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An actin filament is 

flexible, has a helical 

repeat every 37 nm, 

ranges from 5-9 nm in 

diameter.

The outer diameter of a 

microtubule is between 

23 and 27 nm while the 

inner diameter is 

between 11 and 15 nm.

IF proteins is conserved 

alpha-helical rod 

shape, formation of 

filaments roughly 8 to 

12 nm in diameter (10 

nm).

https://en.wikipedia.org/wiki/Nanometer


Cytoskeletons in the culture cell





Mitotic spindle

CiliaMicrotubules
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Microtubules in the RBC of toadfish Microtubules in the blood platelet



Tubulin structures



Microtubule structure (Subunit)



Arrangement of protofilaments in singlet, doublet, and triplet 

microtubules



Cilia & flagella



Microtubule-organizing center 

(MTOC)  Centrosome: Centrioles



Orientation of cellular microtubules



Orientation of cellular microtubules



Orientation of cellular microtubules



The disassembly and assembly of 

microtubules in inter-phase cultured cells 

can be induced either by adding and 

subsequently  removing colccemid

or by cooling to 0 °C and subsequently 

rewarming to 37 °C.



Effect of temperature and tubulin concentration on 

microtubule assembly and disassembly



Assembly of microtubules

(MT dynamics)

file:///D:/My Documents2004/Course2004/MTIF04/v20-03-microtubule_dynamic.mov
v20-03-microtubule_dynamic.mov




Colchine binds tubulin 

irreversibly with high-affinity

Taxol: 

Stabilization of 

microtubules
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Tau proteins: 

Paired helical filaments



Tau and Neuronal degeneration
Over-phosphorylated and aggregated in 

the cell body and axons



Pathological missorting of Tau in Alzheimer disease (AD) and physiological missorting

in hibernating animals. In AD (left) and during hibernation (right), Tau becomes missorted and 

phosphorylated, dendrites retract. In AD, missorting and phosphorylation are followed by aggregation of Tau 

and dysfunction of the neuron. In hibernation, Tau missorting, phosphorylation, and reduced dendritic 

arborization are completely reversible. Tau-based therapy could target pretangle stages of missorting and 

prevent or reverse missorting, phosphorylation, aggregation, and spreading of Tau.





MAP2A and Tau



-Tubulin (AMCA)

GFP-MAP1A HC Myc-LC (Rhodamine)

Immunocytochemical staining of transfected COS7 cells



Efferent

out
afferent



Kinesin: Efferent out

Dynein: Afferent in



Structure of Kinesin 

and Dynein

Kinesin structure

16.7-kinesin.mov


Vesicle transport

v20-02-vesicle_transport.mov






Cargoes for vesicle



10 nm intermediate Filaments
Polymerization of intermediate filaments







Keratin Pairs: Type II & Type I



Summary of the major consensus patterns of keratin 

expression in epidermis and epidermal appendages. 



Intermediate filaments anchored to 

desmosomes and hemidesmosomes



Keratin filaments in epidermis



K14 knockout mice



Epidermolysis bullosa simplex

K14 mutant





Lamins: Nuclear intermediate filaments



Nuclear Lamin Filaments (L) Interacting with Chromatin (C), Various 

Regulatory Proteins (R), and a Variety of Lamin Binding Proteins 

(yellow), which Link Lamins to Chromatin or to the Inner Membrane (IM).



Lamins and actin and some of their proposed interactions



Neural Stem Cells: Nestin, Vimentin

Glial cells: Vimentin, GFAP Post-mitotic Young Neurons
Internexin, Peripherin

Differentiated Mature Neurons
Internexin, Peripherin

Neurofilament triplet Proteins

(NF-L, NF-M, and NF-H)

*Muscular cells:
Nestin, Vimentin,and Desmin

Intermediate Filament Proteins are good markers for 

determining the differentiation status of neural stem cells

DSCN1510.MOV


Desmin





Immuno-characterization of desmin in striated muscle. 

Left: transversal section; right: longitudinal section



Disorganization of intercalated discs in desmin knockout (KO) 

mice. Des +/+ = desmin normal mice; Des -/- = desmin KO mice. 

Arrows point to the intercalated discs.





Primary culture of embryonic hippocampal cells

-internexin: a 66 kD protein,

the first neuronal intermediate 

filament protein expressed in the 

post-mitotic neurons of 

developing mammalian central 

nervous system 



Internexin, NF-M, NF-L but not NF-H expressed in the 6 

days in vitro (DIV) culture of hippocampal neurons



Internexin and Neurofilament Triplet Proteins (NF-L, NF-M and NF-H) 

all expressed in the 13 DIV hippocampal neurons



Neurofilaments and GFAP



Primary culture of early postnatal cerebellar cells





Plectin cross-links between IF and microtubules



Plakins: linker proteins


