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Abstract. Previous work has demonstrated a role for moesin (member of the
ERM family proteins) in lipopolysaccharide mediated events; however, no
physical binding to lipopolysaccharide has been reported. Therefore, the
aim of this experiment was to study the binding of moesin to
lipopolysaccharide. Moesin and radixin recombinant proteins, C- and N-
terminus truncated proteins were used. Native gel shift assays were
performed using the recombinant proteins and purified E. coli
lipopolysaccharide strain O55:B5. The results of the native Gel Shift assay
showed that there was direct binding of moesin to lipopolysaccharide. This
binding was only evident with the moesin C-terminus recombinant protein.
This finding suggests further the important role of moesin in the initial
recognition of lipopolysaccharide.
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Introduction

The innate immune response is the first line of defense against microbial
pathogens''l. The principal tasks of the innate immune system are to
recognize pathogens, mount an immediate defense response, and activate
adaptive immune responses. Lipopolysaccharide (LPS) is the principal
component of the outer membrane of Gram-negative bacteria.
Monocytes/macrophages orchestrate the innate immune response to LPS
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by expressing a variety of inflammatory cytokines that includes tumor
necrosis factor-alpha (TNF-o) and interleukin-1 B (IL-1B)**.
Production of these inflammatory cytokines contributes to the efficient
control of growth and dissemination of invading pathogens. However,
excessive and uncontrolled production of these and other inflammatory
cytokines may lead to serious systemic complications; such as
microcirculatory dysfunction, disseminated intravascular coagulation,
multiple organ failure and septic shock!>”.

LPS recognition is initiated by LPS binding protein (LBP), a
serum glycoprotein, that first binds to the lipid A moiety of LPSI*!%,
The LPS-LBP complex is then recognized by CD14'!." Mice with a
targeted deletion of the gene encoding CD14 are hypo-responsive to LPS
and resistant to the lethal effects of LPS!''. However, mice lacking
CD14 are still able to respond to high concentrations of LPS!"?. CD14 is
a glycosylphosphatidylinositol-anchor (GPI-anchored) molecule which
lacks a cytoplasmic signaling domain, making it incapable of
downstream signaling!®.  Members of a family of proteins, the
mammalian homologues of the Drosophila Toll protein, identified as
Toll-like receptor (TLR) proteins, have been found to mediate the
response to LPS!"*. The TLR proteins possess leucine-rich extracellular
repeats that recognize the LBP-CD14 complex!'”. Considerable progress
has been made in identifying the LPS recognition molecules, particularly
CD14", TLR4"*"" and MD-2"*.

Previously moesin (Membrane Organizing Extension Spike
Protein) was identified as a participant in LPS binding and as a signal
transduction!'”. Moesin was found to be necessary for the detection of
LPS, and homozygous moesin knockout mice; exhibited a 3-fold
reduction in neutrophil infiltration into LPS injected sites when compared
to wild type controls?”. Anti-moesin antibody inhibited the release of
TNF-a. by LPS stimulated monocytes!'”. Moesin was also found to be
expressed on the surface of differentiated human promonocytic cell line,
THP-1 cells and primary peripheral blood monocytes. LPS stimulation
increased the surface expression of moesin as well as its total protein
levels when analyzed by FACS and western blotting, respectively.
Furthermore, moesin was found to co-immunoprecipitate with TLR4
after LPS stimulation'.  In moesin mRNA knockdown experiments
using antisense mRNA, THP-1 cells no longer responded to LPSP';
suggesting a role for moesin in LPS signaling. In a recent investigation,
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moesin mRNA expression was increased in the tissues of liver, kidney

and spleen in mice treated with LPS!?.

However, no report shows if moesin directly binds to LPS.
Therefore, in this study, direct binding of LPS to moesin was studied.

Materials and Methods

Reagents / Materials

Moesin and radixin recombinant proteins, C- and N- terminus
truncated proteins were purchased from ProMab Biotechnologies, Inc.
(Albany, CA). E. coli LPS (strain O55:B5) was purchased from Sigma
(St. Louis, MO). Protein assay reagents and silver staining kits were
purchased from Bio-Rad Laboratories, Inc. (Hercules, CA). Unless,
otherwise specified, all other reagents were purchased from Sigma (St.
Louis, MO).

Native PAGE Gel Shift Assay for Moesin and LPS

Gel shift assays were performed as previously described®’!.
Briefly, recombinant proteins (30 pg/ml) for moesin and radixin (N— and
C- terminal) were incubated with sonicated LPS (0-500pug/ml) in PBS
lacking Ca2+ and Mg2+ with ImM EDTA at 37°C for 30 min. Glycerol
and bromophenol blue were added, and the mixture was electrophoresed
using 4-20% nondenaturing PAGE at 100-150 V for 2 h in a running
buffer containing 192 mM glycine; 24 mM Tris; pH 8.3, without
detergents. Silver staining was performed according to the manufacturer
instructions (Bio-Rad Laboratories, Inc., Hercules, CA).

Results

Native PAGE gel shift assay was used to examine the binding of
moesin to LPS. Two recombinant fragments of both proteins were
examined, C-moesin and N-moesin. Recombinant radixin protein (C- and
N- terminus) was used as control. The experiment was run in triplicates
to confirm the finding. When LPS was incubated with C-moesin protein,
there was retardation in the gel (Fig. 1A). This shift in the protein band
suggests a stable binding of LPS to the recombinant C-moesin. No shift
was observed when LPS was incubated with N-moesin (Fig. 1B) or with
C- or N-radixin (Fig. 1C and D).
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Discussion

In this study, it was demonstrated that moesin physically binds to
LPS. The binding of LPS to moesin was localized to the carboxyl, half of
the moesin recombinant protein using a native PAGE gel shift assay (Fig.
1 A).

rMoesin -C rMoesin -N
A)
—>
LPS (ugml)
rRadixin -C rRadixin -N
C)
—
LPS (ugml) 0 50 100 S00 0 S0 100 S00

Fig. 1. Native PAGE Gel Shift analysis of moesin — LPS Complex: Carboxyl and amine
halves of recombinant moesin and radixin (30 pg) were incubated in the absence
and presence of increasing LPS concentrations at 37°C for 30 minutes. A shift in
the electrophoresis mobility was only detected when C-moesin was incubated with
LPS. No shift was observed for N-moesin or for either C- or N-radixin.
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A current understanding of the innate recognition of bacterial LPS
is based on the discovery that LPS binds to LPS-Binding Protein (LBP)
in serum”, which in turn, rapidly catalyzes the transfer of LPS to
membrane-bound CD14 (mCD14) or soluble CD14 (sCD14). Although
CD14 has been identified as an LPS receptor’, it is a GPI anchor protein
and therefore, lacks transmembrane and intracellular domains!™,
Several binding studies have shown that CD14-blocking monoclonal
antibodies only partially inhibit LPS-binding, suggesting the existence of
alternative receptors®*?°.  Thus, additional transmembrane receptors
must act in concert with the LPS—CD14 complex to initiate the signaling
process leading to LPS-induced cellular activation. Using mostly genetic
approaches, the human counterpart of Drosophila toll receptors reveals
that TLR4 is the main toll-like molecule involved in LPS signaling in
mice and humans”’?”). This was also confirmed by identifying, via
positional cloning, the LPS gene as responsible for the failure of LPS to
induce pro-inflammatory responses in C3H/HeJ and C57BL/10ScCr
mouse strains'' "

Shimazu et al. (1999) showed that TLR4 requires an additional
molecule, MD-2, which forms a complex with the extracellular domain
of TLRA4, for effective LPS recognition!'®. Therefore, the association of
MD-2 with TLR4 is critical for LPS responses”'~*. CD14 enhances the
formation of LPS—-TLR4-MD-2 complexes. Akashi et al.’? stated that
their results using mechanically solubilized cell lysates clearly showed a
physical association between LPS and TLR-4-MD2, but these were co-
immunoprecipitation experiments and direct binding was not actually
demonstrated. The only evidence suggesting that there is a direct
interaction between LPS and membrane proteins was by forming a
membrane receptor complex in transfected cells; demonstrating an
interaction between TLR, MD-2, and CDI4 (alone or various
combinations) with crosslinking to LPS??!.

In these studies, LPS cross-linked to TLR4 and MD-2 only when
co-expressed with CD14. This report showed for the first time the direct
binding of LPS to moesin, using a gel shift assay and localizes the
binding site to the N-terminus of the moesin molecule.

Previously, several moesin blocking antibodies were employed
revealing that TNF-a production was abrogated by anti-moesin antibody
at all LPS concentrations tested!. 1In addition, the inhibition was
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specific for the LPS-moesin interaction, since events mediated by
unrelated receptors (fMLP and IL-1) were not inhibited by anti-moesin
antibody. The response to the gram-positive bacterium S. aureus was
also not altered by moesin antibody, confirming that the effects were
unique to LPS elicited responses!'”l. It was also postulated that CD14
and moesin may physically interact for optimal binding of LPS and
transduction of the signal”. Further characterization of cell surface
expression of moesin after exposure to LPS in macrophage-like
differentiated THP-1 cells revealed that stimulation with LPS resulted in
a significant increase of moesin cell surface expression as well as an
increase in moesin protein level ',

The human gene encoding moesin was cloned™, and its primary
sequence revealed that this protein could be either integrally incorporated
into the plasma membrane and/or in the cytoplasm, making it available
for free movement upon activation and phosphorylation®>>". Keresztes
et al.®® suggested that upon adhesion of porcine neutrophils to a plastic
surface, moesin is translocated to the plasma membrane and the
extracellular surface. Ariel er al®” reported that moesin could be
expressed on the cell surface not only by stimulation with PHA or PMA
but also by Calyculin A, a specific inhibitor of phosphatases 1 and 2A,
that is capable of inducing moesin phosphorylation®®. At its N-
terminus, moesin and other proteins from this family have so-called
FERM (band four-point-one, ezrin, radixin, moesin homology domain)
contain sequences of three subdomains, F1-F3***!. The cluster of acidic
amino acids, especially in the PH homology domain, has been shown to
be important in interactions of ERM proteins with lipid layers of the
membrane!*?.  Crystallographic studies recently showed that these
4p4r]0teins interact and link with various lipid fractions in the membrane!*"

This report is the first study to show the direct association of
moesin with LPS, and have confirmed and localized the direct binding of
moesin (C-terminus) to LPS using a native PAGE gel shift assay.
Therefore, it appears that there is a specific LPS binding sequence in the
C-terminal part of the protein. Furthermore, this observation suggests
possible physical association between moesin and CDI14, TLR4, and
MD-2 making this protein part of the LPS receptor cluster.
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Bacterial recognition systems in mammalian cells are complex.
Triantafilou and Triantafilou® hypothesize that different receptors are
recruited to the site of ligation to form an activation cluster, which is
followed by multiple signaling cascades. Thus, the existence of receptor
clusters is consistent with the variety of signaling cascades that are
triggered by LPS. Diversity in the receptor clusters that are responsible
for bacterial recognition clarifies why anti-sepsis therapies have been
unsuccessful, since therapeutic interventions target only a single
component of the cluster. Therefore, therapeutic approaches may need to
target multiple receptors in order to be successful.

In conclusion, the author would like to propose that the innate
recognition of LPS involves the dynamic association of multiple
receptors forming a cluster of molecules (Fig. 2). The association of
moesin with CDI14, TLR, and MD-2 remain to be elucidated.
Furthermore, more studies are required to investigate the moesin LPS
binding domain.
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Fig. 2. Proposed Model for LPS recognition. LPS Binds to moesin and CD14. Following
LPS stimulation, this cluster binds to the TLR4 and MD-2.
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