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[2]Research setup

POLSB plays a key role in base exciion repair (BER)
in nucleus and loss of POLB results in severe BER
defects and embryonic lethality in mice. We found
in our previous collaboration of this IDAC grant the
presence of POLB in mitochondrial extracts of mouse
cell (1). This discovery of POLB in the mitochondria
suggests that it participates in

mitochondrial BER. POLy has been thought to be
the sole polymerase in mitochondria. Therefore, the
BER capabilities of POLy and POLS were
determined if the two enzymes have separate or
overlapping functions in the mitochondria or if they
cooperate in replication or DNA repair. As a
specialized polymerase for DNA repair, POLB is
known to efficiently insert nucleotides in single
nucleotide gapped BER intermediates. We found
here that POLS is much more active as a BER
polymerase than POLy on every repair intermediate
tested and that mitochondria lacking POLS are
dramatically impaired in BER function (2).

[3]Research outcomes
(8—1)Results

We showed a side-by-side comparison of BER
activities of POLB and POLy, the mitochondrial
replicative polymerase, previously thought to be the
only mitochondrial polymerase. We found that
POLB is significantly more proficient at single-
nucleotide gap filling, both in substrates with ends
that require polymerase processing, and those that
do not. We also show that POLB has a helicase-
independent functional interaction with the
mitochondrial helicase, TWINKLE. This interaction
stimulates strand-displacement synthesis, but not
single-nucleotide gap filling. Importantly, we find
that purified mitochondrial extracts from cells
lacking POLS are severely deficient in processing
BER intermediates, suggesting that
mitochondrially localized DNA POLS may be critical
for cells with high energetic demands that produce
greater levels of oxidative stress and therefore
depend upon efficient BER for mitochondrial health
©).

(8—2) Future perspectives

Here, we have shown the importance of
mitochondrial POLB in the repair replication in BER.
Akira Yasui’s laboratory has previously shown that
the three major human glycosylases for the repair of
oxidatively damaged bases functioning in BER,
hOGG1, hMYH1 and hNTH1 are targeted to
mitochondria as mitochondrial proteins created by
alternative splicing of each mRNAs (3, 4). Thus, in
addition to the glycosylases, POLS is a member of
here, the major players for BER in the nucleus were
1dentified in the mitochondria as well. Therefore, the
defect in POLB or glycosylases can be influential in
both nucleus and mitochondria. The consequence of
this finding will be important in cancer and aging
caused by BER deficiency.
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