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Abstract

F(ab'), indirect ELISA using an antiserum prepared in rabbit against an acetone
precipitate of a Tuber albidum culture fluid was effective in discriminating T. albidum
ectomycorrhiza from T. magnatum, T. aestivum, T. brumale and an unidentified
ectomycorrhiza on Quercus pubescens and Pinus pinea.
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1. Introduction

Seedling mycorrhizal inoculation with Tuber spp. is extensively used in Italian
truffle cultivation. Mycorrhiza formation on the root system is usually identified by
morphological methods. However, as first observed by Palenzona (1969), ectomy-
corrhiza produced by different Tuber spp. have numerous morphological features
in common, which can only be distinguished by a specialist. In particular, Tuber
albidum and Tuber magnatum ectomycorrhiza are very similar in colour, size, shape
and mantle ornamentation, and are easily confused.

Several biochemical methods have been attempted for the identification of my-
corrhiza of individual Tuber species, such as pyrolysis (Papa and Balbi, 1988),
electrophoretic analysis of gene-enzyme systems (Palenzona et al., 1990) and elec-
trophoresis of soluble proteins (Papa and Polimeni, 1990; Dupré and Chevalier,
1991). None of these methods are suitable when a large number of seedlings are
to be examined because they are too laborious. In addition, plant tissues interfere
in these analyses.

On the other hand, serological techniques have been developed as diagnostic
methods for fungi in plant pathology (Mohan, 1988; Amouzou-Alladaye et al.,
1988; Unger and Wolf, 1988; Kitagawa et al., 1989) and several immunochemical
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approaches have recently been made to characterize and detect endo- and ecto-
mycorrhizal fungi (Wright et al., 1987; Cleyet Marel et al., 1989; Perotto et al.,
1992).

The aim of this study was to determine whether an enzyme-linked immunosor-
bent assay (ILLISA) is suitable for the identification of Tuber ectomycorrhiza.
Despite the fact that 7. magnatum is more important economically, we applied
the ELISA technique to T. albidum because the latter grows much better in pure
culture than 7" magnatum and thus is suitable for antigen preparation.

2. Materials and Methods

An isolate of T. albidum was obtained from fruit bodies collected under Pinus
pinea. The isolate was cultured in 250 ml flasks containing 100 ml of modified
Melin-Norkrans nutrient solution (MMN) (Marx, 1969) inoculated with fungus
culture agar plugs (PDA, Difco).

After four weeks under static conditions at 22°C in the dark, the culture fluid
and mycelium mat were separated by filtration on a Blickner funnel and used,
respectively, to obtain an extracellular precipitate and a soluble mycelial protein
fraction for rabbit immunization. The contents of 15 flasks were processed.

Extracellular antigens were obtained by adding three volumes of acetone to the
liquid medium and kept at —18°C overnight (Nachmias et al., 1979). The precipi-
tate was then collected by centrifugation at 10,000 g for 15 min and the resulting
pellet was resuspended in 5 ml of 0.1 M phosphate saline buffer (pH 7.0).

The soluble mycelial protein fraction was obtained according to Amouzou-
Alladaye et al. (1988). The mycelium was washed in water and freeze-dried.
The freeze-dried mycelium powder was ground with a Polytron blender in 50 ml
of extraction buffer (Amouzou-Alladaye et al., 1988) with 40 mg/ml polyvinyl-
polypyrrolidone.

After centrifugation for 15 min at 10,000 g the supernatant was centrifuged
at 35,000 rpm for 90 min in a Beckman, 60 Ti rotor and the supernatant was
concentrated by dialysis with PEG 6,000 until the volume was reduced to about
2l ml

The protein concentrations determined using the Lowry method (1951) were
0.5 mg/ml for the liquid medium precipitate and 2 mg/ml for the soluble mycelial
protein fraction. The solutions were stored at —18°C until further use.

Anlisera production

One New Zealand white rabbit was given intramuscular injections in several sites
with the extracellular precipitate suspension and one was injected with the soluble
mycelial protein fraction. The immunization scheme included three injections of
1 mg antigen suspension at one week intervals; two months later, another series
of injections was given with half the original dose. The antigen suspensions were
mixed with an equal amount of Freund’s complete adjuvant for the first injection,
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and with incomplete adjuvant for subsequent injections. The rabbits were bled five
weeks after the first injection and two weeks after the final injection.

The antisera titres were determined by indirect ELISA with F(ab'); im-
munoglobulin fragments using antigens as prepared for immunization.

ELISA tests

The indirect ELISA procedure using F(ab'), immunoglobulin fragments was per-
formed as described by Barbara and Clark (1982). Immunoglobulins G (IgG) were
purified from antisera by column chromatography through protein A - Sepharose
(Pharmacia). F(ab!), fragments of IgG were then prepared by pepsin digestion
(Barbara and Clark, 1982).

ELISA tests were performed in microtiter plates (Dynatech) coated with F(ab!),
fragments of IgG diluted in carbonate buffer (Clark and Adams, 1977).

Trapped antigens were detected with whole IgG diluted in PBS-Tween 20 (Clark
and Adams, 1977) followed by Protein A-alkaline phosphatase conjugate (Sigma)
diluted 1:1,000 in the same buffer.

Results were recorded at 405 nm, 2 hr after the addition of substrate at room
temperature. The optimal dilutions of F(ab!), fragments of IgG and the whole
IgG, used as second antibody, were selected to minimize non-specific reactions.

The reaction was considered positive if the mean absorbance of the sample was
higher than the mean absorbance of three non-mycorrhizal control samples plus
three times the standard deviation of the control.

Preparation of ectomycorrhizal samples

The tests were performed using Quercus pubescens and Pinus pinea seedlings
inoculated with 7. albidum under controlled conditions and uninoculated seedlings
as controls.

Young, branched root tips, about 2 mm long were excised under a dissecting
microscope and ground with a pestle and mortar with extraction buffer (Clark and
Adams, 1977). Varying numbers of root tips from both plant species, colonized
by T. albidum, were ground in 1 ml of extraction buffer and tested by ELISA
to determine the sensitivity of one of the antisera (see below). The possibility
of detecting the ectomycorrhizal fungus T. albidum in batches of non-mycorrhizal
root tips, was tested by grinding varying numbers of root tips with 7. albidum
myecelial colonization with varying numbers of tips from non-mycorrhizal plants in
a standard volume of 2 ml extraction buffer.

The reactivity of the antiserum was also tested against mycorrhiza produced
by other fungus species, viz. T. magnatum, Tuber aestivum, Tuber brumale and
against uncharacterized field ectomycorrhiza on Q. pubescens and P. pinea. For
this purpose, fungi were extracted by grinding 30 root tips of P. pinea or 100 tips
of Q. pubescens in 2 ml of extraction buffer.
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All the trials were performed in adjacent triplicate wells and each trial was
repeated three times.

3. Results

In F(ab'), indirect ELISA, the antiserum against the extracellular fraction
showed a higher titre with homologous antigens, and a very low non-specific bind-
ing with non-mycorrhizal root tissues, than with the antiserum to the soluble
mycelial protein fraction. The mean absorbance values, from 3 experiments with
3 replicates for each ELISA plate, were respectively: 1.45 O.D. and 0.31 O.D.
for homologous antigens; 0.09 O.D. and 0.08 O.D. for controls. For this reason,
all the subsequent results refer to the antiserum to the extracellular fraction, col-
lected after the booster injections. For this antiserum, the optimal conditions for
F(ab!), indirect ELISA was found to be 10 ng/ml F(ab'), fragments of IgG for
plate coating and 1:500 dilution of the whole IgG. Under these conditions, the de-
tection limits for the homologous antigens and the soluble mycelial protein fraction
antigens were 40-60 ng and 100-150 ng protein/ml, respectively.

The fungus T. albidum could be reliably detected in extracts of two P. pinea
root tips and in extracts of at least 25 ). pubescens root tips ground in 1 ml
of extraction buffer. A good correlation was found between the number of tips
and the absorbance value (Table 1), although a small variability of the absorbance
values was observed, due to the different ages and sizes of the ectomycorrhiza
tested; young, branched ectomycorrhiza with a well-developed fungal mantle were
the most reactive.

The limit for a positive reaction in batches of mycorrhizal root tips mixed with
non-mycorrhizal root tips was 1:5 for both P. pinea and Q. pubescens (Table 2).

Non-mycorrhizal P. pinea and Q. pubescens root tips gave low absorbance values,
below 0.1.

The results for cross-reactivity of T. albidum antiserum with other ectomycor-
rhizal species are reported in Table 3.

A very slight heterologous reaction was noticed only with T. magnatum, while
there was no reactivity with the other species tested. The fungi in P. pinea and

Table 1. ELISA absorbance for different numbers of 7. albidum mycorrhizal root tips.

Pinus pinea Quercus pubescens
Number of Number of
mycorrhizal Absorbance mycorrhizal Absorbance
tips value tips value
Control (*) 0.09 %0.02 Control (*) 0.08 (0.02
2 0.29 (0.01 25 0.41 (0.06
4 0.29 (0.02 50 1.01 %0.08;
8 0.41 (0.05 100 1.72 (0.11
16 0.61 (0.04
32 1.13 (0.04)

Note: (*) 32 non-mycorrhizal P. pinea root tips and 100 non-mycorrhizal Q. pubescens root tips were used. The
absorbance values were recorded at 405 nm. The data are the means of triplicate wells with three repetitions.
Standard deviation in parenthesis.
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Table 2. ELISA absorbance for T. albidum mycorrhizal root tips mixed with non-mycorrhizal root tips

Pinus pinea Quercus pubescens
Non-mycorrhizal root tips Absorbance value Non-mycorrhizal root tips Absorbance value
Mycorrhizal Mycorrhizal
30/0 (Control) 0.09 (0.03 100/0 (Control) 0.08 (0.02
25/5 0.29 (0.08 80/16 0.23 (0.04
20/10 0.57 (0.04 66/33 0.43 (0.05
10/20 0.75 (0.08 33/66 1.90 {0.02

Note: The absorbance values were recorded at 405 nm. The data are the means of triplicate wells with three
repetitions. Standard deviation in parenthesis.

Table 3. Absorbance values at 405 nm F(ab!), ELISA with root tip extracts of Q. pubescens and P. pinea with
different fungus species

ELISA value of extracts for each fungus

Plant host no fungus T. albidum T. magnatum T. aestivum T. brumele unidentified
fungus

Q. pubescens® 0.09 (0.02)  1.20 (0.33) 0.17 (0.02) 0.12 (0.02) e —es

P. pinea® 0.09 (0.02)  1.31 (0.08) S0 0.09 (0.03) 0.07 (0.01) 0.09 (0.03)

b The root tips tested were 100 for Q. pubescens and 30 for P. pinea. Results are expressed as mean absorbance

values for triplicate wells with three repetitions. Standard deviation in parenthesis.
—** Not tested

Q. pubescens trees reacted similarly, apart from a slightly reduced absorbance value
constantly obtained for T. albidum in Quercus.

4. Discussion

Our results show that the antibodies obtained with the T'. albidum extracellular
fraction are able to differentiate this species from other ectomycorrhiza in both
P. pinea and Q. pubescens. Moreover, they are able to detect the presence of
the fungus in mixed batch samples of mycorrhizal and non-mycorrhizal root tips.
This makes it possible to detect the presence of the fungus in seedling trees with
ELISA even when there is irregular ectomycorrhiza development. In addition,
considering the good correlation seen between the absorbance value and the number
of infected tips, this technique could permit estimates to be made of the degree of
ectomycorrhizal formation in roots.

ELISA thus appears to be a promising method for large-scale, routine detection
of Tuber ectomycorrhiza.

The higher reactivity obtained with T. albidum mycorrhizaon P. pinea compared
to the same mycorrhiza on Q. pubescens, may be due to the presence of a thicker
fungal sheath composed of more layers on the Pinus as reported by Palenzona et

al. (1972).
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