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Abstract — Alpha-ketoglutarate dependent dioxygenases of
AlkB family are non-heme Fe(II) containing enzymes which
protect cells against alkyl DNA lesions. Human homologs of
AlkB protein ALKBH2 and ALKBH3 catalyse direct repair of
1-methyladenine, 3-methylcytosine and ethenoadenine in DNA.
Conversion of the substrate proceeds in several steps that
involve oxidation of the alpha-ketoglutarate cofactor, activation
of molecular oxygen, generation of the reactive Fe(IV)=0
intermediate and hydroxylation of the target alkyl moiety. Here
we applied a pre-steady-state Kinetic approach to assess the
conformational dynamics of the enzyme-substrate complex in
the course of catalysis. An intrinsic Trp fluorescence of enzymes
as well as fluorescent base analogue 2-aminopurine and a dye—
quencher pair FAM-BHQ1 inserted into model oligonucleotide
substrates were used for detection of kinetics by a stopped-flow
method. The data obtained are indicative of conformational
flexibility of ALKBH-DNA complexes. The structure of
methylated substrate is substantially changed during binding to
the enzyme active site. The kinetic mechanism and rate constant
describing specific conformational changes were determined by
a quantitative analysis of fluorescence progression curves.

Keywords — DNA dioxygenases, DNA repair, conformational
dynamics, protein—-DNA interactions, stopped-flow method,
fluorescent probes, FRET analysis.

Repair of alkylation damages in E. coli is fulfilled by
proteins of the “adaptive response”, particularly, by Fe(Il)/a-
ketoglutarate dependent dioxygenase AlkB. Several AlkB
homologs reconstitute this function in mammalian cells [1].
The AlkB family members ALKBH2 and ALKBH3 are able
to remove l-methyladenine (1-meA), 3-methylcytosine (3-
meC), and ethenoadenine (¢A) from DNA and RNA in human
cells through an oxidative demethylation mechanism. The
process begins with binding of the molecular oxygen to the
Fe(I) cofactor in the enzyme active site. The subsequent
oxidation of a-KG substrate to succinate results in formation
of'areactive Fe(IV)=0 intermediate that hydroxylates an alkyl
moiety of DNA or RNA substrates [2]. The substrate
specificity of ALKBH2 and ALKBH3 dioxygenases differs
[3], and that determines their biological functions. The
ALKBH?2 protein preferably acts on double-stranded DNA,
providing the integrity of genetic information. ALKBH3
demethylates single-stranded DNA and RNA, indicating its
potential role in gene expression control. It was shown that
expression level of these enzymes is associated with human
cancers and genetic diseases [4]. Efforts are being made for
developing specific inhibitors of oxidative demethylases to
improve the efficacy of chemotherapy.
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Recently, we have studied the interactions between
bacterial dioxygenase AlkB and methylated DNA by a pre-
steady-state kinetic approach [5]. To elucidate a detailed
mechanism of the DNA substrate demethylation by ALKBH2
and ALKBH3 proteins we have studied a conformational
dynamics within the enzyme-substrate complex in the course
of catalysis. A stopped-flow method combined with
fluorescence monitoring was applied for detection of
conformational changes in the interacting molecules under
pre-steady-state conditions. A 15 nt single- or double-stranded
oligodeoxynucleotides containing 1-meA or 3-meC lesions
were used as model substrates. Conformational transitions of
the enzyme molecule during interactions with methylated
DNA were recorded as changes in the intrinsic fluorescence
of its Trp residues. To determine the overall dynamics of the
DNA structure, an 1-meA-containing oligodeoxynucleotide
was modified by the fluorescence emitter/quencher pair,
FAM/BHQI, and Forster resonance energy transfer (FRET)
was measured. The kinetic curves obtained after rapid mixing
of methylated DNA with the ALKBH2 (or ALKBH3) protein
revealed the conformational flexibility of the dioxygenases
and their substrates. Two global conformational transitions of
the enzyme-substrate complex were detected in the time
intervals 1-5 ms and 10-100 s. The kinetic mechanisms were
evaluated in the fitting procedures using non-linear least-
squares and the individual rate constants of each step were
determined.
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