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Methods and materials

Materials: Ti,AlC (99%, Bike), HF solution (40%, Aladdin), NaOH (Aladdin), Chlorin e6 (Aladdin), TiO
(Aladdin), (2-aminoethyl) phosphonic acid (Aladdin), dimethyl sulfoxide (99%, Aladdin), 3,3'5,5'-
tetramethyl benzidine (Aladdin), DMEM medium (Hyclone), 1,4-dicarboxybenzene (Aladdin), enhanced
ATP assay kit (Beyotime), pimonidazole HClI (MCE), 1,3-diphenylisobenzofuran (Aladdin), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (Aladdin), 2’,7’-dichlorofluorescein diacetate
(Beyotime), N-hydroxysuccinimide (Aladdin), antipimonidazole antibody (Hypoxyprobe, Inc), FBS

(Sigma) were used as received.

Synthesis of Ti,C nanosheets: First, Ti,AlIC were first immersed in 30% HF solution. Then, the
suspension was stirred at a speed of 700 rpm for 48 h at 50 °C. The HF solution was decanted and the
solids were collected. Distilled water was used to wash the solids twice. Finally, the obtained solids

were dried in Ar,/H, atmosphere.[!]

Surface group modification: First, Ti,C flakes were dispersed in NaOH solution. The mixture was stirred
for 12h at room temperature. Then, NaOH solution was decanted and the solids were washed twice by
distilled water. Finally, the solids were dried.[1b 2]

Ti,C(OH), (50.0 mg) was added into 20.0 ml water, and then the solution was sonicated in ice water
with a probe sonication for 3.0 h (Amplifier: 60%, On/Off cycle: 1 s/4 s). The large-sized Ti,C(OH), and

Ti,AIC were removed by centrifugation.

Synthesis of Ti,C(OH),-Ce6 nanoparticles: EDC (24.0 mg), NHS (48.0 mg), and Ce6 (2.0 mg) were mixed
and stirred in 4 mL DMSO solution for 3 h, then 8.0 mg Ti,C(OH), and 0.35 mg (2-aminoethyl)

phosphonic acid dispersed in 1.0 mL water were added into DMSO solutionBl. After 24 h, unreacted



Ceb6 were removed through centrifugation, Ti,C(OH),-Ce6 were washed twice with distilled water. The

loading efficiency of Ti,C(OH),-Ce6 is 0.19g per gram calculated as below.
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The amount of Ce6 added into the reaction was much higher than (2-aminoethyl) phosphonic acid, thus

we could consider that the mole ratio of (2-aminoethyl) phosphonic acid to Ce6 is 1:1.

Meeg Neeg * Mg
Mriac(0H)2 Mr;
68.8%

m(2 - aminoethyl) phosphonic acid
Neep = =—

M(Z - aminoethyl) phosphonic acid

mp

mqg. =
T 0.0145

Mees  Mees * 0.0145  68.8%

Mriac0H)2 Mp 0.192

Catalytic activity detection of Ti,C(OH),: O, concentration in solution was detected by an oxygen probe
JPB-70A, catalytic activity of Ti,C(OH), was detected by O, concentration dispersed in solution. 50 mM
H,0, and 0.5 mg/mL catalyst were prepared to detect continuous O, production. In order to
guantitatively evaluate the catalytic efficiency, the remaining amount of H,O, in solutions was

detected by Ti(SO,),.



Single oxygen detection: 1,3-Diphenylisobenzofuran (DPBF) in ethanol (20.0 ug/mL) was mixed with
Ti,C(OH),-Ceb in the presence or absence of H,0, (30.0 mM). The UV/Vis spectra of DPBF was

recorded every 30 seconds under 660 nm laser irradiation (0.15 W/cm?).

Cytotoxicity assay: 4T1 cell were first planted in 96 plants for 24.0 h for MTT assay. Ti,C(OH),-Ce6 and
Ceb were added into plates. After 4 h, the medium was discarded, and 4T1 cells were washed by PBS
twice. Then 4T1 cells were incubated under N, or air atmosphere for 30 min, then received 5 min 660
nm laser irradiation. After another 12.0 h incubation, cell viability was determined by standard MTT

method.

In vitro photothermal and photodynamic ablation: 4T1 cells were first seeded in 96-well plates, and
then incubated for 24.0 h. The culture medium was removed, and Ti,C(OH),-Ce6 dispersed in10% FBS
DMEM was added into wells (100 pL) and incubated for 4.0 h. Then 808 nm (0.8 W/cm?) or 660 nm
(0.15 W/cm?) were used to irradiate each well. After another 12.0 h, cell viability was determined by

standard MTT method.

Mitochondrial Bioenergetics: The impact of Ti,C(OH), on mitochondrial bioenergetics was investigated
by Seahorse Extracellular Flux analyser. Hela cells (1x10°) were first planted in 96-well plates, followed
by culturing at 37 °C for 12.0 h. Ti,C(OH),-Ce6 (75.0 pg/mL) were suspended in growth medium and
incubated for 24.0 h. Then, the medium was removed, and the cell were washed twice by XF assay
medium (Seahorse). Finally, XF assay medium was added into each wells, and cells were incubated at

37 °Cin a CO,-free incubator for 1.0 h. OCR was measured by Seahorse XF96 extracellular flux analyser.



ATP production measurement: Hela cells were seeded in 24-well plates at 2x10° cells/well in 10% FBS
DMEM medium, then 75.0 pg/mL Ti,C(OH),-Ce6 were suspended in growth medium and incubated for
24.0 h. The ATP level in cells was measured using enhanced ATP assay kit which operated on ice. The

luminescence intensity was measured by microplate reader.

Absorbed protein analysis: Ti,C(OH), were first incubated with Hela cells for about 12.0 h, wash the
cell twice with PBS, then cells were lysed. The Ti,C(OH), which entered cells were collected through
centrifugation. Then the protein which absorbed on the surface of Ti,C(OH), were analyzed by

company APPLIED PROTEIN TECHNOLOGY.

In vivo phototoxicity therapy and systemic toxicity in vivo: Female Bulb/c mice (5 weeks) were
purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd, the Administrative
Committee on Animal Research in University of Science and Technology of China approved the
protocols for all animal assays in this paper. About 100 pL 4T1 cells in PBS (about 1x10° cells per
mouse) were implanted subcutaneously into mice. After we transplanted the 4T1 cells into mice, we
observed the tumor growth at frequent intervals. The tumor volume was calculated:
V(mm?2)=1/2xlengthxwidth2. When the tumor volume reached 200 mm?, the mice were randomly
divided into 7 groups (n=5, each group):

(Group 1) PBS administration.

(Group 2) only laser irradiation (808 nm, 1.0 Wecm™2, 5 min and 660 nm, 0.25 Wecm2, 5 min).

(Group 3) only Ti,C(OH),-Ce6 (5 mgekg™).

(Group 4) Ti,C(OH),-Ce6 (5 mgekg™) combined with laser irradiation (808 nm, 1.0 Wecm™, 5 min).

(Group 5) Ti,C(OH),-Ce6 (5 mgekg™) combined with laser irradiation (660 nm, 0.25 Wecm™, 5 min).



(Group 6) Ti,C(OH),-Ce6 (5 mgekg™) combined with laser irradiation (808 nm, 1 Wecm™, 5 min and 660
nm, 1 Wecm2, 5 min).

(Group 7) Ceb (1 mgekg™) combined with laser irradiation (660 nm, 0.25 Wecm, 5 min).

The body weight and tumor size of each mouse was recorded every day. After two weeks treatment,
mice were humanly killed and then all heart, liver, spleen, lung, kidney and tumor were collected fast.

In order to observe systemic toxicity, all organs were fixed for H&E staining.

Tissue hypoxia immunofluorescence assay: The hypoxia marker pimonidazole HCl were used as
hypoxia probe. First, 4T1 tumor-bearing mice were intravenously injected with PBS or Ti,C(OH),-Ce6.
After 24.0 h, pimonidazole HCl (60 mg/kg) were intraperitoneal injected, then mice were killed
humanly and tumor tissues were harvested about 90 min after injection. Frozen sections of the tumor
were taken at optimal cutting temperature. Tumor sections were then incubated with
antipimonidazole antibody (FITC-MBb1). Nuclei were stained with DAPI and images were obtained by

confocal microscopy. The hypoxia positive area was analyzed by Image-J.

In vivo imaging and biodistribution analysis: Three 4T1 tumor-bearing mice were intravenously
injected with Ti,C(OH),-Ce6 and free Ceb respectively. After 24.0 h, mice were killed humanly, then
heart, liver, kidney, spleen, lung and tumor were collected quickly. The fluorescence intensity in all

organs were analyzed through in-Vivo Imaging system IVIS spectrum.

Statistics: Triplicate data were analyzed with Student’s t-test using omicshare tools; the significance
level was set at p < 0.05. Significant statistical differences are indicated by asterisks in corresponding

figures.
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Figure S1. (a) AFM images of TiZC(OH)Z—CeG and AFM measured thickness of TiZC(OH)z—CeG. (b) TEM
images of Ti2C(OH)2—Ce6. (c) UV/Vis spectrum of Ce6, Ti2C(OH)2 and TiZC(OH)Z—CeG. (d) XRD spectra of
TiZC(OH)Z. (e) DLS measured data of TiZC(OH)2 incubated in 10% FBS medium from day 1 to day 5. (f)
XPS spectra of TiO. (g) EDS spectra of TiZC(OH)Z.



a o b

o _ Ti,C(OH),

Z-10; 3 —— Ti,C(OH),-Ce6

S =20 ©

G S

©-30- 2

- o

1] [7]]

ﬁ-til]- g

-50 ' . , ' .
Ti,C(OH),  Ti,C(OH),-Ce6 1000 2000 3000

Wavelength (nm)

Figure S2. (a) Zeta potential of Ti,C(OH), and Ti,C(OH),-Ce6. (b) FT-IR spectra of Ti,C(OH), and
leC(OH)z'Ce6
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Figure S3. Photothermal properties of Ti,C(OH),: (a) Temperature curves of Ti,C(OH), in water
solutions at different concentrations. (b)Temperature curves of 100ug/mL Ti,C(OH), in water solutions
at different power densities. (c) Photothermal stability of Ti,C(OH), (100 pg/ml). Heating of a
suspension of the Ti,C(OH), in water for five laser on/off cycles with an 808 nm NIR laser at power

density of 1.0 W/cm?. (d) Optical photographs and thermal images of Ti,C(OH), in water solutions after
laser irradiation.



Figure S4. The morphology of Ti,(OH), added in H,0, solution.
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Figure S5. O, generation by change the H,0, for 4 cycles in the Ti,C(OH), solution.
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Figure S6. Decay curves of DPBF absorption in TiZC(OH)Z-CeG with (a) or without HZO2 solution (b) after
different irradiation time.
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Figure S7. Decay curves of DPBF absorption in Ce6 with (a) or without H,0; solution (b) after different

irradiation time. (c) Decay curves of DPBF absorption at 410 nm in Ce6 solution with or without H,0,
after different time of irradiation.

13



DCFH-DA Bright field Merge
-Light

Control

Ti,C(OH),-Ce6

Figure S8. 4T1 cells incubated with Ti,C(OH),-Ce6 with irradiation, green fluorescence represents
intracellular ROS level.
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Figure S9. O, consumption level of Hela cells after incubation with Ti,C(OH),-Ce6 or SiO;
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Figure S10. ATP levels in 3T3 cells and Hela cells after incubated with Ti,C(OH),.
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Figure S11. Fourteen types of proteins absorbed on the nanosheets related to mitochondria
respiration.
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Figure $12. MS spectra of peptides belong to proteins which connected with mitochondria respiration.
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Figure S13. Immunohistochemical analysis of 4T1 tumor slices collected from untreated control mice
and the mouse injected with Ti,C(OH),-Ce6.
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Figure S14. The toxicity of Ti,C(OH),-Ce6 after 24h and 48 h incubation in Hela cells.
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Figure S15. The PDT and PTT efficiency in vitro, the live/dead staining.
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Figure S16. The changes of body weight for different groups. NPs represent Ti,C(OH),—Ce6.
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Figure S17. ATP levels in tumor sites treated with or without Ti,C(OH),-Ce6.
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Figure S18. Thermal images of mice treated with PBS, Ce6 and Ti,C(OH),-Ce6 under 808 nm laser
irradiation at different times.
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Figure $20. H&E stained histological images of tissue sections from major organs after 14 d of different
treatment. PBS was used as a control.
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Figure S21. (a) Bio-imaging of major organs and tumor after injection at 24 h. (b) Semi-quantitative
biodistribution in mice by measuring average fluorescence intensity in major organs and tumor.
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Figure S22. (a) Bio-imaging of major organs and tumor after injection of Ti,C(OH),-Ce6 at 36 h, 48 h
and 72 h. (b) Semi-quantitative biodistribution in mice by measuring average fluorescence intensity in
major organs and tumor.
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