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Abbreviations: CDK1, cyclin-dependent kinase 1; CMSC, cortical microtubule stabilising complex; DLC1, deleted in liver cancer 
1; ECM, extracellular matrix; ERK, extracellular-signal-regulated kinase; F-actin, filamentous actin; FAK, focal adhesion kinase; Gα
13, guanine nucleotide-binding protein subunit α13; GIT, G-protein-coupled receptor kinase-interacting proteins; IACs, integrin 

adhesion complexes; ILK, integrin-linked kinase; Kd, equilibrium dissociation constant; KANK, KN motif and ankyrin repeat 
domain-containing protein; PIPKIγ90, phosphatidylinositol 4-phosphate 5-kinase type-1 γ90; PIP2, phosphatidylinositol (4,5)-bis-
phosphate; pN, piconewton; Rap1, Ras-related protein 1; RIAM, Rap1-GTP-interacting adapter molecule.

Integrin adhesion complexes The talin code

Hypothesis: adhesions as memory modules and information-processing centres 

Mechanochemical switches

Talin structure and binding partners
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Each step corresponds 
to a single talin rod 
domain switching states

Talin R1−R13 3.8 pN s−1

This graph has been previously published
under a CC BY 4.0 license
(Yao et al., 2016, Nat Comms, 7, 11966)

The mechanical response of talin
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A mechanical binary switch

Key features of the 13 talin 
force-dependent binary switches

• Each rod domain behaves as a 
 discrete switch that toggles between 
 folded (0) and open (1) states as a 
 function of force
• The 13 switches are in the line of 
 force transmitted between integrins 
 and F-actin
• Each switch opens and closes at 
 distinct force thresholds
• Each switch binds different ligands, 
 generating different signalling outputs
• Both the folded and unfolded states 
 are stabilised by positive feedback 
 loops, conferring mechanical memory
• Release of tension resets switches 
 back to the folded 0 state

Talin R3 as the paradigm of a force-dependent binary switch

10,000� change in affinity (Kd) for the ligands as the switch changes state
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Talin head binding partners control
integrin activation and regulation

Integrins are ECM receptors
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Substrate stiffness determines stem cell lineage

Cells sense the ECM through 
integrins, which form adhesion 
complexes that respond to 
tissue stiffness and determine 
cell differentiation.

R3 unfolds at ~5 pN
switching from R3(0)
to R3(1) to bind vinculin

R3 refolds at <3 pN,
switching from R3(1)
to R3(0) to bind RIAM

Information 
can be 
written into 
the 
conformation
of each talin 
molecule 
using changes 
in tension

The talin switch patterns control signalling outputs

Tension on 
talin results in 
reproducible 
patterns of 
folded and 
open states 
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Talin couples the ECM to the cytoskeleton
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Example: array of eight talins
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Switch operation by mechanotransduction

Extracellular
forces Cellular forces Cellular forces

If the outside environment is constant, the cell can 
generate forces internally to control the switch pattern

The balance of the two forces gives the 
response and determines the switch pattern

Talin is in a tug-of-war between extracellular forces and cellular
forces
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The talin rod is a series of 13 mechanical binary switches.
Talin switches directly regulate a wide range of cell
functions through force-dependent conformational
transitions that modulate binding interactions. 
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Force-dependent changes 
in switch patterns modulate 
signalling complexes and 
cytoskeletal linkages, which 
determine the signalling 
outputs for that adhesion
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The talin−vinculin−actin linkages
form a complex meshwork of
mechanochemical switches
making a signalling machine

Vinculin stabilises the patterns of 1s 
and 0s on the talin molecule, makes 
additional cytoskeletal connections and 
recruits additional signalling molecules
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Integrin−talin−actin forms the core of integrin
adhesion complexes (IACs) and >250 different
proteins are recruited to these.

Talin experiences
forces when
bound to integrin
and actin

Talin converts integrins into the high-affinity
conformation able to bind ECM
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Mechanical hysteresis and complex positive- 
feedback loops confer memory (information 
storage), through which talin’s mechanical 
history modulates signalling outputs. 

These patterns carry information forward in 
time, with future inputs altering signalling 
outputs dependent on the current status of that 
adhesion.
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Possibility of logic gate operations
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Binding partners of talin head domains Binding partners of talin rod domains

Talin rod domainsTalin head domains
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