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It is well known that ganglioside aggregates curvature
strongly depends on headgroup structure, as their amphi-
philic balance is crucially affected by steric, hydration and
charge interactions. A lot of information has been collected
throughout the years on the packing properties of ganglio-
sides, in monocomponent and multicomponent colloidal
aggregates, with stationary composition, that is, when the
system finds its optimal structure at the moment of lipid
dissolution in aqueous solution (Sonnino et al. 1994). The
biochemical motivation underlying the structural studies on
simple model micellar systems claims that gangliosides, once
in a true membrane and preferentially distributed into
enriched domains, play a strong structural role in connection
to their packing properties, clearly different from those of
phospholipids. Sometimes this hypothesis has been criti-
cized, by observing that, in mixing with other lipids, the
packing geometry of single species should be washed out by
averaging (Kuypers et al. 1984). On the other side, often the
single-species packing geometry, if anomalous with respect
to the cylindrical flatland seed (conical, anisotropic, envi-
ronment-sensitive), has been found to confer peculiar
properties to the aggregate surface, like bi- or tri-dimensional
motifs, local saddle geometry, protrusions or invaginations,
or local leakiness or floppiness of the membrane (Sonnino

et al. 1990; Boretta et al.1997; Akiyoshi et al. 2003; Brocca
et al. 2004, 2005; Iglic et al. 2006; Groves 2007).

Nonetheless, in true membranes, gangliosides belong to a
metabolic pathway, so that they are transformed into each
other by the intervention of specific enzymes, while being
already packed in an aggregate. This poses an intriguing
question, as gangliosides display a strong collective behav-
iour when packed in an aggregate, both in the hydrophobic
and in the hydrophilic regions, that is, the collection poses
severe constraints to the single molecule behaviour. For
example, ganglioside micelles can reduce their size upon
rising temperature, corresponding to a wider packing of
monomers, but the way back is forbidden, on cooling, the
smaller aggregates constituting a sort of conformational trap
for individual molecules (Cantù et al. 2000a,b). It is not
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Abstract

It is well known that the curvature of ganglioside-containing

nanoparticles strongly depends on their headgroup structure,

as determined in aggregates with ‘stationary’ composition,

that is, when the system finds its optimal structure at the

moment of lipid dissolution in aqueous solution. In the present

work, we directly followed the structural change in model

aggregates, induced by on-line molecular modification of al-

ready-packed gangliosides, namely the one brought about by

a sialidase, acting on the ganglioside GD1a and leading to the

lower-curvature-aggregating GM1. We applied small-angle X-

ray and neutron scattering techniques to follow the time evo-

lution of the aggregate structure. We found that, while

chemically undergoing the enzymatic action in both cases, the

aggregated structure could be either very stable, in single

component systems, or structurally responsive, in mixed

model systems. Moreover, while in progress, the sialidase–

ganglioside interaction seems to define a time lag where the

system is structurally off the smooth route between the initial

and the final states. We hypothesize that, in this time lag, the

local structure could be very sensitive to the environment and

eventually readdressed to a specific final structural fate.
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clearly predictable how the aggregate structure can respond
to a post-aggregation chemical modification of the headgroup
caused by an enzymatic reaction.

The aim of this study was to directly follow the structural
change in model aggregates, induced by on-line molecular
modification of already-packed gangliosides, namely the one
brought about by a sialidase enzyme, acting on the ganglioside
GD1a and leading to the lower-curvature aggregating GM1,
completing themolecular digestion in short times. This ensures
that the characteristic times of chemical (min) and structural (h)
rearrangement can be clearly decoupled. We used four
ganglioside-containing model systems, displaying different
substrate fragmentation and different surface average density
of ganglioside headgroups, namely (i) pure ganglioside
micelles, (ii) mixed micelles with dodecylphosphocholine
(C12PC) in excess ganglioside (0.75 : 0.25) and (iii) in excess
surfactant (0.25 : 0.75) mole ratio, and (iv) mixed ganglio-
side : dimirystoylphosphatidylcholine (DMPC) locally bi-
layer structures in excess phospholipid (0.25 : 0.75). Each
time, we selected the appropriate enzyme–substrate ratio to
attain the maximum visibility of the ongoing reaction on the
particle collection, within one order of magnitude around the
1 : 1 proportion. We applied small-angle X-ray (SAXS) and
neutron (SANS) scattering techniques, being sensitive to
different structural aspects of the aggregates on the length-
scales of the mesostructure (nano-lengths, 1–100 nm, size and
shape, contrast profile, interaggregate average distance) and
followed their time evolution throughout.

Materials and methods

Materials
Gangliosides GD1a, prepared as sodium salts, was extracted,

purified, and chemically characterized as described in the paper of

Tettamanti et al. (1973) and Sonnino et al. (1990). DMPC and

C12PC were purchased from Avanti Polar Lipids Inc. (Alabaster,

AL, USA) and used without further purification. Sialidase was

expressed in Escherichia coli strain DH5a and used after purifica-

tion. This enzyme releases a-glycosidically linked and terminally

positioned sialic acids from sialosyl-glycoconjugates, thus trans-

forming GD1a in GM1 whatever the aggregated structure, as

assessed by TLC.

Sample preparation
Pure GD1a micellar solutions were obtained by just dissolving the

ganglioside powder in aqueous solution. To prepare the mixed

systems GD1a : C12PC and GD1a : DMPC, each lipid was com-

pletely dissolved in the appropriate organic solvent, mixed in exact

proportion, dried under vacuum and then hydrated to the final

concentration. Samples were prepared either in pure H2O, redistilled

on a glass apparatus, or pure D2O (Sigma-Aldrich Co., Milano,

Italy; for neutron scattering experiments), in the 2–5 mg/mL range

of concentration. The aggregation properties of gangliosides are the

same in H2O and in D2O. When needed, NaCl was added, to a final

100 mM concentration, to shield Coulomb interactions among

charged aggregates. Sialidase, in a mole fraction range consistent

with the one assessed for biological activity, was added to the

solution directly in the measurement cells.

Small angle X-ray and neutron scattering measurements
SAXS experiments were performed on the ID02 high-brilliance

beamline at the ESRF synchrotron facility (Grenoble, France). SANS

experiments were performed on the PAXE beamline at the LLB

nuclear reactor source Orphèe (Saclay, France). The same samples

were observed prior and after sialidase addition, that occurred directly

in the measuring cell, with appropriate mixing of components.

Spectra report the intensity I(q) of the excess scattered radiation as a

function of the momentum transfer q, in linear or logarithmic scale.

Data analysis was carried out under the hypothesis that I(q) can
be factorized as I(q) � P(q) x S(q), where P(q) is the form factor and

S(q) is the static structure factor. P(q) is connected to the size, the

shape and the contrast profile of the particles in solution. Briefly, it

has a maximum value at q = 0 and progressively fades as q
increases with an oscillating behaviour depending on the particle

features (Pedersen 2002). In the present work, the form factors of

core-shell ellipsoids of revolution (pure-ganglioside and mixed

ganglioside : surfactant micelles) and locally bilayer structures

(ganglioside : DMPC) have been used. S(q) accounts for interpar-

ticle interactions (Klein 2002). In the case of repulsive interactions,

like the electrostatic ones, S(q) displays a first peak that is most

evident for strongly interacting particles. As interactions vanish, for

example because salt is added to the solution, or because the particle

charge decreases, this peak levels off, the whole S(q) assuming a

constant value [S(q) = 1] in the absence of interactions (See Fig. S1

in supporting information for an example).

Results

Sialidase and pure ganglioside micelles: fragmented closely
packed substrate
Figure 1 compares SANS spectra obtained on GD1a micelles
before enzyme addition and on the same solution at the end
of the enzymatic reaction. At the final point, all of the GD1a
has been turned into GM1, that is, the external sialic acid has
been removed from all of the monomers. The structure peak
has nearly disappeared, indicating a loss of intermicellar
interactions. Similar measurements have been performed in
the absence of intermicellar interactions on GT1b micelles
(see Fig. S2 in supporting information). The quite long
acquisition times of the SANS technique, tens of minutes,
allows only the starting and final micelles to be looked at.
Instead, SAXS experiments can be performed, at high-
brilliance beamlines, with very short acquisition times, tenths
of second. So the aggregate evolution can be followed along
the enzymatic reaction, once the enzyme-substrate ratio is
chosen in a suitable range to allow for optimal visibility.
These features allowed recovering the sequence of spectra
reported in Fig. 2, collected on-line on ganglioside micelles
while undergoing the sialidase action. From top (GD1a
micelles) to bottom (digested GD1a micelles), measurements
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were taken at different delays from sialidase addition, from
few seconds to several hours, illustrating the aggregate
evolution. The system corresponding to the bottom spectrum
is chemically GM1. The fit of the initial and final SANS and
SAXS spectra, in terms of the form factor of the micelles,
reveals that the contrast profile and the mass of the micelles
have changed, but the aggregation number has remained the
same as the starting one, namely Nagg = 226.

Sialidase and mixed ganglioside + spacer-amphiphile
micelles: decrease in surface packing in highly fragmented
system
SAXS measurements have been performed also on mixed
micelles, where GD1a ganglioside headgroups are diluted on

the aggregate surface by a spacer amphiphile, the single-
chain surfactant C12PC, in the topologically limiting condi-
tions 3 : 1 and 1 : 3 mole fractions, corresponding to the
monomers of the majority compound being sufficient to
completely isolate minority molecules from each other, in
principle. As before, mixed micelles were observed as
prepared, and then followed on-line while being subjected to
the enzyme action. Spectra were taken at different delays
from sialidase addition directly in the measuring cell, from
few seconds to several hours. The micellar parameters at the
beginning and at the end of the enzymatic reaction are
reported in Table 1. In the case of prevailing ganglioside, a
slight but detectable change is seen in the aggregation
number. In the case of prevailing surfactant, the initial and
final micelles have the same number composition. Nonethe-
less, Fig. 3 reports the nearly superimposed initial and final
spectra, together with an intermediate one, that is clearly
shifted to higher q values.
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Fig. 2 Effect of sialidase on GD1a micelles. On-line collection of

SAXS spectra of ganglioside micelles (c = 0.5% bw, 100 mM NaCl)

after the addition of sialidase at different delays: the intensity at low q

progressively decreases, whereas the minimum position shifts to

higher q (insert). Chemically, the starting system is GD1a and the final

is GM1. The cartoon represents micelles before and after digestion.
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Fig. 1 SANS spectra of ganglioside micelles, c = 2.7 mM, no added

salt, before (full triangles, GD1a micelles) and after (open triangles,

digested GD1a micelles) incubation with sialidase. Both axes are in

linear scale. Chemically, the starting system is GD1a and the final is

GM1.

Table 1 Structural parameters of mixed ganglioside : C12PC micelles

in 0.75 : 0.25 and 0.25 : 0.75 mole ratio, at different delays from

sialidase addition. Number of ganglioside and surfactant monomers

per micelle (Ngang and NC12PC) and hydrodynamic radius of the

aggregate (RH)

Ngang NC12PC RH (nm)

GD1a : C12PC 0.75 : 0.25

t = 0 165 55 5.04

t = 6 min 170 55 4.92

t = 75 min 176 60 4.96

GD1a : C12PC 0.25 : 0.75

t = 0 60 165 4.2

t = 75 min 60 165 4.2
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Fig. 3 Effect of sialidase on mixed GD1a : C12PC micelles with pre-

vailing C12PC. SAXS spectra collected at different delays from siali-

dase addition (overall concentration = 0.5% bw, 0 mM NaCl). Initial

(t = 0) and final (t = 75 min) spectra are nearly superimposed while

the 4-min-delay spectrum is shifted. The cartoon illustrates the mixing/

demixing hypothesis.
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Sialidase and ganglioside + spacer-lipid large aggregate:
decrease in surface packing in bilayer-type large
aggregates
SAXS measurements have been performed also on mixed
aggregates, where GD1a ganglioside headgroups are diluted
on a locally bilayer structure by a spacer lipid, namely the
phospholipid DMPC, in a 1 : 3 mole fraction. Fig. 4 reports
the corresponding spectra (typical of the bilayer local
structure) collected at different delays from sialidase addi-
tion, according to the same procedure as before. The time
evolution is clearly composed of two regimes, the first
completing in rather short times as compared with the second
one. The first regime consists of a rapid decrease in the total
scattered intensity, by roughly one order of magnitude at low
q (left panel in Fig. 4). Then, a slow recovery follows, taking
more than 10-fold time to complete, to nearly the same
absolute values as the initial ones (central panel in Fig. 4).

Discussion

In framing the discussion on the structural role of ‘anoma-
lously packing’ molecules in membranes, one basic question
concerns the effectiveness of such molecules to modulate the
membrane unevenness in connection to its physical proper-
ties. Gangliosides are in the number of such molecules,
playing a role in the membrane mechanics both in ‘static’
aspects, like local curvature, and in dynamic parameters, like
elasticity. Different gangliosides display clearly different
packing properties, so they could have a different influence
on membrane mechanics. For sure, they are found in

membrane regions with different morphology (Janich and
Corbeil 2007), and draw different surface motifs (Bordi et al.
1999). The question is, then, to what extent an in-situ
molecular change, because of the action of an enzyme and
affecting a collection of ‘collaborative’ lipids, is able to
induce a structural change in the aggregate, and how a
modification in molecular properties can be exploited, if
reinforced or smoothed. The answer is not trivial, as many
effects are to be considered, including surface orientation,
trapping, fencing, decoration, making prediction difficult.
Administration of sialidase to cells has been observed to
reduce caveolae and caveolar endocytosis, but the system is
too complex to clearly assign individual roles to different cell
membrane components (Singh et al. 2010). Also the kinetics
of the process is of importance, as the aggregated state poses
unavoidable constraints to single-monomer translational and
rotational motions. In the two-dimensional model of the
monolayer, for example, the action of the enzyme sphingo-
myelinase was followed by microscopy methods, producing
ceramide directly on the aggregated system organized in
domains. It was found that, on one hand, the morphology of
SMase-generated ceramide separated domains is not repro-
ducible with SM-Cer mixtures (Hartel et al. 2005). On the
other hand, the shape of domains depends on the velocity of
Cer formation, relaxing to a final morphology with time
(Fanani et al. 2009).

The present experiments are based on non-invasive
scattering methods, observing the kinetics of ganglioside-
aggregate restructuring following sialidase-enzyme action in
a bulk solution.
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Fig. 4 Effect of sialidase on GD1a : DMPC mixed aggregates. Evo-

lution of SAXS spectra of the mixed system GD1a : DMPC = 1 : 3

molar ratio (overall concentration = 0.5% bw, 0 mM NaCl) after the

addition of sialidase. Left panel: scattered intensity decrease over the

initial 16 min. Central panel: scattered intensity slower re-increase to

the final value. Right panel: the cartoon sketches the three hypotheses

mentioned in the text.
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Sialidase and pure ganglioside micelles
On the basis of stationary ganglioside micelles, one would
expect that 226-monomers GD1a micelles, once chemically
digested by sialidase, should structurally respond, over
convenient times, by transforming into 301-monomers
GM1 micelles. So, the question should be, how long are
the structural-reaction times, being the chemical-reaction
times of the order of 20 min, in the chosen experimental
conditions, and the typical monomer-exchange time for
gangliosides of the order of few hours (Cantu’ et al. 1991).

Rather, the experimental results of Figs 1 and 2 clearly tell
a different story. The micellar aggregation number does not
change. In fact, the comparison between the two SANS
spectra in Fig. 1 shows that, as of course tested by TLC, the
terminal sialic acid of GD1a has been removed from the
original micelles, as the structure-factor peak has almost
disappeared. The interaction-peak erosion is caused by both
the removal of charged groups from the micelles and the
increase of the ionic strength of the medium brought about
by the free sialic-acid groups in solution. Careful inspection
of the spectra and data fit show that the structure peak is
still there, as indeed also GM1-containing aggregates are
charged, and shows that the interparticle distance is the same,
that is, the number of micelles per unit volume is the same,
and thus the aggregation number has not changed. The
original GD1a micelles have just been mowed by sialidase,
as illustrated by the cartoons of Fig. 2, and the aggregate acts
as a packing trap for the produced GM1 monomers. The
same information comes, of course, but independently, from
the fit of the form factor of the micelles prior to and after
enzyme digestion. After the rapid micellar mass reduction at
constant aggregation number, corresponding to the enzyme
chemical action, no further change in the aggregate physical
properties is observed over much longer times (one day)
consistent with structural rearrangement processes, like
monomer exchange, of the order of few hours. Although
unpredictable, this result is not completely unexpected on the
basis of previous findings on the packing properties of GM1.
In fact, while dictating the aggregate morphology to satisfy
their packing requirements, GM1 monomers are then forced,
within the crowded hydrophilic region of the aggregate itself,
to resist to rearrangement (Cantù et al. 2000a,b; Brocca et al.
2007). It is known that, under collective forcing, GM1 can
stand a 200-monomers packing geometry.

Sialidase and mixed ganglioside + spacer-amphiphile
micelles
The mixed-aggregate models were then chosen to reduce the
hydrophilic collective trapping, as the huge and charged
sugar headgroups are diluted on the surface by the smaller
zwitterionic headgroups of C12PC and DMPC.

Mixing with C12PC guarantees substrate fragmentation
(micellar arrangement) while acting as a spacer on the
aggregate surface. Furthermore, being a single-chain amphi-

phile, C12PC is fast-exchanging, that is, it can easily hop in
and out from the micelle, eventually chaperoning also some
ganglioside trafficking. The results reported in Table 1, in
fact, indicate that in the case of prevailing ganglioside, a
slight but sensible increase in the aggregation number
follows the enzymatic reaction, in line with the standard
packing properties of GM1 as compared with GD1a. The
time required for structural rearrangement is of the order of
1 h and rearrangement involves both C12PC and ganglioside
trafficking. The average parameters of the intermediate
aggregate are also reported in the table, corresponding to a
6-min delay from sialidase addition (when the enzymatic
reaction itself is not over, yet), illustrating a situation
smoothly changing from the initial to the final one.

Table 1 also reports results corresponding to the case of
mixed micelles with prevailing C12PC, that seem to be
insensitive, for what concerns the aggregation properties, to
the sialidase action. The same number of ganglioside
monomers is hosted within the mainly C12PC mixed micelle,
irrespective whether GD1a or GM1. This is not unreasonable,
as the mole fraction ganglioside:C12PC = 1 : 3 is enough, in
principle, to completely isolate ganglioside molecules from
each other, leaving on the thick surface of the aggregate
enough room to place either protruding headgroups. It is
known that the thickness of mixed ganglioside-phospholipid
hydrophilic layer can be used to modulate the packing,
playing, for example, the umbrella effect. The spectra
corresponding to the initial (GD1a : C12PC) and final
(GM1 : C12PC) mixed micelles, reported in Fig. 3, are nearly
superimposed, as the very low number of ganglioside
molecules per aggregate undergoing the enzymatic digestion,
prevents the visually impressive change of Fig. 2 to be
observed. Only small differences are seen, corresponding to
the 60 GD1a monomers being transformed into GM1, as
reported in the table. Interestingly, the structure peak remains
almost unchanged in position and in height, revealing that
both the interparticle distance and the equivalent charge are
the same. This indicates that the loss of external-sialic acid
charge through digestion is compensated by extra-dissocia-
tion of the internal one (the only one left, at the end), to the
optimum value of �50 electronic charges per micelle. This
corresponds to nearly all of the ganglioside molecules in the
mixed micelle being dissociated, indicating that they are
efficiently kept apart from each other by the surrounding
C12PC monomers (Cantù et al. 2000a,b; b). But an interesting
piece of information comes from the intermediate spectrum,
also shown in Fig. 3, revealing that a transient important
structural response occurs along the chemical transformation.
It corresponds to 4-min delay from sialidase addition, and it is
off the smooth route connecting the two extreme states. It
cannot be reconstructed by any appropriate mixing of the
limiting states, neither. The aggregate structure is temporarily
destabilized while ongoing enzymatic reaction. The three-
spectra sequence could be fitted, for example, by hypothe-
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sizing a temporary emission/escape of a significative amount
of only C12PC monomers from the mixed micelle (30–40%),
followed, at the end of the reaction, by full recovery. This
fragmentation might or not induce a shift in the structure-peak
position, a shift that is anyway not seen in the experimental
intermediate spectrum. The temporary decrease in the peak
height, rather, suggests that some obstacle to ionic dissoci-
ation of the inner-sialic could occur, maybe connected to
monomer shielding in the intermediate-aggregate, preventing
counterion escape. This shielding has been observed to occur
in aggregates containing both GD1a and GM1 (Greenshields
et al. 2009), preventing antibody binding.

Another most interesting possibility, giving rise to the
intermediate spectrum appearance of Fig. 3, is a transient
surface remixing of components, temporarily altering the
contrast profile of the micelle. A random/non-random
redistribution could be forced, or allowed, by releasing or
activating structural trapping.

Sialidase and ganglioside + spacer-lipid large aggregate
The structure destabilization is most evident in mixed
aggregates with DMPC, as shown in Fig. 4. The 90% loss
in scattered intensity occurring in short times, a duration
compatible with the enzyme chemical action, is clearly the
dominating effect, whereas the bilayer-type cross local
structure is not strongly affected, on the average. Again,
fragmentation could be at the basis of the observed
behaviour, induced by curvature-generating contours acti-
vated by the ongoing enzyme action. In the place of
fragmentation, surface redistribution of components, collect-
ing ganglioside molecules in spots rather than along lines,
could induce punctuation. Sedimentation could not be
excluded, as well, connected to a delay in the inner sialic
dissociation, reducing interaggregate repulsion. It is interest-
ing to notice that, whatever the process at the basis of the
rapid structure destabilization (overlapping the strict chem-
ical reaction), self-healing occurs on longer times, as shown
in Fig. 4, that is, the system slowly recovers its coarse-grain
structural properties, once chemical digestion is over, but
with a new ganglioside composition.

As an overall indication, the results obtained on the
different ganglioside-containing systems assign to molecular
trapping an important role in aggregate organization and
superstructure, meanwhile attributing to local chemical
modification, like sialidase digestion, a putative structural
task in unlocking freezed configurations. The role of local
trapping, and of dynamical arrest, reminding glasses, is
increasingly addressed to occur in organized structures, so
that positional or orientational relaxation is prevented.
Trapping can contribute to the pseudo-stabilization of a
structure, until the occurrence of an event, like the interaction
with a protein, or with an enzyme, coming from outside,
relieves the trapping towards a next configuration. Like
fencing, it can prevent near molecules from direct contact,

like substrate and membrane-protein, a situation that can be
dramatically changed if substrate digestion itself alters the
mechanical properties of the domain. Also small membrane
domains can be kinetically trapped (Frolov et al. 2006). In
this respect, the case of the membrane sialidase Neu3 could
be an example, acting on microdomain-lipids from the side
and provoking an important structural response in cells
(Da Silva et al. 2005). The membrane region can undergo
remodelling in a different route or in a range of different
routes, through a fast-responding structure destabilization,
with even a third-dimension response, like membrane defor-
mation, through the hydrophilic-hydrophobic coupling, a
feature that is found to occur also in proteins. (Luo et al.
2006). The fast structure destabilization can be exploited ‘as
such’ or by other membrane components. Finally, we recall
that the ganglioside GM3 is able to realize an ‘immobilized’
surface on top of a fluid core, namely a solid-disordered phase,
likely due to trapping of headgroups (Brocca et al. 2005).

Neutron and X-ray reflectivity measurements are in
progress to follow sialidase action on single adhering or
floating bilayer, with specific composition and asymmetric
distribution of components, being sensitive to the cross-
sectional structure, a parameter that is not accessible with
morphology-sensitive techniques.

Conclusions

We directly followed the structural change in different model
aggregates, induced by in situ molecular modification of
already-packed gangliosides, namely the one brought about
by a sialidase, acting on the ganglioside GD1a and leading to
the lower-curvature-aggregating GM1.

We found that, while chemically undergoing the enzymatic
action in both cases, the aggregated structure could be either
very stable, in single component systems, or structurally
responsive, in mixed model systems. Moreover, while in
progress, the sialidase–ganglioside interaction seems to
define a time lag where the system is structurally off the
smooth route between the initial and the final states. We
hypothesize that, in this time lag, the local structure could be
very sensitive to the environment and eventually readdressed
to a specific final structural fate.
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Figure S1. SAXS spectrum of mixed micelles GD1a : C12PC =

3 : 1 molar ratio (total concentration = 0.5% bw) in pure water

(symbols).

Figure S2. SANS spectra of GT1b-ganglioside micelles,

c = 1 mM, in 100 mM NaCl, before (full squares, GT1b micelles)

and after (open squares, digested GT1b micelles) incubation with

sialidase.
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Brocca P., Cantù L., Corti M., Del Favero E. and Motta S. (2004) Shape
fluctuations of large unilamellar vesicles observed by laser light
scattering: influence of the small-scale structure. Langmuir 20,
2141–2148.
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