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Figure 1–Figure supplement 1. Mean reach elevation and calculation of mean first passage time

to the microtubule. In figure 1 we show an estimate of the time it would take for a motor, initially

opposite the microtubule, to come within reach of it. These times come from analytical expressions

for mean first passage time to a spherical cap,
8��R3

kBT
log

�
1−cos(�)
1−cos(�)

�
for rotational diffusion of the

cargo and
R2

D
log

�
1−cos(�)
1−cos(�)

�
for diffusion in the cargo surface. Here � represents viscosity (of the fluid

surrounding the cargo), R is the cargo radius, kB is Boltzmann’s constant, T is temperature, and D
is diffusion coefficient (of the motor in the cargo surface). To apply these equations, we had to first

estimate �, the extent of the spherical cap to which the motor must diffuse before binding. To do
so, we simulated motors diffusing from the north pole of the cargo and recorded the first anchor

location where the motor was able to bind with its maximum rate as described in supplemental

section A.3.3, referred to as a max reach location. We then used the mean elevation of these points

as our estimate for �. Cargo and microtubule were situated as shown in A. For details on how
we model the mechanics of a motor and it’s attachment to the cargo, see supplemental section

A.1.1. A: Mean reach elevation for cargos of various sizes, as labeled in each panel. Legend in final

panel applies to every other panel. B: Mean reach elevation for each cargo size shown in A. Bars

represent standard error of the mean. Data are well fit to reach elevation � = (.27∕d).7, where d is
cargo diameter (black curve).
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Figure 3–Figure supplement 1. Distributions of times for cargos to bind to the microtubule. Ai-

iv: Empirical cumulative distributions of time to bind for cargos in each of the four organization

modes. Thinner curves of the same color are exponential fits to the data. Bi: Empirical cumulative

distributions for free independent cargos with a range of motor diffusion coefficients D. Diffusion
coefficients are log spaced, values of D for each distribution shown are labeled on the colorbar.
Thinner curves of the same color are exponential fits to the data. Bii: Empirical cumulative dis-

tributions of times to bind for free independent cargos at diffusion coefficient D =1 × 10−5 µm2 s−1

for several numbers of motors on the cargo (yellows). Also shown are distributions for rigid dis-

persed cargos at the same numbers of total motors (reds). Thinner curves of the same color are

exponential fits to the data. Dashed curves are fits for rigid dispersed cargos.
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Figure Data Equation Values 95% CI Notes
3A Rigid Clustered aN0 a: 424.5 410, 439

Rigid Dispersed (a/N)b a: 75.37 63.94, 86.8
b: 1.445 1.366, 1.524

Free Independent (a/N)b a: 8.777 8.49, 9.063
b: 1.119 1.075, 1.162

Free Clustered (a/N)b + cN a: 4462 -5173, 1.41e+04
b: 0.2713 0.1942, 0.3484
c: 0.2708 0.218, 0.3237

3Ci N = 1 adb b: 3.449 3.278, 3.619 Fit to d >0.03 µm
N = 5 b: 3.798 3.574, 4.022
N = 10 b: 3.971 3.69, 4.253
N = 15 b: 4.033 3.733, 4.334
N = 20 b: 4.153 3.663, 4.644

3Cii N = 1 adb b: 3.547 3.136, 3.959 Fit to d >0.1 µm
N = 5 b: 3.826 3.224, 4.428
N = 10 b: 3.973 3.47, 4.476
N = 15 b: 4.138 3.724, 4.552
N = 20 b: 4.082 3.714, 4.45

3Ciii N = 1 adb b: 1.936 1.698, 2.173 Fit to d >0.1 µm
N = 5 b: 1.795 1.604, 1.985
N = 10 b: 1.844 1.54, 2.148
N = 15 b: 1.816 1.51, 2.123
N = 20 b: 1.717 1.423, 2.012

3Civ N = 1 adb b: 1.739 1.538, 1.941 Fit to d >0.1 µm
N = 5 b: 2.327 1.992, 2.662
N = 10 b: 2.461 2.197, 2.725
N = 15 b: 2.525 2.355, 2.696
N = 20 b: 2.561 2.243, 2.88

Figure Data Equation Values 95% CI Notes
4C Clustered a + bN a: 0.1954

b: 0.7693 Get 3 more motors engaged
if add 4

Rigid Dispersed a + bN a: 0.9553
b: 0.0673 Need to add 15 motors to

get one more engaged
Free Independent a + bN a: 0.6585

b: 0.2157 Need to add 5 motors to
get one more engaged

Table S1: List of fit values
Fits for figure 3Cargo time to bindfigure.caption.5 done with fit function in MATLAB R2018b. Linear fits
for figure 4Run lengths and dynamic clusteringfigure.caption.6C done by linear regression.
Power law fits are shown in figure 3Cargo time to bindfigure.caption.5C only when the fit time is greater
than N⇡micro

0 , otherwise N⇡micro
0 (the on rate of N motors when they are all near the microtubule) is shown.

Values of a are not listed for the sake of brevity.

5

Figure 3–Figure supplement 2. List of fit values Fits for figure 3 done with fit function in MATLAB

R2018b. Power law fits are shown in figure 3C only when the fit time is greater than N�micro0 ,

otherwise N�micro0 (the on rate of N motors when they are all near the microtubule) is shown.
Values of a are not listed for the sake of brevity.
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Figure 4–Figure supplement 1. Distributions of run lengths. A: Empirical cumulative probability

distribution of run lengths for cargos in the clustered, rigid dispersed and free independent modes.

Different total numbers of motors are shown on a common color axis. B: Empirical cumulative

probability distributions of cargos with closely matched mean numbers of motors engaged at

steady state (Nss). Total numbers of motors N was picked for each mode to match an Nss of 2.5.
C: Percent of cargos bound as a function of time for cargos with the same total numbers of total

motors N as in B, picked to match mean number of motors engaged at steady state, Nss. The time

before steady state is reached is filled in color below the curve for each organization mode.
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Figure Data Equation Values 95% CI Notes
3A Rigid Clustered aN0 a: 424.5 410, 439

Rigid Dispersed (a/N)b a: 75.37 63.94, 86.8
b: 1.445 1.366, 1.524

Free Independent (a/N)b a: 8.777 8.49, 9.063
b: 1.119 1.075, 1.162

Free Clustered (a/N)b + cN a: 4462 -5173, 1.41e+04
b: 0.2713 0.1942, 0.3484
c: 0.2708 0.218, 0.3237

3Ci N = 1 adb b: 3.449 3.278, 3.619 Fit to d >0.03 µm
N = 5 b: 3.798 3.574, 4.022
N = 10 b: 3.971 3.69, 4.253
N = 15 b: 4.033 3.733, 4.334
N = 20 b: 4.153 3.663, 4.644

3Cii N = 1 adb b: 3.547 3.136, 3.959 Fit to d >0.1 µm
N = 5 b: 3.826 3.224, 4.428
N = 10 b: 3.973 3.47, 4.476
N = 15 b: 4.138 3.724, 4.552
N = 20 b: 4.082 3.714, 4.45

3Ciii N = 1 adb b: 1.936 1.698, 2.173 Fit to d >0.1 µm
N = 5 b: 1.795 1.604, 1.985
N = 10 b: 1.844 1.54, 2.148
N = 15 b: 1.816 1.51, 2.123
N = 20 b: 1.717 1.423, 2.012

3Civ N = 1 adb b: 1.739 1.538, 1.941 Fit to d >0.1 µm
N = 5 b: 2.327 1.992, 2.662
N = 10 b: 2.461 2.197, 2.725
N = 15 b: 2.525 2.355, 2.696
N = 20 b: 2.561 2.243, 2.88

Figure Data Equation Values 95% CI Notes
4C Clustered a + bN a: 0.1954

b: 0.7693 Get 3 more motors engaged
if add 4

Rigid Dispersed a + bN a: 0.9553
b: 0.0673 Need to add 15 motors to

get one more engaged
Free Independent a + bN a: 0.6585

b: 0.2157 Need to add 5 motors to
get one more engaged

Table S1: List of fit values
Fits for figure 3Cargo time to bindfigure.caption.5 done with fit function in MATLAB R2018b. Linear fits
for figure 4Run lengths and dynamic clusteringfigure.caption.6C done by linear regression.
Power law fits are shown in figure 3Cargo time to bindfigure.caption.5C only when the fit time is greater
than N⇡micro

0 , otherwise N⇡micro
0 (the on rate of N motors when they are all near the microtubule) is shown.

Values of a are not listed for the sake of brevity.

5

Figure 4–Figure supplement 2. List of fit values Linear fits for figure 4C done by linear regression.
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Figure 5–Figure supplement 1. Means and Distributions of run lengths under force. A: Run

lengths as a function of the number of total numbers on the cargo for several values of hindering

force on the cargo. Errorbars are standard error of the mean. B: Mean run lengths as a function of

external hindering load on the cargo for cargos in each of the three modes, with the total number

of motors on the cargo matched at 4. C: Distributions of run lengths of cargos under different loads.

Numbers of motors are chosen to match figure 5B. Distributions are colored on a common axis

corresponding to the legend in the right (free independent) panel.
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