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Project background

Mitosis is controlled by the major mitotic kinase CDK1 and its regulatory partner, Cyclin B. There are two B-type
cyclins in vertebrate cells: Cyclins B1 and B2. Cyclin B1 is essential but the role of Cyclin B2 is controversial. Using
CRISPR/Cas9 gene editing, this project will investigate the role of Cyclin B2 in cell division and genome stability.

In my research group, we originally showed that Cyclin B2 localises to the Golgi apparatus and promotes its
disassembly in mitosis, whereas Cyclin B1 was able to reorganise the whole intracellular architecture. This more
circumscribed role of Cyclin B2 agreed with the results of genetic knockouts in the mouse, where Cyclin B1 is
essential for cell division but Cyclin B2 loss only results in a reduced litter size. More recent studies, however, have
reported more important roles for Cyclin B2 in genomic stability, including regulating centrosome separation; MAD2-
dependent recruitment to the kinetochore to regulate chromosome segregation; inhibiting separase; and functionally
replacing Cyclin B1 in somatic cells. Increased levels of Cyclin B2 are also associated with poor prognosis in a
variety of cancers.

This multi-disciplinary project will combine cell biology, biochemistry and proteomics, with a strong emphasis on
quantification for the fluorescence time-lapse microscopy and proteomics data.



Project aims

To determine the role of Cyclin B2 in somatic cell division by:

e Tagging endogenous Cyclin B2 and determining its localisation and stability through the cell cycle
e |dentifying the interactome of Cyclin B2 in the presence and absence of Cyclin B1

e Determining the extent to which Cyclin B1 and Cyclin B2 can substitute for each other

e Determining the effect of increased levels of Cyclin B2 on genomic stability

Research proposal

Experimental approaches:

We will use CRISPR/Cas9 gene editing to introduce a fluorescent protein, an epitope tag, or a mini-auxin-inducible
degron (AID) into the endogenous Cyclin B2 protein. The fluorescent protein tag will be inserted between the
unstructured N-terminus and the first cyclin fold, which has been shown to preserve all the properties of B-type
cyclins in fission yeast. We will characterise the behaviour of the tagged Cyclin B2 through the cell cycle and
determine its localisation and the timing of its degradation. This will require quantitative fluorescence microscopy.

With the AID-tagged Cyclin B2 we will analyse the behaviour of cells in which Cyclin B2 is rapidly depleted at
specific points in the cell cycle. We will visualise different cytoskeletal elements in the cell using Golgi, ER and
microtubule-targeted fluorescent probes. We will also AID-tag Cyclin B1 in the genetic background of fluorescently-
tagged Cyclin B2 to determine whether Cyclin B2 can compensate for Cyclin B1 and whether it changes its
subcellular localisation to do so.

In parallel with these cell biological studies, we will use CRISPR/Cas9 gene editing to introduce a biotin ligase tag
into the Cyclin B2 locus in the genetic background of wild type and AID-Cyclin B1 cells. We will use these cell lines
to perform BiolD labelling to determine the interactome of Cyclin B2 in the presence and absence of Cyclin B1
through the cell cycle. This will give further insight into the degree of specialisation and redundancy between the two
B-type cyclins. Proteins interacting specifically with Cyclin B2, and proteins that only interact in the absence of
Cyclin B1, will be prioritised for further characterisation.

Depending on the results of these analyses, we may find that Cyclin B2 is indeed primarily associated with the
membrane compartment. If so, we will identify the region of Cyclin B2 required to bind to this compartment and
determine how preventing membrane binding alters Cyclin B2’s properties. Membrane association would also raise
the intriguing proposition that Cyclin B2-CDK1 complexes would be mostly under the control of the MYT1 kinase that
is ER-associated, rather than WEEL that is mostly nuclear. Cells have been shown to be particularly reliant on

MYT1 to prevent premature mitosis when Cyclin E is overexpressed, and we will characterise the behaviour of
Cyclin B2 in cells over-expressing Cyclin E. We will compare this to the effect on cell division of over-expressing
Cyclin B2 itself and whether this can contribute to tumourigenesis.
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Candidate profile

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1).
Pre-requisite qualifications of applicants: Bachelor’'s degree in biological science

Intended learning outcomes:
o Proper experimental design: concept of the assay and the control

e Quantitative data analysis and interpretation
e CRISPR/Cas9 gene editing
e Time-lapse fluorescence microscopy

e Protein biochemistry (affinity purification, protein kinase assays, interaction mapping by mass spectroscopy)
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