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FUNCTIONAL MONOMERS AND POLYMERS. CXXXVI. 
EFFECT OF METAL IONS ON THE INTERACTION OF 
SYNTHETIC NUCLEIC ACID ANALOGS* 

EIKO MOCHIZUKI, YOSHIAKI INAKI, and KIICHI TAKEMOTO 

Faculty of Engineering 
Osaka University 
Yamadaoka, Suita, Osaka, Japan 

ABSTRACT 

The effect of metal ions on the conformation of thymine-containing 
poly-D-lysine was studied by CD spectra in aqueous solution. Of the 
metal ions studied, only copper(I1) ion affected thc conformation of 
nucleic acid analogs. Copper(I1) ion also affected the specifically in- 
teracting system made up of thymine-containing poly-D-lysine and 
polyadenylic acid. 

INTRODUCTION 

Nucleic acids are well known to play an important role in both replicative 
and transcriptive functions of the genetic codes. The biological function of 
the nucleic acids also involves the participation of metal ions. We have been 
making a systematic study of the preparation and interaction of synthetic 
nucleic acid analogs as well as their functionalities 121 , and it is therefore of 
interest to understand the nature of the metal complexes of such nucleic acid 

*For Part CXXXV of this series, see Ref. 1. 
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analogs. The present communication represents a preliminary study of the 
effect of metal ions on the interaction of synthetic nucleic acid analogs. 

EXPERIMENTAL 

A poly-D-lysine derivative containing thymine moieties (PDL-T, 1): 

-6 N H-C H-co +, 
PDL-T (1) 

chosen for the present study, was prepared by a polymer reaction of poly-D- 
lysine with thymine using the activated ester method [3]. Polyadenylic acid 
(Poly-A) was of commercial origin and purified in the usual manner before 
use. 

acid bases was studied by CD spectra in aqueous solution. 
Conformation of the ply-D-lysine derivative containing pendant nucleic 

RESULTS AND DISCUSSION 

Polyamino acids are known to exist in a-helical, /3-sheet, and random-coil 
structures, which can be observed by CD spectra. It has been found that 
PDL-T dissolves in alkaline solution, and its helical content increases with 
decreasing pH, while the helical structure tends t o  be destroyed by the ioni- 
zation of thymine bases at higher pH [4]. 

Figure 1 shows the CD spectra of PDL-T in the absence and presence of 
copper(I1) ion. The spectra suggest that the polymer exists in a-helical struc- 
ture in the absence of copper(1I) ion, and that the helical structure, measured 
by molar ellipticity [O] , tcnds to be destroyed by increasing the copper(I1) 
ion concentration. No effect was observed when zinc(II), manganese(lI), 
magnesiuni(II), or calcium(I1) ions were added instead of copper (11). 

The synthetic nucleic acid analogs can form polymer complexes by the 
specific interaction between complementary nucleic acid bases present in side 
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FIG. 1. CD spectra of PDL-T:CU~- in aqueous solution. PDL-T:CU~- 
ratio indicated on the curves. 

chains [ 2 ] ,  which is well known in nucleic acid chemistry. The specific inter- 
action between PDL-T and Poly-A was then studied in the presence and absence 
of metal ions, as shown in Fig. 2 ,  which gives the CD spectra of the PDL-T-Poly- 
A system in aqueous solution. The spectrum seems not to be affected by the 
addition of copper(I1) ion in a 1 : 1 ratio. However, with increasing copper(ii) 
ion concentration, the peak tends to decrease, which probably shows an effect 
of the metal ions on the specific interaction between complementary nucleic 
acid analogs. 

Further study on the detailed mechanism of the metal ion complexation 
with nucleic acid analogs is now in progress. 
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FIG. 2. CD spectra of PDL-T.Poly A:CuZ- in aqueous solution. Polymer: 
Cu2- ratio indicated on the curves. 
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