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ABSTRACT

Several purine and pyrimidine cyclonucleosides were found to be not recognized
by several Escherichia coli and yeast DNA N-glycosylases. Interestingly, a non
covalent complex was observed between the Lactoccocus lactis formamido-
pyrimidine-DNA glycosylases (Fpg-L!) and the cyclonucleosides. This may
provide new information on the mechanism involved in the activity of the latter
enzyme.

Carbon-bridged cyclonucleosides were found to be generated in purine and pyri-
midine nucleic acid monomeric components and in DNA polymers upon exposure to
jonizing radiations."?! To investigate the biological and structural effects of the
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formation of such anhydronucleosides, we have synthesized ODNs containing
each of the SR and 5'S diastereoisomers of 5,8-cyclo-2'-deoxyadenosine®® and
5’ 8-cyclo-2'-deoxyguanosine,” the SR and 5S diastereoisomers of (5'S,6S)-5',6-
cyclo-5,6-dihydrothymidine,”!  (5'S,6S)-cyclo-5,6-dihydro-2'-deoxyuridine!®  and
(5'S,58,68)-5',6-cyclo-5-hydroxy-5,6-dihydro-2'-deoxyuridine.”! In vitro replication
studies and repair experiments have shown that the latter modifications act as
blocking lesions for DNA polymerases and are not recognized by several DNA
N-glycosylases, including formamidopyrimidine DNA glycosylase (E. coli Fpg),
endo IIT and endo VIII of E. coli, Ntgl, Ntg2 and Oggl of S. cerevisiae.l* ! There-
fore, the cyclonucleosides may represent potential lethal lesions within the cell if they
are not removed by the nucleotide excision repair machinery.

We report here the results of a comparative study on the behavior of E. coli Fpg
and Fpg-L/ toward the above cyclonucleosides. E. coli Fpg have been well described
in the literature. The latter DNA glycosylase was found to excise a wide range of oxi-
dized bases™ and to exhibit an AP lyase and endonuclease activity.['” Recently, the
fpg-LI gene has been cloned and characterized.!'"! The deduced sequence showed
59% similarity and 38% identity with the E. coli Fpg gena. The protein displays
two enzymatic activities: a base excision and subsequent DNA nicking at the
resulting abasic site. Recently, the binding of the Fpg-L/ protein to DNA fragments
that contained either cyclic or non-cyclic abasic site analogs was investigated.['”!
This provided new information on the molecular mechanism involved in the AP
lyase activity of Fpg. The structure of a non-covalent complex between the Fpg-L/
protein and the 1,3-propanediol abasic site analog-containing DNA has been
recently solved.!'¥ This highlights the Fpg and DNA structural features that are
required to form a stable and non-covalent specific complex prior to the Schiff base
formation.

The binding of the Fpg-L/ protein to DNA that contained the above cyclo-
nucleosides was investigated using the electrophoretic mobility shift assay (Fig. 1).

non-coyalent ODN- —_— -
protein complex

22-mer duplex ODN
containing cyclonueleoside

Figure 1. Non denaturing PAGE (15%) analysis of the enzymatic reactions of the 22-mer
duplex containing the (5'S,6S5)-cyclodHdUrd/dGuo base pair with Fpg-L/ and Fpg E. coli
enzyme respectively. Lane 1: double stranded 22-mer oligonucleotide (5'S,6S5)-cyclod-
HdUrd/dGuo. After treatment with: lane 2: E. coli Fpg (1000ng); lane 3: E. coli Fpg
(1000 ng) then with piperidine 1 M, 90°C 5min; lane 4: Fpg-L/ (1000 ng); lane 5: Fpg-L/
(1000 ng) then with piperidine 1 M, 90°C 5min.
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We observed the disappearance of the initial 22-mer duplex and the formation of a
higher molecular complex when the 22-mer duplex containing any of the cyclo-
nucleosides was incubated with the Fpg-L/ protein. The latter band disappears after
a treatment with piperidine 1 M at 90°C that leads the restoration of the original sig-
nal at the 22-mer position. This was not observed when the duplex was incubated in
the presence of the E. coli protein. The results strongly suggest that the Fpg-L/ pro-
tein is able to recognize but not to excise the cyclonucleoside derivatives, by forming
a non-covalent complex. Interestingly, the E. coli Fpg protein is unable to recognize
the cyclonucleosides lesions. It should be added that the unmodified 22-mer duplex
was not recognized nor excised by the Fpg-LIl protein, whereas the protein was able
to excise the 22-mer oligonucleotide that contained 8-oxodGuo (data not shown).
Further investigations showed that the duplex is necessary for the complex forma-
tion (data not shown). Finally, the non covalent oligonucleotide-enzyme complex
was observed either on a denaturing or non denaturing PAGE, in agreement with
the formation of a stable complex.

The latter DNA /protein interaction reported here can be further used to
gain new insights on the structural features and the molecular mechanisms involved
in the Fpg protein activity, including the structure of the non-covalent complex
and the design of site-directed mutagenesis experiments of the latter DNA
glycosylase.['*!”]
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