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To purify pectate lyase produced by Erwinia carotovora subsp. carotovora, we used the supernatant from
48-h-old cultures grown in broth containing sodium polypectate and yeast extract. The supernatant was

combined with the enzyme substrates sodium polypectate and polygalacturonic acid, which were then
precipitated with CaC12. After the precipitate was washed, pectate lyase was eluted with 1.0 M NaCl.

Pectate lyase is one of the pectolytic extracellular en-
zymes ofErwinia carotovora subsp. carotovora, a bacterium
that causes soft-rotting of many plant species. This enzyme
is an important component of the organism's degradative
capability. It cleaves polygalacturonic acid in a trans-
eliminative manner to yield 4-deoxy-5-oxo-D-glucuronate
(4). Recently, there has been much interest in pectate lyase
as a virulence determinant of pectolytic Erwinia spp. Several
research groups have cloned the pectate lyase genes from E.
carotovora subsp. carotovora into Escherichia coli (5, 9, 11).

Purification of pectate lyase is required for characteriza-
tion of the enzyme, determination of its specific activities,
preparation of specific antibodies, and the study of its role in
pathogenesis. Purification has usually been achieved by a
combination of ammonium sulfate precipitation, ultrafiltra-
tion, and ion-exchange chromatography (2, 4). We found
that the enzyme could be purified in a simple procedure by
taking advantage of its affinity for two substrates, sodium
polypectate and polygalacturonic acid.

Erwinia carotovora subsp. carotovora 567 serogroup XI
was grown in an enrichment medium (PYE) based on that of
Meneley and Stanghellini (6). The medium, adjusted to pH
7.5, contained the following (per liter): sodium polypectate,
2.0 g; yeast extract, 1.0 g; (NH4)2SO4, 1.0 g; K2HPO4, 1 g;
MgSO4 7H20, 0.3 g; and 0.03% phenol red. Cells were
grown in the medium in a shaking culture at 23°C for 48 h.
Bacterial cells were removed by centrifugation, and the pH
of the supernatant fluid was adjusted to 6.5, 7.0, or 8.5.
One gram of polygalacturonic acid (Pfaltz and Bauer,

Waterbury, Conn.) and 3.0 g of sodium polypectate (M.
Burger Enterprises, Madison, Wis.) were added slowly in a
stepwise manner to 600 ml of culture fluid while the original
pH of the supernatant was maintained by the addition of 5.0
M NaOH. Next, 10 ml of 1.0 M CaCl2 2H20 was added
dropwise, and the pH was again kept constant. The resulting
calcium-precipitated gel was filtered through Whatman no.
40 filter paper by vacuum with a Buchner funnel. The
precipitate that collected on the filter was then washed with
about 600 ml of a 0.1 M Tris hydrochloride buffer at the pH
of the supernatant and contained 0.1 M CaCI2 2H20. The
precipitate was then eluted with 50 ml of 0.05 M Tris
hydrochloride buffer (pH 6.8) containing 0.1 M CaCl2. 2H20
and 1.0 M NaCl; this was followed by a second elution with
0.05 M Tris hydrochloride buffer at pH 8.8 containing the
same salts. The two eluant fractions were kept separate and
were precipitated by the addition of solid ammonium sulfate
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to 35% saturation. These solutions were stirred for 25 min at
room temperature, during which white calcium precipitates
formed. The precipitates were collected on Whatman no. 1
filter paper and discarded. The cleared eluants were
reprecipitated by the addition of solid ammonium sulfate to
95% saturation, adjusted to pH 8.0 with 1.0 M NaOH, and
allowed to stand overnight at 4°C. The final precipitates were
harvested by filtration through Metricel GA-6 filters (0.45
pLm, pore size; Gelman Sciences, Inc., Ann Arbor, Mich.),
dissolved in 2.0 ml of 2 mM tetrasodium EDTA in 0.05 M
Tris hydrochloride buffer (pH 6.8), and dialyzed overnight
against the same buffer at 4°C. After dialysis the samples
were concentrated by ultrafiltration to a volume of 0.5 ml by
using Centricon-30 microconcentrators (Amicon Corp.,
Danvers, Mass.).

Concentrated preparations were analyzed by electropho-
resis on 12% polyacrylamide gels (80 by 100 mm) by the
method of Laemmli (3). Gels were stained with Coomassie
blue R250. Two major protein bands with molecular weights
of 43,000 and 42,000 were observed in the eluant at high pH
(Fig. 1). The same two bands were present at lower concen-
trations in the eluant at low pH. These proteins probably
correspond to the 44,000- and 41,000-dalton pectate lyases
from E. carotovora described by Lei et al. (4, 5). The initial
pH of the supernatant and wash buffer had little influence on
the result, suggesting that the binding to the substrate was
not an ion-exchange effect.

Pectate lyase activity was demonstrated in the eluant
preparations before ultrafiltration on polygalacturonic acid-
agarose composite gels prepared on glass microscope slides
essentially by the procedure of Ried and Collmer (7). The
elutants were diluted in 50 mM Tris hydrochloride (pH 8.5)
with 1.5 mM CaCl2 or 50 mM Tris hydrochloride (pH 8.5)
with 10 mM EDTA and spotted directly on composite gels
prepared with an identical buffer composition. After 1 h of
incubation, the gels were stained by immersion in 0.05%
ruthenium red for 20 min. Enzyme activity was detected in
the presence but not in the absence of Ca2 , which indicated
pectate lyase activity (Fig. 2). In addition, the preparations
were also tested for hydrolytic pectic enzyme activity by
using 100 mM phosphate buffer (pH 6.5) with 10 mM EDTA
(7), but no activity was detected. However, polyga-
lacturonase has been detected in E. carotovora previously
(8, 9), and we detected low levels of this enzyme in 48-h-old
culture supernatants.

Purified enzyme preparations were also assayed for pect-
ate lyase activity by the standard procedure in which sub-
strate accumulation is measured spectrophotometrically at
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FIG. 1. Sodium dodecyl sulfate-polacrylamide gel of pectate
lyase purified from a 48-h-old culture supernatant as described in the
text. Lanes 2 and 3 were loaded 'With the pH 6.8 and pH 8.8 elutions
from the polygalacturonic acid-sodium polypectate gel, respec-
tively. Lanes 1 and 4 were loaded with low-molecular-weight protein
standards (Bio-Rad Laboratories, Richmond, Calif.). Sizes (in thou-
sands) of protein standards are indicated on the left.

235 nm as a function of time (10). Since no difference in the
protein profile of both eluant fractions was detected by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
they were combined and precipitated as described above.
The precipitate was dissolved in 2.0 ml of 50 mM Tris
hydrochloride (pH 6.8) plus 2 mM tetrasodium EDTA and
dialyzed as described above. Pectate lyase activity was
about 100 times greater in the purified preparation than in the
culture supernatant (Table 1).
The enzyme yield was about two-thirds of the total en-

zyme found in the supernatant of cultured cells (Table 1).
The remaining one-third of the enzyme activity was found in
the supernatant fraction which did not bind to the precipi-
tated substrates. The elution of enzyme from substrate was
based on the sensitivity of pectate lyase binding to substrate
at high salt concentrations. These elution conditions made it
difficult to provide accurate data on enzyme activity at
several points in the purification procedure. Nevertheless, as
shown by the percent yield (Table 1), all enzyme activity
from the original supernatant was accounted for in the

1 2 3 4 5
FIG. 2. Activity assay for pectate lyase on polygalacturonic

acid-agarose composite gels. Spots 1, 2, and 5 were loaded with 2 ,ul
of concentrated, purified pectate lyase. Spot 3 was loaded with 20 ,1
of a 48-h-old culture supernatant. Spot 4 was loaded with 10 p.1 of
sterile growth medium.

TABLE 1. Specific activity of pectate lyase in culture
supernatant and purified enzyme preparation from

E. carotovora subsp. carotovora 567

Vol Concna Total Proteinb Yield Sp Purifi-
Fraction (ml) (U/ml) units (mg/ml) (%) act cation

Supernatant 600 0.08 48 0.08 100 1 1
Combined eluants 2 16 32 0.15 67 106.6 106.6
Supernatant not Ca2+ 612 0.027 16.5 0.07 34 0.38 0.38

precipitated
a (A235 per min) x dilution factor.
b Determined by the Coomassie blue binding assay.

combined eluants and supernatant fraction not bound to
precipitated substrate. This suggested negligible intermedi-
ate losses.
To recover the lost 34% of enzyme would involve exten-

sive dialysis followed by recycling through the same purifi-
cation protocol. In practice, this would negate the attractive-
ness of the procedure. The amount of enzyme bound to
precipitated substrate versus enzyme in solution probably
reflects the solubility and dissociation constant of the pectate
lyase-substrate complex under the experimental conditions
stated.

Slight modifications in the procedure may result in the
purification of other pectin-degrading enzymes. For exam-
ple, 72-h-old culture supernatants subject to this purification
protocol resulted in the detection of four major protein bands
(Fig. 3A). In addition to the two proteins isolated pre-
viously, larger (55,000 daltons) and smaller (40,000 daltons)
molecular weight proteins were detected. The larger-
molecular-weight protein was also detected in 48-h-old cul-
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FIG. 3. Sodium dodecyl sulfate-polyacrylamide gels of pectate
lyase purified from a 72-h-old culture supernatant (A) and from a
48-h-old culture supernatant in which 0.1% polygalacturonic acid
had been added to the growth medium (B). Lane 1 in gel A and lane
2 in gel B were loaded with the pH 6.8 elutions; lane 2 in gel A and
lane 1 in gel B were loaded with the pH 8.8 elutions. Lane 3 on both
gels was loaded with low-molecular-weight protein standards (as in
Fig. 1).
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ture supernatants when the cells were grown in PYE medium
supplemented with 0.1% polygalacturonic acid (Pfaltz and
Bauer) (Fig. 3B). In addition to pectate lyase, this sample
(Fig. 3B) contained pectolytic enzyme activity at pH 5.2 in
the presence of 10 mM disodium EDTA, as determined by
using the standard thiobarbituric acid assay of Ayers et al.
(1). The A510 maximum obtained in this assay suggests that
the enzyme in this sample was probably polygalacturonase.
Both pectate lyase and polygalacturonate are two of a

wide variety of pectolytic enzymes produced by Erwinia
spp. The simple, rapid procedure for purifying pectate lyase
and possibly other pectolytic enzymes fromn Erwinia spp.
will be useful for further studies on these enzymes and
clarification of their roles in pathogenesis. Moreover, dif-
ferent strains of soft-rotting Erwinia spp. can now be readily
compared with regard to their pectic enzyme composition.
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