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ABSTRACT

Polygalacturonase (PG) production by Cerato-
cystis ubmi was more than 50 times greater on an
ethanol-insoluble fraction from green elm shoots
than on citrus pectin. Glucose (0.1 M) repressed
PG production by C. ulmi 80-999 on an ethanol-
insoluble fraction from green elm shoots and on
citrus pectin; while galacturonic acid (0.05 M) re-
guged PG production 70-85%. Phytopathology 61:
45-746.

Pectic enzymes have been suggested to be important
in pathogenesis by vascular wilt fungi (2). Beckman
(1) reported that Ceratocystis ulmi (Buis.) produces
a pectin depolymerase; while Husain & Dimond (3)
reported that C. wlmi produces a polygalacturonase
(PG). The characteristics of the C. wlmi pectic en-
zymes reported by Beckman (1) and Husain & Dimond
(3) indicate that they were probably working with an
endopolygalacturonase. Our studies also indicate that
C. ulmi produces mostly an endopolygalacturonase in
the culture media we used (unpublished data). For
example, supernatants of C. ulmi cultures cause a rapid
decrease in viscosity of sodium polypectate solutions
and a slow liberation of reducing groups. Thus, the
hydrolysis of sodium polypectate is of a random na-
ture. In addition, we detected galacturonic acid as a
reaction product. We have not detected any polygalac-
turonate #rams-eliminase in culture supernatants of C.
ubmi. Husain & Dimond (3) reported that C. ulmi
produced more PG on autoclaved elm twigs than on
citrus pectin, but in both cases the PG produced was
considerably less than was reported for Fusarium oxy-
sporum f. sp. lycopersici. Recent studies suggest that
most of the vessel blockage causing the wilting of elm
leaves may occur in green elm shoots (4, 6, 7). There-
fore, we studied PG production by C. wlmi on a me-
dium containing an ethanol-insoluble fraction from
green elm shoots (elm preparation) compared to that
on a citrus pectin medium. This paper also reports on
the effect of glucose (0.1 M) and galacturonic acid
(0.05 M) on PG production by C. ulmi.

PG was obtained by growing C. ulmi in shake cul-
ture on a pectin-asparagine-salts medium, adjusted to
a pH of 3.5 with lactic acid after autoclaving. The
medium contained 0.159, KH,PO,, 0.0019, FeCl;,
0.19, yeast extract, 0.29), L-asparagine and 19, of
either citrus pectin or an ethanol insoluble fraction
from green elm shoots. The elm preparation contained
about 0.15% pectin on a dry wt basis. Galacturonic
acid, previously adjusted to a pH of 3.5 with NaOH,
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and glucose were passed through a sterile Millipore fil-
ter (0.22 pu %= 0.02 ) (Millipore Corp., Bedford, Mass.)
prior to addition to the autoclaved medium. Citrus
pectin was purchased from Nutritional Biochemicals
Corp., Cleveland, Ohio.

The elm shoots (stripped of leaves), harvested in
mid-May from American elm (Ulmus americana L.)
trees 15 ft in height, were immediately frozen in poly-
ethylene bags with dry ice.

The ethanol-insoluble fraction from green elm shoots
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Fig. 1-2. 1) Polygalacturonase (PG) production by

Ceratocytis ulmi in a citrus pectin (19%)-asparagine salts
medium without sugar (control), with glucose (0.1 M), and
with galacturonic acid (0.05m); as a function of time.
2) PG production by C. ulmi in an elm preparation (1%)-
asparagine-salts medium without sugar (control), with
glucose (0.1 M), and with galacturonic acid (0.05 Mm); as

1,000
a function of time. PG activity is expressed as : .

t

where t equals min required for the relative viscosity of
the sodium polypectate reaction mixture to be reduced by
50%/mg dry wt of mycelium.
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was prepared as follows: the frozen tissue was chopped
into smaller sections with a knife, dropped into boiling
959% ethanol (3.7 ml/g fresh wt of tissue) and left to
stand in ethanol for 3 days at 22-24 C, filtered, resus-
pended in fresh 959 ethanol, and allowed to stand 1
day. After filtering, the shoots were dried in an oven
at 60 C and ground to pass a 60-mesh screen in a
Wiley mill.

Ceratocystis ulbmi was maintained on potato-dextrose
agar. A 1-ml aliquot containing mostly conidia was
transferred to a glucose-casamino acids medium (5).
Inoculum was prepared after 3 days of shake culture
on a Gyrotary (New Brunswick) shaker (212 cycles/
min) at 21-23 C by centrifuging and washing the re-
sulting cells with sterile deionized water. A 1-ml aliquot
of a spore suspension (1 X 108 cells/ml) was added
to 42ml of the pectin-asparagine-salts medium in a
250-ml flask. After incubation on a shaker, the con-
tents were centrifuged. The supernatants were dialyzed
overnight and assayed for PG activity according to a
standard viscometric assay with 19, sodium polypec-
tate as the substrate (5), except that a pH 5.5 citrate
buffer was used.

We have previously observed that C. ulmi produces
only 1-4 units of PG/mg dry wt of mycelium in a
casamino acids medium (5), with or without glucose,
containing 19, sodium polypectate (unpublished data).
PG production by C. ulmi on citrus pectin reached a
maximum of about 14 units compared to 1,000-1,300
units on the elm preparation (Fig. 1, 2). PG produc-
tion was similar for two different isolates of C. wulmi.
In addition, PG production was similar on elm shoot
media prepared from shoots collected in either 1969
or 1970,

Glucose (0.1 m) repressed PG synthesis more than
809% on citrus pectin and more than 98% on the elm
preparation (Fig. 1, 2). In the presence of galacturonic
acid (0.05 m), PG production by C. ulmi was reduced
at least 709 after 25-50hr of shake culture (Fig. 1,
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2). Glucose (0.1 M) and galacturonic acid (0.05 M) in-
cubated with the PG of C. ulmi for 2 hr had no effect
on its activity.

It appears that host pectin is a good inducer of PG
production by C. ulmi. Recent work suggests that most
of the vessel blockage causing the wilting of leaves
may occur in green shoots (4, 6, 7). The large amount
of PG produced by C. wulmi on the ethanol-insoluble
fraction from green elm shoots suggests that PG pro-
duction by C. ulmi might play a role in this vessel
blockage.

Since glucose represses PG production by C. ulmi,
the evaluation of nonmetabolized compounds related
to glucose as chemotherapeutants against Dutch elm
disease would seem worthwhile. Such studies might
provide information on the role of hydrolytic enzymes
in pathogenesis as well as lead to further means of
controlling plant diseases.
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