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The ribosomal RNA gene repeat is transported to the nuclear
pore complex for the repeat maintenance
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Summary of thesis contents

The broken chromosomal DNAs need to be repaired correctly. The broken ends are
usually repaired by DNA repair systems. If the broken ends are not repaired
properly, they may cause rearrangement of the genome, such as deletion,
translocation and amplification. These rearrangements could lead to diseases
including cancer and cellular senescence. Therefore, it is important for cells to
repair the broken ends correctly.

In DNA replication, the replication fork is stalled at a replication fork blocking site.
The stalled replication fork possibly leads to the broken end at the site. The
ribosomal RNA gene repeats (rDNA) in the budding yeast Saccharomyces
cerevisiae has a replication fork block site in which gene amplification
recombination is induced. By the recombination, rDNA repeat number is
recovered through the DNA double-strand break (DSB) repair pathway. In this
system, DSB that is induced by Fobl at the replication fork barrier (RFB) site is
repaired by unequal sister-chromatid recombination. As the result, the some repeats
are replicated twice to increase the repeat number. When the broken end
recombines with improper repeating unit, deletional recombination or
reorganization of the repeat may occur and the rDNA becomes unstable. Therefore,
the rDNA is expected to have a system in which the recombination is properly
regulated.

In our laboratory, through screening of genes that reduce rDNA stability, TEL1 was
identified. TEL1 is an ortholog of ATM in mammals. Tell has several functions,
such as telomere maintenance, checkpoint control, and DSB repair.

First, to confirm the change of repeat number in the rDNA, Chr.XI that has the
huge rDNA repeat was analyzed by pulsed-field gel electrophoresis (CHEF). As the
result, in the tell mutant, the rDNA was highly unstable to compare with that in the
wild-type. Next, | investigated whether the function of Tell in the rDNA is
dependent on Fobl or not. When both TEL1 and FOB1 were deleted, the rDNA was
stable. Thereby suggesting that Tell is involved in recombination repair for DSB
caused by Fobl at the RFB.

Tell is also known to be involved in the transportation of unrepairable DSB of
non-rDNA to the NPC. However, the significance of the system is not revealed. We
speculated that the rDNA is also isolated near the NPC and prevented
recombination with improper copies. Our research purposes were to uncover
whether the rDNA is translocated to the nuclear pore complex and to identify genes
that are related to the translocation. If Tell is related to translocation of the rDNA
to the NPC, it will be an important function of Tell to maintain the rDNA.
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To know whether the transportation system exists in the rDNA region, | performed
ChIP assay and investigated the localization of the rDNA. As the result, the rDNA
is surely located around the NPC. On the other hand, the pore localization of the
rDNA is decreased in the fobl mutant. In the fobl mutant, as DSB is not induced, |
speculate the Fobl-dependent DSB is necessary for translocation of the rDNA to the
NPC. Moreover, the rDNA association with the NPC is decreased in the tell mutant.
The DSB translocation of non-rDNA region was shown in an artificial system that
an unrepairable DSB is induced by HO endonuclease without any template for
repair in the mating type locus on the ChrIll. On the other hand, DSB in the rDNA
is induced in the natural process. In the replication of the rDNA, the broken end
occurs at the RFB site by blocking the replication fork machinery. Hence | expected
the some factors for the transportation of the rDNA to the NPC are different from
those for the anchoring the artificial DSB to the NPC. | focused on factors that
function in both the rDNA and the nuclear membrane. By ChlIP assay, | found that
the condensin recruiting factors to the RFB are necessary for the transportation of
the rDNA to the NPC.

As for the biological meaning of the rDNA translocation, | speculate that DSB
should be isolated from other repeats to avoid improper recombination. Moreover,
we assume that the localization is required for the rDNA condensation that is
important for chromosome segregation and repeats maintenance.
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