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Purification and Some Properties of Pectate Lyase from
Alkaliphilic Nocardiopsis sp. TOA-1

Shinji Mitsuiki,"** Hiroyoshi Eguchi,' Yoko Hara,' Masashi Sakai,’
Yasushi Moriyama,’ Masatoshi Goto® and Kensuke Furukawa’

'Department of Industrial Chemistry, Faculty of Engineering, Kyushu Sangyo University
(2-3-1, Matsukadai, Higashi-ku, Fukuoka 813—8503, Japan)
*Division of Bioresource and Bioenvironmental Sciences,
Department of Bioscience and Biotechnology, Kyushu University
(6—10—1, Hakozaki, Higashi-ku, Fukuoka 8128581, Japan)
*Fundamental Research Center, TOTO Ltd.
(2-8—1, Honson, Chigasaki, Kanagawa 253—8577, Japan)

An extracellular pectate lyase of alkaliphilic Nocardiopsis sp. TOA-1, designated NPLase, was
purified to homogeneity. The molecular mass of NPLase was estimated to be 54 kDa. Highest ac-
tivity of this enzyme was obtained at pH 10.0 and 40°C and the isoelectric point (pI) was 4.7.
NPLase was an endo type pectate lyase which degrades polygalacturonic acid in a random manner.

Pectate lyases play an important role in the de-
composition of plant residues and are widely dis-
tributed among soil microorganisms such as actino-
mycetes."” Some pectate lyases from Streptomyces
sp., ® from Thermonospora fusca,” and from
Amycolata sp.” have been isolated and character-
ized. However, there are no reports on pectinolytic
enzymes from alkaliphilic actinomycetes. We have
previously isolated an alkaliphilic actinomycetes
strain Nocardiopsis sp. TOA-1 that produces a va-
riety of alkaliphilic enzymes including pectinolytic
enzyme.” Here we report purification and some
properties of an extracellular pectate lyase from an
alkaliphilic Nocardiopsis strain.

Nocardiopsis sp. strain TOA-1 was originally
isolated from tile-joints of a bathroom.” Strain
TOA-1 was cultivated for 48 h at 30°C in an alka-
line pectin medium containing 0.5% pectin and
0.5% yeast extract in the presence of 1% Na,CO:.
The culture was carried out at 30°C with 200 rpm
agitation and 1 vvm airation in a 5L jar fermenter

* To whom correspondence should be addressed (mi-
tsuiki @ip.kyusan-u.ac.jp).

with 1% inoculum.

The NPLase was assayed as described by Ko-
bayashi.” The reaction mixture (3.0 mL in total)
contained 0.1 mL of diluted enzyme solution, 0.6
mL of 1.0% (w/v) polygalacturonic acid, 0.3 mL
of 0.5 M glycine-NaCl-NaOH buffer (pH 10.0),
0.18 mL of 10 mMm CaCl,, and 1.92 mL of distilled
water. The reaction was incubated at 30°C for 10
min and stopped by addition of 3.0 mL of 50 mM
HCL. The production of unsaturated oligogalact-
uronides was measured at 235 nm. One unit of en-
zymatic activity was defined as the amount of en-
zyme which forms 1 gmol of a product per min
with a molar extinction coefficient of 4600 m™'
cm ' The protein content was determined by the
Lowry method'’ using bovine serum albumin as a
standard.

The highest level of pectate lyase was reached
after 36 h of cultivation. The proteins of the cul-
ture broth were precipitated by adding (NH.).SO.
to get 80% saturation and the precipitate was dia-
lyzed against 20 mm Tris-HCI buffer plus 1 mMm
CaCl, (pH 8.0, buffer A), and used as the crude
enzyme. The crude enzyme solution containing
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Table 1. Summary of purification of NPLase.
Ste Volume Activity Protein Specific activity Recovery
p (mL) (U/mL) (mg) (U/mg-protein) (%)
Culture fluid 7000 0.5 5600 0.6 100
(NH4)2S04 190 15 292 9.8 81
Butyl-Toyopearl 34 48 18.5 88 47
DEAE-Toyopearl 33 350 7.8 148 33
Superdex 75 10.0 103 59 173 29

30% of (NH.).SO. was then applied to a column
of Butyl-Toyopearl 650M (¢$2.5 cmX10 cm) that
had been equilibrated with buffer A containing
30% of (NH4).SO.. After the column was washed
with the same buffer, proteins were eluted using a
300-mL gradient of 30% to 0% (NH.).SOs in
buffer A. Fractions containing the pectate lyase ac-
tivity were collected and dialyzed against buffer A.
The dialyzate was applied to a column of DEAE-
Toyopearl (¢1.0 cmX5.0 cm) that had been
equilibrated with buffer A. After the column was
washed with the same buffer, proteins were eluted
using a 100-mL gradient of 0 to 1 M NaCl in the
same buffer. Fractions containing the pectate lyase
activity were collected and applied to a Superdex
75 column (¢2.6 cmX60 cm) that had been
equilibrated with buffer A containing 0.15 M
NaCl. The enzyme thus obtained was used as a
purified NPLase.

SDS-PAGE was performed with 12% poly-
acrylamide.'”” The isoelectric point (p/) was deter-
mined using a mini IEF Cell (Bio-Rad) with 5%
(w/v) acrylamide gel and 0.5% (w/v) ampholine
(pH 3-10; Bio-Rad). Cytochrome c¢ (Oriental
yeast) was used as isoelectric point (p/) markers.
The N-terminal amino acids were determined by
using a protein sequencer (PPSQ-21, Shimadzu).

The purification of NPLase is summarized in
Table 1. NPLase was purified to homogeneity on
the criterion of SDS-PAGE (Fig. 1). A 288-fold
purification was obtained with a recovery of 29%.
The specific activity of NPLase toward polygalact-
uronic acid was determined to be 173 U/mg pro-
tein. The p/ was determined to be 4.7.

The optimal temperature of NPLase was 40°C
and optimal pH was 10.0 (Fig. 2A and 2C).
NPLase was stable in pH ranges from 8.0 to 11.0
when incubated at 30°C for 10 min (Fig. 2B).

Fig. 1. SDS-PAGE of the purified NPLase.

Lane 1, molecular mass marker proteins: phosphorylase
b, 94 kDa; bovine serum albumin, 67 kDa; ovalbumin, 43
kDa; carbonic anhydrorase, 30 kDa; trypsin inhibitor, 20.1
kDa. Lane 2, purified NPLase.

NPLase was found to be stable below 30°C when
incubated at various temperatures for 10 min
(Fig. 2D). In the presence of 1 mmM CaCl,, NPLase
became more stable in higher pH ranges (pH from
7.0 to 11.0) (Fig. 2B) and higher temperature at
40°C (Fig. 2D).

Pectate lyases are classified as either exo type or
endo type.” These two types of digestion are dif-
ferentiated by the rate of the decrease of substrate
viscosity relative to the product accumulation.
NPLase decreased the viscosity to 60% by cleav-
age of only 1.8% of the substrate bonds. This re-
sult suggests that NPLase is an endo type pectate
lyase.

The N-terminal 15 amino acid was determined
to be SDEPVGYASMNGGTT. The result of a
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Fig. 2. Effects of pH and temperature on the activity and stability of NPLase.

A: Effects of pH on enzyme activity. The enzymatic activity was assayed at 30°C and at the indicated pHs, 50 mM Tris-
HCI buffer (pH 8.0) and 50 mMm glycine-NaCl-NaOH buffer (pH 9.0-12.0). B: Effects of pHs on enzyme stability with
(O) or without (@) 1 mM CaCl.. The reaction mixtures were incubated for 10 min at 30°C and at the indicated pHs: pH
6.0 (50 mM phosphate buffer), pH 7.0 and 8.0 (50 mM Tris-HCl buffer) and pH 9.0-12.0 (50 mM glycine-NaCl-NaOH
buffer). C: Effect of temperature on enzyme activity. The enzymatic activity was assayed at temperatures from 30 to 55°C,
at pH 10.0. D: Effects of temperatures on enzyme stability with (O) or without (@) 1 mM CaCl. The enzyme in 20 mM

Tris-HCl buffer (pH 8.0) was incubated at temperatures from 25 to 50°C. After 10 min of incubation, the pectate lyase ac-
tivity was assayed at 30°C and pH 10.0.

Origin N-terminal amino acid sequence

NPLase S D E P \'% G Y A S M N G G T T 15

A. niger A T \'% S D A A F G Y A S L N G G T T 18
Fig. 3. Comparison of N-terminal amino acids of NPLase with pectate lyase from Aspergillus niger.

Identical amino acid residues are indicated by bold letters. Numbers of the sequence denote the position of the aligned
amino acid sequences.

FASTA search of this sequence showed highest

similarity (73%) within 15 amino acids to the N- NPLase in comparison with pectate lyases from
terminal sequences of the pectate lyase from As- various actinomycetes. The molecular mass of the
pergillus niger (accession no. AJ276331) (Fig. 3). NPLase (54 kDa) is similar to that of pectate lyase

Table 2 summarizes the general properties of
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Table 2. Comparison of NPLase with pectate lyases from other actinomycetes strains.

Molecular mass . Optimal temperature Cleavage

Pectate lyase source (kDa) pl/ Optimal pH o) pattern
Nocardiopsis sp. TOA-1 54 4.7 10.0 40 endo
S. nitrosporeus 41 4.6 10.0 50 endo
S. massasporeus 54 5.5 9.5 40 exo
Amycolata sp. 31 10.0 10.2 70 endo
Thermonospora fusca 55 4.1 10.4 60 endo

from T. fusca (55 kDa)” and S. massasporeus (54 (2002).

kDa).” The pI (4.7) is close to that of pectate ly-
ase from S. nitrosporeus (4.6).° The optimal pH of
NPLase (pH 10.0) was similar to that of pectate
lyases from other actinomycetes strains (pH 9.5—
10.5).>™ The relatively higher optimal pHs for pec-
tate lyases from other actinomycetes might be due
to the fact that glycosidic bonds of esterified D-
galacturonans can be split by a mechanism of 3-
elimination under alkaline conditions.”” Thus,
NPLase from alkaliphilic Nocardiopsis sp. TOA-1
exhibited intermediate properties of hitherto ana-
lyzed pectate lyases from various actinomycetes.
Gene cloning and further characterization of
NPLase are currently underway.
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