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Integrins exist in two major activity states



Inside-out signaling versus Outside-in signaling

Outside-in signaling

Ligand binding to external domain causes
conformational changes that increase ligand
affinity, modify protein-interaction sites in the
cytoplasmic domains and thence the
resulting signals.

Inside-out signaling

Signals received by other receptors foster the
binding of talin and kindlin to cytoplasmic
end of the integrin β subunit, at sites of actin
polymerization.

https://www.mechanobio.info/family/Talin/
https://www.mechanobio.info/family/Kindlin/


Activation of integrins by intracellular signaling



Focal adhesions

The FEBS Journal 284 (2017) 3355–3361 

A REF52 fibroblast plated on a collagen-coated glass
coverslip reveals focal adhesions stained for vinculin (green),
F-actin (red), showing stress fibers and the nucleus labeled in
blue.Image was kindly provided by David Graham.
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Focal adhesion



Schematic of focal adhesions 
organization.

(A) The cell adheres to the extracellular matrix (ECM) by means of adhesions. Fibronectin, a ligand presents on 
the ECM, allows the cell to adhere through nascent adhesions. In the lamellipodium (LP) the adhesions are in 
the focal complexes stage, where they can then mature in the lamella (LM) into focal adhesions. This happens in 
response to traction forces applied on the adhesions which are connected to stress fibers. The ventral stress 
fibers connect one focal adhesion to another and the dorsal stress fibers link the focal adhesions to the actin 
network. (B) Focal adhesions are composed of transmembrane integrins which bind to the fibronectin on the 
ECM. Integrins are connected inside the cell to actin stress fibers through talin. There is also proteins, such as 
vinculin or paxilin, which enhance the basic mechanical link of integrin with actin filaments. (Hoffmann and 
Schwarz, 2013) 



How do cells communicate?



Mechanosignaling can often trigger cellular 
signaling processes much faster than a 

purely chemical means of activation.

Mechanical signaling refers to a process
where a signal is triggered by a mechanical
force such as shear stress or a pull/push
applied to biomolecules.

Usually, application of such force would
induce a conformational change in the
protein/receptor, thus exposing functional
domains to the environment.

Mechanosignaling can often trigger cellular
signaling processes much faster than a
purely chemical means of activation. This is
illustrated by the mechanical stimulation of
focal adhesions in smooth muscle cells in
which Src was activated in less than 0.3s.
This rapid response was in contrast to the
slow (12 second) response that followed
chemical activation.



Figure 19–60 Tension across cell–matrix
junctions stimulates the local recruitment of
vinculin and other actin-regulatory proteins,
thereby strengthening the junction’s
attachment to the cytoskeleton. a fragment
of talin containing this domain was attached
to an apparatus in which the domain could
be stretched, as shown here. the fragment
was labeled at its N-terminus with a tag that
sticks to the surface of a glass slide on a
microscope stage. the C-terminal end of the
fragment was bound to a tiny magnetic
bead, so the talin fragment could be
stretched using a small magnetic electrode.
the solution around the protein contained
fluorescently tagged vinculin proteins. after
the talin protein was stretched, excess
vinculin solution was washed away, and the
microscope was used to determine if any
fluorescent vinculin proteins were bound to
the talin protein.

In the absence of stretching (top), most talin
molecules did not bind vinculin. When the
protein was stretched (bottom), two or three
vinculin molecules were bound (only one is
shown here for clarity). (adapted from a. del

Talin is a tension sensor at cell–matrix junctions.



Mechanotransduction

Representation of “outside-in” (in gray) and “inside-out” (in brown) 
mechanotransduction signals in a cell growing in a three-dimensional 
(3D) fibrous matrix.

• Focal adhesion (FAs, in red) serve as crucial sites
for both outside-in and inside-out
mechanotransduction through the recruitment of
transmembrane integrins.

• Cells and tissues can sense and react to the
modifications of the physico-chemical properties
of the extracellular environment (ECM) through
integrin-based adhesion sites and adapt their
physiological response in a process called
mechanotransduction.

• Due to their critical localization at the cell-ECM
interface, transmembrane integrins are mediators
of bidirectional signaling, playing a key role in
“outside-in” and “inside-out” signal
transduction.
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Scientific question?



Experimental paradigm



Reagents



Chamber slides


