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from: Luke O‘Neill, Science 303, 2004, p.1482

Toll-like receptors: Ligands & adaptor molecules
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TLR Ligand Origin of the ligand
1/2 Triacyl lipopeptides Bacteria. Mycobacteria

Porin PorB Neisseria meningitidis

Soluble factors Neisseria meningitidis

2 Lipoprotein/lipopeptides Various

Peptidoglycan Gram-positive bacteria

Lipoteichoic acid Gram-positive bacteria

Lipoarabinomannan Mycobacteria

Glycolipids Treponema maltophilum

Porins Neisseria meningitidis

„Atypical LPS“ Leptospira interrogans, Porphyromonas gingivalis

2/6 Diacyl lipopeptides Mycoplasma
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TLR Ligand Origin of the ligand

4 LPS Gram-negative Bacteria

Flavolipin Flavobacterium meningosepticum

Taxol Plants

Fusionsprotein RSV

HSP60 Chlamydia pneumoniae/host

Oligosaccharides of 
hyaluronic acid host

Oligosaccharides of 
heparan sulfate host

Fibrinogen host
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Important bacteria in mastitis

Gram-negative: Escherichia coli

Gram-positive: Staphylococcus aureus
Streptococcus uberis
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Schematic structure of lipopolysaccharides
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Lipid ACore regionPolysaccharide
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Schematic structure of lipopolysaccharides
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Structure and Serological Specificity in Shigella

Serotype Antigenic factors Structure 
Variant Y -:3.4 →3)-GlcNAca-(1→2)-Rha-(1→2)-Rha-(1→3)-Rha-(1→ 

 
1a I:4         Glc 

          ↓1,4 
→3)-GlcNAc-(1→2)-Rha-(1→2)-Rha-(1→3)-Rha-(1→ 
 

1b I:6         Glc                                                              O-Ac 
          ↓1,4                                                           ⏐2 
→3)-GlcNAc-(1→2)-Rha-(1→2)-Rha-(1→3)-Rha-(1→ 
 

2a II:3.4                                                                           Glc 
                                                                            ↓1,4 
→3)-GlcNAc-(1→2)-Rha-(1→2)-Rha-(1→3)-Rha-(1→ 
 

2b II:7.8                                     Glc                                 Glc 
                                     ↓1,3                                ↓1,4 
→3)-GlcNAc-(1→2)-Rha-(1→2)-Rha-(1→3)-Rha-(1→ 
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Lipid A of LPS from Escherichia coli

This molecule is a toxin and acts agonistic
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Lipid IVA (Vorläufer in LPS Biosynthese)

This molecule is not a toxin and acts antagonistic

Precursor Lipid IVA
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Conformations of lipid A

lamellar 

cubic 

hexagonal
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Architecture of the Gram-positive cell envelope
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Lipopeptides
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Staphylococcus aureus
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NOD-activating PG-fragments

NOD1 GMTriPDAP GlcNAc-MurNAc-L-Ala-γ-D-Gln-meso-DAP

NOD2 Muramyldipeptide (MDP)      MurNAc-L-Ala-D-γ-Gln 

MurNAc-L-Ala-L-Lys-γ-D-Gln-meso-DAP

MurNAc-L-Ala-L-Orn-γ-D-Gln-meso-DAP 
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Teichonsäuren Wall teichoic acids

poly(alditol-P) linkage unit peptidoglycan

Linkage unit

poly(alditol-P)-β-D-ManpNAc-(1    4)-β-D-GlcpNAc-(1    P 6)-MurpNAc

PG

PG
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Teichonsäuren

-P(O)2-O-CH2-CH-CH2-O-P(O)2-O-
⎢
OR

-Glycerinbisphosphat

-P(O)2-O-CH2-CH-O-P(O)2-O-
⎢
CH

2
OR

2,3-Glycerinbisphosphat

-P(O)2-O-CH2-CH-CH-CH-CH2-O-P(O)2-O-
⎢ ⎢ ⎢

OH   OH OH

1,5-Ribitolbisphosphat

-P(O)2-O-CH2-CH-CH-O-P(O)2-O-
⎢ ⎢
OH  CH-CH2OH

|
OH

3,5-Ribitolbisphosphat

Poly(glycerolphosphate)
type (e.g. in Bacillus subtilis)

Poly(ribitolphosphate)
type (e.g. in 
Staphylococcus aureus)
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a)             α-Glc/Gal-(1→2)-α-Glc-(1→3)-O-CH2-CH-CH2  
                                                                                  |     |                            
                                                                                 OR OR 
b)              β-Glc-(1→6)-β-Glc-(1→3)-O-CH2-CH-CH2                             

 |      | 
 OR  OR                             

c)              β-Glc-(1→6)-α-Gal-(1→2)-α-Glc-(1→3)-O-CH2-CH-CH2       
                                                              |      | 
                                                             OR OR 

a) With Glc, e.g. in Streptococcus, Lactococcus, Enterococcus;
with Gal, e.g. in Streptococcus, Lactobacillus, Listeria.

b) In Staphylococcus, Bacillus.

c) In Lactobacillus.

Lipoteichoic acids
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Lipoteichoic acids

Enterococcus
faecalis

Mastitis Workshop: Biology and Meta-analysis
15th October 2009, Muséum National d'Histoire Naturelle, Paris, France

Functions of the (lipo-)teichoic acids

- Adhesion to epithel- and endothel cells (S. aureus), most likely 
receptor-specific.

- Lysozyme resistent.

- Resistent against antimicrobial peptides.

- Bind cations, in particular Mg2+ („Ion reservoir“).

- Biofilm formation.
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Functions of lipoteichoic acids

- Important in cell division.

- Is believed to be a PAMP.
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