
 

 
Structure of ACyD to be 
investigated: heptakis(2-ω-
amino-O-oligo-(ethylene 
oxide)-6-hexadecylthio)-β-
CD. 
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Fig.1 Scattered intensity of SC16NH2 
in water at 0.1 mg/ml (hollow circles) 
and 0.3 mg/ml (filled circles), together 
with the fit with eq. (1). 
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Fig.2 Scattered intensity of 
SC16NH2 in water at 0.1 mg/ml. 
The dashed line is the power law 
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Report: 
The aim of the experiment was the study of the structural features of amphiphilic cyclodextrin (ACyDs) 
aggregates interacting with DNA. These ACyDs present specific features of interest as molecules for the 
development of new gene vectors. Indeed, they were reported to be nonhemolytic and noncytotoxic and, in 

the recent past, we demonstrated that β-CyDs grafted with oligoethylene glycol 
moieties have amphiphilic properties and are capable of forming aggregates of 
potentially low immunogenicity according to the hydrophobic–hydrophilic 
balance.[1-3] For application in gene 
delivery, however, the knowledge of the 
interaction character between ACyDs 
vesicle and DNA and the structure of the 
resulting complex is of fundamental 
importance. 
The measured scattered intensity of the 
cationic SC16NH2 aggregates (see fig.1) 
indicates that a vesicle structure is formed. 

The fit was performed by using a model of unilamellar vesicle with a 
symmetric scattering length density profile constituted by two 

Gaussians for the outer and inner 
hydrophilic shells and one for the 
hydrophobic central shell, according to the law:[4] 

( ) ( ) ( )2/expcos2/exp2)( 2222 QQzQQP CrCHHH σρσσσ −−−∝            (1) 

where σH and σC are the Gaussian widths of the hydrophylic and 
hydrophobic region, respectively, ±zH the center of the hydrophilic region 
and ρr the ratio between the excess length density of the hydrophobic and 
hydrophilic region. In fig.2 the fit result is reported for the two 
concentration values investigated: the vesicle thickness is about 5 nm 
independently of concentration. On considering that the molecule length 
is about 3.5 nm, the value of the thickness indicates a partial 

interdigitation of the hydrophobic chains. 
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Fig.3 Scattered intensity for 
SC16NH2/DNA complex at different 
molar ratio X=DNA/SC16NH2. 
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Fig. 4 Scattered intensity for 
SC12NH2/DNA complex at different 
molar ratio X=DNA/SC16NH2. 

The investigated Q region is too high to allows for extracting the vesicle radiusof gyration; however, within 
the Q values 0.02<Q<0.2 nm-1, the scattered intensity obeys the power law I(Q)∝Q-2, according to the 
scattering from a surface (see fig.2).  
In the presence of calf thymus DNA, it is evident the progressive disappearance of the unilamellar vesicle on 

increasing the molar ratio DNA/SC16NH2 from 1:18 to 1:4 and the 
apppearance of a peak at Q∼0.9 nm-1 (fig.3). At the molar ratio 1:4 the 
scattering profile of vesicle has completely disappeared, putting in 
evidence the presence of a second peak at Q∼1.7 nm-1. These Bragg 
peaks suggest the formation of multilamellar structures with spacing of 
about 7 nm. Such a transition, which is independent of SC16NH2 
concentration, is caused by the electrolitic condensation between the 
hydrophilic cationic region (the NH2 terminus of the hydrophilic 
chains is protonated in water, giving to the molecule positive charge) 
and the anionic DNA. The latter is situated in the aqueous region 
between two adjacent lamellae. Dynamic Light Scattering (DLS) 
measurements showed that the vesicle hydrodynamic radius increases 
in the presence of calf thymus DNA, consistently with the occurrence 
of a uni-to-multilamellar vesicle structural transition. 
Unlike SC16NH2, the SC16OH moiety which possesses a OH group 
instead of NH2, does not seem to interact with DNA and the Q-
dependence of the scattered intensity is unaffected. Also DLS and 
electrophoretic mobility measurements do not show any change upon 
the addition of DNA. 
Concerning with the water solution of SC12NH2, differing from 
SC16NH2 for shorter hydrophobic chains, SAXS results seem to 

indicate that the vesicle structure is not affected by the presence of calf thymus DNA (see fig.4). The Q-
dependence of the scattered intensity slightly changes only at smaller Q values, suggesting the presence of an 
aggregation phenomenon. An interaction between calf thymus DNA and SC12NH2, however, occurs as 
confirmed by the hydrodynamic radius increase measured by DLS 
and by the change of the electrophoretic mobility of SC12NH2 
aggeregate. In particular, on increasing the DNA/SC12NH2 molar 
ratio to 1:4, the electrophoretic mobility displays a reversed sign with 
respect to SC12NH2. In view of these results, it is possible that, for 
SC12NH2, calf thymus DNA has the role of shielding the repulsive 
interaction between the charged SC12NH2 with consequent 
aggregation of vesicles, without affecting the membrane features.  
It is worthnoting that plasmid DNA, unlike the calf thymus DNA, 
does not cause the structural change of SC16NH2 from uni- to 
multilamellar vesicle. However, a strong electrostatic interaction of 
plasmid with the vesicle surface is present as indicated by a slight 
increase of the vesicle hydrodynamic radius and the decrease of the vesicle net surface charge. 
Finally, SAXS data shows that a temperature increase to T=40°C, despite causing a slight broadening of the 
vesicle thickness interference peak, leaves the interaction feature with calf thymus DNA unaffected; this 
temperature stability can play an important role for future perspective in application of these system for gene 
delivery.  
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