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Figure S1. Particle size distribution of casein micelles re-assembled by 

Ca+2/phosphoserine ionic binding. 

Figure S2. (a) Number weighted size distribution of CM-Gdx determined by NTA. (b) 

Number weighted size distribution by DLS of CM-Gd7 over time upon cathepsin B 

addition. Maximum peak at 91.3, 78.8, 68.0, and 57.8 nm for 0, 3, 10 and 24 h, 

respectively.
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Figure S3. Colloidal stability of CM-Gd7-J-ICG measured as size distributions in 

different media. The dye concentration was 15 wt.% based on micelles. 

Figure S4. (a) Encapsulation efficiency (EE) and loading capacity (LC) of ICG in CM-

Gd7 for different micelles/dye ratios. (b) UV and (c) fluorescence spectra of ICG and 

CM-Gd7-ICG for different dye concentrations. (d) Evolution of UV spectra of CM-Gd7-

ICG at the concentration of 1.2 mg/mL for freshly prepared sample, after ageing for 7 



S4

and 14 days at 4 °C, and after heating at 65 °C for 24 h. The samples were diluted to a 

dye concentration of 5 μg/mL prior analysis.

Figure S4a shows the encapsulation efficiency and loading capacity of ICG in CM-

Gd7 micelles. As it can be seen, micelles were able to encapsulate high amounts of dye 

(more than 1 mg/mL), indicating good interaction between both components. In fact, 

UV-visible analysis showed a significant red shift in the characteristic absorption peak 

of ICG when it was encapsulated (Figure S4b). This result indicates that the 

microstructure of ICG is considerably affected by its strong binding with casein within 

the micelles. Fluorescence measurements obtained further evidence of the effective ICG 

encapsulation. As shown in Figure S4c, a decrease in the fluorescence intensity was 

observed for CM-Gd7-ICG compared with free ICG. This behavior is probably due to 

the concentration of ICG into the micelles' core, causing self-quenching to reduce the 

fluorescence quantum yields of the dye.  

After the ICG encapsulation, we evaluated the in situ formation of J-ICG within the 

micelles. Interestingly, we found out that the aggregate form was not obtained even 

after ageing CM-Gd7-ICG for 14 days at 4 °C, only observing a small shoulder around 

850 nm (Figure S4d). Even more, J-aggregates were not formed after CM-Gd7-ICG 

heating at 65 °C for 24 h. These results suggest that the stabilization of ICG in the 

micelles and the strong ICG-protein binding could hamper the dye's self-assembled.
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Figure S5. (a) Evolution of UV-visible spectra of ICG after four laser ON/OFF cycles. 

(b) Steady-state heating curve for J-ICG and CM-Gd7-J-ICG photothermal agents at 5 

μg/mL.

Calculation of photothermal conversion efficiency (η)

                                                                    
𝜂 =

ℎ𝐴(𝑇𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟) ‒ 𝑄𝑖𝑛, 𝑠𝑢𝑟𝑟

𝐼(1 ‒ 10
‒ 𝐴𝜆)

(Eq. S1)

Where h is the heat transfer coefficient, A is the surface area of the container, Tmax is the 

maximum steady-state temperature, Tsurr is the ambient surrounding temperature, I is the 

laser power (500 mW), Aλ is the absorbance at the excitation wavelength of 785 nm 

(1.68 AU, from Figure S1b). Qin,surr is the heat input due to light absorption by the water 

medium (3.25 mW). The quantity hA was calculated as follows:

ℎ𝐴 =
𝑚𝑤𝐶𝑝𝑤

𝜏𝑠

Where mw and Cpw are the mass and specific heat capacity of the water medium and τs 

was calculated by measuring the rate of temperature drop after removing the laser 

source (Figure S5b), from the following equations:

𝑡 =‒ 𝜏𝑠𝑙𝑛𝜃
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𝜃 =
𝑇 ‒ 𝑇𝑠𝑢𝑟𝑟

𝑇𝑚𝑎𝑥 ‒ 𝑇𝑠𝑢𝑟𝑟

Figure S6. T1 relaxivity (r1) for CM-Gd7-J-ICG (rA) and CM-Gd7 (rB).  

Figure S7. Fluorescence spectra of ICG and J-ICG at a dye concentration of 10 g/mL.  

Figure S8. Real-time cell analysis of HeLa cells incubated with CM-Gd7-J-ICG, free 

ICG monomer, CM-Gd7, and medium only, control experiment without NIR irradiation. 

The asterisk denotes the time point of addition of the compounds after 24h. After 48h, 
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the plate was removed and handled in parallel to the irradiated plate (see Figure 6, main 

manuscript).

Figure S9. Calibration curve for the absorbance at 780 and 895 nm versus 

concentration of ICG (a) and J-ICG (b) in water.  


