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Materials and Methods 
1. Materials
All the peptides were purchased from GL Biochem (Shanghai) Co., Ltd. Doxorubicin (purity>99%) was purchased from Selleck Chemicals (Houston, USA). Fmoc-protected amino acids and reagents were obtained from GL Biochem (Shanghai, China). Rink-Amide MBHA resin (0.48 mmol g‒1) and Wang resin (0.30 mmol g‒1) were obtained from Tianjin Nankai Hecheng Science & Technology (Tianjin, China). Cathepsin B, glutathione (GSH) and human serum were purchased from Sigma-Aldrich (St. Louis, MO, USA). Anti-cathepsin B, Anti-caspase-3, anti-Cleaved caspase-3, anti-PARP, and anti-cleaved PARP antibodies were purchased from Cell Signaling Technology (Danvers, USA). Anti-actin and anti-Ki67 antibodies were purchased from Bioworld (Minnesota, USA). 
2. Molecular self-assembly
[bookmark: _Hlk41511012]Molecular self-assembly was performed as described previously.[1] Briefly, the cyclic-1a was diluted into the phosphate-buffered saline (PBS; pH 7.4) to a final concentration of 1600 µM and incubated at 37 °C. The GSH (8 mM) was then added to the above solution for 12 h at 37 ºC to trigger the first step of self-assembly. Afterward, cathepsin B was added to the solution for 12 h at 37 ºC to trigger the second step of self-assembly (1 U/mL).     
2.1. The first step self-assembly of cyclic-1a to linear-1a
According to the same method as part 3, 2 mL of the samples were prepared for this experiment. After adding GSH, 100 µL of each sample was collected at each time point. The conversion ratio was then analyzed by LC-MS. The conversion ratio was obtained by integrating the peaks area.
2.2. The second step self-assembly of linear-1a to linear-1b  
2 mL of the sample prepared by part 3 were adding GSH (8 mM) for 12 h, and then added 1 U/mL of cathepsin B, 100 µL of each sample was collected at each time point and 100 µL methanol was added to terminate the reaction. The method of detection was similar to part 3.1. 
3. Microscopy
Microscopy was performed as described previously.[2,3] Briefly, hydrogel (5~10 µL) was put onto a carbon support film (20~25 nm) on a copper grid. Excess solvent was carefully removed by filter paper and immediately stained with phosphotungstic acid for 2 min. The grids were allowed to dry for 10 min. The morphology was observed by transmission electron microscope (TEM, Hitachi, H-7650, Tokyo, Japan). Hydrogel (5~10 µL) was dropped on freshly cleaved mica. The characteristic analysis of surface morphology was performed by atomic force microscopy (AFM, Bruker Dimension Icon VT-1000, Santa Barbara, CA, USA) in a tapping mode. Hydrogel (100 µL) was placed in a 24-well culture plates. Gels were dehydrated in a series of ethanol-water solutions, progressing from 30% to 100% ethanol over the course of 24 h. The dehydrated gels were critical point dried using an Electron Microscopy Sciences 850 critical point drier. The morphology was observed by a scanning electron microscopy (SEM, FEI-quanta 400, USA). The conversion ratio was analyzed by LC-MS. The conversion ratio was obtained by integrating the peaks area.
4. Rheological measurement
Rheological measurement was performed as described previously.[2] Briefly, rheological tests were conducted on a rheometer (Anton Paar, MCR302, Austria) with 25 mm parallel plate geometry during the experiment. After GSH and CB were added at room temperature, the resulting solution (2 mL) was transferred to the rheometer. The mode of dynamic time sweep was used at strain of 0.1% and frequency of 6.28 rad/s.    
5. Serum stability assay 
Serum stability assay was performed as described previously.[4] Briefly, the supernatant of 25% diluted human serum was collected by centrifugation (15,000 rpm, 10 min). Then, the test peptides were added to the supernatant to obtain a solution with a final peptide concentration of 5 μM. The mixture was incubated at 37 °C. At different time points (0‒360 min), 200 μL of reaction solution was sampled and mixed with 50 µL of 15% trichloroacetic acid and 200 μL acetonitrile. Finally, the supernatant was collected by centrifugation and analyzed by reversed-phase HPLC. Integrated area underneath the peptide peak (monitored at 214 nm) was used for determining the amount of remaining peptide (%).
[bookmark: _Hlk90371170]6. Cellular uptake experiment
[bookmark: _Hlk90371206][bookmark: _Hlk90371391]Cellular uptake experiment was performed as described previously.[3] Briefly, MCF-7/DOX cells were seeded onto six-well plates (2 × 105 cells/well). After incubation under an atmosphere of humidified 5% CO2 at 37 °C for 24 h, the original medium was removed, followed by adding fresh DMEM medium containing 10 µM of FITC-cyclic-1a. After incubation for 0, 3 or 6 h, the culture medium was discarded and the cells were washed with PBS for 3 times followed by fixing with 4% paraformaldehyde solution for 15 min. The nuclei were counterstained with DAPI and the cells were imaged with inverted fluorescence microscope (Nikon, Japan).
[bookmark: _Hlk90371381]7. Determination of intracellular glutathione
[bookmark: _Hlk12714061]Determination of intracellular glutathione was performed as described previously.[5] Briefly, the cell lysate was prepared in distilled water containing 0.1% deoxycholic acid plus 0.1% sucrose by four cycles of freeze–thaw and centrifuged at 10,000 × g for 10 min at 4 °C. For intracellular GSH, supernatant was precipitated in 1% perchloric acid and centrifuged at 10,000 × g for 5 min at 4 ℃. 20 μL of protein precipitated sample was mixed with 160 μL of 0.1 M phosphate-5 mM EDTA buffer, pH 8.3 and 20 μL o-phthalaldehyde (1 mg/mL in methanol) in a black 96-well culture plates. After 2.5 h of incubation at room temperature in the dark, fluorescence was measured by using multi-function microplate reader at 460 nm. Results are expressed as GSH nmol/mg protein.  
8. MTT assay
MTT assay was performed as described previously.[6] Briefly, the cells (5 × 103 cells/well) were seeded in 96-well culture plates (Coring) and incubated overnight. Then cells were exposed to various concentrations of cyclic-1a and incubated at 37 °C for 72 h. After that, MTT stock solution (0.5 mg/mL) was added into each well and cultured for additional 4 h. The MTT treated cells were fixed with 150 μL of DMSO. The absorbance in each individual well was measured by using a microplate spectrophotometer at 570 nM (SpectraMax M2e, Molecular Devices Inc. USA).
9. Gelation tests of cell lysate 
[bookmark: _Hlk41509649]Gelation tests of cell lysate was performed as described previously.[1] Briefly, MCF-7/DOX and MCF-7 cells in 100 mm tissue culture dishes were incubated with cyclic-1a (1600 µM) at 37 °C for 24 h. After collecting the cells and using centrifuge to remove the culture solution, MCF-7/DOX and MCF-7 cells were broke by ultrasonication and the formation of hydrogel was observed. The cell lysates were placed onto a carbon support film (20~25 nm) on a copper grid and stained with phosphotungstic acid for observation of transmission electron microscope (TEM, Hitachi, H-7650, Tokyo, Japan). 
[bookmark: _Hlk90371505]10. Cell apoptosis assay
[bookmark: _Hlk42287014][bookmark: _Hlk18434180][bookmark: _Hlk18434157]Cell apoptosis assay was performed as described previously.[7] Briefly, MCF-7/DOX cells were seeded in 6-well culture plates (5 × 105 cells/well) and incubated for 24 h. Various concentrations (0, 25, 50 and 100 μM) of cyclic-1a were added into the 6-well culture plates. After incubated for 72 h, the cells (1 × 105 cells) were collected and washed twice with ice-cold PBS. Afterwards, the cells were resuspended gently in 500 μL of binding buffer, stained with Annexin V-FITC and PI dye according to the manufacturer’s instructions. Cell apoptosis was analyzed using an Accuri C6 flow cytometer (BD Biosciences, MI, USA).
11. Western blot analysis
[bookmark: _Hlk525306200][bookmark: _Hlk525306024][bookmark: _Hlk525306015][bookmark: _Hlk525305894]Western blot assay was performed as described previously.[8] Briefly, cells were washed twice with PBS and then lysed in RIPA lysis buffer with 1mM PMSF for 1 h on ice and centrifuged at 13,000 rpm for 30 min at 4°C. The concentrations of total protein were measured by using BCA protein assay kit (Beyotime, Shanghai, China). Proteins were separated on an 8% SDS-PAGE and transferred onto PVDF membrane. The membranes were blocked in 5% bovine serum albumin for 1 h at room temperature and incubated with primary antibodies at 4 °C for overnight. The membranes were then incubated with HRP-conjugated secondary antibodies for 1 h at 37 °C. The signals were analyzed using the ECL chemiluminescence detection system and Image J software (National Institutes of Health, Bethesda, MD, USA) was used to quantify the intensity of the bands.
12. In vivo anticancer activity
Female BALB/c nude mice (6 weeks old) were purchased from the Experimental Animal Center of Yangzhou University. The experiments involving animals were approved by the Animal Ethics Committee of China Pharmaceutical University (Ethic approval number: 2020-07-003). In vivo anticancer activity assay was performed as described previously.[9] Briefly, MCF-7/DOX cells (200 μL, 1 × 107 cells) were implanted into the right mammary fat pad of nude mice. Once tumors grew to 80-100 mm3, mice were randomly assigned into four groups and treated intraperitoneally with vehicle, cyclic-1a (20 mg/kg), cyclic-1a (60 mg/kg) or DOX (5 mg/kg) every 3 days for a total of six times. Tumor volume and body weight were measured every 3 days. Tumor volume was calculated using the formula (c × c × d)/2 (c, the smallest diameter; d, the largest diameter).
13. Immunohistochemical analysis and histological examination
Immunohistochemical stains against Ki67 and cleaved caspase 3 were performed using immunohistochemistry kit (KeyGen, Nanjing, China) according to the manufacturer’s instructions. Mouse organs (heart, liver, spleen, lung and kidney) tissues were fixed in 4% paraformaldehyde at 4 °C for 48 h, and then embedded in paraffin wax, sectioned (5 µm) and processed for H&E staining. Inverted fluorescence microscope was used to photograph all sections. 
14. Statistical analysis
All results were expressed as mean ± SD. Statistical analysis was performed with the t-test for two groups or one-way ANOVA for multiple groups. P<0.05 was considered to be a statistically significant difference.
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[bookmark: _Hlk41511579]Figure S1. Conversion ratio of the self-assembly by LC-MS. Data are represented as mean ± SD, n=3.
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Figure S2. Comparison of the proteolytic stability of cyclic-1a and linear-L-1a. Data are represented as mean ± SD, n=3. 
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