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Descriptions of the Movies 

Movie 1 

A time-lapse movie showing the two-dimensional scattering patterns from MTs in their 

ordered alignments at 2 mm from the warm terminal during incubation period from 1 to 

30 min. The images of the scattering patterns were obtained at a frame size of 3000 × 

3000 pixels and a pixel size of 150 × 150 µm2 using the RIGAKU RAXIS IV++ 

imaging plate detector system (see the Observation subsection in the Materials and 

Methods section of the manuscript) and were recorded at intervals of 20 s with an 

exposure time of 40 s. The play time is accelerated by a factor of 120 (i.e., 15 s movie = 

30 min experimental time). The partly still images are shown in Figure 2 (a). 

 

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2012



Movie 2 

A time-lapse movie showing the two-dimensional scattering patterns from MTs in their 

ordered alignments at 8 mm position from the warm terminal during incubation period 

from 1 to 30 min. The images of the scattering patterns were obtained at a frame size of 

3000 × 3000 pixels and a pixel size of 150 × 150 µm2 using the RIGAKU RAXIS IV++ 

imaging plate detector system (see the Observation subsection in the Materials and 

Methods section of the manuscript) and were recorded at intervals of 20 s with an 

exposure time of 40 s. The play time is accelerated by a factor of 120 (i.e., 15 s movie = 

30 min experimental time). The partly still images are shown in Figure 2 (b). 
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Movie 3 

Movies of two-dimensional scattering images from MTs in their ordered alignments at 2 

to 15 mm positions from the warm terminal with an interval of 0.5 or 1 mm at 50 min of 

incubation period. The images of the scattering patterns were obtained at a frame size of 

3000 × 3000 pixels and a pixel size of 150 × 150 µm2 using the RIGAKU RAXIS IV++ 

imaging plate detector system (see the Observation subsection in the Materials and 

Methods section of the manuscript) and were recorded at intervals of 40 s with an 

exposure time of 20 s.     
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Estimation adequacy of analysis of MT length from scattering curves 

For the model calculation of scattering curves, MTs were regarded as hollow cylinders. 
The scattering profiles were simulated according to the following equations; 
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where P(q), q, and L are the shape factor, the scattering vector, and the cylinder (MT) 
length, respectively. Rshell and Rcore are the shell and core radii of a cylinder. ρ and ψ are 
the scattering length density and volume fraction of a cylinder. x is the order parameter.  

The theoretical curves of a hollow cylinder at various lengths were shown in Figure S1. 
From this figure (especially q = 0.19 Å in right part), it is clear that the valleys of curves 
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between peaks become shallower with the decrease in the cylinder length.  

 

Figure S1 Model calculations showing how L affects the relative scattering intensity : L 
= 10 μm (black), 5 μm (blue), 1 μm (green), 0.5 μm (yellow), 0.1 μm (pink), 0.05 μm 
(red).  In these calculations, Rshell and Rcore is 14.35 nm and 9.65 nm, respectively.  

Next, we estimated the contribution of term which depends on Rshell and Rcore (framed 
by blue square) or on L (framed by red square), as shown in eq.(5).  
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The term which depends on Rshell and Rcore (ψ2) changes with the order parameter, x (0 ≤ 
x ≤ 1). The dependence of ψ2 on x was shown in Figure S2. At q = 0.19 Å, ψ2 is the 
finite value except for 0 ≤ x ≤ 0.2, i.e., this term is not attributed to the generation of 
valleys of theoretical curves in Figure S1. 
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Figure S2 The dependence of ψ2 on x. The red line in the graph indicates the q value 
equal to the position of a valley in the theoretical curve of Figure S1 (q = 0.19 Å).  

The term which depends on L ((sin(qHx)/qHx)2) also changes with x (0 ≤ x ≤ 1). Here, 
(sin(qHx)/qHx)2 was calculated at various L and x. As shown in Figure S3, the valley 
was obviously distinguished at q = 0.19 Å, for instance, that is; this term is attributed to 
the generation of valleys of theoretical curves in Figure S1. By contrast, 
(sin(qHx)/qHx)2 is the finite value at L = 0.1 μm, and x = 0.1 or 0.5 (Figure S3 (a)). This 
is the reason for the valleys being shallower in the theoretical curves.  

Thus, the valleys in theoretical curves become shallow with a decrease in the L value of 
a cylinder, and therefore the L value of MT can be estimated by the curve fitting 
method. 
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Figure S3 (a) The dependence of (sin(qHx)/qHx)2 on x at L = 0.1 μm (x = 0.1 (black), 
0.5 (red), 1 (blue)). The red line in the graph indicates the q value equal to the position 
of a valley in the theoretical curve of Figure S1 (q = 0.19 Å).  

 

Figure S3 (b) The dependence of (sin(qHx)/qHx)2 on x at L = 1 μm (x = 0.1 (black), 0.5 
(red), 1 (blue)). The red line in the graph indicates the q value equal to the position of a 
valley in the theoretical curve of Figure S1 (q = 0.19 Å). 
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Figure S3 (c) The dependence of (sin(qHx)/qHx)2 on x at L = 10 μm (x = 0.1 (black), 
0.5 (red), 1 (blue)). The red line in the graph indicates the q value equal to the position 
of a valley in the theoretical curve of Figure S1 (q = 0.19 Å). 
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Figure S4 Time-lapse POM images of the ordered alignment of MTs in the rectangular 
thin glass cell without temperature gradient at near the 8 mm position from the warm 
terminal, where the arrows of A and P represent the analyzer and polarizer setting 
direction. The angle between the cell and the analyzer was illustrated leftmost. The 
warm terminal of each cell was the bottom side. 
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Figure S5 Time-lapse POM images of the ordered alignment of MTs in the rectangular 
thin glass cell under temperature gradient at various concentrations of tubulin ((a) 
equals to the result shown in Figure 8) at near the 8 mm position from the warm 
terminal, where the arrows of A and P represent the analyzer and polarizer setting 
direction. The angle between the cell and the analyzer was illustrated leftmost. The 
warm terminal of each cell was the bottom side. 
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Figure S6 FM image of the ordered alignments of MTs at near the 8 mm position from 
the warm terminal at 60 min of the incubation period. (This image is same to Figure 7 
(a)) 
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