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Thee research described in this thesis evaluates the relationship between vanadium-containing 

haloperoxidasess (VHPOs) and non-specific acid phosphatases (NSAPs) that share a conserved active site. 

Thee project was carried out using the recombinant vanadium chloroperoxidase (VCPO) from the fungus 

CurvulariaCurvularia inaequalis, the native vanadium bromoperoxidase (VBPO) from the brown seaweed Ascophvllum 

nodosum,nodosum, the recombinant NSAP from Salmonella ent erica ser. typhimurium (PhoN-Se) and the 

recombinantt NSAP from Shigella flexneri <PhoN-Sf). The conserved amino acids play an important role in 

catalysiss and are located in three domains containing the following sequence motifs; domain I: KX6RP, 

domainn II: PSGH and domain III: SRX5HX3D. These two different classes of enzymes. VHPOs and NSAPs, 

catalysee completely different reactions. VHPOs are able to catalyse the oxidation of a halide by hydrogen 

peroxidee to the corresponding hypohalous acids, whereas NSAPs catalyse the hydrolysis of phosphate 

monoesterss and polyphosphates. Vanadate, the co-factor of VHPOs, is essential for the activity of VHPOs. 

Thee vanadate reconstitution and activity of VHPOs are inhibited by phosphate, a structural analogue of 

vanadate.. Similarly, the activity of related phosphatases is strongly inhibited by vanadate. The structural 

similarityy of active sites between VCPO and non-specific acid phosphatases suggests that apo CPO possesses 

phosphatasee activity. Indeed, this was confirmed using para nitrophenyl phosphate (pNPP) as substrate. This 

raisedd the next question. "Do the soluble and membrane-bound phosphatases exhibit peroxidase activity 

whenn vanadate is bound to their active site?" To solve the above-mentioned question this project was started, 

andd the structural relationship between VHPOs and NSAPs in catalysis was investigated. This work resulted 

inn the finding that NSAPs could have a potential application as phosphorylating enzymes. 

ChapterChapter 1 presents a general introduction on VHPOs and NSAPs, including their potential 

applicationss in biocatalysis. The steady-state kinetics studies carried out in the past, the X-ray structures and 

thee mutagenesis studies of VCPO from C. inaequalis and VBPO from A, nodosum are reviewed. Moreover, 

thee structural similarity between VHPOs and a number of phosphatases is described, which is the main focus 

off this project. Additionally, several properties of the related non-specific acid phosphatases (especially 

bacteriall class A NSAPs) and the glucose 6-phosphatases are discussed and their significant similarity to 

VHPOss in the catalytic centre is explained. Possible applications using VBPO and NSAPs as catalyst for 

sulfoxidationn reaction and as phosphorylating enzymes, respectively, are also presented in this chapter. 

Finallyy a directed evolution project on class A NSAPs that may provide useful insight to further research is 

discussed. . 

ChapterChapter 2 describes a site-directed mutagenesis study of VCPO to investigate the roles of active site 

residuess Ser402 and Phe397. A mutant S402A was created to determine the importance of the residue Ser402 

inn the halogenation reaction. A prominent difference in the active site architecture of VCPO and VBPO is the 

presencee of a second histidine in VBPO, a residue substituted by a phenylalanine (Phe397) in VCPO. A 

mutantt F397H was made to compare the active site of VCPO and VBPO and to study the effect on the 
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kineticc properties. Alanine mutation of an active site residue Ser402 (S402A), a residue proposed to be 

brominatedd during turnover, caused a decrease in its activity, however the mutant still catalyses effectively 

thee oxidation of both chloride and bromide, indicating that the serine residue in the active site is not a crucial 

factorr in halide oxidation. A detailed kinetic analysis of the pH dependence of the chlorinating and 

brominatingg activity of the wild type VCPO and the S402A yielded an interesting difference between the two 

activities.. The results show that for S402A the Km for CI was pH dependent whereas the Km for Br" was 

hardlyy pH dependent. The data confirms that protonation of an active site residue or the bound peroxide is 

essentiall for chloride oxidation. The mutation of Phe397 to His (F397H) resulted in the enhancement of 

brominatingg activity under certain conditions. However, inactivation of F397H by halide especially at low 

pHH was observed during turnover. 

Inn Chapter 3, inhibition studies of VCPO using hydroxylamine, hydrazine and sodium azide are 

discussed.. These compounds were found to be catalytic inhibitors of VCPO, binding to the peroxo vanadate 

intermediatee during turnover. The kinetic data show that the type of inhibition for hydrazine and azide is 

uncompetitivee with the uncompetitive inhibition constant Kiu of 350 uM and 50 nM, respectively, showing 

thatt in particular azide is a very potent inhibitor of this enzyme. Furthermore, the inactivation of VCPO by 

phosphatee ion was studied, showing the rapid loss of co-factor vanadate. More importantly the inactivation 

waswas prevented in the presence of H202, confirming the strength of binding of peroxo vanadate intermediate 

too the enzyme. 

ChapterChapter 4 gives an answer to the main question of this project. Class A acid phosphatases from 

ShigellaShigella flexneri (PhoN-Sf) and Salmonella enterica (PhoN-Se), which share the conserved active site with 

VHPOss and glucose 6-phosphatases, show brominating activity when substituted with vanadate. Steady-state 

kineticc studies on bromide oxidation by vanadate-substituted acid phosphatases are presented. Moreover, as 

thee VBPO, these enzymes are able to catalyse the enantioselective sulfoxidation of methyl phenyl sulfide. 

ChapterChapter 5 deals with the phosphorylation and dephosphorylaton of polyhydroxycompounds by PhoN-

Sff and PhoN-Se. The characteristic difference in these reactions between class Al non-specific acid 

phosphatasee PhoN-Sf and class A2 non-specific acid phosphatase PhoN-Se is discussed in detail. 

Interestingly,, the class Al NSAP has higher regioselectivity in the phosphorylation of 

polyhydroxycompounds,, such as inosine or glucose, than class A2 NSAP. This phenomenon relates to the 

substratee specificities of these enzymes. Glucose phosphorylation to glucose 6-phosphate by PhoN-Se 

showedd a high conversion rate, suggesting a potential application to use the enzyme as a phosphorylating 

agent.. Moreover, related to chapter 4, it is shown that apo BPO has phosphatase activity, although the 

turnoverr of dephosphorylation of/?NPP and pyrophosphate (PPi) was even slower than that of apo CPO. 
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