107

SHORT COMMUNICATIONS

Contributions intended for publication under this heading should be expressly so marked; they should not exceed about 1000
words; they should be forwarded in the usual way to the appropriate Co-editor; they will be published as speedily as

possible.

Acta Cryst. (1992). B48, 107-109

Crystallization and preliminary crystallographic data for the azurin mutant Ala 114 from Pseudomo-
nas aeruginosa. By Li-CHU TsAL* VRATISLAV LANGER and LENNART SIOLIN, Department of Inorganic Chemistry,
Chalmers University of Technology and The University of Goteborg, S-412 96 Gdteborg, Sweden, and TORBJIORN
PASCHER, Department of Biochemistry and Biophysics, Chalmers University of Technology and The University of

Goteborg, S-412 96 Goteborg, Sweden

(Received 13 May 1991; accepted 20 June 1991)

Abstract

The site-specific mutant alanine 114 of the blue copper
protein azurin from Pseudomonas aeruginosa in Escherichia
coli has been crystallized from PEG 4000 in a new crystal
form compared to the wild type utilizing the hanging-drop
procedure. The crystals are blue well-formed prisms.
Monoclinic, P2,, a=15103(5), b=28336(5), c=
66-30 (6) A and B =111-0 (1)°. 14875 reflections up to
2-7 A have been collected using a modified Syntex P2,
automated four-circle diffractometer.

1. Introduction

Pseudomonas aeruginosa azurin belongs to a group of small
copper-containing proteins which are found in various
bacterial species (Fee, 1975; Lappin, 1981). Azurins are
electron-transfer proteins and it is believed that azurin
receives the electron from the cytochrome css, protein
before the electron is subsequently passed to the cyto-
chrome oxidase/nitrite reductase system.

Several amino-acid residues such as the residues near
His 35, the residues in the vicinity of His 83, the surface
residue Gln 91, and the hydrophobic residues which are
located close to His 117 are considered to be important
(Farver, Blatt & Pecht, 1982; Van de Kamp, Silvestrini,
Brunori, Beeumen, Hali & Canters, 1990) for the azurin’s
particular function. Recently, the structure of the P. aeru-
ginosa azurin mutants Gln 35 and Leu 35 were reported by
Nar, Messerschmidt, Huber, Van de Kamp & Canters
(1991). In order to establish the possible role of the
hydrophobic region in electron transfer, Phe 114 a conser-
ved residue located near His 117 has been suggested as an
interesting and important residue for the mechanism.
Therefore, structural knowledge obtained for the wild-type
azurin and similar knowledge deduced from the structures
of selected azurin mutants will probably be very important
for the understanding of, for example, the electron-
transport mechanism.

Crystallization of P. aeruginosa azurin was reported by
Adman, Stenkamp, Sieker & Jensen (1978). Norris,
Anderson, Baker & Rumball (1979) and Baker (1988)
obtained Alcaligenes denitrificans azurin crystals. The ter-
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tiary structure of azurin from P. denitrificans (known as
Alcaligenes sp. NCIB 11015) was determined by Korszun
(1987). Nar, Messerschmidt, Huber, Van de Kamp &
Canters (1991) crystallized two P. aeruginosa azurin
mutants, namely Gln 35 and Leu 35.

In this paper we present a new crystal form of the azurin
mutant Ala 114, and in addition, some preliminary crystal-
lographic data.

2. Materials and methods

The azurin mutant Ala 114 (Pascher, Bergstrom, Malm-
strom, Vinngard & Lundberg, 1989) used in this work was
supplied by the Department of Biochemistry and Bio-
physics, University of Géteborg.

Crystals of the azurin mutant Ala 114 were grown using
the hanging-drop method. Crystallization droplets of 20 pl
initial volume were placed on coverslips suspended over
the reservoir. The crystallization droplets consisted of
10 n1 of protein solution (15 mgml ') and 10 w1 of reser-
voir solution.

The reservoir solution was prepared as follows: A few
drops of 1 M CH,COOH were added to 6:0ml 175 M
CaCl,.2H,0 and 6:5ml 1-82 M CH,COONa solution to
achieve a buffer mixture at pH 6-0. The mixture was then
made up to 25 ml with PEG 4000 (1 gml~"). The petri
dishes were kept at six different temperatures: in a
refrigerator at 6°C, in temperature-controlled rooms at
temperatures of 15, 21 and 24°C, and in heat chambers
at temperatures of 28 and 37°C.

3. Results and discussion

Single crystals were obtained using the method described
above and small crystal seeds could be observed within 2-3
days. The complete formation of crystals was accom-
plished in 18-20 days. The largest crystals were found in
the dishes kept at 24°C, where each droplet contained 1-2
prismatically formed crystals of roughly 0-8 x 0-8 x
0-2mm. For the prismatic crystals obtained at 6 and
15°C mass crystallization always occurred and hundreds
of small crystals aggregated in each droplet. No crystalliza-
tion occurred in the petri dishes stored at 28 and 37°C.
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Biophysical data such as redox potentials and their tem-
perature dependence are currently being measured at the
Department of Biochemistry and Biophysics, University of
Goteborg, and these data will then be viewed in the light of
the structural changes in the mutants.

The authors are grateful to the Department of Bio-
chemistry and Biophysics, University of Goéteborg, for the
supply of azurin mutant. We are indebted to Dr Anders
Svensson for part of the data collection. We also wish to
thank Miss Ann-Britt Sk&nberg for technical assistance.

References

ADpMAN, E. T., StinkaMmp, R. E., Sikker, L. C. & Jensen, L. H.
(1978). J. Mol. Biol. 123, 35-45.
BakeR, E. N. (1988). J. Mol. Biol. 203, 1071-1095.

Acta Cryst. (1992). B48, 109-111

109

FARVER, O., BLATT, Y. & PecHT, 1. (1982). Biochemistry, 21,
3556-3561.

FeEg, J. A. (1975). Struct. Bonding (Berlin), 23, 1-60.

Korszun, Z. R. (1987). J. Mol. Biol. 196, 413-419.

LapPPIN, A. G. (1981). Met. lons Biol. Syst. 13, 15-71.

MATTHEWS, B. W. (1968). J. Mol. Biol. 33, 491-497.

Molecular Structure Corporation (1985). TEXSAN. TEXRAY
Structure Analysis Package. MSC, 3200A Research Forest
Drive, The Woodlands, TX 77381, USA.

NAR, H., MESSERSCHMIDT. A., HUBER, R., VAN DE KaMp, M. &
CANTERS, G. W. (1991). J. Mol. Biol. 218, 427-447.

Norris, G. E., ANDERSON, B. F., BAKER, E. N. & RuMBALL, S. V.
(1979). J. Mol. Biol. 135, 309-312.

PasCHER, T., BERGSTROM, J., MALMSTROM, B. G., VANNGARD, T.
& LUNDBERG, L. G. (1989). FEBS Lett. 258, 266-268.

VaN pE KaMp, M., SiLvesTRINI, M. C., BRUNORI, M., BEEUMEN, J.
V., HaLl, F. C. & CaNTERs, G. W. (1990). Eur. J. Biochem. 194,
109 118.

Preliminary crystallographic study of peanut peroxidase. By Nenap Ban, Department of Biochemistry,
University of California at Riverside, Riverside, California 92521, USA, ROBERT B. VAN HUYSTEE, The Department of
Plant Science, University of Western Ontario, London, Ontario N64 4B7, Canada, JOHN DAY, AARON GREENWOOD and
STEVE LARSON, Department of Biochemistry, University of California at Riverside, Riverside, California 92521, USA,
ROBERT ESNAULT, Institute des Sciences Vegetales, CNRS, 91198 Gif-sur-Yvette CEDEX, France, and ALEXANDER
MCPHERSON,* Department of Biochemistry, University of California at Riverside, Riverside, California 92521, USA

(Received 14 June 1991; accepted 16 July 1991)

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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