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About 3800 cultures of fungi held in five collections in North America and one in Russia have been
selected and reviewed on the basis of their woody substrates, and when these substrates were trees, the
geography of their isolations. Fifty eight tree genera were recorded as substrates, but only 17 of these,
commonly used for timber, were responsible for 10 or more isolations of fungi. The cultures were
collected in 29 countries of which 21 were in the Northern Hemisphere north of latitude 45°. The
production of wood-degrading enzymes by 69 of these fungal genera is reviewed as is their ability to
produce colored or potentially colored metabolites. Work on the possible use of endophytic fungi as
control agents against the invasion of wood by pathogens is summarized. This data and the
physiological chemistry supporting it is supported by 408 references to the original literature.

Environ 3800 cultures de champignons détenues dans six collections, cinq de I'Amérique du Nord
et une de la Russie, ont été choisies puis examinées selon leur substrat ligneux. La géographique des
isolats a aussi été examinée lorsque le substrat était un arbre. Cinquante-huit genres d'arbres ont été
enregistrés comme substrats. Seulement 17 d'entre eux, souvent employés comme bois d'oeuvre,
servaient de substrat de dix champignons ou plus. Les cultures provenaient de 29 pays différents dont
21 se situaientdans I'hémispheére Nord, c'est-a-dire au nord du 45 iéme paralléle. Soixante-neuf genres
de champignons ont été examinés quant a leur capacité de produire des enzymes qui dégradent le bois
et des métabolites colorés ou potentiellement colorés. Un résumé des études portant sur |'utilisation
potentielle des endophytes pour lutter contre I'invasion du bois par des pathogénes est présenté. Ces
données ainsi que la chimie physiologique sous-jacente sont appuyées par 408 citations d'études
scientifiques.

Introduction

Wood is almost ubiquitous in the vascular plant kingdom and its use by Homo
sapiens is similarly common. It is extraordinarily durable - for example the oak gates
of New College, Oxford were made in the late fourteenth century (Woolley, 1975) and
an examination of their quarter-sawn panels reveals that the tree from which they were
cut was at least 500 years old.

Despite this history much remains to be learnt about this valuable commodity. For
example the pigments present in the New College gates are of unknown composition,
sofar as we are aware and itis now known that many vascular plants are lichenogenous.
There are therefore, many interesting botanical problems in this field and the aim of this
review is to draw attention to some of them.

In the last 15 years or so several collections of fungi have made their holdings
available in machine readable form (Brewer et al., 1989). This information is of great
value to those seeking live cultures for their work and for students of botanical ecology
and taxonomy, because most of these organisms have been isolated by professional
mycologists whose taxonomic assignments have been scrutinized by experts in the
various taxonomic families. In addition, accurate descriptions of the place and nature
of the substrates are often available.

* Author to whom correspondence should be addressed.
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The review is divided into three sections. The first describes methods used to select
the cultures and this provides a description of the fungi that have been isolated from
living trees and from processed wood. Next some aspects of the physiology of these
fungi are reported, in particular their ability to degrade cellulose and lignin, and their
production of colored or potentially colored metabolites. Finally the potential use of
endogenous or endomycorrhizal species to control invasion of wood by exotic
organisms is critically reviewed.

Methods

The taxonomic, substrate and geographical data on which this review is based has
been collected from the mycological catalogues of Agriculture Canada, Ottawa, K1A
0Cé (1989, 7925, DAOM), the Canadian Forestry Service in Fredericton, New
Brunswick, E3B 5P7 (1986, 642, FSC) and Edmonton, Alberta, T6H 355 (1987, 652,
NOF), Forintek Canada Corp., Ste.-Foy, Québec, G1P 4R4 (1993, 2187, FTK), the VKM
database, Russian Academy of Sciences, Pushachino, 142292, Russia (1995, 2525,
VKM) and the American Type Culture Collection, 12301, Parklawn Drive, Maryland,
USA, 20852 (1996, 21162, ATCC). The data in parentheses indicates in the order, the
year the data was last updated by us, the number of cultures held on that date (with
some editing) and the acronym used henceforth for each collection. The data sent to
us by the Russian and United States Collections was converted into the same format
(Brewer et al., 1989) as the Canadian Collections. The data was scanned using simple
PASCAL or BASIC programming and manually (using such utilities as Microsoft
WORD) in the substrate field for wood and wood-products using the following key
words: bark, board, branch, chips, log, lumber, plank, pole, post, sawdust, stump,
timber, trunk, twig, veneer. All cultures isolated from one or more of these substrates
were selected and written onto a separate file (NOIDWOOD) which was then pruned
of all duplicate entries e.g. where the same culture was held in different collections.

The data in all of the collections except that of ATCC (see below) were also
scrutinized for substrates recorded either as the vernacular name or the binominal
name of trees, even though classification in the latter case was only at the genus level.
The common names were translated as far as possible into binominal names, often
arbitrarily though consistently choosing between synonyms. The resulting file
(WODFUNG) was then pruned to leave only one culture of a fungus isolated from the
same substrate, in the same geographical area and at almost the same time. In this
selection, priority was given to cultures residing in DAOM, FSC and NOF collections.
This file was then separated into three parts: the first (TREWODFG) was assembled
from fungi that had been isolated from trees and from wood products (i.e. from the
NOIDWOOD file). There were 929 culture records on this file. The second file
(TREEFG) consisted of 1324 cultures from fully classified trees not on the TREWODFG
file and the third part (TREEFGEN) was a list of 1228 fungi absent from the TREWODFG
and TREEFG files that were from trees that had been classified only to the genus level.
Finally the NOIDWOOD file was purged of those fungal cultures that appeared in the
TREWODFG collection, leaving 381 cultures. In all cases isolations from leaves and
leaf surfaces were rejected.

The files TREWODFG and TREEFG were augmented in the following way. The
fungal culture names and species from the same genera that were found on wood
substrates in the ATCC were scrutinized for isolations from woody parts of fully
characterizedtrees, they were then added to either the TREWODFG or the TREEF G files
as appropriate, when the fungus was not already present.
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The production of cellulases and other wood degrading enzymes by the fungi in the
four working files (NOIDWOOD, TEWODFG, TREEFG, and TREEFGEN) was surveyed
by consulting the following sections of Biological Abstracts after Vol. 52; 1971:
systematic botany (fungi); ecology (general & plant); phytopathology (disease control,
fungal diseases & general); plant physiology (enzymes) and soil microbiology. These
sections also provided references for other parts of this review. The general subject
indices of Chemical Abstracts (1909-1998) were searched under the headings: fungi
(& where appropriate, their genera and species names), mycology, microbial chemistry
and fermentations. References for fungal metabolites were obtained from the “mycotox”
file updated to the end of 1998 as described (Brewer et al., 1978) and also the following
databases: BIOSIS previews; AGRICOLA, MEDLINE and TOXLINE. The four files
NOIDWOOD, TREWODFG, TREEFG, TREEFGEN, and the updated mycotox file are
available from the Librarian of the Institute.

All calculations and compilations were done using algorithms written by us mainly
in PASCAL or BASIC mounted on Macintosh or IBM personal computers. These
programs are routine but are available for checking purposes from the authors.

Results

Diversity of tree and fungal species studied

The total number of cultures held in the six collections examined was 35393 butthis
was reduced to 381 for the NOIDWOOD file; to 929 for TREWODFG, 1324 for
TREEFG and to 1228 for TREEFGEN, a total of 3862.

The fungi in TREWODFG consisted of 255 species and these are given in Table |
together with 49 other fungi found on trees and wood products where the tree(s) were
classified only atthe genus level. One hundred and forty one genera were represented
inthe 255 speciesin TREWODFG but 43 of these occurred once and a further 26 twice.
Twenty six fungal genera were present from more than 10 substrates, these were (in
order of prevalence; number of isolations in parentheses): Trichoderma (51); Poria(50);
Tyromyces (41); Peniophora (39); Pleurotus (33); Fomitopsis (30); Coniophora &
Phellinus (27); Phialophora (25); Coriolus & Hirschioporus (22); Fomes, Polyporus &
Stereum (19); Anthrodia, Pycnoporus & Sistostrema (17); Gloeophyllum & Hericium
(16); Aureobasidium & Ganoderma (15); Pholiota (14); Chondrostereum (13);
Scytinostroma & Serpula (12) and Irpex (10). At the species level 21 fungi were
obtained in more than 10 isolations, on the basis of genus these were (number of
species and number of isolations in parentheses): Trichoderma (3, 35); Poria (2, 34);
Phialophora(2, 23); Coniophora puteana (23); Fomitopsis pinicola(21); Hirschioporus
abietinus (17); Phellinus pini & Coriolus versicolor(16); Aureobasidium pullulans(15);
Chondrostereum purpureum (13); Pleuotus ostreatus, Scytinostroma galactinum &
Sistostrema brinkmannii (12); Hericium americanum & Tyromyces balsameus (11);
Irpex lacteus & Pycnoporus cinnabarinus (10). The tree species from which these fungi
were isolated were also concentrated among a few genera - as indicated in Table I.
Thus although 44 tree genera were recorded as substrates, 22 were reported only once
or twice (32 isolations altogether) whilst 12 genera were reported as substrates more
than 30 times and these accounted for 832 isolations or 89.7% of all those on file
TREWODFG. These 12 genera were (isolations from in parentheses): Pinus (182);
Picea (120); Betula (87); Populus (79); Abies (67); Acer (61); Pseudotsuga (52); Tsuga
(42); Thuja (40); Fagus (36); Quercus (36) and Ulmus (30).
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Table | Fungi' isolated from the woody parts of trees and also from wood derived therefrom*

Fungal binominal name?

Substrate Trees

ACROGENOSPORA SPHAEROCEPHALA

ALTERNARIA TENUIS

AMAUROASCUS AUREUS
AMPHISPHAERIA INCRUSTANS
ANTRODIA ALBIDA
ANTRODIA SERIALIS

ANTRODIA SINUOSA

ANTRODIA VARIIFORMIS
ASPERGILLUS FUMIGATUS
ASPERGILLUS NIGER

ATHELIA FUSCOSTRATUM
AUREOBASIDIUM PULLULANS

BEVERWYKELLA PULMONARIA
BISPORA BETULINA
BJERKANDERA ADUSTA

CALOCERA CORNEA
CALOCERA VISCOSA
CEPHALOASCUS FRAGRANS

CERATOBASIDIUM CORNIGERUM

CERATOCYSTIS COERULESCENS

CERATOCYSTIS MULTIANNULATA

CERIOSPOROPSIS HALIMA
CHLOROCIBORIA AERUGINOSA

CHONDROSTEREUM PURPUREUM

CLADOSPORIUM CLADOSPORIOIDES

CLADOSPORIUM RESINAE
CLAVARIOPSIS BULBOSA
COLLYBIA DRYOPHILA
CONIOPHORA ARIDA

Fagus sylvatica; Pseudotsuga taxifolia

Abies balsamea; Betula alleghaniensis; Picea
mariana; Pinus contorta; Pinus resinosa
Populus trichocarpa

Cryptomeria japonica

Acer rubrum

Acer rubrum; Cedrus deodora

Picea abies; P. glauca; P. mariana;

P. sitchensis; Pinus excelsa; P. strobus;

P. sylvestris

Pseudotsuga menziesii

Picea mariana; Pinus banksiana; Pseudotsuga
menziesii; Tsuga canadensis

Picea engelmanni; P. mariana

Ulmus americana

Castanea equina (2Aesculus hippocastanum)
Pinus banksiana; P. contonta; P. strobus
Acer saccharum; Betula lutea; B. papyrifera;
Pinus banksiana; P. contorta; P. monticola
Pinus resinosa; P. strobus; Populus
tremuloides; Pseudotsuga menziesii; Thuja
plicata

Fagus sylvatica

Pinus banksiana; Thuja occidentalis

Acer saccharum; Betula alleghaniensis;
B. papyrifera; Fagus grandifolia; Pinus contorta
Populus grandidentata; P. tremuloides;

P. trichocarpa

Acer sp.; Populus sp.

Abies balsamea; Pseudotsuga menziesii
Betula alleghaniensis; Pinus banksiana;

P. resinosa; P. strobus; Pseudotsuga menziesii
Tsuga heterophylla

Pinus radiata

Picea abies

Pinus sp.

Pinus ponderosa

Populus tremuloides

Abies balsamea; Alnus rubra; Betula
alleghaniensis; B. lutea; B. papyrifera; Pinus
banksiana

Populus balsamifera; P. grandidentata; P.
trichocarpa; Pseudotsuga taxifolia; Sorbus
americana

Ulmus americana

Pinus resinosa; Populus tremuloides

Abies balsamea; Pinus resinosa

Tamarix aphylla

Populus sp.

Abies basiocarpa; Picea orabes; Pinus
resinosa; P. rigida; Quercus rubra
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Table | continued
CONIOPHORA PUTEANA

CORDANA PAUCISEPTATA
CORIOLOPSIS GALLICA
CORIOLOPSIS OCCIDENTALIS
CORIOLUS VERSICOLOR

CORIOLUS ZONATUS

CORTICIUM CREMORICOLOR
CORTICIUM LAEVE
CORTICIUM VELLEREUM

CREPIDOTUS MOLLIS
CYATHUS STRIATUS

CYLINDROBASIDIUM EVOLVENS

CYLINDROCARPON DESTRUCTANS

CYPTOTRAMA ASPRATA
CYSTOSTEREUM MURRAII

DACRYMYCES CAPITATUS
DACRYMYCES PALMATUS
DACRYOBOLUS SUDANS
DACRYOPINAX SPATHULARIA
DAEDALEA QUERCINA
DAEDALEOPSIS CONFRAGOSA
DALDINIA CONCENTRICA
DATRONIA MOLLIS
DENDRYPHIOPSIS ATRA
DENTIPELLIS DISSITA’
DIPODASCOPSIS TOTHII
DIPODASCUS AGGREGATUS
EPICOCCUM PURPURASCENS

EXOPHIALA JEANSELMEI
FLAMMULINA VELUTIPES
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Abies balsamea; Acer saccharum; Betula
lutea; Eucalyptus marginata; Larix sibirica;
Picea canadensis; P. glauca; P. mariana;
Pinus banksiana; P. excelsa; P. strobus;
Prunus serotina; Pseudotsuga menziesii;
Quercus borealis; Thuja plicata;

T. canadensis

Carpinus betulus; Picea abies

Populus trichocarpa

Pinus sp.

Acer saccharum; Alnus rubra; Betula
alleghaniensis; B. lutea; B. papyrifera;
Castanea dentata

Fagus americana; F. grandifolia; Populus
tremuloides; Pseudotsuga menziesii;
Quercus alba

Quercus borealis; Q. robus; Thuja plicata;
Tilia americana

Alnus incana; Populus papyrifera; P. tremula;
P. tremuloides; Salix caprea; Thuja plicata
Quercus sp.

Abies balsamea

Acer rubrum; A. saccharum; Populus
balsamifera; Ulmus americana; U. fulva;
U. pumila

Fraxinus excelsior; Fagus sylvatica
Quercus sp.

Abies balsamea; Acer saccharum; Betula
alleghaniensis; Picea mariana; Populus
tremuloides

Thuja occidentalis

Prunus cerasus

Pinus sp.

Acer saccharum; Betula alleghaniensis;

B. lutea; B. papyrifera

Quercus sp.

Abies balsamea

Alnus glutinosa

Malus sp.

Quercus rubra

Acer spicatum; Betula lutea; B. papyrifera
Betula lutea; B. papyrifera

Acer sp.

Betula papyrifera

Fagus sp.

Fagus sylvatica

Pinus resinosa; P. strobus

Abies amabilis; Picea glauca; Pinus strobus;
Populus tremuloides; Thuja plicata

Thuja plicata

Acer saccharum; Populus tremuloides; Salix
nigricans; Sorbus americana; Ulmus thomasii
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Fungal binominal name?

Substrate Trees

FOMES FOMENTARIUS

FOMES ROSEUS
FOMITOPSIS CAJANDERI
FOMITOPSIS OFFICINALIS

FOMITOPSIS PINICOLA

FUSARIUM OXYSPORUM

GANODERMA APPLANATUM

GANODERMA LOBATUM
GANODERMA LUCIDUM
GANODERMA OREGONENSE
GLIOCLADIUM ROSEUM
GLIOCLADIUM VIRIDE

GLOEOPHYLLUM SEPIARIUM
GLOEOPHYLLUM TRABEUM

GLOEOPORUS DICHROUS
GLOEOPORUS PANNOCINCTUS

HAPALOPILUS NIDULANS
HERICIUM AMERICANUM

HERICIUM CORALLOIDES

HETEROBASIDION ANNOSUM

Betula alleghaniensis; B. lutea; B. papyrifera;
Fagus sylvatica; Populus tremula;

Populus tremuloides

Picea glauca; P. mariana; Pinus contorta;
Tsuga canadensis

Picea glauca; P. mariana; P. sitchensis;
Pseudotsuga menziesii

Picea sitchensis; Pinus ponderosa;
Pseudotsuga menziesii; P. taxifolia

Abies balsamea; Betula occidentalis; Fagus
americana; Larix laricina; L. sibirica;

Picea excelsa; P. glauca; P. mariana;

P. sitchensis;

P. yezoensis; Pinus contorta; P. ponderosa;
Pinus sylvestris; Populus balsamifera;

P. grandidentata; P. tremuloides;
Pseudotsuga menziesii;

Thuja occidentalis; Tsuga canadensis;

T. heterophylla

Betula papyrifera; Fagus sylvatica; Picea
glauca; Pinus resinosa; Populus tremuloides
Pseudotsuga menziesii

Acer saccharum; Betula papyrifera; Fagus
sylvatica; Pinus strobus; Pseudotsuga
menziesii

Quercus rubra; Tsuga heterophylla
Populus balsamifera

Quercus velutina; Tsuga canadensis

Abies grandis; Picea glauca; P. sitchensis;
Tsuga heterophylla

- Picea abies ?; Pinus resinosa; Populus

grandidentata

Pinus banksiana

Betula papyrifera; Populus tremuloides
Abies balsamea; Acer saccharum; Picea
abies; Pinus ponderosa; P. strobus; Thuja
plicata

Tsuga canadensis

Abies lasiocarpa; Acer saccharum; Betula
occidentalis; Pinus contorta

Acer rubrum; Acer saccharum

Betula papyrifera; Populus trichocarpa
Acer saccharum; Betula alleghaniensis;
B. lutea; B. papyrifera; Carya ovata; Fagus
grandifolia

Larix laricina; Plantanus occidentalis;
Populus tremuloides; Tsuga canadensis;
Ulmus thomasii

Betula alba; Fagus grandifolia; Populus
tremulus; P. trichocarpa; Quercus rubur
Juniperus communis; Thuja plicata; Tsuga
heterophylla
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Table | continued

HIRSCHIOPORUS ABIETINUS Abies balsamea; Picea mariana; P. rubens;
Pinus banksiana; P. contorta; P. strobus;
Pinus sylvestris; Pseudotsuga taxifolia; Tsuga
canadensis

HIRSCHIOPORUS PARGAMENUS Acer saccharum; Betula neoalaskana;
Carpinus caroliniana; Fagus grandifolia;
Populus grandidentata; P. tremuloides

HOHENBUEHELIA ANGUSTATA Quercus alba; Ulmus americana

HYGROPHOROPSIS AURANTIACA Pinus resinosa

HYMENOCHAETE TABACINA Abies balsamea; A. lasiocarpa; Acer
saccharum; Picea abies; Thuja plicata

HYPHOCHNICIUM VELLEREUM Acer saccharum; Ulmus americana

HYPHODERMA HETEROCYSTIDIUM Fagus sp.

HYPHODERMA MEDIOBURIENSIS Acer rubrum

HYPHODERMA MUTATUM Liriodendron tulipifera; Acer sp.

HYPHODERMA PUBERUM Pinus strobus; Thuja occidentalis

HYPHODONTIA ARGUTA Tilia sp.

HYPHODONTIA NESPORI Picea orientalis; Alnus glutinosa; Fagus
orientalis

HYPHODONTIA QUERCINA Populus trichocarpa

HYPHODONTIA SUBALUTACEA Thuja sp.; Picea orientalis; Pinus sp.

HYPOXYLON SERPENS Pinus nigra; Fraxinus sp.; Quercus sp.

INCRUSTOPORIA SEMIPILEATUS Betula lutea; Thuja plicata; Quercus sp.

IRPEX LACTEUS Abies balsamea; Acer saccharum; Alnus

incana; Aralia spinosa; Fagus grandifolia;
Pinus banksiana; P. resinosa

Populus tremuloides; Thuja plicata; Tsuga
plicata; Ulmus americana

JUNGHUHNIA COLLABENS Abies lasiocarpa; Picea glauca; P. mariana;
Pinus banksiana

JUNGHUHNIA NITIDA Populus grandidentata; P. tremuloides;
Quercus dilatata; Ulmus sp.

LACCARIA BICOLOR Picea mariana

LAETICORTICIUM ROSEOCARNEUM Acer sp.

LAETIPORUS SULPHUREUS Eucalyptus saligna; Picea mariana;

P. sitchensis; Quercus rubra; Tsuga
heterophylla

LAXITEXTUM BICOLOR Populus tremuloides; Salix sp.

LENTINELLUS COCHLEATUS Picea mariana

LENTINELLUS URSINUS Acer rubrum; A. saccharum; Populus sp.

LENTINELLUS VULPINUS Tsuga heterophylla; Acer sp.; Populus sp.;
Ulmus sp.

LENTINULA EDODES Quercus serrata; Q. mongolica;
Q. acutissima

LENTINUS LEPIDEUS Abies balsamea; Betula alleghaniensis; Picea
glauca; Pinus banksiana; P. strobus

LENTINUS TIGRINUS Fraxinus americana

LENZITES ADUSTA Shorea robusta (log)

LENZITES BETULINA Betula alleghaniensis; B. papyrifera; Populus
grandidentata; Tilia americana

LENZITES PALISOTI Acacia sp.

LENZITES SAPIARIA Abies balsamea; Betula papyrifera; Pinus

contorta; Populus tremuloides; Tsuga
canadensis
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Fungal binominal name?

Substrate Trees

EPTODONTIDIUM ELATIUS
LEPTOGRAPHIUM LUNDBERGI!
LEUCOGYROPHANA ARIZONICA
LEUCOGYROPHANA MOLLUSCA
LEUCOGYROPHANA OLIVASCENS
LEUCOGYROPHANA PINASTRI

LIGNINCOLA LAEVIS
LISTEROMYCES INSIGNIS
MARIANNAEA ELEGANS
MELANOMMA PULVIS-PYRIUS
MERULIOPSIS TAXICOLA

MERULIUS ARMENIACUS
MERULIUS AUREUS
MERULIUS SERPENS
MERULIUS TREMELLOSUS

MUCRONELLA CALVA

MYCOACIA UDA

NAEMATOLOMA SUBLATERITINUM
NECTRIA COCCINEA

ODONTIA CILIOLATA

ODONTIA FIMBRIATA

ODONTIA HYDNOIDES
OPHIOSTOMA PICEAE

OSTEINA OBDUCTA
OUDEMANSIELLA MUCIDA
PAECILOMYCES VARIOTII
PANELLUS LONGINQUUS
PANELLUS PATELLARIS
PAXILLUS PANUOIDES
PENICILLIUM FUNICULOSUM
PENICILLIUM LIGNORUM
PENICILLIUM PURPUROGENUM
PENICILLIUM ROQUEFORTII
PENICILLIUM THOMII
PENIOPHORA CINEREA

PENIOPHORA CREMEA
PENIOPHORA GIGANTEA
PENIOPHORA INCARNATA

PENIOPHORA LUDOVICIANA
PENIOPHORA NUDA

Pseudotsuga taxifolia; Tsuga heterophylla
Pinus banksiana; P. contorta; P. strobus
Pinus sp. (log)

Pinus strobus; Fagus sp.; Tsuga sp.

Pinus sp.; Quercus sp.

Picea glauca; Pinus australis; P. strobus;
Populus sp.

Acer rubrum

Cinnamomum japonicum (trunk)

Picea sp.

Alnus rubra

Abies balsamea; A. lasiocarpa; Juglans
cinerea; Picea canadensis; Pinus banksiana
Pinus sp.

Pinus strobus

Juglans cinerea; Abies sp.; Pinus sp.

Betula alleghaniensis; Populus tremuloides;
Pseudotsuga menziesii; Tsuga sp.

Acer saccharum ?

Fagus sylvatica

Acer saccharum

Fagus grandifolia; Populus sp.

Populus sp.; Quercus sp.

Populus sp.

Acer rubrum; Populus sp.

Betula pubescens; Quercus rubra; Tsuga
heterophylla

Picea sitchensis; Pinus sp.

Fagus sylvatica

Pinus contorta

Tsuga heterophylla

Alnus sp.

Picea glauca; Pinus banksiana; P. sylvestris
Pinus contorta; Ulmus americana

Pinus sylvestris; Fagus sylvatica

Prunus persica

Carya illinoensis; Malus sp.

Abies balsamea; Pinus contorta

Acer saccharum; Betula papyrifera;

B. verrucosa; Fagus grandifolia; Pinus
banksiana

Pinus strobus; Prunus pennsylvanica; Tsuga
heterophylla; Quercus sp.; Ulmus sp.
Betula alba; Quercus rubra; Pinus radiata;
Pinus taeda; Populus trichocarpa

Abies balsamea; Picea glauca; Pinus
banksiana; P. contorta; P. radiata; P. resinosa
Pinus strobus; Pseudotsuga menziesii
Ulmus americana; Betula sp.; Picea sp.
Alnus sp.

Cornus stolonifera; Quercus borealis; Ulmus
americana
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PENIOPHORA PSEUDOPINI

PENIOPHORA SENSU-STRICTO
PENIOPHORA SEPTENTRIONALIS

PHAEOCORIOLELLUS TRABEUS
PHANEROCHAETE CHRYSOSPORIUM

PHELLINUS CONCHATUS
PHELLINUS FERREUS
PHELLINUS FERRUGINOSUS
PHELLINUS GILVUS

PHELLINUS LAEVIGATUS
PHELLINUS PINI

PHIALOCEPHALA DIMORPHOSPORA
PHIALOCEPHALA VIRENS
PHIALOPHORA AMERICANA
PHIALOPHORA FASTIGIATA

PHIALOPHORA LIGNICOLA
PHIALOPHORA MELINII

PHIALOPHORA RICHARDSIAE
PHLEBIA LIVIDA
PHLEBIA RADIATA

PHLEBIA ROUMEGUERII
PHLEBIA RUFA

PHOLIOTA ADIPOSA

PHOLIOTA SPECTABILIS
PHOLIOTA SQUARROSA

PHOMOPSIS MALI
PHYLLOTOPSIS NIDULANS

Abies balsamea; Picea glauca; P. mariana;
Pinus contorta; P. resinosa; P. strobus;

Pinus sylvestris

Pinus sp.

Abies balsamea; Picea engelmanni;

P. glauca; P. mariana; P. rubens; Pinus
contorta;

Pseudotsuga sp.

Nothofagus dombeyi

Abies balsamea; Fagus grandifolia; Pinus
sylvestris; Populus tremuloides; Ulmus
americana

Fraxinus nigra; Alnus sp.

Alnus americana; Pseudotsuga taxifolia;
Thuja plicata; Tsuga heterophylla

Populus trichocarpa; Acer sp.; Fraxinus sp.
Eucalyptus sideroxylon; Quercus sp.

Betula lutea; Prunus pennsylvanica

Abies lasiocarpa; Larix lyallii; L. sibirica;
Picea abies; P. engelmanni; P. glauca

Pinus mariana; P. banksiana; P. contorta;

P. resinosa; Pseudotsuga menziesii
Pseudotsuga taxifolia; Tsuga canadensis
Fraxinus sp.

Tsuga heterophylla; Picea sp.

Pinus banksiana; Populus tremuloides; Acer
sp.

Betula lutea; Picea glauca; Pinus banksiana;
P. contorta; P. glauca; P. strobus; Thuja
plicata

Pinus sp.

Abies balsamea; Acer saccharum; Betula
lutea; B. papyrifera; Fraxinus nigra; Picea
glauca

Picea mariana; P. rubens; Pinus banksiana;
Populus tremuloides; Pseudotsuga menziesii
Thuja plicata; Tsuga canadensis

Pinus sp.

Abies balsamea

Abies balsamea; Betula lutea; Pinus contorta;
Populus trichocarpa; Robinia sp.

Picea glauca

Quercus hypoleucoides; Q. robus; Acer sp.;
Betula sp.

Abies grandis; Acer concolor; A. saccharum;
Betula urticifolia; Populus nigra;

P. tremuloides

Acer saccharum; Populus balsamifera;

P. tacamahacia; P. trichocarpa; Salix sp.
Abies lasiocarpa; Acer saccharum; Populus
sp.

Malus pumila

Abies lasiocarpa; Acer rubrum; Fagus
grandifolia; Ulmus americana
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Fungal binominal name?

Substrate Trees

PIPTOPORUS PORTENTOSUS
PLEUROTUS CYSTIDIOSUS

PLEUROTUS LIGNATILIS
PLEUROTUS OSTREATUS

PLEUROTUS SAPIDUS

PLEUROTUS SEROTINUS

PLEUROTUS ULMARIUS

POLYPORUS BADIUS
POLYPORUS BRUMALIS

POLYPORUS CILIATUS
POLYPORUS COMPACTUS
POLYPORUS CONCHIFER
POLYPORUS LENTUS
POLYPORUS OSTREIFORMIS
POLYPORUS VARIUS

PORIA CARBONICA
PORIA CRASSA
PORIA CRUSTULINA

PORIA FISSILIFORMIS
PORIA GRISEOALBA
PORIA LATEMARGINATA
PORIA OVERHOLTSH
PORIA PLACENTA

PORIA RHODELLA
PORIA SPISSA

PORIA SUBVERMISPORA
PORIA VAILLANTII

Nothofagus pumilio

Populus deltoides; Acer rubrum;
Liquidambar styraciflua; Quercus nuttallii;
Ficus carica

Acer saccharum; Fagus sp.

Acer saccharum; Fagus sylvatica;
Liquidambar styraciflua; Liriodendron
tulipifera

Populus balsamifera; P. nigra; P.
tremuloides; Salix seringeana; Tilia
americana;

Ulmus americana

Abies lasiocarpa (sap rot); Acer saccharum;
Picea glauca; Ulmus americana

Abies lasiocarpa; Acer saccharum; Betula
lutea; Pinus strobus; Populus tremuloides
Pseudotsuga menziesii; Tsuga sp.

Acer negundo; A. saccharum; Ulmus
americana; U. rubra

Ulmus sp.

Betula alleghaniensis; B. lutea; Picea abies;
Quercus rubra; Tilia americana; Acer sp.;
Alnus sp.

Acer saccharum; Ulmus americana
Populus remuloides; Quercus alba; Q. rubra
Ulmus sp.

Fagus grandifolia; Tilia americana
Terminalia tomentosa

Abies lasiocarpa; Betula papyrifera; Populus
tremuloides; Thuja plicata

Pseudotsuga menziesii; P. taxifolia

Pinus strobus

Abies lasiocarpa; Acer saccharum; Picea
glauca

Populus sp.

Populus trichocarpa

Acer macrophyllum; Quercus sp.

Pinus sp.; Quercus sp.

Larix occidentalis; Picea abies; P. glauca; P.
sitchensis; Pinus abies; P. banksiana

Pinus roxburghii; P. strobus; P sylvestris;
Populus balsamifera; Prunus serotina
Pseudotsuga menziesii; P. taxifolia; Thuja
plicata; Tsuga heterophylla; Quercus sp.
Pseudotsuga taxifolia; Alnus sp.

Pinus radiata; Acer sp.; Fraxinus sp.

Pinus contorta; Quercus sp.

Picea abies; P. glauca; Pinus banksiana; P.
laricio; P. strobus
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Table | continued
PORIA XANTHA

PORONIDULUS CONCHIFER
POTEBNIAMYCES CONIFERARUM

PUNCTULARIA ATROPURPURASCENS

PYCNOPORELLUS ALBOLUTEUS

PYCNOPORUS CINNABARINUS

PYCNOPORUS COCCINEUS
PYCNOPORUS SANGUINEUS
RADULODON AMERICANUS

RADULOMYCES CONFLUENS
RHINOCLADIELLA ATROVIRENS

RHODOTUS PALMATUS
RIGIDOPORUS CORTICOLA
RIGIDOPORUS EXPALLESCENS

RIGIDOPORUS GIGANTEUS
RIGIDOPORUS MICROMEGAS
RIGIDOPORUS NIGRESCENS
RIGIDOPORUS SANQUINOLENTUS
RIGIDOPORUS VITREUS
ROSELLINIA NECATRIX
SCHIZOPHYLLUM COMMUNE
SCHIZOPORA PARADOXA
SCOPULARIOPSIS BREVICAULIS
SCYTALIDIUM LIGNICOLA
SCYTINOSTROMA GALACTINUM

SERPULA HIMANTIOIDES
SERPULA INCRASSATA

SERPULA LACRYMANS
SERPULA SILVESTER

Abies lasiocarpa; Picea glauca; Pinus
banksiana; P. contorta; P. resinosa; Populus
trichocarpa

Pseudotsuga menziesii; P. taxifolia; Tsuga
heterophylla

Ulmus americana

Larix laricina

Picea glauca; Pinus banksiana; Thuja plicata
Abies balsamea; Picea glauca; P. sitchensis;
Tsuga heterophylla

Acer rubrum; Betula alleghaniensis; B. lutea;
B. papyrifera; Fagus americana; F. crenata
Fagus grandifolia; Prunus avium; Sorbus
aucuparia; Pinus sp.

Eucalyptus marginata; Pinus radiata; Quercus
serrata

Fagus grandifolia; Pinus caribea; P. elliotti; P.
radiata

Populus tremuloides

Acer campestri

Pinus banksiana; P. contorta; P. strobus;
Populus tremuloides; Thuja plicata;

Tsuga heterophylla

Ulmus sp.

Populus tremuloides; P. trichocarpa
Fraxinus sp.; Populus sp.; Quercus sp.; Thuja
sp.

Fagus sp.; Robinia sp.

Quercus sp.; Sequoia sp.

Picea sitchensis; Quercus borealis; Tsuga
canadensis

Acer sp.

Acer sp.; Quercus sp.

Pyrus communis; P. malus

Abies balsamea; Picea glauca; Pinus
contorta; P. radiata; Ulmus americana; U.
thomasii

Pinus caribea; Pseudotsuga menziesii; Acer
sp.; Salix sp.

Prunus cerasus

Acer saccharum; Betula papyrifera; Picea
glauca; Pinus banksiana; P. ponderosa;
Populus tremuloides; Pseudotsuga menziesii
Abies balsamea; A. lasiocarpa; Alnus rubra;
Picea glauca; Pinus resinosa; P. strobus;
Pyrus malus; Tilia americana; Cornus sp.
Abies balsamea; A. lasiocarpa; Picea glauca;
Pinus strobus; Thuja plicata

Pseudotsuga menziesii; P. taxifolia; Tsuga
heterophylla

Pseudotsuga menziesii

Picea excelsa



Table | continued

WOOD FUNGI 171

Fungal binominal name?

Substrate Trees

SISTOTREMA BRINKMANNII

SISTOTREMA RADULOIDES

SISTOTREMASTRUM NIVEOCREMEUM

SKELETOCUTIS AMORPHA
SPHAEROBOLUS STELLATUS
SPHAEROSPORELLA BRUNNEA
STACHYBOTRYS CHARTARUM
STECCHERINUM OCHRACEUM
STEREUM GAUSAPATUM
STEREUM HIRSUTUM

STEREUM OCHRACEO-FLAVUM
STEREUM OSTREA

STEREUM STRIATUM
TALAROMYCES FLAVUS
TALAROMYCES STIPITATUS
THERMOASCUS AURANTIACUS
THIELAVIA TERRESTRIS
TRAMETES CINGULATA
TRAMETES SCABROSA
TRAMETES VERSICOLOR

TRECHISPORA RADULOIDES
TREMATOSPHAERIA BRITZEL.
TRICHODERMA AUREOVIRIDE
TRICHODERMA CITRINOVIRIDE

TRICHODERMA GLOBOSUM
TRICHODERMA HAMATUM

TRICHODERMA HARZIANUM

Abies balsamea; Acer saccharinum; A.
saccharum; Betula papyrifera; Picea mariana;
P. sitchensis

Pinus banksiana; P. contorta; P. strobus;
Thuja plicata; Tilia americana; Eucalyptus
sp.

Picea mariana; P. rubens; Populus
tremuloides; P. trichocarpa

Alnus glutinosa; Picea orientalis; Eucalyptus
sp.

Pinus resinosa

Pinus sp.

Pinus banksiana

Pinus sp.

Acer rubrum; Ostrya virginiana; Quercus sp.
Quercus garryana; Betula sp.

Acacia decurrens; Acer saccharum; Alnus
rubra; Betula alleghaniensis; B. lutea;

B. papyrifera

Pinus contorta; P. radiata; Quercus sp.
Acer saccharum; Betula lutea; B. papyrifera
Betula lutea; B. occidentalis; Fagus
americana; Ostrya virginiana; Quercus alba
Ostrya virginiana

Pseudotsuga taxifolia

Pinus virginiana

Populus tremuloides; Ulmus americana
Populus tremuloides

Acacia mearnsii; Eucalyptus sp.

Cecropia peltata

Fagus sylvatica; Malus domestica; Alnus
rubra; Castanea sativa; Quercus serrata
Acer saccharum; Populus tremuloides
Populus sp.

Acer sp.; Picea sp. (chip pile)

Betula papyrifera; Pseudotsuga menziesii;
Acer sp.

Betula lutea; B. papyrifera; Acer sp.

Betula lutea; B. papyrifera; Picea mariana;
Pinus strobus; P. taeda; Pseudotsuga
menziesii

Thuja occidentalis; T. plicata; Tsuga
canadensis; Ulmus americana; Acer sp.
Betula vulgaris; Picea excelsa; Pinus
banksiana; P. resinosa; P. strobus (sapwood)
Pseudotsuga menziesii; Thuja occidentalis;
T. plicata; Tsuga canadensis; Ulmus
americana;

Quercus sp.
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Table | continued
TRICHODERMA KONINGII

TRICHODERMA MINUTISSIMA
TRICHODERMA POLYSPORUM

TRICHODERMA PSEUDOKONINGII
TRICHODERMA SINUOSUM
TRICHODERMA VIRIDE

TRICHODERMA XYLOPHYLUM
TYROMYCES BALSAMEUS

TYROMYCES CAESIUS
TYROMYCES CHIONEUS

TYROMYCES DESTRUCTOR

TYROMYCES FUMIDICEPS
TYROMYCES MOLLIS

TYROMYCES PALUSTRIS
TYROMYCES SEMISUPINUS
TYROMYCES SERICEOMOLLIS

TYROMYCES SPRAGUEI
TYROMYCES STIPTICUS

TYROMYCES TEPHROLEUCUS
TYROMYCES UNDOSUS
VARARIA EFFUSCATA

VARARIA INVESTIENS
VOLVARIELLA BOMBYCINA
XENASMA TULASNELLOIDEUM
XYLARIA POLYMORPHA
XYLOBOLUS FRUSTULATUS
ZALERION MARITIMUM

Ostrya virginiana; Pinus taede; Tsuga
canadensis; Ulmus americana; Acer sp.
Betula papyrifera

Picea excelsa; P. glauca; Pseudotsuga
menziesii; Thuja plicata; Ulmus americana;
Quercus sp.

Betula papyrifera; Pinus ponderosa; Acer sp.
Acer sp. Ulmus sp.

Betula lutea; Ostrya virginiana; Picea glauca;
Pinus resinosa; Pseudotsuga menziesii
Thuja occidentalis; T. plicata; Tsuga
canadensis; Ulmus americana; Acer sp.;
Alnus sp.;

Salix sp.

Acer sp.

Abies balsamea; A. lasiocarpa; Picea abies;
P. glauca; P. mariana; P. sitchensis;
Populus tremuloides; Thuja heterophylla; T.
occidentalis; T. plicata; Tsuga heterophylla
Betula alleghaniensis; Thuja plicata

Betula lutea; B. papyrifera; Fagus grandifolia;
Acer sp.

Abies grandis; Picea glauca; P. mariana;
Pinus banksiana; P. sylvestris

Quercus sp.

Abies balsamea; Pseudotsuga menziesii;
Tsuga sp.

Prunus persica

Pinus canadensis; Acer sp.

Abies balsamea; Larix sibirica; Picea glauca;
Pinus seratina; P. strobus; P. sylvestris
Thuja plicata

Quercus sp.

Abies balsamea; Picea excelsa; Pinus
sylvestris; Quercus sp.

Acer sp.

Picea morinda; Pinus contorta

Betula lutea; Quercus prunus; Ulmus
americana; Acer sp.

Acer sp.;, Quercus sp.

Ulmus sp. (trunk)

Picea glauca; Salix sp.

Pinus strobus; Salix alba

Quercus alba

Pinus ponderosa; P. sylvestris

' Fungal collection accession numbers of organisms cited can be found in files deposited in

the Instutute’s library.

2 Synonymous names of fungi can be found in the appendix
* For clarity, binominal names of fungi are printed in capitals and names of trees in upper &

lower cases
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A more general view of the diversity of fungi on wood may be had by assessing the
number of fungal genera found on wood products and on trees without restriction of
tree or fungal classification beyond the genus level. Two hundred and twenty three
fungal genera were found that had been isolated from trees (possibly fallen) and from
wood products but, at the species level only 119 were reported in more than 5
isolations and only 33 in 20 or more. Ten genera: Poria (140), Peniophora (125),
Polyporus (120), Tyromyces (86), Fomes (85), Trichoderma (72), Phellinus (71),
Stereum (54), Coriolus (53) and Inonotus (52) were represented by more than 50
isolations. These numbers are in some ways dubious because of taxonomic ambiguity,
for example species of Inonotus, Omnia and Phaeolus are often classified as Polyporus
and in addition there is often confusion with regard to anamorph/telemorph status e.g.
Ceratocystis/Ophiostoma, Chrysosporium/Sporotrichum/Phanerochaete. In Table |
the names of fungi used by the collections are given but for ease of reference a summary
of synonyms may be found in the appendix to this review. This appendix should also
be consulted when referring to names in Tables Ill, IV and V.

Geographical distribution of substrates of wood fungi

The number of selected fungi from both wood products and fromtrees in Canada was
501, followed by the United States (88) and Eurasia (65) and these comprised 95% of
those on the file. Isolations were obtained from 29 countries. In Canada there were
fungal specimens from all provinces though only one each from Prince Edward Island
and Newfoundland. Almost half (43%) were isolated in Ontario. For the isolations
from the United States only 42% reported the state where the culture originated; of
those specified 43% came from Northern States. Ninety six percent ofthe isolates from
Europe were obtained from countries north of latitude 45°. Details are given in Table
I

Table Il Geographical distribution of Fungal Isolates, maintained in Six Culture Collections from
Trees and Wood products

Country/State/Province Number of different fungi
isolated from both isolated only
wood products & trees from trees’

Africa 1

Argentina 2 1

Australia 1 4

Austria 1 2

Canada 1 2
Alberta 51 120
British Columbia 99 176
Labrador, Newfoundland 1 14
Manitoba 8 16
New Brunswick 28 55
Nova Scotia 9 23
Ontario 213 265
Prince Edward Island 1 2
Québec 81 134
Saskatchewan 9 17

Brazil 1

Czechoslovakia 2

Denmark 3 1

Finland 2 3
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Country/State/Province

Number of different fungi

isolated from both

wood products & trees

isolated only
from trees'

France

Georgia (ex USSR)

Cermany

Greece

Hungary

India

Ireland

Japan

Netherlands

Norway

Poland

Puerto Rico

Republic of South Africa

Russia
Kurgan
Leningrad
Moscow
Siberia

Spain

Sweden

Switzerland

Turkey

Ukraine

United Kingdom

United States
Arkansas
California
Colorado
Georgia USA
Indiana
lowa
Louisiana
Maine
Maryland
Minnesota
Mississippi
New York
North Carolina
Oregan
Rhode Island
Virginia
West Virginia
Washington
Wisconsin

4

-
S W=UINE®=0N=35h

NNE =W =N =
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[ %]

5
3
3
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! That is fungi not included in column 2.
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Data is also given in Table Il of fungal isolations from living trees in the various
countries , their geographical distribution is similar, but rather more isolations have
been reported e.g. 824 from Canada and 101 from the U.S.A.; 22 countries are
represented in Table Il in this category.

Some aspects of the physiology of fungi isolated from wood
The degradation of wood by enzymes produced by fungi

Sixty nine genera or about 44% of the fungal genera given in Table | have been found
to produce enzymes that degrade wood (Table Ill). Ofthese 69 genera 20 have notbeen
recorded as isolates from wood products e.g. lumber, but have been commonly found
on trees.

Degradation of polysaccharides A great deal of work has been done on the
degradation of the structural polysaccharides found in wood by the fungi given in Table
| and the subject has been reviewed (Elisashvilli 1993). An attempt to summarize and
expand the information in Elisashvilli’s review with particular reference to wood is
made in columns 2, 3 and 4 of Table lll. Of the 69 genera given in Table Ill, 57 are
known to produce cellulases of which 15 have been characterized as 8-1,3-glucanases
and many of these also produce xylanases. One genus (Bjerkandera=?Polyporus) has
been reported to produce a mannanase and a B-1,3-glucanase (Eriksson & Goodell,
1974). Pectinase activity is also common in these fungi and three examples are given
(Armillaria, Bjerkandera & Heterobasidion) in Table Ill.

Table 111 Recorded production of polysaccharide and lignin degrading enzymes by fungi found
on wood and its parent trees; numbers indicate reported presence and references’

Fungal genera Polysaccharide degradation Lignin degrading enzymes
General B-1,4-glucan Xylan Ester  Laccase Peroxidase
Acremonium? 1,2
Alternaria’ 3
Amanita? 4,5
Armillaria® 6 7 7
Armillariella® 8
Aspergillus 9,10 13
11,12
Bjerkandera 14,153 15 15
Botrytis? 16 17
Calocera 18 18
Cerinomyces 18 18
Cerrena 19 19 100
Chaetomiun? 20
Cladosporium 21
Collybia 995
Coniophora’ 22 22
Coriolus 14,23 24 101
Cyathus 25 25, 26
Dacromyces 18 18
Daedalea 14,19 19
Daedalopsis
(= Junghuhnia)

Flammulina 19 19
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Table Il Continued

Fungal genera Polysaccharide degradation Lignin degrading enzymes
General B-1,4-glucan Xylan Ester  Laccase Peroxidase

Fomes 14, 27 28 29 27

Fomitopsis 19 19

Fusarium 30, 31 32,33

Ganoderma 34,35 37 35

Geotrichun? 38 39

Gliocladium 40 41

Gloeophyllum 42

Gloeoporus 43

Helminthosporium® 44

Heterobasidion 4%, 45° 29

Inonotus® 27 27

Irpex 46

Junghuhnia 47 47

Laetiporus 48

Lentinus 49 50 43 51

Lenzites 14

Leptographium 52

Merulius (Phlebia) 43 53

Nectria 54

Ophiostoma 95 55

Panus 19 19 29, 56 56

Paxillus 44 995

Penicillium 57

Perenniporia 14

Pestalotiopsis® 58

Phanerochaete 98

Phellinus 14, 59 29, 59 59

Phlebia 19 19 60 61, 63 60, 62°

Phoma® 64

Phialophora 65

Piptoporus 50,19 19

Pleurotus 50, 66 67 19 68 29, 68

Polyporus 14 43, 69

Postia (Poria) 70

Pycnoporus 43,101

Rigidoporus? 71

Schizophyllum 72 73 74

Sporotrichum? 75,92 93 945

=Phanerochaete

Stereum 29

Suillus? 4, 76 77

Scytalidium 97

Thermoascus 78

Thielavia 79

Trametes 14 24 80 81, 82°

Tremella? 96 37

Trichothecium? 83
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Fungal genera

Polysaccharide degradation

Lignin degrading enzymes

General  B-1,4-glucan  Xylan Ester  Laccase Peroxidase
Trichoderma 84, 85 33
12, 86
Verticillium? 87,88
Xylaria 89 90, 91
! References

1 Leuchtmann & Clay, 1990
2 Mal & Sharma, 1987
3 Kim & Lee, 1976
4 Maijala etal., 1991
5 Natarajan & Kannan, 1982
6 Wahlstrom et al., 1991
7 Morrison et al., 1985
8 Chrapkowska, 1980
9 Hurst et al., 1977
10 Oh et al., 1985
11 Okada, 1985
12 Tanetal.,, 1987
13 Rho et al., 1990
14 Rodeia, 1983
15 Eriksson & Goodell, 1974
16 Verhoeff et al., 1983
17 Sasaki & Nagayama, 1996
18 Seifert 1983
19 Elisahvilli, 1993
20 Suhgal & Agarwahl, 1973
21 Lynch et al., 1981
22 Schmidhalter
& Canevascini, 1992
23 Danilyak & Katson 1987
24 Mel'nychuk et al., 1982
25 Abbot & Wicklow, 1984
26 Wicklow et al., 1984
27 Rodeia et al., 1990b
28 Eghbaltalab et al., 1976
29 Blaich & Esser, 1975
30 Forbes & Dickinson, 1977
31 Ortega, 1990
32 Christakopoulos et al.,
1996
33 Poutanen et al., 1987
34 Ko & Kim, 1986
35 Rodeia et al., 1990a

2 Only isolated from trees
3 Also pectinolysis

* Also proteolytic

$ Also Mn*? peroxidase

37 Hsen et al., 1989
38 Rabinovich et al., 1977
39 Rumyantseva &
Rodionova, 1982
40 Mal & Sharma, 1985
41 Todorovic et al., 1993
42 Haider &
Trajanowski, 1980
43 Reid & Siefert, 1982

44 Ghewande & Despande, 1976

45 Karlsson & Stenlid, 1991

46 Kawai et al., 1979

47 Vares et al., 1992

48 Danylyak, 1980a

49 Ginterova et al., 1981

50 Ginterova et al., 1980

51 Leathan, 1986

52 Zambino &
Harrington, 1989

53 Blanchette & Reid, 1986

54 Moubasher & Mazen, 1991

55 Jeng et al., 1988

56 Maltseva et al., 1986

57 Wood et al., 1980

58 Raman, 1988

59 Fyudaraw &
Marshchakina, 1981

60 Niku-Paavola et al., 1988

61 Karhunen et al., 1990a

62 Karhunen et al., 1990b

63 Gayazov &
Rodakiewicz-Nowak, 1996

64 Uspenskaya &
Reshetnikova, 1981

65 Garrett, 1974

66 Hong et al., 1984

67 Danylyak, 1980b

68 Zervakis & Labarere, 1992
69 Vinngard, 1972

70 Wolter et al., 1980

71 Fofana et al., 1992

72 Clarke & Yaguchi, 1986
73 Willick & Seligy, 1985

74 Paice et al., 1978

75 Canevascini et al., 1983
76 Dahn et al., 1987

77 Keller, 1992

78 Tong et al., 1980

79 Sandhu et al., 1985

80 Roy et al., 1996

81 Johnasson & Nyman, 1993
82 Jonhasson et al., 1993

83 Hasija & Agarwal, 1977
84 Brewer et al., 1987

85 Dwivedi et al., 1988

86 Woijtczak et al., 1987

87 Bahkali, 1989

88 Carder, 1989

89 Wei et al., 1996

90 Brunner & Petrini, 1992
91 Rodrigues et al., 1993

92 Lymar et al., 1995

93 Kirk et al., 1978

94 Sundramoorthy et al., 1994
95 Binz & Canevascini, 1996
96 Hanson & Wells, 1991

97 Pedersen et al., 1998

98 Ding & Gai, 1997

99 Gramss, 1997

100 Luterek et al., 1997

101 Aso & Oda, 1996
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Itis clear thatthese fungi, of which 30-40 are Basidiomycetes, produce very complex
mixtures of polysaccharide degrading enzymes, but few have been purified and
characterized. In some cases e.g. Agaricus bisporus (Manning & Wood, 1983)
cellulase is known to be induced by cellulose and the heterogeneous nature of the
cellulases of Schizophyllum commune is thought to be a consequence of variable
transcription and subsequent glycosylation (Willick & Seligy, 1985). The cellulases of
Trichoderma species have probably been studied to a greater extent than all the other
genera in Table Il (for reviews see, Koivula et al., 1998; Biely & Tenkanen, 1998).
Trichoderma spp. are, of course, extremely cosmopolitan and have been isolated from
soils in many different locations. However, unlike 9 or 10 other cosmopolitan genera
in Table Il (e.g. Penicillium, Alternaria, Fusarium etc.), the Trichoderma have been
reported endogenously in thin wood sections (Dinulescu, 1979) and are prolific
producers of cellulases (Brewer et al., 1987, Madan & Mohindra, 1981, Woijtczak et
al., 1987). The rates of formation of B-glucosidases and xylanases by Cerrena unicolor
on defined media were found to be greatest after 10 days growth (Elisashvilli 1993).

Lignin degrading enzymes of fungi isolated from wood

Less is known of the degradation of lignin by fungi than their degradation of structural
polysaccharides, but many Basidiomycetes degrade both (Table Ill). This has been
construed to indicate a delicate equilibrium for the decomposition of lignin exposes
cellulose fibers but also results in the production of phenols that inhibit the enzymes
(Ander & Eriksson, 1976). Support for this equilibrium has been obtained (Preston et
al., 1990) by solid state nuclear magnetic resonance studies of the degradation of the
wood of Pseudotsuga menziesii, Tsuga heterophylla and Thuja plicata.

A review of enzymic lignin degradation has been published (Kirk & Farrell, 1987).
There are many reasons for the neglect of this subject possibly because lignin is
traditionally regarded as an inconvenient byproduct of the production of paper. As a
result, efforts have been concentrated on its removal from wood, mostly by treatment
with chlorine or hydrogen peroxide but also particularly in recent years by biological
methods. Thus much of the work reported in this section has been stimulated from this
point of view.

Of the 69 genera given in Table I, 35 have been reported to degrade lignin. These
reports vary from the loss in weight of wood not associated with polysaccharide
degradation (Reid & Seifert, 1982) and reports of “laccase” as a taxonomic tool (e.g.
Molitoris & Prillinger 1986; Zervakis & Labarere, 1992), to preparation of proteins
assumed to degrade lignin because of their catalysis of the decomposition of lignin-like
substrates (Hsen, et al., 1989; Johansson & Nyman, 1993; Karhunen, et al., 1990) e.g.
the conversion of veratryl alcohol to veratraldehyde or merely “tyrosinase” (Moore et
al., 1987). An attempt has been made in Table Il to indicate the nature of some of the
enzymes reported. Lignin is known (Kirk & Farrell, 1987) to contain many ester
linkages and thus reports of its general degradation without further elaboration of the
process has been classified (probably incorrectly) under this heading in the fifth column
of Table 1. In the sixth column of this Table we have accepted author’s designations
of “laccase” though in most cases this has been used as a general handle and has not
been restricted to the copper containing proteins (Vanngard 1972; Vares et al., 1992).
Finally, reported isolations of lignin peroxidases are given in the seventh column of
Table 1l together with an indication of the presence of manganese peroxidases where
this has been reported. Some of these manganese peroxidases require hydrogen
peroxide and others are inhibited by phenylalanine (Akmanatsa & Shimada, 1996)

Colored or potentially colored metabolites of the fungi of wood
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A walk through the Northern hemisphere woods in the fall reveals to the naturalist
many colored fungi growing on trees, fallen logs and on the forest floor where, to the
knowledgeable, their substrate is the woody roots of trees. Some of these plants have
been used for the extraction of dyestuffs for wool and silk for millenniums (Caneparius,
1619), on the other hand the deterioration and disfigurement of wood by fungi has also
been common knowledge. Some aspects ofthe latter have been reviewed and attention
is drawn to the report of a symposium on sapstain (Wingfield et al., 1993). Here we
are concerned with the ecology of these fungal metabolic products and details of their
physiology with respect to their woody substrates. Our interest is not only with their
role in the disfigurement of wood but also, speculatively, with their potential part in its
durability and its beauty in the hands of a cabinet maker.

An attempt has been made in Table IV to summarize the data on which this section
is based. Column 1 of Table IV is a list of 111 fungal genera that have been reported
to produce metabolites that are colored or may be converted into colored entities by
simple chemical transformations. These genera are assembled from 1394 culture
specimens representing 605 species in the collections DAOM, FTK, VKM, ATCC, NOF
and FSC. The script used in the first column of Table IV indicates the woody substrate
on which the culture specimens were found as follows: italics indicate occurrence on
both trees and wood products; lower case indicates presence only ontrees and capitals
isolations only from wood products. In the second column of Table IV are the number
of cultures of different species (given in parenthesis) of the genera in column 1 found
in the collections.

Column 3 of Table IV is an attempt to indicate the number of metabolites reported
to have growth inhibitory properties, for each genus in column 1. The total number
(2561) is approximate because it does not include congeners nor, reports we have
missed. In the fourth column are given the number of recorded metabolites that are
colored or potentially colored (see below) produced by species of the genus indicated.
In addition 27 genera are included in Table IV that have been reported to produce
colored metabolites, where the producing isolate has only been identified to the genus
level. They are included because we believe there is a possibility that the producing
fungus is identical to one isolated from wood. Only 3 genera (Bjerkandera,
Cylindrocarpon and Scopulariopsis) comprising 6 species and producing 3 metabolites
were isolated from wood and identified to the genus level.

The fifth column of Table IV is an attempt to summarize the complex chemistry of
this group of metabolites, by indicating in roman numerals their structures (given in the
text) or molecular formulae where these have been properly established in a chemical
sense; the supporting data is to be found in the references given in column 6.

As mentioned above, the dyestuffs produced by some of the fungi in Table IV have
been known and used for a long time but details of their chemistry became apparent
only in the late nineteenth century when Stahlschmidt (1877) published his work on
polyporic acid (Fig 1, I, R=R’=C H,), and Thorner (1878) on atromentin (I, R=R'=4-
HOCH,) their structures being confirmed by synthesis many years later

(Kogl, 1926; Brewer et al., 1977). These 2,5-dihydroxybenzoquinones are often
isolated as such from the plant tissues (Brewer et al., 1968) but it seems likely that the
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hY R H,0H CO.H
H 0 ; N NH
RCHAEZS—CHR — a2 é{ﬁ i
OH 0 o
Rl

[ll. hyalodendrin 1

R=(.H,R'=OH 11, cinnabarinic acid

Fig1  Routes of formation of 2,5-dihydroxy-1,4-benzoquinones.

colors exhibited by the fungi are due to adsorption of their reduced (1,2,4,5-
tetrahydroxy) forms by e.g. proteins close to the surface of the plant and subsequent
aerial oxidation in the classical vat-dying process. Important evidence that this is the
case has been reported by Steglich and his co-workers (Holzapfel et al., 1989) who have
shown that little atromentin (Fig 1, |, R=R’=4-C_H,OH) occurs as such in Paxillus
atromentosus, but is present therein as its reduced form possibly stabilized by
esterification with 4,5-epoxy-A’-hexenoic acid. These reduced metabolites have
similar biological activity to their quinonoid congeners (Brewer et al., 1984). Similarly
the “blueing” of fungal tissue when damaged and thus exposed to air may be regarded
as evidence for the existence of leuco forms (Beaumont et al., 1968). Another mode
of formation of these quinones from phenoxazines e.g. Il (Fig 1) has been reported by -
Gripenberg (1958). These dihydroxybenzoquinones are often accompanied by other
pigments closely related to them by oxidation, (Brewer et al., 1968; Taylor & Walter,
1978) and/or dehydration or trivial elaborations (e.g. VII). Examples of oxidative
change are atromentic acid (IV, R=H; Singh & Anchel, 1971; Bresinsky et al., 1974)
and its hydroxylated congener variegatic acid (Fig 2, IV, R=OH; Beaumont et al., 1968;
Basinsky & Bachmann, 1971).

The, af( lerighin plgments (V, Gripenberg, 1R65) and such metabollﬁt:s of Paxillus

9) are elaboratio®bfithis molecular

H

V. atromentic acid, R=H V, xylerithrin, W
variegatic acid, R=OH Y =R'=Cll,, R"=4-HOCH, V1, illudin M

ni n,
=CeHs, R'=R"=4-HOCJH,

J
: bﬁ mo—(j
0
H
0 OH

VII. cycloleucomelon, ' VIII, panepoxidon XXVII, chaloxone
R=4-OHCH,, R'=OH .

Fig2  Metabolites structurally related to 2,5-dihydroxy-1,4-benzoquinones.
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theme; and, possibly illudin M (VI, Morisaki et al., 1985) and panepoxidon (VIII, Kis
etal., 1970). Thereexistexamples of 2,3-dihydroxybenzoquinones - auantiogliocladin
(Vischer, 1963) thoughtto be 2,3-dimethoxy-5,6-dimethylbenzoquinone produced by
a Gliocladium sp. and spiromentins from Paxillus spp. (Best et al., 1989).

Among biosynthetic studies of these compounds the most familiar to us is that of
cochliodinol (I, R=R’=5-prenylindolyl-3). It has been shown (Taylor & Walter 1978)
to be derived from two mols of tryptophan and all the carbon atoms of the amino acid
side chain are incorporated into the benzoquinone ring. Since the oxygenated carbon
atoms of this ring are equally labelled it follows that the dimerization of an intermediate
occurs but the nature of the monomer and the reaction mechanism remain unknown.
Speculatively such a monomer could be generated from a related
epidithiodioxopiperazine e.g. hyalodendrin (lll, Strunz et al., 1973) by a mechanism
such as that shown (Fig 1). A similar dimerization occurs in the related sporidesmin
series giving rise to an indigo derivative (Hodges et al., 1963). Indigo is a known
metabolite of the wood rotting fungus Schizophyllum commune (Miles et al., 1956).
Two other potential quinones (IX & X) containing disulfide bridges and probably derived
from amino acids (Fig 3) have been described (Baute et al., 1978; Howell & Stipanovic,
1983), the former is produced by Epicoccum nigram which also produces the
hydroquinone flavipin (Fig 8, XXV, Raistrick & Rudman, 1956).

OH OMe
e
HN
b H &‘%NMC
S H,OH
. . (0]
1X. epicorazin X, gliovirin X1, gliotoxin

Fig3  Epidithiodioxopiperazine metabolites of fungi isolated from wood.

A number of colorless metabolites, notincluded in Table IV are, nevertheless relevant
to this discussion because they are related to shikimic acid, itself the progenitor of the
amino acid precursors of the vat dyestuffs discussed in the preceding paragraphs. These
compounds have been isolated from Chalaria spp. whose substrates were both wood
products and the woody limbs of trees. Fex and his coworkers (Fex, 1981; Fex &
Wickberg, 1981; Fex et al, 1981) have isolated 3,4-anhydroshikimic acid and
chaloxone (Fig 2, XXVIII), both are clearly related to the dihydroxybenzoquinones.
Ceratenolone (Fig 8, XXIX, Ayer et al., 1987) not surprisingly produces a blue color on
reaction with ferric ion and is thought to be involved in sapstain of wood. The role of
such chelators may, however be important in fungal degradation of wood and a review
of this subject has recently been published (Goodell et al., 1997).

Another group of pigmented metabolites, that may be biosynthesized by polyketide
intermediates are anthraquinones (Fig 4) such as emodin (1,3,8-trihydroxy-6-
methylanthraquinone, Ayer et al., 1983) and more elaborate derivatives e.g. averufin
(XIl, Pusey & Roberts, 1963). Hydroxylated naphthoquinone metabolites of these fungi
are also common e.g. javanicin (Xlll, Arnstein & Cook 1947), many congeners e.g.
herbarin (Nagarajan et al., 1971) and hydrogenated derivatives such as scytalone (Fig
8, XXVII, Aldridge et al,, 1974). Naphthoquinone fungal metabolites have been
reviewed (Medentsev & Akimenko 1998).
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There are also complex assemblies of quinonoid metabolites such as the calphostins
(Fig4, XVI, lida et al., 1989) and the related altertoxins (XVII, Stinson et al., 1982; Hradil

XII. averufin XIII, javanicin

OH O

O‘ HE{.OR
O“ H;ill:.OR HO

OH ©
XV. vindin XVI, calphostins XVILI, altertoxin

Fig4  Quinonoid metabolites of wood fungi.

et al., 1989), herqueinone (XIV, Quick et al., 1980) and viridin (XV, Grove et al., 1965,
1966)

Apart from viridin many of these are compounds are biosynthesized by a polyketide
pathway (Aldridge et al., 1974) and hence are related to fatty acids, but other relatives
of these acids are possibly of greater interest in connection with the pigmentation of
wood and its properties. These relatives are acetylenic in nature and the simplest of
these is hexa-1,3,5-tryne (Glen et al., 1966). This compound is, however, only one of
a large number of relatives that have been extensively studied by Jones and his
colleagues (e.g. Gardner et al., 1960; Farrell et al., 1987) who have shown them to be
metabolites of many of the genera in Table | e.g. Merulius, Pleurotus, Polyporus,
Tricholoma and Leptoporus. Many of these compounds are derivatives of nona-2-en-
4,6,8-triyne indicated as R(C=C),H schematically in Table 1V; all are unstable and in
most cases carbon is one of their decomposition products. As far as we know the
allotropic form of this carbon has not been investigated, but in view of the known
strength of some of the carbon tubular allotrophs (Goroff. 1996; Terrones et al., 1995)
it is intriguing to speculate that some of the tensile strength of wood may be due in part
to such embedded entities. Although the details of the nature of the products of the
reactions of these polyacetylenes remain obscure there are a group of metabolites of
Stereum spp. that might be derived from them e.g. frustulosin (Fig 6, XVIIl, R=CHO),
siccayne (XVIII, R=H) and nitidon (LXXXVII).

There are a number of colorless coumarins and related compounds that have been
included in Table IV because of their ability to form colored oxonium salts by the well
known process e.g. Fig 5 (Bayer & Kneifel, 1972).

Examples among the 2H-pyrones are altenuisol (Fig 6, XIX) and its congeners,
produced by Alternaria spp. (Bottini et al., 1981; Nakajima et al., 1976; Pero et al.,
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XX, nigerone

Fig5  Formation of oxonium salts from substituted y-pyrones.

1973; Visconti et al.,, 1989) and among the 4-H pyrones may be mentioned the
nigerones (Fig 5, Gorst-Allman & Steyn, 1980), eugenitin (XX; X=Me, Y=Me, Coombie
et al., 1972), lateropyrone (XXla, Bushnell et al., 1984), chloromonocillin and its
analogues (XXII, Sassa et al., 1983, 1985) and mycoxanthone (LX, Assanti et al., 1979;
Ayer et al., 1989).

One further group of metabolites are of interest. These are isocyanides and include
the yellow-orange xanthocillins (LXXXVI, Itoh et al. 1990) andthe cyclopentylisocyanides

H 2
0 OH H
R X
wol )2
Y
. MeC OH
XVII. frustulosin, R=CHO XX, altenuisol XXI, eugenitin, X=Me, Y=OMe

siccayne, R=H

lateropyrone,

X—Y= -cozgﬂéuom

XXII. chloromonocillin XXIII, sterigmatocystin XXIV, dermadin,
X=-0OCOCH=or R=CO,H
X==C(OH)-CH= -

Fig 6  Miscellaneous colored or potentially colored metabolites of fungi commonly
isolated from wood.

such as dermadin (XXIV, R=CO,H, Brewer et al., 1982). About 14 of these metabolites
have now been characterized (Boyd etal., 1991; Leeetal., 1997) buta number of others
are produced by the mould. All are colorless butall polymerize inthe presence of traces
of nickelous ion to brown or black polymers by the sequence (Fig 7, Nolte et al., 1973):

Since the demonstration of the presence of Trichodermasspp. in thin sections of wood
(Dinulescu, 1979) it is possible that the pigmentation of wood by this type of
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Ni® N |—
v K Y
yellow black

Fig 7  Polymerization of isocyanides in the presence of nickelous ion.

polymerization occurs. Thus wood may be disfigured by this process, but alternatively,
the beautiful brown or even purple coloration of hardwoods may arise in this manner.
Acidic isocyanides (e.g. XXIV, R=CO,H, Fig 6) may also polymerize by the Ugi four
component condensation (Ugi, 1982) i.e.

(C=N-X-CO, NH,"), + RCOR’ - C=N-X-CO{NH.C(RR)CO} NH-X-CO,NH, -

Polypeptides of this type are common metabolites of Trichoderma spp. and many of
the genera given in Table IV (Shaw & Taylor 1986). They require an insoluble
polysaccharide in the media used for their production (Brewer et al., 1987). Hencethis
type of polymerization may occur in situ in wood and because of the growth inhibiting
properties of these peptides (Jen et al., 1987) might be amechanism to ensure resistance
to microbial pathogens. Similar mechanisms have been suggested (Schulz et al., 1995)
for the action of antifungal metabolites of Pezicula spp.
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Table IV Colored metabolites of fungi isolated from wood and/or trees.

Fungal genus’ Number of: Metabolite(s)* References®
mycotox spp. on
Isolates? entries mycotox®
Acremonium 3(3) 12 24 I, R=Me, Divekar et al., 1959
R’=(l, R=Me)
lolitrems Gallagher et al., 1985;
XXXI Teshima et al., 1991
AGARICUS 1(1) 23 1 XXX Levenberg, 1964
Agrocybe 1(1) 7 14 XXX, R=H Ohenoja et al., 1987
Albatrellus 3(2 3 14 I, R=4-HOC,H, Besl etal., 1989
Alternaria 12(3) 107 2 XVII, XIX Pero et al., 1973;
altertoxins cf  Stinson et al., 1982;
XVi Hradil et al., 1989
Amanita 303) 31 34 XXXIV Bayer & Kneifel, 1972
ANTHRACOPHYLLUM 1 (1) 3 14 Vil Jagers et al., 1987
Anthrodia 27(7) 1 1 R(C=C),H Barley et al., 1987
APHANOCLADIUM 2(1) 1 14 I, R=Me, Haessler et al., 1983
R’=(l, R=Me)
Armillaria 38(2) 16 1 abieticacids  Ayer & Macaulay, 1987
Aspergillus 8(8) 392 8 XEXIXX XX 1,2,3,4
XXX XXXV 56,7
emodin
Aureobasidium 15(1) 3 1 depsipeptides  Takesako et al., 1991
Bjerkandera 102 1 1 XXXVI de Jong et al., 1992
Botrytis 2(1) 16 1 XXXV Fehlhaber et al., 1974
Byssochlamys 3(2 8 2 XXXV Baldwin et al., 1965
Cephalosporium 1(1) 27 1 cfIX Tertzakian et al., 1964
Ceratocystis 25(13) 15 5 XXIX Ayer et al., 1987
Hanssen & Abraham,
1988
Chaetomium 8 (6) 59 2 1, R=5-prenyl-  Jerram et al., 1975
indolyl-3
CHRYSOSPORIUM 1(1) 6. 1 XXXIX Tsipouris et al., 1990
Cladosporium 9 (6) 15 2 XXX Grove, 1972; lida et al.,
1989
CLAVICORONA 1(1) 1 1 XL Erkel et al., 1991
CONIOTHRYRIUM 1(1) 1 14 XLl Krohn et al., 1992
Coriolus 363 5 1 Wada et al., 1975
CRUCIBULUM 1(1) 1 14 XL Yoshida et al., 1990
Cryptosporiopsis 1(1) 2 14 Benzetal., 1974
Cyathus 1618 17 2 XLy Ayer & Paice, 1976;
Avyer et al., 1984
Cylindrocarpon 303) 7 14 Xvill Coombie et al., 1972
Cylindrocladium 3(2) 7 1 XLV Tanabe & Urano, 1983
Cytospora 3(2) 1 14 XLVI Ronald & Gurusiddaiah,
1980
DENDRYPHIELLA 1(1) 5 1 XLV Guerriero et al., 1988
EMERICELLOPSIS 1(1) 9 1 penicillins Cole & Rolinson, 1961
ENDOTHIA 1(1) 1 1 C.,H,O Boller et al., 1957

13" 1475
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Flammulina
Fomes

Fusarium

Ganoderma

Gliocladium

Gloeophyllum
Graphium
Gremmeniella
Gymnopilus
Hericium
Heterobasidion

HUMICOLA
HYALODENDRON

Hygrophoropsis

HYPHOLOMA
Hypoxylon

Inonotus

Irpex

Junghuhnia
Lachnellula
Laurilia
LECYTHOPHORA
Lentinellus

1986

Lentinus

Leptographium

Leptosphaeria

Merulius

Monilia

Monilinia

8(3)
73017)

13(5)

23010

6 (3)

17 (3)
2(2)
37 (1)
3(2
27 (6)
3(1)

2(2)
1(1)

1(1)

1(1)
20(15)

39(12)
11(2)
7(2)
2(2)
5(1)
1(1)
5(3)

11 (5)

5(2)

2(2)

13 (8)

1(1)

3(2)
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X

19' 123045
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C,sH,,N,0,Na

19° "19
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R'=0H
IV, R=OH

L

LIv
serpenone’
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cf. L7

Lvi
LXXXVII
Lvii

Lvin
C,H,,0,,5SNa
LIX

5919
R(C=C),H
LX

LXXXVI

XVIll, R=H
R(C=C),H
LXI

4-
hydroxybenzald
-ehyde & others
XX

Yamamoto & lkegawa,
1978

Glen et al., 1966;
Donnelly et al., 1980 ?
Bushnell et al., 1984;
Gelderblom et al, 1984;

Arnstein & Cook, 1947
Nishitoba et al., 1986;
1989

Leigh & Taylor, 1976;
Howell & Stipanovic,
1983

Packter & Steward, 1967
Nakajima et al., 1976
Sassa et al., 1970

Ayer et al., 1986

Heim et al., 1960
Kawagish et al., 1993 .
Sonnenbichler et al.,
1983

Nishikawa et al., 1991
Strunz et al., 1973

Beaumont et al., 1968;
Bresinsky & Bachmann,
1971

Backens et al., 1984
Beno & Christoph, 1976;
Anderson et al., 1982;
Borgschalte et al., 1991
Kahlos, 1986

Hayashi et al., 1981
Gehrt et al., 1998

Ayer & Villar, 1985
Arnone et al., 1992
Ayer & Kawahara, 1995
Hanssen & Abraham,

Abraham et al., 1988;
Ahmed et al., 1978;
Yasumoto et al., 1971
Ayer et al., 1989;
Abraham et al., 1986;
Assante et al., 1979
Itoh et al., 1990;

White et al.,

1989

Gardner et al., 1960;
Giannetti et al., 1986
Arinbasarov et al., 1988

Sassa et al., 1983;
idem 1985
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Monocillium
MORTIERELLA
Mucor

Mycena
Naematoloma

Nectria

OMPHALOTUS

2(1)
2(2)
3(3)
3(3)
303)
19(13)

1(1)

Opbhiostoma (= Ceratocystis)

Oudemansiella
Paecilomyces

Panellus
Panus
Paxillus

Penicillium

Peniophora

Perenniporia
Pestalotia
Pezicula

Phellinus
Phialophora

Phlebia
Phoma

Phomopsis
PHYSARUM
Pleurotus
Polyporus
Poria

Potebniamyces
Rhizoctonia
Rosellinia
Schizophyllum
Scytalidium

Serpula
Sporothrix

Stachybotrys

Stemphyllum
Stereum

3(3)
5(3)

6(3)
3(2)
5(3)

3331

92 (35)

19 (5)
1(1)
1(1)

53(18)
33(13)

18 (13)
3(3)

6(3)
1(1)
30010
87 (53)
116 (37)

2(2)
1(1)
303
6(1)
13 (5)

12(3)
2(2)
2(2)

1(1)
3307
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X
XX

CH,
LXHI

Lin

fasciculol cfL
|, R=Me

LXIV

IV, R=H, VI

XLII, oudenone

LXV

LXVI

LXVII

Vil

I, R=4-HOC H,

Pusey & Roberts, 1963;
Bullock et al., 1962
Takahashi, 1961

Lynch & Harper, 1974
Hantzel et al., 1990
Backens et al., 1984;
Takahashi et al., 1987
Ayer & Shewchuk 1986;
Aldridge et al., 1972
Singh & Anchel, 1971;
Bresinsky et al., 1974;
Morisaki et al., 1985

Anka et al., 1979;
Umezawa et al. 1985
Sumiki et al., 1959;
Fields et al., 1996
Nakamura et al., 1988
Kis et al., 1970
Brewer et al., 1977;
Holzapfel et al., 1989

emodin XIV LXX 8 910
LXVIILXIX LXXI 111213

I
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LXXII
LIV, R=C,H,
LXXI (+)LXXIV

heptanones’
XXVII -LXXIV

LXI

CISH“O'M
LXXV

LIV, R=C,H,
LXXVI
R(C=C),H
ergosterols cf L
R(C=Q),H

LXXVII
LXXVII

LIV, R=C,H,
indigo
XXV

R(C=C),H
Cy;H,,05

cf XXV

LXXIX
C,;H,,0,’
XVill, R=CHO
LXXXVI

Gripenberg, 1958;
Gripenberg &
Martikkala, 1970
Kida et al., 1986
Burres et al., 1992
Schulz et al., 1995
Stillwell et al., 1969
Serck-Hanssen &
Wikstrém, 1978
Aldridge et al., 1974
Lousberg et al., 1976
Quack et al., 1978
Jones et al., 1992;
Sugano et al., 1991
lzawa et al., 1989
Steffan et al., 1987
Gardner et al., 1960
Valisolalao et al., 1983
Gardner et al., 1960;
Cambie et al., 1963
Poulton et al., 1979
D’Silva & Herrett, 1971
Kimura et al., 1989
Miles et al., 1956
Aldridge et al., 1974;
Geigert et al., 1975
Farrell et al., 1987
Nakanishi et al., 1989
Eppley et al., 1977;
El-Kady et al., 1988
Sassa et al., 1988
Orr, 1979

Xie et al., 1992
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Suillus 3(3) 6 1 I, R=H, Beaumont & Edwards,
1969
R'=(C,H,,) Jagers et al., 1986
Talaromyces 6 (5) 12 2 emodin Tatsuno et al., 1975;
skyrin=diemodin Bachmann et al., 1979
Thielavia 2(2) 1 1 LXXXVIII Rothstein et al., 1998
TORULA 1(1) 1 1 LXXX Kadkol et al., 1971
Trametes 29(16) 3 2 n Gripenberg, 1958
Trichoderma 600190 117 9 I, R=R'=H XI XV 1415 16
XX XXIV,R=CO,H 17 18 19 20
LXXXILXXXI 21
Trichothecium 1(1) 7 1 LXXXIHI LXH Springer et al., 1984
Ulocladium 3(3) 3 1 C,H,,0,= Sviridov et al., 1991
ulocladols A & B
Verticicladiella 7 (6) 3 1" Xl Ayer et al., 1983
Verticillium 6(2) 38 2 Ayer & McCaskill, 1981
VIRGARIA 1(1) 2 1 LXXXIV Ando et al., 1988
Xylaria 7(6) 6 1 LXXXV Gunawun et al., 1990
ZALERION 3(M 3 1 ergosterol Block et al., 1973;

Kirk & Catalfomo, 1970

' Fungal substrates are indicated thus: names in italics are from from the woody parts of trees and from wood
of undefined botanical origin; those in upper & lower case are from trees only and those in capitals are from
wood products only (at least as far as the collection data is concerned).

2 “Isolates” refers to the number of specimens kept in the culture collection; numbers in parentheses are the
number of species of this genus held in the collections.

> Numbers of species in the collections of the genus also found in the mycotox file.

* Indicates no congruence of species in the mycotox file with species in the collections, but fungi classified
only to the genus level in the mycotox file are found fully classified in the collections. These genera are
included because of the possibility of identity at the species level.

5 Roman numerals refer to structural formulae in the text.

¢ References to metabolites of Aspergillus, Penicillium & Trichoderma as follows:

1 Pusey & Roberts, 1963 8 Tatsuno et al., 1975 15 Kamal et al., 1971

2 Asao et al., 1963 9 Coleetal., 1983 16 Bertina, 1987

3 Burkhardt & Forgacs, 1968 10 Mohammed & Luckner, 1963 17 Andrade et al., 1992
4 Slater et al., 1967 11 Sakabe et al., 1977 18 Dickinson et al., 1989
5 Yuetal.,, 1967 12 Quick et al., 1980 19 Claydon et al., 1991

6 Gorst-Allman & Steyn, 1980 13 Natsume et al., 1985 20 Grove et al., 1966

7 Leigh & Taylor, 1976 14 Taylor, 1986 21 Shirota et al., 1997

7 Structure given in paper title.

The preservation of wood -

In view of the durability of wood it might seem superfluous to review anthropomor-
phic attempts to improve its longevity. It has been known for centuries that wood kept
dry and well-ventilated will not deteriorate. Nevertheless, wood is biologically
unstable and this has been recognized, for example, by the preservation of pilings with
bitumen, the hardening of beech with boiled linseed oil and even the use of cationic
detergents (Zabielska-Matijuk et al., 1995). Our purpose in this review is not with
preservation of this sort, but rather with the possibility of understanding and thus
enhancing the mechanisms whereby wood achieves its stability. This understanding
will be dependent on the biochemistry described in the two preceding sections.
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XXV, flavipin XXVI, trichothecine
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XXX, cladosporin=asperentin

XXIX. ceratenolone

Fig8  Further characteristic metabolites of fungi isolated from wood.

Fifty years ago (Brian, 1944) it was thought that fungal metabolites that had marked
antifungal and antibacterial action in vitro, such as gliotoxin (Fig 3, XI) and the
trichothecins (Fig 8, XXVI) might be used as preservatives but this idea was abandoned
because of the cost of these metabolites. However in the last decade or so,
opportunities of evading such restrictions have emerged. We propose to review these
possibilities critically in the following sections. They stem from an increasing
appreciation of the lichenous nature of vascular plants (e.g. Ogawa & Kanada, 1984),
an improved understanding of the endomycorrhizal populations of trees and some
success in manipulating the genome of plants to increase their resistance to pathogens
(e.g. Thomas & Kenerley, 1989). Additionally the long known fungistasis of soil
(Lingappa & Lockwood, 1961) may be pertinent to this discussion because the growth
of soil fungal populations are controlled by mechanisms that may be similar to those
affecting the mycobiont populations of trees.

Fungi reported to be effective biocontrol agents

Table V Fungi used as agents to potentially control invasion of trees and wood products by
pathogenic fungi

Growth Growth Host Possible References
controlling inhibited Plant metabolite
fungus organism
Athelia Venturia Malus sp. Miedtke & Kennel 1990
bombacina inaequalis
Cerrena Rigidoporus Hevea Sudirman et al., 1992
meyenii lignosus brasiliensis
Cheatomium Venturia Malussp  chetomin  Cullen & Andrews 1984
globosum inaequalis

- Pythium ultimum Walther & Gindrat 1988
Cladosporium Perenospora Nigam & Rai 1988
cladosporioides arborescens
Fusarium Paxillus Farquhar & Peterson,
oxysporum involutus 1990
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Geophyllum
striatum

Gliocladium roseum

Gliocladium virens

Gliocladium virens

Lecythophora
hoffmannii
Lentinus
squarrosulus
Nectria inventa
Paecilomyces
lilacinas
Phaeotheca
dimorphospora

Pythium
oligandrum

Scytalidium

album

Sporormiella
similis
Trichoderma
hamatum

Trichoderma
harzianum

MCAFEE and TAYLOR

Rigidoporus
lignosus
Alternaria
alternata
Verticillium
dahliae
Ceratocystis

sp.

Botrytis cinerea
Corticum rolfsii
Phellinus weirii

Pythium ultimum
Gloeophyllum
trabeumn

Irpex lacteus
Neolentinus
lepideus

Phebia brevispora
Postia placenta

Trametes versicolor

Ophiostoma
crassivaginatum
Rigidoporus
lignosus

Alternaria alternata

Aspergillus
flavus
Armillaria sp.
Heterobasidion
annosum
Nectria
galligena
Ophiostoma
ulmi

Pythium sp.
Fomes annosus

Macrophomina
phaseolina
Ophiostoma
piliferum
Corticum

rolfsii

Pythium ultimum
Trichoderma
pseudokoningii
Fomes annosus

Fusarium
oxysporum
Lentinus edodes
Macrophomina
phaseolina

Hevea
brasiliensis

Tsuga sp.,
& Abies sp.

Pseudotsuga
sp.
Xi
Acer sp. &
Pinus sp.
- X

Populus

tremuloides
Hevea
brasiliensis

Ulmus sp.

Picea abies

Vigna
mungo
Populus
tremuloides

tiglic acid

Pisum sp.

Picea abies

Pseudotsuga
menziesii

Citrullus sp.

Sudirman et al., 1992
Turham 1993

Keinath et al., 1991
McAfee & Gignac 1997

Phillips 1986
Artigues & Davet 1984
Nelson et al., 1987

Roberts & Lumsden 1990
Highley et al , 1997
Highley, 1997

Highley, 1997

Chakravarty &
Hiratsuka, 1994
Sudirman et al., 1992

Turham 1993
Will et al., 1994

Yang et al., 1993
Yang et al., 1993

Yang et al., 1993
Yang et al., 1993

Foley & Deacon 1986
Walther & Gindrat 1987
Lundberg & Unestam
1980

Shahzad et al., 1991

Chakravarty et al., 1994
Artigues & Davet 1984

Reyes & Dirks 1985
Vajna 1985

Lundberg & Unestam
1980
Mousseaux et al., 1998

Tokimoto 1982
Elad et al., 1986



Trichoderma
citrinoviride

Trichodema viride

Trichoderma viride

Trichoderma sp.

Verticillium
dahliae

Zygorhynchus
moelleri
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Phellinus noxius
P. weirii

Armillaria
ostoyae
Armillaria
mellea
Armillaria
ostoyae

Armillariella mellea

Crinipellis
perniciosa
Fomes annosus
Fusarium
oxysporum
Laccaria
bicolor
Phellinus
weirii
Ustulina
deusta
Anthrodia
carbonica
Corticum rolfsii
Ganoderma
boninense
G. phillippi
Panellus
stypticus
Phomopsis
sclertioides
Postia
placenta
Rigidoporus
lignosus
Rosellinia
necatrix
Ophiostoma
ulmi
Fusarium
oxysporum
Armillaria
ostoyae

Pseudotsuga
menziesii
Pinus sp.

Betula
verrucosa

Theobroma
cacao

Picea
mariana

Fagus
sylvatica

Pseudotsgua
menziesii

Amygdalus
communis
Ulmus
capinifola
Indole-3
ethanol '
Betula
verrucosa
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Tong-Kwee & Keng 1990
Nelson et al., 1987
Goldfarb et al., 1989
Reaves et al., 1990
Dubos et al., 1978
Kwasna, 1996

Dubos et al., 1978
Bastas 1988

Sierota, 1977

Reyes 1984

Cherif & Benhamon 1990
Summerbell 1987
Nelson & Thies 1986
Mercer & Kirk 1984
Highley & Richard 1988

Naito & Obara 1985
Tong-Kwee & Keng 1990

Tong-Kwee & Keng 1990
Bemudes et al., 1991

Vanachter et al., 1988
Dawson-Andoh & Morrell
1991

Tong-Kwee & Keng 1990
Freeman et al., 1986
Scheffer 1990

Brown & Hamilton 1992

Kwasna, 1996

Table V is an attempt to summarize work on the use of fungi given in column 1 to
retard the growth of other fungi (column 2) commonly found on wood and trees (Table
). This substrate (phycobiont) is given, when reported, in the third column of Table V.

The criteria of selection of entries in Table V are that the agent potentially exerting
control and the parasite affected should be fungi and that one or other or both should
have been reported as mycobionts of trees. Twenty three species of fungi and one
classified only to the genus level are given in column 1 of Table V. These organisms
have been reported to control the growth of one or more of the 39 species or genera
give in column 2 of the Table. Thirty two (82%) of the latter are inhibited by



196 MCcAFEE and TAYLOR

anamorphic manifestations of the Hypocreaceae. This predominance may reflect a
characteristic function of this group of fungi, but it is also possible that they are merely
conceived to be the easiest to study ! Recently a treatise (Kubicek and Harman, 1998)
on some aspects of the biology of the Trichoderma and Gliocladium genera has ben
published. Volume 2 of this treatise (Hjeljord and Tronso, 1998) emphasizes the
scientific underpinning of biocontrol technology by investigations such as those
described in the preceding sections of this review. The treatise contains a summary of
the excellent Israeli studies of the ultrastructure of the changes that occur during
mycoparasitism and also of the biochemical mechanisms that induce lysis of the host
(pathogenic to the plant) fungus (Chet et al., 1998). The antibiosis aspect of
mycoparasitism is less adequately treated.

A good deal of work has been done on methods of establishing the biocontrol agent
in the host (Lundberg & Unestam, 1980; Garbaye & Bowen, 1989). and in particular
the formulation of the agent. Several papers have appeared reporting the merits of
associating the potentially controlling fungus, in aliginate pellets (Lewis & Papavizas,
1985; Lumsden et al., 1992), bran matrices Lewis & Papavizas, 1987; Roiger & Jeffers
1991), bark (Nelson & Hoittink, 1983) and a variety of other better characterized
polysaccharides (Lewis et al., 1996; Mihuta-Grimm & Rowe, 1986; Rodeia, 1994).
Related to this work is the known proportional increase of activity with the chitin
content of the cell wall of the plant pathogen (Lorito et al., 1993). The role of insects
has been investigated, particularly in connection with black stain disease (Ophiostoma
minus, Leptographium wingfieldii & Ceratocystis piceae) where a vehicle of fungal
dissemination is thought to be the beetles (Hylastes macer, Goheen & Cobb, 1978;
Xyloterus lineatus, Babuder & Pohleven, 1997), though by contrast bees (Rubus idaeus,
Apis mellifera) have been used as carriers of Gliocladium roseum in biocontrol
experiments (Peng et al., 1992; Yu, 1996). Associated with many of these techniques
is the question of rhizosphere competence (Thuy, 1991)i.e. the ability of the biocontrol
agent to survive in the root ecosystem.

Possibly related to the problem of establishing mycocontrol agents is the use of the
reported synergism of the Endogonaceae with Trichoderma spp. (Calvet et al., 1992;
Koehl & Schoesser, 1989; Rousseau et al., 1996) and with Aspergillus niger (Mcallister
et al., 1995). It has been reported (Poulin et al., 1993; Harrison & Dixon, 1993) that
flavanoid metabolites, commonly produced by the fungi in Table | (Hemingway et al.,
1977; Ayer et al., 1987) stimulate the formation of endomycorrhiza by e.g. Glomus spp.
but this observation has been disputed (Becard et al., 1995).

Potential hazards of biocontrol

The deliberate introduction of a fungus into the tree ecosystem with the object of
controlling manifestation of part of that system is a procedure that can be justified only
on the basis of much experimental knowledge. It is very difficult to forecast the
chemical and biological properties of the metabolites produced by any particularisolate
grownon anill-defined medium. A greatdeal of work has been done inthe last 60 years
onthe use of Gliocladium virens (Table V) as a control organism (Weindling, 1932) and
the mechanism of its inhibitory action has been studied (e.g. Jones & Hancock, 1988;
Ridout & Lumsden, 1993; Wilhite & Straney, 1996). Initially, gliotoxin (Fig 3, XI) was
considered to be the agent responsible for biocontrol but a belated review of the
literature led to the suggestion of other possibilities e.g. viridin (Fig. 4, XV) and gliovirin
(Fig 3, X). Another proposed control agent, Stachybotrys cylindrospora, which
produces trichothecins (e.g. XXVI, Fig 7) is thoughtto inhibit stain formation in Populus
spp. (Hiratsuka et al., 1994).
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All of this work rests on the belief that antimicrobial activity at low concentration in
vitro is a realistic measure of the effectiveness of the biocontrol agent in vivo;
experimental confirmation in trees is unproven and is, necessarily a long term
undertaking. Even when and if a biocontrol agent is proved to be effective in the field,
other possible disadvantages of the agent need to be considered. Many of the potential
biocontrol agents in Table V are known to produce toxic volatile metabolites (Hanssen
& Abraham, 1986, 1988; Gopinath & Shetty, 1988; Dean et al., 1989). These
metabolites include cladosporin (Fig 8, XXX, Grove, 1972), the C, isocyanides e.g.
XXIV, R=H, Fig 6, of Trichoderma spp. (Fujiwara et al., 1982; Boyd et al., 1991) and
the possibly related avenaneol (Nair et al., 1982). Such volatile metabolites are a
potential hazard to those exposed to wood during manufacture and later in the use of
the products made with it (Hendry & Cole, 1993; Larsen et al., 1998). The hazard is,
however, not confined to volatile toxins for exposure to sawdust has been reported to
induce toxicosis (Simeray et al., 1997).

Discussion

The organisms tabulated in Table | cannot be regarded as a characteristic sample of
the Northerntemperate forest because it is obvious from Table Il that they have not been
isolated from areas selected at random. In addition the fungi represent only those
organisms that have proved capable of laboratory cultivation. Possibly a better sample
would have been obtained had the extensive herbarium holdings of the collections
been included. Forthese reasons cluster analysis of the data in Table | was not justified.
Despite these reservations the diversity and richness of this fraction of the forest fungal
population isimpressive and it represents years of enthusiastic collections by dedicated
mycologists on the look-out for new and interesting specimens. lts extension probably
depends on continuing documentation by students of forest ecology.

There is a growing appreciation of the possibility of using a biological process to
achieve purification of cellulose from wood, one attraction being the conversion of
lignin into readily digested fodder. Some work on the use of Phanerochaete spp. for
this purpose has been reported though in our opinion greater value may be obtained
by designing the digestion to produce, in addition, valuable metabolites e.g. dyestuffs.
The known production of benz-1,4-dione from lignin by these organisms is perhaps
grounds for optimism. Nevertheless, there is a need for careful study of the action of
well defined enzymes in the conversion of lignin to useful products that will enhance
the profitability of the forest products industry.

There are a number of other highly colored metabolites produced by tree fungi that
are not part of the collections used in this review e.g. Piptoporus australiensis which
produces a group of 18-methyl-19-oxoeicosahexaenoic acids (Gill, 1982).

The prospects for selecting endomycobionts to protect trees and lumber from
degradation is at once attractive but also fraught with undesirable consequences if
pursued on an inadequate knowledge base. For example current beliefs in efficacy of
antimicrobial agents depends on concentrations in solution, but in trees a peptaibol
adsorbed on a cellulose fiber presents a local massive concentration gradient,
dependent perhaps on the cellulose behaving as a template during its biosynthesis
(Brewer et al., 1987). Such speculation has some support in the enhanced efficacy of
biocontrol agents in an insoluble polysaccharide matrix (see above p 25). The study
of such kinetic controlsis of outstanding botanical interest and, we hope that this review
will stimulate interest in this and related topics.



198 MCcAFEE and TAYLOR

Acknowledgements

We thank Dr. R. Sutcliffe for initiating this review and for stimulating discussions.
The help of many Librarians is gratefully recognized.

References

Abbot, T.P. and Wicklow, D.T. 1984 Degradation of lignin by Cyathus species. Appl. Environ. Microbiol., 47:
585-587.

Abraham, W.R., Ernst, L., Witte, L., Hanssen, H.P. and Sprecher, E. 1986. New trans-fused africanols from
Leptographium lundbergii. Tetrahedron, 42: 4475-4480.

Abraham, W.R., Hanssen, H.P. and Mbhringer, C. 1988 Novel sesquiterpene ethers from liquid cultures of the
wood rotting fungus Lentinus lepideus. Z. Naturforsch., 43C: 24-28.

Ahmed, M., Keeping, ).W., Macrides, T.A. and Thaller, V. 1978 Natural acetylenes. Part 54. Polyacetylenes
from fungal cultures of some Tricholomataceae and Cortinaceae species. J. Chem. Soc. (Perkin Trans. I),
1487-1489.

Akmanatsa, Y. and Shimada, M. 1996 Suppressive effect of L-phenylalanine on manganese peroxidase in the
white rot fungus Phanerochaete chrysosporum. FEMS Microbiol. Letters, 145: 83-86. .

Aldridge, D.C., Borrow, A., Foster, R.G., Large, M.S., Spencer, H. and Turner, W.B. 1972 Metabolites of a
Nectria coccinea. ). Chem. Soc. (Perkin Trans. ), 2136-2141.

Aldridge, D.C., Davies, A.B., Malcolm, R.). and Turner, W.B. 1974. Pentaketide metabolites of the fungus
Phialophora lagerbergii. J. Chem. Soc. (Perkin Trans. ), 1540-1541.

Ander, P. and Eriksson, K-E., 1976 The importance of phenol oxidase activity in lignin degradation by the white
rot fungus Sporotrichum pulverulentum. Arch. Microbiol., 109: 1-8.

Anderson, ).R., Edwards, R.L. and Whalley, A.).S. 1982 Metabolites of the higher fungi. Part 19. Serpenone,
3-methoxy-4-methyl-5-prop-1-enylfuran-2(5H)-one, a new y-butyrolactone from the fungus Hypoxylon
serpens (Barron’s strain) (Persoon ex Fries) Kickx. J. Chem. Soc. (Perkin Trans. ), 215-221.

Ando, T., Nishikawa, M., Tsurumi, Y., Yoshida, K., Uchida, . and Kosaka, M. 1988 Blood platelet aggregation
inhibitor and antihypertansive compound FR-900478 and its derivatives andtheir fermentative and chemical
manufacture. Chem. Abs., 111: 172444,

Andrade, R., Ayer, W.A. and Mebe, P.P. 1992 The metabolites of Trichoderma longibrachiatum. Part 1.
Isolation of the metabolites and the structure of trichodimerol. Can. J. Chem., 70: 2526-2535.

Anka, T., Hecht, )., Schramm, G., and Steglich, W. 1979 Antibiotics from Basidiomycetes. IX. Oudemansin
an antifungal antibiotic from Oudemensiella mucida (Schrader ex Fr.) Hoehnel (Agaricales). J. Antibiot., 32:
112-117; 36: 661-666.

Arinbasarov, M.U., Murygina, V.P., Gerasimova, N.M. and Kozlovski, A.G. 1988 Growth regulating
metabolites of the fungus Monilia species. Chem. Abs., 110: 72246; 111: 132598.

Arnone, A., Nasini, G., de Pava, O.V. and Assante, G. 1992 Secondary mold metabolites. Part 36. Isolation
and structure elucidation of sulcatines C-E, novel sesquiterpenes from Laurila sulcata, and 7-episulcatine D.
J. Chem. Soc. (Perkin Trans ), 615-620; Phytochem., 31: 2047.

Arnstein, H.R.V. and Cook, A.H. 1947 Production of antibiotics by fungi. Part lll. Javanicin an antibacterial
pigment from Fusarium javanicum. J. Chem. Soc., 1021-1028.

Artigues, M. and Davet, P. 1984 Comparison of the parasitic abilities of clones of Trichodermatowards several
sclerotial fungi. Soil Biol. Biochem., 16: 413-418.

Asao, T., Biichi, G., Ardel-Kadar, M.M., Chang, S.B., Wick, E.L. and Wogan, G.N. 1963 Aflatoxins B and G.
J. Am. Chem. Soc., 85: 1706-1707.

Aso, T.and Oda, Y. 1996 Laccase production. Shin Tanpakushitsu Oyo Kogaku, Ed.Hatano, M. Fuiji, Tekuno
Shisutemu, Tokyo, pp. 636-640; Chem. Abs., 128: 12577.

Assante, G., Camarda, L., Merlini, L. and Nasini, G. 1979 Mycochromone and mycoxanthone, two new
metabolites from Mycosphaerella rosigena. Phytochem., 18: 311-313.

Ayer, W.A., Browne, L.M. and Lin, G. 1989. Metabolites of Leptographium wageneri, the causative agent of
black stain root disease of conifers. J. Nat. Prod., 52: 119-129.

Ayer, W.A., Browne, L.M. and Lovell S.H. 1983. Biologically active phenolic metabolites of a Verticicladiella
species. Phytochem., 22: 2267-2271.

Ayer, W.A., Flanagan, R.). and Reffstrup, T. 1984 Metabolites of bird’s nest fungi 19. New triterpenoid acids
from Cyathus striatus and Cyathus pygmaeus. Tetrahedron, 40: 2069-2082.

Ayer, W.A., Hoyano, Y., Pedras, M.S. and van Altena, I. 1986 Metabolites produced by the Scleroderris canker
fungus Gremmeniella abietina. Part 1. Can. J. Chem., 64:1585-1589; Part 2. The structure of scleroderolide.
ibid. 65: 748-753.



WOOD FUNGI 199

Ayer, W.A. and Kawahara, N. 1995 Lecythophorin a potent inhibitor of blue-stain fungi from Hyphomycetous
fungus Lecythophora hoffmannii. Tetrahedron Letters, 7953-7956.

Ayer, W.A. and Macaulay, ).B. 1987 Metabolites of the honey mushroom Armillaria mellea. Can. ). Chem.,
65: 7-14.

Ayer, W.A. and McCaskill R.H. 1981 The cybrodins a new class of sesquiterpenes. Can. J. Chem., 59: 2150-
2158.

Ayer, W.A. and Paice, M.G. 1976 Metabolites of bird’s nest fungi. Part 4. The isolation and structure of cybullol
a metabolite of Cyathus bulleri Brodie. Can. J. Chem., 54: 910-916.

Ayer, W.A., Pedras, M.S. and Ward, D.E. 1987. The chemistry of the blue-stain fungi. Part 3. Some metabolites
of Ceratocystis minor (Hedgcock) Hunt. Can. J. Chem., 65: 765-769.

Ayer, W.A. and Shewchuk. L.M. 1986 Metabolites of Nectria fuckeliana. J. Nat. Prod., 49: 947-948.

Ayer, W.A. and Villar, J.D.F. 1985 Metabolites of Lachnellula fuscosanguinea. Part 1. The isolation, structure
determination and synthesis of lachnelluloic acid. Can. J. Chem., 63: 1161-1165; ibid. 66: 506-512.
Babuder, G. and Pohleven, F. 1997 Some characteristics of fungi found in the tunnels of the striped bark beetle
Xyloterus lineatus Ol. (Col., Scolytidae). Acta Biologica Slovenica, 41: 5-12; Biol. Abst. 105: 252751.
Bachmann, M., Liithy, ). and Schlatter, C. 1979 Toxicity and mutagenicity of molds of the Aspergillus glaucus
group: identification of physcion and three related anthroquinones as main toxic constituents from

Aspergillus chevaliari. J. ag. Food Chem., 27: 1342-1347; ibid, 30: 304-307.

Backens, S., Steffen, B., Steglich, W., Zechlin, L. and Anke, T. 1984 Antibiotika aus Basidiomyveten. XIX.
Naematolin und Nematolon zwei Caryophyllan-Derivate aus Kulturen von Hyphaloma Arten (Agricales).
Annalen, 1332-1342.

Bahkali, A.H. 1989 Comparative studies on cellulolytic activities of species of Verticillium. Phyton (Argentina)
50: 25-30; Biol. Abs. 90: 44106.

Baldwin, ).E., Barton, D.H.R. and Sutherland, ).K. 1965 The nonadrides. Part IV. The constitution and
stereochemistry of byssoclamic acid. J. Chem. Soc., 1787-1798.

Barley, G.C., Graf, U., Higham, C.A., Jarrah, M.Y., Jones, E.R.H., O’Neill, 1., Tachikawa, R., Thaller, V.,
Turner, L. and Hodge, A.V. 1987 Natural acetylenes. Part 61. Fungal polyacetylenes and the crepenynate
pathway: the biosynthesis of some C,-C,, polyacetylenes in fungal cultures. J. Chem. Res., 232-233.

Bastas. C.N. 1988 Preliminary results on the efficiency of Trichoderma viride on the biological control of witches
broom disease (Crinipellis perniciosa) of cocoa. Fitepathol. Brasil, 13: 340-342; Biol. Abs., 88: 66465.

Baute, M., Deffieux, G., Baute, R. and Neven, A. 1978 New antibiotics from the fungus Epicoccum nigram.
I. Fermentation, isolation and antibacterial properties. J. Antibiot. 31: 1099-1101; ibid. 1102-1105.

Bayer, E. and Kneifel, H 1972 Isolation of amavadin, a vanadium compound occurring in Amanita muscaria.
Z. Naturforsch., 27B: 207.

Beaumont, P.C. and Edwards, R.L. 1969 Constituents of the higher fungi. Part IX Bovinone, 2,5-dihydroxy-3-
geranyl-geranyl-1,4-benzoquinone from Boletus (Suillus) bovinus (Linn. ex Fr.) Kuntze. J. Chem. Soc. (C),
2398-2403.

Beaumont, P.C., Edwards, R.L. and Elsworthy, G.C. 1968 Constituents of the higher fungi. Part VIII. The blueing
of Boletus species, variegatic acid, a hydroxytetronic acid from Boletus species and a reassessment of the
structure of Boletal. J. Chem. Soc. (C), 2968-2974.

Becard, G., Taylor, L.P., Donds, D.D., Pfeffer, P.E. and Doner, L.W. 1995 Flavanoids are not necessary plant
signal compounds in arbuscular mycorrhizal symbioses. Molecular Plant/Microbe Interactions8: 252-258;
Biol. Abs., 100: 29153..

Bemudes, D., Boras, M.E. and Eaken, K.H.N. 1991 In vitro antagonism of bioluminescent fungi by Trichoderma
harzianum. Mycopathologia, 45: 19-30.

Beno, M.A. and Christoph, G.G. 1976 X-ray crystal structure of cytochalasin H a potent new [11]cytochalasin
toxin. Chem. Commun., 344-345.

Benz, F., Kniisel, F., Niiesch, )., Treicher, H., Voser, W., Nyfeler, R. and Keller-Schierlein, W. 1974
Stoffwechselprodukte von Mikroorganismen. 143. Echinocandin B ein neuartiges Polypeptide-Antibioticum
aus Aspergillus nidulans var. echinulatus: isolierung und Bausteine. Helv. Chim. Acta, 57: 2459-2477.

Bertina, V. 1987 Isolation of anthraquinone secondary metabolites from Trichoderma viride. Czech C5245159;
Chem. Abs., 110: 152783.

Besl, H., Bresinsky, A., Geigenmiiller, G., Herrmenn, R., Kilpert, C. and Steglich, W. 1989 Flavomentine und
Spiromentine, neue Terphenylchinon-derivativ aus Paxillus atromentosus and P. panuoides (Boletales).
Annalen., 803-810.

Biely, P. and Tenkanen, M. 1998 Enzymology of hemicellulose degradation. In Trichoderma and Gliocladium,
Volume 2. Eds. Harman, G.E. and Kubicek, C.P., Taylor & Francis, London, pp. 25-48.

Binz, T. and Canevascini, G. 1996 Xylanases from the Dutch elm disease pathogens Ophiostoma ulmi and
Ophiostoma novoulmi. Physiol. and Molecular Plant Pathol., 49: 159-175; Biol. Abs., 103: 43561.

Blaich, R. and Esser, K. 1975 Function of enzymes in wood destroying fungi. Il. Multiple forms of laccase in
white rot fungi. Arch. Microbiol., 103: 271-277.



200 MCcAFEE and TAYLOR

Blanchette, R.A. and Reid, I.D. 1986 Ultrastructural aspects of wood delignification by Phlebia (Merulius)
tremellosus. Appl. Environ. Microbiol., 52: 239-245; ibid., 50: 133-139.

Block, ).H., Catalformo, P., Constantine, G.H. and Kirk, P.W. 1973 Triglyceride fatty acids of selected higher
marine fungi. Mycologia, 65: 488-491.

Boller, A., Giiumann, E., Hardegger, E., Kugler, F., Naef-Roth, St. and Rosher, M. 1957 Welkstoffe und
Antibiotika. 18. Diaporthin ein Welketoxin aus Kuturen von Endothia parasitica (Murr.) Amd. Helv. Chim.
Acta, 40: 875-880.

Borgschalte, K., Rebuffat, S., Trowitzsch-Kienast, W., Schonburg, D., Pinon, ). and Bodo, B. 1991 Isolation
and structural elucidation of hymatoxins B-E and other phytotoxins from Hypoxylon mammatum, fungal
pathogen of Leuco poplars. Tetrahedron, 47: 8351-8360.

Bottini, A.T., Bowen ).R. and Gilchrist D.G. 1981. Phytotoxins. Il. Characterization of a phytotoxic fraction from
Alternaria alternata f. sp. lycopersici. Tetrahedron Letters, 22: 2723-2726.

Boyd, R.K., McAlees, A.)., Taylor, A. and Walter, ).A. 1991 Isolation of new isocyanide metabolites of
Trichoderma hamatumas their (n°-pentamethyl-cyclopentadienyl)- or (h*-ethyltetramethyl-cyclopentadienyl)-
di-u-thiocyanate-rhodium complexes. J. Chem. Soc. Perkin Trans. I, 1461-1465.

Bresinsky, A., Besl, H. and Steglich, W. 1974 Gyroporin und Atromentinsdure aus Laccinum auranticum
Kulturen. Phytochem., 13: 271-272.

Bresinsky, A. and Bachmann, R. 1971 Bildung von Pulvinsiure derivaten durch Hygrophoropsis aurantica
(Paxillaceae - Boletales) in vitro. Z. Naturforsch., 26B: 1086-1087.

Brewer, D., Feicht, A., Taylor, A., Keeping, ).W., Taha, A.A. and Thaller, V. 1982 Ovine ill-thrift in Nova Scotia.
9. Production of experimental quantities of isocyanide metabolites of Trichoderma hamatum. Can. ).
Microbiol., 28: 1252-1260.

Brewer, D., Jen, W.-C., Jones, G.A. and Taylor, A. 1984 The antibacterial activity of some naturally occurring
2,5-dihydroxy-1,4-benzoquinones. Can. J. Microbiol., 30: 1068-1072.

Brewer, D., Jerram, W.A. and Taylor, A. 1968 The production of cochliodinol and a related metabolite by
Chaetomium species. Can. J. Microbiol., 14: 861-866.

Brewer, D., Maass, W.5.G. and Taylor, A. 1977 The effect on fungal growth of some 2,5-dihydroxy-1,4-
benzoquinones. Can. J. Microbiol., 23: 845-851.

Brewer, D., Mason, F.G. and Taylor, A. 1987 The production of alamethicin by Trichoderma spp. Can. /.
Microbiol., 33: 619-625.

Brewer, D., Schwartzentruber, K. and Taylor, A. 1989 Assembly and utilization of a database of fungal cultures
held in Canadian collections. Proc. N.S. Inst. Sci., 39: 79-98.

Brewer, D., Taylor, A. and Evans, A. 1978 A mechanical search and retrieval system for mycotoxins. Proc. N.S.
Inst. Sci., 28: 163-169.

Brian, P.W. 1944 Production of gliotoxin by Trichoderma viride. Nature (Lond.), 154: 667.

Brown, A.E. and Hamilton, ).T.G. 1992 Indole-3-ethanol produced by Zygorhynchus moelleri, an indole-3-
acetic acid analogue with antifungal activity. Mycol. Res., 96: 71-74.

Brunner, F. and Petrini, O. 1992 Taxonomy of some Xylaria species and xylanaceous endophytes by isoenzyme
electrophoresis. Mycol. Res., 96: 723-733.

Bullock, E., Roberts, ).C. and Underwood, ).C. 1962 Studies in mycological chemistry. Part XI. The structure
of isosterigmatocystin and an amended structure for sterigmatocystin. J. Chem. Soc. 4179-4183.

Burkhardt, H.). and Forgacs, ). 1968 O-Methylsterigmatocystin, a new metabolite from Aspergillus flavus Link
ex Fries. Tetrahedron, 24: 717-720 .

Burres, N.S., Premachandran, U., Humphrey, P.E., Jackson, M. and Chen, R.H. 1992 A new immunosuppres-
sive cytochalasin isolated from a Pestalotia sp. J. Antibiot., 45: 1367-1369.

Bushnell, G.W., Li, Y-L. and Poulton, G.A. 1984 Pyrones. X. Lateropyrone, a new antibiotic from the fungus
Fusarium lateritum Nees. Can. ). Chem., 62: 2101-2106.

Calvet, C., Barea, ).M. and Pert, J. 1992 In vitro interactions between the vesicular-arbuscular mycorrhizal
fungus Glomus mosseae and some saprophytic fungi isolated from organic substrates. Soil Biol. Biochem.,
24: 775-780.

Cambie, R.C., Gardner, ).W., Jones, E.R.H., Lowe, G. and Read, G. 1963 Chemistry of the higher fungi. Part
XIV. Polyacetylene metabolites of Poria sinuosa Fr. ). Chem. Soc., 2056-2064.

Caneparius, P.M. 1619 de Atramentis cuius-cunque generis Deuchinum. Venice, pp. 196-199 (a copy of this
book is available in the British Library).

Canevascini, G., Frachebond, D. and Meier, H. 1983 Fractionation, and identification of cellulases and other
extracellular enzymes produced by Sporotrichium thermophile during growth on cellulose or cellobiose.
Can. J. Microbiol., 29: 1071-1080.

Carder, ).H. 1989 Distinctions between cellulase isoenzyme patterns of five plant pathogenic Verticillium spp.
Mycol. Res., 92: 297-301.

Chakravarty, P. and Hiratsuka, Y. 1994 Evaluation of Lecythophora hoffmannii as a potential biological control
agent against a blue stain fungus on Populus tremuloides. Z. Pflanzen. Pflanzenschutz, 101: 74-79.



WOOD FUNGI 201

Chakravarty, P., Trifonov, L., Hutchison, L.J., Hiratsuka, Y. and Ayer, W.A. 1994 Role of Sporormiella similis
as a potential bioprotectant of Populus tremuloides wood against the blue-stain fungus Ophiostoma
piliferum. Can. J. For. Res. 24: 2235-2239.

Cherif, M. and Benhamon, M. 1990 Cytochemical aspects of chitin breakdown due to the parasitic action of
Trichoderma species on Fusarium oxysporum f. sp. lycopersici. Phytopathol., 80: 1406-1414,

Chet, 1., Benhamou, N. and Haran, S. 1998 Mycoparasitism and lytic enzymes. In Trichoderma and
Gliocladium, Volume 2. Eds. Harman, G.E. and Kubicek, C.P., Taylor & Francis, London, pp. 153-172.

Chrapkowska, K. 1980 Application of the cellulases of the fungus Armiariella mellea for isolation of aleuronic
layer from rye grain bran. Bull. Acad. Pol. Sci. (ser. Sci. Biol.) 27: 795-802; Biol. Abs. 71: 41163;79: 89812.

Christakopoulos, P., Nerinckx, W., Kekos, D., Makris, B. and Claeyssens, M. 1996 Purification and
characterization of two low molecular weight alkaline xylanases from Fusarium oxysporum F3. |.
Biotechnol., 51: 181-189.

Clarke, R.). and Yaguchi, M. 1986 Difference spectrophotometric study of cellulase from Schizophylum
commune with substrate and inhbibitors. Biochem. Biophys. Acta, 870: 401-407.

Claydon, N., Hanson, ).A., Truneh, A. and Avent, A.G. 1991 Harzianolide a butenolide metabolite from
cultures of Trichoderma harzianum. Phytochem., 30: 3802-3803. ’

Cole, M. and Rolinson, G.N. 1961 6-Aminopenicillanic acid. Il. Formation of 6-aminpenicillanic acid by
Emericellopsis minima (Stolk) and related fungi. Proc. Royal Soc., 154B: 490-497.

ColeR.)., Dorner, J.W., Cox, R.H. and Raymond, L.W. 1983 Two classes of alkaloid mycotoxins produced by
Penicillium crustosum Thom isolated from contaminated beer. J. agric. Food Chem., 31: 655-657.

Coombie, R.G., Lowe, H.I.C. and Watson, T.R. 1972 Fungal metabolites. I. Chromone and naphthoquinone
metabolites from a Cylindrocarpon species (CMI 127996). Aus. J. Chem., 25: 875-879.

Cullen, D. and Andrews, ).H. 1984 Evidence for the role of antibiosis in the antagonism of Chaetomium
globosum to the apple scab pathogen Venturia inaequalis. Can. J. Bot., 62: 1819-1823; ibid. 1814-1818.

Dahm, H., Strzekzyk, E. and Mjewska, L. 1987 Cellulolytic and proteolytic activity of mycorrhizal fungi,
bacteria and actinomycetes associated with the roots of Pinus sylvestris. Pedobiologia, 30: 73-80; Biol. Abs.
84:72154.

Danilyak, N.I. and Katson, V.A. 1987 Effect of pH on the activity and stability of extracellular cellulases in
Coriolus hirsutus (Fr.) Quel. Mikrobiol. Zh., 49: 40-44.

Danylyak, M.I. 1980a Exocellulase kinetics in culture of the fungus Laetiporus sulphureus. Ukraine Bot. Zh.,
37: 65-69; Biol. Abs..73: 27628.

Danylyak, M.l. 1980b Effects of pH and temperature on the cellulase activity of an extracellular enzyme
preparation isolated from Pleurotus ostreatus K-69. Mikrobiol. Zh., 42: 185-190.

Dawson-Andoh, B.E. and Morrell, ).). 1991 Screening of Trichodermaisolates as potential bioprotectors against
Postia placenta in Douglas fir heartwood. Mater. Org., 26: 241-246; Biol. Abs.,94: 112784.

Dean, ).F.D., Gamble, H.R., and Anderson, ).D. 1989 The ethylene biosynthesis inducing xylanase: its
induction in Trichoderma viride and certain plant pathogens. Phytopathol., 79: 1071-1078.

Dickinson, ).M., Hanson, ).R., Hitchcock, P.B. and Claydon, N. 1989 Structure and biosynthesis of
harzianopyridone an antifungal metabolite of Trichoderma harzianum. J. Chem. Soc. (Perkin Trans. ), 1885-
1887.

Ding, Zuolofg and Gai, Hui 1997 Relationship between lignin peroxidase activity of Phanerochaete
chrysosporium and pH value. Yingyong Shengtai Xuebao, 8: 527-530; Chem. Abs. 128: 268095.

Dinulescu, M. 1979 Mechanisms of action of micromycetes on wood. Chem. Abs., 90: 100276.

Divekar, P.V., Haskins, R.H. and Vining, L.C. 1959 Oosporein from an Acremonium sp. Can. J. Chem., 37:
2097-2099.

Donnelly, D.M.X., O'Reilly, )., Chiaroni, A. and Polansky, J..1980 Crystal structure and absolute configuration
of a new sesquiterpenoid metabolite of Fomes annosus, 7a,8p,11-trihydroxydrimane. J. Chem. Soc. (Perkin
Trans. ), 2196-2199.

Dubos, B., Guillaumin, ).). and Schubert, M. 1978 Action of Trichoderma viride Pers. caused by different
organic substrates on initiation and growth of Armillariella mellea (Vahl.) Karst. rhizomorphs in two different
soils. Ann. Phytopathol., 10: 187-196.

Dwivedi, A., Mal, P. and Sharma, K.D. 1988 Effect of carbon sources on cellulase production by Trichoderma
harzianum strains. Rev. Roumania Biochem., 25: 9-14.

Eghbadtalab, M., Debaud, ). and Bruchet, G. 1976. In vitro study of pectinolytic and cellulolytic activity of
Fomes annosus and Rosellinia quercina. Bull. Mens. Linn. Lyon, 45: 85-90.

Elad, Y., Zviel, Y. and Chet, I. 1986 Biological control of Macrophomina phaseolina by Trichoderma
harzianum. Biol. Abs., 85: 51264.

Elisahvilli, V.T. 1993 Biosynthesis and properties of cellulases and xylanases of higher Basidiomycetes. Appl.
Biochem. and Microbiol., 29: 257-266; Translation of Prikl. Biokim. Mikrobiol., 29: 340-353; Chem.
Abs.,119: 245031,

El-Kady, l.A., Moubasher, A.H. and El-Maraghy, S.5.M. 1988 Zearalenone produced by several genera of fungi
other than Fusarium. Egypt ). Bot., 31: 99-108.



202 MCcAFEE and TAYLOR

Eppley, R.M., Mazzola, E.P., Highet, A.). and Bailey, W.). 1977. Structure of Satratoxin H, a metabolite of
Stachybotrys atra: application of proton and carbon-13 nuclear magnetic resonance. /. Org. Chem., 42: 240-
243,

Eriksson, K-L. and Goodell, E.W. 1974 Pleiotropic mutants of the wood-rotting fungus Polyporus adustus lacking
cellulase, mannase and xylanase. Can. J. Microbiol., 20: 371-378.

Erkel, G., Anke, T., Gimenez, A. and Steglich, W. 1991 Antibiotics from Basidiomycetes. XLI. Clavicoronic acid
a novel inhibitor of reverse transcriptases from Clavicorona pyxidata (Pers. ex Fr.) Doty. J. Antibiot., 45: 29-
37.

Farquhar, M.L. and Peterson, R.L. 1990 Induction of protoplast formation in the ectomycorrhizal fungus Paxillus
involutus by the root rot pathogen Fusarium oxysporum. New Phytol., 116: 107-113.

Farrell, 1.W., Higham, C.A., Jones, E.R.H. and Thaller, V. 1987 Natural acetylenes. Part 62. Fungal
polyacetylenes and the crepenynate pathway: experiments relevant to the biogenesis of the acetylenic bond.
J. Chem. Res., Synop. 234-235.

Fehlhaber, H., Geipel, R., Mercker, H., Tschesche, R. and Welmar, K. 1974 Botrydial, ein Sesquiterpen-
Antibiotikum aus der Nihrlésung des Pilzes Botrytis cinerea. Chem. Ber., 107: 1720-1730.

Fex, T. 1981. Structures of cytochalasin K, L and M, isolated from Chalara microspora. Tetrahedron Letters,
22: 2703-2706.

Fex, T., Trofast, ). and Wickberg, B. 1981 Structure and synthesis of the ester of 3,4-anhydroshikimic acid
isolated from a Chalaria species. Acta Chem. Scand., 35B: 91-95.

Fex, T., and Wickberg, B. 1981. Structure of chaloxone, isolated from a Chalara sp. Acta Chem. Scand., 35B:
97-98.

Fields, 5.C., Mireles-Lo, L. and Gerwick, B.C. 1996 Hydroxycomexistin: a new phytotoxin from Paecilomyces
varioti. J. Nat. Prod., 59: 698-700.

Fofana, A., Louanchi, M., Robin, P., Balesdent,M. and Despreaux, D. 1992 Interspecific variation in soluble
protein and isoenzyme pattern in Rigidoporus lignotus, the causative agent of white rot disease in Hevea
brasiliensis. Biol. Abs. 97: 96169.

Foley, M.F. and Deacon, ).W. 1986 Susceptibility of Pythium spp. and other fungi to antagonism by the
mycoparasite Pythium oligandrum. Soil Biol. Biochem., 18: 91-96.

Forbes, R.S. and Dickinson, C.H. 1977 Effects of temperature, pH and nitrogen on cellulolytic activity of
Fusarium avenaceum. Trans. Brit. Mycol. Soc., 68: 229-235.

Freeman, S., Szteinberg, A. and Chet, I. 1986 Evaluation of Trichoderma as a biocontrol agent for Rosellinia
necatrix. Plant Soil, 94: 163-170.

Fujiwara, A., Okuda, T., Masuda, S., Shiomi, Y., Magamoto, C., Sekine, Y., Tazoe, M. and Fujiwara, M. 1982
Fermentation isolation and characterization of isonitrile antibiotics. Agric. Biol. Chem., 46: 1803-1809.

Fyudaraw, N.I. and Marshchakina, T.M. 1981 Activity of some Phellinus pini and Phellinus pini var. abietus
enzymes. Biol. Abs., 74: 78429.

Garbaye, ). and Bowen, G.D. 1989 Stimulation of ectomycorrhizal infection of Pinus radiata by some
micodrganisms associated with the mantle of ectomycorrhizas. New Phytol., 112: 383-388.

Gallagher, R.T., Hawkes, A.D. and Stewart, .M. 1985 Rapid determination of the neurotoxin lolitrem B in
perennial rye-grass by high performance liquid chromatography with fluorescent detection. J. Chromatog.,
321: 217-226.

Gardner, ).W., Jones, E.R.H., Leeming, P.R. and Stephenson, ).S. 1960 Chemistry of the higher fungi. Part X.
Further polyacetylenic derivatives of decane from various Basidiomycetes. J. Chem. Soc., 691-697.

Garrett, 5.D. 1974 Cellulose decomposition and saprophytic survival by Phialophora radicicola. Trans. Brit.
Mycol. Soc., 62: 622-625.

Gayazov, R. and Rodakiewicz-Nowak, J. 1996 Semi-continuous production of laccase by Phlebia radiata in
different culture media. Folia Mikrobiol., 41: 480-484; ibid, 489.

Gehrt, A., Erkel, G., Anke, T. and Sterner, O. 1998 Nitidon, a new bioactive metabolite from the basidiomycete
Junghuhnia nitida. Z. Naturforsch., 53C: 89-92.

Geigert, )., Stermitz, F.R. and Schroeder, H.A. 1975 Two new natural substituted hexenphenones from the
fungus Scytalidium. Tetrahedron, 29: 2343-2345.

Gelderblom, W.C.A., Marasas, W.F.O., Steyn, P.S., Thiel, P.G., van der Merwe, K.)., van Rooyen, P.H.,
Vleggaar, R. and Wessels, P.L. 1984 Structure elucidation of Fusarin C produced by Fusarium moniliforme.
Chem. Commun., 122-124.

Ghewande, M.P. and Despande, K.B. 1976 Studies on some properties of intracellular cellulase of
Helminthosporium apatarne. Marathwada University J. Sci., 15: 95-99; Biol. Abs. 64: 29253.

Giannetti, B.M., Steffan, B., Steglich, W., Quack, W. and Anke, T. 1986 Antibiotics from Basidiomycetes. Part
23. Merulidial an isolactarane derivative from Merulius tremellosus. Tetrahedron, 42: 3579-3586.

Gill, M. 1982 Polyolefinic 18-methyl-19-oxoicosenoic acid pigments from the fungus Piptoporus australiensis
(Wakefield) Cunningham. J. Chem. Soc. (Perkin Trans. ), 1449-1453.

Ginterova, A.A., Janotkova, O. and Findova, L. 1981 Effect of cultivation conditions on cellulase activity of
higher fungi. Folia Microbiol., 26: 133-136.



WOOD FUNGI 203

Ginterova, A.A., Janotkova, O., Zemek, )., Augustin, ). and Kuniak, L. 1980 Cellulase activity of higher fungi.
Folia Microbiol., 25: 318-323.

Girardin, M. and Metche, M. 1979 2,5,7-trihydroxy-1,4-naphthoquinone produced by a strain of Aspergillus
niger van Thiegen. Bull. Ec. Natl. Super. Agron. Ind. Aliment., 21: 3-8; Chem. Abs., 93: 3514.

Glen, A.T., Hutchinson, S.A. and McCorkindale, N.). 1966 Hexa-1,3,5-tryne, a metabolite of Fomes annosus.
Tetrahedron Letters, 4223-4225.

Goheen, D.). and Cobb, F.W. 1978 Occurrence of Verticicladiella wagenerii and its perfect state Ceratocystis
wagenerii sp. nov. in insect galleries. Phytopathol., 68: 1192-1195.

Goldfarb, B., Nelson, E.E. and Hansen, E.M. 1989 Trichoderma species: growth rates and antagonism to
Phellinus weirii in vitro. Mycologia, 81: 375-381.

Goodell, B., Jellison, J., Liu, ). Daniel, G., Paszcyznski, A., Fekete, F., Krishnamurthy, S., Jun, L. and Xu, G.
1997 Low molecular weight chelators and phenolic compounds isolated from wood decay fungi and their
role in the biodegradation of wood. J. Biotechnol., 53: 133-162.

Goroff, N.S. 1996 Mechanism of fullerene formation. Acc. Chem. Res., 29: 77-83,

Gopinath, A. and Shetty, H.S. 1988 Role of volatile metabolites produced by seed-borne fungi of sorghum on
the growth of Fusarium moniliforme. Biol. Abs. 86: 52361.

Gorst-Allman, C.P. and Steyn, P.S. 1980. Structural elucidation of the nigerones, four new naphthopyrones from
cultures of Aspergillus niger. ). Chem. Soc. (Perkin Trans. ), 2474-2479.

Gramss, G. 1997 Activity of oxidative enzymes in fungal mycelia from grassland and forest soils. J. Basic
Microbiol., 37(6), 407-423; Chem. Abs. 128: 86255.

Gripenberg, J. 1958 Fungus pigments VII. The structure of cinnabarin and cinnabarinic acid. Acta Chem.
Scand., 12: 603-610.

Gripenberg, ). 1965 Fungus pigments XVI. The pigments of Peniophora sabguinea. Acta Chem. Scand., 19:
2242-2243; ibid 2246.

Gripenberg, ). and Martikkala, )., 1970 Fungus pigments XX. On the structure of peniophorin, one of the
pigments produced by Peniophora sabguinea Bres. Acta Chem. Scand., 24: 3444-3447; ibid 3449-3454.

Grove, ).F. 1972 New metabolic products of Aspergillus flavus. Part . Asperentin, its methyl ethers and 5'-
hydroxyasperentin. J. Chem. Soc. (Perkin Trans. 1), 2400-2406.

Grove, ).F., McCloskey, P. and Moffat, ).S. 1966 Viridin. Part V. Structure. J. Chem. Soc. (C), 743-747.

Grove, ).F., Moffat, ).S. and Vischer, E.B. 1965 Viridin. Part . Isolation and characterization. J. Chem. Soc.
(O, 3803-3811.

Guerriero, A., D’Ambrosio, M., Cuoma, V., Vanzanella, F. and Pietra, F. 1988 Dendriphiellin A, the first fungal
trinor-eremophilane, isolation from marine Deuteromycete, Dendryphiella salina(Sutherland) Pugh et Nicot.
Helv. Chim. Acta, 71: 57-61.

Gunawaun, S., Steffan, B. and Steglich, W. 1990 Xylaral ein Hydroxyphthalid-Derivat aus Fruchtkérpern von
Xylaria polymorpha (Ascomycetes). Annalen, 825-827.

Haessler, G., Schubert, B. and Fritsche, W. 1983 Microbial production of oosporein and its iron (1l1) complex.
Ger (East) DD 224048; Chem. Abs. 104: 67500.

Haider, K. and Trajanowski, ). 1980 A comparison of the degradation of '*C-labelled DHP and cork-stalk lignins
by micro and macro-fungi and bacteria. In Lignin biodegradation: microbial chemistry and potential
applications. Vol 1, Eds. Kids, T.K., Higuchi, T and Chang, H., CRC Press, Florida

Hanson, L.C. and Wells, K. 1991 Characterization of three Tremellaspecies by isoenzyme analysis. Mycologia,
83: 446-454.

Hanssen, H.P. and Abraham, W.R. 1986 Volatiles from liquid cultures of Lentinellus cochleatus(Basidiomycetina).
Z. Naturforsch., 41C: 959-962.

Hanssen, H.P. and Abraham, W.R. 1988 Sesquiterpene alcohols with novel skeletons from the fungus
Ceratocystis piceae (Ascomycotina). Tetrahedron, 44: 2175-2180.

Hantzel, R., Anke, H. and Sheldrick, W.S. 1990 Mycenon, a new metabolite from Mycena sp. TAB7202
(Basidiomycetes) as an inhibitor of isocitrate lyase. J. Antibiot., 43: 1240-1244.

Harrison, M.). and Dixon, R.A. 1993 Isoflavanoid accumulation and expression of defense gene transcripts
during the establishment of vesicular-arbuscular mycorrhizal association in roots of Medicago truncatala.
Molecular Plant/Microbe Interactions, 6; 643-654; Biol. Abs., 97: 50480.

Hasija, $.K. and Agarwal, H.C. 1977 Production of cellulolytic enzyme by two isolates of Trichothecium
roseum. Acta Bot. Indica, 5: 164-168; Biol. Abs. 65: 72982.

Hayashi, M., Wada, K. and Munakata, K. 1981 New nematocidal metabolite from a fungus Irpex lacteus. Agric.
Biol. Chem., 45: 1527-1529.

Heim, R., Hofmann, A., Brack, A., Kobel, H. and Cailleux, R. 1960 Psilocybin and psilocin. Ger. 1087321;
Chem. Abs., 55: 27768h.

Hemingway, R.W., McGraw. G.W. and Barras, §.). 1977. Polyphenols in Ceratocystis minor infected Pinus
taeda: fungal metabolites, phloem and xylem phenols. J. agric. Food Chem., 25: 717-722.

Hendry, K.M. and Cole, E.C. 1993 A review of mycotoxins in indoor air. /. Toxicol. Environ. Health, 38: 183-
198.



204 MCcAFEE and TAYLOR

Highley, T.L. 1997 Control of wood decay by Trichoderma (Gliocladium) virens. |. Antagonistic properties.
Mater. Organ., 31: 79-89.

Highley, T.L., Padmanabha, H.S.A. and Howell, C.R. 1997 Control of wood decay by Trichoderma(Gliocladium)
virens. |l. Antibiosis. Mater. Organ., 31: 157-166.

Highley, T.L. and Richard, J. 1988 Antagonism of Gliocladium and Trichoderma against wood decay fungi.
Mater. Organ., 23: 157-170.

Hiratsuka, Y., Chakravarty, P., Miao, S. and Ayer W.A. 1994. Potential for biological protection agamst blue
stain in Populus tremuloides with a hyphomycetous fungus Stachybotrys cylindrospora. Can. J. Forest Res.,
24:174-179.

Hjeljord, L. and Tronsmo, A. 1998 Trichoderma and Gliocladium in biological control: an overview. In
Trichoderma and Gliocladium, Volume 2. Eds. Harman, G.E. and Kubicek, C.P., Taylor & Francis, London,

. 3-24,

Hosges, R., Ronaldson, J.W., Taylor, A. and White, E.P. 1963 Sporidesmins. Part Il. The structure of degradation
products related to 5-chloro-6,7-dimethoxyisatin. J. Chem. Soc., 5332-5336.

Holzapfel, M., Kilpert, C. and Steglich, W. 1989 Pilzfarbstoffe. 60. Uber leucomentine, farblose Vorstufen des
Atromentins aus dem Samtfuss krempling (Paxillus atromentosus). Annalen, 797-801.

Hong, )., Lee, ).Y., Kim, D.H. and Lyn, G.S. 1984 Studies on the characteristics of the cellulolytic enzymes
produced by Pleurotus sajor caju. Korean J. Mycol., 12: 135-140.

Howell, C.R. and Stipanovic, R.D. 1983 Gliovirin a new antibiotic from Gliocladium virens and its role in the
biological control of Pythium ultimum. Can. J. Microbiol., 29: 321-324.

Hradil, C.M., Hallock, Y.F., Clardy, )., Kenfield, D.S. and Strobel, G. 1989 Phytotoxins from Alternaria cassiae.
Phytochem., 28: 73-75.

Hsen, R., Chen, C., Ueng, Y. and Wang, H. 1989 The application of laccase isoenzyme electrophoretic patterns
on the identification of Ganoderma species. J. China agric. Chem. Soc., 27: 209-217.

Hurst, P.L., Neilsen, )., Sullivan, P.A. and Shepherd, M.G. 1977 Purification and properties of cellulase from
Aspergillus niger. Biochem. )., 165: 33-41; 169: 389-396.

lida, T., Kobayashi, E., Yoshida, M. and Sano, H. 1989 Calphostins novel and specific inhibitors of protein kinase
C. Il. Chemical structures. J. Antibiot., 42: 1475-1481; 1470-1474.

Itoh, }., Takeuchi, Y., Gomi, S. Inouye, S., Mikawa, T., Yoshikawa, N. and Ohkishi, H. 1990 MK 4588 a new
antibiotic related to xanthocillin. /. Antibiot., 43: 456-461.

Izawa, Y., Hirose, T., Shimizu, T., Koyama, K. and Natori, 5. 1989 Six new 1-phenyl-[11]cytochalasins,
cytochalasins N-S from Pbomopsis sp. Tetrahedron, 45: 2323-2335.

Jigers, E., Hillen-Maske, E., Schmidt, H., Steglich, W. and Horak, E. 1987 Pilzfarbstoff. 55. Acetylierte
Terphenylchinon Derivative aus Anthracophyllum Arten (Agaricales). Z. Naturforsch., 42B: 1354-1360.

Jigers, E., Pasupathy, V., Hovenbitzer, A. and Steglich, W. 1986 Suillin, ein charakteristischer Inhaltstoffe von
Rohrlingen der Gattung Suillus (Boletales). Z. Naturforsch. 41B: 645-648.

Jen, W-C., Jones, G.A., Brewer, D., Parkinson, V.O. and Taylor, A. 1987 The antibacterial activity of
alamethicins and zervamicins. J. appl. Bacteriol., 63: 293-298.

Jeng, R.S., Bernier, L. and Brasier, C.M. 1988 A comparative study of cultural and electrophoretic characteristics
of the Eurasian and North American racés of Ophiostoma ulmi. Can. J. Bot., 66: 1325-1333.

Jerram, W.A., Mcinnes, A.G., Maass, W.S.G., Smith, D.G., Taylor, A. and Walter, J.A. 1975 The chemistry
of cochliodinol a metabolite of Chaetomium species. Can. J. Chem., 53, 727-737.

Johnasson, T. and Nyman, P.O. 1993 Isoenzymes of lignin peroxidase and manganous (Mn*?) peroxidase from
the white rot Basidiomycete Trametes versicolor. | Isolation of enzyme forms and characterization of
chemical and physical properties Arch. Biochem. Biophys., 300: 49-56.

Johnasson, T., Welinder, K.G. and Nyman, P.O. 1993 Isoenzymes of lignin peroxidase and manganous (Mn*?)
peroxidase from the white rot Basidiomycete Trametes versicolor. |l Partial sequences, peptide maps and
amino acid and carbohydrate components. ibid., 57-62.

Jones, C.A., Sidebottom, P.)., Cannell, R.).P., Noble, D. and Rudd, B.A.M. 1992 The squalestatins, novel
inhibitors of squaline synthetase produced by a species of Phoma. Ill. Biosynthesis. J. Antibiot., 45: 1492-
1498; 648-658.

Jones, R.W. and Hancock, J.G. 1988 Mechanism of gliotoxin action and factors affecting gliotoxin sensitivity.
J. gen. Micrbiol., 134: 2067-2076.

de Jong, E., Field, ).A., Dings, ).A.F.M., Wijnberg, ).B.P.A. and de Bont, J.A.M. 1992 Denovo biosynthesis of
chlorinated aromatics by the white rot fungus Bjerkandera sp. BOS55. FEBS Letters, 305: 220-224.

Kadkol, M.V., Gopalkrishnan, K.S. and Narasimhachari, N. 1971 Isolation and characterization of naphtho-
quinone pigments from Torula herbarum (Pers) herbarin and dehydroherbarin. J. Antibiot. 24: 245-248;
249-252.

Kahlos, K. 1986 3p,22-dihydroxylanosta-8,24-dien-7-one, a new 7-keto compound from Inonotus obliguies.
Acta Pharm. Fenn., 95: 113-117; Chem. Abs., 107: 3885.



WOOD FUNGI 205

Kamal, A., Akhtar, R. and Qureshi, A.A. 1971 Biochemistry of microdrganisms. XX. 2,5-dimethoxybenzoquinone,
tartronic acid, itaconic acid, succinic acid, pyrocalciferol, epifriedelinol,. lanosta-7,9(11),24-trien-38,21-
diol, trichodermine A, methyl 2,4,6-octatrienecarboxylate, cordycepic acid, Trichoderma metabolic
products. Pak. J. Sci. Ind. Res., 14: 71-78.

Karhunen, K., Niku-Paavola, M., Viikari, L., Haltia, T., van der Meer, R.A. and Duine, ).A. 1990a A novel
combination of prosthetic groups in a fungal laccase; PQQ and two copper atoms. FEBS Letters, 267: 6-8.

Karhunen, K., Kantelinen, A. and Niku-Paavola, M. 1990b Mn-dependent peroxidase from the lignin degrading
white rot fungus Phlebia radiata. Arch. Biochem. Biophys., 279: 25-31.

Karlsson, ). and Stenlid, ). 1991 Pectic isoenzyme profiles of intersterility groups in Heterobasidium annosum.
Biol. Abs. 92: 45415,

Kawagish, H., Ando, M., Shinba, K., Sakamoto, H., Yoshida, S., Ojima, F., Ishiguro, Y., Ukai, N. and
Furukawa, S. 1993 Chromans, hericenones F, G & H from the mushroom Hericium erinaceum. Phytochem.,
32:175-178.

Kawai, M., Katsumata, R., Tsuruta, T., Shimura, G., Suga, Y. and Samejima, H. 1979 The disintegration of
soybean by a cellulase preparation from Irpex lacteus Fr. and the enzyme relating to it. Agric. Biol. Chem.,
43:1855-1862.

Keinath, A.P., Fravel, D.R. and Papavizas, G.C. 1991 Potential of Gliocladium roseum for biocontrol of
Verticillium dahliae. Phytopathol., 81: 644-648.

Keller, G. 1992 Isoenzymes in isolates of Suillus spp. from Pinus cembra L. New Phytol., 120: 351-358.

Keohl, ). and Schloesser, E. 1989 Effect of two Trichoderma species on the infection of maize roots by vesicular-
arbuscular mycorrhiza. Z. Pflanzen. Pflanzemsch., 96: 439-443.

Kida, T., Shibai, H. and Seto, H. 1986 Structure of new antibiotics, pereniporins A and B from a Basidiomycete.
J. Antibiot., 39: 613-615.

Kim, W.S. and Lee, S.). 1976 Investigation of cellulase of microbial origin. 1. Studies on some properties of
cellulase from Alternaria species. Korean J. Microbiol., 14: 65-74; Biol. Abs. 65: 48508.

Kimura, Y.,Nakajima, H. and Hamasaki, T. 1989 Structure of rosellichalasin, a new metabolite produced by
Rosellinia necatrix. Agric. Biol. Chem., 53: 1699-1701.

Kirk, P.W. and Catalfomo, P. 1970 Marine fungi: the occurrence of ergosterol and choline. Phytochem., 9:
595-597.

Kirk, T.K. and Farrell, R.L. 1987 Enzymic combustion: the microbial degradation of lignin. Ann. Review
Microbiol., 41: 465-505.

Kirk, T.K., Schultz, E., Connors, W.)., Lorenze, L.F. and Zeikus, J.G. 1978 Influence of culture parameters on
lignin metabolism by Phanerochaete chrysosporum. Arch. Microbiol., 117: 227-285.

Kis, Z., Closse, A., Sigg, H.P., Hruban, L. and Shatzke, G. 1970 Die Strucktur von Panepoxydon and verwandten
Pilzmetaboliten. Helv. Chim. Acta, 53: 1577-1597.

Ko, ).H. and Kim, 5.D. 1986 Enzymic properties of a cellulase from Ganoderma lucidum. Korean J. Mycol.,
14: 79-84.

Kogl, F. 1926 Untersuchungen iiber Pilzfarbstoffe. V. Die Konstitution der Polyporsidure. Annalen, 447: 78-85.

Koivula, A., Linder, M. and Teeri, T.T. 1998 Structure-function relationships in Trichoderma cellulolytic
enzymes. In Trichoderma and Gliocladium, Volume 2. Eds. Harman, G.E. and Kubicek, C.P., Taylor &
Francis, London, pp. 3-24.

Krohn, K., Franke, C., Jones, P.G., Aust, H., Draeger, 5. and Schulz, B. 1992 Wirkstoffe aus Pilzen. 1. Isolierung,
Synthese und .biologische Wirkung von Coniothyriomycin sowie Synthese und Biotestung analoger
offenkettiger Imide. Annalen, 789-798.

Kubicek, C.P. and Harman, G.E. 1998 Trichoderma and Gliocladium: 1. Basic biology, Taxonomy and
Genetics; 2. Enzymes, biological control and commercial applications; Taylor & Francis, London.

Kwasna, H. 1996 Mycobionta of birch and birch stump roots and its possible effect on the infection by Armillaria
species. Acta Mycologica, 31: 101-110.

Larsen, F.O., Clementsen, P., Hansen, M., Maltbaek, N., Ostenfeldt-Larsen, T., Nielsen, K.F., Gravesen, S.,
Stahl Skov, P. and Norn, 5. 1998 Volatile organic compounds from the indoor mold Trichoderma viride cause
histamine release from human bronchoalveolar cells. Inflammation Res., 47(Suppl. 1): $5-56; Chemn. Abs.
128: 227210.

Leathan, G.F. 1986 The ligninolytic activities of Lentinus edodes and Phanerochaete chrysosporium. Appl.
Microbiol. Biotechnol., 24: 51-58.

Lee, C.H., Chung, M.C., Lee, H.)., Bae K.S. and Kho, Y.H. 1997 MR566A and MR 566B new melanin synthesis
inhibitors produced by Trichoderma harzianum. J. Antibiot., 50: 469-473; ibid. 474-478.

Leigh, C. and Taylor, A. 1976 The chemistry of the epipolythiopiperazine-3,6-diones. InMycotoxins and other
fungal related food problems, Ed. Rodricks, J.V. American Chemical Society, Washington, pp.228-275.
Leuchtmann, A. and Clay, K. 1990 Isoenzyme variation in the AcremoniumyEpichloe fungal endophyte

complex. Phytopathol., 80: 1133-1139.

Levenberg, B. 1964 Isolation and structure of agaritine a y-glutamyl-substituted aryl hydrazine derivative from

Agaricaceae. J. Biol. Chem., 239: 2267-2273.



206 McAFEE and TAYLOR

Lewis, J.A., Lumsden, R.D., Locke, J.C. 1996 Biocontrol of dampening off diseases caused by Rhizoctonia solani
and Pythium ultimum with aliginate prills of Gliocladium virens, Trichoderma hamatum and various food
bases. Biocontrol Sci. Technol., 6: 163-173; Biol. Abs. 102: 106549.

Lewis, J.A. and Papavizas, G.C. 1985 Characterization of aliginate pellets formulated with Trichoderma and
Gliocladium and their effect on the proliferation of fungi in soil. Plant Pathol., 34: 571-577.

Lewis, ).A. and Papavizas, G.C. 1987 Permeability changes in hyphae of Rhizoctonia solaniinduced by germling
prepations of Trichoderma and Gliocladium. Phytopathol., 77: 699-703.

Lingappa, B.T. and Lockwood, ).L. 1961 The nature of the widespread soil fungistasis. J. gen. Microbiol., 26:
473-485.

Lorito, M., Harman, G.E., Hayes, C.K., Broadway, R.M., Tronsmo, A., Woo, S.L. and di Pietro, A. 1993
Citinolytic enzymes prodeuced by Trichoderma harzianum: antifungal activity of purified endochitinase and
chitobiosidase. Phytopathol., 83: 302-307.

Lousberg, R.).).Ch., Tirilly, Y. and Moreau, M. 1976 Cryptosporin a chlorinated cyclopentenone fungitoxic
metabolite from Phialophora asteris f. sp. helianthi. Experienta, 32: 331-332.

Lumsden, R.D., Locke, ).C., Adkins, S.T., Walter, J.F. and Ridout, C.). 1992 Isolation and localization of the
antibiotic gliotoxin produced by Gliocladium virens from aliginate prill in soil and soil-less media.
Phytopathol., 82: 230-235.

Lundberg, A. and Unestam, T. 1980 Antagonism against Fomes annosus: comparison between different test
methods in vitro and in vivo. Mycopathologia, 70: 107-116.

Luterek, )., Gianfreda, L., Wojtas-Wasilewska, M., Rogalski, )., Jaszek, M., Malarczyk, E., Dawidowicz, A.,
Finksboots, M., Ginalska, G. and Leonowicz, A. 1997 Screening of the wood-rotting fungi for laccase
production: induction by ferulic acid, partial purification, and immobilization of laccase from the high
laccase-producing strain, Cerrena unicolor. Acta Microbiol. Pol., 46(3), 297-311; Chem. Abs. 128: 86244,

Lymar, E.S., Li, B. and Ranganathan, V. 1995 Purification and characterization of a cellulose binding B-
glucosidase from cellulose degrading cultures of Phanerochaete chrysosporum. Appl. Environ. Microbiol.,
61: 2976-2980.

Lynch, J.M. and Harper, S.H.J. 1974 Formation of ethylene by a soil fungus. J. gen. Microbiol., 80: 187-195;
ibid. 85: 91-96.

Lynch, J.M., Slater, J.H., Bennett, )J.A. and Harper, S.H.T. 1981 Cellulase activities of some aerobic
microdrganisms isolated from soil. J. gen. Microbiol., 127: 231-236.

Madan, M. and Mohindra, P. 1981 Cellulolytic activity of some fungi associated with decaying wood. Geobios
(Jodhpur), 8: 26-28; Biol. Abs., 72: 22007.

Maijala, P., Fagerstedt, K.V. and Raudaskoski, M. 1991 Determination of extracellular cellulolytic and
proteolytic activity in ectomycorrhizal fungi and Heterobasidium annosum(Fr.) Bref. New Phytol., 117:643-
648.

Mal, P. and Sharma, K.D. 1985 In vitro production of cellulolytic enzymes by soil fungi. Rev. Roumania
Biochim., 22: 205-210.

Mal, P. and Sharma, K.D. 1987 Production of cellulase by Acremonium persicinum. Biol. Abs. 84: 19163.

Maltseva, O.V., Myasoedowa, N.M., Leontievsky, A.A. and Golovleva, L.A. 1986 Characteristics of the
lignolytic system of Panus tigrinus. Proc. Sov. Finn. Microb.; Degrad. Lignocell. Raw Materials, Tbilisi,
Georgia, pp. 74-82.

Manning, K. and Wood, D.A. 1983 Production and regulation of extracellular endocellulase by Agaricus
bisporus. J. gen. Micrabiol., 129: 1839-1848.

McAfee, B.). and Gignac, M. 1997 Anti-sapstain protection of steam-pasteurized hemlock and fir lumber treated
with a biocide and the potential bioprotectant, Gliocladium roseum. Mater. Org., 31: 45-61; Chem. Abs.,
128: 1164.

Mcallister, C.B., Garcia-Romera, l., Martin, )., Godeas, A. and Ocampo, ).A. 1995 Interaction between
Aspergillus niger vam Tiegh. and Glomus mosseae (Nicol. & Gerd.) Gerd. & Trappe. New Phytol., 129: 309-
316.

Medentsev, A.G. and Akimenko, V.K. 1998 Naphthoquinone metabolites of the fungi. Phytochemistry, 47(6),
935-959.

Melnychuk, H.H., Donylyak, M.l. and Kolesnyeva, H.V. 1982 Comparative study of cellulases and
glucoamylase of fungi from the family Polyporaceae. Ukraine Bot. Zh., 39: 13-16.

Mercer, P.C. and Kirk, S.A. 1984 Biological treatments for the control of decay in tree wounds. 2. Field tests.
Ann. appl. Biol., 104: 221-230.

Miedtke, U. and Kennel, W. 1990 Athelia bombacina and Chaetomium globosum as antagonists of the apple
scab pathogen (Venturia inequalis) under field conditions. Z. Pflanzen. Pflanzenschutz., 97: 24-32.

Mihuta-Grimn, L., and Rowe, R.C. 1986 Trichoderma species as biocontrol agents of Rhizoctonia daupling
effect of radish (Raphanus sativa) in organic soil and comparison of four delivery systems. Phytopathal., 76:
306-313.

Miles, P.G., Lund, H. and Raper, ).R. 1956 The identification of indigo as a pigment produced by a mutant culture
of Schizophyllum commune. Arch. Biochem. Biophys., 62: 1-5.



WOOD FUNGI 207

Mohammed, Y.S. and Luckner, M. 1963 The structure of cyclopenin and cyclopenol metabolic products of
Penicillium cyclopium Westling and Penicillium viridicatum Westling. Tetrahedron Letters, 1953-1958.

Maolitoris, H.P. and Prillinger, H. 1986 Isoenzyme spectra for characterization and identification of fungi. Biol.
Abs. 83: 94108.

Moore, B.M., Kang, B. and Flurkey, W.H. 1987 Histochemical localization of mushroom tyrosinase in whole
tissue sections on nitrocellulose. Histochemistry, 90: 379-382.

Morisaki, N., Furukawa, )., Kobayashi, H., Iwasaki, S., Nozoe, 5. and Okuda, S. 1985 Conversion of 6-
protoilluidene into illudin M and -5 by Omphalotus olearius, Tetrahedron Letters, 4755-4758.

Morrison, D.)., Thomson, A.)., Chu, D., Peet, F.G., Sahota, S. and Rink, U. 1985 Isoenzyme patterns of
Armillaria intersterility groups occurring in British Columbia. Can. J. Microbiol., 31: 651-653.

Moubasher, A.H. and Mazen, M.B. 1991 Assay of cellulolytic activity of cellulose decomposing fungi isolated
from Egyptian soils. J. Basic Microbiol., 31: 59-68.

Mousseaux, M.R., Dumroese, P.K., James, R.L., Wenny, D.L. and Knudson, G.R. 1998 Efficacy of Trichoderma
harzianum as a biological control of Fusarium oxysporum in container grown Douglas fir seedlings. New
Forests, 15: 11-21; Biol. Abs. 105: 217820.

Nagarajan, R., Narasimhachari, N., Kadkol, M.V. and Gopalkrishnan, K.S. 1971 The structure of herbarin. J.
Antibiotics, 24: 249-252.

Nair, M.S.R., Carey, 5.T. and Ananthasubramanian, L. 1982 Metabolites of Pyrenomycetes. XV. Biogenesis of
the antitumor antibiotic, (+)R-avellaneol. J. Nat. Prod., 45: 644-645.

Naito, S. and Obara, Y. 1985 Microbial production of antibiotics specific to Corticum rolfsii. Biol. Abs., 81:
46829.

Nakajima, S., Kawai, K. and Yamada, S. 1976 The identification of lenzitin as cosponol (4w-hydroxymethyl-
8-hydroxyisocoumarin). Phytochem., 15: 327-329.

Nakamura, H., Kishi, Y. and Shimomura, O. 1988 Panal a possible precursor of fungal luciferin. Tetrahedron,
44:1597-1602.

Nakanishi, S., Ando, K., Kawamoto, I. and Kase, H. 1989 K5-501 and KS-502 New inhibitors of Ca*? and
calmodulin dependent cyclic-nucleotide phosphodiesterase from Sporothrix species. J. Antibiot., 42: 1049-
1055.

Natarajan, K. and Kannan, K. 1982 Cellulase production by Amanita muscaria. Curr. Sci., 51: 359-361; Biol.
Abs. 75: 84256.

Natsume, M., Takahashe, Y. and Marumo, S. 1985 (-)-Mitorubrinic acid, a morphogenic substance inducing
chlamydospore like cells and its related new metabolite (+)-mitorubrinic acid B isolated from Penicillium
funiculosum. Agric. Biol. Chem., 49: 2517-2519.

Nelson, E.B. and Hoittink, H.A.). 1983 The role of microérganisms in the suppression of Rhizoctonia solaniin
container media amended with composted hardwood bark. Phytopathol., 73: 274-278.

Nelson, E.E., Goldfarb, B. and Thies, W.G. 1987 Trichoderma species from fumigated Douglas fir roots decayed
by Phellinus weirii. Mycologia, 79: 370-374.

Nelson, E.E. and Thies, W.G. 1986 Colonization of Phellinus weirii. infested stumps by Trichoderma viride.
2. Effects of season of inoculation and stage of wood decay. Eur. J. Forest Pathol., 16: 56-60..

Nigam, N. and Rai, B. 1988 Cladosporium cladosporioides as a mycoparasite of Pyronospora arborescens. Biol.
Abs., 89: 42015.

Niku-Paavola, M., Karhunen, E., Salola, P. and Rauno, V. 1988 Lignolytic enzymes of the white rot fungus
Phlebia radiata. Biochem. J., 254: 877-884.

Nishikawa, M., Tsurumi, Y., Murai, H., Yoshida, K., Okamoto, M., Takase, S., Kanaka, H., Hirota, H.,
Hashimoto, M. and Kohsaka, M. 1991. WF2421, a new aldose reductase inhibitor produced from a fungus,
Humicola grisea. J. Antibiot., 44: 130-135.

Nishitoba, T., Goto, S., Sato, H, and Sakamura, S. 1989 Bitter triterpenoids from the fungus Ganoderma
applanatum. Phytochem., 28: 193-197.

Nishitoba, T., Sato, H., and Sakamura, S. 1986 New terpenoids, ganolucidic acid D, ganoderic acid L, lucidone
and lucidenic acid G from the fungus Ganoderma lucidum. Agric. Biol. Chem., 50: 809-811.

Nolte, R.)J.M., Stephany, R.W. and Drenth, W. 1973 Polyisocyanides: synthesis and isomerization to
polycyanides. Rec. Trav. Chim., 92: 83-91.

Oh, T., Park, K., Shin, H. and Kim, Z. 1985 Substrate specificity of cellulase from Aspergillus niger. J. Korean
agric. Chem. Soc., 28: 162-166.

Ogawa, K. and Kanada, H. 1984 Biological control of Fusarium wilt of sweet potato by non-pathogenic Fusarium
oxysporum. Biol. Abs.,78: 54476.

Ohenoja, E., Jokiranta, )., Miikinen, T., Kaikkonen, A. and Airaksinen, M.M. 1987 The occurrence of psilocybin
and psilocin in Finnish fungi. J. Nat. Prod., 50: 741-744,

Okada, G. 1985 Purification and properties of a cellulase from Aspergillus niger. Agric. Biol. Chem., 49:1255-
1266.

Orr, A.F. 1979 Synthesis of the antibiotic isopentenynyl hydroquinones frustulosin and frustulosinol. Chem.
Commun., 40-41.



208 MCcAFEE and TAYLOR

Ortega, ). 1990 Production of extracellular cellulolytic enzymes by Fusarium oxysporum f. sp. lycopersici.
Texas J. Sci., 42: 405-410.

Packter, N.M. and Steward, M.W. 1967 Studies on the biosynthesis of phenols in fungi: biosynthesis of 3,4-
dimethoxy-6-methyltoluquinol and gliorosein in Gliocladium roseum IMI 93065. Biochem. J., 102: 122-
132.

Paice, M.G., Jurasek, L., Carpenter, M.R. and Smillie, L.B. 1978 Product characterization and partial amino
acid sequence of xylanase A from Schizophyllum commune. Appl. Environ. Microbiol., 36: 802-808.
Pedersen, A.H., Svendsen, A., Schneider, P., Rasmussen, G. and Cherry, ).R. 1998 Design of laccase variants
having improved stability based on the three-dimensional structure of Coprinus cinereus laccase. PCT. Int.

Appl. WO 9827198 A1; Chem. Abs. 129: 92259, 78508

Peng, G., Sutton, ).C. and Kevan, P.C. 1992 Effectiveness of honey bees (Apis mellifera) for applying the
biocontrol agent Gliocladium roseumto strawberry flowersto suppress Botrytis cinerea. Can. J. Plant Pathol.,
14: 117-129.

Pero, R.W., Harvan, D. and Blois, M.C. 1973 Isolation of the toxin altenuisol from the fungus Altenaria tennuis
Auct. Tetrahedron Letters, 945-948.

Phillips, A.).L. 1986 Factors affecting the parasitic activity of Gliocladium virens on sclerotia of Sclerotinia
sclerotiorum and a note on its host range. J. Phytopathol., 116: 212-220.

Poulin, M.)., Bel-Rhlid, R., Piche, Y., and Chenevert, R. 1993 Flavanoids release by carrot (Daucus carota)
seedlings stimulate hyphal development of vesicular-arbuscular mycorrhizal fungi in the presence of
optimal CO, enrichment. /. Chem. Ecol., 19: 2317-2327.

Poulton, G.A., Cyr, T.D. and McMullan, E.E. 1979 Pyrones. IV. Phacidin a fungal growth inhibitor from
Potebniamyces balsamicola Smerlis var. hoycei Funk. Can. J. Chem., 57: 1451-1455.

Poutanen, K., Ratto, M., Pals, ). and Viikari, L. 1987 Evaluation of different microbial xylanolytic systems. J.
Biotechnol., 6: 49-60; Chem. Abs., 107: 132597.

Preston, C.M., Sollins, P. and Sayer, B.G. 1990 Changes in organic components for fallen logs in old-growth
Douglas fir forests monitered by '>C nuclear magnetic resonance spectroscopy. Can. J. Forest Res., 20: 1382-
1391.

Pusey, D.F. and Roberts, J.C. 1963 Studies in mycological chemistry. Part XIIl. Averufin a red pigment from
Aspergillus versicolor (Vuillemin) Tiraboschi. J. Chem. Soc., 3542-3547.

Quack, W., Anke, T., Oberwinkler, F., Giannetti, B.M. and Steglich, W. 1978 Antibiotics from Basidiomycetes.
V. Merulidial a new antibiotic from the Basidiomyucete Merulius tremellosus Fr.. ). Antibiotics, 31: 737-
741,

Quick, A., Thomas, R. and Williams, D.J. 1980 X-ray crystal structure and absolute configuration of the fungal
phenalenone, herqueinone. Chem. Commun., 1051-1053.

Rabinovich, M.L., Klesov, A.A. and Berezin, L.V. 1977 Kinetics of the actions of cellulolytic enzymes from
Geotrichum candidum; viscometric analysis of carboxymethylcellulose hydrolysis. Biodrg. Khim., 3: 405-
414; Biol. Abs. 64: 64945

Raistrick, H. and Rudman, P. 1956 Studies on the biochemistry of micodrganisms 97 Flavipin, a crystalline
metabolite of Aspergillus flavipes and Aspergillus terreus. Biochem. J., 63: 395-406.

Raman, T. 1988 In vitro production of cellulolytic enzymes by two saprophytic soil fungi. Geobios, 15: 174-
176; Biol. Abs. 86:130447.

Reaves, ).L., Shaw, C.G. and Mayfield, ).E. 1990 The effects of Trichoderma species isolated from burned and
non-burned forest soils on the growth and development of Armillaria ostayae in culture. Northwest Sci., 64:
39-44; Biol. Abs., 89: 119310.

Reid, 1.D. and Siefert, K.A. 1982 Effect of an atmosphere of oxygen on growth, respiration and lignin degradation
by white rot fungi. Can. J. Bot., 60: 252-260.

Reyes, A.A. 1984 Suppressive activity of different fungi against cabbage yellows in the soil and Fusarium
oxysporum f. sp. conglutinans in vitro. Phytoprotection, 65: 27-34.

Reyes, A.A. and Dirks, V.A. 1985 Suppression of Fusarium sodani f. sp. pisi and Pythium ultimum pea root
rot by antagonistic microdranisms. Phytoprotection, 66: 23-30.

Rho, )., Rhee, Y. and Chung, ). 1990 Influence of substrates on the isoenzyme patterns of cellulase and xylanase
complexes in Aspergillus niger. Korean, J. Mycol., 18: 209-217.

Ridout, C.). and Lumsden, R.D. 1993 Polypeptides associated with gliotoxin production in the biocontrol fungus
Gliocladium virens. Phytopathol., 83: 1040-1045.

Roberts, D.P. and Lumsden, R.D. 1990 Effect of extracellular metabolites from Gliocladium virens on
germination of sporangia and mycelial growth of Pythium ultimum. Phytopathol., 80: 461-465.

Rodeia, N.T. 1983 Polyporaceae: cellulase activity. Rev. Biol. (Lisbon), 12: 435-448.

Rodeia, N.T. 1994 Study of the cellulolytic enzyme complex of Trichoderma koningiiOudesman: induction by
Solka-floc. Biol. Abs. 101: 134234,

Rodiea, N.T., Goncalves, A.M. and Simoes, L.B. 1990a Polyporaceae. IV. Cellulolytic and polyphenoloxidase
activities of Ganoderma resinaceum Boud. in Pat. Bol. Soc. Broteriana, 63: 311-320; Biol. Abs. 93: 33635.



WOOD FUNGI 209

Rodiea, N.T., Martins, M.T., Rodrigues, M.). and Simoes, L.B. 1990b Polyporaceae. V. Cellulolytic and
polyphenoloxidase activities of Inonotus hispidus (Bull.: Fr.) Karst. and Fomes fomentarius (Fr.: Fr.) Fr. Bol.
Soc. Broteriana, 63: 321-338; Biol. Abs. 93: 33636.

Rodrigues, K.F., Leuchtmann, A. and Petrini, O. 1993 Endophytic species of Xylaria: cultural and enzymic
studies. Sydowia, 45: 116-138.

Roiger, D.). and Jeffers, S.N. 1991 Evaluation of Trichoderma species for biological control of Phytophthora
crown rot of apple seedlings. Phytopathol 81: 910-917.

Ronald, R.C. and Gurusiddaiah, S. 1980 Grahamimycin A, a novel dilactone antibiotic from Cytospora.
Tetrahedron Letters, 681-684.

Rothstein, D.; Mani, N. and Jiang, Zhi-dong 1998 Antibacterial compounds from Thielavia terricola. PCT Int.
Appl. WO 9800019; Chem. Abs., 128: 110858.

Rousseau, A., Benthamou, N., Chet, I. and Piche, Y. 1996 Mycoparasitism of the extramatrical phase of Glomus
intraradices by Trichoderma harzianum. Phytopathol., 86: 434-443.

Roy, B.P., Dumoceaux, T., Konkonlas, A.A. and Archibald, F.S. 1996 Purification and characterization of
cellulose dehydrogenases from the white rot fungus Trametes versicolor. Appl. Environ. Microbiol., 62:
4417-4427.

Rumyantseva, G.N. and Rodionova, N.A. 1982 Properties of B-glucosidase from the cellulolytic fungus
Geotricum candidum. Biol. Abs., 75: 67670; 90: 104122,

Sakabe, N., Goto, T. and Hirata, Y. 1977 Structure of citreoviridin a mycotoxin produced by Penicillium
atreoviride molded on rice. Tetrahedron, 33: 3077-3081.

Sandhu, D.K., Bagga, P.S. and Singh, S. 1985 Cellulolytic activity of thermophilous fungi isolated from soil.
Kavaka, 13: 21-32.

Sasaki, 1. and Nagayama, H. 1996 B-glucosidase of Botrytis cinerea: its involvement in the pathogenicity of this
fungus. Biol. Abs., 101: 133993.

Sassa, T., Kachi, H., Nakina, M. and Susaki, Y. 1985 Chloromonocillin, a new antifungal metabolite produced
by Monilinia fructicola. J. Antibiot., 38: 439-441 39: 164-165.

Sassa, T., Kaise, H. and Munakata, K. 1970. The Structure of Graphinone. Agric. Biol. Chem., 34: 649-651.

Sassa, T., Mitobe, H. and Haraki, E. 1988 Isolation and conformation of (2Z,4E)-(+)-4'-hydroxy-y-ionylideneacetic
acid as a germination suppressive substance from Stemphyllium sp. Agric. Biol. Chem., 52: 1625-1628.

Sassa, T., Nukina, M., Sugiyama, T. and Yamashita, K. 1983 Monilidiols, characteristic and bioactive
metabolites of benomyl-resistant strains of Monilinia fructicola. Agric. Biol. Chem., 47: 449-451,

Scheffer, R.J. 1990 Mechanisms involved in biological control of Dutch elm disease. J. Phytopathol., 130: 265-
276.

Schiehser, G.A., White, ).D., Matsumoto, G., Pezzanite, ).O. and Clardy, ). 1986 The structure of
leptosphaerin. Tetrahedron Letters, 5587-5594.

Schmidhalter, D.R. and Canevascini, G. 1992 Characterization of the cellulolyitc enzyme system from the
brown rot fungus Coniophora puteana. Appl. Microbiol. Biotechnol., 37: 431-436.

Schulz, B., Sucker, )., Aust, H.)., Krohn, K., Ludewig, K., Jones, P.G. and Déring, D. 1995 Biologically active
secondary metabolites of endophytic Pezicula species. Mycol. Res., 99: 1007-1015.

Seifert, K.A. 1983 Decay of wood by the Dacrymycetales. Mycologia, 75: 1011-1018.

Serck-Hanssen, K. and Wikstrém, C. 1978 Novel 7-phenylheptan-3-ones from the fungus Phellinus tremulae.
Phytochem., 17: 1678-1679.

Shahzad, S., Hussain, S., Dawar, S., Ghaffar, A. and Malik, B.A. 1991 Biological control of Macrophomina
phaseolina infection on mash bean. Pak. ). Bot., 23: 131-134.

Shaw, I.M. and Taylor, A. 1986 The chemistry of peptides related to metabolites of Trichoderma spp. 2. An
improved method of characterization of peptides of 2-methylalanine. Can. J. Chem., 64: 164-173.

Shirota, O., Pathak, V., Hossain, C.F., Sekita, S., Takatori, K. and Sataki, M. 1997 Structural elucidation of
trichotetronines: polyketides possessing a bicyclo[2.2.2]octane skeleton with a tetronic acid moiety isolated
from Trichoderma species. J. Chem. Soc. (Perkin Trans 1), 2961-2964.

Sierota, Z.H. 1977 Inhibitory effect of Trichoderma viride Pers. ex Fr. filtrates on Fomes annosus (Fr.) Che. in
relation to some carbon sources. Eur. J. Forest Pathol., 7: 164-172.

D’Silva, T.D.). and Herrett, R.A. 1971 New furanoid metabolites from Rhizoctonia solani. Experienta, 27:
1143-1144.

Simeray, )., Mandin, D. and Chaumont, ).P. 1997 An aeromycological study of sawmills: Effects of type of
installation and timber on mycoflora and inhalation hazards for workers. International Biodeterioration
Biodegradation, 40: 11-17; Biol. Abs. 105: 186876.

Singh, P. and Anchel, M. 1971 Atromentic acid from Clitocybe illudens. Phytochem., 10: 3259-3262.

Slater, G.P., Haskins, R.H., Hogge, L.R. and Nesbitt, L.R. 1967 Metabolic products from a Trichoderma viride
Pers. et Fries. Can. J. Chem., 45: 92-96.

Sonnenbichler, )., Lamm, V., Gieren, A., Holdonrieder, O. and Lotter, H. 1983 A cyclopentabenzopyrone
produced by the fungus Heterobasidium annosumin dual cultures. Phytochem., 22: 1489-1491; 27: 2709-
2713.



210 McAFEE and TAYLOR

Springer, ).P., Cole, R.)., Domer, ).W., Cox, R.H., Richard, ).L., Barnes, C.L. and van der Helm, D. 1984
Structure and conformation of roseotoxin B. J. Am. Chem. Soc., 106: 2388-2392.

Stahlschmidt, C. 1877 Uber eine neue in der Natur vorkommende organische Saure. Annalen, 187:177-197.

Steffan, B., Praemassing, M. and Steglich, W. 1987 Physarochrome A a plasmodial pigment from the slime
mould Physarium polycephalum (Myxomycetes). Tetrahedron Letters, 3667-3670.

Stillwell, M.A., Wood, F.A. and Strunz, G.M. 1969 A broad-spectrum antibiotic produced by a species of
Cryptosporiopsis. Can. ). Microbiol., 15: 501-507.

Stinson, E.E., Osman, S.F. and Pfeffer, P.E. 1982 Structure of altertoxin I, a mycotoxin from Alternaria. J. Org.
Chem., 47: 4110-4113.

Strunz, G.M., Kakshima, M. and Stillwell, M.A. 1973 Hyalodendrin: a new fungitoxic epidithiodioxopiperazine
produced by a Hyalodendron species. J. Chem. Soc. (Perkin Trans. I), 2600-2602.

Sudirman, L.I., Housseini, A.LI., Le Febre, G., Kiffer, E. and Botton, B. 1992 Screening of some Basidiomycetes
for biological control of Rigidoporus lignosus, a parasite of the rubber tree Hevea brasilliensis. Mycol. Res.,
96: 621-625.

Sugano, M., Sato, A., lijima, Y., Oshima, T., Furuya, K., Kuwano, H., Hata, T. and Hanzawa, H. 1991
Phomactin A a novel platelet activating factor antagonist from a marine fungus Phomasp. J. Am. Chem. Soc.,
113: 5463-5464.

Suhgal, D.D. and Agarwahl, H.C. 1973 Differences in mode of action of cellulases from Curvularia lunata and
Chaetomium globosum. Ind. J. Exptl. Biol., 11: 40-42.

Sumiki, Y., Yonehara, H., Takita, T., Ueno, K., Umezawa, H., Yamanaka, K., Akito, E. and Tarhara, K. 1959
Variotin an antibiotic. Ger. 1089123; Chem. Abs., 56: 52236.

Summerbell, R.C. 1987 The inhibitory effect of Trichoderma species and other soil microfungi on formation of
mycorrhiza by Laccaria bicolor in vitro. New Phytol., 105: 437-448,

Sundaramoorthy, M., Kishi, K., Gold, M.H. and Poulos, T.L. 1994 Preliminary crystallographic analysis of
manganese peroxidase from Phanerochaete chrysosporium. J. Mol. Biol., 238: 845-848.

Sviridov, S., Ermolinskii, B.S., Belyakova, G.A. and Dzhavakhiya, V.G. 1991 Secondary metabolites from
Ulocladium chartarum, ulocladols A and B, novel terpenoid phytotoxins. Chem. Abs., 117: 127889,
Takahashi, A., Kusano, G., Ohta, T., Ohizumi, Y. and Nozoe, S. 1987 Fasiculic acids A, B, & C as calmodulin

antagonists from the mushroom Naematoloma fasiculare. Chem. Pharm. Bull., 37: 3247-3250.

Takahashi, S. 1961 HelLa cell inhibitory substances produced by fungi. J. Antibiot., 14: 49-56.

Takesako, K., lkai, K., Haruna, F. Endo, M., Shimanaka, K., Sono, E., Nakamura, T. and Kato, 1. 1991.
Aureobasidins, new antifungal antibiotics: taxonomy, fermentation, isolation and properties. J. Antibiot.,
44: 919-924; 925-933.

Tan, T.K., Yeoh, H.H., Tan, M.L. and Koh, 5.K. 1987 Cellulolytic activities of some filamentous fungi. Singapore
Natl. Acad. Sci., 16: 11-16.

Tanabe, M. and Urano, S. 1983 Biosynthetic studies with carbon-13: the antifungal antibiotic ilicolin H.
Tetrahedron, 39: 3569-3571.

Tatsuno, T., Kobayashi, N., Okubo, K. and Tsunoda, H. 1975 Recherches toxicologiques sur les substances
toxique de Penicillium tardum. 1. Isolement et identification des substances cytotoxiques. Chem. Pharm.
Bull., 23: 351-354.

Taylor, A. 1986 Some aspects of the chemistry and biology of the genus Hypocrea and its anamorphs
Trichoderma and Gliocladium. Proc. N.S. Inst. Sci., 36: 27-58.

Taylor, A. and Walter, ).A. 1978 Determination of low levels of incorporation of *C-labelled precursors.
Biosynthesis ofthe 2,5-dihydroxycyclohexadiene-1,4-dione system of cochliodinol. Phytochem., 17:1045-
1048.

Terrones, H., Terrones, M. and Hsu, W.K. 1995 Beyond C,: graphite structures for the future. Chemical Soc.
Reviews, 24: 341-350.

Terzakian, G., Haskins, R.H., Slater, G.P. and Nesbitt, L.R. 1964 The structure of cephalochromin. Proc. Chem.
Soc., 195-196.

Teshima, Y., Shin-ya, K., Shimatzu, A., Fuerihata, K., Chul, H.S., Furihata, K., Hayakawa, Y., Nagai, K. and
Seto, H. 1991 Isolation and structural elucidation of pyridoxatin, a free radical scavenger of microbial origin.
J. Antibiot., 44: 685-687.

Thomas, M.D. and Kenerley, C.M. 1989 Transformation of the mycoparasite Gliocladium. Current Genetics,
15: 415-420.

Thorner, W. 1878 Uber einen in einer Agaricus-Art vorkommenden chinonartigen Kérper. Chem. Ber.,11:533-
535.

Thuy, L.B. 1991 Rhizosphere competence of two selected Trichoderma strains. Biol. Abs. 95: 8932.

Todorovic, R., Matavulj, M., Kandrac, ). and Gruijic, S. 1993 Multiplicity of extracellular B-glucosidase from
Gliocladium virens. Microbios, 75: 217-226; Biol. Abs. 97: 48346.

Tokimoto, K. 1982 Lysis of the mycelium of Lentinus edodes caused by mycolytic enzymes of Trichoderma
harzianum when the two fungi are in an antagonistic state. Trans. Mycol. Soc. Japan, 23: 13-20; Biol. Abs.,
75: 60171,



WOOD FUNGI 211

Tong, C.C., Cole, A.L. and Shepherd, M.G. 1980 Purification and properties of the cellulases from the
thermophilic fungus Thermoascus auranticus. Biochem. J., 191: 83-94; 193: 67.

Tong-Kwee, L. and Keng, T.B. 1990 Antagonism in vitro of Trichoderma spp. against several Basidiomycetes,
soil pathogens and Sclerotium rolfsii. Z. Pflanzen. Pflanzensch., 97: 33-41.

Tsipouris, A., Oslind, D.A., Hensens, O.D. and Zink, D.L. 1990 A parasiticidal binaphthalene from
Chrysosporium. US 5089530; Chem. Abs., 116: 252038.

Turhan, G. 1993 Mycoparasitism of Alternaria alternata by an additional eight fungi indicating the existance of
further unknown candidates for biological control. J. Phytopathol., 138: 285-292.

Ugi, 1. 1982 From isocyanides via four-component condensations to antibiotic synthesis. Angew. Chem. Int.
Ed., 21: 810-819.

Umezawa. H., Takeuchi, T., linuma, H., Suzuki, K., Ito, M., Matsuzaki, M., Nagatsu, T. and Tanabe, O. 1970
A new microbial product oudenone, inhibiting tyrosine hydroxylase. J. Antibiot., 23: 514-518.

Uspenskaya, G.D. and Reshetnikova, I.A. 1981 Cellulolytic enzymes of Ascochyta and Phoma fungi. Mikol.
Fitopathol., 15: 27-32; Biol. Abs. 73: 12949.

Vajna, L. 1985 Mutual parasitismbetween Trichoderma hamatumand Trichoderma pseudokoningii. Phytopathol.
Z., 113: 300-303.

Valisolalao, )., Luu, B. and Ourisson, G. 1983 Steroides cytotoxiques de Polyporus versicolor. Tetrahedron,
39: 2779-2785.

Vanachter, A.E., van Wambeke, E. and van Assche, C. 1988 In vitro evaluation of the antagonistic properties
of Trichoderma species against Pyrenochaeta lycopersici and Phomopsis scleratioides. Biol. Abs., 86:
41703.

Vinngard, T. 1972 Biological applications of electron spin resonance. Eds. Swartz, H.M., Bolton, ).R. and Borg,
D.C., Wiley, New York, pp 411-7.

Vares, T., Lundell, T.K. and Hatakka, A.l. 1992 Novel haem containing enzyme possibly involved in lignin
degradation by the white rot fungus Junghuhnia separabilima. FEMS Microbiol. Let., 99: 53-58.

Verhoeff, K., Liem, J.I., Schetter, R.J. and Surya, I. 1983 Cellulolytic activity of Botrytis cinerea in vitro and
in vivo. Phytopathol. Z., 106: 97-103.

Vischer, E.B. 1953 The structures of aurantio- and rubro-gliocladin and gliorosein. J. Chem. Soc., 815-820; 820-
822.

Visconti, A., Bottalico, A. Solfrizzo, M. and Palmisano, F. 1989. Isolation and structure elucidation of
isoaltenuene, a new metabodite of Alternaria alternata. Mycotoxin Research, 5: 69-76.

Wada, T., Yoshikumi, C., Ohmura, Y., Matzunaga, K. and Ueno, S. 1975 Antitumor polysaccharides from
Polyporaceae fungi. Chem. Abs., 87: 51631.

Wahistrom, K., Karlsson, )., Holdenrieder, O. and Stenlid, ). 1991 Pectinolysis activity and isoenzymes in
European Armillaria species. Can. J. Bot., 69: 2730-2739.

Walther, D and Gindrat, D. 1987 Biological control of Phoma and Pythium dampening off of sugar beet with
Pythium oligandrum. J. Phytopathol., 119: 167-174; ibid 248-254.

Walther, D and Gindrat, D. 1988 Biological control of dampening-off of sugar beet and cotton with
Chaetomium globosum or a fluorescent Pseudomonas sp. Can. J. Microbiol., 34: 603-607.

Wei, D-L., Kirimura, K., Usami, S. and Lin, T-H 1996 Purification and characterization of an extracellular B-
glucosidase from the wood grown fungus Xylaria regalis. Current Microbiol., 33: 297-301; Biol. Abs., 103:
11641.

Weindling, R. 1932 Trichoderma lignorum as a parasite of other soil fungi. Phytopathol., 22: 837-845.

White, ).D., Badger, R.A., Kezar, H.S., Pallenberg, A.). and Schiehser, G.A. 1989 Structure, synthesis and
absolute configuration of leptosphaerin, a metabolite of the marine Ascomycete Leptosphaeria oraemaris.
Tetrahedron, 45: 6631-6643. -

Wicklow, D.T., Langie, R., Crabtree, S. and Detroy, R.W. 1984 Degradation of lignocellulose in wheat straw
verses hardwood by Cyathus and related species (Nidulariaceae). Can. J. Microbiol., 30: 632-636.

Wingfield, M.)., Seifert, K.A. and Webber, J.F. 1993 Ceratocystis and Ophiostoma, taxonomy ecology and
pathogenicity. American Phytopathological Society, St. Paul, Minnesota.

Wilhite, $.E. and Straney, D.C. 1996 Timing of gliotoxin biosynthesis in the fungal biocontrol agent Gliocladium
virens. Appl. Microbiol. Biotechnol., 45: 513-518.

Will, M.E., Wi[son, D.M. and Wicklow, D.T. 1994 Evaluation of Paecilomyces lilacinus, chitin and cellulose
amendments in the biocontrol of Aspergillus flavus fungi. Biol. Fert. Soils, 17: 281-284.

Willick, G.E. and Seligy, V.L. 1985 Multiplicity in cellulases of Schizophyllum commune: derivation partly from
heterogeneity in transcription and glucosylation. Eur. J. Biochem., 151: 89-96.

Woijtczak, G., Brenil, C., Yamada, ). and Saddler, ).N. 1987 A comparison of the thermostability of cellulases
from various thermophilic fungi. Appl. Microbiol. Biotechnol., 27: 82-87.

Wolter, K.E., Highley, T.L. and Evans, F.J. 1980 A unique polysaccharide and glycoside degrading enzyme
complex from the wood decay fungus Poria placenta. Biochem. Biophys. Res. Commun., 97: 1499-1504.

Wood, T.M., McCrae, S.I. and MacFarlane, C.C. 1980 The isolation, purification and properties of the
cellobiohydrolase component of Penicillium funiculosum cellulase. Biochem. /. 189: 51-66.



212 MCAFEE and TAYLOR

Waoolley, A.R. 1975 The Clarendon guide to Oxford. 3rd Edition, Oxford University Press, p. 73.

Xie, J-L., Li, L-P and Dai, Z-R. 1992 Isolation and identification of two new metabolites from the silver leaf fungus
Stereumn purpureum. J. Org. Chem., 57: 2313-2316.

Yamamoto, H. and lkegawa, T. 1978 The antitumor agent emitamin-2. Japan 80'15996; Chem. Abs., 93:
184268.

Yang, D., Plante, F., Bernier, L., Picho, M., Dessureault, M., LaFlamme, G. and Ouellette, G.B. 1993 Evaluation
of a fungal antagonist Phaeotheca dimorphospora for biological control of tree diseases. Can. J. Bot.,, 71:
426-433.

Yasumoto, K., lwami, K. and Mitsuda, H. 1971 A new sulfur containing peptide from Lentinus edodes acting
as a precursor for lenthionide. Agric. Biol. Chem., 35: 2059-2069.

Yoshida, T., Kato, T., Kawamura, Y., Matsumoto, K. and Itazaki, H. 1990 Furano(2,3f]isoindoles manufactures
with Crucibulum as aldose reductase inhibitors. Eur. Pat. Appl., EP 459449; Chem. Abs., 118: 100514.

Yu, H. 1996 Relationships of epidemiological factors, Gliocladium roseum and bee vectors to gray mold of
raspberry caused by Botrytis cinerea. Diss. Abstr. Int., 57: 7296; Chem. Abs., 126: 341164.

Yu, )., Tamura, G., Takahashi, N. and Arima, K. 1967. Asperyellone, a new yellow pigment of Aspergillus
awamori and Aspergillus niger. Part |l. The chemical structure of asperyellone. Agric. Biol. Chem., 31:831-
836.

Zabielska-Matejuk, )., Fajutowski, A. and Makos, W. 1995 Fungicide for the protection of wood against
discoloring in particular against blue stains. Pol. PL 166934; Chem. Abs., 124: 23914,

Zambino, P.). and Harrington, T.C. 1989 Isoenzyme variation within and among host specialized varieties of
Leptographium wageneri. Mycologia, 81: 122-133; idem., 1992 Correspondence of isoenzyme characteri-
zation with morphology in the asexual genus Leptographium and taxonomic implications. ibid., 84:12-25.

Zervakis, G. and Labarere, ). 1992 Taxonomic relationships within the fungal genus Pleurotus as determined
by isoelectric focusing analysis of enzyme patterns. J. gen. Microbiol., 138: 635-645.

(Received: 2 November 1998)
Addendum

Synonymy of binominal names of fungi given in Tables

Alternaria tenuis = A. alternata

Athelia fuscostratum = Confertobasidium olivaceo-album
Ceratocystis multiannulata = Ophiostoma multiannulatum
Cladosporium resinae = Hormoconis resinae

Coriolellus albidus = Trametes sepium = Antrodia albida
Coriolus versicolor = Trametes versicolor

Corticium cremoricolor = Cerocorticium cremoricolor
Corticium vellereum = Hypochnicium vellereum
Corticium laeve = Cylindrobasidium laeve
Cylindrobasidium evolvens = Cylindrobasidium laeve
Cystostereum murraii = Cystostereum murrayi
Dacrymyces palmatus = Dacrymyces chrysospermus
Epicoccum purpurascens = Epicoccum nigrum

Fomes pinicola = Fomitopsis pinicola

Fomes roseus = Fomitopsis rosea

Gloeoporus pannocinctus = Ceriporiopsus pannocinctus
Gliocladium virens = Trichoderma virens

Hapalopilus nidulans = Hapalopilus rutilans
Hirschioporus abietinus = Trichaptum abietinus
Hirschioporus pargamenus = Trichaptum biforme
Hyphoderma heterocystidium = H. heterocystidia
Hyphoderma medioburiensis = H. medioburiense
Hyphoderma mutata = H. mutatum

Hyphodintia arguata = H. arguta

Lentinus lepideus = Neolentinus lepideus

Lenzites sapiaria = Gloeophyllum sepiarium
Leptodontidium elatius = Rhinocladiella elatior
Merulius armeniacus = Meruliopsis albostramineus
Merulius aureus = Pseudomerulius aureus

Merulius serpens = Ceraceomyces serpens
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Merulius tremellosus = Phlebia tremellosus
Naematoloma sublateritinum = Hypholoma sublateritinum
Paxillus panuoides = Tapinella panuoides

Peniophora cremea = Phanerochaete sordida
Peniophora gigantea = Phanerochaete gigantea
Peniophora ludoviciana = Phlebia ludoviciana
Phialophora americana = P. verrucosa

Phlebia radiata = P. merismoides

Phlebia roumeguerii = Phlebiopsis roumerguerii
Pholiota spectabilis'= Gymnopilus spectabilis
Pleurotus lignatilis = Ossicaulis lignatilis

Pleurotus serotinus = Panellus serotinus

Pleurotus ulmarius = Hypsizygus ulmarius

Polyporus compactus = Poria compacta = Perenniporia compacta
Polyporus conchifer = Poronidulus conchifer = Trametes conchifer
Polyporus lentus = Wrightoporia lenta’

Polyporus tulipiferae = Irpex lacteus

Polyporus versicolor = Trametes versicolor

Poria carbonica = Antrodia carbonica

Poria crassa = Antrodia crassa

Poria crustulina = Diplomitroporus crustulinus

Poria ferrea = Phellinus ferreus

Poria fissiliformis = Perenniporia fissiliformis

Poria griseoalba = Ceriporia viridans

Poria latemarginata = Oxyporus latemarginata

Poria overholtsii = Diplomitoporus overholtsii

Poria placenta = Postia placenta

Poria rhodella = Ceriporia viridans

Poria spissa = Ceriporia spissa

Poria subvermispora = Ceriporiopsis subvermispora
Poria vaillantii = Antrodia vaillantii

Poria xantha = Antrodia xantha

Potebniamyces coniferarum = Phacidium coniferarum
Radulodon casaerium = Radulodon americanus
Rigidoporus nigrescens = Rigidoporus crocatus
Rigidoporus sangquinolentus = Physisporinus sanguinolentus
Rigidoporus vitreus = Physisporinus vitreus

Serpula incrassata = Meruliporia incrassata

Serpula lacrymans = S. lacrimans

Sistotrema coronilla = S. brinkmannii
Sistotremastrum niveocremeum = Paullicorticium niveocremeum
Sporormiella = Preussia

Stereum complicatum = S. hirsutum

Stereum frustulosum = Xylobolus frustulatus
Talaromyces stipitatus = Penicillium stipitatum
Trametes scabrosa = Earliella scabrosa

Trechispora raduloides = Sistotrema raduloides
Tyromyces balsameus = Postia balsameus

Tyromyces caesius = Postia caesius

Tyromyces mollis = Leptoporus mollis

Tyromyces palustrus = Fomitopsis palustris
Tyromyces semisupinus = Antrodiella semisupina
Tyromyces serviceomollis = Postia serviceomollis
Tyromyces sprageui = Fomitopsis spraguei

Tyromyces stipticus = Postia stiptica

Tyromyces tephroleucus = Postia tephroleuca
Tyromyces undosus = Postia undosa

Vararia effuscata = Dichostereum effuscatum
Xenasma tulasnelloideum = Phlebiella tulasnelloidea

' This synonym is unceratin as the species appears to have mostly conifers as substrate while this entry comes
from deciduous trees.
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