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Introduction
Lipopolysaccharide (LPS) is a molecule that comprises part of the 

bacterial cell wall of Gram negative bacteria and assists in stabilizing 
the bacterial cell wall. Gram negative bacteria are the only organisms 
in nature which possess LPS and Lipid A which is the “endotoxic” 
component. The molecular weight and structure will vary with the 
species of bacteria, as will the actual pathogenicity of the LPS itself. LPS 
is composed of three parts. The O-side chain, a middle polysaccharide 
component, and Lipid A which is the actual pyrogenic component of 
LPS. Lipid A is embedded in the cell wall of Gram negative bacteria. 
The other two components face outward, away from the bacterial cell 
wall. Lipid A serves as an anchor for the LPS component. There are 
other substances that may produce pyrogenic (fever causing) responses 
such as plastics, but the potentially life-threatening substance is Lipid 
A from LPS. 

Structure
LPS serves as an internal, and external part of the outer cell wall 

and inner membrane of Gram negative bacterial cells [1,2]. It provides 
a stabilizing and protecting structural support to the cell and helps to 
insure integrity of the cell wall and thus survival of the cell especially 
during conditions of extreme stress, such as desiccation [1,2]. LPS 
is composed of three regions which vary in homogeneity, structure 
and specific location. It is the outermost part of the molecule with 
substructures that may be completely exposed to the extracellular space 
yet is anchored by Region 3 which is not exposed at all to the outside 
of the cell. 

The O-specific polysaccharide region (Region 1) is the primary 
site of immunologic specificity. It is in general a repetitive glycan 
polymer. The O antigen may contain 100 or more oligosaccharide units 
composed of 3 to 4 monosaccharides. The various monosaccharides 
may contain pentoses, hexoses and de-oxy sugars, and uronic acids, 
with amino groups being N-acetylated [2]. It is, in other words 
heterogeneous. This region is variable both within species and between 
species and is attached to region II. It is completely exposed to the 
extracellular environment [3]. Biosynthesis occurs in 4 steps. First 
is the initial assembly of O antigen repeating units. These are lipid 
intermediates and are comprised of sugar phosphates and a phospho 
carrier lipid. Step 2 is the polymerization of these units. All of which 
are attached to membrane bound PP lipid [4]. Thirdly is the enzymatic 

transfer of these formed O polymers to the LPS core polysaccharide 
(Region II). Lastly is the regeneration of the carrier lipid (P-carrier or 
monophosphopolyisoprenol. 

The O-side chain is also used to make vaccine, especially for 
protection against infectious organism. Immunity is often long lasting 
as T memory cells are produced. As such, it is specific for a given 
microbial serotype [4,5]. The resulting protection that comes with the 
programming of T memory cells, results in the conference of secondary 
immunity.

The core polysaccharide component (Region II) is adjacent to 
the Lipid A substructure and is also exposed to the extracellular 
environment [2]. It is constructed by membrane associated enzymatic 
activity that catalyze the addition of monosaccharides to the reducing 
terminus of the core polysaccharide [5,6]. These come from the 
metabolism of nucleotide sugar intermediates. The addition sequence 
of 2-keto-deoxy-octulosonic acid (KDO), heptose, phosphate and 
ethanolamine are goverened by specific enzyme activity of the acceptor 
and activated nucleoside sugar donor. KDO binds to Lipid A by a 
ketosidic linkage. Mutants that cannot synthesize KDO are non-viable [5].

 The Lipid A substructure (Region III) of LPS has the three-
dimensional appearance of common soap. It is the most structurally 
conserved part of the LPS structure. It has long fatty acid side chains 
(approximately) 16 carbons) and is very durable [3]. Purified Lipid 
A can withstand extremes in heat and pressure with its biological 
activity intact. The core of Lipid A is comprised of B-glucosamine-
(1-6)-glucosamine-1-phospahte base with fatty acid esters attached to 
the carbohydrates [4]. It is synthesized by addition of fatty acids and 
KDO to glucosamine disaccharides. The associated acyl chain groups 
are largely conserved within a bacterial species and are synthesized in 
a series of five steps initiated by an acylation step and culminating with 
a KDO construct that acts as the anchor for the rest of the molecule.
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Abstract
Lipopolysaccharide is an integral part of the cell wall of Gram negative bacteria. It is a complex molecule that is involved in a variety of functions both related to 
the cell to which it is comprised and the extracellular environment. It is composed of three regions, with two of the three exposed to the external environment. 
Lipopolysaccharide is serologically active in that host specific antibodies are produced that react with the O-side chains which comprise outer most region of the 
lipopolysaccharide structure. The endotoxic component resides in Region III which can cause fatal sepsis in high enough concentrations.
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Biological effects and pathogenicity
Pathogenicity due to the LPS presence is almost entirely due to the 

Region III component, Lipid A, which in the older literature is referred 
to as catechin. Overt pathogenicity of Lipid A may initially manifest 
itself by the development of fever and other changes in metabolism 
in small doses [4,7]. Body temperature (fever) may rise quickly in 
individuals infected with lysed Gram-negative bacteria [8]. As Gram-
negative bacteria are lysed by the cellular network, the cell walls are 
broken apart releasing Lipid A to bind with other effector cells such as 
macrophages. Lethal doses may can result in septic shock, hypotension, 
in addition to fever. Lipid A acts to signal macrophages to produce 
pyrogens which in turn with activate mediators such as prostaglandins 
[7, 8, 9]. Prostaglandins act directly on the temperature controls in the 
brain. The development of symptoms largely depends on the animal 
species, route of inoculation, dose and timing of systemic release. 
Binding begins the inflammatory cascade, causing cells to produce and 
release a variety of cytokines, including IL-1, IL-6, and TNF [7]. The 
activated cytokine network has multiple and often overlapping effects, 
including but not limited to complement activation [10,11]. 

Part of the pathogenicity of Lipid A comes from its’ ability to 
activate the immune system. When Lipid A is detected by cells in the 
blood cytokines such as TNF and Interleukin 2 are activated [11]. 
These molecules have a variety of functions including cell activation, 
complement activation, and stimulation of the release of other 
cytokines, such as IL-6. These molecules can also be tissue destructive 
on their own. The cytokines are a major “communication” network 
among cells and may act very rapidly, especially related to allergic 
reactions [12].

Summary
LPS is varied and important biological molecule for a variety of 

reasons, chiefly to human health. The Lipid A component can cause 
death or shock at the appropriate levels. As such it is important to 
be able to detect the it not only in the human body but also in the 

pharmaceutical industry. There are various well published and sensitive 
techniques for detecting endotoxin in liquids and on medical devices. 
The major issue with some of these techniques is that they will detect 
potentially any pyrogen, not just LPS. These organic molecules are 
often mistakenly referred to as “endotoxin” and may cause a pyrogenic 
response but are not the integral part of the LPS molecule that Lipid 
A is part of. Distinctions and an understanding of this fundamental 
and yet real difference is key to both patient care and pharmaceutical 
manufacturing.
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