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ABSTRACT

The possibility of delivering DNA efficiently to cells represents a crucial issue for the treatment of both genetic
and acquired diseases. However, even although the efficiency of non-viral transfection systems has improved
in the last decade, none have yet proven to be sufficiently effective in vivo. We report herein our results on the
functionalization of single-walled carbon nanotubes (SWNT) and multi-walled carbon nanotubes (MWNT) by
two cationic amphiphiles (lipid RPR120535 and pyrenyl polyamine), their use for the complexation of plasmid
DNA, and their efficiency in transfecting cells in vitro. The experiments have shown that the efficiency of
transfection is higher when using SWNT instead of MWNT, and that transfection efficiency is similar or slightly
higher when using nanoplexes (SWNT/lipid RPR120535/DNA) instead of lipoplexes (lipid RPR120535/DNA)
and several orders of magnitude higher than that of naked DNA. This study therefore shows both that the
transfection is better when using SWNTs and that it is dependent on the nature of the amphiphilic molecules
adsorbed on the nanotubes.
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Introduction

The possibility of delivering DNA efficiently to
cells represents a crucial issue for the treatment
of both genetic and acquired diseases. In order to
improve gene delivery into cells both in vitro and in
vivo, increasing attention has been focused on the
development of methods and vectors capable of
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efficiently delivering DNA to the target cells. A large
array of non-viral transfection agents are used for in
vitro applications. These include cationic peptides,
dendrimers, polycationic polymers and, probably the
most popular, cationic lipids [1-6]. The efficiency of
non-viral transfection systems has improved in the
last decade. However, none have yet proven to be
sufficiently effective in vivo, and new developments
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are still on-going.

Recently, carbon nanotubes (CNTs) [7], a novel
well-studied nanomaterial composed only of carbon
atoms, have been investigated for their ability to
interact with biological materials. For instance, CNTs
have been found to enhance DNA amplification
in polymerase chain reactions (PCR) [8], affect the
growth pattern of neurons [9] and deliver peptides,
genes or proteins into cells via the endocytic pathway
[10-16]. CNTs are formed by rolling sheets of
graphite-like carbon (a flat network of fused benzene
rings with sp” hybridization) to create hollow tubes
[7]. They are classified based on the number of
carbon layers assembled together, as single-walled
nanotubes (SWNTs) or multi-walled nanotubes
(MWNTs). Their diameter varies according to the
number of layers: 0.4-2 nm for SWNTs and from
2-100 nm for MWNTs. The length of the tubes
is dependent on the method of production, and
can vary from 500 nm to tens of micrometers. The
exceptional mechanical and electronical properties
of these materials make them good candidates for
applications in material science and electronics [17].
However, one obstacle to the use of CNTs is their
insolubility in most solvents. Methods have been
reported to covalently functionalize the outer surface
of CNTs [18]. Recently, we have reported a simple
method to noncovalently functionalize the surface
of CNTs with amphiphilic molecules [19, 20]. The
amphiphile adsorbed on the CNTs creates charges on
the surface, thus preventing aggregation in biological
media. One of the research topics of our laboratory
relates to the use of cationic amphiphiles able to
interact with plasmid DNA for gene delivery [21].
Could cationic amphiphiles adsorbed on the surface of CNT
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complex plasmid DNA and increase the efficiency of cell
transfection compared to plasmid DNA complexed with
the cationic amphiphiles alone? To answer this question,
we report herein our results on the synthesis of two
amphiphilic molecules able to functionalize the outer
surface of SWNTs and MWNTs, their use for the
complexation of plasmid DNA, and their efficiency
in transfecting cells in vitro (Scheme 1). In parallel,
the same amphiphilic molecules when not adsorbed
on the surface of CNTs, were incubated with plasmid
DNA and also used to transfect the same cells. To the
best of our knowledge, this is the first time such a
comparative study has been reported.

1. Materials and methods

All solvents were purchased from Carlo Erba-SDS. All
chemicals were purchased from Sigma-Aldrich-Fluka
or Lancaster. SWNTs (0.5-2 pm in length, 1-2 nm in
diameter) and MWNTs (0.5-2 pym in length, 20-30 nm
in diameter) were purchased from Aldrich. Reactions
were monitored by thin layer chromatography using
Merck precoated 60 F254 silica gel plates. Column
chromatography was performed with SDS 35-70 um
silica gel. '"H and "°C nuclear magnetic resonance
(NMR) spectra were recorded on a Bruker Avance
DRX-300 spectrometer at 400 MHz for 'H and 100
MHz for °C.

1.1 Synthetic procedures

Synthesis of protected pyrenyl polyamine 3. A solution
of 1-pyrenebutyric acid N-hydroxysuccinimide ester
1 (100 mg, 250 pymol) in dimethylformamide (DMF) (5
mL) was slowly added to a solution of the protected
amine 2 [22] (500 mg, 1.2 mmol) in DMF (10 mL)
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and triethylamine (TEA) (335 uL, 2.4 mmol). The
reaction mixture was stirred for 12 h, evaporated to
dryness and chromatographed on silica gel (CH,Cl,/
methanol: 9/1) to yield 100 mg of compound 3 (60%).
'H NMR (CDCL,) &: 1.43-1.52 (m, 22H); 2.2-2.4 (m,
10H); 3.20-3.40 (m, 12H); 6.70-6.85 (br s, 1H); 8.3~
7.8 (m, 9H). °C NMR, CDCl,, 6 :27.2,27.7, 28.4, 28.8,
29.0, 35.4, 35.9, 37.4, 37.7, 43.1, 43.3, 43.8, 44.2, 46.2,
46.7, 79.0, 79.6, 79.6, 79.8, 123.3, 124.9, 125.0, 126.2,
126.6, 127.4, 127.5, 128.1, 129.5, 130.4, 130.9, 135.6,
155.5, 156.1, 156.5, 173.5.

Synthesis of pyrenyl polyamine 4. Compound 3
(50 mg, 75 umol) was dissolved in CH,Cl, (5 mL) and
cooled to 0 °C. Trifluoroacetic acid (TFA) (250 uL, 3
mmol) was added, the mixture was allowed to warm
to room temperature (RT) and stirred for 12 h, and
then evaporated to dryness to yield compound 4 (30
mg, 90%). 'H NMR (D,O) & : 1.70-1.84 (m, 4H), 1.84
1.95 (m, 2H), 2.09 (g, 2H, ] =8 Hz), 2.2-2.4 (m, 6H), 2.95
-3.19 (m, 10H), 3.19-3.30 (m, 2H), 8.3-7.8 (m, 9H). °C
NMR, D,0, 6 : 36.8, 37.3, 45.4, 46.0, 47.8, 123.3, 124.9,
125.0, 126.2, 126.6, 127.4, 127.5, 128.1, 129.5, 130.4,
130.9, 135.6, 155.5, 177.2.

The lipid RPR120535 was prepared as described
earlier [22].

1.2 Physicochemistry and biology

Preparation of nanosomes. Nanosomes (corresponding
to the association of CNTs and the amphiphile) were
prepared as follows: One milligram of CNTs (either
SWNT or MWNT) was mixed with 100 uL of the
cationic amphiphile (either the pyrenyl polyamine 4
or lipid RPR120535) at a concentration of 1 mg/mL,
diluted in 900 uL of milliQ water and sonicated for 5
min.

Preparation of nanoplexes. Nanoplexes (corres-
ponding to the association of nanosomes and
plasmid DNA) were prepared in water with different
charge ratios (CR), which correspond to the number
of moles of amine divided by the number of moles
of phosphate. The plasmid DNA contained the
luciferase reporter gene under the cytomegalovirus
(CMV) promoter. After purification, the plasmid was
mainly obtained as the super coiled (SC) form with a
very low percentage of open circular (OC) form. To
prepare 200 uL of nanoplexes at CR=2, 50 uL of DNA

(0.016 pg/uL) were added to 160 uL of nanosomes.
Complexes were allowed to form for 30 min at room
temperature prior to use. This process was repeated
for each CR tested.

Scanning electron microscopy (SEM). SEM was
used to image MWNT and SWNT functionalized
by lipid RPR120535 and incubated with DNA.
Imaging was carried out by placing a 30 uL drop of
nanoplexes with CR=4, allowed to dry and coated
with gold. Imaging was carried out with a Philips
XL 30 scanning electron microscope. Images were
captured and saved digitally.

Gel retardation experiments. DNA (0.3 ug)
complexed to the different types of nanosomes at
different CRs, and DNA (0.3 ug ) as a control, was
loaded on a 0.8% agarose gel in TBE buffer (1/L Tris,
0.9 mol /L boric acid, 0.01 mol/L ethylenediaminetetraa
cetic acid (EDTA) at 80 V/cm. DNA was revealed with
ethidium bromide and visualized under UV light.

Light scattering experiments. Dynamic light
scattering (DLS) was used to detect cationic
lipoplexes in the supernatant of nanoplexes. For
this purpose, nanoplexes were prepared at CR=2 as
described above. Since this ratio leads to aggregation
of the nanoplexes, the supernatant was recovered
and analyzed. The scattering intensity was measured
for this supernatant using a Zetasizer Malvern Nano
Series equipped with a He-Ne laser (A =633 nm,
4.0 mW) and backscattering detection (scattering
angle of 173° relative to the laser source). In parallel,
the same experiment was done with a sample of
lipoplexes (lipid cationic/ DNA) at the same CR. For
measurement, 5 uL of complexes were diluted in 900
uL of milliQ water.

Cell culture. B16 murine melanoma cells were
grown in Dulbecco's Modified Eagle's Medium
(Dulbecco’s modified Eagle’s medium (DMEM),
Gibco) supplemented with 10% (v/v) fetal bovine
serum (FBS), L-glutamine (2 mmol/L), penicillin
(50 U/mL), streptomycin (50 U/mL). Cultures were
maintained at 37 °C in a 5% CO,/ air incubator.

Internalization experiments. The day before the
experiment, B16 cells were seeded into 12-well
culture plates containing lamella at a density of
80,000 cells per well. Wells were washed and DMEM
was added. The nanoplexes (0.5 ug of luciferase
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plasmid/well) were added to
the cells. Then, 10% (v/v) FBS
was added to the culture wells
containing serum-free lipofectin
medium after 2 h at 37 °C. The
cells were incubated in the
darkness for 24 h at 37 °C in the
presence of 5% CO,. Cells were
washed with 500 yL phosphate
buffered saline (PBS) and then
fixed with paraformaldehyde
(500 uL 3% in PBS). After 30 min
incubation in the dark, cells were
washed with 500 uL PBS and
mounted in polyvinyl alcohol

(Mowiol) prior to examination.
Slides were then analyzed with
a Zeiss Axiophot microscope
equipped with a Zeiss Neofluar
100 x objective lens.
Transfection. One day
before transfection, B16 murine
melanoma cells were seeded into
24 well plates (45,000 cells/well)
and incubated 24 h at 37 °C. A
volume of 100 uL of nanoplexes
(CNT/ cationic amphiphile/DNA) (corresponding to
0.5 ug DNA) was loaded on each well, and the plates
were incubated at 37 °C for 48 h. Then, the cells were
washed twice with PBS and treated with 200 uL of a
passive lysis buffer (Promega). After 15 min, the cell
lysates were centrifuged for 5 min at 12,000 rpm. The
supernatant (10 uL) and 10 pL of iodoacetamide were
deposited on a 96 well plate, which was incubated at
37 °C for 1 h. Protein quantification was performed
with the bicinchoninic acid (BCA) Protein Assay
Kit (Pierce) and reported relative to BCA taken as a
reference curve. Luciferase activity was quantified using
a commercial kit Luciferase Assay System (Promega). To
10 pL of the lysed cells, 50 uL of the luciferin substrate
was injected via an injector, and the luminescence was
read immediately on a luminometer (Multilabel counter
1420 Victor2 Wallac). Counts per second (CPS) were
calculated versus background activity. Light emission
was normalized to the protein concentration of cell

extracts, determined as described above.
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Scheme 2 Synthesis of pyrenyl polyamine 4 and structure of lipid RPR120535

2. Results and discussion

2.1 Chemistry

The pyrenyl polyamine 4 was prepared in two
steps from commercially available 1-pyrenebutyric
acid N-hydroxysuccinimide ester. The first step is
a reaction with protected amine 2, followed by a
deprotection step with TFA (Scheme 2). Compound 4
was prepared with an overall yield of 55 %.

2.2 Functionalization

Pyrenyl polyamine 4 and lipid RPR120535 were used
to functionalize the outer surface of CNTs (SWNT
or MWNT, step 1 in Scheme 1). Several assays were
realized to find the quantity of amphiphile necessary
to allow a good functionalization of the surface of
the CNTs. When 1 mg of CNT (MWNT or SWNT)
was dispersed alone in water, aggregation of the
CNT occured (Fig. 1(a)). However, when MWNT
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was mixed with 100 pL of a solution of amphiphile
(pyrenyl polyamine, Fig. 1(b) or lipid RPR120535, Fig.
1(c)) at a concentration of 1 mg / mL and diluted in
900 uL of water, stable suspensions of the CNTs were
obtained. Similar results were obtained when SWNT
were mixed with pyrenyl polyamine 4 (Fig. 1(d)) and
with lipid RPR120535 (Fig. 1(e)).

.
‘

L |

(a) (b) (c) (d) (e)

Figure 1 Functionalization of CNT with two different amphiphiles.
(@) SWNT (or MWNT) in water; (b) MWNT and pyrenyl polyamine
4; (c) MWNT and lipid RPR120535; (d) SWNT and lipid RPR120535;
(e) SWNT and pyrenyl polyamine 4. CNT: 1 mg, concentration of
amphiphile: 0.1 mg/mL, observation: 10 min after sonication

2.3 Complexation

The nanosomes (MWNT or SWNT
functionalized by the cationic molecules)
were incubated with plasmid DNA (step

2 in Scheme 1) in water at different CRs.
After incubation for 30 min at room  °c
temperature, 30 uL of the nanoplexes ¢
(CNT/cationic molecules/DNA)
were loaded on an agarose gel and
electrophoresed.

Figure 2(a) shows the results obtained
using MWNT and lipid RPR120535.
When DNA was used alone, two bands
are visible (OC and SC) and migrate on
the gel as can be seen in lane A. When
MWNT were incubated with plasmid
DNA, but without the amphiphilic
molecule, DNA was not adsorbed on
the CNTs and migrated on the gel (lane
B). When MWNTs were covered by  coiled

. B 0.25 05 1 2
L . i

lipid RPR120535 at a CR below 1, DNA was not
completely retained by the CNTs and could migrate
on the gel (Fig. 2(a), MWNT/L, lanes 0.25 and 0.5).
However, if the CR was higher than 1, no migration
of DNA occurred (Fig. 2(a), MWNT/L, lanes 1 and 2).
Similar results were obtained when lipid RPR120535
was incubated with plasmid DNA. At a CR below
1, plasmid was not completely retained on the gel
(Fig. 2(a), L, lanes 0.25 and 0.5). However, when the
CR was higher than 1, DNA was completely retained
on the gel (Fig. 2(a), L, lanes 1 and 2). These results
indicate that the adsorption of lipid on the surface of
the CNTs before its incubation with DNA does not
change its capacity to complex DNA.

Figure 2(b) shows the results obtained using
MWNT and pyrenyl polyamine 4. For a CR between
0.25 and 4, plasmid DNA was not retained by
pyrenyl polyamine and could migrate on the gel
(Fig. 2(b), 4, lanes 0.25 to 4). When the experiments
were carried out in the presence of MWNT, the SC
form of DNA was fully retained at a CR equal to 4
(Fig. 2(b), MWNT/4, lane 4). At CR equal to 1 or 2,
the band intensity corresponding to the OC form
tended to increase. This observation has already

MWNT/L
7 As e A S8 A: DNA alone
B: MWNT +DNA
MWNT/L: Nanoplexes
(=MWNT/lipid RPR120535/DNA):
CR=0.25;0.5;1; 2
L: Lipoplexes
(=lipid RPR120535/DNA):
CR=0.25;0.5; 1; 2

MWNT/4: Nanoplexes:
(=MWNT/pyrenyl polyamine 4 /DNA):
CR=0.25;0.5;1;2;4

4: Complexes

(=pyrenyl polyamine 4/DNA):
CR=0.25;0.5;1;2; 4

Figure 2 Gel retardation experiments at different CR. (a) MWNT, lipid RPR120535
and DNA; (b) MWNT, pyrenyl polyamine 4 and DNA. OC=open circular, SC=super
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been previously reported for SWNT covalently
functionalized by ammonium groups [16]. This
suggests that the interaction of the CNTs with DNA
might induce a conformational change, which might
be avoided by a lipid layer on the top of the CNTs.

Similar experiments were realized with SWNT
functionalized either by lipid RPR120535 or by
pyrenyl polyamine 4 (Fig. 3). When the experiments
were performed with SWNT functionalized by lipid
RPR120535, plasmid DNA was retained on the gel for
a CR higher than 0.5 (Fig. 3(a), SW/L, lanes 0.5 to 4).
When the experiments were performed with SWNT
functionalized by pyrenyl polyamine 4, the SC band
of plasmid DNA was completely retained on the gel
when the CR was equal to 1 (Fig. 3(b), SW/4, lane
1). However, at the same CR, plasmid DNA was not
retained on the gel when using pyrenyl polyamine 4
alone (Fig. 3(b), 4, lane 1).

Addition of DNA to cationic amphiphiles
adsorbed on the CNTs could possibly detach the
cationic molecules from the surface of the CNTs.
To see if the complexes formed between DNA and
cationic lipids on the surface of the CNTs were stable,
we used conditions leading to aggregation of the
nanoplexes. After sedimentation of the nanoplexes,
scattering intensity was measured in the supernatant.
First of all, solutions of lipoplexes were observed by
this technique and as shown in Fig. 4, as the quantity
of lipoplexes (association of lipid RPR120535 and
DNA) increased, the scattering intensity increased
as well (blue line). When the same experiment
was repeated with the supernatant of nanoplexes
(SWNT +lipid RPR120535 incubated with DNA at
CR=2), some lipoplexes were detected in the solution
(pink line), indicating that not all the complexes
(lipid RPR120535/DNA) were adsorbed on the CNT.
However, when the experiment was carried out
with MWNT functionalized by lipid RPR120535 and
incubated with DNA, no particles were detected in
the supernatant (green line).

The same experiments were realized using pyrenyl
polyamine 4, SWNT, MWNT, and DNA (Fig. 5). No
particles were detected in the supernatant indicating
that all of the amphiphile used was adsorbed on the
surface of the CNTs (SWNT or MWNT) and that the
association was stable. The nature of the hydrophobic

SWIL: Nanoplexes:
(SWNT/lipid RPR120535/DNA):
CR=05;1;2;4

L: Complexes

(=lipid RPR120535/DNA):
CR=05;1;2;4

) SW/4: N I
(b) SWi4 4 anoplexes
e By (=S\VNT/pyrenyl polyamine 4 /DNA):

202505 1 2 QEEIpLANEE,

025 0.5 1

4: Complexes
(=pyrenyl polyamine 4 /DNA):
CR=0.25;0.5; 1; 2

Figure 3 Gel retardation experiments at different charge ratio (CR):
(@) SWNT, lipid RPR120535 and DNA; (b) SWNT, pyrenyl polyamine 4
and DNA
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Figure 4 Light scattering intensity of the particles detected in the
supernatant by dynamic light scattering using lipid RPR120535
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Figure 5 Light scattering intensity of the particles detected in the
supernatant by dynamic light scattering using pyrenyl polyamine 4
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part (the pyrenyl group in this case) could be
responsible for a better interaction with the surface of
the CNTs, leading to a higher stability of the complex
formed at the CNT surface [20, 23].

Then, MWNTs covered by lipid RPR120535
and incubated with plasmid DNA for 30 min were
deposited on B16 cells and observed under an optical
microscope. The nanoplexes either adsorbed or
internalized into the cells are clearly visible in Fig. 6.

2.4 Transfection

Finally, we looked at the gene-transfer efficiency
of the various CNT/amphiphilic molecules/DNA
complexes prepared (step 3 in Scheme 1). To promote
the interaction with the negatively charged cell
membranes, the experiments were performed at CR
from 4 to 10. The data demonstrate that all types of
complexes are able to transfect B16 cells with better
efficiency than naked DNA (Figs. 7-9). However,
depending on the type of CNTs used (SWNT or
MWNT) and the nature of the amphiphilic molecule (b)

adsorbed (pyrenyl polyamine 4 or lipid RPR120535), Figure 6 Observations with optical microscope: (a) B16 cells;
(b) B16 cells incubated with nanoplexes

efficiencies of gene transfer vary.
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Figure 7 (a) Comparison of the efficiency of transfection using SWNT or MWNT functionalized by lipid RPR120535; (b) SEM of MWNT/lipid
RPR120535/DNA at CR=4; (c) SEM of SWNT/lipidRPR 120535/DNA at CR=4, scale bar 1 ym
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Figure 8 Comparison of the efficiency of transfection using SWNT
functionalized either by pyrenyl polyamine 4 or by lipid RPR120535
with CR=4-10

First of all, we compared the efficiency of
transfection using either SWNT or MWNT covered
by the lipid RPR120535 at CR equal to 4 and 6.
As can be seen in Fig. 7(a), the efficiency of
transfection of MWNT functionalized by the lipid
is slightly higher than when using naked DNA, but
is much less effective than when using SWNT
functionalized by the same lipid. When we looked
at the morphological characteristics of the resulting
nanoplexes by SEM, we can see that they present
different structural features, as shown in Figs. 7(b)
and 7(c). We hypothesize that in the case of SWNT,
the larger size complexes stable in the suspensions
could be responsible for a better internalization into
the cells which would increase the transfection
efficiencies. The same observation has already
been reported using lipoplexes where transfection
efficiencies are better under conditions where
aggregates are present [24].

We then compared the efficiency of transfection of
SWNT functionalized either by the lipid RPR120535
or by the pyrenyl polyamine 4. As can be seen in Fig.
8, the adsorbed molecule plays a key role since the
efficiency of transfection is 100 times higher when
using the SWNT functionalized by the lipid instead of
pyrenyl polyamine 4. When we looked at the stability
of the complexes we can see some differences. The

complexes formed with pyrenyl polyamine 4 are not
stable between CR 4 and 10 and quickly fall to the
bottom of the tubes, unlike those formed with lipid

(o}
W \\Q\é \\\)\6 Qﬁk"\\\i\i\‘(\\\i\ "\\\:\)\E‘\\\Q\b
S

Figure 9 Comparison of the efficiency of transfection using
lipid RPR120535 formulated with DNA or adsorbed on SWNT and
incubated with DNA with CR=4-10

RPR120535 which remain stable. It is possible that
the large size of the aggregates formed during the
sedimentation could prevent a good internalization
of the nanoplexes into the cells, explaining the lower
transfection efficiencies. It should be noted that
addition of DNA to the SWNT-pyrenyl polyamine
4 led to complex aggregation which did not occur
for SWNT-lipid complexes. DNA might have been
trapped in these aggregates which could explain the
observed difference in transfection efficiency.

Finally, the efficiency of transfection using SWNT
functionalized by lipid RPR120535 was compared to
the efficiency of the lipoplex, i.e., lipid RPR120535
formulated with plasmid DNA not adsorbed on
CNTs. As could be seen in Fig. 9, when the lipid is
first adsorbed on SWNT, the efficiency is higher than
when the lipid is used as lipoplexes. The presence of
a small portion of free lipoplexes in the suspension
can not be solely responsible for these results, thus
demonstrating an effect of the SWNT, as already
observed in earlier work [11, 13, 16].

When we compare the efficiency of transfection
using these nanoplexes with the results obtained
using DNA alone, our conditions lead to
better results than those using CNT covalently
functionalized by ammonium ions reported in Refs.
[10, 11], probably because of a larger quantity of
functional groups present on the surface of our CNTs.
Moreover, our results are similar to those obtained
with CNT functionalized by a cationic polymer,
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polyethyleneimine (PEI) [14].

However, one major disavantage of this type of
compound is the possible equilibrium between free
and adsorbed molecules. To avoid this phenomenon,
another family of amphiphilic molecules, bearing
a diacetylene group in the aliphatic chain could be
prepared. Such molecules, once adsorbed on the
surface of the CNTs could be irradiated with a UV
lamp. This treatment would induce a polymerization
of the amphiphile, stabilizing it on the surface of the
CNTs, as already reported in Ref. [25]. This could be
useful to remove the excess lipid not adsorbed on the
surface of the CNTs without removing the lipid from
the CNT surface.

3. Conclusions

Our objective was to evaluate the efficiency of
transfection using either nanoplexes (SWNT or
MWNT noncovalently functionalized by amphiphilic
molecules and incubated with plasmid DNA) or
lipoplexes (using the same amphiphilic molecules
plus plasmid DNA). The experiments have shown
that the diameter of the CNTs plays a key role
in the transfection process since the efficiency of
transfection was higher when using SWNT instead of
MWNT, and that the transfection is dependent on the
nature of the amphiphilic molecules adsorbed on the
CNTs, since better results were obtained when using
SWNT functionalized by lipid RPR120535 instead of
pyrenyl polyamine B. Finally, transfection is similar
or slightly higher when using nanoplexes (SWNT/
lipid RPR120535/DNA) instead of lipoplexes alone
(lipid RPR120535/ DNA)).
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