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Fig.1 Schematic of cell spreading over a substrate. Forces induced by actin polymerization and integrin-ECM binding drive

the protrusion process of cell spreading, against membrane tension that impedes the process
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Fig.2 (a)Three phases in cell spreading distinguished by spreading velocity[7]; (b)Traction force in cell spreading, PO/P1/P2 equal

to E/I/L phases respectively in (a); (c),(d),(e)Periodic lamellipodial contractions correlated with substrate stiffness[5l. The cell

shows higher contraction frequencies on stiffer substrate (FN: 10 pg/mL)
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Fig.3 A summary of the three phases of isotropic cell spreading. Top panel: Flowchart of spreading events; activated and

inactivated Rho GTPases are indicated by pink and green boxes, respectively, and orange boxes indicate the events that directly

lead to initiation of the next phase of spreading by crossing the threshold indicated in the purple boxes. Middle panel: TIRF

microscopy images of the spread area of a mouse embryonic fibroblast over time. Bottom panel: Cartoon rendition of cell

spreading events, viewed from the side (13]
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Table 1 Characteristic force scales in cell spreading

Force type Magnitude Technique/Model Note
. . this in vitro
o movement of listeria, .
polymerization force . experiment supports
~ 10pN using methylcellulose

(single filament)

membrane tension

adhesion force

(single bond)

traction stress
(traction force per

focal adhesion size)

~ 0.03 pN/nm

~ 13 ~ 28 pN

~ 5.5 pN/um?

to slow its velocity[zo]

optical tweezers,
fibroblast(21]

measurement of
binding of fibroblasts
to fibronectin using

optical tweezers!22]

tethered elastic ratchet

model

it depends on
ligand-receptor
species/loading
velocity /theoretical
model et al.

the traction stress

using PDMS varies with
(polydimethylsiloxane) cell types and
microarrays[23] measurement
techniques
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Fig.4 Brownian ratchet model
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Fig. 5 Formation of actin networks at cell periphery [26]
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Fig.6 One-dimensional peeling model in studying cell adhesion[39]
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Fig.7 Image of chick embryo fibroblasts spreading over a

substrate (side view) [41]
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Fig.9 Sketch to describe the equilibrium between the cytoskeleton and the membrane in cell spreading[49]
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Fig. 10 Schematic of cell spreading at the cell periphery(52]
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RESEARCH PROGRESS ON KINETICS OF CELL SPREADING "

Li Jianjun Zhao Yapu?
(State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract The interaction between cell and extracellular matrix (ECM) is essential in many cellular processes,
such as cell migration, differentiation and apoptosis. As the first step of cell-ECM interaction, cell spreading has
been widely investigated. In this review, the biological background of cell spreading process is first introduced,
including a brief overview of involved genes and proteins. Polymerization force, adhesive force and membrane
tension are introduced in a coherent framework of cell spreading dynamics from mechanics point of view. The
existing physical and/or mechanical models are reviewed based on principles of either viscous flow of cells
or mechanical equilibrium at cell periphery. We also discuss the modeling approaches, open questions, and

potential opportunities of cell spreading dynamics.

Key words cell spreading, F-actin, focal adhesion, traction force, membrane tension, viscous flow
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