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QUANTITATIVE SEROLOGICAL ESTIMATIONS OF FUNGAL COLONIZATION
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INTRODUCTION

A variety of methods has been used in the past to quantify
pathogenic fungi present in or on host plants. Observations on degree of
colonization range from verbal descriptions (e.g. very slight to abun-
dant) and number of plants infected to more elaborate light-microscopi-
cal estimations of amounts of hyphae in sectioned tissue (Toth & Toth
1982) . Phase-contrast lenses (Frankland 1974) and, .in my experience,
optics for differential interference contrast, help to recognize very
thin and even empty hyphae. Specific fluorescent stains for hyphal walls
make it easy to discriminate between fungal and plant structures (Patton
& Johnson 1970; Rohringer et al. 1977).

In morphometric studies, the relative proportions of different fungal
components or fungal structures are determined in tissue sections or on
host surfaces. Instrumentation is now available that makes such an
analysis easy (Moesta et al. 1983).

Direct methods also include isolations from freshly collected tissue or
air-dried material followed by dilution plating on a selective medium
(e.g. Davis et al. 1983). This technique needs specific adaptations

for each fungus assayed. It may indicate the amount of propagules in an
infected tissue, but not the amount of fungal biomass. The value of
these assays i1s discussed in the proceedings of the previous meeting in
this series (Blakeman 1981).

Ride & Drysdale (1972) recommended the chemical determination of the
chitin content as a quantitative measure for fungal invasion. This
method is rapid and simple and has been used for different fungi:
Botrytis cinerea (Harding & Heale 1978), Erysiphe cichoracearum {(Onogur
& Schldsser 1976), Fusarium spp. {(Zak 1976; Raghu Kumar & Subramanian
1977; Schdénbeck et al. 1977; Dehne & Schénbeck 1979), Puceinia spp.
(Lésel & Lewis 1974; Pearce & Strange 1977; Whipps & Lewis 1980), Verti-
etllium spp. (Pegg 1978) and some mycorrhizal fungi (Becker & Gerdemann
1977; Hepper 1977; Haselwandter 1979). This method has its pitfalls
since, in contrast to hyphae, spores often have much higher chitin
contents and this results in an inaccurate estimate of fungal growth.
Furthermore, the chitin content is not directly correlated with hyphal
growth (Mayama et gl. 1975; Kaminsky & Heath 1982), probably because

of changes in the fungal wall composition during growth in the host
(Mendgen et al. 1985).
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Similary, ergosterol has been recommended as a measure of fungal growth
(Seitz et al. 1979). This sterol is the predominant sterol component of
most fungi and is either absent or a minor constituent in most higher
plants. This method seems to be more sensitive than the chitin assay.
However, like the chitin determination, the ergosterol assay cannot
discriminate between different fungi although different fungi seem to
have different ergosterol contents. Therefore, this assay is only a
rough method for estimating fungal biomass in or on a solid substrate.

As an alternative to the methods mentioned above, the total amount of
fungal material present in the infected tissue may be measured serologi-
cally (e.g. with the enzyme-~linked immunosorbent assay, ELISA). In
ELISA, the antibody binding reaction is combined with the adsorption of
the antibodies to a solid plastic matrix; this complex selectively re-
tains antibodies linked with an enzyme. Alternatively, the enzyme-linked
complex may be replaced by a radiocactive-labelled antibody (radioimmuno-
sorbent assay, RISAR), but this test is more complicated to use (Savage &
Sall 1981; Richardson & Warnock 1983) and the isotopes may be difficult
to handle under normal laboratory conditions. N

SEROLOGICAL ESTIMATIONS WITH EILISA

The ELISA method of Clark & Adams (1977) is used very often
for virus detection in plants: non-labelled antibodies are adsorbed to
the wells of microtiter plates. A test solution with the antigen is '
added, and then enzyme-labelled antibodies are added. The latter anti-
bodies also bind to the antigen. Subsequently, an enzyme substrate is
added and the colour is measured. Alkaline phosphatase and horse-radish
peroxidase are mainly used as enzyme label. Assuming that the rate of
colour formation is proportional to the amount of conjugate reacted, the
assay will indicate the amount of antigen or antibody present. The value
of this technigque in plant pathology has been reviewed recently (Clark
1981; Gugerli 1983). In the present review, new aspects for the estima-
tions of fungal structures are summarized. Table 1 lists the fungal
species for the detection of which ELISA has been used.

SPECIFICITY OF THE ANTIGEN AND SENSITIVITY OF ELISA

In most cases whole cells are used as antigen. These may
consist of unbroken thalli, e.g. of Botrytis cinerea (Savage & Sall
1981), obtained from cultures in the growth phase, or the complete
fungal mycelium including spores (Casper & Mendgen 1979; Mendgen 1981;
Johnson et al. 1982). Also an acetone precipitate of culture fluid, e.g.
of Phoma tracheiphila (Nachmias et al. 1979), may be used. More specific
antigens are enzymes from fungi, e.g. invertase from Phytophthora mega-
sperma f. sp. glycinea (Moesta et al. 1983), NADP -glutamate dehydro-
genase from Sphaerostilbe repens (Martin et al. 1983) or polygalacturo-
nases from Fusarium oxysporum (Suresh et al. 1984). Scheffer & Elgersma
(1981) used a phytotoxic glycopeptide from Ophiostoma ulmi, the causal
organism of Dutch elm disease, as an antigen. Banowetz et al. (1984)
used membranes and proteins, carbohydrates and complex polysaccharides
from spore surfaces of Tilletia controversa and T. caries. In this
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latter study, monoclonal antibodies were used. Although this new tech-
nique seems to become very promising because of its high specificity
(Benhamou & Ouellette 1985), it was not possible to differentiate with
monoclonal antibodies between 7. controversa and T. caries (Banowetz et
al. 1984).

When polyclonal antibodies against Epichloé typhina were used, only
three (Thelephora, Rhizoctonia and Claviceps) of 14 different genera of
plant-pathogenic fungi tested, reacted to any extent in the ELISA sys-
tem. A high concentration (50 mg ml_J) of sclerotia of Claviceps sp.
gave an absorbance value of 0.043, roughly equivalent to that of myceli-
um of E. typhina at 100 ng ml ! (Johnson et al. 1982). Obviously, the
ELISA technique may also be useful in studying taxonomic relationships
between fungi. Testing different Endogonaceae, Aldwell et al. (1985)
were able to differentiate between these mycorrhizal fungi serological-
ly. The data obtained corresponded well with the current classification
based on morphological features and demonstrated the high specificity of
ELISA.

Table 1. Fungi detected in plant tissues with ELISA.

Fungal species

Reference

Aeremonium coenophialum

Alternaria solani

Armillaria sp.

Aspergillus sp.

Bipolaris sp.

Clitocybe sp.

" Endomycorrhizal fungi
(Gigaspora margarita,
G. calospora,

Glomus mosseae, G. clarum,

Acaulospora laevis,
Selerocystis dussii)
Endophytic fungi

Epichloé typhina

Gremmeniella abiletina
Phytophthora syringae
Phoma tracheiphila

P, exigua

Plasmopara halstedii
Verticillium albo-atrum
V. lecanii

Welty et al. (1984)

vargo & Baumer (1984)
Lung-Escarmant & Dunez (1979)
Hommell et al. (1976)

Vargo & Baumer (1984)
Lung-Escarmant & Dunez (1979)
Aldwell et al. (1983, 1985)

Funk et al. (1983); Johnson et al.
(1983) ; Musgrave (1984)

Funk et al. (1983); Halisky et al.
(1983); Johnson et al. (1983, 1985);
Musgrave (1984)

Liese et al. (1982)

Kimishima et al. (1984)

Nachmias et al. (1979)

Aguelon & Dunez (1984)

Liese et al. (1982)

Leach & Swinburne (1984)

Casper & Mendgen (1979); Mendgen
(1981)
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The results mentioned above show that it may be possible to differenti-
ate between two fungi in or on a leaf. For example, the hyperparasite,
Verticillium lecanii, could easily be distinguished in pustules of
various rust fungi (Casper & Mendgen 1979; Mendgen 1981). In that sys-
tem, there were no cross-reactions between extracts of the plants, the
rust fungus and the hyperparasite. The specificity of the antibody could
easily be checked with a microscope equipped for epifluorescence:
fluorescein isothiocyanate-labelled antibodies against V. lecanii were
restricted to this fungus in the cross-sections through a leaf of
Phaseolus vulgaris infected with Uromyces appendiculatus and V. lecanit
(Mendgen & Casper 1980). Moreover, the specificity of the antiserum may
be enhanced by pretreatment with antigens (proteins) from similar fungi
and discarding the precipitate formed (Frankland et al. 1981; Leach &
Swinburne 1984).

The sensitivity of ELISA was at least 103 to 10° times greater than that
of the double diffusion test (Nachmias et al. 1979). E. typhina was
detected in concentrations down to 100 ng ml ! (Johnson et al. 1982).
*This value is similar to that possible with RISA for the detection of
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Fig. 1. Enzyme-linked immunosorbent assay (ELISA) for a
dilution series of mycelium of two E. typhina isolates.
Absorbance at 405 nm after incubation of E. typhina isolated
from tall fescue (e) and bentgrass (x). The absorbance of
the control buffer (PBS) was 0.007. Drawn after data from
Johnson et al. (1982).
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B. c¢cinerea (Savage & Sall 1981). Johnson et al. (1983) detected antigens
in samples consisting of only one endophyte-infected seed extracted
together with 19 endophyte-free seeds.

QUANTITATIVE ESTIMATIONS

It may be possible to correlate spectrophotometric ELISA
readings with the total amount of fungal material in infected host *
plants. An example of such a correlation is shown for a dilution series
of mycelium of two E. typhina isolates (Fig. 1). Quantitative measure-
ments have also been made with V. lecanii in pustules of stripe rust
(Puceinia striiformis) under different growth conditions (Fig. 2). A
good correlation was obtained between the amount of the hyperparasitic
fungus growing in the rust pustules and the ELISA values (Casper &
Mendgen 1979; Mendgen 1981).

There are some principal restrictions in using the ELISA technigue for
the quantitative evaluation of fungal biomass or fungal growth. Compara-
ble to the problems with guantitative chitin or ergosterol measurements,
the antigen chosen for the detection of a fungus within plant tissue may
not be evenly distributed within all fungal structures. As a conse-
quence, the increase or decrease of that antigen, rather than the growth
of the fungus will be measured. Changes in protein patterns during the
development of a fungal pathogen have been reported (Huang & Staples
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Fig. 2. The amount of V. lecanii in rust pustules on wheat,
estimated by ELISA and expressed as absorbance at 405 nm
(adapted from Mendgen 1981). A. Influence of relative humid-
ity and temperature on the development of V. lecanii grown
under 4000 lux. A 405 values of the control (rusted leaves
without V. lecanii) were <0.0l. B. Influence of relative
humidity and light on the development of V. lecanii grown
at 15°C. Aygs5 values of the control were <0.01.
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Fig. 3. A, B. Surface carbohydrate pattern on outer and
inner infection structures of two rust fungl: Unomyoss
appendiculatus (B) and Puceinia coronata (B). C, Structures
of the carbohydrates involved (Mendgen 1984).
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1982; Kim et al. 1982). Also the wall carbohydrates (Bartnicki-Garcia
1968) and especially the surface carbohydrates (Fig. 3) of the wall
change drastically during the course of infection of a rust fungus
(Mendgen et al. 1985). Such carbohydrates (e.g. polyglucans or polyga-
lactans) may be effective antigenic determinants. To avoid some of these
problems, antibodies against a mixture of antigens derived from all
parasitic structures of a fungus are recommended for quantitative stud-
ies of fungal development. This technique would overcome inaccuracies of
other methods in which only one component of a fungus is measured, which
may change with age, growth rate and environmental conditions.
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