430

Acta Cryst. (1998). D54, 430432

Crystallization and preliminary X-ray diffraction studies of the catalytic core of acetyl xylan esterase

from Trichoderma reesei

NiNa HAKULINEN,” Maua TENKANEN?

AND JUuHA ROUVINEN"* at “Department of Chemistry, University of Joensuu, PO Box 111,

80101 Joensuu, Finland, and *VTT Biotechnology and Food Research, PO Box 1501, 02044 VTT, Espoo, Finland.

E-mail: juha.rouvinen@joensuu. fi

(Received 23 July 1997; accepted 15 September 1997)

Abstract

Acetyl xylan esterase is involved in the biodegradation of
hemicellulose. It cleaves O-acetyl groups from xylan, which is
the most abundant hemicellulose in nature. The catalytic core
of acetyl xylan esterase from 7. reesei has been crystallized
and X-ray diffraction data at 2.3 A collected. The crystal
belongs to the triclinic space group P1 with unit-cell
parameters a = 503, b = 62.1, c = 400 A, o = 110.1, B =
113.6 and y = 97.9°. The asymmetric unit contains two
molecules.

1. Introduction

Hemicellulose, which functions as a supporting material in
plant cell walls, is a complex mixture of heteropolysaccharides.
The most abundant hemicellulose, xylan, is composed of 1.4-
linked xylanopyroside units. It may also have various types
and amounts of substituents such as O-acetyl groups, 4-O-
methyl glucuronic acid, L-arabinose and phenolic compounds.
As a result, several different enzymes are needed for the
degradation of xylan. The main chain is hydrolysed by endo-
1,4-B-xylanases and B-xylosidases, while the side groups are
degraded by a-arabinosidases, a@-glucuronidases and esterases
(Biely, 1985). Since up to 70% of the xylose residues in
hardwoods can be acetylated at the C2 and/or C3 positions
(Timell, 1967; Lindberg er al., 1973), acetyl xylan esterases are
necessary for the total hydrolysis of xylan (Fig. 1). Although
there have been numerous enzymological studies of the
hydrolysis of xylan, the role of different enzyme components
is still partially unclear. To understand the details of xylan
degradation, three-dimensional structures of all involved
enzymes are required. So far, there is no information about
the three-dimensional structure of any acetyl xylan esterase,
and only crystallization and preliminary X-ray data of Peni-
cillium purpurogenum has been published (Pangborn er al.,
1996).

Acetyl xylan esterases are produced by several cellulolytic
and hemicellulolytic micro-organisms such as Fibriobacter
succinogenes (McDermid et al, 1990), Aspergillus niger
(Kormelink et al., 1993), Thermoanaerobacterium sp. (Shao &
Wiegel, 1995), P. purpurogenum (Egana et al., 1996), Strep-
tomyces lividans (Dupont et al., 1996) and T. reesei (Sundberg
& Poutanen, 1991).
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Fig. 1. The reaction catalyzed by acetyl xylan esterase.
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Two pl forms of acetyl xylan esterase from T. reesei (AXEI
and AXEII) have been purified and characterized. Recently, a
gene, axel, which apparently encodes both isoelectric forms of
the acctyl xylan esterase of T. reesei, has been isolated and
sequenced (Margolles-Clark et al., 1996). The deduced mature
protein AXEI is composed of 271 amino-acid residues and
contains a catalytic core and a fungal-type C-terminal cellu-
lose-binding domain. Comparison with other acetyl xylan
esterases has revealed homology only with the enzyme from
P. purpurogenum, the partial sequence of which has been
published (Egana er al., 1996). However, the catalytic core of
AXEI demonstrates some similarity with fungal cutinases and
although the overall similarity is very low (about 10%), the
catalytic amino-acid residues are conserved assuming the
catalytic triad in the enzyme (Margolles-Clark er al., 1996).
The studies with partially or fully acetylated methyl xylopyr-
anosides have shown that AXEI is capable of deacetylating
substituents of hydroxyl groups both at positions 2 and 3. The
rate of hydrolysis was faster if the substrate already had a free
hydroxyl group at positions 2 or 3. AXEI is also able to
remove the corresponding acetyl groups when acetylated
glycopyranosides were used as substrates (Biely et al., 1998).
The three-dimensional structure of AXEI would be an
important step forward in investigations of the substrate
specificity and the reaction mechanism of this poorly known
esterase.

2. Materials and methods
2.1. Crystallization

AXEI from T. reesei was purified as previously described
(Sundberg & Poutanen, 1991) and the cellulose-binding
domain was removed by papain digestion (Margolles-Clark et
al., 1996). While the site of cleavage is not known, it has
previously been estimated to be between Leu206 and Ser207.
The catalytic core of AXEI was crystallized by the hanging-
drop vapour-diffusion technique at room temperature. A 2 pl
drop of the protein solution (~10 mg ml~') was mixed with
2 pl of the buffered precipitation mixture. Crystals grew using
0.8-1.0 M potassium/sodium tartrate as the precipitant and
0.1 M Hepes [N-(2-hydroxyethyl)piperazine-N'-(2-ethane-
sulfonic acid)] as the buffer at pH 8.0-8.4. The addition of 2 pl
of 7 mg ml™" of n-octyl-B-p-glucoside reduced the formation
of twinned crystals.

2.2. Molecular mass determination

The molecular mass of the catalytic core of AXEI was
determined using a matrix-assisted laser desorption/ionization
time-of-flight (MALDI-TOF) mass spectrometer. Albumin
and cytochrome ¢ were used for the calibration of the spec-
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function was calculated using the program X-PLOR (Briinger
et al., 1987) in order to identify local symmetry in the asym-
metric unit. The rotation function (calculated in the range 10—
35A) clearly indicated the presence of a non-crystallographic
twofold element at ¥ = 67.5° and ¢ = 65.0". The determination
of the structure using molccular replacement is currently
underway.
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