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1.0 OBJECTIVE

To isolate and characterize secondary metabolites produced by potential 
biocontrol agents of sapstain on lumber. To determine if the identified 
secondary metabolites are responsible for the biocontrol (antibiotics) or 
mycotoxins.

2.0 BACKGROUND

The use of biological alternatives (biocontrol agents) to chemicals is being 
studied for the protection of lumber against fungi that produce stain.
Screening of interactions between potential biocontrol and staining fungi has 
identified a large number of candidates for further study. Of these, several 
appear to produce antifungal metabolites (antibiotics). The identification of 
these substances, apart from aiding the understanding of the action of these 
agents, will assist in determining the suitability of the organisms for 
further study. Potentially, identification of metabolites could lead to 
different control strategies, for example, by providing new acceptable 
"natural" chemical alternatives. The identification of metabolites is 
important to the process of gaining acceptance of any identified fungal-based 
product. Many fungi produce mycotoxins, compounds with known adverse affects 
on human or animal health. For example, last fiscal year one potential 
control strain (Byssochlamys nivea) was shown to produce patulin. This type 
of information is essential for making decisions concerning which fungi should 
be studied further.
Unfortunately, to date, this type of information appears to be lacking for 
most of the candidates under study. This project is a small but essential 
step to providing the techniques and some of the information required for the 
implementation of this technology.

3.0 PROPOSED APPROACH

Over the duration of the project, up to date computer searches of the 
literature will be done on the candidate fungi identified below with respect 
to metabolite production. In collaboration with the biocontrol scientists the 
most promising 3 to 5 isolates will then be grown up in liquid culture. The 
supernatant of each will be extracted and the extracts profiled by thin layer 
chromatography (TLC) and high performance liquid chromatography (HPLC) using 
standard techniques. Dependent on the profiling results, and using bioassays 
as a guide, selected extracts will be fractionated and purified in an attempt 
to obtain pure materials. When successful identifications are made the 
compounds will be classified as to whether they have antibiotic properties or 
are known mycotoxins. When possible, identified components with activity in 
bioassays will be produced in sufficient quantity and purity to provide 
material for determination of potency and specificity to staining fungi by 
biocontrol scientists. Literature searches will be made on these compounds to 
provide any known toxicity and interaction information.
In the first year, the specific tasks are as follows:
1. Conduct chemically oriented search on metabolites produced by the fungal
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strains of interest. In consultation with biocontrol scientists, select 
3-5 strains for initial screening.

2. Profile by HPLC and TLC (using standard literature procedures) extracts 
obtained from selected fungi grown in standard media.

3. Dependent on results from (2) select extracts for fractionation, isolate 
components and characterize (using bioassay method as selection 
criteria).

4.0 PROGRESS IN 1989-90

4.1 LITERATURE SEARCHES ON FUNGAL STRAINS
Literature searches for metabolites produced by the identified strains were 
fruitless. Limited information was available for some of the genera of the 
fungi. Only for the Penicillia does a plethora of information exist. During 
the year, biocontrol research was concerned with a fungal strain identified as 
H-3 (not identified above), therefore, literature searches were made for this 
strain. There was a complete lack of information on the strain but the 
limited information on the genus and species may provide some help in 
identifying metabolites produced by this fungus.
To assist in the differentiation of any metabolites produced by the control 
and staining species in experiments in progress, searches were also made on 
Ophiostoma piceae. The influence of different nitrogen sources on the 
production of the volatile metabolite 6-protoilludene by Ophiostoma piceae 
(Munch) Bakshi grown in liquid media was studied (Hanssen, Sprecher, Abraham 
1986). Ayer et al. (1986,1987) have isolated metabolites formed in still 
culture by Ceratocystis clavigera, C. ips, C. huntii, and C. minor. In 
addition to the ubiquitous fungal metabolites ergosterol, ergosterol peroxide, 
and fatty acids the following were isolated: succinic acid, /3-phenethyl
alcohol, tryptophol, prolylleucyl anhydride, tyrosol, ceratenolone, 3- 
phenylpropane-1,2-diol, 6,8-dihydroxy-3-methylisocoumarin, 6,8-dihydroxy-3- 
hydroxymethylisocoumarin, 8-hydroxy-6-methoxy-3-methylisocoumarin, 3,4- 
dihydro-6,8-dihydroxy-3-methylisocoumarin, 3,4-dihydro-3-methyl-3,6,8- 
trihydroxy-3-methylisocoumarin, 3,4-dihydro-3-methyl-3,4,6,8- 
tetrahydroxyisocoumarin, p-hydroxybenzaldehyde, phenylacetic acid, p- 
hydroxyphenylacetic acid, phenyllactic acid, p-hydroxyphenyllactic acid, and 
2,3-dihydroxybenzoic acid.

4.2 PROFILING OF METABOLITES BY TLC AND HPLC
4.2.1 TLC
TLC is by far the most widely used technique in the detection, analysis and 
characterization of fungal toxins. The literature dealing with the subject is 
immense but general procedures have been reviewed (Gorst-Allman and Steyn 
1984, Betina 1989) and standardized methods published with compilations of 
values for known mycotoxins by Frisvad (1988 and earlier references therein) 
and Paterson (1986). These were examined to determine their suitability for 
our needs.
The method is briefly described below. For example, for colonies grown on 
agar, an agar plug is cut out of the colony and either applied directly on the 
TLC plate (mycelial side up, extracellular toxins) or wetted with a drop of
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chloroform/methanol (2:1) or dichloromethane/acetone (2:1) and gently applied 
by pressing the rapidly extracted mycelium side against the plate. After 
drying of the application spot, more plugs may be applied to the same site.
The TLC plates (silica gel) are then eluted in different solvent systems:

toluene/ethyl acetate/90% formic acid 5:4:1 (TEF) 
chloroform/acetone/isopropanol 85:15:20 (CAP) 
toluene/acetone/methanol 5:3:2 (TAM)

After elution and air drying the plates can be examined in visible light, long 
wave UV light (UV-366 nm) and short wave UV light (UV-254 nm). A range of 
spray reagents are used for visualising some of the toxins and confirming 
other toxins. values are measured and standardized against the value for
griseofulvin (R^)•
The method was tested using Pénicillium species. With care, it was possible 
to obtain similar profiles of metabolites from solvent wetted-agar plugs and 
solvent extracts of colonies grown on agar (colony in agar, agitated in few mL 
of solvent, after filtration, the filtrate dried and concentrated). Great 
care has to be exercised to make sure on replating the agar plug it is always 
centred and that no spreading or elution of the plate absorbed material 
occurs.
By analysis of mycotoxin standards, the reproducibility of the method was 
examined. Results are gathered in Table 1 with for comparison the values of 
Frisvad (1988). The method provided very consistent results which were 
generally in good agreement with the reported values except for Rubratoxin B 
in the TEF system.
The TLC method is satisfactory for use in the screening of our fungal strains. 
With continued experience with this technique it should be possible to 
identify the mycotoxins present in a growth medium.
4.1.2 HPLC
HPLC has been suggested to be applicable to the analysis of nearly all known 
mycotoxins and is of great importance to the chemotaxonomy of fungi (Betina 
1989). A general method for most known mycotoxins and other secondary 
metabolites has been developed (Frisvad 1987), but even using the same type of 
chromatographic columns the retention times were very variable. The method 
was also limited by the UV detection wavelength of 254 nm, making the 
detection of some fungal secondary metabolites impossible. Recently, several 
researchers have published studies on the chromatography of mycotoxins using 
alkylphenone retention indices for standardization of the chromatographic 
conditions (Frisvad and Thrane 1987, Hill et al. 1984, Paterson and 
Kemmelmeier 1989). Furthermore, in their study Frisvad and Thrane employed a 
diode array-based UV detector.
Several standard mycotoxins were analyzed by the method of Frisvad and Thrane 
(1987). Standards were injected (25uL) at concentrations between 0.1 and 1.0 
mg/mL. Acetophenone and propiophenone were added to all samples as references 
for the calculation of retention indices (RI) relative to the alkylphenones.
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Table 1
Retention Factors (R^) and Relative Retention Values to Griseofulvin

Some Mycotoxin Standards <Rfg> for

Solvent System
Sample TEF TAM CAP

Rf R fg V  Rf R fg Rfg* Rf R,fg R aRfg

Moniliformin 0.03
(±0.003)

g.07 0.10 0.21 
(±0.006)

0.34 0.30 0.0 0.0 0.0

Ochratoxin A 0.54
(±0.03)

1.38 1.39 0.15 
(±0.02)

0.24 0.20
(±0.04)

0.31 0.31

Patulin 0.39
(±0.02)

1.00 0.98 0.62 
(±0.01)

0.99 0.57
(±0.02)

0.91 0.95

Rubratoxin B 0.25
(±0.02)

0.63 0.32 0.24 
(±0.01)

0.38 0.21
(±0.02)

0.34 -

Penicillic acid 0.42
(±0.02)

1.07 1.03 0.59 
(±0.01)

0.95 0.56
(±0.01)

0.90 -

Zearalenone 0.58
(±0.02)

1.49 1.77 0.69 
(±0.01)

1.10 1.15 0.68 
(±0.02)

1.07 1.07

Griseofulvin 0.40
(±0.02)

1.00 1.00 0.62 
(±0.02)

1.00 1.00 0.63 
(±0.02)

1.0 1.0

a reported by Frisvad (1988)
k Results based on average of at least three TLC analyses and numbers in 

parentheses represent one standard deviation
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The chromatographic conditions were as follows:
Column: Novapak C-18 (3.9mm x 15 cm)
Solvent A: Acetonitrile with 0.05% Trifluoroacetic acid
Solvent B: Water
Solvent program: 10% A initially, raised to 50% in 30 min and 90% in 10
min, held for 3 min, then lowered to 10% in 6 min.
Flow: 1.5 mL/min
Detection: UV at 254 nm

The RI were calculated using the equation:

RI
(Tsm ^acetophenone^

T - Tpropiophenone acetophenone
+ lOOz

where Tgm = the retention time of the secondary metabolite, z is the number of 
carbons in acetophenone (i.e 8) and Hz is the difference between the number of 
carbons in acetophenone and propiophenone (i.e. 2)
RI based on the use of acetophenone and propiophenone are listed in Table 2 
and illustrative chromatograms in Figure 1. This HPLC method works well and 
gives a reasonable separation to a wide variety of mycotoxins. The RI 
obtained were in reasonable agreement with the literature values. The 
reduction of retention times to retention indices reduces the variability due 
to chromatographic conditions, allows comparison of obtained values with 
literature compilations, and may be used as a reliable guide for the tentative 
identification of mycotoxins. This method provides a useful screening method 
to profile the components present in extracts from fungal media. Based on 
these results a complete set of alkylphenone standards was obtained to be able 
to calibrate the complete solvent gradient. A definite improvement and aid to 
identification of toxins and other metabolites would be to obtain a diode 
array UV detector. Several possible limitations of this method should be 
considered. Samples must be prepared to adequately eliminate interfering 
compounds and also to protect column lifetime and performance, co-elution of 
metabolites can occur, and for certain classes of metabolite TLC methods can 
be more specific through the use of chemical detection.
HPLC was used to profile crude media extracts from the organism H-3 (see 
Section 4.3). When organic extracts of fungal broths were analyzed they were 
first dissolved in acetonitrile-water (9:1) and filtered through a 1 mL C-18 
Bond Elut SPE cartridge prior to injection.

4.3 CHARACTERIZATION OF FUNGAL METABOLITES
4.3.1 (-)-Mellein from Nectria cinnabarina (Tode) Fries
Previously, we had identified mellein as being present in the ethyl acetate- 
extracts of the aqueous broth of Nectria cinnabarina. During this project, 
the crude organic extracts were subjected to chromatography on silica gel with 
hexane-ethyl acetate (10:1). Mellein eluted first and all fractions 
containing only mellein were combined and evaporated to dryness. Mellein was 
recrystallized from hexane to obtain pure white needles, m.p. 56.2°C, [a]D 
-90° (c 0.02, methanol). (-)-Mellein has not previously been reported from N. 
Cinnabarina, but is known from N. fuckeliana Booth (Ayers and Shewchuk 1986) 
and N. coccophila (as Fusarium larvarum) (Claydon, Grove and Pople 1979).
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Table 2
Retention Indices (RI) Determined for Five Standard Mycotoxins

and Literature Values

Metabolite RI
This work

RI
Reference

Patulin 645 684 a
588 b

Penicillic acid 708 717 a
Griseofulvin 961 990 a
Ochratoxin A 1041 1086 a
Zearalenone 1029 1069 a

1024 c

a Frisvad and Thrane 1987 
b Hill et al. 1984 
c Paterson and Kemmelmeier 1989
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Figure 1 HPLC Chromatograms of Two Mixtures of Mycotoxin Standards. (a) 
Patulrn (1), H3RS073 (2), Griseofulvin (3), Ochratoxin A (4), 
Acetophenone (A), and Propiophenone (P), (b) Penicillic Acid (5) 
H3RS073 (2), Griseofulvin (3), Zearalenone (6).
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4.3.2 Comparison of the Metabolites Produced by H-3 in Liquid Cultures
The organism H-3 was grown in 1.5% Difco malt extract broth and in Mandel's 
medium (see Appendix) for 28 days at 27°C, in baffled flasks. After removal 
of mycelium the aqueous solutions (1 L) combined from five cultivations were 
continuously extracted with ethyl acetate. Concentration by roto-evaporation, 
washing with petroleum ether (to remove fatty acids) and drying under vacuum, 
yielded 21 mg of crude extract from the malt extract broth and 7.3 mg from the 
Mandel's media. The volatile materials in these extracts were profiled by gas 
chromatography - mass spectroscopy (GC-MS) using a HP 5890 GC interfaced to a 
HP mass selective detector (MSD). Typically a DB-1 fused silica column was 
used with helium as carrier gas. The split-splitless injector was used 
typically in the splitless mode. The crude extracts after preparation as 
indicated above were also profiled by HPLC.
From the total ion chromatograms (Figure 2) obtained by GC-MSD for the 
extracts isolated from H-3 grown in malt extract broth and Mandel's medium it 
is obvious, although not unexpected, that the volatile components produced are 
dependent on the growth medium. Similar small differences could be observed 
in the HPLC profiles obtained for the extracts (Figure 3). From the mass 
spectra obtained of the components of the crude extract, it was possible to 
identify the major peak at 7.3 min and the probable classes of compounds 
responsible for the peaks at 15.6 and 17.0 min. These compounds have been 
assigned the codes H3RS073, H3RS156 and H3RS170, respectively. Compound 
H3RS073 has not previously been isolated from this type of fungus, but is 
reported in The Merck Index to have antifungal properties.
4.3.3 Study of the Secondary Metabolites Produced By H-3 and Ophiostoma piceae 

on Wood Substrates
As the metabolites produced by a fungus are affected by its growth medium, we 
decided it was important to establish the profile of metabolites for 
H-3 grown on jack pine (Pinus banksiana) sapwood. Because of the extractives 
present in jack pine we decided to grow the organism on green jack pine 
sapwood, solvent extracted jack pine sapwood, and in the water-solubles of 
jack pine sapwood. Jack pine sapwood was Wiley-milled in a green condition 
to pass a 2 mm mesh. A fraction of this material was then extracted with 
cyclohexane-absolute ethanol (2:1), and then hot water-extracted. Samples of 
green jack pine, the solvent extracted jack pine and the water-solubles were 
inoculated with H-3 and incubated at 27°C for 7 weeks. At this time the 
water-solubles were filtered and the aqueous solution then continuously 
extracted with ethyl acetate. The wood substrates were transferred to dishes 
and air-dried under a fumehood. These substrates were then extracted with 
ethyl acetate using a Soxhlet apparatus. After drying, the organic extracts 
were examined by GC-MSD. The total ion chromatogram of the extract of the 
green jack pine substrate versus the solvent-extracted substrate (Figure 4), 
indicate that a very similar profile of metabolites is produced by the 
organism on both substrates. However, the removal of the solvent-extractives 
from the wood simplifies detection of the fungal products. In both these 
extracts, the compound H3RS073 is clearly present. It was not detectable at 
the limits of detection in the extracts from the growth of H-3 in the water- 
solubles. From comparison of the chromatograms for the extracts from solvent- 
extracted jack pine versus malt extract broth (Figure 5), it would appear that 
very similar profiles of volatile metabolites were produced.
To extend this work, experiments have been initiated to determine if H-3, and 
Ophiostoma piceae produce the same profiles of metabolites on different wood 
species, and to determine whether when they are both present on a wood 
substrate the profile of expected metabolites remains the same or changes, 
i.e., whether interaction between the fungi takes place. The fungi are
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Figure 3 HPLC Chromatograms for the Extracts Isolated from H-3 Grown in (a) 
Malt Extract Broth and (b) Mandel's Medium
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Figure 4 Comparison of Total Ion Chromatograms Obtained for the Extracts of 
H-3 Grown on Green Jack Pine Sapwood (GJP) and Solvent-Extracted 
Jack Pine Sapwood (SEJP)
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Figure 5 Comparison of Total Ion Chromatograms for the Extracts from H-3
Grown on Solvent-Extracted Jack Pine (SEJP) and Malt Extract Broth 
(MEB)



presently being grown separately and together on samples of both green and 
solvent-extracted sapwood of interior white spruce (Picea glauca), lodgepole 
pine (Pinus contorta), and alpine fir (Abies lasiocarpa), western hemlock 
(Tsuga heterophylla), and Douglas fir (Pseudotsuga menzieii). To aid in 
identification of metabolic products, Ophiostoma piceae is also being grown in 
liquid culture and the metabolites produced will be profiled.
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MANDEL’S MEDIUM USED FOR LIQUID CULTURES

Compound Formula Cone. (a/L̂
Ammonium sulfate <n h3)2so4 3.48
Potassium phosphate, monobasic 

(Potassium dihydrogen phosphate)
kh2p°4 2.0

Urea 0.3
Calcium chloride CaCl2 0.3
Magnesium sulphate heptahydrate MgS04.7H20 0.3
Bacto-Peptone 1.0
Glucose 15.0
Trace Metals solution 1 mL

Trace metal solution Formula (q/L)

Boric acid H3B°3 2.0
Cobalt (II) sulfate hydrate CoS04.7H20 0.2
Copper (II) sulfate pentahydrate CuSC>4.5H20 0.8
Zinc (II) sulfate Znso4-7H2o 2.0
Manganese sulfate monohydrate MnS04.H20 0.6
Potassium iodide KI 0.2
Iron (II) sulfate heptahydrate FeS04-7H20 0.4
Aluminum sulfate hexadecahydrate A12(S04)3.16H20 1.2
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