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CYTOSKELETON 

Advance in microscopy and other investigative techniques have revealed that the 

interior of an eukaryotic cell is highly structured.  Part of this structure is Cytoskeleton – a 

complex network of interconnected filaments and tubules that extends throughout the 

cytoplasm, from  the nucleus to the inner surface of the plasma membrane. The cytoskeletal 

components pervade the cytosol and are associated with the various forms of cell motility and 

maintenance of cell shape.  

The existence of cytoskeleton was first proposed by Koltzoff in 1928, but was 

established later on after the development of technology. The technique of 

immunoflurescence microscopy was especially important in localizing specific protein within 

the cytoskeleton. The three major structural components of cytoskeleton are – Microtubule, 

Microfilament and Intermediate filament.    

Microtubule (MT) 

MTs are hollow, relatively rigid, tubular structure, present nearly in all eukaryotic 

cells. They are the largest cytoskeletal components, concern with the maintenance of cellular 

shape and motility of   various types. 

MTs may be classified into two general groups- Axonemal (AMT) and Cytoplasmic 

mictotubules (CMT). The AMT includes the highly organised stable MTs found in specific 

sub cellular structures associated with cellular movement, including cilia, flagella and basal 

bodies to which these appendages are attached. The central shaft of a cilium or a flagellum 

consist of a highly organised bundle of axonemal MTs and associated proteins. 

The CMTs are more loosely organised. The existence of CMTs were not clear before 

1960, when better fixation technique permitted the direct visualization of the structure. 

Fluorescence microscopy has revealed the diversity and complexity of MT network in 

different cell types. 

Structure of Microtubule:- 

MTs are straiht, hollow cylindrical structure with an outer diameter of about 25nm 

and inner diameter of about 15nm. They exhibit a wide variation in lenth from less than 

200nm to entire length and breadth of a cell. The wall of Mt is composed of globular proteins 

arranged in longitudinal rows, termed protofilaments that are aligned parallel to the long axis 

of the tubules. On cross section MTs are seen to consist of 13 protofilaments, aligned side by 

side in a circular pattern within the wall. Non-covalent interactions between adjacent 

protofilaments are thought to play an important role in maintaining microtubule structure.  

The basic sub-unit of a protofilament is a heterodimer of the protein Tubulin. The 

heterodimer  that form the bulk of protofilament are composed of one molecule of α- tubulin 

and one β- tubulin. The two types of tubulin monomer have a similar three dimensional 

structure and fit tightly to each other to form dimer. Individual  α  and β tubulin molecule 
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have diameter of about 4 – 5 nm and molecular weight of 55KDa.  Each protein folds into 

three domains- 

- A GTP binding dimain at the N-terminus. 

- A domain in the middle to which the MT poison colchicine can bind. 

- A third domain at the C-terminus that interact with MT – associated proteins. 

In a MT all the tubulin dimmers are oriented in the same direction and so, all the β tubulin 

sub unit face the same end (Plus end) and all the α- tubulin sub unit face the opposite end 

(Negative end) 

Fig-1 

Microfilament (MF) 

MFs are the smallest fibrilar component of cytoskeleton with a diameter of about 

7nm. They are best known for  their contractile fibrils of muscle cells, where they interact 

with thick myosin filaments to perform the contraction.  

 They are present in almost all eukaryotic cell and involve in variety of functions 

including amoeboid movement, Cytoplasmic streaming, producing cleavage furrow that 

divides the cytoplasm during cytokinesis. In addition to different cell movements MFs are 

also important in the development and maintenance of cell shape. The cell cortex of many 

cell is formed by MFs, just beneath the plasma membrane. The cortex provide structural 

rigidity to the cell. The MFs form the structural core of many cell microvilli by forming 

parallel  bundles. 

Assembly of MFs 

The Actin is the protein building block of MFs. Actin is synthesized  as single 

polypeptide consisting of 375 amino acids, with a molecular weight of about 42KDa. 

Individual actin molecule is known as G- actin (Globular Actin). Under specific condition G-

actin polymerise to form MF referred to as F- actin. 

Within a MF, all the actin monomers are oriented in the same  direction, and 

therefore, like microtubule MF also has an inherent polarity with one end differing 

chemically and structurally than the other. The polarity is reflected in more rapid addition or 

loss of G- actin at the plus end and slower addition or loss of G- actin at the minus end. 

As G-actin monomer bind to a microfilament, the ATP bound to them is slowly 

hydrolyzed to ADP. Thus, the end of a growing MF tend to have ATP-F-actin, where as the 

bulk of the MF is composed of ADP-F-actin. The assembly of MF depends on the availability 

of ATP bound G-actin. 
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Fig-2 

Intermediate Filament (IF) 

These structural elements of cytoskeleton have a diameter of about 8-12 nm, which 

makes them intermediate between MTs and MFs or between thick (Myosin) and thin (Actin) 

filaments in muscle cell, where the Ifs were first discovered. From the view point of 

biochemical properties, IFs are very heterogeneous. Depending on their morphology and 

localization they can be grouped into four main types- Keratin filaments, Neuro filaments, 

Glial filament and heterogeneous filaments. 

i) Keratin filaments- also known as Tonofilaments, or Cytokeratin filaments 

and are the most complex class of IF. These filaments anchored to the cell 

surface and tend to converse upon the Desmosomes. They are composed to 

multiple polypeptides ranging in size between 47,000 and 58,00 daltons and 

have a three chain structural unit. Mammalian keratin filaments are 

synthesized by living cells of epidermis and form the main bulk of dead layers 

of stratum corneum. 

ii) Neuro-filaments- these filaments are the main structural component of Axon 

and dendrite along with microtubules. They contain three polypeptides ranging 

between 200,000 and 68,000 daltons. Neuro-filaments form a 3D lattice which 

converts the exoplasm in a highly structural gel.  

iii) Glial filament- These filaments are found in the cytoplasm of astrocytes and 

are composed of protein of 51,000 dalton having acidic properties. These 

filaments are altogether absent in the Oligidendrocytes of Bbrain.  

iv) Heterogeneous filaments- These group of Ifs include those filaments that have 

a similar morphology and localization and contain proteins like Desmin, 

Vimintin and Synemin 

Desmin filaments are found  predominantly in smooth, skeletal and cardiac muscle. 

Desmin consist of two major polypeptides of 50,000 and 55,000 dalton, which can 

reconstituted to 10 nm filament after dessolution. 

Vimintin filaments are found in the cells of different origin and has a molecular 

weight of 52,000 dalton. 

Synemin filaments are also found in muscle along with desmin and vimintin. Its 

molecular weight is about 230,000 dalton. 

Ifs are only found in multicellular organism and in contrast to MTs and MFs differ 

markedly in amino acid composition from tissue to tissue. Ifs are the most stable and least 

soluble constituents of the cytoskeleton. Experimentally it was found that treatment of cell 

with detergent or with high or low ionic solution can destroy most of the MTs and MFs but, 
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Ifs retain their original shape. Therefore, Ifs are considered as the scaffold to support the 

entire cytoskeleton by many workers. 

Assembly of IFs 

The basic structural unit of IFs consist of two IF polypeptides intertwined into a coild 

coil. The central helical domains of the two polypeptides are aligned in parallel, with the N 

and C terminal regions protruding as globular domains at each end. Two such domains then 

aligned laterally to form a tetrameric protofilament. Protofilaments interacts with each other, 

associating in an overlapping manner to build up a filamentous structure , both laterally and 

longitudinally. When fully assembled IF is though to be eight protofilament thick at any 

point.  

Fig- 3 

   

    

  

 

  

 

      

 

 


