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Abstract 

In general, cellular internalization of macromolecular drugs encapsulated in liposomes proceeds via 
endocytosis. This potentially leads to degradation of the liposome-encapsulated macromolecular content 
within the endosomal/lysosomal compartment. Therefore, bypassing the endocytic route by conferring 
a direct plasma membrane translocation property to the liposomes would be very beneficial. Cell pene-
trating peptides, e.g. TAT-peptide, are exploited in the drug delivery field for their capacity of plasma 
membrane translocation. Here, we describe the preparation of TAT-peptide modified liposomes and their 
cellular interaction using live cell flow cytometry and imaging techniques.
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Cellular uptake of (targeted) liposomes is generally mediated by 
(receptor-mediated) endocytosis. Upon internalization, the lipo-
somes and encapsulated drug will be routed from endosomes to 
lysosomes. Macromolecules, like proteins, peptides or nucleic 
acids, encapsulated in liposomes ending up in the endocytic path-
way will be degraded, which causes inefficient intracellular deliv-
ery. In the recent years, attempts are being made to apply targeted 
liposomes for cytosolic delivery of macromolecules (1, 2). One 
approach reported to avoid endocytosis and to achieve direct 
cytosolic delivery via direct plasma membrane translocation is the 
use of so-called cell-penetrating peptides (CPP) of which the 
HIV-1 derived TAT-peptide is an example (3). These CPP have 
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been reported as cytosolic delivery vector for a variety of cargos, 
like fluorophores, proteins, oligonucleotides and particulate systems 
(3–9). Torchilin et al. were the first to report on cytosolic delivery 
of liposomes modified with a CPP on the surface of the liposomes 
(8). However, the plasma membrane translocation mediated via 
those CPP was questioned when it was shown that cell fixation 
could induce rigorous artefacts in the cellular distribution of fluo-
rescently labelled CPP (10, 11). Several studies now pointed out 
the importance of using live cells to study the route of uptake of 
CPP and their cargoes (10–12).

TAT-peptide modified liposomes were prepared and cellular 
association and intracellular distribution of (double) fluorescently 
labelled particles were assessed by flow cytometry and confocal 
laser scanning microscopy.

	1.	 Egg phosphatidylcholine (EPC), 1,2-distearoyl-glycero-3-
phosphoethanolamine-N-(poly(ethylene glycol)2000) 
(PEG2000–DSPE) (Lipoid GmbH, Ludwigshafen). Lipids can 
be stored as powder or as stock solution in ethanol at −20°C.

	2.	 Maleimide–PEG2000–DSPE (Shearwater Polymers, Huntsville, 
AL, USA, currently Nektar Pharmaceuticals). This lipid can 
be stored as powder or as stock solution in ethanol at 
−20°C.

	3.	 Stock solutions containing fluorescent labels DiD 
(1,1¢-dioctadecyl-3,3,3¢,3¢-tetramethylindocarbocyanine 
4-chlorobezenesulfonate salt) (Molecular Probes, Eugene, 
OR, USA) or Lissamine rhodamine B labelled glycerophos-
phoethanolamine (Avanti Polar Lipids, Alabaster, USA) are 
made in ethanol and kept at −20°C until use. These lipids are 
used to label the bilayer of the liposomes.

	4.	 Hepes buffered saline (HBS): 135  mM NaCl and 10  mM 
Hepes. pH is set to 6.5, 7.0 or 7.4 as stated in the text.

	5.	 FITC–dextran (Mw 70,000 Da, Sigma, St. Louis, MO, USA) 
is dissolved in HBS pH 7.0 to a concentration of 10 mg/mL. 
This solution is used for encapsulating a fluorescent marker in 
the aqueous interior of the liposomes.

	6.	 To remove uncapsulated FITC–dextran or non-coupled 
TAT-peptide, a column of Sepharose CL-4B (Amersham 
Pharmacia Biotech, Uppsala, Sweden) is packed in 20% eth-
anol. Before use the column is equilibrated with HBS pH 6.5 
or 7.4.
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	7.	 Hydroxylamine solution: 0.5 M Hepes, 0.5 M Hydroxylamine–
HCl and 0.25 mM EDTA at pH 7.0. Always prepare a fresh 
solution before use.

	8.	 Thiol-acetylated TAT-peptide (sequence YGRKKRRQRRRK-S-
acetylthiolacetyl) (Ansynth BV, Roosendaal The Netherlands); 
referred to as TAT-sata is dissolved in HBS, pH 7.4 to a con-
centration of 5 mg/mL and 1 mg aliquots were kept at −20°C 
until use.

	1.	 Serum free culture medium: Dulbecco’s Modified Eagle’s 
Medium (DMEM) containing 3.7 g/L sodium bicarbonate, 
4.5 g/L l-glucose supplemented with 2 mM l-glutamine, peni-
cillin (100  IU/mL), streptomycin (100 mg/mL) and ampho
tericin B (0.25 mg/mL) (Gibco, Grand Island, MY, USA).

	2.	 Complete culture medium: The serum free medium is supple-
mented with 10% heat-inactivated foetal calf serum (Gibco, 
Grand Island, MY, USA).

	3.	 Solution of trypsin (0.25% (w/v)) and ethylenediamine tetraa-
cetic acid (EDTA; 0.02% (w/v)) in PBS (Gibco, Grand Island, 
MY, USA).

	1.	 Rhodamine–PE labelled liposomes; control (pegylated) and 
TAT-peptide modified liposomes.

	2.	 Phosphate buffered saline (PBS): 140  mM NaCl, 8.7  mM 
Na2HPO4, and 1.9 mM NaH2PO4 pH 7.4 (Braun, Melsungen, 
Germany).

	1.	 Nunc Lab-Tek 16-well chamber slides from Fisher Scientific 
(Landsmeer, The Netherlands).

	2.	 Phosphate buffered saline (PBS): 140  mM NaCl, 8.7  mM 
Na2HPO4, and 1.9 mM NaH2PO4, pH 7.4 (Braun, Melsungen, 
Germany).

	3.	 Lysostracker Red (Invitrogen, Eugene, OR, USA) solution in 
PBS. Dilute the stock solution (1 mM) provided by Invitrogen 
to a final concentration of 75 nM in PBS. This solution can be 
stored at −20°C.

	4.	 Double labelled TAT-peptide modified liposomes.

	1.	 Co-Star 6-well low adherence plates (Corning Life Science 
BV, Schiphol-Rijk, The Netherlands).

	2.	 Cytochalasin D (Sigma Aldrich, St. Louis, MO, USA) is dissolved 
in DMSO to a concentration of 5 mg/mL and stored in the 
fridge until use.

	3.	 For iodoacetamide (Sigma, St. Louis, MO, USA), a fresh stock 
solution with a concentration of 0.1 M is made in PBS.
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	4.	 TAT-peptide modified liposomes labelled with Rhodamine–PE.
	5.	 Phosphate buffered saline (PBS): 140  mM NaCl, 8.7  mM 

Na2HPO4, and 1.9 mM NaH2PO4, pH 7.4 (Braun, Melsungen, 
Germany).

TAT-peptide modified liposomes are prepared by coupling the 
TAT-peptide to the distal end of PEG-chains on the liposomal 
surface. For this, maleimide-functionalized PEG-chains are incor-
porated in the lipid bilayer and the TAT-peptide has been function-
alized with a thio-acetyl group at the C-terminus. Those thio-acetyl 
groups can be converted to sulfhydryl groups. This method has 
been described in the literature to couple targeting ligands like e.g. 
antibodies and peptides to liposomes (1, 13). Cellular association, 
which can include both binding and uptake, can be assessed by 
flow cytometry. Furthermore, to distinguish between binding and 
uptake and additionally to evaluate the intracellular localization of 
the liposomes, live cell confocal laser scanning microscopy can be 
applied. The use of double fluorescently labelled liposomes, with 
both the liposomal bilayer and the aqueous compartment labelled, 
can be used to study the integrity of the liposomes upon incubation 
with cells and additionally will give information about the possible 
cytosolic delivery of the encapsulated hydrophilic fluorescent label. 
Co-localization with markers of the endocytic pathway and the use 
of metabolic or endocytosis inhibitors will give information about 
the cellular internalization mechanism.

	1.	 EPC, cholesterol, PEG2000–DSPE, and maleimide–
PEG2000–DSPE are weighed and dissolved in absolute etha-
nol in a round bottom flask. The molar ratio of the lipids is 
1.85: 1.00: 0.09: 0.06, respectively.

	2.	 The bilayer of the liposomes is fluorescently labelled by adding 
either DiD or Rho–PE to a final ratio of 0.1 mol percentage.

	3.	 Form a lipid film by evaporation of the ethanol using a 
rotavapor.

	4.	 Before hydration, flush the lipid film with nitrogen for at least 
30 min to obtain a complete dry lipid film.

	5.	 Form liposomes by hydration of the film with either 1 mL of 
HBS pH 6.5 or 1 mL of HBS (pH 7.0) containing 10 mg/mL 
FITC dextran in case of rhodamine–PE labelled or DiD 
labelled liposomes, respectively.

	6.	 Size the liposomes by extrusion to an average size of 150 nm 
and a polydispersity index below 0.2 (see Note 1). Size distri-
bution should be checked with dynamic light scattering.

3. �Methods

3.1. Preparation  
and Characterization 
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	 7.	In case of FITC–dextran containing liposomes: remove the 
non-encapsulated FITC–dextran using a Sepharose CL-4B 
column using HBS pH 6.5 as eluent.

	 8.	Split the batch of liposomes into two parts. One part will 
serve as control liposomes without any TAT-peptide coupled. 
For the control liposomes, continue with step 11. The second 
part is used to prepare TAT-peptide modified liposomes by 
following step 9–11.

	 9.	For the TAT-peptide modified liposomes, deacetylate 1 mg of 
TAT-sata peptide by adding 20 mL of hydroxylamine solution 
to 200 mL of peptide solution and leaving it on a rollerbench 
for 1  h at room temperature to obtain free sulfhydryl 
groups.

	10.	Add the deacetylated peptide to the liposomes (1 mg peptide 
to 21 mmol total lipid) and leave the dispersion overnight at 
4°C (see Note 2). The sulfhydryl groups will react with the 
maleimide-groups present at the distal ends of the PEG-
chains resulting in a stable covalent linkage between the pep-
tide and the PEG-chains (see Note 3).

	11.	Remove non-coupled peptide by size exclusion chromatogra-
phy using Sepharose CL-4B column but with HBS pH 7.4 as 
eluent.

	12.	Characterize the liposomes with respect to size (e.g. dynamic 
light scattering) and lipid concentration (e.g. determination 
of phospholipid content using a method described by Rouser 
et al.) (14).

	 1.	The human ovarian carcinoma cell line NIH:OVCAR-3 orig-
inates from ATCC (Manassas, USA). OVCAR-3 cells are pas-
saged when confluency is reached to provide new maintenance 
cultures in 75 cm2 culture flasks. For maintenance, in general, 
1:10 part of the last passage is transferred into a new flask. 
This procedure is done twice a week.

	 2.	For passaging and seeding, the cells are first washed with PBS 
and detached from the culture flask by incubating with 3 mL 
trypsin/EDTA solution for approximately 10  min in the 
incubator. The trypsin/EDTA solution is inactivated by add-
ing 13 mL of complete culture medium. For maintenance, 
1:10 part is transferred into a new culture flask. For seeding 
or for use in a flow cytometry experiment, the cells are centri-
fuged (5 min, 300 × g), resuspended in the required medium, 
counted and diluted to the appropriate number of cells/ml.

	 1.	Prepare a cell suspension of 1 × 106 cells/mL in complete cul-
ture medium.

	 2.	Add 100 mL cell suspension (1 × 105 cells) to a FACS tube.

3.2. �Cell Culture

3.3. �Flow Cytometry
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	 3.	For both TAT–liposome and control liposomes, the liposome 
stock is diluted in complete culture medium: concentrations 
of liposomes (total lipid) used are 1 mM, 500, 250, 125 and, 
62.5 mM.

	 4.	100 mL of each liposome dispersion made in step 3 is added 
to the cells in the FACS tubes to obtain final liposome con-
centrations ranging from 31 to 500 mM total lipid.

	 5.	Incubate the samples for 1 h at 4°C.
	 6.	Centrifuge the samples for 5 min at 300 × g.
	 7.	Remove the supernatant and add 400 mL ice-cold PBS.
	 8.	Centrifuge (5 min, 300 × g) again and repeat step 7.
	 9.	Resuspend the cells in 400 mL PBS and leave the samples on ice.
	10.	Analyze the cells by FACS, e.g. a FACScalibur 

(Becton&Dickinson) by counting at least 5000 viable cells 
and leave the samples on ice during analysis. For Rhodamine–PE 
labelled liposomes, the signal is detected in the FL-2 detector 
of the flow cytometer.

	11.	Data can be analyzed by flow cytometry programmes like Cell 
Quest or WinMDI and data is expressed as the mean fluores-
cence intensity (see Fig. 1).

Fig. 1. Coupling of the TAT-peptide to the distal end of PEG-chains on liposomes 
increases the cellular association with OVCAR-3 cells. OVCAR-3 cells are incubated with 
various concentrations rhodamine–PE labelled control (open circle) or TAT–liposomes 
(closed circle) for 1 h at 4°C, washed and analyzed by flow cytometry. Each data point 
represents the mean fluorescence intensity of 5,000 cells (mean ± SD; n = 3). Error bars 
are within plot symbols when not visible. (Reproduced from (12) with permission from 
Elsevier Science)
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	1.	 Cells (10,000 cells/well) are seeded into a 16-well chamber 
slide and cultured overnight in complete culture medium.

	2.	 Before applying the liposomes in serum-free medium, the cells 
are washed with 200 mL PBS.

	3.	 150 nmol of double labelled TAT–liposomes is added to the 
cells in serum free culture medium. The liposomes are labelled 
with the bilayer label DiD and FITC–dextran in the aqueous 
interior of the liposomes. Incubate for 1 h with the labelled 
TAT–liposomes.

	4.	 Subsequently, incubate the cells for either 1 or 23 h in com-
plete culture medium.

	5.	 Thirty minutes before visualization, incubate with 100 mL 
Lysotracker Red solution (75 nM) at 37°C.

	6.	 Wash the cells with PBS and mount them in PBS.
	7.	 Cover the sample with a coverslip and seal using transparent 

nailpolish.
	8.	 Analyze the live cells directly after step 7 with a confocal laser 

scanning microscope equipped with 488  nm, 568  nm and 
633 nm lasers (see Fig. 2) (see Note 4).

	1.	 Cells (300,000 cells/well) are added in a total volume of 5 mL 
serum free medium in 6-well Co-Star Low adherence plates 
(see Note 5).

	2.	 In case of low temperature incubation, pre-incubate the cells 
for 30 min at 4°C prior to the liposome incubation (described 
in step 4).

	3.	 In case of iodoacetamide or cytochalasin D, incubate the cells 
with either 1 mM iodoacetamide or 25 mg/mL cytochalasin D 
for 30 min before continuing with step 4.

	4.	 RhodaminePE labelled liposomes are added (450 nmol total 
lipid).

	5.	 Cells are incubated for 5 h at either 4°C or 37°C.
	6.	 To remove the non-associated liposomes, the cells are washed 

twice by centrifugation (5 min, 300 × g) with PBS.
	7.	 After the last centrifugation step, the cells are resuspended in 

approximately 100 mL PBS and an aliquot of the cell suspen-
sion is mounted on a glass slide and covered with a coverslip.

	8.	 Seal with transparent nailpolish.
	9.	 Directly visualize the samples using a confocal microscope 

equipped with a 568  nm laser, suitable for monitoring 
Rhodamine–PE labelled liposomes (see Fig. 3).

3.4. Microscopy: 
Intracellular 
Distribution

3.5. Microscopy: 
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Endocytsosis 
Inhibitors
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Fig. 2. Intracellular localization of TAT–liposomes. OVCAR-3 cells are incubated with 150 nmol of double fluorescently 
labelled TAT–liposomes for 1 h and subsequently incubated for 1 h (a) or 23 h (b) in liposomes-free medium. 
Thirty minutes before visualization the endocytic pathway is labelled with Lysotracker Red. Live cell imaging is 
performed with confocal laser scanning microscopy. Double labelled liposomes are used to study the integrity of the 
liposome during the uptake process: co-localization of both liposomal labels would indicate that the liposomes 
are intact. 1  h both liposomal labels are localized at the plasma membrane, which represent intact cell-bound 
TAT–liposomes. The electronically merged image clearly shows lack of co-localization with the endocytic pathway 
marker, Lysotracker Red. This opposite to the 24 h incubation, both liposomal labels can be seen intracellularly in a 
punctuate pattern. In the electronically merged image, co-localization with Lysotracker Red is clearly visible. This 
indicates that the TAT-peptide modified liposomes bind to the plasma membrane and after internalization are present 
in endocytic vesicles. Therefore, we conclude that the liposomes are internalized by endocytosis. (Reproduced from 
(12) with permission from Elsevier Science)
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Fig. 3. Low temperature and the presence metabolic or endocytosis inhibitors prevent 
cellular uptake of TAT–liposomes. OVCAR-3 cells are incubated with Rhodamine–PE 
labelled TAT–liposomes for 5 h at 37° (a, c, d) or at 4°C (b). Left panels are confocal 
images, right panels are phase contrast images. Incubation at 37°C without any inhibitor 
results in intracellular vesicular localization of the TAT–liposomes (a). Only plasma 
membrane binding is observed in case of incubation at 4°C (b) and incubation with the 
metabolic inhibitor iodoactemide (c) or endocytosis inhibitor cytochalasin D (d). These 
results indicate that the cellular uptake of TAT–liposomes occurs via endocytosis. 
(Reproduced from (12) with permission from Elsevier Science)
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