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Crystallization and preliminary X-ray studies of rhamnogalacturonase A from Aspergillus aculeatus
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Abstract

Recombinant rhamnogalacturonase A from Aspergillus acu-
leatus has been crystallized and X-ray diffraction data has
been collected. Crystals were grown by the hanging-drop
vapour-diffusion technique, under the conditions 10%
PEG 8000, 0.05M KH,PO, and 0.1M sodium acetate
buffered at pH3.5. The crystals diffract beyond 2.0A
resolution and belong to one of the orthorhombic space
groups [2,2,2, or [222, with the unit-cell parameters
a=2629, b=1254 and ¢ = 137.0 A. There is one molecule
in the asymmetric unit and a solvent content of approximately
54%. The enzyme is highly glycosylated corresponding to
5.9kDa.

1. Introduction

A major component of the plant cell wall is pectin, which is a
complex network of polysaccharides. Pectin consists of
smooth regions of homogalacturonan and hairy regions of
rhamnogalacturonan. The backbone in rhamnogalacturonan is
a polysaccharide, composed of alternating rhamnose and
galacturonic acid residues, linked by alternating «1-2 and
«a1-4 glycosidic linkages, (1-2)-w-L-Rha(1-4)-«-D-GalUA. A
branch point at the C4 position of rhamnose can serve as an
attachment site for carbohydrate side chains like arabian,
galactan and arabinogalactan. This makes the region highly
ramified and therefore the term ‘hairy region’ is used to denote
this part of pectin.

In contrast of the large number of known enzymes that are
able to degrade the smooth regions of pectin, only limited
attention has been given to enzymes acting on the hairy
regions. (Kofod et al., 1994). Rhamnogalacturonase A
(RGase A) from Aspergillus aculeatus belongs to a new
family of glycosyl hydrolases (Kofod et al., 1994). It is a plant
cell-wall degrading enzyme, that hydrolyses within the hairy
region of pectin. The cDNA encoding RGase A has been
cloned and overexpressed in Aspergillus oryzae to produce
recombinant enzyme in large quantities (Kofod ez al., 1994).
RGase A is an endo-acting enzyme, hydrolysing the glycosidic
linkage a-D-GalUA(1-2)-e-L-Rha in the backbone of rhamno-
galacturonan. The primary sequence of mature RGase A
comprises 422 amino-acid residues, giving a molecular weight
of 44165 Da (Kofod et al., 1994). Another enzyme acting on
the same substrate is rhamnogalacturonase B (RGase B). It has
been characterized (Schols, Posthumas & Voragen, 1990;
Kofod et al., 1994), but crystals have not yet been obtained.
Rhamnogalacturonase B is a lyase, functionally different to
RGase A. It degrades the same substrate by cleavage of the
glycoside bond a-L-Rha(1-4)-¢-D-GalUA, through B-elimina-
tion (Mutter, Coloquhoun, Schols, Beldman & Voragen,
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1996). The natural substrate, rhamnogalacturonan, can be
acetylated at the C2 or C3 position of GalUA (Schols et al.,
1990; Carpita & Gibeaut, 1993). Acetylation hampers the
degradation catalyzed by RGase A and RGase B. Therefore
the acetyl groups need to be removed, a reaction which is
catalyzed by the enzyme rhamnogalacturonan acetyl esterase
(Kauppinen ez al., 1995). The enzymatic degradation of pectin
is of great industrial importance and enzyme mixtures
including rhamnogalacturonases are used for different appli-
cations in the processing of fruits and vegetables. It has been
shown that the degradation of modified hairy regions from
apple, occur through synergetic action of a rhamnogalactur-
onase and rhamnogalacturonan acetyl esterase (Kauppinen et
al., 1995; Voragen, Schols & Beldman, 1992).

2. Methods and results
2.1. Crystallization

Heterologous expression of rhamnogalacturonase A from
Aspergillus aculeatus in Aspergillus oryzae, has been
described earlier (Kofod er al., 1994). Crystallization
conditions were screened by the sparse-matrix method
(Jancarik & Kim, 1991). Hanging drops were equilibrated at
room temperature by vapour diffusion. A droplet volume of
3pl protein and 3pl reservoir solution was mixed and
equilibrated against 0.5ml of a reservoir solution. Initially,
a protein concentration of 22 OD,g, was used. However, very
few drops gave a precipitate indicating that the protein was very
soluble, probably because of a high degree of glycosylation. A
twofold increase in the protein concentration gave crystals in
one of the drops after two weeks under the conditions 10%
PEG 8000, 0.05M KH,PO, and 0.1 M sodium acetate
buffered at pH3.5. The crystals were suitable for X-ray
diffraction experiments, but even larger crystals were
obtained by increasing the droplet volume to 10 pl. Separate
single crystals were very difficult to obtain as they grow either
into a rosette of five to ten elongated crystals or into a stack of
minor crystals attached to one major crystal as shown in Fig.
1. This growth habit made it difficult to select and mount a
single crystal, however the problems were overcome by gentle
removal of unwanted crystal growth. The average dimensions
of the crystals were 0.2 x 0.2 x 0.5 mm.

2.2. Molecular mass determination

The molecular mass of the enzyme and the degree of
glycosylation has been determined using a matrix-assisted
laser desorption/ionization time-of-flight (MALDI-TOF) mass
spectrometer (a ‘Biflex’ instrument from Bruker, Bremen,
Germany). A 0.5pul aliquot of a solution of RGase A at a
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2.7A%Da ! and a solvent content of 54%. assuming one
molecule in the asymmetric unit. We have noted that all
known protein structures with one molecule in the asym-
metric unit and with the same space group ambiguity
crystallize in space group /222 and not in 12,2,2, (Wukovitz
& Yeates, 1995). Theretore, we assume [222 to be the
correct space group in the subsequent structure determina-
tion.
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