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Abstract

The cationic isozyme of peroxidase isolated from suspen-
sion cultures of peanut cells is a heme-containing and
calcium-dependent glycoprotein having four covalently
attached oligosaccharide chains. Attempts were made to
crystallize the glycoprotein for X-ray diffraction analysis,
and these have met with some success. Crystals have now
been grown that are suitable for a full three-dimensional
structural analysis. The crystals are thin plates and we have
shown them to be of the orthorhombic space group
P2,2.2, with a =481, b=97-2, ¢ = 146:2 A. The crystals
diffract to beyond 28 A resolution, appear to be stable to
lengthy X-ray exposure, and contain two molecules of
40 000 daltons each in the asymmetric unit.

Introduction

Most higher plants produce a variety of isozymic forms of
the enzyme peroxidase (E.C. 1.11.1.7) which has been used
as a convenient marker in genetic, physiological and
pathological studies (Greppin, Penel & Gaspar, 1986; van
Huystee, 1987). In all cases, the enzyme is a glycoprotein
that contains a heme prosthetic group responsible for its
activity. The pattern of expression in plants is influenced
by environmental stimuli, is developmentally regulated,
and is tissue specific (Cassab & Varner, 1988). Although
the function of peroxidases in plants is still uncertain, it
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has been implicated in polysaccharide cross-linkages with
extensin monomers, indoleacetic acid oxidation, liquifi-
cation, wound healing, phenol oxidation, defense against
pathogens and regulation of cell elongation (Greppin,
Penel & Gaspar, 1986; Cassab & Varner, 1988).
Peroxidases are synthesized by cultured plant cells which
then secrete the cationic isozyme into the medium. It
provides, thus, a straightforward means for its purification
(van Huystee, 1987; Stephan & van Huystee, 1981). Peanut
cell peroxidases have been shown to consist predominantly
of two cationic and one anionic species (Stephan & van
Huystee, 1981). The major cationic isozyme represents
75% of the medium’s peroxidase activity. The cDNAs for
both cationic forms of peanut peroxidase have now been
cloned and sequenced (Buffard, Breda, van Huystee,
Asemota, Pierre, Ha & Esnault, 1990), and the four oligo-
saccharides covalently bound to the protein from the
major cationic isozyme have been extensively studied (Hu
& van Huystee, 1989; van Huystee, Hu & Sesto, 1990).
The major cationic isozyme of peanut cell peroxidase
has a total molecular weight of 40 000 daltons. It consists
of a single polypeptide chain 307 residues in length of
32954 daltons molecular weight. This protein component
is covalently attached to four polysaccharide chains of
total weight 8500 daltons comprising 21% of the total
glycoprotein molecular weight. The isoelectric point of the
protein is 8:9. The enzyme contains a single heme group
that is essential for its activity and gives it a red color and
absorption maximum in the Soret region at 405 nm. The
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Abstract

The extent of conformational similarity between crystallo-
graphically independent molecules in organic crystals was
quantified using the r.m.s. deviation of the atoms from a
least-squares superposition. This analysis was carried out
for a total of 399 structures taken from the Cambridge
Structural Database. The structures are distributed among
65 chiral space groups. The analysis shows that in most
cases the conformations of the crystallographically
independent molecules are very similar.

Introduction

The availability of the vast amount of crystallographic
data in an easily accessible form viz., the Cambridge
Structural Database (CSD, Allen et al.. 1979; Allen,
Kennard & Taylor, 1983), has given a new impetus to the
statistical study of the conformation and packing of
organic molecules in crystals. Many of these studies, old
(Kitaigorodskii, 1961, 1973) and new (Wilson, 1988. 1990)
have been aimed at rationalizing the distribution of
reported structures among the various space groups
(Mighell, Himes & Rodgers, 1983). Others have sought to
exploit the database to obtain new insights into molecular
conformation and energetics (Allen, Kennard & Taylor,
1983; Biirgi & Dunitz, 1983; Allen, 1986) and to analyse
intermolecular environments (Gavezzotti & Desiraju, 1988;
Ramasubbu, Parthasarathy & Murray-Rust, 1986). We
have been interested in the packing of organic molecules
from the point of view of intermolecular interactions. A
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specific type of crystallographic arrangement of molecules
which lends itself to such a study is that in which there is
more than one molecule in the asymmetric unit. A recent
systematic study of such crystallographic non-equivalence
in the unit cell using the CSD (Padmaja, Ramakumar &
Viswamitra, 1990) has shown that about 8-:3% of crystal
structures solved have a Z value greater than the crystallo-
graphic multiplicity. Some of these [typically 3-12%
according to Mighell, Himes & Rodgers (1983)], however,
may be attributed to an incorrect choice of space group.

We undertook a comparison of the conformations of the
crystallographically independent molecules in 399 struc-
tures distributed over 65 space groups. The results are
presented here.

Method

Out of a total of 1576 structures in the 1987 release of the
CSD with two or more molecules per asymmetric unit in
the 65 chiral space groups, all but 399 have been elimi-
nated according to the following criteria: (@) Structures
with R factors greater than 0-10 were removed. (b) Struc-
tures with more than two molecules in the asymmetric unit
were eliminated. (¢) A computer program was used to
separate the coordinates of each entry into covalently
bound clusters. The maximum bonding distance was taken
to be 22 A in order to include coordination bonds. When
more than two such clusters or clusters with unequal
numbers of atoms emerged, that structure was eliminated.
(d) The order of arrangement of the atoms in the two
molecules was checked by comparing the two-dimensional
connectivity pattern of each atom in the two molecules. If
the order was not the same or the atom list could not be

© 1992 International Union of Crystallography



