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Chapter 9

The Cytoskeleton and Cell Motility



9.1 | Overview of the Cytoskeleton

= Properties of Cytoskeletal Components
wdaall _',\E_Al

= Cytoskeleton: “skeletal system” of a eukaryotic cell
=" Composed of three filamentous structures:

* Microtubules

* Actin filaments

* Intermediate filaments
H'\Qro?'\\o\wwv}S Tnterwediake. Blamon WMicrotuoules

kl\ crin ?i \uvmwjf%-) LK‘I"I“--\V\)
(Actin)
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9.1 | Overview of the Cytoskeleton (1 of 2)

Properties of Cytoskeletal Components

TABLE 9.1 Properties of Microtubules, Intermediate Filaments, and Actin Filaments

Subunits incorporated into polymer

Microtubules

GTP-aB-tubulin heterodimer

Intermediate filaments

~70 different proteins, likely
incorporated as tetramers

Actin filaments

ATP-actin monomers

Preferential site of incorporation + End (B-tubulin) Internal + End (barbed)
Polarity Yes No Yes
Enzymatic activity — (e 3% ¢35\ GTPase None ATPase
Motor proteins Kinesins, dyneins None Myosins

. Gasloe OURS) | . . L .
Major group of associated proteins MAPs Plakins Actin-binding proteins

Structure Stiff, hollow, inextensible tube Tough, flexible, extensible Flexible, inextensible helical filament
filament

Dimensions 25 nm outer diam. 10-12 nm diameter 8 nm diam.

Distribution All eukaroytes Animals  +human All eukaryotes

Primary functions

Support, intracellular transport, cell
organization

Structural support, [nechanical
strength] o ke Asiie J

Motility, contractility, intracellular
transport

Subcellular distribution

Cytoplasm

Cytoplasm

Cytoplasm
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9.1 | Overview of the Cytoskeleton (2 of 2)

Functions of Cytoskeletal Components

n Actin filaments

Actiﬁlaments

and maintains cell shape

-

" Provides structural support 7 %7"
)

N ——=
5 ’
\

= Positions various organelles

~ Y Motor protein  Intermediate Microtubule 1=\
Intermediate filament \
. t h I | _1__filaments Nerve cell
1 e ce (b) Motor protein [N Structure and support

E Intracellular transport
[EJ Contractility and motility
I3 Spatial organization

Actin filaments

= Directs the movement of
materials and organelles
within the cell

"~ Microtubule

Motor protein
(a) Epithelial cell (c) Dividing cell

= Generates forces needed
for cellular locomotion — "~

= Makes up an essential part
of the cell division
machinery

Fig. 9.1 Functions of the cytoskeleton
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9.2 | Structure and Function of Microtubules
(1 of 5)

Structure and Composition of Microtubules

(C Cdinanical grrudkure.

= Hollow, relatively rigid, tubular

= Assembled from the protein
tubulin

\’\ch ove o Sek ol globulor Proven

= Microtubule proteins are
arranged in longitudinal rows
called ‘protofilaments. < -0

= Microtubules have 13
protofilaments aligned side by
side in a circular pattern within
the wall of the tubule. 5ot g 0 2t

‘Source: Adapted from The Journal of Cell Biology (1977)

100 nm

. i Fig. 9.3a Electron Fig. 9.3b Cross section
\\);;—me\bt ;:\\;Qdc\:;s micrograph of of a microtubule
w (o) W\a { 1
ean R " because reversie microtubules
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9.2 | Structure and Function of Microtubules
(2 of 5)

Structure and Composition of Microtubules

Protofilaments are assembled from
dimeric building blocks consisting of
one a-tubulin and one B-tubulin
subunit. The tubulin subunits:

= (Fit tightly together:— vecase Fhey hove

. . . A BDimiller 20 Drvuckure_,
= Organized in a linear array along

the length of each protofilament ocTubulin

T4 nm
}8 nm

SRR
Prorolilliment

= Asymmetric (a-tubulin at one end
and B-tubulin at the other) and
polar (plus end terminated by a
row of B-tubulin.subunits and the Fig 9.3¢ 3D structure Fig 9.3 I:ongitudinal
minus gnd term.lnated by arowof 2~ oB-tubulin section of a
a-tubulin subunits) heterodimer microtubule

Source: Adapted from The Journal of Cell Biology (1977)
urce: Adapted from The Journal of Cell Biology (1977)

2 e~
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9.2 | Structure and Function of Microtubules e
Tan \ei "".\’”"‘*.C‘/é
(3 of 5) muj e Vﬁﬁ
g
Microtubule-Associated Proteins ﬁ vt

Tau  \wHAMM NDCS0
: F

= Microtubules typically contain
additional proteins, called
microtubule-associated proteins

(MAPS). = 2 dowein (AL with side <+ wucmhb\é) DCX :
L witn out wowd cl a \'o\il i

= MAPs increase stability and
promote microtubule assembly by
linking tubulin subunits together.

CAMSAP )
= An abnormally high level of S ackivt
phosphorylation of one particular g
MAP, called tau, has been 2
implicated in Alzheimer’s disease. 3
TN el o go AL, elsn P Lotol G ,u_c,-MS
QST P CVup) & P U L Fig. 9.4 Microtubule Associated Proteins

3 T }?"Z&\: ‘ %
WAP Cg\e_,,\)(,N‘TPXZ ;
Sw ?\no%'\)\mkﬂz\ Q

Essays in Biochemistry EBC20180031
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9.2 | Structure and Function of Microtubules
(4 Of 5) e o e ot TS Gl o AT S

Nek werk + SuPPoM- Ty XY bt b o 3

fucter.  Microtubules as Structural Supports and Organizers
I_) Dhared bj a\ % e Ca\'e kel Yo

— S - 1_. T~

= Provide mechanical support by
resisting forces that might
compress or bend the fiber

T s 2S5BS oo\
= Distribution helps determine the

shape of that cell. (he et wportadt Funcion) IR
0 1nterna\ orgavized — ¢ B ale Lnf 054 Adh stacy)
= Example: st ofet 233
* In cultured animal cells,
microtubules extend in a radial
array outward from near the

—_—

AN

us Weber, Cell 12:563, 1977, with permission from Elsevier.

Source: Erom Mary Osb

g\}\x}’?{: nucleus, giving cells a round, 15 pm
o . .. .
= flattened shape. J Fig. 9.5 Localization of microtubules

() ) tnd G a,f.mu.'aug e'_,Jlad- & i Lc\s o . ) X .

= 2 Gl cme 08« FRh oo pb lgpsls U steet 4S3

0 SKindle ~» 2Ll bdvges FU 3 OLedl B+ el gandi e by
0 CVa owd Plepcla
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9.2 | Structure and Function of Microtubules
(5 Of 5) W brousport i® (Avrerogrode. + Relvogrode)

Rvresograde — From o sy Yo The termwimals
Main)y in Mokilhy GaaLEh) Rebroprode 5 Frow femivel Yo ¥ el body

Microtubules as Agents of Intracellular Motility

= Djrect movement within the cell (Trarsfort mside e cen) 355 Vesrokrontmber ) a3 0
Yer minal z}o _,\.j\:\—l-%.l\ ?QQKMJ

= |In nerve cells, directed movement

——a= 1 @
relies on a highly organized = ) ¢
arrangement of microtubules and > Comras

other cytoskeletal components.

Cen\ boda [IAN

* Nerve cells are extremely long EL%?ZETESE"{EEF
* Can stretch from spinal cord to log ettt s - -
fingertip or toe Pasmm
* Directed movement is crucial for ,%
delivering neurotransmitters and ji/f e e e e U
other essential material = i o 1,_\// v miw
intermgldlate Q)Iament Organelle Sidearm ‘ g
.= Defects in transport along ao enedate amerts &
T i i . . . .
\ mlcrOtUb_UIeS c;an resu““'-&nc_g. st o 1oy Fig. 9.7a,b Microtubule and intermediate
neurological diseasesl— sy g filament organization in an axon.
Q ex - CRS kAV\\'efoaﬂoAL + 'Re}n:arodz,)

Copyright ©2020 John Wiley & Sons, Inc.



9.4 | Motor Proteins: Kinesins and Dyneins e
(1 Of 6) Yo ) o 51 A4S a@i\@

Molor proten, (> Crstikeldon (2 Yo 3 adapror &y v @
Motor Proteins Traverse the Microtubular Cytoskeleton

Microtubules: e ATP o Prucned by ackl p aud e if

= Serve as tracks for a variety of motor proteins that generate forces
required to move objects within a cell. e e Hlanedy bes Be gl

end 5 Motor Proteim  lged 0 g el
Olelia (2 o4 oG\ L0 (ot Cma Obleal (P

= Can be grouped into threebroad superfamilies:
(owM) (e

* Kinesin and Dyneins which move along microtubules

* Myosin which move along actin filaments
(~2B1 1)) olf 1 3ol : : Soms Sye
= Move unidirectionally along their cytoskeletal track in a stepwise manner

from one binding site to the next

= Undergo a series of conformational changes that constitute a mechanical

CyC|e — TS %\;S:‘Ji: the wechowical QGClQ. are C-C'“F\@! bo fhe 3"5[3 o o ChumiCol
A5 b sshe ¥
’ ‘-i_%'; o ol Cdc(c which Provide. the enwd) (Rua)  ATP b’vta'l':j bo the Wolor

Protein 4 the hJol"o’OSiS o;Q ATP ~5 00
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9.4 | Motor Proteins: Kinesins and Dyneins
(2 of 6)

() UM B (TN & A = K

| ) . "
e Kinesing.,os:2.
~yp S A3 <9 R
= Smallest and best understood P L8 Heavy chain it chain
microtubular motor ,

Moror Protin be T . el = ;:;:
" Akinesin molecule is a tetramer Flexible hinge .t

*:97303 of two identical heavy and two
*2 identical light chains. | [ I |

4 1 T T
= The globular heads bind_ e A Stalk Tai
microtubules and act as ATP- ) 80 nm >
hydrolyzing, force-generating Fig. 9.11a Force-generating heads bind to
engines. the microtubule; tail binds to the cargo

_ being transported
= Each head is connected to a

neck, a rodlike stalk, and a fanlike e B ek fpoin e e i

tail that binds to cargo. o8 Rovebial adegrer et We Techic (KRPD
duch as uedicles + need qclo\?‘mf like. ClaYwren and her Corgoes

Copyright ©2020 John Wiley & Sons, Inc.



9.4 | Motor Proteins: Kinesins and Dyneins
(4 of 6)

" Kinesin-Mediated Organelle Transport
S

= Force-generating agents that
drive the movement of cargo and
organelles

= Tend to move vesicles and w
(a) (b) 5

organelles in an outward

direction toward the cell’s plasma
membrane
L, VeCaust e ?\Q%W\q momdtane \S W)
ond Xe Rinoge. wove ‘o Y () emd,
(c) (d) T 20um

20 pm

from Else

Source: From Yosuke Tanaka, et al., Courtesy of Nobutaka Hirokawa, Cell 93:1150, 1998, with per

Fig. 9.12 Alteration in the phenotype of a
cell lacking a member of the kinesin
superfamily
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9.4 | Motor Proteins: Kinesins and Dyneins
(5 of 6)

Cytoplasmic Dynein

= Huge protein Heavy chains Heavy chains

dimerization_

= Two identical heavy chains ' 4gmaM
Intermediate
= Avariety of intermediate and light . = gty | .
0 chains |
chains Lir;ght intermediate ‘:‘“\?\W
chain Yo¥eiw
= The heavy chain consists of a large | dyatie
glgbular force-.ger.\erating head anda ,,,Mejorhead T e
microtubule-binding stalk. leau«w\ml
= Cytoplasmic dynein moves alls Microtubule |, .,
processively along a microtubule e
toward the polymer’s minus end— Fig. 9.13a Cytoplasmic dynein and
opposite that of most kinesins. organelle transport by microtubule-

tracking motor proteins

B Need in fhe Pmdlc
Copyright ©2020 John Wiley & Sons, Inc.
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9.4 | Motor Proteins: Kinesins and Dyneins
(6 of 6)

Cytoplasmic Dynein

L)E\onaa\’im Lecauge R Y Cekere

s (Bast)
S

(o222 pes
= Positions the and moves
chromosomes during mitosis &u“\‘/
= Positions the centrosome and Golgi
complex
= Moves organelles, vesicles, and ————
particles through the cytoplasm
Micsekwoulcs %nn\ks‘\si- ~ / i\ &A
™ \—>Muc\t°~\"|om Tr s Nucleation -C’\CQJ 0, . e
W e W TResk) — we dewt Need \)CS\
\—>E\on8a\-iov\ o He Nudieotion & i

¥ Centiotome -

X2 Centicle Fig. 9.13c Cytoplasmic dynein and

\-) coch one. ] \\"\?\f_ = 27 Wiorokuoules

S S ENNS organelle transport by microtubule-
% - tracking motor proteins
= E
G Catvote yright ©2020 John Wiley & Sons, Inc.
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9.5 | Microtubule Organizing Centers (MTOCs)

(1 of 9) Heor Prottin aule  funs oEc miCro bubles JI I Cad o ds b &

Centrosomes

B tubule

= Nucleation of microtubules takes place rapidly
inside a cell, where it occurs in association
with a variety of specialized structures called
microtubule-organizing centers (or MTOCs).

= MTOCs control:
* Number of microtubules
 Polarity of microtubules —/ + <!
* Number of protofilaments — =512 @poc o g
* Time and location of assembly — 3,k 45835 g

= The best studied MTOC is the«centrosome:

U We dn koo e, e Qe 2 o 85 Wiarotuble A (Ses

Jg&=2%Y  Fig. 9.14a The Centrosome

Copyright ©2020 John Wiley & Sons, Inc.



9.5 | Microtubule Organizing Centers (MTOCs)
(2 of 9)

Centrosomes

= Contains two barrel-shaped centrioles
surrounded by electron dense
pericentriolar material (PCM)

" |s a major site of microtubule
initiation in animal cells and remains
at the center of the cell’s microtubule
network

T o Lilvo , the Ossemihy R wicrorubules  From QREPRIGEID <\vvere (SCCeSANFGSIIEEEReE Phoses )
© |ew ‘?\m& SRS EBR \w Uitk < Swall ?qr\'mn R Yo vwitarokuloles & '\vx'\\-zo,\S Rovmed
@ wuch wore N‘?\d Phose R Q\on:)a\-iov\
Tw o vive 5 Nucleation of (microtuboules fake P’asc mp:db inSide. a Cel) Becausc. ol a SPc_Cia/Iing
Btrachre (Called CMTOCs)

BCOMSL HTocs Comntrol al,l of !\,\ma»s in Y Cel

0.3 pm

Fig. 9.14b,c The Centrosome

Copyright ©2020 John Wiley & Sons, Inc.



9.5 | Microtubule Organizing Centers (MTOCs)
(4 of 9)

Microtubule Nucleation

= MTOCs share a common factor,
y-tubulin, a critical protein in
microtubule nucleation.

= The PCM serves as attachment
sites for ring-shaped structures
that contain y-tubulin, the y-
tubulin ring complexes (y-

Source: Reprinted by permission from Springer Nature: Michelle Moritz et

al. Nature Cell Biology 2, pages 365—370, 2000

TuRCs).

= The y-TuRC is a helical array of y- ,
tubulin subunits where af- Opm A Centrusom
tubulin dimers assemble. Fig. 9.16b,c Role of y-tubulin in centrosome

function

Copyright ©2020 John Wiley & Sons, Inc.



9.5 | Microtubule Organizing Centers (MTOCs)

(5 Of 9) Nebwork  Gpb b @LES 483 e oY 54 bromeh e e
sy -3 ey Ut 3L e \inor 8 ()

The Dynamic Properties of Microtubules

= Can shorten, lengthen, disassemble, and reassemble —Qus & Wen-Covatede Yoovd
$E o3 b Aadse

= Depending on the cell and location of microtubules? their stability is determined
\, ®by microtubule interacting proteins (including MAPs):

3‘“5“"13@- proteins known as +TIPs which bind to the plus-end of growing microtubules
M@ e enzyme katanin, that severs microtubules into shorter pieces

of wicretuule

= Disassembly'can be initiated by:
e posttranslational modifications
* cold temperature
* hydrostatic pressure N a3y b e Gk G-
* elevated Ca?* concenWb\ﬁzﬁfjﬁ ;‘::\“._qu:?g
 variety of chemicals

= The microtubules of the cytoskeleton are normally subject to depolymerization
and repolymerization as the requirements of the cell change from one time to

another. " Gola e 2 Wicrobuldes N eef3 5 Q1SS

Copyright ©2020 John Wiley & Sons, Inc.



9.5 | Microtubule Organizing Centers (MTOCs)
(7 of 9)

The Underlying Basis of Microtubule Dynamics

S

Duringassembly of tubulin dimers:

o )
i § TP dimer
= A GTP molecule is bound to the B-tubulin 4 \n‘; \S‘% S0
subunit (B-tubulin is a structural protein and g5 | oy o &
a GTPase) GT? — B-tubulins 220

= GTP is hydrolyzed to GDP after the dimer is

=" % incorporated, and the resulting GDP remains

cor o bound to the assembled polymer

Tube closure
* | GDP dimers

(b)

do piaiiiii
4

Duringisassembly of tubulin dimers:

= The dimer enters the soluble pool, the GDP
is replaced by a new GTP.

BEEELE L EEEEELE,
RERERRRREERE R
|

Source: (a) Adapted from A.A. Hyman and E. Karsenti, Cell 84:402, 1996, by Cell by Cell Press. (b, ) Courtesy of Thomas Mueller-Reichert,

T.U. Dresden, Medical Theoretical Center (MTZ) and Anthony A. Hyman, Max Planck Institute of Molecular Cell Biology and Genetics

= This nucleotide exchange “recharges” the Bas
dimer, allowing it to serve once again as a o o
building block for polymerization. Fig. 9.21 Structural cap model of

dynamic instability

Copyright ©2020 John Wiley & Sons, Inc.



9.5 | Microtubule Organizing Centers (MTOCs)

(8 Of 9) aXio R \l\aéfo\'\s\g wWaote Thwom addilion ( Shorver) W/ﬁ_

The Underlying Basis of Microtubule Dynamics

Growthorshrinkage of a microtubule depends ] l
on the state of the tubulin dimers attheplus : JGTP‘“’“"’S S
end: ; { g
1. The tip consists of an open sheet containing i —— ah ]
tubulin — GTP subunits. fam S oranes | E
. . ) (b) (a) S S
2. The tube begins to close, forcing hydrolysis 1) (2]

of the bound GTP.

3. The tube has closed to its end, leaving only
tubulin — GDP subunits (GDP-tubulin has a
different conformation than GTP-tubulin,
which makes them less able to fit into a
protofilament).

4. The strain from the GDP-tubulin at the plus

end causes a catastrophic shrinkage. Fig. 9.21 Structural cap model of
dynamic instability

- -
Catastrophe |

(c)

Source: (a) Adapted from A.A. Hyman and E. Karsenti, Cell 84:402, 1996, by Cell by Cell Press. (b, ) Courtesy of Thomas Mueller-Reichert,

T.U. Dresden, Medical Theoretical Center (MTZ) and Anthony A. Hyman, Max Planck Institute of Molecular Cell Biology and Genetics

Copyright ©2020 John Wiley & Sons, Inc.
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9.5 | Microtubule Organizing Centers (MTOCs)
(9 of 9)

The Underlying Basis of Microtubule Dynamics

Dynamic instability is a phenomenon that

describes microtubule behavior. It explains
that: \__»DZS"\QW\'\C— o aviow

1. Growth and shrinkage of microtubules <.
can coexist in the same region of a cell. =

2. A given microtubule can switch back
and forth unpredictably between
growing and shortening phases.

Fig. 9.24 Binding of a microtubule
Dynamic instability is aninherent property  plus end tracking protein (+TIP)
of the plus end of the microtubule, where

subunits are added during growth and lost

during shrinkage.

Copyright ©2020 John Wiley & Sons, Inc.
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9.7 | Intermediate Filaments (1 of 5)

\1({0&\?'&9\ W anwal Ce\§

= Strong, flexible, ropelike TABLE 9.2 Properties and Distribution of the Major
fibers that provide Mammalian Intermediate Filament Proteins
Q°\ mec h an i ca I St ren gt h to ce | I S IF protein Sequence type Primary tissue distribution
. Keratin (acidic) (28 different polypeptides) | Epithelia
g t h at a re S u bJ eCted to Keratin (basic) (26 different polypeptides) Il Epithelia
p hvsical St ress&ét\i:';: Vimentin 1 Mesenchymal cells
‘ Desmin 1 Muscle
n C h em ica | |y h etero ge neous Glial fibrillary acidic protein (GFAP) M Astrocytes
g ro u p Of St r u Ct u res ;ee:r::f(?l:rr]nent proteins : :lee:‘r):::jfn:;z:and peripheral
= Divided into five major NFL v
classes (based on cell type o .
. . NF-H [\
a n d Ot h e r C rlte rl a )® 6\'!‘“&\'\“‘(5 Nestin v Neuroepithelia
Lamin proteins All cell types (nuclear envelopes)
Lamin A Vv
Lamin B Vv
Lamin C \Y Lao=eh U“:X

More detailed tables can be found in Trends Biochem Sci. 31:384, 2006, Genes and
Development 21:1582, 2007, and Trends Cell Biol. 18:29, 2008.

Copyright ©2020 John Wiley & Sons, Inc.



9.7 | Intermediate Filaments (2 of 5)

= Often interconnected to other
cytoskeletal filaments by thin,
wispy cross-bridges consisting of
the protein plectin.

icrotubule |

295

= Each plectin molecule hasa1
binding site for an IF at one end
and a binding site for another

a Svitkina and Gary Borisy

e anti-plectin ! Sesiay

L intermediate filament, e L L 2ntbodies
. . . L oA @t 4 & Plectin WSaas &
microfilament, or microtubule at T e o

the other end.

L > o
NEA S S
2 cgas W LD TER P £~

Fig. 9.35 Cytoskeletal elements are
Horor profein 4o by 3 QWD Poor b G gl connected to one another by protein

T ASR L5 Wy PN Bes (Pay eie &S cross-bridges (plectin).
Spfovraleon @\ A"
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9.7 | Intermediate Filaments (3

of 5)

o e Lend are Yue
. 5 9 0 ~

IF architecture: s =/ &g'&;wm o
76.7 Q\Qv:\:)

1. Each monomer has a pair of globular s ; %QIL{S:
terminal domains separated by a long ot S
alpha-helical region

2. Pairs of monomers are associated in . : o o

1 : . Ol;kdus'-:\*‘-' Monomer [;l}n‘{gr Te?;ri‘?er %:‘ \ﬁ‘
parallel orientation to form dimers T

3. Dimers associate in an anti-parallel, @ g
staggered fashion to form tetramers (the ’ T
basic subunit in IF assembly | ~60nm-

4. 8 tetramers associate to form a unit _,%f;f
length of the IF il T

5' Elongated Ifs are formed from the end-tO Intermediate Intevr;;adiate UnT:I;;gth t;m

end association of these unit lengths
Coge G Ul Samp (B3 6> URall \gaas has 1P

o\

filament < filament of filament

(a) (b)

Calor ob it \
\erghh of Rilament-

Fig. 9.36 Models of IF assembly
and architecture

Copyright ©2020 John Wiley & Sons, Inc.



9.7 | Intermediate Filaments (4 of 5)

Intermediate Assembly and Disassembly

= Assembly steps do not require the direct
involvement of either ATP or GTP.

= The tetrameric building blocks lack polarity
as does the assembled filament, which
distinguishes IFs from other cytoskeletal
elements.

(a)

= The subunits are not incorporated at the

ends of the filament but into the filament’s
; : Gl k3> CTo Sl pe GFF See TR A Tyl |/
INterior. 2 am o o o oo o

= Unlike the other two major cytoskeletal
elements, assembly and disassembly of IFs

Source: ©1991 R.K.Miller et al. Originally published in The Journal of Cell Biology. https://doi.orgh0:1083/j(b.113.4‘843

are controlled primarily by subunit o)
phosphorylation and dephosphorylation. Fig. 9.37 Dynamic character of
COh B O coy D gy sl &y Lt Intermediate Filaments

Wes (Pl GSH goticel de § IF e 0558 Dloll _ _
(Hhreonine  Serine) & S \n Copyright ©2020 John Wiley & Sons, Inc.



9.7 | Intermediate Filaments (5 of 5)

Types and Functions of Intermediate Filaments

A
= Keratin containing IFs|— structural proteins

of eplthellal cells — ca. et alhcsion

-iTethered to the nuclear envelope in the
center of the cell and anchored at the

9. LS Ld iy WM Gibluic Wi F

a1y OUTET €dge by desmosomes and

B AL U )
*“, hemidesm m
* Function to organlze and maintain cellular

Ul @\ Ol Zon

architecture and(absorb mechanical stress)

1

0 Neurofllments\ IFs located |n the

cytoplasm of neurons in bundies oriented
parallel to the axon

3} \_c\m'm’m ._)T.V\ e “uQ\CQP

&

Fig. 9.38b The organization of
intermediate filaments (IFs)
within an epithelial cell.

Copyright ©2020 John Wiley & Sons, Inc.
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9.8 | Actin and Myosin (1 of 12)

NS Kwnind
Actin Structure

= Third major type of cytoskeletal element

that is involved in intracellular motile — *—f&x\\:\;
processes s More. in a SpeciBic movkment )
Yucee vome &\MM“&%S

= An actin filament (F-actin, microfilament)
{is a two-stranded structure with two
helical grooves running along its length.

r"“\c ™ok < bundeance ‘?ﬂ)\'t'\n ‘w Y Cel\.

= Actin filaments can be organized into:
* ordered arrays— s st Gise
* highly branched networks % 55

* tightly anchored bundles ¢s-v 55~ (a — b

100

Fig. 9.39 Actin filament
structure

Copyright ©2020 John Wiley & Sons, Inc.
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The involvement of these filaments is most readily demonstrated by treating the
cells with one of the following drugs that disrupt dynamic actin-based activities:
Cytochalasin, derived from a mold, which blocks the barbed (+) ends of actin
filaments and allows depolymerization at the pointed end;
Phalloidin, obtained from a poisonous mushroom, which binds to intact actin
filaments and prevents their turnover;
Latrunculin, obtained from a sponge, which binds to free monomers and
blocks their incorporation into the p slymer.
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o Cells can be motile: Neliral crest cells leave the developing nervous system and
0% ~ migrate across the embryo, to form pigmented skin cells, teeth, and the cartilage of the
jaws. White blood cells patrol the body searching for debns and microorganisms.

rug.u.o (azs5 ouE) Ol

QUrr @ o haad abiga syl
Cell parts can be motile: Pro]ectlons of epithelial cells at the edge of a wound act as
>~ motile devices that pull the sheet of cells over the damaged area, seallng the wound.

e leading edg e of a growing axon sends out microscopic processes that survey the
substratum and guide the cell toward a synaptic target.

s

Il of these various examples of motility share at least one component: they
A7 _55\ actin, the third major type of cytoskeletal element.

:>ﬁ/

| depend

Is also involved in intracellular motile processes, such as the movement of
vesicles, phagocytosis, and cytokinesis.

ctin also plays an important role in determining the shapes of cells and can provide
structural support for various types of cellular projections.
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Actin Structure

= All of the monomers within an actin
filament are pointed in the same
direction, resulting in a polar
filament with so-called “barbed”
«“ . ” G
and pcgl_qted ends.

= A major contractile muscle protein - ¢s-v
Oeslt (plas\ AL
= A major protein in every eukaryotic
cell

200 nm

Fig. 9.40 EM: Determining the location
and polarity of actin filaments with the
S1 subunit of myosin

Copyright ©2020 John Wiley & Sons, Inc.
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Actin Filament Assembly and Disassembly

= Before it is incorporated into a filament, an
actin monomer binds a molecule of ATP.

Hicro fuou\iv

= Actin is an ATPase, just as tubulin is a GTPase.

= The ATP associated with the actin monomer is
hydrolyzed to ADP at some time after it is
incorporated into the end of a growing actin
filament.

Fbd

: gThe initial nucleation event in filament
formation occurs slowly in vitro, whereas the
subsequent stage of filament elongation occurs
much more rapidly.

= Both ends of a filament become labeled, but
the fast-growing barbed end incorporates the
monomers at a rate about 10 times that of the
pointed end.

Fig. 9.41a Actin Assembly

0.2 um

Copyright ©2020 John Wiley & Sons, Inc.
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Actin Filament Assembly and Disassembly

Actin assembly/disassembly in vitro:

1.

Preformed actin filaments are added in
the presence of ATP

. As long as the concentration of ATP-actin

monomers remain high, subunits are
added to both ends

. As monomers are consumed by addition

to the ends of the filaments the
concentration of free ATP-actin drops,
until a point is reached where net
addition of monomers continues at the
barbed end but stops at the pointed end

I3 e (=) ol Gl Ciiss Loty e lamgll LS 58 (+) Gl ] Gyl ety fAaya Tl Juas e ol 3SY 1 eblgin g

Liladds Tams Jo

- =

Seed .
Add to high
Q 0 "° concentration /0
N\ i
e Concentration
Q ‘ o drops O
N’
9 Concentration
(@) "0 drops o
\\Wﬁ
o Concentration
Q "° remains constant o
) PR e,
(5]

Fig. 9.41b Diagram of the kinetics
of actin-filament assembly in
vitro to achieve treadmilling

Copyright ©2020 John Wiley & Sons, Inc.
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Actin Filament Assembly and Disassembly

4. As filament elongation continues, the
free monomer concentration drops,
such that monomers continue to be
added to the barbed ends of the
filaments, but a net loss of subunits
occurs at their pointed end.

5. A pointis reached where the two
reactions at opposite ends of the
filaments are balanced, such that both
the lengths of the filaments and the
concentration of free monomers remain
constant, known as “treadmilling.”

Sty :r;.ﬁj\{_,&j-.(-g

LUPUN J\JJ:_ &~ turnover d;-’ ATP-aCh’.\ N t;_l:_g S 150

G-mggj
Poderd &

Y
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Add to high
concentration /0
o+
/)

Concentration
Q o drops O
N WA
Concentration
(@) "° drops o
\W/
Concentration
Q "0 remains constant o
\\— + //

SRR ISR

Fig. 9.41b Diagram of the kinetics
of actin-filament assembly in

Uk d':'l“ tumover S50 5 ATP - ackin t;f-’ ety

vitro to achieve treadmilling
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Actin Filament Assembly and Disassembly

= Assembly/disassembly rate can be influef\léed by a number of different

Oy « .
2s-» ACCESSOry proteins.

= By controlling this dynamic behavior, the cell can reorganize its actin
cytoskeleton, required for dynamic processes such as:

e cell locomotion

e changes in cell shape

« phagocytosis — 2z v
* cytokinesis —s ¢t ¢

wa=oW\ ( ?L_zju\)

Copyright ©2020 John Wiley & Sons, Inc.
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r Motor Profein

Myosin: The Molecular Motor of Actin

= Molecular motors that operate in conjunction with actin filaments

+)

= Move toward the barbed end of an actin filament — ot e Vs is mer heswy 50w pill Ackin

= All myosins share a characteristic motor (head) domain.

= The head domain contains two sites:
Ge a site that binds an actin filament
* asite that binds and hydrolyzes ATP to drive the myosin motor

" Whereas the head domalns of various myosins are 5|m|rdr the tail
domains are hlghly dlvergent

= Generally divided into two broad groups:
e conventional (or type ll)
* unconventional .. wicrsuill;

Copyright ©2020 John Wiley & Sons, Inc.
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Conventional (Type Il) Myosins

* Primary motors for muscle » soa=ie

s contraction ifesh o e Sty
- : Ube ot e
= Also found in a variety of nonmuscle
cells

= All myosin Ils move toward the
barbed end of an actin filament.

= Among their nonmuscle activities,
type Il myosins are required for:

Fig. 9.42a Fluorescence micrograph:

* splitting a cell in two during cell neurites (green) growing out from
division mouse embryonic nervous tissue along a

e generating tension at focal coverslip laminin-coated (red)
adhesions

e cell migration
'

_ & * turning behavior of growth cones
525

Ve

Copyright ©2020 John Wiley & Sons, Inc.
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455 O 1L e Hayosind oT
Endier) 54 Ackin e

Conventional (Type Il) Myosins

P N i Heads S1 frzlagment

Myosin Il consists of:

+—— Head

1. a pair of globular heads that
contain the catalytic site of
the molecule

Essential light chain

8 7,

Regulatory light chain

2. a pair of necks, each
consisting of a single,
_»»uninterrupted a helix and two
¥ associated light chains

e w\sos'ms woves ond
(b) NS Ywe Ackm,
the oTing have (Lhead,
DLvoil, U \ia\\\ Cains)

3. asingle, long, rod-shaped tail @ 2 =L hresyy Chain

formed by the intergcu\-f\‘/'i‘bﬁ‘ing of  Fig. 9.43 Electron micrograph and schematic
long a-helical sections of the drawing of a myosin Il molecule with one pair
of heavy chains (blue) and two pairs of light

two heavy chains.
Logdins o i b O el5301 0y (35 « Lol iy sk aaly d
B et 1" sy 5 2l

chains

Copyright ©2020 John Wiley & Sons, Inc.
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Ljlsie byl 65 an (Bundles) "aoadl" Jads bLa¥l sia . dilins JIaTy blal o8 (iSY 1 hgd (355 daall ol Jals
u&.s.u.llc_muw(Branched networks) "ie it ol<, Ii(CrossImked) "aliliie oS Lyl L@,.A,.._um

= Patterns in I|V|ng cells include various
types of bundies as well as
s#crosslinked and branched networks.

= The organization and behavior of
actin filaments inside cells are
determined by the interaction of

actin with a variety of actin-binding
proteins. <5 > 5 Actin iy cid o diae

Fig. 9.59 Arrangement of actin
filaments

Copyright ©2020 John Wiley & Sons, Inc.
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Actin-binding proteins can be Vonomers (@) Monomer sequestering
divided into categories based on ue o~ e
their presumed function in the /

o Filament nucleating e End-blocking (capping) 0 Membrane-binding

|

cell: a7

)

, 3
1. Nucleating <2 &(f;\”

Monomer-sequestering ="

2

3. End-blocking (capping)
4. Monomer-polymerizing
5

. Actin filament
depolymerizing

@)

. Cross-linking
Filament-severing Fig. 9.60 The roles of actin-binding proteins

8. Membrane-binding

Copyright ©2020 John Wiley & Sons, Inc.
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13.11 Nonmuscle Mmotility

1) Nuc[eatlng Proteins —

Provide a template for

adding actin Monomers.

Examples: Amp2/3

complex; formin

branched versus

unbranched filaments
2) Monomer-sequestering

proteins — bind to actin-

P monomers and

Prevent them from

Polymerizing. Example: . mﬁmﬁﬁ%‘;‘“ﬂ‘*

thymosin by 3 o
3) End-blocklng (capping) ;

— regulate the
actin filaments

Examples: capZz;

tropomodulin). - o ©
4) Monomer—polymerizlng ‘ 0 : Flament savering

Proteins —promote the

growth of actin filaments.

Example: profilin

2017 John Wiley &
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2 ® 13.11 | Nonmuscle motility
PS8

S) Actin filament

d_epolymerizing proteins —
bind actin-ADP sSubunits for % e 85
rapid turnover of actin | &,
filaments. Example: cofilin ;
6) Cross-linking proteins — alter
the three-dimensional
organization of actin filaments.
Examples: filamin (X-link),
villin, fimbrin (bundling)
| 7) Filament-severing proteins — |
| & shorten filaments and decrease |
) Cytoplasmic viscosity. Example:
gelsolin
8) Membrane-binding proteins —
| link contractile proteins to
) plasma membrane. Examples:

¥ " vinculin, spectrin (dystrophin)

i)
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