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ABSTRACT

The subject of this thesis is an unusual protein polymer, essential to
life in all eukaryotic (nucleus-bearing) cells, known as a microtubule.
Microtubules are especially interesting because they exhibit dynamic
instability, a process in which chemical energy (GTP-hydrolysis) is converted
into macroscopic length fluctuations.

Tubulin, the constituent protein of microtubules, was purified from
cow brain. Its assembly into microtubules was observed in real time under
the light microscope using video-enhanced DIC microscopy. The chemical
condition of the aqueous environment and the temperature were varied.

This thesis presents the phase diagram of microtubule self-assembly
and length dynamics over a wide range of temperatures (10-40°C) and tubulin
concentrations (6-60uM). Both heterogeneous and homogeneous nucleation
are investigated and a qualitative transition in the length dynamics, from
bounded to unbounded growth, is documented. In addition, the stabilizing
effect of glycerol is explored. Of the many observations, the effect of
temperature on the frequency of fluctuations between assembly and
disassembly is particularly noteworthy since it is not explicable by current
models for dynamic instability. A new model is called for in which
destabilization of the microtubule is uncoupled from the growth rate at low
temperatures and strongly coupled to it at high temperatures. The
intermittent “zippering” of a tubulin sheet into a microtubule is suggested as
a possible destabilizing mechanism.

The experimental control over microtubules given by the phase
diagram permits the use of microtubules far from their native environment.
In the second part of this thesis, microtubules are used to create a simple

model system for studying biological morphogenesis and force generation.
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Tubulin is encapsulated within phospholipid vesicles at low temperatures.
Microtubules assemble when the temperature is raised and the vesicles are
observed under the light microscope. The microtubules deform near-
spherical membranes through a specific, reversible and unusual sequence of
shaPes. Their polymerization exerts a force of several picoNewtons on the
membrane which, in turn, often results in the buckling of the microtubules
themselves. The possibility of a thermal ratchet mechanism for force

generation is discussed.
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