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A Click-addressable Cassette For Photoaffinity Labeling
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ABSTRACT: A small molecule 1 was designed to contain an alkyne, a trifluoromethyl-substituted diazirine, and a free piperidine-NH for

facile conjugation to protein binding ligands. This “cassette” 1 was
synthesized via a relatively direct route involving only routine steps.
In this proof-of-concept study, putative ligands for carbonic anhy-
drase IX and for TrkC were conjugated to 1. Photoaffinity labeling
was performed using purified extracellular regions of both these
protein-receptors, and using cells that express these receptors (iso-
lation via a pull-down procedure); labeling of the protein was ob-
served in all four experiments.
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Photoaffinity labeling (PAL) is a valuable tool in target identifica-
tion.' Preferred embodiments of this method include photolabile
groups that decompose to carbenes or nitrenes, which undergo
insertion reactions at reactive centers of proteins drawn into the
environment by an attached ligand (Figure 1a). Difficulties with
PAL tend to be encountered in detecting the proteins targeted by
the reactive species; this usually requires labeling with a fluor or
another entity to make the conjugates conspicuous.” However,
fluors incorporated before the photodecomposition step can im-
pact binding of the targeting ligand to the protein. Indeed, even
without fluors, addition of PAL-groups to targeting ligands can
impact how they bind proteins.® For these reasons, it is often ad-
vantageous to “click” ** on a fluor after photodecomposition so that
fluor-protein interactions have no impact on the coupling step, but
after click the covalent conjugates can be readily detected. This
Letter describes a simple, conveniently accessible, “clickable cas-
sette” 1 (Figure 1b) that may be readily conjugated to targeting
ligands, and includes an alkyne for click-labeling with azides. Two
applications of cassette 1 are also presented, ie labeling of carbonic
anhydrase IX (CAIX) and of tropomyosin kinase receptor C
(TrkC).

Several criteria were prioritized in the design of PAL-cassette 1,
specifically: (i) ease of synthesis; (ii) a trifluoromethyl-substituted
diazirine because that substituent is often preferred for PAL;® (iii) a
highly nucleophilic secondary amine for coupling to small molecule
ligands; (iv) an alkyne for click-capture; and, (v) small structure
overall to minimize non-specific binding of the cassette fragment to
proteins. The presence of a tertiary amine in this system also
means that it could be protonated to increase water solubilities of
ligand-conjugates.

Scheme 1a describes the synthesis of cassette 1 from the known
diazirine precursor A.” Nucleophilic displacement with the amine
2 (prepared via a reductive amination of propargyl amine with the
corresponding ketone, see supporting) gave the Boc-protected
cassette 3; the deprotected cassette 1 was obtained through treat-
ment with acid.

As a test application of PAL-1, this material was coupled with cy-
anuric chloride to give the pivotal intermediate 4 (Scheme 1b). A
second SnAr displacement on the triazine enabled incorporation of
a carbonic anhydrase IX ligand in the conjugate S.
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Figure 1. a Typical PAL strategy. b Cassette featured in this work.

Carbonic anhydrase (CA) IXis a transmembrane protein, one of a
family of enzymes that mediate reversible hydration of CO..* This
enzyme tends to be overexpressed in hypoxic tumors but not signif-
icantly expressed in most normal tissues.” Small molecules that

10-12

utatively bind CAIX are interesting in tumor targeting.
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Scheme 1. Synthesis of: a cassette 1; and, b § comprising 1 conjugated
with a CAIX ligand.

In a photoaffinity labeling experiment, the conjugate § with recom-
binant CAIX in pH 7.4 HEPES buffer was illuminated at 365 nm
(light emitting diode) for 30 min. Fifty-fold excesses of azide-fluor-
488 (compared to ligand §), copper (2+) salts, and a reducing
agent (tris(2-carboxyethyl)phosphine, TCEP) were added and the
reaction mixture was held at 25 °C for 3 - 4 h in the dark to allow
the click cycloaddition to proceed. Constituents of the sample
were separated on an SDS-PAGE gel; after fluorescence imaging, a
band at 5SS kDa was observed corresponding to labeled CAIX.
Staining all proteins on the same gel with a Coomassie blue dye
revealed the protein is present in all lanes, but comparison with the
in-gel fluorescent image showed that 50-fold excess of the conju-
gate without a diazirine 6 blocked the photoaffinity labeling (lanes 2
and 4). When the sample was not illuminated (lane $), no pho-
toaffinity labeling occurred.

5 6
a
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55
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55
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b
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Figure 2. a Experiments with isolated protein. Photoaffinity labeling of
recombinant CAIX after 30 min illumination with excess ligand § and
click with azide-fluor-488; the top gel (black background) shows the
fluorescence at 488 nm, and the one below depicts protein staining
with Coomassie Brilliant Blue (CBB) G250. Competition with 6,
which lacks a diazirine, suppresses labeling with § (lanes 2 and 4). b
Experiments with MDA-MB-231 cell lysates. MDA-MB-231 cell lysate
was treated with PAL probe § under 365 nm illumination for 30 min,
then clicked with biotin-azide. NeutrAvidin agarose was used to pull
down the biotinylated proteins, and the material captured was run on a
SDS-PAGE gel. Lane 1 shows staining of CAIX on the Western blot
image with a CAIX Ab, lane 2 shows sample pretreated with blocking
ligand 6. Lane 3 shows no ligands and lane 4 depicts the lysate without
PAL.

The next set of experiments were undertaken to confirm that the
cassette could be used on cell lysates, rather than purified recombi-
nant protein, and that the conjugate could be observed via biotin-
labeling and a pull-down procedure (Figure 2b). “Triple negative”
breast cancer cells, MDA-MB-231 were used since these are known
to express CAIX."” Thus, the overall procedure was photoaffinity
labeling, click with biotin azide, pull-down on streptavidin coated
beads, then SDS-PAGE gel and Western blot. This sequence re-
vealed the presence of CAIX (lane 1), but not when excess blocking
ligand 6 was present (lane 2) or when no photoaffinity label at all
was used (lane 3). Lane 4 is a positive control showing that CAIX
was present in the cell lysate before pull-down.
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Figure 3. a Experiments with solubilized TrkC extracellular domain.
Solubilized TrkC extracellular domain was incubated with 7 for 1 h,
illuminated for 30 min at 365 nm, clicked with azide-fluor-488,
then subjected to SDS-PAGE. Top gel: fluorescence at 488 nm.
Bottom gel: protein staining with CBB G250. Competition with 8,
which lacks a diazirine, suppresses labeling with 7 (lanes 2 and 4).
b Experiments with NIH3T3 TrkC+ cell lysates. Cell lysate was
treated with PAL probe 7 under 365 nm illumination for 30 min,
then clicked with biotin azide. NeutrAvidin agarose was used to
pull down the biotinylated proteins, and the material captured was
run on a SDS-PAGE gel. Lane 1 shows staining of TrkC on the
Western blot image with anti-TrkC mAD, lane 2 shows sample
pretreated with blocking ligand 8.

Several studies from our laboratories have featured a bivalent sys-
tem with dipeptide fragments (blue in structures 7 and 8) that

putatively bind the cell surface receptor TrkC.""" Thus conjugates
7 and 8 were formed to test this hypothesis via photoaffinity label-
ing.

Figure 3a shows in-gel fluorescence after a photoaffinity labeling,
click, and SDS-PAGE sequence for solubilized TrkC receptor and
the conjugate 7. A band at around 100 kDa was observed (lanes 1
and 3) but not when 80x of the blocking ligand 8 was added (lanes
2 and 4), or if the illumination step was excluded (lane §). Figure
3b shows a Western blot after illumination of 7 with NTH3T3 cells
stably transfected with TrkC, “click” with biotin azide, capture onto
NeutrAvidin agarose beads, then SDS-PAGE. Two TrkC-Ab
bands were observed (whereas the parent NIH3T3 cells give none,
see supporting); these are at similar, but not the same, molecular
mass as the solubilized extracellular domain of the TrkC receptor in
Figure 3a.

Other PAL ligands functionalized with alkynes have been reported
prior to our work,***' but the synthesis of cassette 1 appears to be
more convenient than most, and provides another type of system.
This is because, unlike some other probes, synthesis of cassette 1
does not require reactive organometallics, except in the first step
wherein the starting material was made on scale. Cassette 1hasa
secondary amine that can be easily coupled to activated carboxylic
acids; this feature makes the probe more portable. Both the small-
molecule conjugates prepared in this work labeled their anticipated
targets with sufficient efficiencies for observation in SDS-PAGE
experiments.
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