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Figure 1. SDS-polyacrylamide

gel electrophores is of s oluble

fractions of Es cherichia coli

lys ate expres s ingNeuros pora

cras s a b-tubulin (A) by
pET-16b; (B) by pET-29a(]) ;
(C) by pET-32a(]). IPTG([)
means lys ate of E. coli

incubated without ITPG, and

IPTG(]) lys ate of E. coli
incubated with IPTG. Arrows

indicate bands of expres s ed

proteins .

to the nickel resin and eluted with the buþer con-
taining 1M imadazole. The eluted fraction contained
only one band of protein on the SDS-polyacrylamide
gel electrophoresis (Fig 1-C). The yield of the
expressed protein after this puriücation was about
10% of the total protein expressed in soluble frac-
tion.

4 CONCLUSION

We succeeded in expressing a fungal b-tubulin,
which is contained in a very small amount in fungal
cells and difficult to purify, in a large amount using
the pET expression vector systems in E coli. The
protein expressed using pET-32a(]) was puriüed by
nickel resin column chromatography. This will open
the way to obtaining b-tubulin for three-dimensional
structure analysis of the complex with fungicide by
NMR. Codon 198 of the b-tubulin cCDN has been
altered from GAG (Glu) to GGG (Gly) by a site-
directed mutagenesis using PCR (unpublished data).
This single base mutagenesis was reported to give a
benzimidazole-resistant, diethofencarb-sensitive-
type b-tubulin.4 We have started cloning of the
mutated b-tubulin gene into an expression vector for
a study to compare the binding mode of benzimid-
azole fungicides with that of diethofencarb to b-
tubulin.
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Abstract : This summary reports work with auxo-

trophs of the pathogenic fungus Stagonospora

nodorum, the causal agent of leaf spot and glume

blotch in wheat and barley, with a view to investi-

gating the biochemical basis of pathogenicity. Bio-

synthetic enzymes may serve as targets for novel

fungicides and genetic target validation can identify

new candidates for a biochemical approach to fun-

gicide discovery.
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The molecular basis of pathogenicity in fungal plant
pathogens has received considerable interest in
recent years. A major aim of this research is the
molecular dissection of the pathogenesis process via
the identiücation and characterization of pathogen-
icity determinants.1 This basic research satisües the
strategic goals of the agrochemical industry through
the identiücation of potential targets for use in fungi-
cide discovery. With the increasing contribution
made by high-throughput screening and rational
design strategies to the agrochemical research
process, the demand for novel biochemical targets is
high.2 The search for new targets extends beyond
pathogenicity determinants to include any function
whose disruption through the intervention of a
chemical leads to a loss of pathogenesis. Thus,
housekeeping functions, which may be common to
both saphrophytic and pathogenic growth, are also
potential agrochemical targets. The link between loss
of function and loss of pathogenicity is essentially the
principle behind target validation.3

The contribution of basic biosynthetic pathways,
such as those responsible for amino acid and nucleo-
tide synthesis, to pathogenicity is difficult to predict.
It could be envisaged that the fungus does not
require these enzymes for growth in planta since it
has access to such nutrients from its host. There are,
however, a number of examples where disruption of
these pathways has an eþect on pathogenicity.
Mutants of Cladosporium fulvum Cke and Sclerotinia
sclerotiorum De Bary deücient in pyrimidine biosyn-
thesis have been reported as non-pathogenic to their
hosts.4,5 Similarly, arginine auxotrophs of the apple
scab fungus, Venturia inaequalis (Cooke) Wint were
unable to infect apple leaves unless supplied with
this amino acid, whilst a histidine auxotroph of the
rice blast fungus, Magnaporthe grisea (Hebert) Barr
showed reduced pathogenicity to its host.6,7 There is
also evidence from chemical intervention that amino
acid biosynthesis may be required for pathogenicity,
in that methionine biosynthesis has been implicated
in the mode of action of the anilinopyrimidine and
anilide fungicides.8,9 In herbicide discovery, amino
acid and nucleotide biosynthesis have been identiüed
as the target for several highly active compounds,
some of which have achieved considerable com-
mercial success and, as a result, enzymes from these
pathways have been the focus of recent herbicide
design programmes. It was therefore of interest to
determine whether amino acid biosynthesis oþered
potential targets for use in fungicide discovery.

The approach adopted was to investigate auxo-
trophs of the phytopathogenic fungus Stagonospora
nodorum (Berk.) Cast & EG Germans. S nodorum is a
pathogen of wheat and barley which causes the com-
mercially signiücant leaf spot and glume blotch dis-

eases.10 It is easily grown in culture and can be
readily transformed, so it is amenable to biochemical
and molecular approaches.11 As an Ascomycete it is
representative of the major agriculturally important
fungal pathogens. S nodorum is therefore an appro-
priate organism in which to evaluate the potential of
novel fungicide targets.12

A classical mutagenesis approach was used to
isolate a mutant of S nodorum which was auxotrophic
for the amino acid leucine. When inoculated onto
wheat leaves this mutant was found to be non-
pathogenic. To deüne the site of the lesion within
the leucine biosynthesis pathway a combination of
auxonography, using intermediates from the
pathway, and biochemical analysis was used. These
approaches suggested that the mutant was deücient
in the penultimate enzyme in the pathway, 3-
isopropylmalate dehydrogenase (IPMDH, EC
1.1.1.85) (Fig 1). The site of the lesion was con-
ürmed genetically by complementation of the auxo-
troph back to leucine prototrophy by transformation
with the IPMDH gene of Neurospora crassa Shear &
Dodge (leu1).13

A cDNA clone of the S nodorum IPMDH gene
(leuA) was isolated by complementation of an E coli
leuB6 mutant with a library generated from RNA
extracted from mycelium grown on minimal medium
and constructed in the unidirectional cloning vector
Unizap XR (Stratagene). The sequence of the insert
was determined and found to encode a 365 amino
acid polypeptide that showed considerable homology
with other fungal IPMDH polypeptides. An over-
expression vector was constructed by inserting a
PCR generated leuA open reading frame into
pJLA503 in order to supply enzyme for biochemical
characterisation.

A genomic leuA clone was isolated by colony
hybridisation of an S nodorum cosmid library.14 The
gene was localised on a 7.5 kb Pstl fragment and
sequencing the appropriate region of the subclone
has revealed that the leuA gene contains üve introns
all with 5@ and 3@ splice sites similar to consensus for
fungal introns. A disruption vector was made by
excising an internal portion of the leuA gene and
replacing this with the hygromycin B resistance cass-
ette from pAN7-1.15 This disruption vector was lin-
earised and transformed into a wild-type strain of S
nodorum. Integration of the vector by homologous
double-crossover events results in the replacement of
the wild-type leuA gene by a disrupted form contain-
ing the hygromycin B resistance cassette. Amongst
the transformants recovered, a number of gene
replacement strains were identiüed. These strains
were leucine auxotrophs and when tested were found
to be non-pathogenic. The leuA replacement strains
are speciücally mutated at the IPMDH locus, indi-
cating that disruption of this gene alone is sufficient
to result in the loss of pathogenicity.

IPMDH catalyses the irreversible oxidation of b-
isopropylmalate to a-ketoisocaproate with the con-
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Figure 1. Bios ynthes is pathway to

leucine.

comitant reduction of the cofactor NAD` to NADH
(Fig 2). This enzyme has been isolated previously
and characterised from a number of diþerent plants
and micro-organisms including the fungi Sac-
charomyces cerevisiae Meyer ex Hansen and Candida
maltosa.16,17 It is not present in mammals. The
enzyme from S nodorum was found to have very
similar properties to those reported for IPMDH
from other sources. The pH optimum is between 8
and 9 and activity is dependent on a divalent cation
with Mn2` proving most eþective. The Kmapp
values for isopropylmalate and NAD` are 13 and
111 lM respectively. IPMDH is an attractive target
for rational design approaches. The crystal structure
of the enzyme from the extreme thermopile, Thermus

thermophilus, has been solved to 2.2 resolution and,Ó
more recently, a 2.5 structure has been obtainedÓ
with substrate and cofactor bound.18 The mecha-
nism of the reaction catalysed has been elucidated
and potent inhibitors which mimic the transition
state have already been described19 These are
reported to have moderate herbicidal activity. In
developing fungicides active at this target the poten-
tial for phytotoxicity is an obvious issue; however,
there is plenty of precedent for selectivity through
uptake and metabolism. The availability of an abun-
dant source of the fungal enzyme provides
opportunities for the discovery of novel inhibitors
through high-throughput screening approaches as
well as biochemical design.

Figure 2. Reaction catalys ed by IPMDH.
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The loss of pathogenicity associated with an ina-
bility to biosynthesise leucine has validated IPMDH
as a potential fungicide target. This provides further
evidence that biosynthetic enzymes may serve as
targets for novel fungicides and has demonstrated
that genetic target validation can identify new candi-
dates for biochemical approaches to fungicide dis-
covery.
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Involvement of the alternative oxidase in cellu-
lar energy production in the wheat ‘take all’
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Abstract : This summary describes a functional role

for the alternative respiratory pathway of the wheat

‘take-all’ fungus, Gaeumannomyces graminis var

tritici (Ggt), which utilises the alternative oxidase as

its terminal oxidase. Unlike other plant and fungal

alternative oxidases, the alternative oxidase of Ggt

is both constitutively expressed and active. We have

demonstrated that for cellular respiration, and

therefore for ATP synthesis, to occur both the cyto-

chrome and alternative pathways must remain

active.
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Cellular energy production occurs in a tightly regu-
lated manner with the complete oxidative metabo-
lism of sugars producing carbon dioxide, water and
ATP. Whilst this process normally yields between 32
and 38 ATP molecules per glucose molecule, only
four of these ATPs are produced during glycolysis
and within the TCA cycle. The remainder are
formed by the mitochondrial ATP synthase, in a
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