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TRF1 phosphorylation by CDK1 is important for sister telomere resolution in
mitosis

TRF1, telomere repeat binding factor 1, binds specifically to duplex telomeric repeats and
has been shown to play a role in telomere length maintenance as well as mitotic
progression. We have previously shown that TRF1 is phosphorylated in vivo and
phosphorylation plays an important role in modulating TRF1 binding to telomeric DNA.
Recently through mass spectrometry analysis, we have identified TRF1 T371 as a
candidate phosphorylation site. It has been suggested that TRF1 T371 is a CDK1 target
site in vitro, however the importance of phosphorylation at this site in vivo has not yet
been determined. We have raised an antibody that specifically recognizes TRF1 when
phosphorylated at T371. Using the phospho-specific anti-TRF1-pT371 antibody, we have
shown that phosphorylation of TRF1 T371 is upregulated in mitosis, specifically
prophase, in a Cdk1-dependent manner, and disappears in telophase.

We find that unbound TRF1 is phosphorylated in mitosis by CDK1 and that the
dephosphorylation of TRF1 T371 upon mitotic exit is important for TRF1 reassociation
with telomere DNA. To assess the function of T371 phosphorylation in vivo, we
overexpressed TRF1 mutants carrying an amino acid change of threonine to either
alanine (T371A) or aspartic acid (T371D) in cells depleted for endogenous TRF1. We
show that TRF1-T371D (phospho-mimic) exhibits weak binding to telomere DNA and
results in deprotected telomeres and genomic instability. This is evidenced by cell death,
anaphase bridges and sister chromatid fusions. Overexpression of TRF1-T371A (not
phosphorylatable) in TRF1 depleted cells impairs cell proliferation and results in severe
impairment of the separation of sister telomeres in mitosis. Our results suggest that TRF1
phosphorylation in mitosis maintains TRF1 in an unbound state, allowing for the
appropriate separation of sister telomeres. This results in a transient deprotected state of
telomeres. The dephosphorylation of TRF1 T371 is required for TRF1 to resume
telomere binding; reestablishing a protective structure at telomeres and allowing mitotic
progression.


