Cytoskeleton Il: Regulation




Accessory Proteins

* Filaments (AFs, MTs, IFs) are dynamic and under control
of the cell.
* Form higher-order structures (e.g. mitotic spindle).

* Accessory proteins modify these cytoskeletal dynamics.


Alkesh
Note
- signal can come from cell or from outside of the cell (communication)




Nucleation by y-tubulin Protein Complex

MTOC (the centrosome) in animal cells.
Spindle pole body in yeast. =
v-tubulin is highly conserved.

vTURC (ring complex) accelerates MT
formation.

Nucleation occurs at the (-) end.

y-tubulin
o-tubulin

B-tubulin

accessory proteins in
v-tubulin ring complex

yTuRC { :
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Note
- if we start from scratch, we must nucleate.

- if we use premade, then we can skip nucleation

- gamma tubulin facilitates nucleation

- spindle pole body = MTOC

- gamma tubuline forms the ring complex facilitates nucleation during the formation of MT.

- MT formed as rings from beginning not as sheets

- neg end interacts w/ ring complex. pos end is free end


Nucleation by y-tubulin Complex

» MT initiation also
occurs in cytosol

* e.g. plants.

« MTs nucleate
daughter MTs.
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Figure 9-22bc



The Centrioles and Centrosome

Centrosome contains 2 cylindrical centrioles.
9 triplets of MTs.

Centrioles organize PCM (Pericentriolar
Material).

Centriole lumen and PCM contain y-tubulin.

B tubule

; Pericentriolar
" material (PCM)

s

#

PCM initiates MT assembly.

2 pairs of centrioles N
after duplication during &
cell cycle. X

Karp. Cell and Molecular Biology 5

Figure 9-18a Cell and Molecular Biology, 5/e (© 2008 John Wiley & Sons
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Note
- centrioles duplicate before cells divide

- organize PCM which contains gamma tubulin. 

- PCM is part of centrosome

- duplications of the centrosome, organize MT

- astro MT


The Centrioles and Centrosome

« Centrosome near nucleus.

* (-) ends of MTs are anchored.
* (+) ends of MTs emanate in
astral configuration.
Cartwheel Tt:%r;z {EEEL‘ESI:;: Satellites  Appendages

\Centrin fiber

+ microtubules growing from
y-tubulin ring complexes
of the centrosome

Cooper and Hausman. The Cell: A Molecular Approach 6
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Note
- neg end on MTOC

- pos ends going everywhere they are needed


Nucleation of AFs

» Cell periphery (cortex), where density of AF
proteins is highest.

» Location related to AF function (cell shape,
movement).

 Facilitated by ABPs (actin binding proteins)
including ARPs (actin related proteins).



Initiation of AFs (unbranched)

* |nitiation by formin, an ABP =
« Correct alignment for polymerization
* e.g. flaments of muscle cells.
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Formin dimer Cooper and Hausman. The Cell.
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Note
- nucleation is RLS

- formin dimer (large compared to actin monomer) orient actin monomers so they can be pieced together to form MF (spiral like filaments).

- as actin subunits bind, some actins come behind and align to the correct orientation for polymerization

- thermodynamically fav only if properly aligned


Initiation of AF Branches

Cell periphery w nlel Arpz Y] Arp3 )]
Arp2/3 produces st profsine - mings plus
extensive branching. , @ =~ e — Gum—

g : actin nucleated actin filament

ARP complex monomers

Complex contains 7
proteins.

Binds at (-) end.
70° favourable angle.

Figure 16-28 part 2 of 2. Molecular Biology of the Cell, 4th Edition.
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Note
- actin also found in branches in cytosol

- epilthelial cells use actin as well.

- nucleation occurs in branch structures

- Arp2/3 produces branching in the periphery of cell through actin monomers

- optimal angle of branching is 70 degreed to structure of Arp2/3


Control of Subunit Pools

Both actin and tubulin are maintained in
the cytosol at high concentrations.

Concentration can exceed C..

Accessory proteins may sequester unused
subunits (sequestering proteins).

Sequestered proteins are not hydrolyzed.

Provide control or regulation of filament
elongation.
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Note
- accessory proteins control the amount fo subunits in cell (sequester = use up for a bit)




Thymosin Sequesters Actin

* Thymosin sequesters, but profilin recruits monomers.
* Thymosin makes polymerization less favourable.
* Profilin competes with thymosin and promotes assembly.

free actin
monomer ‘

profilin .

complex

\pluj end growth
profilin @ "'I
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actin— rapid plus-end growth
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monomer
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thymosin ‘>

complex
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no binding
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Figure 16-30 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

actin— profllln complex

\ actin filament
Aprofllm @ O
ymosm/

actin-thymosin complex

free actin ‘

monomer

PROFILIN COMPETES WITH THYMOSIN
FOR BINDING TO ACTIN MONOMERS
AND PROMOTES ASSEMBLY

Figure 16-30 part 2 of 2. Molecular Biology of the Cell, 4th Edition.
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Note
-thymosin sequester actin making its addition to a growing actin filament less likely. 

- profilin does the opp and makes it more likely for the actin to be added on




Stathmin Sequesters Tubulin

« Stathmin binding prevents polymerization.
« Decreases effective [tubulin].
* Promotes dynamic instability (catastrophe).

stathmin

free tubulin tubulin subunit @ subunit addition stops ©
sequestered pool shrinks
by stathmin
GTP
hydrolysis
catches up

Figure 16-31. Molecular Biology of the Cell, 4th Edition.
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Note
- decreases effect tubulin conc (free tubulin)

- MT falls appart since the weak forces keeping them together arent strong enough


MT-Associated Proteins (MAPs)

MAP2

« Several binding domains.

* Length of projecting domain determines
packing of MTs.

« MAP2 (neuronal cell bodies); tau (axons).

« tau and Alzheimer’'s Disease (tau unable
to bind to MTs).

« Poorly soluble (hyperphosphorylated) tau —
may ind Uce neu rOd egeneration . Figure 16-32. Molecular Biology of the
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Note
- in diagram 1 it will be able to connect to another adjacent MT

- Tau would have more densily packed proteins

- these proteins determine the spacing/packing of MT

- if spacing b/w MT & neurons isnt good --> neurodegeneration

- loss of bind ability & change in solubility --> neurodegeneration


tau

MAP2

300 nm

Figure 16-51cd Molecular Biology of the Cell 6e (© Garland Science 2015)
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Note
hyper expression of both to show difference of spacing b/w two proteins.


AF Binding Proteins

Cofilin destabilizes AFs
* binds to side of proteins.

* binding induces mechanical stress.

* treadmilling, turnover.
 cell locomotion.

Tropomyosin stabilizes AFs
* binds to side of proteins.
* muscle contraction.
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Modifications at AF Ends

=

. “Capping” 3 e.g. CapZ .

« Recall elongation g Famans g
slower at (-) end. ‘1” citeal snds

* e.9.CapZ (+) . reiener
elongation occurs g at minus end only
only at (-) end. 53

—p monomer concentration

e e.g. tropomodulin (-)
In muscle
contraction.

16
Figure 16-43 Molecular Biology of the Cell (© Garland Science 2008)
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Note
- if hydrolyzed or not effects proteins structure and whether or not elongation will occur

- CapZ binds at pos. end forcing growth to occur at neg end

- slower growth rate

- stabilizing


Modifications at MT Ends

« Capping in MTs has dramatic effect on dynamic instability.
* Important during mitosis.

MAP
RESULT:

longer, less
dynamic
microtubules

STABILIZATION

frequency of catastrophes
suppressed and/or growth
rate enhanced

GTP cap RESULT:
on plusend \ DESTABILIZATION shorter, more
of microtubule dynamic

.....

microtubules

}. frequency of Pt
catastrophes
catastrophin increased
(Kinesins)

Figure 16-36 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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Note
- MAP and tau can stabilize (so we consider them capping)

- If MT still growing (where GTP cap) then  MAP can cap leading to longer, less dynamic MT

- dynamic instability is important so cell can find these

- not cell going under mitosis/division (MT stabilized)

- 


Cross-Linking Proteins and AFs

* Formation of higher-order structures.

« Spacing of 2 actin binding domains of cross-
linking protein determines type of structure.

* 2 major groups: bundling and gel-forming.
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Note
- domains that are specific for bindin with actin monomers

- placement of domains across proteins determent the type of structure 


Cross-Linking Proteins and AFs

Cross-linking proteins

pd .
Bundling \

e Gel-formin
fimbrin 9090, ok g
(monomer) m (network)
o-actinin
(dimer)

filamin (dimer)

spectrin (tetramer)

___09000009099900099 |
| 00000000000006008

Red = actin binding domains 19
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Note
red = actin binding domains

- gel forming have spaced out actin binding domains 


Actin Bundling Proteins

e.g. Muscle e.g. Filopodia
o-actinin actin filaments and actin filaments and
o-actinin fimbrin
Fimbrin
EE0

" o

| I—

50 nm
contractile bundle parallel bundle
loose packing tight packing
allows myosin-l| prevents myosin-ll
to enter bundle from entering bundle
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Note
- alpha actin added b/w actin filaments (space them out). This is done so myosin can enter and shorten muscle spindle leading to muscle contraction.

- fimbrin -- tightly packed


Gel-forming Proteins

Red blood cell membrane

ol
-----
o ou

Glycophorin *See also Fig.

Forms 2-D

______ network.

. *Gives RBC
membrane
flexibility.

Protein 4.1
spectrin (tetramer)
| BSCeItIeleTnee |
| ESERRERCOPESA8EE |

10-41 in Alberts.
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Note
- spectrin is imp because it has spaced out actin binding domains

- gives RBC membrane flex


Gel-forming Proteins

Filamin filamin
dimer

(A) : 50 nm : (B)

Figure 16-42. Molecular Biology of the Cell, 4th Edition.

e.g. lamellipodia in locomotion 22



Changes in Cell Shape During Embryonic
Development

Vertebrate embryo.

Folding of neural tube
during nervous system
development.

Cell height — MTs
“Rolling” tube — AFs.

Dorsal Ectoderm

Ventral

(a)

Neural plate

-
-
-
-
CH=in

(b)

(c)

Neural
tube

(d)
Figure 9-77a-d Cell and Molecular Biology, 5/e (© 2008 Jo

Microtubules
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Changes in Cell Shape During Embryonic
Development

Figure 9-77e Cell and Molecular Biology, 5/e (© 2008 John Wiley & Sons)
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Note
scanning electron microscope


Induction by Extracellular Signals

« Example, crawling neutrophil.
* Chemical activates WASP...
* Polymerizing filaments push membrane.

Extension of lamellipodium

\ / Actin- b/\ (+ Barbed end (*+) &
ol g & oW 7
Activated i:.- P e : g

Arp2/3 29 N Pointed end o 0

complex >
© Actin -ADP
00— Actin -ATP
Q @
Figure 9-71b Cell and Molecular Biology, 5/e (© 2008 John Wiley & Sons)
Neutrophil
WASP = Wiskott-Aldrich Syndrome Protein 25

http://astro.temple.edu/~jbs/courses/204lectures/neutrophil-js.html
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Sequence of steps

Extracellular signal

Activation of WASP

Nucleation and branching by Arp2/3

Promotion of assembly by profilin

Elongation reduced by capping proteins
Destabilized by cofilin and return of subunits to pool
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Things to Consider...

Think about how each accessory protein
affects the stability of AFs and MTs?

Many of the dynamic mechanisms that we
discussed today do not apply to IFs. Why?
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