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a b s t r a c t

Lipopolysaccharide that constitutes the outer leaflet of the outer membrane of most Gram-negative bac-
teria is referred to as an endotoxin. It is comprised of a hydrophilic polysaccharide and a hydrophobic
component referred to as lipid A. Lipid A is responsible for the major bioactivity of endotoxin, and is rec-
ognized by immune cells as a pathogen-associated molecule. Most enzymes and genes coding for pro-
teins responsible for the biosynthesis and export of lipopolysaccharide in Escherichia coli have been
identified, and they are shared by most Gram-negative bacteria based on genetic information. The
detailed structure of lipopolysaccharide differs from one bacterium to another, consistent with the recent
discovery of additional enzymes and gene products that can modify the basic structure of lipopolysaccha-
ride in some bacteria, especially pathogens. These modifications are not required for survival, but are
tightly regulated in the cell and closely related to the virulence of bacteria. In this review we discuss
recent studies of the biosynthesis and export of lipopolysaccharide, and the relationship between the
structure of lipopolysaccharide and the virulence of bacteria.

� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

Gram-negative bacteria have two distinct membranes: an inner
membrane and an outer membrane. A prominent constituent of
the outer leaflet of the outer membrane is lipopolysaccharide
(LPS). The LPS components of many bacteria are toxic. The
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discovery of endotoxin in the late 19th century was based on the
demonstration that heat-killed cholera bacteria were themselves
toxic rather than causing toxicity by secretion of a product from
the living organism. Secreted toxins became broadly known as
‘‘exotoxins”, and the toxic materials of bacteria as ‘‘endotoxin”.
The historical aspects of the role of endotoxins in bacterial patho-

genesis and their chemical characterization as LPS have been the
subject of a comprehensive review [1].

The LPS molecule can be divided into three parts: lipid A, core
polysaccharides and O-antigen repeats (Fig. 1). Lipid A represents
the hydrophobic component of LPS which locates in the outer
leaflet of the outer membrane, while core polysaccharides and

Fig. 1. Structure and biosynthetic pathway of LPS in E. coli. Each reaction is catalyzed by a single enzyme. The name of the enzyme is highlighted in red, and the name of the
substrate in blue. The structure of lipid A is shown in detail, but structures of core oligsaccharides and O-antigen are simplified as symbols since there are many variations in
these two regions. The genes encoding the enzymes of lipid A biosynthesis are present in single copy and highly conserved among bacteria [2,3]. The core region usually
contains 10–15 monosaccharides. The O-antigen usually contains only a few monosaccharides, but can be repeated many times in LPS. Noncarbohydrate components are also
found in these regions.
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