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Abstract 

The function of many natural products, such as antibiotics, oligosaccharides, polyphenols and 

proteins is determined by their glycosylation pattern. The site selective glycosylation is in many 

cases performed by nucleotide diphosphate (NDP) dependent glycosyltransferases (GT) which 

transfer a sugar moiety from an activated sugar-nucleotide towards a nucleophilic acceptor 

molecule. However, their industrial application in processes where chemical synthesis lacks 

selectivity is typically limited by the costs of the nucleotide sugars. To regenerate α-UDP-glucose 

in-situ from sucrose and UDP, sucrose synthases (SuSy) were explored as recycling system in one-

pot reactions. To elucidate the reaction mechanism of inverting GT’s, glucosyl fluorides were 

studied as new glycosyl donors and potential mechanistic probes. 

For resveratrol and phloretin, three polyphenol-glucoside preparations from only an acceptor 

molecule, catalytical amounts of UDP and inexpensive sucrose the improvement in overall 

reaction performance was shown.The uptake of resveratrol (trans-3,5,4'-trihydroxystilbene) which has 

drawn great attention as health promoting food ingredient is limited by its vanishingly low water 

solubility. UGT71A15 from apple was identified as suitable biocatalyst for synthesis of highly soluble 

resveratrol 3,5-β-D-diglucoside without impairing its antioxidative effectiveness. Phloretin which was 

identified as a potential treatment for diabetes type 2 is found in form of its 2’-O-glucoside phlorizin in 

apple. Nothofagin which has a C-glycosidic bond instead of the O-glycosidic bond found in most of 

naturally occurring glycosylation products was produced to enhance the stability of the glucoside against 

hydrolysis. 

In a similar approach to “glycosynthases” which are engineered glycoside hydrolases able to synthesize 

product glycosides from glycosyl fluorides, GT’s were tested for their ability to form products from glycosyl 

fluorides.  Out of 6 inverting GTs tested to accept glycosyl fluorides as alternative sugar donors only 3 use 

β-glucosyl fluoride in presence of catalytic amounts of UDP in place of α-UDP-glucose. In a first rate 

limiting step α-UDP-glucose is formed in situ and is then used as substrate in the following glucosylation 

of phloretin. Neither for inverting nor retaining GTs a transfer reaction from α-glucosyl fluorides was 

observed. In addition, α-mannosyl, galactosyl and glucosyl fluoride were not accepted as sugar donors for 

the synthesis of the corresponding nucleotide sugars performed by two SuSy’s from Acidophilus 

bacteriasus and Glycine max. Mutational studies in the active site of a C-glycosyltransferase from Oryza 

sativa (OsCGT) revealed that a switch from O- to C-transferase activity in the I121D mutant increases the 

formation of α-UDP-glucose from the corresponding fluorid.  

Glucosyl fluorides were further used as probes in the study of levoglucosan kinase from Lipomyces starkeyi 

and helped to confirm the predicted reaction mechanism. The improvement of analytical techniques using 

NMR and whole mass spectroscopy presented strong evidence of an early transition state for the direct 

transfer of sugar moieties in O- and C-glycosylation. 
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