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The transfection efficiency of a novel photoresponsive
cationic lipid having an azobenzene structure can be controlled
by UV irradiation. After DNA complexes pass through the cell
membrane by endocytosis, trans to cis isomerization of the
azobenzene structure would destabilize the vesicle membrane.

Lysosomal degradation is the most common fate of inter-
nalized drug unless specific release mechanisms have been
incorporated to facilitate drug escape from endocytic vesicle.
Light, as stimulation source, is superior in terms of temporal and
spatial manipulability, and if light irradiation is able to destabilize
endocytic vesicle membranes to improve escape of an agent from
the vesicles and delivery of the agent into the cytosol, then an
ideal intracellular delivery system could be developed. To date,
numerous studies have investigated the regulation of membrane
transport of ions1 and therapeutic agents2 using photochromic
lipids. Furthermore, it has been reported that using photo-
cleavable lipid, plasmalogens,3 and photopolymerizable phos-
pholipids,4 fusion with endocytic vesicles was successfully
accelerated by light irradiating the membrane structure to
destabilize it.

On the other hand, in order to improve the transfection
efficiency of nonviral vectors, nonviral vectors must overcome
several intracellular barriers before mRNA transcription.5 With
lipoplexes (cationic lipid/DNA complexes),6 the biggest obstacle
is the escape of DNA from endocytic vesicles after passing
through cell membrane by endocytosis.7

Prasmickaite et al.8 used a phthalocyanine derivative as a
photosensitizer, and by destabilizing the membrane of endocytic
vesicles with light irradiation, they successfully facilitated the
escape of an exogenous gene and improved transfection efficien-
cy. However, this method is highly toxic,9 and although the
transfection efficiency of polyplexes is improved, that of
lipoplexes is reduced. With the exception of this type of
photochemical internalization using photosensitizers, no studies
have investigated the delivery of exogenous genes into the
cytoplasm using photoresponsive system. In the hope of
facilitating the escape of a gene from endocytic vesicles and
improving transfection efficiency, we have investigated photo-
responsive gene carriers using UV irradiation during gene
delivery in order to destabilize endocytic vesicle membranes
and to facilitate membrane fusion. In the present study, we
synthesized a novel cationic lipid having a photoisomerizable
azobenzene structure, and successfully improved the transfection
efficiency by UV irradiation.

Figure 1 shows the chemical structure of KAON12, a novel
photoresponsive cationic lipid.10 The azobenzene structure
served as the photoresponsive region because UV induces
marked structural and dipolar changes. KAON12 has a lysine
residue (basic hydrophilic group) and a didodecylamide structure

(hydrophobic region). When preparing liposomes, small uni-
lamellar vesicles (SUVs) were produced using 100% trans-
KAON12 (stored in darkness) according to conventional meth-
ods.11

Self-assembling behavior of KAON12 was examined by
transmission electron microscopy (Figure 2). With trans-azo-
benzene, SUVs with a diameter of approximately 20 nm were
seen. However, with UV (365 nm) irradiation, the azobenzene
structure underwent trans to cis isomerization, and lamellar
structures other than SUVs appeared (arrows), thus suggesting
membrane fusion. This trans to cis isomerization of the
azobenzene structure within SUVs was also confirmed on
absorption spectra. At photostationary state, 57% of azobenzene
structures underwent trans to cis isomerization, and the average
particle size,measured by dynamic light scattering, changed from
28.8 to 209 nm. In other words, this UV-induced membrane
fusionwas also supported in terms of changes in particle size, thus
agreeing with the results of the transmission electronmicroscopy.
Gel shift assay using prepared liposomes and pGL3-control
(Promega, Madison, WI, USA) plasmids was performed in order
to assess the stability of the resulting DNA complexes.12 When
polyethyleneimine (PEI, Mw: 25000, Aldrich) was used as
comparison, no free DNA was observed at a charge ratio of 0.8.
On the other hand, no free DNA was detected at 0.6 and 1.6,
respectively, with either of 100% and 43% trans-azobenzene.
These results showed that the affinity of 100% trans-KAON12
towards DNA was higher than that of PEI, but this decreased as a
result of UV-induced membrane fusion.

In a transfection experiment using the cationic lipid, all
procedures were carried out in darkness.13 Table 1 shows the
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Figure 1. Structure of KAON12.

Figure 2. Transmission electronmicrograph ofKAON12mem-
brane before (A) and after (B) UV irradiation for 5min. The
membrane is negatively stained with uranyl acetate.
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results of the transfection experiment. In this experiment,
Lipofectin, a commercially available cationic lipid genetrans-
fecting agent, was used for comparison. Even without UV
irradiation, the transfection efficiency ofKAON12wasmore than
twice that of Lipofectin, and UV irradiation further improved the
transfection efficiency of KAON12.

Furthermore, the intracellular trafficking of added DNA/
lipids complex was examined by confocal fluorescence micro-
scopy. First of all, by transfecting the pEGFP-Endo gene (which
expresses a green fluorescent protein on the lipid membrane of
cytoplasmic vesicles such as endosomes) into COS-1 cells, the
lipid membrane of endocytic vesicles was visualized green.14

Next, DNA/lipids complex, where trans-KAON12 was mixed
with 1% rhodamine-modified phosphotidylethanolamine, was
prepared and added to cells. As was the case with transfection,
after three hours of incubation, the cells were fixed and examined
by confocal fluorescencemicroscopy (data not shown). The result
showed that the localization of the red fluorescence for adminis-
tered carrier lipids mostly matched green fluorescence. This
finding confirms not only the existence of the DNA complex in
endocytic vesicles but also the internalization of the DNA
complex by endocytosis.

In conclusion, we confirmed that the transfection efficiency
of this novel photoresponsive cationic lipid having an azobenzene
structure can be controlled by UV irradiation. After vesicles pass
through the cell membrane by endocytosis, trans to cis isomer-
ization of the azobenzene structure would destabilize the vesicle
membrane, thus accelerating membrane fusion. This aids the
escape of genes from the endocytic vesicles, thus improving
transfection efficiency.
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Table 1. Transfection Efficiency of DNA Complexes with
Cationic Lipids

Gene carrier
Transfection efficiency (RLU/mg protein)

UV: �a UV: þa

KAON12 ð2:27	 0:42Þ � 105 ð4:70	 0:35Þ � 105

Lipofectin ð1:00	 0:02Þ � 105 ð1:25	 0:10Þ � 105

a� or þ represent the transfection without or with UV
irradiation, respectively.
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