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Citoesqueleto

Filamentos
de actina

Filamentos
intermedios
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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 networks, and three-dimensional gels. Although actin
filaments are dispersed throughout the cell, they are most highly
concentrated in the cortex, just beneath the plasma membrane.




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 a

| M—

25 nm
Intormed ate Hlaments are ropelike fibers with a diameter of around
10 nm; they are made of f which o
large and heterogeneous family. One type of intermediate filament forms a
meshwork called the nuclear lamina just beneath the inner nuclear
membrane. Other types extend across the cytoplasm, giving cells mechanical
strength. In an epithelial tissue, they span the cytoplasm from one cell-cell
junction to another, thereby strengthening the entire epithelium.
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Citoesqueleto: estructura dinamico

small soluble
subunits

large filamentous
polymer

signal,
such as a
nutrient
source

FILAMENTS AND
RAPID DIFFUSION
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Filamentos de actina
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Polaridad de filamentos de actina
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Observacidn al microscopio electrénico
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Treadmilling: flujo neto de subunidades a lo largo del polimero
K pérdida de subunidades

K adicién de subunidades

C. i(minus end) > C, (plus end)
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Actina: enzima que hidroliza ATP; muy activa cuando esta incorporada al filamento

La vel. relativa de hidrdlisis y la vel. de adicién de subunidades determina si la
subunidad en el extremo del filamento se encuentra en la forma T o forma D

soluble subunits are in T form ([l
polymers are a mixture of T form ([l]) and D form (@)

amse

POLYMERIZATION FOLLOWED
BY NUCLEOSIDE HYDROLYSIS

1

¢
£
2
4
8
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treadmilling range
minus-end addition is slow— plus-end addition is fast—
hydrolysis catches up hydrolysis lags behind
For C> Ci(T) but < G(D),

A C.(T) is less than C.(D) (B) treadmilling occurs
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a
F-actin
length
KCl + Mg?
V Barbed
;a:;LI/J T 9! Mol Time
end
Nucleation  Pointed end growth
Barbed end growth Steady state (treadmilling)
B ( Barbed Painted
B o, B
03s'
ADP ATP
in ATP-G-actin; in ADP-G-actin:
Cc=0.12uM @ CE=15uM
€5=0.60 pM Profi CP=15uM
ADP ATP
o
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Diferentes estructuras y funciones de filamentos de actina
Lamellipodia and
Contractile filopodia: leading Contractile ring:
Microvilli: bundles: edge of migrating between dividing
intestinal cells cytoplasm cells cells
lamellipodium
i = filopodium 2
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Microtidbulos

P-tubulin

B

g

tubulin heterodimer
(= microtubule subunit}
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protofilament

.
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Inestabilidad dindmica
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GTP HYDROLYSIS CHANGES SUBUNIT CONFORMATION L
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GOP-GTP EXCHANGE
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Inestabilidad dindmica en una célula viva

15

Diferentes estructuras y funciones de microtibulos

I CILIATED CELL

(A} INTERPHASE CELL

=<3

controsome

(8) DIVIDING CELL

bosal body

7
/

spindle poles 7
of mitotic spincle
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Filamentos intermedios

NHy H
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© two tetramors packed togethor

aight tetramers twisted into a ropelike filamant
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- FI amplia variedad de tipos: variaciones de secuencia en las diferentes
isoformas

- Dominio a-hélice: motivos repetidos compuestos por 7 aa (tb. de 11aa), forman

“coiled-coil”, similares en las # isoformas

- Dominios globulares N y C- terminales, varian entre las # isoformas

- FI varian dentro de un mismo tipo celular y dentro de una célula: heterodimeros

Principales tipos de proteinas de FI en células de vertebrados

TYPES OF IF | COMPONENT POLYPEPTIDES CELLULAR LOCATION
Nuclear lamins A, B, and C nuclear lamina (inner lining of nuclear
envelope)
Vimentin-like - vimentin - many cells of mesenchymal origin
- desmin - muscle
- glial fibrillary acidic protein - glial cells (astrocytes and some
Schwann cells)
- peripherin - some heurons
Epithelial - type I keratins (acidic) epithelial cells (20 k. in # types of
- type II keratins (basic) human epithelia cells) and their
derivatives (10 k) (e.g., hair and nails)
Axonal neurofilament proteins neurons
(NF-L, NF-M, and NF-H)
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Filamentos de keratina en células
epiteliales: desmosomas

mictovild

tight junclion

junctional
comdes

e sride smasome bassi laming

W0pm

Ampollas causadas por mutaciones en keratinas: ratén transgénico, keratina
truncada en los extremos en Ny C (% epidermdlisis bulbosa simple: mutaciones
en el dominio central)

basal cell of epidermis

0

defective keratin
filament network

basal lamina

v
hemidesmosomas
<)
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Dos tipos de FI (neurofilamentos) en células del sistema nervioso

- Heteropolimeros: NF-L:NF-M o NF-L:NF-H

- C-terminal de NF-M o NF-H: largo —> uniones cruzadas entre NF
dindmicos: incorporacidn lateral o terminal de sudunidades —>
crecimiento de axdn en didmetro y longitud

- Esclerosis lateral amiotréfica: acumulacién y ensamble anormal de NF en el
cuerpo y axon de heuronas motoras —> debilidad y atrofia muscular

Neurofilamentos en axén: Seccién transversal de un Filamentos gliales en células
uentes cruzados C-terminal axén: NF y Mts ghgles: lisos'y pocos cross-
F-H (Freeze-etch) ridges (Freeze-etch)

&)

100 nm
nourofilaments

20

17/3/2019

10



Nucleacion de actina

- Interaccién con la membrana: corteza celular (cell cortex):
forma y movimiento de la superficie celular

- Microvellosidades, filipodios y lamelipodios

Dindmica y estructuracién de los microfilamentos en una célula en movimiento

Fibras dz1 esi;‘és %
Haces confracfiles
antiparalelos [ \\\

Lamelipodios
ilamentos de

actina ramificada
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Corteza celular
Estructura tipo gel
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a Dimeric FH2 domain b FH2-actin complex

For‘m|na Barbed end

FH2 core

Actin
FH2 core

c Formin-mediated actin polymerixation

74 -~

Pointed end
G -actin

rofllln
\_LJ
F-actin

Closed conformation  Open conformation Open conformation Closed conformation

Nature Reviews | Molecular Cell Biology
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Proteinas asociadas a actina

Terminal
O . . s%a Proteinas de secuestro
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Proteinas que se unen a actina-6: proteinas de secuestro

Profilin

Thymosin
free actin
Monomer
plus-end growth
:r:::t_osm no binding
complex no plus-end growth

actin filament

(S]

free actin
monomer
plus-end growth

profilin @ m

) @ o
:f:;:l_m . rapid plus-end growth

complex
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intercambiar el nucleétido unido

froe actin ‘
monomer

PROFILIN COMPETES WI
ANI

Actina, unida a timosina, esta en un estado

Profilina se une al extremo opuesto al bolsillo
de ATP —> bloquea sitio de unién al extremo -
del filamento. El complejo puede unirse al extremo +

actin-profilin complex

L
\
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actin-thymosin complex
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Regulacion de profilina

phosphatidyl inositol (in membrane)
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Proteinas que se unen lateralmente a los filamentos:
estabilizan o desestabilizan

Actin Troponin  Tropomyosin

Tropomiosina:- se une cada 7 subunidades:
previene uhidn de otras proteinas
- estabiliza actina-F

Cofilina (ADF): - se une al actina-F: desestabiliza.
- fambién se une a actina-G
- se une preferentemente a actina-ADP: filamentos mds viejos
mds sensibles
- filamentos mds nuevos: actina-ATP —> mds resistentes

(B} actin filament + cofilin

57 nm

G- and F-actin® g
binding Ak

-167 -162°
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Proteinas que se unen a los extremos de filamentos: proteinas de
fijacion (“capping proteins)

®
[
= L — uncapped
= population of
§ filaments: growth
° S ® at plus and minus
= ends
critical
] | Somtmomen
— capped
population of

filaments: growth
at minus end only

shrinkage
rate #+— o
l

—— monomer concentration

CapZ: extremo (+) —> inhibe polimerizacién de filamentos

(PIP2 inactiva la proteina fijadora —> “uncapping”)
Tropomudulina en misculo: extremo (-) de filamentos cubiertos con tropomiosina
—> estabilizacion de filamentos

ARP2/3: extremo (-). En células tipicas es posible que ARP se despegue
—> entremos (-)

28
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Proteinas de union cruzada (“cross-linking proteins”)
- proteinas formadoras de haces (“bundling proteins”): actina-F forman haces

- proteinas formadoras de reticulos("gel-forming proteins”): actina-F forma
reticulos similares a geles

Dindmica y estructuracién de los microfilamentos en una célula en movimiento

}
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Estructura molecular de proteinas de unién cruzada

spectrin (tetramer)

e rrrrs e s rrrbtr st b

@@ Sitios de unién
a actina

Lt ]

fimbrin

{monomer) a-actinin
villin (dimer)

filamin (dimer)

actin filaments and

actin filaments and
a-sctinin mbrin
1
50 nm
contractile bundle parallel bundle
loose packing allows|myosin-Ii| tight packing preventsjmyosin-li]
A)

to enter bundle from entering bundie
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Fimbrina y villina Filamina
filarnin
dimer
& Microvillus
actin
fg~ filamont
bundie
plasma o 50 nm

mombrane

terminal
web

(Al 8 i)
1 m

(B}
Consistencia gel viscoso
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Espectrina

adducin

junctional

actin

spectrin \
tropomyosin .

(Al ankyrtin

band 3

qlycophorin

32

17/3/2019

16



Proteinas de fraccionamiento (“severing proteins”)

rate w— o —# growth rate

shrinkage

monomaer concent

Gelsolina

in unsevered population,
actin filaments grow
and shrink relatively slowly

in severed population,
actin filaments grow
and shrink more rapidly

IS

gelsolin

-

tCa?* PIP2 saca

THERMAL
FLUCTUATION
Pequefia separacién
entre subnidades
adyacentes

> gelsolina
SEVERING AND
CAPPING
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Adhesion celular: interaccion entre el citoesqueleto y

el medio extracelular

plasma membrane

CYTOSOL

N-terminal domuinq

-—
C-terminal domain

Proteinas ERM (ezrin, radixin, moesin): asocian actina-F a la membrana plasmadtica

transmembrane protein
such as CD44

membrane-binding
domain

PHOSPHORYLATION
\ s OR PIP, BINDING
inactive
folded
conformation
of ERM protein

SIGNALS

> a-helical domain
T AR actin-binding domain

CROSS-LINKING

active
extended
conformation
of ERM protein

actin
filament
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Gelating

E. Upstream regulation
Phosphatases

(o999 szf__@ Kinse
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c,rp‘nggveﬂngcr;?/\ . f| €

€.g. gelsolin} (7 actin

Cofilin mediated
depolymerization

A.Treadmilling
o Vgt
o ® ATP - actin
Pointed end i =
depolymerization in directs actin menomers
to barbed ends L] ADF/Cofilin
@
“ ® Phospate
-@ €5 ADP-actin
L ] Profilin
B. Nucleation C.Crosslinking/bundling
Arp2/3 complex
h=Cht 5 U Fascin
Arp2
Filamin
ARPC1
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i) Cortex

ii) Focal adhesion
Stress fibers

T e
\\\\\\
\\\\\\\\\\\\\\

CWW L0 A0P
®  profilin

Arp2/3 complex

WA formins
WA formin FMNL2

r& Ena/VASP

WAVE
! capping proteins
@ fascin
=== q-actinin
=KL myosn
Qﬂ ERM protein
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Formin-based bundled arrays
(Filopodia)

Arp2/3-based branched arrays
(lamellipodia)

Lipid membrane

N-WASP ‘? __;’C%)
y

/ Arp2/3
complex

Dimers

Capping

L & & nudei o S
000, o 32 OEO. LIS q'\
== caeg e - '
°®e @ o
2 n @ 2 e yee
Profilin o @ /
8 0%
e ® ATP b s L ‘
Sequestered Aborted 'S :z Ou
Geactin Nucleation Q'
Spontaneous nucleation 4 v
@ ATP-Actin w ADF/Cofilin
© ADP-Actin <= Profilin
& Formin ® Sequestering protein
A= NWASP @ Fascin
‘ Arp2/3complex @ Capping protein
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Adhesiones focales Citosol .
actin cross-linker -
Hil s a-actinina
~ adapter talina
complex
plasma
membrane . :
|q— Integnn
heterodimer
domain that binds ]
matrix proteins Focal Adhesion

Medio extracelular: matriz extracelular

Microscopia de fluorescencia

Microscopia de contraste de fase

i8)

|
10 pm
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GTPsas monoméricas Rho: reguladores del citoesqueleto

Filopodium

Lamellipodium

Lamellum

Stress fiber

Focal adhesion
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Activacion de plaquetas

Contacto con bordes de vaso dafiado ~ PIP2 inactiva gelsolina

o sefial quimica (trombina) y CapZ fimbrin, a-actinin
l l filamin
CapZ activated gelsolin
SIGNAL- SIGNAL BUNDLING AND
P MEDIATED MEDIATED CROSS-LINKING OF
Z Ca®* INFLUX

% * %,  SLOWRISE IN CTIN FILAMENTS
ACTIVATES .:D P PiP; ACTIVATES AND MYOSIN 4
GELSOLIN .‘& «* 4 . GELSOLIN ONTRACTION,
— [ : - _— —
. LA ) -
pool of actin . . \.
monomers. \\J-"" -
bound to profilin \\-;9’ / /
gelsolin and capping C’
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Nucleacién de microtibulos
Centro organizador de Mts (MTOC): centrosoma
Complejo de anillo de y-tubulina (y-TuRC)

nucleating sites
{y-tubulin ring complexes)

Matriz del centrosoma
(material pericentriolar)

pair of
centrioles

Ttubulin &

microtubules growing from
ytubulin ring complexes
of the centrosome

y-TuRC

proteins in
ytubulin ring complex

41
Centrosoma
Interphase cell
Mitotic cell
Chromosomes” Centrosome
42
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Statmina: proteina secuestradora de tubulina

stathmin
-
& ﬁ j ) e
® P oo,
_—
ﬁ’ —2 N &+— GTP
7 e hydrolysis
free tubulin tubulin subunit @® subunit addition stops = catches up
sequestered pool shrinks

microtubule
shrinks

by stathmin km
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Proteinas que se unen lateralmente a los Mts
Proteinas asociadas a microtidbulos (MAPs)

- Estabilidad (in vitro estabilizan oligémeros de tubulina
- asociacién a otros componentes celulares

~ microtubule

25 nm

(L)

10 ym

Microscopia de fluorescencia.
Distribucién de: Tau en el axén
(tb. en dendritas) y MAP2 en
cuerpo y dendritas

—
. . 7. .z 3 300
Microscopia electdnica. Seccidn transversal de células que

sobreexpresan MAP2 (A) o tau (B) donde se muestran haces
de Mts.

44

17/3/2019

22



Proteinas que interaccionan con los extremos de los Mts

Efecto sobre la inestabilidad dindmica de Mts
™ MAP  (XMAP215)

STABILIZATION

on plus end \DES'!ABILIZAYIUN
of mic

frequency of
catastrophes

catastrophin Incressed
(superfamilia de
las kinesinas)

frequency of catastrophes
suppressed and/or growth
fate enhanced

Control del posicionamiento de Mts (huso mitdtico hacia el "bud” en crecimiento)

spindle microtubule

growing bud
EB1 protein

Karg
protein

| i microtubule anchored through
Eudding yeess coll entaring fitces EB1-Kar9 binding
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Proteinas de fraccionamiento (“severing proteins”) para Mts

Katanina: - subunidad menor, ATPasa y “severing"

- subunidad mayor, transporta a centrosoma
- libera Mts del MTOC

- rdpida despolimerizacién de Mts en los polos del huso mitético

- =

e} AP

Y
(severed) Hydrolysis

Ry Ul | Yo
LY S

Microtubule
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