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Choice of Hemisphere  

The probe bound to the protein is not symmetrical, due to its specific attachments to the two 

different Cys residues of the protein. In order to maintain the same end in successive 

measurements, information is required beyond the individual polarization measurements. If the 

true rotational motions of the molecule are smaller than 180º, then all of the orientations for one 

end of the dipole will fall into one hemisphere of orientations. We can find a hemisphere that 

fulfills this requirement if we assume that all of the measured angles in a processive run are 

within 90º of the average angle. This assumption is reasonable because the recordings usually 

contain similar numbers of leading and trailing positions and the total angle change for lever arm 

of myosin V when it steps is substantially less than 180º as indicated by cryo-electron 

microscopy (1) and AFM (2). 

The polar axis of this molecule-specific hemisphere is inferred from the set of dipole 

orientations for that molecule. The axis is defined analogous to the director of the nematic liquid 

crystal order parameter Ξ: 
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where nD is the total number of dwell periods in the recording and = 
 

is the k
th

 orientation of either end of the dipole 

represented as a unit vector in Cartesian coordinates where i,j =1,2,3 representing the x, y and z 

directions, and is the Kronecker delta function equal to 1 when i = j and zero otherwise. Note 

that for each angle, regardless of whether or its dipole symmetry related vector 

 is used, Ξ is unchanged. Because Ξ is a 3 × 3 matrix there are 3 orthogonal 

eigenvectors and the polar axis of the hemisphere is chosen to align with the dominant 

eigenvector, that is, the eigenvector with the largest eigenvalue. 

The end of the director closest to the initial direction of motion of the molecule, as 

measured from the CCD images recorded prior to the polarization analysis, is chosen as the 

hemisphere pole for the analysis in the text. The opposite hemisphere corresponds to the 

molecule walking on the opposite side of the actin filament (3), an experimental detail that is not 

known for any individual molecule. In any case, the choice of which of these two hemispheres is 

irrelevant for relative motions during a run. 
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