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Abstract 
 
UDP-sugar metabolizing pyrophosphorylases provide the primary mechanism for de novo synthesis 
of UDP-sugars, which can then be used for myriads of glycosyltranferase reactions, producing cell 
wall carbohydrates, sucrose, glycoproteins and glycolipids, as well as many other glycosylated 
compounds. The pyrophosphorylases can be divided into three families: UDP-Glc pyrophosphorylase 
(UGPase), UDP-sugar pyrophosphorylase (USPase) and UDP-N-acetyl glucosamine 
pyrophosphorylase (UAGPase), which can be discriminated both by differences in accepted substrate 
range and amino acid sequences.  
 
This thesis focuses both on experimental examination (and re-examination) of some enzymatic/ 
biochemical properties of selected members of the UGPases and USPases and UAGPase families and 
on the design and implementation of a strategy to study in vivo roles of these pyrophosphorylases 
using specific inhibitors. In the first part, substrate specificities of members of the Arabidopsis 
UGPase, USPase and UAGPase families were comprehensively surveyed and kinetically analyzed, 
with barley UGPase also further studied with regard to its pH dependency, regulation by 
oligomerization, etc. Whereas all the enzymes preferentially used UTP as nucleotide donor, they 
differed in their specificity for sugar-1-P. UGPases had high activity with D-Glc-1-P, but could also 
react with Frc-1-P, whereas USPase reacted with a range of sugar-1-phosphates, including D-Glc-1-P, 
D-Gal-1-P, D-GalA-1-P, β-L-Ara-1-P and α-D-Fuc-1-P. In contrast, UAGPase2 reacted only with D-
GlcNAc-1-P, D-GalNAc-1-P and, to some extent, with D-Glc-1-P. A structure activity relationship was 
established to connect enzyme activity, the examined sugar-1-phosphates and the three 
pyrophosphorylases. The UGPase/USPase/UAGPase active sites were subsequently compared in an 
attempt to identify amino acids which may contribute to the experimentally determined differences 
in substrate specificities. 
 
The second part of the thesis deals with identification and characterization of inhibitors of the 
pyrophosphorylases and with studies on in vivo effects of those inhibitors in Arabidopsis-based 
systems. A novel luminescence-based high-throughput assay system was designed, which allowed for 
quantitative measurement of UGPase and USPase activities, down to a pmol per min level. The assay 
was then used to screen a chemical library (which contained 17,500 potential inhibitors) to identify 
several compounds affecting UGPase and USPase. Hit-optimization on one of the compounds 
revealed even stronger inhibitors of UGPase and USPase which also strongly inhibited Arabidopsis 
pollen germination, by disturbing UDP-sugar metabolism. The inhibitors may represent useful tools 
to study in vivo roles of the pyrophosphorylases, as a complement to previous genetics-based studies. 
 
The thesis also includes two review papers on mechanisms of synthesis of NDP-sugars. The first 
review covered the characterization of USPase from both prokaryotic and eukaryotic organisms, 
whereas the second review was a comprehensive survey of NDP-sugar producing enzymes (not only 
UDP-sugar producing and not only pyrophosphorylases). All these enzymes were discussed with 
respect to their substrate specificities and structural features (if known) and their proposed in vivo 
functions.  
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