
Article

Architectures of Lipid Transport Systems for the
Bacterial Outer Membrane

Graphical Abstract

Highlights

d MCE proteins adopt diverse architectures based on

conserved hexameric ring modules

d Structures show how the Mla system is poised to shuttle

lipids across the periplasm

d YebT and PqiB form tube- and syringe-like architectureswith

central channels

Authors

Damian C. Ekiert, Gira Bhabha,

Georgia L. Isom, ..., Ian R. Henderson,

Jeffery S. Cox, Ronald D. Vale

Correspondence
damian.ekiert@med.nyu.edu

In Brief

A conserved structural building block is

used to create a wide range of periplasm-

spanning architectures implicated in lipid

trafficking between the inner membrane

and outer membrane in bacteria.

Ekiert et al., 2017, Cell 169, 273–285
April 6, 2017 ª 2017 Elsevier Inc.
http://dx.doi.org/10.1016/j.cell.2017.03.019

mailto:damian.ekiert@med.nyu.edu
http://dx.doi.org/10.1016/j.cell.2017.03.019
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cell.2017.03.019&domain=pdf


Article

Architectures of Lipid Transport Systems
for the Bacterial Outer Membrane
Damian C. Ekiert,1,2,5,6,9,* Gira Bhabha,1,5,7 Georgia L. Isom,3 Garrett Greenan,1 Sergey Ovchinnikov,4 Ian R. Henderson,3

Jeffery S. Cox,2,8 and Ronald D. Vale1
1Department of Cellular and Molecular Pharmacology and the Howard Hughes Medical Institute
2Department of Microbiology and Immunology
The University of California, San Francisco, 600 16th Street, San Francisco, CA 94158, USA
3Institute of Microbiology and Infection, University of Birmingham, Birmingham B15 2TT, UK
4Institute for Protein Design, University of Washington, Seattle, WA 98195, USA
5These authors contributed equally
6Present address: Departments of Cell Biology andMicrobiology, The Skirball Institute of Biomolecular Medicine, NewYork University School

of Medicine, 540 First Avenue, New York, NY 10016, USA
7Present address: Department of Cell Biology, The Skirball Institute of Biomolecular Medicine, New York University School of Medicine,

540 First Avenue, New York, NY 10016, USA
8Present address: Department of Molecular and Cell Biology, The University of California, Berkeley, 188 Li Ka Shing, Berkeley,

CA 94720, USA
9Lead Contact
*Correspondence: damian.ekiert@med.nyu.edu

http://dx.doi.org/10.1016/j.cell.2017.03.019

SUMMARY

Howphospholipids are trafficked between the bacte-
rial inner and outer membranes through the hydro-
philic space of the periplasm is not known. We report
thatmembers of themammalian cell entry (MCE) pro-
tein family form hexameric assemblies with a central
channel capable of mediating lipid transport. The
E. coli MCE protein, MlaD, forms a ring associated
with an ABC transporter complex in the inner mem-
brane. A soluble lipid-binding protein, MlaC, ferries
lipids between MlaD and an outer membrane pro-
tein complex. In contrast, EM structures of two other
E. coli MCE proteins show that YebT forms an elon-
gated tube consisting of seven stacked MCE rings,
and PqiB adopts a syringe-like architecture. Both
YebT and PqiB create channels of sufficient length
to span the periplasmic space. This work reveals
diverse architectures of highly conserved protein-
based channels implicated in the transport of lipids
between the membranes of bacteria and some
eukaryotic organelles.

INTRODUCTION

The bacterial outermembrane (OM) is a critical barrier, restricting

the traffic of small molecules such as antibiotics into the cell.

Mutations that disrupt OM integrity reduce virulence in patho-

genic bacterial species (Cox et al., 1999; Kong et al., 2012;

Wang et al., 2007) and increase their susceptibility to antibiotics,

suggesting that targeting pathways important for OM mainte-

nance and biogenesis may be a fruitful approach for developing

new therapies for bacterial disease.

The OM of most Gram-negative bacteria is asymmetric,

with an outer leaflet rich in lipopolysaccharide (LPS) and

an inner leaflet composed of phospholipids. Much research

has uncovered a detailed, but still evolving, picture of how

LPS is synthesized, trafficked, and inserted into the OM

(May et al., 2015; Ruiz et al., 2009). Yet, the mechanisms

and structural basis of how nascent phospholipids are traf-

ficked between the inner membrane (IM) and OM and how

asymmetry between the leaflets of the OM is maintained

remain unclear.

Proteins of the MCE superfamily (originally thought to mediate

mammalian cell entry inM. tuberculosis [Arruda et al., 1993]) are

defined by the presence of one or more conserved MCE

domains at the sequence level but have no similarity to other

proteins of known structure or function. MCE proteins are

ubiquitous among double-membraned bacteria (Casali and

Riley, 2007) (Figure 1A) and eukaryotic chloroplasts (Awai

et al., 2006), a double-membraned bacteria-derived organelle.

In contrast, MCE proteins appear to be absent in bacteria bound

by a single membrane. MCE proteins are important virulence

factors for pathogenic bacteria (Carpenter et al., 2014; Gioffré

et al., 2005; Nakamura et al., 2011; Pandey and Sassetti, 2008;

Senaratne et al., 2008; Zhang et al., 2012) and have been impli-

cated in the transport of lipids (Awai et al., 2006; Malinverni and

Silhavy, 2009; Roston et al., 2011; Sutterlin et al., 2016; Xu et al.,

2003, 2008), cholesterol and steroids (Klepp et al., 2012; Mohn

et al., 2008; Pandey and Sassetti, 2008), and other hydrophobic

molecules (Kim et al., 1998). MCE proteins from plants (Awai

et al., 2006), and more recently from V. parahaemolyticus and

E. coli, have been shown to bind phospholipids (Krachler et al.,

2011; Thong et al., 2016). MCE systems are thought to drive

the transport of hydrophobic molecules from the OM to the IM,

although it has also been suggested that they may function as

exporters to move molecules toward the OM and the outside

of the cell (Kim et al., 1998).
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