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1. Introduction 

 

Background and aim of work 

 

Perhaps the most striking characteristic of living things is their capacity for controlled 

movement. Movements occur at all structural levels and include such diverse processes 

as active transport through membranes, the translocation of DNA polymerase along 

DNA, the separation of replicated chromosomes during cell division, the beating of 

flagella and cilia, the contraction of muscle and many more. Several elements contribute 

to cell movement. Movement is a manifestation of mechanical work, which requires 

fuel (ATP) and proteins that convert the energy stored in ATP into motion. 

Many movements involve the cytoskeleton, a cytoplasmic system of very dynamic 

fibers, undergoing constant rearrangements, also producing movements. The 

cytoskeleton is an internal network of three types of cytosolic fibers: microfilaments (7-

9 nm in diameter), intermediate filaments (10 nm) and microtubules (24 nm). 

Cells have evolved two basic mechanisms for motility. One mechanism, which is 

responsible for many of the changes in the shape of a cell, involves the polymerisation 

of tubulin and actin, and a further assembly into bundles and networks. The other 

mechanism uses a special class of enzymes called motor proteins. These proteins use 

energy gained from the hydrolysis of ATP to walk or slide along a microfilament or a 

microtubule. 

Proteins capable of producing diverse forces along actin filaments all belong to the 

superfamily of the myosins. Various forms of myosins are found in virtually all 

eukaryotic cells, where they direct a number of motile behaviors (Berg et al., 2001; 

Sellers, 2000; Mermall et al., 1998). To date, this myosin superfamily has been 



Introduction 7 

empirically divided into 18 different classes (I-XVIII) based on the degree of sequence 

similarity within the conserved head (motor) domains. All known myosins consist of a 

head (motor) domain that contains the ATP and actin binding sites, a neck domain with 

one or more light chain binding sites (termed IQ motifs) and a tail domain of varied size 

and structure (Sellers, 2000; Hodge et al., 2000). 

Different myosins can exhibit substantial differences in their motor properties, such as 

in direction, speed, force, regulation and processivity of movement. The determinants 

controlling these different myosin properties are only partially understood at present. 

Class IX myosins contain a number of unique features in their motor domain as 

compared to the other myosins. They exhibit in the head domain an N-terminal 

extension and a large insertion in the second flexible loop (20/50 kDa junction) 

(Reinhard et al., 1995; Wirth et al., 1996). The 50-20 kDa junction (loop 2) is highly 

variable within each of the different myosin classes, both in terms of composition and 

length. This region has been shown to be important for the interaction with actin and 

determination of speed of movement (Schröder et al., 1993; Uyeda et al., 1994; Rovner 

et al., 1995; Goodson et al., 1999). The unique extension and/or the unique insertion 

might endow class IX myosins with novel motor properties. 

 

It is likely that the tail domain also plays a critical role in determining a myosin's 

functional properties by specifying where and with what a given myosin interacts within 

the cell (Mooseker et al., 1995; Oliver et al., 1999). Cell locomotion, organelle transport 

and signal transduction are but a few of the diverse functions proposed for the myosin 

superfamily (Wu et al., 2000; Sellers, 2000). 

The cellular functions of only a few myosins have so far been studied in detail, but it is 

clear that they are involved in many cellular processes. It is also becoming increasingly 

clear that myosins provide an intimate link between signal transduction pathways and 
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the cytoskeleton (class IX and III). Class IX myosins contain within their tails a GTPase 

activating protein (GAP) domain for the small G-protein Rho (Reinhard et al., 1995; 

Wirth et al., 1996; Müller et al., 1997; Post et al., 1998; Chieregatti et al., 1998; Grewal 

et al., 1999). This is quite remarkable, since Rho (rac, rho and cdc42) is involved in 

remodelling the actin cytoskeleton, specifically in stress fiber and focal contact 

formation (Ridley, 1996; Tapon et al., 1997). 

To understand the function of class IX myosins in Rho signaling in vivo, it is also 

necessary to elucidate their motor properties and the signals that may regulate them. 

Between the motor domain and the tail domain, all known myosins show a regulatory 

domain or light chain binding domain that can be of variable length in different myosins 

encompassing between one and seven IQ motifs. Each IQ motif provides a binding site 

for calmodulin or a related EF-hand protein. The regulation of myosin motor function 

by Ca2+/calmodulin has been investigated for members of class I, V, VI and X myosins 

in vitro (Barylko et al., 2000; Cheney et al., 1993; Homma et al., 2000; Yoshimura et 

al., 2001; Homma et al., 2001a; Stöffler et al., 1998). However, no general mode of 

regulation by Ca2+/calmodulin has been identified in these studies. 

 

The present thesis is trying to examine the biochemical properties of the rat myosin 9b 

motor domain to elucidate its motor properties. The knowledge of the motor properties 

will aid on understanding the cellular function(s) and more generally, how different 

motor properties in myosins are specified. 

 


