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Summary
Polyclonal antiserum was raised against total sol-
uble mycelial proteins from the 2 fungi Pyrenophora
graminea and P. teres f. maculata respectively. Both
antisera showed a high degree of cross-reaction to
the other Pyrenophora species as well as to other
fungi. Different cross-absorption approaches

were tried as a way to get more specific antiserum,
but none of them succeeded. It is concluded, that
the antigenic difference between the 2 species are
so small, that an alternative method such as one based
on a monoclonal antibody seems to be required for
a satisfactory immunological differentiation.
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Resumé
Polyklonalt antiserum var fremstillet over for op-
løselige mycelieproteiner fra henholdsvis Pyren-
ophora graminea og P. teres f. maculata. Begge
typer antiserum udviste en høj grad af krydsreak-
tion med såvel de andre Pyrenophora-arter som over
for andre svampe. Forskellige krydsabsorptionsforsøg

blev, dog uden held, afprøvet som en metode til at
opnå mere specifikt antiserum. Det konkluderes,
at de antigene forskelle mellem de 2 arter er så små,
at en alternativ metode baseret på monoklonale an-
tistoffer synes at være krævet for at få en til-
fredsstillende immunologisk påvisning.

Nøgleord: Antiserum, krydsabsorption, Pyrenophora graminea, Pyrenophora teres, artsadskillelse.
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Introduction
The 2 fungi Pyrenophora graminea Ito et Kurib. (an-
amorph Drechslerei graminea (Rabenh. ex. Schlecht.)
Shoem., syn. Helminthosporium graminea Ra-
benh. ex Schlecht.) and P. teres Drechs. (anamorph
Drechslera teres (Sacc.) Shoem., syn. Helminthos-
porium teres Sacc.) (subdevided in f. teres and f. ma-
culata Smedeg.) causing barley stripe disease and
barley net blotch/leaf spot disease are both serious
seedborne pathogens of barley (1). As discussed in
another paper (2) the 2 fungi can not be distinguished
by morphological caracteristics, but only by a pa-
thogenicity test where the different symptoms are
seen. Since a pathogenicity test is cumbersome
and laborious there is a high demand for other ways
to discriminate between the 2 fungi. By acid phos-
phatase analysis it has been possible to discriminate
between the fungi (2), but the method is not use-
ful for routine tests.

The development of immunologically based
methods for the diagnosis of plant pathogenic
fungi has become quite common during the last
decade, since the first report on the use of ELISA
for the detection of fungi appeared in 1979 (3). De-
tection of fungi on seeds by immunologically based
methods has been described in a few cases only (4,
5,6).

Cross-absorption as a way to get a more specific
antiserum against fungal pathogens has only been
described in a few cases. Mohan (7) tried to get a
Phytophthora fragariae specific antiserum by pass-
ing polyclonal P. fragariae antiserum through a
column coupled with P. cactorum antigens. The re-
sulting antiserum, however, still reacted with all the
Phytophthora species tested. In another experiment
antiserum were affinity purified on a column to which
extract from P. fragariae infected raspberry roots
was coupled. The antiserum eluted from the column
still reacted with all the Phytophthora species
tested, but the cross reaction to other fungi (e.g. Pyth-
ium species) decreased. The attempt by Gendloff
et al. (8) to cross-absorb polyclonal antiserum
against Eutypa armeniacae with a protein fraction
from Phomopsis viticola was also only partly suc-
cessful, and cross-absorption of Verticillium dahlia
polyclonal antiserum by Fusarium oxysporum re-
sulted in a more specific serum, but with a lower sen-
sitivity (9).

This paper describes attempts to cross-absorb un-
specific polyclonal antiserum against P. graminea
and P. teres, as a way to get a more specific antiserum.

Materials and methods
Preparation of mycelial antigens
Isolates were grown, mycelium harvested, and
proteins extracted and the protein concentration of
the extract measured as described in (2).

Antiserum production
Polyclonal antiserum was produced by Johansen (10).
The antiserum was prepared by immunizing 2 rab-
bits with total soluble mycelial proteins from an iso-
late of P. graminea (Pg 3) and an isolate of P. teres
f. maculata (Pt 1-5A) respectively, mixed 1:1 with
Freund's incomplete adjuvant following the immu-
nization scheme of Harboe & Ingild (8) using 100
fig protein per kg rabbit. The rabbits were bleeded
14 days after each immunization. Antiserum was
stored at 4°C with 0.02 % Na-azide as preservative.
In the following the antiserum raised against P. gra-
minea will be referred to as anti-P.gr. PAb and the
antiserum against P. teres f. maculata as anti-P.t.m.
PAb.

Affinity chromatography
In preliminary investigations cross-absorption of anti-
sera was performed in small vessels by simply in-
cubating protein extracts from different isolates with
the antiserum for 1-3 hours at room temperature
before using the antiserum in Western blotting. For
these cross-absorptions about 2 mg of protein
were used per microliter of antisera.

Later on cross-absorptions were performed us-
ing affinity chromatography. Antigens from P. teres
f. teres and P. teres f. maculata, 10 mg from each, were
coupled to 1 g Mini-Leak gel matrix according to
the manufacturer's instructions (Kem-En-Tec),
using a 8.5 % final concentration of PEG, by add-
ing appropriate amount of a buffer consisting of 30
% PEG 20000, and 0.3 M NaHCO?, pH 8.6.
Coupling was made overnight by shaking at 4°C.
The gel matrix was centrifuged (2000gmax/5 min.)
and the protein concentration in the supernatant
was determined as a way to calculate the coupling
yield. Excess active groups were blocked with 0.2
M ethanolamine/HCl pH 9.0 for 3-5 hours, and fi-
nally the coupled gel matrix was washed on a
Büchner funnel using alternately low and high pH
solutions (0.1 M acetic acid, 0.5 M NaCl, pH 4.0 fol-
lowed by 0.2 M ethanolamine/HCl pH 9.0) and fi-
nally in K-phosphate-buffer (0.15 M K-phosphate,
0.5 M NaCl, pH 7.2).

The coupled gel matrix was poured into a small
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glasstube and polyclonal antiserum (10 /d) against
P. graminea was added. Cross-absorption was made
overnight by shaking at 4°C. The matrix was poured
into 5-ml pipettes previously plugged at the tip
with glass wool, and 2-2.5 ml cross-absorbed anti-
serum was collected by adding K-phosphate-buf-
fer (as above) to the column. The column was
eluted with 6 M urea in phosphate-buffer and finally
phosphate-buffer. 0.02 % Na-azide was added in the
final washing as a preservative. In some cases the
cross-absorption was repeated by running the
cross-absorbed antiserum through the eluted col-
umn. The cross-absorbed antiserum was tested in
Western blots using standard anti-P.gr. PAb as
control.

In another case IgG-type immunoglobulins were
purified from P. teres f. maculata polyclonal antiserum
on a protein-A column (12). IgG (0.35 ml, 40
mg/ml) were coupled to 1 g Mini-Leak gel matrix
as described above for the coupling of antigens, us-
ing a 6 % final concentration of PEG in the coupling
solution. Cross-absorption of protein extract from
P. graminea was performed as described above
for cross-absorption of antiserum. In one experi-
ment 2.8 mg protein was added to the matrix and
after cross-absorption 10 fractions each of 75 jA were
collected. In another experiment only 0.6 mg pro-
tein was added and 2 repeated cycles on the column
were performed in addition to the first overnight
cross-absorption. The final 2.5 ml cross-absorbed

kDa

94
67

1 2 3 I 2 3

94
67

36
29

20.1 1.1

Fig. 1. Protein extract separated by SDS-PAGE and stained with CBB (A) or transferred to a membrane and immu-
nolabelled with P. graminea polyclonal antiserum (B) or P. teres f. maculata polyclonal antiserum (C). Lane 1: P. gra-
minea; Lane 2: P. teres f. teres; Lane 3: P. teres i. maculata. Molecularweight (kDa) markers are indicated to the left.
Protein ekstrakt adskilt ved SDS-PAGE (natrium dodecyl-sulfat-polyacrylamid-gel elektroforese) og farvet med CBB
(Coomassie Brilliant Blue) (A) eller overført til en membran og mærket med P. graminea poly klonalt antiserum (B) eller
P. teres/ maculatapolyklonalt antiserum (C). Bane 1: P. graminea; Bane2: P. teres/ teres; Bane 3: P. teres/ maculata.
Molekylvægtsmarkører (kDa) er angivet i venstre side.
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protein extract from the later experiment was pre-
cipitated by adding a half volume of 30 % TCA, leav-
ing the solution on ice for one hour, pelletizing by
centrifugation at 15.000gmaxfor 10 min., washing in
acetone and finally resuspending in 200 /A sample-
buffer. The cross-absorbed protein extract was
analyzed by SDS-PAGE and immunoblotting as de-
scribed below.

SDS-PAGE and immunoblotting
Sodium dodecyl sulfate-polyacrylamide-gel electro-
phoresis (SDS-PAGE) was performed on 12.5 %
slab gels according to Laemmli (13). Gels were stained
for protein with Coomassie Brilliant Blue (CBB)
(14) or by the silver staining method of Morrissey
(15). For immunoblotting the gels were electroblot-
ted as described by Towbin et al. (16) except that
polyvinylidene difluoride membranes (Immobi-
lon™, Millipore) were used instead of nitrocellulose
and the transfer buffer contained only 15 % (v/v)
methanol. Excess protein binding capacity of the
membranes was blocked with 10 % (v/v) horse
serum in TST buffer (0.05 M Tris, 0.5 M NaCl, 0.5
% (v/v) Tween 20, pH 10.2) for 1 h. Immunolabel-
ling was performed by incubating overnight at
4°C with the primary antiserum diluted in TST
buffer (1:10.000), washing in 3 changes of TST
buffer 10 min. each, incubating for 3-4 h at room tem-
perature with alkaline phosphatase-conjugated
secondary antibody in TST buffer and washing as
before. The enzyme reaction was developed with
5-bromo-4-chloroindoxyl phosphate as described
by Blake et al. (17).

Molecular weight markers for SDS-PAGE were
from Pharmacia: phosphorylase b (94 kDa), bovine
serum albumin (67 kDa), glyceraldehyd 3-phosphat
dehydrogenase (36 kDa), carbonic anhydrase (29
kDa) and trypsin inhibitor (20.1 kDa).

Results
Antiserum production
Antiserum was produced against total soluble my-
celial proteins from P. graminea and P. teres f. teres
respectively (10). As shown in Fig. 1A total solu-
ble proteins from different isolates showed no
species-specific banding pattern in SDS-PAGE
stained with CBB (see also 2,10). Tested in West-
ern blots the antisera showed a very high degree of
cross-reaction (Figs IB, 1C) and no species-specific
bands were seen for either the P. graminea antiserum
or the P. teres antiserum.

Cross-absorption
In the preliminary investigations it was found that
protein extract from other isolates were able to ab-
sorb a high amount of antibodies from the sera, al-
though the effectiveness of these cross-absorp-
tions varied (data not shown). Not only extract from
P. graminea and P. teres but also extracts from P. bromi
and P. avenae had a high capacity to cross-absorb
the antiserum. Extract from the less closely re-
lated Cocliobulus sativus cross-absorbed to a mi-
nor extent. Cross-absorption of the anti-P.t.m. PAb
by extract from P. teres f. teres resulted in anti-
serum which no longer gave reaction to P. teres f.
maculata, indicating a very high homology be-
tween the 2 forms of P. teres. These investigations
all together pointed to the application of affinity
chromatography as a way to get a more specific anti-
serum.
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Fig. 2. Protein extract separated by SDS-PAGE, transferred
to a membrane and immunolabelled with P. graminea
polyclonal antiserum (A) or P. graminea polyclonal anti-
serum cross-absorbed with P. teres proteins (B). Lane 1:
P. graminea; Lane 2: P. teres f. teres; Lane 3: P. teres f. ma-
culata.
Proteinekstrakt adskilt ved SDS-PAGE, overført til en
membran og mærket med P. graminea poly klonalt antiserum
(A) eller P. graminea polyklonalt antiserum krydsabsorbe-
ret med P. teres proteiner (B). Bane 1: P. graminea; Bane
2: P. teres/. teres; Bane 3: P. teres/. maculata.
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2 different approaches were tried: 1) Coupling
of the antigens to a column and cross-absorption
of the common antibodies from the polyclonal
antiserum as a direct way to get a more specific anti-
serum. 2) Coupling of immunoglobulins to a column
and cross-absorption of the common antigens from
the protein extract. The remaining extract can
then be used as immunogen in a new immunization.

Affinity chromatography using P. teres mycelial
antigens bound to Mini-Leak
The coupling yield for P. teres proteins to the Mini-
Leak gel matrix was 84 %. This means that a total
of 16.8 mg antigens were coupled to the matrix. Tested
in Western blots the cross-absorbed antiserum re-
acted much less than the original anti-Pgr. PAb (Fig.
2) but still it reacted with the 2 forms of P. teres along
with P. graminea.

Affinity chromatography using
immunoglobulins bound to Mini-Leak
The coupling yield for the P. teres IgG was 87 % which
means that 12 mg IgG was coupled to the matrix.
SDS-PAGE analysis of the cross-absorbed P. gra-
minea protein extract showed a lower protein con-
centration than in the original extract, but all the
protein bands found in the original extract were still
detected (results not shown). In Western blots the
extract again reacted with both anti-P.gr. and anti-
P.t.m. serum in the same way as the original extract
(results not shown), indicating that common anti-
gens had not been removed by the cross-absorption.

Discussion
The high degree of cross-reaction found between
P. graminea and P. teres as well as between the 2 forms
oiP. teres using a polyclonal antiserum was not sur-
prising since total soluble protein had shown iden-
tical banding pattern for all the isolates in SDS-
PAGE. The use of total soluble proteins as
immunogen would therefore be expected to pro-
duce an unspecific antiserum. Still, it was hoped, that
species-specific bands could be identified in West-
ern blots. This was, however, not the case, and
several explanations can be suggested: The poly-
clonal antiserum may not contain any species-spe-
cific antibodies at all or their concentration may be
too low to be detected, or the species-specific pro-
teins to be recognized have close to the same mo-
bility as some of the unspecific proteins. A combi-
nation of these explanations is most likely.

Cross absorption of the P. graminea antiserum with
P. teres antigens obviously removed most of the anti-
bodies in the serum. However, the few remaining
antibodies were not specific for P. graminea. This
lack of specificity in spite of the cross-absorption
might have several explanations. The coupling of
heterogeneous proteins to the gel matrix under iden-
tical conditions might result in sub-optimal coupling
of some proteins. In the following cross-absorption
the corresponding antibodies are not absorbed,
and they will then react with the proteins in West-
ern blots. According to the manufacter Kem-En-
Tec certain strongly glycosylated proteins require
more than 15 % PEG to couple efficiently. Since gly-
coproteins have had an important role as immuno-
gens in other cases (18,19) it is possible that the strong
band seen for the cross-absorbed antiserum repre-
sents a glycoprotein. A way to avoid this source of
error could be to make a number of columns with
antigens coupled under different conditions and then
run the antiserum through all the columns. Another
possible explanation for the lack of specificity of the
cross-absorbed antiserum relates to the concentra-
tion levels. The composition of the antiserum does
not necessarily reflect the composition of the pro-
tein extract with respect to concentration (as seen
in Fig. 1). Some of the proteins might be very im-
munogenic, causing a large amount of antibodies
to be raised against them. The amount of the pro-
tein subsequently coupled to the gel matrix is then
too limited compared to the amount of antibodies
to be absorbed. This explanation is, however, less
likely since antiserum that was recycled 3 times over
the column did not loose all the antibodies. A
third explanation could be that during the coupling
reaction some epitopes are destroyed and thus
cannot participate in the cross-absorption.

The lack of cross-absorption of the antigens
from P. graminea extract by the P. teres IgG-coupled
gel matrix was surprising, since the coupling seemed
to work well. A possible explanation is, that the IgG
are coupled in such a way, that the subsequent
absorption of antigens by the IgG is impossible. If
the concentration of the specific proteins is very lim-
ited compared to the concentration of the unspe-
cific proteins, the later might have been diminished
substantially without the change being noticed,
because of the considerable excess of unspecific pro-
teins initially.

The conclusion of the present work is very much
parallel to the one by Mohan (7) for the Phytoph-
thora species. The antigenic differences between the
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2 species are so small, that an alternative method
such as one based on a monoclonal antibody seems
to be required for a satisfactory differentiation. An
alternative to the immunoassay techniques is DNA-
hybridization, using species-specific DNA frag-
ments instead of species-specific antibodies. Rusted
(20) has shown that it is possible to distinguish P.
graminea, P. teres f. teres and P. teres f. maculata by
this technique.
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