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1 Introduction.

1.1 Overview of molybdenum hydroxylase catalysis and distribution.

[n mammals there are three enzymes present which contain a molybdenum cofactor,
aldehyde oxidase (AO) (E.C.1.2.3.1), sulphite oxidase (SO) (E.C.1.8.3.1) and xanthine
oxidoreductase (XOR). AO and XOR are referred to as molybdenum hydroxylases due
to the reaction they catalyse (Beedham., 1987). Molybdenum hydroxylases catalyse the
oxidation of substrates via a complex internal electron transfer pathway (Hille &
Nishino, 1995). These enzymes are homodimeric with two subunits of approximately
150,000 Da each. Each subunit contains one molybdenum-pterin cofactor (MoCo), one
flavin adenine dinucleotide (FAD) and two different iron sulphur (2Fe,S,) clusters as
prosthetic groups (Garattini ef al., 2003; Rajagopalan, 1997).

The molybdenum hydroxylases are capable of catalysing 2 reactions at once as the
molybdenum redox group oxidises one compound while the FAD site 1s capable of
simultaneously reducing another (Figure 1) (Beedham., 1987). The iron-sulphur centres
act to transfer electrons from the oxidised compound at the molybdenum site to the
FAD site where a reduction can take place. AO and XOR catalyse the oxidation of a
number of aldehydes and nitrogenous heterocyclic compounds (Beedham., 1985;

Beedham., 1997). The presence of an electron donor mediates reduction of a number of

compounds (Beedham., 1985; Krenitsky er al., 1972). The proposed electron transfer

pathway and reactive sites of molybdenum hydroxylases are summarised 1n figure 1.

RH 02 or X
MoCo —_ ZFezsz = FAD
ROH 02- or
reduced X

== [ lectron transfer

Figure 1 — Illustration of the catalytic capabilities of molybdenum hydroxylases.

A schematic diagram showing at which cofactor sites reactions occur and the proposed path of electrons
through the enzyme based on Iwasaki ef al., 2000, Enroth ef al., 2000, Beedham., 1987.

RH = Aldehyde or N-Heterocycle (electron donor).
X = Electron Acceptor e.g. NAD (with XOR only) or xenobiotic electron acceptor (XOR and AO).































terredoxin-like following the same binding motif as found in plant ferredoxins (figure
5) (Iwasaki et al., 2000), but the C-terminal iron-sulphur centre was unique to the

molybdenum hydroxylases exhibiting an unusual binding motif as illustrated in figure 5

(Iwasaki et al., 2000).

N-terminal plant ferredoxin-like motif C-terminal unusual motif

Rat xanthine oxidoreductase:

-PCys-X-*Cys-X-"'Cys-//-"Cys- S Cye-X-' P Cysl/- " Cys=X- l'f"QCys-

D. gigas aldehyde oxidoreductase:
Cvs-X-"Cyve-X-CCO 0y Ol Oy X"

Anabaena 7120 vegetative ferredoxin:

HCys-X-*Cys-X-Cys-//-"Cys-

Figure 5 — The iron-sulphur binding domains of molybdenum hydroxylases.

Schematic diagram of the two iron sulphur binding motifs in the iron sulphur domain of rat XOR, D.
gigas AOR and the plant-type ferredoxin motif of Anabaena 7120 vegetative ferredoxin. Based on
(Iwasaki er al., 2000). The N-terminal plant ferredoxin-like motif 1s highlighted in pink and the C-

terminal unusual motif is highlighted in green.

Enroth er al. also found that the FAD molecule binds within a deep cleft of the bovine
XOR enzyme allowing space for interaction with the NAD molecule. This cofactor is
situated between the iron-sulphur centres and the MoCo binding domains (Enroth er al.,
2000). In their structural analysis of XOR from R. capsulatus Truglio et al. noted
several residues that form hydrogen bonding with the FAD molecule that were
conserved in all the XORs they studied. The corresponding residues in the human XOR
protein are Asn349, Asp358 and Lys424 (Truglio et al., 2002). In addition to FAD
binding residues five binding sites have been identified with regard to MoCo binding
situated towards the C-terminus of the protein. MoCo I spans residues 797-804 in the
mouse XOR protein sequence, MoCo II spans residues 913-921 in the mouse XOR
protein sequence, MoCo III spans residues 1041-1044 1n the mouse XOR protein

sequence, MoCo IV spans residues 1080-1083 in the mouse XOR protein sequence and
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Figure 6 — Diagram showing the human xanthine oxidoreductase and aldehyde oxidase

protein map and gene structure.

Schematic diagrams of the intron/exon structure of the human XOR and AO genes and molybdenum
hydroxylase protein map. a 1s a molybdenum hydroxylase protein map illustrating the binding domains of
the four cofactors, b 1s the human XOR gene and ¢ 1s the human AO gene. The two 1ron sulphur binding
domains are depicted in red, the FAD binding domain is depicted in blue and the MoCo binding domain

1s depicted 1n green.

1.5.4 Aldehyde oxidase gene homologues.

Although prior to the initiation of the project detailed in this thesis, 1t was widely
accepted that a single AO enzyme carried out all AO activity in mammals. A study by
Holmes in 1978 suggested that there may be two AO enzymes in mice based on
cellulose acetate zymograms (Holmes, 1978). It was not until over two decades later
that irrefutable proof of more than one AO enzyme existed. In September 2000 a paper
was published detailing the discovery of two aldehyde oxidase mRNA homologues in
mice (Terao et al., 2000), this was followed by a sister paper in December of 2001
detailing more information on the genes and characteristics of the homologues (Terao et
al., 2001). Aldehyde oxidase homologue 1 (AOHI) is expressed in the hepatocytes of

the liver and 1n spermatogonia while aldehyde oxidase homologue 2 (AOH2) expression
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Figure 8 — Summary of molybdenum cofactor synthesis based on Reiss, 2000.

This schematic diagram shows the structure of the molybdenum cofactor illustrating where and at what
step the sulphur is added to enable the cofactor to function in AO and XOR, MOCSx - molybdenum

cofactor synthesis step x is1, 2 and 3 respectively. GTP is guanine triphosphate.
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