RESEARCH HIGHLIGHT

Cell Research (2016) 26:643-644.
©2016 IBCB, SIBS, CAS  All rights reserved 1001-0602/16 $ 32.00

e

www.nature.com/cr

Electrophysiologist shows a cation channel function of

MLKL
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Whether mixed lineage kinase do-
main-like (MLKL) mediates necrop-
tosis by forming ion channel, none-
selective pore, or simply by disrupting
plasma membrane is unclear. In a
paper published in recent issue of
Cell Research, Xia et al. showed that
MLKL functions as a novel class of
cation channel.

Necroptosis is a type of programmed
cell death with necrotic morphology. In
recent years, scientists have provided us
with many details in molecular mecha-
nism of necroptosis and uncovered its
function in many physiological and
pathological processes. Necroptosis is
controlled by a signaling complex called
necrosome (also known as complex IIb).
The core components of this complex
are receptor interacting protein 1 (RIP1)
and RIP3, though RIP1 is not always
indispensable. RIP3 homo-interaction
leads to RIP3 auto-phosphorylation in
necrosome. Auto-phosphorylated RIP3
recruits MLKL and phosphorylates
MLKL[1]. MLKL is a pseudokinase
with an N-terminal domain, which is
responsible for triggering necroptosis,
and a C-terminal kinase-like domain,
which is inhibitory to MLKL function.
Further study revealed that after being
phosphorylated by RIP3 at the activa-
tion loop of the kinase-like domain,
MLKL undergoes oligomerization and
translocation onto the plasma membrane
to execute cell death [2-5]. The affinity
for phosphatidylinositol phosphates is
believed to play a role in the interac-
tion of MLKL with plasma membrane
[4, 5]. There are several models on the
mechanism of how MLKL functions on

plasma membrane: MLKL forms per-
meable pores on plasma and intracellu-
lar membranes, allowing for membrane
disruption and subsequent necroptosis;
MLKL targets its downstream TRPM7
to mediate calcium influx that causes
necroptosis; MLKL functions on plasma
membrane to increase sodium influx,
which causes osmotic pressure and
then disrupts plasma membrane. These
models, however, still need to be further
experimentally verified.

In a recent issue of Cell Research,
Xia et al. demonstrated that MLKL can
function as cation channel in vitro [6].
Initially, by using a planar lipid bilayer
recording technique, the authors found
that MLKL phosphomimetic mutant
(MLKLEP) forms ion channels. They
further defined that MLKL channels
are permeable to monovalent ions Na*
and K* rather than C1". To take one step
further, they evaluated the permeability
of MLKL channels to divalent cations
and demonstrated that MLKL channels
are preferentially permeable to Mg
than to Ca?" in the presence of Na™ and
K. Taking advantage of the whole-cell
patch clamp technique, the authors
resolved positive correlations among
the whole-cell current density, depolar-
ization of the membrane potential and
necroptosis, and suggested that MLKL
channel activity is a critical determinant
for executing necroptosis.

By comparison of different MLKL
truncations, the authors illustrated that
the N-terminal domain of MLKL, simi-
lar to MLKLFP, suffices to function as
channel in a lipid bilayer, among which
a-helices H1 to HS are responsible for

the conductivity, while helix H6 and
the following segments are required
for its channel function. Moreover, by
using substituted cysteine accessibility
mutagenesis (SCAM) strategy and the
planar lipid bilayer system, the authors
were able to determine the configura-
tion of the six helices in membrane,
that is, helices H1, H2, H3, H5 and
H6 are transmembrane, while helix H4
locates in the cytoplasm. This finding
of MLKL being a five-transmembrane
spanning domain protein, together with
its preferential permeability, distin-
guishes it from other ion channels, such
as TRPM6, TRPM7 and voltage-gated
potassium (Kv) channels. The proposed
five-transmembrane segment topology
of MLKL differs from most people’s
prediction that the opening of the N-
terminal bundle in MLKL is required
for it to function in necroptosis and H6
acts as a plug to prevent opening of the
bundle [7-10].

Taken together, the study by Xia et
al. provides a new working model for
the function of MLKL in necroptosis.
However, it is still unclear how a Mg?*
channel functions to trigger necrop-
tosis and whether the ion selectivity
of MLKL is required for necroptosis.
Moreover, further investigation is need-
ed to confirm the five-transmembrane
structure of MLKL in plasma membrane
of cells. Besides, the authors have not
addressed an even more important issue,
that is, the structure of MLKL oligomer
based on their five-transmembrane do-
main model.
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