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1. Materials

FeCls-6H,0, terephthalic acid, H3PMo012040, 1,10-Phenanthroline, 3,3'.5,5'-
tetramethylbenzidine, 1,2-diaminobenzene, 5,5-dimethyl-1-pyrroline N-oxide and L-glutathione
were obtained from Energy Chemical. Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine
serum (FBS), penicillin, and streptomycin were obtained from Gibco. 30% H>O; solution was
obtained from Beijing Tongguang Fine Chemicals Company. Cell counting kit-8 (CCK-8), 2°,7’-
dichlorodihydrofluorescein diacetate (DCFH-DA) Fluorescein isothiocyanateannexin V (Annexin
V-FITC), calcein acetoxymethyl ester (calcein-AM), and propidium iodide (PI) chromophore were
purchased from Beijing Solarbio Science and Technology Co., Ltd (Beijing, China). All aqueous
solutions were prepared in ultrapure water, obtained from a Millipore MilliQ water purification

system (Millipore, Billerica, MA USA).

2. Preparations of P@M

FeCls-6H20 (2.48 mmol, 0.675 g) and terephthalic acid (1.24 mmol, 0.206 g) were dissolved
in 15 mL DMF. After sonicating for 30 min, 0.3 g of Hs3PMo012040 was added to the mixture. The
solution was then transferred to 100 mL of polytetrafluoroethylene autoclave for 24 h hydrothermal
reaction at 110°C. The products were washed 5 times with DMF and ethanol, respectively, and dried

under vacuum at 60<C.

3. Physicochemical Characterization

SEM system (Zeiss Supra 55) was used to investigate the morphology and microstructure of
the synthesized materials. The elemental composition was analyzed by SEM mapping. Zeta
potential and hydrodynamic size were determined by Malvern instrument (Zetasizer Nano ZS). XPS
spectra were measured through Shimadzu/Krayos AXIS-Ultra DLD photoelectron spectrometer.
XRD patterns were obtained using a LabX XRD-6100 (Shimadzu, China). ICP-OES (ICAP-6300)
was used to determine the content of Mo and Fe elements in the synthesized materials. FT-IR spectra
were measured using a Bruker VERTEX 70v spectrometer. UV-vis absorption spectra were
observed by a TU-1901 spectrophotometer (Persee, Beijing, China). Cell viability was detected by
the enzyme labeling apparatus (BioTek Cytation3, USA). The confocal fluorescent images were
obtained with Zeiss LSM 800 confocal laser scanning microscope or Nikon Ti2 confocal laser
scanning microscope. The induction of apoptosis in HepG2 cells was examined by a fluorescence-

activated cell sorting (FACS) Calibur flow cytometer (BD Biosciences).

4. Photothermal Properties of P@M
To investigate the photothermal behavior of P@M, the temperature elevation of POM solution



was recorded, with varied concentrations, laser power densities (at 808 nm) and different pH/GSH
concentrations. Also, the photothermal stability of P@M during heating and cooling cycles was
tested.

The photothermal conversion efficiency (1) was calculated by following equation:

_ hS(Tmax - Tsur) - Qdis
1(1—10-4)

where n referred to the conversion efficiency from 808 nm laser to heat. Tmax Was the

n ey

equilibrium temperature and Ts, was the ambient temperature. Qpis was the baseline energy
generated by quartz cell and water upon laser irradiation which could be calculated independently.
I was incident laser power. A was the absorbance of POM at 808. S was the surface area of cell and

h was heat transfer coefficient. hS was calculated from substituting equations:
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0 was the driving force temperature.
t = —14,lnd 3

Ts was the time constant in cooling period.

mc
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where m and ¢ were the mass and specific heat capacity of pure water, respectively.

5. Fe** release assay

P@M was dispersed in PBS buffer with GSH concentrations ranging from 0~20 mM. The pH
value of PBS buffer was 7.4, 6.5, 5.5 and 4.8. The concentration of P@M was maintained at 1
mg mL1. The released Fe?* was collected and mixed with the Fe?* probe, 1,10-phenanthroline
solution (50 L, 100 mM), for 15 minutes. 1,10-phenanthroline reacted with Fe?* to form a complex
with an absorbance at 512 nm. UV-visible absorption was measured to evaluate the amount of

released Fe?*,

6. ‘OH Generation by MIL-101-Mediated Fenton Reaction

Different concentrations of GSH were added to a 10 mM PBS buffer (pH 5.0) containing 0.8
mM TMB, 10 mM H;0, and 1 mg mL?* P@M. The oxidation of TMB induced by OH was
observed by monitoring the change in absorbance at 652 nm. Similarly, the pH effect on OH

generation was investigated by changing the pH value of PBS buffer.

7. ESR measurements
Qualitative and quantitative analysis of ROS production was conducted using an ESR

spectrometer with a center field of 3450 G and 1.0-mm quartz tubes. DMPO, dispersed in water,



was utilized as a probe to detect OH radicals. To detect OH, P@M (1 mg mL!) and DMPO (10
pL, 0.8 M) were mixed in PBS (1 mL) along with H.O2 (10 puL, 0.8 M). The experiments were
performed at various GSH concentrations (0, 5, 10, 20 mM) and temperatures (25, 37, 47, 55<C).

8. In vitro cytotoxicity evaluation

Human hepatoma cells (HepG2) were cultured in DMEM medium supplemented with 10%
FBS and 1% penicillin/streptomycin (PS) and maintained in a humidified cell culture incubator at
37 °C and with 5% CO,.

Cytotoxicity evaluation of P@M was performed on HepG2 cells via the standard CCK-8 assay.
Firstly, HepG2 cells were seeded in a 96-well plate, which was incubated at 37°C for 24 h. After
removal of the medium and rinsing with PBS, HepG2 cells were pretreated with P@M (final
concentration contains 0, 30, 60, 125, 250, 500 or 1000 pg-mL") solutions. The cells were incubated
for 12 h, followed by addition of CCK-8 (10 pL) for additional 4 h incubation. The absorbance of
CCK-8 was measured on a microplate reader at 450 nm. The control group cells (without
nanomaterials) were considered to be 100% of survival rate. The cell viability was then determined
via the following equation: cell viability (%) = (mean of abs. value of treatment group/mean abs.
value of control) X 100%. The therapeutic effect of P@M was further studied. Briefly, HepG2 cells
were treated with (i) P@M+NIR, (i1) P@M+H,0,, and (iii)) P@M+NIR+H>0,. The content of P@M
in these groups were 0, 12, 25, 50, 100, 200 ug'mL"'. Groups (ii) and (iii) were irradiated with an
808 nm laser (1.0 W-cm2) for 5 min. Subsequent treatments were conducted with the same

experimental conditions as mentioned above.

9. Cell imaging

HepG?2 cells were seeded in a six-well plate at an initial density of 1 x 10° cells per well. Then,
the cells were treated with different formulations: (i) control, (ii) H2O., (iii)) P@M, (iv) P@M +
H20,, (v) P@M + NIR and (vi) P@M + NIR + H,0,. The content of P@M in groups (iii), (iv), (v)
and (vi) was 200 pg-mL-'. After 24 hours of incubation, group (v) and (vi) were irradiated by 808
nm laser irradiation (1.0 W-cm?) for 20 min.

For in vitro ROS detection, after accepting the above treatments, HepG2 cells were stained
with a fluorescent ROS probe (DCFH-DA: 20 uM, 1 mL) for 20 min. The cell fluorescence images
were performed by a CLSM with 488 nm laser excitation.

For live/dead cell staining, the treated HepG2 cells were stained with Calcein AM (2 uM) and
PI (4 pM) for 15 min. After fixing the cells with glutaraldehyde and washing them with PBS, all

fluorescence images were acquired via CLSM.



10. Apoptosis assay

HepG2 cells were seeded in a six-well plate at an initial density of 1 x 10° cells per well. After
24 hours of cell adhesion, the cells were treated with the following: (i) control, (ii)) P@M, (iii) P@M
+ NIR, (iv) P@M + H>O; and (v) P@M + NIR + H>O,. The content of P@M in groups (ii), (iii),
and (iv) was 200 pg-mL'. Groups (iii) and (v) were irradiated with an 808 nm laser (1.0 W-cm?)
for 20 min. All treated cells were trypsinized, washed, and quantified by an annexin V-FITC/PI

apoptosis detection Kkit.

11. In vivo safety assay

Male BALB/c mice were intravenously injected with P@M at a dose of 20 mg-kg!. After
administration, the blood samples were collected for blood biochemistry and complete blood panel
analysis. Major organs (heart, liver, spleen, lung and kidney) were dissected, fixed in 4%

paraformaldehyde solution and stained with hematoxylin and eosin (H&E) for histological analysis.

Figure S1. SEM image of MIL-101.
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Figure S2. XRD pattern of P@M and MIL-101.
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Figure S3. UV-vis spectra of PMor2 in pH 5.5 buffer with different GSH concentrations.
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Figure S4. Temperature evaluation of P@M under different GSH concentrations with the irradiation of 808 nm

laser (1.0 W-cm) for 10 min.
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Figure S5. A) DLS distribution of PMo12 at different pH values. B) UV-vis spectrua of PMo2 in different pH

values. GSH concentration was 10 mM.
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Figure S6. Infrared thermal images of Img/mL P@M in different pH values within 10 min-irradiation under 808

nm (1 W/ecm?) when GSH concentrations is 10 mM.
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Figure S7. Infrared thermal images of 1mg/mL P@M at different power densities over 10 min-irradiation under

808 nm when GSH concentrations is 10 mM and pH value is 5.5.
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Figure S8. A) UV-vis spectra of P@M at different concentrations in pH 5.5 buffer with 10 mM GSH. B) Infrared

thermal images of P@M at different concentrations within 10 min-irradiation under 808 nm.
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Figure S9. Temperature evaluation of different concentrations P@M when the pH value is 5.5 and GSH

concentrations is 10 mM under the irradiation of 808 nm laser (1.0 W-cm2) for 10 min.
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Figure S11. UV-vis spectra of P@M with o-phenanthroline at different pH values.
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Figure S12. UV-vis spectra of P@M in different pH conditions with TMB under 100 uM H20x.
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Figure S13. Cytotoxicity of H202 in HepG2 cells.
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Figure S14. A) Blood routine and B) blood biochemistry examinations of mice after receiving intravenous

injections with P@M.
Table S1. ICP result of P@M.
Fe (ppm) Mo (ppm) Calculated PMoi, content (wt%)
0.4493 0.4337 26.8%
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