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How membrane asymmetry regulates ADAM17 sheddase function
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Asymmetrical distribution of lipids in the cell membrane is a
fundamental feature of all eukaryotic cells. The most important
negatively charged phospholipids phosphatidylserine (PS) and
phosphatidylinositol species reside almost exclusively in the
cytoplasmic leaflet, where they serve as essential co-factors for
many membrane-bound enzymes including protein kinase C,
phosphatase PTEN, tyrosine kinase c-Src, and MARCKS.1

Clusters of basic amino acid residues draw the proteins via elec-
trostatic interactions to the lipid, enabling them to exert their
function at the cytosolic membrane face.

Calcium-dependent and independent pathways can pro-
mote PS translocation to the outer membrane leaflet. Platforms
for assembly of procoagulant enzyme complexes are thus gen-
erated on activated platelets. Surface exposed PS can also be
recognized by cellular receptors and mediate important cell-cell
interactions.2 Particularly prominent is the role of PS as an
“eat-me” signal for macrophages on apoptotic cells.

In contrast, no biological role has hitherto been assigned to
translocated PS in the cell itself.

What if the phospholipid were also to control the action of
membrane-anchored surface proteins, analogous to and as a
counterpart of its function at the cytosolic face?

Our investigation originated in the observation that
PS-translocation regularly accompanied the activation of the
Disintegrin and Metalloproteinase 17 (ADAM17).3 This evolu-
tionarily conserved, vitally important protease was originally
identified as the TNF-a releasing enzyme. Today, ADAM17 is
known to be involved in the shedding of an increasing number
of cell surface proteins including the EGFR ligand TGF-a, TNF
receptor 1, and L-selectin. Very diverse biological processes are
thus regulated by a single protease. A remarkably broad and
heterogeneous spectrum of stimuli have been found to activate
the enzyme, whereupon substrate cleavage occurs at sites
located very close to the cell membrane surface.

It was found that triggers of ADAM17 activation provoked,
while respective inhibitors suppressed PS-exposure in all the
cell models tested. Did this correlation reflect a causal connec-
tion? Independent lines of evidence converged to generate an
affirmative answer.

Scott syndrome is a rare bleeding disorder caused by the
incapacity of blood cells to expose PS in response to

intracellular Ca2+-elevation. The defect is due to a missense
mutation in the calcium-dependent PS scramblase Anocta-
min-6.4 While calcium influx provoked rapid PS exposure and
loss of
L-selectin in normal B-cells, Scott lymphocytes responded nei-
ther with PS exposure nor with substrate shedding. Because
expression of caspase-dependent scramblases remains unal-
tered in Scott lymphocytes, we tested whether induction of
apoptosis would lead to PS exposure and L-selectin release.
This was indeed the case.

As a direct corollary, experiments were performed with Raji
cells that have a blunted caspase-dependent PS-exposure capac-
ity.5 Here, PS-externalization and TNFR1 shedding were absent
upon apoptosis induction.

The possible mechanism underlying ADAM17 activation
by PS was investigated. Should PS be directly interacting with
the protease, its soluble head group ortho-phosphorylserine
(OPS) might act as a competitive inhibitor. Indeed, ADAM17-
dependent substrate shedding was reduced in the presence of
OPS in the cell systems tested.

The membrane proximal domain (MPD) represented a
likely candidate for interaction with PS because of its proximity
to the membrane surface, and recombinant MPD was then
found to bind to PS but not to PC liposomes. NMR-spectros-
copy localized the PS-interaction site to a cluster of basic amino
acids R625/K626/K628. Mutation of these amino acids to gly-
cines abolished PS-binding capacity. When the corresponding
ADAM17 mutant was transfected into ADAM10/ADAM17-
double deficient cells, it was no longer able to cleave its physio-
logical substrate TGF-a. However, the cells did express
ADAM17 on their surface and the mutated protease was still
capable of cleaving a soluble peptide substrate in the culture
medium. A key finding was thus made that abrogation of PS-
binding selectively affected the release of cell membrane bound
substrates but not the bona-fide enzymatic activity of the
protease.

The ADAM17 stalk region, also named CANDIS (Con-
served ADAM-SeventeeN Dynamic Interaction Sequence),
has recently been found to represent a membrane-interacting
amphipathic helix that is also required for sheddase func-
tion.6 The combined data now lead to a 2-step model for
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ADAM17-mediated shedding which shares similarities with
the activation of intracellular proteins including the acces-
sory HIV-1 protein Nef. It associates with membranes in a
biphasic process.7 A fast protein-lipid interaction driven by
electrostatic attraction of a basic amino acid cluster to PS is
followed by formation of an amphipathic helix that interca-
lates into the bilayer and stabilizes membrane-binding. Anal-
ogously, externalized PS interacts electrostatically with
ADAM17 MPD, and this is accompanied by association of
the amphipathic CANDIS-helix with the external membrane
leaflet (Fig. 1).

Cells expend considerable amounts of energy to uphold
PS-asymmetry in the membrane. Irreversible disruption of PS-
homeostasis as occurring during platelet activation and apopto-
sis bears well known consequences. In contrast, the possibility
that transient PS-externalization may be biologically relevant
has been voiced quite seldomly and mainly in the context of

immune cell activation. Perhaps, transient externalization of PS
in defined membrane micro/nanodomains is a common event
that will allow cells to respond rapidly and flexibly to myriad
stimuli. Delineation of the events underlying upregulation of
ADAM17 function may pave the way to this new field of
research.
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Figure 1. Role of PS-exposure for ADAM17 function. Many cellular stimuli provoke
transient translocation of PS. Electrostatic interaction with the membrane proximal
domain (MPD) of ADAM17 together with membrane association of the neighbor-
ing CANDIS-helix then enable substrate processing to take place.
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