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EARNSHAW, William C.
Visiting Professor (Principal Research Fellow of the Wellcome Trust, Professor of Chromosome Dynamics, The University of Edinburgh)
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Studies of mitotic chromosome structure and function

We study three questions: What are the structural proteins of the mitotic
chromosome and kinetochore? How does chromatin provide an epigenetic
landscape permissive for kinetochore assembly? How does the
chromosomal passenger complex (CPC) regulate mitosis? In collaboration
with Juri Rappsilber we used a novel approach combining proteomics,
microarray and bioinformatic analyses to group known and unknown
chromosomal proteins into functional clusters. We correctly predicted the
functions of two novel chromosomal proteins and predicted based on an
unbiased machine-learning analysis that nearly 100 novel kinetochore
proteins remain to be cloned. Epigenetic engineering of the kinetochore
chromatin environment in a synthetic human artificial chromosome (HAC)
revealed that the histone modification H3K4me2 is essential for kinetochore
maintenance. H3K4me2 probably provides a chromatin ‘memory” promoting
low-level transcription of the kinetochore. Lastly, genetic studies of the CPC
revealed that INCENP can act as a rheostat to control the levels of Aurora B
kinase activity and that increasing levels of this activity are required during
mitotic progression.
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Figure - Left: Random Forest (RF) machine learning analysis separates training sets of chromo-
somal (red) from non-chromosomal (green) proteins. Right: Fifty unknown proteins run through the
RF analysis were cloned and tagged with GFP. This analysis has an >90% ability to separate
chromosomal from non-chromosomal proteins as shown in the pie charts (Lower). Random forest
analysis performed by Jimi-Carlo Bukowski-Wills in the Rappsilber lab.
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MARKO, John F.
Visiting Professor (Professor, Departments of Molecular Biosciences and Physics & Astronomy, Northwestern University, Evanston IL)
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Physics of large-scale DNA organization

Research Description

The processes by which chromosomes are read, repaired, duplicated and
segregated in cells involve large-scale physical reorganizations that can only
be fully understood in terms of driving forces and mechanical responses.
Our group is focused on the use of nanometer-scale position and piconew-
ton-scale force measurements to analyze the interactions of proteins with
DNA and to study large-scale chromosome folding. We use single-molecule
“magnetic tweezers” techniques to analyze folding and processing of indi-
vidual DNA molecules by proteins via studies of response of protein-DNA
complexes to forces and supercoiling, and we also isolate individual chro-
mosomes using cell microsurgery for micromechanical experiments. Main
directions for our research include studies of large-scale chromosome struc-
ture, functions of SMC protein complex, dynamics of nucleosomes in chro-
matin, mechanisms of topoisomerases and recombinases, and kinetic path-
ways for protein binding, unbinding, and target search on DNA.
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Graham et al, Nucl. Acids Res. (2011).

Figure - Left: Micromanipulation of human metaphase chromosome. Sun et al, Phys. Biol. (2011).
Right: 48.5 kb -DNA molecule bound by gfp-Fis, a bacterial chromosome protein, pulled by mag-
netic particle. Graham et al, Nucl. Acids Res. (2011).

Website: http://markolab.bmbcb.northwestern.edu/marko/
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