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ABSTRACT

Inhibitors of plant proteases can regulate the hydrolysis of proteinsinside the cells and also participate in the
mechanisms of plant defense against herbivore insects and pathogens. Here, we demonstrated that seeds of
Eucalyptus urophylla exhibit activities of trypsin and papain inhibitors, two proteases commonly found in
living cells. Low amounts of proteins of the crude protein extract of seeds and fractions partially purified by
gel filtration, with inhibitory activity against trypsin, inhibited in vitro the mycelial growth of acompatible
isolate of the ectomycorrhizal fungus Pisolithus tinctorius and allowed an unsatisfactory growth of another
isolate from Pinustaeda, considered incompatiblefor this eucal yptus species. The same amounts of inhibitory
proteins, when tested in vitro on the pathogen Rhizoctonia solani, did not exhibit any effect on the growth
of the pathogen. These results indicate the existence of proteases inhibitors in seeds of E. urophylla which
could influencethe complex biochemical system that differentiates mechanismsof symbiosisand pathogenicity

between plants and microorganisms.
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INTRODUCTION

Plants, microorganisms and animals contain proteins that
exhibit the peculiar property of forming complexes with
proteolytic enzymes, promoting the inhibition of their activity
by competing for the catalytic site. These proteins are called
protease inhibitors. Their molecular mass varies from 10 to 90
kDa, and they exhibit high or no specificity to thetarget enzyme.
Most of the protease inhibitors known and characterized in
plants belong to the group of the serine-protease inhibitors,
which includestrypsin (9).

The physiological role of plant protease inhibitors is not
very clear. Besides regulating the hydrolysis of proteinsinside
the cell, they can participate in defense mechanisms of plants
against herbivore insects and/or pathogens. For example, in
interactions between plants and fungi, during the penetration

and colonization processes, extracellular proteases of a
pathogen would promote the hydrolysis of proteins of the
cellular wall. Thus, protease inhibitors of the host plant could
act directly against those enzymes, delaying the proteolysis of
cellular walls and membranes, and reducing the cellular
desorganization (10).

Differences in the accumulation of protease inhibitors and
proteasesin compatible and incompatible interactions between
plants and microorganisms (4,8) let us associate these groups
of proteins to the resistance and susceptibility concepts,
generating perspectives of a better understanding of the
biochemical bases that govern the plant-pathogen interactions.
However, there are not many studies showing the role of
protease inhibitors in the mechanisms of plant defense against
pathogens. For trees, even those cultivated in commercial scale,
as Eucalyptus spp. and Pinus spp., there are no reports on the

* Corresponding author. Mailing address: Departamento de Entomologia, Fitopatologia e Zoologia Agricola, ESALQ-USP. Caixa Postal 9. 13418-
900, Piracicaba, SP, Brasil. Tel.: (+5519) 3429-4124. Fax: (+5519) 3434-4839. E-mail: sfpascho@esalg.usp.br

281



C.R. Tremacoldi and S.F. Pascholati

occurrence of protease inhibitors and, conseguently, on the
possiblerole of theinhibitors on pathogenic or symbiont fungi,
as the ectomycorrhiza, present in all species of those plants.
In the present work, we studied the activity of protease
inhibitorsin seedsof E. urophyllaand theinfluence of thetrypsin
inhibitor on the in vitro growth of compatible and incompatible
isolates of the ectomycorrhizal fungus Pisolithus tinctorius. We
also studied its influence on the growth of the pathogen
Rhizoctonia solani, agent of damping-off in nursery plants.

MATERIALSAND METHODS

Biological materialsand chemical reagents

The ectomycorrhizal fungus Pisolithus tinctorius, isolate
1604, obtained from Eucal yptus grandis (Rio Claro/SP/Brazil)
and isolate 185, obtained from Pinustaeda (USA) wereused in
the biological assays. The pathogen Rhizoctonia solani was
isolated from seedlings of Eucalyptus urophylla (SP/Brazil).
Seedsof E. urophylla were obtained from the I nstitute of Forest
Research at ESALQ/USP- Piracicaba, SP, Brazil. Thechemicals
bovine pancreastrypsin, chymotrypsin, Carica papaya papain,
BAPNA (a-benzoyl-arginyl-p-nitroanilide), BTPNA (a-benzoyl-
tyrosine-p-nitroanilide), Triton X-100, Dimethyl sulfoxide
(DM S0), dithiothreitol (DTT) and Sephacryl S-100-HR were
obtained from Sigma (USA).

Extraction

The crude protein extract was obtained from 10 g of E.
urophylla seeds, disrupted in liquid nitrogen. A saline solution
(NaCl 15%; 1:10 v/v) was added to the powder and the
suspension was kept under agitation during 1 h, followed by
centrifugation at 12,300 g (4°C) for 20 min. The supernatant was
collected and four volumes of cold acetonewasadded to it and
centrifuged at 12,300 g (4°C) for 20 min. After centrifugation,
the pellet was mixed with distilled water (1:10 w/v), maintained
under agitation for 15 min and centrifuged at 12,300 g for 20 min.
The supernatant obtained represented the crude protein extract,
from which the tests for protease inhibitory activity were
accomplished. To eliminate the risk of a possible inhibition of
the proteaseinhibitor activity because of the presence of lectins
(proteinsthat can associate to carbohydrates), before the assay
of inhibitory activity for any protease, the crude extract was
heated at 70°C for 20 min (9), temperature that is supported by
the protease inhibitors but not by the lectins (3).

M easur ement of trypsin, chymotrypsin and papain inhibitory
activities

To study thetrypsin activity, volumes of 30, 50, 70, 85, 100
and 150 pL of the crude extract were incubated with 10 mg of
trypsin (diluted in 1mM HCI) and with variable volumes of the
0.1 M Tris-HCl buffer, pH 8.0, containing 0.01M CaCl,, to make
afina volume of 500 pIL in each test tube. Thisreaction mixture
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was pre-incubated by 10 min at 37°C, and 500 pL of the
cromogenic substrate BAPNA (1 mM in DM SO) were added to
each tube, whichwasincubated for 40 min at 37°C. Thereaction
was stopped by the addition of 500 pL of acetic acid (30% v/v)
to each test tube. An enzyme activity of 100% was obtained by
not adding the protein extract to the reaction mixtures. The
controlsfor each volume of the extract tested were obtained by
the addition of acetic acid just before the incubation with the
substrate BAPNA (7). The experiment was repeated 4 times
with 2 replicates for each volume of the extract tested. An
average of the absorbance readings at 405 nm for the replicates
was calculated and it produced a value that was the difference
between the absorbance in the reaction tubes and their
respective control test tubes. This value, for each volume of
the extract, was subtracted of the value that represented 100%
of enzyme activity, allowing the calculation of the residual
activity of trypsin based upon pL of crude extract. The activity
evauation for the chymotrypsin inhibitor of the protein crude
extract was accomplished in asimilar way to that described for
trypsin having BTPNA (1mM in DM SO) as the substrate for
this protease. For the evaluation of the papain activity volumes
of 100, 150 and 200 pL of the protein extract reacted with the
substrate BAPNA, in presence of 0.2 M sodium acetate buffer,
pH 5.5, added of 0.01% Triton X-100 and of 1ImM DTT. Before
the addition of papain to the test tubes containing the reaction
mixture, the papain was pre-incubated with the buffer during 10
minat 37°C.

Ge filtration

The crude extract was applied to achromatography column
(60cmx 1.5 cm) filled out with Sephacryl S-100-HR, equilibrated
and eluted with 0.1 M Tris-HCI buffer, pH 8.0. Samples of the
extract (1.5 mL) were applied to the column and wereelutedina
flow rate of 18 mL/h, with fractionsof 1 mL collected every 3.3
min. The void volume (Vo) of the column was determined by
using 1 mL of blue dextran (Img/mL) under the same flow
conditions.

Activity of trypsininhibitor in thefractions

All thefractionsobtained by gel filtration had the absorbance
read at 280 nm in a spectrophotometer, and an aliquot of 50 pL
of each one was tested for trypsin inhibitory activity. These
aliquots reacted with 300 pL of 0.1 M Tris-HCI buffer, pH 8.0,
and 10 mg of trypsin diluted in ImM HCI. The incubation was
carried out at 37°C for 10 min, followed by the adition of 500 pL
of BAPNA for anew incubation in the same temperature during
40 min. The reaction was stopped by the addition of 500 pL of
acetic acid (30% v/v). Theinhibitory activity was calcul ated as
the difference between the trypsin activity in the absence and
in the presence of the fractions. The fractions with trypsin
inhibitory activity superior to 50% were pooled. The
concentration of proteins in the crude extract of seeds and in



the several fractions was estimated by the method of Bradford
(1), using bovine serum albumin as standard.

Estimateof themolecular masses

The standard curve for the calculation of the molecular
masses of the fractions with inhibitory activity was obtained
by using the kit MW-GF-70 (Sigma), with samplesof 1.5mL of
bovine serum abumin (5 mg/mL), aprotinin (3 mg/mL), carbonic
anidrase (2 mg/mL) and cytochrome ¢ (2 mg/mL), eluted in the
0.1M Tris-HCl buffer, pH 8.0, inaflow rate of 0.3 mL/min, with
fractionsof 1 mL collected every 3.3min.

Effect of thecrudeextract of seedson themycelial growth of
P. tinctoriusand R. solani isolates

To test the in vitro effect of the protein crude extract of E.
urophylla seeds on the growth of the symbiont P. tinctorius
and on the pathogen R. solani both fungi were grown inside
Petri dishesof 5 cm diameter. Theisolate 1604 of P. tinctoriusis
considered highly compatible for ectomycorrhizaformation in
E. urophylla (2) while the isolate 185 is seen as incompatible
becauseit does not produce typical ectomycorrhizain the same
eucalyptus species.

A disk of mycelia of each fungus was placed onto PDA
(potato dextrose agar) medium, pH 6.7, previously flooded with
21 and 47 pg of protein, after sterilization through Millipore
filter 0.2 um. Each concentration and the control (to which the
protein extract was not increased) had 3 replicates. The volume
of the extract corresponding to the wanted protein concentration
was adjusted so that each plate contained 7 mL of final volume
(PDA+ protein extract added). In each plate, after the hardening
of the growth medium, was placed adisk of 4 mm diameter of P.
tinctorius or R. solani from colonies 30 and 40 days old,
respectively. The incubation was carried out at 28°C in the
darkness. Fungal growth was evaluated through the
measurement of colony diameter daily until themycelial growth
inthe control platesfor each specieshad covered all the medium.
The experiment was repeated once.

Effect of fractions with trypsin inhibitory activity on the
mycelial growth of P. tinctoriusand R. solani isolates

The fractions obtained by gel filtration chromatography of
the crude seed extract that exhibited inhibition of the trypsin
activity superior to 50% were pooled and tested against the
mycelia growth of P. tinctorius isolates 1604 and 185 and R.
solani. The procedure used for growth, incubation time and
incorporation of the protein fractions into the medium were
identical to those carried out with the crude extract. Control
treatment was represented by growth medium without adding
the fractions, while treatments included media with aliquots
fromthefractionshaving 1, 3, 7, 15 and 20 g of protein for each
plateof 5cmdiameter witha7.0 mL final volume. Theexperiment
was repeated once.

Trypsin inhibitor in Eucalyptus urophylla

RESULTS

The crude extract from E. urophylla seeds showed the
existance of trypsin and papain inhibitors (Fig. 1), but did not
exhibit inhibitory activity against chymotrypsin (datanot shown).
The amount of proteins in this extract was equal to 3.5% in
relation to the fresh weight of the seeds and it was kept inside a
freezer until the use. Theactivitiesof theinhibitorswereexpressed
in percentage of residua trypsin or papain activity.

Gel chromatography of the crude seed extract showed that
peak |, based upon the absorbance at 280 nm (Fig. 2 - seearrow),
exhibited trypsin inhibitory activity equivalent to 40% of the
residual activity.

The crude extract of E. urophylla seeds, based upon two
protein concentrations (21 and 47 pg), when incorporated into
the growth medium, caused complete growth inhibition of P.
tinctorius compatible isolate 1604 (Fig. 3 - A) and alowed an
unsatisfactory growth of theincompatibleisolate 185 (Fig. 3- B).
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Figure 1. Inhibition profile of the trypsin (A) and papain (B)
activitiesby the crude protein extract from seeds of Eucalyptus
urophylla. The synthetic substrate BAPNA (1mM) was
incubated with bovinetrypsin or papain and increasing amount
of seed extract at 37°C for 40 min.
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Figure 2. Gel filtration chromatography through Sephacryl S-
100-HR of the crude seed extract of Eucalyptusurophylla.. The
column (60 x 1.5 cm) was equilibrated and eluted with 0.1 M
Tris-HCI buffer, pH 8.0. Fractions of 1 mL were collected at a
flow rateof 18 mL/hand 50 L wereincubated with 1 mM BAPNA
and 10 mg of bovinetrypsin, pH 8.0 at 37°C. Numbers| and |1
refer to the peaks of absorbance at 280 nm (@) and the black
arrow indicatesthe minimum value of % residual trypsin activity/
pL of fraction (Q).

At theend of the experiment, disksfrom the medium containing
mycelia of the fungi in the two treatments were transferred to
Petri dishes, containing PDA mediumto evaluate thefungistatic
or fungicidal effect. Since the mycelium in the disks from the
isolates 1604 and 185 did not grow, the effect of the crude extract
was considered as fungistatic (data not shown). The R. solani
isolate did not exhibit changesin the normal pattern or growth
speed (Fig. 3 - C). When the partially purified fractions for the
trypsininhibitor activity, were used in the experiments (protein
concentration equal to 15 and 20 pg), they exhibited the same
effects on growth of the symbiont and pathogenic fungi (Fig.
4). Themolecular mass of the pooled fractions (Fig. 2 - peak 1),
with trypsin inhibitory activity superior to 50%, was estimated
in 76 kDa (data not shown).

DISCUSSION

The low residua activity of trypsin (around 25%) in the
presence of the seed extract of E. urophylla madeit possibleto
check for chymotrypsin inhibitory activity, since these two
groups of protease inhibitors are not commonly associated (6).
Thus, it can be assumed that chymotripsin inhibitors do not
occur in seeds of E. urophylla. Although the inhibition of the
papain activity was around 90%, we decided to test initially the
effectsof thetrypsininhibitor, sinceit isthe most studied among
the inhibitors of plant proteases. The studies were carried out
using extracts from E. urophylla seeds due to the difficulty to
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Figure3. Effect of different protein concentrations of the crude
seed extract of Eucalytus urophylla on the growth of Pisolithus
tinctoriusisolate 1604 (A) during 12 days, on P. tinctoriusisolate
185 (B) during 9 days, and on Rhizoctonia solani (C) during 3
days of incubation in PDA medium at 28°C. Protein
concentration: €=0 ug; O0=21 pg; A=47 pg. Bars represent
mean+ SE.

obtain from the roots the adequate amount of protein for the
biological and biochemical assays. In addition, seedsare easier
to be obtained compared to roots and most of the studies already
accomplished on inhibitors of plant proteases were centered
around seeds, especially from leguminous plants (5).

The observation of the growth pattern of P. tinctorius and
R. solani isolatesin the presence of the crude extract from seeds
and partialy purified fractions with trypsin inhibitory activity
alowed important considerations. For both, the symbiont and
the pathogenic fungus, the growth curves exhibited the same
patternswhen the crude extract or the partially purified fractions
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Figure4. Effect of different protein concentrations of partially
purified seed fractions of Eucalyptus urophylla, obtained by
gel filtration, with trypsin inhibitory activity on the mycelia
growth of Pisolithustinctoriusisolate 1604 (A) during 12 days,
isolate 185 (B) during 9 days and on Rhizoctonia solani (C)
during 3 days of incubation in PDA at 28°C. Protein
concentration: 4=0 ug; O=1 pg; M=3 pg; ®=7 ug; X=15 ug;
O=20pg. Barsrepresent mean + SE.

were used, demonstrating that there is a correlation between
the inhibition of the fungal growth and the presence of the
trypsininhibitor. The differencia effect of thetrypsininhibitor
from E. urophylla seeds on P. tinctorius and R. solani growth
is another interesting aspect, since this protein group can
participatein the complex biochemical mechanism of recognition

Trypsin inhibitor in Eucalyptus urophylla

of asymbiont or a pathogen microorganism by the host plant.
However, future studies are necessary to verify the activity of
trypsin inhibitor in roots of E. urophylla infected or not with
symbionts and pathogens to reach specific conclusions
regarding the involvement of the inhibitor in the recognition
process. Another aspect to be considered is the effect of the
trypsin inhibitor on the growth of the two isolates of the
ectomycorrhizal fungus, where the isolate 185 (incompatible)
was able to grow even in an unsatisfactory way in presence of
the crude extract or partially purified fractions (protein
concentrationsequal to21 e47 pginFig. 3and 15e20 pginFig.
5) whilethe growth of isolate 1604 (compatible) was completelly
inhibited in the same protein concentrations. However, these
results still do not alow us to make any association between
the compatibility of the symbiont and the trypsin inhibitor
activity in the host plant.

The results presented open new perspectives for the study
of proteins related to the recognition processes between
pathogens and symbionts for eucalyptus species, since for
these interactions protease inhibitors and proteases were not
previously reported in the literature.

RESUMO

Descobertadeinibidor detripsinaem sementesde
Eucalyptus urophylla e sua influéncia sobre o
crescimento in vitro dos fungos
Pisolithus tinctorius e Rhizoctonia solani

Os inibidores de proteases de plantas podem regular a
hidrdlise de proteinas no interior celular etambém participar de
seus mecanismos de defesa contra insetos herbivoros e
patdégenos. No presente trabalho, nds demonstramos que
sementes de Eucalyptus urophylla apresentam atividades de
inibidores de tripsina e papaina, duas proteases comumente
encontradas em seres vivos. Pequenas quantidades de
proteinas do extrato protéico bruto de sementes e de fracbes
parcialmente purificadas por filtracdo em gel, com atividade
inibitoriadetripsing, inibiram o crescimento micelia invitro de
um isolado compativel do fungo ectomicorrizico Pisolithus
tinctorius e permitiram um crescimento insatisfat6rio de outro
isolado de Pinus taeda, considerado compativel para esta
espécie de eucalipto. As mesmas concentracdes de proteinas,
guando testadas in vitro sobre o patégeno Rhizoctonia solani,
ndo demonstraram qual quer efeito sobre seu crescimento. Estes
resultados indicam a existéncia de inibidores de proteases em
sementes de E. urophylla, os quais poderiam influenciar o
complexo sistema bioguimico que diferencia mecanismos de
simbiose e patogenicidade entre plantas e microrganismos.

Palavras-chave: protease, inibidor, tripsina, Pisolithustinctorius,
Rhizoctonia solani.
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