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Cytoskeleton I: 
Filament Proteins 
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3 Types 

•  Actin filaments (AFs, or microfilaments) 
•  Microtubules (MTs) 
•  Intermediate filaments (IFs) 

Good summary on page 891. 

Alkesh
Note
- Actin filaments are normally in the cortex of the cell (outer part)

- MT - longer structures that organize the cell in mitosis

- IF - Intermediate in terms of tensile strength and are more flexible.
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Filament Construction 
•  Small subunits form filaments. 
•  Actin and tubulin, compact and 

globular. 
•  disassembly, diffusion, 

reassembly 

Alkesh
Note
- because they are modular (broken down in subunits) they are compact and can disassemble.

- In development, neurons start off in different locations due to chemical cues. Cells have to migrate to different parts of the body.

- Chemotaxis - movement in response to chemical. 



Alkesh
Note
Diagram: 

- Actin filament disassembles into subunits. and form at new site. 

- If this was fixed, then cell wouldnt behave how it should

Alkesh
Note
- green = MT, red = filaments
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Filament Construction 
•  Protofilaments, e.g. 

MTs  
•  Weak noncovalent 

bonds. 

Alkesh
Note
- Subunits assembled in way to maximize strength and dynamic (plasticity). 

- MTs & MFs are made of protofilaments. 

- MT looks like a cylinder.

- Single protofilaments canbe broken easily due to them having weak non-covalent bonds. This allows it to be dynamic

- Easier to move 1 subunit from end then break entire row off.

- 13 protofilaments in MT

- takes more energy to break sheet apart than break filament.
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Nucleation 

Alkesh
Note
- 1 disadvantage of this dynamic behavious is it takes time and energy to build a MT or MF from scratch. 

- (A) - in test tube we have actin subunits, ATP & salt (to speed up process). Assume limitless supply of actin. 

  - lag phase --> start phase : making nucleus of structure (not cell).

  - Elongation phase - addition of subunits at both ends

   - steady state : 

Alkesh
Note
No lag phase since preformed filaments (nucleated) were added
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Tubulin 

•  Heterodimer = 2 different  
     proteins, but considered  
     “1 subunit” of tubulin 

•  each binds GTP; 
     hydrolyzed at only 1 site 
•  13 protofilaments 
•  “plus” and “minus” end 

Alkesh
Note
- 2 binding sites, but only one is active and can be used. The other one is hidden inside.

- plus end is normally where growth occurs

- growth only happens on the minus end when there is a lot of subunits (during nucleation)
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Actin 
•  Monomer 
•  ATP 
•  “plus” and “minus” end 

Alkesh
Note
MF

- plus end and minus end are exposed, region of growth and less growth
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Treadmilling and Dynamic Instability 

•  Growth / shrinkage of filament proteins. 
•  Actin and tubulin catalyze hydrolysis of ATP or 

GTP. 
•  “T” or “D” form indicates if triphosphate or 

diphosphate form exists. 
•  ATP / GTP caps. 
•  Critical concentration (Cc): where subunit 

addition equals subunit loss. 

See pp. 902-903. 

Alkesh
Note
- are enzymes that catalyze hyrdolysis

- caps are when hydrolysis is very slow compared to the rate of growth . 

- Hydrolysis has normal rate, but rate of addition can change. 

- Cap is when rate of addition > rate of hydration on one end of MT.

- Cc = equilibrium. Not a point. but a range.
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Treadmilling – Actin Filaments 
Experiment: 
1.  Filaments added to ATP-actin. 
2.  [ATP-actin] high, addition 

occurs at both ends. 
3.  [ATP-actin] drops, addition 

greater at plus end. 
4.  Steady state. 

 Treadmilling 

Nucleation is not a factor here since pre-formed 
filaments were added to actin solution 

Alkesh
Note
- preformed actin filament (nucleated) 

- rate of hydrolysis (ROH) @ - end > rate of addition (ROA)

- rate of addition @ + end > rate of hydrolysis. (thermodynamically more fav)

- steady state/treadmilling (roa = roh)
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Treadmilling – Microtubules 

Alkesh
Note
Polimerization is spontaneous (aslong as subunit with T). 
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Treadmilling  
•  Rate of hydrolysis and Cc 
•  Linear relationship of [subunit] vs. elongation rate 

There is no net change in length  
of T or D ends at their respective Cc 

Alkesh
Note
- If we go up we're growing, were shrinking if we go back. (CC)

- plus is T end and D is minus

- At minus end its leff thermodynamically fav.

- at minus end its a shallower slope; slower growth

- diff cc because of diff slopes

- If we go below certain subunits, we loose subunits. 

- At T there is growth because of slope

- In treadmilling range, at one point T end is growing while D end is shirnking. Rough equilibrium.
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Treadmilling behaviour – MT 

Fig. 16-10. Molecular Biology of the Cell 

Cell injected with rhodamine-labelled tubulin 

Alkesh
Note
unlabelled (red) tubulin is stable.

this is because  subunits are added and removed. it looks like a worm crawling.
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Dynamic Instability – MTs 

•  [Tubulin] within 
 critical values 

•  GTP cap 
•  Continuous 

transitions 

Alkesh
Note
- in mitotic spindle, the - end is anchored into an organelle center?

- if we go past/below cc then shrinkage/growth

- constantly changing from growth to shrinkage

- [tubulin] high, addition of subunits slows down (since [GTP] is finite. [subunit] decreases. hydrolysis catches up.

- Catastrophe (loose a lot of length of GTP) (ROH > ROA)

- Rescue (ROH is the same, but ROA picks up)

- dynamic instability = transitions between catastophe and rescue and depends on [tubulin] and [GTP]
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Dynamic Instability – MTs 
•  Hydrolysis affects conformation 

Stable 

Unstable 

Alkesh
Note
If GTP is hydrolyzed there is a conformational change in MT --> functional changes.

- loss of P (GTP --> GDP) changes entire structure of tubulin (become bent) and are unstable. Leads to depolymerization or catastrophe

- GDP-GTP exchange. - GDP goes back to the concentration and is converted back to GTP



Kinetics Dependent on [tubulin] 
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Previously Gardner et al., 2011 

Blunt tip Tapered tip 

Gardner et al. (2011). Cell 146:582-292. 

Alkesh
Note
- low[tubulin] --> certain shape of gwrowing end 

- higher[tubulin] --> more sharp tip

- [tubulin] controls the shape of the growing MT.

- therefore shape of growing MT affects rate of growth

- diff rates of elongation

- ROG is [tubulin] dependent



16 

Dynamic Instability – MTs 

Dyn. Inst. 

Epithelial cell, 
Rhodamine- 
labelled tubulin 

Growth cone of neuron 

Alkesh
Note
- MT changing their length
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Treadmilling and Dynamic Instability 

What is the purpose? 
Constant ATP consumption. Is it worth it? 
•  Spatial and temporal flexibility with high turnover. 
•  Fastest way to grow filaments without 

nucleation. 
•  Exploration for attachment sites and remodelling. 

Alkesh
Note
- the way the cytoskeleton is organized allows for certain amount of flexibility. (break off at one point and grow at another) (spacial = place, temporal = time)

- the fastest way to grow a filament with time is through treadmilling. 

- 



18 

Intermediate Filaments 

Alkesh
Note
- x = deforming force, y = deformation

- MT are rigid, and before long they will pull apart (cant stand shearing forces)

- Actin filaments (imp in the muscle contraction as spindles) cant handle deforming force as well

- IF are between these two, but their construction allows them to withstand much greater and different forces (twisting, etc) than the Actin and MT  
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Intermediate Filaments 

•  (A,B) Dimer formation. 
•  (C) Tetramer formation. 
•  (D) Tetramer-tetramer 

association. 

Alkesh
Note
tetramer of 4 diff subunits that form IF.

very hard for it to fall apart

- a --> dimer, two dimers come together in opp direction --> tetramer formation

-two tetramers packed together



20 

Intermediate Filaments 
•  Tetramers packed into array of 16 dimers in cross-section. 
•  Rope-like appearance. 
•  Formation by spontaneous interaction. 
•  Disassembly likely regulated by phosphorylation. 
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IF Types 
Epithelial (e.g. keratins) 
Axonal (e.g. neurofilament) 

Epithelial (keratins) 
•  Most diverse family 
•  Type I and II keratin chains 
•  Strength in hair, nails 
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IF Types 
Axonal (neurofilaments) 
•  Found in central and peripheral axons of vertebrate neurons. 
•  Type L, M or H. 
•  Growth, increase axon diameter. 

Axon Glia Axon (cross-section) 

Alkesh
Note
- can have a really long axons depending on where cell is

- if tall, axon goes from spine to toe

- IF play role in conduction
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Things to Consider... 

1.  Can you differentiate between the processes of 
treadmilling and dynamic instability? 

2.  Think about the differences in assembly, 
growth and shrinkage between each of the 3 
filament proteins that we discussed. 

3.  Where does ATP or GTP fit in? 




