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Supplementary Figures 

 

 

Supplementary Figure 1. Lattice occupancy analysis of 1D random diffusion trajectories. 

The average probability of occurrence of visits to new lattice sites at time t (<Pt
1D>) obtained from 

100 simulated 1D random diffusion trajectories. The lattice size (m) was set to 160 nm. The step 

sizes of the trajectories were generated using Eq. 5 (r = 160 nm). The red line shows the fitting to 

Eq. 3. 
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Supplementary Figure 2. Analysis of the directed, random and confined motions by using 

lattice occupancy analysis. (a) Simulated 2D trajectories (50 frames each) of particles diffusing 

in directed (red), random (blue) and confined (green) fashions. The step sizes of the 2D random 

walk were generated by using Eq. 5 (r = 160 nm). The trajectories were mapped onto a 2D square 

lattice of size m = 160 nm. (b) The calculated Pt (Eq. 1) of visits to new lattice sites of the three 

trajectories shown in a. After fitting the data to Eq. 4 (black lines), the calculated scaling exponents 

(ɓ) for the directed, random and confined motions were ī0.05, ī0.15 and ī0.31, respectively. Note 

that the directed and confined modes of diffusion show low lattice occupancy mode (high P25 

value) and high lattice occupancy mode (low P25 value), respectively. 
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Supplementary Figure 3. Analyses of the diffusion trajectories of ColE1 DNA and 

nanospheres by using mean squared displacement analysis (MSD). (a) MSD-10ȹt profile of 

ColE1 DNA. The solid line is the MSD-10ȹt profile obtained from the SrAr simulated trajectory. 

(b) MSD-ȹt profile of the nanospheres. The plot shows the averaged MSD-ȹt profiles of 

approximately 50 nanospheres. The solid line is the MSD-1ȹt profile obtained from the SrAr 

simulated trajectory. 
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Supplementary Figure 4. End-to-end joined trajectories of ColE1 DNA and nanospheres. (a) 

Three shuffled replicates obtained by randomizing the order of the connections between the 

original trajectories of the DNA. Pixel size = 0.16 ɛm. (b) Three shuffled replicates obtained by 

randomizing the order of the connections between the original trajectories of the nanospheres. 

Pixel size = 0.16 ɛm. (c) Temporal profile of step-sizes of ColE1 DNA after connecting the original 

trajectories end to end. The frequency histogram of the step sizes is shown in the right panel. The 

solid line shows the fitting of the frequency histogram to Eq. 5, which indicates that the motion 

agrees with normal diffusion theory. (d) Temporal profile of step sizes of the nansopheres after 

connecting the original trajectories end to end. The frequency histogram of the step-sizes is shown 

in the right panel. The solid line shows the fitting of the frequency histogram to Eq. 5.  
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Supplementary Figure 5. MSD analysis of the simulated trajectories of the nanospheres. 

MSD-ȹt profiles of the experimental (blue), the SrAr (green), the SiAr (red), and the SrA i (black) 

simulated replicates of the nanoparticles. 
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Supplementary Figure 6. Directed-like and confined-like modes of the absolute motion of 

ColE1 DNA trajectories and the fittings of their MSD-ȹt profiles to the confined and directed 

diffusion models, respectively. (a-c) Three sub-trajectories (50 frames each) of the DNA showing 

directed-like motion. Pixel size = 0.16 µm. (d-f) Three sub-trajectories (50 frames each) of the 

DNA showing confined-like motion. Pixel size = 0.16 µm. (g) MSD-ȹt profiles of trajectories a-

c. The profiles were fitted (solid lines) to Eq. 10 and the velocities of the directed-like motion (v) 

are shown for each profile. (h) MSD-ȹt profiles of trajectories d-f. The profiles were fitted (solid 
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lines) to Eq. 11 and the side lengths of the confined area (L) are shown for each profile. (i) A DNA 

trajectory showing directed-like motion. (j ) Temporal change in the velocity of the directed-like 

mode of motion of the DNA trajectory shown in (i). The plot was obtained by using a sliding 

window of width 50ȹt and by fitting the MSD-ȹt profiles to Eq. 10. (k) A DNA trajectory showing 

confined-like motion. (l) Temporal change in the side length of the confined area of the DNA 

trajectory shown in k. The plot was obtained by using a sliding window of width 50ȹt and by 

fitting the MSD-ȹt profiles to Eq. 11. 
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Supplementary Figure 7. MSD analyses of the sub-trajectori es obtained by using the 

threshold values ALVµ G ± 2.2ůALV . (a) Averaged MSD-ȹt profiles of the sub-trajectories 

captured in the ïALV zones of the first and second mode-sets of the SrAr simulated replicates. The 

solid lines show linear fitting of the averaged MSD-ȹt profiles. The mode of these sub-trajectories 

agrees with purely random behaviour. (b) Averaged MSD-ȹt profiles of the sub-trajectories 

obtained from the +ALV zones of the first and second mode-sets of the experimental and the SrAr 

simulated replicates. Because the +ALV zone of the first mode-set contained information related 

to high amplitudes of the directed-like mode (see Fig. 5), the captured trajectories showed directed-

like motion. Conversely, because the second mode-set contained information related to high 

amplitudes of the confined-like mode, the captured trajectories showed confined-like motion. The 

sub-diffusive behaviour (Fig. 2c), which affects the initial slope of the experimental MSD-ȹt 

profiles, caused the experimental profiles to deviate toward lower values when compared with the 

SrAr simulated profiles.  
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Supplementary Figure 8. The time series of step-sizes and step-directions. Temporal profiles 

of the step-sizes (top) and the step-directions (bottom). The step-sizes that belong to the c-LO sub-

mode are highlighted in red, whereas the step-sizes that belong to the d-HO sub-mode are 

highlighted in blue. 
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Supplementary Figure 9. Calculation of the characteristic time scale of the c-LO and d-HO 

sub-modes. (a) Enlarged view of the temporal profile of the step sizes shown in Supplementary 

Fig. 4c. The step-sizes that belong to the c-LO and d-HO sub-modes are highlighted in red and 

blue, respectively. The steps of each sub-mode were joined end to end to generate c-LO- and d-

HO-joined datasets b and c. (b) c-LO-joined dataset (red) obtained from the temporal profile of 

the step-sizes shown in Supplementary Fig. 4c. The dataset exhibited a periodic waveform that 

enabled Fourier transform analyses. The blue signal is the filtered signal obtained after treating the 

dataset with a band-pass filter (see Supplementary Fig. 10). The characteristic time scale of the c-

LO mode (Űc-LO) is given by the pulse width of the filtered signal. The pulse widths from all of the 

experimental replicates were averaged to give Űc-LO = 0.33 ± 0.16 s. (c) d-HO-joined dataset 

obtained from the temporal profile of the step sizes shown in Supplementary Fig. 4c. The d-HO-

joined dataset lacked the periodic waveform essential for the Fourier transform analyses. 

Therefore, the characteristic time scale cannot be calculated by using the Fourier transform 

analytical approach. (d) Cumulative frequency-magnitude spectra of the c-LO- (red) and d-HO- 

(blue) joined datasets obtained from the experimental (left) and the simulated SrAr trajectories 

(right). The cumulative frequency-magnitude spectra of the joined datasets obtained from the 

+ALV zones of the first (green) and the second (black) mode-sets are shown for comparison.  

 


