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Background

Nucleic acid drugs are high-molecular compounds consisting of chains of many nucleic acids, and
they have few steps of solid phase purifications. The synthesis process also can generate varied lengths of
unexpected nucleic acids which show similar physicochemical properties to the targeted nucleic acids but
as impurities in drug substances. In addition, nucleic acids modified with drug delivery molecules such as
a sugar chain, N-acetyl galactosamine, have been developed to avoid toxicities; however, the modified
molecules are either metabolized in vivo or contained shorten lengths of nucleic acids. Therefore,
quantitative analyses which can clearly distinguish between the target substances and other related ones
in their properties are prerequisite to assure their qualities and safeties for proper evaluations. However,
such drugs have hardly approved, and the methods to evaluate efficacies and safeties have not been
sufficiently established yet. Hence, developing products have been evaluated individual methods.
Therefore, not only analytical methods but also criteria for evaluations are essential for the development
of nucleic acids drugs. Here, this study aims to develop a technology to control and to assure the quality of
various nucleic acid drugs based on their characteristics such as lengths, sequences, and modifications.

Results

In this study, we focused on the essential properties of nucleic acid molecules, i.e., forming stable
double strands with complementary strands. By use of differences in formations of double strands between
full-length nucleic acids and related substances, analogues, we have been developing a method for
separation and quantification. The difference can cause dramatical improvement of the resolution in mass
analysis and can change their physicochemical properties such as electric charge, significantly.

First, @we prepared a double-strand nucleic acid by mixing of antisense and its complementary
strand (hybridization probe) nucleic acids, and conditions of column purification were explored on aqueous
solvents. Although a HILIC column which is commonly used to evaluate formation of complementary
strand in aqueous condition was insufficient to separate a double-strand nucleic acid from a single-strand
nucleic acid, an anion exchange column could afford distinguishable separation between single-stranded
and double-strand nucleic acids. Consequently, we identified column condition such as a type of column
and mobile phase.

Next, @we examined experimental conditions for separating the double-strand nucleic acids
derived from the analogues into single-strand ones. A certain heating process to double-strand chains
promotes either retainment of the double strands derived from antisense chain with high affinity or to
divide into two single strands derived from an analogue with low affinity. Thus, we clarified the
temperature conditions which could afford formation of double strands for the targeted antisense nucleic
acids.

Then, @the column was heated to the proper temperature designated above and was applied to
separate the target substance (double strand) from analogues (single strand). An antisense nucleic acid
(model for nucleic acid medicine) and a complementary strand (hybridization probe) were mixed to form a
double-strand nucleic acids, and the conditions for separation from the unhybridized single strand using
an anion exchange column were determined. Subsequently, the temperature was controlled to induce
double-strand melting in the column, and the amount of remained double-strand nucleic acid that changed
with temperature was measured and analyzed. In addition, an analogue which was one nucleotide
shortened than the model of nucleic acid medicine was mixed with a hybridization probe, and the amount
of double strands was monitored in various temperatures as the same way. Comparing the results of the
nucleic acid medicine model with those of the related substance model, it was confirmed that the nucleic
acid medicine model with the full complementary sequence of the hybridization probe could maintain the
double strand up to a higher temperature. In conclusion, we have succeeded in establishing the basis for
a method to separate and to analyze by using double-strand formation.



