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Abstract

KRATKA J., PEKAROVA B., ZEMANOVA A., KUTIKOVA M. (2000): Utilization of immunochemical methods for the detec-
tion of Fusarium culmorum in winter wheat. Pl. Protect. Sci., 36: 1-6.

Two monoclonal antibodies and one polyclonal antibody were prepared and used for the detection of Fusarium culmorum in
winter wheat. In addition, Fusarium oxysporum, F. graminearum, F. solani, F. avenaceum, F, tricinctum, and F. moniliforme
were used in the tests. The antibodies were genus specific. Monoclonal antibodies did not cross-react with other fungal patho-
gens of winter wheat (Gaeumannomyces graminis, Pseudocercosporella herpotrichoides, Rhizoctonia solani). The pathogen
was detected in vitro, in hydrated and artificially inoculated kernels and in seedlings, by PTA-ELISA, immunoprinting, dot blot
and immunofluorescent microscopy. Dot blot and immunofluorescent microscopy were the most sensitive methods for recognis-
ing FCu in vitro and in vivo. Specificity and sensitivity of monoclonal and polyclonal antibodies were similar.
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Fusarium culmorum and other Fusarium species
(F. graminearum, F. avenaceum, F. solani, F. poae, F. oxy-
sporum, F. nivale) are well known pathogens of winter
wheat. Infection of winter wheat with Fusarium species
causes lower germination, death of seedlings, head blight,
yellow stems and leaves, and root rot (KOVACIKOVA et
al. 1992).

Recent studies have shown that reliable, fast and spe-
cific diagnoses of these pathogens cannot be based on the
detection of mycotoxins because the production of some
of the toxins can be modified by abiotic factors. Further,
the content of toxins is not always correlated with viru-
lence of this pathogen and/or resistance of the variety
(MESTERHAZY & BARTOK 1992; MANKA et al. 1989).
For this reason we studied the use of immunochemical
methods for the detection of these pathogens in host plants.
For healthy plants and a good quality of products it is
particularly important to detect pathogens already in the
kernels.

This paper continues our recent research, i.e., the prep-
aration and testing of polyclonal antibodies for the detec-
tion of F. culmorum (KRATKA et al. 1997).

The aims of this study were:
~ to determine the optimal preparation of monoclonal

antibodies,

—to test the specificity of poly- and monoclonal antibod-
ies for detection of F culmorum and other Fusarium
pathogens of winter wheat,

—to determine the optimal growth stage of the host plant
(after artificial inoculation of kernels) to detect the path-
ogen with immunochemical methods,

- to present suitable immunochemical methods for the
detection of the pathogen in host plants.

MATERIAL AND METHODS
Biological Material

The virulent isolate of Fusarium culmorum (FCu) no.
67 was used (KRATKA et al. 1997). Analyses were also
carried out with Fusarium oxysporum, F solani, F. gra-
minearum, F. avenaceum, F. tricinctum, F. moniliforme
and other important pathogens of winter wheat Pseudocer-
cosporella herpotrichoides, Gaeumannomyces graminis
and Rhizoctonia solani.

The fungal isolates were chosen according to tests of
pathogenicity performed at the Research Institute of Crop
Production (HAJKOVA, SYCHROVA — pers. comm.).

The winter wheat cultivar Arina with high resistance to
FCu was used (BARTOS — pers. comm.). Analyses were
performed with kernels, seedlings and young plants (at
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the growth stage of two leaves). Fifty kernels were steril-
ized by immersing them in antiseptic solution SAVO
(Biochemie) containing 47.2 g/l NaClO, then in 96%
ethyl alcohol, and finally sterile H,O. Afterwards the ker-
nels were placed in Petri dishes with Czapek Dox agar
medium (48 h, 20°C, thermostat). Only healthy hydrated
seeds (without visible presence of bacteria and fungi) were
selected and inoculated with a suspension of conidia and
mycelium of FCu (cca 10® CFU/ml). Inoculum was in-
jected by syringe into the kernels. In the first experiment
inoculated kernels were placed on a Petri dish with Cza-
pek Dox agar medium (20°C, thermostat). Hydrated ker-
nels and seedlings were analyzed after 24 h and 48 h. In
the second experiment inoculated kernels were placed in
a test tube with Czapek Dox agar medium (light thermo-
stat, 20°C). The young plants (with two leaves) were an-
alyzed after 6 days.

Antigen Preparation

FCu was cultured on Czapek Dox liquid medium for
25 days. All other fungal pathogens were also cultured on
that medium.

Antigens (purified protein solutions) were prepared
from mycelial mats according to KRATKA et al. (1997).

Preparation of Antibodies

Polyclonal antibodies were prepared and tested accord-
ing to KRATKA et al. (1997).

Monoclonal antibodies: A. Female Balb/c mice, 6-20
weeks old, were given five interperitoneal injections of
100-250 ug of proteins (FCu antigen) at 2-week inter-
vals. Antigen was emulfisied 1 : 1 with Freund’s adjuvant.
The sixth injection, containing 300 pg of proteins with-
out adjuvant, was applied after 2 weeks. Three days after
application of the sixth injection the mice splenocytes were
fused with Sp 2/0 myeloma cells using 50% polyethylene
glycol 1300-1600 (Sigma).

B. Female Balb/c mice, 6-20 weeks old, were given six
interperitoneal injections of an extract from seeds natu-
rally infected with Feu (150 seeds were extracted in 10 ml
of PBS). Each immunization included 100 ul extract per
dose mixed with Freund’s adjuvant (1 : 1). Three days
after the last injection the mice splenocytes were fused
with Sp 2/0 myeloma cells using 50% polyethylene gly-
col 1300-1600 (Sigma).

Hybridoma were tested using indirect ELISA on Teras-
ki microtitre plates. Clones were obtained from hybrido-
ma colonies that grew on soft agar. Each positive cell line
was cloned three times. The stable clones were cultured
in a spinner flask to 0.5 | for large-scale production of
monoclonal antibodies (MAbs).

The antibody-containing cell culture supernatants were
concentrated by polyethylene glycol approximately
20 times. Antibodies (class IgG) were purified by capryl-
ic acid (VIKLICKY 1987). Final concentration of IgG (FCu

antibody) was 1 mg/ml. The antibodies were then frozen
and stored at —18°C.

Immunochemical Methods

Preparation of plant material: The same plant sam-
ples were used in three methods:

1. Hydrated kernels, coleoptiles and roots of seedlings,
leaves and stems of young plants, and mycelial mats
were printed.

2. Printed samples (5 kernels or 5 coleoptile)/mycelial
mats were placed in 1ml of PBS at 4°C, the extracts
were used for dot blot or ELISA after 24 h. Extracts
prepared in PBS were used for ELISA and immunob-
lotting without further dilutions.

3. Printed samples (5 kernels or 5 coleoptile)/mycelial
mats were placed in 1ml of PBS containing IgG and
used for immunofluorescent microscopy.

PTA-ELISA was conducted according to KYNEROVA
et al. (1998) on polystyrene microtitre plates (GAMA).
Absorbance was measured with an automatic reader (Dy-
natech) at 405 nm.

Immunoblotting (tissue immunoprinting and dot blot):
Plant samples and mycelial mats or 2 pl PBS extracts were
applied on nitrocellulose membranes (Millipore Corpo-
ration, .45 um of porosity). The membranes were im-
mersed in PBS pH 7.2 containing 5% skimmed milk for
1 h at room temperature, then incubated with antibodies
diluted in PBS pH 7.2 with 5% skimmed milk for 1 h at
room temperature, After three rinses with PBS pH 7.2
and one rinse with TBS (0.01M Tris, 0.015M NaCl, pH
8.1) the membranes were incubated with sheep anti-rabitt
IgG coupled with alkaline phosphatase (Boehringer Mann-
heim) diluted to 250 mU/ml in TBS (polyclonal) or incu-
bated with sheep anti-mouse IgG coupled with alkaline
phosphatase diluted to 250 mU/ml (monoclonal) in TBS
0.5 h. After three rinses with TBS and one rinse with TBS-
MgCl, (0.1M Tris, 0.15M NaCl, 0.005M MgCl, x 6H,0,
pH9.1), the membranes were immersed in the BCIP/NBT
solution (Sigma). The membranes were dried and evalu-
ated. All incubation steps were performed during orbital
shaking (Minishaker IKA, 300 rpm). The colour reactions
were stopped by three rinses in distilled water.

Immunofluorescent microscopy: Plant samples and
mycelial mats were immersed in PBS pH 7.2 containing
polyclonal or monoclonal antibodies. After three rinses
with PBS the plant samples/mycelial mats immersed in
polyclonal IgG were incubated with SWAR/FITC (Insti-
tute of Sera and Vaccine, Prague, CZ), while material
immersed in monoclonal IgG was incubated with anti-
mouse Ig-fluorescein from sheep (Boehringer Mannheim).
The incubations for 3 h at 37°C were performed during
orbital shaking. Reactions were stopped by three rinses
with PBS, rinsed material was placed in distilled water.
Microscopic preparations were examined with a fluores-
cence microscope (Nikon),
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RESULTS 4

Preparation and Test of Monoclonal Antibodies

Twenty positive hybridomas prepared with method A,
and eight positive hybridomas prepared with method B
were identified by indirect ELISA on Teraski plates. The
two best monoclonal antibodies were selected for tests:
MAD33/8 (method A) and MAb30/2 (method B).

Using PTA-ELISA and dot blot we found that both
mono- and polyclonal antibodies were genus specific (Ta-
ble 1, Fig. 1a, b). Fluorescent microscopy was sensitive
enough to recognise conidia of FCu in a mixture of conidia
of Fusarium species (Fig. 2a, b, c). We determined the b
optimal concentrations of IgGs for each method. In ELISA
we used a concentration of 1 pg/ml of polyclonal IgG and
10 pg/ml of both monoclonal IgGs, for immunoblotting
1 ug/ml of polyclonal IgG and 4 pg/ml of monoclonal
1gGs, and for fluorescent microscopy 4 pg/ml of all IgGs.
This means that the sensitivity of polyclonal IgG was high-
er than that of monoclonal IgGs, especially in ELISA.
The specificity was similar for all IgGs.

A
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L F culmorum, 2: F. graminearum, 3: F. avenaceum, 4: F. solani, Fig. 2. Immunofluorescent microscopy — conidial mixture of -

5: F oxysporum, 6: F. tricinctum, 7: F. moniliforme, A = i : ; .
VA ’ fatme, antigens various Fusarium species (F. culmorum, F. graminearum, F. ave-

Fig. 1. Dot blots of Fusarium sp. extracts on nitrocellulose:  naceum, F. oxysporum, F. solani, F. tricinctum, F. moniliforme):
a — polyclonal IgG, b - MAb 30/2 a — polyclonal IgG, b — Mab30/2, ¢ — light microscopy

Table 1. Cross-reactions of antibodies to Fusarium culmorum with other fungi

Antibodies
Antigens PAb s, MAb30/2 £ 5, MAb33/8 5
F avenaceum 0.72 0.08 0.55 0.02 0.61 0.01
F, equesiti 0.40 0.03 0.25 0.01 0.31 0.01
F. moniliforme 0.61 0.07 0.52 0.02 0.60 0.02
F nivale 0.20 0.03 0.12 0.01 0.21 0.01
F. oxysporum 0.65 0.03 0.48 0.02 0.53 0.02
F. poae 0.30 0.01 0.31 0.02 0.30 0.02
F. sambucinum 0.80 0.05 0.69 0.03 0.60 0.02
F. solani 0.55 0.05 0.39 0.04 0.45 0.04

F. tricinctum 0.60 0.04 0.51 0.04 0.59 0.04
Gaeumannomyces graminis - =
Pseudocercosporella herpotrichoides - - -

Rhizoctonia solani - —

Each value represents the mean of nine replications, + standard crrors of the mean were determined; Concentration of proteins in each anti-
gen = lug / ml; PAb: polyclonal antibodies, MAb: monoclonal antibodics
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The antibodies did not cross-react with other pathogenic
fungi of winter wheat, i.e., Gaeumannomyces graminis,
Pseudocercosporella herpotrichoides, Rhizoctonia solani
(Table 1).

Detection of FCu in Wheat

The pathogen was detectable in hydrated kernels and
seedlings. We used both mono- and polyclonal antibod-
ies for the detection by ELISA, immunoprinting and dot
blot. The pathogen was successfully detected in kernels
one day after inoculation, and two days after inoculation
in coleoptiles using immunoblotings (Fig. 3a, b) and
ELISA (Fig. 4). Absorbances (ELISA) of infected sam-
ples had to be higher than 0.05 (Fig. 4). The threshold for
positive pathogen detection represented the mean of nine
replications (three microtitre plates with three wells for
each sample), + standard errors of the means were deter-
mined. Especially the dot blot procedure was very reli-
able when using extracts from plant samples. Direct
printing of kernels, roots and coleoptile (from seedlings)
was difficult and in many cases not reproducible.

o _.» v @

1-3: different FCu antigens, 4-5: control kernel, 6-7: control
coleoptile, 8-9: infected kernel, 10-11: infected coleoptile

Fig. 3. Dot blots of plant extracts (1 day after infection): a — po-
lyclonal IgG, b — MADb33/8
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PAb — polyclonal antibodics; MAb — monoclonal antibodics

Fig. 4. Detection of Fusarium culmorum in artificially infect-
ed seedlings by ELISA. Each value represented the nine repli-
cations, the bars represent + standard errors of the means

a b
Fig. 5. Infected wheat coleoptile tissue visualised using poly-
clonal IgG under immunofluorescent microscopy (a) and
light microscopy (b)

Infected tissue was visualised using polyclonal antibod-
ies and examined under an immunofluorescence micro-
scope (Fig. 5).

It was difficult to detect the pathogen in young plants,
The plants had visible symptoms, that is yellow leaves
and stems, mycelial growth on stems, inhibition of growth,
but the differences in absorbances (ELISA) between in-
fected and control plants were not reproducible in all cas-
es, and dot blots were negative. For these reasons no
detailed results on this stage of the plants are described.

DISCUSSION

From the results it appears that detection of Fusarium
culnorum in artificially hydrated kernels and seedlings
of winter wheat with the immunomethods is most reli-
able. We suppose that these methods will also be reliable
to detect F'Cu and other Fusarium sp. in naturally infect-
ed kernels of winter wheat. The use of hydrated kernels,
and particularly seedlings, facilitates the detection of la-
tent infection. At present we are studying this aspect.
Detection of FCu in plants with visible infection was un-
reliable. We experienced the same difficulty while detect-
ing Phytophthora sp. in host plants such as strawberry,
tomato and potato (KYNEROVA et al. 1998; PEKAROVA-
KYNEROVA & KUTIKOVA 1999). Similar conclusions
were reached by other authors (DEWEY 1996 — pers.
com.). According to WERRES (1988) and GABLER & UR-
BAN (1995) this problem could be due to inhibition of the
ELISA reaction by oxidized polyphenols which were pro-
duced in diseased plants.

The selection of suitable methods was facilitated by the
use of similar plant material and determination of anti-
body specificity and sensitivity. We used the same plant
samples in all methods. Polyclonal and monoclonal anti-
bodies are genus-specific, they are thus not suitable (o
differentate between Fusarium species. Beside many other
advantages of ELISA (e.g., processing of numerous sam-
ples, rapidity, sensitivity, and low cost), its results in a
quantitative form are particularly valuable. But the deter-
mination of the positive/negative threshold in the detec-
tion of fungal pathogens in hosts is difficult (CONVERSE
& MARTIN 1990). For this reason the statistical evalua-
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tion of data is very important. Based on the measurements
we defined a very low positive treshold value for detec-
tion of the pathogen. We determined this level on the ba-
sis of the mean of nine replications, after calculating the
standard errors of the means. Because we used the same
plant material (also the same dilutions) in all tests by dif-
ferent methods, we were able to compare the results and
confirm our conclusions. This problem was discussed re-
cently by other authors (KYNEROVA et al. 1998).

Dot blot is a fast and sensitive method which, accord-
ing to our experience, could be used to detect the presence
of Fusarium sp. in tissue most reliably. Immunofluores-
cence is a very sensitive method. The interpretation of
immunofluorescence is frequently difficult due to other
sources of fluorescence, such as cross-reactions of anti-
bodies with plant metabolites, and autofluorescence of
the plant material. The importance of interference has to
be individually determined for each system and requires
repeated observations of suitable controls, unstained sam-
ples or healthy tissue (MILLER & MARTIN 1988; GIN-
GERY 1990; WERRES & STEFFENS 1994).

Using this method we were able to localize the antigen
in plant tissue. According to our experiences and results
it is reasonable to use at least two immunomethods for
detection of FCu in winter wheat after artificial infection.

We studied the ditferences between mono- and poly-
clonal antibodies, their specificity and sensitivity. Mono-
and polyclonal antibodies for detection of FCu were ge-
nus-specific. Similar conclusions on the detection of fun-
gi were obtained by DEWEY (1996). The prepared
antibodies have approximately similar sensitivity. Com-
pared to polyclonal antibodies, the main advantage of
monoclonal antibodies is that they can be produced in
unlimited quantities and preserved indefinitely (DEWEY
1996).
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Byly pfipraveny a otestovany monoklonalni protilatky (MAb30/2 a MAb33/8) pro detekci Fusarium culmorum (FCu) v pSenici
ozimé. Testovani bylo provedeno pomoci neptimé ELISA metody a bylo zjiténo, Ze specifiénost pfipravenych MAbs je rodova.
Pro testovani byly pouZity druhy rodu Fusarium (oxysporum, solani, graminearum, avenaceum, tricinctum, moniliforme). Roz-
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dily byly kvantitativni. MAbs nevykazovaly kfiZové reakce s dal3imi houbovymi patogeny p¥enice (Gaeumannomyces graminis,
Pseudocercosporella herpotrichoides, Rhizoctonia solani). Detekce FCu byla provedena v uméle infikovanych obilkéch. Pro
identifikaci patogena byly vyuzity PTA-ELISA, imunoprint, dot blot a imunofluorescenéni mikroskopie. PH viech pouzitych
metoddch byly pouZity poly- a monoklonalnich protilatky, jejich reakce (specifi¢nost a citlivost) byly obdobné.

Klitova slova: Fusarium culmorum; pSenice ozimé; polyklondlni a monoklonalni protilatky; PTA-ELISA; imunoprint; dot blot;
imunofluorescence
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