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Figure 5 Sclerotisation responses. (See text for details)

Punctured or Peroxidised? Differential responses to membrane damage

in Rhizoctonia solani involve laccase induction and sclerotisation.

Jonathan Crowe and Stefan Olsson, Royal Veterinary and Agricultural University, Denmark.

Introduction
Rhizoctonia solani is a widespread, soil-living, basidiomycete plant pathogenic

fungus that often attacks seedlings (‘damping-off’). It persists in soil as sclerotia.

A potential biocontrol of R.solani is the DR 54 strain of the bacterium

Pseudomonas flourescens (6). Work at KVL has shown that this produces a

range of metabolites with anti-fungal activity. One such compound,

viscosinamide, has membrane-disrupting surfactant properties (7).

In the course of other work, we noticed that the enzyme laccase (see

‘Laccases’ at right) was induced in R. solani by 2.5% ethanol. This result led

us to consider laccase as a stress-responsive factor in the biocontrol

interaction, and we confirmed that R.solani laccase was indeed induced during

confrontations with P.flourescens DR54. (Fig. 1).

Because both ethanol and DR54 metabolites are known to have disruptive

effects on biological membranes, we used a range of treatments known to

cause such disruption (‘puncturing or peroxidising’) to study the laccase

response. We also assayed for lipid peroxidation (LP) products (8), an indicator

of some types of membrane damage, and recorded sclerotial formation.

Effects of membrane-disrupting treatments
Several membrane-disrupting compounds proved to be powerful inducers of

laccase in liquid cultures of R.solani, particularly the antibiotic amphotericin B,

the calcium ionophore calcimycin (A23187) and isopropanol. The alcohols

induced laccase and caused LP in proportion to their lipophilicity (4,5). Although

alcohol and heat-shock effects are often linked (5), heat shock ( 1hr at 45°C) did

not induce laccase in R.solani. FeSO4 caused heavy LP, but interfered with the

laccase assay.

Native gel electrophoresis and activity staining of culture medium concentrates

showed that several different forms of laccase were induced in R.solani, and

that the balance between these altered depending on the treatment used.

(Figures 2, 3 and 4)

Surprisingly, the P.flourescens DR54 metabolite viscosinamide did not induce

either laccase or lipid peroxidation, ruling it out as the main cause of the laccase

induction seen in the biocontrol interaction (Fig. 1).

Sclerotisation Responses
Sclerotial formation has previously been linked to lipid peroxidation in fungi (1).

The results here show a mixed picture. Cu2+(Fig 5A), Ampho-B (Fig 5D) and

Fe2+ (not shown) all caused LP and increased sclerotisation compared to the

control (Fig 5F). However, Mn2+ was able to induce heavy sclerotisation (Fig

5B) without causing any LP (Fig 3). Alcohols (isopropanol, Fig 5E) inhibited

sclerotisation despite causing high levels of LP, possibly by acting both as

external free-radical scavengers (3) (inhibiting melanogenesis) and as

additional carbon sources (delaying the onset of sclerotial initiation).

Caffeine (an inhibitor of cAMP phosphodiesterase) is known to induce sclerotia

in R.solani (9). We recently found that laccase was induced 5-fold during

caffeine-driven sclerotisation (Fig 5C). A cAMP signalling pathway may

therefore be involved in sclerotial laccase induction.

Membrane-disrupting compounds have proved a useful tool for studying the

varied consequences of challenging fungal boundaries!

Figure 1 Induction of R.solani laccase by P.flourescens DR54
P.flourescens DR54 and R.solani were inoculated simultaneously on 9cm PDA plates.

After  3 days, laccase activity was visualised using an agar ‘underlay’ containing the

laccase substrate ABTS.

A: R.solani shows appressed and inhibited mycelial growth near the streaks of

    bacteria.

B: R.solani laccase activity (green) is induced in the regions of confrontation, Although

     inhibited, the R.solani mycelium advanced over the bacteria in subsequent days,

     the active laccase zone moving with the mycelial front.

Figure 2 A high-molecular-weight laccase (A) was seen in untreated liquid culture medium (Co) and in those treated with 300µM p-

anisidine (pA), 400µM MnSO4 (Mn) or 5mM CaCl2 (Ca). In all the other laccase-inducing treatments tested (3µg/ml Ampho-B (Am),

3µg/ml calcimycin (Io), 400µM CuSO4 (Cu), 2.5% ethanol (Et), 2.5% isopropanol (IP)), the high molecular-weight band was absent or

reduced, but a new low- molecular-weight band (D) appeared. Laccase band C was common to all treatments. Band B was only seen

with isopropanol and p-anisidine treatments.

Figure 3 The treatments inducing laccase band A did not increase lipid peroxidation, and in the case of  CaCl2 , actually decreased it. P-

anisidine is a laccase substrate and Mn2+ is known to induce many lignin-degrading enzymes in fungi, including laccase.

Figure 4  The treatments inducing laccase band D caused significantly increased lipid peroxidation in 4 out of 5 cases.

LACCASES

Laccases are phenol-oxidising

enzymes ubiquitous in fungi (2)

that have been studied mostly in

the context of lignin degradation

and melanisation; R. solani has 4

laccase genes (11). The compound

p-anisidine (bottom left) is known

to induce one of these.

a) Typical laccase reaction (10)
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Fig 3: Treatments inducing laccase band A
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Fig 4: Treatments inducing  laccase band D
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