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Abstract

Xylanase from the bacterial plant pathogen Erwinia
chrysanthemi (E.C. 3.2.1.8), expressed in E. coli,
has been crystallized for X-ray diffraction analysis
both in the presence and the absence of its polymeric
substrate 4-O-methyl glucuronoxylan. In all cases it
was found that the quality, time of appearance, and
reproducibility of both the native and complex
crystals were significantly enhanced by heating of
the protein to 323K prior to dispensing the crystal-
lization trials. Crystals of the native protein are ideal
for X-ray diffraction  analysis, producing Bragg
reflections beyond 1.5 A resolution with virtually no
degradation with time. The native crystals are in
space group P2,, with a=3933, b=4946,
c=90.85A and B =101.58°. Other polymorphs
have also been obtained and their cell parameters
determined. Crystallization of the enzyme in the
presence of polymeric substrate yields two distinctly
different crystals at different concentrations of the
xylan. These are thought to be complexes of the
protein with stable products of the enzymatic
reaction. A similar result had been obtained pre-
viously with pancreatic «-amylase and its substrate
glycogen.

1. Introduction

One third of all renewable organic carbon available on
earth, in the form of the hemicellulosic fraction of plant
tissues, is xylan. Engineering microbial enzymes to
efficiently produce its component sugars for industrial
processes, therefore, is emerging as a major objective
in biotechnology research and presents a potentially
major benefit to man (Prade, 1996). On the other hand,
xylanase in the wild is a major factor in the
pathogenesis of many microrganisms which attack
economically important crops, such as corn. It is,
therefore, a prominent target for the creation of
agricultural pesticides by systematic design based on
enzyme structure (McPherson, 1988).
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Xylanases, like all f1-4 glycan hydrolases, utilize a
general acid mechanism of catalysis promoted by two
acidic amino-acid residues (Henrissat, Callebaut,
Fabrega, Lehn & Mormon, 1995; Prade, 1996).
Specific recognition of substrate depends on a series
of binding subsites on the surface of the enzyme, which
then operates in a processive mode similar to o-amylase
(Yamamoto, Kitahata, Hiromi, Ohnishi, Minamiura,
Shinke, Okada & Komaki, 1988). In terms of its
enzymology, it shares several characteristics with
lysozyme (Prade, 1996) which is perhaps the most
studied of this class of enzymes.

A number of xylanases from both fungal and
bacterial sources have been crystallized for diffraction
analysis (Bedarkar, Gilkes, Kilburn, Kwan, Rose,
Miller, Warren & Withers, 1992; Golubev, Kilimnik,
Neustroev & Pickersgill, 1993; Pickersgill, Debeire,
Debeire-Gosselin & Jenkins, 1993; Torronen, Rouvi-
nen, Ahlgren, Harkki & Visur, 1993; Viswamitra,
Bhanumoorthy, Ramakumar, Manjula, Vithayathil,
Murthy & Naren, 1993; Eswaramoorthy, Vithayathil
& Viswamitra, 1994; Souchon, Spinelli, Beguin &
Alzari, 1994; Krengel, Rozeboom, Kalk & Dijkstra,
1996). Structures of xylanases from fungi and bacteria
have also been determined by crystallography. Two
bacterial xylanases, one from Pseudomonas (Harris,
Jenkins, Connerton, Cummings, Leggio, Scott, Hazle-
wood, Laurie, Gilbert & Pickersgill, 1995; Harris,
Jenkins, Connerton & Pickersgill, 1996) and the other
from Streptomyces (Derewenda, Swenson, Green, Wei,
Morosolis, Shareck, Kluepfel & Derewenda, 1994)
where shown to be of conventional «/B-barrel design.
Two enzymes from the fungus Trichoderma (Torronen,
Harkki & Rouvinen, 1994; Torronen & Rouvinen,
1995) on the other hand, were composed primarily of
antiparallel SB-sheets. Thus, there appear to be at least
two, and perhaps more, distinctive motifs in nature
capable of providing the requisite biochemical func-
tions. The protein from the bacteria E. chrysanthemi
studied here has a molecular weight of 42000 and
consists of a single polypeptide chain of 413 amino
acids having an isoelectric point of 8.8 (Braun &
Rodrigues, 1993; Keene, Boyd & Henrissat, 1996).
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R = 0.34, clearly demonstrating a substantial difference
in the contents of the two unit cells.

At substrate concentrations of 5% the crystals grow
as large masses of thin needles, and these clearly are of
a different crystal form than those of the enzyme grown
in the absence of xylan. Because of their morphology
and size, examples of these needle crystals have not as
yet been characterized by X-ray diffraction. At both
concentrations of substrate complex crystals are
reproducibly obtained, and their appearance is acceler-
ated, and assured by heating first to 323K for 15 min.
No crystals with the crystallographic features of the
putative complex crystals have been obtained in the
absence of xylan.

Three-dimensional X-ray diffraction data sets have
been collected on both native crystals, and crystals
incubated with xylan, produced by treatment at 323 K.
These data sets extended to 1.5A (R,,.,. = 6.8%) and
2.1A (Ryege = 3.7%), respectively.

4. Discussion

There are several interesting aspects to the experiments
described here. First is the observation that heating the
crystallization samples to 323K for 15 min immediately
before dispensing mother liquor onto the Cryschem
plates significantly accelerated the appearance, and
substantially enhanced the reproducibility of crystal-
lization of the xylanase. The heating procedure is
unlikely to affect the structure of the enzyme, because
assays are routinely carried out at this temperature, the
xylanase is completely stable at 323 K. This may be a
useful procedure for other protein samples that one
wishes to crystallize for analysis, and should, perhaps,
be included among other procedures available to the
investigator to promote nucleation and crystal growth.

A second finding is that crystallizing an enzyme in
the presence of its polymeric substrate, in the hope of
forming complex crystals with stable products, is valid
for at least some systems. In addition to xylanase, for
example, we also found this to be true with o-amylase
(McPherson & Rich, 1972; Larson, Greenwood,
Cascio, Day & McPherson, 1994). In this latter case,
structure determination revealed that the crystals
contained short oligosaccharides, produced from glyco-
gen, which crosslinked protein molecules in the crystal
lattice by binding to, and passing from the active site of
one ¢-amylase molecule into the active site of another.
This could pertain in the case of xylanase, which has a
similar multi-subsite binding region for xylan and its
products. This procedure, therefore, might be useful
for other polysaccharide (or other polymeric substrate)
degrading enzymes such as chitinases, cellulases, or
mannosidases, to name just a few examples. Again, as
with the native enzyme, heating to an elevated
temperature appears to be a useful adjunct to promote
crystallization.
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