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RESEARCH HIGHLIGHTS

Focal Adhesion Kinase ( FAK ) is a key regulator of adhesion
signals and localises into a signalling layer on the plasma
membrane in focal adhesion complexes. We previously
discovered that FAK interacts with PIP2 lipids in focal adhesions
and this triggers its activation by inducing FAK oligomerisation,
conformational changes that facilitate its autophosphorylation,
Src recruitment and FAK phosphorylation by Src. Currently, we
are studying the atomic architecture of FAK oligomers bound to
PIP2 membranes by electron microscopy (EM). We have obtained
a 5.9 Å map, which reveals the mode of oligomerisation and large
membrane induced rearrangements of FAK’s regulatory FERM
and kinase domains ( FIGURE ). The observed conformation
suggests that FAK adopts a ‘ preactivated ’ primed state when
bound to the membrane. We are further investigating how force,
induced at focal adhesion sites by actomyosin contraction,
can induce changes to these structures to fully activate focal
adhesion signalling. We utilise these mechanistic insights to
discover highly specific allosteric FAK inhibitors. We employ a
fragment based approach to identify allosteric ligands and then
use structure based drug design to develop these fragments into
inhibitory lead compounds.

We focus on growth and adhesion signalling systems that
interact and are regulated by specific lipids in the plasma
membrane. Specifically, we pursue 2 main questions :
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domains. Each colour represents one
FAK molecule containing a FERM and
kinase domain. ( c ) EM structure of
oligomeric FAK on a lipid membrane.

SHIP phosphatases remove the 5-phosphate from PIP3 and
thereby, like PTEN, negatively regulate PIP3 levels in the plasma
membrane. Despite their importance, little is known about
mechanisms of SHIP regulation. We previously solved a crystal
structure containing the catalytic and C2 domains of SHIP2,
which, together with extensive biochemistry and cell biology
experiments, showed how the C2 domain induces catalytic
activation of SHIP2. Currently, we are studying the role of the PH
domain flanking the catalytic domain. We find that the domain
binds the PIP3 substrate and PIP2 product, and that this binding
allosterically further activates SHIP. Together, this shows how
the C2 and PH domains concertedly act to recruit SHIP to PIP3
rich membranes in order to adopt a highly active state. s

OVERVIEW

Our Group studies regulatory mechanisms of key signalling
switches controlling growth and adhesion signals,
which regulate important cellular processes such as cell
proliferation, migration and survival. We use structural
techniques, such as X-ray crystallography and electron
microscopy, in combination with biochemical and functional
studies to understand these mechanisms at atomic detail
and to rationalise how oncogenic events result in their
deregulation. The structural understanding allows us to
design potential anti-cancer therapeutics that interfere with
oncogenic deregulation.

Figure ( a ) FAK 2D crystals ( with
Fourier transforms ) formed on PIP2
membranes imaged by negative
stain ( upper ) or cryo-EM ( lower ).
( b ) EM maps at 5.9 Å fitted with FAK

“ Using structure-based design, we
generated the first irreversible and
sub-nanomolar inhibitor targeting
adhesion signals that trigger cancer
invasion.”
ɗɗ How are adhesion signals in focal adhesion complexes
triggered by membrane interactions ?
ɗɗ How are the levels of specific lipids regulated by the SHIP
lipid phosphatase to control growth signals ?
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