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Crystallization and preliminary X-ray analysis of pectin lyase A from Aspergillus niger
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Abstract

The major secreted pectin lyase (E.C. 4.2.2.10) from
Aspergillus niger, strain 4M-147, has been purified and
crystallized by the hanging-drop method using polyethylene
glycol as precipitant. The crystals belong to the space
group P2,2,2, with cell dimensions a =452, b=83.2,
¢c=931A (1A=0.1nm) and a single molecule in the
asymmetric unit. The crystals diffract to at least 2.0 A resolution
and are suitable for structure determination.

1. Introduction

Pectate and pectin lyases (E.C. 4.2.29 and E.C. 4.2.2.10,
respectively) are produced by bacteria and fungi (Pilnik &
Rombouts, 1981), whilst related genes are found in many plants
(Wing, Yamaguchi, Larabell, Ursin & McCormick, 1990).
These enzymes catalyze the degradation of pectate or pectin by
B-elimination, breaking the a-glycosidic bond between O1 and
C4 to leave an unsaturated 4-5 carbon—carbon bond. Pectate
lyases are distinguished from pectin lyases by their specificity
for pectin which has been demethylated by pectin methyl
esterase. All pectate lyases require calcium for activity and most
have a pH optimum near pH 8.5. In contrast pectin lyases
generally have a much lower pH optimum near pH 5.0 and do
not require calcium for activity.

Pectinase preparations containing pectin lyases from
Aspergillus spp. are used on a very large scale as a processing
aid in the food industry (Voragen & Pilnik, 1989; Whitaker,
1990). Pectin and pectate lyases from both bacteria and fungi
play a major role in phytopathology (Crawford & Kolattukudy,
1987; Barras, van Gijsegem & Chatterjee, 1994) and in return
evolution has endowed plants with both protein (Bugbee, 1993)
and non-protein inhibitors (Wattad, Dinoor & Prusky, 1994) of
these enzymes.

The crystal structures of three pectate lyases, PelC and PelE
from Erwinia chrysanthemi (Yoder, Keen & Jurnak, 1993;
Lietzke, Yoder, Keen & Jurnak, 1994) and the pectate lyase of
Bacillus subtilis (Pickersgill, Jenkins, Harris, Nasser & Robert-
Baudouy, 1994) have recently been determined, showing the
new parallel B-helix architecture (Jurnak, Yoder, Pickersgill &
Jenkins, 1994). Sequences show that the majority of pectate and
pectin lyases, including those with known three-dimensional
structures, form a single family of homologous enzymes despite
rather low percentages of identical amino acids (Gysler,
Harmsen, Kester, Visser & Heim, 1990; Kusters-van Someren,
Harmsen, Kester & Visser, 1991; Kusters-van Someren, 1991).

We have obtained crystals from a pectin lyase occurring in
A. niger strain 4M-147, which we show to be related to pectin
lyase A of A. niger N400. The sequence of pectin lyase A from
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A. niger N40O is predicted to give a mature sequence of 359
residues (37.9 kDa). It shows approximately 20% identity with
the bacterial pectate lyases and 45—60% identity with the other
isozymes found in Aspergillus spp. (Kusters-van Someren,
1991).

2. Materials and methods
2.1. Protein purification

The pectin lyase secreted from A. niger, strain 4M-147
(Culture Collection of Grindsted Products, Brabrand,
Denmark), was purified from the crude fermentation broth
using successively Sephadex G-25 SF gel-filtration medium
(50 x 200 mm) for desalting, Q-Sepharose High Performance
anion exchanger (25 x 100mm), Phenyl-Sepharose High
Performance (25 x 100mm) for hydrophobic interaction
chromatography and Superdex 75 (50 x 600 mm) gel-filtration
medium.

2.2. Protein characterization

Purity was checked by running the pectin lyase on Mono-Q
(HR 5/5) and by isoelectric focusing and sodium dodecyl
sulfate polyacrylamide gel electrophoresis. (All media for
chromatography and electrophoresis from Pharmacia-LKB
Biotechnology.)

N-terminal amino-acid sequences were determined by gas-
phase sequencing. A peptide was purified by high-pressure
liquid chromatography after digestion with immobilized
protease V8 (sequencing grade, Sigma Chemicals) for
sequencing at an internal site.

2.3. Crystallization

The enzyme was placed in a 10 m] stirred-cell concentrator
(Amicon Co.) with a 10kDa cut-off membrane (Flowgen) and
repeatedly washed with deionized water. The protein was then
concentrated using a Centricon 10 (Amicon Co.) and protein
concentrations were estimated using the OD,g,, assuming an
OD,y, of 1.0 for a 1mgml~' solution. Conditions were
surveyed by the protocol of Jancarik & Kim (1991) using the
hanging-drop method over 1ml reservoirs on siliconized
coverslips in Linbro trays. Crystallization trials were main-
tained at 291 K.

3. Results
3.1. Identification as a pectin lyase A
The N-terminal amino-acid sequence of the purified pectin

lyase showed only two changes in 33 amino acids from the
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replacement solution using the very distantly related model or
the use of heavy-atom derivatives. Unfortunately, neither
molecular-replacement solutions nor difference Pattersons have
yet enabled us to find satisfactory positions for heavy atoms
from any of the three available data sets.

Despite the availability of the crystal structures of three
pectate lyases, rather little is known of the mechanism of
these enzymes. Calcium is bound to three carboxylates in the
structure of the pectate lyase of Bacillus subtilis and these
residues are conserved in other pectate lyase sequences
although one aspartate is sometimes substituted by glutamate.
The extended binding site for pectate can probably be
identified from a ribbon of positive potential with the
calcium binding site at its centre. Conservation and their
positive charges suggest that residues such as Lys247 and
Arg279 and Arg282 (numbered as in the B. subtilis mature
sequence) may be involved in binding and perhaps in
catalysis.

The distant homology and the similar reaction suggest that
pectin and pectate lyases share a related mechanism.
Determination of the structure of a pectin lyase will allow
an accurate alignment of pectin with pectate lyase, for
example identifying the residues equivalent to the active-site
carboxylates of pectate lyase, and reveal the similarities and
differences in their respective active sites, which should
clarify both mechanisms.

The structure may also reveal how the sequences of pectin
lyases from various organisms relate to their specificities and
roles in phytopathogenesis.

We thank Leila Lo Leggio, the staff of the SRS, especially
Dr Colin Nave, and the staff of the Photon Factory, especially
Professor N. Sakabe, for help with the collection of data. The
project was funded by the BBSRC (UK) and by the EU project
AIR2-CT94-1345.

SHORT COMMUNICATIONS

References

Barras, F., van Gijsegem, F. & Chatterjee, A. K. (1994). Annu. Rev.
Phytopathol. 32, 201-234.

Bugbee, W. M. (1993). Phytopathology, 83, 63—68.

Crawford, M. S. & Kolattukudy, P. E. (1987). Arch. Biochem. Biophys.
258, 196-205.

Gysler, C., Harmsen, J. A. M., Kester, H. C. M, Visser, J. & Heim, J.
(1990). Gene, 89, 101-108.

Howard, A. J., Gilliland, G. L., Finzel, B. C., Poulos, T. L.,
Ohlendorf, D. H. & Salemme, F. R. (1987). J. Appl. Cryst. 20,
383-387.

Jancarik, J. & Kim, S. H. (1991). J. Appl. Cryst. 24, 409-411.

Jumak, F., Yoder, M. D., Pickersgill, R. & Jenkins, J. (1994). Curr.
Opin. Struct. Biol. 4, 802-806.

Kusters-van Someren, M. A. (1991). Thesis, University of Utrecht, The
Netherlands.

Kusters-van Someren, M. A., Harmsen, J. A. M., Kester, H. C. M. &
Visser, J. (1991). Curr. Genet. 20, 293-299.

Lietzke, S. E., Yoder, M. D., Keen, N. T. & Jumnak, F. (1994). Plant
Physiol. 106, 849-862.

Matthews, B. W. (1968). J. Mol. Biol. 33, 491497,

Pickersgill, R., Jenkins, J., Harris, G., Nasser, W. & Robert-Baudouy, J.
(1994). Nature Struct. Biol. 1, 717-723.

Pilnik, W. & Rombouts, F. M. (1981). Enzymes and Food Processing,
edited by G. G. Birch, N. Blakebrough & K. J. Parker, pp. 105-128.
London: Applied Science Publishers Ltd.

Sakabe, N. (1991). Nucl. Instrum Methods Phy. Res. A, 303, 448—
463.

Voragen, A. G. J. & Pilnik, W. (1989). Biocatalysis in Agricultural
Biotechnology, edited by J. R. Whitaker & P. Sonnet, ACS
Symposium Series, Vol. 389, pp. 93-115. Washington DC:
American Chemical Society.

Wattad, C., Dinoor, A. & Prusky, D. (1994). Mol. Plant-Microbe
Interact. 7, 293-297.

Whitaker, J. R. (1990). Food Biotechnol. 4(2), 669—697.

Wing, R. A., Yamaguchi, J., Larabell, S. K., Ursin, V. M. &
McCormick, S. (1990). Plant Mol. Biol. 14(1), 17-28.

Yoder, M. D., Keen, N, T. & Jumak, F. (1993). Science, 260. 1503~
1507.



