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A reminder on the cytoskeleton




Cytoskeletal Action During Cell Division




Cytoskeleton Mediated Mitosis

Show the movies in the Lecture 11 directory — see

http://www.bio.unc.edu/ facultx/ tsalmon/ lab/mitosis/mitosismovies.
stier
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Cell Division in Bacteria

Petra Levin

FtsZ rings during division



Actin Polymerization Rate in vitro




Actin and its Partners




Life at the Leading Edge
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Microtubule Dynamics: Part of the

Polymerization Puzzie




Microtubule Dynamics In Vitro
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Phase diagram of microtubules

Deborah Kuchnir Fygenson, Erez Braun,* and Albert Libchaber'
Physics Department, Princeton University, Princeton, New Jersey 08544
(Received 4 April 1994)

We map the phase diagram of mxcmtubulcs as a function of temperature and tubulin conccnlrahon

We observe and si leated At and
below the onsct of spontancous nucleation, we measure the steady-st of ied nu-
atastro e rate VS rOWt rate cleation sites and the distribution of lengths of site-nucleated mlcrmubules Our observations reveal a
L4 transition in the length dynamics of mucmlubules from bounded to growth. This i
is also evident in the length ics of i it The ition to spon-

taneous microtubule assembly completes the phase dlagtam We measure the temperature and concen-

Flyvbjerg et al., 1996

tration dependence of the latent time for sp

PACS number(s): 87.15. — v, 64.60.—i

L INTRODUCTION

The prou:in tubulin is found in every cell of every liv-
ing organism (with thc cxcep!lon of bacteria ) [1]. In the
P of phate (GTP) and i
um ions (Mg*7), tubulin-GTP complexes form (2] and ag-
gregate (3] into long, hollow cylinders called microt:

of mi les in the bulk.

draw attention [8]. Experimental control parameters i
clude temperature and tubulin concentration, as well
the pH of the soluuon, the presence of certain other pr

teins [mi d ins (MAP's)] [9], ar
the concentrations of GTP and Mg“‘ ions [10]. Of thes
the most biologically relevant is perhaps tl

MAP’s. However. to understand dynam

bules. Microtubules are about 25 nm in outer diameter,
incorporate 1625 tubulin dimers per micrometer of their
length (4] and easily grow long enough to span a cell
(10-100 pm). In the cell, microtubules form a network
that supports the overall structure and guides internal

instability the concentration of tubulin has been the pr
ferred variable, since it affects the growth velocity but n
the hydrolysis of GTP.

In the work described here, we vary both temperatu
and tubulin concentration and map the phase diagram

t t [5). Fund: I cellular like

bule growth. We study both spontaneously n

I morph is, and reproduction, rely on

cleated assembly and growth from nucleation sites [1!
The iting phase di: is shown in Fig. 2.

the ability of microtubules to change their or
This ability derives from a unique feature of microtubule
assembly called dynamic instability [6).

The term dynamic instability describes the fact that in-
dividual microtubules are dynamic structures that "ul.lll-
ate erratically between ing and di
These i ions are not mi, ic; they often involve
most or all of the microtubule. A typical plot of the
lenglh of a single microtubule over time is shown in Fig.

. This lled ic instability d ds on the hy-
dro]ySIs reaction which turns the GTP of the tubulin-
GTP lex into di-phosph (GDP) and

releases energy (~ 8k7/reaction} [7].

Dynamic instability has been the subject of research
for the past decade. The key element of all models is a
competition between growth and the process of hydro-
lysis, often considered in terms of a growth front and a
possible hydrolysis front. Crudely, when the hydrolysis
front overtakes the growth front, the microtubule struc-
ture The ion of exactly how the
hydrolysis and growth i are coupl to

“Present address: Department of Physics, Technion, Haifa, Is-
rael.

*Also at NEC R h Institute, 4 Way, Prince-
ton, NJ 08540.
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At low temperatures, microtubules only grow from n
cleating sites. For a range of temperatures, a steady sta
is reached in which only a fraction of the sites have n
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FIG. 1. A typical time series of the length of a single mict
tubule. The velocities of growth range between 1.6 and I
pm/min (40-65 dimers/sec), while the velocities of shorteni
arc 10 times faster. The tmnsmons from growth to shorteni
are called ph from sk ing to grow
are called rescues.
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The Story of ParM

(Dyche Mullins et al.)



ParM Length Distribution

Mullins et al., Science 2004
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Polymerization of Pyrene Labeled

Actin

Lim et al., Science 2004



