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The fate of a single parental chromosome throughout the eukaryotic cell cycle
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The stages of mitosis and cytokinesis in an animal cell
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Control of mitotic entry and exit by Cdc2/cyclin B and APC
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The polo-like kinases have a C-terminal polo-box domain
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Plk1 localizes to mitotic structures
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Plk1 in cancer

---Plk1 overexpression is correlated with cell proliferation and carcinogenesis.
---Plk1 is a new diagnostic marker for cancer.

---Plk1 inhibitors are in various clinical trails.

---However, how PIk1 contributes to carcinogenesis is elusive.



Does PIk1 elevation contribute to cancer progression?

Approach: generation of Plk1-Knock in (KI) mouse line
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Plk1 KI
causes
aneuploidy
In MEFs
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More specific mechanism?

DNA double strand breaks
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A hypothesis to be tested

Plk1l elevation leads to

1) premature termination of DNA damage checkpoint and

2) reduced DNA repair



Plkl-associated activity antagonizes DNA damage checkpoint
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Plk1l phosphorylates Mrell at S649 and S688 in vitro

oD@
Mrell @ o5 & °

N e

"

aa nN’
GST-Mrett & é°°' &

32p

Coom.

‘;a?‘ ,b%"‘ GFP-Mre11 & c}:“

GST-Mre11 &
0S649 pS649
pS688 pS688
Mre11 Mre11




In vivo, PIk1 phosphorylates Mrell-S649 and CK2 targets Mrell-S688
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Mre11-S649/S688 phosphorylation is required for G2 DNA damage checkpoint recovery
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Phosphorylation of Mrell at S649/S688 inhibits its binding to DNA

Xenopus egg extract +Purified Mrell proteins + Biotin-tagged dsDNA-bound
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Phosphorylation of Mrell at S649/S688 abolishes its foci formation
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Phosphorylation of Mrell at S649/S688 abolishes Nbs1 foci formation
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Phosphorylation of Mrell at S649/S688 abolishes Rad50 foci formation
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Phosphorylation of Mrell at S649/S688 inhibits DNA damage checkpoint
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Mre11-S649/S688 phosphorylation inhibits DNA repair
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Conclusions

Plk1l phosphorylation of Mrell leads to
1) premature termination of DNA damage checkpoint

2) reduced DNA repair
o

Publications: Li et al., Cancer Research, 2017, 77, 3169.

Li et al., JBC, 2017, 292, 17461.

Dr. Zhiguo Li



MDC1
 MEDIATOR OF DNA DAMAGE CHECKPOINT
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MDC1 is required for mitotic progression
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MDC1 is required for timely progression of mitosis
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Mbciis phosphorylated in mitosis
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Plk1 phosphorylates MDC1 at T4
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p-T4-MDC1 localization in prophase and prometaphase
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pP-T4-MDC1 localization in mitosis
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Plk1 phosphorylation of MDC1-T4 is required for mitotic progression
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Plk1 phosphorylation of MDC1-T4 is required for mitotic progression
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Summary

--MDC1 has a function independent of DNA damage response
--MDC1 is required for mitosis
--MDC1 is phosphorylated by Plkl at T4

--Plk1 phosphorylation of MDC1-T4 is required for timely
progression through mitosis

Publications: Li et al., Mol Cell Biol, 2017, 37, e00595.

Dr. Zhiguo Li



The Numb/p53 pathway

Numb

MDM24| D53

-- Numb is an inhibitor of Notch signaling
-- Numb is involved in the cell-fate decisions of a number of cell lineages
-- Numb, MDM2 and p53 form a trimeric complex

-- Numb stabilizes p53 by inhibiting the E3 ubiquitin ligase activity of MDMz

Colaluca, Nature 2008, 451, 76-80.



Plk1l phosphorylates Numb at S265 and S284 in vitro
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Numb-S265 is phosphorylated in vivo in a Plkl dependent manner
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Numb degradation is enhanced by Plkl-associated kinase activity
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Plk1 phosphorylation of Numb results in its proteasome degradation
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Plk1l negatively regulates the Numb/p53 pathway

Plk1-KI MEFs
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Plk1l phosphorylation of Numb contributes to p53 degradation
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Cells expressing Numb-S265A/S284A are more sensitive to doxorubicin
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Cells expressing Numb-S265A/S284A are more sensitive to doxorubicin
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Tumors carrying Numb-S265A/S284A are more sensitive to chemotherapy
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Tumors carrying Numb-S265A/S284A are more sensitive to chemotherapy
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Working model
Publications: Shao et al., Oncogene 2018, 37, 810.

Tumors carrying a high level of PIk1l and WT p53
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