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ABSTRACT 

Onion (Al lium cepa L.)  is an example of a species that accumulates very high levels of 

reduced sulfur (S)-containing compounds, particularly in  the bulb as alk(en)yl-L­

cysteine-sulfoxides (ACSOs) and it is these compounds, or their derivatives, that 

confers the dist inct odour and pungent flavour. 

In common with higher plants, the S assimilat ion pathway in onion begins with the 

activat ion of up taken sulfate (SOl-) to 5 '  -adenylylsulfate (APS), a reaction catalysed by 

ATP sulfurylase (ATPS; EC 2 .7 .7 .4). Then, APS is reduced to sulfide (S
2
-) in a two-step 

process catalysed by the enzymes APS reductase (APSR; EC 1 . 8 .4.9) and sulfite 

reductase (SiR; EC 1 . 8 .7 . 1 ) . To complete the reductive assimi lat ion pathway, S
2- is 

incorporated into the amino acid skeleton of O-acetylserine ( GAS) to form cysteine, and 

this reaction is catalyzed by GAS (thio l)-Iyase (OAS-TL; EC 4.2 .99.8) .  While the 

regulat ion of the pathway is quite wel l  defined in the plant model Arabidopsis, much 

less is known about its regulat ion in  S accumulating species such as  onion. 

The primary aim of this thesis, therefore, was to characterise the enzymes of the S 

assimi lat ion pathway in onion, with a part icular emphasis on ATPS. As part of this 

charaterisation two genotypes of onion were compared. These comprised a mild 

genotype, 'Texas Grano 43 8 '  (TG) with a lower level of S-containing compounds in the 

bulb t issues, and ' W202A ' ( W),  a cu ltivar with a higher level of S containing 

compounds in the bu lb t issues. As well, comparisons were made between seedl ings 

(typically harvested at 7 weeks) and plants at a designated mature stage (at bulbing ; 

typically after 4 months growth), and for plants grown in S-sufficient (S+) media or S­

deficient (S-) media, as appropriate. 

In terms of plant growth, S-deprivation general ly had a negative influence for both 

genotypes, with significant reductions in total biomass (measured as fresh weight) for 

TG at both the seedlings and mature stages. A TPS activity and accumulation were 

shown to be present in al l  t issues examined ( leaf, root, bulb) as wel l  as the chloroplasts, 

with highest activity measured in the roots, particularly in seedl ings . A TPS act ivity and 

accumulat ion were also compared between the two genotypes (TG and W) with ATPS 

activity and accumulation higher in W, particularly at the seedl ing stage. 
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In terms of the influence of S supply, in general higher ATPS activity was measured in 

chloroplast, leaf and root extracts from plants of both genotypes grown in the S- media, 

at the seedl ing stage. In roots of mature plants of both genotypes, a s ignificant increase 

in activity was measured in response to S-deprivation, while in chloroplasts isolated 

from mature plants of both genotypes, highest activity was measure in those grown in 

the S+ media. Finally diurnal variations were observed in chloroplast, leaf and root 

extracts of both genotypes with a general trend of an increase in A TPS activity and 

accumulat ion a few hours after il luminat ion and upon the onset of the dark period. 

A lthough a s ingle gene coding for ATPS is presumed to be present in onion, the enzyme 

was characterized as two electrophoretic forms using I D-PAGE during western 

analyses fo l lowing fract ionation of chloropIasts by anion exchange chromatography and 

also as an al ignment of spots using 2D-PAGE. As protease inhibitors were rout inely 

included in the extraction buffers, these forms suggest the occurrence of ATPS isoforms 

that may arise as a consequence of post-translational modifications. 

The regu lat ion of A TPS by one mechanism of post-translational modification, 

phosphorylation, was therefore invest igated using several techniques inc luding the 

detection of a shift in molecular mass, a change in enzyme activity or pI (as deternlined 
by 2D-PAGE) and the capabil ity to bind to 1 4-3-3 proteins using affmity 

chromatography. Fo llowing treatments of chloroplast extracts to promote either the 

phosphorylation (p+) or the dephosphorylation (P-) of proteins, no molecular mass 

change or change in activity was observed. However, after fractionation by 2 D-PAGE, 

differences in the spot al ignment of ATPS were visualized, suggesting that ATPS is a 

phosphoprotein. The enzyme was detected in pull-downs after affinity chromatography, 

suggesting that ATPS may also interact with 1 4-3-3 proteins (although this needs to be 

confirmed unequivocally). A model is advanced, therefore, in which upon 

phosphorylation, no variation in A TPS activity occurs but a change in the surface 

charged and possibly a change in conformation of the protein does occur to make the 

enzyme competent to interact with 1 4-3-3 proteins. 
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