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esearch in our laboratory aims to un-

derstand the molecular underpinnings

of biological systems and pathways at
multiple levels. We take a multidisciplinary
approach combining structural biology (x-
ray crystallography, electron microscopy),
biochemistry, biophysics (analytical ultracen-
trifugation, isothermal titration calorimetry,
surface plasmon resonance, etc.), chemical
biology, cell biology, and computational
methods to investigate the mechanisms that
underlie fundamental biological processes
at atomic, molecular, cellular, and systems
levels. Our current research efforts are mainly
directed towards the following areas:

Molecular basis of cell-cell communication
in development. Formation of multicellular
structures with specific biological functions,
such as tissues that manifest planar polarity,
entails intricate communication networks
whereby cells ‘talk’ to each other through
specific molecular interactions to coordinate
their activities and collectively form elaborate
multicellular structures. Planar polarity is a
property required for diverse developmental
processes that polarizes orientation and
behavior of cells across a tissue plane. Defects
in planar polarity are associated with a variety
of diseases, including cancer, polycystic
kidney disease, and neural tube defects. The
core components of planar polarity signaling
include Celsr adhesion GPCRs, which establish
polarized cell-cell junctions across proximal-
distal cell boundaries by recruiting distinct
molecular complexes to the membrane.
Ongoing work in our laboratory aims at
gaining structural insights into activation
mechanisms of the Celsr adhesion GPCRs
with respect to their ectodomain interactions,
propagation of conformational changes in
the receptor domains across the membrane,
and interaction of the receptors with their
downstream effectors.
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Structural basis for molecular interactions
regulating autophagy. Autophagy is an
evolutionarily conserved process through
which cells degrade and recycle unnecessary
components to produce new molecular
building blocks. As such, it is essential for
cellular and tissue homeostasis as well as cell
adaptation or survival under stress conditions.
Dysregulation of autophagy is implicated in
many pathological situations such as cancer,
diabetes, and neurodegenerative diseases.
The long-term goal of this line of research
is to gain an in-depth understanding of the
specific molecular interactions that drive
distinct steps in the process of autophagy. Our
current efforts focus on the autophagy factors
essential for autophagosome biogenesis and
autophagosome-vacuole fusion processes
in fission yeast, which will allow us to tease
apart species-specific as well as evolutionarily
conserved molecular interaction principles
that govern autophagy.

Structural basis for molecular interactions
regulating necrotic cell death. Cell death is a
crucial process during development, homeo-
stasis, and (patho)physiology of multicellular
organisms. An imbalance in cell death is linked
to many diseases: too much or too sensitive
cell death is associated with inflammatory and
degenerative diseases, whereas too little or
too insensitive cell death can promote cancer
and autoimmune diseases. Necrotic cell death
is morphologically characterized by cyto-
plasmic granulation and organelle swelling
followed by the loss of cell membrane integ-
rity and release of the cellular contents into
the surrounding extracellular space. During
regulated necrosis, stimulation of death recep-
tors induces formation of a supramolecular
signaling complex termed necrosome, which
translocates from cytosol to the plasma and
intracellular membranes and forms membrane
disrupting pores, thereby executing cell death.
Ongoing work in our labo-
ratory aims at elucidating
the structural basis for the
molecular interactions
that underlie membrane
disruption in necrosis. By
combining biochemical
and structural approaches,
we seek to characterize
120 the protein-protein and
protein-lipid interactions
required for necrotic
membrane disruption;
0 obtain structural mod-
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T 4 els for the membrane
disruptive molecular
machineries; and validate
our models using quan-
titative liposome- and
cell-based functional
assays. @
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