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Mitosis

The proper segregation of chromosomes is achieved by a sorting machine known as the mitotic spindle.
The spindle is composed of dynamic, self-assembling microtubules and molecular motors. We are
studying the dynamic interplay of these nanomachines as they sort out the chromosomes, so that each of
two nascent daughter cells gets a complete genome. Our approach is to integrate computer modeling with
live fluorescence microscopy, cryo-electron microscopy, and genetics. In our models we also simulate the
imaging process, an approach we call "model-convolution”, which facilitates hypothesis testing.
Understanding the mechanochemical basis of mitosis will give us more rational approaches to interfere
with mitosis, for example in cancer therapy and control of restenosis after stenting.

Cell Growth

Each cell type has a characteristic size, ranging from a few cubic micrometers for bacteria to 1000 cubic
micrometers for mammalian tissue cells. A key question is what controls cell size. We are studying how
mechanical force stimulates cell growth using neurons as our model system. Interestingly, neurons can be
induced to form axons de novo in response to appropriate levels of mechanical tension. In addition, we
are investigating how neurons respond to the mechanical stiffness of their environment. These studies will
give us a better understanding of how to promote nerve regeneration in vivo and engineer neural tissue in
vitro. In addition, they will provide us with new insight on the mechanochemical basis of environmental
stiffness sensing, which controls stem cell differentiation, and of cell polarization, which is required for
axon growth.

Microtubule Dynamics

The positioning of intracellular structures is determined largely by the organization of the cytoskeleton, a
collection of self-assembled protein filaments inside eukaryotic cells that serve as nanometer-scale
railroad tracks for molecular motors and their associated cargoes. A prime example is the movement of
DNA during mitosis. When cells divide, replicated chromosomes attach specifically to the ends of
cytoskeletal filaments called microtubules. Microtubules then undergo stochastic switching between rounds
of assembly and disassembly, which ultimately serves to mediate the movement of one chromosome to
one pole and the replicated sister chromosome to the other pole. My laboratory is interested in modelling
the kinetics and thermodynamics of microtubule assembly and disassembly, the dynamics of microtubule-
associated proteins, and the interplay between mechanical forces and chemical kinetics and
thermodynamics. In doing so we hope to better understand and control such seemingly diverse processes
as cell division and nerve regeneration, both of which require the reorganization of microtubules.
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