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Dynamic Structure
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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). 3
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Polymerization of Subunits

Assembly/Disassembly of Monomers Subunits

Treadmilling of monomers keeps a flux of
subunits but a steady-stead length.
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ON RATES AND OFF RATES

A linear polymer of protein molecules, such
as an actin filament or a microtubule,
assembles (polymerizes) and disassembles
[depolymerizes) by the addition and removal
of subunits at the ends of the polymer, The
rate of addition of these subunits (called
monomers) is given by tha rate constant &,
which has units of M~ sec™". The rate of loss
is given by k.y (units of sec™').
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Adenosine & Guanosine Triphosphate

Hydrolysis of ATP or GTP is coupled to cytoskeletal
assembly
ATP + H,0 > ADP + Pi
GTP +H,0 > GDP + Pi

phosphoanhydride bonds
1

ATP, GTP synthesized in 008, GO
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Actin

Most versatile and abundant protein of cells
G-actin: 375 amino acids, 42 kDa

Stress Fibers &
Focal Adhesions

ACTIN FILAMENTS Lamellipodia

100 nm
Stress
Fibers

25 nm

diamaeter r..-f Fl nm, anrj thr W are nr_;Jru..r'r.i |n1n ] u'i!rH.r'g.- af linear bundles,
two-dimensional networks, and three-dimensional gals. Although actin
filaments are dispersed throughout the cell, they are most highly
concentrated in the corfex, just beneath the plasma membranea.

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

Microvilli Myofibrils



Actin
Assembly is regulated by ATP binding
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Six major isoforms of actin found in different
tissue that differ by their N-terminal sequence



a Monomer treadmilling
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Rapid response of actin

fimbrin, w-actinin

| . .
—i fllz?mm

activated gelsolin

SIGNAL- SIGNAL- BUNDLING AND
MEDIATED P MEDIATED o~ - CROSS-LINKING OF
Ca® INFLUX 3 SLOWRISEIN S.ACTIN FILAMENTS ,
ACTIVATES / \ PIP, ACTIVATES |, \ AND MYOSIN /
\ GELSOLIN |CONTRACTION4,‘

~— monomers :
bound to profilin

actin filaments capped severed actin filaments gelsolin and capping z
by capping protein in capped mostly by Ca®*-activated protein removed, and rapid I/ activated platelet
unactivated blood gelsolin and some capping actin filament growth '/ spreads out, attaches to
platelet i from many short fragments bt blood clot, and contracts
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Microtubules

Hollow, stiff filaments that direct traffic
Tubulin: 5o kDa

Cilia (axoneme)

MICROTUBULES
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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,

Star-Like Mitotic Spindle
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Microtubule Assembly

Heterodimers of a-tubulin and B-tubulin

f-tubulin

tubulin heterodimer
(= microtubule subunit)

protofilament
\

a-tubulin (C) microtubule

50 nm
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Dynamic
Instability

Free ends
abruptly
alternate
between
assembly &
catastrophe
phases.

[T =

l rapid growth with GTP-capped end
IO —-—
1 accidental loss of GTPcap ~ CATASTROPHE

COO0 ¢

‘ rapid shrinkage

OO0 =

RESCUE

l regain of GTP cap

00 -

l rapid growth with GTP-capped end
[ JDOCHE -

l etc.
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GTP-tubulin dimer
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straight protofilament

GTP HYDROLYSIS CHANGES SUBUNIT CONFORMATION
AND WEAKENS BOND IN THE POLYMER
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curved protofilament
i DEPOLYMERIZATION
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GDP- GTP EXCHANGE
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Intermediate Filaments

Defines cell shape and mechanical properties
Major types: lamins, vimentin, desmin, keratins,
neurOfilamentS' Strength (vimentin, desmin)

INTERMEDIATE FILAMENTS

100 mm

| |
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
migmbrane. Other types extend across the cytoplasm, giving cells mechanical
gtrength. In an epithelial oplasm from one cell-cell
Junction to another, ther

Axons Nuclear Lamina
(neurofilaments)
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Coiled-Coil Dimer

coiled-coil dimer

48 nm

0.1 um l\g—‘
2 COOH COOH

staggered tetramer of two coiled-coil dimers

eight tetramers twisted into a ropelike filament
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CSK Cross-linking

Intermgdiate filaments (blue), plectin (green),
Microtubules (red), anti-plectin labelled gold
particles (yellow)
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Cytoskeletal disruption drugs
ACTIN-SPECIFIC DRUGS

Phalloidin binds and stabilizes filaments
Cytochalasin caps filament plus ends

Latrunculin binds subunits and prevents their
polymerization

MICROTUBULE-SPECIFIC DRUGS

Taxol binds and stabilizes microtubules
Colchicine binds subunits and prevents polymerization
Nocodazole binds subunits and prevents polymerization

16



Simple cellular biomechanics

Intermediate |————-—,
Filament |

Microtubule
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Molecular Motors
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Kinesin & Dynein

IN ISOLATED DOUBLET
MICROTUBLULES: DYMNEIN
PRODUCES
MICROTUBULE SLIDING

IN NORMAL
FLAGELLU YMNEIN
CALUSES MICROTUBULE
BENDING
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Myosin complex

Acrin Helix

actin filament

myoasin head

with
ATPase

myasin
thick filament

ACHIVATION

Tropomyosin

l HYDROLYSIS

POWER STROKE

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 kinds 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 move 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 ATP occurs, but the
ADFP and inorganic phosphate (P} produced remain
tightly bound to the protein.

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

ATTACHED At the end of the cycle, the myosin head is
again locked tightly to the actin filament im a rigor
configuration. Mote that the head has mowved to 8 new
poeition on the actin filament.




Sarcomeres

Myofibril

Aband I band
Dark band nght band

Bundle of
muscle fibers

'-”i“o\nl m&: Lot ii ii

M lima myosin (thick filament)
tropomodulin /

N ;
plis end ! minig end !
of actin nabulin actin {thin filament}
filament



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

Stress Fibers
Transient bundled structures

Cell edge

myosin light chains

PHOSPHORYLATION

BY MLCK
N\

D

INACTIVE STATE
(light chains not phosphorylated)

(A)

@ Focal adhesion

© G-actin

¥ o-actinin

\ Myosin Il

e Myosin light chain

Current Opinion in Cell Biology

S RRR———Te
SPONTANEOUS
SELF-ASSEMBLY bipolar filament

of 15-20 molecules

myosin tail released

ACTIVE STATE
(light chains phosphorylated)
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Filopodium

Lamellapodia &
Filopodia

. Adhesion sites

Stressfiber

Protrusion

ion

Retract


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

Plasma membrane

Rho Family GTPases

An int iIscovery by Anne
Ridley and Alan Hall while e
studying the oncogene ras...

actin staining

(C) Rac ACTIVATION (D) Cdca2 ACTIVATION

20 ym
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Rho and Rac Effectors

Rho promotes CSK tension and Rac helps
migration and cell elongation
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