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Development of the convenient method for artificial nucleic acid aptamer
preparations using CE-SELEX
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Specific binders comprised of nucleic acids, that is, RNA/DNA aptamers, are attractive
functional biopolymers owing to their potential broad application in medicine, food hygiene,
environmental analysis, and biological research. Despite the large number of reports on selection of
natural DNA/RNA aptamers, there are not many examples of direct selection of chemically
modified nucleic acid aptamers. This is because of (i) the inferior efficiency and accuracy of
polymerase reactions involving transcription/reverse transcription of modified nucleotides
compafed with those of natural nucleotides, (ii) technical difficulties and additional time and effort
required when using modified nucleic acid libraries, and (iii) ambiguous efficacies of chemical
modifications in binding properties until recently; in contrast, the effects of chemical modifications
on biostability are well studied using various nucleotide analogs. Although reports on the direct
selection of a modified nucleic acid library remain in the minority, chemical modifications would be
essential when further functional expansion of nucleic acid aptamers, in particular for medical and
bioIogical uses, is considered.

The present thesis consists of five chapters. Chapter 1 describes general introduction of
chemically modified nucleic acid aptamers. In Chapter 2, improvement of nuclease resistance of
thrombin—binding aptamer by enzymatically addition of sugar—modified nucleotides is described.
In Chapter 3, capillary electrophoresis—systematic evolution of ligands by exponential enrichment
(CE-SELEX) selections using a DNA-based library that contains
2'-0,4'-C-methylene-bridged/linked bicyclic ribonucleotides (B/L nucleotides) over the full length
are presented. In Chapter 4, CE-SELEX selections of DNA-based chimeric aptamers with base and
sugar modifications are described. Finally, these works are summarized in Chapter 5.

In Chapter 2, enhancements of the nuclease resistances and the stabilities in human serum were
successfully demonstrated by capping the 3'-ends of TBAs with bridged nucleotides. The binding
abilities of the aptamers were not affected by the capping. The capping could be simply executed
via a one-step enzymatic process using 2',4'-bridged nucleoside 5'-triphosphate and terminal
deoxynucleotidyl transferase.

In Chapter 3, DNA-based aptamers that contain B/L nucleotides over the entire length were



successfully obtained using a CE-SELEX method. A modified DNA library was prepared with an
enzyme mix of KOD Dash and KOD mutant DNA polymerases. Forty 2',4'-BNA/LNA aptamers
were isolated from an enriched pool and classified into six groups according to their sequence.
2'4'-BNA/LNA aptamers of groups V and VI bound human thrombin with Ky values in the range of
several 10 nanomolar levels.

In Chapter 4, high affinity chemically modified DNA aptamers for human a-thrombin were
successfully obtained from ODN libraries by using a CE-SELEX method. The libraries contained
B/L nucleotides in the primer region and/or C5-modified thymidine bearing N-ethyladenine (t) in
the nonprimer region. Modified DNA aptamers showed high binding affinities to the target, with Kq
values in the range of subnanomolar to several ten nanomolar levels. The introduction of base
modification significantly suppressed the frequency of G-quadruplex motifs, which are often seen
in thrombin-binding DNA aptamers. The resulting alternatives contained the 10-mer consensus
sequence tsGt,G,, which is frequently found in modified DNA aptamers with subnanomolar protein
binding affinities. Furthermore, some base- and sugar-modified DNA aptamers with the 12-mer
consensus sequence G tC(A/G)A,G,t displayed binding activities that were dependent on the
presence of B/L nucleotides in the primer region. Such aptamers were interestingly not recovered
from a natural DNA library or from DNA libraries modified with either B/L nucleotides or t’s. This
emerging characteristic binding property will enable the creation of a direct selection methodology
for DNA-based molecular switches that are triggered by chemical conversion of B/L nucleotides
introduced to constant sequence regions in ODN libraries.

In the present study, CE-SELEX selections of chemically modified DNA aptamers were first
demonstrated. The author wishes that the developed methodology for aptamer selections will find

vast applications in the field of medicine and bioanalysis.
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