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Research accomplishments and interests

Force generation by actin polymerization

Actin polymerization adjacent to the cell membrane provides the propulsive force for nu-
merous types of cell motility. | have developed an in vitro model system of protein coated
membrane bilayer vesicles to reconstitute actin polymerization based movement. The defor-
mations of the moving vesicles (with known mechanical properties) provide a measure of the
spatiotemporal distribution of forces. | am developing a microfluidics based method to encap-
sulate actin and other proteins into bilayer vesicles as a model for actin polymerization inside
a cell.

Cell polarization

Establishment of cell polarity is an essential component of cell motility and embryogenesis.
Yeast cells polarize and bud at a single site on the cell membrane by accumulation of proteins
in a spatially localized patch. | have started a new line of research on yeast cells using ge-
netic techniques and fluorescence imaging of protein dynamics supplemented by quantitative
modeling to study the basic mechanisms behind the initial stages of polarization.

Directional sensing in cells

The ability of cells to orient toward an external chemical gradient is important for many bi-
ological processes. In collaboration with M. Poznansky (Harvard Medical School), | have
developed quantitative measures to characterize directed motion of human neutrophils in pre-
cise chemoattractant gradients prepared using microfluidic devices. | am currently developing
microfluidic devices to study the directional response of yeast cells to pheromone gradients.

Surface and elastic forces in developing tissues

Forces arising from surface adhesion and elasticity play an important role in morphogenesis.

| have studied the dynamics of spreading of multicellular aggregates on adhesive substrates
and of one tissue type over another. | have also quantified the motion of cells in aggregates
undergoing adhesion driven rearrangements using a statistical mechanical framework. Tissue
growth during development generates elastic stresses that can have dramatic effects on cellular
rearrangements and tissue shape. In collaboration with M. Brenner (Harvard) and B. Nguyen
(UC Irvine), | have studied the role of elasticity and adhesion in controlling the shape of
growing yeast colonies as a simple paradigm for developing tissues.

Mechanical properties of membrane nanotubes

Intracellular membranes such as Endoplasmic Reticulum (ER) and Golgi form networks of

membrane nanotubes. The physical properties of the networks are critical for membrane
traffic between these structures. | have used optical trapping and high resolution microscopy
to measure the membrane tension of tubules in reconstituted networks of ER and Golgi.

Biological springs

Vorticella is a protozoan with a highly contractile, polymeric stalk that contracts by a calcium
dependent mechanism. Using high speed microscopy, | have characterized the contractile
force and velocity of Vorticella and shown that it does not behave like a simple spring.
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Recent Invited Talks

e Biocomplexity Workshop, University of Notre Dame, 2002.

e Department of Applied Mathematics and Theoretical Physics, Cambridge University, 2002.

e Computation in Cell Biology, ASCB Meeting, San Francisco, 2002.

¢ National Center of Biological Sciences, Bangalore, 2002.

e Theory Division, Los Alamos National Laboratory, 2003.

e Boston Complex Fluids Society Meeting, U. Mass. Boston 2003.

e Department of Physics, University of Pennsylvania, 2003.

e Department of Physics, Indian Institute of Science, Bangalore 2004.

e Department of Mechanical Engineering, Massachusetts Institute of Technology, 2004.
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