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Introduction
ü The cytosol of cells contains fibers that help to maintain cell shape and

mobility and that probably provide anchoring points for the other cellular
structures.

ü Collectively, these fibers are termed as the cytoskeleton.
ü The cytoskeleton gives cells structure and shape and allows them to move

around. It’s also important for intracellular transport.
ü At least three general classes of such fibers have been identified in eukaryotic

cells. Each of these filaments is a polymer.
ü All three filament systems are highly dynamic, altering their organization in

response to the needs of the cell.



Diagram of cytoskeleton

Ømicrofilaments made of actin monomers
Ømicrotubules made of tubulin dimers, an
ØIntermediate filaments made of various other proteins.



Microtubules
ü The thickest are the microtubules (20 nm in diameter) which consist primarily of the

tubulin protein.
ü Each tubulin subunit is made up of one alpha and one beta-tubulin that are attached to

each other, so technically tubulin is a heterodimer, not a monomer. Since it looks like a
tube, it is named as microtubule.

ü In a microtubule structure, tubulin monomers are linked both at their ends and along
their sides (laterally). This means that microtubules are quite stable along their lengths.

ü Since the tubulin subunits are always linked in the same direction, microtubules have
two distinct ends, called the plus (+) and minus (-) ends.

ü On the minus end, alpha-tubulin is exposed, and on the plus end, beta-tubulin is
exposed.

ü Microtubules preferentially assemble and disassemble at their plus ends.



Functions of microtubules
üTransportation of water, ions or small molecules.
üCytoplasmic streaming (cyclosis).
üFormation of fibers or asters of the mitotic or meioticspindle during cell division.
üFormation of the structural units of the centrioles,basal granules, cilia, and flagella.



Formations of microtubules
Filament formation is said to take place in three steps:1. Nucleation. This is the rate limiting step – actin monomers have limitedaffinity to form oligomers with one another but higher affinity to join anexisting filament. It’s like how your first million is your hardest to make, orhow no one wants to come to the party until they know who else will bethere. Specifically, actin dimers dissociate very easily, but once a trimerforms, it is relatively stable and can act as a seed to attract other G-actinmolecules. Apparently it takes three to tango.2. Elongation. Once nucleation has happened, and provided that ion and G-actin concentrations favor it, the filament will elongate rapidly. G-actinmonomers prefer to join the (+) end of a filament, so that end will growfaster, but in many conditions the (-) end will grow as well.3. Steady state. Eventually the filament will grow to where the ambientconcentrations of G-actin and requisite ions have been depleted enough thatthe rate of actin monomer dissociation from the filament equals the rate ofelongation. The dissociation happens more at the (-) end and elongationmore at the (+) end, so even in equilibrium, the filament is still dynamic andhas a ‘treadmilling’ appearance.



Microfilaments
üThe thinnest are the microfilaments (7 nm in diameter)which are solid and are principally made of twointertwined strands of a globular protein called actin. Forthis reason, microfilaments are also known as actinfilaments.
üActin is powered by ATP to assemble its filamentous form,which serves as a track for the movement of a motorprotein called myosin.
üThis enables actin to engage in cellular events requiringmotion such as cell division in animal cells andcytoplasmic streaming, which is the circular movement ofthe cell cytoplasm in plant cells.



Functions of Microfilaments
 They maintain the shape of the cell.
 Form contractile component of cells, mainly of themuscle cells.
 White blood cells can move to the site of an infectionand engulf the pathogen due to microfilaments.



Intermediate Filaments
ü The fibers of the middle-order are called the intermediate filaments(IFs) having a diameter of 10 nm.
ü They are composed of a family of related proteins sharing commonstructural and sequence features.
ü They having been classified according to their constituent proteinsuch as desmin filaments, keratin filaments, neurofilaments, vimentin,and glial filaments.
Ø Functions of Intermediate Filaments
ü Intermediate filaments contribute to cellular structural elements andare often crucial in holding together tissues like skin.
ü Unlike actin filaments, which can grow and disassemble quickly,intermediate filaments are more permanent and play an essentiallystructural role in the cell. They are specialized to bear tension, andtheir jobs include maintaining the shape of the cell and anchoring thenucleus and other organelles in place.



Intermediate filaments



Microtrabecular Lattice
üRecently, cytoplasm has been found to be filled with athree-dimensional network of interlinked filaments ofcytoskeletal fibers, called a micro-trabecular lattice.
ü Various cellular organelles such as ribosomes,lysosomes, etc., are found anchored to this lattice.
üThe micro-trabecular lattice being flexible changes itsshape and results in the change of cell shape duringcell movement.



Functions of Cytoskeleton
ü The cytoskeleton is responsible for lots of important cellular functions:
ü In animal cells, which lack a rigid cell wall, it is the cytoskeleton that

determines cell shape.
ü It allows cells to move.
ü Engulf particles.
ü Brace themselves against pulling forces.
ü Transport vesicles through the cytosol.
ü Separate chromosomes during cell division.
ü It allows our muscles to contract.
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