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Materials and Instruments

LB medium, kanamycin, Tris, 2×PBS, NaAc were purchased from Sangon Biotech; 

IPTG, NaCl were purchased from BBI Life Sciences; EDTA, DMPC, 7-ethyl-10-

hydroxycamptothecin (SN-38) were purchased from Aladdin; sodium cholate was 

purchased from TCI; imidazole was purchased from Innochem; Human breast 

adenocarcinoma (MCF-7) cells were generously provided by National Center for 

Nanoscience and Technology of China. The chromatography packing was purchased 

from GE Healthcare; the ultrasonic cell pulverizer was purchased from Ningbo Xinzhi 

Biotechnology Co., Ltd., the ultraviolet spectrophotometer was purchased from Thermo 

Fisher, and the high performance liquid chromatography was purchased from Shanghai 

Wufeng Scientific Instrument Co., Ltd., fluorescence spectrophotometer was purchased 

from Tianjin Gangdong Science & Technology Development Co., Ltd., protein nucleic 

acid analyzer was purchased from Eppendorf. DSC experiments were carried out to 

characterize the thermal stability of NDs. Blank ND and SN38-ND used in DSC 

experiments were prepared in an identical manner. Heating curves were recorded using 

a Mettler-Toledo Differential Scanning Calorimeter set at a scan rate of 10°C/min. The 

data was exported from Origin software and no further curve fitting was performed. Milli-

Q water was used in all measurements.
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Expression and Purification of MSP

The recombinant plasmid containing the MSP protein gene sequence was 

transformed into E. coli competent BL21 strain and cultured overnight. Monoclonal was 

picked into 75 mL LB medium containing 30 μg/mL kanamycin and placed on a shaker 

overnight at 220 r /min, 37 °C. The bacteria were transferred to 1000 mL LB medium 

containing 30 μg/mL kanamycin and the initial OD600 = 0.1. The culture was shaken at 

37°C until the OD600 was 0.8, and 800 μL IPTG was added to make the final 

concentration 0.8 mM. The culture was further induced at 37°C and 220 r/min for 4 h.

The induced bacteria were collected by centrifugation, washed twice with pre-chilled 

TBS buffer, and removed the supernatant. 20 mL 20 mM Tris-HCl (pH=7.5), 1% Triton, 1 

mM PMSF was added to precipitation. The bacteria were fully suspended and 1 mg 

lysozyme was added. The bacteria are broken by ultrasonic on ice. The lysate product 

was centrifuged at 12,000 rpm, 4°C for 45 min and the supernatant was collected and 

filtered. Then, it was purified by Ni-NTA affinity column. The buffers used are as follows:

Loading buffer:

pH=8.0, 10 mM Tris-HCl, 500 mM NaCl, 1% Triton

pH=8.0, 10 mM Tris-HCl, 500 mM NaCl, 50 mM Na-cholate

Elution buffer:

pH=8.0, 10 mM Tris-HCl, 500 mM NaCl, 20 mM imidazole 

pH=8.0, 10 mM Tris-HCl, 500 mM NaCl, 50 mM imidazole

pH=8.0, 10 mM Tris-HCl, 500 mM NaCl, 500 mM imidazole
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After the target protein was eluted, it was dialyzed overnight against 10 mM pH 8.0 

Tris-HCl 50 mM NaCl. Then continue the purification with an anion exchange column 

eluted with different concentrations of NaCl in 10 mM pH = 8.0 Tris-HCl. After the elution, 

a small amount of the target protein was taken for SDS-PAGE analysis, and the rest 

were dialyzed overnight against 20 mM pH=7.4 PBS.

Figure S1. SDS-PAGE of the expression and purification of MSP. Lane 1: Bacterial lysate in the 

absence of the inducer IPTG; Lane 2: Bacterial lysate in the presence of IPTG; Lane 3 Purified 

MSP.
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Nanodisc Assembly and Drug Encapsulation

100 mg DMPC was dissolved in 10 mL mixed solution of chloroform and methanol 

(chloroform: methanol = 3:1, v/v). Divide the solution into 10 equal parts. The DMPC was 

dried in vacuum for 4 h, blew slightly with N2, and stored at -20 °C. In the assembly of 

nanodisc, 1 part of DMPC (10 mg) was dispersed by vortexing with 0.95 mL 20 mM 

pH=5.0 NaAc buffer. 0.25 mL 5 mg/mL SN38 DMSO solution was added into the DMPC 

solution, and shaken at 37 °C for 4 h. The solution was then ultrasonically mixed with 5 

mg/mL MSP in a ratio of 3:2 until the solution became clear and the temperature was 

maintained at 22-25 °C. Finally, the protein, DMPC and SN38 mixture was dialyzed 

against pH=5.0 NaAc buffer overnight to remove DMSO and centrifuged at 8000 rpm. 

The supernatant was taken for UV and fluorescence spectroscopy and size exclusion 

chromatography (The mobile phase is 20 mM PBS pH=7.4. Flow rate=0.5 mL/min, T=25 

°C). The SN38-ND solution could be stored at 4 °C for more than 3 weeks with good 

stability (Figure S2).

Figure S2. Stability characterization of SN38-ND by size exclusion chromatography (SEC) during 3 

weeks. SN38-ND solution was stored at 4 °C.



6

31P NMR Spectroscopy Analysis

Figure S3. 31P NMR spectroscopy characterization of blank ND (black) and SN38-ND (red).



7

Quantitative Analysis of Nanodisc Encapsulated Drugs

Prepare 1 mg/mL stock solution of SN38 in DMSO and the stock solution was diluted 

to 2-10 μg/mL by gradient dilution. Then the absorption values of each sample were 

measured at 370 nm by UV-Vis spectrophotometer. 

UV and Fluorescence Spectrometry

UV scanning wavelength range: 250-750 nm, bandwidth: 2 nm, integration time: 0.05 

s. Measurement method: ddH2O as blank, take 200 μL sample into the cuvette.

Fluorescence spectrum scanning mode: emission, scanning wavelength range: 250-

750 nm, excitation wavelength setting: specific absorption wavelength of drug, slit width: 

5 nm. 
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Verification of the Form of SN38 in Nanodisc

(1) 1 mL SN38-ND was incubated in PBS (pH=7.4) for 2h and then freeze-dried;

(2) 2 mL DMSO solution was added into the freeze-dried SN38-ND, and ultrasonic for 

10 minutes;

(3) The resuspension solution was placed in the ultrafiltration tube and centrifuged for 

10 min at 6100 rpm to remove the protein from the sample;

(4) Ultrafiltration solution was used for HPLC C-18 characterization (The mobile phase 

is acetonitrile. Flow rate=0.5 mL/min, T=25℃).

Determination of Cell Viability by CCK-8 Assay

MCF-7 cells were cultured in RPMI 1640 supplemented with 10 % heat-inactivated 

fetal bovine serum (FBS). Cells were seeded in 96-well cell culture plates at a density of 

1 × 104 cells/well. When achieving 70 % of confluency after 12 h, the cells were 

incubated with 100 μL cell culture medium containing 0, 20, 40, 60, 80, 100 μM of sample 

was added and continued to culture for 24 h, and then the cells were treated with 10 μL 

CCK-8 stock solution at 37 °C. The plate was incubated in incubator for 1 hour, and the 

absorbance at 450 nm of each sample in the 96-well plate was measured by enzyme 

labeling instrument. Cells without treatment were used as control. All experiments were 

conducted 5 times in parallel.
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Cellular Internalization Assays

The cellular internalization behaviors of SN38-ND were studied in MCF-7 cells using 

confocal laser scanning microcopy (CLSM). Cells were seeded in 3.5 cm-confocal dishes 

at a density of 1.0 × 105 per well in 2.0 mL of RPMI 1640 medium containing 10% FBS 

and cultured overnight. Followed by removing culture medium and adding SN38-ND at 

the concentration of 20 μM. After incubation at 37 °C for 4 h, culture medium was 

removed, and cells were washed with PBS for three times. Afterwards, cells were stained 

and the cells were rinsed with PBS three times and subjected to CLSM (Olympus 

FV1000, Japan). 

Figure S4. X-y top view at a given z and two other images of the respective x-z and y-z side views 

along the green and red lines. The green lines represent the position where the stack is cut to form the 

xz and yz sections, respectively. The scale bar is 10 μm.

 


