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Supporting Methods 
 
1D cell migration simulator 
Previous implementations of the cell migration simulator (CMS) either considered a cell migrating 

on a 2D unconfined surface with varying adhesiveness or mechanics (1–3), or explicitly modeled 

the underlying fiber network geometry (4). In the present study, we modified the CMS to model 

cell migration in a single spatial dimension, hereafter referred to as the 1D CMS (schematic is 
shown in Figure 1A). As with previous versions, the 1D CMS contains a number of protrusion 

modules (j represents the module number), each functioning as an instance of the motor-clutch 

model (5). Modules contain nclutch,j adhesion clutches, each of which is modeled as an elastic 

spring with stiffness κclutch. Clutches bind to a compliant substrate (also an elastic spring with 

stiffness κsub) at a reference point xref,j. Clutch binding occurs at a rate kon, which is assumed to be 

a first-order reaction. Unbinding of the ith clutch in a particular ensemble occurs at a rate koff,i that 

scales with force by a single exponential (6), also known as a slip bond. 
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Here, koff is the unloaded unbinding rate, Fbond is the characteristic bond force, and Fclutch,i is the 

force on the ith clutch. Modules also contain nmotor,j myosin II motors, each of which is capable of 

generating Fmotor stall force. Motors slide an F-actin bundle to generate retrograde flow (vflow), 

which extends clutches that are bound to the substrate. As forces build on the substrate through 

bound clutches, F-actin flow slows from the myosin II motor unloaded velocity vmotor by a linear 
force-velocity relationship (5). 
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We note that individual actin filaments polymerizing against a tensed plasma membrane are also 

capable of generating F-actin retrograde flow and traction forces, so each filament can be 

regarded as a motor capable of generating pN-scale forces and velocities of ~100 nm s-1 in the 
absence of load. In addition, polymerizing actin filaments also obey a monotonic force-velocity 

relationship that can be approximated by Eqn. S2. Substrate spring displacement on the jth 

module is Δxsub,j. Each module contains a rigid bar of F-actin with length AF,j. Modules extend by 

actin polymerization (vactin) from a soluble pool of G-actin subunits, AG. Actin polymerization (vactin) 

is defined by a maximum actin polymerization velocity vactin,max, AG, and the total available actin 

length in the cell, Atotal. 
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A mass balance constrains Atotal and AG in a simulated cell with nmodule modules. 
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F-actin is depolymerized when it passes the motor position within modules (xmotor,j) and returns to 

the G-actin pool in the cell. Module clutches also unbind when their bound position (xclutch,i) 

extends past xmotor,j. Modules contain a compliant cell spring with stiffness κcell that represents the 
nucleo-cytoskeletal compliance of the cell and connects the module motors to the central cell 

body. A force balance applies to each module spring, clutches, and cell spring. 
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Within the cell body, an ensemble of nclutch,cell clutches transmit force to the substrate under the 

cell body in the same way as module clutches. Fcell represents the force from extension of the cell 

substrate spring Δxsub,cell 

 

 𝐹JY88 = 𝜅J8X;J\ ∑ Δ𝑥J8X;J\,% = 𝜅]X^Δ𝑥]X^,JY88
G,-./,0,D
%TU     Eqn. S6 

 
Cell body clutches are not subject to direct myosin II forces from F-actin flow but extend as the 

cell position xcell is updated by force balance on modules and the cell body. 

 

 𝐹JY88 + ∑ 𝐹:"WX8Y,R
GE35.-S
RTU = 0      Eqn. S7 

 

Module capping occurs at a first-order rate kcap and capped modules no longer extend by actin 
polymerization. Nucleation of new modules occurs at a rate knuc, and knuc is a function of the basal 

nucleation rate (knuc,0) and the available G-actin pool raised to the fourth power (7). 
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       Eqn. S8 

 

New modules have initial length Lcell and are assigned motors and clutches as a fraction of the 
available pool of each within the cell (1). Modules that shorten past a minimum length Lmin are 

eliminated and their contents (motors, clutches, F-actin) are returned to the common cellular pool.  
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In the previous CMS, modules are randomly nucleated at a uniformly distributed angle θ within 

the 2D plane. Module nucleation in 1D can only occur in the +x or –x direction, with the probability 

of a new module being generated in the +x direction defined by a cytoskeletal polarity factor ψpol. 

The complementary probability 1-ψpol is the probability that a new module is generated in the –x 
direction. The case where ψpol = 0.5 represents an equal likelihood of module generation in the +x 

and –x directions, which can be thought of as a “non-polarized” cell. In a cell where ψpol < 0.5, the 

polarity would bias module nucleation in the –x direction. Essentially, the probability of module 

nucleation in the +x direction follows a Bernoulli distribution with parameter ψpol. All simulation 

parameter values are reported in Table S1 and changes for specific conditions are described in 

the figure legends. 

 

Simulation implementation and analysis 
Event selection was determined using kinetic Monte Carlo (8) using a unique, randomly 

generated seed for each run. The order of events in each step of the model algorithm is 

previously described (1). Simulation initial conditions included two modules oriented in the +x 

direction and one module oriented in the –x direction (each module of length Lcell) and all clutches 

unbound. Individual runs represent data collected over 5-7 hours of simulated time. Simulations 

were run in Matlab (The MathWorks Inc., Natick, MA) on in-house computing cores or using high 

performance computing cores in the Minnesota Supercomputing Institute. 

 
To quantify simulated cell migration, cell body position (xcell) was sampled every 5 minutes of 

simulated time. We excluded the first hour of simulated data from analysis and subsequent data 

were filtered to remove large displacements in cell position that result in velocities >1 μm s-1 (1).  

MSD was calculated from cell body position using the overlap method (1, 9) and fit to cell motility 

models in order to extract parameters related to cell migration (described in the main text) using a 

custom Matlab analysis script. For motility model fitting, we used the first half of MSD versus time 

lag data for each individual cell (1). 
 

Cell culture and transfection 
Human U251 glioma cells were cultured in DMEM/F-12 (Gibco, ThermoFisher Scientific, 

Waltham, MA) supplemented with 10% (v/v) fetal bovine serum (Gibco) and 100 μg mL-1 

penicillin/streptomycin antibiotic (Corning, Inc., Corning, NY), maintained in a humid incubator at 

37°C and 5% CO2, and passaged using 0.25% trypsin-EDTA (Corning). Transfection of 

fluorescent proteins was performed using FuGENE® HD transfection reagent (Promega 

Corporation, Madison, WI) at least 24 hours prior to seeding cells in devices, as described 
previously (3). Fluorescent fusion plasmids included eGFP-β-actin (gift from Paul Letourneau, 

University of Minnesota) and EB1-eGFP (gift from Lynne Cassimeris, Lehigh University; (10)). 
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Pharmacological agents 
Microtubule-targeting agents vinblastine sulfate (Sigma-Aldrich Corp., St. Louis, MO) and 

paclitaxel (Sigma) were stored in stock concentrations of 1 mM in DMSO, Y-27632 
dihydrochloride (Sigma) was stored as 15 mM stock in water, cyclo-(Arg-Gly-Asp) peptide (cRGD; 

Enzo Life Sciences Inc., Farmingdale, NY) was stored at 4 mM in PBS, and latrunculin A (Sigma) 

was stored at 0.5 mM in DMSO. All drug stocks were kept frozen at -20°C. DMSO volume added 

to dishes did not exceed 0.1% in any condition. 

 
Microchannel device design and assembly 
Devices feature three rectangular seeding ports (shown in Figure 2A) with 15 μm diameter pillars 

evenly spaced at 25 μm intervals and with opposite rows of channels aligned towards the device 

exterior. Entrances to channels are 100 μm long funnels that taper from an initial width of 18 μm 
to a final channel width of 12 μm. Chromium-plated quartz photomasks were generated by the 

Minnesota Nano Center (MNC) facilities. Device molds were manufactured on 4” silicon wafers 

using photolithography with epoxy-based SU-8 2005 negative photoresist (MicroChem Corp., 

Wesborough, MA).  

 

Briefly, a 5 μm thick photoresist layer was spin coated on wafers using a CEE 100 spin coater 

(Brewer Science, Rolla, MO), followed by a 2 minute soft bake at 95°C. Wafer surfaces were 

exposed to UV radiation at 12 mJ s cm-2 for 10 seconds using a MA6 mask aligner (Karl Süss 
MicroTec, Garching, Germany). Following a 3-minute post-exposure bake at 95°C, excess 

photoresist was removed using SU-8 developer (MicroChem). After curing, the height of 

individual photoresist structures was verified using a P-16 stylus profilometer (KLA-Tencor, 

Milpitas, CA). To minimize PDMS adhesion and facilitate device removal, wafers were treated 

with trichloro(1H,1H,2H,2H-perfluorooctyl)silane (Sigma, St. Louis, MO) under vacuum before 

casting. 

 
Sylgard® 184 PDMS elastomer (Dow Corning, Midland, MI) was mixed in a 10:1 (base:curing 
agent) ratio, poured on wafers or epoxy replicas and allowed to cure at 75°C for 2 hours. Devices 

were cut and peeled from molds, seeding ports were added using a 3 mm radius circular punch 

(Ted Pella Inc., Redding, CA), and devices were manually resized to a 1.5 x 1.0 cm footprint 

centered around the seeding ports using a razor blade. Cut and resized devices were cleaned 

with adhesive tape and 70% ethanol in a sonic bath for 1 minute and then allowed to dry under a 

stream of compressed air. Devices and 35 mm glass bottom dishes (20 mm No. 0 coverglass, 

MatTek Corp., Waltham, MA) were activated with a plasma cleaner (PDC-32 G, Harrick, Ithaca, 
NY) for 30 seconds, then bonded at 75°C for 1 hour.  
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Assembled devices were plasma treated for 1 minute and a solution of 10 μg mL-1 bovine plasma 

fibronectin (Sigma) in water was directly added to seeding ports. After 1 hour, devices were 

washed with PBS and stored overnight at 4°C before seeding cells. Devices were pre-incubated 
in media (containing drugs or DMSO, if appropriate) at 37°C for at least 1 hour prior to cell 

seeding. Cells were detached from flasks using 0.25% trypsin-EDTA (Corning), re-suspended in 

culture media, and nuclei were labeled using a nucleus counterstain (NucBlue Live, 

ThermoFisher) according to manufacturer instructions. Following labeling, cells were re-

suspended in media to a density of 20x106 cells per mL. Media was removed from device dishes 

and seeding ports, and a 5 μL aliquot of cell suspension (105 cells) was added to each seeding 

port. Devices containing cells were returned to the incubator for 30 minutes before adding 

sufficient media to cover the device inlets. 
 

Time-lapse imaging and image processing 
Devices were pre-incubated in media (containing drugs or DMSO) at 37°C for at least 1 hour prior 

to cell seeding. Cells were detached from flasks using 0.25% trypsin-EDTA (Corning) and re-

suspended in culture media. Nuclei were labeled with NucBlue Live counterstain (ThermoFisher) 

according to manufacturer instructions. After centrifuging and re-suspending cells to a density of 

20x106 cells per mL, a 5 μL aliquot (105 cells) was added to each seeding port. Devices 

containing cells were returned to the incubator for 30 minutes before adding sufficient drug-
containing media (~2 mL) to cover the entire device. 

 
Time-lapse images were acquired on either a Nikon TiE or Nikon Ti2 epifluorescence microscope 

under control of NIS Elements software (Nikon Instruments Inc., Melville, NY) a ProScan III 

motorized stage (Prior Scientific Inc., Rockland, MA), a white light transmitted LED (CoolLED 

Ltd., Andover, UK), LED fluorescence illumination (Spectra X; Lumencor, Beaverton, OR), and 

DAPI/FITC/TxRed filter set (Chroma, Cat#89014), and a Zyla 4.2 or 5.5 sCMOS camera (Andor 
Technologies Ltd., Belfast, UK). Stable environmental control (5% CO2 at 37°C) was provided 

using a stagetop incubator (OkoLab Llc., Ottaviano, Italy). Time-lapse images of cells in channels 

were acquired in the transmitted and DAPI channels every 5 minutes over 8-18 hours using a 

20x/0.45NA phase I lens with 2x2 pixel binning (645 nm per pixel).  

 

Images for analyzing cell length and nucleus position were acquired using a 40x/0.95NA phase II 

lens with no pixel binning (163 nm per pixel) in the FITC and DAPI channels. Cell length and 

nucleus position were measured manually using Fiji (11). First, cell images were oriented, so the 
leading and trailing edges were on the right and left of the image panel, respectively. Direction of 

motion was ascertained from a short time-lapse acquisition. Next, we subtracted background, and 
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a rectangular box was manually drawn around the cell boundaries. Cell and nucleus coordinates 

were measured from the center of mass using the measurement tool in Fiji. Normalized cell 

coordinates were defined as 0 being the cell rear (leftmost protrusion) and 1 being the cell front 

(rightmost protrusion), and normalized nucleus position was calculated as the ratio of the distance 
between the cell rear and nucleus centroid and the total length of the cell. Movies for microtubule 

growth rate were obtained from the FITC channel through a 100x/1.49 NA lens using streaming 

acquisition at 300 milliseconds per frame. Microtubule tip position for individual EB1-eGFP 

decorated plus-ends were measured with sub-pixel accuracy using TipTracker_v3 without 

modification (12). Individual microtubule growth velocities were calculated by dividing the mean 

length increment change by the acquisition time (0.3 s) as previously described (3). 

 

Confocal z-stacks 
Confocal z-stacks were acquired on an LSM7 LIVE swept-field confocal microscope (Carl Zeiss 

Microscopy, LLC; Jena, Germany) using a 40x/0.95 NA objective. The 488 nm and 405 nm lasers 

and BP 520-555 and BP 415-480 filters enabled simultaneous acquisition of the blue and green 

channels. Images were digitized using a 512-pixel 11-bit linear detector. Zen software (Zeiss) 

controlled the microscope system during imaging. 

 

Semi-automated nucleus tracking 
Nucleus position coordinates were obtained from the DAPI channel of image sequences using 
custom semi-automated image segmentation and tracking Matlab scripts (MathWorks) as 

previously described for tracking cells expressing fluorescent labels (2). Image sequences were 

cropped to include a single cell that was not in contact with another cell, as ascertained from 

phase contrast images. Skipped frames (e.g. due to contact with another cell or object in the 

channel) were omitted during analysis, as described previously (1). MSD were calculated from 

cell coordinates using the overlap method (9) and cell trajectories were analyzed using the same 

motility models as simulated cell trajectories. 
 

Statistical analysis 
Experimental data represent accumulated numbers of cells from N ≥ 2 independent experiments 

for each condition. Numbers of simulations are reported in the figure legends; simulations start 

from a randomly generated seed and each simulation is considered independent for the 

calculation of n. For comparisons, a non-parametric Kruskal-Wallis one-way analysis of variance 

(ANOVA) was used since data did not typically follow a normal distribution. The Dunn-Sidăk test 

was employed to correct for multiple comparisons. Statistical significance for a particular 
comparison was reached when p < 0.01. All statistical analysis of experimental or simulated data 

was performed using the Matlab Statistics Toolbox (MathWorks). 



	 7 

Supplemental Notes 
Mechanical properties and elastic behavior of F-actin, clutches and the cell spring 

As with previous iterations of the motor-clutch model (5), F-actin is assumed to be rigid and 

inextensible. The cell spring (κcell) is connected in series with the F-actin bar, clutches, and 

substrate, representing the nucleo-cytoskeletal compliance of the cell. The chosen cell spring 

constant value (κcell = 104 pN nm-1; Table S1) was used in previous studies employing the CMS 
(1), and is consistent with the rigid modulus measured for isolated actin filaments and stress 

fibers (E ~ 104 kPa) (13).  

 

We assumed elastic behavior of the cell spring, since simulations generate ~10-100 pN forces 

(based on the total number of myosin II motors allocated to a module), which result in small (<1 

nm) deformations. Larger forces that could significantly deform the cell may induce non-linear 

(strain stiffening) or visco-elastic behaviors of F-actin networks (13). Modeling these would 
require more detailed theoretical treatment of the F-actin properties, but in the present study we 

did not observe any cell deformations that could not be explained due to actin-based extension 

and retraction of cell protrusions. The microfluidic devices used in the present study are 

assembled from rigid PDMS (E = 103 kPa as measured in (14)) and glass (E ~ 106 kPa) and thus 

are not significantly deformed by cells, so we assumed an elastic spring best captured their 

behavior. Clutches are similarly treated as elastic springs, since individual clutch binding and 

unbinding occurs on the milliseconds timescale, allowing us to ignore short viscous relaxation 

times (5). 
 

Estimation of hydrodynamic drag within channels 
Some cells are reportedly able to use osmotic pressure-based motility to drive actin-independent 

confined migration (15). This enables them to migrate even through micrometer-scale pores that 

limit protrusion by F-actin, and where hydrostatic pressure would typically preclude movement. In 

the present study, we report that U251 cells are sensitive to actin polymerization inhibition by 

latrunculin A (Figure 6) causing us to conclude that these cells do not use an osmotic pressure-

based migration mechanism. Nevertheless, we sought to determine the magnitude of 
hydrodynamic drag in U251 cells to evaluate whether it should be included as a force in the 

model. 

 

Li and Sun (16) estimate the hydrodynamic drag coefficient (dg) for a cell within a square channel 

with dimension b and length l, filled with a medium of viscosity μ. 

 

 𝑑c =
Udef
^g

        Eqn. S9 

 



	 8 

The channels in our devices have a horizontal width of 12 μm and 5 μm height, yielding a 60 μm2 

cross-sectional area. Approximating the channel cross section as a 7.5 μm square, and 

estimating 1 mm total channel length, and medium viscosity equal to water (μ = 10-3 Pa s), Eqn. 
S9 yields dg = 0.21 pN s μm-3 for hydrodynamic drag coefficient. 
 

Hydrodynamic force can be calculated for a cell moving with velocity vcell through a channel with 

cross sectional area A. 

 

 𝐹W<Ic = −𝑑c𝐴𝑣JY88       Eqn. S10 

 

Using the value of dg calculated by Eqn. S9, the mean velocity obtained from experiments (vcell = 

0.51 μm s-1; Figure 3B) and assuming the same cross-sectional area as before, Eqn. S10 

produces a drag force Fdrag = -6.5 pN. This value is of similar magnitude to the force generated by 

~4 myosin II motors, and much smaller than cellular traction force estimates (17), so we consider 

hydrodynamic drag as negligible in our experimental system. 
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Supporting Tables 
 
Table S1. 1D CMS base parameter set. 

 

Parameter Description Value Source 

Motor parameters  

nmotor Number of myosin II motors per cell 103 Adjustable, ~102-105 required for 
nN total traction force (17) 

nmotor,module Maximum number of myosin II motors per 
module 

100 Adjustable, constrained to 
0.1*nmotor (1) 

Fmotor Stall force for a single myosin II motor 2 pN Measured in vitro by optical 
tweezers (18) 

vmotor Maximum (unloaded) myosin II sliding 
velocity on F-actin 

120 nm s-1 Measured in (1); ~100 nm s-1 
observed in other cells (5, 19)  

Clutch parameters  

nclutch Number of clutch bonds (e.g. integrin-
mediated adhesion complexes) per cell 

750 Adjustable, nclutch ≈ nmotor by 
theoretical estimate (20) 

nclutch,module Maximum number of clutch bonds per 
module 

75 Adjustable, 0.1*nclutch (1) 

Fbond Characteristic slip bond force for clutches 2 pN Measured in vitro by optical 
tweezers (21) 

κclutch Spring constant of the clutch spring 0.8 pN nm-1 Theoretical estimate, on the order 
of 1 pN nm-1 (20) 

kon Pseudo-first order association rate 
between clutches and F-actin 

1 s-1 Theoretical estimate, 10*koff (22) 

koff Basal (unloaded) first-order clutch 
dissociation rate from F-actin 

10-1 s-1 Minimum unbinding rate 
measured by photobleaching (23) 

Substrate parameters  

κcsubstrate Substrate spring stiffness 103 pN nm-1 Estimated PDMS modulus (14) 

Cell body and actin parameters  

kcap Module capping rate 10-3 s-1 Experimental estimate (1, 24)  

knuc,0 Maximum module nucleation rate 1 s-1 Experimental estimate (1, 3) 

vactin,max Maximum actin polymerization velocity 200 nm s-1 Experimental estimate (3, 5)  

Atotal Total actin pool available for protrusions 100 μm Estimate of total cell protrusion 
length (1) 

κcell Spring constant of the cell spring 104 pN nm-1 Adjustable, estimated in (1) 

Lcell Initial module F-actin length 5 μm Simulation initial condition 

Lmin Minimum module F-actin length 100 nm Adjustable 

nclutch,cell Number of cell body clutches 10 Adjustable, estimated in (1) 

ψpol Cell polarity factor 0.9 This study 
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Table S2. Pairwise p-values for the experimental and simulation conditions involving 

inhibitors of integrin clutches and myosin II activation. Related to Figure 4 and Figure 5. 

 
Figure 6A. 1D CMS motility (nmotor = 1000, nclutch varies; ψpol = 0.9) 

nclutch 25 75 250 750 
8 0.95 0.02 1 0.06 
25  0.01 0.98 0.63 
75   0.80 10-4 

250    0.21 
 

Figure 6B. 1D CMS velocity (nmotor = 1000; nclutch varies; ψpol = 0.9) 

nclutch 25 75 250 750 
8 0.05 10-8 0.63 0.56 
25  0.37 0.99 0.007 
75   0.39 10-5 

250    0.09 
 
Figure 6C. cRGD experiment motility 

[cRGD] 0.1 0.3 1 
0 0.54 0.97 0.67 

0.1  0.99 0.09 
0.3   0.41 
1    

 
Figure 6D. cRGD experiment velocity 

[cRGD] 0.1 0.3 1 
0 0.0012 0.00088 10-14 

0.1  0.99 <10-15 

0.3   <10-15 
1    

 
Figure 6E. 1D CMS motility (nmotor = 1000; nclutch = 750; ψpol = 0.9) 

nmotor 500 750 
100 0.99 10-4 

500  0.0028 
750   

 
Figure 6F. 1D CMS velocity (nmotor = 1000; nclutch = 750; ψpol = 0.9) 

nmotor 500 750 
100 0.099 0.0079 

500  0.88 
750   
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Supporting Figures 
 

	
	
Figure S1. Simulated motility coefficient, velocity, and module number for a 1D cell 

migration simulator with variable polarity. Related to Figure 1. 
Motility coefficients (left), velocities (center), and module number (right) for the simulations in 

Figure 1 where ψpol = 0.5, 0.83, or 0.9, n = 60, 36, 40 simulations. Individual motility coefficients 

and velocities were obtained from fits to Eqn. 2 in the Main Text. Error bars represent mean ± 

SEM. Pairwise statistics were computed by a Kruskal-Wallis one-way ANOVA with Dunn-Sidăk 

correction for multiple comparisons, NS = no significant difference between groups, p > 0.01. All 

simulations were run with nmotor = 1000 and nclutch = 750, all other parameter values reported in 

Table S1. 
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Figure S2. Confocal image stacks of cells in microchannels. Related to Figure 2. 
A. Example confocal z-stacks of U251 cells expressing EB1-eGFP (green) and nucleus stain 

(blue). Images were acquired at 40x magnification. Images were oriented such that the channel 

inlets are to the left, while the outlets are to the right and adjusted for brightness/contrast in both 
green and blue channels. A view of the x-y plane is shown left, and an x-y slice through the 

center is shown at right. Total z-stack height, 11.43 μm; horizontal scale, 20 μm. 

 

 

  

EB1-eGFP/nucleus
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Figure S3. Effects of varying substrate spring constant on simulated cell motility 

coefficient and speed. Related to Figure 1. 
Motility coefficients (left) and velocities (right) for simulations where κsub = 103 pN nm-1 or κsub = 

106 pN nm-1, n = 60, 24 simulations. Individual motility coefficients and velocities were obtained 

from fits to Eqn. 2 in the Main Text. Error bars represent mean ± SEM. Pairwise statistics were 

computed by the Mann-Whitney U test, NS = no significant difference between groups, p > 0.01. 

All simulations were run with nmotor = 1000, nclutch = 750, and ψpol = 0.9, all other parameter values 
reported in Table S1. 
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Figure S4. Persistent random walk fits predict persistence times that are longer than the 

experimental imaging duration. Related to Figure 2 and Figure 3. 
A. Speeds obtained from fits to a persistent random walk model (Eqn. 1 in the Main Text), n = 

403 cells from 12 independent experiments. S = 0.74 ± 0.05 μm min-1 or S = 12.3 ± 0.8 nm s-1 

(mean ± SEM). 

B. Persistence time (log10-transformed) for the data in panel A. Arrow indicates the maximum 
experimental imaging duration of 18 hours or 1080 minutes (log10(1080) = 3.03).  Individual cell 

trajectories yielded a mean log10-transformed persistence time of 3.1 ± 0.25 (mean ± SEM), 

corresponding to 1258 minutes. 
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Figure S5. Measurements of microtubule dynamics as related to cell length and nucleus 

position in channels. Related to Figure 7. 
A. Example image of a U251 cell in a microchannel device expressing EB1-eGFP. Image was 

captured at 100x magnification. Scale bar, 10 μm. A’. Example kymographs showing microtubule 

plus-end dynamics in U251 cells within channels. Microtubule growth speeds were measured for 

n = 103 microtubules in N = 5 cells using TipTracker software (12).  

B. Histogram of microtubule growth speeds measured in U251 cells expressing EB1-eGFP. Black 

arrow marks a mean microtubule growth speed of 165 ± 7.5 nm s-1 (± S.E.M.). 

C. Lengths of cells expressing EB1-eGFP and stained with NucBlue nucleus dye and treated with 

vehicle (DMSO), 100 nM PTX, or 100 nM VBL. Data points represent n = 21, 22, 15 

measurements collected from 3 independent experiments.  

D. Nucleus position for the cells in panel C. Cell lengths are normalized so that 0 marks the cell 
rear (trailing protrusion) and 1 denotes the cell front (leading protrusion). Error bars in panels C 

and D are mean ± standard deviation. Kruskal-Wallis one-way ANOVA revealed no significant 

differences (NS) between groups in panels C and D. 
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Supporting Movies 
Movie S1. U251 glioma cells with fluorescently labeled nuclei migrating in microchannel 

devices. 
Time-lapse images were collected every 5 minutes at 20x magnification with 2x2 binning (645 nm 

spatial sampling). Images were acquired in both the transmitted channel using phase contrast 

optics and LED fluorescence excitation (395 nm) using a DAPI/FITC/TxRed filter set. Scale bar, 

50 μm. 

 

Movie S2. U251 glioma cells expressing EGFP-actin and treated with vehicle control or 

latrunculin A migrating in microchannel devices. 
Time-lapse images were collected every 5 minutes at 20x magnification with 2x2 binning (645 nm 

spatial sampling). Images were acquired in both the transmitted channel using phase contrast 

optics and using LED fluorescence excitation (395 nm and 470 nm) through a DAPI/FITC/TxRed 
filter set. Conditions include DMSO vehicle (top), 50 nM latrunculin A (middle), and 500 nM 

latrunculin A (bottom). Scale bar, 50 μm. 
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