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ABSTRACT: Chemical modification of proteins in living cells permits valuable glimpses into the molecular interactions that underpin
dynamic cellular events. While genetic engineering methods are often preferred, selective labeling of endogenous proteins in a complex
intracellular milieu with chemical approaches represents a significant challenge. In this study, we report novel diazo-coumarin compounds
that can be photo-activated by visible (430490 nm) and near-infrared light (800 nm) irradiation to photo-uncage reactive carbene
intermediates, which could subsequently undergo insertion reaction with concomitant fluorescence “turned-on”. With these new molecules
in hand, we have developed a new approach for rapid, selective and fluorogenic labeling of endogenous protein in living cells. By using
CA-II and eDHFR as model proteins, we demonstrated that subcellular localization of proteins can be precisely visualized by live-cell
imaging and protein levels can be reliably quantified in multiple cell types using flow cytometry. Dynamic protein regulations such as
hypoxia-induced CA-IX accumulation can also be detected. In addition, by two-photon excitation with an 800 nm laser, cell-selective labeling
can also be achieved with spatially controlled irradiation. Our method circumvents the cytotoxicity of UV light and obviates the need for
introducing external reporters with “click chemistries”. We believe that this approach of fluorescence labeling of endogenous protein by

bioorthogonal photo-irradiation opens up exciting opportunities for discoveries and mechanistic interrogation in chemical biology.

INTRODUCTION

Chemical modification of proteins is a powerful method for
protein  engineering and  conjugation to  construct
biopharmatheuticals.! The ability to selectively label proteins,
particularly in living cells, is critical for characterizing protein
function, localization and dynamics, but is challenging for
chemical biology and drug development.*” Precise protein labeling
can be achieved by genetic engineering approaches, such as fusion
with fluorescent proteins, self-labeling tags® (e.g. SNAP-tag,’
CLIP-tag'® and HaloTag!!) or incorporation of unnatural amino
acids (UAAs) by amber codon suppression.'> However, the
considerably large fusion proteins (19-33 kDa) may perturb the
functions of POIs. The challenges of UAA incorporation in
mammalian cells also hindered its wide applications.!> Most
importantly, these methods can only be applied to cell types that
are amenable to genetic manipulation. Direct chemical
modification of endogenous proteins with small molecules is a
prevailing avenue, as it minimally perturbs protein functions owing
to the small sizes and bypasses the need for genetic manipulation.
However, small molecule-based live-cell protein labeling was only
achieved by limited examples including ligand-directed chemistry
developed by Hamachi group and others.'*!° Their strategies rely
on nucleophilic residues on proteins to react with the electrophilic
moiety of affinity-based probes, which may intrinsically
compromise the labeling efficiency due to restricted amino-acid
coverage and competing hydrolysis reaction. Developing new
chemistries for selective modification of native endogenous
proteins has thus become one of the most important challenges.

Carbene-mediated insertion reactions have been demonstrated to
be versatile methods in protein labeling because of their ability to
modify a broad scope of residues. One of the most well-known
carbene precursors are diazo compounds, which have recently been
employed extensively in chemical biology.?° For instance, it has
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been demonstrated that purified peptides or proteins can be labeled
in vitro by metallocarbenoid with the use of dirhodium(II)-
metallopeptides?'?® and  ruthenium(Il)-porphyrin®® catalysts.
Reactive carbene intermediates can also be photochemically
generated from diazo and diazirine compounds to label proteins in
cells for photoaffinity protein profiling.3! However, their activation
requires UV irradiation that is detrimental to biomolecules and
cells via DNA damage3>3* and generation of reactive oxygen
species,® which hindered the subsequent live-cell applications.
How to design new diazo compounds for specific protein
modification in live cells in a bioorthogonal manner is still
challenging.

Here we present a new photochemical approach by connecting a
diazo group to an extended m conjugation system, such as a
fluorophore, which allows the excitation wavelength of the diazo
group to be drastically red-shifted from 254 nm3¢-37 to visible light
region and enables specific intracellular protein labeling in a
biocompatible manner without click-chemistry (Scheme 1a). Such
a protein modification strategy presents several advantages. Firstly,
compared to methods utilizing diazirine,*®-* benzophenone,*
arylazide,*-* tetrazole®** and o-ketoamide,”' the use of long-
wavelength (400-800 nm) irradiation can avoid the cytotoxicity of
UV  light. Secondly, copper(I)-catalyzed azide—alkyne
cycloaddition (CuAAC) or other reactions that are often required
to introduce fluorescence reporters can be obviated, which allows
real-time report of labeled proteins. Furthermore, photochemical
method provides rapid and non-invasive controls for labeling with
spatiotemporal precision.32-5

In our studies, we first analyzed the photolysis reaction of diazo-
coumarins under visible light irradiation and further optimized the
structure by introducing a trifluoromethyl substituent adjacent to
the diazo group to improve the carbene insertion propensity.
Covalent modification of purified proteins by diazo-coumarin can
be accomplished with mild irradiation of blue LED lamps. It was
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confirmed that a range of amino acids can be covalently modified.
Directed by small-molecule ligands, labeling of specific proteins
was further advanced into living cells. Notably, the protein labeling
in cells was found to be rapid, mild and specific. The coumarin
fluorescence was recovered upon photo-irradiation to facilitate the
instant report of labeled proteins in a variety of analyses, including
SDS-PAGE, confocal microscopy and flow cytometry.
Furthermore, in situ two-photon labeling was achieved in cells with
a near-infrared laser, providing an exciting potential for achieving
protein labeling with spatiotemporal control. Collectively, we
envision that diazo-coumarin probes can be exploited as a new
photochemical tool for live-cell protein modifications to facilitate
the future biological studies, and also provide useful templates for
the rational design of next-generation protein modification
reactions.

Scheme 1. (a) Schematic illustration of light-induced
fluorogenic labeling of protein-of-interest (POI). (b) Photo-
induced carbene insertion reaction of diazo-coumarins 1 and 2.
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RESULTS AND DISCUSSION

Photochemical Characterization of Diazo-coumarins Under
Blue Light. In the course of surveying different combinations of
diazo group and fluorophores, we found that 4-
diazomethylcoumarins>¢-3° were used as precursors for photo-
releasing of compounds,® but the photochemistry of those diazo
compounds has been unexplored. We hypothesize that diazo-
coumarin compounds can be activated by photo-irradiation with
long-wavelength light to “uncage” reactive carbene species for
covalent modification of proximal proteins (Scheme 1b). To test
whether diazo-coumarins can be photo-activated by visible light,
we synthesized compound 1 according to procedures reported in
the literature (Scheme S1). It was found that a large portion of the
longest absorption peak fell into the visible light region (> 400 nm)
(Figure S1a). Unlike ordinary coumarins, the fluorescence of 1 was
found to be quenched by the diazo group, presumably via internal
charge transfer (ICT) .%! Consequently, photolysis of 1 was first
carried out in methanol by irradiation with a household blue LED
lamp (430-490 nm). Upon irradiation, changes in absorption and
fluorescence spectra were observed (Figure Sla-b), indicating a
photochemical transformation of 1 under blue light as we
anticipated. It is highly conceivable that a carbene intermediate is
formed and trapped by methanol. The reaction mixture was
analyzed by LCMS, and multiple products were observed (Figure
S1c). To identify these products, a large scale photolysis reaction
was performed. The photolysis mixture was found to include
several solvent insertion products (Scheme 2, Figure S1d), such as
the methanol C—H insertion product 1a (2.3%), the water insertion
product 1b (3.3%) and the methanol O—H insertion product 1d
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(19%). While an aldehyde product 1eresulting from the carbene
oxidation by oxygen®? was isolated in 35% yield, the major product
was found to be a non-fluorescent ring expansion product le
(38%),% formed by Wolff rearrangement of the carbene
intermediate to an allene® followed by methanol addition. This
process is undesirable since the allene intermediate has a long
lifetime and preferentially reacts with nucleophiles to give non-
fluorescent products.

Scheme 2. Photolysis of 2 (30 pM) in methanol upon blue LED
irradiation and the isolated yields of photolysis products.
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Since trifluoromethyl substituent can prevent intramolecular
rearrangement of carbene intermediate generated from
trifluoromethylaryldiazirine,> we designed and synthesized a
trifluoromethyl analog 2 (Scheme S2). Compound 2 was found to
have a longer absorption maximum positioned at 408 nm
(extinction coefficient ¢ of 2259 M'cm™!, Table S1) and was non-
fluorescent (quantum yield ®q of 0.003). When 2 was subjected to
blue LED irradiation, the peak at 408 nm only underwent a slight
blue-shift and that at ~300 nm dropped sharply. This indicates the
coumarin chromophore was preserved, whereas the diazo moiety
that usually absorbs below 300 nm underwent decomposition. A
significant fluorescence enhancement of 135-fold was also
detected (Figure 1b,c). Subsequent analyses (Figure 1d,e) revealed
that most products were fluorescent, including insertion products
2b (17%) and 2d (43%; ®q of 0.22), ketone product 2a (15%), and
cyclized®® byproduct 2¢ (10%) (Figure S2, Table S1). Most
importantly, no ring-expansion was found.
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Flgure 1. Photo-chemical characterizations of diazo-coumarins.
(a)—(b) Change in absorption and emission spectra of 2 (30 pM) in
methanol upon blue LED irradiation. A¢, = 400 nm. (c) Change in
fluorescence intensity at A, = 484 nm upon blue LED irradiation.
(d) HPLC analysis of 2 before and after photolysis. (e) Isolated
yields of photolysis products.

Reactivity and Stability of Diazo-coumarins in Biologically
Relevant Conditions. Encouraged by these results, we performed
the blue light-prompted reaction of model protein bovine serum
albumin (BSA) with 1 or 2. The fluorogenic property of coumarin
facilitated the visualization of proteins during in-gel fluorescence
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scanning without the need for “click” chemistry. While both
compounds can covalently label BSA at high concentrations, 2
appeared to be more efficient (Figure 2a) than 1. Through tryptic
digestion and tandem mass spectrometry (LC/MS/MS) analysis
(Figures 2b, c, and S3), 35 and 8 modification sites by 1 and 2 were
identified on BSA, respectively. It was found that although the two
compounds modified similar regions, 2 labeled neutral and polar
side-chains without strong preference, suggesting the formation of
a reactive carbene intermediate. However, 1 additionally reacted
with a large number of nucleophilic residues, such as His, Lys, Ser,
Arg, Thr and Tyr, indicative of the generation of ketene
intermediate along with the reactive carbene, which could
potentially lead to non-specific labeling®’ in a more complex
environment. These results suggested that 2 is superior to 1 in terms
of sensitivity and selectivity in protein labeling. Since diazo groups
are prone to decomposition, especially towards thiols®® and acids,
the stability of 2 was further examined. When 2 was incubated with
an equal amount of reduced glutathione (GSH), an intracellularly
abundant nucleophile and reductant, in phosphate buffer for 24 h in
dark, no reaction was observed by NMR analysis (Figure 2d). In
addition, as shown in Figure 2e, 2 was stable across a wide range
of pH; the fluorescence increased only when the compound was
exposed to light.
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Figure 2. Reactivity and stability of diazo-coumarins. (a) SDS-
PAGE of BSA (15 uM) labeled by 1 and 2 of various
concentrations. (b)—(c) Bar chart showing the amino acid labeling
frequencies of 1 and 2 obtained from tryptic peptide LC/MS/MS
analysis of BSA. (d) Comparison of "H NMR spectra of 2 (5 mM)
before and after 24 h incubation in sodium phosphate buffer (10
mM), pH 7.4 (D,0)/CD;0D 1:1, in the dark at room temperature,
in the presence of reduced glutathione (5 mM). (e) Fluorescence
intensity of 2 (Aex = 400 nm, A, = 510 nm) in sodium phosphate
buffer of various pH values incubated in dark or under blue LED
irradiation as indicated.

Labeling of Recombinant CA-II with Blue Light. The
affinity-based approach was then employed to achieve specific
protein labeling wusing small-molecule ligands. Carbonic
anhydrase-1I (CA-II, 29 kDa) was chosen as a target for selective
labeling as it has been widely adopted in studies of affinity-based
probes.”® CA-II can be reversibly inhibited by aromatic primary
sulfonamides,”! such as 4-carboxybenzene-sulfonamide (CBS) (K4
~ 3.2 uM).”? Accordingly, we designed and synthesized 3 (Figure
3a, Scheme S2) by modifying one of the ethyl substituents on the
7-amino group to connect CBS through a simple amide linker. /n
vitro labeling of recombinant CA-II was then performed by mixing
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with 3 followed by blue LED irradiation (Figure 3b). As visualized
by the resulting SDS-PAGE, labeling of CA-II by 3 was furnished
in both concentration (Figure 3¢, ECsy: 2.48 uM) and time (Figure
3d) dependent manner, and was diminished by competition with an
excess of CBS (Figure 3e, ICso: 182 uM). An enzyme activity assay
was performed, which showed that 3 has an I1Cs, value comparable
to that of CBS (Figure 3f, ICsy of 3: 0.90 uM, ICsy of CBS: 2.14
uM). These results showed that the binding property of the
sulfonamide was not disrupted despite its modest interaction with
CA-II. Further, LC/MS/MS analysis revealed that 3 labeled His2
and Trp4 residues of the N-terminal peptide of CA-II (Figure 3g,
Figure S4). Both residues were located at the entrance of the ligand-
binding pocket (Figure 3h), suggesting that labeling is induced by
the specific interaction between CA-II and 3. Consistently,
exclusive labeling of 29 kDa CA-II could also be observed in HeLa
cell lysates spiked with the recombinant protein (Figure S5a).
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Figure 3. Fluorescence labeling of recombinant CA-II with blue
light. (a) Structures of 4-carbonxybenzenesulfonamide (CBS) and
3. (b) Schematic illustration of blue LED light-induced labeling of
recombinant CA-II. (c)—(e) SDS-PAGE of recombinant CA-II (1.7
uM) labeled by 3 (10 pM in (d) and (e)) under blue LED
irradiation. (f) Enzymatic activity assay of CA-II catalyzed the
hydrolysis of p-nitrophenyl acetate. Error bar indicates SD, n = 3.
(g) Mass spectrum of modified CA-II tryptic peptide by 3. (h)
Crystal structure of CA-II showing Zn?* ion and the two labeled
residues.

Labeling of Endogenous CA-II in Living Cells. Our ultimate
goal is to label endogenously expressed proteins in living cells.
Therefore, labeling was attempted with live MCF7 human breast
cancer cells” and HCT116 human colorectal cancer cells,’* which
endogenously express CA-II. After incubation with 3, cells were
irradiated with the blue LED lamp (Figure 4a). Subsequently, cell
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lysates were harvested and separated by SDS-PAGE to visualize
the fluorescent signal. A strong single fluorescent band
corresponds to CA-II was observed in SDS-PAGE of MCF7 cells,
but was blocked by CBS co-treatment (Figure 4b, lanes 3 and 4).
A weaker band was observed without irradiation (Figure 4b, lane
2), suggesting that a minor reaction occurred in the dark. Western
blot analysis confirms that CA-II was evenly expressed among the
four groups and matched the molecular weight of fluorescent
bands. Similar results were obtained in HCT116 cells (Figure
S5b,c). Surprisingly, in the live-cell time-dependent experiments,
the labeling was found to complete within 2 mins under irradiation
(Figure S5d). The faster labeling in living cells is presumably
attributed to the enriched concentrations of 3 and the intracellular
proteins when confined within cells. When the CA-II expression of
MCEF7 cells was knocked down by siRNA, the in-gel fluorescent
signal disappeared (Figure 4c). Taken altogether, these results
convincingly demonstrated the visible-light-induced specific and
rapid labeling of CA-II by diazo-coumarin in living cells.
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Figure 4. Fluorescence labeling of endogenously CA-Il in cells. (a)
Schematic illustration of live-cell labeling. (b) SDS-PAGE of
MCEF7 live-cell labeling by 3 (10 uM) in the presence/absence of
CBS (200 uM). (c) SDS-PAGE and western blot of MCF7 live-cell
labeling by 3 (10 uM) after CA-II knockdown by siRNA. (d) Live-
cell confocal imaging of HCT116 cells treated with 3 (5 pM),
followed by blue LED irradiation. 3: A, = 405 nm, NucRed: A =
633 nm. Scale bar = 10 pm.

Due to the unique fluorogenic property of the diazo-coumarin
probe 3 and biocompatibility of the labeling condition, live-cell
imaging of the intracellular CA-II can be performed, which is
otherwise difficult to achieve with other methods. After the
treatment of 3 with blue LED irradiation, strong fluorescence was
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observed in the cytosolic region of HCT116 cells (Figure 4d) and
MCEF7 cells (Figure S6a). In addition, the fluorescent signal was
diminished when CBS was added to compete with 3. When a
washout step was performed prior to the irradiation, minimal
labeling was observed (Figure S6b). The fluorescence signals were
clearly excluded from the nucleus that was stained by the red
nucleus probe (NucRed), which was consistent with the reported
cytosolic distribution of CA-II.7> Immunofluorescence staining
showed that the signal from 3 was highly co-localized with that of
CA-Il antibody (Figure S6c). Moreover, the fact that the
fluorescence signal of 3 was retained after cell permeabilization is
also evidence that the covalent bonding was established in response
to light.

By using fluorescence-activated cell sorting (FACS) analysis,
the fluorescence “turn-on” effect and competition can be
quantitatively assessed (Figure 5a). As recent work has
demonstrated the assessment of the expression level of the
cannabinoid receptors by tandem live-cell photoaffinity labeling
and click chemistry on fixed cells,’® we envisage that such an
assessment can be carried out in living cells with our approach. As
shown in Figure 5b, the strongest specific labeling for CA-II was
obtained in MCF7 cells, followed by HCT116 cells, whereas HeLa
cells showed minimal labeling. This result suggests that the
expression level of CA-II should follow this order: MCF7 >
HCT116 > HeLa, which was validated by Western blot analysis
(Figure 5c).
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Figure 5. FACS analysis of CA-II expression in different cell
types. (a) FACS analysis of cells treated with: (i) 3 (5 M), blue
LED irradiation; (ii) 3 (5 pM) and CBS (100 uM), blue LED
irradiation; (iii) 3 (5 pM), no irradiation; (iv) untreated. (b) Relative
CA-II signals obtained from FACS analysis in MCF7, HCT116 and
HelLa cells. (¢) Western blot of CA-II in three cell lines.

Labeling of CA-IX under Hypoxia-mimetic Condition. CA-
IX is a membrane-associated isoform of CAs, which is markedly
overexpressed in hypoxic tumor cells.”” As it plays a pivot role in
malignant progression, especially in regulating pH homeostasis
under acidic extracellular matrix, CA-IX is thus regarded as a
valuable biomarker as well as an attractive target in cancer
therapy.”® The expression of CA-IX is modulated by hypoxia-
inducible factor 1 (HIF-1), which under normoxia condition is
hydroxylated at proline residues by prolyl hydroxylase domain-
containing protein 2 (PHD2) and subsequently ubiquitinated by
Von Hippel-Lindau (VHL) E3 ligase for proteasome degradation
(Figure 6a).” Since oxygen-sensing of PHD2 relies on its catalytic
iron(Il) center, iron chelator deferoxamine mesylate (DFQ) can
inhibit PHD?2 to stabilize HIF-1, thus acting as a hypoxia-mimetic
agent.’* In our experiment, HeLa cells, which have no CA-II
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expression, were cultured under normal or hypoxia-mimetic
conditions (treated with DFO). From the western blot result shown
in Figure 6b, it can be observed that CA-IX was upregulated as a
result of HIF-1 accumulation. After that, these cells were treated
with 3 and followed by irradiation with blue LED light. The
resulting live-cell confocal images showed that substantial signals
accumulated on the plasma membrane in cells treated with DFO,
while untreated cells displayed minimal signal (Figure 6c). The
majority of the signals could be displaced by co-treatment of CBS.
This evidently indicated that 3 could fluorescently label the
membrane-bound CA-IX under hypoxia-mimetic condition. Our
results demonstrated that our visible light activated probe could be
used for labeling proteins that are dynamically expressed under
specific conditions, which is otherwise hard to be accomplished
with overexpression system of genetically modification approach.
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Figure 6. Fluorescence labeling of CA-IX in cells under hypoxia-
mimetic condition. (a) Schematic illustration of inducible CA-IX
expression under hypoxia or treatment by DFO. (b) Western blot
of HeLa cells cultured under normal or hypoxia-mimetic (DFO,
100 uM for 24 h) conditions. (c) Live-cell confocal imaging of HeLa
cells cultured under normal or hypoxia-mimetic (DFO, 100 pM for
24 h) conditions. Cells were treated with 3 (5 puM) in the
presence/absence of CBS (100 uM), followed by blue LED
irradiation. 3: Aex = 405 nm. Scale bar = 10 um.

In situ Two-photon Labeling and Imaging. Since 7-
aminocoumarin has been applied in two-photon uncaging.’! we
wonder if two-photon protein labeling can be performed. In
principle, the ability of two-photon activation would potentially
lead to reduced photo-toxicity, better spatial control, and deeper
tissue penetration.> We, therefore, tested the feasibility of two-
photon activation of 2 to form carbene with the use of near-infrared
(NIR) light to initiate the reaction.®3-% When 2 was exposed to the
femtosecond pulses of an 800 nm focused laser beam, a similar
photo-chemical response to that of blue light irradiation was
observed (Figure 7a). Dependence of the fluorescence increase on
the focused laser power was recorded, however, no reaction
occurred when the laser was unfocused (Figure 7b). These results
suggest that 2 can be two-photon activated by NIR light. As a
proof-of-concept experiment, in situ two-photon labeling and
imaging of CA-II was performed in living cells with 3 (Figure 7c).
In this experiment, MCF7 cells were treated with 3 and the cell
location was first tracked with NucRed under confocal microscopy.
Next, only selected cells were irradiated with a laser at 800 nm of
the microscope. Followed by the washing of excess probes, the
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cells were imaged. As shown in Figure 7c, stronger fluorescence
signals were detected in cells exposed to NIR light, indicating that
two-photon activated labeling of CA-II can be achieved in live
cells.
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Figure 7. In situ two-photon labeling and imaging of CA-IL. (a)
Change in emission spectra of 2 (30 uM) upon two-photon
photolysis with a mode-locked Ti:sapphire 800 nm femtosecond
pulses focused laser at 200 mW. Emission was measured at Ao, =
400 nm. (b) Fluorescence intensity (Aex = 400 nm, A., = 484 nm)
measured at 30 min after irradiation with focused or unfocused
laser beam of varying laser power. (¢) Schematic illustration of
two-photon induced labeling of CA-II with 3 (5§ uM) in living cells
and confocal imaging of MCF7 cells before and after two-photon
activation with 800 nm. Scale bar =20 um.
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Figure 8. Fluorescence labeling of mCherry-eDHFR in HeLa cells.
(a) Chemical Structures of TMP and 4. (b) Live-cell confocal
imaging of HeLa cells with or without transient expression of
mCherry-eDHFR, treated with 4 (5 uM) and TMP (50 uM) after
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blue LED irradiation. 4: A = 405 nm, mCherry: A_ = 561 nm.

Scale bar = 10 pm.

Labeling of eDHFR in Living Cells. To demonstrate that our
labeling strategy can be applied to other target proteins, 4 was
synthesized by incorporating trimethoprim (TMP, Ky~ 10 nM) as
a ligand moiety (Figure 8a),% which can selectively bind E. coli
dihydrofolate reductase (eDHFR). HeLa cells were transfected
plasmid DNA to overexpress eDHFR fused with a red fluorescent
protein (mCherry-eDHFR). The transfection of this fusion protein
helps to confirm the co-localization with diazo-coumarin in living
cells under confocal microscopy. When the cells were treated with
4 (5 uM) and irradiated with blue light, co-localization of the probe
signal and mCherry was observed in live-cell imaging (Figure 8b).
While the cells without transfection did not show any staining, the
addition of TMP also predictably perturbed the labeling in
transfected cells.

CONCLUSION

In the investigation described above, we have demonstrated that
diazo-coumarin can be activated by visible light to “photo-uncage”
reactive carbene intermediate, which can subsequently undergo
insertion reaction with biomolecules. Through detailed chemical
analysis, the structure of diazo-coumarin was optimized by the
introduction of a trifluoromethyl group to improve the carbene
insertion propensity. Moreover, we showed that efficient visible
light photo-activation and fluorogenic property of diazo-coumarin
can be exploited as a biorthogonal tool in endogenous protein
labeling. As a result, proteins-of-interest can be covalently
modified after mild blue LED irradiation, with instant fluorescence
report bypassing the need to perform “click” chemistry. We
demonstrated the applications of diazo-coumarin in affinity
labeling of endogenous proteins in living cells using CA-II as a
model protein. Remarkable labeling speed and specificity of
endogenous CA-II has been achieved, which enables reliable
visualization of localization by live-cell imaging and quantitative
assessment of expression level among different cell types by flow
cytometry. Live-cell imaging also allowed monitoring of protein
dynamics as proved by hypoxia-induced CA-IX accumulation.
Furthermore, diazo-coumarin can be photo-activated by two-
photon excitation, which allows spatiotemporally controlled
protein labeling in living cells with the least phototoxic NIR light.
As a further illustration, this strategy can also be successfully
applied to the labeling of eDHFR. We believe that this photo-
chemical approach should expand the chemical repertoire of the
covalent labeling of biomolecules in living cells to facilitate
biological discoveries.
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