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On contractile rings 1 

One long-term application of the work presented herein is to build a predictive 2 

model of actomyosin contractility in the cytokinetic contractile ring, where NMMII is the 3 

major force generator and also contributes to connectivity (10, 20, 50). Recent in silico 4 

work on contractile ring dynamics has focused on modeling fission yeast cytokinesis (11, 5 

38–40, 51). Modeling this contractile system is especially powerful due to the availability 6 

of  published measurements of the absolute amounts of cytoskeletal components present 7 

on the fission yeast cytokinetic ring (44, 45). Much of this modeling work has used 8 

simplified coarse-grained or partially coarse-grained motors to represent NMMII 9 

ensembles (39, 40). As such, connectivity of the actomyosin network has largely been 10 
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simplified. We sought preliminary evidence that the discretized catch and catch-slip motor 1 

ensembles we described above will yield contractile ring simulations with more realistic 2 

network connectivity, even though the model of the ring is generalized and simplistic, 3 

lacking for instance an anchorage to a moving plasma membrane-like boundary. 4 

Modeling contractile rings bearing each of our different types of motor ensembles 5 

revealed similar relationships to those presented above for patches and linear networks 6 

(Movie 8; Movie 5). Discretized catch-slip bond ensembles provided the most realistic 7 

combination of force generation, contractile speed, and connectivity (Fig. 6F-H). 8 

Discretized catch bond ensembles are not far behind in terms of speed and tension, with 9 

slip bond and PCM ensembles performing the least optimally. These findings suggest 10 

that the motor behaviors presented here will be relevant to a broad diversity of actomyosin 11 

networks where connectivity is important for force transmission. 12 

 13 

Perspectives 14 

 By focusing on the motors, this study can lead to more accurate simulations of 15 

biological contractile networks. However, several further steps can be taken to increase 16 

biological accuracy beyond the scope of motor ensemble simulations presented here. 17 

Actin dynamics are complex and can vary for many reasons. In the work presented here 18 

we incorporated actin polymerization and depolymerization at both ends of the filament 19 

along with a net treadmilling rate. Actin filament buckling can cause increased severing 20 

(13) depolymerization (52). In the current work we do not include either of these dynamic 21 

processes. Severing is a function already included in Cytosim, bending-dependent 22 

depolymerization is not. Future work to characterize the effects of these more complex 23 

.CC-BY-NC-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted December 7, 2019. ; https://doi.org/10.1101/669382doi: bioRxiv preprint 

https://doi.org/10.1101/669382
http://creativecommons.org/licenses/by-nc-nd/4.0/


 37 

actin-dynamics in contractile systems will undoubtedly provide valuable insight into the 1 

mechanisms of contractility. One important component of contractile ring dynamics that 2 

remains mostly ignored is the contribution of the plasma membrane to the mechanics of 3 

contraction. Recent models have begun incorporating fluid membranes (40), but motor 4 

ensembles in this study were significantly coarse-grained. Our work in describing the 5 

effects of coarse-graining on network connectivity suggests that future work with 6 

deformable membranes would further benefit from using discretized motor ensembles. 7 
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FIGURE LEGENDS 1 
 2 
Figure 1. Single motor force-dependent dynamics. A-D) Different laws relating force 3 
to unbinding rates, used by Cytosim, and obtained here directly from the implementation. 4 
A) With slip bond dynamics unbinding rate exponentially increases with force. B) With 5 
catch bond dynamics, the unbinding rate decreases exponentially with force. C) Catch-6 
slip bond dynamics show an initial catch-like behavior, here below ≈5pN, and a slip-like 7 
behavior at higher force. D) The Parallel Cluster Model (PCM) exhibits catch bond 8 
dynamics with low unbinding rates. E) The force-velocity relationship for all but PCM bond 9 
types follows Eq. 10, where load and velocity are linearly related. F) The force-velocity 10 
relationship for PCM bond type, as characterized by Eq. 4, is exponential. Each curve is 11 
built from ~100,000 individual data points extracted from running simulations. 12 
 13 
Figure 2. Discretized motor ensemble translocation on immobilized filaments. A) 14 
Schematic representation of a monopolar motor ensemble where individual NMMII-like 15 
motors (grey) are affixed to one end of a stiff rod representing NMMII bundled tails 16 
(yellow), by springs (blue). B-E) Kymographs of catch bond (B), slip bond (C), catch-slip 17 
bond (D) and PCM (E) ensembles (grey) translocating on immobilized filaments (not 18 
shown). All kymographs extend over 12 µm (x-axis) and 30s (300 frames) in duration (y-19 
axis). F) Translocation speeds for each ensemble type shown in B-E. G) Binding 20 
percentage (over total time) for each ensemble type shown in B-E. Points show mean; 21 
bars show standard deviation. Sample size is 5 simulations with 40 ensembles each for 22 
a total of 200 data points for each case. Scale bars are 1 µm. 23 
 24 
Figure 3. Contractile patch simulations of discretized motor ensembles. Schematic 25 
representation of a bipolar motor ensemble where individual NMMII-like motors (grey) are 26 
affixed to both ends of a stiff rod representing NMMII bundled tails (yellow), by springs 27 
(blue). B) Representative simulations of contractile patches. Actin-like filaments (white) 28 
are seeded with motor ensembles (red) and varying amount of crosslinkers (blue) ranging 29 
from 0 to 12,000 (along the x-axis). Simulation snapshots are shown from top (0s) to 30 
bottom (24s) with 4s intervals. C) Radial closure speed (in nm/s) of contractile patches 31 
for each ensemble type as a function of crosslinker amount. D) Radial speeds for all 32 
conditions of each ensemble type (dots) as a function of calculated total connectivity (see 33 
Methods MM7) of the patch networks. Scale bar (bottom right) is 1.5µm.  34 
 35 
Figure 4. Linear periodic contractile network simulations of discretized motor 36 
ensembles. A) Representative simulation of a linear network that is closed on itself 37 
across periodic boundaries. Actin-like filaments (white) are initially placed horizontally but 38 
in random left/right orientation and position. Motors (not shown) exerting tension 39 
eventually lead to rupture (at t=50s). Scale bar (yellow) is 1 μm. B) Average tension 40 
(before rupture) through a cross-section of the linear networks with each of the ensemble 41 
types. C) Percentages of bound motors (before rupture) for each ensemble type. D) 42 
Average total connectivity (see Method MM7) before rupture, for each of the motor types. 43 
Points show mean; bars show standard deviation. Sample size is 20 simulations for each 44 
motor ensemble type.  45 
 46 
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Figure 5. Comparison of discretized and coarse-grained motor ensembles. A) 1 
Kymograph comparing discrete (light grey) and coarse-grained (dark grey) PCM 2 
ensembles translocating on immobilized filaments. B) Kymograph of discrete (dark blue) 3 
versus coarse-grained (light blue) catch-slip ensembles showing similar kinematics. 4 
Kymographs are 12µm (x-axis) by 30s (300 frames; y-axis). C) Fold-change in global 5 
tension for contractile patches with discrete versus coarse-grained ensembles of all types. 6 
D) Fold-change in global tension for periodic linear networks with discrete versus coarse-7 
grained ensembles of all types. E) Fold-change in Binding % on linear networks between 8 
discrete and coarse-grained ensembles of all types. Fold-changes under 1 indicate fold 9 
decrease from discretized to coarse-grained ensembles. F) Maximal radial contractile 10 
speed versus connectivity for all ensemble types. Squares show speeds for contractile 11 
networks with discretized ensembles; circles show speeds for networks with coarse-12 
grained ensembles. Sample size is 5 simulations for all data. Standard deviations in F are 13 
too small to visualize. Scale bars are 1 µm. 14 
 15 
 16 
Figure 6. Contractile ring simulations. A-E) Representative timeframes from 17 
simulations of fission yeast-sized contractile rings with all four ensemble types (A-D) and 18 
coarse-grained catch-slip motor ensembles (E). Scale bar (yellow; bottom left) is 1µm. F) 19 
Maximum radial contractile speed shown for single simulations of rings shown in A-E of 20 
each ensemble type with discretized and coarse-grained motors. G) Maximum tension 21 
calculated from rings bearing ensembles of each bond type in both discretized and 22 
coarse-grained formats. H) Total connectivity of contractile rings bearing ensembles of 23 
each bond type with discretizes or coarse-grained motors. Dots in all plots represent data 24 
from contractile rings with discretized ensembles; squares represent data from rings with 25 
coarse-grained ensembles. 26 
 27 
Movie 1. Simulations of force-dependent single motor dynamics. Simulations for all 28 
four motor types are shown in the proximity of a single actin-like filament (white) which is 29 
permanently bound to a single Hookean spring (orange). Solid color indicates binding of 30 
catch bond (green), slip bond (red), catch-slip bond (blue), or PCM (purple) discrete single 31 
motors; brighter coloring indicates bound state. Timesteps are 1 millisecond apart; total 32 
simulation time is 0.8 seconds shown at 40 frames/second.  33 
 34 
Movie 2. Ensemble translocation on immobilized filaments. Simulation shows 35 
monopolar ensembles bearing the four discrete motor types (16 motors per ensemble; 36 
catch (green), slip (red), catch-slip (blue), or PCM (purple)). Purple PCM dots only 37 
intermittently appear due to poor binding. Immobilized filaments are dashed grey lines. 38 
Yellow lines indicate the rod to which motors are affixed. Motors bind (solid dots) and 39 
translocate from left to right. Timesteps are 100 milliseconds apart; total simulation time 40 
is 80 seconds shown at 40 frames/second.  41 
 42 
Movie 3. Contractile patches with different crosslinker amounts. Three simulations 43 
of contractile patches (white filaments) within 2D circular spaces (yellow circles). Total 44 
number of motor ensembles (red) is the same across all three but crosslinker amount 45 
(blue) increases from left to right. Crosslinker amount affects network structure and 46 
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 45 

contractile dynamics. Timesteps are 0.5 seconds apart; total simulation time is 30 1 
seconds shown at 12 frames/second.  2 
 3 
Movie 4. Linear periodic contractile networks. Simulations of linear networks made of 4 
white filaments and blue crosslinkers bearing catch-slip (top) or PCM (bottom) motor 5 
ensembles in red. Timesteps are 0.5 seconds apart; total simulation time is 50 seconds 6 
shown at 12 frames/second. 7 
 8 
Movie 5. Contractile ring dynamics with discretized catch-slip bond motor 9 
ensembles. Simulation shows a contractile ring formed by seeding filaments (white) in a 10 
circular pattern tangential to the simulation space (yellow circle) with crosslinkers (blue) 11 
and motors (red). Timesteps are 0.5 seconds apart; total simulation time is 54 seconds 12 
shown at 12 frames/second. 13 
 14 
Movie 6. Highly structured and bundled filaments in patch simulations. Simulation 15 
of a contractile patch (as in Movie 3) bearing discrete PCM motor ensembles. These 16 
patches are not very contractile and instead form large bundles of mostly linear filaments 17 
over time. Only filaments (white) are shown to highlight the bundling of filaments and to 18 
show input data for directionality analysis. Timesteps are 0.5 seconds apart; total 19 
simulation time is 203 seconds shown at 12 frames/second. 20 
 21 
Movie 7. Ensemble translocation of discrete versus coarse-grained ensembles. 22 
Simulation of discrete (dark blue) or coarse-grained (sky blue) catch-slip ensembles 23 
translocating on immobilized actin-like filaments. Dots appear when motors are bound 24 
and actively translocating from left to right. Yellow lines represent ensemble rods to which 25 
motors are bound. Free parameters for coarse-grained ensembles were fit via parameter 26 
sweeps to behave indistinguishably from discretized versions. Timesteps are 100 27 
milliseconds apart; total simulation time is 80 seconds shown at 40 frames/second.   28 
 29 
Movie 8. Contractile ring dynamics with discretized catch bond motor ensembles. 30 
Simulation shows a contractile ring formed by seeding filaments (white) in a circular 31 
pattern tangential to the simulation space (yellow circle) with crosslinkers (blue) and 32 
motors (red). Timesteps are 0.5 seconds apart; total simulation time is 43 seconds shown 33 
at 12 frames/second. 34 
 35 
 36 
 37 
 38 
 39 
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Table S1. General Simulation Parameters 

Parameter: Value Comments Reference 
 
Simulation  
   
Viscosity: 1 N.s/m2   C. elegans embryo cytoplasm (1) 
Temperature:  
0.0042 pN.um 

  

Time-step: 0.5-1 ms   
 
Actin-like Filaments 
Quantity: 360 Estimate from S. pombe measurements (2, 3) 
Length: 1.0 ± 0.3 µm  (2) 
Rigidity: 0.06 pN.µm2  (4) 
Barbed end growth 
speed: 0.1 µm/s 

 (5) 

Pointed end growth 
speed: 0.002 µm/s  

 (5) 

Barbed end shrinking 
speed: 0.004 µm/s 

 (5) 

Pointed end shrinking 
speed: 0.1 µm/s 

 (5) 

 
Motor Subunits (Non-PCM) (Parameters listed for discrete motors of all but PCM method. 
Binding rate: 0.2 /s  (6) 
Binding range: 60 nm within an order of magnitude of apparent motor head reach  (7) 
Unbinding rate: 1.71/s k0 (6) 
Unbinding force: 5 pN  Fd (8) 
Unbinding relationship Variable; based on bond-type (6, 9–11); Eq. 5-6 
Max speed: 150 nm/s V0 (12, 13) 
Stall force: 3.85 pN  F0stall (8, 14) 
Force-speed relationship  
 

𝐷𝐷 = 𝑣𝑣0𝜕𝜕𝜕𝜕 + 𝑙𝑙|𝑣𝑣0|𝜕𝜕𝜕𝜕/𝐹𝐹𝑠𝑠 Eq. 10 

Stiffness: 1-200 pN/µm Empirical (15) 
Parallel Cluster Model (PCM) 
Binding rate: 0.2 /s Listed as k_01 for PCM calculations (6) 
Binding range: 60 nm  (7) 
Unbinding rate: 1.71 /s Listed as k_20 for PCM calculations (6) 
Unbinding relationship  (11); Eq. 3 
Max Speed: 600 nm/s V0  
Stall force: 12.3 Estimated from Erdmann simulations (11) 
Force-speed relationship Veff = ∑ 𝑣𝑣𝑖𝑖𝑝̂𝑝𝑖𝑖(∞)𝑁𝑁𝑁𝑁

𝑖𝑖=1 ; must be less than or equal to V0 (11); Eq. 4 
Motor Ensembles 
Quantity: 360 Estimate scaled up from S. pombe measurements (2, 3) 
Valence: 32 Simulated as 2 actin-binding agents of (n/2) motors in 

Aggregate method) 
(12) 

Length: 300 nm  (7, 12, 16–18) 
Rigidity: 100 pN.µm2 Single fiber represents all myosin tails  
Duty ratio: NA   
Diffusion: set by 
Langevin 

Ensembles are simulated as fiber backbones with motors 
attached at each end. As such their diffusion is calculated 
by the over-dampened Langevin equation 

 

Anillin-like Crosslinker 
Quantity: [100-12000] Performed parameter sweeps to establish optimal 

amount 
 

Length: 40 nm   
Binding rate: 10/s   
Binding range: 50 nm  Empirical (15) 
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Unbinding rate: 0.3 /s for myosin; 0.1 / s for actin  
Unbinding force: 5 pN Empirical  
Stiffness: 100 pN/µm Empirical  

 
 
 
Table S2. Ensemble Translocation Simulations 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Table S3. Contractile Patch Simulations 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Table S4. Linear Periodic Network Simulations 
 

Ensemble 
Max 
Tension 

% Bound 
(binders) 

% Bound 
(ensembles) Connectivity 

Catch 11±13 29.6±5.6 84.0±8.0 73,000±8,400 
cg-Catch 4±5 88.6±4.3 98.2±1.2 2,900±60 
Slip 7±7 15.5±2.7 84.4±5.0 44,000±5,000 
cg-Slip 2±3 77.4±3.6 94.6±1.1 2,900±60 
Catch-slip 42±36 54.1±5.2 94.8±6.5 113,000±6,400 
cg-Catch-slip 2±3 95.9±2.2 98.9±1.5 2,900±80 
PCM 5±5 1.0±0.1 28.8±0.2 8,000±700 
cg-PCM 39±24 92.3±0.3 98.1±0.4 2,800±30 

 
 
 
 
 
 

Ensembles Translocation Speed % Bound (ensembles) 
Catch 130±3.84 76±4.85 
cg-Catch 130±2.85 76±2.4 
Slip 121±6.39 87±2.88 
cg-Slip 121±5.04 87±1.46 
Catch-slip 135±4.17 59±4.74 
cg-Catch-slip 135±2.48 59±3.87 
PCM 51±11 100±0.41 
cg-PCM 299±0.61 98±0.7 

Ensemble Max Speed Tension Connectivity 
Catch 89±3.97 -150±35.32 59,000±7,200 
cg-Catch 37±2.09 -64±4.56 2,700±70 
Slip 70±4.97 -110±46.54 41,000±9,200 
cg-Slip 33±2.93 -54±5.85 2,700±80 
Catch-slip 106±2.97 -900±82.08 79,000±4,900 
cg-Catch-slip 49±2.87 -100±7.51 2,800±60 
PCM 8±0.37 -10±2.23 6,900±130 
cg-PCM 104±6.69 -210±6.52 2,800±50 
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Table S1. General Simulation Parameters. Common parameters for elements simulated on 
contractile patches, linear networks and rings.  
 
Table S2. Ensemble Translocation Simulations. Translocation speed (nm/s) and binding 
percentage data for all ensemble types on immobilized actin-like filaments. Numbers reported are 
mean ± standard deviation. Sample size is 200 ensembles for each. 
 
Table S3. Contractile Patch Simulations. Maximum radial contractile speed (nm/s), network tension 
(pN) and connectivity for all ensemble types on contractile patches. Numbers reported are mean ± 
standard deviation. Sample size is 5 independent simulations for each. 
 
Table S4. Linear Periodic Network Simulations. Maximum tension (pN), binding percentages, and 
connectivity reported for all ensemble types on linear periodic contractile networks. Numbers reported 
are mean ± standard deviation. Sample size is 20 simulations for each. 
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Figure S1. Single motor force-dependent velocity. A-C) The force-velocity relationship for all three 
(not PCM) bond types follows Eq. 10, where load and velocity are linearly related. D) Overlaid data 
from A-C showing they all follow the same relationship in Cytosim. Each curve is built from ~100,000 
individual data points extracted from running simulations. E) Simulation timeframes from a laser trap 
simulation showing a motor (blue) and a Hookean spring (orange) both bound to an actin-like filament 
(white). As the simulation progresses the motor pulls on the fiber which causes force to be exerted on 
the motor by the Hookean spring holding on to the filament. Displacement of motor and spring is 
visualized by the ‘stretching’ of both components (arrowheads). Scale bar represents 100nm.  
 
Figure S2. Contractile patch simulation comparison between discrete and coarse-grained 
ensembles. A- B) Representative simulations of contractile patches. Actin-like filaments (white) are 
seeded with discrete (A) or coarse-grained (B) motor ensembles (red) and varying amount of 
crosslinkers (blue) ranging from 0 to 12,000 (along the x-axis). Simulation snapshots are shown from 
top (0s) to bottom (24s) with 4s intervals for A and from top (0s) to bottom (88s) with 11 second intervals 
for B. Scale bar (bottom right) is 1.5µm. 
 
Figure S3. Contractile patch simulation analysis. A) Finer crosslinker sweep as performed for all 
ensemble types, showing maximum contractile radial speed here from 200 to 1200 crosslinkers (in 
intervals of 200). Peaks for both catch (green) and slip (red) discretized ensemble types appear at 1000 
crosslinkers. B) Directonality (order) analysis of actin-like filaments (shown in C-F) for each discrete 
motor ensemble type. Each dot represents the average of 5 separate simulations all ran at peak 
connectivity for each ensemble type taken every 0.5 seconds (401 frames; total 200.5 seconds). All but 
PCM (purple) simulations finished contracting before 50s (100 frames). C-F) Representative starting, 
middle and late timeframes from patch simulations for each discretized ensemble type. White lines are 
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actin-like filaments; white faint circle is the simulation space. Large groups of bundled filaments are 
obvious in middle timepoints only for PCM simulations (arrowheads). Scale bar (bottom right) is 1µm. 
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set simul SINGLE_MOTOR 
{ 
    time_step = 0.001 
    viscosity = 1 
    tolerance  = 0.01 
    kT = 0.0042 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SPACE%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set space cell 
{ 
    geometry = ( strip 1 0.1) 
} 

new space cell 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%FIBERS%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set fiber actin 
{ 

 rigidity        = 0.06 
    segmentation  = 0.05 
    confine        = inside, 200 

    display  = ( color = white; interval = 1.0; line_width = 1; ) 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%HANDS%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set hand NMM2 
{ 
    hold_growing_end   = 0 

 hold_shrinking_end   = 0 
    activity        = move 

    detach_mode  =  %motor parameters are specific to bond type and coarse-grain; see motor supplement 

    display       = ( color = white; size = 2 ) 
} 

set hand concrete 
{ 
    binding_rate   = 10 
    binding_range  = 0.01 
    unbinding_rate  = 0 
    unbinding_force = inf 
    display  = ( color = black; size = 1; ) 
} 
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SINGLES%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set single motor 
{ 
    stiffness = 200 
    hand = NMM2 
    activity = fixed 
} 

set single Concrete 
{ 
    hand = concrete 
    stiffness = 100 
    activity = fixed 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%RUN%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

new 1 fiber actin 
{ 
    length    = 2 
    position   = 0 0 
    orientation  = horizontal 
} 

new 1 single Concrete 
{ 
    position = 0.8 
} 

new 1 single motor 
{ 
    position = -0.8 
} 

run simul * 
{ 
    nb_steps  = 1000 
    nb_frames = 1 
    solve  = 0 
} 

run simul * 
{ 
    nb_steps  = 100000 
    nb_frames = 100000 

} 
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set simul ENSEMBLE_TRANSLOCATION 
{ 
    time_step = 0.001 
    viscosity = 1 
    tolerance  = 0.01 
    kT = 0.0042 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SPACE%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set space cell 
{ 
    geometry = ( strip 6 2 ) 
} 

new space cell 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%FIBERS%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set fiber actin 
{ 

 rigidity        = 20 
    segmentation  = 1 
    confine        = inside, 200 
    binding_key  = 2 

    display  = ( color = white; interval = 1.0; line_width = 0.5; ) 
} 

set fiber ensemble 
{ 
    rigidity        = 100 
    segmentation   = 0.15 
    binding_key     = 4 
    confine        = inside, 200 

    display = ( color = yellow; interval = 1.0; line_width = 1; ) 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%HANDS%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set hand NMM2 
{ 
    hold_growing_end   = 0 

 hold_shrinking_end   = 0 
    activity = move 
    binding_key = 2 

    detach_mode  =%motor parameters are specific to bond type and coarse-grain; see motor supplement 
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    display   = ( color = white; size = 2 ) 
} 

set hand motor_base 
{ 
    binding_rate   = 0 
    binding_range  = 0.05 
    unbinding_rate  = 0 
    unbinding_force = inf 
    binding_key   = 4 
    display  = ( color = gray; size = 1; ) 
} 

set hand concrete 
{ 
    binding_rate   = 10 
    binding_range  = 0.05 
    unbinding_rate  = 0 
    unbinding_force = inf 
    binding_key   = 2 
    display  = ( color = black; size = 1; ) 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SINGLES%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set single Concrete 
{ 
    hand = concrete 
    stiffness = 500 
    activity = fixed 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%COUPLES%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set couple motor 
{ 
    stiffness = 200 
    hand1 = motor_base 
    hand2 = NMM2 
    diffusion = 0 
    length = 0.05 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%RUN%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

new 16 fiber actin 
{ 
    length    = 12.01 
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    position   = 0 -1.9 to 1.9 
    orientation  = horizontal 
    attach = 45 Concrete, 6, plus_end, regular 
    attach1 = 45 Concrete, 6, plus_end, regular 
} 

new 40 fiber ensemble 
{ 
    position = -5 0 to -5 1.8 
    length    = 0.1 
    orientation  = vertical 
    attach = [x] Concrete, 6, plus_end, regular % x = 1 or 16; depends on if motor is coarse-grained or discrete 
} 

run  200 simul * 
{ 
    solve  = 0 
} 

run 200000 simul * 
{ 
    nb_frames = 2000 

} 
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set simul FILAMENT_PATCH 
{ 
    time_step = 0.001 
    viscosity = 1 
    tolerance  = 0.01 
    kT = 0.0042 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SPACE%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set space cell 
{ 
    geometry = ( circle 1.5 ) 
} 

new space cell 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%FIBERS%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set fiber actin 
{ 

 rigidity        = 20 
    segmentation  = 1 
    confine        = inside, 200 
    binding_key  = 2 
    activity        = treadmill 
    growing_speed = 0.1, 0.002 
    shrinking_speed = -0.004, -0.1 
    growing_force = inf, inf 

    display  = ( color = white; interval = 1.0; line_width = 1; ) 
} 

set fiber ensemble 
{ 
    rigidity        = 100 
    segmentation = 0.15 
    binding_key     = 4 
    confine        = inside, 200 

    display = ( color = red; interval = 1.0; line_width = 1; ) 
} 

set fiber crosslinker 
{ 
    rigidity        = 100 
    segmentation  = 0.04 
    binding_key     = 32 
    confine        = inside, 200 
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    display   = ( color = blue; interval = 1.0; line_width = 1; ) 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%HANDS%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set hand NMM2 
{ 
    hold_growing_end   = 0 

 hold_shrinking_end   = 0 
    activity = move 
    binding_key = 2 

    detach_mode  =%motor parameters are specific to bond type and coarse-grain; see motor supplement 

    display       = ( color = white; size = 2 ) 
} 

set hand motor_base 
{ 
    binding_rate   = 0 
    binding_range  = 0.05 
    unbinding_rate  = 0 
    unbinding_force = inf 
    binding_key   = 4 
    display  = ( color = red; size = 1; ) 
} 

set hand crosslinker_base 
{ 
    binding_rate   = 0 
    binding_range  = 0.05 
    unbinding_rate  = 0 
    unbinding_force = inf 
    binding_key   = 32 
    display  = ( color = blue; size = 1; ) 
} 

set hand crosslinker_actin 
{ 
    binding_rate   = 10 
    binding_range  = 0.05 
    unbinding_rate  = 0.1 
    unbinding_force = 8 
    binding_key   = 2 
    display  = ( color = white; size = 1; ) 
} 

set hand crosslinker_ensemble 
{ 
    binding_rate   = 5 
    binding_range  = 0.05 
    unbinding_rate = 0.3 
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    unbinding_force = 5 
    binding_key   = 4 
    display  = ( color = red; size = 1; ) 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%COUPLES%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set couple motor 
{ 
    stiffness = 100 
    hand1 = motor_base 
    hand2 = NMM2 
    diffusion = 0 
    length = 0.05 
} 

set couple crosslink_actin 
{ 
    stiffness = 20 
    hand1 = crosslinker_base   
    hand2 = crosslinker_actin 
    diffusion = 0 
    length = 0.01 
} 

set couple  crosslink_ensemble 
{ 
    stiffness = 20 
    hand1 = crosslinker_base    
    hand2 = crosslinker_ensemble 
    diffusion = 0 
    length = 0.01 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%RUN%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

new 360 fiber actin 
{ 
    length    = 1.0, 0.3 
    end_state   = 4, 1 
} 

new [x] fiber crosslinker % x is swept for all motor types from 1,000 to 12,000 unless otherwise noted 
{ 
    length    = 0.04 
    attach  = 2 crosslink_actin, 0.02, minus_end, regular 
    attach1 = 1 crosslink_ensemble, 0.01, minus_end, regular 
} 

run  200 simul * 
{ 
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    solve  = 0 
} 

new 360 fiber ensemble 
{ 
   length    = 0.3 

    attach  = [x] motor, 0.02, minus_end, regular % x = 1 or 16; depends on if motor is coarse-grained or discrete 
    attach1 = [x] motor, 0.02, plus_end, regular % x = 1 or 16; depends on if motor is coarse-grained or discrete 
} 

run  200 simul * 
{ 
    solve  = 0 
} 

run 200000 simul * 
{ 
    nb_frames = 400 

} 
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set simul LINEAR_NETWORK 
{ 
    time_step = 0.001 
    viscosity = 1 
    tolerance  = 0.01 
    kT = 0.0042 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%SPACE%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set space cell 
{ 
    geometry = ( strip 4.712 0.5 ) 
} 

new space cell 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%FIBERS%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set fiber actin 
{ 

 rigidity        = 0.06 
    segmentation  = 0.05 
    confine        = inside, 200 
    binding_key  = 2 
    activity        = treadmill 
    growing_speed = 0.1, 0.002 
    shrinking_speed = -0.004, -0.1 
    growing_force = inf, inf 
    min_length  = 0.06 

    display  = ( color = white; interval = 1.0; line_width = 1; ) 
} 

set fiber ensemble 
{ 
    rigidity        = 100 
    segmentation = 0.15 
    binding_key     = 4 
    confine        = inside, 200 

    display = ( color = red; interval = 1.0; line_width = 1; ) 
} 

set fiber crosslinker 
{ 
    rigidity        = 100 
    segmentation  = 0.04 
    binding_key     = 32 
    confine        = inside, 200 
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    display   = ( color = blue; interval = 1.0; line_width = 1; ) 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%HANDS%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set hand NMM2 
{ 
    hold_growing_end   = 0 

 hold_shrinking_end   = 0 
    activity = move 
    binding_key = 2 

    detach_mode  =%motor parameters are specific to bond type and coarse-grain; see motor supplement 

    display       = ( color = white; size = 2 ) 
} 

set hand motor_base 
{ 
    binding_rate   = 0 
    binding_range  = 0.05 
    unbinding_rate  = 0 
    unbinding_force = inf 
    binding_key   = 4 
    display  = ( color = red; size = 1; ) 
} 

set hand crosslinker_base 
{ 
    binding_rate   = 0 
    binding_range  = 0.05 
    unbinding_rate  = 0 
    unbinding_force = inf 
    binding_key   = 32 
    display  = ( color = blue; size = 1; ) 
} 

set hand crosslinker_actin 
{ 
    binding_rate   = 10 
    binding_range  = 0.05 
    unbinding_rate  = 0.1 
    unbinding_force = 8 
    binding_key   = 2 
    display  = ( color = white; size = 1; ) 
} 

set hand crosslinker_ensemble 
{ 
    binding_rate   = 5 
    binding_range = 0.05 
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    unbinding_rate  = 0.3 
    unbinding_force = 5 
    binding_key   = 4 
    display  = ( color = red; size = 1; ) 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%COUPLES%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

set couple motor 
{ 
    stiffness = 100 
    hand1 = motor_base 
    hand2 = NMM2 
    diffusion = 0 
    length = 0.05 
} 

set couple crosslink_actin 
{ 
    stiffness = 20 
    hand1 = crosslinker_base   
    hand2 = crosslinker_actin 
    diffusion = 0 
    length = 0.01 
} 

set couple  crosslink_ensemble 
{ 
    stiffness = 20 
    hand1 = crosslinker_base    
    hand2 = crosslinker_ensemble 
    diffusion = 0 
    length = 0.01 
} 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%RUN%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

new 360 fiber actin 
{ 
    length    = 1.0, 0.3 
    end_state   = 4, 1 
    position = rectangle 4.7 0.06 at 0 0 
    orientation = horizontal 
} 

new [x] fiber crosslinker % x is between 1,000 and 3,000 depending on motor type 
{ 
    length    = 0.04 
    attach  = 2 crosslink_actin, 0.02, minus_end, regular 
    attach1 = 1 crosslink_ensemble, 0.01, minus_end, regular 
} 
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set hand PCM_CG 
{ 
    hold_growing_end     = 0 
    hold_shrinking_end   = 0 
    activity                  = move 
    binding_key  = 2 
 
    detach_mode            = PCM 
    binding_range      = 0.12 
    binding_rate  = 0.2 
 
    ensemble_size     = 16 
    k_20   = 80 
    k_01             = 40 
    k_10   = 2 
     
    stall_force   = 12.62 
 
    display              = ( color = white; size = 2 ) 
} 
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