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SUMMARY

Our short-term objective was to increase the specificity of the antibodies 
used in the enzyme-linked immunosorbent assay employed for the early detection 
of sapstaining fungi on unseasoned lumber and to distinguish them from the 
biological control agent used to protect wood. To increase the specificity 
and reproducibility of the assay we produced monoclonal antibodies to cell 
wall components of both a staining fungus (Ophiostoma piceae) and a biological 
control agent (Gliocladium roseum). Several stable hybridoma and multiple 
clones that recognize (X. piceae and do not recognize roseum (and vice 
versa) have been produced and isolated. To fully characterize the monoclonal 
antibodies, we will perform an intensive screening program against a variety 
of staining and biological control fungi.
We also simplified the traditional ELISA by performing the assay directly on 
thin sections of wood. Although, slightly less accurate, this method is of 
great benefit for the rapid diagnosis of fungal growth before any visible 
stain is observed.
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1.0 OBJECTIVES

The short-term objective (1988-1989) is to increase the specificity of the 
antibodies by producing monoclonal antibodies against fungal cell walls, or by 
selecting a more specific cell-wall antigen. Initially, we will limit this 
approach to one staining fungi Oohiostoma piceae and to one biological agent 
Gliocladium roseum. Our primary goal is the production of monoclonal 
antibodies which recognize the cell wall surface on Ophiostoma but which do 
not recognize the control agent. The second goal is to simplify the 
immunological assay (ELISA) to achieve the direct application on wood or by 
applying a solid phase with antibody to the wood.

2.0 INTRODUCTION

Results obtained in the previous study have shown that the antiserum against 
Ophiostoma sp. C28 reacts most strongly with its own original antigens. 
However, varying degrees of cross-reactivity to other staining fungi or 
biological control agents do occur. To suppress cross-reactivity, the plan is 
to produce monoclonal antibodies to cell wall components of staining and non
staining fungi (biological control agents), in order to utilize these 
antibodies in E1ISA to detect and quantify the fungi present in wood. We 
initially chose one staining fungus piceae and one biological control agent 
G. roseum. We had three major objectives in mind:
a) To develop a method for growing fungal monolayers on microscopic slides 

so that they could be used in an immunofluorescence screening assay to 
identify potential hybridoma.

b) To isolate and purify cell walls from the two fungi in question and to 
verify the structural integrity and purity of the isolated walls by 
electron microscopy.

c) To initiate the production of monoclonal antibodies using the whole cell 
wall fraction(s) as an immunogen(s) to conduct selective screening and 
to begin the characterization of the antibodies produced by microscopic 
and by ELISA methods. This last objective as well as the electron 
microscopy were mainly done at the University of Ottawa. Forintek 
personnel were largely involved in the different stages of monoclonal 
preparation and screening and in specimens preparation for electron 
microscopy. Thus, in this report we will describe in more detail only 
the experiments done at Forintek and we will give a brief outline of the 
experiments pursued at the University of Ottawa.

Our second objective is described in detail in a paper entitled "Refinement of 
an enzyme-linked immunosorbent assay for sapstain detection in wood" and 
submitted for publication in Enzyme and Microbial Technology. Consequently in 
the present study we will describe only the work concerning the first 
objective.

3.0 BACKGROUND

A method which can result in the early detection of stain would indicate when 
and where anti-sapstain chemicals should be used. It would also allow the 
more expeditious use of biocontrol agents. The preserved wood industry is a 
$1 billion a year market in North America. The preserved wood market is
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expanding at $5 million a year in Canada. An average wood chip pile used for 
pulp loses about $250,000 per year through stain and decay. For these reasons 
we feel that an early detection method would have immediate commercial 
application in both the preserved wood and forest products industries.
The goal of the proposed research is to establish immunological methods for 
the early detection of sapstain fungi and, ultimately, to use this procedure 
for monitoring the efficacy of biological control agents. No methods 
presently exist for differentiating wood fungi. Forintek researchers have 
already developed an enzyme-linked immunosorbent assay, and have shown that 
this assay is an effective method for quantifying fungal colonization of wood. 
It can also detect infections prior to any visible damage occurring in the 
wood. However, the antiserum used in early studies was produced using the 
whole mycelium of a staining fungus Qphiostoma sp. C28, and as a result 
varying degrees of cross-reactivity to other staining fungi or biological 
control agents occurred. Different approaches could be followed to reduce 
cross-reactivity and to increase the specificity of the antiserum. One 
approach was to adsorb the anti-Oohiostoma serum on the mycelium of the 
heterologous species. This method was used for differentiating a staining 
fungus from a biological control fungus grown on the same wood block. Such an 
approach could only be used with a limited number of fungi. To solve this 
problem, we are proposing to increase the specificity and reproducibility of 
the detection assay by producing monoclonal antibodies, antibodies of a single 
specificity. One approach was to use the whole cell wall fraction of the 
staining fungus (or of the biological control agent) as an immunogen and to 
apply a rapid immunofluorescence screening procedure to identify hybridoma 
secreting antibody that discriminate the staining fungi (or biological control 
agent) from the other fungi inhabiting wood.

4.0 STAFF

Name
Jack N. Saddler 
Colette Breuil 
Lynne Rossignol

Title 
Manager 
Project leader 
Technologist

5.0 MATERIALS AND METHODS

5.1 ORGANISMS AND CULTURE CONDITIONS
The fungal species to be examined namely ÇK. piceae and G_;_ roseum kept on malt 
agar slants were grown in large batches (10 litres) of a liquid medium 
containing 4.0 g yeast extract, 4.0 g D-glucose and 10 g malt extract, per 
litre. Fungi were grown for 4 days on a rotary shaker at 26°C, the mycelium 
was harvested and washed in 0.05M sodium phosphate buffered saline (PBS) with
0.002% merthiolate at pH 7.4, and stored frozen at -20°C. The dry weight 
yields were 533 g/10 litres for 0̂ . piceae and 128 g/10 litres for G_j_ roseum.
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5.2 SPECIMENS PREPARATION FOR ELECTRON MICROSCOPY
A suspension of whole cells (3 mg dry weight) or cell walls (1.5 mg dry 
weight) from piceae or G_j_ roseum was pelleted in an eppendorf tube and 
fixed with 2% glutaraldehyde in 0.1 M cacodylate buffer pH 7.2 for 2 hours at 
room temperature, washed in buffer, post fixed with 1% osmium tetroxide in 
buffer at 4°C, dehydrated in acetone series and embedded in Spurrs medium 
(Spurrs, 1969). Other samples were fixed with 2% glutaraldehyde in 0.1 M 
cacodylate buffer pH 7.2 at room temperature, dehydrated in 30, 50, 70, 90% 
ethanol at 4°C and infiltrated with 90% ethanol-LR White (Bio-Rad) 1:1 (2 x 45 
min ea) and LR White for 24 h at 4°C. Specimen was placed in gelatin capsules 
which were subsequently filled with activated LR White (1 drop of accelerator 
to 10 mL of LR White), and made air tight with a cover. Polymerisation was at 
-20°C.

5.3 INDIRECT IMMUNOFLUORESCENCE
Large coverslips (35x50 mm) were treated for 5 minutes at room temperature
with 0.1% poly-l-lysine (300 000 to 700 000 MW) in 0.05 M sodium buffered
saline (PBS) pH 7.4. Cell wall antigens at a concentration of 250 to 300 
pg/mL in water or buffer were spread on the surface of the coverslip and 
incubated for 10 minutes at room temperature in a humid chamber. The cell 
wall fragments were fixed in cold 95% ethanol for 10 minutes and air dried.
The coverslips were then placed over a template of 24 spots, and 2.5 pi of 
primary antibody (supernatant of hybrids) were spotted on the antigen for 30
minutes. Coverslips were rinsed 3 times for 2 minutes in 0.05 M PBS then
flooded with fluorescein isothiocyanate (FITC) conjugated goat antimouse Ig 
for 30 minutes. The coverslips were washed as above and mounted in 50% 
glycerol in PBS with 0.1% p-phenylenediamine to retard fluorescence bleaching.

5.4 BIOTIN STREPTAVIDIN ELISA
ELISA assays were carried out in rigid, flat bottom 96 well polystyrene plates 
coated with 0.1% poly-l-lysine. Cell walls were diluted in 0.1 M sodium 
carbonate buffer pH 9.6 at a maximum concentration of 50 pg/mL. Microplates 
were coated with 100 pi antigen and incubated overnight at 37°C. After 3 
washes with 0.5% casein in 0.01 M PBS, 100 pi of hybrid supernatant 
(monoclonal antibody) were added to each well and incubated overnight at 4°C. 
Plates were washed as above, and incubated with the biotinylated second 
antibody (anti-mouse Ig, biotinylated whole antibody, from goat) diluted 1/250 
in 0.5% casein/PBS for one hour at 37°C. After washing with 0.2% tween 20 in 
PBS, streptavidin-biotinylated horseradish peroxidase complex diluted 1/750 
with casein/PBS was added to each well, and then the plates were incubated 45 
minutes at 37°C. The plates were washed as above and incubated with 100 pi 
substrate solution ( 50 mL citric acid/Na^HPO^ buffer at pH 5.0 with 0.17 mg 
O-phenylenediamine and 20 pi 30% H202). The reaction was stopped after 15 
minutes by adding 100 pi 1 N H2SÔ . The absorbance values were read on a 
BIOTEK EL 310 autoreader (Mandel Scientific) at 490 nm.

6.0 EXPERIMENTAL PLAN

1) To identify those hybridoma producing antibodies that are specific for 
Qphiostoma or for roseum, we will employ a rapid immunofluorescence 
screening procedure. A method for spreading fungal cell wall monolayers
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on slides for use with the fluorescent microscope will be developed. 
Tests on cell walls and whole cells with fluorescein (FITC) labelled 
secondary antibodies (goat, rabbit and mouse) will be conducted, to 
assess the absence of interference.

2) To produce monoclonal antibodies against clean cell wall fragments of o. 
piceae and G_;_ roseum. the organisms will be grown in liquid media at 
26°C. The mycelium mat will be harvested by centrifugation, washed and 
ruptured using a Braun homogenizer fitted with a C02 cooling device to 
minimize heat effects. The optimal conditions for breakage will be 
determined by phase contrast microscopy. Cell wall fragments will be 
separated from cytoplasmic debris by repeated centrifugation and washing 
with distilled water or buffer. The structural integrity of the 
isolated wall fragments and purity of the wall fraction will be assayed 
by electron microscopy. Balb/c-BYJ mice will be immunized with 
different doses of clean, lyophilized cell wall. Fusion, cloning and 
growth of hybrids will be done by standard protocol.

3) To refine the enzyme-linked immunosorbent assay for detecting sapstain 
fungi in wood, the ELISA will be performed directly on the sections of 
wood, thus two steps including the extraction of the fungus from the 
wood and the binding of the fungal antigen to the microtitration plate 
will be omitted.

7.0 RESULTS AND DISCUSSION

7.1 PRINCIPLE OF MONOCLONAL ANTIBODY PRODUCTION
Antibodies are proteins made by many animal species as part of the specific 
immune response to foreign substances. The antibodies which are found in the 
serum have been secreted by lymphoid cells in various organs (bone marrow, 
spleen, lymph nodes). The antibody response is not homogeneous, this means 
that if an organism is triggered by a chemically pure antigen the organism 
responds by manufacturing a mixture of antibodies. But each individual 
lymphoid cell is capable of secreting only one specificity of antibody. If 
instead of letting these pure products mix in the serum, we isolated a single 
cell producing antibody, made multiple copies of the cell, we would have a 
source of pure antibody. This concept which is the essence of monoclonal 
antibody is illustrated in Fig. 1 (Zola 1987).
The theory of monoclonal antibody production is based on the clonal selection 
hypothesis of Macfarlane Burnet (1959). Each mammalian /3-lymphocyte has the 
potential to make a monospecific antibody. Unfortunately, these cells live 
only for a few days and cannot be grown in culture. The solution came with an 
idea of Milstein and Kohler in the mid 1970s, to render those cells immortal. 
To achieve this they fused a short-lived antibody producing cell (lymphocytes) 
to a stable line capable of multiplying indefinitely in vitro (cancerous white 
blood cell = myeloma cells) to form a hybrid cell (hybridoma). The hybridoma 
acquire the antibody producing capacity and specificity of the normal 
lymphocyte and the ability to grow indefinitely in culture from the myeloma 
partner. But fusion is a rare event and hybrid cells are only a small 
fraction of the total cell population. Thus a further sophistication, was to 
select a parent line which in some way was vulnerable to the culture 
conditions so that it could not survive unless it participated in a fusion. 
Kohler and Milstein (1975) solved this problem by choosing a mutant myeloma 
line which could produce purine nucleotide only through the folic acid 
pathway. The cells will die in a medium containing a folic acid analogue.
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Normal cells will survive by using escape pathway (hypoxanthine); this is the 
case of all hybrids that have retained the enzyme hypoxanthine 
ribosyltransferase (HGPRT) from the lymphocyte partner. Thus, the only 
survivors will be hybrid cells.
But surviving hybrid is not necessarily useful hybrid. The hybrid cells have 
to be grown in culture plates and assayed for the production of the required 
antibody after a suitable period of time. When the hybridoma are isolated 
from each other (by diluting out in culture medium or soft agarose) they 
proliferate into clones each of which produces monoclonal antibody. Suitable 
clones are then selected for expansion and subcloning so that the required 
antibody may be produced in large amounts (Campbell 1984).

7.2 PROCEDURE FOR PRODUCING MONOCLONAL ANTIBODIES
The standard procedure for producing monoclonal antibodies is outlined 
schematically in Fig. 2. The sequence of events could be summarized as:

1 prepare antigen
2 plan screening assay
3 develop screening assay
4 immunize animals
5 hybridize (fusion)
6 nurture hybrids
7 screen supernatants
8 clone, cryopreserve uncloned cells
9 selection, cryopreserve positive
10 antibody production (large amount)
11 antibody purification
12 monoclonal antibodies characterization

7.3 ANTIGEN PRODUCTION
7.3.1 Organisms and Growth
The fungal cultures employed in this study are maintained in the Forintek 
Culture Collection of wood inhabiting fungi. In Canada, the species most 
frequently isolated from lumber is Ô . piceae. This species causes only a 
light to medium gray stain in the sapwood; however, the lumber surface is 
often densely covered with the black perithecia and Graphium synnemata of the 
species, giving the wood a darkly stained appearance. Thus Dr. K.A. Seifert, 
(the Curator of the Culture Collection at Forintek) recommended that we use 0. 
piceae as the best example of a staining fungus. The biological control 
fungus was selected from an extensive screening program underway at Forintek 
(Seifert, K.A. et al 1988). The literature on biological control using 
Gliocladium spp. is extensive (Papavizas, 1985), but Seifert et al (1988) 
reported for the first time the successful control of sapstain by these fungi. 
G. roseum is a well known destructive mycoparasite, that entwines, penetrates 
and kills the hyphae of its hosts (Domsch et al 1986).
7.3.2 Cell Wall Isolation
Enzymatic and chemical methods of disrupting fungal cells are not suitable for 
the isolation of structural intact cell walls. It appears that mechanical 
disruption of cells will be more appropriate for such purposes.
Disintegrators, based on shaking cells with glass beads are probably the most 
widely used methods of preparing microbial cell walls. The Braun cell 
homogenizer (Young et al., 1963 and Mill 1966) utilizes the same principle,
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however it can process and keep broken cells reasonably cool, through a stream 
of liquid carbon dioxide connected to the shaking vessel. The ratio of cells 
to beads to suspending medium is critical for the optimal breakage (Orenstein, 
1971). After a few months of experimentation, walls from fungal hyphae were 
prepared in the following manner. Batches of 4 g (O^ piceae) or 2 g (G^ 
roseum) dry weight of fungal cells were transferred to a cold 75 mL 
homogenizing flask in 30 mL cell suspension containing 2 mL of 0.4 M 
phenylmethylsulfonyl fluoride as a protease inhibitor, and the cells were 
disrupted in a Braun homogenizer cooled by a constant stream of C02- Breakage 
was monitored by phase contrast light microscopy. For maximum breakage 35 mL 
of 0.5 mm diameter glass beads were added to 30 mL of cell suspension and 
rupture was accomplished in 3 min with roseum and in 6 min with Ô . piceae. 
Following rupture, the glass beads were removed by filtration through nylon 
and cell walls harvested by centrifugation. Walls were cleaned of cytoplasm 
by repeated washes and centrifugations in PBS/merthiolate. After every second 
wash preparations were either gently sonified for 30 seconds in short pulses 
or passed 10 times through a 23 gauge syringe needle. Twenty and forty washes 
were required to obtain clean cell walls of 0̂ . piceae and Ĝ . roseum, with 
yields from 10 litres of culture at 1.2 g and 0.4 g respectively. To 
summarize, it takes about 8 days to fractionate, isolate and purify 1.2 g of 
cell wall from ÇK. piceae and 70 days to obtain 0.4 g of cell wall from G. 
roseum.
7.3.3 Verification of Cell Wall Purity
No absolute criteria exist to define a "clean cell wall preparation". Most 
criteria which exist are arbitrary and imperfect. At various stages of 
isolation, the cell wall preparations were processed for electron microscopy 
and assayed for cytoplasmic contamination. Examination of 0̂ _ piceae and 
G. roseum cells or cell walls from specimens fixed with glutaraldehyde, osmium 
tetroxide and embedded in Spurrs medium showed satisfactory ultrastructural 
preservation (Fig. 3 and 4). The cell wall of Ĝ . roseum is composed of an 
inner and outer translucent layer and a darker middle layer. The cell wall is 
enclosed by a loosely arranged 0.1 to 0.2 pm fibrillar sheath (Fig. 3). The 
O. piceae cell wall consists of a single translucent layer with small fringes 
like 0.02 pm fibrills. All cell wall structures appeared to be retained in 
wall fragments isolated from Oj. piceae; however, the outermost fibrillar layer 
of the wall was removed during the isolation of fragments from G_;_ roseum.

7.4 SCREENING ASSAY
The assay system is probably the most critical factor in the generation of a 
large panel of good hybridoma. The test should identify colonies producing 
antibodies against the immunogen. It should be rapid and capable of handling 
many samples at a time.
7.4.1 Indirect Immunofluorescence
This technique is particularly appropriate for screening hybridoma against 
surface antigens of cells or cell walls in suspension. Fluorescent dyes such 
as fluorescein and rhodamine can be coupled to antibodies without destroying 
their specificity and visualized in the fluorescent microscope. To identify 
those hybridoma producing antibodies that are specific for piceae, we 
modified a rapid immunofluorescence screening procedure that had been 
previously developed by Chaly et a^ (1984, 1985). During the first two months 
of the project we discovered that it would not be necessary to develop methods 
for growing fungal monolayers on slides for the monoclonal screening. Intact 
fungi from liquid cultures, and isolated cell wall fragments were attached at 
the required dilution to large coverslips that had been previously coated with
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Figure 3. Ophiostoma piceae cells (top) or cell wall (bottom) fixed 
with glutaraldehyde and embedded in L.R White medium.
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Figure 4. Gliocladium roseum cells (top) or cell wall (bottom) fixed 
with glutaraldehyde and embedded in L.R. White medium
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poly-l-lysine (0.1%), then fixed in cold 95% ethanol and air dried. The 
coverslips were then placed over a template of 24 spots and small volumes of 
culture supernatant from growing hybrids (2.5 pl/spot) were spotted on each 
fungus. Following incubation with the hybrid supernatant the entire coverslip 
was flooded with a fluorescein conjugated goat-anti-mouse (or anti-rabbit) 
secondary antibody and the samples were mounted on large slides and observed 
with a fluorescent microscope (see Materials and Methods).
The polyclonal antiserum against Ô . piceae was used to develop the assay 
before being applied to the identification of hybridoma. In this latter case, 
our primary goal is to rapidly identify hybridoma that are producing 
antibodies that recognize cell wall surface antigens on Ophiostoma but do not 
recognize the control agent (and vice versa). Thus a double screening assay 
against 0_;_ piceae and Ĝ _ roseum. was used to differentiate antibodies reacting 
with both or with a single organism.
7.4.2 Biotin-streptavidin ELISA
Immunological assays differ widely in sensitivity. We found that the 
traditional ELISA was not satisfactory for detecting antibody producing 
hybridoma. Radioimmuno-assays (RIAs) and immunoradiometric assays (IRMA) may 
overcome this disadvantage and are very often the preferred tool to screen 
ascites fluid for monoclonal antibody. In a recent review (Bates 1987) three 
different ways of increasing the sensitivity of enzyme immunoassays were 
discussed :
1) An indirect labelling method with avidin-biotin (Guesdon et aj. 1979, 

Kendall et al 1983).
2) The use of a substrate which is intrinsically detectable with higher 

sensitivity, such as fluorescence and luminescence (Weeks and Woodhead 
1988).

3) The use of a primary enzyme which can be linked catalytically to an 
additional system such as a substrate cycle or an enzyme cascade (Self 
1985) .

All those methods are simpler, safer, more sensitive, and do not require 
isotopic detection system.
In this work, to enhance the reaction sensitivity of the ELISA, we used 
biotinylated antibodies with streptavidin detection reagents instead of 
avidin. Streptavidin is a bacterial product with similar biotin-binding 
properties. Streptavidin is a basic glycoprotein which has a high affinity 
for biotin. Streptavidin binds to the antiglobulin by reacting with the 
biotin group. The streptavidin, as the avidin, may either be directly 
conjugated to the enzyme or may be complexed to biotinylated enzyme (Fig. 5). 
In our experiments we used the streptavidin-biotinylated enzyme complexes 
which are prepared by biotinylating the enzyme, via a spacer arm, under 
conditions that preserve high enzyme activity, followed by addition of 
streptavidin to form a complex.

It has been shown that utilization of the biotin-avidin or biotin-streptavidin 
systems in ELISA offers an amplification step which results in a substantial 
increase in sensitivity from 20 to 80 times higher than the standard ELISA 
(Kendall et al 1983). We have found that the utilization of the biotin- 
streptavidin system in ELISA, allows us to detect antibody producing hybridoma 
without any other previous steps such as concentration or amplification of the 
monoclonal antibodies.
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7.5 IMMUNIZATION
There are three systems (mouse, rat, human) currently utilised for monoclonal 
antibody production. The mouse system was historically the first to be 
developed (Kohler and Milstein 1975) and the majority of hybridoma described 
to date is of mouse origin. Generally the myeloma used are from the Balb/c 
strain of mice and the same strain is used for immunization. As there is no 
single immunization protocol which is universally optimal, we chose to 
immunize ten female mice with two different doses of antigen. The antigens, 
pure cell wall of piceae or of G. roseum were lyophilized resuspended in 
saline buffer (100 ul) and emulsified with 100 /j 1 complete Freund's adjuvant 
before being injected intraperitoneally. Five mice received a dose of 1 mg 
dry weight cell wall, the others a dose of only 0.1 mg. Ten and twenty days 
respectively, a second and a third injection were done as described above, but 
with incomplete Freund's adjuvant. A final booster injection of the same dose 
of antigen was given intravenously 30 days after the primary immunization.

7.6 HYBRIDIZATION OR FUSION
7.6.1 Rationale
This step consists of the preparation of two cell types and of the actual 
fusion process. The first cell line, the myeloma line or plasmacytoma cell 
line, contains the genes which confer the ability to multiply indefinitely and 
secrete immunoglobulins. The myeloma and hybrids derived from it must grow 
continuously in vitro. The myeloma lines should be growing actively at the 
time of fusion. The second cell line (the spleen) is derived from an 
immunized animal and contains the genes coding for antibody against the 
immunogen. A simple spleen cell suspension is prepared using procedures which 
cause minimal trauma. When both cell lines (myeloma and spleen cells) are 
brought into close contact, fusion of membranes will occur, but this is a rare 
event and the exact mechanism is not fully understood. The frequency of 
fusion can be increased by polyethylene glycol (PEG). It is thought that the 
hydrophilic PEG occupies the space of the "physical free water" and this is 
leading to agglutination of the cells.
7.6.2 Procedure
There are many alternative procedures to perform the fusion process. The 
major factors and variables affecting a fusion experiment are: viability of
the myeloma cell and spleen cell population, cell ratio, medium, condition for 
achieving cell contact, fusion agent and additives, condition of fusion and 
processing after fusion. The following notes attempt to pinpoint the 
important features of the process used by our colleagues at the University of 
Ottawa that are following standard protocol (Kennett et ai 1984).
The mice were killed by cervical dislocation and swabbed with 70% ethanol, 
before a small incision in the skin was made to expose the abdominal wall.
The spleen was removed 3-4 days after the mouse was immunized intravenously.
It was detached by gently separating fatty tissues around it and it was placed 
in a petri dish containing the Dulbecco's modified Eagle's medium (DMEM) serum 
free containing antibiotic (penicillin and streptomycin). The cells were 
obtained by "flushing out" the spleen with a combination of syringing and 
teasing with needles. After very low speed centrifugations to remove clumps, 
the cells were kept on ice and resuspended in cold 0.17 M NH^Cl for 10 minutes 
for lysis of erythrocytes. A cell count and viability were performed on both 
myeloma cells and spleen cells. The viability should be greater than 90%. A 
cell ratio of 10:1 (spleen/myeloma) is used by most laboratories. Both cell 
lines were combined and washed. Then 0.2 mL 40% polyethylene glycol (PEG) in
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serum free medium was added gradually to the cell with gentle shaking. After 
8 minutes from the addition of PEG, the mixture was centrifuged and 
resuspended gently in 5 mL of serum free medium, then diluted with 5 mL of 20% 
serum medium. The cell suspension was centrifuged, resuspended in 20% serum 
medium and transferred to 96 well plates (50 pl/well). In addition to the 
purine and pyrimidine bases present in the medium, thymidine and hypoxanthine 
were also added to the medium. After 24 hours incubation at 37°C, 50 pi of an 
aminopterin solution were added to each well to make hypoxanthine-aminoptrin
thymidine (HAT) selective medium (Littlefield 1964). Aminopterin is used to 
block the main biosynthetic pathway for nucleic acid in order to obtain 
selective growth of the hybrids and to kill off the myeloma cells that did not 
fuse.

7.7 PROPAGATION. SCREENING AND CLONING OF HYBRIDS
After hybridization, the plates were examined every two days to check for 
contamination, pH and colony growth. Hybrids do not start to divide 
immediately in culture, they have a variable quiescent period. Hybrids were 
fed after the initial fusion. The supernatant was removed from the wells 
where cells were located and replaced with fresh medium. After this step, 
hybrids were checked daily for colony formation and yellowing of the medium. 
Positive wells were found by visual and microscopic examination. Supernatant 
samples were collected as part of the feeding operation. From the first set 
of mice immunized with the cell wall of Ô . piceae. we screened 479 hybrids by 
immunofluorescence staining using both 0_j. piceae and Gj. roseum and identified 
16 hybridoma that were producing antibodies specific to the appropriate 
species (ÇK_ piceae). From the second set of mice immunized with cell wall of 
G. roseum. 300 hybrids were screened and 23 hybridoma were identified. 
Colonies which have been identified as producing antibody of interest should 
be cloned rapidly. The objective of cloning is to ensure that the cells 
producing antibodies are not descended from several fusion products and 
comprise a homogeneous monoclonal population. We used the limiting dilution 
in semisolid agar cultures. In this method, a suspension of hybridoma cells 
is plated out at a dilution that allows several single colonies to grow. The 
colonies are grown in a semisolid medium where cells are not free to move, 
thus there is a greater certainty of monoclonality.
The 16 and 23 hybridoma from Ô . piceae and G_;_ roseum were expanded, cloned in 
sloppy agar and rescreened both by ELISA and immunofluorescence. Ten of the 
16 hybridoma (from piceae) were stable and recognized piceae to varying 
degrees, but did not recognize G. roseum. Sixteen of the 23 hybridoma (from 
G. roseum) were stable and only one showed cross reactivity and recognized 
both species.
Four of the hybridoma against 0̂ _ piceae and five of the hybridoma having the 
strongest reactivity to Ĝ . roseum have been chosen for the production of 
ascites fluid.

7.8 GOLD IMMUNOCYTOCHEMICAL LABELLING OF THE TWO FUNGAL SPECIES
The polyclonal antiserum previously produced against the whole serum of 
Qphiostoma was used to develop the electron microscopic immunogold labelling 
methods that will be used subsequently to localize the cell wall antigens 
recognized by various monoclonal antibodies. Samples of the two fungi grown 
in liquid culture were fixed with 2% glutaraldehyde and embedded in LR White 
medium. For samples grown in wood blocks, 20 pm sections were made with a 
sliding microtome and small pieces of these sections were fixed with 2% 
glutaraldehyde followed by 1% osmium tetroxide and embedded in Epon. Thin
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sections prepared from the various samples were immunolabelled by the indirect 
method using goat anti-rabbit IgG and 10 nm gold. The main results of these 
immunolabelling studies, which are currently in preparation for publication 
ares
1) Immunogold labelling of (X. piceae was primarily localized to the cell 

wall. This indicates that although the entire mycelium of Ophiostoma 
grown in liquid culture was used as the immunogen, it was the components 
of the cell wall that were mostly highly antigenic.

2) The extent of immunogold labelling of the two fungal species correlated 
very well with the ELISA data. The antiserum showed some cross reaction 
with G_j_ roseum by ELISA and by immunogold and this was removed by 
preabsorbing the antiserum with Ĝ . roseum.

3) The extent of immunogold labelling of piceae was similar for fungus 
grown in liquid culture or in wood. This important observation 
indicates that the composition of the cell wall, at least with respect 
to major antigens, is similar under the different culture conditions. 
This increases our confidence that monoclonals prepared against cell 
wall components from fungi grown in liquid culture will recognize fungi 
that have infected wood.

8.0 CONCLUSIONS AND RECOMMENDATIONS

Monoclonal antibodies have been successfully prepared using lyophilized 
preparations of clean cell wall of Oj. piceae and Ĝ _ roseum as immunogens and 
screened by immunofluorescence and ELISA. Ten hybridoma produced with O . 
piceae recognized only the cell wall of this species. Of the 16 hybridoma 
produced with roseum only one showed cross reactivity with piceae. Thus 
we think there is a good chance of having selected several monoclonal 
antibodies that will also discriminate between 0̂ _ piceae and Ĝ _ roseum when 
grown on wood.
One major objective during the next few months will be to characterize and 
utilize the monoclonals already produced. But monoclonals produced in tissue 
culture tend to give low yield of antibodies, in the order of pg/mL. Our 
first step is to produce ascites fluid for each hybridoma and to purify the Ig 
fraction by hydrohyapatite chromatography. The Ig fraction will be 
concentrated and lyophilized in small aliquots that can be reconstituted at 10 
mg/mL antibody. This will provide samples of antibody that are reproducible in 
purity and affinity and that can be used for all of the subsequent 
characterization.
The characterization of the monoclonal antibodies will be carried out using an 
ELISA. We already know that the monoclonals can be used in ELISA to 
discriminate between the two fungal species (Ô . piceae and Ĝ . roseum) grown in 
liquid culture. Monoclonals that, from the above testing, appear most 
promising will be tested for cross reactivity against a variety of other 
Ophiostoma species, other common staining and biological control fungi.
If our first approach fails and if we do not obtain an antibody which 
recognizes only the staining fungi and not the biological control agent on 
wood, we will then initiate an alternative approach. We will isolate and 
analyze by SDS gel electrophoresis protein(s) or glycoprotein(s) from the 
staining fungi and the biological control agents. We hope to identify (glyco) 
proteins that differ between the species and that can be used to generate
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monoclonal antibodies that discriminate between staining fungi and the 
biological control agent.
We also improved the release of fungal antigens from wood by the addition of 
detergents to the extracting buffer. However, the detergent had to be removed 
before the ELISA could be performed. Then we simplified the traditional ELISA 
by performing the assay directly on thin sections of wood, reducing the time 
required for the assay from 24 hours to less than 5 hours. Although slightly 
less acurate, this method is of great benefit for the rapid diagnosis of 
fungal growth. A further decrease of the time required for the assay and the 
direct measurement of the reaction on wood, should enhance the potential of 
the methodology for commercial application.
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Refinement of an enzyme-linked 
immunosorbent assay for detecting sapstain fungi in wood

C. Breuil, L. Rossignol and J.N. Saddler
Forintek Canada Corp., 800 Montreal Road,

Ottawa, Ontario K1G 3Z5
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Running headline: ELISA for detection of sapstain fungi

Abstract
Antigens from Qphiostoma sp. C28 could be removed effectively from 

solid wood by grinding thin sections of wood or sawdust in buffer.
Enhanced solubilization of the fungal antigen was obtained by the addition 
of detergents (Tween 20 or Triton X100) to the extracting buffer. The 
detergent had to be subsequently removed or diluted out, to avoid 
inhibition by binding of the antigen onto the microtitration plate. Good 
results were also obtained when the ELISA was applied directly on thin 
sections of wood. This latter procedure was significantly less time 
consuming.
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Introduction
Recently, there has been increasing interest in the potential of 

using immunological methods to detect, identify and quantify fungi or 
their metabolites in wood products. However, only a limited number of 
assays have been described (1,5,11) and they have not been uniformly 
successful. The prime reason has been the complexity and extraction of 
the fungal antigens. In our laboratory, we have developed an enzyme- 
linked immunosorbent assay (ELISA) to detect and quantify sapstaining 
fungi artificially inoculated onto wood. The assay could effectively 
detect infection prior to the appearance of typical stain symptoms (1). 
Sapstain is caused principally by Qphiostoma spp. (9) and results in a 
significant monetary loss to the Canadian wood industry each year. Other 
workers have encountered problems in extracting the fungal antigen present 
in wood for use as a target in the ELISA procedure. Most of the antigens 
which have been used have been obtained from fungal cultures (3,5) or from 
fresh tissues (2,8,14) which are easily extracted. The target antigens 
can be easily released and bound to a solid phase, therefore both cell 
wall and cytoplasmic antigens are present and can react with the antibody. 
With dry wood, it is necessary to apply a physical treatment to the wood 
in order to release the antigen into the buffer. In addition, the use of 
non ionic detergents to remove the antigenic components from the surface 
of the mycelium (Breuil, unpublished data) suggested that a treatment with 
detergent could improve the extraction and solubilization of the antigen 
from the wood. However, these treatments are very tedious and time 
consuming. In this paper we describe the various procedures used to 
extract fungal antigens from wood and the direct application of the ELISA 
to thin sections of wood.
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Material and methods
The enzyme linked immunosorbent assays (ELISAs) were carried out as 

described by Breuil (1). Antiserum was raised against the whole mycelium 
of Qphiostoma spp. C28, obtained from the Forintek culture collection. 
Plates were coated with either fungal mycelium which had been hand 
homogenized or with fungal extracts from wood, diluted in 0.1 M sodium 
carbonate buffer at pH 9.6. Both antiserum and conjugate (goat antirabbit 
IgG labelled with horseradish peroxidase) were used routinely at 1/1000 
dilution.

Wood blocks from unseasoned Jack Pine, obtained from the National 
Forestry Institute, Petawawa, Ontario were used. The sapwood was cut into 
samples measuring 1.9x1.9x6.4 cm or 3x1x0.5 cm. The blocks were 
sterilized by gamma radiation and incubated in small jars (13) or petri 
dishes (12). The wood blocks were inoculated with an agar plug inoculum 
taken from the margin of an actively growing colony and incubated at 26°C. 
After the fungus showed active growth, the infected wood was sliced ( 40 
or 20 pm thick) with a microtome and further cut into 5 or 7 mm segments. 
For the traditional ELISA, the wood slices were used in these segments or 
ground in a Wiley mill with a 20 or 60 mesh screen. For most experiments, 
the wood samples were further ground with silica in 0.1 M sodium carbonate 
buffer pH 9.6, for 4 minutes at 4°C, using a mortar and pestle. The 
unseasoned wood was dried in a dessicator before being ground. All 
samples were taken after a thorough mixing and suspended in sodium 
carbonate buffer. When the ELISA was performed directly on thin sections 
of wood (modified ELISA), sections of 20 pm thickness were used 
exclusively. In order to avoid non specific antibody binding, the 
sections were incubated with 1% casein for 45 minutes at room temperature 
before being further treated with the antibodies for 2 hours at 37°C.
After the primary incubation, the wood sections were washed three times 
with 0.1 M sodium phosphate buffered saline (PBS) containing 0.5% casein 
and then incubated for 2 hours in an appropriate horseradish peroxidase
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conjugated second antibody. Unbound conjugates were removed by rinsing 
the sections with 0.2% Tween 20 in PBS. Enzyme activity was detected by 
immersing the section in the same substrate as the one used in the 
traditional ELISA. The reaction was stopped after 5 minutes by IN HjSÔ . 
Colour development, indicating the presence of the antigen, was 
transferred to an ELISA plate and read on a BIOTEK EL 30 autoreader 
(Mandel Scientific) at 490 nm. The absorbance of sterile wood slices with 
the serum processed in the same way as the test sample was subtracted from 
that of the serum with the infected wood slices.
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Results and discussion
The effects of different physical treatments on the release of the 

antigen from wood infected with Qphiostoma sp. C28 are shown in Table 1. 
No real improvement was obtained by reducing the particle size. The same 
amount of fungal antigen (2 pg/mg dry wood) was detected after passage of 
the infected wood through the Wiley mill when either a 20 or 60 mesh 
screen was used. A further grinding of the wood sample using silica with 
a mortar and pestle at 4°C greatly improved the amount of antigen 
detected. Between 3.1 to 3.2 pg fungal antigen/mg dry wood was measured, 
resulting in a 35 % increase in sensitivity. The same results were 
obtained when the wood slices were subjected to this treatment. The 
additional treatment step using the Wiley grinder did not seem to be 
necessary, although this step did ensure the preparation of a more 
homogeneous sample.

To try to verify this hypothesis, a comparison was made of the amount 
of antigen released from either the sliced or the Wiley ground wood using 
a series of five samples taken from a common pool. Both sample groups 
were further processed by grinding with a mortar and pestle. The 
individual sample values obtained from 16 well replicates are listed in 
Table 2. The values obtained from both sets of samples were very similar 
indicating that the absorbance of the Wiley mill samples was equal to the 
absorbance of the sliced wood. This indicated the uniform colonization of 
the wood by the mycelium as well as the uniformity of the sampling method. 
The results also supported our initial finding that fungal antigens could 
be extracted from small and very thin slices of infected wood without 
being further processed by Wiley milling. However in all cases, the 
ELISA's sensitivity was increased significantly when the samples were 
ground further with a mortar and pestle.

Since some of our earlier work had suggested that detergents could 
enhance antigen release or solubilization from infected wood, extracts 
were prepared from mill ground and sliced wood samples, after mortar and
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pestle grinding, using different concentrations of Tween 20 or Triton X100 
detergents. The extracts were then assayed for their optical density at 
490 nm (Table 3). None of the detergents improved the ELISA's ability to 
detect the antigens present in the Wiley milled extracts. A very low 
concentration of Triton X100 (0.002%) seemed to improve antigen extraction 
from sliced wood, however the results were not always reproducible. These 
findings were unexpected as Musgrave and Fletcher (10) claimed that Tween 
20 at concentrations of 0.15 to 0.45% significantly improved the ELISA 
reactivity of extracts of an endophyte, Acremonium loliae, extracted from 
dry leaves of Lolium perenne. Tween 20 has also been successfully used to 
extract various antigens from a range of tissues (2,8,10,14). One 
possible explanation was that the presence of the detergent was affecting 
the binding capacity of the antigen onto the microtitration plate rather 
than the extraction step. We assessed the influence of detergents on the 
reproducibility of the ELISA by adding increasing concentrations of Tween 
20 and Triton X100 to fungal antigens obtained from cultures of Ophiostoma 
sp. C28 prior to its incubation on the plate (Table 4). The presence of 
Tween 20 at a final concentration of 0.001%, equivalent to 1 pg of 
detergent per well, reduced the reaction by 35%. The same concentration 
of Triton X100 also decreased the detection of the antigens, by about 10%. 
Other workers (4) have shown that several detergents, including Triton 
X100 and Tween 20, at concentrations equal or higher than their respective 
critical micelle concentration, prevent binding of protein to plastic 
surfaces.

To try to eliminate this influence we looked at ways of removing the 
detergent after the extraction step and prior to the addition of the 
antigen to the microtitration plates. A simple procedure had been 
described previously (7) where Triton X100 could be removed from protein 
samples by adsorption of the detergent on a commercial polymer in bead 
form. These workers (7) showed that the capacity of the copolymer beads 
to remove Triton X100 was approximately 0.07 g of Triton X100 per g of 
moist beads. Wood extracts which contained either Tween 20 or Triton X100
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were incubated with bio-beads SM2 (300 pi extracts/0.1 g moist bio-beads) 
for 2 hours at 26°C on a rotary shaker. We found (Table 5) that the 
samples extracted with detergents and further treated with bio-beads gave 
better results than the non-treated samples or samples extracted with 
buffer alone. Although other workers (7) had stated that proteins were 
not adsorbed by the bio-beads, a decrease in the ELISA reading was 
observed in the control containing only buffer and the beads indicating 
the possible adsorption of the fungal antigens onto the bio-beads.

We next tried to improve the efficiency of the ELISA by reducing the 
time and the manipulations involved in carrying out the immunoassay. By 
applying the ELISA directly on thin sections of wood, two steps, including 
the extraction of the fungus from the wood and the binding of the fungal 
antigen to the microtitration plate, could be omitted. The results 
obtained with four sequential sections of an infected wood block, 
approximately 20 ^m in thickness and removed from the upper and middle 
sections of the block, are indicated in Table 6. Each sample was divided 
into 4 segments, dried in a dessicator and weighed before proceeding as 
described in material and methods. The uneven growth of the fungus in the 
wood resulted in some variability between the four sequential sections, 
however the values were in the same order of magnitude with coefficients 
of variation not exceeding 13%. The highest values were always detected 
in segment "A" of the wood sections, which routinely showed 2 to 3 mm of 
visible stain. The values of the four sections were averaged and compared 
to the results obtained with the traditional ELISA (including the 
extraction and binding of the antigen). For the traditional ELISA, 25 mg 
of dry wood was extracted. The sections were removed above and below the 
middle sections of the same infected wood block used previously. The 
average ELISA data for the extracted wood were slightly higher than the 
values obtained with the modified ELISA applied directly on the wood.
This only occurred on those segments of the wood where no visible stain 
was observed (Table 7). In the stained wood, the traditional ELISA gave
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much higher values than the modified ELISA. Similar results were obtained 
on different infected wood blocks.

The difference in sensitivity between the two ELISA procedures 
described above could be attributed to the fact that only the more 
external part of the surface antigen of the mycelium is detected in the 
ELISA applied directly on wood sections. In addition, the antibodies 
could probably not bind to the cytoplasm antigen or to the surface of the 
mycelium embedded in the host cell. Although less precise, this direct 
method of carrying out the ELISA could also detect fungal infection before 
any visible symptoms were observed. This method could be of great benefit 
for the rapid diagnosis of staining fungi in wood, since the complete 
assay could be carried out in less than 5 hours. This time could be 
further decreased by at least two hours if the conjugate was directly 
attached to the primary antibody. It is apparent that the procedure which 
is chosen will always depend on the relative importance of accuracy and 
convenience.
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Table 1. The effect of different physical treatments on enhancing the 
immunological detection of Qphiostoma sp. C28 grown on 
unseasoned Jack pine wood blocks

Physical 
treatment of 

the wood
Absorbance 
490 nm

Standard
deviation

/jg fungus 
mg/dry wood

Wiley mill,
20 mesh screen 
60 mesh screen

0.812
0.848

0.011
0.031

2.0
2.1

Wiley mill, 20 mesh 
screen + mortar 
and pestle

1.062 0.040 3.1

Wiley mill, 60 mesh 
screen + mortar 
and pestle

1.106 0.049 3.2

Slices of wood 
ground by mortar 1.140 0.051 3.3
and pestle
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Table 2. The influence of modified physical treatments on the
reproducibility of the ELISA method for detection of Qphiostoma 
sp. C28 grown on unseasoned Jack Pine

Treatment Samples of Number of Absorbance Coefficient Confidence
of wood 50 mg dry Assay 490 nm of interval
blocks wood Replicates variation at 95%

Wiley mill, A 16 0.965 ± 0.049 5.1
20 mesh B 16 0.906 ± 0.037 4.1

C 16 1.082 ± 0.034 3.1
D 16 1.054 ± 0.021 2.0
E 16 1.109 ± 0.029 2.6

Average of 
5 samples

1.023 ± 0.084 8.2 0.085

Sliced A 16 1.185 ± 0.037 2.9
wood B 16 1.132 ± 0.032 3.2

C 16 1.125 + 0.037 3.3
D 16 1.175 ± 0.032 2.8
E 16 1.081 ± 0.036 3.4

Average of 1.140 ± 0.051 4.5 0.105
5 samples
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Table 3. The effect of including detergents in the extraction buffer on
the detection of Qphiostoma sp. C28 in wood

Extraction buffer Optical density at 490 nma 
Wiley milled wood Wood chips

NaCOj (0.1 M) 1.873 ± 0.034 1.424 ± 0.054
NaCO, + 0.02% T20b 0.858 ± 0.065 1.344 ± 0.077
NaCOj + 0.001% T20 1.169 ± 0.072
NaCO-j + 0.01% T X 100c 0.299 ± 0.022
NaCOj + 0.002% T X 100 0.867 ± 0.061 1.770 ± 0.047

a Samples were 50 mg dry weight wood and all results are the average of 8 
replicates 

b T20 - Tween 20 
c T X 100 - Triton X 100
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Table 4. The influence of detergents on the ELISA for detecting fungal 
antigens from cultures of Oohiostoma sp. C28

Concentration (% w/v) of Absorbance3 at Percent of the initial
detergent added to Na2COj(0.1M) 490 nm value

od 1.465 ± 0.056 100
Tween 20 0.0001 1.517 ± 0.04 103

0.005 0.961 ± 0.07 65
0.01 0.589 ± 0.04 40
0.05 0.067 ± 0.013 4

Triton X 100 0.0001 1.540 ± 0.017 105
0.005 1.345 ± 0.020 92
0.001 0.613 ± 0.036 42
0.05 0.143 ± 0.025 10

3 Number of replicates was 6.
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Table 5. The influence of bio-bead treatment3 for removing detergents 
present in wood extracts on the ELISA

Extraction buffer Absorbance at 490 nm Percent of
No treatment Bio-beads treatment initial value

after
treatment

Na2C03 1.052 ± 0.072 0.701 ± 0.030 67

Na2C03 + 0.01% T20b 0.778 ± 0.067 1.226 ± 0.067 116
Na2C03 + 0.05% T20 0.778 ± 0.071 1.286 ± 0.044 122
Na2C03 + 0.01% TX100C 0.565 ± 0.049 1.280 ± 0.025 122
Na2C03 + 0.5% 1TX100 0.188 ± 0.015 1.217 ± 0.033 116

3 Bio-beads treatments 0.100 g moist beads/300 extracts 
T20 - Tween 20 

c TX100 - Triton X 100
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Table 6. The reproducibility of an ELISA applied directly to thin wood sections for
the detection of Ophiostoma sp. C28

Location
in

Samples from 
wood sections

MS mycelium/mg dry wood 
detected

Average 
value of

Coefficient 
of variation

wood block (5x7x0.02 mm) Sequential 
1 2

sect i ons 
3 4

4 sections %

A 1.408 1.408 1.037 1.128 1.245 13.0
middle B 0.843 0.995 0.753 0.853 0.861 7.8

C 0.790 0.804 0.685 0.700 0.745 7.0

B 0.814 0.825 0.833 0.968 0.860 6.3
upper C 0.646 0.623 0.781 0.847 0.724 12.4

D 0.736 0.667 0.620 0.880 0.726 11.0
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Table 7. The sensitivity of the traditional and direct ELISA methods for 
detecting Qphiostoma sp. C28 in wood

Samples from pg mycelium/mg dry wood
wood sections Modified ELISA Traditional ELISA

A 1.245 3.37
B 0.860 1.25
C 0.724 1.09
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