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Scheme S1 Synthetic route of the FF-based photosensitive prodrug (PPA-DA) and the 

hypoxia-activated camptothecin prodrug (N-CPT).  
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Figure S1 Mass spectra of (A) the FF-based photosensitive prodrug (PPA-DA) and (B) 

the hypoxia-activated camptothecin prodrug (N-CPT).  
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Figure S2 1H NMR spectra of (A) PPA-DA, and (C) N-CPT, chemical shift of (B) 

PPA-DA, and (D) N-CPT.  



 

Figure S3 DLS size profiles of co-nanoassemblies incubated with various times (0, 

12 and 24 h) under the simulated in vivo environment. 

 

 

Figure S4 Fluorescence intensity of PPA-DA&N-CPT complex and PPA-DA&CPT 

complex under various concentrations. 

  



 

Figure S5 Generation of singlet oxygen by increased fluorescence intensity of 

DCFH-DA in the absence of PPA-DA self-nanoassembly, PPA-DA & CPT 

co-nanoassemblies, and PPA-DA & N-CPT co-nanoassemblies within tumor cells 

(660 nm, 20 mW/cm
2
). 

 

 

Figure S6 Schematic illustration of the coarse-graining scheme for the 

co-nanoassembly system: the bead model of PPA-DA for which two beads “a” were 

defined to constitute one single pheophorbide a-diphenylalanine peptide molecule, 

one single N-CPT molecule was designated to represent two beads “b”. 



 

Figure S7 TEM images of non-PEGylated co-nanoassemblies. 

 

 

Scheme S2 Proposed mechanism of hypoxia-mediated activation of CPT prodrug and 

inactivation of CPT.  



 

Figure S8 The visual plots of electrostatic potential and chemical structures of N-CPT 

and reduced N-CPT. Red means positive potential and blue is negative potential. 

  

Figure S9 Cytotoxicity of co-nanoassemblies-free incubated with 24 h after 660 nm 

laser irradiation (20 mW/cm
2
) for 3 min (n=3).   



 

Figure S10 Quantitation of 4T1 cells wound healing at various time (12 and 24 h) 

was presented.  

 

Figure S11 4T1 cells representative quantitation images of migration assays at 24 h.   
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Figure S12 Fluorescence spectra of DiR and a mixture of DiR and PPA-DA. 

  

Figure S13 Dynamic light scattering (DLS) profile of top: co-nanoassemblies, bottom: 

DiR labeled co-nanoassemblies. 



 

Figure S14 Inverted fluorescence microscope images of laser-induced intratumoral 

ROS. generation of co-nanoassemblies with (A)/without (B) the laser irradiation 

treated 4T1tumor-bearing Balb/c mice in vivo.  

 

 

Figure S15 H&E staining images in organs after the treatment with control, N-CPT, 

CPT, PPA-DA mono-nanoassemblies+L, and co-nanoassemblies+L on the mouse 4T1 

orthotopic breast cancer model, scale bar represents 100 μm.  



 

Figure S16 Transverse sections of untreated tumor (Scale bar: 20 μm). 
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Figure S17 Therapeutic protocol on mouse 4T1 subcutaneous tumor xenograft. 

Number quantities of the lung metastases under the treatment. Data presented are the 

means ± SD, *P<0.05, **P < 0.01 and ***P < 0.001 by two-tailed student’s t test.  
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Figure S18 Therapeutic protocol on mouse 4T1 subcutaneous tumor xenograft. 

Average fluorescent density of HIF1α tumor accumulation was presented. Data 

presented are the means ± SD.  

 

 

 

Figure S19 Photos of whole lungs and H&E staining of the lung slices collected from 

different groups of mice after various treatments on the mouse 4T1 orthotopic breast 

cancer model, scale bar represents 100 μm.  
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Figure S20 Therapeutic protocol on mouse 4T1 orthotopic tumor xenograft. Number 

quantities of the lung metastases under the treatment. Data presented are the means ± 

SD, *P < 0.05, **P < 0.01 and ***P < 0.001 by two-tailed student’s t test. 
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Figure S21 Therapeutic protocol on mouse 4T1 orthotopic tumor xenograft. Average 

fluorescent density of HIF1α tumor accumulation was presented. Data presented are 

the means ± SD.  



 

Figure S22 Molecular dynamics statistical results of topoisomerase I (PDB ID: 1K4D) 

with CPT and their interaction features. (A) Interaction bar chart of ligand and 

residues around binding site. (B) RMSD line chart of topoisomerase I (red) and 

camptothecin (blue). (C) Total interactions number of the complex along the 

simulation time. (D) Interaction timeline chart of residues around the binding site. (E) 

3D and 2D interactions of the complex. Protein was in grey ribbon and the ligand was 

in green.



Table S1 Diameter distribution of PEGylated mono-nanoassembly PPA-DA (the 

weight ratio of drug to PEG). 

 PPA-DA PPA-DA 

+5% PEG 

PPA-DA 

+10% PEG 

PPA-DA 

+15% PEG 

PPA 

+15% 

PEG 

15% 

PEG 

Size 

(nm) 

40.72±5.018 66.21±2.480 62.16±0.5658 63.43±1.373 -- -- 

PDI 0.374±0.045 0.218±0.047 0.199±0.019 0.163±0.040 -- -- 

 

Table S2 The docking energies (kcal/mol) via two molecular docking softwares. 

 PPA-DA & N-CPT PPA-DA & CPT 

Autodock –6.9 –6.8 

Vina –7.38 –6.49 

 

Table S3 The pharmacokinetics parameters. 

 AUC0–t (μg/ml*h) Cmax (μg/ml) T1/2 (h) 

N-CPT from 

co-nanoassembly 

2611.55±244.38 452.14±125.77 13.91±4.20 

Free N-CPT 222.61±28.24 48.04±7.72 13.93±13.19 

 

Table S4 Solubility Parameter. 

 Bead Solubility parameter 

PPA-DA a1 14.5 

 a2 24.5 

N-CPT b1 24.7 

 b2 21.8 

Water w 46 

  



Table S5 The interaction parameters (aij) in DPD simulation (DPD-reduced unit: 

kBT/rc). 

 w a1 a2 b1 b2 

w 78     

a1 148.7 78    

a2 111 85.1 78   

b1 110.3 85.4 78 78  

b2 119.8 81.8 78.5 78.6 78 

 

 

 


