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Abstract Epithelial cells develop adherens junctions via local recruitment of a transmembrane receptor, named E-
cadherin, whose activity is dependent on Ca?* signal. Growing evidences indicate the importance of tensile forces within

actomyosin cortex, yet a system-level understanding for the mechanosensitive responses of cell-cell contacts remains

2020-01-10 H5fi, 2020-02-27 A, 2020-02-28 ALK K.
1) R G AR RS R IIE (11502272, 11972200).
2) I, YR, W T 5 1) 4R - 5F 774, HEY 714, E-mail: fengshiliang @nbu.edu.cn
SR WS, F A B, . B8 L B ARG I 702 — A AR S RO R BB L. Jo57 224k, 2020, 52(3): 854-863
Feng Shiliang, Zhou Lvwen, Lii Shouqin, Long Mian. Mechanochemical coupling model and numerical simulation for cell-cell adhesion

in suspended epithelial cells. Chinese Journal of Theoretical and Applied Mechanics, 2020, 52(3): 854-863




% 30 A BIFA LR ARG BT AR 027 — P2 R S A e BB AL 855

unclear. Here, we constructed a mechanochemical coupling model, in which the tensile forces presented at adherens
junctions participated in the interactions between myosin contractility, actin dynamics and local E-cadherin recruitment,
which together, formed a mechanical feedback loop (MFL). The mechanical interactions between a pair of epithelial cells
were treated by a motor-clutch mechanism. The in-house developed lattice-Boltzmann particle (LBP)-D1Q3 method,
which had been embedded with a simple Monte-Carlo method, was adopted to solve the coupled nonlinear reaction-
diffusion equations, which had stochastic reaction terms, and were coupled with the equilibrium differential equation.
The numerical simulation results indicate that the spatiotemporal effects of MFL may arise an initial anisotropy in the
distribution pattern of E-cadherin, which could be further amplified by “cis” interactions between E-cadherins from the
same cell surface. The model thus confirms three distinct phases in the profile of E-cadherin accumulation at the center
of contact zone, which are initial, rapid increase, and slowly increase, as observed experimentally. Furthermore, local
recruitment of E-cadherin can be mechanically regulated by either the elastic modulus of actomyosin cortex or the extent
of cell-cell contact, whereupon the highest E-cadherin density takes place at 1.2 rad. Accordingly, decreasing the elastic
modulus of actomyosin cortex may thus act as a triggering mechanism for MFL while the length of cell-cell contact is

denoted as a controller of the maturity of adherens junctions.
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Fig. 1 (a) Discrete cell model. Each visco-elastic element is
co-localized with a D1Q3 element (a) 1D LBM element with 3 discrete

velocity components). (b) Schematic of mechanical feedback loop.
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(c) Motor-clutch mechanism
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HAILEZ) 0.3 uM & TH 225 0.8 uM. HTH #HUE R
(D = 0.1 um?/s), E-cad” 7E4%fily/AE 428 7t X 2 ILBE
U A .

Kl 2(b) & E-cad* B IHIEKE, [-n/3,7/3] &°F
TN, 0 B A [X 38, W52 3 50 s J5 E-cad* fKARFFEL
FERZX I, HE 2] 6 min iIAF|FRE. E-cad Z4E
L5 7 4 Bl 5 7 AR I Bh A TR 0B S A UIAEOE, R
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Fig. 4 (a) Time courses of the tension at Point Ct at K} = 1 and
10 pN/nm. (b) Distribution patterns of the lifetimes of E-cad*
bonds. (c¢) Spatiotemporal regulation of E-cad* in

the presence of the tension alone
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