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A B S T R A C T   

The recent incorporation of Au chemistry in the bioorthogonal toolbox has opened up new opportunities to 
deliver biologically independent reactions in living environments. Herein we report that the O-propargylation of 
the hydroxamate group of the potent HDAC inhibitor panobinostat leads to a vast reduction of its anticancer 
properties (>500-fold). We also show that this novel prodrug is converted back into panobinostat in the presence 
of Au catalysts in vitro and in cell culture.   

1. Introduction 

Histone deacetylases (HDCAs) are a family of enzymes involved in 
the regulation of gene expression through chromatin remodeling via 
histone deacetylation.1 This type of enzymes is overexpressed in many 
human cancers which result in the repression of vital tumor suppressor 
genes.2 HDAC inhibitors (HDACi), regarded as “epigenetic modifiers”, 
inhibit cell proliferation and angiogenesis, promote differentiation and 
induce apoptosis by modulation of the acetylation status of histones and 
non-histone proteins.3 

Developed by Novartis, the pan-HDACi panobinostat (1) was 
approved in 2015 for the treatment of adult patients with relapsed and/ 
or refractory multiple myeloma in combination with bortezomib and 
dexamethasone.4 With superior activity than its clinical counterparts 
vorinostat, romidepsin or belinostat, 1 has been enrolled in multiple 
clinical trials for the treatment of a variety of cancers, including non- 
small-cell lung carcinoma (NSCLC).5 However, the clinical outcomes 
of those studies have not yet reflected the promising results from the 
preclinical work, which is partly attributed to its limited tolerability. 
Dose-limiting toxicities such as neutropenia and thrombocytopenia have 
been associated with 1 treatment due to the modulation of the expres
sion of undesired genomic regions in healthy cells.6 

Achieving a focalized cytotoxic effect exclusively at the location of 

the tumour is one of the main challenges in cancer therapy and drug 
delivery. In this context, the field of bioorthogonal catalysis has opened 
the possibility to “synthesize” drugs where and when desired, e.g. inside 
a tumour, using chemistries that cannot be performed by human en
zymes. The combined use of implantable devices incorporating nonbi
ological catalysts (e.g. Pd) together with systemically-administered 
inactive drug precursors that are only labile to the catalyst of choice has 
been recently proposed as a bioorthogonally-activated prodrug 
approach.7–11 Such a strategy would potentially reduce systemic side 
effects and, at the same time, enhance treatment efficacy. 

The potential use of bioorthogonal catalysis in biomedicine has 
attracted a number of research groups in recent years into this emerging 
field, which has resulted in the development of different strategies to 
deliver the catalyst to the right location12–14 and in the discovery of 
different metals and chemistries that can release drugs.15–18 One of such 
findings was the discovery of the capacity of gold nanoparticles (Au- 
NPs) to mediate depropargylation reactions in living environments.19 

The main advantage of this chemistry is the high tolerability of Au, 
which makes its use ideal for medical applications. Motivated by this, 
here we report the development of a novel bioorthogonal prodrug of the 
HDACi panobinostat, which shows high stability and low anti
proliferative activity in cell culture, and that can be activated by Au 
catalysis. 
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2. Results and discussion 

2.1. Design, synthesis and stability in cell culture of novel panobinostat 
prodrug 

As others structurally-related HDACi, the pharmacological activity of 
1 fundamentally relies on the capacity of its hydroxamate group to bind 
bidentately to a Zn2+ ion at the catalytic site of class I, II and IV HDACs, 
forming a five-membered chelate that result in the inhibition of these 
enzymes.20 Based on this mechanism of action, several bio
responsive21–27 and biorthogonal9,12 prodrugs of HDACi have been 
previously developed through subtle modifications of the OH of the 
hydroxamate group. Since the chemical structure of 1 possess different 
positions susceptible to be alkylated, direct alkylation reactions can lead 
to multiple products. Thus, we followed the synthetic route shown in the 
Scheme 1 for the preparation of the O-propargylated hydroxamate de
rivative 2. Alkylation of commercial N-hydroxyphthalimide afforded 
intermediate 3. Then, the phthaloyl group was removed by hydrazi
nolysis and the filtrate treated with a hydrochloric acid solution in 
diethyl ether to obtain the corresponding salt 4. In parallel, ester de
rivative 5 was synthesized by a reductive amination and hydrolyzed into 
the carboxylic acid using an aqueous solution of NaOH. In the last step, 
derivative 2 was obtained by a coupling reaction between the O-prop
argylated hydroxylamine 4 and the β-substituted-acrylic acid 6 that was 
previously activated with a water-soluble carbodiimide. 

To corroborate that the chelating properties of 1 were adequately 
diminished by the introduction of the propargyl moiety, we first per
formed a colorimetric test with FeCl3. This sensitive method is based on 
the ability of hydroxamic acids to react with ferric cations forming 
easily-detected coloured coordination complexes.28 As a result, com
pound 1 gave rise to a purple coloration upon the addition of a hydro
alcoholic solution of FeCl3, while compound 2 did not elicit any colour 
change relative to the negative control (DMSO) (Supplementary mate
rial, Fig. S1). Once proved the efficiency of the masking strategy, we 
were next interested in testing the stability of the new derivative in a 
cellular environment. Human lung adenocarcinoma A549 cells were 
treated for 5 days with increasing concentrations of 1 and 2 (0.001–100 
µM) and EC50 values calculated from the generated 10-point semilog 
dose–response curves. As observed in Fig. 1, derivate 2 displayed a vast 
reduction of its antiproliferative properties relative to 1, resulting in >
500-fold less bioactivity than the parent compound. This not only shows 
the importance of the free hydroxamate group for the bioactivity of 1, 
but also demonstrates stability of the O-propargylated hydroxamate 
group in cell culture. To the best of our knowledge, this is the first re
ported bioorthogonal prodrug of an HDACi that shows such a wide 

therapeutic window, which is remarkable given the small size (C3H3) 
and structural simplicity of the masking group. 

2.2. Preparation and use of biocompatible Au-catalysts 

Aiming to avoid the use of toxic reagents, a green methodology was 
developed to prepare heterogeneous Au-catalysts using trisodium citrate 
as a biocompatible reducing and stabilising agent. Au-catalysts were 
prepared by treating amino-functionalized TentaGel® HL resins (Fig. 2a- 
b), with a diameter of approximately 75 µm, with gold(III) chloride and 
NaOH in THF at 60 ◦C for 10 min. Subsequent in-situ reduction with 
trisodium citrate at room temperature (rt) generated ultra-small sized 
Au-NPs. The back scattered electron microscopy imaging by SEM shows 
that Au-NPs (bright contrast) growth homogenously on the resin surface 
(Fig. 2c). To shed light on the growth of Au-NPs in the internal porous 
structure of the spherical polystyrene resins, the sample was sectioned 
with an ultramicrotome and analysed by SEM and TEM. Fig. 2d depicts 
the cross section of the spherical resin, as well as the locations (center, 
middle and edge) where high magnification SEM images show a uniform 
grafting of Au-NPs in the low-crosslinked polystyrene matrix (Fig. 2e-j). 
The ultramicrotome sectioning enabled to prepare 50 nm thick slices 
which allow electrons to transmit through the sample under TEM 
analysis. Fig. 2k-l shows representative TEM Images of Au-NPs located 
in the resin, edge (Fig. 2k) and centre (Fig. 2-l). The particle size dis
tribution histogram evidenced that the nanocrystallization of Au-NPs is 
uniform, achieving a narrow particle size distribution 2.8 ± 1.2 nm 

Scheme 1. Synthesis of O-alkyl panobinostat derivative 2. Reagents and conditions: (a) propargyl bromide, NaH, DMF, 70 ◦C, 24 h, 67%; (b) hydrazine mono
hydrate, 2 h, rt, HCl in ether, 46% (c) Methyl 4-formylcinnamate, NaBH3CN, DCM/MeOH, rt, overnight, 49%; (d) NaOH, THF/ H2O, rt, overnight, 70%; (e) EDC, 
H2O, rt, then add 4, 6 h, 27%. 

Fig. 1. Dose–response curves for 1 and 2 against A549 cells after 5 days of 
treatment. Error bars: ± SD from n = 3. 
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(Fig. 2-m). The presence of the metal was also confirmed by ICP-OES, 
with a 0.12% w/w of Au content. 

Next, we tested the catalytic activity of these Au-functionalised de
vices using a caged rhodamine dye (7), which upon deprotection emits 
bright green fluorescence that can be measured in a spectrofluorometer 
(see chemical structure in the Supplementary material). To validate 
them under conditions similar to the ones used in cell assays, Au- 
catalysts were incubated overnight with a solution of 7 in PBS or PBS 
supplemented with FBS (10%) at 37 ◦C and then the reactions crudes 
analysed. In agreement with prior studies,19 the Au-catalysed conver
sion of 7 into 8 was improved in the presence of serum (Supplementary 
material, Fig. S2). This is important because serum proteins and biogenic 
thiols can affect negatively the catalytic properties of some 
catalysts.13,29 

Due to their size, these devices can be recovered by centrifugation 
and recycled. Accordingly, we performed a reusability study to test their 
capacity to activate multiple doses of 7 over time. Although a moderate 
reduction in activity was observed, Au-catalysts maintained 50% of their 
catalytic efficiency after 3 consecutive cycles in the presence of serum 
(Supplementary material, Fig. S2). 

Encouraged by the results obtained from the prodye-into-dye con
version assay, we assessed the biocompatibility of these new devices in 
A549 cells. As expected, Au-catalysts proved to be completely harmless 

at all concentrations studied and consequently, suitable for bio
orthogonal applications (see Supplementary material). 

2.3. Prodrug-into-drug conversion studies 

We then studied the capacity of Au-catalysts to convert inactive 
compound 2 into highly potent HDACi 1 in physiological conditions. 
Derivative 2 was incubated in PBS at pH = 7.4 and 37 ◦C and analyzed 
by LC/MS. Incubation with Au-catalysts under such conditions resulted 
in a “clean” cleavage of the propargyl group of 2 with no other side 
products detected (Supplementary material Fig. S3). Of note, when this 
reaction was performed with Pd-catalysts (data not shown), a complex 
mix of products was obtained. This result is consistent with previous 
observations with an O-propargylated derivative of vorinostat.9 

Next, the conversion studies were performed in cell culture, using 
NSCLC A549 cells. Au-catalysts (1 mg/mL) and 2 (1or 3 μM) were 
incubated with cells separately (negative controls) or in combination 
(activation assay) for 5 days. Unmodified 1 (1 or 3 μM) was used as a 
control (Supplementary material, Fig. S5). Dose-response studies evi
denced the efficient generation of the drug in the presence of the catalyst 
at both concentrations. As expected, no signs of cell death were observed 
by separately treating the cells with Au-catalysts or prodrug 2, while a 
strong cytotoxic effect was induced by the combined treatment of both 

Fig. 2. (A) Scanning electron microscopy images (SEM) of Au-catalysts. (B) Detail image of a spherical Au-resin. (C) Backscattered Electron SEM image of the surface 
of the Au-resin to observe the Au-NPs. (D) SEM cross section image of an Au-resin. (E, G, I) Secondary Electron SEM images of marked areas I-II-III in panel D. (F, H, J) 
Backscattered Electron SEM images of marked areas I-II-III in panel D. Location and homogenous distribution of Au-NP are observed throughout a cross-section of an 
Au-resin. (K, L) TEM images of Au-NPs embedded in the resin. (M) Particle size histogram of Au NPs (n = 292). 
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reagents. Last, in order to test the durability of the catalyst in culture, we 
performed an activation study of multiple prodrug doses in A549 cells 
(Fig. 3). Au-catalysts (1 mg/mL) were placed in semipermeable trans
well inserts with 8 µm pore size. After each prodrug-into-drug conver
sion cycle, the inserts containing Au-catalysts were transferred to freshly 
seeded plates and incubated again with prodrug 2 (3 µM) for 3 days, 
which confirmed the reusability of the Au-catalysts in 3 successive 
cycles. 

The results obtained in A549 cells were verified in a second cell line 
(glioblastoma U87 cells, see Supp. Fig. 6–8). 

3. Conclusions 

Here we report that the O-propargylation of the hydroxamate group 
of panobinostat generates an inactive derivative that is harmless to cells 
and can be converted back into cytotoxic panobinostat by Au catalysis. 
Of note, Pd-catalysts failed to provide the desired product. In addition, 
we also provide a new “green” method for the generation of solid- 
supported Au-NPs with an excellent size control that are compatible 
with bioorthogonal applications. 

4. Material and methods 

4.1. Chemistry: General conditions 

Chemicals were purchased from Fisher Scientific, Sigma-Aldrich or 
VWR. 1 was purchased from LC Laboratories. Resins were purchased 
from Rapp Polymere GmbH. NMR spectra were recorded at rt on a 500 
MHz Bruker Avance III spectrometer. Chemical shifts are reported in 
ppm relative to the solvent peak. High Resolution Mass Spectrometry 
was measured in a Bruker MicrOTOF II. Analytical TLC was performed 
using Merck TLC Silica gel 60 F254 plates and visualized by UV light. 
Purifications were carried out by flash column chromatography using 
commercially available silica gel (220–440 mesh, Sigma-Aldrich). 
Compound used in the biological experiments was > 95% pure, as 
measured by UPLC using a Waters BEH C18 column 50 × 2.4 mm, 1.7 
µm; 60 ◦C and an UV–Vis 254 nm detector. Method: eluent A: water and 
TFA (0.1%); eluent B: acetonitrile; flow rate = 0.4 mL/min; A/B = 95:5 
to 5:95 in 2.5 min, isocratic 0.5 min, 5:95 to 95:5 in 1 min. Stock so
lutions (100 mM) were prepared in DMSO. 

4.2. Synthetic procedures of intermediates compounds 

4.2.1. Synthesis of N-(propargyloxy)phthalimide (3) 
N-(propargyloxy)phthalimide (3) was synthesised following the 

procedure previously described.30 Briefly, N-hydroxyphthalimide 
(1000 mg, 6.1 mmol) was dissolved in dry dimethylformamide (DMF) 
under a nitrogen atmosphere. The N-hydroxyphthalimide in DMF was 
then added to NaH (7.3 mmol) suspended in DMF under an N2 atmo
sphere, yielding a red opaque solution. Then, propargyl bromide (12.2 
mmol) in DMF was added dropwise. The reaction mixture was heated to 
70 ◦C and stirred for 24 h. The DMF solvent was removed at reduced 
pressure, the residue dissolved in chloroform (CHCl3) and washed with 
of H2O, NaHSO3/ Na2CO3 (aq). The CHCl3 layer was dried over anhy
drous Na2SO4, evaporated under reduced pressure and recrystallized 
from hot ethanol giving rise a light-brown solid (816 mg, 67%). NMR 
characterization matches previously reported.31 

4.2.2. Synthesis of O-(propargyl)hydroxylamine hydrochloride (4) 
Compound 3 (1.0 mmol) was dissolved in diethyl ether (6 mL) and 

treated with hydrazine monohydrate (2.0 mmol). The reaction mixture 
was stirred for 2 h at rt Then, the solid residue was removed by filtration 
and HCl in ether (2 M, 4 mL) added to the filtrate with continuous 
stirring. The reaction was stirred for an additional 2 h and the resulting 
solid filtered and dried yielding 4 as a light yellow-solid (44 mg, 46%). 
Characterization data matches previously reported data.32 

4.2.3. Synthesis of (E)-methyl 3-(4-{[2-(2-methyl-1H-indol-3-yl) 
ethylamino]methyl}phenyl)acrylate (5) 

(E)-Methyl 3-(4-{[2-(2-methyl-1H-indol-3-yl)ethylamino]methyl} 
phenyl)acrylate (5) was synthesised according to literature procedure 
yielding an orange-brown solid (975 mg, 49%). Characterization data 
matches previously reported data.33 

4.2.4. Synthesis of (E)-3-(4-{[2-(2-methyl-1H-indol-3-yl)ethylamino] 
methyl}phenyl)acrylic acid (6) 

To a solution of 5 (140 mg, 0.4 mmol) in THF/ H2O (1:5; 2, 5 mL) was 
added dropwise an aq solution of NaOH 1 N (0.5 mL). The resulting 
mixture was stirred at rt overnight and then acidified using aq solution 
of HCl 3 N. The resulting precipitate was filtered, thoroughly washed 
with CH3CN, and dried in vacuo to give rise an off-white solid (94 mg, 
70%). NMR characterization matches previously reported.34 

Fig. 3. (A) Activation study of multiple prodrug doses in A549 cancer cell culture. (B) Cell viability analysis of prodrug 2 activation cycles (labelled as 1st, 2nd and 
3rd). Prodrug activation assay: Au-catalysts + 2 (light blue). Negative controls: DMSO (untreated cells, dark green); Au-catalysts (orange); and prodrug 2 (blue). 
Positive control: 1 (dark blue). Error bars: ± SD from n = 3. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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4.3. Synthetic procedure and characterization of prodrug 2 

6 (40 mg, 0.1 mmol) and 4 (0.2 mmol) were added to a 25 mL round- 
bottom flask and partially dissolved in distilled water (1 mL). N-(3- 
Dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride (0.4 mmol) 
was then added to the mixture in one portion. The pH was monitored 
and adjusted to 4.5 with a NaOH and / or HCl aqueous solution (1 M). 
The reaction was stirred for 6 h at rt and constant pH (4.5). Water was 
removed under reduced pressure, and crude suspended in acetonitrile 
and vacuum filtered. Solution was purified by semi-preparative TLC 
eluting with DCM:MeOH/7:3 giving rise a light-yellow solid (12 mg, 
27%). 1H NMR (500 MHz, DMF) δ 11.42 (bs, 1H), 10.69 (s, 1H), 7.54 (d, 
J = 7.4 Hz, 2H), 7.49 (d, J = 15.9 Hz, 1H), 7.38 (dd, J = 14.0, 7.9 Hz, 
3H), 7.21 (dt, J = 8.0, 0.8 Hz, 1H), 6.96 (ddd, J = 8.1, 7.1, 1.2 Hz, 1H), 
6.90 (ddd, J = 8.0, 7.1, 1.1 Hz, 1H), 6.44 (d, J = 15.0 Hz, 1H), 4.54 (d, J 
= 2.4 Hz, 2H), 3.85 (s, 2H), 3.61 (t, J = 2.3 Hz, 1H), 2.83 (m, 2H), 2.72 
(m, 2H), 2.30 (s, 3H). 13C NMR (126 MHz, DMSO) δ 162.9, 139.5, 135.2, 
133.5, 132.0, 129.0, 128.2 (x2), 127.6 (x2), 119.9, 118.1 (x2), 117.9, 
117.3, 110.4, 107.3, 78.9, 78.6, 62.5, 51.7, 48.9, 23.4, 11.2. HRMS 
(ESI) m/z [M + H]+ calculated for C24H26O2N3, 388.2019; found, 
388.2018. UPLC purity: > 95%; Rt: 1.496 min. 

4.4. Synthesis and characterization of Au-catalysts 

4.4.1. Synthetic procedure 
TentaGel® HL NH2 resins (250 mg, 0.4–0.6 mmol/g, particle size 75 

μm) were added into a 25 mL Biotage microwave vial and suspended in 
THF (2.5 mL). A solution of gold(III) chloride hydrate (120 mg, 0.4 
mmol) in distilled water (500 μL) was basified with a 1 M NaOH aqueous 
solution (11 μL). This freshly prepared solution was immediately added 
to the suspended resins and heated to 60 ◦C under stirring for 10 min. 
The mixture was then stirred at rt for additional 2 h. Subsequently, the 
solvents were filtered and the resins washed with DMF (3 × 10 mL), 
DCM (3 × 10 mL) and methanol (3 × 10 mL). A solution of trisodium 
citrate in distilled water (200 mM, 5 mL) was prepared. This solution 
was added to the gold(III)-treated resins and bubbled with a N2 flow at rt 
for 10 min. Then, resins were stirred for 1 h at rt in a rotatory wheel. The 
solvents were then filtered off and the resins washed with water (1 × 10 
mL), methanol (3 × 10 mL) and DCM (3 × 10 mL). The solvents were 
then filtered and resins were dried in an oven at 40 ◦C for 24 h. 

4.4.2. Electron microscopy analyses 
Morphological analysis of Au-catalysts was carried out by Scanning 

Electron Microscopy (SEM, Inspect F50; FEI, Eindhoven, the 
Netherlands) at the LMA-INA-Universidad Zaragoza facilities operated 
at 10–15 kV. To analyze the cross section of the Au-catalysts, it was 
required to infiltrate and embed them in a liquid epoxy resin. After 
curing the resin block, it was sectioned with an Ultramicrotome (Leica 
EM UC7) equipped with a diamond knife. Sections of 50–70 nm thick
ness were collected on a copper grid (formvar-200 mesh) coated with 
carbon film, and allowed to dry in air. The cross-section of the Au- 
catalysts, that was embedded in the resin block, was analyzed to study 
the Au nanoparticles dispersion using both Back Scattering Electron and 
secondary electron Detectors. Transmission Electron Microscopy ob
servations were carried out at using a FEI Tecnai F20 operating at 200 
kV. 

4.5. Au-catalysed deprotection of probe 7 and reusability of Au-catalysts 

Prodye 7 was synthesised as previously reported.7 Au-catalysts (1 
mg) were added to a 1 mL solution of reagent 7 (100 µM) in PBS or PBS 
supplemented with 10% Fetal Bovine Serum (FBS). The mixtures were 
shaken at 1,200 rpm and 37 ◦C in a Thermomixer and reactions moni
tored at 16 h by fluorescence in a PerkinElmer Victor multilabel reader 
(excitation filter at 480 nm and emissions filter at 535 nm). Au-catalysts 
were recovered by centrifugation (13,000 rpm, 5 min) and washed with 

distilled water. A fresh solution of 7 at 100 µM in PBS or 10% FBS in PBS 
was added to the Au-catalysts, the mixtures shaken at 1,200 rpm and 
37 ◦C, and fluorescence measured at 16 h as described above. This cycle 
was repeated 2 times. 

4.6. Au-mediated deprotection of prodrug 2 at physiological conditions 

Prodrug 2 (200 μM) was dissolved in PBS (1 mL) with 1 mg of Au- 
catalysts and shaken at 1,200 rpm and 37 ◦C in a Thermomixer. Reac
tion crudes were monitored at 24 and 48 h by LCMS/MS (Agilent 1200) 
using a micrOTOF II detector. LCMS/MS method: eluent A: water and 
formic acid (0.1%); eluent B: acetonitrile and formic acid (0.1%); A/B =
95:5 isocratic 0.5 min, 95:5 to 0:100 in 4.5 min, isocratic 2 min, 0:100 to 
95:5 in 0.5 min, and isocratic 2.5 min (flow = 0.2 mL / min). 

4.7. Cell culture 

Human lung adenocarcinoma A549 cells and human glioblastoma 
U87 cells were cultured in Dulbecco’s Modified Eagle Media (DMEM) 
supplemented with serum (10% FBS) and L-glutamine (2 mM) and 
incubated in a tissue culture incubator at 37 ◦C and 5% CO2. 

4.8. Biocompatibility of Au-catalysts 

Biocompatibility of Au-catalysts was tested by performing dose- 
response studies in A549 and U87 cells. Cells were seeded in a 96-well 
plate format (at 1,500 cells/well for A549 and 2,000 cells/well for 
U87) and incubated for 48 h before treatment. Each well was then 
replaced with fresh media containing Au-catalysts (0.8, 1.0, 1.2 and 1.4 
mg/mL) and incubated for 5 days. Untreated cells were incubated with 
DMEM media. Experiments were performed in triplicates. PrestoBlueTM 

cell viability reagent (10% v/v) was added to each well and the plate 
incubated for 90 min. Fluorescence emission was detected using a Per
kinElmer Victor multilabel reader (excitation filter at 540 nm and 
emissions filter at 590 nm). All conditions were normalized to the un
treated cells (100%). 

4.9. Cytotoxicity study: Drug vs prodrug 

Antiproliferative activity of 1 and O-propargylated HDAC derivative 
2 were compared by performing dose–response studies in A549 and U87 
cells. Cells were seeded as described above and incubated for 48 h before 
treatment. Each well was then replaced with fresh media, containing 
compounds (100 µM-0.01 µM) and incubated for 5 days. Untreated cells 
were incubated with DMSO (0.1% v/v). Experiments were performed in 
triplicates. PrestoBlueTM cell viability reagent (10% v/v) was added to 
each well and the plate incubated for 90 min. Fluorescence emission was 
detected and results normalized as described above. 

4.10. Au-mediated activation of prodrug 2 in cell culture 

A549 and U87 cells were plated as described above. Each well was 
then replaced with fresh media containing: Au-catalysts (0.8 mg/mL for 
U87 cells and 1 mg/mL for A549); 1 (positive control: 10 μM, 3 μM or 1 
μM); 2 (10 μM, 3 μM or 1 μM) or a combination of Au-catalysts + 2 (10 
μM, 3 μM or 1 μM). All experiments, including the untreated cells, 
contained 0.1% v/v of DMSO and were performed in triplicates. Cells 
were incubated with drugs for 5 days. PrestoBlueTM cell viability reagent 
(10% v/v) was added to each well and the plates were incubated for 90 
min. Fluorescence emission was detected and results normalized as 
described above. 

4.11. Multidose prodrug activation study in cancer cell culture 

A549 cells were seeded in a 24-well plate format (at 2 × 104 cells / 
well) and incubated for 24 h before treatment. Each well was then 
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replaced with fresh media containing: Au-catalysts (1 mg/mL), 1 (3 μM), 
2 (3 μM) or a combination of 2 and Au-catalysts (1 mg/mL). To facilitate 
the transferring of the Au-catalysts after each prodrug activation cycle, 
the Au-catalysts were placed in semipermeable (8 µm pore size) Sarstedt 
transwell inserts. Cell viability was determined, as described above, 
after 3 days of incubation. Before adding the PrestoBlue reagent, the 
inserts containing the Au-catalysts were moved to a previously seeded 
24-well plate and incubated for additional 3 days with fresh media with 
or without 2 (3 μM). This process was performed twice. All experiments, 
including the untreated cells, contained 0.1% v/v of DMSO and were 
performed in triplicates. All conditions were normalized to the untreated 
cells (100%) as described above. 
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