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Figure S1. Regenerated silk fibroin (SF) obtained after a standard degumming process.  

 

 
Figure S2. TEM images of (A) SF and (B) SF@MnO2 nanoparticles (scale bars: 20 nm); 

SEM images of (C) SF and (D) SF@MnO2 nanoparticles (scale bars: 100 nm).  
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Figure S3. Hydrodynamic size distributions of (A) SF and (B) SF@MnO2 nanoparticles 

measured by DLS.  

 

 
Figure S4. Zeta potentials of SF, SF@MnO2 and SMID nanoparticles.  
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Figure S5. Size variation of SMID nanoparticles dispersed in PBS, DMEM or FBS (10%) 

during 7 days.  
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Figure S6. Raman spectra of SF and SF@MnO2 nanoparticles: (A) a full spectrum in 100 

~ 4000 cm-1; (B) a partial spectrum in 400 ~ 850 cm-1 and (C) a partial spectrum in 900 ~ 

1700 cm-1. 
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Figure S7. An SEM image of SF@MnO2 nanoparticles obtained after the bioinspired 

mineralization process for 1 h (scale bar: 500 nm).  

 

 

 

Figure S8. TEM images of SF@MnO2 nanoparticles obtained after the bioinspired 

mineralization reaction for 24 h (scale bars: 100 nm).  
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Figure S9. High-resolution TEM images of SF@MnO2 nanoparticles under different 

magnifications.  

 

 

 

 

 

Figure S10. EDS pattern of SF@MnO2 nanoparticles. 
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Figure S11. (A) Pore size distribution of SF@MnO2 nanoparticles; (B) N2 

adsorption−desorption isotherm of SF@MnO2 nanoparticles. 
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Figure S12. Fluorescence images of 4T1 cells after treatment with various agents 

(equivalent ICG concentration: 10 µg·mL-1) in the presence of 1 mM of H2O2 (scale bars: 

50 µm).  
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Figure S13. (A) Temperature elevation of SMID nanoparticle dispersions at various 

concentrations subject to NIR laser irradiation (808 nm, 2 W·cm-2) for 10 min; (B) 

temperature elevation of SMID nanoparticle dispersions (equivalent ICG concentration: 

16 µg·mL-1) under exposure to NIR laser with different output power densities; (C) peak 

temperature of ICG and SMID nanoparticle dispersion (equivalent ICG concentration: 16 

µg·mL-1) subject to periodic NIR laser irradiations (808 nm, 2 W·cm-2) for 5 cycles. 

 

 

Figure S14. (A) Heating and cooling curves of SMID nanoparticle suspension 

(equivalent ICG concentration: 16 µg·mL-1) subject to NIR laser irradiation; (B) diagram 

of the time versus -ln(θ) derived from the cooling stage in (C). 
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Figure S15.  Images of SF nanoparticle dispersions after loading DOX (left) or ICG 

(right). 
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Figure S16. (A) DLC and (B) EE of DOX in SMID nanoparticles achieved under various 

mass ratios of fed drugs; (C) DLC and (D) EE of ICG in SMID nanoparticles achieved 

under various mass ratios of fed drugs.  

 

 

Figure S17. Fluorescence spectroscopy of different releasing media (10 mL) showing the 

released DOX from SMID nanoparticles (2 mg) after 30 min of incubation. Four 

releasing media tested: buffer solutions (pH = 7.4) containing 0 mM, 1 mM, 2 mM and 4 

mM H2O2. Excitation wavelength: 488 nm. 
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Figure S18. Optical absorbance spectra of DPBF incubated with (A) SF@MnO2, (B) 

ICG and (C) SMI (equivalent ICG concentration: 10 μg·mL-1) under laser irradiation 

(808 nm, 2 W·cm-2) for various periods of time; (D) decay of the normalized peak 

absorbance intensity of DPBF at 417 nm as a function of irradiation time.  
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Figure S19. Fluorescence images and the corresponding fluorescence intensity (FITC 

channel) of SOSG-labeled 4T1 cells after treatment with various agents and NIR laser 

irradiation (10 min) or H2O2 (100 µM) where applicable. Scale bars: 50 µm. 
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Figure S20. (A) Relative content of GSH after reaction with SF@MnO2 at various 

concentrations in a test tube; (B) intracellular GSH content after treatment with 

SF@MnO2 at various concentrations.  
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Figure S21. Flow cytometry analysis of 4T1 cells incubated with SMID nanoparticles 

over time (0.5 h, 1 h, 2 h and 4 h). 

 

Figure S22. Flow cytometry analysis of the cellular uptake of SMID nanoparticles in 4T1 

cells treated with NaN3 (0.1%, w/v) or under 4oC for 4 h. “Positive control” denotes 4T1 

cells incubated with SMID nanoparticles without any additional treatment. 
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Figure S23.  (A) Average fluorescence intensity of ICG in tumor region analyzed by 

ImageJ (v1.47) corresponding to Figure 6a; (B) biodistribution of Mn content in tumor-

bearing BALB/c mice at different time points post-injection of SMID nanoparticles. 
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Figure S24. Evaluating the biosafety of NIR laser irradiation: (A) photographs of 4T1 

tumor-bearing mice at day 14 after laser irradiation (808 nm, 2 W·cm-2) or without any 

treatment; (B) photographs of excised tumors at day 14 after different treatments; (C) 

variation of relative tumor volume in 14 days after various treatments; (D) average 

weight of dissected tumors at day 14; (E) variation of mouse body weight in 14 days after 

various treatments; (F) H&E staining of histological sections sliced from tumors or major 

organs in different groups.  
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Figure S25. Hemocompatibility analysis: (A) photographs of erythrocytes incubated with 

SMID nanoparticles under various concentrations. Erythrocytes suspended in PBS and DI 

water served as negative and positive controls, respectively; (B) hemolytic rate of 

erythrocytes incubated with SMID nanoparticles under various concentrations.  
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Figure S26.  Complete blood counts of the mice intravenously injected with saline or 

SMID nanoparticles. The blue hatched areas represent the reference ranges of 

hematology data of healthy female KM mice.  
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Figure S27. Histological analysis of major organs (heart, liver, spleen, lung and kidney) 

by H&E staining at day 14 post-injection (scale bars: 200 µm). 
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Supplementary Methods 

 

Calculation of the photothermal conversion efficiency of SMID nanoparticles1 

The total energy balance between the input and dissipation for the system is presented as: 

∑ 𝑀𝑀𝑖𝑖𝐶𝐶𝑖𝑖
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑄𝑄𝑁𝑁𝑁𝑁 + 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑄𝑄𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖                                              (1) 

where M and C denotes the mass and heat capacity of water, respectively; T represents 

the medium temperature; QNP is the energy absorbed by nanoparticles; Qsys denotes the 

energy from the pure water system; Qout is heat dissipation from the system.  

The heat absorbed by SMID NPs can be calculated as: 

𝑄𝑄𝑁𝑁𝑁𝑁 = 𝐼𝐼(1 − 10−𝐴𝐴808)𝜂𝜂                                                    (2) 

where I is the power of NIR laser, 𝜂𝜂 indicates the photothermal conversion efficiency, 

and A808 denotes the absorbance of SMID nanoparticles at 808 nm. 

Heat dissipation is linear to the system temperature, defined as: 

 𝑄𝑄𝑜𝑜𝑜𝑜𝑜𝑜  = ℎ𝑆𝑆( 𝑇𝑇 − 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 )                                                   (3) 

where h is the heat transfer coefficient, S is surface area of the container, and Tsurr is the 

ambient temperature.  

After reaching a steady state temperature (Tmax), the input and output of heat are in 

equilibrium. 

𝑄𝑄𝑁𝑁𝑁𝑁 + 𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠 =  𝑄𝑄𝑜𝑜𝑜𝑜𝑜𝑜 =  ℎ𝑆𝑆( 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 )                                    (4) 

Upon removal of laser, QNP + Qsys = 0, Eq. (1) can be converted to: 
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∑  𝑀𝑀𝑖𝑖𝐶𝐶𝑖𝑖  𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −𝑄𝑄𝑜𝑜𝑜𝑜𝑜𝑜 =  − ℎ𝑆𝑆( 𝑇𝑇 − 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ) 𝑖𝑖                                   (5) 

𝑑𝑑𝑑𝑑 =  ∑ 𝑀𝑀𝑖𝑖𝐶𝐶𝑖𝑖𝑖𝑖
ℎ𝑆𝑆

𝑑𝑑𝑑𝑑
( 𝑇𝑇−𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 )

                                                           (6) 

𝑡𝑡 =  −∑ 𝑀𝑀𝑖𝑖𝐶𝐶𝑖𝑖𝑖𝑖
ℎ𝑆𝑆

ln 𝑇𝑇−𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
( 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚−𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 )

                                                      (7) 

A system time constant 𝜏𝜏𝑠𝑠 can be defined as 

𝜏𝜏𝑠𝑠 =  −∑ 𝑀𝑀𝑖𝑖𝐶𝐶𝑖𝑖𝑖𝑖
ℎ𝑆𝑆

                                                       (8) 

and 𝜃𝜃 is introduced for substitution,  

𝜃𝜃 =  𝑇𝑇−𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
( 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚−𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 )

                                                                (9) 

which transforms Eq.(8) and Eq (9) into: 

t =  − 𝜏𝜏𝑠𝑠 ln 𝜃𝜃                                                                  (10) 

Since Qsys can be calculated based on 

𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠 = ℎ𝑆𝑆� 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝐻𝐻2𝑂𝑂 − 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 �                                                   (11) 

Eq. (4) can be expressed as 

𝑄𝑄𝑁𝑁𝑁𝑁 =  𝐼𝐼(1 − 10−𝐴𝐴808)𝜂𝜂 =  ℎ𝑆𝑆�  𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚,𝐻𝐻2𝑂𝑂 �                               (12) 

ℎ𝑆𝑆 =  −∑ 𝑀𝑀𝑖𝑖𝐶𝐶𝑖𝑖𝑖𝑖
𝜏𝜏𝑠𝑠

                                                                    (13) 

where τs is equal to 471.892 s, m is 3.0 g and c is 4.2 J/g, hS can be calculated as 0.0267 

W/oC. Substituting I = 2.0 W, A808 = 4.173, Tmax − Tsurr = 26.7 oC into Eq. (12), the 

photothermal conversion efficiency of SMID nanoparticles can be determined as 35.65%. 
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