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Abstract

Since the discovery that telomerase is expressed in 85-90% of all human tumors but not
in most normal somatic cells, it has become a potential specific target for the development of new
anticancer drugs. Telomerase is responsible for the extension of the telomere length from the
3’-G-rich telomeric overhang primer, which is able to form G-quadruplex DNA structures.
The formation of G-quadruplex prevents telomerase from accessing its normal substrate, thereby
inhibiting its function. Many agents that induce and/or stabilize this G-quadruplex DNA structure
successfully inhibit telomerase. One problem that faces many G-quadruplex ligands is non-
specific cytotoxicity, which is believed to arise from their interaction with duplex DNA. In this
study, we investigated the effect of different side chains of three new perylene-based G-
quadruplex ligands, P-GLU, P-HIS, and P-TRIS toward G-quadruplex binding selectivity in
comparison to the well characterized PIPER and TmPyP, by spectrophotometric and
electrophoretic analysis. By using spectrophotometric methods, the spectra of each perylene
derivative in the presence of various forms of DNA indicated that only the positively-charged
perylene derivatives, PIPER, P-HIS, and positively-charged state of P-HIS show selective binding

to G-quadruplex DNA. On the other hand, the negatively-charged perylene, P-GLU and the



negatively-charged state of P-HIS fail to interact with any of the DNA forms. The effect of the
side chain of each perylene derivative or TmPyP, was further analyzed by non-denaturing
polyacrylamide gel electrophoresis (PAGE). From the G-quadruplex binding and/or formation
assays, P-GLU and P-HIS neither bind nor facilitate the formation of G-quadruplex. PIPER
shows pH-dependent and concentration-dependent binding to G-quadruplex. PIPER
preferentially binds to monomeric G-quadruplex at low concentration, but facilitates the
formation of tetremeric G-quadruplex at high concentration. P-TRIS and TmPyP, both show
concentration-dependent binding to monomeric G-quadruplex but do not facilitate the formation
of tetrameric G-quadruplex like PIPER does. From the duplex/quadruplex competition assays,
PIPER and P-TRIS bind preferentially to G-quadruplex DNA compared to double-stranded DNA.
In contrast to PIPER and P-TRIS, TmPyP, binds preferentially to double-stranded DNA
compared to G-quadruplex DNA. The G-quadruplex stabilizing assays also confirm that PIPER
preferentially binds and stabilizes G-quadruplex, while TmPyP, loses its binding to G-quadruplex
in the presence of duplex DNA. In addition to the above studies, the G-quadruplexes formed
from telomeric oligonucleotide and the nuclease hypersensitivity element of c-myc gene promoter
were also verified by DMS methylation protection assay. The data from this study will be
beneficial for designing better perylene-based G-quadruplex stabilizing agents to use as

antitelomerase agents.
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