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ABSTRACT

This study consists of the evaluation of toxicity of different toxin peptidic
constituents secreted by Fusarium oxysporum f..sp. albedinis, agent of Bayoud
disease. Three fractions FI, FIl, and FIll have been isolated. The most toxic one
is FII. The toxicity has been checked on palm seedling, plantlets from tissue
culture and on detached leaves. The active fractions were purified on high
performance liquid chromatography (HPLC). Some peptidic components,
specially T3 (as labelled) were shown to be small polypeptide. and produced
similar symptoms (leaf rolling) which usually occur when plants are inoculated
with the pathogen. These compnents could be exploited for pre-selection of
plants for resistance to Bayoud disease among plants originating either from,
irradiated or not, tissue cultures or from conventional breeding programmes.
Some toxin characteristics and their production strategies were determined.

Addional Index Words: Toxin, peptide, Bayoud, date palm, selection,
resistance, Fusarium

INTRODUCTION

Bayoud disease of date palm is one of the serious diseases in the world
which is difficult to control. In Morocco, selection of resistant varieities is the
impotant way and strategy to control this disease. The main results obtained in
field and laboratory concerning this way was reported by Saaidi et aI, 1981,
Sedra (1995), Sedra et al. (1996) and Zaher and Sedra (1998). Recently
phytotoxins have been recognised as useful tools for the induction and selection
of disease resistant plants using in vitro selection (Chawla and Wenzel, 1987;
Bhatt et al., 1988 and Drakov, 1995).Phytotoxins are generally classified into
two major groups: non specific and specific. The possible involvement of fusaric
acid, a non specific toxin, in disease development have been reviewed (Pegg,
1981). Several Fusarium oxysporum strains have been reported to produce low
molecular-weight phytotoxins with different chemical nature (Mepsted et al.,
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1995; Sutherland et al., 1995 and Henman et al. 1996).Fusarium oxysporum f.
sp. albedinis (Foa) produces substantial quantities of fusaric acid in culture
filtrate (Surico and Graniti, 1977). Recently, Mokhliss (1987), Sedra et al.
(1993), El Fakhouri et al. (1996a,1996b) have reported that in addition to fusaric
acid, Foa produces in vitro various peptidic toxins. In this paper, we confirmed
these findings. We also describe some biochemical characteristics and
phytotoxicity of these new phytotoxins. Moreever, it was a need to develop a
rapid and complementary method for selection of date palm plants for disease
resistance.

MATERIALS AND METHODS

Fungal culture and toxins extraction procedure

To produce toxins, Foa was grown in Czapeck medium. This medium was
shown to be the best for fungus growth and sporulation (Sedra, 1993). Its
composition is (g/l): sucrose, 30; NaN03, 2; K2HP04,0.5; MgS04, 7H20, 0.01;
FeS04, 7H20; KCL, 0.5). The pH was adjusted to 5 using H3P04. The medium
was inoculated with 1ml of spore suspension 106 spores/ml, and shaken at
200rpm for 10 days. The Erlenmeyer flasks were kept at 27:!::3°C with 12 hr
photoperiod. The mycelium was separated from fluid by centrifugation at 10.000

. g for 10 minutes and discarded. The centrifuged filtrates were evaporated under
vacuum below 45°C to about 10% to its initial volume (4 liters). The
concentrate, about 400ml, was mixed with an equal quantity of methanol and
placed at 5°C for 48 hr. The small amount of precipitated materiel was removed
by filtration. The filtrate and washings were concentrated under vacuum below
45°C to remove methanol. The concentrate was then placed on (4 x 90cm)
column of Norite-Cellite. The fractions containing toxins were eluted from the
column with the gradient aqueous pyridine (10% Fh 30% Fn, 50% Fm).

Effect of the carbon and nitrogen source on toxins production

Moreover, it was demonstrated that Czapek's medium was more suitable
than Richard's medium for toxins production (Fig.1) (El Fakhouri et al., 1996b).
In order to improve the production of the peptidic toxins. Four chemically
different media derived from Czapeck medium were used. The carbon and
nitrogen sources were chosen as the best for sporulation and growth of the
fungus (unpublished results). Table 1 summarises the four media.
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Figure f. Quantity of toxin secreted by FusariulIIoxysporulII
f.sp. a/b(!dilli~'in culture media with respect to time.

304

--- --- -- - - -- --- -- --
-- -- - -- -------

40
11_ Richard

::a 3511_ Czapeck
30

E'-"
=
'x 25
.9
....
0

.. 20
c::

.::1 15Cl

10

5

0
2 4 6 8

Duration of culture (days)



Table 1. Composition of culture media using different sources of carbon and
nitrogen.

Methods for evaluating the effect of toxins on date palm in vitro:

Assays for toxin activity were carried out on three differentplant materials of
palm tree: young in vitro plantlets, seedlings, and detached leaves.

A- onplantlets

The young in vitro plants used were produced by the tissue culture technique
in Physiology laboratory at INRA-Marrakech: susceptible Jihel (JHL) and
resistant Tadmante (TDMT) varieties.

The activity of the tractions FI, FII et FIll (extracted as mentioned above) of
toxin were applied on plantlets in tubes which contained each 25 ml of sterile
water and toxin with concentration 0.5 mg/m!.In the case of the control, the in
vitro plant roots were immersed in water only. The symptoms observed during 34
days are:

- browning of roots

-rolling of leaves

- withering of leaves

- death of pI antl et

B- On Seedlings

The used plantlets were issued trom seeds obtained trom two controlled
crosses between susceptibleparents (variertyJihel x local male) and resistant ones
(variety Black Bousthami x male NP4). The activity of the tractions FI, FII and
FIll of toxin were evaluated on plantlets using the same procedure. mentioned
before.
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Culture medium Carbon source Nitrogen source
Ml mannose KN03
M2 dextrose NaN03
M3 sucrose NHtN03
M4 (control) sucrose NaN03



C. On detached leaves

Several detached leaves &om susceptible (Boufeggous) and resistant
(Sairlayalate) varieties were used in this study. The leaves were taken off&om
greenhouse-grownplants and then immersed into toxin solution in test tubes.

Purification of fractions

Fractions &om the Norite-Cellite column were purified on a KRATOS
HPLC equipped with RPCI8 column 5Jlm(4 x 250mm). The solvents A and B
used for analysis consisted of 0.1% TFA in H20, and 0.1% TFA in CH3CN
respectively. A linear gradient of 01-02% ofB was achieved in 35 minutes for
FI, 05-40% ofB in 30 minutes for FHand 01-10% ofB in 30 minutes for FIll,at a
flow rate of 1ml/min. Eluent from the column was monitored at 230 nm with a
varian wavelength detector UV-KRATOS.

Leaf bioassay using purified toxins

Only the four toxins obtained from the most phytotoxic fraction FH(Sedra
et al., 1993) was used in this study. The toxicity of the four toxins were carried
out on detached leaves from susceptible and resist~nt seedlings of date palm
"TDMNT" and "BSK" respectively. Leaves were detached when seedlings
reached one to two leaves (about three months) then placed into test tubes
containing fied solutions. Toxins were diluted to 20, 10, 5 and 1 Jlg/ml in water.
Petioles of leaves were dipped into such solution and kept in a controlled-growth
chamber at 27°C, 80% RH and 16hr photoperiod (17.2 klux). The susceptibility
of leaves to different toxins was recorded after 4 to 6 days. Leaves dipped in
water were considered as controls. The reaction was considered positive if
necrotic lesions, chlorosis and petioles browning were recorded, and negative if
the leaf remained unaffected. The toxin-caused lesions observed in these
bioassays were indistinguishable from the lesions caused by the fungus growing
on the same cultivars. For the following characterization of the toxins, we
focused our studies on the phytotoxic toxins.

Ultra-violet (DV) absorption

The UV spectrum was recorded in H20 + 0.1% TFA on UVICON 810 UV,
the spectrum was enregistrated between 400nm and 230nm.

Amino acid analysis

Hydrolysis ofT2, T3 and T4 were performed by HCL 6N and 1% of phenol
at 150°C for 90 minutes under vacuum using a Pico-Tag station
(Millipore/waters associates). The amino acid composition was calculated from
the analysis carried out on a Beckman 6300 apparatus.
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RESULTS AND DISCUSSION

Effect of culture medium on toxins production.

The chromatography purification of the three fractions obtained from Foa
yielded four toxins from each fraction. It was demonstrated u$inganalytical
HPLC that the composition of the culture medium affect the ability of the
pathogen to produce toxins. As shown in figure 2, the production of the toxins
was improved with the use of other carbon and nitrogen source. In fact, the
medium containing mannose and KN03 was the more suitable for toxins (195
mg/I) than Czapeck medium (130 mg/l) production.). The nature of carbon and
nitrogen at plays, thus a necessary role in culture medium. Furthermore
qualitative analysis by HPLC demostred that toxin's composition was not
affected by the composition of the culture medium used.

Fig. 2. Effect of culture medium on toxins production by the Foa. (Ml:
Czapeck modified by mannose and KN03; M2: Czapeck modified by dextrose;
M3: czapeck modified by NliJN03; M4: czapeck (contro!)). The results which
are indicated by the same letter are not significantly different.
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Development of an effecient method to evaluate the effect of toxins on date
. palm.

Effect of toxins on in vitroplantlets

The tested varieties produced the symptomscharacterized by root browning,
then leaves rolling and withering and the death of plantlets. The control was
without symptoms. However, the symptoms appear very early in case of the
susceptible variety. The statistic at disease analysis (not presented) of the results
showed that there was no significantl difference in the response of the susceptible
and resistant varieties to the toxic fractions.The most toxic fraction was fraction
11 with 75% and 50% of mortality respectivelyof susceptible and resistant plants
(Fig.3).
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Effect of toxins on seedlings

The symptoms begin to appear during the first week. After three weeks the
plants that were treated with the toxin produced similar symptoms (leaf rolling)
which occurs when plants are inoculatedwith the pathogen. The traction FII was
the most toxic and the resitant and susceptible plantlets can show different
reactions using these toxins.

Effect of toxins on detached leaves

Infection, generally became evident after 4-5 days, as chlorotic and necrotic
spotting on inoculated leaves, petioles, and stems. Such symptoms did not appear
in the leaves used as a control in water. This study showes similar results as for
other plant test materials.

Purification of the fractions F., Fn and Fill

From each traction, four toxins were obtained by HPLC purification. Only
toxins obtained trom Fu were lyophilised and kept at -4°C until further analysis

Effect of the purified toxins on detached leaves

Table 2 summarises the effect of the purified toxins in both susceptible and
resistant cultivars of date palm BSK and TDMNT respectively. From the four
phytotoxins, only three were phytotoxic in detached leaves bioassay giving the
typical signs of (Foa). As shown in table 2, TI was not toxic to both cultivars at
any concentration. T3 was the most toxic, it revealed severe symptoms to both
cultivars at concentrations from 5 to 20 J.1g/ml.Furthermore, T2 shows no
toxicity when applied to the resistant cultivar, but had moderate toxicity on
susceptible cultivars at IS and 20 J.1g/ml.Moreover, no symptoms appeared in
the leaves used as controls and 5 J.1g/mlwas the minimum concentration required
for visible chlorosis development. 10 J.1g/mlwas the concentration required for
differentiation between susceptible and resistant cultivars.

In conculsion, concerning possible role of this fungal peptide in the
pathogenecity in vivo of date palm, TI, T2, T3 and T4 were bioassayed in
detached leaves, only T2, T3 and T4 were phytotoxic and gave the typical
effects of the fungi. This led to the conclusion that these phytotoxins play a
necessary role in pathogenesis. We have remarked that sensibility of the .date
palm was correlated with its susceptibility to Fusarium oxysporum f. sp.
albedinis suggesting that these toxins may be host-specific. These phytotoxins
can be used as selection agent of the in vitro selection of resistant material of
date palm.
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Tab. 2.. Symptoms produced by peptidic toxins of Fusarium oxysporum f. sp.
albedinis on detached leaves of date palm cultivars

a Symbols: +++ = very severe, ++ =moderate, + =wild, -no symptoms.

bbased upon severity of symptoms expressed in date palm cultivars after 10
days when treated with 20, 10,5 and IJlg/mlof the toxins.

S: susceptible cultivar" BSK".

R: resistant cultivar "TDMNT".

Biochemical characterisations.

Amino acid analysis of the three toxins TI, T2 and T3 done after hydrolysis
revealed the peptidic character of the toxins. Its amino acid composition were
given in table 3. This result was confirmed by the results ofUV spectrum which
shown that all the toxins have absorption maxima at 215 and 271 nm. These
maxima are similar to those of proteins.

Table 3. Amino acid analysis ofpeptidic toxins T2, T3 and T4 trom Fusarium
oxysporum f. sp. alb~dinis

310

-- - -- -----

mI
Taxins S R

TI
T2 - - - - - - +
T3 - - + - ++ - +++ ++
T4 - - - - + - ++ +

.. T2 T3 T4
amino

nanomoles Nb
theory nanomoles

Nb
theory nanomoles

Nb
theoryacid residues residues residues

Asp 0.511 2.1 2 1.566 4.2 4 0.283 1.6 2
Thr 0.319 1.2 2 0.935 2.5 3 0.164 0.9 I
Ser 1.427 5.7 6 4.343 11.6 12 0.195 1.1 I
Glu 1.101 4.4 4 3.315 8.9 9 0.333 1.9 2
Pro 0.222 0.8 I 0.661 1.8 2 0.398 2.3 2
Glv 1.279 5.1 5 5.469 14.7 15 0.575 3.2 3
Ala 0.553 2.2 2 1.909 5.1 5 0.176 0.9 I
Cys 0 0 0 0 0 0 0.023 0.1 I
Val 0.329 1.3 I 0.653 1.8 2 0.384 2.1 2
Met 0 0 0 0.027 0.1 1 0.020 0.1 I
lie 0.129 0.5 I 0.373 I I 0.266 1.5 2

Leu 0.177 0.7 1 0.555 1.5 2 0.293 1.7 2
Tyr 0.104 0.4 I 0.469 1.3 1 0.111 0.6 I
Phe 0.079 0.3 1 0.421 1.1 1 0.268 1.5 2
His 0.248 1 I 0.818 2.2 2 0.048 0.3 0
Lys 0.334 1.3 2 0.939 2.5 3 0.082 0.5 1
Arg 0.098 0.4 1 0 0 0 0.053 0.3 0



In general conclusion,. the results showed that the culutre filtrate of
F.o.f.sp.albedinis produced toxic activityon three date palm materials. The rapid
and the most procedure was using the detached leaves. Recent works on toxin
characterization and procedure development for selection allowed interesting
results: - using fragments and small detached leaves, - determination of minimal
toxin concentration which could differentiateresistant and susceptiblevarieties. -
stydies on toxin specificity and research on the optimal conditions for its
production and activity. However, it was a need to develop others procedures such
as for in vitroselection. .
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