Introduction

The membranes that form the boundaries of cells and organelles are
not only crucial to biological function — over a third of the human
genome encodes membrane proteins, for example - but are
fascinating from a physical perspective.

Cellular membranes have remarkable material properties. They are
* Two-dimensional
 Flexible
* Fluid

-- characteristics made possible by the underlying lipid bilayer. My
lab explores these properties and their functional consequences...

We focus on the protein Sar1, part of the
COPII (Coat protein complex I1) that traffics
cargo from the ER to the Golgi:

* COPII vesicles: 60-80 nm, 5 proteins

« Sarl - small (= 3nm; 21.5 kDa), GTP-dependent
binding via an ipathic alpha helix; , }

recruits the other COPII proteins; the “master

regulator of COPII vesicle biogenesis*” [red, in the

cartoon at the right]

*Lee, M.C. & Miller, E.A. Semin. Cell. Der. Biol. 18: 424-434 (2007).

We use optical traps to deform lipid
membranes and measure membrane
rigidity the presence and absence of
membrane-binding trafficking proteins.

Method: Membrane tethers

* Lipid composition: similar to the
ER composition

* Large surface area, low tension
(like ER)

* Let go of bead: tether retracts to
lower the amount of curved T Tran B {1
membrane, pulling the bead. fomasm Sl Mlenallenrisn
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Trafficking Mechanics
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For many trafficking processes, the proteins involved, their structures,
and their biochemical interactions are fairly well known. However...

Vesicle trafficking:

Membrane-bound packages
transport cargo & information
between intracellular
organelles, and between the
cell interior & exterior

Vesicle Trafficking involves striking
changes of shape and form:

* Proteins associate with the lipid bilayer,
* recruit cargo,

* deform the membrane into a budding
vesicle,

* detach the vesicle,

« and ferry the cargo to its destination
where the reverse process occurs.

Very little is known about the mechanics of trafficking. Let’s
do something about this...

Analysis: Membrane tethers

* Knowing tether retraction force & radius - membrane rigidity

* (Almost — see paper for details)

* Measure tether radius (R); Measure retraction velocity (v)

* Force F = b x v; calc. drag coefficient (b) from velocity fluctuations.
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* Plotted: membrane rigidity vs. Sarl concentration.
* See paper for details, measurements of the (very small) spontaneous
curvature induced by the protein, etc.
Perspective
* What do we think about when we think about trafficking?
-- biochemical interactions (Sar1 localizes Sec23/24...)
-- scaffold construction (clathrin; BAR domains; Sec13/31)
-- New: active participants in controlling membrane material
properties.

Settles, Loftus, McKeown, and Parthasarathy. Biophys. J. 99, 1539-1545 (2010)

Membrane microrheology

“Everyone knows” that lipid b are two-di ional fluids — the ability of
membrane molecules to move and interact is crucial to cellular function — but what
does this fluidity really mean? Are membranes Newtonian fluids (as has been

), or hing more ? What is the rheology of lipid bilayers? This
has been strikingly under-explored!

In recent years, powerful microrheological methods have been developed that
relate the Brownian dynamics of tracer particles to the rheology of the material in
which they are embedded.

We apply passive microrheology to e
freestanding lipid bilayer membranes — e
the viscous modulus (G’(@)) and elastic L s
modulus (G”(w)) of the bilayer. i

(See paper for details).
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Elastic-dominated above some critical frequency!!
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Particle tracking microrheology is prone to lots of errors -
Controls:

*Measure known materials (glycerol, gellan gum)

*Test tracer particles of different sizes

eTest with si

! Shows T-dependent response, signature at T,, hence must
be reporting membrane properties

Other Projects

Motivation: Can membrane-
functionalization provide control of
colloidal interactions?

Method: optical traps + membrane-
functionalized particles i fil =1
Results: Tunable interactions. Insights into I =
the mystery of “like-charge attraction” < R -

Embryonic Development

Motivation: Biophysics at the many cell level. How do tissues, organs
form; what are their material properties? Need rapid 3D imaging.
Method: Light Sheet Microscopy + Zebrafish
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Lipid bilayers are viscoelastic ! )

A new picture.
Lipid Membranes = 2D cornstarch!
Viscoelasticity sensitive to chain
melting phase transition.
Consequences? o
Mechanical signaling, protein conformation changes at membranes?
Mechanism??
Chain entanglement? Lots to explore. (Composition; active rheology...)

Harland, C. W., Bradley, M. J., and Parthasarathy, R. “Phospholipid bilayers are viscoelastic.” Proc. Natl. Acad. Sci. (USA) 107: 19146 (2010).
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