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Supplementary Table:
Protein Family Name References

Piezol piezo type mechanosensitive :
ion channel component 1

Piezo2 piezo type mechanosensitive !
ion channel component 2

TRPAI transient receptor potential 2
cation channel subfamily A
member 1

TRPV1 transient receptor potential 3
cation channel subfamily V
member 1

TRPV4 transient receptor potential 4
cation channel subfamily V
member 4

Supplementary Table 1: RNA-seq data from isolated neural crest library. While several molecules
were found in our unbiassed screening, we selected just stretch activated channels that have been
reported to mediate mechanosensing in other systems (see references). Next, we further filtered these
candidates based on their predicted role in cell migration. Since Piezol fulfilled this criteria, we next
focused in studying the role of Piezol in microtubule acetylation, cell mechanics and collective cell
migration. Details in Methods.
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Supplementary Note: computational modelling of cell mechanical response.

To evaluate whether cell mechanical response to microtubule (MT) acetylation facilitates collective cell
migration (CCM) through cell-to-substrate stiffness mediated self-propulsion force we developed a
three-dimensional active particle model using the agent-based framework. Such cell based off-lattice
computational approach is known to effectively model how cell migration is impacted by cell properties
such as its size, stiffness, and mechanical interaction with cell neighbours’”. Individual cells are

modelled as soft deformable spherical agents that interact with (i) other cells and with (ii) the substrate.

Cell dynamics
The net force, F;, on the it cell is the vectorial sum of the forces experienced by a cell. We performed
over damped (low Reynolds number'’) dynamics without thermal noise because the viscosity is

assumed to be large. Hence, the equation of motion for the ith cell is,

;i
TN
where 7; is the position of the it" cell centre, and ¥; is the friction coefficient. The forces experienced

by a cell are described below.

Forces

Forces arising from cell-cell interaction, cell-substrate interaction and the active propulsion force
arising from cell-to-substrate stiffness ratio are incorporated into the model. Cell-cell interaction
consists of a soft repulsion term that limits spatial overlap between cells and an adhesive term
accounting for cohesion between cells as mediated by cell-cell adhesion molecules. Cell-to-substrate
interaction similarly accounts for a soft repulsive term that limits cell-substrate adhesion area and a
cohesive term that tends to increase the adhesion area. In active particle models, a self-propulsive
velocity term modelling the effect of self-generated forces in movement have been used in the context
of Self Propelled Particle (SPP)!'"'* and Self Propelled Voronoi'*!* models. While the self-propulsion
term is important for modelling collective cell migration, its physical origin especially in view of the
interplay between cell-substrate mechanical properties is unclear. In this context, we show that cell-to-
substrate stiffness ratio is an important mediator of the self-propulsion force that cells generate to
undergo migration.

Details of the force terms described above are provided below:

(i) Cell-cell interaction: The individual cells interact with other cells via short-ranged forces, consisting

of elastic force (repulsion) and adhesive (attraction) force. The elastic force (Fi‘j-l) between two cells

i and j of radio R; and R; is:
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where v; and E; are the Poisson ratio and elastic modulus of the it cell and h; j 1s the virtual overlap

distance between the two cells. The adhesive force (Fi‘]l-d) is given by,
1 . .
d _ l l
Fit = AyfQereee + ¢ qee)
where A;; is the overlap area between the two interacting cells and f ad Jetermines the strength of the
adhesive bond. We have normalized the receptor(rec) and ligand(lig) concentrations to satisfy ¢/ ¢ =
¢! = 0.9. Cell-cell adhesion strength coefficient is fixed at f*¢ = 5 X 10™°uN /um? throughout

]

the simulation.
(ii) Cell-substrate interaction: The cell-substrate elastic interaction (F, elb) is modelled based on the

Hertz formalism:

1 3
> 3
el .:i R' * 62
ubt 3 (1 —Vew , 1-V} )
Esub Ei

where Vg, and Eg,;, are the Poisson ratio and elastic modulus of the substrate and & the indentation

of the cell into the substrate.

The cell-substrate adhesive interaction is given by:

_ d lig lig
Fsub i = Asub,ifs%b (E) (C;%C + CoypC ;%)

where Agyp ; is the overlap area between the a cell and the substrate and 12‘;‘,’, determines the strength
of the cell-substrate adhesive bond. The substrate (sub) receptor (rec) and ligand(lig) concentrations are

normalized to satisfy clop = C;Lgb = 0.9. Cell-substrate adhesion strength coefficient is set at f34 =

9.25 x 107°uN /um? for control cells, £.24 = 9.5 X 107°uN /um? for hypoacetylated cells and

a4 = 9,0 X 107°uN /um? for hyperacetylated cells. We assume that the adhesion co-efficients,
receptor and ligand concentrations are constant as a function of time. As we are interested in the long-
time limit of collective cell migratory behaviours (over 8 hrs), we work under the assumption that the

short time fluctuations in these parameters are coarse-grained to constant values.

In addition to the mechanical interaction (elastic and adhesive forces) experienced by a cell, we

incorporate a self-propulsion force Fip that depends on the ratio of the cell-to-substrate stiffness:
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where T, is a propulsion force coefficient with units of tension (which we set to unity -1 uN /um), &
the cell indentation into the substrate (as defined above) and the polarity vector p; specifying the
direction along which the propulsion force acts. The polarity vector is assigned randomly along p, =
(sin(¢) cos(@), sin(¢) sin(0), 0) where the polar angle ¢ is randomly chosen in the interval
[0, g] and the azimuthal angle 6 picked randomly in the interval [0,2m]. We assume that the

polarity vector is not correlated in time and changes randomly with time. The out of plane component
of p; is set to zero to ensure that cell remains in contact with the substrate. In the context of two-
dimensional motion similar self-propulsion forces have been postulated'®'”. The exponent 7/4 was
chosen as it gives good fit to experimentally observed time dependent cell migratory behaviours as
quantified by cell and cluster spreading vs time. It is worth mentioning that slightly modifying the
exponent to smaller or larger values lead to no change in the trends in which the conclusions that we

report here are based (Data not shown).

Friction coefficient: There are two contributions to the friction co-efficient y; = 6mnR; +
|yl

YL i v ) (Aij % (1 + ) X %(C{ec leig + ereccilig)' The first term is the Stokes relation

(6mnR;) which models the friction with the substrate. The second friction term takes into account

adhesive friction depending on cell-to-cell contact surface area (A;;), and receptor(ligand)

concentrations (c; ¢ (Cll ig)). The summation is over cell nearest neighbours NN (). For any cell i,
an array with distances from all other cells to cell i is created. By calculating R; + R; — |77 — 7;| and
sorting for cells j satisfying R; + R; — |T_)‘l - ﬁl > 0 (necessary for any cell j to be in contact with cell

i we identify the nearest neighbors.

Simulation Details

In each simulation, we start with placing 20 cells in a three-dimensional (3D) domain of size
XxYxZ =32umx 32um x 15um. The X,Y,Z positions are picked from a uniform random
distribution with the bounds specified above. The margins of the X,Y domain can expand (free
boundary) while the z-position of the cells are constrained to be on a fixed plane. In the initial 10 steps,
we allow the cells to grow in size, divide or undergo death process to facilitate randomizing the positions
between simulation runs. The details of these cell processes are described in our earlier works®. We do
not allow cells to grow in size, divide or undergo death for the rest of the simulation for a total of 3000

steps based on which we compare simulation results to experiments as we do not observe cell division,
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death etc during the experimental time frame. We use this scheme to randomize the initial conditions.
The simulations are repeated at least 3 times per condition to ensure that initial conditions do not affect
our conclusions. The time scale is assigned to 10 seconds per step (arbitrary units) to match the

experimentally observed time scale of cell spreading. Codes are implemented in MATLAB.

In the simulation we model different cell stiffnesses corresponding to different levels of microtubule

(MT) acetylation, keeping the substrate stiffness fixed at Eg,,;, = 150Pa.

Acetylation levels Cell Stiffness (Pa)
Hypo 75

Control 150

Hyper 400

For soft substrates, the substrate stiffness is reduced to Eg,;;, = 50Pa. The extent of cell spreading in

the simulation is quantified using radius of gyration squared R; as discussed in the Main Text.
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