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Supporting Figure 2: Representative fluorescence image of ring-shaped MT assembly 

with tails observed after performing stepwise AcSO. Scale bar; 25 m. 
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Theoretical model of stepwise AcSO 

 

We would like to discuss the theoretical model of stepwise AcSO both prior to and 

after reaching a thermodynamically stable steady state.  

First, we would like to consider the model for the former situation that is based on 

Supporting Figure 3, which illustrates Supporting Figure 2 in more detail. The figure 

shows that the MT bundles and the ring-shaped MT assemblies with tails were 

randomly distributed on a surface. Before discussing stepwise AcSO, we define the 

length of the time between the addition of new MT filaments and the nucleation of rings 

as t1/2, the average velocity of the MT filaments as v, the distance at time t = 0 between 

the centre of a MT filament and the i-th ring shaped MT assembly as xi, the size of the 

i-th ring-shaped MT assembly including the tail as Ri, the plane angle of the i-th 

ring-shaped MT assembly from the centre of the MT as i and ݅ ൌ 1, 2, 3,⋯ , ݅, ݅ ൅ 1,⋯.  

In the 1st step, we assume that the number of added MTs and ring-shaped MT 

assemblies at the 1st AcSO are ݊ଵ and ଵܰୱ୲୅ୡୗ୓
ଵୱ୲	ୱ୲ୣ୮, respectively. If individual MTs form 

rings independently, then we obtain the following relation 

݊ଵ ൌ ଵܰୱ୲୅ୡୗ୓
ଵୱ୲	ୱ୲ୣ୮                          (S1) 

This relation corresponds to the area of the oval in the 1st step in Supporting Figure 4.  

In the 2nd step, some ring-shaped MT assemblies of the 1st AcSO interact with the 

newly added MT filaments (probability; ݌ଶ୬ୢ	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ ), and the others remain separate. In 

the scheme of the 2nd step in Supporting Figure 4, the overlapping area corresponds to 

the number of interacting ring-shaped MT assemblies. Then, if we add MT filaments 

(݊ଶ), the number of the ring-shaped MT assemblies including those from the 1st 

( ଵܰୱ୲	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮) and 2nd ( ଶܰ୬ୢ	୅ୡୗ୓

ଶ୬ୢ	ୱ୲ୣ୮ ) AcSO is ୟܰ୪୪	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮: 

ୟܰ୪୪	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ ൌ ݊ଵ ൅ ݊ଶ െ ଶܰ୬ୢ	୅ୡୗ୓

ଶ୬ୢ	ୱ୲ୣ୮                                (S2) 

ൌ ቀ݊ଵ െ ଵܰୱ୲	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ቁ ൅ ቀ݊ଶ െ ଶܰ୬ୢ	୅ୡୗ୓

ଶ୬ୢ	ୱ୲ୣ୮ ቁ ൅ ଶܰ୬ୢ	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮       (S3) 

ൌ ቀ݊ଵ െ ୅ୡୗ୓	ଵୱ୲݌
ଶ୬ୢ	ୱ୲ୣ୮݊ଶቁ ൅ ቀ݊ଶ െ ୅ୡୗ୓	ଶ୬ୢ݌

ଶ୬ୢ	ୱ୲ୣ୮ ݊ଶቁ ൅ ୅ୡୗ୓	ଶ୬ୢ݌
ଶ୬ୢ	ୱ୲ୣ୮ ݊ଶ (S4) 

where 

 ଶܰ୬ୢ	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ ൌ ୅ୡୗ୓	ଶ୬ୢ݌

ଶ୬ୢ	ୱ୲ୣ୮ ݊ଶ                       (S5) 

The first and second terms in eq. (S3) are the number of ring-shaped MT assemblies of 

the 1st and 2nd AcSO, respectively. The third term is the ring-shaped MT assemblies of 

the 2nd AcSO, representing the overlapping area. Assuming that ݊ଵ ൌ ݊ଶ for simplicity,  

ୟܰ୪୪	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ ൌ 2݊ଶቀ1 െ ୅ୡୗ୓	ଶ୬ୢ݌

ଶ୬ୢ	ୱ୲ୣ୮ ቁ ൅ ୅ୡୗ୓	ଶ୬ୢ݌
ଶ୬ୢ	ୱ୲ୣ୮ ݊ଶ             (S6) 
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ൌ ଵܰୱ୲	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ ൅ ଶܰ୬ୢ	୅ୡୗ୓

ଶ୬ୢ	ୱ୲ୣ୮                        (S7) 

ൌ ݊ଶሺ2 െ ୅ୡୗ୓	ଶ୬ୢ݌
ଶ୬ୢ	ୱ୲ୣ୮ ሻ                          (S8) 

where  

ଵܰୱ୲	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ ൌ 2݊ଶቀ1 െ ୅ୡୗ୓	ଶ୬ୢ݌

ଶ୬ୢ	ୱ୲ୣ୮ ቁ                     (S9) 

Ideally, it is possible to determine ݌ଶ୬ୢ	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮  from the observed ୟܰ୪୪	୅ୡୗ୓

ଶ୬ୢ	ୱ୲ୣ୮, ݊ଵ and ݊ଶ.  

At this point, it is required to consider ݌ଶ୬ୢ	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ . This value would be proportional to 

the number of collisions of newly added MTs filaments with the ring-shaped MT 

assemblies of the 1st AcSO, and the collision probability is closely related to the total 

cross section area around a MT filament or a bundle in the range of ݐݒଵ/ଶ. This 

probability is proportional to both the number and size of ring-shaped MT assemblies. 

Now, we adopt the sum of the plane angles of the ring-shaped MT assemblies to 

describe the probability of collision as  

୅ୡୗ୓	ଶ୬ୢ݌
ଶ୬ୢ	ୱ୲ୣ୮ ൌ ∑ ఏ೔

ଶగ௜                          (S10) 

where i and ߠ௜ are directly related to the number and the size of ring-shaped MT 

assemblies, respectively.  

௜ߠ ൌ
ோ೔
ଶగ௫೔

                             (S11) 

Because ݌ଶ୬ୢ	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮  in eq. (S10) is the sum of the length ratios (diameter of the 

ring-shaped MT assemblies to the circumference of the circle 2ݔߨ௜), it is also equal to 

the sum of the square root of the area ratios of the ring-shaped MT assemblies to the 

circle in the range of ݐݒଵ/ଶ (dotted line).  

୅ୡୗ୓	ଶ୬ୢ݌
ଶ୬ୢ	ୱ୲ୣ୮ ~∑ ට

గሺோ೔/ଶሻమ

గሺ௩௧భ/మሻమ
௜ ൌ ∑ ோ೔

ଶ௩௧భ/మ
௜                  (S12) 

Eq. (S12) explains why higher-order AcSOs are performed in a stepwise manner prior to 

reaching a thermodynamically stable steady state rather than when reaching equilibrium. 

As shown in Supporting Figure 2, the lengths of the tails are longer than the diameters 

of the ring-shaped MT assemblies. Therefore, it is expected that the probability 

increases by several times or more above that of the ring-shaped MT assemblies without 

tails.  

In the 3rd step, some of the newly added MT filaments interact with some of the 

ring-shaped MT assemblies of both the 1st AcSO (the probability of formation of new 

ring-shaped MT assemblies of 2nd AcSOs is ݌୬ୣ୵	ଶ୬ୢ	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮ ) and the 2nd AcSO (the 

probability of formation of that of 3rd AcSO is ݌୬ୣ୵	ଷ୰ୢ	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮ ), while other rings do not 

interact From the scheme of the 3rd step in Supporting Figure 4, the total number of 
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ring-shaped MT assemblies in the 3rd step, ୟܰ୪୪	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮, is  

ୟܰ୪୪	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮ ൌ ଵܰୱ୲	୅ୡୗ୓

ଶ୬ୢ	ୱ୲ୣ୮ ൅	 ଶܰ୬ୢ	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ ൅ ݊ଷ െ ୬ܰୣ୵	ଶ୬ୢ	୅ୡୗ୓

ଷ୰ୢ	ୱ୲ୣ୮ െ ୬ܰୣ୵	ଷ୰ୢ	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮   (S13) 

ൌ ቀ ଵܰୱ୲	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ െ ୬ܰୣ୵	ଶ୬ୢ	୅ୡୗ୓

ଷ୰ୢ	ୱ୲ୣ୮ ቁ ൅ ቀ ଶܰ୬ୢ	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ െ ୬ܰୣ୵	ଷ୰ୢ	୅ୡୗ୓

ଷ୰ୢ	ୱ୲ୣ୮ ቁ ൅ ݊ଷ     (S14) 

ൌ ቀ ଵܰୱ୲	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ െ ୅ୡୗ୓	ଶ୬ୢ	୬ୣ୵݌

ଷ୰ୢ	ୱ୲ୣ୮ ݊ଷቁ ൅ ቀ ଶܰ୬ୢ	୅ୡୗ୓
ଶ୬ୢ	ୱ୲ୣ୮ െ ୅ୡୗ୓	ଷ୰ୢ	୬ୣ୵݌

ଷ୰ୢ	ୱ୲ୣ୮ ݊ଷቁ ൅ ݊ଷ (S15) 

ൌ ଵܰୱ୲	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮ ൅ ଶܰ୬ୢ	୅ୡୗ୓

ଷ୰ୢ	ୱ୲ୣ୮ ൅ ଷܰ୰ୢ	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮                               (S16) 

where  

୬ܰୣ୵	ଶ୬ୢ	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮ ൌ ୅ୡୗ୓	ଶ୬ୢ	୬ୣ୵݌

ଷ୰ୢ	ୱ୲ୣ୮ ݊ଷ                  (S17) 

୬ܰୣ୵	ଷ୰ୢ	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮ ൌ ୅ୡୗ୓	ଷ୰ୢ	୬ୣ୵݌

ଷ୰ୢ	ୱ୲ୣ୮ ݊ଷ                  (S18) 

and  

ଵܰୱ୲	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮ ൌ ଵܰୱ୲	୅ୡୗ୓

ଶ୬ୢ	ୱ୲ୣ୮ ൅ ݊ଷ െ ୅ୡୗ୓	ଶ୬ୢ	୬ୣ୵݌
ଷ୰ୢ	ୱ୲ୣ୮ ݊ଷ െ ୅ୡୗ୓	ଷ୰ୢ	୬ୣ୵݌

ଷ୰ୢ	ୱ୲ୣ୮ ݊ଷ    (S19) 

ଶܰ୬ୢ	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮ ൌ ଶܰ୬ୢ	୅ୡୗ୓

ଶ୬ୢ	ୱ୲ୣ୮ ൅ ୅ୡୗ୓	ଶ୬ୢ	୬ୣ୵݌
ଷ୰ୢ	ୱ୲ୣ୮ ݊ଷ െ ୅ୡୗ୓	ଷ୰ୢ	୬ୣ୵݌

ଷ୰ୢ	ୱ୲ୣ୮ ݊ଷ      (S20) 

ଷܰ୰ୢ	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮ ൌ ୅ୡୗ୓	ଷ୰ୢ	୬ୣ୵݌

ଷ୰ୢ	ୱ୲ୣ୮ ݊ଷ                       (S21) 

The sum of Eqs. (19) ~ (21) is equal to eq. (S15). The probability of collision in the 3rd 

step, ݌ଷ୰ୢ	ୱ୲ୣ୮, corresponds to the sum of ݌ଵୱ୲	୅ୡୗ୓
ଷ୰ୢ	ୱ୲ୣ୮  and ݌ଶ୬ୢ	୅ୡୗ୓

ଷ୰ୢ	ୱ୲ୣ୮ .  

ୱ୲ୣ୮	ଷ୰ୢ݌ ൌ ∑ ோ೔
ଶ௩௧భ

మ

௜ ൌ ୅ୡୗ୓	ଶ୬ୢ݌
ଷ୰ୢ	ୱ୲ୣ୮ ൅ ୅ୡୗ୓	ଷ୰ୢ݌

ଷ୰ୢ	ୱ୲ୣ୮                     

             ൌ ቈ
ேభ౩౪	ఽౙ౏ో
మ౤ౚ	౩౪౛౦

ே౗ౢౢ	ఽౙ౏ో
మ౤ౚ	౩౪౛౦ ൅

ேమ౤ౚ	ఽౙ౏ో
మ౤ౚ	౩౪౛౦

ே౗ౢౢ	ఽౙ౏ో
మ౤ౚ	౩౪౛౦ ቉ ݌

ଷ୰ୢ	ୱ୲ୣ୮                (S16) 

Using eqs. (S5), (S8) and (S9), we obtain 

ୱ୲ୣ୮	ଷ୰ୢ݌ ൌ ቈ
ଶቀଵି௣మ౤ౚ	ఽౙ౏ో

మ౤ౚ	౩౪౛౦ ቁ

ሺଶି௣మ౤ౚ	ఽౙ౏ో
మ౤ౚ	౩౪౛౦ ሻ

൅
௣మ౤ౚ	ఽౙ౏ో
మ౤ౚ	౩౪౛౦ 	

ሺଶି௣మ౤ౚ	ఽౙ౏ో
మ౤ౚ	౩౪౛౦ ሻ

቉  ୱ୲ୣ୮          (S17)	ଷ୰ୢ݌

ୱ୲ୣ୮	ଷ୰ୢ݌  could be determined under ideal conditions. Because the number of 

ring-shaped MT assemblies with tails increases in a stepwise manner, i.e., due to the 

increase in ∑ ܴ௜௜  in eq. (S10), the probability of collision also increases.  

ୱ୲ୣ୮	ଷ୰ୢ݌ ൐ ୅ୡୗ୓	ଶ୬ୢ݌
ଶ୬ୢ	ୱ୲ୣ୮                        (S18) 

Obviously, this scenario roughly explains our experimentally observed trend that thicker 

ring-shaped MT assemblies are formed by stepwise AcSO prior to equilibrium.  

Thus far we have discussed the model until the 3rd step, and extending the model for 

further stepwise AcSOs is possible but is not shown here.  
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Supporting Figure 3: Schematic representation of stepwise AcSO prior to reaching a 

stable steady state.  

 

 
Supporting Figure 4: Scheme for illustrating the formation of thicker ring-shaped MT 

assemblies in stepwise AcSO. The overlapping area represents the generation of thicker 

ring-shaped MT assemblies from the interactions between newly added MT filaments or 

newly formed MT bundles and preformed ring-shaped MT assemblies.  

At this point, we further discuss the explanations for the following: ring-shaped MT 
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assemblies are more easily formed from MT bundles than from single MT filaments; 

thicker ring-shaped MT assemblies cannot be formed in non-stepwise AcSO; 

higher-order AcSOs are not formed in a stepwise manner at equilibrium; and thicker 

ring-shaped MT assemblies are easily formed in a stepwise manner prior to reaching a 

stable steady state. 

To highlight the essence of the explanation, we discuss the reasons that are based on 

the free-energy profile of a first-order phase transition, i.e., the nucleation and growth 

mechanism from the Ginzburg-Landau1 (GL) theory using an order parameter, in which 

two stable states corresponding to the dispersed and condensed state are separated by an 

energy barrier of E in height, as shown in Supporting Figure 5. We adopt the 

normalised density of MTs, ̅ߩ, as the order parameter, which is roughly defined as  

ߩ̅ ൌ
ௗ౨౟౤ౝ
మ

ோమ
                            (S19) 

where ܴ and ݀୰୧୬୥ are the size of a MT (a bundle, ring-shaped MT assembly, or 

intermediate state, such as a ring-shaped MT assembly with a tail) and the diameter of 

the assembly, respectively. ̅1~ߩ is for ring-shaped MT assemblies, ̅0~ߩ is for MT 

bundles, and 0 ൏ ߩ̅ ൏ 1 for the intermediate state. In the intermediate state, the ̅ߩ of 

the bundle interacting with the assembly is slightly larger than the ̅ߩ of the nucleus. 

Therefore, self-assembly occurs spontaneously. The nucleation rate ܬ is  

ܬ ൌ  ஻ܶሻ                    (S20)݇/ܧ∆ሺെ	଴expܬ

where ܬ଴ is the prefactor, which reflects the collision probability, and ∆ܧ is the height 

of the energy barrier. ܬ଴ could be described in terms of eqs. (S10) and (S12) as  

଴ܬ ∝ ∑ ఏ೔
ଶగ௜ , ∑ ோ೔

ଶ௩௧భ/మ
௜                       (S21) 

The characteristic time scale ݐଵ/ଶ can be related to ܬ as  

ଵିܬ~ଵ/ଶݐ ∝ exp	ሺ∆ܧ/݇஻ܶሻ                   (S22) 

These equations indicate that the time during which new MT filaments are added is 

short if ∆ܧ is small. In the experiments, we observed that MT bundles more easily 

formed ring-shaped MT assemblies than did single MT filaments. This finding can be 

explained by E, which is determined by the competition between the surface and 

volume energies. In the assemblies formed from fine bundles, the surface energy is less 

than that of the single MT filaments; therefore, E is small. In contrast, thicker 

ring-shaped MT assemblies were not formed in the non-stepwise AcSO because the 

collisions among bundles and the assemblies occurred simultaneously within ݐଵ/ଶ. 

Supporting Figure 5(a) explains the above discussion.  

Thicker ring-shaped MT assemblies were not observed when new MT filaments were 
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introduced at steady state because the ܬ଴ of the ring-shaped MT assemblies without 

tails is small, as discussed in eqs. (S10) and (S12), making collisions within ݐଵ/ଶ 

difficult, which is illustrated in Supporting Figure 5(b). In contrast, the thicker 

ring-shaped MTs assemblies form prior to reaching steady state because the ring-shaped 

MTs with tails enhance the probability of collision with MT filaments in a finite time 

period, which is illustrated in Supporting Figure 5(c).  
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Supporting Figure 5: Schematic representations of the free-energy profiles of 

nucleation and growth in a plot of the free-energy difference ∆ܩ vs. the normalised 

density ̅ߩ  from the Ginzburg-Landau theory. The profiles of the AcSOs in the 

non-stepwise manner (a), stepwise manner in equilibrium (b) and prior to equilibrium 

(c) are illustrated. The solid and dashed profiles in (a) indicate the profiles from a single 

MT filament to a ring-shaped MT assembly and from a MT bundle to a ring-shaped MT 

assembly, respectively. The shaded areas are the parameter conditions that are suitable 

for nucleation and growth of ring-shaped MT assembly.  

 

 

Reference: 

1. V. L. Ginzburg and L. D. Landau, Zh. Eksp. Teor. Fiz. 1950, 20, 1064. 

 

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2013



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


