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Abstract

Six banana clones with varying levels of resistance were inoculated with conidial suspension of races 1 and
4 of Fusarium oxysporum f. sp. cubense. Chitinase activity in the corm and root tissues was monitored before
and after infection to relate with the field resistance or susceptibility of banana cultivars. Resistant clones showed
high constitutive chitinase activity in roots and a rapid response to infection. The results suggest that chitinase
could be considered as part of a complex mechanism leading to disease resistance.

1. INTRODUCTION

Bananas (Musa spp.) are important crops, providing carbohydrate-rich food to large
populations in the tropics and subtropics. In South and Central America, bananas are also
important export crops. Protection against fungal diseases represents a major challenge to
banana production. In many areas of the world, losses from diseases reduce income and pose
a threat to the economic survival of small-holding farmers. At present, disease control is based
mainly on three strategies: application of pesticides, breeding for disease resistance and
improvement of agronomic practices. However, chemical control of Fusarium wilt is not yet
available. Banana breeding is time consuming, expensive, and constrained by sterility of most
cultivated bananas. Thus, a better understanding of the resistance mechanisms is required to
develop a reliable early screening method.

Like many other species, bananas employ a diverse array of defence mechanisms to
resist pathogen attack. For example, callose deposition and phenolic compounds have been
associated with resistance to Fusarium oxysporum f. sp. cubense (FOC) (1,5), but little is
known about the physiology of the defence response.

Chitinases hydrolyze chitin, a homopolymer of 6-1-4 linked N-acetyl-D-glucosamine,
which is a major component of the cell wall of most fungi. Chitinases have been isolated and
purified from bacteria, fungi and plants, and are able to inhibit fungal growth by degrading
the newly synthesized chitin at the hyphal tips. Chitinases are synthesized in low amount in
many plants species and crops. Most evidence for the role of chitinases in the plant defense
response is based on data from in vitro system or from complementation test involving plant
transformation and scoring of resistance. Purified enzymes have been shown to hydrolyse
isolated fungal cell walls and inhibit the growth of pathogen in culture.

The present investigations were undertaken to study the chitinase response of bananas
clones with different ploidy levels and resistance to Fusarium oxysporum. Previous studies
showed that in several banana clones, chitinase was expressed constitutively. In this paper, we
report evidence on the induction of chitinase following infection of banana plants with FOC
conidial culture.
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2. MATERIAL AND METHODS

2.1. Plants, pathogen and inoculation

Fusarium oxysporum f. sp. cubense (FOC) race 1 strain 2264 (VCG 0125) and race
4 strain Yo 604 (VCG 01290) were kindly provided by Dr. K. Pegg, Queensland Department
of Primary Industries (QDPI), Indoroopilly, Queensland (Australia). The strains were
cultivated on Czapek-Dox (Difco) for one week. Actively growing hyphae were removed,
transferred on Potato Dextrose Agar (PDA), and incubated at 28°C under constant light to
promote conidia formation. Conidial suspension in distilled water were collected by scratching
the mycelial surface.

The following banana clones which differ in genome, ploidy, and susceptibility to
Fusarium oxysporum f. sp. cubense race 1 and 4 were investigated: SH-3362 (AA) resistant
to race 1 and 4; 'Grand Naine' (AAA), 'Pisang Mas' (AA), SH-3142 (AA), 'Dwarf Parfitt'
(AAA), susceptible to race 4 and resistant to race 1, 'Highgate' (AAA) susceptible to both
races. Plants were multiplied in vitro and rooted as described elsewhere [4]. After one month,
rooted plantlets were obtained and agar was washed with tap water, the roots were trimmed
and the plants were inoculated by dipping the roots in spore suspension of 105 conidia/ml for
10 min under air flow to facilitate the mechanical uptake of conidia in root vessels. The
controls were treated in the same manner but inoculated only with distilled water.
Immediately after inoculation, the plants were transferred to pots in a greenhouse and samples
were taken at intervals for chitinase activity.

2.2. Chitinase analysis

Plantlets were sampled at random and the corm tissue collected under cold water by
trimming the roots and the pseudostem. The tissue was weighed and ground with a mortar and
pestle in liquid nitrogen. Phosphate buffer pH 6.8 was added to the resulting powder, and after
homogenisation incubated for 30 min at 4°C. The homogenate was collected with a
micropipette, centrifuged for 15 min at 14,000 rpm at 4°C, and the supernatant was assayed
immediately for protein content according to method of Bradford [2]. Extracts with equal
amount of protein were incubated in 100 ml glycol chitin, variable amounts of distilled water
were added to bring the incubation mixture to 200 ml and incubated overnight at 40°C. The
final reaction mixture was brought to 1 ml and read at 510 nm using a spectrophotometer, and
expressed as unit protein content.

2.3. Isoelectrofocusing

Equal amounts of protein were applied on 4.6% polyacrylamide gel containing 5% of
Pharmalyte as carrier ampholyte. Running conditions were as follows: 8 Watts fixed, mA from
33 to 12, voltage 2500. After running, the gel was washed, and the bands were differentiated
using an overlay gel (7.5%) with 1.1 ml of 3M NaAc buffer pH 5.0, 1.3 ml glycol chitin in
a final volume of 33 ml.
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3. RESULTS

3.1. Growth of inoculated plants

No wilting symptoms were observed in the inoculated material up to 28 days of
culture. However, internal symptoms, i.e. tissue discoloration, were observed on dissection of
the susceptible clones inoculated with both FOC races.

3.2. Peroxidase activity

The clones were analysed for constitutive chitinase activity before fungal inoculation.
No differences were observed between susceptible and resistant clones in constitutive
chitinase.

3.2.1. Conn analysis

After inoculation with a conidial suspension of FOC race 1, all clones except
'Highgate' showed increased chitinase activity but during different time course (Fig. 1). The
clone 'Dwarf Parfitt' showed a rapid and sustained increase in enzymatic activity during the
first two weeks, while in 'Highgate' chitinase did not increase. The clone 'Pisang Mas'
exhibited a slow increase in enzymatic activity with time. When the same banana clones were
incubated with FOC race 4, clone SH3142 showed a higher increase in chitinase activity (Fig.
2). Increase in chitinase activity was particularly evident in 'Pisang Mas' with a peak activity
after 5 weeks. Clone SH3142 showed a different pattern in enzymatic activity with a burst
induction after 48 h, followed by another peak 5 weeks after infection (Figs. 3 and 4).
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Fig. 1. Differential response of
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3.2.2. Root analysis

The resistant clone SH3142, infected with race 1 and 4 showed root chitinase activity
comparable to conn tissue (Figs. 5 and 6). However, in plants inoculated with race 4, there
was a three to four fold increase when compared with plants inoculated with race 1. Moreover,
root chitinase activity was already evident 24 hr after infection, while in corm tissue the
activity increase was evident after 48 hr (Figs. 7 and 8). In 'Pisang Mas', the enzymatic
activity increased both after infection with race 1 and 4 but in a transient manner, i.e. after
48 hr when infected with race 1 and after 5 weeks when inoculated with race 4; however, the
increase was not statistically significant. As far as the response to Race 1 is concerned, a four
fold increase over the control was observed but only at a single point. In the highly
susceptible clone 'Highgate', the chitinase activity did not increase at all. The clone SH 3142
showed a more prompt response than the other clones when inoculated with race 4.

3.2.3. Isoelectrofocusing

At least 12 isochitinases have been recorded in diploid bananas [3]. To determine
which isozymes contribute to the rise in total activity, IEF was used to separate the
isochitinases extracted from the banana clones. At least four bands, two cationic and two
anionic, concomitantly increased in the incompatible reaction between race 4 and SH-3362.
However, this increase was not observed in the incompatible reaction of the same clone with
race 1. The activity of most of the other isozymes remained unchanged with time (results not
shown).
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4. DISCUSSION

The current model on chitinase based defence mechanism considers that the enzyme
acts as an anti-fungal compound as well as producer of chitin fragments, which act as elicitors
or messengers to activate other metabolic compounds for defence against pathogen. The results
presented in this paper confirm that the resistant clones of banana respond actively to infection
[3] with a dramatic increase in the chitinase activity, but this responses is more tissue specific
than the previously studied peroxidase. However, total chitinase activity by itself should not
be considered an absolute parameter. The rate of production appear to be more important, i.e.
the activation response of the host to the infection. The speed and magnitude for the activation
of mechanism appears to be critical for expression of resistance.

Resistance of plants to invasion by potential pathogens is the result of a multiple
defence reaction comprising both constitutive and inducible mechanisms. The use of
biochemical markers to select for resistance may expedite breeding programmes by reducing
the number of field trials. The main criteria for practical use of such markers are reliability
in predicting resistance and the ease to handle the assay. This would have a comparative
advantage over traditional field screening. For any marker, a number of pre-requisites must
be fulfilled. Firstly, it should positively correlate with the level of resistance or susceptibility
of the breeding population. Secondly, it should be able to distinguish between F2 segregants
or between individuals among a mutagenised population. Thirdly, it should be applicable to
a large breeding population.

The results of this study showed that the plant reaction to pathogens can be estimated
by the inducible chitinase activity during the time course of active chitinase production after
infection. However, to follow the enzymatic activity over a long time involves intensive work
and careful control of environmental conditions. Thus, predicting plant response on the basis
of inducible chitinase becomes a long procedure.

Based on the present study, it was possible to divide the experimental population in
two broad classes of resistant and susceptible sub-populations. On the basis of chitinase
activity in root tissues, it would be possible to identify suitable parents for breeding for
resistance to Fusarium. The differential response based on chitinase activity confirms our
previous results [3] obtained with peroxidases, and suggests that such an approach could be
useful in screening for variation among the cultivars, wild species and sub-species to identify
sources of resistance.
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