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Summary 

Title:  Sturcture-function relationships of mycolic acids in tuberculosis 

By:  Martha Susanna Madrey Deysel 

Promotor: Prof J A Verschoor 

Co-promotor: Prof M S Baird (University of Bangor, UK) 

Department: Department of Biochemistry 

Degree: Philosophiae doctor 

Tuberculosis (TB) is the leading cause of death among HIV infected people. Mycobacterium 

tuberculosis (M. tuberculosis), the causative agent of TB, features a distinctive lipid-rich cell 

wall with mycolic acids (MA) the major component in the outer layer. Mycolic acids are α-

alkyl β-hydroxy long chain fatty acids, which exist in a number of chemical subclasses 

depending on the presence of functional oxygenated and non-oxygenated groups in the 

meromycolate chain. In numerous studies the different MA subclasses have been shown to 

play different roles in antibody recognition, virulence and the ability to attract cholesterol. It 

was previously suggested that the oxygenated MA might be important for these properties. 

Except for the mycolic acid motif, little is known about the stereochemistry of the other chiral 

centres. The importance of the different functional groups, their position and stereochemistry, 

for immunological properties, are not yet clarified. This study set out to resolve the structure-

activity relationships of mycolic acids from M. tuberculosis in terms of their antigenicity and 

the ability to attract cholesterol. To determine fine specificity of interaction of MA with 

antibodies, the subclasses of MA from M. tuberculosis were separated and the antigenicity of 

two was determined. TB+ and TB- patient sera recognised natural MA, alpha-MA and 

methoxy-MA. It was confirmed that the carboxylic acid group played a fundamental role in its 

recognition. Interestingly, cord factor (trehalose-6,6’-dimycolate) was recognised specifically 

by TB+ sera. This implies multiple epitopes in the MA structure, some of which are very 

specific for TB patients. A stereocontrolled diastereomer of cis-cyclopropane methoxy-MA 

was synthesized and along with other synthetic methoxy-, keto- and hydroxy-MAs, were tested 

for antibody recognition. One diastereomer, SS-SR-methoxy-MA, was recognised stronger by 

TB+ serum than the other, it also is the one that closest approximates the signal strength of 

antibody binding to natural MA by TB+ patient sera. While the others are not specifically 

recognised, this SS-SR-methoxy-MA may well represent one of the antigenically active 
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components that occurs in natural MA and that elicits specific antibodies in TB patients. This 

thesis reports a stereocontrolled chemical synthesis of biologically active mycolic acids and 

shows that a single component of the mycolic acid mixture can be sufficient to elicit an 

immunological response. 
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