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Class Organization

e Exam 1 due tfoday
e Homework 4 due on Fri
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Cytoskeleton

e Three fundamental flaments

C

Actin Microtubules (MT) Intermediate Filaments (IF)
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. Cells Have Dynamic Structure

Cell Crawling
Phagocytosis
Cytokinesis

Muscle contraction
Gastrulation

Top left: mouse fibroblasts in scratch wound assay (3h).
Top right: mouse melanoma cell (20min).

Bottom left: a chick fibroblasts (2h).

Bottom right: trout epidermal keratocyte (4min).
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Polymerization of Subunits

e Assembly/disassembly
of monomers subunits

2

4% actin subunits in filaments
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nucleation
{lag phase)
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steady state
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Actin

 Most versatile and abundant protein of cells

* G-actin: 375 amino acids, 42 kDa Stress Fibers &

Focal Adhesions

. 25 nm :

Actin filaments (also known as microfilaments) are two-stranded helical
polymers of the protein actin. They appear as flexible structures, with a
diameter of 5-9 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
concantrated in the corfes, just benaath the plasma membrane.

Micrographs courtesy of Rogper Craig (i and iv); PT. Matsudaira and D.R. Burgess {iil; Keith Elllriclgﬂwl'l

icrovilli Myofibrils
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Actin Assembly
e Assembly is regulated by ATP binding.

(A)

actin molecule s s

plus end

(B)

e Six major isoforms of actin found In
different fissue that differ by their N-

terminal sequence
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ACTIN
Binding
Proteins

C) Crosslinking ®

D) Disruption
E) Regulation

a Monomer treadmilling

o

> ADP-@®-actin
ATP-actin

& ADP-actin ¢ AlP
ADP

b Nucleation

FH1 {proflin \ Formin

binding)
\:ﬁ FH? (actin-

binding)

o \"'%’:4
d Capping/severing

(e T s

Capping (CAPZa/B)

) l‘_¢ ? Capping/severing

(gelselin)

£ Sr.w.‘rmg
(cofilin)
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Dephosphorylated %
cofilin {active) Y

cae .z

complex

%Coﬁlin ADP-actin

€ Crosslinking/bundling

T R
Side binding
(tropomysin)

Gelating (hlamin)
Bundling
{et-actinin (loose),
fimbrin (tight))

e Upstream regulation

Phosphorylated
coﬁlm (inactive)

Phosphalaws

i Klnasc

DADP-G actin

T : Q(_o lin

Cofilin-mediated

depolymerization oF
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Copyright © 2006 Nature Publishing Group
Nature Reviews | Microbiology



Rapid response of actin

fimbrin, w-actinin

activated gelsolin 1

SIGNAL- SIGNAL- BUNDLING AND
MEDIATED MEDIATED CROSS-LINKING OF
. Ca** INFLUX " :\ SLOWRISEIN /. 7 \ SCACTIN FILAMENTS 7/
./ - ACTIVATES / ..’ e [ *_""\ PIP,ACTIVATES / AND MYOSIN
. \ GELSOLIN . x « * A2\ GEsoUN CONTRACTION,
.-—"‘". — o ‘e | — | —
pool of actin YR .x\.. \
00 i > \
_ T~ monomers \ J . \ - .' \
3 bound to profilin ~_® 7/
‘\“--.__..-— \m___:f”/ \ L =
actin filaments capped severed actin filaments gelsolin and capping 2 "
by capping protein in capped mostly by Ca®*-activated protein removed, and rapid activated platelet
unactivated blood gelsolin and some capping actin filament growth &/ spreads out, attaches to
platelet protein from many short fragments S blood clot, and contracts
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Microtubules

e Hollow, stiff flaments that direct traffic
e Tubulin: 50 kDa

MICROTUBULES

0. ; :
{ Bl
.

Cilia (axoneme)

25 nm
Microtubules are long, hollow cylinders made of the protein tubulin. With an
outer diameter of 25 nm, they are much mone ngid than actin filaments,
Microtubules are long and straight and typically have one end attached to &
single microtubule-organizing center (MTOC) called a centrosome, as shown
here,
Micrographs courtesy of Richard Wade {i): D, T. Woodnow and BLW, Linck {ii); David Shima Giil: & .

Star-Like Mitotic Spindle ..
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(D)

B
50 nm
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dp

(C) microtubule

o
tubulin heterodimer

(= microtubule subunit)

protofilament
{B)

tubule Assembly

f-tubulin
a-tubulin
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e Heterodimers of a-tubulin an
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Microtubule Instabllity

CHO Cytoplast
with
Centrosome
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Infermediate Filaments

e Defines cell shape and mechanical properties

e Major types: lamins, vimentin, desmin, keratins,
neurofilaments.

INTERMEDIATE FILAMENTS

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 heterogeneous family. One type of intermediate filament forms a
mieshwork called the nuclear lamina just beneath the inner nuclear
membrane. Other types extend across the cytoplasm, giving cells mechanical
gtrength. In an epithelial tissue, they span the cytoplasm from one cell-cell
Junction ta another, thereby strengthening the entire apithelivm.

Micrographs courtesy of Roy Quinlan {i}; Mancy L. Kadersha (ii); Mary Dshorn (id}; Ueli Asbi (i

Axons Nuclear Lamina

v [ —

(neurofilaments)
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{A)

a-helical region in monomer

COOH

NH;

8)

coiled-coil dimer
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48 nm

IF Assembly
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eight tetramers twisted into a ropelike filament

10 nm



Cytoskeletal Cross-linking

e Infermediate filaments (blue), plectin
(green), Microtubules (red), anti-plectin
labelled gold particles (yellow)
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Cytoskeletal Crosslinking

o Stiff polymer filaments form a soft cell

5-9 nm W’W M
E ~ GPa Ix o |
I |
9
o
Intermediate 10 nm JUUUY H\

Filament £ _ vpa N

Microtubule

3-10 nm

i I
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Molecular Motors

trailing Ir:a::&ng

head

MINUS microtubule PLUS hydrolysis
END END cycle

1A)  KINESIN

L

@ ryasin
POWE

i aiek

actin filament

MINLIS PLUS
hydrolysis
L END cycle
{B)  MYODSIN
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http://www.youtube.com/watch?v=FJ4N0iSeR8U
http://www.youtube.com/watch?v=FJ4N0iSeR8U

actin filament

minus plus
and and
myosin head
0
)
-
q - 0 ain
Q Myosin complex A‘;"')'"\'u thick flament
ACHIVATION
Acrin Helix
m l HYDROLYSIS
i Tropomyosin
.
(7]
(@)
-
m
=
8 POWER STROKE
. e oo
(7]

ATTACHED At the start of the cycle shown in this
figure, a myocsin head lacking a bound nuclectida is
locked tightly onto an actin filament in a rmgor
configuration {so named because it is responsible for
rigor maortis, the rigidity of death). In an actively
contracting muscle, this state is very short-lived, baing
rapidly terminated by the binding of 8 molecule of ATP.

RELEASED A molecule of ATP binds to the large cleft
on the "back” of the haad (that is, on the side furthest
from the actin filament} and immediately causes a slight
change in the conformation of the domains that make up
the actin-binding site. This reduces the affinity of the
head for actin and allows it to mowve along the filament.
(The space drawn here betwesn the head and actin
emphasizes this change, although in reality the head
probably remains very close to the actin.}

COCKED The cleft closes like a clam shell around the
ATP moleculs, triggering a large shape change that
causes the head to be displaced along the filament by a
distance of about & nm. Hydrolysis of ATF occurs, but the
ADFP and inorganic phosphate (P} produced remain
tightly bound to the protein.

FORCE-GEMNERATING A weak binding of the myosin
head to a new site on the actin filament causes release of
the incrganic phosphate produced by ATP hydrolysis,
concomitantly with the tight binding of the head to actin
This releass triggers the power stroke—the force-
generating change in shape during which the head
regaing its original conformation. In the course of the
power stroke, the head loses its bound ADP, thereby
returning to the start of a new cycle.

ATTACHED At the end of the cycle, the myosin head is
again locked tightly to the actin filament im a rigor
configuration. Naote that the head has moved to 8 new
position on the actin filament.
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Sarcomeres

Muscles

Muscle

titin M lime:

W Cap Z tropomodulin
T L e e ST

http://www.youtube.com
/watch?v=ren_|IQPOhJc

aN L
plus end . minug end
of actin nebulin actin (thin filament)
filament

A band I band
Dark band Light
1

band

myosin (thick filamant]



http://www.ebsa.org/npbsn41/pictures/sarcomere.gif
http://www.ebsa.org/npbsn41/pictures/sarcomere.gif
http://www.youtube.com/watch?v=ren_IQPOhJc
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Plasma membrane

1& Rho Family GTPases o

6. (v G?P |;DP
0 Aninteresting discovery by Anne

—, Ridley and Alan Hall while studying (ofrwcor @ Eectors
3 the oncogene ras...
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Rho and Rac Effectors

e Rho promotes CSK tension and Rac helps migration
and cell elongation
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Stress Fibers
e Transient bundled structures

L4 S
\
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Cell edge

@ Focal adhesion

© G-actin
u F-actin

W «a-actinin

\ Myosin Il

e Myosin light chain

Current Opinion in Cell Biology

actin-binding site
/

3 1O} SHIOMaWDIS [P

myosin light chains v
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° PHOSPHORYLATION SPONTANEOUS
BY MLCK SELF-ASSEMBLY bipolar filament

of 15-20 molecules

— myosin tail released
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INACTIVE STATE: ACTIVE STATE
(light chains not phosphorylated) (light chains phosphorylated)
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Filopodium

. Adhesion sites
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http://scienceblogs.com/transcript/upload/2006/07/emfig2.jpg
http://scienceblogs.com/transcript/upload/2006/07/emfig2.jpg
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