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A new water-soluble carbohydrate-containing “nonionic”
homooxacalix[3]arene (2) was synthesized. 2 could solubilize
[60]fullerene (Cgp) into water and the resultant complex acted
as an efficient DNA photocleaving reagent.

The ready availability of fullerenes has increasingly invited
exploration of their outstanding new physical and chemical
properties. Among them, their easy excitation by visible light ir-
radiation provides great potentials in the application of water-
soluble fullerenes for various medicinal uses. For example, they
act as a singlet oxygen ('O,) photosensitizer'? to cleave DNA3-
and as photoinactivator of viruses.>!? In spite of their high po-
tential, however, the applications have been very limited be-
cause of their poor water-solubility. We considered that among
several methods for the water-solubilization of Ceo,!'"'¢ the
host—guest method should be superior to others because (i) one
can directly use “unmodified Cgp” which can generate 10, more
efficiently than other chemically modified Cg derivatives,'” (ii)
one can suppress self-quenching of Cg excited states owing to
the isolation of Cgp.'® In practice, we have found that a cationic
homooxacalix[3]arene (1) can include Cg in their cavities in
water and the resultant 1-Cg complex is readily bound to
DNA and can therein act as an efficient DNA photocleaving
reagent.'”
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It is known that carbohydrate-containing molecules have a
retentivity for a specific organ.?® Therefore, a carbohydrate coat-
ed Cg is anticipated to be attracted to a targeted organ. With this
objective in mind, we designed a new water-soluble nonionic ho-
mooxacalix[3]arene (2) bearing tris(maltose) groups.
Water-soluble calixarene 2 was synthesized according to
Scheme 1 and identified by ESI-TOF MS spectroscopic evi-
dence and elemental analysis.?!
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Scheme 1.

The critical aggregate concentration (CAC) of 2 was esti-
mated by surface tension (Wilhelmy method). The surface ten-
sion of 2 in pure water abruptly decreased at ca. 0.30 mM
(IM = 1 moldm™?). One can consider, therefore, that 2 shows
discrete dispersion and forms the aggregate only above this con-
centration. The CAC value of 2 is smaller than that of 1 (ca.
3mM). The lower CAC value for neutral 2 is ascribed to the ab-
sence of electrostatic repulsion. In subsequent experiments, we
set the concentration of 2 to 0.10 mM where 2 exists discretely
in aqueous solution. A poly(vinylpyrrolidone) (PVP):Cgy sys-
tem and the y-cyclodextrin (y-CD)-Cgp complex were prepared
according to the methods described in previous reports.®!#

A solid of Cgp (3.6 mg) was extracted into water containing
2 (0.10mM, 5mL) by sonication (1h) followed by stirring (8
days). After centrifugation (10000rpm, 15min, 20°C), a
brown-colored solution was obtained. A UV-vis absorption
spectrum of the 2-Cgp complex solution gives absorption maxi-
ma at 263, 340, and 429 nm assignable to solubilized Cgy, which
are similar to those of the 1-Cgy complex. These results consis-
tently support the view that Cg is solubilized into water by in-
clusion in 2. The concentration of Cg in the 2-Cgy complex, de-
termined by measuring the absorbance of the solution at 340 nm
(a molar extinction coefficient for the water-soluble 1-Cgy com-
plex of 40 = 4.87 x 10*M~'em™!), was 0.045 mM in water.
This indicates that 90% of 2 formed a 2:1 complex between 2
and Cgp. To examine whether the 2-Cgy complex was self-aggre-
gated or not, we measured the particle size of the 2+Cgp complex
in solution by a dynamic light-scattering method (DLS: Otsuka
Electronic DLS-6000HL). Over the CAC ([2] = 0.50 mM and
[Ceo]l = 0.23mM), an average particle size was estimated to
be around 50.4 nm, indicating that the self-assembled complex
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Figure 1. Agarose gel electrophoretic patterns of DNA nicked
by the 2:Cgp complex. The reaction samples contained 1.3
mg/L of ColE1l supercoiled plasmid. Lane 1: no chemicals in
distilled water. Lanes 2 and 3: 10 uM of 2. Lanes 4, 5, and 6:
10uM of 2 and 4.5uM of Cgy. Lane 7: 0.9wt % PVP and
4.5uM of Cgp. Lane 8: 17.8 uM of y-CD and 4.5 uM of Cep.
Lanes 3 and 5-8: incubated under visible light irradiation at a
distance of 10cm by a 500-W Xe-arc lamp (UI-502Q; Ushio,
Inc.) at 25°C for 2h. Lanes 1, 2, and 4: incubated in the dark
for 2 h. After the addition of 5 UL of 10% SDS solution and load-
ing buffer (Wako) in this order, electrophoresis was performed
by using 0.9% agarose gel. The gel was stained with 0.5ugL~!
ethidium bromide and visualized on a UV transilluminator.

is formed in aqueous solution. On the other hand, the formation
of such aggregate was not observed for the 2+Cgy complex under
the CAC ([2] = 0.10 mM and [Cgp] = 0.045 mM) because of no
detection of any scattered light.

The 2+Cgy complex was applied to the photocleavage of
ColE1 supercoil plasmid. Under dark conditions, DNA was
not cleaved in the presence of 2 and the 2:Cg complex
(Figure 1: lanes 2 and 4). Under visible light irradiation, the
2-Cgqo complex clearly showed a DNA-cleaving activity (lane
5). In lane 5, about 30% of supercoiled DNA (form I) was con-
verted to nicked DNA (form II). On the other hand, 2 showed no
DNA-cleaving activity by itself (lane 3). For comparison, we
carried out a control experiment using the PVP-Cgy system
and the y-CD-Cgg complex.® These concentrations of Cyy were
adjusted to be the equivalent values of the 2-Cqy complex. The
DNA-cleaving activities of the PVP-Cgy system (lane 7; the
yield of form II was 17%) and the y-CD-Cgp complex (lane 8;
the yield of form II was 3%) were obviously lower than that
of the 2:Cgy complex (lane 5) under visible light irradiation.
Consequently, one can conclude that Cg included in 2 is trans-
ported onto DNA with the aid of multipoint hydrogen bonding
between the carbohydrate moieties of 2 and the phosphoric acids
of DNA.20-22

Foote et al.?3 have proposed that two mechanisms have to be
taken into consideration: type I is the photoinduced electron
transfer from the guanine unit to Cgp and type II is the reaction
with 'O, photochemically generated by Cegp. These two mecha-
nisms can be distinguished by comparison of the results of the
aerobic conditions with those of the anaerobic ones. We found
that there is no significant difference between these two condi-
tions: the yields of form II were 30% under the aerobic condi-
tions and 28% under the anaerobic (Ar) conditions. The results
suggest that the mechanism mainly operative in the present
DNA photocleaving system is type I, which is basically in line
with Foote’s results.?

In conclusion, the present paper demonstrates that “nonion-
ic” 2 can solubilize Cg into water and transport it to DNA. The
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nonionic 2+Cgy complex showed stronger photocleaving activity
than the nonionic PVP+Cgy system and y-CD-Cgy complex.
These findings imply, therefore, that the concepts cultivated in
host—guest chemistry of Cgp and its homologues are more fruit-
fully applied to medicinal chemistry.
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