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ABSTRACT

Protein fractions obtained from seeds of the jack b&€amévalia ensiformisas well as the amino

acid canavanine, present in these seeds, were tested for their capacity to inhibit the growth of the phy-
topathogenic fungMacrophomina phaseolin&Zolletotrichum gloesporioideSclerotium rolfsiiand
Fusarium oxysporumiVe found that most of the proteins examined and also canavanine did not have
any effect on the growth of these fungi. On the other hand the toxic protein canatoxin was found to
be effective, at a concentration of 2%, in the inhibition of the growtkl.ophaseolinaC. gloes-
porioidesands. rolfsii.
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RESUMO

Toxicidade de canatoxina de feijao-de-porco [Canavalia ensiformis (L.) DC.]
a fungos fitopatogénicos

Fracdes protéicas obtidas de sementes de feijdo-de-@anavalia ensiformjs bem como o aminoa-

cido canavanina presente nestas sementes, foram avaliadas em sua capacidade de inibir o cresciment
dos fungos fitopatogénicadacrophomina phaseolin&olletotrichum gloesporioidesSclerotium

rolfsii e Fusarium oxysporumConstatamos que a maior parte das proteinas examinadas e também
canavanina ndo apresentaram nenhum efeito sobre o crescimento desses fungos. Por outro lado, :
proteina toxica canatoxina mostrou-se efetiva, a uma concentracao de 2%, na inibicdo do crescimento
de M. phaseolinaC. gloesporioide® S. rolfsii.

Palavras-chaveCanavalia ensiformisfeijao-de-porco, sementes, canatoxina, fungos fitopatogénicos.

INTRODUCTION manure and as cover crop in soil erosion control
programs.
The jack beanGanavalia ensiformisis a Only occasionally its seeds are used as food-

bushy, semi-erect annual legume originated in thetuff due to their inherent toxicity to many forms
New World and which is grown mainly as greenof life (Kay, 1979; Smartt, 1990). The plant is

Rev. Brasil. Biol., 5@): 59-62



60 OLIVEIRA, A. E. A. et alii

known to be relatively free from attack by pests For the preparation of fractions enriched in
and diseases (Kay, 1979). vicilins (7S globulins) we extracted the cotyle-
The jack bean has been shown to possessdon meal with 0.05 M, sodium borate buffer, pH
multiplicity of proteins and other compounds 8.0, for 4 h at £C. After centrifugation (5,900
which are considered highly toxic to several or-~ g, 4°C, 30 min) the precipitate was discarded
ganisms including man, other mammals and inverand the supernatant was precipitated with ammo-
tebrates (Liener, 1969; Kay, 1979; Pusztai, 1989nium sulfate at 70% and the resulting superna-
Smartt, 1990; Rosenthal, 1991; Harborne, 1992tant again precipitated to 90% saturation. The
Carlini et al, 1997). We have recently shown thatsupernatant containing vicilins was dialyzed
vicilins (7S storage proteins) from several legumeagainst water and the proteins recovered by freeze
seeds, including those from jack bean, inhibit sporelrying (Sammouet al.,1984). This fraction was
germination of several fungi (Gomesal, 1996). further run through a column of chitin ¢4 15 cm)
The isolation of a hitherto unknown toxic protein, in 0.05 M potassium phosphate, pH 7.6. Fractions
canatoxin, from the jack bean meal by Carlini & were eluted with the same buffer and retained ones
Guimarédes (1981) has led to a considerable efwere desorbed by 0.1 N HCI (Yunesal, 1998).
fort by these authors and their collaborators to Canatoxin was isolated fro@. ensiformis
understand its mode of action and biological sigseeds according to the method developed by Carlini
nificance (Carlini & Guimardes, 1991). Recently & Guimardes (1981) with modifications introduced
it was found that canatoxin is highly detrimen-by Barcellos (1992). Briefly, a 10% (w:v) crude
tal to insects that utilize low pH gut conditions extract ofC. ensiformigrepared in 25 mM Tris—
for protein digestion (Carlinét al., 1997). HCI, pH 7.5 was combined with ice-cold ethanol
The generally broad action of canatoxin both(30%) to form a precipitate, and the supernatant
when intraperitoneally injected in mice and whenwas subsequently fractionated with ammonium
fed to insects prompted us to verify if this pro-sulfate at 0.35-0.55 saturation. The toxic mate-
tein would have any effect on the growth of phy-rial thus obtained was submitted to an ion-ex-
topathogenic fungi. change chromatography step in DEAE-cellulose,
equilibrated in 25 mM Tris-HCI-100 mM NacCl,
pH 7.5. The toxin adsorbed to the resin was eluted
with Tris buffer containing 200 mM NaCl and then
gel-filtered in a Bio-Gel 0.5 m column when a pure
Jack bean ¢. ensiformis of landrace fraction was obtained (PCNTX).
“Ceara”) seeds were obtained from the seed bank  Concanavalin A (ConA) was obtained ac-
of the Centro de Ciéncias Agrarias, Universidadesording to published methods (Moreira & Cavada,
Federal do Ceara, Fortaleza, Ceara, Brazil. = 1984). The amino acid canavanine, present in the
seeds of the jack bean, was commercially obtained

MATERIALS AND METHODS

Seeds

Seed meal fractionation from SIGMA.
Seeds were separated in cotyledons and testa
and the tissues were ground to fine powders.  Fungi

Cotyledon meal was extracted with water (1:5) for
30 min with constant stirring. The slurry was centri-
fuged (5,900 « g, 4 °C, 30 min) and the precipitate
again resuspended in water and centrifuged at the
same conditions after which it was dried by
lyophilization. The supernatants were pooled,
dialyzed against water, centrifuged (5,900 « g, 4 °C,
30 min) for the separation of albumins (A) and
globulins (G) and both were freeze dried. The low
molecular weight fraction (LMW), which passed
through the dialysis membranes, was also recovered
by freeze-drying.
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Fungi utilized were furnished by the Depar-
tamento de Fitotecnia, Centro de Ciéncias Agrarias,
Universidade Federal do Ceara and were isolated
from locally growing cultures: Macrophomina
phaseolina (isolated from cowpea), Colletotrichum
gloesporioides (isolated from cashew tree),
Sclerotium rolfsii (isolated from cowpea) and
Fusarium oxysporum (isolated from banana). The
fungi were maintained on Agar Sabouraud and
utilized as required.

Antifungal activity of the several C. ensi-
formis preparations was observed under sterile
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conditions using the disc-plate diffusion assay as
described by Roberts & Selitrenikoftf (1988). Fungi
(M. phaseolina, C. gloesporioides, S. rolfsii and
F. oxysporum) were inoculated at the center of Petri
dishes (8.5 cm diameter) containing Sabouraud
Dextrose Agar (8.5 ml). After incubation for 24-
48 h at 25 YC to allow for spore germination and
vegetative growth, sterile filter paper discs
(Whatman 3MM) were radially distributed on the
agar surface, close to the expanding mycelial mat
and 50 pL of the protein solutions (2% in 0.1 M
Tris-HCI buffer, pH 8.0) were applied to the discs.
The Petri dishes were then incubated for 24 h at
25 YC. A positive control employing nistatin, an
antifungal compound isolated from Streptomyces
noursei was run. In this manner a crescent shaped
zone of inhibition of fungal growth could be
observed around the paper disc if the solution being
tested showed any antifungal property.

Protein determination

Protein was determined by the dye binding
method of Bradford (1976) or by the absorbance
at 280 nm.

DISCUSSION AND RESULTS

The majority of the protein fractions prepared
by us and the amino acid canavanine from jack
bean cotyledons did not inhibit the growth of the
fungi M. phaseolina, C. gloesporioides, S. rolfsii
and F. oxysporum as seen by employing the disc-

plate diffusion assay of Roberts & Selitrenikoff
(1988) (not shown). This technique measures
hyphal growth and does not indicate whether there
is inhibition of spore germination. Results recently
reported from our laboratory show that spore
germination of several phytopathogenic fungi is
inhibited by vicilins (7S storage globulins) from
several legume seeds including those from C.
ensiformis (Gomes et al., 1996).

When we examined the effects of the protein
canatoxin, which is toxic to mammals when
intraperitoneally injected (Carlini & Guimaraes,
1991) and to hemipteran and coleopteran insects
when ingested (Carlini ef al., 1997), on the growth
of the fungi M. phaseolina, C. gloesporioides, S.
rolfsii and F. oxysporum we detected growth
inhibition of the first three of these but not of the
last one.

In Fig. 1 we show the assay plates for the
growth inhibition of M. phaseolina and S. rolfsii
showing that at 2% concentration canatoxin is
active against these phytopathogenic fungi.

Why this protein inhibits growth of these
organisms is not evident at this time. The toxic
protein is apparently devoid of chitinase or chitin-
binding activity (Carlini et al., 1997). The recently
reported effects of canatoxin on calcium fluxes
during platelet activation (Ghazaleh et al., 1997)
or its interference with Ca®>+ Mg?— ATPase of
sarcoplasmic reticulum membrane vesicles (Alves
et al., 1992) could likely be linked to its action
on fungi cells.

Fig. 1 — Agar plate assay for the inhibition of the growth of the phytopathogenic Magiophomina phaseolinéup-
per panel) andclerotium rolfsii(lower panel). (c) pure canatoxin; (b) buffer control; (n) nistatin control.
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The understanding of the mechanisms of =~ GOMES, V. M., SALES, M. P, FERNANDES, K. V. S.,
growth inhibition of fungi by canatoxin could be CORDEIRO, R. A. & XAVIER-FILHO, J., 1996, The

fvalue f hensi £ the hich . . effects of vicilin storage proteins from cowpea seeds on
of value for our comprehension of the high toxicity the development of phytopathogenic fungi. XXV Meet-

power of the seeds of C. ensiformis. ing of the Brazilian Society of Biochemsitry and Molecu-
lar Biology, CaxambuAbstracts Bookp. 34 (E-32).
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