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D
uring the last two decades, nanopar-
ticle (NP)-based therapeutics have
been developed for the treatment

of cancer, diabetes, allergies, neurodegen-
erative disease, infections, and inflamma-
tions, with heavy emphasis on imaging and
drug delivery.1,2 A number of materials in-
cluding polymers, dendrimers, liposomes,
quantum dots, iron oxides, gold nanoparti-
cles, and carbon nanotubes have been em-
ployed as drug carriers.3�5 Despite the great
advances achieved by this first genera-
tion of nanomaterials, the search for new
tailor-made nanometric carriers with novel
topologies, well-defined sizes, and improved
physical and biological properties is of prime
importance.6 The general strategy used for
the synthesis of NP therapeutics is based on
the conjugation of conveniently functiona-
lized payloads such as targeting agents
and antitumoral drugs usually obtained
through multistep chemical synthesis

onto the nanoparticle surface.7 Whereas
the synthetic difficulties lie on the convenient
functionalization of appropriate payloads, the
design of the resulting NP therapeutics typi-
cally includes a poly(ethylene glycol) (PEG)
fragment,8 inorder to reduce the rapiduptake
and clearance in vivo by the cell mononuclear
phagocytic system and an affinity ligand
which permits a specific cell targeting.9

Additionally, the overall design must con-
template the mechanism for release of the
therapeutic cargo that does not denature it
once the nanomedicine has reached its
target tissue.10 In some cases, the function-
alization of the active principle is not possi-
ble or induces a loss of the biological
activity,11 making necessary an alternative
design for the synthesis of a nanoparticle
withmultifunctionalmoieties.6,12 Suchnano-
particles contain an additional internal
hydrophobic area which can host hydro-
phobic guest molecules such as cytotoxic

* Address correspondence to
khiar@iiq.csic.es.

Received for review October 26, 2012
and accepted February 19, 2013.

Published online
10.1021/nn304986x

ABSTRACT Herein, we describe the first report on a new class of

disk-shaped and quite monodisperse water-soluble nanomaterials

that we named glyconanosomes (GNS). GNSs were obtained by

sliding out the cylindrical structures formed upon self-organization

and photopolymerization of glycolipid 1 on single-walled carbon

nanotube (SWCNT) sidewalls. GNSs present a sheltered hydrophobic

inner cavity formed by the carbonated tails, surrounded by PEG and

lactose moieties. The amphiphilic character of GNSs allows the water

solubility of insoluble hydrophobic cargos such as a perylene-bisimide derivative, [60]fullerene, or the anti-carcinogenic drug camptothecin (CPT). GNS/C60
inclusion complexes are able to establish specific interactions between peanut agglutinin (PNA) lectin and the lactose moiety surrounding the complexes,

while CPT solubilized by GNS shows higher cytotoxicity toward MCF7-type breast cancer cells than CPT alone. Thus, GNS represents an attractive extension

of nanoparticle-based drug delivery systems.
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or image-enhancing agents, metal nanoparticles, or
other therapeutics.10,13 Such nanodevices can operate
as general nanovectors for poorly soluble drugs or
drug candidates currently accounting for 40�70% of
new chemical entities discovered by high-throughput
screening,14 with no need of additional chemical func-
tionalization as no release mechanism of the active
principle is required.
On the basis of these premises, in the present work,

we report the design and synthesis of new disk-shaped
water-soluble and monodisperse nanomaterials we
coined glyconanosomes (GNS), consisting of two fun-
damental functional areas, central for their applica-
tion as smart nanovectors for drug delivery. GNSs
can be produced by a simple method through the

supramolecular self-organization and photopolymeri-
zation of diacetylenic-based glycolipid on the SWCNT
surface, thus working the latter as molecular scaffolds
that moreover dictate their shape and topology. Sub-
sequent subtraction of SWCNTs leads to functional
GNSs, which enable the solubilization of poorly soluble
molecules in water, permit selective interaction with
specific receptors, and have the potential to improve
the bioactivity of anticancer drugs.

RESULTS AND DISCUSSION

Due to the excellent properties of biocompatible
CNTs to shuttle a wide range of biologically active
molecules insides thecells,15,16wehave recently reported
a bottom-up approach for the water solubilization and

Figure 1. Procedure for SWCNT/1 nanoassembly formation and synthesis of glyconanosome (GNS). (A) (i) Mix of neoglyco-
lipid 1 at its critical micelle concentration in water with SWCNTs. (ii) Sonication-promoted supramolecular self-assembly
of neoglycolipid 1 in concentric hemimicelles around SWCNTs. (iii) Intermolecular photopolymerization of neoglycolipid
1 hemimicelles into homogeneous glyconanorings (GNRs). Above, the TEM micrograph of SWCNT/1 nanoassemblies and
their idealized representative figures. (B) Schematic representation of the ultrasonication setup for obtaining GNS. (C)
Structural and chemical composition of a glyconanosome (GNS).
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biofunctionalization of CNTs (Figure 1),17 based on the
self-organization of amphiphilic molecules on the CNT
sidewall.18�21 Beside the lactose headgroup, the de-
signed neoglycolipid 1 contains a 25 carbon-based
hydrophobic tail for efficient van der Waals interac-
tions with the CNT, a tetraethyleneglycol spacer that
enhances the hydrophilicity of the molecule,22 and
with a diacetylenic function known to photopolymer-
ize under very smooth conditions (see Figure 1A).23 By
a simple sonication using a common ultrasound bath,
neoglycolipid 1 was capable of facilitating deaggrega-
tion of SWCNTs, giving rise to stable dispersions of
assembled SWCNT/1 nanoconstructs consisting mainly
of individual or small bundles of sugar-coated nano-
tubes, as evidenced by TEM (Figure 1A), AFM (see
Supporting Information Figure S2), and UV�vis�NIR
(see Supporting Information Figure S1) analyses. Inter-
estingly, TEM analyses showed that compound 1 self-
assembled on the SWCNT surface in a supramolecular
fashion, resulting in rings made of rolled-up half
cylinders (Figure 1A, step ii). The photopolymerization
of the diacetylene function upon ultraviolet irradiation
(254 nm) afforded a conjugated polydiacetylene back-
bone of alternating enyne groups (Figure 1A, step iii),
which rigidified the inner core of each hemimicelle,
resulting in robust glyconanorings (GNRs) polymerized
around the nanotube in an abacus-like geometry.
These new assemblies or multicomposites that
form even more stable water solutions than those
of nonpolymerized precursors have been recently
studied by atomic force microscopy (AFM), which
revealed that polymerized SWCNT/1 nanoconstructs
consist mainly of individual and small bundles of
nanotubes whose surfaces are completely covered by
striations of hemimicelles with diameters of 45�50 nm
(see the Supporting Information for recorded AFM
micrographs).
The high stability of the obtained supramolecular

assemblies in different solvents, buffers, and in water
solutions (80 �C for one week) clearly indicates that
SWCNTs coated with polymerized polydiacetylene-
based glyconanorings behave as a single entity and
not as a dynamic supramolecular association between
the glycolipid and the nanotube. On the basis of these
observations, we postulated that the polymerized
glyconanorings could be pulled off from the tube
(Figure 1B), affording fairly monodisperse disk-shaped
nanomaterials with a hydrophobic inner core sur-
rounded by a hydrophilic tetraethyleneglycol chain
capped by a biodetectable lactose moiety (Figure 1C).
Ultrasounds have been used for the deaggregation,

dispersion, andweakening of the interactions of apolar
chemical entities in polar solvents,24 as well as for
cutting and homogenizing CNT sizes.25 We thus ap-
plied ultrasounds with a high-power sonication tip for
glyconanoring extraction (500 W power) during 4 h at
5 s on/off intervals (Figure 1B). Following this optimized

procedure, a black precipitate and a homogeneous
dark gray dispersion were obtained. Glyconanorings
were recovered by ultracentrifugation (17 968g), pre-
cipitating the whole carbonaceous material while the
extracted water-soluble glyconanorings remained in
the colorless aqueous supernatant. Analysis of the
carbonaceous precipitate reveals the formation of
larger disk-shaped carbon-based rings with an average
diameter of 200�250 nm in length formed by the self-
folding and superposition of CNTs during the extrac-
tion of the glyconanorings and whose nature and
characterization will be discussed in more detail
elsewhere.
TEM analyses of the supernatant show a collection

of circular nanostructures with a diameter matching
that of rings on the functionalized SWCNTs (diameter
35�55 nm; see Figure 2B and histogram in Figure 2C).
On the other hand, TEM analysis of a water solution of
neoglycolipid 1 above its CMC revealed the formation
of circular structures with 12 nm diameter (Figure 2A),
ruling out the possibility that the extracted nanostruc-
tures are micelles formed by the amphiphilic neogly-
colipid monomer 1.
After evaporation and lyophilization, the glyconano-

rings were obtained free from carbonaceous materials
in 48% yield based on the starting neoglycolipid 1
used (see Supporting Information for supplementary
details). 1H NMR analysis (see Supporting Information)
of the obtained glyconanorings reveals a single spin
system reminiscent of that of the starting glycolipid
in agreement with the symmetry of the biomaterial.
Further high sonication under the same conditions as
those used for the synthesis of the glyconanorings did
not disrupt their structure as monitored by NMR
(see Supporting Information). Additional stability test
experiments checked by 1H NMR analysis show that
the glyconanorings remain stable under a wide range
of temperatures (20�60 �C), pH (2.2�11.7), and buffer
conditions, highlighting their potential biological ap-
plications. Thus, the small polydispersity observed

Figure 2. Microscopic characterization of GNSs. (A) TEM
micrograph of neoglycolipid 1micelles. (B) TEMmicrograph
of GNSs. (C) Size distribution of GNSs. (D) HR-TEM micro-
graph of a GNS.
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(Figure 2B) probably arises from the variability in the
supramolecular self-organization of glycolipid 1 on the
nanotube surface (Figure 1, step ii), which can enclose
an individual SWCNT or small bundles of nanotubes
with different size.
These spherical objects are named glyconanosomes

(GNS), as they possess singular structural properties
(Figures 1C and 2D) appropriate for targeted drug
delivery.10,12 Indeed, the external surface of the ob-
tained GNSs comprises tetraethlyeneglycol chains that
make them highly soluble in water. GNSs are covered
by an array of sugars, which in addition to enhancing
their water solubility endow them with the ability to
establish selective and effective interactions with lec-
tins for selective cell adhesion.26,27 Most importantly,
GNSs feature a central hydrophobic area that allows
them to bind and accommodate a wide range of
hydrophobic molecules (Figure 3). Similarly to other
cavitand-type architectures such as cyclodextrins, ca-
lixarenes, and cucurbiturils, GNSs exhibit a high poten-
tial as drug carriers through dynamic host�guest
association�dissociation equilibrium.

Solubility Experiments with Perylene-Bisimide and C60. To
demonstrate that GNSs have the potential to solubilize
hydrophobic agents, we first evaluated its capacity to
dissolve the commercially available perylene-bisimide
derivative N,N0-dipentyl-3,4,9,10-perylenedicarboximide
2 (Figure 4A). This compound exhibits interesting opto-
electronic properties and has been therefore widely
applied within materials science,28 as well as for phar-
macological and biomedical purposes.29 Water solubi-
lity, an essential property for these applications, was

partially solved by either inserting polar side chains on
the perylene bay positions30 or introducing different
substituents on the imide positions.31 Nevertheless, as
both approaches result in a loss of their physical
properties,32 we reasoned that GNSs might provide
an alternative method to make these kinds of com-
pounds water-soluble without modifying their opto-
electronic properties.

We generated GNS/2 inclusion complexes by ultra-
sonication of 4.0mg of 2 in 1.0mg/mL solution of GNSs
in Milli-Q water (1.0 mL) for 10 min, followed by
ultracentrifugation at 17 968g. Excess of 2 precipitated
as a dark red solid (Figure 4B), allowing the decantation
of a GNS/2-enriched homogeneous red-orange super-
natant (Figure 4C). To demonstrate the presence of the
perylene-bisimide molecule inside the lipophilic GNS
cavity, UV�vis spectrum of the supernatant was ana-
lyzed (Figure 4D). The supernatant showed the typical
absorption pattern of deaggregated perylene-bisimide
derivatives solved in organic solvents at high dilution,
suggesting a stable GNS/2 interaction allowing for the
water solubilization of 3,4,9,10-perylenedicarboximide
2 in its active form.

Next, we assessed the aqueous solubilization of
C60, a promising compound expected to be useful in
a plethora of applications in materials science and
pharmaceuticals.33,34 However, strong intermolecular
van der Waals interactions and poor solubility in com-
mon organic solvents, especially in water,35 limit its
bioapplications. As it is the case for the perylene-bisimide
derivative, several strategies have been developed to
water solubilize C60, including covalent and noncovalent
functionalizations36,37 that unfortunately lead in most
cases to a partial loss of its physical properties.36

A GNS/C60 inclusion complex was obtained by a
similar procedure to that used for the perylene-
bisimide dye, affording a yellow aqueous supernatant
(Figure 5A). TheGNS/C60 inclusion complexwas further
characterized by UV�vis absorption where an initial
excess of C60 was titrated against an increasing amount
of GNSs (Figure 5B). As expected, the more GNS was
added, the more C60 could be solubilized, resulting

Figure 3. Schematic representation of the ultrasonication-
induced inclusion of hydrophobic C60, a perylene-bisimide
derivative, or camptothecin inside the GNS cavity.

Figure 4. Synthesis and characterization of GNS/perylene-bisimide inclusion complex. (A) Structure of perylene-bisimide
2. (B) Photograph of vial with perylene derivative 2 in water. (C) Photograph of vial with the yellow-orange aqueous
supernatant containing the GNS/2 inclusion complex. (D) UV�vis absorption spectrum of the GNS/2 inclusion complex.
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in a linear increase in C60 in the supernatant. The
supernatant was further characterized comparing
GNS and the GNS/C60 complex by high-resolution
transmission electronic microscopy (HR-TEM; compare
Figure 5C,D). Interestingly, we observed an area ex-
hibiting a low electronic density in the middle of the
GNS/C60, shown as a “hole” on the HR-TEM image
(arrow). This hole is consistent with the low electronic
density of the packed C60 spheres, thus suggesting the
proficient incorporation of C60 into GNSs.

Selective Interaction of GNS/C60 Complex with Peanut Agglu-
tinin Lectin. The selective recognition of sugars by
lectins allowed us to test the ability of glyconanosome
to establish the interaction with specific receptors.26,27

The peanut agglutinin lectin (PNA) from Arachis hypogaea

was shown to specifically interact with lactose
epitopes. Therefore, we performed a GNS/C60/PNA inter-
action study by turbidity assays (Figure 5E). As a control,
we used Concanavalin A (ConA), a lectin known to
selectively recognize R-mannopyranoside, R-glucopyra-
noside, and to a lesser extent R-N-acetylglucosamine,
but not β-lactose.38,39 Mixing GNS/C60 with ConA neither
caused the formation of a precipitate nor increased
absorption at 450 nm (Figure 5F). However, the turbidity
increasedwith increasedPNAconcentrations, suggesting
a specific and dose-dependent interaction between the
lectin and the GNS lactose moieties. The multiple inter-
actions of PNAwith GNS/C60 led to the agglutination and
precipitation of the complex GNS/C60/PNA leaving a
colorless supernatant (Figure 5E).

Figure 5. Preparation, characterization, and selective interaction with PNA lectin of GNS/C60 inclusion complex. (A) C60 in
water (I) and aqueous solution of GNS/C60 (II). (B) Plot of absorbance recorded at 342 nm of GNS/C60 aqueous supernatants
versus concentration values of starting GNS (in mg/mL). (C) TEM micrograph of a GNS. (D) TEM micrograph of a C60/GNS
complex and its figurative representation. (E) Image of GNS/C60/PNA aggregates for turbidity assays. (F) Turbidity assays of
incubated GNS/C60/PNA (black curve) and GNS/C60/ConA (red line) aggregates versus lectin added (in μg) by registering the
absorbance values at 450 nm.
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Solubility and Stabilization Experiments with Camptothecin
(CPT). Finally, we applied GNSs to solubilize the quino-
line alkaloid camptothecin (CPT) 3 in water (Figure 6A).
CPT is a natural cytotoxic compound with high anti-
carcinogenic activity against breast, colon, ovary, and
lung tumors.40 Unfortunately, this compound suffers
many therapeutic limitations including poor stability,
solubility, and preponderance of a less active carbox-
ylate form at physiologic pH.41 The synthesis of CPT
analogues with improved water solubility, such as
irinotecan, exhibits a significant loss of the antitumoral
activity,42 making the development of alternative
methods necessary for the solubilization and stabiliza-
tion of native CPT.

In a similar fashion to that accomplished for the
perylene-bisimide derivative and [60]fullerene, 0.2 mg
of CPT was sonicated in an aqueous GNS solution
(5.0 mL) for 1 h. Then, the resulting mixture was ultra-
centrifuged (17 968g), precipitating the excess CPT and
remaining fluorescent supernatant that contained CPT
in the form of inclusion complex GNS/CPT. To deter-
mine the concentration of CPT incorporated into the
GNSs, we measured the absorbance at the absorption
maximum of CPT (369 nm)43 in the supernatant
and determined a CPT concentration of 55.2 μM (see
Supporting Information for further details), a value
higher than those obtained with most hydrophobic
hosts developed so far.44 Taking into account the

starting amount of GNS set up, this value corresponds
to a 48% efficacy of GNS to catch and host CPT in the
hydrophobic internal cavity.

To assess the capacity of the GNS/CPT inclusion
complex to release the CPT payload after dilution, a
solution of the complex was dialyzed against a biolo-
gical RPMI-1640 medium. By plotting the absorbance
values at 369 nm outside the membrane at different
times, a sigmoid curve was tailored (see Supporting
Information Figure S5) fromwhich amaximumvalue of
CPT release of about 38.6% was attained after 120 min,
highlighting the suitability of GNSs as stabilizer nano-
containers for the CPT release and delivery in biome-
dical assays against cancer-associated pathologies.

GNS/CPT Complex as a Medical Nanovehicle with Improved
Toxicity to MCF7 Breast Cancer Cells. In order to compare the
cellular DNA-damage response to CPT versus GNS/CPT
treatment,wemonitoredDNA-damage-dependentphos-
phorylation of histone H2AX (γ-H2AX, Figure 6B,C).
MCF7 human breast cancer-derived cell cultures were
treated for 2.5 h with each antitumoral agent, that
is, CPT or GNS/CPT at concentrations ranging from
0.04 to 1 μM of active CPT, in the presence of the
modified nucleoside 5-ethynyl-20-deoxyuridine (EdU)
for concomitant labeling of proliferating cells. Nuclear
DNA staining revealed that the CPT aswell as GNS/CPT-
mediated γ-H2AX response was mainly restricted to
proliferating cells (Figure 6B). It is important to note

Figure 6. DNA-damage response and cell survival upon CPT or GNS/CPT treatments on MCF7 cell cultures. (A) Chemical
structure of camptothecin (3). (B,C) DNA-damage response after 2.5 hwith CPT or GNS/CPT treatment. Representative images
showing cells co-staining for nuclear DNA (DAPI, blue), phosphorylated γ-H2AX (green), and 5-ethynyl-20-deoxyuridine
(EdU, red). Quantification of the γ-H2AX fluorescence intensity per nucleus in proliferating (EdUþ, white arrows) and in
nonproliferating (EdU�, gray arrows) cells. The mean ( SEM of three independent experiments is represented. (D) Graphic
showing the average of MCF7 cell survival upon 2.5 h treatment with CPT or GNS/CPT. The data represent themean( SEM of
three independent experiments.
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that this response was dose-dependent in such a way
that the level of γ-H2AX increased to a similar extent
when raising the CPT or GNS/CPT concentrations from
0.04 to 1 μM (see quantification, Figure 6C). Thus, the
GNS/CPT complex neither impeded the uptake nor
lowered the biological activity of CPT.

Next we assessed a cell viability study of CPT versus
GNS/CPT-treatedMCF7 cells by colony formation assay
(Figure 6D). Cell cultures were treated with either dif-
ferent DMSO solutions of CPT or water solutions of
GNS/CPT at identical concentrations ranging from
0.04 to 1 μM for 2.5 h. Importantly, the higher the
GNS/CPT concentrations used, the higher the achieved
toxicity as compared to CPT alone. Then, and more
importantly, when using just a 1 μM solution for every
agent, the GNS/CPT complex killed more than 65% of
the MCF7 cells (34% survival), while less than 55% of
MCF7 cells were affected by CPT alone (46% survival).
These results suggest that the GNS/CPT interaction
improves the anti-carcinogenic activity of CPT. It is
worthy to mention that the GNS/CPT samples could
be stored up to 3 months at room temperature with-
out a notable loss of biological activity, although this
observation does not explain why GNS/CPT presents a
higher antitumoral activity. On the basis its molecular
target (a blocking effect on the active center of type-I
topoisomerase, enzyme involved in the controlled
cutting of the DNA strand during the replication
process),45 CPT toxicity is imperatively restricted to pro-
liferating cells. Depending both on cell density and
growth conditions, in agreementwith our data that about
30�40% of the total cell number corresponds to prolifer-
ating cells.46 It is worthy to remark that the doubling time
of tumorgenic cell cultures exceeds by far the 2.5 h
treatment period, and upon extracellular CPT withdraw,
the cells would have enough time to activate the detox-
ification activities, thus providing a rapid drop in the
intracellular CPT levels.47 An attractive possibility would
be that the GNS/CPT interaction could interfere with
cellular CPT detoxificationmechanisms in such away that
the intracellular CPT retention time gets increased,
prolonging the span and release time of the drug.

CONCLUSION

In summary, we have prepared novel and biologi-
cally active nanomaterials by ultrasonication-assisted

sliding of neutral glyconanorings out of their assem-
blies with SWCNTs. The new disk-shaped nanomater-
ials, called glyconanosomes (GNSs), with a 35�55 nm
diameter have a hydrophobic inner core surrounded
by a hydrophilic tetraethyleneglycol chain capped by
a biodetectable lactosemoiety and are thuswell-suited
for drug delivery. We show that GNSs are able to
solubilize and stabilize a wide range of lipophilic
structures like C60, perylene-bisimide, or camptothecin.
The GNS/C60 inclusion complexes are able to establish
a positive and specific interaction with the peanut
agglutinin (PNA) lectin, highlighting the suitability
of GNS as a nanovector for active drug delivery. The
GNS/CPT inclusion complex provides increased CPT
stability and water solubility at physiological pH, re-
sulting in an improved killing of MCF7 breast cancer
cells. The demonstration that CPT retained its in vitro

anticancer activity when complexed to GNS estab-
lished that drugs contained inside the hydrophobic
GNS core may be slowly released in their active form.
As the method uses SWCNTs as template to shape the
internal cavity and the supramolecular self-organiza-
tion and photopolymerization of diacetylenic-based
glycolipid to modulate the topology and function of
the rings, it is straightforward to imagine the synthesis
of a broad range of GNSs with tailored sizes and
activities using CNTs with varied diameters and neo-
glycolipids functionalized with other active principle.
On theother hand, recent investigationshave confirmed
the prime importance of carbohydrates in important
biological events including cell�cell communication,
cell adhesion, fertilization, differentiation, develop-
ment, inflammation, tumor cell metastasis, and patho-
gen infections.38,39 Thus, the GNSs which are covered
by a dense carbohydrate array can be used as synthetic
multivalent systems to treat pathologies mediated by
carbohydrate�lectin interactions.48 The highly conver-
gent and modular approach developed for the synth-
esis of compound 1 allows a rapid preparation of a
large number of neoglycoconjugates by using differ-
ent 2-aminoethyl thioglycosides. In this sense, we have
recently reported a one-step synthesis of 2-aminoethyl
thioglycosides,17 which will permit us to fine-tune the
GNSs' outer face for an optimal and specific interaction
with biologically relevant receptors. These studies are
under investigation in our laboratories.

METHODS AND EXPERIMENTS

Synthesis of Glyconanosomes. In a typical experiment, glycolipid
1 (1.0 mg) was dissolved in Milli-Q water (1.0 mL) above its
critical micellar concentration. Then, SWCNTs (1.0 mg) pur-
chased from Carbon Solutions Company were added, and
the mixture was sonicated in an ultrasound bath for 1 h. The
resulting dark black precipitate (consisting of amorphous car-
bon and catalysts) was removed by low-speed centrifugation
(825g, for 5 min) and decantation. The afforded stable black

aqueous supernatant, composed by functionalized SWCNT/
glycolipid 1, was subject to irradiation under a UV lamp at
254 nm for 24 h, thus promoting the photopolymerization of
the diyne functionalities into the ring-shaped polymeric poly-
(diacetylene) derivatives around the SWCNT sidewalls. Subse-
quently, a second high-speed centrifugation of the solution
(17 968g, for 10 min) was accomplished, settling for this case a
black precipitate consisting of supramolecularly functionalized
SWCNT/glycolipid 1 nanoassemblies while glycolipid in excess
remained in the supernatant. The centrifugation/decantation
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process was repeated four times, giving rise to pure SWCNT/1
nanoconstructs. Afterward, so as to slide the glyconanorings
(GNRs) out of the tubes, the supramolecular SWCNT/1 assem-
blies were suspended in Milli-Q water and ultrasonicated with a
high-power sonication tip (500 W), during 4 h at 5 s on/off
intervals. An ulterior centrifugation at high speed (17 968g,
for 10 min) enabled decantation to separate the precipitated
carbonaceous material from the water-soluble glyconano-
somes (GNSs) contained in the supernatant.

Cytotoxicity Assay. MCF7 cells were grown in RPMI-1640 med-
ium supplemented with 10% FBS and standard antibiotics.
Upon 2.5 h CPT or GNS/CPT treatment, cell survival assays were
performed as described previously.49 Prior to inmunofluores-
cence microscopy, MCF7 cells were treated during 2.5 h with
10 μM of EdU and varying CPT or GNS/CPT, respectively. Cells
were fixed with 4% p-formaldehyde (w/v) in PBS for 10 min.
Coverslips were washed with PBS and immunostained with
primary antibodies against γ-H2AX (Millipore). Appropriate
Alexa Fluor 488 (green) conjugated secondary antibodies (1:1000)
were purchased from Invitrogen. After rinsing the coverslips with
1% BSA in PBS (w/v), cells were inmunostained with an Alexa Fluor
647 (red) azide through a “click” reaction for EdU detection.50

Nuclear DNA was stained with DAPI (blue) for 1 min.
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