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ABSTRACT

Baker, C. J., McCormick, S. L., and Bateman, D. F. 1982. Effects of purified cutin esterase upon the permeability and mechanical strength of cutin

membranes. Phytopathology 72:420-423.

Cutin esterase was purified from 5-day-old cultures of Fusarium solanif.
sp. pisi grown on V-8 juice medium supplemented with 0.5% apple cutin.
Cutin membranes were prepared from skins of grape berries by dewaxing in
organic solvents followed by treatment with pectinase and cellulase. Intact
cutin membranes in the absence of cutin esterase failed to permit the
passage of glucose-U-""C between the cells of a double cell diffusion
apparatus, whereas in the presence of 3—4 units of cutin esterase (I unit of
enzyme at 25 C hydrolyzed 1 pmole of p-nitrophenyl acetate per minat pH

8.5), glucose as well as cutin esterase readily traversed the cutin membranes.
Cutin membranes exposed to cutin esterase for 72 hr permitted the passage
of three enzymes that degrade cell walls: 8-1,4-xylanase (mol wt 15,000),
endo-a-1,4-pectate lyase (mol wt 30,000), and a-L-arabinofuranosidase
(mol wt 60,000); such membranes were ruptured by a hydrostatic pressure
of 0-15 cm, whereas control membranes were ruptured by a hydrostatic
pressure of 48-107 cm.

The mechanism of fungal ingress through intact plant cuticles
has been a controversy for many years (7,14). Two hypotheses have
predominated: 1) cuticular penetration results from mechanical
force exerted by the pathogen, and 2) penetration is facilitated by
enzymatic digestion of the cuticle. The only continuous, covalently
linked structure in the plant cuticle appears to be the cutin
membrane (10). This membrane is regarded as the primary barrier
to microbial ingress through plant surfaces. Over the past two
decades much evidence has been obtained that indicates that a
broad range of plant pathogenic fungi can produce cutinolytic
enzymes (3,9,18,21). The objective of this study was to determine
the influence of a highly purified fungal cutin esterase upon the
permeability and mechanical strength of cutin membranes.

Fusarium solani f. sp. pisi was selected as the cutin esterase
source (18). Grape berries were selected as a source of relatively
uniform cutin membranes with few or no natural openings such as
stomata (17). The results reported in this article provide
experimental proof that cutin esterase drastically alters the
permeability of cutin membranes and destroys their mechanical
strength. The hypothesis favoring the involvement of enzymatic
mechanisms of fungal ingress is supported and a role for cutin
esterase in plant pathogenesis is indicated.

MATERIALS AND METHODS

Tritiated apple cutin, 8-1,4-xylanase, a-L-arabinofuranosidase,
and endo-a-1,4-pectate lyase were prepared as previously described
(2-5). p-Glucose-U-"*C  was purchased from Calatomic (Los
Angeles, CA 90054); p-nitrophenyl (PNP)-acetate, pectinase, and
cellulase were obtained from Sigma Chemical Co. (St. Louis, MO
63178); and Paraoxon (diethyl p-nitrophenyl phosphate) was
purchased from Chem Service (West Chester, PA 19380).

The diffusion cells (Fig. 1) used in this study were similar to the
one designed by Reed (19).

Enzyme assays. Esterase activity was assayed at 25 C in reaction
mixtures containing: 0.5 ml of 0.19% PNP-acetate in 0.01% Triton
X-100, 0.5 ml of 500 m M Tris-HCI buffer, pH 8.5, and sufficient
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enzyme plus water to give a 3.0-ml reaction mixture. Activity was
determined by measuring increase in absorbance at 400 nm in a
recording spectrophotometer. Initial reaction rates were corrected
against those of control reaction mixtures containing enzyme
inactivated bv autoclaving for | hr or enzyme preincubated for 10
min with | mM Paraoxon. A standard curve was prepared using
PNP. One unit of esterase activity was defined as the amount of
enzyme that hydrolyzed 1 umole of PNP-acetate per minute under
the above conditions.

During the purification of cutin esterase, cutinolytic activity was

CM

Fig. 1. Diffusion cell. CC = cell chamber, CM = cutin membrane, G =
gasket, M = magnetic stirring bar.



measured by determining the amount of ether-soluble radioactivity
released from 'H-apple cutin using procedures previously
described (3). Endo-a-1,4-pectate lyase, B-1,4-xylanase, and a-L-
arabinofuranosidase activities were measured as previously
described (2,4,5).

Purification of cutin esterase. This enzyme was purified from
culture filtrates of Fusarium solani (Mart.) Sacc. f. sp. pisi (F. R.
Jones) Snyd. and Hans. by a modification of the procedure of
Purdy and Kolattukudy (18). Culture filtrates were obtained from
6-day-old cultures grown in V-8 juice medium supplemented with
0.5% apple cutin (3).

Allsteps in the purification were carried out at4 C. Two liters of
culture filtrate were dialyzed against 10 m M Tris-HCI buffer, pH
8.5. Dialyzed culture filtrate was passed through a diethyl-
aminoethyl (DEAE)-Sephadex (A-25) column (2.5 cm diameter
X 40 ¢cm) equilibrated with 10 mM Tris-HCl buffer. Eluate from this
column contained the cutin esterase activity and was dialyzed
against 50 mM sodium citrate-10 m M potassium phosphate buffer,
pH 5.0. This dialysate was applied to a column (1.5 cm diameter
X 26 c¢cm) of SP-Sephadex (C-25) equilibrated with citrate-
phosphate buffer. The cutin esterase bound to this column and was
eluted witha 0200 m M NaCl gradient in 500 ml of buffer. Protein
content was measured by the method of Lowry et al (11). Enzyme
was stored in column eluate at —20 C for periods up to | yr without
significant loss in activity. The purified enzyme was subjected to
electrofocusing and gel electrophoresis by procedures previously
described (1,4).

Preparation of cutin membranes. Grape berries ( Vitis vinifera
var. calmeria) were hand-peeled and the skins washed with
methanol (100 ml of methanol per gram of skins) for 2hrat 27 Con
a rotary shaker. The methanol was decanted, and the skins were
washed with chloroform in a similar manner. The chloroform was
then decanted and the skins were shaken in acetone overnight.
Dewaxed skins were individually placed between two rubber
gaskets used in the diffusion cell, placed in a mixture of 0.5%
pectinase and 1.5% cellulase in 50 m M sodium acetate buffer (pH
4.5)and 0.02% sodium azide, and incubated for 24—48 hr at 25 C.
Afterincubation, any cellular debris remaining on the inner surface
of the skin (cutin membrane) was gently removed with tissue paper.
The prepared membranes were then thoroughly washed with
distilled water and inserted between the chambers of diffusion cells
for use in experiments.

Estimate of the permeability and mechanical strength of isolated
cutin membranes. Each chamber of the diffusion cell apparatus was
filled with 5.0 ml of 100 m M Tris-HCI buffer, pH 8.5, containing
0.02% sodium azide. The integrity of each membrane was tested
before use by checking its impermeability to radiolabeled glucose.
The radioactive glucose (0.1 xC) was placed in the chamber facing
the outer surface of the cutin membrane. After 18 hr of incubation
at 25 C, the radioactivity in 100-ul aliquots from both chambers of
the diffusion cell was determined with a scintillation counter (3).
Only membranes that failed to permit passage of radiolabeled

glucose in the above test were considered intact and used in
experiments.

Experiments to determine the effects of cutin esterase on cutin
membrane permeability involved the addition of 3-4 units of cutin
esterase to the chamber facing the outer surface of intact cutin
membranes. Radiolabeled glucose or other molecules (enzymes)
added to the chamber containing cutin esterase were assayed in
100-ul aliquots removed from both chambers after given periods of
incubation. In each experiment, six replicates were used for each
treatment, including six controls that contained inactivated
enzyme. The mechanical strength of cutin membranes after various
treatments was estimated by the amount of hydrostatic pressure
each could withstand before rupture. An open-ended glass tube (1.1
cm in diameter) was attached via a rubber stopper to the top of the
cell chamber facing the outer surface of the cutin membrane. This
tube was filled with water containing a blue dye at a rate of 30
cm/min, and the height of the water column achieved before
membrane rupture was recorded.

RESULTS

Cutin esterase purification. The cutin esterase activity in dialyzed
culture filtrate of F. solani f. sp. pisi failed to bind to
diethylaminoethyl-Sephadex, but considerable extraneous protein
was removed by passing the crude enzyme through a column of this
anion exchanger at pH 8.5. The partially purified enzyme was
retained by a column of SP-Sephadex and was eluted with a NaCl
gradient as two peaks designated SP-1and SP-2at 100and 130 mM
NaCl, respectively (Table 1). Both enzyme fractions exhibited a pH
optimum of about 8.5 for hydrolysis of apple cutin and were highly
resistant to heat. After autoclaving for 15 min, both preparations
retained 309% of their esterase activity.

Electrophoresis of SP-1 and SP-2 in low pH, 12%
polyacrylamide gels indicated that both fractions were highly
purified. Sodium dodecylsulfate-gel electrophoresis of these
fractions revealed that each contained one major and two minor
protein bands that migrated very close to each other, The estimated
molecular weight of the major polypeptide was about 15,000 for
each fraction. Upon isoelectric focusing of SP-1 and SP-2 in pH
7-11ampholytes, both preparations were seen to contain a mixture
of isozymes; those of SP-1 occurred at pH 7.5, 8.1, and 9.3, and
those of SP-2 occurred between pH 7.2 and 8.4 and at pH 8.9 and
9.6. All of these isozymes have been shown to release fatty acids
from apple cutin (1).

Effect of cutin esterase on cutin membrane permeability. The
purified cutin esterase isozymes in fraction SP-1 were used to
examine the effect of cutin esterase on the permeability of isolated
cutin membranes. When 3—4 units of cutin esterase were added to
the diffusion cell chamber exposing the exterior surface of cutin
membranes, radiolabeled glucose diffused from the chamber
containing the enzymes across the membrane into the opposite
chamber within 12 hr (Fig. 2). Equilibrium of radiolabeled glucose

TABLE 1. Purification of cutinase from culture filtrates of F. solanif. sp. pisi grown for 6 days on V-8 juice broth medium supplemented with 0.5% purified

apple cutin

*H-cutin assay P-Nitrophenyl (PNP)-acetate assay

Total Specific activity" Specific activity”
Volume protein (10° DPM/hr/ Recovery (mole/ min/ Recovery

Fraction (ml) (mg) mg of protein) (%) mg of protein) (%)
Culture filtrate 2,000 (10.6/ ml)® 100 (10.5/ml)° 100
Dialyzed culture filtrate 2,070 1,190 12.9 72 17.7 100
Diethylaminoethyl Sephadex void 2,052 213 55.4 55.7 91.1 92
Dialyzed diethylaminoethyl-

Sephadex void 1,996 179 46.7 39.5 76.8 65
SP-Sephadex 46 63 121.6 36.2 156.2 57

Peak 1 17 24 158.8 18.0 162.6 19

Peak 2 14 22 87.2 9.0 147.7 15

*Cutinase activity was assayed at 28 C by measuring ether-soluble radioactivity released from *H-cutin at pH 8.5 (3).
"Esterase activity was assayed at 25 C by spectrophotometrically (400 nm) measuring the rate of release of PNP in reaction mixtures containing 0.5 mlof 0.1%
PNP-acetate in 0.01% Triton X-100, 0.5 ml of 500 mM Tris buffer (pH 8.5), and sufficient amount of enzyme and water to bring the volume to 3 ml.

“Accurate protein measurements of culture filtrate could not be made.
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between the chambers was usually reached within 24-72 hr in the
presence of cutin esterase, whereas no radioactivity above
background could be detected in the opposite chamber of diffusion
cells when cutin membranes were exposed to heat-inactivated cutin
esterase or to cutin esterase in the presence of 1 mM Paraoxon.

The diffusion of cutin esterase itself across the cutin membranes
was examined. Esterase activity was usually detected in the
opposite chamber of diffusion cells containing active enzyme
within 12 hr. Esterase activity usually equilibrated between the
chambers within 72 hr.

In view of these results, experiments were conducted to
determine whether cutin membranes exposed to cutin esterase for
72 hr would permit the passage of three enzymes that degrade cell
walls. One to two units (2,4,5) each of B-1,4-xylanase (mol wt
15,000), endo-a-1,4-pectate lyase (mol wt 30,000), and a-L-
arabinofuranosidase (mol wt 60,000) was added to chambers of
diffusion cells facing the exterior surface of cutin membranes
treated with active or inactive cutin esterase. Cutin membranes
treated with inactive cutin esterase failed to permit the passage of
any of the cell wall degrading enzymes; membranes treated with
active cutin esterase permitted all three cell wall degrading enzymes
to diffuse across to the opposite chamber of the diffusion cells. In
fact, all three enzymes usually reached equilibrium in the chambers
of diffusion cells within a period of 12 hr.

Effect of cutin esterase on the mechanical strength of cutin
membranes. The hydrostatic pressure required to disrupt cutin
membranes in diffusion cells was estimated from the column height
of water necessary to cause physical disruption. Cutin membranes
exposed to 2-4 units of cutin esterase for 72 hr were ruptured by a
hydrostatic pressure between 0 and 15 cm, whereas membranes
exposed to inactive enzyme were ruptured by hydrostatic pressure
between 48 and 107 cm,

DISCUSSION

The cutin esterase fractions designated SP-1 and SP-2 purified
and characterized from the culture filtrate of F. solani f. sp. pisi in
this study appear to be comparable to cutinase I and cutinase II
described by Purdy and Kolattakudy (18). Grape skins were shown
to contain relatively uniform, thin (about 5 um thick) cutin
membranes free of pores that would permit the passage of small
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Fig. 2. The diffusion of glucose across isolated cutin membranes upon
exposure to cutin esterase. Radiolabeled glucose (0.2 uC) was added to the
diffusion cell chamber exposing the exterior surface of the cutin membrane.
Radioactivity in chambers exposed to exterior (0) and interior (®) sides of
the membrane was measured at intervals after exposure to active (—) or
inactive (---) cutin esterase.
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molecules such as glucose. Purified cutin esterase and isolated cutin
membranes were employed in experiments using double-
chambered diffusion cells to demonstrate that cutin esterase per se
is capable of altering cutin membranes so that both smalland large
molecules (enzymes) can readily transverse these membranes. The
action of cutin esterase on cutin membranes also drastically
reduced their mechanical strength. The demonstrated effects of
cutin esterase action on cutin membranes has significant
implications for a possible role for cutin esterase in fungal
penetration of intact plant surfaces and plant pathogenesis.

The weakening of the cutin membrane by cutinolytic enzymes
during fungal penetration of plant surfaces has long been implied
by those who support the enzymatic hypothesis of fungal ingress.
During the past two decades, numerous ultrastructural studies
have provided evidence to suggest that the cuticle is degraded
enzymatically during fungal penetration (8,13,16). Penetration
pegs from appressoria or other infection structures are not
necessarily cone-shaped as described by Brown and Harvey (7);
rather, the tips of infection pegs may be blunt or uneven and
withouta cell wall (8,13,16). For example, the penetration of barley
leaves by Erysiphe graminis f. sp. hordei reveals no evidence of
mechanical stress or force during cuticular penetration; instead, the
cuticle appears to be dissolved during penetration (8). Also, during
penetration of broadbean by Botrytis cinerea, infection pegs of the
pathogen pass through the cuticle without causing any indentation,
break, or tear (13).

A broad range of phytopathogenic fungi has been reported to
produce cutinolytic enzymes (1,3,9,18,21). A number of
investigators have provided evidence that cutin esterase is
produced by pathogens at penetration sites (12,13,15,20). The
results reported in this article demonstrate that cutin esterase can
alter the cutin membrane to the extent that its mechanical strength
is lost. Thus, cutin esterase action may be expected to facilitate
fungal ingress into plant tissue.

In the current study we demonstrated that cutin esterase action
permitted a number of plant cell wall degrading enzymes to traverse
cutin membranes. This indicates that the action of cutin esterase on
cutin membranes before fungal ingress could have significant
influence upon the early phases of pathogenesis. For example,
cutin esterase action on cutin membranes could facilitate the
passage of pectic enzymes, known to be toxic to plant tissues (6),
and of other fungal enzymes and metabolites into host tissue before
pathogen ingress.

The effects of cutin esterase on intact cutin membranes by
purified cutin esterase demonstrated in this study, coupled with the
histological and histochemical evidence in the literature concerning
the involvement of cutinolytic enzymes in fungal penetration of
plants, leaves little doubt that cutin digestion by cutin esterase or
other enyzmes is a significant factor in pathogen ingress and plant
pathogenesis.
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