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Crystallization and preliminary X-ray analysis of the
molybdenum-dependent pyrogallol-phloroglucinol
transhydroxylase of Pelobacter acidigallici

Crystals of the molybdo-/iron-sulfur protein pyrogallol:phloro-
glucinol hydroxyltransferase (transhydroxylase; EC 1.97.1.2) from
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Pelobacter acidigallici were grown by vapour diffusion in an N,/H,
atmosphere using polyethylene glycol as a precipitant. In this
microorganism, transhydroxylase converts pyrogallol to phloro-
glucinol in a unique reaction without oxygen transfer from water.
Growth of crystals suitable for X-ray analysis was strongly dependent
on the presence of dithionite as a reducing agent. The crystals
belonged to space group P1 and MAD data were collected on the

iron K edge to resolutions higher than 2.5 A.

1. Introduction

Aerobic degradation of aromatic
compounds oxygenase
reactions in the primary attack on the

involves

mesomeric ring structure. In the HO'

absence of dioxygen, the stability of
the aromatic nucleus is often over-
come by a reductive attack (Evans,
1977; Reichenbecher et al, 1994).
Gallic acid is decarboxylated to
pyrogallol and subsequently trans-
formed to phloroglucinol in a unique
reaction by transhydroxylase (Fig. 1).
Although this hydroxyl transfer
between two aromatic compounds
does not represent a net redox
reaction, the substrate pyrogallol
is oxidized in position 5 and
the cosubstrate 1,2,3,5-tetrahydroxy-
benzene is reduced in position 2.
Recently, it was shown by incubation
with '"®*OH, that there is no oxygen
transfer from water in the trans-

hydroxylase reaction and that the HO

hydroxyl groups are transferred only
between the phenolic substrates
(Reichenbecher & Schink, 1999).
Transhydroxylase differs fundamen-
tally from all known hydroxylating
molybdenum enzymes, which derive
their hydroxyl groups from water.
Phloroglucinol, the product of the
transhydroxylase reaction, undergoes reduc-
tive dearomatization (Brune & Schink, 1990;
Schink & Pfennig, 1982) and subsequent
hydrolytic cleavage to 3-hydroxy-5 oxohex-
anoate, which is oxidized and thiolytically

~C0,

HO'

Pyrogallol

Figure 1
Transhydroxylase reaction in the degradation pathway of gallic acid
in P. acidigallici (Brune & Schink, 1992).
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cleaved to three acetyl-CoA molecules (Brune
& Schink, 1992).

According to its amino-acid sequence (Baas
& Rétey, 1999; Reichenbecher et al, 1996),
transhydroxylase is a member of the DMSO
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Table 1

Purification of P. acidigallici transhydroxylase from 34 g of cells; 1 U = 1 pumol phloroglucinol min™".

1

Activities in parentheses are taken from (Reichenbecher et al., 1994).

Specific Yield Yield
Protein Activity activity (protein) (activity) Enrichment
(mg) ) (Umg™) (%) (%) factor
Crude extract 3018 2417 0.80 (0.39) 100 100 1
DE-52 784 1501 1.92 (0.76) 26 62 24
Superdex 161 743 4.60 (3.10) 5 31 5.8

8O

Figure 2

SDS-PAGE (12%) analysis of the transhydroxylase
purification steps. Lanes 1 and 6, molecular-weight
markers; lane 2, crude extract (6.2 pig protein); lane 3,
crude extract after ultrafiltration (5.8 pg); lane 4,
transhydroxylase after DE-52 (2.9 pg); lane 5,
transhydroxylase after Superdex (2.1 pg).

Figure 3
Crystals of transhydroxylase obtained by sitting-drop
vapour diffusion in an N,/H, atmosphere.
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Figure 4

f and f” contributions derived from the fluorescence
scan at the iron K edge according to the Kramers—
Kronig transform. The f’ and f” data sets were
measured at the indicated wavelengths and a remote
data set was collected at 1.05 A.

reductase family of molybdoproteins and
contains one molybdenum coordinated by
two molybdopterin-guanidine dinucleotide
cofactors in the large (100 kDa) «-subunit
and three [4Fe—4S] clusters in the small
(31 kDa) B-subunit (Kisker et al., 1999).

2. Materials and methods
2.1. Protein preparation

P. acidigallici strain Ma Gal 2 (DSM 2377)
was grown anaerobically in a sulfide-
reduced and bicarbonate-buffered saltwater
mineral medium, as described previously
(Brune & Schink, 1990). The substrate gallic
acid was fed initially to 7 mM and twice (to
7 mM) during cultivation.

Transhydroxylase was prepared in the
presence of air at 278 K according to
Reichenbecher et al. (1994), omitting the
chromatofocussing step.

2.2. X-ray analysis

Diffraction experiments were carried out
on beamline BW6 at DESY, Hamburg using
tunable synchrotron radiation. Data were
integrated and scaled using the HKL suite
(Otwinowski & Minor, 1996). Self-rotation
functions were calculated with GLRF (Tong
& Rossmann, 1990).

3.2. Crystallization

Initial crystals of P. acidigallici trans-
hydroxylase were obtained by sitting-drop
vapour diffusion from Crystal Screen solu-
tion 42 (Hampton Reseach, Laguna Niguel,
USA) under Ny/H, and the preparations
were stored in a desiccator at 293 K. Large
trigonal prisms grew within 3d from
12 mgml™" protein reduced with a 12-fold
excess of sodium dithionite. The crystals
were optimized with solution 7 as additive
(Fig. 3).

25% of methylpentanediol was added as
cryoprotectant and the crystals were flash-
cooled in the nitrogen stream of an Oxford
cryosystem. It was possible to increase the
diffraction limit of the crystals and at the
same time decrease their mosaic spread
through humidity control (Kiefersauer et al.,
2000). After this transformation, however,
the crystals could no longer be flash-cooled
and deteriorated quickly in the X-ray beam.
Data sets were therefore collected from a
non-transformed crystal at 100 K.

3.3. Data collection

The crystal used for the MAD experiment
had dimensions of approximately 500 x 300
X 50 pym and diffracted to a resolution of
around 2 A. Three full data sets were
collected at a wavelength of 1.7363 A to
maximize the anomalous f” contribution, at
1.7426 A for the f’ inflection and a remote
data set at 1.05 A (Fig. 4). All data sets were
integrated to a maximum resolution of
235 A.

The crystal belonged to space group P1,
with unit-cell parameters a =173.2, b=179.1,
c=1805 A, o =638, f=64.1, y=65.0°. The
asymmetric unit could accommodate 12

c* $
3. Results and discussion g,
3.1. Protein preparation 3 'f’\._‘_
60, 7 ® & P
In order to obtain well ‘00_ g & e

diffracting crystals of the trans-
hydroxylase, a modified purifi-
cation
developed. This led to a highly
active (Table 1) and electro-
phoretically pure (Fig. 2)
heterodimer, as  previously
reported (Reichenbecher et al.,
1994). Baas & Rétey (1999)
reported a molecular mass of
99260.3 Da for the «-subunit
and one of 31 331.2 Da for the
B-subunit (total excluding co-
factors: 130 481.5 Da), based on
amino-acid sequence analysis.

Figure 5

scheme had to be i
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Polar plot of a self-rotation function for « = 180° (twofold
correlation). Two twofold axes can clearly be seen at & = 109,
W =117° and ® = 31, ¥ = 158°.
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heterodimers of transhydroxylase with a
Matthews coefficient of 2.71 A’Da”",
corresponding to a solvent content of 55%.
The structure solution in P1 has to describe
a total molecular mass of 1.6 MDa,
containing 144 Fe atoms in 36 clusters plus
12 Mb atoms. A self-rotation function
calculated in P1 (Fig. 5) shows two clear
twofold axes and a splitting of a further
twofold axis into three parts.

The authors would like to thank Gleb P.
Bourenkov, MPG-ASMB, DESY Hamburg

for help with MAD data collection.
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