDL1-
Fc fusion proteins are bound on the same beads followed by attached of a primary antibody and
secondary antibody flavin conjugate (AFC). CD45 or PDL1 are then labeled in the presence of
biotin phenol and visible light. FIG. 12B is Western blot analysis of light dependent CD45

biotinylation for the indicated time points.
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FIG. 12C is a schematic of CD45RO- or CD45RA-targeted cell labeling with AFC in
mixed T cell populations. FIG. 12D is flow cytometry analysis of the photolabeling time course
of CD45RA+ or CD45RO+ T cell biotinylation with Isotype (top), a-CD45RA + AFC (middle),
and a-CD45RO + AFC (bottom)

EXAMPLE 7 - — Microevironmental Mapping on Cellular Membranes

FIG. 13A is a schematic depicting photoproximity labeling of CD45 on Jurkat cells with
secondary antibody flavin conjugate (AFC). FIG. 13B is Western blot analysis of CD45-targeted
labeling of the Jurkat cells. Biotinylation levels increase as a function of duration of visible light
irradiation with CD45-directed labeling, but not with isotype controls. FIG. 13C is confocal
imaging of cells with CD45-directed labeling indicates that biotinylation (magenta stain) is both
confined to the cell surface and light exposure time dependent. Nuclei are labeled with Hoechst
stain and scale bars indicate 5 mm. FIG. 13D provides volcano plots of significance vs. fold-
enrichment for targeted- vs isotype-targeted biotinylation of CD45 in Jurkat cells, following 2
min of blue light illumination, harvesting, capture on streptavidin beads and quantitative mass
spectrometry-based proteomic analyses. Significantly enriched proteins (those with an FDR-
corrected p-value < 0.05 and displaying a fold-enrichment above the isotype targeted control of >
2.5 (1.32 loga-fold change)) are indicated as blue dots, known CD45 associators within this
enriched group are indicated with orange dots and CD45 is indicated with a red dot (n=3

experiments).

EXAMPLE 8 - — Microevironmental Mapping on Cellular Membranes

FIG. 14A is a schematic depicting photoproximity labeling of PDL1 on JY-PDLI1 cells
with secondary antibody flavin conjugate (AFC). FIG. 14B provides volcano plots of
significance vs. fold-enrichment for targeted- vs isotype-targeted biotinylation of PDL1 on Raji
cells expressing PDL 1, following 2 min of blue light illumination, harvesting, capture on
streptavidin beads and quantitative mass spectrometry-based proteomic analyses. Significantly
enriched proteins (those with an FDR-corrected p-value < 0.05 and displaying a fold-enrichment
above the isotype targeted control of > 2.5 (1.32 logz-fold change)) are indicated as orange or
blue dots, and PDL1 is indicated with a red dot (n=3 experiments). FIG. 14C is a Venn diagram
of significantly enriched proteins identified from PDLI1 targeted labeling on JY and Raji cells
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expressing PDL1. Proteins identified on both cell types are shown in the center. FIG. 14D is a
list of significantly enriched proteins identified from PDL1 targeted on JY and Raji cells with
known PDLI1 related function. FIG. 14E is a string protein interaction network and GO term
analysis of significantly enriched proteins for PDL1-targeted experiments. Shading indicates
membership within broad gene ontology (biological process) terms. Nodes with multiple shaded
tones indicate membership in more than one term. Thick edges indicate experimental evidence

of interaction from StringDB while thin edges indicate interactions from other sources.

EXAMPLE 9 — Intra/Extrasynaptic u-Mapping within a two-cell system

FIG. 15A is a schematic depicting a two-cell system consisting of engineered Jurkat and
Raji cells. Antibody-targeted labeling with a photocatalyst (PC) or peroxidase (HRP) on PDL1
is illustrated. FIG. 15B is flow cytometry analysis wherein biotinylation is detected on both Raji
and Jurkat cells with PDL1 targeting using the antibody flavin conjugate (AFC), but not Isotype
targeting or in the absence of visible light irradiation. Transcellular labeling was not observed
between PDL1-labeled Raji cells and suspended A375 cells. FIG. 15C is confocal microscopy
imaging of the Raji-Jurkat two cell system with PDL1 targeting on Raji cells revealing labeling
on both Raji cells and points of cellular contact on Jurkat cells using the AFC while excessive
labeling on both cell types was observed with HRP (indicated with white arrows). Cells were
imaged for biotinylation, CD3 surface expression, and nuclei. FIG. 15D is a schematic depicting
a two-cell system consisting of engineered Jurkat and Raji cells. Antibody-targeted labeling with
a photocatalyst (PC) or peroxidase (HRP) on CD45 is illustrated. FIG. 15E is flow cytometry
analysis wherein targeting labeling of CD45RO on Jurkat cells (known to be excluded from the
synapse) resulted in low levels of Raji transcellular labeling using an AFC and nearly

quantitative labeling when HRP was used.

EXAMPLE 10 — Selective Protein Labeling with Small Molecule-based Conjugates

To first ascertain the capability of a small molecule-iridium conjugate to direct labeling
towards a specific protein, a simple two-protein biochemical assay was designed. An equimolar
ratio of the target protein, carbonic anhydrase (CA), with bovine serum albumin (BSA), as a
competitor protein were chosen. Following this hypothesis, irradiation of the mixture in the

presence of a biotin-tagged diazirine and sulfonamide-iridium conjugate would lead to selective
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labelling of CA over BSA. Analysis of labeling ratios by immunoblotting with streptavidin
would provide an indication of both reaction efficiency and selectivity. Cognisant of the effect
that the iridium catalyst may play on ligand binding, the catalyst-ligand conjugate was prepared
with a PEG3 (triethylene glycol) linker to spatially separate the two components. Gratifyingly,
after irradiation with 450 nm light for 10 minutes in the presence of biotin-peg3- diazirine, a
3.5:1 labeling in favor of the target protein CA was observed. FIG. 16 illustrates the
experimental set up and results, including the sulfonamide-iridium conjugate and biotin-tagged
diazirine.

In contrast, when labeling was performed in the presence of an unconjugated
photocatalyst, BSA was selectively biotinylated over CA in a ratio of 5:1. Taken together, this
comprises a 3-fold increase in labeling selectivity when using the Ir-ligand conjugate, providing
confidence in this approach for targetID. Importantly, this selectivity was completely ablated
when the targeted experiment was performed with an excess of the unconjugated sulfonamide
ligand, confirming that the observed selectivity was the result of a ligand protein binding event.
Moreover, significant enrichment of CA when performing the labelling in HEK293T cell lysate
was found, validating the compatibility of this methodology with the most complex of biological

settings.

EXAMPLE 11 - Selective Protein Labeling with Small Molecule-based Conjugates

The generality of small-molecule based catalyst conjugates as a platform with regard to
ligand-directed targeting identification of proteins was further investigated. Small molecule-
iridium conjugates could be readily prepared in an operationally straight-forward manner using a
coppercatalyzed azide-alkyne click reaction (CuAAC) between iridiumalkyne of FIG. 4 and a
series of ligand-azide conjugates. The ability of the ligand-iridium conjugates to label their
corresponding protein targets was determined by their selectivity versus BSA as illustrated in
FIG. 17. Dasatinib, a marketed treatment for myelogenous leukemia displays nanomolar binding
to Bruton’s tyrosine kinase (BTK, 5 nM) was first examined The corresponding dasatinib-Ir-
conjugate led to a 12-fold increase in labeling in favor of BTK over BSA by western blot in
comparison to the control lane. Bromodomain inhibitor JQ-114 (50 nM binding to BRD4) was
similarly effective at directing labeling, providing a 6-fold increase in BRD4 labeling over BSA.

A less-potent binder was next examined, the multiple myeloma treatment lenalidomide, which
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acts a molecular glue with the protein cereblon (CRBN). Although this ligand displays a lower
binding affinity (178 nM), it proved equally effective at directing the photocatalytic targetID
methodology described herein, leading to 3-fold change versus off-compete control. Taken
together, these data suggest that the amplification of signal afforded by the catalytic nature of
this labelling platform is able to overcome the traditional challenges of PAL using weaker-
affinity ligands. Furthermore, it was found that the selectivity of labelling could be increased
with prolonged irradiation time, further supporting our catalytic labelling hypothesis.

It was also sought to establish if other targeting modalities, in addition to small-
molecules, would be compatible with catalytic labelling technology described herein. The a-
helical stapled cyclic peptide ATSP7041, which targets the E3 ligase MDM2, could be readily
conjugated to the photocatalyst through a modified azido-lysine. Significant enrichment (3-fold)
of the target protein compared to the free photocatalyst control was observed, as provided in
FIG. 17. Synthesis of the corresponding inactive cyclic peptide, bearing a D-phenylalanine, led
to no selectivity for MDM2 labeling over BSA, once again confirming the interactions are

substrate specific and not based on background affinity.

EXAMPLE 12 — Investigating Small Molecule Protein-Protein Interactions (PPls)

PPIs are essential to cell function and comprise a challenging class of targets for small
molecule drug discovery. This challenge arises, in part, from the transient nature of these
interactions which can make them difficult to detect biochemically. However, a number of
prominent small molecule ligands are known to bind to protein complexes or to proteins that
function through dynamic complexes. A method that could effectively distinguish the
components of protein complexes would, therefore, prove an important tool for the investigation
of PPIs. It was initially set out to study the small molecule AT7519, which binds to cyclin
dependent kinase 2 (CDK2). It is well-established that CDK2 forms a PPI with the protein cyclin
A, which contributes to the regulation of the cell cycle. As illustrated in FIG. 18, exposure of Ir-
conjugated AT7519 to recombinant Cyclin A, CDK2, and BSA (as control) showed significant
enrichment of both CDK2 (5-fold) and cyclin A (2-fold) over BSA control, exemplifying the
ability of this methodology to capture transient interactions that would otherwise be challenging

to examine.
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It was next set about exploring the rapamycin/mTOR axis in which rapamycin recruits
FKBP12 to the mTOR complex, leading to suppression of the immune response. Notably, upon
irradiation, both proteins were enriched compared to controls (FKBP12: 2-fold, mTOR: 12-fold),
despite any disruption to binding efficacy caused by the pendant Ir-catalyst, as illustrated in FIG.
19.

EXAMPLE 13 — Investigating Protein-Protein Interactions (PPls)

It was questioned whether the tight labeling of the uMap platform with conjugates and
labeling agents described herein could be exploited to identify ligand binding sites through a
combination of Western blotting and MS? analysis. To best explore this, the three-protein
complex Calcineurin A/FKBP12/Calcineurin B was chosen, which binds to the macrolide
tacrolimus. Upon synthesis of a range of tacrolimus-Ir conjugates with different linker lengths, it
was found that short linkers led to labeling directly around the binding site of the complex,
allowing footprinting of the molecular recognition site. However, with increasing tether length
the labeling radius increased to include other members of the protein complex, changing the
primary site of labeling. MS* analysis of the PEG3 linker supported this data, showing labeled
residues directly adjacent to the binding site (FIG. 20, left).

A four-protein complex was then examined where the neighboring proteins do not
directly interact with the small molecule ligand, to demonstrate that labeling of protein
interactors through space can be achieved. For this, the E3 ligase complex
CRBN/DDB1/Cul4a/RBX1 was chosen. In line with previous examples described herein, when a
short tether was employed, only CRBN the primary target was labeled, however with increasing
tether length, the neighboring proteins in the E3 ligase complex could be captured with this
technology. Proteomic analysis of the labeling reaction employing a PEG3 linker showed a
molecular footprint of the small molecule binding site on CRBN in addition to labeled sites on
the neighboring Cul4a, that presumably arise from secondary protein-protein interactions (FIG

20, right).

EXAMPLE 14 — Identification of Cell Surface Receptors
The adenosine receptor A2a (ADORAZ2A) as an exemplary membrane target. This GPCR

has become an important target for immunotherapy, but critically, has never been identified
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through live cell chemoproteomics. Using a reported ligand for ADORA2A, A2a, an Ir-
conjugate (A2a-Ir) was synthesized and a tethered diazirine-conjugate, as described by Yao
(A2a-Dz) (FIG. 21). The binding affinities of the small molecule-conjugates were then measured
to ensure retained potency for the proposed target upon conjugation. While the Yao diazirine
retained binding close to that of the parent compound (0.8 nM vs 4.8 nM for the parent A2a),
surprisingly, the Irconjugate displayed >100-fold lower binding affinity (643 nM). Nonetheless,
the photocatalytic labelling methodology described herein on ADORAZ2A expressing HEK293T
cells, followed by streptavidin immunoprecipitation and western blot analysis, revealed a stark
difference in labelling between the stoichiometric Yao-type diazirine-A2a, and A2a-iridium
probe. Immunostaining showed no signal corresponding to enriched ADORAZ2A following
labelling with Yao-type diazirine-A2a; however, significant enrichment was observed using the
photocatalytic-labelling platform described herein. TMT-based chemoproteomic analysis of
these reactions confirmed the initial result, with photocatalytic-labeling method described herein
showing a 3 logz fold change enrichment for ADORAZ2A, providing indisputable target
identification of a GPCR. In contrast, using the stoichiometric diazirine, ADORA2A was not
statistically enriched, in line with previous data. (FIG. 22). Crucially, the significant loss in
affinity of the ligand-iridium conjugate to its target protein is far outweighed by the catalytic

amplification in signal conferred by this labeling platform.

EXAMPLE 15 — Identification of Cell Surface Receptors

Human GPR40 receptor (hGPR40) was also subjected to labeling with compositions and
methods described herein. A hGPR40-Ir conjugate was employed along with a protein labeling
agent of biotinylated diazirine (Diaz-PEG3-Bt) (FIG. 23). A hGPR40-ligand was also used as a
competitor. HEK-hGPR40 cells were treated with hGPR40-Ir conjugates or free Ir-alkyne
photocatalyst for 30 minutes, washed and irradiated for 10 min at 450 nm after treatment with
(Diaz-PEG3-Bt). Cell lysates were processed and analyzed by Western blot with Streptavidin-
800 and total protein stains, as provided in FIGS. 24A and 24B.

Various embodiments of the invention have been described in fulfillment of the various
objects of the invention. It should be recognized that these embodiments are merely illustrative

of the principles of the present invention. Numerous modifications and adaptations thereof will
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be readily apparent to those skilled in the art without departing from the spirit and scope of the

invention.
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CLAIMS

1. A composition for proximity-based labeling comprising:
a catalyst; and
a protein labeling agent, wherein the catalyst has electronic structure to activate the

protein labeling agent to a reactive intermediate via energy transfer.

2. The composition of claim 1, wherein the reactive intermediate crosslinks with a protein.
3. The composition of claim 1, wherein the reactive intermediate inserts into a C-H bond of
a protein.

4. The composition of claim 1, wherein the reactive intermediate is a carbene, nitrene or

phenoxy radical.

5. The composition of claim 1, wherein the reactive intermediate has a diffusion radius less

than 4 nm prior to quenching in an aqueous or aqueous-based environment.

6. The composition of claim 1, wherein the reactive intermediate has a half-life (ti2) less

than 5 nanoseconds (ns).

7. The composition of claim 1, wherein the energy transfer is Dexter energy transfer.
8. The composition of claim 1, wherein the energy transfer is single electron transfer.
9. The composition of claim 1, wherein the energy transfer is from a triplet excited state of

the catalyst.

10. The composition of claim 9, wherein the catalyst is a photocatalyst.

11. The composition of claim 10, wherein the photocatalyst absorbs light in the visible region

of the electromagnetic spectrum.
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12. The composition of claim 1, wherein the catalyst is a transition metal photocatalyst

having absorption in the visible region of the electromagnetic spectrum.

13. The composition of claim 12, wherein the energy transfer is from a triplet excited state of

the photocatalyst, the triplet excited state having energy greater than 60 kcal/mol.

14. The composition of claim 12, wherein the transition metal photocatalyst is of the formula

R'I

\6\ |

A

X
A/ = .

/
_X

z

\

N
\W -
Y/ \E| X
R5/ /G /

/

\

X-

X__

R4
wherein M is a transition metal;
wherein A, D, E, G, Y and Z are independently selected from C and N;
wherein R! — R¢ each represent one to four optional ring substituents, each of the one to four
optional ring substituents independently selected from the group consisting of alkyl, heteroalkyl,
haloalkyl, halo, hydroxy, alkoxy, amine, amide, ether, -C(O)O", -C(O)OR’, and -R®0OH, wherein
R’ is selected from the group consisting of hydrogen and alkyl, and R® is alkyl; and

wherein X" is a counterion.
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15. The composition of claim 12, wherein the transition metal photocatalyst is soluble in an

aqueous or aqueous-based environment.

16. The composition as in any of claims 12 to 15, wherein the protein labeling agent is a

diazirine or azide.

17. The composition of claim 1, wherein the catalyst is an organo-photocatalyst.

18. The composition of claim 17, wherein the organo-photocatalyst is selected from group
consisting of a thioxanthone, phenolthiazine, flavin, phenoazine, coumarin, acetophenone, and
benzophenone group.

19. The composition of claim 18, wherein the energy transfer is single electron transfer.
20. The composition of claim 1, wherein the protein labeling agent is functionalized with a
marker, the marker selected from the group consisting of biotin, desthiobiotin, alkyne, azide,

FLAG tag, fluorophore, and chloroalkane functionalities.

21. A conjugate comprising:

a transition metal photocatalyst coupled to a biomolecular binding agent.

22.  The conjugate of claim 21, wherein the biomolecular binding agent comprises a protein,

polysaccharide, nucleic acid, or lipid.

23. The conjugate of claim 21, wherein the biomolecular binding agent comprises a ligand

specific to a cell surface receptor.

24, The conjugate of claim 21, wherein the transition metal photocatalyst has a triplet excited

state of greater than 60 kcal/mol.
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25.  The conjugate as in any of claims 21 to 24, wherein the transition metal complex is of the

formula

R'I

\6\ |

A

R2

X
A/ //’

/

z

\

NP
NS
P

X-

/

Y

A

R5

\

X__

5 R*
wherein M is a transition metal;
wherein A, D, E, G, Y and Z are independently selected from C and N;
wherein R! — R¢ each represent one to four optional ring substituents, each of the one to four
optional ring substituents independently selected from the group consisting of alkyl, heteroalkyl,
10  haloalkyl, halo, hydroxy, alkoxy, amine, amide, ether, -C(0)0O", -C(O)OR’, and -R®OH, wherein
R’ is selected from the group consisting of hydrogen and alkyl, and R?® is alkyl; and

wherein X" is a counterion.

26.  The conjugate as in any of claims 21 to 24 further comprising a hydrophilic linker

15  between the transition metal photocatalyst and the biomolecular binding agent.

27.  The conjugate of claim 26, wherein the linker comprises alkylene oxide.
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28. The conjugate of claim 21, wherein the transition metal photocatalyst absorb light in the

visible region of the electromagnetic spectrum.

29. The conjugate of claim 21, wherein the biomolecular binding agent is covalently bound

to the transition metal photocatalyst.

30. A system for proximity-based labeling comprising:
a conjugate including a catalyst coupled to a biomolecular binding agent; and
a protein labeling agent, wherein the catalyst has electronic structure to activate the

protein labeling agent to a reactive intermediate via energy transfer.

31.  The system of claim 30, wherein the reactive intermediate crosslinks with a protein.
32. The system of claim 30, wherein the biomolecular binding agent comprises a ligand
specific to a cell surface receptor, and the reactive intermediate crosslinks with the surface cell

receptor.

33.  The system of claim 30, wherein the reactive intermediate inserts into a C-H bond of a

protein.

34.  The system of claim 33, wherein the reactive intermediate is a carbene.

35.  The system of claim 30, wherein the reactive intermediate has a diffusion radius less than

4 nm prior to quenching in an aqueous or aqueous-based environment.

36. The system of claim 30, wherein the energy transfer is Dexter energy transfer.

37. The system of claim 30, wherein the energy transfer is single electron transfer.

38. The system of claim 30, wherein the energy transfer is from a triplet excited state of the
catalyst.
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39.  The system of claim 38, wherein the catalyst absorbs light in the visible region of the

electromagnetic spectrum.

40.  The system of claim 30, wherein the catalyst is a transition metal photocatalyst having

absorption in the visible region of the electromagnetic spectrum.

41. The system of claim 40, wherein the energy transfer is from a triplet excited state of the

photocatalyst, the triplet state having energy greater than 60 kcal/mol.

42.  The system of claim 40 or 41, wherein the transition metal photocatalyst is of the formula

R'I

\6\ |

A

/

\_/

A
_X

z

\

NP
NS
P

X-

/

Y

A

R5

\

X__

R4
wherein M is a transition metal;
wherein A, D, E, G, Y and Z are independently selected from C and N;
wherein R! — R¢ each represent one to four optional ring substituents, each of the one to four
optional ring substituents independently selected from the group consisting of alkyl, heteroalkyl,
haloalkyl, halo, hydroxy, alkoxy, amine, amide, ether, -C(0)O", -C(O)OR’, and -R®OH, wherein
R’ is selected from the group consisting of hydrogen and alkyl, and R® is alkyl; and
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wherein X" is a counterion.

43.  The system of claim 30, wherein the biomolecular binding agent comprises a protein,

polysaccharide, nucleic acid, or lipid.

44. The system of claim 40 or claim 41, wherein the protein labeling agent is a diazirine or

azide.

45. A method of proximity-based labeling comprising:
providing a conjugate comprising a catalyst coupled to a biomolecular binding agent;
locating the conjugate in a targeted area of a cellular membrane with the biomolecular
binding agent;
activating a protein labeling agent to a reactive intermediate with the catalyst; and

coupling the reactive intermediate to one or more proteins in the targeted area.

46. The method of claim 45, wherein the biomolecular binding agent comprises a ligand

specific to a cell surface receptor.

47. The method of claim 45, wherein the reactive intermediate inserts into a C-H bond of the

one or more proteins.

48. The method of claim 45, wherein the reactive intermediate has a diffusion radius less

than 4 nm prior to quenching in an aqueous or aqueous-based environment.

49. The method of claim 45, wherein the catalyst has electronic structure to activate the

protein labeling agent to the reactive intermediate via energy transfer.

50. The method of claim 49, wherein the energy transfer is Dexter energy transfer.

51. The method of claim 49, wherein the energy transfer is single electron transfer.
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52. The method of claim 49, wherein the energy transfer is from a triplet excited state of the

catalyst.

53.  The method of claim 52, wherein the excited triplet state has energy greater than 60

kcal/mol.

54.  The method as in any of claims 49 to 53, wherein the catalyst is a transition metal

photocatalyst.

55. The method of claim 54, wherein the transition metal photocatalyst is of the formula

R1

’ AN
\\ Z A<
Z D\
\W P
pd \E X

RS

/G k/
\j o

R4

A

/
_X

\

/

Y

A

R5

\

wherein M is a transition metal;

wherein A, D, E, G, Y and Z are independently selected from C and N;

wherein R! — R¢ each represent one to four optional ring substituents, each of the one to four
optional ring substituents independently selected from the group consisting of alkyl, heteroalkyl,
haloalkyl, halo, hydroxy, alkoxy, amine, amide, ether, -C(0)O", -C(O)OR’, and -R®OH, wherein
R’ is selected from the group consisting of hydrogen and alkyl, and R® is alkyl; and

wherein X" is a counterion.
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56. The method of claim 54, wherein the protein labeling agent is a diazirine or azide.

57. The method of claim 45 further comprising enriching the one or more proteins coupled to

the reactive intermediate.

58.  The method of claim 45, wherein the biomolecular binding agent comprises a protein,

polysaccharide, nucleic acid, or lipid.

59. The method of claim 45, wherein the one or more proteins are associated with the cellular
membrane.
60. The method of claim 45, wherein the one or more proteins are associated with an adjacent

cell in contact with the cellular membrane.

61. The method of claim 45 further comprising identifying the one or more proteins coupled

to the reactive intermediate for interactome mapping.

62. The method of claim 45 further comprising purifying one or more proteins coupled to the

reactive intermediate.

63. The method of claim 62, wherein purifying comprises affinity chromatography.

64.  The method of claim 62 further comprising purifying one or more proteins in the targeted

area not labeled with the protein labeling agent.

65. The method of claim 45, wherein the one or more proteins coupled by the reactive

intermediate are identifiable in the targeted area via microscopy.

36



PCT/US2020/036285

WO 2020/247725

1/52

Buiddepr usaup 18412189 AU
stupes Busqge) wiu >
oIS ou ~ {sU 7 = YY) suswen [

UOISnIR ou - Bisuen ABisus Jspeg [

UCIUBSUL M-

BINOBIOUIOIC

AR
(e1e18 punougy 1eibuis) % (o115 wmﬁxm Mmmaé by

® &

s47 8nig i

.«

Wi nmmcmﬁ\

igsurs ABBus Jepeg




WO 2020/247725 PCT/US2020/036285
2/52

N=N 10 mol% Ir (2) 9] H,0 H OH
F,C~ “Ar 15min, 450 nm  |T3C ATl T OHinsertion

diazirine consumption

N e *@ L,

1 (100%) (99%) (75%)
OH
OH
O\/ FiC HO,
F
0
COZH OH
(100%) (91%)
~ ,OH
O
OH
OH
N=N

£,C X@io\/},\,/k/\» J\/\/ &NH

COM  (100%)

)ﬂ \W(/VOJ\/\N/‘K/\/ égm—;

4 (99%)

FIG. 2



WO 2020/247725 PCT/US2020/036285
3/52




PCT/US2020/036285

WO 2020/247725

4/52

¥ "5l




PCT/US2020/036285

WO 2020/247725

5/52

G Old

SUBSTITUTE SHEET (RULE 26)



PCT/US2020/036285

WO 2020/247725

6/52

(panunuoD)s oid

\//\\O/\/a\\ /(\\\//\:/Z\\;//\\m .!....;

x . HOD O
O, 22 oy \\\~ 4

M&:\
N==
N L NT g

?OM S\\w nw
N

SUBSTITUTE SHEET (RULE 26)



WO 2020/247725

7/52

SUBSTITUTE SHEET (RULE 26)

PCT/US2020/036285

FIG. 5(Continued)




PCT/US2020/036285

WO 2020/247725

8/52

snipes onAjeiesooyd spising
USHBAIDE ON
= SOUBQIOSAE ON

UOIBNHID
JsBuIouB

UORBAIOE
shues pous

SUBSTITUTE SHEET (RULE 26)



PCT/US2020/036285

WO 2020/247725

9/52

49 9l

IO MOdS) SURITIMSUL JO UCHEIHIBA DUB UCHEDIUSD]

uceoydwe
ipubis

siuess Buysge)
sidiynw
= I8AIBIE)

ansoufie
anpisal

UOISTRUD
aburl-uous

ke -

N Hmw =By enjg — xmv
7 \\J i oy f.\\\

e
-

ABisus

SUBGIED

IVl

i
8U ¥ = Y g\umm O
@

¢

sipuey
Auge

N
v

SUBSTITUTE SHEET (RULE 26)



PCT/US2020/036285

WO 2020/247725

10/52

Vi ol
{unulaun L e

. wiad g0

g¢_0g ¢ 0z S O S 0.4 00 el
7 T T m T “wé 0_0 o m
: 1€08 |

R o 31 00g upneldans
3o} fo} frovrd i
z z | i B i
i og
” o

5ol 1602 wu oGy
5 5 Z . i
Wby wbn b I 0L gL 0%
1
l
i
syefnluco~ysyg
H UROIG-£ Y “
N WiwoL ‘sgda
" o= 0 -
NIUE (£} 1412300100
0

0

AN

0

BUON

0

¥Sd

Wb
(e



WO 2020/247725 PCT/US2020/036285
11/52




PCT/US2020/036285

WO 2020/247725

12/52

T

e

HADAK
CHATAND

00g wpmeydans

Wil O} WU OGP
¢ o8

g G

W49

£edADEA

— by op — Wb
SO0 SEAD HAE0 9340 gy L)
14 % < } adweg

pra ssoieby np-n

BN

CH4D3A

M\ ojﬁﬁg




PCT/US2020/036285

WO 2020/247725

13/52

i

HADER
CH4DEND

008 uipiaedans
T

W g1 “CO
08f 4930
i~ ¥ £

¢

DIAD HOIFD  OIAD

{

w49

cH4D3A

1461
gy ot
ajduwieg

peag asosely ny-n

2
A
H493 3




PCT/US2020/036285

WO 2020/247725

14/52

Y6 Ol

2 02

e 0%

2P 007

L 2 0 0 € O semup
— G - 3dA08] — 0¥ L1

{(yelnr) se0-L




PCT/US2020/036285

WO 2020/247725

15/52

6 old

ﬂcm&gg»cmo&uﬁ WesBlIQ (Ly(D pue ‘BZG0 SO0

aburyn pio4 Bo7

\\ T 6AD 76
/ 6209 N Logdl svao
j zamw 120 dVSYQaD
{ mmmw\ Y Mddld
7 - 200 9viad
/ \ U/
\V//J\.mmwmu\o\ oV b PREAZ-EE
L RN
6200 | PALLE LLNTD KQ@\ W .
| DiLd 1zd0 Tigs /) Sva0
N.‘w.m O:Nw " // NVQ Mw » \\.\
SIC0RIBIL UMOLY pue BBie; Bulpuig Apogaue- L 10 (3 @Al
afueys pio4 6o abueyn plo4 BoT
vy 0 T y ¢ 0 &
. . D , j 0
1°5 ¢ 5
i© Q
S 97
T 200, » o4 z
2 e pi 4 o
16 = | 1 Span s 18 &
® | oo _dysyad | @
Zi - 4

y 0 @
) 3 . O
i¢ ms
©
a6ran »@ 8%
e <
swa ® i6 m;
6200
4!
62000

Syrao-o

SRl L iEung




WO 2020/247725 PCT/US2020/036285
16/52

-G048 SPPLAT

&
42 b CD45 2%
g ©
°s
© g b 28O CD2s
©
= CDABAR .
Q N
§ 5L Co2
-
~~~~~~~ C4v
3 -
G }
-2 { 2 4
Log, Fold Change
not selective for D45 micrognvironment

FIG. 9C



PCT/US2020/036285

WO 2020/247725

17/52

Yol 9l

JUSLUILIoHAUSCIOWN Paleys YO0edD '0edD "1 -0d

YOOCD "08QD SRl L -(d djgissod g

aBueyn plog “Bo

y Z 0

; , e ()
A dep _
0eao-o 2o
“©2
%ﬂ/ ~voogao |° T
)
A depyd | lad 10800 1°5

YOOeao» 4}

L1 Cd-o SO0 L T Cd Al




PCT/US2020/036285

WO 2020/247725

18/52

e
S
czan
- [/
V8 T aay eao

N

LoissaldxenTy auen

8Y0D ). ﬁ}
9£aD @ao’
0 .

0edn

a0l "old

l'llf#
- @ ,
9ed0) (OPOD
{0800

@aﬁ H

N

uonepdioadedounuiul

L




WO 2020/247725 PCT/US2020/036285
19/52

This Work{uMap)

FIG. 10B(Continued)



PCT/US2020/036285

WO 2020/247725

20/52

Vil

BulsgeT s1D sAlOsRS
Bugeqe ondeudsenxy

Ol

Buiege] suel | eAloeeg
Bunsney ondeudseniy

asdeuds U jussaid
4710Gd

de oo~

LD POPNOXe
S0

(L1Cd) s1180 g

(SpaDl sisn L




PCT/US2020/036285

WO 2020/247725

21/52

0L 0 (01

dil 9id

ey

- o
Vdto i le

0L

¥

¥ i i

Buijeqe; suen
BAOBBSUN

i

1 H H

¥

¥

3 H H

¥

Ot

1 .vOP
- m@m\

Ot

2

(%

BSRPINOISd

L (P

depyr

+SP(0 18D L

+110d 1ed g

QdV-61L00

8BYAY-£d0



PCT/US2020/036285

WO 2020/247725

22/52

Sk 9ld

H

e Tty

SSBPIXCIR

01,0 0 00 000 O ,0F 01,00 000 Ob 0L 0L 00 0L OF O ,00 0} 0L 01 0L
H H i i H i i t [ OQW, § § 5 § H 3 3 3 i % GQW\
4,0t 4,01
J00 | %E 4.0t
L. ....m. mﬂw, - QO\
‘ -~ v@@ . VQW\
400 401
- Guysye sio i
ot BAOHIES Ok
~ ;0 -8
" NQW. - NQP
Ot 4.0t
e L0 4,01
4.0t 4404

2dA10s]

depri

adAjos;

+110d 120 g

+GPQ0 180 L

—d¥-61Qa0

8ev4Y-£Q0o



222222222222222222222222222222

&\

o
=
K W
§ ':}E« \: §
5 Y
> =2
= [g \\\\ \
5 | 8
to \




PCT/US2020/036285

WO 2020/247725

24/52

Vel oid

20f sy
-y

AN

LIAd/8pa0
Uy

0
LUBLINH

W

b uewny / %N@
~HUY ;

Bueqe 81D

asoseby




WO 2020/247725 PCT/US2020/036285
25/52

FiG. 128

g % :
D %%, e A e X % % 7 . e
,2%% A AR, TGN g R %5 - 7 Ei s



WO 2020/247725

4 +
- < @]
= ik &
= ) Ty
@ N <t
D ) 2
Y i {3

26/52

PCT/US2020/036285

FIG. 12C



PCT/US2020/036285

WO 2020/247725

27/52

aci oid

OL L0} 0b 01,00 0
AR
127 o
Lo

.05

0L

coz - 0L
0L 01 (0% ;01,01 Ot
ARSI Y]
11 €19 o,
Lo

.01

0L

5e'0 o1

ol

Ot ,0b Ot 01,0} ,0b

oOb

it

944

01
0L
.01

£t

s@Ow
amOm\

01 L0k (01

0L 0} O}

€80

908

O
01

L 01

£e°0

zas

sw..ow..

smmm‘

01,0 0L 00,00 Ot O ,0L 0L .0L,0L 0L
: 3 5 b : OOW‘ I} I} i v ) b OQW\
8601 'as 680 £89
RV Lo © =291 0
sNQP :NOW m.uim MUM
.01 ,..,mim,w
- 0L - 0L 8 B
ivi 0'GEr 01 -0b
0L 0L 0L 0L 0L 0L 0L ,01 0L ,00,0L 0
3 3 i 4 3 QQW\ i i 3 $ 4 Omw\
640 FAYAS Pe0O AR
S 5 &
L0 &5
3 € mw.a
:v@w
IASRY Logr.0p [ S€0

50

{utu) awiy aunsodxy

DdV-YulGrdo




PCT/US2020/036285

WO 2020/247725

28/52

s
R

(panunuosd) gz 'oid

Ob .01 0L ,00 0L 01

B

vye

091

0L
)

101

,. 500

-0l

01,01 0L 01 0} 0b

942

374

0b
01
L.0L

101

I4AY

: .‘i.vﬂm\
Jpk Ot

0L ,0L 0L 01,00 O

gl cag-uoneiAunog
01 0L 01 01,01 01

3 OOW Q@w
§oi m.m.méew &0t L '6v 01

xNQm\ 1NOW —

0L L 0L 5

A

. ,&vow - O &
690 - 01 VA AL - 0L

OHErdd
e DAYV HE YO




WO 2020/247725 PCT/US2020/036285
29/52

FIG. 13A



WO 2020/247725 PCT/US2020/036285
30/52

a-CD45 + * + -
isotype - - - +
o-Ms IgG RFT (AFCY + + + +

Light Exposure {min} ¢ 2 10 10

Streptavidin 800
CD45

FiG. 138






PCT/US2020/036285

WO 2020/247725

32/52

ael '9id

abueyopio; “Bo

¥ £ g } 0 L
} § i m ! m

&
dYOrdlid

i
w3
anea-d 98o}-

@ .
vZA% ¢ ’
S @&w% - )
Sv30 o
o T @ TaduI r
o o

pajsliel gpgn eyIng




WO 2020/247725 PCT/US2020/036285
33/52

FIG. 14A



PCT/US2020/036285

WO 2020/247725

34/52

gyl Old

abBusyopioy *6oy

poyelise 10 ey

anpea-d %Boj-



WO 2020/247725 PCT/US2020/036285
35/52

Raji-PDL1 JY-PDLA
Ch274
CR2

'; LY7?5 \1
| SCARRBI ) 38
BSG

CD40
CD48
TFRC
HLA-C
HLAB

PLXNBZ

HLA-A

e

13

FIG. 14C

PDL1 Targeted
Coexpression/Effector Function

Ch44
CXCR4
TNFRSFS
CR2
ALCAM
CD40
FCERZ
FOGR2B
CD38
cnay
CDs4

HLA class / moleciiles
HLA class // molecules

FIG. 14D



WO 2020/247725 PCT/US2020/036285
36/52

Reguiation of
immune Response

//‘M\
RL3

(&

(\ o ;“\“

/

!

ATP1B3

Cell Surface Receplor
Signaling Pathway

FiG. 14k



WO 2020/247725 PCT/US2020/036285
37/52

@%35%8

FIG. 15A



PCT/US2020/036285

g5l Old

uoneAugOIg-d
mni m& mmm\ Nm@:gw i)

.3

(9
Omwm
L 0L @
oL %
-04 T

.01

€18 6570 2100

FAVAY]

)

- Ol

38/52

0L O
oﬁm
Imex ..,,Wv
- 0L

&
0L

06’

301 yigo

S5 W 1

. 01

WO 2020/247725

U | ‘M Wby i Z 04y Wby w7 O dY by v 2 D4y 1B ON ‘DY
perelisel 110d pesbie; 110d peyebiel 110d pajebie; adAos) peeiie) 110d
ng + ey GLEY + ey 1eng + ey N + ey eynp -+ tfey






WO 2020/247725 PCT/US2020/036285

40/52

UL
CD45R0O //T/C;R\_///

#
’\EBat
&
PC or HRP ="
/ Raii
(CD19+)



PCT/US2020/036285

WO 2020/247725

41/52

A

451 "Old

Ob 0L 01
5 § 3

§ i

H

UORRIALHIONG-T o

0

286

0oL LL°9

So6'L

ves

Gel

ge’

W L MM
poeble] ONSYQD
ety + ey

UBL | ‘dHH Wby ul 7 ‘04y
paabiey adAos] peiebiel OXWSHYaD
ung + ey yng + gy

Wby ui Z 04y
poyehie; odA0s)
e + ey

01 &
01

"y

4

01

(4]

0L

Db
g

01
01

(01
L0l

e Y AY-EAD e 06

<0l



PCT/US2020/036285

WO 2020/247725

42/52

91 '9ld

suBy
sgoud upiaeidens (v2) mwm%%.wmm 4 & Z }
Mucoes siebie;
YUM SjoBS) o
BULZRID- ~41308 a1eBn{uod 500 |8
ZRIP-£D 3 d-ulol wnpurepiueuoyns | | 500 |8
M, S : O \i G102
HN 2 H0O N G| =
M?Q 4 . 0% HQ N i ¢0 18
o NH H NH ] O 5¢0 |3
. It .. ) ¢o I HE0 1B
O M , G20 | B,
oy wsg il o =
i 70
1AS
0 piasdens
W gy) Kungooies
vo Ul 98BSO
{opesimoydog) (vsg) )] wris) D0}
Wby wu g5y ULUNGIE LUNISS SUACY  aseipAyue SLoQIED ¥Sg £
+ - - T (W 0g) JongiyLY
+ + - - (A L) (X 1sAeien
~ - + + (w7 Oox) sAeeo esy
+ + + - Wby w05y
augy



PCT/US2020/036285

WO 2020/247725

43/52

i

_

HLOr

yaHg K ved [

x|m

H-100

WI

4 A-qiugesed

“ig O b
vyed O 4L
et H-QIURRSEC] e

%\ﬁummmm
cm BEBSIL
PiCY

A L y04

ZNGIN T w
vSE [

190/ dS1Y

gt H-usy

NEYD ] veg
eI

ABAOBRS
Uf BILIOU

Pio}
/ 9

ABALODIRS
Ul SSBSIOUL
pPio}




PCT/US2020/036285

WO 2020/247725

44/52

W WIDAD JOAC ZMOD JUSWIYOLUS PIo-X

a0 U
v updn BY vsg 7

HGLGLLY

gl "old

ayebnluos UNPUFELGLLY

p~ NH

Q/z



PCT/US2020/036285

WO 2020/247725

45/52

Z1d8¥d BAC WO LIN UBUL

DLILIS PO}~

L

4

Zidand 7
HOLA ] vsg )

iR eizs%

6l "9ld

UIBLIOD
HOLW

a1ebnfuos wnipu-uisAwedey

BN



PCT/US2020/036285

WO 2020/247725

46/52

0¢ Old

~LPAVHODASHDVADE
G4 74 1% 08

FORIAZTH TN 2 8D
GG 0% Sy

s1eBnu0l WNPpUFSRWHOI0E |

SUBSTITUTE SHEET (RULE 26)



PCT/US2020/036285

WO 2020/247725

47/52

( _oo:c;coov 0Z 'Ol4

T TN S PTING
0s 1%

Rl st S PN ATEAS PING
& ged el

ST AWTINAGY PTINO ~HOUDIY AV AIDY- INEHO
wﬁw wa mmmmmmmmm mwwawwmmwomw mvw QS\

212BNnUCs WNIDIH-SPRILLIOPRHBUST

pae S
MMW%

SUBSTITUTE SHEET (RULE 26)



PCT/US2020/036285

WO 2020/247725

48/52

L€ DOid

Z
@ N \Ma H siebniuos iy %y
N N
/m N

e

A=
O

o
/@ e

= .

oBA-M" Y

SUBSTITUTE SHEET (RULE 26)



PCT/US2020/036285

WO 2020/247725

49/52

¢¢ 9ld

ADUBIOIS
By Jomo) SBLLIOOIBAC
vogeoygpdive ppullis ondeies

sonuoseIdowsys
L1 Ag peynuep! v2v§oay

afuryopioy <Boy

@ @
YIVHOOY

‘Boy-

s
U

anjea-d

PELY + H-BEY TSA ApRY

{ueioid sueiguIBl)
YIVAOOyY




PCT/US2020/036285

WO 2020/247725

50/52

€¢ Old

syefnfuco 4 Yydoy

Ig-e0ad-2810

H./™$s b

%ww%

S H
NH
o

0 .
K /\JQ\E,!\\//@\\//\ ~TTN
Q

SUBSTITUTE SHEET (RULE 26)



222222222222222222222222222222




WO 2020/247725 PCT/US2020/036285
52/52

Mo wash conditions

frradiation (min} g 5 10 15 20
hGPR40-Ir {1 uM)
Competitor {100 uM} e S

StrepCn 28

17

Total protein

FIG. 248



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2020/036285

A.

CLASSIFICATION OF SUBJECT MATTER

IPC(8) - B22F 1/00; B22F 1/02; C22C 1/05 (2020.01)
CPC- C12Q 1/6816; C12Q 1/6837; GO1N 33/54306 (2020.08)

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

see Search History document

Minimum documentation searched (classification system followed by classification symbols)

see Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

see Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2017/040404 A1 (THE UNITED STATES OF AMERICA AS REPRESENTED BY THE 1, 4, 20, 30, 31, 43, 45,
SECRETARY OF THE DEPARTMENT OF HEALTH AND HUMAN SERVICES) 09 March 2017 |49, 57-59, 61-65
-- (09.03.2017) entire document
Y 2,3, 5-19, 32-42, 44,
46-48, 50-56, 60
X US 2005/0255515 A1 (ROITMAN et al) 17 November 2005 (17.11.2005) entire document 21,22
Y 23-29
Y « |TRINKLE-MULCAHY "Recent advances in proximity-based labeling methods for interactome 2,32
mapping," F1000 Research, 31 January 2019 (31.01.2019), Vol. 8, Iss. 135, Pgs. 1-12. entire
document
Y - IYANG et al. "Surface Chemoselective Phototransformation of C—H Bonds on Organic Polymeric | 3, 10-19, 26-29, 33, 34,
Materials and Related High-Tech Applications,” Chemical Reviews, 24 April 2013 (24.04.2013), (39-42, 44, 47, 54-56
Vol. 113, Iss. 7, Pgs. 5547-5594. entire document
Y US 9,624,524 B2 (TING et al) 18 April 2017 (18.04.2017) entire document 5, 35, 48
Y WO 2005/111624 A2 (BECKMAN COULTER, INC. et al) 24 November 2005 (24.11.2005) entire | 6
document
Y LIS 8,993,335 B2 (BAZAN et al) 31 March 2015 (31.03.2015) entire document 7,36, 50

X

Further documents are listed in the continuation of Box C.

E] See patent family annex.

*

N

“py
“g

wL”

“«Q”
wpr

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

carlier application or patent but published on or after the international
filing date

document which maK throw doubts on priority claim(s) or which
is cited to establish t f;ﬁpubhcanon date of another citation or other
special reason (as specified)

document referring toan oral disclosure, use, exhibition or other means
document published prior to the international filing date but later than
the priority date claimed

o

wy

tater document published after the international filing date or priority
date and not in conflict with the apﬁh;anon but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

03 September 2020

Date of mailing of the international search report

2

1SEP 2020

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer

Blaine R. Copenheaver

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2020/036285

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Biology, 22 September 2016 (22.09.2016), Vol. 26, iss. 11, Pgs. 804-817. entire document

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 6,287,765 B1 (CUBICCIOTTI) 11 September 2001 (11.09.2001) entire document 8, 19, 37, 51
Y US 2012/0115128 A1 (MILLER) 10 May 2012 (10.05.2012) entire document 9-11, 38, 39, 52, 53
Y US 5,185,228 A (MAEDA et al) 09 February 1993 (09.02.1993) entire document 13, 24,41,53
Y | LEPELTIER et al. "Tris-cyclometalated Iridium(lll) Complexes with Three Different Ligands: a 14, 25, 42, 55
New Example with 2-(2,4-Difluocrophenyl)pyridine-Based Complex," Helvetica Chimica Acta AG,
15 July 2014 (15.07.2014), Vol. 97, Iss. 7, Pgs. 939-956. entire document
Y US 9,212,224 B2 (COGSWELL et al) 15 December 2015 (15.12.2015) entire document 23, 32, 46, 60
P.X | GERI et al. "Microenvironment mapping via Dexter energy transfer on immune cells,” Science, | 1-65
06 March 2020, Vol. 387, Iss. 8482, Pys. 1091-1097. gnlite duvunentl
A _ | KIM et al. "Filling the Void: Proximity-Based Labeling of Proteins in Living Cells,” Trends in Cell 1-65

Form PCT/ISA/210 (continuation of second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2020/036285

Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

carried out on the basis of a sequence listing:

a. D forming part of the international application as filed:
I:] in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

only in the form of an Annex C/ST.25 text file.

3. Additional comments:

SEQ ID NO:1 was searched.

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

b. D furnished together with the international application under PCT Rule 13ter. 1(a) for the purposes of international search

c. furnished subsequent to the international filing date for the purposes of international search only:
IZ] in the torm of'an Annex C/S'1.25 text file (Rule 13ser: 1(a)).

D on paper or in the form of an image file (Rule 13fer.1(b) and Administrative Instructions, Section 713).

2. z] In addition, in the case that more than one version or copy of a sequence listing has been filed or fumished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - wo-search-report
	Page 92 - wo-search-report
	Page 93 - wo-search-report

