Supplementary Figures
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Supplementary Figure 1. Lattice occupancy analysis of 1D random diffusion trajectories
The average probability of occurrence of visits to new lattice sites attt{rfa'P>) obtained from
100 simulated.D random diffusion trajecries. The lattice sizan) was set to 160 nm. The step
sizes of the trajectories were generated usindgfg= 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 motins by using

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

in directed (red), random (blue) and confined (green) fashions. Theizespof the 2D random

walk were generated by usiig].5 (r = 160 nm). he trajectories were mapped onto a 2D square

lattice of sizem =160 nm.(b) The calculatedP: (Eq. 1) of visits to new lattice sites of the three

trajectories shown ia. After fitting the data té&q.4 (black lines), the calculated scaling exponents
(b)forthed i r ect ed,
that the directed and confined modes of diffusion show low lattice occupancy modé>{high

random and

conf i

value) and high lattice occupancy mode (IBwvalue), respectivgl
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wer
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Supplementary Figure 3. Analyses of the diffusion trajectories of Colk DNA and
nanospheres by usingnean squared displacement analysis (MSDj§a) MSD-10qd profile of
ColEr DNA. Thesolid line is the MSD1 Otgprofile obtained from th&A, simulated trajectory
(b) MSD-gi profile of the nanospheres. The plot shows the averaged {gBPprofiles of
approximately 50 nanospheres. T$aid line is the MSD1 dpprofile obtained from the&A,
simulakd trajectory
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Supplementary Figure 4. End-to-end joined trajectories of ColEDNA and nanosphere$a)
Three shuffled replidas obtained byrandomizing the order of the connections between the
original trajectorieof the DNA P x e | s i z €b) Eire® shiffied repldas obtained by
randomizing the order of the connections between the original trajectdribe nanospheres

Pi xel si z &)Temporal drdile ef ®yp-sizesof ColE: DNA afterconnectinghe original
trajectories endb end. The frequency histogram of the ste@s is showim theright panel The
solid line shows the fitting of the frequency histogranEgp. 5, which indicates that the motion
agrees wth normal diffusion theory(d) Temporal profile of &ep sizes of the nansopheres after
connecting the origindtajectoriesendto end The frequency histogram of the st@pes is shown

in theright panel Thesolid line shows the fitting of the frequency histogranttp 5.
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Supplementary Figure 5. MSD analysis of the simulated trajectories of the nanospheres
MSD-qi profiles of the experimental (blughe SA: (green), the @ (red) and the &\ (black)

simulated replictes 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-qi profiles to the confined and directed
diffusion models, respectively(a-c) Three suktrajectories (50 frames each)tb€ DNA showing
directedlike motion. Pixel size = 0.16 pm(d-f) Three subrajectaies (50 frames each) tifie
DNA showing confinedike motion.Pixel size = 0.16 pm(g) MSD-ad profiles of trajectories-
c. The profiles were fitted (solid lines) Ex. 10 andhe velocities of thelirectedlike motion(v)
are shown for each profiléh) MSD-qi profiles of trajectoriesl-f. The profiles were fitted (solid
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lines) toEq. 11and the side lengths of the confined atgaate shown for each profil@) A DNA
trajectoryshowing directedike motion.(j) Temporal change in the velocity of th&ectedlike

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

wi ndow o ftandbyditting thé&NSd profiles toEq. 10 (k) A DNA trajectoryshowing

confinedlike motion. (I) Temporal change in the sidength of the confined area of the DNA

trajectory shown irk. The plot was obtained by tandbyng a s
fitting the MSD-qi profiles toEq. 11
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Supplementary Figure 7. MSD analyses of the sulrajectories obtained by using the
threshold values ALVuc + 2 . 2vl (a) Averaged MSByt profiles of the sultrajectories
captured in the ALV zones of the firsand secondhodesets of the & simulated replicis. The
solid lines show linear fitting of the aveyMSD-ad profiles. The mode of these striajectories
agrees with purely randorbehaviour (b) Averaged MSEqgi profiles of the sulirajectories
obtained from the +ALV zones of the fimdsecondnodesets of the experimental and th&S
simulated reptiaes. Because the +ALV zone of the first mexkg contained information related
to high amplitudes of the directdite mode (se€&ig.5), the captured trajectories showed directed
like motion. Conversely, because the second rsetlecontained informatiorelated to high
amplitudes of the confinelike mode, the captured trajectories showed conflikedmotion. The
subdiffusive behaviar (Fig. 2c), which affects the initial slope of the experimental M&D
profiles, caused the experimental profiles to deviate toward lower values when compared with the
SA: simulated profiles.
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Supplementary Figure 8. The time series of stegsizes and steglirections. Temporal profiles
of the stepsizes (top and the stelirections (babm). The stepsizesthatbelong to the-LO sub
mode are highlighted in red, whereas the sigpsthat belong to thed-HO submode are

highlighted in blue.



Supplementary Figure 9. Calculation of the characteristic time scale of thec-LO and d-HO
sub-modes (a) Enlarged viewof thetemporal profile of thestepsizesshown inSupplementary

Fig. 4c. The stepsizes that belong to theLO andd-HO submodes are highlighted in red and
blue, respectively. Theegs of each sutmode were joined end end to generate-LO- andd-
HO-joined datasetb andc. (b) c-LO-joined dataset (red) obtained from tieenporal profile of

the stepsizesshown inSupplementaryig. 4c. The datase¢xhibited aperiodic waveforntha
enabled Fourier transform analyses. The blue signal is the filtered signal obtained after treating the
dataset with a barpass filter (se&upplementaryig. 10). The characteristic time scale of e

LO mode {{..0) is given by the pulse width of the filtered signal. The pulse widths from all of the
experimental replidas were averaged to giud..o = 0.33 + 0.16 s(c) d-HO-joined dataset
obtained from théemporal profile of thestepsizesshown inSupplemetary Fig. 4c. Thed-HO-

joined dataset lacked the periodic waveform essential for the Fourier transform analyses.
Therefore, the characteristic time scale cannot be calculated by using the Eamséorm
analytical approach{d) Cumulative frequencynagntude spectra of the-LO- (red) andd-HO-

(blue) joined datasets obtained from the experimental (left) and the simulAtenlafectories

(right). The cumulative frequenapagnitude spectra of the joined datasets obtained from the
+ALV zones of the firs{green) and the second (black) mets are shown for comparison.
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