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Biosynthesis of Vitamin Bs: The Oxidation of Scheme 1. Biosynthesis of Pyridoxol Phosphat®) (
4-(Phosphohydroxy)t.-threonine by PdxA OH o OH
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Department of Cﬁlemistry McMaster Ueisity pared using recombinant homoserine kinase and ATR-&iH]-

Hamilton, Ontario, L8S 4M1, Canada  ATP, respectively. _
Desalted crude protein extracts of recombinant PdxA and PdxJ

Receied December 12, 1997  were used to test the in vitro activity of the two proteins with
) ) L ) [32P]-4-(phosphohydroxy)-threonine 2) and/or 1-deoxye-

The two immediate precursors of Vitamine Bpyridoxol xylulose (1) as substrates in the presence of a range of different
phosphate) J) have been identified as 1-delc)myxylulos¢ o) redox cofactors and other additives. The incubation mixtures were
and 4-(phosphohydroxy}-threonine (HTP)2)." In Escherichia  5n41y7ed by reverse phase TLC, visualizing the radioactivity on
coli only two genes RdxAand Pdx) have been implicated in {he plates using a phosphoimager. In this manner it was found
the condensation process betwéeand2 leading to the formation that incubation of PdxA with HTP2) in the presence of NAD
of pyridoxol phosphate3) (Scheme 1. The exact roles played o 1o the formation of new products. Whereas NADP could serve
by each _of the correspondm_g gene proc_iucts, PdxA and PdxJ, have, place of NAD, neither 4-hydroxy-threonine nor 1-deoxp-
not previously been determined and neither has the redox COfaCtorxyIulose (L) was a substrate for the reaction; PdxJ was also not
responsible for the required 2-electron oxidation been identified. reqyired for the transformation. The retention of the phosphate
Since neither P.dx.A nor quxq show any S|gn|f|cgnt similarity to moiety in the product was evident from the presence oftRe
any other protein in the existing DNA and protein databases, N0 |3pe|.” The PdxA oxidation of HTF2| was assayed by measuring

clues are available as to their possible mode of action. In this ha increase in absorbance at 340 nm as NAD is reduced to NADH
paper we present results which demonstrate that PdxA is an NAD- 4,ring the oxidation of substrate. Assays were carried out with

dependent dehydrogenase responsible for the oxidation of HTP,rifiece pdxA and NAD at concentrations of HTR)(ranging
(2), prior to its incorporation into pyridoxol phosphat®).( from 1 to 200uM at 37 °C in 0.1 M Tris-HCI, pH 7.5. The
The PdxAand PdxJ genes were subcloned from the Kohara 5165 derived from the above experiment were plotted against
phageE. coliDNA library.® PCR was used to amplify each gene g psirate concentrations and fitted directly to the Michaelis
while simultaneously introducing a ribosome binding site and penten equation to give Ky of 85 uM and Vpa of 2.8 umol/
restriction sites before ligation into the pLM1 expression vettor. (min mg) kea 1.66 ). Similar kinetic experiments performed
After transformation of the resultant plasmids iftocoli BL21- in 0.1 M phosphate buffer, pH 7.5, gaveKa of 113 4M and
(DE3)} the overexpressed target proteins were purified to Vinax Of 0.66 umol/(min mg) kea 0.39 S7).
homogeneity using a three-step procedure involving hydroxya- 14 jgentify the product of the PdxA-catalyzed oxidation of HTP
patite, anion exchange, and gel filtration columns. The purified (2), a preparative scale reaction was carried out, using lactate
PdxA and PdxJ proteins were characterized by electrospray masgjehydrogenase (LDH) reduction of pyruvate to recycle NAD. A
spectroscopy and N-terminal peptide sequencing. Both protelnstypica| 1-mL incubation contained 75 mM HTB)(2.5 mM NAD
beha\(ed as monomers of the predidigdupon gel filtratipn, and and 75 mM pyruvate in 0.1 M KWPO, buffer (pH 7.5). The
no evidence for association was observed when a mixture of the eaction was initiated by the addition of desalted PdxA (in 100
two proteins was analyzed by nondenaturing PAGE. uL 0.1 M KP; buffer, 4ug/uL) and LDH (3uL, 1 U/ul). After
1-Deoxyo-xylulose () was prepared by the method of 3, 5t 37°C, an additional batch of PdxA was added, and the
Backstrom et af. The instability of the free pentulose required ¢ hation was continued until TLC showed that all of the starting
that it be freshly prepared for each screening experiment. The paterial had been consumed. The mixture was acidified to pH
E)rocedure described by Wolf et alwas used to prepare [2,3- 4 g py the addition bl M HCI and freeze-dried. ThéH NMR
°Cy]-4-hydroxy+-threonine from [1,29C;Jacetylene. Unlabeled  gpactrum of the crude incubation mixture confirmed that all HTP
4-hydroxy+-threonine was synthesized by the same method after () had been consumed. Several new signals were observed
basic hydrolysis of commercially available32R)-3-(benzyl- including two singlets at 8.49 and 8.39 ppm, a doublet at 4.91
oxymethyl)oxirane 2-methangHnitrobenzoate (Fluka). The cor- ppm (ue = 8.0 Hz), and a singlet at 2.46 ppm. The pyrazine

responding 4-(phosphohydroxyjthreonine ) was readily pre- gty cture4 was assigned to the new product on the basis of NMR
T Brown University. analysis of PdxA incubations with [28€;]-L-threonine 4-phos-
# McMaster University. phate, including HMQC and HMBC experiments. In the aromatic
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Scheme 2. In Vitro Oxidation of
4-(Phosphohydroxy)-threonine 2) Catalyzed by

Recombinant PdxA
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boxylation, either concurrently or after release from the enzyme,
to give protonated 1-amino-3-(phosphohydroxy)propan-2-one
(6).1* On standingp forms a dimer7 that aromatizes by loss of
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Figure 1. The enriched signals in tH&C NMR spectrum from incubation
of PdxA with [2,343C;]-4-(phosphohydroxy)-threonine ).

P, upon acidification. It has previously been reported that
synthetic 1-amino-3-hydroxypropan-2-one dimerizes in aqueous
solution?®?

On the basis of the above results, we can now propose a
possible mechanism (Scheme 3) for the last step in the biosyn-

(11) The dehydrogenation product of threonine has been reported to have
a half-life of ca. 10 min at physiological pH (Marcus, J. P.; Dekker, E. E.
Biochem. Biophys. Res. Commu9893 190, 1066-1072).

(12) Wolf, E.; Kennedy, I. A.; Himmeldirk, K.; Spenser, |. Dan. J. Chem.
1997, 75, 942—-948.
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Scheme 3. The Proposed Final Steps in the Biosynthesis of
Vitamin Bg

3)

thesis of pyridoxol phosphat8)(involving a ring closure reaction
between 1-deoxyp-xylulose (1) and the amino ketong formed
by the oxidation and decarboxylation of 4-(phosphohydraxy)-
threonine B) catalyzed by PdxA. This final condensation and
ring closure reaction would be catalyzed by PdxJ.

In summary we have shown that PdxA catalyzes the oxidation,
and possibly the decarboxylation, of 4-(phosphohydraxy)-
threonine ) to form protonated 1-amino-propan-2-one 3-phos-
phate6. Dimerization and acid-induced aromatization gives the
pyrazine derivative4. Future work will be directed toward
investigating the nature and timing of the decarboxylatio,of
the reaction of intermediat® with 1-deoxyp-xylulose (), and
the role played by PdxJ.
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