Acta Cryst. (1996). D52, 419421

419

Crystallization and preliminary X-ray diffraction studies of 5-chlorolevulinate-modified bovine
porphobilinogen synthase and the Pb!!-complexed enzyme
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Abstract

Bovine porphobilinogen synthase (PBGS) is an homo-
octameric enzyme with four active sites. Each active site
binds two Zn" atoms whose ligands differ and two molecules
of S-aminolevulinate whose chemical fates differ. The
asymmetric binding of two Zn" atoms and two identical
substrate molecules by a homodimeric active site is apparently
unique. Modification by S-chlorolevulinate can be used
to differentiate the two substrate-binding sites; diffraction-
quality crystals of S-chlorolevulinate-modified PBGS have
been obtained. Pb!' can be used to differentiate the two
different Zn"-binding sites; diffraction-quality crystals of the
Pb" complex of PBGS have been obtained. Preliminary
diffraction data reveal an /422 space group, in agreement
with a general model for the quaternary structure of PBGS.

1. Introduction

The enzyme porphobilinogen synthase (PBGS) catalyzes
the asymmetric condensation of two molecules of
S-aminolevulinic acid (ALA) to give porphobilinogen (Shemin
& Russell, 1953) (Fig. 1).

Porphobilinogen is the monopyrrole precursor of all
biological tetrapyrroles, the porphyrins, corrins, chlorins and
other cofactors. As such, this enzyme is essential to all cellular
life. The primary structure of PBGS is highly conserved
suggesting that the chemical mechanism is also conserved
through evolution. PBGS is, however, a metalloenzyme and
there is a phylogenetic variation in the use of metal ions for
catalytic and other functions (Jaffe, 1995).

Bovine PBGS is a 280kDa protein, each molecule
consisting of eight identical subunits with four active sites.
Each active site is, therefore, formed from two identical
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Fig. 1. The porphobilinogen synthasc-catalyzed asymmetric conden-
sation of two molecules of 5-aminolevulinate (ALA) 1o form
porphobilinogen.
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subunits so that it is homodimeric. Two functionally distinct
types of Zn" bind to each active site (Jaffe, Volin, Myers &
Abrams, 1994). In addition, two ALA substrate molecules
(whose chemical fates are different, as shown in Fig. 1)
bind. The asymmetric binding of two Zn" and two ALA
by a homodimeric active site is apparently unique. A full
understanding of the nature of the asymmetry of the binding
in the active site must come from a determination of the X-ray
crystal structure of the protein.

Differentiation of the two substrate-binding subsites in any
one active site can be accomplished through the use of a
substrate analog which is bound at only one of the two
subsites. An analogue that is found experimentally to fit this
requirement is the active-site-directed chemical modification
reagent S-chlorolevulinic acid (5-CLA) which modifies the
protein preferentially at only one of the two subsites (Jaffe,
Abrams, Kaempfen & Harris, 1992). Each active site is
covalently modified at Cys223 with a levulinic acid moiety
which occupies the binding site for the ALA molecule which
becomes the acetyl half of porphobilinogen. The environmental
toxin lead (Pb), known to bind tightly to PBGS (Gibbs &
Jordan, 1981), is expected to help differentiate between the
two Zn"-binding sites if they have different properties. Only
four lead ions bind to the octameric enzyme (Beyersmann,
1986).

2. Materials and methods

Bovine PBGS was purified from freshly slaughtered beef
liver (Jordan, 1986). Zn" (10uM) and 2-mercaptoethanol
(10 mM) were included in all purification buffers. 5-CLA-
modified PBGS was prepared as previously described using a
1 h modification protocol (Jaffe, Abrams, Kaempfen & Harris,
1992). The lead (Pb) complex of PBGS was prepared by
ultrafiltration exchange of purified bovine PBGS into 0.1 M
KP; (pH 7.0), 10 mM 2-mercaptoethanol, 20 uM Pb".
Crystals of 5-CLA-modified PBGS were obtained by the
vapor-diffusion method using hanging drops (McPherson,
1982). Crystals were grown by equilibrating drops containing
~83mgml™' of protein solution, plus 0.67 M ammonium
sulfate solution in 50 mM 2(N-morpholino)ethanesulfonic acid
(MES, pH 6.2), against 1.36 M ammonium sulfate in 50 mM
MES (pH 6.2). Crystals appeared approximately one year later
at room temperature. The parallel attempts at 277 K gave no
crystals. By altering the conditions slightly. crystals can now
be grown in 2-4 months time, but their size is unpredictable.
Crystals of the lead-modified enzyme have recently been
obtained under conditions similar to those described above.
These crystals grow in much the same manner and appear
after about three months. In addition, parallel crystallization
cxperiments were carried out in a darkened box and a few
crystals with slightly better diffraction qualities appeared.
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using the program ALMN from the CCP4 program package
(Collaborative Computational Package, Number 4, 1994), to
be a non-crystallographic twofold rotation axis perpendicular
to the ¢ axis and 22.5° from the @ or b axis. A model
of the octamer can be constructed in such a way as to be
consistent with the model proposed by Pilz, Schwarz, Vuga
& Beyersmann (1988) and with the current single-crystal
diffraction data. Fig. 2 illustrates such a model of the octameric
molecule as well as the packing of the octamer.
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