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Dynamic regulation of SMC-like RecN protein in response to DNA double-strand breaks in
Escherichia coli.
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DNA double-strand breaks (DSBs) are major threats to the genomic integrity of cells. These
result from exogenous and endogenous agents such as ionizing radiation and chemical mutagen
and from endogenously produced radicals. Therefore, the repair of DSBs is important for cell
survival and for maintaining the integrity of the genome. Escherichia coli recN is a member
of the structural maintenance of chromosomes (SMC) family and is required for DNA double-strand
break repair. This study shows that RecN protein has a short half-life and its degradation
is dependent on the cytoplasmic protease ClpXP and a degradation signal at the C—terminus
of RecN. In cells with DNA DSBs, GFP-RecN localized in discrete foci on nucleoids and also
formed visible aggregates in the cytoplasm, both of which disappeared rapidly in wild-type
cells when DSBs were repaired. In contrast, in Ac/pX cells, RecN aggregates persisted in the
cytoplasm after release from DNA damage. Furthermore, analysis of cells experiencing chronic
DNA damage revealed that proteolytic removal of RecN aggregates by ClpXP was important for
cell viability. These data demonstrate that ClpXP is critical component of the cellular
clearance of toxic RecN aggregates from the cell, and therefore plays an important role in

DNA damage tolerance.
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Figl. RecN is a substrate for ClpXP protease. Cells were incubated in the presence of MMC (0.5 pg/ml) at 37°C for 60 min,
and then chloramphenicol (100 pg/ml) was added at time zero. The RecN levels of WCE from lon, hslV, ftsH, clpP, clpX,
and clpA deletion cells were examined by Western blotting with anti-RecN antibody.
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Fig2. The proteolytic stability of RecN and RecNPP. ArecN cells containing an SOS-inducible recN (pRecN) or recNPP
(pRecNPP) plasmids were analyzed as in Fig 1.
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Fig3. RecN foci in cells with or without DNA damage. Upper panel; Localization of the GFP-RecN focus in the absence
or presence of DNA damage. Cells containing an arabinose-inducible GFP-recN gene were exposed to y-rays (200Gy)
followed by the addition of arabinose (0.04%) to induce GFP-recN. The panels show GFP, DAPI, and GFP/DAPI-merged
images of cells at 30 min after incubation in the presence of arabinose. Glucose control is shown at the right. Lower
panel; Quantitative analysis of GFP-RecN foci. For cells with or without y-rays, approximately 300 cells were examined.
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Fig4. Degradation of cytoplasmic RecN aggregates by ClpXP is important for cell viability. MMC sensitivity of clpX and
recN cells. The bars represent the percentage of surviving wild-type (circle), AclpX (square) and ArecN (triangle) cells after
10h of exposure to MMC. Survival of ArecN / pSCH19 (triangle), ArecN / pRecN (circle), and ArecN / pRecNPP (square)
cells after 10 h of exposure to MMC.
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