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ABSTRACT 

Hot and cold, 80% aqueous phenol extraction procedures together with an 
aqueous extraction technique have been evaluated for the isolation of lipoteichoic 
acids from the cytoplasmic membrane of Gram-positive bacteria. Lipoteichoic acids 
of Staphylococcus aureus H, Micrococcus 2102, Bacillus subtilis 168, and Badus 
subtilis W-23 were examined as each of them emphasises a different problem of 
contamination. The purity of the lipoteichoic acids with respect to cell-wall material, 
nucleic acid, and protein is discussed together with the criteria of purity which enables 
critical structural analysis of lipoteichoic acids to be carried out. 

INTRODUCTION 

This paper describes optimum procedures for the preparation of lipoteichoic 
acids sufficiently pure for structural analysis. Emphasis is given to the difficulties 
encountered and the problems which occur if short cuts are taken. Lipoteichoic acids, 
which are widespread components of Gram-positive bacteriai, are structurally 
uniform; all are polymers of glyceryl phosphate in which linkage is through phos- 
phoric diester groups involving positions one and three of adjacent glycerol residues, 
and the chain is attached through a phosphoric diester linkage to a diglycosyl- 
diglyceride or a phosphatidylglycolipid which intercalates with lipid chains in the 
cytoplasm% membrane2*3. The structural similarity and functional relationship 
between the wall and membrane teichoic acids could account for the frequent 
contamination of one type with the other in isolated preparations. The diagrammatic 
representation of the cell wall and membrane of Gram-positive bacteria, by van Driel 
et al.*, suggests a close spatial relationship between wall and membrane teichoic acid. 
It is possible that, in this close relationship, Mg’+ ions form associations between 
chains of both wall and membrane polymers of the kind suggested previously for 
difherent types of binding sites within the same chain’. 

*Dedicated to Professor Michael Heidelberger in honor of his 87th birthday. 





















LIPOTEICHOIC ACIDS 51 

polymers in preparations from Micrococcus 2102 was examined by hydrolysis with 
O.lhf hydrochloric acid for 10 min at loo”, whereupon the poly(2-acetamido-2-decxy- 
E-D-glucopyranosyl phosphate) is hydrolysed to 2-acetamido-2-deoxy-D-glucose 
6-phosphate . lo The presence of wall teichoic acid in the preparations from S. auretcs 
H and B. srtbtilis W-23 (both these organisms having ribitol wall teichoic acids) was 
examined by hydrolysis with 2~ hydrochloric acid for 3 h at loo”, after dialysis to 
remove buffer. Acid was removed fir ziacuo over potassium hydroxide before paper 
chromatography. Muramic acid and diaminopimelic acid were determined after 
hydrolysis with 4M hydrochloric acid for 16 h at 100” with a JEGL amino acid analyser. 

Paper chromatography. - Paper chromatography was performed on Whatman 
No. 1 paper (descending). System A, butan-1-al-ethyl acetate-pyridine-water (55: 1:3), 
followed by spraying with silver nitrate reagent2’, was used to detect 2-acetamido- 
2-deoxy-D-glucose phosphate. System B, propan-l-o&-aqueous ammonia (sp. gr. O-88)- 
water (6:3:1), followed by spraying with periodate-Schiff reagent”, was used to detect 
glycerol and glyceryl monophosphates. System C, butan-l-o&-ethanol-water-aqueous 
ammonia (sp. gr. 0.88) (40:10:49:1), followed by spraying with periodate-SchX 
reagent, was used to distinguish between glycerol and 1,4-anhydro-D-ribitol. 

Agarose-gel diflusion with concanacalirz A or DEAE-dextran. - Concanavalin A 
(5 mg/ml) in Tris buffer (O.O%r, pH 7.3) or DEAE-dextran (10 ml/ml) in the same 
bufferz3 were used in gel-diffusion studies in agarose (1%) in 0.051~ Tris buffer. 
Precipitation zones were usually seen after 24 h with concanovalin A or 48 h with 
DEAE-dextran. 
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