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Abstract

A recombinant human uroporphyrinogen decarboxylase (E.C.
4.1.1.37, UROD) has been expressed in Escherichia coli and
purified to homogeneity. Crystals grew by the hanging-drop
vapor-diffusion technique from a starting solution containing
1.5 mg ml™! protein. The crystals belong to the trigonal space
group P3,21 or its enantiomer P3,21 and diffract to 3A
resolution. The unit-cell parameters are a = b = 103.4, ¢ =
757 A and y = 120°. The asymmetric unit contains one
molecule. Preliminary structural predictions suggest for the
protein a TIM-barrel type tertiary structure.

1. Introduction

Human uroporphyrinogen decarboxylase (UROD) is a cyto-
solic enzyme of 367 residues with a calculated molecular
weight of 40 831 Da (Roméo ez al., 1986). It is the fifth enzyme
of the heme biosynthetic pathway which catalyzes decarbox-
ylation of the four carboxylic groups uroporphyrinogen to
yield coproporphyrinogen (Smith & Francis, 1979). UROD
deficiency is responsible for porphyria cutanea tarda (PCT)
and hepatoerythropoietic porphyria (HEP), the most frequent
human porphyrias (Kappas et al., 1995).

Both natural uroporphyrinogen isomers I and III are
substrates of UROD and the decarboxylase activity is not
associated with the presence of any cofactor (de Verneuil et
al., 1983; Straka & Kushner, 1983).

In the N-terminal part of UROD, the hexapeptide Met-
Arg-Gln-Ala-Gly-Arg  (Met36-Arg4l in the human
sequence), appears to be perfectly conserved throughout
evolution (Garey et al., 1992) and could be involved in the
interaction with the substrate. This hypothesis is supported
by the deleterious Gly33—Asp mutation in yeast
Saccharomyces cerevisiae (equivalent to Gly40 in the human
sequence) (Nishimura er al., 1993). At least one thiol group,
among the six cysteine residues, could be involved in the
decarboxylation process (de Verneuil et al., 1983). Despite
extensive studies of the kinetic properties (Tomio et al., 1970;
Smith & Francis, 1979; de Verneuil et al, 1980), the
mechanism of action remains unclear. A sequential decar-
boxylation of uroporphyrinogen involving a two-step process
with a rapid elimination of one carboxyl group followed by a
slower elimination of the three remaining groups has been
suggested. In addition it has been postulated that one
(Garey et al, 1992) or several (de Verneuil et al., 1980)
catalytic sites exist.
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Whereas the three-dimensional structures of Escherichia
coli porphobilinogen deaminase (Louie et al., 1996) and more
recently Bacillus subtilis ferrochelatase (Hansson & Al-
Karadaghi, 1995; Al-Karadaghi er al., 1997), two of the
enzymes involved in the heme biosynthetic pathway, have
been solved by X-ray diffraction, the three-dimensional
structure of UROD remains unsolved.

This work describes overexpression, purification and crys-
tallization of human UROD elongated at the N-terminal end
by two residues.

2. Expression and purification

The pGEX-UROD vector (Moran-Jimenez et al., 1996)
expresses UROD in E. coli as a carboxy-terminal fusion
protein to the glutathione S-transferase (GST), allowing its
purification by affinity chromatography using glutathione
Sepharose 4B. The GST and the protein of interest can be
cleaved after purification by thrombin, for which a recognition
site (Leu-Val-Pro-Arg-Gly-Ser) is present, at the junction
between the two fusion protein moieties.

The fusion protein was expressed from the pGEX-UROD
in E. coli JM105 cells (Moran-Jimenez et al., 1996). The cells
were inoculated in 11 of LB medium containing 50 pg ml ™’
ampicillin. The expression of the fusion protein was induced
for 3 h by the addition of 0.5 mM isopropyl-8-p-thiogalacto-
side (IPTG) to the medium.

The cells were resuspended in 10 mM phosphate buffer,
140 mM NacCl, 2.7 mM KCl, pH 7.3 supplemented with 5§ mM
dithiothreitol. 0.5%(w/v) Triton-X100 was used in the first
experiments but not in the last ones. The proteins were
released from the cells by sonication (4 x 10s, 273 K) and
separated from the bacterial debris by centrifugation (10 000g,
15 min, 277 K). After an affinity-chromatography step on a
glutathione-Sepharose 4B column, according to the instruc-
tions of the manufacturer (Pharmacia), 100 units of bovine
plasma thrombin (Sigma) were added directly to the column
and incubation was performed during 2 h at 298 K in order to
cleave the UROD moiety.

The protein was analyzed by gel electrophoresis in 10%
polyacrylamide gels with denaturing conditions (Laemmli,
1970) and Coomassie blue staining. The protein specificity was
confirmed by western blotting after transfer to a nitrocellulose
membrane. A rabbit antiserum directed against UROD was
used together with the combination of an anti-IgG fused to
peroxidase in order to allow the detection of the protein by
enhanced chemical luminescence (ECL).
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