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(57) Le procede de protection d’une recolte coupee
contre des pathogenes consiste a appliquer a la recolte
et a tout pathogene présent sur la récolte un compose
pouvant generer un agent de declenchement oligomere
actif dans la récolte ou dans le pathogene. Le compose
est appliqué avec un agent pénétrant qui aide a faire
rentrer le compose dans la couche cuticulaire de la
recolte coupce ou du pathogene. L’agent de

I*I Industrie Canada  Industry Canada

(57) A method 1s disclosed for protecting a harvested
crop Ifrom pathogens comprising applying to the
harvested crop and to any pathogen present thercon a
compound capable of generating an active oligomer
clicitor 1n the crop or the pathogen. The compound 1s
applied with a penetrating agent which aids 1n the entry
of the compound 1nto the cuticle layer of the harvested
crop or the pathogen. The elicitor 1s generated in the
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déclenchement est génere dans la reécolte ou le pathogene
en une quantit¢ efficace pour declencher la production
dans la récolte d’un agent anti-pathogénique. Lorsque
I’agent de declenchement est génere dans le pathogene
present sur la récolte coupee, 1’agent de déclenchement
est genere en quantite suffisante pour se transterer dans
la recolte, lequel transtert peut €tre aide par la présence
de 1’agent penctrant de maniere a produire les
phytoalexines désirées dans la reécolte coupee.
L mmvention concerne ¢galement une composition
comprenant le compose ci-dessus et un agent penetrant
pour le compose ainsi qu’une recolte coupee traitée avec
la composition ci-dessus.
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crop or the pathogen mn an amount effective to elicit
production 1n the crop of an anti-pathogenic agent. When
the elicitor 1s generated 1n a pathogen present on the
harvested crop, the elicitor 1s generated in sufficient
amount to transfer into the crop, which transfer may be
aided by the presence of said penetrating agent, in order
to produce the desired phytoalexins i the harvested
crop. Also disclosed 1s a composition comprising the
above compound and a penetrating agent for the
compound as well as a harvested crop treated with the
above composition.
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(54) Title: PROTECTION OF HARVESTED CROPS FROM PATHOGENS BY TREATMENT WITH ENZYMES

(57) Abstract

. A method is disclosed for protecting a harvested crop from pathogens comprising applying to the harvested crop and to
any pathogen present thereon a compound capable of generating an active oligomer elicitor in the crop or the pathogen. The com-
pound is applied with a penetrating agent which aids in the entry of the compound into the cuticle layer of the harvested crop or
the pathogen. The elicitor is generated in the crop or the pathogen in an amount effective to elicit production in the crop of an
anti-pathogenic agent. When the elicitor is generated in a pathogen present on the harvested crop, the elicitor is generated in suf-
ficient amount to transfer into the crop, which transfer may be aided by the presence of said penetrating agent, in order to pro-
duce the desired phytoalexins in the harvested crop. Also disclosed is a composition comprising the above compound and a pene-
trating agent for the compound as well as a harvested crop treated with the above composition.
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PROTECTION OF HARVESTED CROPS FROM PATHOGENS
BY TREATMENT WITH ENZYMES

FIELD OF THE INVENTTION
The present invention relates to preservation of
harvested foodstuffs and, more particularly, to a
method and composition for protecting a harvested crop
from pathogens utilizing the crop's own natural defense

5 system.

BACKGROUND OF THE INVENTION
The art has over the years developed innumerable

techniques for extending the shelf-life of perishable
foodstuffs such as fresh produce. Generally, the

10 approach taken has been to apply to the produce various -
synthetic and naturally derived preservative
compositions which prolong shelf-life without otherwise
deleteriously detracting from the appearance and the.
taste of the product. While many of such compositions

15 are effective, there has nonetheless been a growing
concern among consumers in the recent past as to the
potential harmful side effects of the chemical
presexrvatives. This,.in turn, has led to an increasing
interest among food vendors for compositions of natural

20 origin, which are far less likely to cause adverse side
effects and which woulé be more acceptable to the
growing number of concerned consumers.

As discussed by Albersheim et al.,
"Oligosaccharins", Scientific American volume 253(3)
25 September 1985, plants themselves are known to produce
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compounds which ‘ihcrease thelr resistance to pathogens.
More specifically, plants are now known to contain
regulatory molecules called oligosaccharins which, when
in active form, appear to deliver a message regulating
a partlcular plant function including defense against
disease as well as regulation of morphogenetic
pathways. Such oligosaccharins are fragments of the
cell wall which are released from the cell wall by
enzymes, there being different oligosaccharins released
by different enzymes. Once released, the
oligosaccharins, which appear to be highly specific,
are recognized by the plant and stimulate plant tissue
to synthesize antibiotics. The enzymes which cause the
release of the oligosaccharihs from the cell wall can
originate from an invading organism such as a fungus,
bacterium or virus ox from the cells of the plant

itself, such as when such cells have been damaged.

For example, as reported by Davis et al. in
"Host-Pathogen Interactions", Plant Physiology, Volume
74, pp. 52-60 (1984), it is known that plants, when

invaded by potentially pathogenic microorganisms, can

accumulate at the site of infection phytoalexins which
are antimicrobial compounds of low molecular welight.
Such phytoalexin accumulation is in fact induced by
oligosaccharins of microbial origin called elicitors.
Compounds which cause release of such oligosaccharin
elicitors from cell walls that have been isolated
include fungal cell wall glucans and several fungal
glycoproteins including a fungal endopolygalacturonase.
Elicitors, elg., pectic oligogalacturonides, have also
been released from soybean cell walls by acid
hydrolysis. Similar oligogalacturonide elicitors
solubilized from cell walls, called endogenous
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hydrolysis of the walls of suspension-cultured tobacco,

sycamore, and wheat cells and from citrus pectin.

It is further known that heat-labile elicitors can

be produced by E. caratovora grown on a defined medium

5  containing citrus pectin. These elicitors were
released using the enzymes a~1l,4-endopolygalacturonic
acid lyases (PL), which are pectin-degrading enzymes
that havé been shown to be secreted by many plant‘
pathogens. Evidence is also present to the effect that

10 release of oligosaccharides from the pectic polymers of
plant cell walls by the PL triggers the elicitation of
phytoalexin accumulation. This evidence further
suggests that the release of endogenous elicitors from
plant cell walls by pectin-degrading enzymes plays a

15 rcle in general plant disease resistance to

microorganisms.

It has further been reported by Davis et al, "Host
Pathogen Interactions XXXI" Plant Molecular Bioloqy,
Vol. 6, pp. 23-32 (1986) that phytoalexin accumulation

20 can be induced in vitro by abiotic and biotic
elicitors. Abiotic elicitors include detergents and
heavy metal salts, such as HgCl,. Biotic elicitors
include a variety of compounds isolated from
microorganisms and plant tissues. It was found that,

25 in the induction of phytoalexin accumulation in soybean
cotyledons, a hexa-B-glucosyl glucitol elicitor acts
synergistically with either the deca-a-1,4-D-
galacturonide elicitor or PGA lyase, an enzyme that
releases  the decagalacturonide from pectic

30 polysaccharides. Dilute organic-acid buffers were also
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found to enhance the elicitor activity of the
hexa-B-glucosyl glucitolé. |

It has also been shown that oligosaccharides
produced from fungal cell walls can elicit phytoalexin
and chitinase accumulation. Hadwiger, L.A., and
Beckman, J.M. "Chitosan as a Component of Pea Fusarium
the Smallest Chitosan Oligomer that is Maximally
Antifungal to Fusarium Solani and Elicits Pisatin
Formation in Pisum_Sativum" Exp. Mycol., 8: 276-281
(1984); Roby, D., Gadelle, A., and Toppan, A. "Chitin
Oligosaccharides as Elicitors of Chitinase Activity in
Melon Plants" Biochem. Biopys. Res. Comm. 143: 885-892
(1987). The active oligosaccharides include those of
chitin, a B-1l,4-linked polymer of N-acetyl glucosamine,
and chitosan, a closely related material composed of R-
l,4~1linked glucosamine residues. Both the phytoalexins
and chitinases elicited by these materials can be
antifungal. The B-glucah elicitors, which are aﬁong
the most potent biotic elicitors, have been
Characterized by Sharp, J., Valent, B., and Albersheim,
P. "pPurification and Partial Characterization of a
B-Glucan Fragment That Elicits Phytoalexin Accumulation
in Soybean” J. Biol. Chem. 259: 11312-11320 (1984) .

(See related Sharp et al.: J. Biol. Chem. 259;
11321-11326 and 11341-11345).

While the above-~described natural defenses elicited
on harvested crops by the presence of pathogenic agents
1s theoretically interesting, it is nonetheless a
practical reality that, by the time the cell material
of a harvested crop produces the much needed anti--
pathogenic agent, the growth of the pathogen has often

advanced to the point where such anti-pathogenic agents
are of little effect.
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While oligosaccharin elicitors have been applied to
plants in an attempt to "trick" a plant into producing
anti~pathogenic agents, i.e., by contacting such plants
with oligosaccharins, such attempts have succeeded only
where the oligosaccharins enter the plant through a
wound which, of course, makes the use of such
oligosaccharins impractical for use on a commercial
scale. It is therefore concluded that it is not merely
the presence of the elicitors generated by pathogens
which elicits the anti-pathogenic response by the
plant. Thus, while theoretically interesting, there
has thus far been little practical application of the
above-described plant protection mechanisms since the
time period- between the initial elicitation of anti--
pathogenic agents by a pathogen and the actual
production of meaningful gquantities of such anti-
pathogenic agent can be too long for such anti-

pathogenic agents to be effective.

SUMMARY AND OBJECTS OF THE INVENTION
In view of the foregoing limitations and

shortcomings of the prior art methods of protecting
harvested crops from pathogens, as well as other
disadvantages not specifically mentioned above, it is
apparent that there still exists a need in the art for
a method and composition for protecting a harvested
crbp-from pathogens which does not require the
application thereto of potentially harmful chemicals.
It is, therefore, a primary objective of the present
invention to fulfill that need by providing a technique
for protecting a harvested crop from pathogens which
makes use of anti-pathogenic agents derived from the
crop itself. More particularly, it is an object of the
present invention to provide techniques, compositions
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and methods for protecting a harvested crop from
pathogens by the application to that crop of a compound
capable of causing anti-pathogenic agents to be
produced by the crop itself before a pathogen causes
the production of the anti-pathogenic agents, thereby

protécting the crop better from attack or damage from
the pathogen. |

It 1s a further object of the present invention to
provide a technique for protecting a harvested Crop
from pathogens wherein the anti-pathogenic agents
produced by the harvested crop are elicited
independently of the pathogens themselves thereby
eliminating the unduly long lag times between attack by
a pathogen and production of an effective amount of

~anti-pathogenic agent.

It 1s a further object of the present invention to
provide a technique for protecting a harvested Crop
from pathogens wherein. the anti~pathogenic agents
produced by the harvested crop are elicited by
materials released from the cell walls of pathogens
present on the crop prior to a time that those
materials would normally be released from the pathogens
present. Thus, the early release of the materials from
the pathogens cause thé crop to produce anti-pathogenic
agents earlier than would normally occur, thereby
reducing or eliminating the lag time between when the
pathogen may attack the .crop and the production of an
effective amount of anti-pathogenic agents by the crop
to protect itself from the pathogen.
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In a first aspect, the present invention comprises

a method for protecting a harvested crop from pathogens
comprising applying to the crop a compound capable of
generating an elicitor which stimulates the crop to

5 synthesize anti-pathogenic agents, the compound being
derived from a source other than a pathogen growing on
the crop and the elicitor being generated in situ from
the crop or from the pathogen tissue in an amount

effective to elicit production of an anti-pathogenic
10 agent by the crop.

In one embodiment of the first aspect, the
invention comprises a method for protecting a harvested
crop from pathogens wherein the compound capable of
generating an elicitor, such as chitinase, chitosanase

15 or endo B-glucanase, 1is applied to the crop to generate
active oligosaccharides, such as B-glucans, chitosan
and chitin oligosaccharides, from cell walls of an
invading pathogen present on the crop, the
oligosaccharides contacting the plant to produce a

20 localized anti-pathogenic response.

In one aspect, the present invention provides a
method for protecting a harvested crop from pathogens
comprising applying to said harvested crop a
composition comprising: '

25 (a) a compound capable of generating in said crop
or in a pathogen present on said crop an elicitor which
stimulates said crop to synthesize anti-pathogenic
agents, and

(b) a penetrating agent capable of assisting said

30 compound 1n penetrating into the cuticle layer of said
crop or pathogen; |

i —
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sald compound comprising an endoenzyme derived from
a source other than a pathogen growing on said crop and
applied to said crop in an amount effective to cause
sald elicitor to be generated in situ in an amount

5 effective to elicit production of an anti-pathogenic
agent by the crop.

In another aspect, the present invention relates to
a composition for application to a harvested crop to
protect said harvested crop from pathogens comprising:
10 (a) a compound capable of generating in said crop
or in a pathogen present on said crop an elicitor which
stimulates said crop to synthesize anti-pathogenic

agents;
(b) a penetrating agent capable of assisting said
15 compound. in penetrating into the cuticle layer of said

crop; and
(c) an inhibitor protein;
sald compound comprising an endoenzyme derived from
a source other than a pathogen growing on said crop and
20 present 1n an amount effective to cause said elicitor
| to be generated in situ in an amount effective to

elicit production of an anti-pathogenic agent by the
Crop.

In another aspect, the present invention relates to
25 a harvested crop protected from pathogenic attack
comprising said crop having a composition on a surface
of said crop comprising:
(a) a compound capable of generating in said crop
or in a pathogen present on said crop an elicitor which

30 stimulates said crop to synthesize anti-pathogenic
agents, and



YO 91/06312 2071881 PCT/US90/06085

At
opsme

PR o
Ay ce '
DA

- 9 -

(b) a penetrating agent capable of assisting saild
compound in penetrating into the cuticle layer of saild
crop or pathogen;

" said compound comprising an endoenzyme derived from
5 a source other than a pathogen growing on said crop and
present in an amount effective to cause said elicitor
to be generated in situ in an amount effective to

elicit production of an anti-pathogenic agent by the
Crop.

10 With the foregoing and other objects, advantages,
and features of the invention that will become
hereinafter apparent, the nature of the invention may
be more clearly understood by reference to the
following detailed description of the invention, the

15 appended claims, and to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph depicting the effect of
endopolygalacturonase on the decay of strawberries;
Figure 2 is a graph depicting the effect of
20 endopolygalacturonase on the decay of bell peppers; and
Figure 3 is a graph depicting the effect of

endopolygalacturonase on the decay of injured and waxed
bell peppers.

DETATILED DESCRIPTION OF PREFERRED EMBODIMENTS
25 The "compounds capable of generating an elicitor™
which are applied to the harvested crop acdording to
this invention, are typically endoenzymes and similar
compounds which cause the c¢rop or an invading pathogen
to release active oligomer elicitors, such as
30 oligosaccharins, oligogalacturonides, B-glucans,

chitins, chitosan, etc., from the cell walls of the
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Crop or the pathogens present on the Crop. The endo-
compounds are useful in the present invention because,
it is believed, they produce active oligomers from the
Crop or pathogen tissue or cell materials, which
oligomers are active as elicitors.

The compounds effective against pathogens which are
elicited by the elicitors and produced by the crop are

referred to as "anti-pathogenic agents.™
The present invention is applicable in general to
any harvested crop including fruits, vegetables, nuts,

gralins, trees, etc.

The compounds capable of generating elicitors in

Crops can be derived from fungi, bacteria, viruses, or

from the harvested crop 1itself. When the Crop 1involves
a food product, the compounds must be recognized‘as
being safe for application to fields and, of course,
for application to fdod productg. Included among such
compounds are endoenzymes such as endocarbohydrases or
endolyases which produce active ocligomers by breaking
up polysaccharide chains at various points along the
length of the chain (as opposed to exoenzymes which act
only at the end of the chain). Among the endoenzymes,
endoglycanases are preferred such as
endopolygalacturonase and'pectate lyase, pectin lvase,
B-glucanase, chitinase, and chitosanase. Particularly
preferred are the endoglycanases. Also, especially
preferred are endopolygalacturonases such as those
prepared from the fungi Fusarium monniliforme ang

Aspergillus niger.
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In a preferred embodiment, the compound, e.g., the
enzyme is used in combination with an inhibitor protein
of the enzyme in order to achieve an enhanced effect.
More specifically, there is employed in combination
with the enzyme an inhibitor which forms a complex with
the enzyme which is more stable than the enzyme itself.
Furthermore, such a complex provides for controlled
release of the enzyme once applied to the harvested
crop since the enzyme/inhibitor protein complex will be
present 1in equilibrium with the separate entities.
Thus, as the complex dissociates in accordance with the
equilibrium reaction, the released enzyme will interact
with the harvested crop. For example, when the enzyme
employed 1s- endopolygalacturonase, an enhanced effect
1s observed when such enzyme is used 1n combination
with polygalacturonase inhibitor protein. Similarly,
when pectate lyase is emploved as the compound, an
enhanced effect is obtained by the cojoint use of lyase
inhibitor protein. Also useful are polygalacturonase
inhibiting proteins (PGIP), described by Cervone, et
al., and other inhibiting or stabilizing proteins. It
is noted that since the complex formed between the
enzyme and the inhibitor protein is rather strong, no
more than a stoichiometric amount of the inhibitor
protelin should be emploved.

The "penetrating agent" component of the
composition of this invention can be any material which
causes or assilsts said eliciter-generating compound to
enter the cuticle layer of the harvested crop or a
pathogen present on the harvested crop. In those
compositions wherein said compound is an enzyme which
is itself capable of entering or passing through the
cuticle layer of the crop, the penetrating agent used

QUBSTITUTE SHEET
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will be a surfactant, a humectant, or other material

which aids in the efficient contact of said compound
with the cuticle layer and causes the entry 6! salid
compodnd into the cuticle layer to be faster or more
efficacious. 1In those compositions wherein said
compound is not itself capable of penetrating the
cuticle layer in a reasonable manner or in a reasonable
amount of time, the penetrating agent used usually will
be a cutinase, wax esterééa, Or exoenzyme which is
capable of entering or péﬂetrating the cuticle layer
faster or more efficiently than said compohnd and which
will aid or speed the entry of said compound into the
cuticle layer of the crop or the pathogen. In some
cases it may be desirable to use such a penetrating
agent in order to preserve the activity of said
compound so that it will still be capable of generating
the desired elicitors once it has entered the cuticle
layer of the crop. Wher. the penetrating agent is an
enzyme, the composition can alsoc comprise other useful
components such as a‘surfactant, humectant or the like
to further enhance the efficieﬂéy of the practice of
this invention. As will be recognizg@ the penetrating
agent may also function to aid the entry of an elicitor
into the cuticle layer of the harvested crop where the
elicitor is generated by said compound in a pathogen
present on the harvested crop and the elicitor then
transfers from the pathogen to the harvested crop
thereby causing production of phytoalexins in the crop.
Appropriate penetrating agents may also be selected
from the materials known in the art as "adjuvants" for

agricultural chemicals, for example from the adjuvants
disclosed in Canadian Patent No. 1,303,374 issued June

lo, 1992.
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The compositions of this invention will typically
contain additional components known to be useful for
applying materials to harvested crops, such as one or
more carrier materials, buffer materials for pH
control, ahd the like. Water will often be used as a

carrier, but other conventional carriers may also be

used.

It should be understood that when a composition and
method of this invention are employed, the composition
is applied to the harvested crop and to any pathogen
which may be present oh the surface of the harvested
crop. The composition of this invention can generate
an elicitor from the crop or from the pathogen, whereby
the elicitor enters the crop and causes production of
anti-pathogenic agents. Thus, the compounds for use in
this invention can be selected and formulated to
generate the elicitors desired for particular anti-
pathogenic agent production. In some cases it will be
desirable to generate the elicitor or elicitors in the
crop itself in order to cause certain anti-pathogenic
agents to be produced to protect the crop from pathogen
attack. In other cases it will be desirable to |
generate the elicitor in the pathogen present on the
harvested crop and cause that elicitor to enter the
crop 1n order to cause production of specific anti-
pathogenic agents to protect the crop against attack
from that particular pathogen. This can be timed to
cause the crop to produce its anti-pathogenic agents
well in advance of when the crop would have normally
been induced to do so by the actual attack of the crop
by the pathogen. Thus, by the time the pathogen is
mature enough or reaches its life cycle point where it
attacks the crop, the crop 1s already protected against
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the attack, whereas normally the crop 1s not stimulated
to produce the anti-pathogenic agents until attacked by
the pathogen and then cannot produce those agents
rapidly enough to protect itself.

In general, the compositions of this invention are
applied to the harvested crops in accordance with

techniques well known to persons skilled in the art
such as in the form of a spray prepared by mixing the
enzyme compound and penetrating agent into a suitable
carrier such as a buffer solution. A buffer is
preferably employed in view of the fact that enzymes
are typically quite pH sensitive and thus, are
desirably protected from potentially damaging
variations in pH. It will be appreciated, however,
that it 1s possible that the natural pH of a crop being
treated, which is fypically acidic, will be within the
acceptable pH range of the enzyme being applied
thereto. In such instances, a buffer may not be
required. A surfactant is usually employed in order to
wel the surface of the crop to thereby obtain exposure
Oof the crop to the enzyme. Typically, the amount of
active enzyme compound in the total composition
including the carrier is between about 10 and about
1000 Mg/ml, although amounts outside such range might
also be acceptable, depending upon the compound being
employed and the crop being treated. The amount of the
surractant required is readily ascertainable by persons
skilled in the art and will typically range from
between about 0.001 and about 0.1 % by welght based on
the weight of the carrier. It should be noted that,
while the compositions of this invention are primarily
intended for use on harvested crops, the compositions
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of this invention may also find utility on growing
crops as well.

Where pH regulation is not important, such as where
the natural pH of the crop corresponds to the pH at
which the applied compound is active, water may serve
as the carrier. Where a buffer is employed, there may
be used. any buffer solution which is compatible with
the enzyme and does not otherwise deleteriously affect
the crop. Of course, the buffer must also be a |
material which is known to be safely used with a
foodstuff. Suitable buffers include, for example, a 5-
50 mM solution of sodium succinate or sodium citrate.
As the surfactant, there can be employed, once again,
compounds which are compatible with the enzymes being
applied, do not otherwise deleteriously affect the crop
being treated and are safely used with a foodstuff.
Suitable surfactants include, but are not limited to
Tween-80 and Triton-X-100.

The above-described formulations, containing the
compound capable of generating an elicitor in the crop
or i1n a pathogen present on the crop, the penetrating
agent, and, 1f desired, a surfactant in a suitable
carrier'are then applied to the harvested crop.
Application of the formulation can be carried out in
accordance with techniques well known to persons
skilled in the art such as by preparing a spray for
application to the growing crop. It will be
appreciated that the amount of solution required for
treatment of the crop will depend on the particular
crop being treated. Such amount is one which is
readily ascertained by a person skilled in the art.
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It 1s noted that the formulations of the invention
can prevent decay of harvested produce even when
applied several days post-harvest, although preferably
application occurs relatively soon after the harvest.

5 The produce to which the formulation of the invention
1s applied is preferably at or near room temperature so
that the compound will be active and thus, effecting
elicitation of the desired anti-pathogenic agents from
the produce. Of course, the formulations may be

10 applied to refrigerated produce with activation
occurring once higher temperatures are encountered
which, of course, is when the danger of pathogenic
attack increases.

Upon application of the formulations of the

15 invention to a harvested crop, elicitors are generated
in the crop or in a pathogen present on the Ccrop.
Included among such elicitors are oligogalacturoﬁides
as well as other oligosaccharin elicitors present in
the cellular material of the ha;vested produce.

20 Furthermore, such elicitors can elicit production of a

| number of anti-pathogenic agents including, but not

limited to, phytoalexins, chitinase, beta-1l,3~-glucanase
and various proteinase inhibitors.

The following examples are given by way of
25 illustration and in no way should be construed as
limiting the subject matter disclosed and claimed.

Example 1:
One hundred strawberries from Lakeland, Florida

(Table I) were sprayed three days after having been
30 harvested. During such time, conditions varied, e.g.,
the temperature varied between 3 and 15°C. The
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strawberries were subjected to spraying with a control
formulation, including 0.05 M sodium acetate (pH=5) and
0.05 % Triton X~100 and with a formulation in |
accordance with the invention, including 0.2 pg/ml of

5 EPG in 0.05 M sodium acetate (pH=5) and 0.05% Triton
X-100. The percentage of decay of the stréwberries
treated by the control formulation and the formulation
cf the invention was observed over a period of thtee
days. As shown in Table 1 below, the strawberries

10 treated in accordance with the present invention

‘underwent far less decay over that period.

Table 1

Effect of EPG Spray on the Percentage Decay of Florida
Strawberries, cv. Pajaro (kept at room temperature).

15 Days After Treatment
Treatmentl 2 3 |

Control sprayved with
0.05 M Na Acetate and 3.9 26.4 52.0
0.05% Triton X-100 ‘

20 Endopolygalacturonase,
0.2 ug/ml in 0.05 M Na
acetate, pH 5.0, and 0 12.5 34.2
0.05% Triton X~100

25 It was observed that much of the decay of the EPG -

| treated strawberries originated below the calyx leaves
where the EPG spray may not have reached. Such decay
was primarily caused by Botrytis cinerea, the major
pathogen of strawberries.
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ExXample 2:
The effect of EPG concentration on decay was

observed with respect to 120 strawberries from Los
Angeles, California. Specifically, the same EPG
formulation employed in Example 1 above, including 0.05
M sodium acetate having a pH of and 0.05% Triton X-100,

was applied as a spray to the strawberries. The

concentration of EPG was varied between 0 and 1%. As

indicated in Figure 1, even the lowest concentration of
EPG which was applied (0.01 upg/ml) was still effective.

Example 3:
Red raspberries, imported from Chile, were

purchased 1n a market in Los Angeles. The raspberries
were treated one day after purchase at which time a few
rotten fruit had to be culled. Each treatment involved

placement of 40 fruit into a single layer. The effect

-on decay, at 20°C, one day after spraying the

raspberries with varying concentrations of the EPG
formulation, is presented in Table 2 below:
- Table 2

Effect on decay, at 20°C, one day aftér spraying
red raspberries with endopolygalacturonase.

EPG Concentration

g/ml in 0.05% Tween-80 Percentage of Deca
0 388
0®° . 43
1.0 - | | ‘ 22
0.5° 20
0.2 - 25
0.05 12

0.01

10

®Each treatment consisted of three repetitions of 40
fruit.

Polygalacturonic acid (0.05%) was added to the spray
solution. -
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It can be seen that the EPG reduced the decay of the
raspberries from 37.5% to 10% on the first day after
treatment. Interestingly, decreasing the concentration

of the EPG from lug/ml to 0.0lug/ml appeared to give
5 . dJgreater protection.

Example 4:
Green bell peppers were harvested in Lakeland,

Florida and treated two days after harvest. A
formulation was prepared including 0.2 pg/ml of EPG in

10 a 50mM sodium acetate buffer having a pH of 5 and
containing 0.05% Triton X-100. The peppers were
maintained in a water-saturated atmosphere throughout
the experiment. The EPG was observed to give complete
protection over the 27 days of the experiment, as

15 indicated in Figure 2. The same protection was
obtained at an EPG concentration of lug/ml. It is‘
5interesting that the EPG inhibited decay resulting
from pathogens of the Erwina specles as well as from

the fungal pathogens Botrytis cinerea and Alternaria

20 alternata. The above findings are highly surprising in
view of the fact that peppers, which have a thick

cuticle without stomata over the periderm, would not be
able to adsorb the EPG. Furthermore, when comparing
injured commercially waxed bell peppers, injured by

25 piercing ten holes 3 mm in diameter and 2 mm deep into
the periderm, it was observed that the untreated
wounded peppers had 68% decay exhibited 27 days after
wounding whereas the wounded and EPG-dipped peppers
(0.2ug/ml) had 37% decay as illustrated in Figure 3.
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Example 5:

The effects of EPG on lemons, which have relatively
good keepling qualities, were studied using artificially
inoculated lemons. The inoculation was carried out
with spores of Penicillium digitatum, the major
pathogen of lemons the world over. The flavedo of the
fruit was pierced by a pointed stainless steel rod 3 mm
in diameter to a depth of 2 mm and, in EPG-treated
samples, the EPG was immediately introduced into the
wound. One day later, a suspension of either 1,000 or
10,000 spores pér ml were introduced into the wound
with an Eppendorf pipette. The rate of development of
decay in the inoculated lemons was determined. In two
replicated experiments, lemons were treated in each
experiment with EPG at 1 and 10 ng per inoculation
site. In each experiment, both concentrations of EPG
markedly delavyed the development of decay. Six days
after inoculation, between 60 and 70% of the EPG--
treated lemons exhibited decay, while 100% of the
lemons not treated with EPG exhibited decay. The area
of the decay in those EPG-treated lemons which
exhibited decay was reduced, on average, from 106 Sg Cm
to 43 sq cm. Introduction of 1 and 10 ng of EPG per

inoculation site gave greater protection than 100 ng
per inoculation site.

The above examples clearly demonstrate that the
post-harvest application of compounds capable of
generating an oligogalacturonide, such as EPG, reduces
decay of several fruits and vegetables. Such reduction
in decay is obtained even though the enzyme was applied
2-10 days after harvest. Additionally, the enzyme had
a beneficial effect on both highly perishable
commodities such as strawberries and raspberries as
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well as on less perishable commodities such as bell

peppers and lemons. Furthermore, decay attributable to

both bacteria and fungi was reduced.

Although only preferred embodiments of the
5 invention are specifically illustrated and described
 above, it will be appreciated that many modifications
and variations of the present invention are possible 1in
light of the above teachings and within the purview of
the appended clailms without departing from the splrit

10 and intended scope of the invention.
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WHAT IS CLAIMED IS:
1. A method for protecting a harvested crop from

10

15

20

25

. _,v'-." .....

pathogens comprising applying to said harvested Crop a
composition comprising:

(a) a compound capable of generating in said Crop
Or in a pathogen present on saigd Crop an elicitor
whichstimulates said crop to synthesize anti-pathogenic
agents, and

(b) a penetrating agent capable of assisting said
compound 1in penetrating into the cuticle layer of said
crop or pathogen;

salid compound comprising an endoenzyme derived from
a4 source other than a pathogen growing on said crop and

~applied to said crop in an amount effective to cause

said elicitor to be generated in situ in an amount

effective to elicit production of an anti-pathogenic
agent by the crop. |

2. The method of Claim 1 wherein said endoenzyme
comprises endopolygalacturonase, pectate lyase, pectin
lyase, B~-glucanase, chitinase, or chitosanase.

3. The method of Claim 1 wherein_said

penetrating agent comprises a surfactant, a humectant,
an exoenzyme, a cutinase or a wax esterase.

4, The method of Claim l wherein said elicitor
produced is an oligosaccharin.

5. The method of Claim 1 wherein said
composition comprises a buffer.
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6. The method of Claim 1 wherein said composition
comprises from about 10 to about 1000 pug/ml of said compound.

7. The method of Claim 1 wherein said endoenzyme

comprises an endoglycanase.

8. The method of Claim 1 wherein said endoenzyme

comprises an endocarbohydrase or endolyase.

9. The method of Claim 1 wherein said endoenzyme
comprises an endopolygalacturonase.

10. The method of Claim 1 wherein said compound applied
to said crop generates an active oligosaccharide from cell
walls of an invading pathogen present on said crop, said
oligosaccharide contacting the said crop to produce an
anti-pathogenic response in said crop.

11. The method of Claim 10 wherein said active

oligosaccharide is chitosan or chitin oligosaccharide.

12. A composition for application to a crop to protect
said crop from pathogens comprising:

(a) a compound capable of generating in said crop or in a
pathogen present on said crop an elicitor which stimulates
said crop to synthesize anti-pathogenic agents;

(b) a penetrating agent capable of assisting said
compound in penetrating into the cuticle layer of said crop;
and

(c) a stabilizing protein;

sald compound comprising an endoenzyme derived from a
source other than a pathogen growing on said crop and present
in an amount effective to cause said elicitor to be generated
1in situ 1n an amount effective to elicit production of an
anti-pathogenic agent by the crop and wherein said stabilizer
protein is a protein which is able to complex with said

endoenzyme, the stabilizer-protein/endoenzyme complex being

- 23 -
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more stable than non-complexed endoenzyme, the stabilizer

protein thereby providing for controlled release of the

endoenzyme from the complex once applied to the harvested

Crop.

13.

The composition of Claim 12 wherein said endoenzyme

comprises endopolygalacturonase, pectate lyase, pectin lyase,

B-glucanase, chitinase, or chitosanase.

14.

agent comprises a surfactant, a humectant,

esterase.

15.

The composition of Claim 12 wherein said penetrating

The composition of Claim 12 wherein

produced 1s an oligosaccharin.

16.

comprises

17.

comprises

18.

comprises

19.
comprises

20.

comprises

The composition of Claim 12 wherein

a buffer.

The composition of Claim 12 wherein
10-1000 ug/ml of said compound.

The composition of Claim 12 wherein

an endoglycanase.

The composition of Claim 12 wherein
an endocarbohydrase or endolyase.

The composition of Claim 12 wherein

an endopolygalacturonase.

sald

said

saild

said

said

said

a cutlnase or a wax

elicitor

composition

composition

endoenzyme

endoenzyme

endoenzyme
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21. The composition of Claim 12 wherein said compound
applied to said crop generates an active oligosaccharide
from cell walls of an invading pathogen present on said
Crop, said oligosacharide contacting the said crop to

produce an anti-pathogenic response in said Crop.

22. The composition ofClaim 21 wherein said active

oligosaccharide is chitosan or chitin oligosaccharide.

23. The composition of Claim 12 comprising a carrier.
24 . The composition of claim 16 comprising a carrier.
- 25 -
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