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Abstract. Cyclodextrins form complexes with lanthanide ions in basic aqueous solutions, This
complex formation in basic solution dramatically enhances the solubility of lanthanide ions, which
are otherwise insoluble due to the formation of hydroxide gels. Solutions of the y-cyclodextrin-Ce*+
complex effectively hydrolyze 2'-deoxyadenosine-5' -monophosphate to 2'-deoxyaderiosine.
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1. Introduction

The surprisingly high activities of lanthanide ions in the hydrolysis of biologically
important compounds have recently attracted a great deal of attention [1-4]. The
first nonenzymatic ‘hydrolytic’ cleavage of linear DNAs was achieved by cerium
ion [1, 2]. Lanthanide ions having such remarkable properties are expected to
become tools in biotechnology and gene therapy. However, lanthanide ions readily
precipitate under basic conditions due to the formation of insoluble hydroxide
gels, and such behavior has been a significant obstacle to their use in aqueous
solutions and in vivo. Thus, it is important to design a suitable complex which is
stable enough to prevent the formation of hydroxide gels, while maintaining the
remarkable activities of the lanthanide ions.

We here report that cyclodextrins (CD) can dramatically enhance the solubility
of lanthanide ions in basic aqueous solutions by formation of non-inclusion outer
sphere complexes.

2. Experimental

To 1.5 mL of an aqueous solution of CD was added 0.5 mL of an aqueous solution
of PrCl; - 7TH;0, and the pH of the solution was then adjusted to 11.5 with NaOH.
The final concentration of Pr3* is 20 mM and that of CD is 0-26 mM. The solution
was ultracentrifuged (12 000 rpm) for 15 min, and the supernatant (1.25 mL) was

* Author for correspondence.



394 MORIO YASHIRO ET AL.

O

L " | ) L L L ‘ L
0 10 20
[CD]/mM

Fig. 1. Solubilization of Pr** (20 mM) by cyclodextrins at pH 11.5 0 = @-CD; & = y-CD; ¢
= Me-a-D-Glc.

diluted with 1.25 mL of 2 M aqueous HCI. The dissolved ion was quantified by
absorbance at 443.5 nm. The results are shown in Figure 1.

3. Results and Discussion

In the absence of CD, the Pr3* ion precipitates promptly under the conditions
employed, which results in the complete removal of the ion from the aqueous
phase. However, CDs increase the solubility remarkably. Totally homogeneous
solutions are obtained when the molar ratio of o-CD to Pr’t is 1 or greater. With
¥-CD, the v-CD/Pr3* ratio should be 0.5 or greater for complete solubilization.
The results indicate that a 1 : 1 complex is formed in the a-CD-Pr3™* system,
whereas a 1 : 2 complex is formed in the v-CD-Pr** system. In contrast, when
methyl-a-D-glucoside (Me-a-D-Glc), a monomeric analog of CD, is used instead
of CD, no solubilization of Pr3™ is observed, even in the presence of a large excess
(up to 64 equivalents) of Me-a-D-Glc. The cyclic structures of CDs are definitely
required for solubilization [5].

Circular dichroism spectra of the CD-Pr3* (1 : 1) solutions showed Cotton
effects [6] corresponding to the electronic absorption of Pr*t in the visible region
[7]. The Me-a-D-Gle—Pr3t (6 : 1) solution, however, showed very faint Cotton
effects atpH 7.5, which are considerably smaller than those of the a-CD-Pr37 (1 : 1)
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Fig. 2. Proposed structure for the y-CD-Pr** complex.

system. Apparently, the solubilization of Pr*t is due to the complex formation with
CD.

The solubilization of Pr3* by +-CD is not suppressed by 1-adamantanamine
(equimolar to y-CD), which is known to form an inclusion complex with -
CD under the conditions employed. In contrast, heptakis(2,6-di-O-methyl)-3-
cyclodextrin does not solubilize the Pr’* ion at all. The results indicate that the
CD cavity does not participate in the solubilization of Pr**, and hydroxide groups
arranged on the edges of the CD ring are important for the formation of a complex
with Pr3*. Since lanthanide ions are strongly hydrated in aqueous solutions, Pr>*
is not favorably incorporated into the hydrophobic cavity of CD [8]. The hydrated
Pr3™ ions, whose diameter is ca. 8 A [9], is assumed to occupy the outer sphere of
CD [10]. A plausible structure for the complex is shown in Figure 2 [11].

CDs are also effective for the solubilization of other lanthanide ions, e.g. La>*,
Ce3t, Ce*t, Ert, and Lu3*. It is worth noting that cerium ion, which is the most
active in the hydrolysis of DNAs [2], is successfully solubilized by CDs over a
wide pH range [12].

According to a preliminary study, lanthanide ions in the form of CD com-
plexes maintain their remarkable activities in the hydrolysis of phosphoesters. For
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Scheme I. Hydrolysis of 2'-deoxyadenosine-5’-monophosphate by Ce*t—y-CD.

example, 14% of 2’'-deoxyadenosine-5'-monophosphate (5 mM) was hydrolyzed
to 2/-deoxyadenosine with Ce3t-y-CD (10 mM, 1 : 5) at pH 7.2, 50°C, 80 min,
which is comparable with the value (23% conversion) obtained in the absence of
~-CD (Scheme I) [13].

4. Conclusion

The solubilities of lanthanide ions can be remarkably enhanced by formation of
non-inclusion complexes with CDs under basic conditions. This discovery has
opened a route to the molecular design of highly active and selective catalysts for
the cleavage of nucleic acids and other biologically important compounds. Further,
CDs will be useful as a carrier of lanthanide ions into the biological systems.
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