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ABSTRACT

Eshel, D., Ben-Arie, R., Dinoor, A., and Prusky, D. 2000. Resistance of
gibberellin-treated persimmon fruit to Alternaria alternata arises from
the reduced ability of the fungus to produce endo-1,4-β-glucanase. Phy-
topathology 90:1256-1262.

Black-spot symptoms, caused by Alternaria alternata, developed in
persimmon fruits during prolonged storage at –1°C. A preharvest treat-
ment with gibberellic acid (GA3) extended the storage life of the fruit by
delaying both black-spot development and fruit softening. Conversely,
treatment of persimmon fruits with paclobutrazol (PBZ), an inhibitor of
gibberellin (GA) synthesis, enhanced black-spot development and fruit
softening during storage. Production of endo-1,4-β-glucanase (EC
3.2.1.4, EG) by A. alternata in culture and in the presence of cell walls
from PBZ-treated fruits as the carbon source, was enhanced by 150%
over production in the presence of cell walls from control fruits, whereas
endoglucanase (EG) production in the presence of cell walls from GA3-

treated fruits was reduced by 49% relative to controls. To determine the
importance of EG in symptom development, A. alternata EG was
purified from a culture-inducing medium. It had a molecular mass of
41 kDa, its optimal pH and temperature for activity were 5.5 and 47°C,
respectively, and the pI was 4.3. Its Km and Vmax were 0.43 mg ml–1 and
18 µmol reducing groups minute per milligrams of protein, respectively.
The internal sequence of a 21-mer amino acid peptide from the puri-
fied EG showed 62% similarity and 38% identity to the EG-1 of
Trichoderma reesei and of T. longibrachiatum. Purified EG induced
black-spot symptoms on the fruit, similar to those caused by A.
alternata, whereas boiled enzyme caused only pricking signs. Our results
suggest that the black-spot symptoms caused by A. alternata, in per-
simmon, are related to the ability of the fungus to produce EG in de-
veloping lesions.

Additional keywords: postharvest diseases, quiescent infection.

Alternaria alternata (Fr) Keissl. is the causal agent of black
spot disease (BSD) in persimmon (Diospyros kaki L.) (22). Spores
of A. alternata land on the fruit’s surface and penetrate either di-
rectly or via wounds. Direct penetration may occur throughout the
growing season and appears to be dependent on the relative hu-
midity (RH) prevailing in the orchard. The infection remains qui-
escent until the fruit is harvested and only begins to develop
slowly during cold storage. Wound penetration may occur through
small wounds caused during harvest, but the point of entry is pre-
dominantly through small cracks around and beneath the calyx
caused by significant fruit growth during the final period of devel-
opment. Symptoms prior to harvest are observed beneath the calyx
under exceptional environmental conditions, when high RH or
heavy rains occur in the last month before harvest.

The symptoms after harvest initiate as small black dots and de-
velop into a superficial black, dry rot. The incubation period is
long, typically lasting 10 weeks in storage at –1°C. A single
treatment of gibberellin acid (GA3) (50 µg ml–1), applied 10 days
before harvest, effectively reduces decay development (20). Perez
et al. (20) suggested that the GA3 effect results from the persistent
erect position of the calyx, which reduces localized accumulation
of free water on the fruit and consequently prevents fungal devel-
opment. However, because GA3-treated fruits were also relatively
resistant to the disease following direct inoculation, it was sug-

gested that other factors might also be affecting fungal develop-
ment in infected fruit. GA3 inhibits fruit softening during storage
(4), whereas paclobutrazol (PBZ), an inhibitor of GA synthesis,
induces early fruit ripening and enhanced fruit softening. PBZ-
treated fruits also show a higher incidence of decay, thereby short-
ening their storage potential (6).

Ben Arie et al. (5) suggested that GA3 treatment increases cel-
lulose content in the cell walls of persimmon fruit. In the present
work, we tested the hypothesis that GA3 treatment affects the pro-
duction of A. alternata cell-wall-degrading enzymes (CWDE),
mainly endoglucanase (EG). Our results suggest that the resis-
tance of GA3-treated persimmons arises from the reduced ability
of the fungus to produce an EG capable of digesting the cell walls
of the treated fruits during colonization.

MATERIALS AND METHODS

Fruit, fungal isolates, and inoculation procedures. Persim-
mon fruits (D. kaki), showing black spot symptoms, were used for
the isolation of A. alternata. Following external disinfection of the
fruits with 90% ethanol, small slices of peel with black spots were
further disinfected with 0.5% NaOCl for 2 min and incubated on
potato dextrose agar (PDA) at 25°C. Single-spore cultures were
used for fruit inoculation. Conidia were harvested by adding a
small amount of sterile distilled water and gently rubbing the
sporulating mycelial mat with a bent glass rod. Spore concentra-
tion was quantified with a hemacytometer, and 10 µl of the con-
idial suspension containing 5 × 103 spores was used for fruit in-
oculation. The fruit was pricked four times at each inoculation site
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with a sterile needle to a depth of 1 to 2 mm. The inoculated fruits
were incubated in a moist chamber at 20°C.

Fruit harvesting and assessment of BSD, fruit color, and
fruit firmness during storage. For experiments with naturally
infected fruits, persimmons were harvested when their color began
to change from pale green to light orange. Fruits were usually
harvested in a range of colors on the same day and segregated for
storage according to their color. Field experiments to evaluate
treatment on naturally infected fruits were carried out in a ran-
domized block design with four replications. Each replication was
composed of four trees in a row, and fruits were sampled only
from the middle two trees. Each field experiment was conducted
three times, over two consecutive seasons, in different orchards.

For storage experiments, 30 fruits per replicate were stored
at –1°C. After 6 months, the area covered by BSD was estimated
by comparison with a diagrammatic scale depicting different
areas covered by the disease. The main disease-infected area
was around and beneath the calyx. Fruit firmness was evaluated
by response to hand pressure, based on an index of 0 (hard) to 4
(very soft). Fruit color was measured with a chromameter (CR-
200, Minolta, Osaka, Japan). The three color groups (green,
green-orange, and orange) represented three stages of ripening,
characterized by chlorophyll degradation and carotenoid biosyn-
thesis (11).

For experiments with artificially inoculated fruits, persimmons
were harvested when their color was light orange. Treatments
were carried out in a randomized block design with four replica-
tions. Each replication was composed of four trees in a row, and
fruits were sampled only from the middle two trees. One hundred
fruits were harvested from each treatment. Fruits were sorted and
30 were used for inoculation at four points of the upper face of the
fruit as already described. The fruits not used for inoculation were
used for cell wall preparation (described below). Each field ex-
periment that provided fruit for artificial inoculation was con-
ducted three times, over two consecutive seasons, in the same
orchards as those used for naturally infected fruit experiments.

Growth regulators. GA3 (Fine Agrochemicals, Whittington,
England, 4% active ingredient [a.i.]) was applied in the orchard
with a hand-operated spray gun at a pressure of 20 kg cm–2. One
spray of GA3 at concentrations of 50, 100, or 200 µg ml–1 was
applied, and each tree was sprayed with 7 to 8 liters of spray mix.
Treatments were applied 10 days before harvest in three orchards
in the coastal plain of Israel, where BSD is most prevalent. Two
liters of 250 µg ml–1 of PBZ (Cultar, Machteshim, Israel, 25%,
wt/vol a.i.), was applied to the soil around each tree at fruit set.

Persimmon cell wall preparation. Cell walls were prepared,
in principle, according to Harborne (12). Flesh (mesocarp; 300 g)
was ground in 350 ml of acid-methanol (4% HCl, vol/vol) and
filtered through Whatman No. 1 filter paper (Whatman, Maid-
stone, England). The residue was collected from the filter paper
and blended again twice in a similar amount of methanol until no
phenols could be detected in the filtrate. Phenols were checked by
adding 1 ml of a 5% solution of FeCl3 (Sigma Chemical Co., St.
Louis) to 4-ml samples of the filtrate; black color indicated their
presence (9). The residue was blended with 200 ml of cold ace-
tone three times and air-dried overnight before weighing. The air-
dried residue was kept at –20°C until used as a carbon source in
the liquid media.

Extraction of EG from liquid culture. A. alternata was grown
in 1-liter flasks, each containing 400 ml of EG-inducing medium
(EIM). The EIM was based on the medium described by Mandels
and Weber (18) and contained (gram liter–1 in distilled water):
Avicel (Fluka, Neu-Ulm, Switzerland), 10; proteose peptone
(Difco Laboratories, Detroit), 0.5; Tween 80, 0.2; urea, 0.3;
KH2PO4, 2.0; (NH4)2SO4, 1.4; MgSO4·7H2O, 0.3; CaCl2, 0.3;
FeSO4, 0.005; ZnSO4·7H2O, 0.0014; CoCl2, 0.002; MnSO4,
0.0016. The medium was autoclaved at 121°C for 15 min, and the
pH was adjusted to 3.8 with 1 M H3PO4.

A. alternata was also grown using a cell wall preparation of
untreated, GA- and PBZ-treated persimmon fruits. The cell wall
preparation was added to the EIM instead of the Avicel substrate
as an inducing substrate. Each flask was inoculated with 4 ×
107 spores and incubated on an orbital shaker (160 rpm) at 22°C
for 10 days. The effect of different cell wall source or Avicel on
fungal growth rate of Alternaria was determined first by vacuum-
filtering through a glass microfiber filter (GF/C, Whatman) and
storing the mycelia at 105°C for 48 h and weighing the mycelia.

Purification of EG and characterization. The culture medium
was vacuum-filtered through a glass microfiber filter concentrated
by lyophilization, and the powder was dissolved in 400 ml of dis-
tilled water and differentially precipitated with 90% ammonium
sulfate. The ammonium sulfate-precipitated protein was dissolved
in 20 ml of 0.2 M acetate buffer (pH 3.5) and dialyzed extensively
at 4°C, against three changes of 5 liters of the same buffer every
4 h. The dialyzed solution was concentrated by Centriprep 10
(Amicon, Beverly, MA) to a volume of 10 ml and applied to a
column (15 × 3 cm) of Amberlite CG-50 (Aldrich, Milwaukee,
WI), previously equilibrated with the same acetate buffer as that
used for dialysis. The enzyme was eluted stepwise with three col-
umn volumes of three concentrations of acetate buffer (first step =
0.2 M, pH 3.5; second step = 0.3 M, pH 4.5; and third step = 0.4 M,
pH 5.5) and 10-ml fractions were collected. EG-active fractions,
eluted with 0.4 M acetate buffer, were desalted by dialysis against
water and concentrated by Centriprep 10. To further purify the
active fraction, the dialyzed solution was subjected to preparative
isoelectric focusing (IEF) by a column with 1% carrier am-
pholytes (LKB 8100-1, Bio-Rad Laboratories, Hercules, CA). The
sample was applied to a 50 to 5% (wt/vol) linear sucrose gradient
and electrophoresed at a constant power of 7 W at 4°C and a final
2,000 to 2,500 V for 16 h. The pH, absorbance at 280 nm, and
enzyme activity were measured in 2-ml fractions. The active frac-
tions were pooled and dialyzed against 0.05 M acetate buffer
(pH 5.5) and subsequently the volume was adjusted to 4.5 ml.

To determine the optimal temperature, enzyme activities were
measured as described earlier during 1-h exposure to various tem-
peratures. To assess thermal stability, the enzymes were treated at
various temperatures for 30 min at pH 5.5 without substrate, after
which activities were measured. Optimal pH was determined in
the presence of acetate buffer at pH 3.5 to 7.5 and Tris-HCl buffer
at pH values above 7.5. The Km and Vmax of the purified enzyme
were calculated from a Lineweaver-Burk plot, based on the re-
ducing-group assays.

EG assays. EG activity was assayed spectrophotometrically by
measuring the release of reducing sugar from sodium carboxy-
methylcellulose (CMC; Sigma). The method was based on that of
Somogyi (26) and Nelson (19). The reaction mixture contained
0.3 ml of 0.5% CMC dissolved in 0.1 M acetate buffer (pH 5.5)
and 0.1 ml of enzyme solution. At different periods during incu-
bation at 37°C, the reaction was stopped and the product was
analyzed by measuring the optical density at 660 nm. One unit of
enzyme activity was defined as the amount of enzyme hydrolyz-
ing 0.5% CMC to produce reducing sugar equivalent to 1 µmol D-
glucose per minute under standard assay conditions. Specific ac-
tivity was expressed as units per milligram of protein as measured
by a dye-binding assay (Bio-Rad), with crystalline bovine serum
albumin as the reference standard.

To localize the enzyme in different fractions during its purifica-
tion, EG was also assayed by the cup-plate diffusion assay (16).
Plates were prepared by dissolving 0.5% CMC and 1.5% agar in
0.1 M citrate phosphate buffer (pH 5.5), under constant stirring
and heating. A siliconized cup-former (5-mm diameter) was dipped
in the agar medium, creating cups with volumes of ≈20 µl. These
cups were filled with 20 µl of the test solutions and incubated for
≈16 h at 37°C. For visualization of hydrolysis, the plates were
first flooded with a 0.1% aqueous solution of Congo red (Sigma)
for at least 30 min, and an additional 10-min rinse with 1 M NaCl.
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Sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
IEF gel, and activity gel. Two parts purified enzyme was mixed
with one part loading buffer (150 mM Tris-HCl (pH 6.8); 2% so-
dium dodecyl sulfate [SDS]; 3% Bromophenol blue [Sigma]; and
30% glycerol) and analyzed by SDS polyacrylamide gel electro-
phoresis (PAGE) using a 10% acrylamide resolving gel (25). The
gel was divided and one half was stained to detect protein with
0.1% Coomassie brilliant blue R-250 in 10% acetate and 50%
methanol for less than an hour. The other half was used to detect
activity by incubating the gel in a plastic plate over a 1- to 2-mm
layer of 0.5% CMC and 1.5% agar in 0.1 M citrate phosphate
buffer (pH 5.5) for ≈30 min at 47°C. For visualization of substrate
hydrolysis, the plate was first flooded with a 0.1% aqueous solu-
tion of Congo red for at least 30 min, and an additional 10-min
rinse with 1 M NaCl.

The molecular mass of EG was estimated by comparison with
Kaleidoscope Prestained Standards (Bio-Rad) containing: myosin,
200 kDa; β-galactosidase, 118 kDa; bovine serum albumin,
75 kDa; carbonic anhydrase, 43 kDa; soybean trypsin inhibitor,
32.1 kDa; lysozyme, 17.8 kDa; and aprotinin, 7.2 kDa.

Crude or purified enzyme preparations were subjected to IEF
using vertical Pre-Cast IEF gels (Novex, San Diego) in a pH range
of 3 to 10. The gel was divided and half was fixed in 3.5%
(wt/vol) sulfosalicylic acid and 11.5% (wt/vol) trichloroacetic acid
(Sigma) in water for 30 min and then stained as described previ-
ously. The other half of the gel was used to detect activity
(described below). The pI was estimated by IEF markers 3 to 10
(Serva, Heidelberg, Germany) that contained: cytochrome c, pI
10.7; ribonuclease A, pI 9.5; lectins, pI 8.3, 8.0, and 7.8; myo-
globins, pI 7.4 and 6.9; carbonic anhydrase, pI 6.0; β-lactoglobu-

Fig. 2. Effect of preharvest gibberellic acid treatments (GA3, micrograms per
milliliter) on postharvest Alternaria alternata symptom development and
fruit firmness in inoculated persimmon fruits incubated at 20°C. A, Decay
diameter at inoculation site. B, Fruit softening index of 0 (hard) to 4 (very
soft). The trees were sprayed with GA3 10 days before harvest. Each point
represents the average of 480 inoculations (30 fruit × 4 inoculation points × 4
replications). Average values on each day after inoculation indicated by the
same letters are not significantly different according to one-way analysis of
variance at P < 0.05.

Fig. 1. Effect of preharvest gibberellic acid treatments (GA3, micrograms per
milliliter) on natural incidence of Alternaria alternata symptoms and fruit
firmness in persimmon fruits harvested at ripening (color) stages, after
6 months storage at –1°C. A, Decayed area of the fruit. B, Fruit softening
index of 0 (hard) to 4 (very soft). Trees were sprayed with GA3 10 days
before harvest. Each point represents the average of 120 fruits (30 fruit ×
4 replications). The effect of GA3 concentration on symptom development
was analyzed separately for each maturity stage (harvesting color). Within
each harvesting color, average values indicated by different letters differ
significantly (P < 0.05).

Fig. 3. Effect of orchard application of growth regulators on postharvest
development of Alternaria alternata symptoms and fruit firmness in
inoculated persimmon fruits incubated at 25°C. A, Decay diameter at
inoculation site. B, Fruit softening index of 0 (hard) to 4 (very soft).
Paclobutrazol (PBZ) was applied at fruit set to the soil around each tree.
Gibberellic acid (GA3; 50 µg ml–1) was applied 10 days before harvest. After
harvest, fruits were prick-inoculated as described in Material and Methods.
Each point represents the average of 480 inoculations (30 fruit × 4 inocu-
lation points × 4 replications). Average values on each day after inoculation
indicated by the same letters are not significantly different according to one-
way analysis of variance at P < 0.05.
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lins, pI 5.3 and 5.2; trypsin inhibitor, pI 4.5; glucose oxidase,
pI 4.2; and amyloglucosidase, pI 3.5.

Protein sequence determination. The purified EG was sub-
jected to SDS-PAGE and, following staining, the protein bands
were excised and sequenced at the Protein Research Center, De-
partment of Biology, Technion, Haifa, Israel. Sequences were
analyzed at the SWISS-PROT databank.

Treatment of persimmon fruits with purified EG. Fruits
were disinfected with 90% ethanol, left to dry, and pricked three
times at each inoculation site with a sterile needle to a depth of
1 to 2 mm. Enzyme solutions (5 U in 10 µl of H2O) were placed
on the wounded site and, for comparison, a 30-min boiled enzyme
solution was used as a control. Following enzyme treatment, the
fruits were covered with polyethylene bags to maintain high hu-
midity and held at 26°C for 2 days.

Statistical analyses. Each field experiment was conducted
three times. Separate analysis of each experiment showed homo-
geneous variances of the experimental error between the repeats.
Analysis of the data showed no significant interaction between the
treatments and the replicate experiments; only the effect of the
treatments (e.g., decay area and softening) is shown in the analy-
ses. The percentage of decay area was arcsine-transformed before
analysis. The effect of growth regulators was tested by one-way
analysis of variance. All analyses were performed with the SAS
program (SAS Institute, Cary, NC, release 6.04 for PC) at P < 0.05.

RESULTS

Effect of GA3 on BSD incidence and firmness of naturally
infected fruits during storage. The area of decay on naturally
infected fruits after 6 months of storage at –1°C increased from

12 to 23% with the change in fruit color at harvest from green to
orange (Fig. 1A). The decayed area was significantly reduced at
each color stage when fruits were sprayed with 50 µg ml–1 of GA3

prior to harvest, and the extent of that reduction increased with
increasing GA3 concentration to 200 µg ml–1. GA3 treatment at
concentrations of 100 and 200 µg ml–1 prevented fruit softening
almost completely during storage (Fig. 1B). For orange fruits,
only the highest GA3 treatment prevented loss of fruit firmness,
although treatment with 50 and 100 µg ml–1 significantly reduced
softening.

Effect of GA3 and PBZ on BSD and firmness of inoculated
fruits. GA3-treated fruits harvested at the orange stage, which were
prick-inoculated immediately after harvest and stored at 20°C, ex-
hibited a significant reduction in decay diameter and firmness loss
relative to untreated fruits (Fig. 2). The highest dose, 200 µg ml–1

did not reduce decay and fruit softening more significantly than
50 or 100 µg ml–1, for most measurements (Fig. 2). No effect on in
vitro fungal development was observed when A. alternata was
grown on PDA in the presence of GA3 at concentrations of up to
200 µg ml–1 (data not shown).

Preharvest treatments with PBZ enhanced BSD development in
harvested fruits by 30% in fruit that had been prick-inoculated,

Fig. 4. A, Activity assay and B, Carboxymethylcellulose (CMC) activity gel
of culture filtrate of endoglucanase (EG) produced by Alternaria alternata in
the presence of Avicel, persimmon cell walls extracted from untreated
(Control) and growth-regulators-treated fruits. Cell walls or Avicel were
added to the liquid media (1%, wt/vol) as described in Material and Methods.
Avicel was used as a positive control. Activity assay values represent the
average EG activities present in the supernatant of five different flasks 10 days
after inoculation. Experiments were repeated three times and the results
presented were obtained from one experiment. Similar results were obtained
in the other experiments. Average values indicated by the same letters are not
significantly different according to one-way analysis of variance at P < 0.05.
Activity gel of the concentrated culture filtrate: 5 µg of nonboiled total
protein per lane was electrophoresed at pH 8.8 on a 10% acrylamide gel. The
gel was blotted onto an agar-CMC plate for 30 min at 47°C. For visualization
of hydrolysis, the plates were flooded with a 0.1% aqueous solution of Congo
red for at least 30 min followed by an additional 10-min rinse with 1 M NaCl.

Fig. 6. Isoelectric focusing (IEF) of the active fraction collected from the
Amberlite ion-exchange column. A, IEF using ampholines in a pH range
from 3 to 10. B, IEF of the active fraction collected from A with a narrower
range of ampholines (pH 3 to 5).

Fig. 5. Elution profile of protein and endoglucanase activity on an Amberlite
CG-50 ion-exchange column. The column was eluted stepwise with three
acetate buffers: I = 0.2 M, pH 3.5; II = 0.3 M, pH 4.5; and III = 0.4 M, pH 5.5.
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whereas lesion areas on GA3-treated fruits were reduced by 60%
relative compared with untreated fruits (Fig. 3A). Treatment with
PBZ enhanced loss of fruit firmness in comparison with untreated
and GA3-treated fruits (Fig. 3B).

EG production by A. alternata grown on Avicel and cell walls
of persimmon. A. alternata secreted EG when grown on EIM
containing Avicel as the sole carbon source. However, persimmon
cell walls were a better inducer of EG production than Avicel
(Fig. 4A). When A. alternata was grown on EIM containing cell
walls from PBZ-treated fruits, EG production was enhanced by
150% over the control fruits. With cell walls from GA3-treated
fruits, EG production was reduced by 49% relative to the control
(Fig. 4A). EG activity in EIM containing fruit cell walls was the
result of one single band with the same molecular mass (41 kDa)
as the EG produced in EIM containing Avicel (Fig. 4B). EG
activity and hyphae mass produced by A. alternata in EIM
containing Avicel amended with up to 200 µg ml–1 of GA3 was not
affected (data not shown).

Purification and characterization of EG. Maximum EG ac-
tivity in EIM containing Avicel was reached ≈16 days after in-
oculation (data not shown). The pH of the culture filtrate at 16 days
was 6.4. Most of the EG activity in the culture filtrate precipitated
out in 90% ammonium sulfate (Table 1). The EG eluted from

Amberlite (Fig. 5) was first purified by IEF in pH range 3 to 10
(Fig. 6A), and the active fractions further subjected to a second
IEF column, with a narrower range of ampholines (pH 3 to 5)
(Fig. 6B). Finally, EG was purified 35-fold with a 39% yield
(Table 1).

The purified EG, produced in the presence of Avicel, was ana-
lyzed by 10% SDS-PAGE and estimated to have a molecular mass
of 41 kDa (Fig. 7). The pI determined by IEF column was ap-
proximately 4.3 (Fig. 6A and B), and this value was also con-
firmed by IEF activity gel (data not shown). The optimum pH for
activity was 5.5 (Fig. 8B), the optimum temperature was 47°C,
and thermal stability was completely lost at 62°C (Fig. 8A). The
A. alternata EG showed Michaelis-Menten kinetics for CMC as a
substrate. The Km value of the isolated EG was approximately
0.43 mg ml–1 of CMC, and its Vmax was 1.8 × 10–2 mmol reducing
groups minute per milligram of protein.

The purified EG was subjected to trypsin digestion. A 21-mer
amino acid peptide had the following sequence: Ile-Gly-Pro-Glu-
Ile-Phe-Ser-Val-Asp-Thr-Ser-Ala-Val-Pro-Ala-X-Gln-Thr-Gly-
Phe-Phe. This sequence was compared by SWISS-PROT database
and exhibited 62% similarity and 38% identity to EG-1 of
Trichoderma reesei (SWISS-PROT accession no. Q12714) and T.
longibrachiatum (P07981).

Effect of purified EG from A. alternata on symptom forma-
tion in persimmon fruit. Purified EG placed on pricked fruit
mimicked the development of black spot symptoms developed on
infected fruit within 2 days (Fig. 9), whereas boiled enzyme only
produced pricking signs.

DISCUSSION

The most noticeable effect of preharvest GA3 treatment on
stored persimmon fruits was the prevention of BSD caused by A.
alternata. Maximal inhibition was obtained with a single treat-

TABLE 1. Purification of endoglucanase (EG) from culture filtrate of Alternaria alternata persimmon pathotype

Treatmenta Volume (ml) Total protein (mg) Total EG (unit) Specific activity (unit mg–1) Yield (%) Purification factor (fold)

Ammonium sulfate (90%) 50 24.2 38.0 1.6 100
Amberlite CG-50 130 3.3 31.8 7.3 83.7 4.7
First IEF pH 3–10 24 0.5 16.5 34.2 43.3 21.8
Second IEF pH 3–5 18 0.3b 14.8 54.8 38.9 34.9

a IEF = isoelectric focusing.
b The protein content of the final EG fraction isolated from 12 liters of culture filtrate was 0.3 mg with a specific activity of 54.8 unit mg–1.

Fig. 8. Effect of temperature and pH on purified endoglucanase activity. A,
Assays conducted during exposure to temperature (optimum) following 30-min
exposure (stability). B, Effect of pH.

Fig. 7. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and car-
boxymethylcellulose (CMC) activity gel of the purified endoglucanase from
Alternaria alternata. The enzyme (10 µg for protein detection, and 0.5 µg for
activity gel) was electrophoresed at pH 8.8 on a 10% acrylamide gel. One
half of the gel was stained with Coomassie brilliant blue R-250. The other
half was blotted on an agar-CMC plate for 30 min at 47°C. For visualization
of hydrolysis, the plates were flooded with a 0.1% aqueous solution of Congo
red for at least 30 min, followed by an additional 10-min rinse with 1 M NaCl.
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ment of 200 µg ml–1 of GA3 10 days before harvest, although with
most of the measurements there was no significant difference in
50, 100, and 200 µg ml–1 of GA3. Naturally infected fruits showed
a significant increase in the percentage of decay as the fruit color
changed from green to orange, in both untreated fruits and at all
GA3 doses tested, suggesting that fruit susceptibility to disease
increases with ripening. This is similar to reports obtained from
other fruits such as apricot, banana, mango, and avocado (21).
However, GA3-treated orange persimmon fruits naturally infested
or prick-inoculated with A. alternata exhibited the same reduced
susceptibility to BSD as green, untreated fruits, suggesting that
GA3 does not prevent decay development simply by affecting fruit
maturity, as reflected by color. To determine the mode of action of
GA3 on BSD, we first examined whether resistance in GA3-treated
fruits is determined by antifungal compounds. However, no cor-
relation was detected between the concentration of A. alternata
inhibitors in fruit tissue (peel or flesh) and GA3 treatment (D.
Eshel, R. Ben-Arie, A. Dinoor, and D. Prusky, unpublished data).

There is some evidence that the cell wall is one of the sites re-
sponsive to GA3’s effects in ripening fruit (5,13,17) and vegetative
tissue (14). GA3 delayed fruit softening at all stages of ripening
and the same trend was maintained in wounded and inoculated
persimmon fruits (4,15). Because cellulose microfibrils provide
the structure and support for all the components of plant cell walls
(7,10), the increase in cellulose would increase fruit firmness.
Ben-Arie et al. (5) suggested that the greater firmness of GA3-
treated fruits accounts for the 37% higher cellulose content in the
cell walls of the treated fruit. At the same time, Ben Arie et al. (5)
also found that fruit EG activity at harvest is very low in control
fruits and was undetectable in GA3-treated fruits (5). Both factors,
cellulose synthesis and hydrolytic activity, probably affect fruit
firmness as determined by GA3 treatment. Because PBZ inhibits
endogenous GA synthesis (23,27,29), it is not surprising that
treatment with PBZ at fruit set increased A. alternata symptom
development. Increased susceptibility may be the result of cell
wall weakening caused by a reduction in the amount or density of
cellulose and this could lead to enhanced degradation of cell walls
by fungal glucanases or CWDE (8).

There is very little evidence supporting the importance of EG
among the CWDE secreted by A. alternata (3). This is the first
report showing the relationship among EG production, BSD, and
the effect of GA3 on resistance of persimmon fruits. The first step
in testing this relationship was to purify and characterize A. alter-
nata EG and to show its involvement in BSD symptom formation.
When grown on commercial cellulose or persimmon cell walls, A.
alternata produced a single active EG with a molecular mass of
41 kDa, resembling that of Fusarium and Trichoderma EGs (28).
The pH optimum of the purified EG is 5.5, which is compatible
with other fungal EGs whose values range from 4.0 to 5.5. The pI
value of 4.3 is close to that of the Trichoderma EGs (28). When
the purified enzyme was placed on the pricked persimmon tissue,
it mimicked the development of black-spot symptoms caused by
the pathogen. It is still not clear how EG affects black-spot devel-
opment. It may be that EG causes cell necrosis as a result of cel-
lulose digestion that in turn activates an oxidative reaction (e.g.,
an increase in polyphenol oxidase activity [1,2]), or it might indi-
rectly elicit programmed cell death (24).

A second approach to determining the relationship between EG
production and A. alternata attack was to grow the fungus in the
presence of cell walls from resistant and susceptible fruits. EG
production was enhanced by 150% over control fruits when A.
alternata was grown on cell walls of PBZ-treated susceptible
fruits. In contrast, EG production in the presence of cell walls
from GA3-treated resistant fruits was reduced by 49% relative to
controls. The different levels of EG activity reflect the secretion of
a single EG of 41 kDa, suggesting that the different substrates
have an affect on the amount of EG production and not the ap-
pearance of new EG isozymes. Because GA3 added to the growth

medium did not affect EG production in vitro when A. alternata
was grown in the presence of different substrates, we can assume
that GA3 has no direct effect on the fungus and that its effect is
indirect, mainly on the cell-wall structure of the host.

The lesions mimicking black-spot symptoms elicited by the pu-
rified enzyme further indicate EG’s involvement in symptom de-
velopment caused by A. alternata. This traditional approach is,
however, not conclusive evidence for the involvement of EG in
virulence. Expression of EG’s in the infected tissue attacked by A.
alternata has been found (D. Eshel, R. Ben-Arie, A. Dinoor, and
D. Prusky, unpublished data). However, conclusive experiments
demonstrating the role of EG in symptom development will be
obtainable only when the gene is cloned and disrupted.
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