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Supplementary Data 

METHODS 

Liposome preparation 

Different volumes of ethanol or calcium solution were slowly added through one of four 

methods: Method I, no ethanol or calcium solution; Method II, exactly one volume of 70% 

ethanol (70:30 (v/v) ratio of ethanol: Milli-Q water) and no calcium solution (final 

concentration: 35% ethanol, no calcium); Method III: exactly one volume of 70% ethanol and 

8 mM calcium solution (final concentration: 35% ethanol, 4 mM Ca2+); and Method IV, 

exactly one volume of 40% ethanol and 8 mM calcium solution (final concentration: 20% 

ethanol, 4 mM Ca2+). 

 

Transmission electron microscopy (TEM) observation 

TEM was used to analyze the liposome morphology. A drop of the liposome sample was 

placed on a 100-mesh copper grid, and excess fluid was removed with a piece of filter paper. 

A 2% phosphotungstic acid solution (pH 7.4) was dropped on the grid and dried for 12 h in a 

desiccator. The sample was observed by TEM. 

 

Nonreducing SDS-PAGE analysis 

  To confirm the protein binding and evaluate the separation efficiency of transferrin from 

the PTf-Ls in the Sepharose CL-4B column, SDS-PAGE and Coomassie blue staining were 

used. All of the gels were run under nonreducing conditions in a Tris/glycine/SDS buffer 

with the Mini-Protean II electrophoresis unit (BioRad, USA). 
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Matrix-assisted laser desorption-ionization time-of-flight/mass spectrometry 

(MALDI-TOF/MS) analysis 

  To analyze the incorporation of thiol groups into transferrin and the conjugation of 

DSPE-PEG2000-maleimide with protein in the liposomes, MALDI-TOF/MS was performed 

with a Bruker Reflex III system (Bruker Daltonik, Bremen, Germany) in linear mode with 

external calibration. A nitrogen laser (λ = 337 nm) was used for desorption / ionization. The 

ion acceleration voltage was 20 kV. A saturated matrix solution was prepared by dissolving 

Sinapic acid (ICN Biomedicals Inc., Costa Mesa, CA, USA) in 40% acetonitrile containing 

0.1% trifluoroacetic acid. One microliter of the sample solution was used for MALDI-TOF 

analysis after cocrystallization on a stainless steel target. Each reported mass spectrum 

represents an average of 150 laser shots.  

 

X-ray photoelectron spectroscopy (XPS) analysis 

  The presence of transferrin on the liposome surface was confirmed by XPS. Droplets of the 

suspensions were applied to a clean aluminum substrate. The P-Ls or PTf-Ls were prepared 

as described above, except that rehydration solution (double-distilled water) was used instead 

of Tris-HCl buffer for the dried lipids. After the water had evaporated, a thin layer of lipid 

was mixed in chloroform, P-Ls, or PTf-Ls. The chemical composition of the surface of the 

sample layer and high-resolution scans for nitrogen and sulfur were examined with a PHI 

Quantum 2000 Scanning ESCA Microprobe (Physical Electronics, Inc., Chanhassen, MN, 

USA). The raw XPS data were deconvoluted and fitted using XPSPEAK Version 4.0.  
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Encapsulation efficiency analysis 

  The calcein fluorescence-quenching method described by MacDonald et al. was used to 

determine the encapsulation efficiency of liposomes. Briefly, 2 μL of 0.01 mol/L calcein 

(adjusted to pH 7 with NaOH) were added to the liposome solution, and the suspension was 

processed through the subsequent steps of liposome preparation. Next, 2 μL of liposome 

suspension were diluted in 0.72 mL of Tris-HCl buffer (50 mM, pH 7.0), and 100 μL of the 

suspension were pipetted into every well of a plate. Next, 1.2 μL of CoCl2 (10 mM) were 

added to four wells to quench the fluorescence outside the reconstituted vesicles. In one of 

the four wells, 5% Triton X-100 was added to destroy the integrity of the internal 

compartment.  

  The plate was read in a fluorometer (TECAN Infinite 200 Pro, Switzerland) with excitation 

/ emission wavelengths of 490 nm / 520 nm. The encapsulation efficiency was calculated as: 

[(Fin-Fb) / (Ft-Fb)] × (volume of lipid suspension), where Ft is the mean total fluorescence, 

Fin is the mean internal fluorescence in intact vesicles, and Fb is the background fluorescence 

given by CoCl2-quenched samples in the presence of 5% Triton X-100. 

  The DNA encapsulation efficiency of PTf-Ls entrapped pcDNA3.1-IP-10 was measured as 

follows. Plasmid DNA from the lipoplexes was digested with 500 U of Dnase I (Invitrogen, 

Carlsbad, CA) in HEPES buffer for 1 h at 37 °C. Next, 5% Triton X-100 was added to 

destroy the structure of the pDNA entrapped in the PTf-Ls. After the plasmid DNA was 

extracted with chloroform/ethanol, the concentration of plasmid DNA encapsulated in the 

lipoplexes was determined from the absorbance at 260 nm. Total plasmid DNA was detected 
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by using 5% Triton X-100 to destroy the lipoplex structure. The encapsulation efficiency was 

calculated as: pDNA entrapped in the PTf-Ls / total pDNA. 

 

Serum stability of lipoplexes 

  Release experiments were performed immediately after the free transferrin and 

nontargeting liposomes were separated from PTf-Ls entrapped pcDNA3.1-IP-10. To 

determine the serum stability, PTf-Ls entrapped pcDNA3.1-IP-10 were incubated for 10 min, 

0.5, 1.5, 4, 6, and 8 h in the cell-free wells of a 96-well culture plate, which contained either 

human serum or cell culture with or without 20% fetal bovine serum (FBS). Plasmid DNA 

was extracted with chloroform / ethanol, and the concentration of plasmid DNA that had 

leaked from the lipoplexes was determined from the absorbance at 260 nm. To calculate the 

total amount of plasmid DNA in the lipoplexes, 20 μL of 5% Triton X-100 were added to the 

same amount of lipoplexes to release all DNA from the lipid.  

  The leaked plasmid DNA was collected by ultrafilter-centrifugation (Microcon Ultracel 

YM-100), and 900 μL of chloroform were added to the solution. Distilled water (100 μL) was 

added to the chloroform solution to transfer the plasmid DNA into the water layer. Plasmid 

DNA in the water layer was extracted with isopropanol and precipitated with 70% ethanol. 

The concentration of plasmid DNA dissolved in Tris buffer was calculated from the 

absorbance at 260 nm. The plasmid DNA leakage ratio was calculated as: leakage ratio (%) = 

amount of plasmid DNA leakage from the lipoplexes (μg) / amount of total plasmid DNA 

used (μg) × 100. 
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In vitro cytotoxicity 

  HeLa cells and MCF-7 cells (5 × 103 cells/well) were seeded into 96-well microplates and 

cultured overnight. Cells were cultured in the presence or absence of P-Ls or PTf-Ls for 4 or 

24 h at 37 ºC. The cytotoxicities of P-Ls and PTf-Ls at 0.1, 0.5, and 100 μg/mL were 

evaluated. Cell viability was measured with Cell Counting Kit-8 (CCK-8) according to the 

manufacturer’s protocol (Dojindo Molecular Tech, Kumamoto, Japan). 

 

Cell cycle analysis 

  HeLa cells (2 × 106 cells per well) were exposed to 100 μg/mL P-Ls or PTf-Ls for 24 h at 

37 ºC. The cell suspension was washed and fixed overnight with 70% ethanol. Samples were 

centrifuged at 300 × g for 5 min, and the pellets were resuspended in 400 μL of physiological 

saline. After the addition of 50 μL of RNase and 10 μL of propidium iodide, the samples 

were analyzed by flow cytometry (Beckman Coulter EPICS XL Flow Cytometry, USA).  

 

Protocol for labeling with LSS670 

Primary amino groups were used as the functional groups to label proteins, peptides and 

other molecules (e.g., DSPE-PEG2000 containing a terminal primary amine) with LSS670 dye. 

We developed the following protocol to label the P-Ls and PTf-Ls. The gel media was 

prepared and the spin columns were packed in accordance with the manufacturer’s protocols. 

Next, the labeling reaction was performed. The PTf-Ls solution was prepared with 2 mg/mL 

transferrin in a 0.5 mL volume or the same volume of P-Ls. For the fluorescently labeled 

liposomes, the solution was prepared in 0.9 % NaCl. One milligram of LSS670 dye was 
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dissolved in 100 μL of anhydrous DMSO. The dye solution was vortexed for about 10 s, and 

incubated at room temperature for 15 min. The PTf-L and dye solutions were mixed together 

and gently stirred for 1 h at room temperature. Then, the mixture was placed aside on ice.  

Purification with 2-mL spin chromatography columns was performed according to the 

manufacturer’s protocol. Standard curves were constructed by analyzing serial dilutions of 

LSS670 dye. The concentrations of LSS670 labeled liposomes were measured by Tecan’s 

Infinite M200 PRO (Tecan Trading AG, Switzerland). Finally, the fractions were collected, 

filtered through a 0.22-μm polyvinylidene fluoride (PVDF) membrane filter, and stored at 

4 °C until use.  

 

 

 

 

 

 

 

 

 

 

 

 

 


