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The Dynamic Model of the Active-Inactive Cell Interface
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[ Abstract] Objective To explore the morphodynamics of the active-inactive cell monolayer interfaces by using
the active liquid crystal model. Methods A continuum mechanical model was established based on the active liquid
crystal theory and the active-inactive cell monolayer interfaces were established by setting the activity difference of cell
monolayers. The theoretical equations were solved numerically by the finite difference and the lattice Boltzmann method.
Results The active-inactive cell interfaces displayed three typical morphologies, namely, flat interface, wavy interface,
and finger-like interface. On the flat interfaces, the cells were oriented perpendicular to the interface, the —1/2 topological
defects were clustered in the interfaces, and the interfaces were negatively charged. On the wavy interfaces, cells showed
no obvious preference for orientation at the interfaces and the interfaces were neutrally charged. On the finger-like
interfaces, cells were tangentially oriented at the interfaces, the +1/2 topological defects were collected at the interfaces,
driving the growth of the finger-like structures, and the interfaces were positively charged. Conclusion The orientation
of the cell alignment at the interface can significantly affect the morphologies of the active-inactive cell monolayer
interfaces, which is closely associated with the dynamics of topological defects at the interfaces.
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Table 1 Key parameter values used in simulations

Simulation  Physical value

Parameter Symbol

value and reference
Mixture free energy coefficient Ay 0.2 Reference™
Interface elastic stiffness kg 0.35 Reference™”
Array 1 free energy coefficient C 0.05 Reference™>*”
Array 2 free energy coefficient Cy 0.05 Reference™>
Elastic constant 1 Koi 0.05 1 pNP2 3736
Elastic constant 2 Ko 0.05 1 pN 336
Alignment parameter A 0.7 Reference”
Equilibrium order parameter value ~ gnem 1 1
Friction coefficient Y 0.1 le”* nN-s/um"™
Shear viscosity n 1/6 0.0333 Pa.s>
Density P 40 Reference™ >
Array 1 activity coefficient 14| 0.02 0.4 P2l
Array 2 activity coefficient b 0 0Pa
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A, Flat interface; B, wavy interface; C, finger-like interface.
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Fig 6 Probability density function (PDF) of the orientational field arrangement at the interfaces

A, Tangential interface anchor; B, normal interface anchor.
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A, Normal interface anchor and aggregation of —1/2 topological defects; B, neutrally-charged unanchored interface; C, tangential interface anchor and aggregation of

+1/2 topological defects.



44 PR AE2A A (B 2R

5 554

Ml R PR B RS o ZEDD I B E B L RR (Lo = 0.1),
TE SRy S AR AL/ Nk, TR A - 1/ 23 MR e
FRER PN E, T2+ 17230 MR

XTI D, B S5 HES A R S s RV R &
A AR, B it — R R, I (b
BREE, UNEI8ATIT7R o TIAES AL, 32 5 5 1hi i 5 11
ALK B GG AR BE (AL 520, 258 R RBIT A € T [6]
KA ARG i, AEUT i S B E AT, T+ 12404h
RBEE ) T A A 1) T RS, I ELURE DI 1] g 1 1 DX s
i85l i A R R L, JE AL BUIR A, I HAER A

AME IS = 1240 MR, B 1/24RF MBI ZS R v, A7
PIANRIARTE S E L, N8BS . SR, X Tk ] il
UL, TR E AT A A AR A, SRR R AR T 1) 55 53¢
T A 2 A BTA , O — - 1/2340 bk, A —A>
XIFREMALTE S 1, WNEIBCHTR, FZIB M E AU 2
Hay, NP7 AF7R o DRI, X PR S R AR AR e 2 i 2
e ft S A - 1 23 MR SR A, SR TUERE . X T
T B, R -+ 1/ 214 MR AT P DX S ) 5 T DX iz 3,
HRTA G, + 172403 MRFGIR SRS R A AE, I IS5
1A A FFERARIE , I S imn s Bk A A AR A

—_— —_—— _—
—— = -~ ~ T —~
T~ -~

G
joc]
@
=]
E:
=]
oQ
&
@
o
<A
£
JEpE—

=N N =~ -== - (NERY |
N - NS /2N - N 7 —_— N 7 -
ARTZARRZAR SINe Z=<Nel 2o oMo~
AN TASNN EAAN RN PN A S /AMNMIINGS
o INZZ IR Y e ==z N O - <

® +1/2 Toplogical defect ® —1/2 Toplogical defect

B 8 ERPARTHIR B
Fig 8 Formation patterns of topological defect pairs

A, Active region; B, boundary under tangential anchoring; C, boundary under normal anchoring.
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A, Splaying deformation; B, bending deformation.
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