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Abstract — Human apurinic/apyrimidinic endonuclease
APE]1 is responsible for detecting and initiating the elimination
of AP-sites from DNA. APE1 makes an incision of the
phosphodiester bond on the 5'-side of some damaged nucleotides
and possesses 3'-5’ exonuclease, 3'-phosphodiesterase, 3'-
phosphatase, and RNase H activities. It remains unclear how
such structurally different substrates can be recognized by the
only active site of the enzyme. In the present work the
mechanism of APE1 catalyzed target nucleotide cleavage was
studied. As model substrates we used DNA- and RNA-
oligonucleotides forming non-canonical structures such as
quadruplexes, loops and hairpins. Obtained data demonstrate
the ability of APE1 to excise AP-site containing DNA as well as
undamaged RNA in different non-canonical structures on the
basis of substrate topology.
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Human apurinic/apyrimidinic (AP) endonuclease APEI
catalyses the hydrolysis of phosphodiester bonds on the 5

side of an AP-site and of some damaged nucleotides such as
etheno-derivatives of DNA bases [1,2], bulky photoproducts

[3], benzene-derived DNA adducts [4], a-anomers of 2 -
deoxynucleosides [5], oxidatively damaged pyrimidines [6]
and 2’'-deoxyuridine [7]. APE1 also possesses other activities,

such as 37-5" exonuclease [8,9], 3 -phosphodiesterase, 3°-

phosphatase [10], and RNase H [11]. In spite of numerous
studies on APEI, the molecular origin of its broad substrate
specificity and the mechanism of discrimination between
modified bases and/or nucleotides as well as undamaged DNA
and RNA bases are not yet clear. Despite the successful
characterization of crystal structures of human APE1 bound to
a DNA substrate containing an F-site (a stable analogue of a
natural AP-site, lacking the hydroxyl group on the C1-atom of
ribose) or a cleaved DNA product, at present, there is no
published structure of an APE1 complex with other DNA or
RNA substrates.

The substrate specificity to different bases may be
associated with different distortions of local DNA or RNA
structure around the target base, influencing the efficiency of
forming the catalytically active conformation. Another basis
for substrate recognition may be related to differences in the
efficiency of target base eversion from substrate into the active
site of enzyme, which probably is dependent on the nature of
the base and/or on stability of the target base pair in DNA or
RNA.
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The main purpose of our study was to elucidate the key
steps of the mechanism behind protein—substrate interaction
that ensure specific recognition of target nucleotide in various
DNA- and RNA-substrates forming non-canonical structures
such as quadruplexes, and various loop- and hairpin-
containing structures, which can facilitate nucleotide eversion
stage. The structures of these substrates were proved by CD-
spectroscopy. Analysis of product accumulation using gel-
electrophoresis has shown that APE1 excises all of the DNA
substrates used, i.e. DNA quadruplexes, containing the single
F-site in core or loop regions, bulged DNA duplexes,
containing the F-site, as well as undamaged RNA hairpin-
structures. Obtained data demonstrate the ability of APE1 to
excise AP-site containing DNA as well as undamaged RNA
in different non-canonical structures. Taken together, our data
support the idea that the mechanism of substrate specificity of
APE] is based on the ability of the target nucleotide to flip out
of the DNA duplex into the active site owing to an enzyme-
induced substrate distortion and bending.
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