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ABSTRACT

Takenaka, S. 1992. Use of immunological methods with antiribosome serums to detect snow mold fungi in wheat plants. Phytopathology 82:896-901.

Ribosomal protein differences among snow mold fungi and wheat were
utilized to detect the causal fungi in infected wheat leaves by indirect
enzyme-linked immunosorbent assay (ELISA) and western blot analysis.
Polyclonal antiserums were raised against the ribosomes of Pythium
paddicum, P. iwayamai, Typhula incarnata, and Microdochium nivale
and tested for sensitivity and specificity with ribosomes of these four
pathogens, Typhula ishikariensis, and wheat. Using polyclonal antiserums,
ribosomes of P. paddicum and P. iwayamai were serologically identical;
the ribosomes of T. incarnata and T. ishikariensis had partial common
antigenic determinants, but there were apparent serological differences
among Pythium spp., Typhula spp., M. nivale, and wheat. With indirect
ELISA, ribosomes of Pythium spp. were detectable at a concentration

of 69 ng/ ml and ribosomes of T. incarnata and M. nivale at a concentration
of 210 ng/ml. The ribosomes of each target pathogen were detected from
completely rotted wheat leaf homogenates diluted up to 1:1,000 or
1:10,000. The indirect ELISA could not differentiate P. paddicum from
P. iwayamai-infected plants or T. incarnata from T. ishikariensis-infected
plants but could detect and differentiate snow mold fungi at the genus
level in wheat plants. Western blot analysis with these antiserums also
could not differentiate P. paddicum from P. iwayamai but could differ-
entiate wheat leaves infected with T. incarnata from those infected with
T. ishikariensis. These immunological methods with antiribosome serums
would be useful to evaluate wheat plants for infection by Pythium spp.,
T. incarnata, T. ishikariensis, and M. nivale.

Snow mold disease has been a very serious problem to winter
cereal production in the Hokuriku district in Japan, where snow
falls heavily and persists for long periods. In this region, Pythium
snow rot caused by P. paddicum Hirane and P. iwayamai Ito,
speckled snow mold caused by Typhula incarnata Fr., and pink
snow mold caused by Microdochium nivale (Fr.) Samuels & 1.
C. Hallet are the major snow mold diseases of winter wheat
(Triticum aestivum L.) and barley (Hordeum vulgare 1L.). The
disease symptoms (such as leaves, crowns, and roots rotted) are
not always specific, and diagnosis must be confirmed by isolation
and identification of the pathogens. The snow mold fungi are
often isolated simultaneously from rotted tissues, but the quanti-
tation of each fungus in a mixed infection is difficult. Moreover,
culturing methods require skill, experience, and a minimum of
several days of incubation. Immunological methods, because of
their rapidity, high specificity, and high sensitivity, could be a
possible solution for quantifying the fungus. Immunological meth-
ods, particularly enzyme-linked immunosorbent assays (ELISA),
are routinely used for detection of plant viruses (3). Recently
their applicability to the detection of fungal plant pathogens has
also been reported (1,2,4,5,8,9,16-20,23,24). Takenaka & Yoshino
(28) indicated that there were electrophoretic differences among
ribosomal proteins of two Pythium spp., T. incarnata, M. nivale,
and wheat, and that the distinctive fungal bands of ribosomal
proteins could be detected from the ribosome preparations of
wheat plants infected with these fungi individually by SDS-poly-
acrylamide gel electrophoresis (SDS-PAGE). These findings
suggest that at least the ribosomal protein-based assay has the
potential for differentiating these fungi at the genus level in
infected wheat tissues.

This paper reports the production of antiserums to ribosomes
of four snow mold fungi and the application of immunological
methods, such as the direct antigen coating (DAC) method of
indirect ELISA and western blot analysis with antiribosome
serums for detecting each of the snow mold fungi in infected
plant tissues.
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MATERIALS AND METHODS

Fungal cultures. Isolates of P. paddicum, P. iwayamai, T. in-
carnata, and M. nivale used in this study are listed in Table 1,
In addition, one isolate of T. ishikariensis (biotype A)(14), which
has not caused the snow mold of wheat and barley in the Hokuriku
district; Ceratobasidium gramineum; and Bipolaris sorokiniana,
causing other diseases of wheat and barley in the district, were
included for comparative purposes. Mycelial mats used for ribo-
somal extraction were produced in potato sucrose broth as de-
scribed previously (28).

For production of mycelial homogenates used in ELISA tests,
Pythium spp. and M. nivale were grown at 15 C for 2 wk, and
Typhula spp. were grown at 10 C for 4 wk in synthetic liquid
medium (0.5 g/L KH,POq, 0.5 g/L K,HPO,, 0.5 g/L. MgSO0,,
0.1 g/L CaCl,, 5 g/ L yeast extract, 20 g/ L glucose). C. gramineum
and B. sorokiniana were also incubated at 20 C for 23 days and
at 25 C for 21 days, respectively, in the same synthetic liquid
medium.

Purification of ribosomes. The crude ribosomal suspensions
obtained after an ultracentrifugation through a sucrose pad (28)
were treated with bovine pancreatic ribonuclease-A (Sigma, type
1A) (1 pg/ml) at 4 C for 30 min to dissociate polyribosomes
into monoribosomes. The suspensions were layered onto 10-40%
(w/v) linear sucrose density gradients in 20 mM Tris-HCI, 20
mM KCI, 10 mM MgCl,, pH 7.5, and centrifuged at 40,000 g
for 12 h at 4 C. The monoribosome fractions were collected and
pelleted as before (28). The resulting pellets were resuspended
in the gradient buffer. Wheat ribosomes were isolated similarly
from seedlings of the cultivar Norin No. 61.

Production of antiserums. Antiserums against ribosomes of P.
paddicum isolate W-82-15, P. iwayamai isolate W-82-50, T.
incarnata isolate HT8301, and M. nivale isolate HF8301 were
produced in rabbits by intramuscularly injecting a fungal ribo-
somal suspension emulsified with Freund’s incomplete adjuvant
(Difco) (1:1, v/v). Fifteen Ay, units of ribosomes were given
seven times at each injection, at 2- to 3-wk intervals. One week
after the last injection, the rabbits were bled and the serums were
collected. Sodium azide was added to 0.1% as a preservative and
serums were stored at —70 C. Titers of antiserums were evaluated
by immunodiffusion tests in 0.75% agarose (Takara, H14), 20



mM Tris-HCI, 20 mM KCI, 10 mM MgCl,, 0.05% NaN;, pH
7.5. The plates were incubated at 25 C for 5 days.

Pretreatment of antiserums for elimination of antihost reac-
tions. Antiserums were pretreated with purified wheat ribosomes
or healthy wheat leaf homogenates by the following methods.
The antiserums were diluted 1:5,000 or 1:10,000 in purified ribo-
somal suspensions (0.5 Ajggam/ml) prepared with TBST (20 mM
Tris-HCI, 0.15 M NaCl, 0.05% NaNj3, 0.05% Tween 20, pH 7.5)
containing 0.2% bovine serum albumin (BSA). Diluted antiserums
were incubated for 2 h at 37 C, centrifuged at 23,000 g for 15
min to remove the antibodies that reacted with wheat ribosomes,
and stored at 4 C until use.

Healthy wheat leaves were ground in a 1:5 w/v ratio of TBST
containing 0.2% BSA for ELISA or in a 1:10 w/v ratio of TBST
for western blot analysis. The homogenates were centrifuged at
23,000 g for 30 min at 4 C, and the supernatants were used for
diluting the antiserums at 1:5,000 or 1:10,000. Diluted antiserums
were incubated and centrifuged as described.

Indirect ELISA. The DAC method of indirect ELISA was
performed as described by Koenig (10) with some modifications.
Purified fungal and wheat ribosomes were diluted serially with
coating buffer (50 mM sodium carbonate, pH 9.6). Mycelial and
wheat leaf homogenates were prepared with a 1:10 w/v ratio
of 50 mM Tris-HCIl, pH 8.8. Frozen tissues were ground to a
fine powder in liquid nitrogen with a mortar and pestle. The
suspension was centrifuged at 23,000 g for 15 min at 4 C. The
supernatant (a homogenate diluted at 1/10) was serially diluted
with coating buffer. For the following DAC procedure, all the
incubation periods before substrate addition were 1 h at 25 C,
and volumes added at each step were 200 pl per well. Three
5-min washes with TBST were performed between each step except
between 2) and 3). Polystyrene microtiter plates (Nunc, Roskilde,
Denmark) were incubated sequentially with 1) antigen solutions
diluted with coating buffer, 2) TBST containing 2% BSA for
blocking the unoccupied surface of wells, 3) each of the
antiribosome serum solutions, 4) antirabbit IgG goat 1gG-F(ab"),
conjugated with alkaline phosophatase (Jackson Immunoresearch
Laboratories, West Grove, PA) at a 1:5,000 dilution with TBST
containing 0.2% BSA, and 5) substrate solution (1 mg/ml of p-
nitrophenyl phosphate in 10% diethanolamine, pH 9.8). Substrate
incubation times were 20 min at 25 C and reactions were stopped
with 100 ul of 3 M NaOH. Absorbance at 405 nm was measured
with a MTP-32 Microplate Reader (Corona Electric, Ibaraki,
Japan). The plates were routinely blanked against wells with only
substrate and 3 M NaOH. The positive-negative thresholds were
set as Aggsnm Values twice those of buffer controls for determination
of sensitivity of antiserums and were set as the mean of the healthy
leaf homogenates plus three standard deviation units (27) for tests
of diseased leaf homogenates.

Western blot analysis. The western blot analysis was performed
as described by Shirako and Ehara (26) with some modifications.

TABLE 1. Fungal isolates used and their sources

Species name Isolate Wheat Location Source

Pythium paddicum W-82-15  Wheat Fukui 2"
HP8702 Wheat Niigata |

P. iwayamai W-82-50  Wheat Fukui 2
W-82-24  Wheat Fukui 2

Typhula incarnata HT8301 Barley Niigata 1
HT8701 Wheat Niigata 1

Microdochium nivale  HF8301 Rye Niigata 1
HF8601 Barley Niigata 1
HS-50 Barley Fukui 2

T. ishikariensis PR75D Perennial  Hokkaido 3

ryegrass
Ceratobasidium 4
gramineum C-90-1 Barley Niigata
Bipolaris sorokiniana H85HI-1  Barley Niigata 4

"] = Author; 2 = S. Takamatsu, Fukui Agricultural Experiment Station;

3= N. Matsumoto, Hokkaido National Agricultural Experiment Station;

4 = M. Arai, Hokuriku National Agricultural Experiment Station.

Leaf homogenate in a 1:10 w/v ratio of sample buffer (50 mM
Tris-HCI, pH 8.8, 2% SDS, 1% mercaptoethanol, 12% sucrose,
50 ppm bromophenol blue) were heated at 100 C for 5 min and
clarified by centrifugation at 23,000 g for 10 min. The supernatant
was considered as a 1/10-diluted homogenate. The leaf homoge-
nate (10 ul) and purified ribosomal preparations (0.04-0.1 Azgppm
per lane) were e]cctrophoresed in a 10% polyacrylamide vertical
slab gel (14 cm in width, 10 cm in length, 0.1 cm in thickness)
by using the discontinuous buffer system described by Laemmli
(11). Electrophoresis was at 25 mA constant current for approxi-
mately 2 h. Polypeptides separated by SDS-PAGE were trans-
ferred to a nitrocellulose sheet (Toyo Roshi, TM-2) at 5 V/cm
constant voltage for | h using a Marisol model KS 8440 apparatus.
For the following indirect enzyme-linked immunoassay procedure,
all steps were conducted at 25 C in a single plastic container
with gentle shaking. After transfer, the blotted sheet was sub-
merged in excess TBST for | h to block the remaining binding
sites and then incubated with the absorbed antiserum for 30 min.
The sheet was washed three times for 5 min per wash with excess
TBSTX (20 mM Tris-HCl, 0.15 M NaCl, 0.05% NaNj, 1% Tritron
X-100, pH 7.5) and then reacted with antirabbit I1gG goat IgG-
F(ab’)2 conjugated with alkaline phosophatase conjugate at
1:5,000 dilution with TBST containing 1% normal goat serum
for 30 min. The sheet was washed twice in TBSTX for 5 min
and once in AP9.5 (0.1 M Tris-HCI, 0.1 M NaCl, 5 mM MgCl,,
pH 9.5) for 5 min. Finally, the nitrocellulose sheet was incubated
in the substrate solution (9 ml of 0.033% nitro blue tetrazolium
in AP9.5 and 30 ul of 5% 5-bromo-4-chloro-3-indolyl phosphate,
p-toluidine salt) for 15 min and then washed in distilled water
to terminate the enzyme reaction.

RESULTS

Sensitivity and specu!"cny of antiribosome serums. Ribosomal
prt:paratlons used as immunogens and test-antigens had a Agg/
Ajss.m ratio ranging from 1.7 to 1.9 and a Agw,mnm ratio ranging
from 1.9 to 2.0, showing that these preparations were relatively
free of extraneous proteins (22). Titers of anti-P. paddicum ribo-
some serum (PS), anti-P. iwayamai ribosome serum (IS), anti-
T. incarnata ribosome serum (TS), and anti-M. nivale ribosome
serum (MS) were 1/64, 1/32, 1/16, and 1/16, respectively, by
double diffusion in agarose with each antigen at 10 ug. Because
PS and IS reacted identically with ribosomes of P. paddicum
and P. iwayamai in immunodiffusion gels and titer of PS was
higher than that of IS, IS was not used in the following experi-
ments.

To determine the sensitivity of PS, TS, and MS and their
reactivities with host plant control, serial dilutions of each homolo-
gous antigen and wheat ribosomes were tested by indirect ELISA
(Fig. 1). When PS diluted with TBST containing 0.2% BSA was
used as the first antibody, ribosomes of P paddicum could be
detected at a concentration as low as 107 Aygum/ml (Fig. 1A).
Assuming ribosomes have an extinction coefficient of E 0.1%
= 14.4 (22), this value corresponds to approximately 69 ng/ml.
With TS and MS diluted with TBST containing 0.2% BSA,
ribosomes of T. incarnata and M. nivale were detectable as low
as 3 X 107 Aggpnm/ ml, which corresponds to approximately 210
ng/ml (Fig. 1B and C). However, these unadsorbed antiserums
also cross-reacted slightly with wheat ribosomes at 6.9 ug/ml.
When the antiserums pretreated with wheat ribosomes or with
healthy wheat leaf homogenates were used instead, antiwheat
ribosome reactions could be eliminated without lowering the spe-
cific sensitivity to homologous antigens (Fig. 1). The antiserums
pretreated with healthy wheat leaf homogenates always gave
slightly less posm\«'e ELISA results with both homologous and
wheat ribosome antigens as compared with those antiserums that
were pretreated with wheat ribosomes. Because the preparation
of healthy wheat homogenates was simpler than that of wheat
ribosomes, all antiserums that were used as a first antibody in
subsequent assays were pretreated with wheat leaf homogenates.

The specificity of each antiserum on other snow mold fungal
ribosomes was checked with indirect ELISA (Fig. 2). PS was
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highly specific for ribosomes of both P. paddicum and P. iwayamai
(Fig. 2A). TS reacted with T. ishikariensis ribosomes to a lesser
extent than did homologous antigen, but did not react with other
antigens (Fig. 2B). In the case of MS, very weak reactions with
other fungal ribosomes were observed at 6.9 ug/ml but not below
2.1 pg/ml (Fig. 2C). The specificity and sensitivity of these anti-
serums were also checked against mycelial homogenates (Fig. 2).
With homologous antiserum, ribosomes of Pythium spp., T. incar-
nata, and M. nivale were detectable from mycelial homogenates
at a concentration as low as 100 ng/ml, | ug/ml, and 10 pg/ml,
respectively. The specificity of each antiserum against mycelial
homogenates was similar to those against purified ribosomal
preparations. Moreover, there were no significant differences in
reactivity between isolates of the same species listed in Table
I. Among other fungi evaluated, TS reacted slightly with C.
gramineum mycelial homogenate at a concentration of 1 mg/
ml, but other reactions were negative (Table 2).

Detection of snow mold fungi in leaf homogenates by indirect
ELISA. Diseased and healthy leaf homogenates were examined
with each antiserum. When PS was used as the first antibody,
leaf homogenates infected with both P. paddicum and P. iwayamai
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Fig. 1. Reaction of antiserums to ribosomes of A, Pythium paddicum,
B, Typhula incarnata, and C, Microdochium nivale, against each of
homologous antigens and wheat ribosomes in indirect ELISA. Purified
ribosomes of P. paddicum isolate W-82-15 (P), T. incarnata isolate HT8301
(T), M. nivale isolate HF8301 (M), and wheat (W) were serially diluted
with coating buffer. Antiserums were diluted 1:5,000 for P. paddicum
and T. incarnata, and 1:10,000 for M. nivale with TBST containing 0.2%
BSA (bold lines), purified wheat ribosome solution (thin lines) or healthy
wheat leaf sap (dashed lines). Antiserums diluted with wheat ribosome
solution or wheat leaf sap were used after being incubated at 37 C for
2 h and centrifuged. Each point is the mean of three experiments.

898 PHYTOPATHOLOGY

up to a dilution of 1:10,000 elicited strongly positive absorbance
values, but the other leaf homogenates showed no positive reaction
(Fig. 3A). When TS was used as the first antibody, leaf homoge-
nates infected with both T. incarnata and T. ishikariensis up to
a dilution of 1:10,000 reacted positively, but the former always
reacted more strongly than the latter (Fig. 3B). Reactivity with
other homogenates was minimal for all tissue dilutions. Leaf
homogenate infected with M. nivale gave positive reactions to
adilution of 1:1,000 with MS (Fig. 3C). Leaf homogenate infected
with T. incarnata gave weak positive reactions at a dilution of
1:100, but other leaf homogenates did not react.

Detection of snow mold fungi in leaf homogenates by western
blot analysis. Diseased and healthy leaf homogenates were electro-
phoresed, and the electro-blotted sheets were probed with PS,
TS, and MS individually (Fig. 4). When PS was used as the
first antibody, about 17 common species of polypeptides were
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Fig. 2. Reaction of purified ribosomes (left) and mycelial homogenates
(right) of five snow mold fungi serially diluted with coating buffer in
indirect ELISA with antiserums to ribosomes of A, Pythium paddicum,
B, Typhula incarnata, and C, Microdochium nivale pretreated with healthy
wheat leaf homogenate. Isolates used for purified ribosomes are P. pad-
dicum isolate W-82-15 (P), P. iwayamai isolate W-82-50 (1), T. incarnata
isolate HT8301 (T), M. nivale isolate HF8301 (M), and T. ishikariensis
isolate PR75D (T’). Isolates for mycelial homogenates are P. paddicum
isolate W-82-15 (P), P. iwayamai isolate W-82-50 (1), T. incarnata isolate
HT8701 (T), M. nivale isolate HF8601 (M), and T. ishikariensis isolate
PR75D (T’). Each point is the mean of three (left) or two (right) experi-
ments.
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detected from purified ribosome preparations of both P. paddicum
and P. iwayamai (Fig. 4A). Most of these polypeptides were also
clearly visible in the homogenates of leaves infected with P. pad-
dicum and P. iwayamai. Although one or more bands were also
visible in other leaf homogenates, the ribosomal polypeptides with
molecular weight ranging from 20,000 (20K) to 30K were detected
only in homogenates of leaves infected with Pythium spp. How-
ever, the polypeptide patterns derived from two leaf homogenates
infected with Pythium spp. were indistinguishable. When TS was
used as the first antibody, the polypeptides of ribosomes of T,
incarnata and T. ishikariensis had strong color developments from
leaf homogenates infected with Typhula spp. (Fig. 4B). There
were some differences in the polypeptide patterns between two
ribosomes of Typhula spp. Some bands were also visible from
the homogenate infected with M. nivale, but three species of
polypeptides of 37K, 33K, and 22K were detected only from leaf
homogenate infected with T. incarnata. MS strongly reacted with
31K, 28K, 24K, and 18K polypeptides of ribosomes of M. nivale
(Fig. 4C). These polypeptides were detected in leaf homogenate
infected with M. nivale but not from other leaf homogenates.

DISCUSSION

The application of immunological procedures for diagnostic
purposes requires a readily available supply of highly specific
antibodies. However, the complex nature of fungi, as compared
with viruses and bacteria, makes it difficult to develop specific
antibodies. A number of workers have reported on the production
of antibodies against fungal pathogens using the whole cells
(7,12,15,25), fungal homogenates (2,5,8,17,18,20,24,25), crude cell
wall components (9,25), fungal soluble proteins (1,4,23), and
culture fluid (19) and on the problem of obtaining high specificity.
Savage and Sall (25) reported that the antibody to unbroken
mycelium of Botrytis cinerea had higher quality as compared
with soluble antigen and cell wall antigen. In contrast, Gerik
et al (4) noted that a relatively specific antibody could be produced
using soluble protein extracts from Verticillium dahliae. Hardham
et al (7) showed that the specificity of the antibody prepared
against zoospores and spore cysts of Phytophthora cinnamomi
was much greater than using crude mycelial preparations.

Marshall and Partridge (13) produced the specific antibody
to the ribosomes of Fusarium moniliforme, and they used it to
detect this fungus in a total ribosomal preparation from infected
corn stalk tissue with gel immunodiffusion and sucrose density
gradient analysis. Ribosomes appear to be more appropriate anti-
gens because these particles are 1) simpler antigenically than the
above mentioned antigens, 2) present in all cellular organisms,
3) easily separated from other cell constituents, and 4) contain
both highly conserved and moderately variable proteins (29).
Containing highly conserved proteins confers both advantages
and disadvantages to ribosomes as antigens. Ribosomes have
highly conserved proteins within a species; that is, there is no
qualitative difference in ribosomal proteins from diverse tissues

TABLE 2. Reaction of antiserums to ribosomes of Pythium paddicum
(PS), Typhula incarnata (TS), and Microdochium nivale (MS) against
mycelial homogenates of Ceratobasidium gramineum and Bipolaris sor-
okiniana in indirect enzyme-linked immunosorbent assay®

Absorbance at 405 nm as
related to mycelial wet weight

Antiserum Fungi 1 mg/ml 0.1 mg/ml
PS P. paddicum 1.514 1.163
C. gramineum 0.059 0.021
B. sorokiniana 0.021 0.011
TS T. incarnata 0.822 0.474
C. gramineum 0.150 0.067
B. sorokiniana 0.014 0.012
MS M. nivale 0.567 0.225
C. gramineum 0.017 0.010
B. sorokiniana 0.056 0.018

* Mean of two assays, three replicates per assay.

and various stages of development in the same species (29). There-
fore, an antibody binding to ribosomes would be likely to detect
the target fungus under a variety of conditions. On the contrary,
there is conservation of the structure of ribosomal proteins of
evolutionarily distant species (29), and antiserums against ribo-
somes of one species would be expected to cross-react against
ribosomes of another species. In this study, PS, TS, and MS
cross-reacted slightly with wheat ribosomes when these antiserums
were diluted with TBST alone, which indicates that fungal and
wheat ribosomes have some common epitopes. However, the
pretreatment of these antiserums with wheat ribosomes or healthy
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Fig. 3. Reaction of wheat leaf homogenates serially diluted (a: 1/100,
b: 1/1,000, c: 1/10,000, and d: 1/100,000) with coating buffer in indirect
ELISA with antiserums to ribosomes of A, Pythium paddicum, B, Typhula
incarnata, and C, Microdochium nivale pretreated with healthy wheat
leaf homogenate. Healthy wheat plants (H) at the 4- to 5-leaf stage were
inoculated with P. paddicum isolate HP8702 (P), P. iwayvamai isolate
W-82-24 (I), T. incarnata isolate HT8701 (T), M. nivale isolate HS-50
(M), and T. ishikariensis isolate PR75D (T”) individually, and completely
rotted leaves were used in this assay. Bars indicate standard deviations
for means of three experiments.,
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ishikariensis (T'R), and M. nivale (MR) ribosomes and P. paddicum (HP8702) infected (lane 1), P. iwayamai (W-82-24) infected (lane 2), T. incarnata
(HT8701) infected (lane 3), T. ishikariensis (PR75D) infected (lane 4), M. nivale (HF8601) infected (lane 5), and healthy (lane 6) wheat leaf homogenates
tissues were assayed. Numbers on the left are molecular weight of marker proteins. The arrows indicate the distinctive polypeptides of each fungus.

wheat leaf homogenates easily eliminated the cross-reactions with
antigenic sites of wheat ribosomes. The indirect ELISA tests for
specificity of PS, TS, and MS pretreated with healthy wheat
homogenates show that when assayed with our antiserums, the
ribosomes of P. paddicum and P. iwayamai are serologically
identical, the ribosomes of T. incarnata and T. ishikariensis have
partial common epitopes, and there are apparent serological
differences among Pythium spp., Typhula spp., and M. nivale.
Previous studies of other fungal ribosomal proteins (6,21) have
shown that their ribosomes have both highly conserved proteins
within species and considerable diverse proteins among species.
These reports and the present study suggest that there would
be significant immunological differences among the fungal ribo-
somal proteins of different genera, and lesser differences among
those of different species of the same genus.

With indirect ELISA, ribosomes of Pythium spp. could be
detected at a concentration as low as 69 ng/ml from purified
ribosomal preparations, whereas their ribosomes were detected
from mycelial homogenates at a concentration as low as 100 ng/
ml. On the basis of | mg/g in wet weight, which was the average
yield of extracted ribosomes from mycelial mats of Pythium spp.
(28), the detection end point of concentration of mycelial homo-
genates was too high as compared with that of purified ribosomal
preparations, also in the case of T. incarnata and M. nivale. This
discrepancy probably arose for the following two reasons. First,
most of the ribosomes would be lost in the process of extraction
from mycelial homogenates and, consequently, the actual value
of ribosomes in mycelia would be much higher than 1 mg/g.
Second, the antiribosome serums did not always react with the
intact ribosome particles but reacted with a limited number of
ribosomal protein epitopes. Studies are underway to determine
if this assay will provide a quantitative measurement of target
pathogen propagules in plant tissue. The ribosome content will
vary with the age and metabolic activity of fungal tissue. However,
because snow mold is a disease characterized by increasing activity
of pathogen in senescing host tissue under the snow, the fungal
ribosome content in host tissue should increase as the infection
progresses. Therefore, this assay would allow the quantitation
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of snow mold fungi in plant tissue, with the results expressed
as weight of fungus per weight of host tissue sampled (calculated
from the ELISA values of fungal tissue grown in culture). There
is a point, however, beyond which the quantitative potential of
this assay is limited because of the drying of host tissue after
snowmelt. Indirect ELISA with antiribosome serums could not
differentiate between plants infected with P. paddicum or P.
iwayamai and plants infected with T. incarnata or T. ishikariensis
but could detect and differentiate from snow mold fungi at the
genus level in mixed infections. Western blot analysis showed
that the characteristic ribosomal proteins of target pathogens were
readily detected in target pathogen-infected leaf homogenates.
Although this method could not differentiate between P. pad-
dicum or P. iwayamai, it could be used to differentiate between
two Typhula spp., which could not be differentiated between by
indirect ELISA. These results suggest that utilization of western
blot analysis with antiribosome serums will enable us to evaluate
wheat plants for infection by Pythium spp., T. incarnata, T.
ishikariensis, and M. nivale.

LITERATURE CITED

1. Amouzou-Alladaye, E., Dunez, J., and Clerjeau, M. 1988. Immuno-
enzymatic detection of Phytophthora fragariae in infected strawberry
plants. Phytopathology 78:1022-1026.

2. Casper, R., and Mendgen, K. 1979. Quantitative serological estimation
of a hyperparasite: Detection of Verticillium lecanii in yellow rust
infected wheat leaves by ELISA. Phytopathol. Z. 94:89-91.

3. Clark, M. F. 1981, Immunosorbent assays in plant pathology. Annu.
Rev. Phytopathol. 19:83-106.

4. Gerik, J. S., Lommel, S. A., and Huisman, O. C. 1987. A specific
serological staining procedure for Verticillium dahliae in cotton root
tissue. Phytopathology 77:261-265.

5, Gleason, M. L., Ghabrial, S. A., and Ferriss, R. S. 1987. Serological
detection of Phomopsis longicolla in soybean seeds. Phytopathology
77:371-375.

6. Goff, V. Le, and Begueret, J. 1984. Immunological comparison of
individual ribosomal proteins in six species of the genus Podospora.
Mol. Gen. Genet. 193:143-148.



18.

. Hardham, A. R., Suzaki, E., and Perkin, J. L. 1986. Monoclonal

antibodies to isolate-, species-, and genus-specific components on the
surface of zoospores and cysts of the fungus Phytophthora cinnamomi.
Can. J. Bot. 64:311-321.

. Johnson, M. C., Pirone, T. P., Siegel, M. R., and Varney, D. R.

1982. Detection of Epichloé typhina in tall fescue by means of enzyme-
linked immunosorbent assay. Phytopathology 72:647-650.

. Kitagawa, T., Sakamoto, Y., Furumi, K., and Ogura, H. 1989. Novel
. enzyme immunoassays for specific detection of Fusarium oxysporum

f. sp. cucumerinum and for general detection of various Fusarium
species. Phytopathology 79:162-165.

. Koenig, R. 1981. Indirect ELISA methods for the broad specificity

detection of plant viruses. J. Gen. Virol. 55:53-62.

. Laemmli, U. K. 1970. Cleavage of structural proteins during the

assembly of the head of bacteriophage T4. Nature (London) 227:680-
685.

. Lange, L., Heide, M., Hobolth, L., and Olson, L. W. 1989. Serological

detection of Plasmodiophora brassicae by dot immunobinding and
visualization of the serological reaction by scanning electron micro-
scopy. Phytopathology 79:1066-1071.

. Marshall, M. R., and Partridge, J. E. 198]. Immunochemical

identification of Fusarium moniliforme ribosomes from diseased corn
(Zea mays L.) stalk tissue. Physiol. Plant Pathol. 19:277-288.

. Matsumoto, N., Sato, T., and Araki, T. 1982. Biotype differentiation

in the Typhula ishikariensis complex and their allopatry in Hokkaido.
Ann. Phytopathol. Soc. Jpn. 48:275-280.

. Mitchell, L. A. 1986. Derivation of Sirococcus strobilinus specific

monoclonal antibodies. Can. J. For. Res. 16:939-944.

. Mitchell, L. A., and Sutherland, J. R. 1986. Detection of seed-borne

Sirococcus strobilinus with monoclonal antibodies in an enzyme-
linked immunosorbent assay. Can. J. For. Res. 16:945-948.

. Mohan, S. B. 1988. Evaluation of antisera against Phytophthora

Jfragariae for detecting the red core disease of strawberries by enzyme-
linked immunosorbent assay (ELISA). Plant Pathol. 37:206-216.
Musgrave, D. R. 1984, Detection of an endophytic fungus of Lolium

20.

21.

22,

23

24,

25.

26.

27.

28.

29.

perenne using enzyme-linked immunosorbent assay (ELISA). N.Z.
J. Agric. Res, 27:283-288.

. Nachmias, A., Bar-Joseph, M., Solel, Z., and Barash, 1. 1979.

Diagnosis of mal secco disease in lemon by enzyme-linked immuno-
sorbent assay. Phytopathology 69:559-561.

Nameth, S. T., Shane, W. W., and Stier, J. C. 1990. Development
of a monoclonal antibody for detection of Leptosphaeria korrae, the
causal agent of necrotic ringspot disease of turfgrass. Phytopathology
80:1208-1211.

Partridge, J. E., Nelson, P. E., and Toussoun, T. A. 1984, Ribosomal
proteins of the genus Fusarium. Mycologia 76:533-544,

Petermann, M. L., and Pavlovec, A. 1963. Ribonucleoprotein from
a rat tumor, the Jensen sarcoma. III. Ribosomes purified without
deoxycholate but with bentonite as ribonuclease inhibitor. J. Biol.
Chem. 238:318-323,

Reddick, B. B., and Collins, M. H. 1988. An improved method for
detection of Acremonium coenophialum in tall fescue plants. Phyto-
pathology 78:418-420.

Ricker, R. W., Marois, J. J., Dlott, J. W., Bostock, R. M., and
Morrison, J. C. 1991. Immunodetection and quantification of Botrytis
cinerea on harvested wine grapes. Phytopathology 81:404-411.
Savage, S. D., and Sall, M. A. 198]1. Radioimmunosorbent assay
for Botrytis cinerea. Phytopathology 71:411-415.

Shirako, Y., and Ehara, Y. 1986. Rapid diagnosis of chinese yam
necrotic mosaic virus infection by electro-blot immunoassay. Ann.
Phytopathol. Soc. Jpn. 52:453-459,

Sutula, C. L., Gillett, J. M., Morrissey, S. M., and Ramsdell, D. C.
1986. Interpreting ELISA data and establishing the positive-negative
threshold. Plant Dis. 70:722-726.

Takenaka, S., and Yoshino, R. 1987. Detection of snow mold fungi
in wheat plants by means of polyacrylamide gel electrophoresis of
ribosomal proteins. Ann. Phytopathol. Soc. Jpn. 53:591-597.

Wool, G. 1., and Stoffler, G. 1974. Structure and function of eukaryo-
tic ribosomes. Pages 417-460 in: Ribosomes. Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY.

Vol. 82, No. 8, 1992 901



