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Bioorthogonal Reactions
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Abstract: Beyond their classical role as cytotoxics, Platinum (Pt) coordination complexes recently joined the selected\
group of transition metals capable of performing bioorthogonal reactions in living environments. To minimize their
reactivity towards nucleophiles, which limit their catalytic performance, we investigated the use of Pt(0) with different
forms, sizes and surface functionalization. We report herein the development of PEGylated Pt nanodendrites with the
capacity to activate prodyes and prodrugs in cell culture and in vivo. Their dendritic morphology together with their
surface shielding through Pt—S-bonded PEGylation synergistically contributed to create catalytic nanoreactors
compatible with the highly-crowded and reductive environment of the cell cytoplasm, thereby facilitating in situ
bioorthogonal drug uncaging in cancer cells in 2D and 3D culture, including in microfluidic systems, and xenografted in

\zebraﬁsh.

J

Introduction

A myriad of bioorthogonal reactions and targeting strategies
have been combined over a decade to unleash the
pharmacological effects of drugs on demand at desired

anatomical locations.) The “chemistries” used to release
these bioactive agents range from purely organic methods
(e.g., click-to-release strategies)”! to physicochemical (e.g.,
photo- or ultrasound-induced bond-cleavage)® and organo-
metallic reactions (e.g., uncaging reactions mediated by Pd
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or Ru).["! While differing in the nature of the stimulus that
triggers the activation process, all these strategies share the
goal of maximizing drug efficacy and attenuating toxicity by
the on-site release of therapeutics (e.g., inside a tumor).

Pd,”! Ru,™ Ay, Fef®! and Cu® have been extensively
studied for the uncaging of prodrugs or for the local
assembly of active drugs from inactive precursors. These
metals are typically used in free form (e.g., discrete organo-
metallic complexes or nanoparticles) or coordinated/em-
bedded into vesicles and polymeric materials. So far, the
most successful strategies in vivo have relied on catalytic
devices that release drugs in the interstitial space,'” since
the stringent conditions of the intracellular environment
severely reduce the efficacy of most metal catalysts."

Other transition metals such as Pt have recently entered
the toolbox of abiotic catalysts that can mediate bioorthog-
onal reactions in biological environments.'?! Oliveira and
Bernardes!'* demonstrated that Pt(II/IV) complexes—in-
cluding the anticancer drug cisplatin—can mediate bond-
cleavage reactions under physiological conditions; specifi-
cally, the uncaging of pentynoyl tertiary amides and N-
propargyl groups (Scheme 1a). The reactivity of Pt com-
plexes towards these groups was exploited to uncage masked
precursors of the cytotoxic agents monomethyl auristatin E
and 5-fluorouracil in cell culture and in zebrafish, respec-
tively. Later, Huang!® developed an inactive Pt(IV)
complex conjugated to an O>-propargyl diazeniumdiolate
moiety. Upon reduction of Pt(IV) to Pt(II) inside cells,
cisplatin is released to both attack the cells and mediate O-
depropargylation and release of nitric oxide. These seminal
works showcase the potential of homogeneous Pt catalysis,
particularly with a divalent oxidation state, in prodrug
activation. However, the electrophilic reactivity of these
complexes towards glutathione and other intracellular

a) Oliveira and Bemardes 2020 - PYII/IV}-mediated bond cleavage - inactivated by nucleophiles
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Scheme 1. a) Pt(l1/IV)-mediated bioorthogonal bond cleavage reported
by Oliveira and Bernardes.'” The reactivity of the Pt(II/1V) complexes
towards cell nucleophiles restricts their performance inside cells.

b) Pt(0)-catalyzed uncaging strategy developed in this work. Nano-
dendrite protection with PEG-SH enhanced the bioorthogonal
chemistry capabilities of metallic Pt inside cells.
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nucleophiles is shown to decrease their capacity to mediate
uncaging reactions by 6-15 fold in cell culture.® Moreover,
the inherent genotoxicity of Pt coordination species (cispla-
tin, oxaliplatin and carboplatin are DNA crosslinking agents
widely used in the clinic as standard chemotherapy)!"! limit
their use as truly bioorthogonal (=biologically inert) cata-
lysts.

With minimal inherent toxicity and featuring unique
redox, photothermal (PT) and metallic properties, heteroge-
neous Pt(0)-based nanomaterials can drive the decomposi-
tion of H,0,, induce PT cell ablation upon UV-to-NIR
irradiation or interact with external electric fields to mediate
charge polarization, leading to hole-doping conditions able
to transform water molecules into reactive oxygen species.!""
Another advantage of Pt(0) is its straightforward synthesis
from oxidized Pt species using green reagents such as
ascorbic acid and the possibility of assembly into dendritic
nanoparticles (dPt) with high surface area.' Interestingly,
despite these features, the potential capacity and use of
Pt(0) to mediate bioorthogonal uncaging reactions in
complex environments has not yet been investigated. We
rationalized that tuning the structure and surface composi-
tion of Pt nanoparticles (NPs), including size, surface area-
to-volume ratio and stabilizing ligands, could enable us to
find the optimum set of features required to achieve
bioorthogonal reactivity, while maintaining the excellent
stability, biocompatibility and biodistribution profile of this
class of nanodevices.

Following the above strategy, herein we demonstrate a
bioorthogonal catalytic role for Pt(0) (Scheme 1b). We also
explored the most suitable Pt(0)-mediated uncaging reaction
by developing ten different masking groups with two differ-
ent dyes. Optimization of nanocatalyst reactivity and
compatibility with nucleophiles was achieved by polyethy-
lene glygol (PEG) shielding through Pt—S functionalization.
The best performing prodye+PEGylated dPt combination
demonstrated high catalytic properties under physiologically
relevant conditions and inside cancer cells implanted in
zebrafish. Finally, the bioorthogonal applicability of Pt(0) in
complex environments was challenged and validated by the
in situ activation of two prodrugs of the anticancer agents
SN38 (topoisomerase I inhibitor) and sapanisertib (mMTOR
kinase inhibitor) in cell culture, in cancer spheroids in a
microfluidic system and in vivo.

Results and Discussion
Synthesis and Characterization of Pt NPs

H,PtCl, (metal source) and ascorbic acid (reductive agent)
were used to prepare a range of Pt NPs using different
synthetic protocols (Figure 1a). Preliminary experiments
demonstrated that Pt(0) nanostructures with spherical
dimensions performed poorly as uncaging catalysts and,
therefore, our efforts focused on the development of NPs
with dendritic form. Polymer-assisted synthesis was per-
formed by adding H,PtCl; plus the surfactant PVP (MW
40,000) (dPt-1) or Pluronic F-127 (dPt-2) in deionized H,O
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Figure 1. a) Synthesis of Pt nanodendrites dPt-1, dPt-2 and dPt-3. b) Representative TEM images of Pt NPs showing a dendritic shape. c) Size
distribution and zeta potential of dPt-1, dPt-2 and dPt-3. Moderate differences in size were observed between the different synthetic protocols.
d) X-ray diffractograms corresponding to Pt NPs synthetized under each different protocol. XRD analysis displayed patterns that correspond to the

cubic structure of Pt.

at room temperature (r. t.), followed by addition of ascorbic
acid. The resulting suspension was kept overnight at 37°C.
Unreacted precursors and byproducts were discarded by two
centrifugation cycles. We also prepared uncoated Pt NPs by
changing the ratio of reagents and heating up the reaction
mixture to 90°C for 10min (dPt-3). Afterwards, the
unreacted precursors and byproducts were discarded by
centrifugation (x2, 10 min, r.t.) (see full protocol in the
Supporting Information). Encouragingly, TEM and
HAADF-STEM imaging showed that the three Pt NPs
featured a dendritic shape (Figure 1b, and Figure Sla—c,
Supporting Information), which is an optimal feature to
maximize the surface area-to-volume ratio, thereby increas-
ing the number of active centers available for reaction.
Figure 1c shows average diameters moderately increasing
from 40 to 60 nm from dPt-1 to dPt-3. Measurements of the
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Zeta potential (ZP) revealed that all the nanodendrites were
characterized by negative charge surface: —22 mV for dPt-1,
—24 mV for dPt-2 and —16 mV for dPt-3 (Figure 1b).

The NPs were further characterized using X-ray diffrac-
tion (XRD) and X-ray photoelectron spectroscopy (XPS).
XRD analysis clearly showed patterns that perfectly corre-
late with those of the Pt(0) cubic structure!™ (Figure 1d).
XPS analysis corroborated the presence of Pt in the nano-
structure (Tables S1-S2, see Supporting Information). None
of the samples presented Pt species in a tetravalent
oxidation state, demonstrating the successful reduction of
the Pt(IV) precursor, whereas Pt(II) was present in all the
nanoparticles at different ratios (Table S1, Supporting
Information). As shown in the table, the nanodendrites
synthesized with PVP (dPt-1) or Pluronic F-127 (dPt-2)
presented a superior proportion of Pt(0) than Pt(II) at the
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external layers of the NPs. Interestingly, these two types of
NPs featured different levels of Pt content, with dPt-2
having approximately 10 % higher proportion of Pt content
(Table S2, Supporting Information). The uncoated dPt-3
displayed the highest proportion of Pt element of all NPs
and 100 % of Pt(II) species at the external layers of the NPs,
which suggests that the lack of a polymeric material
protecting the surface of the NPs exposes the metal to
environmental oxidation.

Design, Synthesis and Screening of 10-Member Library of
Masked Prodyes

To assess the uncaging capabilities of the Pt NPs, we
prepared a library of prodyes designed to test the Pt(0)-
mediated uncaging of five functional groups: ethers, esters,
carbonates, amides and carbamates (Figure 2a). Resorufin
(Em =584 nm) was used for the synthesis of the O-allyl and
O-propargyl derivatives 1a and 1b, pentenoyl and pentynoyl
esters 2a and 2b, and allyl and propargyl carbonates 3a and
3b. Green-fluorescent EtNH-NBD (Em =536 nm) was used
to prepare pentenoyl and pentynoyl amides 4a and 4b, and
the allyl and propargyl-oxycarbonyl derivatives Sa and 5b.
Synthesis protocols are fully described in the Supporting
Information. Spectroscopic analysis demonstrated that the
fluorescent properties of each of prodyes were quenched by

Coupling reaction

N ]
i g Lri
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the masking group, with a reduction of fluorescence
emission superior to 100-fold (Figure S2, Supporting Infor-
mation).

The capabilities of each of the NPs (40 pg/mL, approx.
40 uM in Pt content) to convert the custom-designed library
of optically silenced prodyes (40 uM) into active dyes was
first tested in PBS at 37°C. After 24 h, fluorescence intensity
was measured with a microplate reader (Ex/Em=550/
580 nm for resorufin; Ex/Em =485/535 nm for EtNH-NBD)
and conversion efficiency calculated by normalizing to the
emission of the corresponding dye (=100%). From the
resorufin-based prodyes (Figure 2b), only the allyl ether 1a
was minimally uncaged by Pt(0), with dPt-2 displaying
slightly superior uncaging properties. From the NBD-based
prodyes (Figure 2c), the alkyne-containing prodyes 4b and
5b showed the highest conversion in the presence of Pt NPs,
where dPt-2 once again exhibiting slightly superior uncaging
properties.

Before analyzing the compatibility of the catalysts to
more complex media, we measured the stability of the
library in PBS supplemented with 10% serum (rich in
esterases) or S9 fraction (which contains both phase I and
phase II metabolic enzymes). The study showed that esters
2a,b and carbonates 3a,b display very low stability under
these conditions and thus were discarded from the following
studies (Figure S3, Supporting Information). Although the
rest of the prodyes were stable in the presence of serum and

NO»
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Figure 2. a) Synthesis of prodyes 1-5 a,b and Pt-mediated conversion into resorufin and EtNH-NBD. b, c) Comparative study of the conversion
efficiencies (in %) after 24 h incubation. Reaction conditions: prodye (40 pM) and dPt-1-3 (40 pg/mL) in PBS at 37°C. Error bars: £SD (n=3).
Significant differences relative to the highest conversion value are represented as * P <0.05, ** P <0.01, ***P <0.001, ****P <0.0001.

d) Comparative study of the conversion efficiencies (in %) after 24 h incubation in PBS supplemented with serum (10% FBS). Negative control

(Ctl): prodye without nanocatalysts. Error bars: £SD (n=3).
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S9 fraction, 5b was found to be the most stable of the
library.

Next, the reaction of each of the Pt NPs with the six
remaining prodyes was re-tested in serum-supplemented
media. As shown in Figure 2d, the catalytic properties of the
NPs were significantly reduced in the presence of serum
proteins. The best performing nanocatalyst was once again
dPt-2 (synthesized with the assistance of Pluronic F-127).
The higher Pt content of dPt-2 might play a role in its
superior catalytic properties.

From the range of prodyes with adequate metabolic
stability, the compounds featuring a triple bond were the
most sensitive to Pt(0) chemistry, highlighting prodye 1b.
Although 5b was not as efficiently activated as 1b, it was
the most stable prodye to serum and S9 fraction, making it a
good candidate for in vivo studies. It is also worth noting
that the pentynoyl protected prodye 4b was cleaved with
similar efficacy than 5b. Despite the promising results, a
slight reduction of uncaging efficacy was observed for dPt-2
in the presence of serum, which motivated us to further
improve the catalytic capacity of the nanodevices.

Sutface Functionalization and Biocompatibility Study

Pluronic F-127-templated dPt-2 was chosen for subsequent
studies based on the fluorogenic uncaging studies. Since
they showed slightly reduced -catalytic activity in the
presence of serum, we devised a strategy to diminish the
biofouling effect of proteins and peptides on the nano-
particle surface. Yang and co-workers have recently showed
that the Pt—S bond is highly stable and superior to Au—S
bond in protecting from cleavage by biogenic thiols.!'"
Inspired by this work, following the synthesis and purifica-
tion protocol dPt-2 above described, the resulting nano-
dendrites were further treated with polyethylene glycol
methyl ether thiol (PEG-SH, MW =2,000) for 30 min in
PBS at r. t. (Figure 3a). Unreacted PEG-SH was discarded
by two centrifugation cycles of 10 min in water to generate
PEG-dPt-2. Characterization revealed a slight increase in
size (71.7 nm) and drop in zeta potential (—18 mV) without
changes in morphology (Figure S1d,e, Supporting Informa-
tion).

Probe 1b was used to evaluate the catalytic properties of
dPt-2 and PEG-dPt-2 in the presence of serum and
glutathione (GSH). Encouragingly, the catalytic properties
of PEG-dPt-2 were not affected by the presence of serum.
In addition, the PEGylated nanodendrites tolerated the
presence of GSH better than dPt-2 (Figure 3b). Although
very high GSH levels (0.5-10 mM) further decreased the
catalytic properties of Pt NPs, competition with serum
proteins significantly reduced the detrimental effects of
GSH (Figure S4, Supporting Information).

To confirm the catalytic behavior of Pt(0), a recyclability
study consisting of performing eight successive reaction
cycles with 1b and PEG-dPt-2 in the absence and presence
of serum was performed (Figure S5, Supporting Informa-
tion). Notably, the nanodevices performed well under both
conditions, supporting their functional suitability for com-
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Figure 3. a) Synthesis of PEG-dPt-2. b, Study of the influence of serum
and glutathione (GSH) on the fluorogenic reaction of prodye 1b

(40 pM) and dPt-2 (plain bars) or PEG-dPt2 (dotted bars) at 80 pg/mL
for 24 h. PBS: control without additives (serum or GSH). Error bars:
+SD from n=3. Signifcant differences relative to control are
represented as * P <0.05, **P <0.01.

plex environment. Cell viability assays with A549 cells
confirmed that the devices did not induce cytotoxicity up to
0.2 mg/mL (Figure S6, Supporting Information).

Pt(0)-Mediated Prodye Activation in Vivo

Motivated by the catalytic compatibility of PEG-dPt-2 in
complex media and the tolerability towards treatment with
Pt(0) shown by A549 cells, we next challenged the function-
ality of the NPs in vivo in a xenografted zebrafish model
(see Figure 4a). A549 cells were pre-incubated with the
PEG-dPt-2 for 4h, to enable NPs internalization, and
Hoescht 33342, to fluorescently label cell nuclei. A549 cells
only treated with Hoescht 33342 were used as negative
control. Treated cells were then injected in the perivitelline
space (PVS) of zebrafish embryos two days post-fertilization
(dpf). Zebrafish with successfully implanted PEG-dPt-2-
treated cells were randomly distributed into two groups (n=
6), and treated with E3 media only (non-probe control) or
media containing probe Sb at 2.5 uM in E3 media (fluoro-
genic experiment) for 40 h. As non-Pt control, zebrafish
implanted with nuclei-labeled cells without NPs were treated
probe 5b (2.5 uM) for 40 h. Next, embryos were anaesthe-
tized with tricaine and embedded in 1% (w/v) low melting
point agarose (in E3 media) for confocal microscopy
imaging and analysis. As shown in the top panel of
Figure 4b, the control group (no Pt NPs) treated with 5b
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Figure 4. a) Pt(0)-mediated prodye uncaging in vivo (created with BioRender). b) Confocal analysis of EENH-NBD generation (green) from non-
fluorescent 5b in nuclei-labeled A549 cells (cyan) implanted into the PVS of 2-dpf zebrafish larvae: top, cells without NPs; bottom, cells with
loaded with PEG-dPt-2. Embryos were imaged two days after injection. N =6. Scale bars =40 pm.

exhibited minimal background green fluorescence. Equiv-
alent results were observed in embryos containing PEG-
dPt-2-treated cells in the absence of 5b (see Figure S7,
Supporting Information). Notably, the PEG-dPt-2-treated
group incubated with Sb showed significant increase in
fluorescence emission in the PVS of the embryos, demon-
strating the localized generation of EtNH-NBD.

Pt(0)-Mediated Prodrug Activation in 2D and 3D Cell Culture

After demonstrating the capacity of Pt NPs to uncage
fluorogenic probes in vitro and in vivo, we next tested the
capabilities of Pt(0) to activate prodrugs in cancer cell
culture. Experiments were performed in cancer cell lines
with two masked prodrugs: pro-SN38, a prodrug of the
Topoisomerase I inhibitor SN38 (active metabolite of
irinotecan) that has been shown to be effectively activated
by Palladium,”” and novel prodrug pro-INK128, generated
by Poc-functionalization of the primary amino group of the
benzoxazole moiety of the mTOR inhibitor sapanisertib
(a.k.a. INK128). The selection of these prodrugs was
inspired on the most successful Pt(0)-sensitive masking
strategies found from the screening of the prodye library,
specifically 1b (for pro-SN38) and 5b (for pro-INK128).
Based on the clinical use of irinotecan in colorectal
cancer,'® HCT116 cells was the model used to test the in
situ activation of pro-SN38 by Pt(0) NPs (Figure 5a). To
evaluate the efficacy of the PEGylation strategy, dPt-2 and
PEG-dPt-2 were tested at a range of concentrations (20, 40
and 80 pg/mL). Cells were treated with the NPs diluted in
media supplemented with serum, followed by prodrug
addition (10, 30 and 100 nM in media supplemented with
serum). SN38 at the same concentration range was used as
positive control, while treatment with only Pt or pro-SN38
were used as negative controls. Cell viability was measured
using the PrestoBlue reagent after five days. As shown in
Figure 5 (see experiments with 20 and 40 pg/mL in Fig-
ure S8, Supporting Information), on their own, Pt(0) NPs
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were well tolerated by HCT116 cells, and the prodrug
showed no or minimal antiproliferative effect at the three
concentrations used. In contrast, the combined treatment of
Pt(0) and prodrug led to equivalent antiproliferative effect
as cytotoxic SN38. Of note, PEG-dPt-2+ prodrug consis-
tently induced higher cell death levels, versus experiments
with dPt-2, confirming the enhancing effect of Pt-S
PEGylation on intracellular catalysis.

Lung adenocarcinoma A549 cells were used to test the
Pt(0)-mediated activation of pro-INK128, since sapanisertib
received fast tracked designation to treat non-small cell lung
carcinoma.l'”) As shown in Figure S9 (Supporting Informa-
tion), the dose response curves of pro-INK128 and sapani-
sertib showed a significant reduction of antiproliferative
activity for the masked drug, providing sufficient therapeutic
window to test the in situ activation of pro-INK128 in A549
cells pre-labeled with Pt(0) NPs. Next, prodrug activation
experiments were performed as above described. Results
shown in Figure S10 (Supporting Information) further
corroborated the superior capacity of PEG-dPt-2 to uncage
prodrug in cell culture and generating toxic effects equiv-
alent to the direct treatment with sapanisertib. The prodrug
activation experiment (PEG-dPt-2+ pro-INK128) was fur-
ther validated in 3D culture using A549 spheroids (see
Figure S11, Supporting Information). We evaluated spheroid
growth in microchips treated with pro-INK128 and the
PEG-dPt-2 NPs. After 4days, control spheroids grew
significantly, whereas those treated with pro-INK128 and
the PEG-dPt-2 remained inhibited (Figure S12, Supporting
Information). Statistical analysis confirmed significant differ-
ences in spheroid size distributions across treatments,
demonstrating the efficacy of PEG-dPt-2 to activate pro-
INK128 (Figure S13, Supporting Information).

Pt(0)-Mediated Prodrug Activation in Vivo

Zebrafish embryos provide a rapid, versatile and amenable-
to-imaging in vivo platform to discriminate differential
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prodrug. PrestoBlue viability assay was performed 5 days after treatment. Error bars: +SEM, n=3. Significant differences relative to DMSO control

are represented as * P <0.05, **P <0.01, ***P <0.001.

anticancer therapy responses with single-cell resolution.”!
This model is particularly useful for the initial screening of
novel bioorthogonal strategies,”®%1%! for which the ethical
justification required to use adult animals is difficult to
argue due to the preliminary nature of the studies. Con-
sequently, to evaluate the efficacy of Pt(0) to activate an
anticancer agent in vivo, we employed a xenograft zebrafish
embryo model.

First, we tested the potential toxicity of pro-SN38 to
zebrafish. The tolerability study showed that embryos’
viability and development was unaltered after 3 days of
incubation with the prodrug at 30 nM, concentration that
was selected for the subsequent studies. Following an
analogous protocol to the one used for the probe activation
studies (Figure 6a), HCT116 cells were pre-incubated with
PEG-dPt-2 for 4 h, fluorescently stained with Hoechst 33342
for nuclei labeling and injected into the PVS of 2-dpf
zebrafish larvae. Cells labelled only with Hoechst 33342 (no
Pt(0)) were used as negative control. At 2 h post injection,
embryos were randomly distributed into the different groups
and treated: pro-SN38, PEG-dPt-2 and PEG-dPt-2+ pro-
SN38. Xenografted fish with no treatment were used as
control to normalize tumor growth.
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Zebrafish xenografts were imaged by confocal micro-
scopy 2 days after the start of the treatment (Figure 6b).
Zebrafish treated separately with either PEG-dPt-2 or pro-
SN38 did not lead to significant changes in tumor size. In
contrast, imaging analysis (by ImageJ) of embryos xeno-
grafted with PEG-dPt-2 treated cancer cells and treated
pro-SN38 showed significant reduction (P<0.01) of tumor
growth (Figure 6¢) and cancer cell numbers (Figure 6d).

Since the active drug SN38 is fluorescent and, unlike
pro-SN38, can be excited at 514 nm,"” we also analyzed
green fluorescence emission from the xenografts by confocal
microscopy. As shown in Figure 6b and analyzed in Fig-
ure 6d, strong fluorescence emission was only observed from
the cancer cells treated with both PEG-dPt-2 and pro-SN38,
confirming the in situ generation of SN38. Notably, green
fluorescence emission colocalized with that of Hoechst
33342-labeled cell nuclei, indicating that the active drug is
bound to its target, the nuclear protein Topoisomerase I.
The results of the zebrafish assays not only demonstrate the
capacity of Pt(0) to generate an anticancer drug in vivo, but
also served as a target engagement study.
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Figure 6. a) Schematic timeline of the Pt(0)-mediated prodrug activation in vivo assay (created with BioRender). dpf: days post-fertilization; hpi:
hours post-injection. b) Confocal microscopy images of nuclei-labeled HCT116 cells (cyan) implanted in the PVS of 2-dpf zebrafish larvae after

2 days of incubation in E3 medium with or without pro-SN38. Groups: non-Pt-treated cells + pro-SN38 (left); PEG-dPt-2-treated cells + DMSO
(middle), and PEG-dPt-2-treated cells +pro-SN38 (left). N=9-12. The dashed line represents the tumor area. Scale bars =50 pm. BgF: Background
fluorescence. ¢, Measurement of tumor size between groups after treatment. d) Analysis of the number of nuclei-labeled cancer cells between
groups after treatment. e) Quantitative analysis of green fluorescence signal (Ex=>514 nm). Statistical analysis: one-way ANOVA followed by

Tukey’s post-hoc test: ns >0.05, *P <0.05, **P <0.01, ***P <0.001.

Conclusion

The results presented in this manuscript support the
admission of Pt into the selected group of metallic NPs—
until now formed by Pd and Au—with the capacity to
mediate depropargylation reactions in a true bioorthogonal
manner. It also shows the potential of Pt—S functionalization
for protecting the catalytic performance of Pt NPs. This
study expands the reach of noble metal-based nanodevices
in bioorthogonal catalysis and offers new opportunities to
modulate the optical properties and bioactivity of small
molecules in the highly crowded intracellular environment.

Supporting Information

The authors have cited additional references within the
Supporting Information.
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Bioorthogonal platinum chemistry! Den-  uncaging reactions in cancer cells, en-
dritic Pt nanoparticles shielded by Pt—S  abling the in situ release of anticancer
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