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Class Organization

e [iny Workhorses Project

Motor Protein | Grad Student

Actin Alex
Dynein Adam
FOF1-ATPase  Brian
Kinesin Kevin
Myosin | Grier
Prestin Evan
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Cell Movement
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First Movements...
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Important Movements

e Development

e Contraction of Cells

e Elongation of Neurons

* Migration of cells

e Flagella and cilia

e Cytokinesis

e Active Intracellular Transport
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Cytoskeleton
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http://www.sfu.ca/~boal/moc.html

CSK players

Actin Microtubules (MT) Intermediate Filaments (IF)
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Actin

Stress Fibers &
Focal Adhesions

ACTIN FILAMENTS Lamellipodia
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Actin filaments (also known as rmicrofilaments) are two-stranded helical
palymers of the protein actin. They appear as flexible structures, with a
diameter of 53 nm, and they are organized into a variety of linear bundles,
two-dimensional metworks, and three-dimensional gels. Although actin
filaments are dispersed throughout the cell, they are most highly
concentrated in the corfex, just baneath the plasma membranea.

Micrographs courtesy of Rogper Craig 0 and iv); PT. Matsudaira and DR, Burgess il Keith Barridge (iii).

Microvilli Myofibrils



3 Jo} SHIIoMaWDI] [DD

si9aulibu

Microtubules

MICROTUBULES

25 nm
Microtubules are long, hollow cylinders made of the protein tubulin. With an
outer diameter of 25 nm, they are much more rigid than actin filaments,
Microtubules are long and straight and typically have one end attached to &
single microtubule-organizing center (IMTOC) called a centrosome, as shown
heriz,

Blirranranks randeew SF Birhaed Wads 00 0 T Waadrses snd AW 1 inel dile Danid Shima i & Naeai The

Star-Like Mitotic Spindle
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25 nm

1 are ropelike fibers with a diameter of around

10 nm; they are made of intermediate filament proteins, which constitute a
large and heterogenecus family. One type of intermediate filament forms a
mieshwork called the nuclear lamina just beneath the inner nuclear
miambrane. Other types extend across the cytoplasm, giving cells mechanical
gtrength. In an apithelial tissue, they span the cytoplagm from one cell-call
Junction to another, thereby strengthening the entire epithalium.

Micrographs courtesy of Roy Quinlan {ij; Mancy L. Kedersha fiil; Mary Oshaoren (iii}; Ueli Ashi (i),
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Mechanism of Movement

Polarization... Protrusion... Traction...
Retraction...

- . ‘ .
” - > -
Nikon ’

Live-Cell Digital Video Imaging
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Axon Movement
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Polarization
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Focal Adhesions

sloauibug 1o} s lomauwipi4 [pD

|||||||||||

M WASHINGTON



si@aulbug Jo} HIomawniy [Pl

Motor Proteins

detached
MINUS microtubule PLUS hydrolysis
END END cycle
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Motor Proteins

Myosin complex

Acrin Helix

@
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Activation
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Actin network, <Rt

Microtubules
Stress libers
Forces on SUbSTale s——
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Some regulators of
tocal adhesion turnover - a"‘rﬂalmn’ﬂum

Bro Microtubules
Calpain Riac/FRho

BY MLCK

INACTIVE STATE:
(light chains not phosphorylated)

(A}

actin-binding site
U/,:

-
SPONTANEOQUS

SELF-ASSEMBLY bipolar filament

of 15-20 molecules

— myosin tail released

ACTIVE STATE
(light chains phosphorylated)
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. Assembly / Disassembly

ON RATES AND OFF RATES @ .-f.
A linear polymer of protein molecules, such @Wﬁ O
as an actin filament or a microtubule, @ .

assembles {polymerizes) and disassembles

[depolymerizes) by the addition and remowval . .

of subunits at the ends of the polymer. The Critical Concentration
rate of addition of these subunits {called
monomers) is given by the rate constant k,,
which has units of M sec™). The rate of loss

h C = conc. of free subunits

ig given by k. (units of sec™ ).
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polymer (with n subunits) subunit # Added tO fllament - kOI’l * C
+ i # Removed to filament = K
3 *L“I b As filament grows, C drops until it
o i reaches a critical value, C_ (critical
5' ol it 1 ubnita) concentration). At this equilibrium:
8 K Kk
* C -

wn M =mol /L > o

> Cc=Ky /Ky,
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Assembly / Disassembly

at different rates. The fast-growing end is called the plus end,
whereas the slow-growing end is called the minus end. The

PLUS AND MINUS ENDS ‘ '
Thelmru ends of an actin fi|E|rI"IE'I.'II or mi:l:rmubule polymerize A < < < é """"" { < < e

difference in the rates of growth at the two ends is made
possible by changes in the conformation of each subunit as
it enters the polymer.

subumnit in
D ——— ]
:ul:}uml polymer

This conformational change affects the rates at which subunits add to
the two ends.

Even though k,, and ksp will have different values for the plus and
minus ends of the polymer, their ratio k g’k —and hence C —must be
the same at both ends for a simple polymerization reaction (no ATP or
GTFP hydrolysis). This is because exactly the same subunit interactions
are broken when a subunit is lost at either end, and the final state of

mine < """" G g™

the subunit after dissociation is identical. Therefore, the AG for subunit
loss, which determines the equilibrium constant for its association with
the end, is identical at both ends: if the plus end grows four times faster
than the minus end, it must also shrink four times faster. Thus, for C> C,
both ends grow; for C< C, both ends shrink.

The nucleoside triphosphate hydrolysis that accompanies actin and
tubulin polymerization removes this constraint.



Assembly / Disassembly
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MT Instabillity

GTP-tubulin dimer

exchangeable GTP

straight protofilament

GTP HYDROLYSIS CHANGES SUBUNIT CONFORMATION
AND WEAKENS BOND IN THE POLYMER

curved protofilament

DEPOLYMERIZATION

|
GDP-GTP EXCHANGE

oG-

GTP cap

less stable
region of
microtubule
containing
GDP-tubulin
dimers
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Axoneme

(A)

outer dynein arm

; nexin
central singlet

microtubule

plasma membrane
inner dynein arm

(B)
L A microtubule B microtubule |

outer doublet microtubule
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Dynein Bending

linking
proteins

. 5
(A} INISOLATED DOLUBLET iB) IN NORMAL
MICROTUBLILES: DYMNEIN FLAGELLUM: DYMEIN
PRODUCES CALSES MICROTUBLILE
MICROTUBLLE SLIDING BENDING
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Muscle

Muscles

Muscle Cells
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Contraction
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