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NOTICE

This report is an internal Forintek Canada Corp. ("Forintek") document, for release only to Forintek 
members and supporters. This distribution does not constitute publication. The report is not to be copied 
for, or circulated to, persons or parties other than Forintek members and supporters, except with the prior 
permission of Forintek. Also, this report is not to be cited, in whole or in part, unless prior permission 
is secured from Forintek.

Neither Forintek, nor its members, nor any other persons acting on its behalf, make any warranty, 
express or implied, or assume any legal responsibility or liability for the completeness of any information, 
apparatus, product or process disclosed, or represent that the use of the disclosed information would not 
infringe upon privately owned rights. Any reference in this report to any specific commercial product, 
process or service by tradename, trademark, manufacturer or otherwise does not necessarily constitute or 
imply its endorsement by Forintek or any of its members.



SUMMARY

The use of microorganisms for the protection of lumber from mould, stain and decay is an alternative to 
the use of biocides that could allow the sawmill industry to decrease the use of chemicals. Successful 
implementation of bioprotection requires a basic understanding of the effects of biotic and abiotic factors 
on the physiology, biology and ecology of sapstain fungi and bioprotectants in situ. Knowledge of the 
ranges of abiotic factors under which a bioprotectant will survive, germinate, grow and be competitive 
is essential to achieve consistent and efficacious protection. Identification of such factors would enable its 
inclusion in the deployment milieu. In addition, development of methods to monitor the bioprotectant on 
lumber would also aid in the study of population dynamics and is essential for quality control and 
assurance.

A method to measure spore germination in situ was developed and used to compare germination in 
water, on agar and wood. Spore germination of Gliocladium roseum in water was considerably lower 
than agar and wood. On agar, germination of spores of G. roseum exceeded 90% after 24 hr at, 15, 20 
and 25 °C.

A selective medium (GRSM) containing gliotoxin and other antimicrobial agents was successfully used to 
isolate G. roseum. It proved to be a useful tool for verifying the presence of this fungus on wood 
provided that several very small slivers were used as inoculum and that plates were observed daily.

A biochemical assay using anti-G. roseum 321A MAB 6A5 to detect G. roseum 784A on wood was 
developed as an alternative to the standard procedure of direct plating and incubation. This method 
(ELISA + DAB) was based on "dot-immunobinding" principles and the results were satisfactory for 
detecting G. roseum 784A under controlled conditions, using a membrane disc, placed on the wood 
surface to capture antigenic material.

Carbon compounds screened showed no selective effect on germination of the bioprotectant. Of the 
nitrogen compounds screened, organic nitrogen compounds showed the greatest differential effect on 
spore germination of the bioprotectant, G. roseum and the sapstain fungus, Ophiostoma piceae. L- 
phenylalanine showed a selective enhancing effect on germination of G. roseum spores relative to the 
sapstain fungus. /3-alanine also showed potential.
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1.0 OBJECTIVES

To increase understanding of the competitive potential of the fungus Gliocladium roseum as a 
bioprotectant for sapstain on unseasoned lumber in comparison with fungi involved in the discolouration 
of wood. The investigation was carried out in 3 separate studies addressing the following objectives:

1) to screen nutrient amendments to determine their respective effects on spore germination of G. 
roseum and Ophiostoma piceae,

2) to study the effects of temperature and relative humidity on spore germination of wood inhabiting 
fungi and,

3) to develop techniques to monitor the growth of fungi on wood.

2.0 INTRODUCTION

Wood is a biodegradable material which at moisture contents ranging from 20-40% (Colley & Rumbold 
1930, Cartwright and Findlay 1958, Soderstrom 1986) is susceptible to fungal attack. Sapstain is the 
name given to the greyish, blackish or blueish discolouration of the sapwood resulting from the presence 
of pigmented fungal hyphae that penetrate along the medullary ray cells. Sapstain fungi utilise the easily 
assimilable nutrients in the wood leaving the structural carbohydrates. Sapstain is thus considered to be 
an aesthetic problem causing negligible loss in biomass or strength properties of the wood. The presence 
of these fungi in the wood, however, creates favourable conditions for infection of decay fungi and some 
sapstain fungi have been known to cause soft rot (Wang & Zabel 1990).

Three broad groups of fungi are associated with sapstain: 1) Ophiostomatalean fungi including species of 
Ceratocystis, Ceratocystiopsis and Ophiostoma, 2) Black yeasts such as Hormonema dematioides, 
Rhinocladiella atrovirens, Aureobasidium pullulons, Leptodontidium elatius, and Phialophora spp. 3) 
Dematiaceous moulds such as Alternaria alternata and Cladosporium cladosporoides (Seifert 1993). 
Growth of other surface moulds such as Pénicillium and Trichoderma spp, while frequently producing 
abundant green conidia on wood, discolours only the surface of the wood and is easily removed by 
planing.

Sapstain fungi can be controlled by protective chemicals. In B.C. alone, mill practices involve the annual 
treatment of 3.6 million board ft of lumber with a value in excess of $2 billion (Gilbert 1988). Without 
chemical treatment, a significant portion of high value lumber must be sold in lower value markets at an 
estimated potential cost to the B.C. lumber industry of $388 million per annum (Deloitte et al. 1989).
For over 50 years the industry relied on chlorinated phenols to control fungal growth but concerns over 
carcinogenicity, fish toxicity and the presence of potential dioxin contaminants discontinued the use of 
these chemicals (Bray 1981, Jones 1981). Most of the alternative chemicals are not as universally 
effective as the chlorinated phenols (Miller & Morrell 1989, Miller et al. 1990) and they also have 
problems with high fish toxicity, eye and skin sensitivity (Henderson 1992, Hanssen et al. 1991) 
corrosion of equipment, unwanted discoloration of wood and increased costs (Gilbert 1988).

One of the long term objectives of the sawmill industry is to eliminate the use of toxic substances for the 
protection of lumber against stain, mould and decay. While there has been much interest in biological 
control for agricultural applications, and some products have been registered, (Lewis et al. 1991) the
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majority of efforts have shown that biological control is both less efficacious and more variable than 
control obtained with biocides (Hannan and Lumsden 1990). A principal reason for these sub-optimal 
results is the poor germination and growth of the biocontrol agent. A distinction between broad spectrum 
biocides and a bioprotectant organism is that in order to be efficacious, the organism must grow and 
reproduce on the wood. An approach to achieving a high level of reliability and efficacy is the inclusion 
in the delivery system of nutrients and other factors that selectively enhance germination and growth of 
the biocontrol agent at the expense of the competing microflora (Dawson-Andoh & Morrell 1992).

A number of biological control organisms (bioprotectants), including bacteria, mycorrhizal fungi, decay 
fungi and other sapwood inhabiting fungi have been investigated (Benko 1988, 1987, Seifert et al. 1988, 
Croan & Highley 1990, Morrell & Sexton 1992) but no successful applications in wood have been 
developed. Most of the work to date has been done on synthetic media or on small wood blocks in vitro. 
Attempts to reproduce these results in field trials have been unsuccessful ( Forintek, unpublished results) 
and probably due to the failure of the control organisms to compete with the resident microflora and 
effectively colonize the wood. The mechanisms by which biofungicides (bioprotectants) achieve control 
are thought to be through interference competition (mycoparasitism, inhibitory or toxic metabolite 
production) or by exploitation competition (competition for nutrients). The concept of competition, the 
struggle between organisms for essential resources, is one of the foundations of the science of ecology 
(Paulitz 1990). An understanding of microbial competition is crucial for the development of biological 
control systems. If an introduced organism is to be successful, it must compete with other organisms on 
the same substrate to establish an active population in the niche.

The microbial community of lumber is composed of populations of fungi, yeasts, bacteria and 
actinomycètes. The species composition of this community reflects the nutrient availability in the 
substrate as well as climate and seasonal factors, substrate and the spores circulating in the air 
surrounding the lumber. The interactions between an introduced bioprotectant isolate and the existing 
community will be strongly influenced by all of the above factors at a given time period. This existing 
community of organisms in wood imposes a buffering effect on population increase by individual species. 
A biological control agent must then be introduced into a suitable environment which can be defined 
through systematic studies of individual ecological factors.

Forintek invested several years efforts to produce an antisapstain product based on biological control 
(Anon 1990, 1991, 1992). The results of this work have indicated that the successful development of 
such a system requires basic research on the ecology and biology of the bioprotectant as well as on the 
interactions with the microbial community in lumber, before feasibility of industrial application can be 
considered (Anon 1993).

3.0 CONCLUSIONS

Attributes of the potential bioprotectant G. roseum 784A were studied with respect to spore germination 
and growth on wood. After the arrival of fungal propagules on wood, they must grow and colonize the 
substrate. Propagules of many staining fungi are introduced to wood in the form of spores, which must 
germinate and form a mycelial network. Biological control agents are also often applied in the form of 
spore suspensions which must germinate, preferably before those of staining organisms to capture primary 
resources. Germination of fungal spores is dependent on water availability.

2 of 6



As bioprotectants are living organisms, the success of such a treatment depends upon growth and 
reproduction of the organism on wood. Nutrient type is one of the possible factors that could be 
manipulated to influence spore germination and subsequent microbial interactions in wood, leading to 
enhanced and consistent protection. Nutrient amendments were systematically tested to identify a nutrient 
regime which enhanced spore germination of G. roseum relative to sapstaining fungi. The limited 
number of carbon compounds screened showed no selective effect on spore germination of G. roseum 
784A. Screening of nitrogen compounds showed that some organic nitrogen compounds could selectively 
enhance germination of G. roseum spores relative to isolates of O. piceae, a fungus causing important 
sapstain in softwood lumber in western Canada. The most promising nutrient candidate was L- 
phenylalanine with /3-alanine also showing some effect.

A system to measure spore germination and eventually competitive performance of a bioprotectant for 
resource capture on western hemlock under defined conditions was developed. This method, consisting 
of a 0.2 /un membrane filter supporting spores placed to germinate in contact with the wood surface, was 
used to determine the effect of relative humidity, temperature and substrate on spore germination of the 
bioprotectant G. roseum. Substrate showed the greatest effect on germination. In the presence of 
abundant nutrients, germination exceeded 90% at all temperatures and across the humidity gradient of 60- 
90%. Germination in water was considerably lower than on wood or on agar. Germination on wood was 
most variable and is probably a reflection of the heterogeneous nature of this substrate.

Screening of potential isolates as bioprotectants for lumber, necessitates field testing for efficacy data and 
to satisfy regulatory measures. Monitoring the growth and development of a selected isolate on lumber is 
not easy as most of these fungi are screened for an inconspicuous appearance on wood. A selective media 
(GRSM) containing the mycotoxin, gliotoxin, and other antimicrobial agents was tested for selective 
isolation of G. roseum. Although other organisms such as Mucor, Trichoderma, Rhodotorula and 
several bacteria also showed tolerance to the media, it was a useful tool for verifying the identity of the 
bioprotectant if several very small samples were used as inoculum and if daily observations of inoculation 
plates were made.

As an alternative to the standard procedure of direct plating and incubation, the feasibility of using the 
anti-G. roseum 321A Mab 6A5 was tested for detection of G. roseum 784A on wood. The method 
developed (Elisa+DAB) was based on "dot-immunobinding " principles and the results were satisfactory 
for detecting 784A under controlled conditions, using a membrane disc, placed on the wood surface to 
capture the antigenic material.

The use of protein binding membranes to immobilise fungal antigenic protein material from cultures 
established on the wood surface for subsequent ELISA+DAB was less effective but may still prove useful 
if efficiency can be improved with optimization of the immobilization mode.
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4.0 RECOMMENDATIONS

In keeping with the objective to increase understanding of the fungi involved in the discolouration and 
decay of wood and in following the approach to research outlined in the proposal, the following studies 
should be addressed in next years program of work:

1) Nutrients that showed potential to increase germination of G. roseum, while negatively impacting on 
germination of staining fungi should be tested on wood using the membrane filter technique described in 
this report. This work should initially be carried out on sterile wood and then in competition with the 
resident microflora in wood from different sources.

2) i. Results of spore germination at 15°C showed excellent germination across the entire humidity range. 
The lower limiting temperatures and humidities for spore germination on wood should be determined and 
compared with that of sapstain fungi.
ii. The anomalous results obtained on all substrates at 25°C should be repeated over the same humidity 
gradient.
iii. The effect of wood moisture content in relation to temperature and relative humidity on spore 
germination and hyphal growth should be examined for G. roseum and sapstain fungi.

3) Although the selective medium provided a useful tool enabling G. roseum to be more easily isolated 
from lumber, this method is limited by the constraints of all standard isolation procedures. In addition, 
several days are required to obtain results and not every sample used for isolation will yield a viable 
culture. Negative results do not confirm the absence of the fungus.The work started with Mab 6A5 
should thus be continued and directed towards optimisation of antigen immobilisation using the 
immunobinding method.

4) A study of the competitive interactions of G. roseum with sapstaining fungi should examine its 
mycoparasitic potential with spores and hyphae of these fungi as well as with mould and decay fungi.
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APPENDIX I

The Effect of Defined Nutrient Amendments on Spore Germination of
Gliocladium roseum and Ophiostoma piceae



1.0 OBJECTIVE

The objective of this study was to screen some defined nutrient amendments, carbon and nitrogenous 
compounds, for their selective stimulation of the germination of spores of the potential antagonist, G. 
rosewn relative to O. piceae.

2.0 INTRODUCTION

Green lumber is subject to degrade during storage and shipment. This degrade caused by a group of wood 
inhabiting fungi called sapstainers and moulds is due to the bluish grey, green, black and other colours 
impacted by their pigmented hyphae and spores. One of the fungi commonly associated with sapstain of 
softwood lumber in Canada is Ophiostomapiceae (Seifert and Grylls, 1991). Sapstain of green lumber is 
currently controlled by a number of commercial biocides. However, the negative impact of these biocides 
on the enviroment has created a need to replace them with more enviromentally friendly alternatives.

Screening studies carried out in this lab have identified an isolate of Gliocladium rosewn 784A as a 
potential bioprotectant of sapstain on softwood. Bioprotectants unlike biocides are living organisms that 
must grow if they are to be effective when applied. Two major factors that influence growth of 
bioproectants are the competitive natural microflora and edaphic factors including, but not limited to 
nutrients, pH and water potential. To ensure success of the applied bioprotectant, the deployment strategy 
must go far towards overcoming these limitations. Thus, one or more of these edaphic factors could be 
manipulated to ensure , germination, growth and effective colonisation of the wood by the applied 
bioprotectant. Nutrient factors constitute one of the edaphic factors that can be manipulated easily. 
Reliability and efficiency of bioprotectants can be improved by inclusion of appropriate nutrients that 
selectively enhance germination and growth of bioprotectants at the expense of competing microflora 
(Dawson-Andoh and Morrell, 1992).

3.0 BACKGROUND

Microbial colonisation of wood substrate is initiated by the arrival of their propagules. Some of the 
propagules which are spores, depending on biotic and abiotic factors in the wood microbial ecosystem 
complex, will germinate to produce hyphae leading colonisation of the substrate. Wood represents a fairly 
spartan regime for many fungi, particularly those that lack the ability to actively degrade cell wall 
polymers (Dawson-Andoh and Morrell, 1992). Identifying methods for selectively improving colonisation 
would contribute to the development of a successful biorational protection of green lumber.

Improving colonisation might be achieved by altering the wood microbial ecosystem complex to either 
stimulate germination and subsequent growth of the desired organism or limit that of competing 
microflora. Application of fumigants enhanced the performance of antagonist fungi, Trichoderma 
tiarzianwn to significantly reduce wood decay (Morrell, 1990). However, the volatility and toxicity of 
these compounds have limited their application. Pre-treatment of wood test blocks with less toxic water 
diffusibles like ammonium bifluoride and ammonium tetrafluoroborate also enabled Trichoderma 
harzianum to significantly reduce wood weight loss by both Postia placenta and Trametes -versicolor in 
Douglas-fir heartwood (Dawson-Andoh and Morrell, 1992).



Wood microbial ecosystem complex can be manipulated to enhance germination and subsequent 
colonisation of antagonist fungi by application of nutrients. Nutrients affect populations of microbial 
propagules. Several previous studies (Blakeman, 1975; Kosuge and Hewitt, 1964) have demonstrated that 
germination of fungal spores on plant surfaces is stimulated by the quality of nutrients present. On plant 
surfaces, nutrients affect populations of epiphytic microorganisms and competition for nutrients 
(Blakeman and Brodie, 1977 and Fokkema, 1984). The biomass of potential antagonist was also enhanced 
by application of an organic amendment (Jackson et al, 1991). The application of a single organic 
compound to the surface of snap bean leaves altered the composition of the bacterial community leading 
to the reduction of bacterial brown spot (Morris and Rouse, 1982).

Antagonistic activity might also be influenced by enviromental factors notably nutrients. The outcome of 
antagonism between Trichoderma isolates and basidiospores of wood decay fungi was found to be 
dependent on media (Srinivasan et al, 1992, 1993).

Fungal spores are dispersal units that are usually products of both the sexual and asexual cycles in fungi. 
The spores of some species may fail to germinate due to unfavourable enviromental conditions. Spores of 
some species do not germinate even under ideal conditions and require specific treatments to activate the 
germination process. This condition is called exogenous dormancy. Spores of some species are 
exogenously dormant because they require various nutrients for germination. Oospores of Pythium 
hydnosporum will germinate in distilled water but the addition of nutrients increases the percentage of 
germination (Al-Hassan and Fergus, 1973). Such a process is an example of selective nutritional control 
of spore germination. Studies done by Farach et al. (1979) with spores of Neurospora crassa 
demonstrated that the most critical combination of nutrients from germ-tube emergence is the carbon 
source (glucose or sucrose) plus a major salt KH2P04, NH4N 03 or MgS04). Thus careful manipulation of 
the nutrient environment could be employed to influence selective germination of some microbial spores.

4.0. MATERIALS AND METHODS

The test fungi used in this study were: Opiostomapiceae and Gliocladium roseum 784A. The isolate 3871 
was used in most of the tests. In some tests, the isolates of 0. piceae 387AA, 387AI, 3871, 387J and 
387H were also employed.

The fungal cultures were maintained in 2% glycerol in liquid nitrogen.

Gliocladium roseum and O. piceae were subcultured on 2% malt agar and oatmeal agar respectively and 
incubated at 27 °C for 10 days. For each test fungus, 6 plugs from the growing margin were added to 200 
ml of sterile 2% malt extract broth and incubated for 5 days at 25 °C on a liquid shaker at 100 rpm. At 
the end of this period, the contents of each flask was poured through a sterile cheese cloth into a sterile 1 
L beaker to remove the mycelium. The filtered spores were then transferred to sterile 500 ml round 
bottom centrifuge tubes and centrifuged at 6000 rpm at 4 °C for 20 minutes. The supernatant was poured 
off and the compact spore sediment was washed with filtered sterilized deionized water. The washing was 
repeated. The twice washed spores were added to 50 ml of sterile 11% (wt/volume) glycerol solution. A 
1.8 ml aliquot of this spore suspension was transferred to each cryo-preservation vial. The latter was 
stored at -20 °C for 1.5 hours and then placed into liquid nitrogen for storage.

To retrieve spores from storage, preserving vials containing the spores of the desired test fungus were 
retrieved from the liquid nitrogen and placed into a water bath at 37 °C for 2-3 minutes to thaw. The 
thawed spores were then transferred to sterile micro-centrifuge tubes; spun down to pelletize; decanted
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and washed with a fresh batch of filtered deionized distilled water. Concentration of the stock spore 
suspension was determined using a hemacytometer.

Generally, fungal spores germinate within the moisture film in the wood. To mimic this situation, a 
water leachate of western hemlock sapwood at room temperature was used as the test media.

The western hemlock leachate was prepared by adding 150g of green sapwood of western hemlock 
sapwood (3 X 1 X 0.5 cm) to 1 L of distilled water in a 5 L flask. The latter was stirred for four days. 
The contents of the flask was initially filtered through a Whatman # 1 filter paper; then passed through 
0.45 /im membrane and finally through a 0.22 /im membrane filter to sterilise it. The sterilised media was 
stored in the refrigerator at 4 °C between use.

Two main groups of test nutrients, carbon and nitrogen, were employed in this study. The carbon 
substrates tested were all sugar alcohols (Table 1). The nitrogen test nutrients consisted of two subgroups: 
inorganic nitrogenous compounds and organic (primarily amino acids) nitrogenous compounds (Table 1).

Each test substrate was dissolved in sterilised western hemlock leachate to produce a concentration range 
of 0.11, 0.56 and 1.1% (w/v). To 0.9 ml of the sterilised test nutrient in a sterile 1.5 ml microcentrifuge 
tube, 0.1 ml of 106 spores of the test fungus was added to give a nutrient concentration of 0.1, 0.5 and 
1.0% (w/v) and spore concentration of 103. Each treatment was replicated five times. The 
microcentrifuge tubes containing the treatments were incubated at 15°C with the cap open in a humidity 
chamber. The latter consisted of a glass dessicator with a saturated solution of sodium tartrate at the 
bottom to maintain a relative humidity of 94%. Two incubation periods, 24 and 48 hours were employed. 
At the end of each incubation period, the contents of each centrifuge tube were shaken and an aliquot 
pipetted into a hemacytometer. Two hundred spores were counted and the number of spores swollen and 
germinated were recorded.

Statistical analysis were performed using the statistical analysis system (SAS Institute Inc, 1990). Percent 
germination means for spore germination of the test fungi to each nutrient amendment were analysed for 
significant difference using T-test. All multiple comparisons of percent germination of O. piceae to 
selected nutrient amendments were first subjected to analysis of variance (ANOVA and GLM) and 
significant differences between treatment means were determined using Duncan’s Multiple Range Test at 
each concentration level. Experiments with nutrients which demonstrated some potential were repeated.

5.0. RESULTS AND DISCUSSION

Germination of a fungal spore is defined as the transformation of a relatively inactive vegetative 
propagule to a highly active vegetative thallus. This process is characterised by physiological and 
morphological changes. The latter includes spore swelling, germ-tube formation and eventually thallus 
formation. In this study, although swelling of spores was recorded, the data is not presented. A spore 
was considered germinated when the length of its germ-tube was at least three times the diameter.

Germination of spores of G. roseum and all the isolates of O. piceae used in this study in distilled 
deionized water was less than 30% (Fig. la). Similar results were observed in a previous study 
(unpublished data). Generally, spore germination of all fungal isolates were higher in western hemlock 
leachate (Fig. lb). This could be attributed to the presence of nutrients or other factors in the leachate. 
Spores of some fungi may not germinate or produce good germination under ’unfavourable’ conditions
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Table 1

Nutrient Amendments Evaluated in Study

Carbon Compounds Inorganic Nitrogen Compounds Organic Nitrogen Compounds

Arabitol Ammonium nitrate Bactoasparagine

Adonitol Ammonium sulfate Bactopeptone

Mannitol Sodium nitrate /3- Alanine

L- Cysteine hydrochloride monohydrate

L- Proline

DL- Methionine

L- Threonine

L- Lysine monochloride

L- Hydroxyproline

L- Glutamic acid

L- Histidine

Casein enzymatic hydroxylate

Gallic acid

L- Phenylalanine

L- Leucine

L- Isoleucine

L- Glutamic acid

DL- Aspartic acid
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Fig. la

Figure 1.

I m t i  E 2  M7AA O r w  K31 M T J C D m TAJ O l L 4
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Fig. lb
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Spore germination of G. roseum (EL4) and 0. piceae (isolates 387AA, H, J, A l) in 
distilled deionized water (Fig. la) and in western hemlock leachate (Fig. lb)
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such as nutrient deficiency (Garraway and Evans, 1984) and are described as being exogenously dormant. 
Such spores might germinate with the addition of specific nutrients. Spores of some fungi, notably 
oospores of Pythium hydnosporum, have been reported to exhibit low germination in distilled water but 
the addition of nutrients increases the percentage germination (Al-Hassan and Fergus, 1973). In this 
study, the greatest response to germination in western hemlock leachate was produced by G. roseum 
followed by the 387AI strain of O. piceae (Fig. lb).

In the three sugar alcohols studied, spore germination of O. piceae 3871 was significantly enhanced 
relative to western hemlock leachate after 48 h incubation (Table 2). Spore germination of G. roseum in 
adonitol was about the same as that in western hemlock leachate alone. Spore germination of G. roseum 
and O. piceae were highest in mannitol and adonitol respectively after 48 hours of incubation. The spores 
of the two test fungi responded differently to the sugar substrates. By and large, none of the sugar 
alcohols used exhibited any preferential enhancement of spore germination of G. roseum.

The majority of fungi can utilise ammonium and nitrate as a source of nitrogen but some types of 
nitrogen compounds within this class may be more effective for some species than others (Garraway and 
Evans, 1984). The three inorganic nitrogen compounds had variable effects on the germination of the test 
fungi. In comparison to western hemlock leachate alone, spore germination of O. piceae 3871 was 
enhanced in sodium nitrate and ammonium sulfate (Table 3) but reduced in ammonium nitrate. With 
respect to G. roseum, enhanced spore germination after 48 hours was observed in sodium nitrate and at 
1 % concentration of ammonium nitrate. Thus, of the inorganic nitrogen substrates evaluated, only 
ammonium nitrate at 1 % concentration (48 hours of incubation) exhibited some potential for selective 
enhancement of spore germination with respect to G. roseum (Table 3).

The organic nitrogen compounds showed the greatest differential effect on spore germination of the two 
groups of fungi. Low spore germination was exhibited by the two test fungi at all concentrations (0.1, 0.5 
and 1 %) for six of the amino acids, L - Leucine, L - histidine, Gallic acid, L-cysteine hydrochloride 
monohydrate, DL - methionine, and bactoasparagine (Tables 4A, B, C, D). At medium and high 
concentrations of L-Gallic acid (Table 4D), spores of G. roseum exhibited no germination although more 
than 80% of the spores were swollen (data not shown). Spore germination of O. piceae 3871 especially at 
the high concentration was also low. A similar observation was recorded for L-cysteine hydrochloride 
monohydrate (Table 4B).

Of the seventeen organic nitrogen compounds evaluated, L- isoleucine, bactopeptone, L- hydroxyproline, 
L-Lysine hydrochloride, L-phenylalanine, L-threonine and 0-alanine, exhibited selective enhancing effect 
on spore germination of G. roseum and 0. piceae 3871 (Tables 4A, C, D, E, F). Spore germination (%) 
of G. roseum for L-isoleucine at low, medium and high concentrations after 48 hours was 80.9, 89.2 and 
91.7 respectively (Table 4A). Under the same conditions, spore germination (%) for O. piceae (3871) 
isolate was slightly less (19.3, 25.0 and 27.0 respectively) than that observed in western hemlock leachate 
(Fig. lb). Two amino acids, L-proline and L-cysteine hydrochloride both at low and medium 
concentrations increased spore germination of G. roseum to above 90% and that of O. piceae (3871) to 
above 50%. At high concentration, L-proline increased spore germination of O. piceae to 75% after 48 
hours of incubation (Table 4B).

From a practical point of view, the ideal nutrient candidate whilst enhancing spore germination of the 
bioprotectant far above that observed in western hemlock leachate, should limit spore germination for the 
sapstain fungi. Six of the organic nitrogen amendments, L-isoleucine, bactopeptone, L-phenylalanine, L- 
hydroxyproline, L-threonine and 0-alanine appeared to meet this criteria basis. Strains of the same 
fungus vary with respect to nutritional requirements (Jackson et al, 1991). To evaluate this effect, L- 
isoleucine, L-phenylalanine and 0-alanine together with L-lysine hydrochloride were screened for their
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Table 2

Effects of Carbon Compounds on Spore Germination of
diodadium  roseum 784A and Ophiostoma piceae 3871

Treatment
(nutrient)

type

Concentration Incubation Test Fungus
Period
(hours) G. roseum 

%
Germination

0. piceae 
%

Germination

Arabitol

L 24 N.D. 65.9 (5.1)

48 N.D. 79.5 (3.7)

M 24 N.D. 61.1 (6.3)

48 N.D. 74.7 (3.9)

H 24 N.D. 59.3 (3.4)

48 N.D. 81.1 (3.5)

Adonitol

L 24 56.3 (4.6) 29.8 (4.1)

48 57.1 (4.5) 74.7 (5.9)

M 24 51.7 (3.5) 32.3 (4.5)

48 58.7 (8.3) 76.3 (4.8)

H 24 55.5 (5.7) 41.2 (4.1)

48 57.2 (6.5) 82.6 (2.3)

Mannitol

L 24 50.5 (4.6) 31.2 (3.7)

48 88.6 (4.5) 82.2 (2.3)

M 24 46.5 (3.5) 30.1 (4.0)

48 70.8 (8.3) 69.9 (4.0)

H 24 54.1 (5.7) 30.5 (4.6)

48 92.4 (6.5) 70.9 (4.2)

values are means of 5 replicates
( ) standard deviation value
L = 0.1 % w/v
M = 0.5% w/v
H = 1 % w/v
N.D. = not determined
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Table 3

Effects of Inorganic Nitrogen Compounds on Spore Germination of
diodadium  roseum 784A and Ophiostoma piceae 3871

Treatment
(nutrient)

type

Concentration Incubation Test Fungus
Period
(hours) G. roseum 

%
Germination

O. piceae 
%

Germination

Ammonium
nitrate

L 24 43.5 (3.9) 10.7 (1.0)

48 59.4 (9.1) 11.2 (3.1)

M 24 41.9 (2.3) 19.1 (3.5)

48 48.8 (5.5) 14.2 (3.5)

H 24 56.8 (4.3) 16.9 (6.1)

48 78.0 (4.5) 12.8 (2.9)

Ammonium
sulfate

L 24 51.3 (4.8) 60.1 (2.9)

48 53.5 (5.8) 86.6 (4.5)

M 24 49.5 (3.7) 66.7 (7.8)

48 53.7 (2.8) 88.5 (2.4)

H 24 54.5 (5.5)* 61.6 (3.9)*

48 61.8 (5.4) 88.1 (2.8)

Sodium
nitrate

L 24 69.2 (3.9)* 66.5 (3.2)*

48 80.8 (4.4)* 75.5 (2.7)*

M 24 61.7 (4.9)* 69.3 (3.2)*

48 79.6 (3.8)* 73.5 (2.9)*

H 24 64.8 (4.2)* 71.6 (4.5)*

48 85.9 (2.7) 71.2 (5.3)

Values are means of 5 replicates 
( ) standard deviation value 
L = 0.1% w/v 
M =  0.5% w/v 
H = 1% w/v
* indicates treatment means were not significantly different by 

T-test at P = 0.001.

1- 8



Table 4A

Effects of Organic Nitrogen Amendments on Spore Germination of
diodadium  roseum 784A and Ophiostoma piceae 3871

Treatment
(nutrient)

type

Concentration Incubation
Period
(hours)

Test Fungus

G. roseum 
%

Germination

O. piceae 
%

Germination

L- Leucine

L 24 6.1 (0.1) ; 1.6 (1.3)

48 14.4 (1.6) 9.5 (0.8)

M 24 10.5 (1.3)* 12.6 (2.9)*

48 23.8 (3.7) 11.4 (2.1)

H 24 11.9 (1.6)* 7.5 (2.5)*

48 21.2 (3.0) 9.5 (1.5)

L- Isoleucine

L 24 81.8 (3.5) 4.9 (0.7)

48 80.9 (2.9) 19.3 (2.0)

M 24 80.4 (2.1) 9.1 (1.7)

48 89.2 (2.7) 25.0 (2.7)

H 24 84.2 (3.2) 9.6 (1.7)

48 91.7 (2.4) 27.1 (5.0)

L-
Hydroxyproline

L 24 84.4 (4.8) 32.0 (5.4)

48 83.2 (2.8) 35.9 (2.5)

M 24 85.9 (3.2) 32.2 (4.5)

48 88.3 (2.4) 40.7 (5.0)

H 24 89.4 (2.2) 40.9 (3.8)

48 91.0 (0.9) 34.3 (2.6)

Values are means of 5 replicates 
( ) standard deviation value 
L = 0.1% w/v 
M = 0.5% w/v 
H = 1 % w/v
* indicates treatment means were not significantly different by 

T-test at P = 0.001.

1 - 9



Table 4B

Effects of Organic Nitrogen Amendments on Spore Germination of
Gliocladium roseum 784A and Ophiostoma piceae 3871

Treatment
(nutrient)

type

Concentration Incubation
Period
(hours)

Test Fungus

G. roseum 
%

Germination

O. piceae 
%

Germination

L- Histidine

L 24 25.6 (6.0) 18.3 (2.2)

48 33.0 (8.4) 28.1 (4.5)

M 24 25.7 (4.9) 12.9 (2.5)

48 34.0 (4.1) 27.0 (2.2)

H 24 28.6 (3.2) 12.4 (3.5)

48 37.5 (6.6) 20.9 (2.7)

L- Cysteine 
hydrochloride 
monohydrate

L 24 0.3 (0.4) 2.2 (0.4)

48 7.2 (1.3) 33.5 (4.2)

M 24 0.0 (0) 4.0 (1.4)

48 0.0 (0) 2.7 (1.5)

H 24 0.0 (0) 5.5 (2.2)

48 0.0 (0) 6.7 (1.5)

L- Proline

L 24 77.0 (10.8) 29.15 (2.4)

48 91.9 (6.4) 64.4 (4.7)

M 24 80.2 (3.1) 29.5 (3.0)

48 100 (0) 55.6 (10.6)

H 24 70.1 (3.2) 23.2 (3.1)

48 98.9 (1.7) 75.0 (4.7)

Values are means of 5 replicates 
( ) standard deviation value 
L = 0.1% w/v 
M = 0.5% w/v 
H =  1 % w/v
* indicates treatment means were not significantly different by 

T-test at P = 0.001.
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Table 4C

Effects of Organic Nitrogen Amendments on Spore Germination of
Gliodadium roseum 784A and Ophiostoma piceae 3871

Treatment Concentration Incubation Test Fungus
(nutrient)

type
Period
(hours) G. roseum 

%
Germination

O. piceae 
%

Germination

L 24 8.3 (2.1) 4.2 (1.5)

48 11.4 (2.8)* 17.5 (5.1)*

DL- Methionine
M 24 8.9 (1.0) 4.2 (1.2)

48 11.3 (1.9)* 14.8 (4.5)*

H 24 12.3 (2.7) 5.9 (2.2)

48 13.3 (3.7) 20.5 (4.5)

L 24 90.5 (3.0) 18.9 (2.6)

48 94.8 (2.1) 44.4 (3.0)

L- Threonine
M 24 91.5 (1.6) 23.4 (2.7)

48 94.9 (1.8) 46.2 (7.3)

H 24 83.1 (3.6) 21.6 (3.1)

48 93.6 (2.4) 44.3 (3.3)

L 24 0.0 (0.0) 4.0 (1.3)

48 0.0 (0.0) 8.0 (3.3)

Bacto-
Asparagine

M 24 0.2 (0.3) 1.5 (1.1)

48 0.2 (0.3) 6.9 (2.8)

H 24 0.0 (0.0) 1.0 (0.8)

48 0.0 (0.0) 1.6 (0.4)

Values are means of 5 replicates 
( ) standard deviation value 
L =  0.1% w/v 
M =  0.5% w/v 
H =  1 % w/v
* indicates treatment means were not significantly different by 

T-test at P = 0.001.
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Table 4D

Effects of Organic Nitrogen Amendments on Spore Germination of
Gliocladium roseum 784A and Ophiostoma piceae 3871

Treatment
(nutrient)

type

Concentration Incubation
Period
(hours)

Test Fungus

G. roseum 
%

Germination

O. piceae 
%

Germination

Bactopeptone

L 24 72.0(5.1) ; 7.1 (2.9)

48 100 (0.0) ! 15.4 (2.7)

M 24 87.5 (2.5) 7.5 (1.6)

48 100 (0.0) 17.9 (6.7)

H 24 85.5 (3.0) 6.9 (1.3)

48 100 (0.0)) 14.5 (2.7)

Gallic acid

L 24 50.2 (6.2) 45.2 (4.8)

48 36.6 (2.4) 39.3 (4.1)

M 24 0.0 (0.0) 46.1 (4.7)

48 0.0 (0.0) 32.6 (3.0)

H 24 0.0 (0.0) 29.7 (5.0)

48 0.0 (0.0) 15.5 (1.8)

L- Lysine 
monochloride

L 24 87.2 (3.6) 54.1 (2.2)

48 100 (0.0) 56.3 (4.7)

M 24 87.3 (3.5) 35.0 (2.3)

48 100 (0.0) 55.4 (3.0)

H 24 85.7 (3.2) 35.0 (2.9)

48 100 (0.0) 59.0 (2.5)

Values are means of 5 replicates 
( ) standard deviation value 
L = 0.1% w/v 
M =  0.5% w/v 
H = 1% w/v
* indicates treatment means were not significantly different by 

T-test at P = 0.001.
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Table 4E

Effects of Organic Nitrogen Amendments on Spore Germination of
Gliodadium roseum 784A and Ophiostoma piceae 3871

Treatment
(nutrient)

type

Concentration Incubation
Period
(hours)

Test Fungus

G. roseum 
%

Germination

O. piceae 
%

Germination

/S- Alanine

L 24 82.5 (2.7) 6.6 (1.9)

48 91.4 (1.9) 11.9 (6.2)

M 24 87.1 (2.6) 5.1 (0.7)

48 91.3 (1.7)* 10.2 (1.2)

H 24 75.2 (7.4) 3.6 (0.4)

48 85.5 (10.6) 27.1 (5.1)

L- Glutamic acid

; L 24 69.3 (4.9) 4.7 (1.7)

48 87.1 (9.3) 13.2 (2.3)

M 24 52.1 (2.5) 6.1 (1.6)

48 78.8 (3.8) 13.4 (2.1)

H 24 43.5 (4.2) 6.1 (1.8)

48 57.1 (4.4) 15.1 (1.4)

DL- Aspartic 
acid

L 24 86.5 (2.5) 89.7 (3.1)

48 93.8 (1.2) 75.8 (6.4)

M 24 84.7 (3.8) 93.4 (2.9)

48 96.8 (1.6) 88.4 (5.9)

H 24 89.5 (3.3)
S.L.

48 99.6 (0.9)

Values are means of 5 replicates 
( ) standard deviation value 
L = 0.1% w/v 
M = 0.5% w/v 
H = 1% w/v 
S.L. = sample lost
* indicates treatment means were not significantly different by 

T-test at P = 0.001.
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Table 4F

Effects of Organic Nitrogen Amendments on Spore Germination of
Gliodadium roseum 784A and Ophiostoma piceae 3871

Treatment
(nutrient)

type

Concentration Incubation Test Fungus
Period
(hours) ; G. roseum 

%
Germination

O. piceae 
%

Germination

L- Phenylalanine

L 24 82.2 (2.3) 10.1 (1.5)

48 89.2 (1.8) 19.1 (4.9)

M 24 83.1 (4.4) 9.0 (2.1)

48 91.4 (2.7) 17.3 (1.9)

H 24 85.3 (6.2) 6.8 (1.2)

48 92.5 (1.7) 11.7 (2.2)

Casein
Enzymatic
Hydroxlate

L 24 25.1 (5.5) 10.5 (3.4)

48 61.1 (20.8) 11.3 (1.9)

M 24 20.8 (4.2) 11.4 (2.9)

48 52.6 (2.4) 13.1 (1.8)

H 24 11.7 (5.0) 23.0 (6.1)

48 68.5 (10.7) 21.8 (6.3)

Values are means of 5 replicates 
( ) standard deviation value 
L =  0.1% w/v 
M =  0.5% w/v 
H = 1% w/v
* indicates treatment means were not significantly different by 

T-test at P = 0.001.
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effect on spore germination of some other isolates of O. piceae. Although significantly higher spore 
germination was recorded for G. roseum with respect to the other isolates of O. piceae (Tables 5, 6, 7, 
8), low spore germination for other isolates of 0. piceae and high spore germination for G. roseum 
spores was observed for only L-phenylalanine (Fig. 2, Table 5). For L-isoleucine, spore germination for
O. piceae 387AI was greater than 70% at both low and high concentrations (Table 8).

This study thus demonstrated that some organic nitrogen compounds have a potential to selectively 
enhance spore germination of potential bioprotectants relative to O. piceae, a fungus causing sapstain in 
wood.

Wood is low in available nitrogen. Although a limited number of carbon compounds were evaluated, 
previous studies (Blakeman and Brodie, 1977) have shown that amino acids became limiting before 
carbohydrates. Simple sugars have been reported to be ineffective in stimulating spore germination of 
some fungal species (Daigle and Cotty, 1991). Amino acids that strongly stimulated conidial germination 
also enhanced biocontrol (Janisiewicz et al, 1992). Bioprotectants, unlike biocides are living organisms 
that must germinate and grow to be able to exert protective effects. Hence including in the deployment 
milieu, any substrate that would enhance germination of the applied propagules, could contribute to the 
effectiveness of a bioprotectant. However, it is paramount that these amendments do not enhance 
propagation of the target organism.

6.0 CONCLUSIONS AND RECOMMENDATIONS

The limited number of carbon compounds studied exhibited no selective enhancement of spore 
germination of the potential bioprotectant, Gliocladium roseum 784A.

Organic nitrogen compounds exhibited the greatest differential effect on spore germination of the 
bioprotectant, G. roseum relative to the stain fungus, O. piceae. L-phenylalanine showed selective 
enhancing effect on germination of G. roseum spores relative to the sapstain fungus. /S-alanine also 
showed potential.

Future studies should evaluate the potential of the organic nitrogen compounds identified in this study to 
selectively enhance bioprotection of lumber against sapstain using this G. roseum isolate.
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Table 5

Effect of Lr  Phenylalanine on other isolates of
Ophiostoma piceae at 15°C, 94% RH after 48 hrs incubation

Low Concentration Medium Concentraction High Concentration

Germination
(%)

Fungus Germination
(%)

Fungus Germination
(%)

Fungus

85.7a G.R. 86.9a G.R. 89.9a G.R.

14.5b 3871 13.1b 3871 9.2b 3871

10.9c 387H 11.1c 387H 6.9c 387H

6.8d 387J 4.0c 387AA 5.6c 387AA

3 .Id 387AA 3.8d 387J 0.7d 387AI

2.9e 387AI 1.6d 3 87AI 0.6d 387J

Means within a column followed by the same letter are not significantly different by 
Duncans Multiple Range Test at P = 0.05.
G.R. = Gliocladium roseum 784A 
387 = Ophiostoma piceae
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Table 6

Effect of L- Alanine on other isolates of
Ophiostoma piceae at 15°C, 94% RH after 48 hrs incubation

Low Concentration Medium Concentraction High Concentration

Germination
(%)

Fungus Germination
(%)

Fungus Germination
(%)

Fungus

86.9a G.R. 88.4a G.R. 82.1a G.R.

38.9b 387AI 49.4b 387AI 47.2b 387AI

11.9c 387J 7.6c 3871 7.0c 387J

10.0c 3871 6.7c 387AA 5.0c 3871

6.3d 387AA 4.6d 387J 5.0d 387AA

Means within a column followed by the same letter are not significantly different by 
Duncans Multiple Range Test at P = 0.05.
G.R. = Gliocladium roseum 784A 
387 = Ophiostoma piceae
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Table 7

Effect of L- Lysine on other isolates of
Ophiostoma piceae at 15°C, 94% RH after 48 hrs incubation

Low Concentration Medium Concentraction High Concentration

Germination
(%)

Fungus Germination
(%)

Fungus Germination
(%)

Fungus

93.6a G.R. 96.3a G.R. 92.8a G.R.

55.2b 3871 45.2b 3871 46.7b 3871

23.6c 3 87AI 19.4c 387AA 21.1c 387AI

22.0c 387AA 18.8c 387AI 13.2c 387AA

Means within a column followed by the same letter are not significantly different by 
Duncans Multiple Range Test at P = 0.05.
G.R. = Gliocladium roseum 784A 
387 = Ophiostoma piceae
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Table 8

Effect of L- Isoleucine on other isolates of
Ophiostoma piceae at 15°C, 94% RH after 48 hrs incubation

Low Concentration Medium Concentraction High Concentration

Germination
(%)

Fungus Germination
(%)

Fungus Germination
(%)

Fungus

85.3a G.R. 84.8a G.R. 87.9a G.R.

56.1b 387AI 34.1b 3 87AI 46.1b 387AI

17.1c 387H 17.0c 3871 18.3c 3871

16.0c 3 87A A 10.2d 387H 3.6d 387H

12.Id 3871 3.4e 387J 2.4d 387AA

10.7d 387JI 2.3e 387AA 1.7d 387J

Means within a column followed by the same letter are not significantly different by 
Duncans Multiple Range Test at P = 0.05.
G.R. = Gliocladium roseum 784A 
387 = Ophiostoma piceae
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Figure 2. Effect of L-phenylalanine (Fig. 2a), L-isoleucine (Fig. 2b), /3-alanine (Fig. 2c) and L- 
Lysine (Fig. 2d) on spore germination of other isolates of 0. piceae.
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APPENDIX II

The Effects of Substrate, Temperature and Relative Humidity on Spore 
Germination of Gliocladium roseum on Tsuga heterophylla Wood.



1.0 OBJECTIVE

The objective of this study was to determine the effects of temperature and relative humidity on spore 
germination of the potential bioprotectant Gliocladium roseum on agar and Tsuga heterophylla wafers. A 
prerequisite to completing this work was the development of a method to measure spore germination of 
the bioprotectant on western hemlock in situ.

2.0 INTRODUCTION

Sapstain is the discolouration of the sapwood resulting as an optical effect of the presence of sapstaining 
fungi in wood. These fungi may also create favourable conditions for the subsequent colonization by 
decay fungi. The growth of sapstaining fungi on wood occurs at temperatures between 2°C and 38°C at a 
minimum moisture content of 20% (Croan and Highley 1990). However, the optimum water content for 
maximum stain development is 60-80% (Seifert 1993). The minimum moisture conditions required for the 
survival of an organism differ however from conditions allowing growth and development of the same 
organism. The saprophytic build-up of inoculum potential and energy is a prerequisite to the establishment 
of a sapstain condition.

Spores of sapstain fungi are disseminated by insect vectors especially bark beetles. Spores may be carried 
externally on the body surface or internally in the digestive tract or in a specialized organ called the 
mycangium (Gibbs 1993). When a spore is introduced on lumber it must germinate to form a hyphal 
network which colonizes tracheids, ray cells and resin ducts. Spore germination then, is one of the first 
stages in the establishment of sapstain.

In comparison with biocide treatments, biological alternatives often show more variability and lower 
efficacy. A principal reason for suboptimal results is the poor germination and growth of the biocontrol 
agent. In determining environmental requirements to achieve successful bioprotection of unseasoned 
wood with a fungal bioprotectant it is necessary to examine factors influencing spore germination and 
fungal growth. A biological control agent is often applied in the form of a spore suspension which also 
must germinate, preferably before a spore of a sapstain fungus, in order to effectively compete for 
primary resource capture. This is an area where competition can be exploited as a biological weapon.

To achieve consistent and efficaceous protection of unseasoned lumber with a fungal bioprotectant, it is 
important to define the range of abiotic factors under which the protectant will be successful. In the case 
of an organism, this implies conditions where it will survive and grow. A spore applied to lumber must 
first germinate. An initial response in the germination of fungal spores is swelling, which is a result of 
hydration (Viitanen and Ritschkoff 1991) and depends on water availability.

Most of the work to date on factors influencing fungal development on wood has not examined spore 
germination and was not done on wood. Viitanen and Ritschkoff (1991) studied mould growth in pine 
and spruce sapwood under varying relative humidities (75-100%) and temperatures (5-40°C) scoring their 
results based on visual evaluations of percent of the wood surface covered with mycelium. Boddy (1983) 
studied the effect of temperature and water potential on radial growth of wood-rotting basidiomycetes on a 
synthetic medium (malt agar). Morton and French (1966) however, studied temperature and relative 
humidity (RH) as well as other factors affecting germination of spores of decay fungi on wood. They used 
thin sections ( 5 mm2), 60 /xm thick in order to examine germinating spores under the light microscope.
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The main coastal lumber product is hem-fir, consisting of Tsuga heterophylla and Abies spp. Results from 
field trials have shown that hemlock is more susceptible to staining than fir (McAfee and Gignac, 
unpublished data). All germination work in this study was thus done on hemlock wafers.

3.0 MATERIALS AND METHODS

Spore germination on wood and agar was examined using a modification of a method to measure the 
activity of fungistatic compounds from soil on spore germination (Liebman and Epstein 1992). Similarly, 
using a 0.2/rni membrane filter, spores were germinated on filters placed on wood wafers.

Gliocladium roseum (784A) spores from the Forintek Culture Collection were maintained under liquid 
nitrogen. The washed conidia were suspended in sterile distilled water with density adjusted to 105 
spore/mL. Conidia were vacuum-filtered onto sterilized 0.2/un (13 mm diameter) hydrophilic polysulfone 
membranes (Gelman Sciences, Ann Arbor, Michigan). A 0.8 mL aliquot of the conidial suspension was 
added to each membrane.

Germination (%) was evaluated on wood, agar and water. On wood and agar, three inoculated 
membranes were added to each petri dish containing malt agar (2%) or sterile wood block (Tsuga 
heterophylla 0.5 X 4 X 10 cm). The wood blocks rested on plastic netting in petri dishes 100 X 150 
mm containing 10 mL of sterile distilled water to maintain a high wood moisture content and to improve 
the adherence of the membrane to the wood surface (Fig. 1). Germination in water was carried out in 
Eppendorf tubes (2mL) to which the appropriate conidial suspension was introduced.

Following incubation on wood or agar, membranes were fixed and stained in an aqueous solution of 
10%lactic acid, 0.05% Congo brilliant blue, and 25% glycerol. Membranes were mounted in glycerol 
(80% in water), and spores were examined at 200X under a Zeiss light microscope. Spores with germ 
tubes longer than the width of the spore were considered germinated. Spore germination in water was 
evaluated by direct observation under a 20 X objective of a light microscope using a hemacytometer. To 
determine the optimal time to record germination counts, incubation periods of 8, 16, 18, 21, 24 and 48 
hours at 20°C and 65% relative humidity (RH) were tested.

Experiments were repeated under a range of temperature (3) and relative humidity (4) regimes. Three 
different temperatures ( 15°, 20° and 25°C) were adjusted using 3 incubation chambers. Four screwcap 
plastic containers (IL) were used as incubation vessels for each temperature tested. Holes (4 cm diameter) 
punched in the lids were fitted with rubber stoppers, which were removed to record RH measurements. 
The relative humidity was adjusted in each vessel by the use of a saturated salt solution. A saturated 
aqueous solution in contact with an excess of the solute when kept in an enclosed space will maintain a 
constant humidity at a given temperature. The expected relative humidities with the corresponding 
theoretical saturated salt solutions at 20°C were: 98% (K2S04), 85% (KC1), 75% (NaCl) and 55% 
(Na2Cr20 7.2H20). These solutions were prepared as follows, grams salt per 100 g water: 11.1 g K2S04,
34.0 g KC1, 36.0 g NaCl, 177.8 g Na2Cr20 7.2H20 . Each saturated salt solution was poured into a glass 
petri dish which was placed inside the incubation vessel. Relative humidity was repeatedly measured in 
each vessel with a hygrometer (Digital thermo hygrometer, model 880, General Eastern Instruments) until 
stable measurements were recorded. Petri dishes containing inoculated agar or wood blocks or Eppendorf 
Safe-Lock" tubes were introduced into these incubation vessels. All experiments were replicated a 
minimum of 3 times.
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Figure 1. Experimental conditions for the study of spore germination on wood using a membrane 
filter to support spores in contact with the wood surface.
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4.0 RESULTS AND DISCUSSION

Spore germination was successfully observed on wood using the filter method of Liebman and Epstein 
(1992). A conidial suspension was readily applied to the membrane and brought in contact with the 
wood surface. After staining, germinated and non-germinated conidia were easily viewed by placing the 
entire filter on a glass microscope slide for observation under the light microscope. The advantage of 
this method is that germination occurs on the wood and though spores are separated from the wood by a 
membrane, nutrients from the wood, which may stimulate or inhibit germination, are still accessible. 
Many studies that investigate humidity effects, adjust RH by means of glycerol or salt solutions 
incorporated into a growth medium. These solutions however may also affect fungal metabolism. 
Observations in situ provide results that are more confidently extrapolated to field situations. In addition 
germination can be influenced by the introduction of nutrients to a substrate or growth medium. (Al- 
Hassan & Fergus 1973).

Maximum germination occurred on wood ( 100%) and agar (100%) after 48 hr (Table 1). High 
germination percentages (agar 91%, wood 82%) were however observed after 24 hr. It was easier to 
distinguish individual germinated spores at 24 hr as after 48 hr incubation, many germinated spores had 
already started to form a hyphal network, making it difficult to determine if hyphae originated from one 
or several germinated spores. Readings for subsequent experiments were thus taken after 24 hr. 
Germination in water was considerably lower than on wood or on agar in most cases except after 8 hr 
incubation where values for all substrates were below 15%. Increased germination with increasing 
nutrient availability demonstrates that G. roseum spores are nutrient dependent and that modification of 
germination patterns using nutrient amendments may be possible to give selective advantage to G. 
roseum.

Results of germination on wood, agar and water, determined at 15, 20 and 25°C under 4 RH conditions 
are presented in Fig 2. Substrate showed the greatest influence on germination. Where nutrients were 
abundant (MA), germination was >90% at all temperatures and acrosss the complete humidity range. In 
water, at least at 15 and 20°C, germintion was lower (60-70%) but stable across the humidity gradient. 
Germination on wood appears to be the most variable and is probably a reflection of the heterogeneous 
nature of this substrate.

Results recorded from the 25°C chamber are aberrant from those at the two other temperatures especially 
for water and wood. That results from agar are consistent with the other temperatures indicates that the 
incubation chamber was not faulty. This work will be repeated when technical support for the project is 
available to verify this anomaly. At this time spore germination of sapstain fungi will be compared to that 
of the bioprotectant fungus.

The question of the effect of wood moisture content on spore germination was not addressed in this work 
and will be the subject of further research under this project. The method using a membrane filter 
provided a rapid test to evaluate germination of spores on wood.
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Table 1

Germination (%) of Gliocladium roseum  784A spores after 8, 16, 18, 21, 24 and 48 
hours incubation at 20°C and 65% relative humidity on wood, agar and in water.

INCUBATION 
TIME (HOURS)

MEDIA

WATER 2% MALT-AGAR WOOD

8 3.5 13.5 8

16 8.7 *49.3 52.3

18 13.7 32.3 62.7

21 16.3 44.3 76

24 19.3 90.7 81.7

48 ND 100 100
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Figure 2. Spore germination of Gliocladium roseum after 24 hours in water, on agar and on wood 
at 15,20 and 25°C over a humidity range of 60-90% RH.
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APPENDIX m

Evaluation of a Medium for Selective Isolation of 
Gliocladium Roseum  from Lumber



1.0 OBJECTIVE

The objective of this study was to test a medium for selective isolation of Gliocladium roseum from 
inoculated lumber.

2.0 INTRODUCTION

In a screening of fungal isolates for the potential to protect unseasoned lumber from sapstain one of the 
criteria used was the requirement that mycelial development on the wood surface be inconspicous. While 
this may be desirable from an industrial point of view, it is then difficult to confirm the presence and 
distribution of the fungus on lumber. To follow growth of the fungus on the wood after inoculation a 
selective media for isolation of Gliocladium roseum was evaluated.

The development of selective media is often based on the differential sensitivity of fungi to antibiotics, 
fungicides or other chemicals. Park et al. (1992) have described a medium that effectively distinguished 
Gliocladium roseum from G. virens, Rhizoctania solani, Fusarium oxysporum and Pythium ultimum using 
a plate dilution method from soil. In this media differential sensitivity to gliotoxin and to acriflavine is 
the basis of selective isolation of Gliocladium roseum from nonsterile soils. Gliotoxin is an antimicrobial 
secondary metabolite produced by several species of fungi especially species of Trichoderma and 
Gliocladium (Taylor 1971). Acriflavine, is an antimicrobial agent which alters characteristics of nucleic 
acids and has been used as a mutagen (Franklin & Snow 1981).

3.0 MATERIAL AND METHODS

The selective medium was composed of 3.0 g of glucose, 0,2 g of MgS04.7H20 , 1,0 g of K2HP04.3H20, 
0,5 g of KC1, 1,0 g of NaN03, 0,01 g of FeS04.7H20 , 50 mg of chloramphenicol, 10 mg of rose bengal, 
50 mg of streptomycin sulfate, 500 ixg of benomyl (50WP), 500 mg of propionic acid, and 20 g of Bacto 
agar in 1 L of distilled water. The pH was adjusted to 6.0 with 25% phosphoric acid before 
autoclaving. Antibiotics were added to the medium at 60°C after autoclaving: 1.0 mg gliotoxin, 20 mg 
pentachloronitrobenzene (75WP) and 60 mg acriflavine to 1 L of basic medium. Each antibiotic was 
dissolved in sterile distilled water except gliotoxin which was dissolved in absolute ethanol. All 
antibiotics were kept at 4°C in darkness before mixing into basal media.

To compare the growth rate of G. roseum on the selective media (GRSM) and on 2% malt agar (MA), 
the fungus was inoculated in the centre of agar cultures and incubated for 7 days 27°C, 85%RH.

Isolation of G. roseum -inoculated pasteurized wood, was verified on GRSM and MA by two methods: 
1) plating dilutions of washings from the inoculated wood and 2) direct isolation from small wood slivers. 
Small wood blocks were inoculated with a spore suspension of G. roseum directly after steam 
pasteurization. Wood blocks were incubated until a mycelial network was evident on the surface.

Wood wafers (2.5 X 2.5 cm2) punched from the inoculated wood blocks were agitated in 100 mL of 
sterile distilled water in an erlenmeyer flask (300 mL) for 15 minutes. The washing solution was diluted 
in sterile distilled water: 1:10, 1:100 and 1:1000. A spore solution control was prepared by washing an
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actively growing agar culture of the fungus and preparing similar dilutions with the washing solution. The 
GRSM and MA petri plates were inoculated with 100 /iL of each spore dilution.

Wood wafers of the same dimension, removed from the surface of G. rosewm-inoculated blocks were 
split in two pieces and four wood slivers per wafer were plated on GRSM and MA. In both methods 
plates were incubated at 27°C, 85% RH and observed daily.

Small pieces (15 X 10 X 5cm) of full size lumber were sprayed with a spore suspension (105 mL’1) of G. 
roseum in the experimental spray system at the Forintek Laboratory in Vancouver. These wood pieces 
were transported to the Ottawa laboratory and incubated in individual plastic wrappings at 27°C, 85% 
RH for 21 days. Wood slivers from these lumber pieces were removed as described above and plated on 
GRSM.

4.0 RESULTS AND DISCUSSION

The colony appearance was similar on both GRSM and MA but the growth rate was slightly reduced on 
the selective media. After 7 days of incubation, the inoculated culture reached 4.7 cm on MA while in 
GRSM the colony reached 2.1 cm in the same incubation period. There was no lag phase on MA while 
on GRSM it was three days.

After determining that the isolate 784A would grow on GRSM, the ability to re-isolate from inoculated 
wood was confirmed. The lag phase on GRSM using plate dilution of washing solutions was over 10 
days compared to 3 days on MA. Isolation of G. roseum using direct plating of wood slivers was easier 
to perform than plate dilutions and the lag phase in some cases was as short as 4 days.

Isolation of G. roseum from wood on GRSM appeared to be influenced by the physiological state of the 
fungus. Recovery time was shorter for wood showing development of a mycelial mat on the surface.
This period was between 2 and 6 days for wood that had been incubated for a week prior to isolation as 
compared to freshly inoculated wood where up to 12 days were required in some cases before there was 
evidence of fungal growth.

Upon arrival in Ottawa, many of the sprayed samples showed evidence of sapstain. It was later 
discovered that some of the wood actually had some sapstain prior to the spray treatment. After 
incubation under controlled conditions, G. roseum was re-isolated using the wood sliver method with a 
lag phase similar to that observed in experiments done on pasteurized wood. At least one of the 4 slivers 
placed per petri yielded a G. roseum colony in every case.

The use of GRSM for isolation of G. roseum was more effective than isolation on MA. With the latter, it 
was not possible to confirm the identity of G.roseum because its growth was masked by bacteria, yeasts 
and other fungi such as Trichoderma spp. While there was some growth of other microorganisms on 
GRSM, the growth was retarded and it was still possible to identify G. roseum among the other 
colonies

The importance of using very small slivers of wood (2mm X 10 mm) was observed. When larger 
pieces were used for isolation, a greater number of undesirable organisms grew on the plates. The size 
of the wood used as inoculum was proportional to the number of other organisms which were observed 
on the isolation plates. In addition to bacteria, the yeast Rhodotorula, and the fungal genera, Mucor and
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Trichoderma were identified on the GRSM plates. Species of the genus Trichoderma have also been 
reported to produce gliotoxin and thus its presence on the plates is not surprising.

We have concluded that the selective media GRSM is a good tool for selective isolation of G. roseum 
even though some other microorganisms have shown a tolerance to the media. To be effective, daily 
observations of petri plates should be made and at least 4 very small samples should be used as 
inoculum for each isolation trial. Although it is possible to confirm the presence of G. roseum from wood 
it is not possible to distinguish the bioprotectant isolate from an indigenous isolate. To register a 
technology as an antisapstain product, such ecological information, on the dissemination and interaction 
with indigenous populations would be required.
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APPENDIX IV

Development of an Immunodetection Technique for Directly 
Monitoring the Growth of Gliocladium Roseum  on Wood



1.0 OBJECTIVE

In order to develop an immunodetection technique for monitoring growth of the bioprotectant G. roseum 
784A directly on wood the following objectives were addressed:
(1) To establish the feasibility of using anti-G. roseum Mab 6A5 for the detection of 784A using ELISA.

(2) To determine membrane efficiency in capturing mycelial growth of 784A colonising hemlock wood 
samples under controlled conditions for subsequent immunodetection using Mab 6A5.
(3) To explore the potential of other solid supports (blotting type membranes) in efficiently binding 
mycelial antigenic material of 784A, growing on wood under controlled conditions, for subsequent 
immunodetection.
(4) To determine the efficacy of using Mab 6A5 in detecting germination of 784A spores in a field trial.

2.0 INTRODUCTION

One of the goals of the forest products industry is to reduce or eliminate the use of chemicals for wood 
protection. One alternative to chemicals is a biological technology to control sapstain on unseasoned 
lumber. An important aspect in the development of such a technology is field testing of potential isolates 
for efficacy data, to satisfy regulatory measures or for product acceptance. Field testing requires that 
growth and development of the introduced organism on the lumber and the dissemination in the 
environment and its interactions with the indigenous microflora be monitored.

The development of a method to directly monitor colonisation of a bioprotectant on lumber using 
immunodetection is an attractive alternative to the standard procedure of direct plating and incubation for 
up to several days prior to microscopic identification. Such a method is rapid, simple as well as 
sensitive. Immunodetection of wood inhabiting fungi uses antifungal polyclonal or monoclonal antibodies, 
developed for the target fungus, in an enzyme-linked immunosorbent assay (ELISA) with antigen sources 
comprised of pure cultures of test fungi.

Although previous studies have successfully detected specific fungi in wood (Breuil et al. 1988, 1990), 
the procedure to obtain antigen sources involved tedious extraction methods or laborious sectioning of 
infected wood samples and required sophisticated microscopic techniques for visualisation. Such 
procedures cannot be conveniently performed in field studies. When developing a technique to rapidly 
monitor fungal growth in wood, considerations must be placed on the number of samples to be tested, 
the need to produce results in a short time, and the requirement that fungal antigen must be conveniently 
obtained from wood with or without extraction.

This study explores the possibility of implementing, an immunological technique, with an appropriate 
probe, to monitor the colonisation of the bioprotectant Gliocladium roseum 784A inoculated on lumber.

IV - 1



3.0 BACKGROUND

The general principles behind ELISA are based on the high affinity antigen-antibody interaction and the 
passive adsorption of proteins and other biological substances to hydrophobic surfaces such as plastics 
(Voiler et al. 1979). The antigens or antibodies that are linked to the solid phase capture the relevant 
antigen or antibody in another solution. The complex is detected by means of an enzyme-labelled antibody 
or antigen. The degradation of the enzyme substrate measured spectrophotometrically is proportional to 
the concentration of the unknown antigen or antibody in the test solution. The inexpensive horse radish 
peroxidase (HRP) is a commonly used substrate.

The ELISA used in this study was developed (Breuil et al. 1990, 1992) for the detection of staining and 
biocontrol fungi in wood. This non-competitive indirect (double antibody), ELISA method has been used 
to screen for production of specific antibodies (anti-G. roseum Mab 6A5) which were subsequently used 
to determine G. roseum fungal antigen in infected wood samples. The fungal antigen can be fungal 
mycelial cell homogenates, cell wall, or cell wall protein of the fungus. The analysis of such 
macromolecular antigens is based on saturation principles in which excess reagents are employed.

To enhance sensitivity, the ELISA signals are amplified using a biotin labelled secondary antibody. This 
secondary antibody is an immunoglobulin anti to the host species where the specific antibody is raised.
The biotin labelled secondary antibody is detected and quantified by enzyme reagents labelled with 
streptavidin. Streptavidin is a protein that binds tightly to biotin to form an irreversible and stable 
complex. This protein can be conjugated to the enzyme directly or complexed to the enzyme labelled with 
biotin via a spacer arm providing that enzyme activity is preserved. The biotin-streptavidin system 
amplifies ELISA reactivity by allowing greater accessibility of the specific antibody in coupling with the 
enzyme conjugate. The use of the amplified system results in a sensitivity increase from 20 to 80 times 
(Kendall et al. 1982).

The amplified ELISA was selected to determine the cross reactivity of Mab 6A5 with fungi recently 
isolated from western hemlock lumber with the bioprotectant, G. roseum 784A. Breuil et al. (1992) 
reported that this Mab was specific for G. roseum and closely related species but did not recognize any 
tested sapstain fungi. Via immunogold and electron microscopy, it gave immunolabelling of the outermost 
layer of the cell wall of intact hyphal cells of G. roseum in wood. The use of Mab 6A5 as an immuno- 
probe for monitoring growth and distribution of the bioprotectant in wood may thus be possible.

While ELISA is recommended for laboratory based detection purposes using soluble fungal antigens, a 
membrane-bound detection method such as "dot-blot" (Harlow and Lane, 1988) is a more appropriate 
detection system for quick field-based assays using easy-to-extract antigens. Blotting is the 
immobilisation of proteins or biomolecules using electrophoretic blotting, vacuum blotting or 
microfiltration, onto the surface of a membrane that allows specific types of detection and analysis which 
would not be practical with the molecules in solution or trapped in a gel matrix. In the "dot-blot" or "dot 
immunobinding" assay the antigenic protein is attached to a membrane in a series of "dots". The original 
method of Hawkes et al. (1982) involved the application of dots of antigen to nitrocellulose sheets. These 
sheets were then cut into small square pieces containing the dots and placed into the microtitre plate 
wells for incubation with the Mab. It is uncertain what type of bonds hold protein to nitrocellulose, but it 
is known that binding is blocked by oils or other proteins. Various methods of detection can be used and 
may involve 12SI-labelled or enzyme labelled reagents. In the latter case only chromogenic substrates that 
yield insoluble products should be used. Appropriate substrates for use with HRP include 
diaminobenzidene (DAB) (Graham and Karnovsky, 1966), 3-amino-9-ethylcarbazole (AEC) (Graham et 
al. 1964), or 4-chloro-naphthol (4CN) (Nakane, 1968) yielding brown, red and blue colors respectively in
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the final reactions. Recently Dewey et al. (1990) successfully employed a membrane made of 
polyvinylidene difluoride (PVDF) to bind fungal antigen with an immunogold conjugate, enhanced with 
silver in the detection system.

Observations of mycelial development on wood have shown that G. roseum 784A tends to grow 
primarily on the surface of wood (Chan & McAfee, unpublished results). It may be possible then to detect 
the fungus, directly from the wood surface without extraction of antigenic materials. Allowing the target 
fungus to grow onto a membrane placed on wood, the immobilised mycelia can serve as the antigen 
dotted on nitrocellulose membrane in a dot-blot assay. The membrane can be cut and incubated with the 
Mab in a microtitre plate well. As the target fungus G. roseum 784A produces large amounts of 
extracellular enzymes, in particular cellulases, nitrocellulose type membranes are not practical for 
capturing mycelial growth for subsequent immunodetection. An alternative to trapping mycelial growth on 
a membrane, may be the use of protein binding membranes applied to directly adsorb fungal antigenic 
material from the colony growing on the wood. In well established colonies autolysis of hyphal cells may 
occur releasing intracellular protein to the surface of wood. The success of such an approach, however, 
depends greatly on the threshold detection limits of the fungal antigenic protein from G. roseum with the 
Mab 6A5. The binding capacity of the membrane also affects the success of the detection method. 
Therefore a variety of binding membranes for different applications (blotting, enzyme immunoassay, 
protein sequencing) should be tested for efficiency in binding fungal antigenic protein from wood 
samples, already infected with the target fungus, for subsequent detection using Mab 6A5 as the probe.

4.0 MATERIALS AND METHODS 

Verification of Specificity of Mab 6A5 for Detection of G. roseum 784A

The following fungal isolates were grown as previously described (Breuil et al. 1992) and tested for 
cross reactivity to Mab 6A5: Altemaria alternata 2H, Aureobasidiumpullulons 132Q, Rhinocladiella 
atrovirens 135E, Cephaloascus fragrans 3071, Ophiostomapiceae 387E, Ophiostoma piceae 3871, 
Ophiostomapiceae 387N, Phialophora botulispora 707A, Gliocladium roseum 321A, Gliocladium roseum 
321B, Gliocladium roseum 321M, Gliocladium roseum 784A, Pénicillium rugulosum 176B, Pénicillium 
purpurogeum 176C, Pénicillium mineoluteum 712A, Aspergillus niger 207H, Paecilomyces variotii 253E, 
Pénicillium mineoluteum 712B, Pénicillium spinulosum 823C, Talaromyces flavus 834C.

All ELIS As performed in this study used the biotin-streptavidin amplification system as described by 
Breuil et al. (1988, 1992). Homogenates of the fragmented mycelial cells of test fungi served as antigen 
source in most of the ELISAs performed. Microtitre plates were coated, without glutaraldehyde fixation 
(Banks & Cox 1992), with the cell homogenates at 10 or 20 /rg (dry weight) per well. The optimum 
working dilutions of the primary antibody (Mab 6A5), the secondary antibody (biotinylated IgM, 
Amersham) and the enzyme conjugate (biotin-streptavidin-HRP, Amersham) were determined in the 
presence and absence of a sapstain fungus, O. piceae. The Mab 6A5 was supplied as a lyophilised powder 
(Drs. Brown and Banerjee, University of Ottawa). The Mab was reconstituted in 200/xl distilled water 
(dH20) per tube and centrifuged briefly to remove unsolubilised particulates. The working dilution of the 
Mab was prepared from the clear reconstitute. The reactivities of the Mab were estimated by absorbance 
values at 490 nm (ABS490) and each assay was performed in at least triplicates, sometimes quadruplicates.

IV - 3



Immunodetection of G. roseum  Mycelium Captured on Membrane Discs Using ELISA+ DAB

Experiments were designed to test immunodetection of G. roseum 784A growing on Tsuga heterophylla 
in the absence or presence of a staining fungus, O. piceae 3871. Wood blocks (5x11x0.5 cm), 
plastic/rubber netting (150 mm diam.), and SUPOR membrane discs (0.2 pm pore size, 13 mm diam., 
Gelman Sciences), wetted in dH20 , were autoclaved at 121°C for 15 minutes. The membrane discs 
were aseptically placed on the sterile wood blocks resting on top of the netting inside petri dishes (150x25 
mm) containing 15 mL sterile dH20  to maintain a high wood moisture content. The high humidity of the 
wood facilitated the adherance of the membranes to the wood surface.

The SUPOR membrane is a hydrophilic, polyethersulfone based membrane that allows high flow rates 
and throughputs and is not commonly used as a protein transfer medium. It was tested for its efficiency to 
capture mycelial growth of the bioprotectant on wood for subsequent immunodetection.

The inocula were prepared using G. roseum (Gr) or O. piceae (Op) spores stored in liquid nitrogen.The 
washed spores were suspended in sterile dH20  and the density was adjusted to 105 spore/mL. A 1 mL 
aliquot of the spore suspension of each of the test fungi was placed about 1 cm from the edge of the 
narrow dimension of each wood block and membrane discs were placed, spaced at equal distances along 
the length of the wood blocks (Figs. 3a, 4a, 4b).

Plates containing the membrane discs on non-inoculated wood blocks were included as controls. Plates 
were sealed with double layer parafilm and incubated at 27°C, 85% RH in darkness. Growth on the wood 
blocks and on the membrane discs was examined under a stereo microscope weekly or biweekly until 
mycelial development was visible on the wood sufrace. A row of discs was removed from each block 
after 1,2 or 3 wk incubation for subsequent detection.

A method adapted from Hawkes et al. (1982), consisting of the target fungus or the adsorbed antigenic 
material, immobilised on several different types of membranes was tested as a means of detecting G. 
roseum 784A using a modified dot-blot assay. No dots of pure antigen were applied. The same enzyme 
detection system used in the amplified biotin-streptavidin ELISA was employed with DAB as the 
chromogenic substrate. The modified method, referred to as ELISA+ DAB includes 5 steps: (1) blocking 
of unoccupied sites on the membrane with extraneous protein after immobilisation of the antigen; (2) 
incubation with primary antibody specific to the antigen; (3) binding of biotinylated secondary antibody to 
the primary antibody; (4) incubation with streptavidin-biotinylated-HRP enzyme complex; (5) incubation 
with chromogenic reagent and substrate. The amplified signal at the site of the complex is observed by 
the formation of a colored precipitate (Figure 1).

The ELISA+ DAB was performed directly on membrane discs using a 24 well microtitre plate. The 
unoccupied sites on the membrane discs were blocked with 1 % casein/PBS for lh at room temperature, 
100 rpm followed by 3x3 min washes with 0.5% casein/PBS. The membrane discs were then probed for 
two hours at 37 °C with primary antibody Mab 6A5 (anti-G. roseum), or Mab 1F3 (anti-0. piceae, 
supplied by Drs. Brown and Banerjee, University of Ottawa and used according to their specifications), 
or with the buffer 0.5% casein/PBS. The latter served as positive control to reveal any endogenous 
enzyme levels from the target fungi that might react with the enzyme conjugate. The dilutions of Mab 
6A5 and 1F3 were 1000X and 20,OOOX respectively, with Mab 6A5 changed to 500X for spray trial 
samples. Probing was followed by 3x3 min washes with 0.5% casein/PBS. Membrane discs were then 
incubated sequentially with secondary goat-anti-mouse biotinylated IgM (or IgG for Mab 1F3) and 
streptavidin-biotin-HRP complex, all at 1000X dilution and each was incubated for one hour at 37°C with 
washing in 0.2% Tween-20/PBS after each incubation. The color reaction was initiated by the addition of 
peroxidase substrate reagent, prepared by dissolving 6 mg diaminobenzidine (Sigma) per 10 mL 50 mM
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(A)

Figure 3. (A) Experimental set-up of membrane filter series on sterile hemlock wood blocks
indicating the position where the spore inoculum was applied.
(B) Immunodetection of Gliocladium roseum 784A(EL4) growing on sterile hemlock 
wood blocks with the mycelial growth immobilised on SUPOR membrane discs which 
were subsequently probed with anti-G. roseum Mab 6A5 and anti-O. piceae Mab 1F3 via 
ELISA + DAB. SUPOR discs on uninoculated wood blocks (BLK) were included as 
control samples.
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(C)

Figure 4. (A) & (B) Experimental set-up of membrane filter series on sterile hemlock wood blocks
with the spore inocula of G. roseum 784A and O. piceae 3871 (Op) applied at opposite 
ends (4A) or together (4B).
(C) Immunodetection of Gliocladium roseum 784A(EL4) growing on sterile hemlock 
wood blocks, in competition O. piceae 3871 (Op) where the mycelial growth of both fungi 
was immobilised on SUPOR membrane discs which were subsequently probed with 
anti-G. roseum Mab 6A5 and anti-0. piceae Mab 1F3 via ELISA + DAB.

IV - 6



1 .

2. ___1

°v

•  Y ___<

MEMB1

Figure 1. Schematic presentation of the modified ELISA+DAB assay, an amplified 
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Tris (pH 7.6) plus 10 \iL H20 2, (30%w/v). After incubation for 5 minutes at room temperature, 100 
rpm, the membrane discs were washed with PBS. A positive reaction was indicated by an intense brown 
product at the antigenic sites.

Spores of G. roseum were sprayed onto fir and hemlock lumber using the experimental hydraulic spray 
system at the Forintek Western Laboratory. The spore suspension, prepared at the Eastern Lab was 
shipped via air courier to Vancouver. In order to keep the membrane discs, used as a support to capture 
bioprotectant spores, from flying off during the spraying process, they were stapled onto the wood, in 
the outer perimeter of the discs. The lumber was cut into 22 X 5 X 10 cm wood samples which were 
shipped to the Eastern Lab, where the germination of spores sprayed on the wood was determined by 
microscopic observation of the membrane discs before and after incubation at 27°C, 85% RH. Upon 
arrival half of the SUPOR discs on fir (F) and hemlock (H) were cut off, placed in sterile petri dishes and 
kept at 4°C. After 2 wk incubation, the rest of the SUPOR discs from the wood samples tested were 
subjected to ELISA+DAB using Mab 6A5. Portions of the discs used in the 2 wk incubation were 
removed and used, without the addition of Mab, as negative controls.

Immunodection of G. Roseum  Antigenic Material Directly from Inoculated Wood

The binding effectiveness of various types of polysulfone membranes (Gelman Sciences, Ann Arbor,MI) 
and nitrocellulose paper (BioRad,Missisauga,ON) for immunodetection of G. roseum was compared. 
Wood blocks were inoculated with the fungus as previously described and incubated at 27°C for 4 
weeks, or until colonization on the wood surface was visible. The membranes tested were: SUPOR (S), 
a hydrophylic polysulfone membrane, 0.22/im; BioTrace HP (B), a hydrophobic charge modified 
polysulfone membrane, 0.45/rm; BioTrace PVDF (P), a hydrophobic PVDF (polyvinylidene difluoride) 
membrane, 0.45/xm; UltraBind (U), an affinity membrane with a patented chemistry which permits 
covalent attachment of proteins; and the hydrophobic nitrocellulose (N) membrane, 0.45/rm. The non- 
sterile membranes were cut to approximately 8mm diam. discs, wetted (dH20) and overlayed onto 
uninoculated/inoculated wood samples for overnight (O/N) at 4°C or for 1 hour at room temperature to 
bind antigenic material of G. roseum for subsequent ELISA+DAB.

5.0 RESULTS AND DISCUSSION

Verification of Specificity of Mab 6A5 for Detection of G. roseum  784A

In developing an immunodetection method for monitoring growth of a biocontrol fungus on wood, the 
major concern is to have an appropriate probe to recognize the target organism. Using ELISA, the anti-G. 
roseum Mab 6A5 was tested for its reactivity with the bioprotectant strain 784A to determine if this 
Mab would be a feasible probe. The original ELISA titre with its immunogenic strain was determined 
under the same conditions used at Ottawa U.: dilutions of Mab 6A5, biotinylated IgM, streptavidin-biotin 
HRP complex at 500X, 250X, 750X respectively and an antigen (G. roseum 321 A) concentration of 
fragmented mycelial cell homogenates at 20/xg (dry weight) per well. As the ELISA reactivity titre of 
Mab 6A5 with antigen source from its immunogen strain G. roseum 321A was above the linear range 
(0.5-1.8 ABS values) of the assay, different dilutions of the IgM and HRP conjugates were tested 
following recommended working dilutions of the manufacturer (Table 1).

When IgM was diluted 500X or 1000X, the titre of Mab 6A5 with all other tested fungi dropped as HRP 
diluted from 1000X to 5000X. At HRP dilution of 1000X, the titre did not change significantly as IgM 
was diluted from 500X to 1000X, indicating that at greater dilution, the concentration of IgM was still in
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Table 1

Dilution effects of secondary antibodies (biotinylated IgM), and enzyme conjugate (streptavidin- 
biotinylated HRP) on ELISA reactivity (ABS at 490nm) using anti-G. roseum  Mab 6A5 (500X 
diluted) and homogenates of fragmented mycelial cells of G. roseum  and various fungi isolated from 
hemlock lumber as antigen sources.

Antigen
sources

(20/rg/well)

Dilution 
of IgM

ABS490 at various HRP dilutions

750X 1000X 5000X

P én ic illiu m
m ineoluteum
712A

250X 0.234

500X 0.180 0.139

1000X 0.161 0.130

O phiostom a
p ic e a e
3871

250X 0.182

500X 0.181 0.139

1000X 0.180 0.104

C ephaloascu s
fra g ra n s
3071

250X 0.233

500X 0.290 0.238

1000X 0.271 0.222

P én ic illiu m
pu rpurogeum
176C

250X 0.154

500X 0.156 0.115

1000X 0.159 0.111

R h in oclad ie lla  
a t  ro  virens 
135E

250X 0.198

500X 0.165 0.164

1000X 0.167 0.143

G lioclad iu m
roseum
321A

250X 2.311

500X 2.567 1.906

1000X 2.591 1.871

ABS values averaged from triplicates.
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excess to give a similar titre. However with HRP at 5000X dilution, the concentration was just limiting, 
showing a small drop in titre. Since the IgM and HRP conjugates should be used in excess in this ELISA, 
the HRP concentration had to be less dilute and used at 2000X or 1000X dilution. Subsequently the 
ELISA reactivity of various dilutions of Mab 6A5 was performed with dilutions of IgM at 1000X and 
HRP at 2000X. Optimum reactivity was observed at Mab dilutions ranging from 1000X-2500X giving an 
absorbance of 1.8-1.3 with G. roseum 321A (Table 2). As the Mab was to be used eventually in an 
"immuno-dot blot" assay, which usually requires 10X-20X lower Mab dilutions than those required in 
ELISA, the subsequent cross-reactivity determination of Mab 6A5 was performed at 500X and 1000X 
dilutions (Table 3). Of the 20 fungi tested, cross-reactivity was observed only with the 4 G. roseum 
strains (62 - 135%). The other fungi tested gave background absorbance values of around 0.1. With the 
bioprotectant 784A, 75% and 62% cross-reactivity were observed at Mab dilutions of 500X and 1000X 
respectively, justifying the use of this Mab as a potential probe for 784A.

Although all cross-reactivity screening was performed with equal weights of fragmented mycelial cell 
homogenates (20 /ig/well), the amount of antigenic protein adsorbed passively onto the microplate well 
depends on the diffusion coefficient of the protein from individual antigen sources. As binding is non- 
covalent, protein may leach off the plate during subsequent incubations. The percentage bound usually 
falls as higher concentrations of protein are used and the unbound antigen can complex to the Mab thus 
reducing binding. Such an effect was evident in the ELISA response at several antigen 
concentrations and sources tested (Figure 2). ELISA reactivity of Mab 6A5 with its own antigenic strain 
G. roseum 321A (Gr) increased with antigen concentration even up to 20 /ig/well, but with G. roseum 
784A, reactivity leveled off at 10 /ig/well. The sensitivity of the assay and the affinity of the Mab was 
thus affected by antigen concentration and variation. Minimum detection with Mab 6A5 was 1 ug of 
784A mycelial cell homogenates, giving absorbance values of approximately 0.5 and 0.3 at Mab dilutions 
of 500X and 1000X respectively. Although this limit of detection is much higher than that expected with 
the original antigenic strain, 321A, it may still be sufficient to detect the presence of the fungus within the 
concentration ranges at which the bioprotectant will be applied to lumber.

To verify the specificity of Mab 6A5 for 784A in the presence of other wood inhabiting fungi, the 
staining fungus O.piceae 3871 (Op), and 784A were coated at the cell homogenate concentration 
optimum for 784A (10 jig/well) (Table 4). The binding of Mab 6A5 with antigen from its own 
immunogen strain (Gr) was practically unaffected in the presence of Op, whereas binding was 10-20% 
less effective with 784A in the presence of Op. However, the ELISA titre was still high enough to 
indicate that Mab 6A5 should detect 784A in colonisation studies.

The monoclonal antibody (Mab) 6A5, developed from antigens to G. roseum 321A (Breuil et al, 1990, 
1992) which specifically recognised G. roseum isolates and closely related species but did not react with 
the staining fungi tested was confirmed in the present study and the specificity against other G.roseum 
isolates (784A) vs other fungi recently isolated during sapstain trials with western hemlock, was assessed 
by biotin-streptavidin ELISA. The feasibility of using this Mab as the probe for the bioprotectant strain 
under study was established.

Immunodetection of G. roseum Mycelium Captured on Membrane Discs

After determining the feasibility and the detection limits for the Mab 6A5 with G. roseum 784A, 
implementation of a workable assay system was required. The possibility of using membrane discs, as a 
support on which fungal spores could germinate and grow, with access to nutrients provided by the 
substrate and with the subsequent removal of the membranes for immunodetection was realized. 
Examination of the surface of the inoculated wood samples, showed that the target fungus grew over the 
supor filters placed in the path of the advancing mycelial network. Discs closer to the inoculum source,
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ELISA reactivity of anti-G. roseum  Mab 6A5 dilutions with IgM and HRP conjugates diluted at 
1000X and 2000X respectively, and using homogenates of fragmented mycelium of G. roseum , and 
other wood inhabiting fungi as antigen sources.

Table 2

Antigen sources 
(20/ig/well)

ABS490 at various Mab dilutions

500X 1000X 2500X 5000X

P én ic illiu m  m ineolu teum 712A 0.130 0.124 0.105 0.101

O phiostom a p ic e a e 3871 0.158 0.127 0.092 0.086

C eph aloascu s f ra g ra n s 3071 0.209 0.197 0.185 0.181

P én ic illiu m  pu rpu rogeu m 176C 0.133 0.128 0.100 0.094

R h in oclad ie lla  a trov iren s 135E 0.107 0.102 0.097 0.095

G lioclad iu m  roseum 321A 2.374 1.895 1.304 0.848

ABS values averaged from triplicates.
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Table 3

Cross Reactivity (C.R. as % of immunogen strain) of anti-G .roseum  Mab 6A5 by ELISA

ANTIGEN SOURCE 6A5(X500) % 6 A5 (X I000) %
Fragmented mycelial 

cell homogenates ABS SD
C.R.

ABS SD
C.R.

BIOCONTROL FUNGI

Gliocladium roseum  
(EL5)

321A
immunogen

1.954 0.034 100.0 1.482 0.028 100.0

Gliocladium roseum 321B 2.453 0.038 125.5 2.010 0.032 135.6

Gliocladium roseum  
(EL6)

321M 1.838 0.039 94.0 1.470 0.036 99.2

Gliocladium roseum  
(EL4)

784A 1.475 0.069 75.5 0.923 0.089 62.3

Pénicillium rugulosum 176B 0.112 0.038 5.7 0.093 0.005 6.3

Pénicillium purpurogeum 176C 0.090 0.014 4.6 0.094 0.005 6.3

Aspergillus niger 207H 0.021 0.001 1.1 0.019 0.001 1.2

Paecilomyces variotii 253E 0.092 0.002 4.7 0.078 0.002 5.2

Pénicillium mineoluteum 712A 0.133 0.005 6.8 0.127 0.009 8.6

Pénicillium mineoluteum 712B 0.116 0.002 5.9 0.111 0.007 7.5

Pénicillium spinulosum 823C 0.085 0.023 4.4 0.061 0.001 4.1

Talaromyces flavus 834C 0.099 0.009 5.1 0.093 0.005 6.3

STAINING FUNGI

Alternaria alternat a 2H 0.118 0.004 6.0 0.121 0.004 8.2

Aureobasidium pullulons 132Q 0.102 0.004 5.2 0.081 0.003 5.5

Rhinocladiella atrovirens 135E 0.105 0.006 5.4 0.095 0.001 6.4

Cephaloascus fragrans 3071 0.190 0.004 9.7 0.184 0.004 12.4

Ophiostoma piceae 387E 0.109 0.022 5.6 0.087 0.009 5.9

Ophiostoma piceae 3871 0.068 0.005 3.7 0.062 0.005 3.8

Ophiostoma piceae 387N 0.086 0.007 4.4 0.089 0.009 6.0

Phialophora botulispora 707A 0.007 0.000 0.4 0.008 0.001 0.6

ABS = the averaged absorbance (490nm) from triplicates; SD = standard deviation
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ELISA reactivity of anti-G. roseum  321A monoclonal antibodies, Mab 6A5, with fragmented 
mycelial cell homogenates of G. roseum  784A (EL4) and G. roseum  321A (Gr) as antigen sources in 
the presence or absence of Ophiostoma p iceae  3871 (Op).

Table 4

Antigen sources Mg
per
well

Mab diluted 500X Mab diluted 1000X

ABS490 SD a b s490 SD

EL4 10 1.261 0.049 0.763 0.056

Op 10 0.012 0.001 0.010 0.001

EL4 + Op 10+10 0.948 0.003 0.681 0.056

% lost 24.8 10.7

Gr 10 1.541 0.012

Gr + Op 10+10 1.465 0.075

% lost 4.9

ABS values averaged from 4 replicates with SD as standard deviation.
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Figure 2. ELISA reactivity of mycelial cell homogenates of G. roseum 784A (EL4) and 321A (Gr) 
using anti-G. roseum 321A Mab 6A5 (at 500X, 1000X dilution), biotinylated IgM and 
streptavidin-biotin-HRP at 1000X and 2000X dilution respectively.
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were covered with obvious mycelial threads, after 1 week. Weekly ELISA+DAB assays with the primary 
Mab 6A5, revealed that after 3 weeks, all of the discs showed positive reactions with the monoclonal as 
indicated by a brown precipitate on the discs (Fig.3b). In some cases, the mycelial pattern covering the 
discs was visible as brown threads on the membrane. Discs positioned on blank (BLK) uninoculated 
wood or those that were tested with the Mab 1F3, did not show any color reaction indicating that 
interference from the wood did not affect the assay and that 784A could not be detected with the Mab 
specific for O. piceae. Endogenous enzyme levels in 784A cultures did not appear to react with the HRP 
conjugate. Use of SUPOR membrane discs to monitor the progress of 784A mycelial development on 
wood using ELISA+DAB appears feasible.

As the target fungus is being investigated as a potential biological control agent for sapstain, it is 
appropriate to test the efficiency of Mab 6A5 to detect 784A on wood in the presence of the sapstain 
fungus O. piceae 3871 (Op). Where both O. piceae and G. roseum were inoculated at the same site, 
fungal growth was heavier on the membrane discs placed closer to the inoculum source and increased 
gradually on those at the opposite end of the wood sample during the 3 week period, as was observed 
with the single inoculation studies reported above. Each disc was halfed so that each was probed with the 
anti-<7. roseum Mab 6A5 and the anti-0. piceae Mab 1F3. Reactions with Mab 6A5 and G. roseum were 
observed over the entire surface of the filters (Fig.4c) whereas those with 1F3 and 0. piceae were mainly 
concentrated on the perimeters of the membranes. Where inoculation was at opposite ends of the block, 
results from the ELISA + DAB assays indicated that growth of O. piceae was slower than that of G. 
roseum.

With respect to mycelial development observed on the wood surface and on the SUPOR discs under a 
dissecting microscope, the intensity of the color development with DAB on the mycelial covered discs 
was less than expected. This may be due to the presence of O. piceae mycelium, which is not recognised 
by Mab 6A5, on the disc. There was a similar loss of reactivity when ELISA reactions were carried out 
with Mab 6A5 in the presence of 0. piceae.

The positive reaction with Mab 1F3 was much less evident than that observed with Mab 6A5. As with 
Mab 6A5, color development was strongest on the discs closest to the inoculation site of the fungus. In 
general, the reaction detecting 784A with Mab 6A5 was stronger than that of O. piceae with Mab 1F3. 
One problem with monitoring the interaction of biocontrol and staining fungi with this method, is that 
detection is limited by the growth rate of each fungus and by the extent that the fungus grows on the 
surface of the wood rather than into the wood. The effectiveness of a bioprotectant in out-competing a 
staining fungus for colonisation was not evident from these experiments. Such aspects will be addressed 
in future studies. This ELISA+DAB method on mycelia entrapped SUPOR discs was satisfactory 
however as a tool to monitor growth from a surface colonising fungus.

In order to monitor growth of G. roseum 784A on wood, the Mab used should allow for the 
differentiation of the spores sprayed onto the wood from mycelium generated from germinated spores. 
Results of ELISA assays of the Mab with 784A spores at various concentrations indicated a lower 
reactivity of the spore inoculum made in dH20  as compared to the serially diluted spore suspension in 
coating buffer, both at the same spore dilution (Table 5). Lower reactivity was also observed with the 
undiluted spore stock (in dH20) as compared to the diluted spore suspension (diluted 10X in coating 
buffer). This was due to the use of dH20  as diluent instead of the coating buffer (pH9.6). The coating of 
antigen onto microtitre plates is optimum at pH 9.6. The determined dry weight of the spore stock was 
2.13 mg/mL. At 10,0O0X dilution then, the extrapolated dry weight of the spore inoculum became 0.2 
/xg/mL. The ELISA reactivity at 0.2 /xg of spores was only 0.089 ABS value. To have equivalent 
reactivity as the cell homogenate of 784A at 20 p.g (0.790 ABS value), the spore concentration would 
have to be very high at 10X diluted spore stock at 21 /xg (0.536 ABS value). Interference from the spore
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Table 5

ELISA reactivity of Mab 6A5 (diluted 1000X) with G. roseum  784A spores as antigen source, with 
IgM and HRP conjugates diluted 1000X and 2000X respectively, for the purpose of differentiating 
spores from mycelial cells on colonised wood via immunodetection.

Antigen sources Concentration 
in dry wt. 
/ig/well

ABSW

AVG SD

G. roseum 784A spore inoculum in dH20  
(diluted 10,OOOX from spore stock)

spore count 
lOVml

0.004 0.001

Concentrated G. roseum 784A spore stock 
(in dH20)

213 0.441 0.029

G. roseum 784A spore stock diluted 10X 
(in carbonate buffer)

21.0 0.536 0.005

G. roseum 784A spore stock diluted 100X 
(in carbonate buffer)

2.0 0.315 0.020

G. roseum 784A spore stock diluted 1,000X 
(in carbonate buffer)

0.2 0.089 0.004

G. roseum 784A spore stock diluted 10,OOOX 
(in carbonate buffer)

0.02 0.017 0.006

G. roseum 784A mycelial cell homogenate 
(in carbonate buffer)

20 0.790 0.078

G. roseum 321A mycelial cell homogenate 
(in carbonate buffer)

20 1.912 0.042

ABS values averaged from triplicates with SD as standard deviation.
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inoculum placed on the wood at concentrations of lOMO7 should not influence immunodetection of 
mycelium as non-germinated spores, applied at such concentrations, are not detectable with Mab 6A5.

The bioprotectant 784A was used in a field trial as a spore suspension (lOVmL) sprayed on the wood and 
viability of the spores was tested via ELISA 4-DAB. With the SUPOR membrane discs secured on the 
wood samples with staples, spores sprayed on the wood were captured on the discs.Viable spores 
germinated and the mycelium produced from the germinated spores was detected via ELISA+DAB 
directly on the membrane using Mab 6A5. The filters also served to calculate spore 
distribution.

The SUPOR discs fastened to sprayed wood samples labeled fir (FI) hemlock (HI) etc, were used for 
ELISA+ DAB. Microscopic examination at time 0, revealed that spore density was approximitely 50 
spores per disc. After 2 weeks incubation, dense hyphal coverage was observed. A slimy film around the 
edge of some of the staples indicated growth of other micro-organisms and left discolouration on the filter 
in the area where the staples were placed. As Mab 6A5 had shown less reactivity in the presence of other 
fungi, the dilution was adjusted to 500X for this assay. The results from the ELISA+DAB on the 
SUPOR discs placed on field trial wood samples sprayed with 784A spores are presented in Figure 5. The 
discolourations on the membranes associated with rust from the staples and microbial growth appeared to 
affect results of ELISA+DAB assays. Discs showing this discolouration did not show the typical dark 
brown colour of a positive reaction as seen in previous tests (F6, Figure 5).

The spores observed microscopically on the SUPOR disc halves at time 0 were not detected by 
ELISA+DAB while the other disc halves after 2 weeks incubation showed considerable mycelial 
development which was detected by ELISA+DAB especially on the hemlock wood samples. Using the 
assay, it was determined that spores sprayed on the wood samples were viable and germinated to produce 
mycelium. Germination and mycelial development appeared to be better on hemlock than on fir (results 
not presented).

Immunodetection of G. roseum Antigenic Material Directly from Wood

The possibility of capturing the specific mycelial fungal antigen on a solid support, such as an appropriate 
type of membrane, which might be conveniently placed on wood samples to capture fungal growth, was 
confirmed. Subsequently, the immobilised antigenic material from the bioprotectant fungus was detected 
via a modified "dot-blot" or "dot-immunobinding" assay technique with incorparation of the biotin- 
streptavidin system for increased sensitivity.

The binding capacity of the membrane and the detection threshold limits of the assay directly influence 
the success of this method.The ELISA+DAB assay results for the membranes tested are shown in Figure 
6. Following the specifications of the manufacturer, the Ultrabind membrane should have the highest 
protein binding capacity. The ELISA+DAB result however, was not as effective as that observed with 
the BioTrace HP. As might be expected, best results were observed when nitrocellulose was used as the 
protein binding medium. However there was considerable background color reaction with DAB when 
this membrane was overlayed on uninoculated wood. The BioTrace HP was most efficient in protein 
binding from 784A on wood to yield acceptable color development after ELISA+DAB. Strong positive 
results were produced even when the overlay was performed for only one hour at room temperature. 
Surprisingly, the hydrophilic SUPOR membrane showed low levels of color reaction with DAB indicating 
the positive binding of some antigenic material from 784A on wood to this membrane. Therefore in 
subsequent experiments to immunodetect 784A already colonising wood in field trials, BioTrace HP 
would be the membrane of choice with SUPOR included as a control to compare with earlier results.
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Figure 5. Immunodetection of Gliocladium roseurn 784A (EL4), using Mab 6A5 in ELISA+DAB, 
from fir (F) and hemlock (H) wood blocks sprayed with EL4 spores captured on SUPOR 
membrane discs. ELISA + DAB was performed at time 0 and after 2 wk incubation on the 
wood at 27°C, 85%RH.
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Figure 6. Immunodetection of Gliodadium roseum 784A (EL4) colonising sterile hemlock wood 
blocks by passive adsorption of antigenic material from mycelium growing on the wood 
surface, onto membranes (B - BioTrace HP, P - BioTrace PVDF, N - nitrocellulose, S - 
SUPOR, and U - Ultra Bind) overlayed on infected wood for 1 hr at room temperature 
or overnight at 4° C and subsequently probed with Mab 6A5 in ELISA + DAB.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

The feasibility of using the anti-Gliocladium roseum 321A Mab 6A5 to develop an immunodetection 
method for Gliocladium roseum 784A was established. The developed method (ELISA+DAB) was based 
on the "dot-immunobinding" principles and the results were satisfactory for detecting 784A under 
controlled conditions. The antigen source for the assay was the immobilised mycelium of the target 
organism on a hydrophilic membrane (SUPOR). The antigenic characteristics of Mab 6A5 (antigenic to 
the whole cell homogenates, to the isolated cell wall and to the protein of the cell wall of Gliocladium 
roseum) enabled the success of the immunodetection of 784A as a means to monitor progress of growth 
on wood.

The use of protein binding membranes to immobilise fungal antigenic protein material from the 
established 784A cultures on wood for subsequent ELISA+DAB was less effective but still shows 
potential as an alternative to the cumbersome extraction procedure of antigen preparation. Improvement in 
the binding efficiency of the antigenic material to the appropriate binding membrane needs to be 
addressed. Optimisations can be attempted on the modes of immobilisation such as air drying, baking, 
crosslinking or fixation (methanol, glutaraldehyde, etc.). A successful method has been developed for 
field test applications for detecting surface infecting pathogens on cereals in the form of a dip-stick assay 
system (Dewey et al, 1990). A modification of this method will be attempted in the program of work 94- 
95.

Another restriction of this system is the low titre of Mab 6A5 with G.roseum 784A. This Mab was 
developed anti to G. roseum 321A. An antibody developed to 784A should show greater specificity and 
permit lower limits of detection.

IV -20



7.0 ACKNOWLEDGEMENTS

The authors wish to thank Drs. D. Brown and S. Banerjee, University of Ottawa, for supplying the 6A5 
and 1F3 antibodies used in this study and for providing specifications for the use of the antibodies.

IV -21



8.0 REFERENCES

Banks, J.N. and S J.Cox. 1992. The solid phase attachment of fungal hyphae in an ELISA to screen 
for antifungal antibodies. Mycopathologia, 120:79-85.

Breuil, C., B.T.Luck, L.Rossignol, J.Little, C J.Echeverri, S.Banerjee and D.L.Brown. 1992.
Monoclonanal antibodies to Gliocladium roseum, a potential biological fungus of sapstaining fungi 
in wood. J.Gen.Microbiol. 138:2311-19.

Breuil, C., B.T.Luck, L.Rossignol, J.Little and D.L.Brown. 1990. The visualisation of fungal infection 
of wood using immunogold silver staining and light microscopy. J.Inst.Wood Sci. 12:77-81.

Breuil, C., K.A.Seifert, J.Yamada, L.Rossignol and J.N.Saddler. 1988. Quantitative estimation of
fungal colonisation of wood using an enzyme-linked immunosorbent assay. Can.J.For.Res. 18:374- 
77.

Dewey, F.M., M.M.MacDonald, S.I.Phillips and R.A.Priestley. 1990. Development of monoclonal- 
antibody-ELISA and dip-stick immunoassays for Pénicillium islandicum in rice grains. J. Gen. 
Microbiol. 136:753-760.

Graham, R.C. Jr., U.Lundholm, and M.J.Karnovsky. 1964. Cytochemical demonstration of peroxidase 
activity with 3-amino-9-ethylcarbazole. J.Histo. Chem. 13:150-152.

Graham, R.C., Jr. and M.J. Kamovsky. 1966. The early stages of absorption of injected horseradish 
peroxidase in the proximal tubules of mouse kidney ultrastructural cytochemistry by a new 
technology. J. Histochem. Cytochem. 14:291-302.

Harlow, E.D. and D.Lane. 1988. Antibodies: A Laboratory Manual. Cold Spring Harbor Laboratory, 
Cold Spring Harbor, New York.

Hawkes, R., E.Niday, and J.Gordon. 1982. A dot-immunobinding assay for monoclonal and other 
antibodies. Anal. Biochem. 119:142-147.

Kendall, C., I.Ionesco-Matiu and G.R.Dressman. 1982. Utilisation of the biotin/avidin system to
amplify the sensitivity of the enzyme-linked immunosorbent assay (ELISA). J.Immunol.Methods 
56:329-339

Nakane, P.K. 1968. Simultaneous localization of multiple tissue antigens using the peroxidase labeled 
antibody method: A study of pituitary glands of the rat. J. Histochem. Cytochem. 16: 557-560.

Voiler, A., D. Bidwell and A. Bartlett. 1979. The enzyme linked immunosorbent assay (ELISA): A 
guide with abstracts of microplate applications. Dynatech Laboratories, Alexandria, Virginia.

IV -22


