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METHODS FOR THE IDENTIFICATION OF INHIBITORS OF
ASPARAGINE SYNTHASE, 5-AMINOLEVULINATE SYNTHASE, HISTIDINOL-
PHOSPHATASE, 3-ISOPROPYLMALATE AND THREONINE SYNTHASE AS
ANTIBIOTICS

FIELD OF THE INVENTION

The invention relates generally to methods for the identification of antibiotics,
preferably antifungals that affect the biosynthesis of L-asparagine, heme, L-histidine, L-

leucine or L-threonine.

BACKGROUND OF THE INVENTION

Filamentous fungi are the causal agents responsible for many serious pathogenic
infections of plants and animals. Since fungi are eukaryotes, and thus more similar to
their host organisms than, for example bacteria, the treatment of infections by fungi poses
special risks and challenges not encountered with other types of infections. One such

fungus is Magnaporthe grisea, the fungus that causes rice blast disease. It is an organism
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that poses a significant threat to food supplies worldwide. Other examples of plant
pathogens of economic importance include the pathogens in the genera Agaricus,
Alternaria, Anisogramma, Anthracoidea, Antrodia, Apiognomonia, Apiosporina,
Armillaria, Ascochyta, Aspergillus, Bipolaris, Bjerkandera, Botryosphaeria, Botrytis,
Ceratobasidium, Ceratocystis, Cercospora, Cercosporidium, Cerotelium, Cerrena,
Chondrostereum, Chryphonectria, Chrysomyxa, Cladosporium, Claviceps, Cochliobolus,
Coleosporium, Colletotrichium, Colletotrichum, Corticium, Corynespora, Cronarfiun,
Cryphonectria, Cryptosphaeria, Cyathus, Cymadothea, Cytospora, Daedaleopsis,
Diaporthe, Didymella, Diplocarpon, Diplodia, Discohainesia, Discula, Dothistroma,
Drechslera, Echinodontium, Elsinoe, Endocronartium, Endothia, Entyloma, Epichloe,
Erysiphe, Exobasidium, Exserohilum, Fomes, Fomitopsis, Fusarium, Gaeumannomyces,
Ganoderma, Gibberella, Gloeocercospora, Gloeophyllum, Gloeoporus, Glomerella,
Gnomoniella, Guignardia, Gymnosporangium, Helminthosporium, Herpotrichia,
Heterobasidion, Hirschioporus, Hypodermella, Inonotus, Irpex, Kabatiella, Kabatina,
Laetiporus, Laetisaria, Lasiodiplodia, Laxitextum, Leptographium, Leptosphaeria,
Leptosphaerulina, Leucytospora, Linospora, Lophodermella, Lophodermium,
Macrophomina, Magnaporthe, Marssonina, Melampsora, Melampsorella, Meria,
Microdochium, Microsphaera, Monilinia, Monochaetia, Morchella, Mycosphaerella,
Myrothecium, Nectria, Nigrospora, Ophiosphaerella, Ophiostoma, Penicillium,
Perenniporia, Peridermium, Pestalotia, Phaeocryptopus, Phaeolus, Phakopsora,
Phellinus, Phialophora, Phoma, Phomopsis, Phragmidium, Phyllachora, Phyllactinia,
Phyllosticta, Phymatotrichopsis, Pleospora, Podosphaera, Pseudopeziza,
Pseudoseptoria, Puccinia, Pucciniastrum, Pyricularia, Rhabdocline, Rhizoctonia,
Rhizopus, Rhizosphaera, Rhynchosporium, Rhytisma, Schizophyllum, Schizopora,
Scirrhia, Sclerotinia, Sclerotium, Scytinostroma, Septoria, Setosphaera, Sirococcus,
Spaerotheca, Sphaeropsis, Sphaerotheca, Sporisorium, Stagonospora, Stemphylium,
Stenocarpella, Stereum, Taphrina, Thielaviopsis, Tilletia, Trametes, Tranzschelia,
Trichoderma, Tubakia, Typhula, Uncinula, Urocystis, Uromyces, Ustilago, Valsa,
Venturia, Verticillium, Xylaria, and others. Related organisms in the classification,
oomycetes, that include the genera Albugo, Aphanomyces, Bremia, Peronospora,

Phytophthora, Plasmodiophora, Plasmopara, Pseudoperonospora, Pythium,
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Sclerophthora, and others are also significant plant pathogens and are sometimes
classified along with the true fungi. Human diseases that are caused by filamentous fungi
include life-threatening lung and disseminated diseases, often a result of infections by
Aspergillus fumigatus. Other ﬁ,lngal diseases in animals are caused by fungi in the
genera, Fusarium, Blastomyces, Microsporum, Trichophyton, Epidermophyton, Candida,
Histoplamsa, Pneumocystis, Cryptococcus, other Aspergilli, and others. The control of
fungal diseases in plants and animals is usually mediated by chemicals that inhibit the
growth, proliferation, and/or pathogenicity of the fungal organisms. To date, there are
less than twenty known modes-of-action for plant protection fungicides and human
antifungal compounds.

A pathogenic organism has been defined as an organism that causes, or is capable
of causing disease. Pathogenic organisms propagate on or in tissues and may obtain
nutrients and other essential materials from their hosts. A substantial amount of work
concerning filamentous fungal pathogens has been performed with the human pathogen,
Aspergillus fumigatus. Shibuya et al. (Shibuya, K., M. Takaoka, et al. (1999) Microb
Pathog 27: 123 - 31 (PMID: 10455003)) have shown that the deletion of either of two
suspected pathogenicity related genes encoding an alkaline protease or a hydrophobin
(rodlet) respectively, did not reduce mortality of mice infected with these mutant strains.
Smith et al. (Smith, J. M., C. M. Tang, et al. (1994) Infect Immun 62: 5247 - 54 (PMID:
7960101)) showed similar results with alkaline protease and the ribotoxin restrictocin;
Aspergillus fumigatus strains mutated for either of these genes were fully pathogenic to
mice. Reichard et al. (Reichard, U., M. Monod, et al. (1997) ] Med Vet Mycol 35: 189 -
96 (PMID: 9229335)) showed that deletion of the suspected pathogenicity gene encoding
aspergillopepsin (PEP) in Aspergillus fumigatus had no effect on mortality in a guinea
pig model system, and Aufauvre-Brown et al (Avfauvre-Brown, A., E. Mellado, et al.
(1997) Fungal Genet Biol 2/: 141 — 52 (PMID: 9073488)) showed no effects of a chitin
synthase mutation on pathogenicity. However, not all experiments produced negative
results. Ergosterol is an important membrane component found in fungal organisms.
Pathogenic fungi that lack key enzymes in this biochemical pathway might be expected
to be non-pathogenic since neither the plant nor animal hosts contain this particular

sterol. Many antifungal compounds that affect this biochemical pathway have been
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described (Onishi, J. C. and A. A. Patchett (1990a, b, ¢, d, and €) United States Patents
4,920,109; 4,920,111; 4,920,112; 4,920,113; and 4,921,844, Merck & Co. Inc. (Rahway
NJ)) and (Hewitt, H. G. (1998) Fungicides in Crop Protection Cambridge, University
Press). D'Enfert et al. ( D'Enfert, C., M. Diaquin, et al. (1996) Infect Immun 64: 4401 - 5
(PMID: 8926121)) showed that an Aspergillus fumigatus strain mutated in an orotidine
5'-phosphate decarboxylase gene was entircly non-pathogenic in mice, and Brown ez al.
(Brown, J. S., A. Aufauvre-Brown, et al. (2000) Mol Microbiol 36: 1371-80 (PMID:
10931287)) observed a non-pathogenic result when genes involved in the synthesis of
para-aminobenzoic acid were mutated. Some specific target genes have been described
as having utility for the screening of inhibitors of plant pathogenic fungi. Bacot ez al.
(Bacot, K. O., D. B. Jordan, et al. (2000) United States Patent 6,074,830, E. I. du Pont de
Nemours & Company (Wilmington DE)) describe the use of 3,4-dihydroxy-2-butanone
4-phosphate synthase, and Davis et al. (Davis, G. E., G. D. Gustafson, et a/. (1999)
United States Patent 5,976,848, Dow AgroSciences LLC (Indianapolis IN)) describe the
use of dihydroorotate dehydrogenase for potential screening purposes.

There are also a number of papers that report less clear results, showing neither
full pathogenicity nor non-pathogenicity of mutants. Hensel e al. (Hensel, M., H. N.
Arst, It et al. (1998) Mol Gen Genet 258: 553 - 7 (PMID: 9669338)) showed only
moderate effects of the deletion of the ared transcriptional activator on the pathogenicity
of Aspergillus fumigatus.

Therefore, it is not currently possible to determine which specific growth
materials may be readily obtained by a pathogen from its host, and which materials may
not. The present inventors have found that Magnaporthe grisea that cannot synthesize
their own L-asparagine are non-pathogenic on their host organism. Previous studies of
the Saccharomyces cerevisiae Asparagine Synthase genes, ASN1 and ASNZ, indicated
that disruption of ASN1 or ASN2 alone has no effect on growth (Dang et al. (1996) Mol
Microbiol 22: 681 - 92 (PMID: 8951815)), teaching against our finding. To(date there do
not appear to be any publications demonstrating an anti-pathogenic effect of the knock-
out, over-expression, antisense expression, or inhibition of a gene or gene products
involved in L-asparagine biosynthesis in filamentous fungi. Thus, it has not been shown

that the de novo biosynthesis of L-asparagine is essential for fungal pathogenicity. Thus,
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it would be desirable to determine the utility of the enzymes involved in L-asparagine
biosynthesis for evaluating antibiotic compounds, especially fungicides. If a fungal
biochemical pathway or specific gene product in that pathway is shown to be required for
fungal pathogenicity, various formats of in vitro and in vivo screening assays may be put
in place to discover classes of chemical compounds that react with the validated target
gene, gene product, or biochemical pathway, and are thus candidates for antifungal,
biocide, and biostatic materials.

The present inventors have found that Magnaporthe grisea that cannot synthesize
their own heme are non-pathogenic on their host organism. In addition to being a key
. component of respiratory cytochromes and hemoglobin, heme is the prosthetic group for
many enzymes involved in the detoxification of oxygen radicals and in the metabolism of
fatty acids and sterols. In yeast, Saccharomyces cerevisiae, mutants deficient in heme
biosynthesis have been isolated and genetically studied in detail (Gollub et al. (1977) J
Biol Chem 252: 2846 — 54 (PMID: 323256)). The S-aminolevulinate synthase gene has
been cloned from Aspergillus oryzae and shown to be used as a selectable marker for the
transformation of 4. oryzae (Elrod et al. (2000) Curr Genet 38: 291 - 8 (PMID:
11191214)). In humans, two 5-aminolevulinate synthase genes have been identified.
Mutations in one of them, encoding an erythroid isoform, result in X-linked sideroblastic
anemia (Cox et al. (1994) N Engl J Med 330: 675 - 9 (PMID: 8107717)). 5-
aminolevulinate synthase has been proposed as a new antimalarial target (Padmanaban
and Rangarajan (2000) Biochem Biophys Res Commun 268: 665 - 8 (PMID: 10679261)).

To date there do not appear to be any publications demonstrating an anti-
pathogenic effect of the knock-out, over-expression, antisense expression, or inhibition of
the genes or gene products involved in heme biosynthesis in filamentous fungi. Thus, it
has not been shown that the de novo biosynthesis of heme is essential for fungal
pathogenicity. And, thus, it would be desirable to determine the utility of the enzymes
involved in heme biosynthesis for evaluating antibiotic compounds, especially
fungicides. If a fungal biochemical pathway or specific gene product in that pathway is
- shown to be required for fungal pathogenicity, various formats of in vitre and in vivo

screening assays may be put in place to discover classes of chemical compounds that
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react with the validated target gene, gene product, or biochemical pathway, and are thus
candidates for antifungal, biocide, and biostatic materials.

The preéent inventors have found that Magraporthe grisea that cannot synthesize
their own L-histidine have reduced pathogenicity on their host organism. The M. grisea
HISP1 enzyme has greatest similarity to Schizosaccharomyces pombe His9, as well as
some similarity to Saccharomyces cerevisiae His2p and His9. These genes encode a
distantly related family of Histidinol Phosphate Phosphatases (HolPase), which catalyzes
the dephosphorylation of Histidinol Phosphate to Histidinol. This family includes the
HolPase encoded by the His) (or yivP) gene found in Bacillus subtilis. Knock-out of
HisJ has yielded an auxotrophic mutant, unable to grow without Histidine
supplementation (le Coq et al. (1999) J Bacteriol 181: 3277 — 3280 (PMID: 10322033)).
No references were found where SpHis2, ScHis2p or ScHis9 are known targets for anti-
fungal/ fungicide development. However, S. cerevisiae mutants containing knock-outs in
the His1-His7 genes have been shown to be unable to grow in elevated levels of Cu, Co,
or Ni at near-neutral pH (Pearce and Sherman (1999) J Bacteriol /81: 4774 - 4779
(PMID: 10438744)).

To date there do not appear to be any publications demonstrating an anti-
pathogenic effect of the knock-out, over-expression, antisense expression, or inhibition of
the genes or gene products involved in L-histidine biosynthesis in filamentous fungi.
Thus, it has not been shown that the de novo biosynthesis of L-histidine is essential for
fungal pathogenicity. And, thus, it would be desirable to determine the utility of the
enzymes involved in L-histidine biosynthesis for evaluating antibiotic compounds,
especially fungicides. If a fungal biochemical pathway or specific gene product in that
pathway is shown to be required for fungal pathogenicity, various formats of in vitro and
in vivo screening assays may be put in place to discover classes of chemical compounds
that react with the validated target gene, gene product, or biochemical pathway, and are
thus candidates for antifungal, biocide, and biostatic materials.

The present inventors have found that Magnaporthe grisea that cannot synthesize
their own L-leucine are non-pathogenic on their host organism. To date there do not
appear to be any publications demonstrating an anti-pathogenic effect of the knock-out,

over-expression, antisense expression, or inhibition of the genes or gene products
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involved in L-leucine biosynthesis in filamentous fungi. Thus, it has not been shown that
the de novo biosynthesis of L-leucine is essential for fungal pathogenicity. And, thus, it
would be desirable to determine the utility of the enzymes involved in L-leucine
biosynthesis for evaluating antibiotic compounds, especially fungicides. If a fungal
biochemical pathway or specific gene product in that pathway is shown to be required for
fungal pathogenicity, various formats of in vitro and in vivo screening assays may be put
in place to discover classes of chemical compounds that react with the validated target
gene, gene product, or biochemical pathway, and are thus candidates for antifungal,
biocide, and biostatic materials.

The present inventors have found that Magnraporthe grisea that cannot synthesize
their own L-threonine are non-pathogenic on their host organism. To date there do not
appear to be any publications demonstrating an anti-pathogenic effect of the knock-out,
over-expression, antisense expression, or inhibition of the genes or gene products
involved in L-threonine biosynthesis in filamentous fungi. Thus, it has not been shown
that the de novo biosynthesis of L-threonine is essential for fungal pathogenicity. Thus, it
would be desirable to determine the utility of the enzymes involved in L-threonine
biosynthesis for evaluating antibiotic compounds, especially fungicides. If a fungal
biochemical pathway or specific gene product in that pathway is shown to be required for
fungal pathogenicity, various formats of in vitro and in vivo screening assays may be put
in place to discover classes of chemical compounds that react with the validated target
gene, gene product, or biochemical pathway, and are thus candidates for antifungal,

biocide, and biostatic materials.
SUMMARY OF THE INVENTION

The present inventors have discovered that iz vivo disruption of the genes
encoding Asparagine Synthase, 5-Aminolevulinate synthase, histidinol-phosphatase, 3-
Isopropylmalate dehydratase or Threonine synthase in Magnaporthe grisea prevents or
inhibits the pathogenicity of the fungus. Thus, the present inventors have discovered that
Asparagine Synthase, 5-Aminolevulinate synthase, histidinol-phosphatase, 3-

Isopropylmalate dehydratase and Threonine synthase are essential for normal rice blast
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pathogenicity, and can be used as targets for the identification of antibiotics, preferably
fungicides. Accordingly, the present invention provides methods for the identification of
compounds that inhibit Asparagine Synthase, 5-Aminolevulinate synthase, histidinol-
phosphatase, 3-Isopropylmalate dehydratase or Threonine synthase expression or activity.
The methods of the invention are useful for the identification of antibiotics, preferably
fungicides.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the reaction performed by Asparagine Synthase (ASN1) reaction.
The Substrates/Products are L-aspartate, L-glutamine, and ATP and the
Products/Substrates are L-asparagine, L-glutamate, AMP, and pyrophosphate. The
function of the Asparagine Synthase enzyme is the interconversion of L-aspartate, L-
glutamine, and ATP to L-asparagine, L-glutamate, AMP, and pyrophosphate. This
reaction is part of the L-asparagine biosynthesis pathway.

Figure 2 shows a digital image showing the effect of ASN1 gene disruption on
Magnaporthe grisea pathogenicity using whole plant infection assays. Rice variety
CO39 was inoculated with wild-type and the transposon insertion strains, KO1-2 and
KO1-8. Leaf segments were imaged at five days post-inoculation.

Figure 3A&B. Verification of Gene Function by Analysis of Nutritional
Requirements. Wild-type and transposon insertion strains, KO1-2 and KO1-8, were
grown in (A) minimal media and (B) minimal media with the addition of L-asparagine,
respectively. The x-axis shows time in days and the y-axis shows turbidity measured at
490 nanometers and 750 nanometers. The symbols represent wildtype (--4--),
transposon strain KO1-2 (--m--), and transposon strain KO1-8 (-- A--).

Figure 4 shows the reaction performed by 5-Aminolevulinate synthase (ALAS1)
reaction. The Substrates/Products are succinyl-CoA and glycine and the
Products/Substrates are 5-aminolevulinate, CoA, and CO,. The function of the 5-
Aminolevulinate synthase enzyme is the interconversion of succinyl-CoA and glycine to
5-aminolevulinate, CoA, and CO,. This reaction is part of the heme biosynthesis
pathway.
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Figure 5 shows a digital image showing the effect of ALAS1 gene disruption on
Magnaporthe grisea pathogenicity using whole plant infection assays. Rice variety
CO39 was inoculated with wild-type and the transposon insertion strains, KO1-1 and
KO1-106. Leaf segments were imaged at five days post-inoculation.

Figure 6A&B. Verification of Gene Function by Analysis of Nutritional
Requirements. Wild-type and transposon insertion strains, KO1-1 and KO1-106, were
grown in (A) minimal media and (B) minimal media with the addition of 5-
aminolevulinate, respectively. The x-axis shows time in days and the y-axis shows
turbidity measured at 490 nanometers and 750 nanometers. The symbols represent
wildtype (--#--), transposon strain KO1-1 (--m--), and transposon strain KO1-106 (- A--
).

Figure 7 shows the reaction performed by histidinol-phosphatase (FISP1)
reaction. The Substrates/Products are L-histidinol phosphate and H>O and the
Products/Substrates are L-histidinol and orthophosphate. The function of the histidinol-
phosphatase enzyme is the interconversion of L-histidinol phosphate and H>0 to L-
histidinol and orthophosphate. This reaction is part of the L-histidine biosynthesis
pathway.

Figure 8 shows a digital image showing the effect of HISP1 gene disruption on
Magnaporthe grisea pathogenicity using whole plant infection assays. Rice variety
C039 was inoculated with wild-type and the transposon insertion strains, KO1-1 and
KO1-3. Leaf segments were imaged at five days post-inoculation.

Figure 9A&B. Verification of Gene Function by Analysis of Nutritional
Requirements. Wild-type and transposon insertion strains, KOl-i and KO1-3, were
grown in (A) minimal media and (B) minimal media with the addition of L-histidine,
respectively. The x-axis shows time in days and the y-axis shows turbidity measured at
490 nanometers and 750 nanometers. The symbols represent wildtype (--#--),
transposon strain KO1-1
(--m--), and transposon strain KO1-3 (-- A--).

Figure 10 shows the reaction performed by 3-Isopropylmalate dehydratase
(IPMD1) reaction. The Substrates/Products are 2-Isopropylmalate and H>O and the
Product/Substrate is 3-Iéopropy1ma1ate. The function of the 3-Isopropylmalate
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dehydratase enzyme is the interconversion of 2-Isopropylmalate and H;O to 3-
Isopropylmalate. This reaction is part of the L-leucine biosynthesis pathway.

Figufe 11 shows a digital image showing the effect of IPMD1 gene disruption on
Magnaporthe grisea pathogenicity using whole plant infection assays. Rice variety
C039 was inoculated with wild-type and the transposon insertion sirains, KO1-3 and
KO1-7. Leaf segments were imaged at five days post-inoculation.

Figure 12A&B. Verification of Gene Function by Analysis of Nutritional
Requirements. Wild-type and transposon insertion strains, KO1-3 and KO1-7, were
grown in (A) minimal media and (B) minimal media with the addition of L-leucine,
respectively. The x-axis shows time in days and the y-axis shows turbidity measured at
490 nanometers and 750 nanometers. The symbols represent wildtype (--#--),
transposon strain KO1-3 (T1) (--w--), and transposon strain KO1-7 (T2) (--A--).

Figure 13 shows the reaction performed by Threonine synthase (THR4) reaction.
The Substrates/Products are O-phospho-L-homoserine and water and the
Products/Substrates are L-threonine and orthophosphate. The function of the Threonine
synthase enzyme is the interconversion of O-phospho-L-homoserine and water to L-
threonine and orthophosphate. This reaction is part of the L-threonine biosynthesis
pathway.

Figure 14 shows a digital image showing the effect of THR4 gene disruption on
Magnaporthe grisea pathogenicity using whole plant infection assays. Rice variety
CO39 was inoculated with wild-type and the transposon insertion strains, KO1-3 and
KO1-22. Leaf segments were imaged at five days post-inoculation.

Figure 15A&B. Verification of Gene Function by Analysis of Nutritional
Requirements. Wild-type and transposon insertion strains, KO1-3 and KO1-22, were
grown in (A) minimal media and (B) minimal media with the addition of L-threonine,
respectively. The x-axis shows time in days and the y-axis shows turbidity measured at
490 nanometers and 750 nanometers. The symbols represent wildtype (--#--),
transposon strain KO1-3 (--m--), and transposon strain KO1-22 (-- A--).

10



ChA 02469695 2004-06-07
WO 03/050310 PCT/US02/39286

DETAILED DESCRIPTION OF THE INVENTION

Unless otherwise indicated, the following terms are intended to have the
following meanings in interpreting the present invention.

The term "active against" in the context of compounds, agents, or compositions
having antibiotic activity indicates that the compound exerts an effect on a particular
target or targets which is deleterious to the in vitro and/or in vive growth of an organism
having that target or targets. In particular, a compound active against a gene exerts an
action on a target which affects an expression product of that gene. This does not
necessarily mean that the compound acts directly on the expression product of the gene,
but instead indicates that the compound affects the expression product in a deleterious
manner, Thus, the direct target of the compound may be, for example, at an upstream
component which reduces transcription from the gene, resulting in a lower level of
expression. Likewise, the compound méy affect the level of translation of a polypeptide
expression product, or may act on a downstream component of a biochemical pathway in
which the expression product of the gene has a major biological role. Consequently, such
a compound can be said to be active against the gene, against the gene product, or against
the related component either upstream or downstream of that gene or expression product.
While the term "active against" encompasses a broad range of potential activities, it also
implies some degree of specificity of target. Therefore, for example, a general protease is
not "active against" a particular gene which produces a polypeptide product. In contrast,
a compound which inhibits a particular enzyme is active against that enzyme and against
the gene which codes for that enzyme.

As used herein, the term “allele” refers to any of the alternative forms of a gene |
that may occur at a given locus.

The term "antibiotic" refers to any substance or compound that when contacted
with a living cell, organism, virus, or other entity capable of replication, results in a
reduction of growth, viability, or pathogenicity of that entity.

As used herein, the term "ALAS1" means a gene encoding 5-Aminolevulinate

synthase activity, referring to an enzyme that catalyses the interconversion of succinyl-
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CoA and glycine with 5-aminolevulinate, CoA, and CO,, and may also be used to refer to
the gene product.

As used herein, the terms “5-Aminolevulinate synthase” (EC 2.3.1.37) and “5-
Aminolevulinate synthase polypeptide” are synonymous with “the ALAS1 gene product”
and refer to an enzyme that catalyses the interconversion of succinyl-CoA and glycine
with 5-aminolevulinate, CoA, and CO,.

As used herein, the term "ASN1" means a gene encoding Asparagine Synthase
activity, referring to an enzyme that catalyses the interconversion of L-aspartate, L-
glutamine, and ATP with L-asparagine, L-glutamate, AMP, and pyrophosphate, and may
also be used to refer to the gene product.

As used herein, the terms “Asparagine Synthase” (EC 6.3.5.4) and “Asparagine
Synthase polypeptide” are synonymous with “the ASN1 gene product’ and refer to an
enzyme that catalyses the interconversion of L-aspartate, L-glutamine, and ATP with L-
asparagine, L-glutamate, AMP, and pyrophosphate.

The term “binding” refers to a non-covalent or a covalent interaction, preferably
non-covalent, that holds two molecules together. For example, two such molecules could
be an enzyme and an inhibitor of that enzyme. Non-covalent interactions include
hydrogen bonding, ionic interactions ameng charged groups, van der Waals interactions
and hydrophobic interadtions among nonpolar groups. One or more of these interactions
can mediate the binding of two molecules to each other.

The term "blochemical pathway" or “pathway” refers to a connected series of
biochemical reactions normally occurring in a cell, or more broadly a cellular event such
as cellular division or DNA replication. Typicalty, the steps in such a biochemical
pathway act in a coordinated fashion to produce a specific product or products or to
produce some other particular biochemical action. Such a biochemical pathway requires
the expression product of a gene if the absence of that expression product either directly
or indirectly prevents the completion of one or more steps in that pathway, thereby
preventing or significantly reducing the production of one or more normal products or
effects of that pathway. ‘Thus, an agent specifically inhibits such a biochemical pathway
requiring the expression product of a particular gene if the presence of the agent stops or

substantially reduces the completion of the series of steps in that pathway. Such an agent,
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may, but does not necessarily, act directly on the expression product of that particular
gene.

As used herein, the term “cDNA” means complementary deoxyribonucleic acid.

As used herein, the term "CoA" means coenzyme A.

As used herein, the term “conditional lethal” refers to a mutation permitting
growth and/or survival only under special growth or environmental conditions.

As used herein, the term “cosmid” refers to a hybrid vector, used in gene cloning,
that includes a cos site (from the lambda bacteriophage). It also contains drug resistance
marker genes and other plasmid genes. Cosmids are especially suitable for cloning large
genes or multigene fragments.

As used herein, the term “dominant allele” refers to a dominant mutant allele in
which a discernable mutant phenotype can be detected when this mutation is ptesent in an
organism that also contains a wild type (non-mutant), recessive allele, or other dominant
allele.

As used herein, the term “DNA” means deoxyribonucleic acid.

As used herein, the term “ELISA” means enzyme-linked immunosorbent assay.

“Fungi” (singular: fngus) refers to whole fungi, fungal organs and tissues (e.g.,
asci, hyphae, pseudohyphae, rhizoid, sclerotia, sterigmata, spores, sporodochia,
sporangia, synnemata, conidia, ascostroma, cleistothecia, mycelia, perithecia, basidia and
the like), spores, fingal cells and the progeny thereof. Fungi are a group of organisms
(about 50,000 known species), including, but not limited to, mushrooms, mildews,
moulds, yeasts, efc., comprising the kingdom Fungi. They can either exist as single cells
or make up a multicellular body called a mycelium, which consists of filaments known as
hyphae. Most fungal cells are multinucleate and have ccll walls, composed chiefty of
chitin. Fungi exist primarily in damp situations on land and, because of the absence of
chlorophyll and thus the inability to manufacture their own food by photosynthesis, are
either parasites on other organisms or saprotrophs feeding on dead organic matter. The
principal criteria used in classification are the nature of the spores produced and the
presence or absence of cross walls within the hyphae. Fungi are distributed worldwide in
terrestrial, freshwater, and marine habitats. Some live in the soil. Many pathogenic fungi

cause disease in animals and man or in plants, while some saprotrophs are destructive to
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timber, textiles, and other materials. Some fungi form associations with other organisms,
most notably with algae to form lichens.

As used‘herein, the term "fungicide”, "antifungal", or "antimycotic" refers to an
antibiotic substance or compound that kills or suppresses the growth, viability, or
pathogenicity of at least one fungus, fungal cell, fungal tissue or spore.

In the context of this disclosure, "gene" should be understood to refer to a unit of
heredity. Each gene is composed of a linear chain of deoxyribonucleotides which can be
referred to by the sequence of nucleotides forming the chain. Thus, "sequence" is used to
indicate both the ordered listing of the nucleotides which form the chain, and the chain,
itself, which has that sequence of nucleotides. ("Sequence" is used in the similar way in
referring to RNA chains, linear chains made of ribonucleotides). The gene may include
regulatory and control sequences, sequences which can be transcribed into an RNA
molecule, and may contain sequences with unknown function. The majority of the RNA
transcription products are messenger RNAs (mnRNAs), which include sequences which
are translated into polypeptides and may include sequences which are not translated. It
should be recognized that small differences in nucleotide sequence for the same gene can
exist between different fungal strains, or even within a particular fungal strain, without
altering the identity of the gene.

As used in this disclosure, the terms "growth" or "cell growth" of an organism
refers to an increase in mass, density, or number of cells of said organism. Some
commeon methods for the measurement of growth include the determination of the optical
density of a cell suspension, the counting of the number of cells in a fixed volume, the
counting of the number of cells by measurement of cell division, the measurement of
cellular mass or cellular volume, and the like.

As used in this disclosure, the term "growth conditional phenotype" indicates that
a fungal strain having such a phenotype exhibits a significantly greater difference in
growth rates in response to a change in one or more of the culture parameters than an
otherwise similar strain not having a growth conditional phenotype. Typically, a growth
conditional phenotype is described with respect to a single growth culture parameter,
such as temperature. Thus, a temperature (or heat-sensitive) mutant (i.e., a fungal strain

having a heat-sensitive phenotype) exhibits significantly different growth, and preferably
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no growth, under non-permissive temperature conditions as compared to growth under
permissive conditions. In addition, such mutants preferably also show intermediate
growth rates at intermediate, or semi-permissive, temperatures. Similar responses also
result from the appropriate growth changes for other types of growth conditional
phenotypes.

As used herein, the term "H;O" means water.

As used herein, the term "heterologous ALAS1 gene" means a gene, not derived
from Magnaporthe grisea, and having: at least 50% sequence identity, preferably 60%,
70%, 80%, 90%, 95%, 99% sequence identity and each integer unit of sequence identity
from 50-100% in ascending order to SEQ ID NO: 4 or SEQ ID NO: 5; or at least 10% of
the activity of a Magnaporthe grisea 5-Aminolevulinate synthase, preferably 25%, 50%,
75%, 90%, 95%, 99% and each integer unit of activity from 10-100% in ascending order.

As used herein, the term "heterologous ASN1 gene" means a gene, not derived
from Magnaporthe grisea, and having: at least 50% sequence identity, preferably 60%,
70%, 80%, 90%, 95%, 99% sequence identity and each integer unit of sequence identity
from 50-100% in ascending order to SEQ ID NO: 1 or SEQ ID NO: 2; or at least 10% of
the activity of a Magnaporthe grisea Asparagine Synthase, preferably 25%, 50%, 75%,
90%, 95%, 99% and each integer unit of activity from 10-100% in ascending order.

As used herein, the term "heterologous HISP1 gene" means a gene, not derived
from Magnaporthe grisea, and having: at least 50% sequence identity, preferably 60%,
70%, 80%, 90%, 95%, 99% sequence identity and each integer unit of sequence identity
from 50-100% in ascending order to SEQ ID NO: 7 or SEQ ID NO: 8; or at least 10% of
the activity of a Magnaporthe grisea histidinol-phosphatase, preferably 25%, 50%, 75%,
90%, 95%, 99% and each integer unit of activity from 10-100% in ascending order.

As used herein, the terms “histidinol-phosphatase” (EC 3.1.3.15) and “histidinol-
phosphatase polypeptide” are synonymous with “the HISP1 gene product” and refer to an
enzyme that catalyses the interconversion of L-histidinol phosphate and H,O with L-
histidinol and orthophosphate.

As used herein, the term "heterologous IPMD1 gene" means a gene, not derived
from Magnaporthe grisea, and having: at least 50% sequence identity, preferably 60%,
70%, 80%, 90%, 95%, 99% sequence identity and each integer unit of sequence identity
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from 50-100% in ascending order to SEQ ID NO: 10 or SEQ ID NO: 11; or at least 10%
of the activity of a Magnaporthe grisea 3-Isopropylmalate dehydratase, preferably 25%,
50%, 75%, 90%, 95%, 99% and each integer unit of activity from 10-100% in ascending
order.

As used herein, the term "heterologous THR4 gene" means a gene, not derived
from Magnaporthe grisea, and having: at least 50% sequence identity, preferably 60%,
70%, 80%, 90%, 95%, 99% sequence identity and each integer unit of sequence identity
from 50-100% in ascending order to SEQ ID NO: 13 or SEQ ID NO: 14; or at least 10%
of the activity of a Magnaporthe grisea Threonine synthase, preferably 25%, 50%, 75%,
90%, 95%, 99% and each integer unit of activity from 10-100% in ascending order.

As used herein, the term "HISP1" means a gene encoding histidinol-phosphatase
activity, referring to an enzyme that catalyses the interconversion of L-histidinol
phosphate and H,0 with L-histidinol and orthophosphate, and may also be used to refer
to the gene product.

As used herein, the term "His-Tag" refers to an encoded polypeptide consisting of
multiple consecutive histidine amino acids.

As used herein, the term “HPLC” means high pressure liquid chromatography.

As used herein, the terms “hph”, “hygromycin B phosphotransferase”, and
“hygromycin resistance gene” refer to the £. coli hygromycin phosphoiransferase gene or
gene product.

As used herein, the term “hygromycin B” refers to an aminoglycesidic antibiotic,
used for selection and maintenance of eukaryotic cells containing the . coli hygromycin
resistance gene.

"Hypersensitive" refers to a phenotype in which cells are more sensitive to
antibiotic compounds than are wild-type cells of similar or identical genetic background.

"Hyposensitive" refers to a phenotype in which cells are less sensitive to
antibiotic compounds than are wild-type cells of similar or identical genetic background.

As used herein, the term "imperfect state” refers to a classification of a fungal
organism having no demonstrable sexual life stage.

The term “inhibitor”, as used herein, refers to a chemical substance that

inactivates the enzymatic activity or substantially reduces the level of enzymatic activity,
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of any one of Asparagine Synthase, 5-Aminolevulinate synthase, histidinol-phosphatase,
3-Isopropylmalate dehydratase or Threonine synthase wherein “substantially” means a
reduction at least as great as the standard deviation for a measurement, preferably a
reduction by 50%, more preferably a reduction of at least one magnitude, i.e. to 10%.
The inhibitor may function by interacting directly with the enzyme, a cofactor of the
enzyme, the substrate of the enzyme, or any combination thereof.

A polynucleotide may be “introduced” into a fungal cell by any means known to
those of skill in the art, including transfection, transformation or transduction,
transposable element, electroporation, particle bombardment, infection and the like. The
introduced polynucleotide may be maintained in the cell stably if it is incorporated into a
non-chromosomal autonomous replicon or integrated into the fungal chromosome.
Alternatively, the introduced polynucleotide may be present on an extra-chrumosomal
non-replicating vector and be transiently expressed or transiently active.

As used herein, the term "IPMD1" means a gene encoding 3-Isopropylmalate
dehydratase activity, referring to an enzyme that catalyses the interconversion of 2-
Isopropylmalate and H,O with 3-Isopropylmalate, and may also refer to the gene product.

As used herein, the terms “3-Isopropylmalate dehydratase” (EC 4.2.1.33), “a-
isopropylmalate isomerase”” and “3-Isopropylmalate dehydratase polypeptide™ are
synonymous with “the [PMD1 gene product” and refer to an enzyme that catalyses the
interconversion of 2-Isopropylmalate and H,O with 3-Isopropylmalate.

As used herein, the term “knockout” or “gene disruption” refers to the creation of
organisms carrying a null mutation (a mutation in which there is no active gene product),
a partial null mutation or mutations, or an alteration or alterations in gene regulation by
interrupting 2 DNA sequence through insertion of a foreign piece of DNA. Usually the
foreign DNA encodes a selectable marker.

As used herein, the term “LB agar” means Luria’s Broth agar.

The term "method of screening” means that the method is suitable, and is
typically used, for testing for a particular property or effect in a large number of

compounds. Typically, more than one compound is tested simultaneously (as in a
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96-well microtiter plate), and preferably significant portions of the procedure can be
automated. "Method of screening" also refers to the determination of a set of different
properties or effects of one compound simultancousty.

As used herein, the term “mRNA” means messenger ribonucleic acid.

As used herein, the term "mutant form" of a gene refers to a gene which has been
altered, either naturally or artificially, changing the base sequence of the gene. The
change in the base sequence may be of several different types, including changes of one
or more bases for different bases, deletions, and/or insertions, such as by a transposon. By
contrast, a normal form of a gene (wild type) is a form commonly found in natural
populations of an organism. Commonly a single form of a gene will predominate in
natural populations. In general, such a gene is suitable as a normal form of a gene,
however, other forms which provide similar functional characteristics may also be used
as anormal gene. In particular, a normal form of a gene does not confer a growth
conditional phenotype on the strain having that gene, while a mutant form of a gene
suitable for use in these methods does provide such a growth conditional phenotype.

As used herein, the term “Ni” refers to nickel.

As used herein, the term “Ni-NTA” refers to nickel sepharose.

As used herein, a “normal” form of a gene (wild type) is a form commonly found
in natural populations of an organism. Commonly a single form of a gene will
predominate in natural pgpuiations. In general, such a gene is suitable as a normal form
of a gene, however, other forms which provide similar functional characteristics may also
be used as a normal gene. In particular, a normal form of a gene does not confer a growth
conditional phenotype on the strain having that gene, while a mutant form of a gene
suitable for use in these methods does provide such a growth conditional phenotype.

As used herein, the term "one form" of a gene is synonymous with the term
"gene", and a "different form" of a gene refers to a gene that has greater than 49%
sequence identity and less than 100% sequence identity with said first form.

As used herein, the term “pathogenicity” refers to a capability of causing disease.
The term is applied to parasitic microorganisms in relation to their hosts.

As used herein, the term “PCR” means polymerase chain reaction.
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The “percent (%) sequence identity” between two polynucleotide or two
polypeptide sequences is determined according to the either the BLAST program (Basic
Local Alignment Search Tool; (Altschul, S.F., W. Gish, et al. (1990) J Mol Biol 275: 403
- 10 (PMID: 2231712)) at the National Center for Biotechnology or using Smith
Waterman Alignment (Smith, T. F. and M. S. Waterman (1981) J Mol Biol /47:195 -7
(PMID: 7265238)) as incorporated into GeneMatcher Plus™. It is understood that for the
purposes of determining sequence identity when comparing a DNA sequence to an RNA
sequence, a thymine nucleotide is equivalent to a uracil nucleotide.

By “polypeptide” is meant a chain of at least two amino acids joined by peptide
bonds. The chain may be linear, branched, circular or combinations thereof. Preferably,
polypeptides are from about 10 to about 1000 amino acids in length, more preferably 10-
50 amino acids in length. The polypeptides may contain amino acid analogs and other
modifications, including, but not limited to glycosylated or phosphorylated residues.

As used herein, the term "proliferation” is synonymous to the term "growth".

As used herein, the term “reverse transcriptase-PCR” means reverse transcription-
polymerase chain reaction.

As used herein, the term “RNA” means ribonucleic acid.

As used herein, "semi-permissive conditions" are conditions in which the relevant
culture parameter for a particular growth conditional phenotype is intermediate between
permissive conditions and non-permissive conditions. Consequently, in semi-permissive
conditions an organism having a growth conditional phenotype will exhibit growth rates
intermediate between those shown in permissive conditions and non-permissive
conditions. In general, such intermediate growth rate may be due to a mutant cellular
component which is partially functional under semi-permissive conditions, essentially
fully functional under permissive conditions, and is non-functional or has very low
function under non-permissive conditions, where the level of function of that component
is related to the growth rate of the organism. An intermediate growth rate may also be a
result of a nutrient substance or substances that are present in amounts not sufficient for
optimal growth rates to be achieved.

“Sensitivity phenotype” refers to a phenotype that exhibits either hypersensitivity

or hyposensitivity.
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The term “specific binding” refers to an interaction between any one of
Asparagine Synthase, 5-Aminolevulinate synthase, histidinol-phosphatase, 3-
Isopropylmalate dehydratase or Threonine synthase and a molecule or compound,
wherein the interaction is dependent upon the primary amino acid sequence and/or the
conformation of the Asparagine Synthase, 5-Aminolevulinate synthase, histidinol-
phosphatase, 3-Isopropylmalate dehydratase or Threonine synthase.

As used herein, the term "THR4" means a gene encoding Threonine synthase
activity, referring to an enzyme that catalyses the interconversion of O-phospho-L-
homoserine and water with L-threonine and orthophosphate, and may also be used to
refer to the gene product.

As used herein, the terms “Threonine synthase” (EC 4.2.99.2) and “Threonine
synthase polypeptide” are synonymous with “the THR4 gene product” and refer to an
enzyme that catalyses the interconversion of O-phospho-L-homoserine and water with L-
threonine and orthophosphate.

As used herein, the term “TLC” means thin layer chromatography.

“Transform”, as used herein, refers to the introduction of a polynucleotide (single
or double stranded DNA, RNA, or a combination thereof) into a living cell by any means.
Transformation may be accomplished by a variety of methods, including, but not limited
to, electroporation, polyethylene glycol mediated uptake, particle bombardment,
agrotransformation, and the like. This process may result in transient or stable expression
of the transformed polynucleotide. By “stably transformed” is meant that the sequence of
interest is integrated into a replicon in the cell, such as a chromosome or episome.
Transformed cells encompass not only the end product of a transformation process, but
also the progeny thereof which retain the polynucleotide of mterest.

For the purposes of the invention, “transgenic” refers to any cell, spore, tissue or
part, that contains all or part of at least one recombinant polynucleotide. In many cases,
all or part of the recombinant polynucleotide is stably integrated into a chromosome or
stable extra-chromosomal element, so that it is passed on to successive generations.

As used herein, the term “transposase” refers to an enzyme that catalyzes
transposition. Preferred transposons are described in WO 00/55346, PCT/US00/07317,
and US 09/658859.
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As used herein, the term “transposition” refers to a complex genetic
rearrangement process involving the movement or copying of a polynucleotide
(transposon) from one location and insertion into another, often within or between a
genome or genomes, or DNA constructs such as plasmids, bacmids, and cosmids.

As used herein, the term “transposon” (also known as a “transposable element”,
“transposable genetic element”, “mobile element”, or “jumping gene”) refers to a mobile
DNA element such as those, for example, described in WO 00/55346, PCT/US00/07317,
and US 09/658859. Transposons can disrupt gene expression or cause deletions and
inversions, and hence affect both the genotype and phenotype of the organisms
concerned. The mobility of transposable elements has long been used in genetic
manipulation, to introduce genes or other information into the genome of certain model
systems.

As used herein, the term "Tween 20" means sorbitan mono-9-octadecenoate
poly(oxy-1,1-ethanediyl).

As used in this disclosure, the term "viability" of an organism refers to the ability
of an organism to demonstrate growth under conditions appropriate for said organism, or
to demonstrate an active cellular function. Some examples of active cellular functions
include respiration as measured by gas evolution, secretion of proteins and/or other
compounds, dye exclusion, mobility, dye oxidation, dye reduction, pigment production,

changes in medium acidity, and the like.

The present inventors have discovered that disruption of the ASN1 gene and/or
gene product inhibits the pathogenicity of Magnaporthe grisea. Thus, the inventors are
the first to demonstrate that Asparagine Synthase is a target for antibiotics, preferably
antifungals.

Accordingly, the invention provides methods for identifying compounds that
inhibit ASN1 gene expression or biological activity of its gene product(s). Such methods
include ligand binding assays, assays for enzyme activity, cell-based assays, and assays
for ASN1 gene expression. Any compound that is a ligand for Asparagine Synthase may

have antibiotic activity. For the purposes of the invention, “ligand” refers to a molecule
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that will bind to a site on a polypeptide. The compounds identified by the methods of the
invention are useful as antibiotics.
Thus, in-bne embodiment, the invention provides a method for identifying a test
compound as a candidate for an antibiotic, comprising:
a) contacting an Asparagine Synthase polypeptide with a test compound; and
b) detecting the presence or absence of binding between said test compound and said
Asparagine Synthase polypeptide, wherein binding indicates that said test

compound is a candidate for an antibiotic.

The Asparagine Synthase protein may have the amino acid sequence of a
naturally occurring Asparagine Synthase found in a fungus, animal, plant, or
microorganism, or may have an amino acid sequence derived from a naturally occurring
sequence. Preferably the Asparagine Synthase is a fungal Asparagine Synthase. The
cDNA (SEQ ID NO: 1) encoding the Asparagine Synthase protein, the genomic DNA
(SEQ ID NO: 2) encoding the M. grisea protein, and the polypeptide (SEQ ID NO: 3) can
be found herein.

In one aspect, the invention also provides for a polypeptide consisting essentially
of SEQ ID NO: 3. For the purposes of the invention, a polypeptide consisting essentially
of SEQ ID NO: 3 has at least 80% sequence identity with SEQ ID NO: 3 and catalyses
the interconversion of L-aspartate, L-glutamine, and ATP with L-asparagine, L-
glutamate, AMP, and pyrophosphate with at least 10% of the activity of SEQ ID NO: 3.
Preferably, the polypeptide consisting essentially of SEQ ID NO: 3 has at least 85%
sequence identity with SEQ ID NO: 3, more preferably the sequence identity is at least
90%, most preferably the sequence identity is at least 95% or 97 or 99%, or any integer
from 80-100% sequence identity in ascending order. And, preferably, the polypeptide
consisting essentially of SEQ ID NO: 3 has at least 25%, at least 50%, at least 75% or at
least 90% of the activity of M. grisea Asparagine Synthase, or any integer from 60-100%
activity in ascending order.

By “fungal Asparagine Synthase” is meant an enzyme that can be found in at least
one fungus, and which catalyzes the interconversion of L-aspartate, L- glutamine, and

ATP with L-asparagine, L-glutamate, AMP, and pyrophosphate. The Asparagine
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Synthase may be from any of the fungi, including ascomycota, zygomycota,
basidiomycota, chytridiomycota, and lichens.

In one embodiment, the Asparagine Synthase is a Magnaporthe Asparagine
Synthase. Magnaporthe species include, but are not limited to, Magnaporthe rhizophila,
Magnaporthe salvinii, Magnaporthe grisea and Magnaporthe poae and the imperfect
states of Magnaporthe in the genus Pyricularia. Preferably, the Magnaporthe
Asparagine Synthase is from Magnaporthe grisea.

In various embodiments, the Asparagine Synthase can be from Powdery Scab
(Spongospora subterranea), Grey Mould (Botrytis cinerea), White Rot (drmillaria
mellea), Heartrot Fungus (Ganoderma adspersum), Brown-Rot (Piptoporus beiulinus),
Corn Smut (Ustilago maydis), Heartrot (Polyporus squamosus), Gray Leaf Spot
(Cercospora zeae-maydis), Honey Fungus (drmillaria gallica), Root rot (drmillaria
luteobubalina), Shoestring Rot (drmillaria ostoyae), Banana Anthracnose Fungus
(Colletotrichum musae), Apple-rotting Fungus (Monilinia fructigena), Apple-rotting
Fungus (Penicillium expansum), Clubroot Disease (Plasmodiophora brassicae), Potato
Blight (Phytophthora infestans), Root pathogen (Heterobasidion annosum), Take-all
Fungus (Gaeumannomyces graminis), Dutch Elm Disease (Ophiostoma ulmi), Bean Rust
(Uromyces appendiculatus), Northern Leaf Spot (Cochliobolus carbonum), Milo Disease
(Periconia circinata), Southern Corn Blight (Cochliobolus heterostrophus), Leaf Spot
(Cochliobolus lunata), Brown Stripe (Cochliobolus stenospilus), Panama discase
(Fusarium oxysporum), 'Wheat Head Scab Fungus (Fusarium graminearum), Cereal Foot
Rot (Fusarium culmorum), Potato Black Scurf (Rhizoctonia solani), Wheat Black Stem
Rust (Puccinia graminis), White mold (Sclerotinia sclerotiorum), and the like.

Fragments of an Asparagine Synthase polypeptide may be used in the methods of
the invention, preferably if the fragments include an intact or nearly intact cpitope that
occurs on the biologically active wildtype Asparagine Synthase. The fragments comprise
at least 10 consecutive amino acids of an Asparagine Synthase. Preferably, the fragment
comprises at least 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330,
340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510,
520, 530, 540, 550, 560, 570, or at least 580 consecutive amino acids residues of an
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Asparagine Synthase. In one embodiment, the fragment is from a Magnaporthe
Asparagine Synthase. Preferably, the fragment contains an amino acid sequence
conserved among fungal Asparagine Synthases.

Polypeptides having at least 50% sequence identity with a fungal Asparagine
Synthase are also useful in the methods of the invention. Preferably, the sequence
identity is at least 60%, more preferably the sequence identity is at least 70%, most
preferably the sequence identity is at least 80% or 90 or 95 or 99%, or any integer from
60-100% sequence identity in ascending order.

In addition, it is preferred that the polypeptide has at least 10% of the activity of a
fungal Asparagine Synthase. More preferably, the polypeptide has at least 25%, at least
50%, at least 75% or at least 90% of the activity of a fungal Asparagine Synthase. Most
preferably, the polypeptide has at least 10%, at least 25%, at least 50%, at least 75% or at
least 90% of the activity of the M. grisea Asparagine Synthase protein.

Thus, in another embodiment, the invention provides a method for identifying a
test compound as a candidate for a fungicide, comprising:

a) contacting a test compound with at least one polypeptide selected from the group
consisting of* a polypeptide having at least ten consecutive amino acids of a fungal
Asparagine Synthase; a polypeptide having at least 50% sequence identity with a
fungal Asparagine Synthase; and a polypeptide having at least 10% of the activity
of a fungal Asparagine Synthase; and

b) detecting the presence and/or absence of binding between said test compound and
said polypeptide, wherein binding indicates that said test compound is a candidate
for an antibiotic.

Any technique for detecting the binding of a ligand to its target may be used in the
methods of the invention. For example, the ligand and target are combined in a buffer.
Many methods for detecting the binding of a ligand to its target are known in the art, and
include, but are not limited to the detection of an immobilized ligand-target complex or
the detection of a change in the properties of a target when it is bound to a ligand. For
example, in one embodiment, an array of immobilized candidate ligands is provided. The
immobilized ligands are contacted with an Asparagine Synthase protein or a fragment or

variant thereof, the unbound protein is removed and the bound Asparagine Synthase is
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detected. In a preferred embodiment, bound Asparagine Synthase is detected using a
labeled binding partner, such as a labeled antibody. In a variation of this assay,
Asparagine Synthase is labeled prior to contacting the immobilized candidate ligands.
Preferred labels include fluorescent or radioactive moieties. Preferred detection methods
include fluorescence correlation spectroscopy (FCS) and FCS-related confocal
nanofluorimetric methods.

Once a compound is identified as a candidate for an antibiotic, it can be tested for
the ability to inhibit Asparagine Synthase enzymatic activity. The compounds can be
tested using either in vitro or cell based assays. Alternatively, a compound can be tested
by applying it directly to a fungus or fungal cell, or expressing it therein, and monitoring
the fungus or fungal cell for changes or decreases in growth, development, viability,
pathogenicity, or alterations in gene expression. Thus, in one embodiment, the invention
provides a method for determining whether a compound identified as an antibiotic
candidate by an above method has antifungal activity, further comprising: contacting a
fungus or fungal cells with said antifungal candidate and detecting a decrease in the
growth, viability, or pathogenicity of said fungus or fungal cells.

By decrease in growth, is meant that the antifungal candidate causes at least a
10% decrease in the growth of the fungus or fungal cells, as compared to the growth of
the fungus or fungal cells in the absence of the antifungal candidate. By a decrease in
viability is meant that at least 20% of the fungal cells, or portion of the fungué contacted
with the antifungal candidate are nonviable. Preferably, the growth or viability will be
decreased by at least 40%. More preferably, the growth or viability will be decreased by
at least 50%, 75% or at least 90% or more. Methods for measuring fungal growth and
cell viability are known to those skilled in the art. By decrease in pathogenicity, is meant
that the antifungal candidate causes at least a 10% decrease in the disease caused by
contact of the fungal pathogen with its host, as compared to the disease caused in the
absence of the antifungal candidate. Preferably, the disease will be decreased by at least
40%. More preferably, the discase will be decreased by at least 50%, 75% or at least
90% or more. Methods for measuring fungal disease are well known to those skilled
the art, and include such metrics as lesion formation, lesion size, sporulation, respiratory

failure, and/or death.
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The ability of a compound to inhibit Asparagine Synthase activity can be detected
using in vifro enzymatic assays in which the disappearance of a substrate or the
appearance of a product is directly or indirectly detected. Asparagine Synthase catalyzes
the irreversible or reversible reaction L-aspartate, L-glutamine, and ATP = L-asparagine,
L-glutamate, AMP, and pyrophosphate (see Figure 1). Methods for detection of L~
aspartate, L-glutamine, L-asparagine, L-glutamate, ATP, AMP, and/or pyrophosphate,
include spectrophotometry, mass spectroscopy, thin layer chromatography (TLC) and
reverse phase HPLC.

Thus, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) contacting L-aspartate, L-glutamine, and ATP with an Asparagine Synthase;

b) contacting L-aspartate, L-glutamine, and ATP with Asparagine Synthase and a test
compound; and

¢) determining the change in concentration for at least one of the following: L-
aspartate, L-glutamine, L-asparagine, L-glutamate, ATP, AMP, and/or
pyrophosphate, wherein a change in concentration for any of the above substances

indicates that said test compound is a candidate for an antibiotic.

An additional method is provided by the invention for identifying a test
compound as a candidate for an antibiotic, comprising:

a) contacting L-asparagine, L-glutamate, AMP, and pyrophosphate with an
Asparagine Synthase;

b) contacting L-asparagine, L-glutamate, AMP, and pyrophosphate with an
Asparagine Synthase and a test compound; and

¢) determining the change in concentration for at least one of the following: L~
aspartate, L-glutamine, L-asparagine, L-glutamate, ATP, AMP, and/or
pyrophosphate, wherein a change in concentration for any of the above substances

indicates that said test compound is a candidate for an antibiotic.

Enzymatically active fragments of a fungal Asparagine Synthase are also useful in

the methods of the invention. For example, an enzymatically active polypeptide
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comprising at least 100 consecutive amino acid residues of a fungal Asparagine Synthase
may be used in the methods of the invention. In addition, an enzymatically active
polypeptide having at least 50%, 60%, 70%, 80%, 90%, 95% or at least 98% sequence
identity with a fungal Asparagine Synthase may be used in the methods of the invention.
Most preferably, the pofypeptide has at least 50% sequence identity with a fungal
Asparagine Synthase and at least 10%, 25%, 75% or at least 90% of the activity thereof.

Thus, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) contacting L-aspartate, L-glutamine, and ATP with a polypeptide selected from the
group consisting of: a polypeptide having at least 50% sequence identity with an
Asparagine Synthase, a polypeptide having at least 50% sequence identity with an
Asparagine Synthase and having at least 10% of the activity thereof, and a
polypeptide comprising at least 100 consecutive amino acids of an Asparagine
Synthase;

b) contacting L-aspartate, L-glutamine, and ATP with said polypeptide and a test
compound; and

¢) determining the change in concentration for at least one of the following: L-
aspartate, L-glutamine, L-asparagine, L-glutamate, ATP, AMP, and/or
pyrophosphate, wherein a change in concentration for any of the above substances

indicates that said,test compound is a candidate for an antibiotic.

An additional method is provided by the invention for identifying a test
compound as a candidate for an alntibiotic, comprising:

a) contacting L-asparagine, L-glutamate, AMP, and pyrophosphate with a polypeptide
selected from the group consisting of: a polypeptide having at least 50% sequence
identity with an Asparagine Synthase, a polypeptide having at least 50% sequence
identity with an Asparagine Synthase and at least 10% of the activity thereof, and a
polypeptide comprising at least 100 consecutive amino acids of an Asparagine
Synthase;

b) contacting L-asparagine, L-glutamate, AMP, and pyrophosphate, with a polypeptide

and said test compound; and
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¢) determining the change in concentration for at least one of the following, L-
aspartate, L-glutamine, L-asparagine, L-glutamate, ATP, AMP, and/or
pyrophosphate, wherein a change in concentration for any of the above substances

indicates that said test compound is a candidate for an antibiotic.

For the in vitro enzymatic assays, Asparagine Synthase protein and derivatives
thereof may be purified from a fungus or may be recombinantly produced in and purified
from an archael, bacterial, fungal, or other eukaryotic cell culture. Preferably these
proteins are produced using an E. colt, yeast, or filamentous fungal expression system.
Methods for the purification of Asparagine Synthase may be described in Van Hecke and
Schuster (1989) J Biol Chem 264: 5503 — 9 (PMID: 2564390). Other methods for the
purification of Asparagine Synthase proteins and polypeptides are known to those skilled
in the art.

As an alternative to in vitro assays, the invention also provides cell based assays.
In one embodiment, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) measuring the expression of an Asparagine Synthase in a cell, cells, tissue, or an
organism in the absence of a test compound;

b) contacting said cell, cells, tissue, or organism with said test compound and
measuring the expression of said Asparagine Synthase in said cell, cells, tissue, or
organism; and

¢) comparing the expression of Asparagine Synthase in steps (2) and (b), wherein a
lower expression in the presence of said test compound indicates that said

compound is a candidate for an antibiotic.

Expression of Asparagine Synthase can be measured by detecting the ASN1
primary transcript or mRNA, Asparagine Synthase polypeptide, or Asparagine Synthase
enzymatic activity. Methods for detecting the expression of RNA and proteins are known
to those skilled in the art. See, for example, Current Protocols in Molecular Biology
Ausubel et al., eds., Greene Publishing and Wiley-Interscience, New York, 1995. The
method of detection is not critical to the invention. Methods for detecting ASN1 RNA
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include, but are not limited to amplification assays such as quantitative reverse
transcriptase-PCR, and/or hybridization assays such as Northern analysis, dot blots, slot
blots, in-situ hybridization, transcriptional fusions using an ASN1 promoter fused to a
reporter gene, DNA assays, and microarray assays.

Methods for detecting protein expression include, but are not limited to,
immunodetection methods such as Western blots, ELISA assays, polyacrylamide gel
electrophoresis, mass spectroscopy, and enzymatic assays. Also, any reporter gene
system may be used to detect ASN1 protein expression. For\ detection using gene
reporter systems, a polynucleotide encoding a reporter protein is fused in frame with
ASN1, so as to produce a chimeric polypeptide. Methods for using reporter systems are
known to those skilled in the art.

Chemicals, compounds or compositions identified by the above methods as
modulators, preferably inhibitors, of ASN1 expression or activity can then be used to
control fungal growth. Diseases such as rusts, mildews, and blights spread rapidly once
established. Fungicides are thus routinely applied to growing and stored crops as a
preventive measure, generally as foliar sprays or seed dressings. For example,
compounds that inhibit fungal growth can be applied to a fungus or expressed in a
fungus, in order to prevent fungal growth. Thus, the invention provides a method for
inhibiting fungal growth, comprising contacting a fungus with a compound identified by
the methods of the invention as having antifungal activity.

Antifungals and antifungal inhibitor candidates identified by the methods of the
invention can be used to control the growth of undesired fungi, including ascomycota,
zygomycota, basidiomycota, chytridiomycota, and lichens. '

Examples of undesired fungi include, but are not limited to Powdery Scab
(Spongospora subterranea), Grey Mould (Botrytis cinerea), White Rot (drmillaria
mellea), Heartrot Fungus (Ganoderma adspersum), Brown-Rot (Piptoporus betulinus),
Corn Smut (Ustilago maydis), Heartrot (Polyporus squamosus), Gray Leaf Spot
(Cercospora zeae-maydis), Honey Fungus (4drmillaria gallica), Root rot (Armillaria
luteobubalina), Shoestring Rot (drmillaria ostoyae), Banana Anthracnose Fungus
(Colletotrichum musae), Apple-rotting Fungus (Monilinia fructigena), Apple-rotting

Fungus (Penicillium expansum), Clubroot Disease (Plasmodiophora brassicae), Potato
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Blight (Phytophthora infestans), Root pathogen (Heterobasidion annosum), Take-all
Fungus (Gaeumannomyces graminis), Dutch Elm Disease (Ophiostoma ulmi), Bean Rust
(Uromyces appendiculatus), Northern Leaf Spot (Cochliobolus carbonum), Milo Disease
(Periconia circinata), Southern Corn Blight (Cochliobolus heterostrophus), Leaf Spot
(Cochliobolus lunata), Brown Stripe (Cochliobolus stenospilus), Panama disease
(Fusarium oxysporum), Wheat Head Scab Fungus (Fusarium graminearumy), Cereal Foot
Rot (Fusarium culmorum), Potato Black Scurf (Rhizoctonia solani), Wheat Black Stem
Rust (Puccinia graminis), White mold (Sclerotinia sclerotiorum), diseases of animals
such as infections of lungs, blood, brain, skin, scalp, nails or other tissues (4dspergillus
fumigatus Aspergillus sp. Fusraium sp., Trichophyton sp., Epidermophyton sp., and
Microsporum sp., and the like).

Also provided is a method of screening for an antibiotic by determining whether a
test compound is active against the gene identified (SEQ ID NO: 1 or SEQ ID NO: 2), its
gene product (SEQ ID NO: 3), or the biochemical pathway or pathways on which it
functions.

In one particular embodiment, the method is performed by providing an organism
having a first form of the gene corresponding to either SEQ ID NO: 1 or SEQ ID NO: 2,
either a normal form, a mutant form, a homologue, or a heterologous ASN1 gene that
performs a similar function as ASN1. The first form of ASN1 may or may not confer a
growth conditional phenotype, i.e., a L-asparagine requiring phenotype, and/or a
hypersensitivity or hyposensitivity phenotype on the organism having that altered form.
In one particular embodiment a mutant form contains a transposon insertion. A
comparison organism having a second form of an ASN1, different from the first form of
the gene is also provided, and the two organisms are separately contacted with a test
compound. The growth of the two organisms in the presence of the test compound is
then compared.

Thus, in one embodiment, the invention provides a method for identifying a test
compound as a candidate for an antibiotic, comprising:

a) providing cells having one form of an Asparagine Synthase gene, and providing

comparison cells having a different form of an Asparagine Synthase gene; and
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b) contacting said cells and said comparison cells with a test compound and
determining the growth of said cells and said comparison cells in the presence of
the test compound, wherein a difference in growth between said cells and said
comparison cells in the presence of said test compound indicates that said test

compound is a candidate for an antibiotic.

It is recognized in the art that the optional determination of the growth of said first
organism and said comparison second organism in the absence of any test compounds
may be performed to control for any inherent differences in growth as a result of the
different genes. It is also recognized that any combination of two different forms of an
ASNT1 gene, including normal genes, mutant genes, homologues, and functional
homologues may be used in this method. Growth and/or proliferation of an organism is
measured by methods well known in the art such as optical density measurements, and
the like. In a preferred embodiment the organism is Magnaporthe grisea.

Conditional lethal mutants may identify particular biochemical and/or genetic
pathways given that at least one identified target gene is present in that pathway.
Knowledge of these pathways allows for the screening of test compounds as candidates
for antibiotics as inhibitors of the substrates, products and enzymes <‘)f the pathway.
Pathways known in the art may be found at the Kyoto Encyclopedia of Genes and
Genomes and in standard biochemistry texts (Lehninger, A., D. Nelson, et al. (1993)
Principles of Biochemistry, New York, Worth Publishers).

Thus, in one embodiment, the invention provides a method for screening for test
compounds acting against the biochemical and/or genetic pathway or pathways in which
ASNI functions, comprising: '

a) providing cells having one form of a gene in the L-asparagine biochemical and/or
genetic pathway and providing comparison cells having a different form of said
gene;

b) contacting said cells and said comparison cells with a test compound; and

¢) determining the growth of said cells and said comparison cells in the presence of

said test compound, wherein a difference in growth between said cells and said
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comparison cells in the presence of said test compound indicates that said test

compound is a candidate for an antibiotic.

The use of multi-well plates for screening is a format that readily accommodates
multiple different assays to characterize various compounds, concentrations of
compounds, and fungal strains in varying combinations and formats. Certain testing
parameters for the screening method can significantly affect the identification of growth
inhibitors, and thus can be manipulated to optimize screening efficiency and/or
reliability. Notable among these factors are variable sensitivities of different mutants,
increasing hypersensitivity with increasingly less permissive conditions, an apparent
increase in hypersensitivity with increasing compound concentration, and other factors
known to those in the art.

Conditional lethal mutants may identify particular biochemical and/or genetic
pathways given that at least one identified target gene is present in that pathway.
Knowledge of these pathways allows for the screening of test compounds as candidates
for antibiotics. Pathways known in the art may be found at the Kyoto Encyclopedia of
Genes and Genomes and in standard biochemistry texts (Lehninger et al. (1993)

Principles of Biochemistry).

Thus, in one embodiment, the invention provides a method for screening for test
compounds acting against the biochemical and/or genetic pathway or pathways in which
ASN1 functions, comprising:

(a) providing paired growth media comprising a first medium and a second medium,
wherein said second medium contains a higher level of L-asparagine than said first
medium;

(b) contacting an organism with a test compound;

(c) inoculating said first and said second media with said organism; and

(d) determining the growth of said organism, wherein a difference in growth of the
organism between said first and said second media indicates that said test

compound is a candidate for an antibiotic.
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It is recognized in the art that determination of the growth of said organism in the
paired media in the absence of any test compounds may be performed to control for any
inherent differences in growth as a result of the different media. Growth and/or
proliferation of an organistm is measured by methods well known in the art such as
optical density measurements, and the like. In a preferred embodiment, the organism is
Magnaporthe grisea.

The present inventors have discovered that disruption of the ALAS1 gene and/or
gene product inhibits the pathogenicity of Magnaporthe grisea. Thus, the inventors are
the first to demonstrate that 5-Aminolevulinate synthase is a target for antibiotics, '
preferably antifungals.

Accordingly, the invention provides methods for identifying compounds that
inhibit ALAS1 gene expression or biological activity of its gene product(s). Such
methods include ligand binding assays, assays for enzyme activity, cell-based assays, and
assays for ALAS1 gene expression. Any compound that is a ligand for 5-
Aminolevulinate synthase may have antibiotic activity. For the purposes of the
invention, “ligand” refers to a molecule that will bind to a site on a polypeptide. The
compounds identified by the methods of the invention are useful as antibiotics.

Thus, in one embodiment, the invention provides a method for identifying a test
compound as a candidate for an antibiotic, comprising:

a) contacting a 5-Aminolevulinate synthase polypeptide with a test compound; and
b) detecting the presence or absence of binding between said test compound and said
5-Aminolevulinate synthase polypeptide;

wherein binding indicates that said test compound is a candidate for an antibiotic.

The 5-Aminolevulinate synthase protein may have the amino acid sequence of a
naturally occurring 5-Aminolevulinate synthase found in a fungus, animal, plant, or
microorganism, or may have an amino acid sequence derived from a naturally occurring
sequence. Preferably the 5-Aminolevulinate synthase is a fungal 5-Aminolevulinate
synthase. The cDNA (SEQ ID NO: 4) encoding the M. grisea 5-Aminolevulinate
synthase protein, the genomic DNA (SEQ ID NO: 5) encoding the protein, and the
polypeptide (SEQ ID NO: 6) can be found herein.
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In one aspect, the invention also provides for a polypeptide consisting essentially
of SEQ ID NOQ: 6. For the purposes of the invention, a polypeptide consisting essentially
of SEQ ID NO: 6 has at least 80% sequence identity with SEQ ID NO: 6 and catalyses
the interconversion of succinyl-CoA and glycine with 5-aminolevulinate, CoA, and CO,
with at least 10% of the activity of SEQ ID NO: 6. Preferably, the polypeptide consisting
essentially of SEQ ID NO: 6 has at least 85% sequence identity with SEQ ID NO: 6,
more preferably the sequence identity is at least 90%, most preferably the sequence
identity is at least 95% or 97 or 99%, or any integer from 80-100% sequence identity in
ascending order. And, preferably, the polypeptide consisting essentially of SEQ ID NO: 6
has at least 25%, at least 50%, at least 75% or at least 90% of the activity of M. grisea 5-
Aminolevulinate synthase, or any integer from 60-100% activity in ascending order.

By “fungal 5-Aminolevulinate synthase™ is meant an enzyme that can be found in
at least one fungus, and which catalyzes the interconversion of succinyl-CoA and glycine
with 5-aminolevulinate, CoA, and CQ,. The 5-Aminolevulinate synthase may be from
any of the fungi, including ascomycota, zygomycota, basidiomycota, chytridiomycota,
and lichens.

In one embodiment, the 5-Aminolevulinate synthase is a Magnaporthe 5-
Aminolevulinate synthase. Magnaporthe species include, but are not limited to,
Magnaporthe riizophila, Magnaporthe salvinii, Magnaporthe grisea and Magnaporthe
poae and the imperfect states of Magnaporthe in the genus Pyricularia. Preferably, the
Magnaporthe 5-Amiﬁolewlinate synthase is from Magnaporthe grisea.

In various embodiments, the 5-Aminolevulinate synthase can be from Powdery
Scab (Spongospora subterranea), Grey Mould (Botrytis cinerea), White Rot (Armillaria
mellea), Heartrot Fungus (Ganoderma adspersum), Brown-Rot (Piptoporus betulinus),
Corn Smut (Ustilago maydis), Heartrot (Polyporus squamesus), Gray Leaf Spot
(Cercospora zeae-maydis), Honey Fungus (Armillaria gallica), Root rot (Armillaria
Iluteobubalina), Shoestring Rot (Armillaria ostoyae), Banana Anthracnose Fungus
(Colletotrichum musae), Apple-rotting Fungus (Monilinia fructigena), Apple-rotting
Fungus (Penicillium expansum), Clubroot Disease (Plasmodiophora brassicae), Potato
Blight (Phytophthora infestans), Root pathogen (Heterobasidion annosum), Take-all

Fungus (Gaeumannomyces graminis), Dutch Elm Disease (Ophiostoma ulmi), Bean Rust
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(Uromyces appendiculatus), Northern Leaf Spot (Cochliobolus carbonum), Mile Disease
(Periconia circinata), Southern Corn Blight (Cochliobolus heterostrophus), Leaf Spot
(Cochliobolus lunata), Brown Stripe (Cochliobolus stenospilus), Panama disease
(Fusarium oxysporumy), ‘Wheat Head Scab Fungus (Fusarium graminearum), Cereal Foot
Rot (Fusarium culmorunt), Potato Black Scurf (Rhizoctonia solani), Wheat Black Stem
Rust (Puccinia graminis), White mold (Sclerotinia sclerotiorum), and the like.

Fragments of a 5-Aminolevulinate synthase polypeptide may be used in the
methods of the invention, preferably if the fragments include an intact or nearly intact
epitope that occurs on the biologically active wildtype 5-Aminolevulinate synthase. The
fragments comprise at least 10 consecutive amino acids of a 5-Aminolevulinate synthase.
Preferably, the fragment comprises at least 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100,
110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280,
290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460,
470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600, or at least 610
consecutive amino acids residues of a S-Aminolevulinate synthase. In one embodiment,
the fragment is from a Magnaporthe 5-Aminolevulinate synthase. Preferably, the
fragment contains an amino acid sequence conserved among fungal 5-Aminolevulinate
synthases.

Polypeptides having at least 50% sequence identity with a fungal 5-
Aminolevulinate synthase are also useful in the methods of the invention. Preferably, the
sequence identity is at least 60%, more preferably the sequence identity is at least 70%,
most preferably the sequence identity is at least 80% or 90 or 95 or 99%, or any integer
from 60-100% sequence identity in ascending order. '

In addition, it is preferred that the polypeptide has at least 10% of the activity of a
fungal 5-Aminolevulinate synthase. More preferably, the polypeptide has at least 25%, at
least 50%, at least 75% or at least 90% of the activity of a fungal 5-Aminolevulinate
synthase. Most preferably, the polypeptide has at least 10%, at least 25%, at least 50%,
at least 75% or at least 90% of the activity of the M. grisea 5-Aminolevulinate synthase
protein.

Thus, in another embodiment, the invention provides a method for identifying a

test compound as a candidate for a fungicide, comprising:
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a) contacting a test compound with at least one polypeptide selected from the group
consisting of: a polypeptide having at least ten consecutive amino acids of a fungal
5-Aminolevulinate synthase; a polypeptide having at least 50% sequence identity
with a fungal 5-Aminolevulinate synthase; and a polypeptide having at least 10%
of the activity of a fungal 5-Aminolevulinate synthase; and

b) detecting the presence and/or absence of binding between said test compound and
said polypeptide;

wherein binding indicates that said test compound is a candidate for an antibiotic.

Any technique for detecting the binding of a ligand to its target may be used in the
methods of the invention. For example, the ligand and target are combined in a buffer.
Many methods for detecting the binding of a ligand to its target are known in the art, and
include, but are not limited to the detection of an immobilized ligand-target complex or
the detection of a change in the properties of a target when it is bound to a ligand. For
example, in one embodiment, an array of immobilized candidate ligands is provided. The
immobilized ligands are contacted with a S-Aminolevulinate synthase protein or a
fragment or variant thereof, the unbound protein is removed and the bound 5-
Aminolevulinate synthase is detected. In a preferred embodiment, bound 5-
Aminolevulinate synthase is detected using a labeled binding partner, such as a labeled
antibody. In a variation of this assay, 5-Aminolevulinate synthase is labeled prior to
contacting the immobilized candidate ligands. Preferred labels include fluorescent or
radioactive moieties. Preferred detection methods include fluorescence correlation
spectroscopy (FCS) and FCS-related confocal nanofluorimetric methods.

Once a compound is identified as a candidate for an antibiotic, it can be tested for
the ability to inhibit 5-Aminolevulinate synthase enzymatic activity. The compounds can
be tested using either in vitro or cell based assays. Alternatively, a compound can be
tested by applying it directly to a fungus or fungal cell, or expressing it therein, and
monitoring the fungus or fungal cell for changes or decreases in growth, development,
viability, pathogenicity, or alterations in gene expression. Thus, in one embodiment, the
invention provides a method for determining whether a compound identified as an

antibiotic candidate by an above method has antifungal activity, further comprising:
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contacting a fungus or fungal cells with said antifungal candidate and detecting a
decrease in the growth, viability, or pathogenicity of said fungus or fungal cells.

By decrease in growth, is meant that the antifungal candidate causes at least a
10% decrease in the growth of the fungus or fungal cells, as compared to the growth of
the fungus or fungal cells in the absence of the antifungal candidate. By a decrease in
viability is meant that at least 20% of the fungal cells, or portion of the fungus contacted -
with the antifungal candidate are nonviable. Preferably, the growth or viability will be
decreased by at least 40%. More preferably, the growth or viability will be decreased by
at least 50%, 75% or at least 90% or more. Methods for measuring fungal growth and
cell viability are known to those skilled in the art. By decrease in pathogenicity, is meant
that the antifungal candidate causes at least a 10% decrease in the disease caused by
contact of the fungal pathogen with its host, as compared to the disease caused in the
absence of the antifungal candidate. Preferably, the disease will be decreased by at least
40%. More preferably, the disease will be decreased'by at least 50%, 75% or at least
90% or more. Methods for measuring fungal disease are well known to those skilled in
the art, and include such metrics as lesion formation, lesion size, sporulation, respiratory
failure, and/or death.

The ability of a compound to inhibit 5-Aminolevulinate synthase activity can be
detected using in vitro enzymatic assays in which the disappearance of a substrate or the
appearance of a product is directly or indirectly detected. 5 -Aminolevulinate synthase
catalyzes the irreversible or reversible reaction succinyl-CoA and glycine = 5-
aminolevulinate, CoA, and CO; (see Figure 1). Methods for detection of succinyl-CoA,
glycine, 5-aminolevulinate, CoA, and/or CO,, include spectrophotometry, mass
spectroscopy, thin layer chromatography (TLC) and reversc phase HPLC.

Thus, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) contacting succinyl-CoA and glycine with a 5-Aminolevulinate synthase;

b) contacting succinyl-CoA and glycine with 5-Aminolevulinate synthase and a test
compound; and

¢) determining the change in concentration for at least one of the following: succinyl-

CoA, glycine, 5-aminolevulinate, CoA, and/or CO,,
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wherein a change in concentration for any of the above substances indicates that said

test compound is a candidate for an antibiotic.

An additional method is provided by the invention for identifying a test
compound as a candidate for an antibiotic, comprising:

a) contacting 5-aminolevulinate, CoA, and CO, with a 5-Aminolevulinate synthase;

b) contacting 5-aminolevulinate, CoA, and CO; with a 5-Aminolevulinate synthase
and a test compound; and

¢) determining the change in concentration for at least one of the following: succinyl-
CoA, glycine, 5-aminolevulinate, CoA, and/or COs,

wherein a change in concentration for any of the above substances indicates that said

test compound is a candidate for an antibiotic.

Enzymatically active fragments of a fungal 5-Aminolevulinate synthase are also
useful in the methods of the invention. For example, an enzymatically active polypeptide
comprising at least 100 consecutive amino acid residues of a fungal 5-Aminolevulinate
synthase may be used in the methods of the invention. In addition, an enzymatically
active polypeptide having at least 50%, 60%, 70%, 80%, 90%, 95% or at least 98%
sequence identity with a fungal 5-Aminolevulinate synthase may be used in the methods
of the invention. Most preferably, the polypeptide has at least 50% sequence identity
with a fungal 5-Aminolevulinate synthase and at least 10%, 25%, 75% or at least 90% of
the activity thereof.

Thus, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) contacting succinyl-CoA and glycine with a polypeptide selected from the group
consisting of: a polypeptide having at least 50% sequence identity with a 5-
Aminolevulinate synthase; a polypeptide having at least 50% sequence identity
with a 5-Aminolevulinate synthase and having at least 10% of the activity thereof;
and a polypeptide comprising at least 100 consecutive amino acids of a 5-

Aminolevulinate synthase;

38



ChA 02469695 2004-06-07
WO 03/050310 PCT/US02/39286

b) contacting succinyl-CoA and glycine with said polypeptide and a test compound;
and
c) determining the cliange in concentration for at least one of the following: succinyl-
CoA, glycine, 5-aminolevulinate, CoA, and/or CO»;
wherein a change in concentration for any of the above substances indicates that said

test compound is a candidate for an antibiotic.

An additional method is provided by the invention for identifying a test compound as
a candidate for an antibiotic, comprising:

a) contacting 5-aminolevulinate, CoA, and CO, with a polypeptide selected from the
group consisting of® a polypeptide having at least 50% sequence identity with a 5-
Aminolevulinate synthase; a polypeptide having at least 50% sequence identity
with a 5-Aminolevulinate synthase and at least 10% of the activity thereof; and a
polypeptide comprising at least 100 consecutive amino acids of a 5-
Aminolevulinate synthase;

b) contacting S-aminolevulinate, CoA, and CO,, with said polypeptide and a test
compound; and

¢) determining the change in concentration for at least one of the following, succinyl-
CoA, glycine, 5-aminolevulinate, CoA, and/or COy;

wherein a change in concentration for any of the above substances indicates that said

test compound is a candidate for an antibiotic.

For the in vitro enzymatic assays, 5-Aminolevulinate synthase protein and
derivatives thereof may be purified from a fungus or may be recombinantly produced in
and purified from an archael, bacterial, fungal, or other eukaryotic cell culture.
Preferably these proteins are produced using an E. coli, yeast, or filamentous fungal
expression system. Methods for the purification of 5-Aminolevulinate synthase may be
described in Volland and Felix (1984) Eur J Biochem /42: 551 - 7 (PMID: 6381051).
Other methods for the purification of 5-Aminolevulinate synthase proteins and

polypeptides are known to those skilled in the art.
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As an alternative to in vitro assays, the invention also provides cell based assays.
In one embodiment, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) measuring the expression of a 5-Aminolevulinate synthase in a cell, cells, tissue, or
an organism in the absence of a test compound;

b) contacting said cell, cells, tissue, or organism with said test compound and
measuring the expression of said 5-Aminolevulinate synthase in said cell, cells,
tissue, or organism; and

¢) comparing the expression of 5-Aminolevulinate synthase in steps (a) and (b);

wherein a lower expression in the presence of said test compound indicates that

said compound is a candidate for an antibiotic.

Expression of 5-Aminolevulinate synthase can be measured by detecting the
ALAS1 primary transcript or mRNA, 5-Aminolevulinate synthase polypeptide, or 3-
Aminolevulinate synthase enzymatic activity. Methods for detecting the expression of
RNA and proteins are known to those skilled in the art. See, for example, Current
Protocols in Molecular Biology Ausubel et al., eds., Greene Publishing and Wiley-
Interscience, New York, 1995. The method of detection is not critical to the invention.
Methods for detecting ALLAS1 RNA include, but are not limited to amplification assays
such as quantitative reverse transcriptase-PCR, and/or hybridization assays such as
Northern analysis, dot blots, slot blots, in-situ hybridization, transcriptional fusions using
an ALAS1 promoter fused to a reporter gene, DNA assays, and microarray assays.

Methods for detecting protein expression include, but are not limited to,
immunodetection methods such as Western blots, ELISA assays, polyacrylamide gel
electrophoresis, mass spectroscopy, and enzymatic assays. Also, any reporter gene
system may be used to detect ALAS1 protein expression. For detection using gene
reporter systems, a polynucleotide encoding a reporter protein is fused in frame with
ALASI, so as to produce a chimeric polypeptide. Methods for using reporter systems are
known to those skilled in the art.

Chemicals, compounds or compositions identified by the above methods as

modulators, preferably inhibitors, of ALAS1 expression or activity can then be used to
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control fungal growth. Diseases such as rusts, mildews, and blights spread rapidly once
established. Fungicides are thus routinely applied to growing and stored crops as a
preventive measure, generally as foliar sprays or seed dressings. For example,
compounds that inhibit fungal growth can be applied to a fungus or expressed in a
fungus, in order to prevent fungal growth. Thus, the invention provides a method for
inhibiting fungal growth, comprising contacting a fungus with a compound identified by
the methods of the invention as having antifungal activity.

Antifungals and antifungal inhibitor candidates identified by the methods of the
invention can be used to control the growth of undesired fungi, including ascomycota,
zygomycota, basidiomycota, chytridiomycota, and lichens.

Examples of undesired fungi include, but are not limited to Powdery Scab
(Spongospora subterranea), Grey Mould (Botrytis cinerea), White Rot (drmillaria
mellea), Heartrot Fungus (Ganoderma adspersum), Brown-Rot (Piptoporus betulinus),
Comn Smut (Ustilago maydis), Heartrot (Polyporus squamosus), Gray Leaf Spot
(Cercospora zeae-maydis), Honey Fungus (drmillaria gallica), Root rot (Armillaria
luteobubalina), Shoestring Rot (Armillaria ostoyae), Banana Anthracnose Fungus
(Colletotrichum musae), Apple-rotting Fungus (Monilinia fructigena), Apple-rotting
Fungus (Penicillium expansum), Clubroot Disease (Plasmodiophora brassicae), Potato
Blight (Phytophthora infestans), Root pathogen {Heterobasidion annosum), Take-all
Fungus (Gaeumannomyces graminis), Dutch Elm Disease (Ophiostoma ulmi), Bean Rust
(Uromyces appendiculatus), Northern Leaf Spot (Cochliobolus carbonum), Milo Discase
(Periconia circinata), Southern Corn Blight (Cochliobolus heterostrophus), Leaf Spot
(Cochliobolus lunata), Brown Stripe (Cochliobolus stenospilus), Panama disease
(Fusarium oxysporunt), Wheat Head Scab Fungus (Fusarium graminearum), Cereal Foot
Rot (Fusarium culmorum), Potato Black Scurf (Rhizoctonia solani), Wheat Black Stem
Rust (Puccinia graminis), White mold (Sclerotinia sclerotiorum), diseases of animals
such as infections of lungs, blood, brain, skin, scalp, nails or other tissues (dspergillus
fumigatus Aspergillus sp. Fusraium sp., Trichophyton sp., Epidermophyton sp., and
Microsporum sp., and the like).
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Also provided is a method of screening for an antibiotic by determining whether a
test compound is active against the gene identified (SEQ ID NO: 4 or SEQ ID NO: 5), its
gene product (SEQ ID NO: 6), or the biochemical pathway or pathways it functions on.

In one particular embodiment, the method is performed by providing an organism
having a first form of the gene corresponding to either SEQ ID NO: 4 or SEQ ID NO: 5,
either a normal form, a mutant form, a homologue, or a heterologous ALLAS1 gene that
performs a similar function as ALAS1. The first form of ALAS1 may or may not confer
a growth conditional phenotype, i.e., a S-aminolevulinate requiring phenotype, and/or a
hypersensitivity or hyposensitivity phenotype on the organism having that altered form.
In one particular embodiment a mutant form contains a transposon insertion. A
comparison organism having a second form of an ALAS], different from the first form of
the gene is also provided, and the two organisms are separately contacted with a test
compound. The growth of the two organisms in the presence of the test compound is
then compared.

Thus, in one embodiment, the invention provides a method for identifying a test
compound as a candidate for an antibiotic, comprising:

a) providing cells having one form of a 5-Aminolevulinate synthase gene, and
providing comparison cells having a different form of a 5-Aminolevulinate
synthase gene; and

b) contacting said cells and said comparison cells with a test compound and
determining the growth of said cells and said comparison cells in the presence of
the test compound,

wherein a difference in growth between said cells and said comparison cells in
the presence of said test compound indicates that said test compound is a candidate for an

antibiotic.

It is recognized in the art that the optional determination of the growth of said first
organism and said comparison second organism in the absence of any test compounds
may be performed to control for any inherent differences in growth as a result of the
different genes. It is also recognized that any combination of two different forms of an

ALASI gene, including normal genes, mutant genes, homologues, and functional
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homologues may be used in this method. Growth and/or proliferation of an organism is
measured by methods well known in the art such as optical density measurements, and
the like. In a preferred embodiment the organism is Magnaporthe grisea.

Conditional lethal mutants may identify particular biochemical and/or genetic
pathways given that at least one identified target gene is present in that pathway.
Knowledge of these pathways allows for the screening of test compounds as candidates
for antibiotics as inhibitors of the substrates, products and enzymes of the pathway.
Pathways known in the art may be found at the Kyoto Encyclopedia of Genes and
Genomes and in standard biochemistry texts (Lehninger, A., D. Nelson, et al. (1993)
Principles of Biochemistry. New York, Worth Publishers).

Thus, in one embodiment, the invention provides a method for screening for test
compounds acting against the biochemical and/or genetic pathway or pathways in which
ALASI functions, compﬁsing:

d) providing cells having one form of a gene in the heme biochemical and/or genetic
pathway and providing comparison cells having a different form of said gene;
e} contacting said cells and said comparison cells with a test compound; and
f) determining the growth of said cells and said comparison cells in the presence of
said test compound;
wherein a difference in growth between said cells and said comparison cells in the
presence of said test compound indicates that said test compound is a candidate for

an antibiotic.

The use of multiswell plates for screening is a format that readily accommodates
multiple different assays to characterize various compounds, concentrations of
compounds, and fungal strains in varying combinations and formats. Certain testing
parameters for the screening method can significantly affect the identification of growth
inhibitors, and thus can be manipulated to optimize screening efficiency and/or
reliability. Notable among these factors are variable sensitivities of different mutants,
increasing hypersensitivity with increasingly less permissive conditions, an apparent
increase in hypersensitivity with increasing compound concentration, and other factors

known to those in the art.
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Conditional lethal mutants may identify particular biochemical and/or genetic
pathways given that at least one identified target gene is present in that pathway.
Knowledge of these pathways allows for the screening of test compounds as candidates
for antibiotics. Pathways known in the art may be found at the Kyoto Encyclopedia of
Genes and Genomes and in standard biochemistry texts (Lehninger, A., D. Nelson, et al.
(1993) Principles of Biochemistry. New York, Worth Publishers).

Thus, in one embodiment, the invention provides a method for screening for test

compounds acting against the biochemical and/or genetic pathway or pathways in which
ALAS]1 functions, comprising:

(a) providing paired growth media comprising a first medium and a second medium,
wherein said second medium contains a higher level of 5-aminolevulinate than said
first medium,;

(b) contacting an organism with a test compound,

(c) inoculating said first and said second media with said organism; and

(d) determining the growth of said organism,;

wherein a difference in growth of the organism between said first and said second

media indicates that said test compound is a candidate for an antibiotic.

Tt is recognized in the art that determination of the growth of said organism in the
paired media in the absence of any test compounds may be performed to control for any
inherent differences in growth as a result of the different media. Growth and/or
proliferation of an organism is measured by methods well known in the art such as
optical density measurements, and the like. In a preferred embodiment, the organism is
Magnaporthe grisea. .

The present inventors have discovered that disruption of the HISP1 gene and/or
gene product inhibits the pathogenicity of Magnaporthe grisea. T hus, the inventors are
the first to demonstrate that histidinol-phosphatase is a target for antibiotics, preferably
antifungals.

Accordingly, the invention provides methods for identifying compounds that
inhibit HISP1 gene expression or biological activity of its gene product(s). Such methods

include ligand binding assays, assays for enzyme activity, cell-based assays, and assays
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for HISP1 gene expression. Any compound that is a ligand for histidinol-phosphatase
may have antibiotic activity. For the purposes of the invention, “ligand” refers to a
molecule that will bind to a site on a polypeptide. The compounds identified by the
methods of the invention are useful as antibiotics.
Thus, in one embodiment, the invention provides a method for identifying a test

compound as a candidate for an antibiotic, comprising:

a) contacting a histidinol-phosphatase polypeptide with a test compound; and

b) detecting the presence or absence of binding between said test compound and said

histidinol-phosphatase polypeptide;

wherein binding indicates that said test compound is a candidate for an antibiotic.

The histidinol-phosphatase protein may have the amino acid sequence of a
naturally occurring histidinol-phosphatase found in a fungus, animal, plant, or
microorganism, or may have an amino acid sequence derived from a naturally occurring
sequence. Preferably the histidinol-phosphatase is a fungal histidinol-phosphatase. The
cDNA (SEQ ID NO: 7) encoding the histidinol-phosphatase protein, the genomic DNA
(SEQ ID NO: 8) encoding the M. grisea protein, and the polypeptide (SEQ ID NO: 9) can
be found herein.

In one aspect, the invention also provides for a polypeptide consisting essentially
of SEQ ID NO: 9. For the purposes of the invention, a polypeptide consisting essentially
of SEQ ID NO: 9 has at least 80% sequence identity with SEQ ID NO: 9 and catalyses
the interconversion of L-histidinol phosphate and H>O with L-histidinol and
orthophosphate with at least 10% of the activity of SEQ ID NO: 9. Preferably, the
polypeptide consisting essentially of SEQ ID NO: 9 has at least 85% seqﬁence identity
with SEQ ID NO: 9, more preferably the sequence identity is at least 90%, most
preferably the sequence identity is at least 95% or 97 or 99%, or any integer from 80-
100% sequence identity in ascending order. And, preferably, the polypeptide consisting
essentially of SEQ ID NO: 9 has at least 25%, at least 50%, at least 75% or at least 90%
of the activity of M. grisea histidinol-phosphatase, or any integer from 60-100% activity

in ascending order,
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By “fungal histidinol-phosphatase” is meant an enzyme that can be found in at
least one fungus, and which catalyzes the interconversion of L-histidinol phosphate and
H,0O with L-histidinol and orthophosphate. The histidinol-phosphatase may be from any
of the fungi, including ascomycota, zygomycota, basidiomycota, chytridiomycota, and
lichens.

In one embodiment, the histidinol-phosphatase is a Magnaporthe histidinol-
phosphatase. Magnaporthe species include, but are not limited to, Magnaporthe
rhizophila, Magnaporthe salvinii, Magnaporthe grisea and Magnaporthe poae and the
imperfect states of Magnaporthe in the genus Pyricularia. Preferably, the Magnaporthe
histidinol-phosphatase is from Magnaporthe grisea.

In various embodiments, the histidinol-phosphatase can be from Powdery Scab
(Spongospora subterranea), Grey Mould (Botrytis cinerea), White Rot (Armillaria
mellea), Heartrot Fungus (Ganoderma adspersum), Brown-Rot (Piptoporus betulinus),
Com Smut (Ustilago maydis), Heartrot (Polyporus squamosus), Gray Leaf Spot
(Cercospora zeae-maydis), Honey Fungus (drmillaria gallica), Root rot (Armillaria
luteobubalina), Shoestring Rot (drmillaria ostoyae), Banana Anthracnose Fungus
(Colletotrichum musae), Apple-rotting Fungus (Monilinia fructigena), Apple-rotting
Fungus (Penicillium expansum), Clubroot Disease (Plasmodiophora brassicae), Potato
Blight (Phytophthora infestans), Root pathogen (Heterobasidion annosum), Take-all
Fungus (Gaeumannomyces graminis), Dutch Elm Disease (Ophiostoma ulmi), Bean Rust
(Uromyces appendiculatus), Northern Leaf Spot (Cochliobolus carbonum), Milo Disease
(Periconia circinata), Southern Com Blight (Cochliobolus heterostrophus), Leaf Spot
(Cochliobolus lunata), Brown Stripe (Cochliobolus stenospilus), Panama disease
(Fusarium oxysporum), Wheat Head Scab Fungus (Fusarium graminearum), Cereal Foot
Rot (Fusarium culmorum), Potato Black Scurf (Rhizoctonia solani), Wheat Black Stem
Rust (Puccinia graminis), White mold (Sclerotinia sclerotiorunt), and the like.

Fragments of a histidinol-phosphatase polypeptide may be used in the methods of
the invention, preferably if the fragments include an intact or nearly intact epitope that
occurs on the biologically active wildtype histidinol-phosphatase. The fragments
comprise at least 10 consecutive amino acids of a histidinol-phosphatase. Preferably, the

fragment comprises at least 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130,
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140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310,
320, or at least 330 consecutive amino acids residues of a histidinol-phosphatase. In one
embodiment, the fragment is from a Magnaporthe histidinol-phosphatase. Preferably, the
fragment contains an amino acid sequence conserved among fungal histidinol-
phosphatases.

Polypeptides having at least 50% sequence identity with a fungal histidinol-
phosphatase are also useful in the methods of the invention. Preferably, the sequence
identity is at least 60%, more preferably the sequence identity is at least 70%, most
preferably the sequence identity is at least 80% or 90 or 95 or 99%, or any integer from
60-100% sequence identity in ascending order.

In addition, it is preferred that the polypeptide has at least 10% of the activity of a
fungal histidinol-phosphatase. More preferably, the polypeptide has at least 25%, at least
50%, at least 75% or at least 90% of the activity of a fungal histidinol-phosphatase. Most
preferably, the polypeptide has at least 10%, at least 25%, at least 50%, at least 75% or at
least 90% of the activity of the M. grisea histidinol-phosphatase protein.

Thus, in another embodiment, the invention provides a method for identifying a
test compound as a candidate for a fungicide, comprising:

a) contacting a test compound with at least one polypeptide selected from the group
consisting of: a polypeptide having at least ten consecutive amino acids of a fungal
histidinol-phosphatase; a polypepﬁde having at least 50% sequence identity with a
fungal histidinol-phosphatase; and a polypeptide having at least 10% of the activity
of a fungal histidinol-phosphatase; and

b) detecting the presence and/or absence of binding between said test compound and
said polypeptide;

wherein binding indicates that said test compound is a candidate for an antibiotic.

Any technique for detecting the binding of a ligand to its target may be used in the
methods of the invention. For example, the ligand and target are combined in a buffer.
Many methods for detecting the binding of a ligand to its target are known in the art, and
include, but are not limited to the detection of an immobilized ligand-target complex or

the detection of a change in the properties of a target when it is bound to a ligand. For
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example, in one embodiment, an array of immobilized candidate ligands is provided. The
immobilized ligands are contacted with a histidinol-phosphatase protein or a fragment or
variant thereof, the unbound protein is removed and the bound histidinol-phosphatase is
detected. In a preferred embodiment, bound histidinol-phosphatase is detected using a
labeled binding partner, such as a labeled antibody. In a variation of this assay,
histidinol-phosphatase is labeled prior to contacting the immobilized candidate ligands.
Preferred labels include fluorescent or radioactive moieties. Preferred detection methods
include fluorescence correlation spectroscopy (FCS) and FCS-related confocal
nanofluorimetric methods.

Once a compound is identified as a candidate for an antibiotie, it can be tested for
the ability to inhibit histidinol-phosphatase enzymatic activity. The compounds can be
tested using etther in vitro or cell based assays. Alternatively, a compound can be tested
by applying it directly to a fungus or fungal cell, or expressing it therein, and monitoring
the fungus or fungal cell for changes or decreases in growth, development, viability,
pathogenicity, or alterations in gene expression. Thus, in one embodiment, the invention
provides a method for determining whether a compound identified as an antibiotic
candidate by an above method has antifungal activity, further comprising: contacting a
fungus or fungal cells with said antifungal candidate and detecting a decrease in the
growth, viability, or pathogenicity of said fungus or fungal cells.

By decrease in growth, is meant that the antifungal candidate causes at least a
10% decrease in the growth of the fungus or fungal cells, as compared to the growth of
the fingus or fungal cells in the absence of the antifungal candidate. By a decrease in
viability is meant that at least 20% of the fungal cells, or portion of the fungus contacted
with the antifungal candidate are nonviable. Preferably, the growth or viability will be
decreased by at least 40%. More preferably, the growth or viability will be decreased by
at least 50%, 75% or at least 90% or more. Methods for measuring fungal growth and
cell viability are known to those skilled in the art. By decrease in pathogenicity, is meant
that the antifungal candidate causes at least a 10% decrease in the disease caused by
contact of the fungal pathogen with its host, as compared to the disease caused in the
absence of the antifungal candidate. Preferably, the disease will be decreased by at least

40%. More preferably, the disease will be decreased by at least 50%, 75% or at least
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90% or more. Methods for measuring fungal disease are well known to those skilled in
the art, and include such metrics as lesion formation, lesion size, sporulation, respiratory
failure, and/or death,

The ability of a compound to inhibit histidinol-phosphatase activity can be
detected using in vitro enzymatic assays in which the disappearance of a substrate or the
appearance of a product is directly or indirectly detected. Histidinol-phosphatase
catalyzes the irreversible or reversible reaction L-histidinol phosphate and H;O =L-
histidinol and orthophosphate (see Figure 1). Methods for detection of L-histidinol
phosphate, H,0O, L-histidinol, and/or orthophosphate, include spectrophotometry, mass
spectroscopy, thin layer chromatography (TLC) and reverse phase HPLC.

Thus, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) contacting L-histidinol phosphate and H,O with a histidinol-phosphatase;
b) contacting L-histidinol phosphate and H>O with histidinol-phosphatase and said test
compound, and
¢) determining the change in concentration for at least one of the following: L-
histidinol phosphate, H»O, L-histidinol, and/or orthophosphate,
wherein a change in concentration for any of the above substances indicates that said
test compound is a candidate for an antibiotic.

An additional method is provided by the invention for identifying a test

compound as a candidate for an antibiotic, comprising:
a) contacting L-histidinol and orthophosphate with a histidinol-phosphatase;
b) contacting L-histidinol and orthophosphate with a histidinol-phosphatase and a test
compound; and
c) determining the change in concentration for at least one of the following: L-
histidinol phosphate, H,0, L-histidinol, and/or orthophosphate,
wherein a change in éoncentration for any of the above substances indicates that said

test compound is a candidate for an antibiotic.

Enzymatically active fragments of a fungal histidinol-phosphatase are also useful

in the methods of the invention. For example, an enzymatically active polypeptide
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comprising at least 100 consecutive amino acid residues of a fungal histidinol-
phosphatase may be used in the methods of the invention. In addition, an enzymatically
active polypeptide having at least 50%, 60%, 70%, 80%, 90%, 95% or at least 98%
sequence identity with a fungal histidinol-phosphatase may be used in the methods of the
invention. Most preferably, the polypeptide has at least 50% sequence identity with a
fungal histidinol-phosphatase and at least 10%, 25%, 75% or at least 90% of the activity
thereof.

Thus, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) contacting L-histidinol phosphate and H,O with a polypeptide selected from the
group consisting of: a polypeptide having at least 50% sequence identity with a
histidinol-phosphatase; a polypeptide having at least 50% sequence identity with a
histidinol-phosphatase and having at least 10% of the activity thereof; and a
polypeptide comprising at least 100 consecutive amino acids of a histidinol-
phosphatase;

b) contacting I-histidinol phosphate and H,O with said polypeptide and a test
compound; and

c) determining the change in concentration for at least one of the following: L-
histidinol phosphate, H,0, L-histidinol, and/or orthophosphate.

wherein a change in concentration for any of the above substances indicates that said

test compound is a candidate for an antibiotic.

An additional method is provided by the invention for identifying a test
compound as a candidate for an antibiotic, comprising:

a) contacting L-histidinol and orthophosphate with a polypeptide selected from the
group consisting of: a polypeptide having at least 50% sequence identity with a
histidinol-phosphatase; a polypeptide having at least 50% sequence identity with a
histidinol-phosphatase and at least 10% of the activity thereof; and a polypeptide
comprising at least 100 consecutive amino acids of a histidinol-phosphatase;

b) contacting L-histidinol and orthophosphate, with said polypeptide and a test

compound; and
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¢) determining the change in concentration for at least one of the following, L-
histidinol phosphate, H,O, L-histidinol, and/or orthophosphate;
wherein a change in concentration. for any of the above substances indicates that said

test compound is a candidate for an antibiotic.

For the in vitro enzymatic assays, histidinol-phosphatase protein and derivatives
thereof may be purified from a fungus or may be recombinantly produced in and purified
from an archael, bacterial, fungal, or other eukaryotic cell culture. Preferably these
proteins are produced using an E. coli, yeast, or filamentous fungal expression system.
Methods for the purification of histidinol-phosphatase may be described in Millay and
Houston (1973) Biochemistry 12:2591 — 2596 (PMID: 4351203). Other methods for the
purification of histidinol-phosphatase proteins and polypeptides are known to those
skilled in the art.

As an alternative to in vitro assays, the invention also provides cell based assays.
In one embodiment, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) measuring the expression of a histidinol-phosphatase in a cell, cells, tissue, or an
organism in the absence of a test compound;

b) contacting said cell, cells, tissue, or organism with said test compound and
measuring the expression of said histidinol-phosphatase in said cell, cells, tissue, or
organism; and

c) comparing the expression of histidinol-phosphatase in steps (a) and (b);

wherein a lower expression in the presence of said test compound indicates that

said compound is a candidate for an antibiotic.

Expression of histidinol-phosphatase can be measured by detecting the HISP1
primary transcript or mRNA, histidinol-phosphatase polypeptide, or histidinol-
phosphatase enzymatic activity, Methods for detecting the expression of RNA and
proteins are known to those skilled in the art. See, for example, Current Protocols in
Molecular Biology Ausubel et al., eds., Greene Publishing and Wiley-Interscience, New
York, 1995. The method of detection is not critical to the invention. Methods for

[
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detecting HISP1 RNA include, but are not limited to amplification assays such as
quantitative reverse transcriptase-PCR, and/or hybridization assays such as Northern
analysis, dot blots, slot blots, in-situ hybridization, transcriptional fusions using 2 HISP1
promoter fused to a reporter gene, DNA assays, and microarray assays.

Methods for detecting protein expression include, but are not limited to,
immunodetection methods such as Western blots, ELISA assays, polyacrylamide gel
electrophoresis, mass spectroscopy, and enzymatic assays. Also, any reporter gene
system may be used to detect HISP1 protein expression. For detection using gene
reporter systems, a polynucleotide encoding a reporter protein is fused in frame with
HISP1, so as to produce a chimeric polypeptide. Methods for using reporter systems are
known to those skilled in the art.

Chemicals, compounds or compositions identified by the above methods as
modulators, preferably inhibitors, of HISP1 expression or activity can then be used to
control fungal growth. Diseases such as rusts, mildews, and blights spread rapidly once
established. Fungicides are thus routinely applied to growing and stored crops as a
preventive measure, generally as foliar sprays or seed dressings. For example,
compounds that inhibit fungal growth can be applied to a fungus or expressed ina
fungus, in order to prevent fungal growth. Thus, the invention provides a method for
inhibiting fungal growth, comprising contacting a fungus with a compound identified by
the methods of the invention as having antifungal activity.

Antifungals and antifungal inhibitor candidates identified by the methods of the
invention can be used to control the growth of undesired fungi, including ascomycota,
zygomycota, basidiomycota, chytridiomycota, and lichens.

Examples of undesired fungi include, but are not limited to Powdery Scab
(Spongospora subterranea), Grey Mould (Botrytis cinerea), White Rot (4rmillaria
mellea), Heartrot Fungus (Ganoderma adspersum), Brown-Rot (Piptoporus betulinus),
Corn Smut (Ustilago maydis), Heartrot (Polyporus squamosus), Gray Leaf Spot
(Cercospora zeae-maydis), Honey Fungus (4drmillaria gallica), Root rot (drmillaria
Iuteobubalina), Shoestring Rot (4drmillaria ostoyae), Banana Anthracnose Fungus
(Colletotrichuim musae), Apple-rotting Fungus (Monilinia fructigena), Apple-rotting

Fungus (Penicillium expansum), Clubroot Disease (Plasmodiophora brassicae), Potato
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Blight (Phytophthora infestans), Root pathogen (Heterobasidion annosum), Take-all
Fungus (Gaeumannomyces graminis), Dutch Elm Disease (Ophiostoma ulmi), Bean Rust
(Uromyces appendiculatus), Northern Leaf Spot (Cochliobolus carbonum), Milo Disease
(Periconia circinata), Southern Corn Blight (Cochliobolus heterostrophus), Leaf Spot
(Cochliobolus lunata), Brown Stripe (Cochliobolus stenospilus), Panama disease
(Fusarium oxysporum), Wheat Head Scab Fungus (Fusarium graminearum), Cereal Foot
Rot (Fusarium culmorum), Potato Black Scurf (Rhizoctonia solani), Wheat Black Stem
Rust (Puccinia graminis), White mold (Sclerotinia sclerotiorum), diseases of animals
such as infections of lungs, blood, brain, skin, scalp, nails or other tissues (Aspergillus
Sfumigatus Aspergillus sp. Fusraium sp., Trichophyton sp., Epidermophyton sp., and
Microsporum sp., and the like).

Also provided is a method of screening for an antibiotic by determining whether a
test compound is active against the gene identified (SEQ ID NO: 7 or SEQ ID NO: 8), its
gene product (SEQ ID NO: 9), or the biochemical pathway or pathways it fanctions on.

In one particular embodiment, the method is performed by providing an organism
having a first form of the gene corresponding to either SEQ ID NO: 7 or SEQ ID NO: 8,
either a normal form, a mutant form, a homologue, or a heterologous HISP1 gene that
performs a similar function as HISP1. The first form of HISP1 may or may not confer a
growth conditional phenotype, i.e., a L-histidine requiring phenotype, and/or a
hypersensitivity or hyposensitivity phenotype on the organism having that altered form.
In one particular embodiment a mutant form contains a transposon insertion. A
comparison organism having a second form of a HISP1, different from the first form of
the gene is also provided, and the two organisms are separately contacted with a test
compound. The growthiof the two organisms in the presence of the test compound is
then compared.

Thus, in one embodiment, the invention provides a method for identifying a test
compound as a candidate for an antibiotic, comprising:

a) providing cells having one form of a histidinol-phosphatase gene, and providing

comparison cells having a different form of a histidinol-phosphatase gene; and



ChA 02469695 2004-06-07
WO 03/050310 PCT/US02/39286

b) contacting said cells and said comparison cells with a test compound and
determining ;che growth of said cells and said comparison cells in the presence of
the test compound,

wherein a difference in growth between said cells and said comparison cells in
the presence of said test compound indicates that said test compound is a candidate for an

antibiotic.

Tt is recognized in the art that the optional determination of the growth of said first
organism and said comparison second organism in the absence of any test compounds
may be performed to control for any inherent differences in growth as a result of the
different genes. It is also recognized that any combination of two different forms of a
HISP1 gene, including normal genes, mutant genes, homologues, and functional
homologues may be used in this method. Growth and/or proliferation of an organism is
measured by methods well known in the art such as optical density measurements, and
the like. In a preferred embodiment the organism is Magnaporthe grisea.

Conditional lethal mutants may identify particular biochemical and/or genetic
pathways given that at least one identified target gene is present in that pathway.
Knowledge of these pathways allows for the screening of test compounds as candidates
for antibiotics as inhibitors of the substrates, products and enzymes of the pathway.
Pathways known in the art may be found at the Kyoto Encyclopedia of Genes and
Genomes and in standard biochemistry texts (Lehninger, A., D. Nelson, et al. (1993)
Principles of Biochemistry. New York, Worth Publishers).

Thus, in one embodiment, the invention provides a method for screening for test
compounds acting against the biochemical and/or genetic pathway or pathways in which
HISP1 functions, comprising:

g) providing cells having one form of a gene in the L-histidine biochemical and/or
genetic pathway and providing comparison cells having a different form of said
gene.

h) contacting said cells and said comparison cells with a test compound; and

i) determining the growth of said cells and said comparison cells in the presence of

said test compound;
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wherein a difference in growth between said cells and said comparison cells in the

presence of said test compound indicates that said test compound is a candidate for

an antibiotic.

The use of multi-well plates for screening is a format that readily accommodates
multiple different assays to characterize various compounds, concentrations of
compounds, and fungal strains in varying combinations and formats. Certain testing
parameters for the screening method can significantly affect the identification of growth
inhibitors, and thus can be manipulated to optimize screening efficiency and/or
reliability. Notable among these factors are variable sensitivities of different mutants,
increasing hypersensitivity with increasingly less permissive conditions, an apparent
increase in hypersensitivity with increasing compound concentration, and other factors
known to those in the art.

Conditional lethal mutants may identify particular biochemical and/or genetic
pathways given that at least one identified target gene is present in that pathway.
Knowledge of these pathways allows for the screening of test compounds as candidates
for antibiotics. Pathways known in the art may be found at the Kyoto Encyclopedia of
Genes and Genomes and in standard biochemistry texts (Lehninger, A., D. Nelson, et al.

(1993) Principles of Biochemistry. New York, Worth Publishers).

Thus, in one embodiment, the invention provides a method for screening for test
compounds acting against the biochemical and/or genetic pathway or pathways in which
HISP1 functions, comprising:

(a) providing paired growth media comprising a first medium and a second medium,
wherein said second medium contains a higher level of L-histidine than said first
medium;

(b) contacting an organism with a test compound;

(c) inoculating said first and said second media with said organism; and

(d) determining the growth of said organism;

wherein a difference in growth of the organism between said first and said second

media indicates that said test compound is a candidate for an antibiotic.
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It is recognized in the art that determination of the growth of said organism in the
paired media in the absence of any test compounds may be performed to control for any
inherent differences in growth as a result of the different media. Growth and/or
proliferation of an organism is measured by methods well known in the art such as
optical density measurements, and the like. In a preferred embodiment, the organism is
Magnaporthe grisea.

The present inventors have discovered that disruption of the IPMD1 gene and/or
gene product inhibits the pathogenicity of Magnaporthe grisea. Thus, the inventors are
the first to demonstrate that 3-Isopropylmalate dehydratase is a target for antibiotics,
preferably antifungals.

Accordingly, the invention provides methods for identifying compounds that
inhibit IPMD1 gene expression or biological activity of its gene product(s). Such
methods include ligand binding assays, assays for enzyme activity, celi-based assays, and
assays for IPMD1 gene expression. Any compound that is a ligand for 3-Isopropylmalate
dehydratase may have antibiotic activity. For the purposes of the invention, “ligand”
refers to a molecule that will bind to a site on a polypeptide. The compounds identified
by the methods of the invention are useful as antibiotics.

Thus, in one embodiment, the invention provides a method for identifying a test
compound as a candidate for an antibiotic, comprising:

a) contacting a 3-Isopropylmalate dehydratase polypeptide with a test compound; and
b) detecting the presence or absence of binding between said test compound and said
3-Isopropylmalate dehydratase polypeptide;

wherein binding indicates that said test compound is a candidate for an antibiotic.

The 3-Isopropylmalate dehydratase protein may have the amino acid sequence of
a naturally occurring 3-Isopropylmalate dehydratase found in a fungus, animal, plant, or
microorganism, or may have an amino acid sequence derived from a naturally occurring
sequence. Preferably the 3-Isopropylmalate dehydratase is a fungal 3-Isopropylmalate
dehydratase. The cDNA (SEQ ID NO: 10) encoding the 3-Isopropylmalate dehydratase
protein, the genomic DNA (SEQ ID NO: 11) encoding the M. grisea protein, and the
polypeptide (SEQ ID NO: 12) can be found herein.
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In one aspect, the invention also provides for a polypeptide consisting essentially
of SEQ ID NO: 12. For the purposes of the invention, a polypeptide consisting
essentially of SEQ ID NO: 12 has at least 80% sequence identity with SEQ ID NO: 12
and catalyses the interconversion of 2-Isopropylmalate and H,O with 3-Isopropylmalate
with at least 10% of the activity of SEQ ID NO: 12. Preferably, the polypeptide
consisting essentially of SEQ ID NO: 12 has at least 85% sequence identity with SEQ ID
NO: 12, more preferably the sequence identity is at least 90%, most preferably the
sequence identity is at least 95% or 97 or 99%, or any integer from 80-100% sequence
identity in ascending order. And, preferably, the polypeptide consisting essentially of
SEQ ID NO: 12 has at least 25%, at least 50%, at least 75% or at least 90% of the activity
of M. grisea 3-1sopropylmalate dehydratase, or any integer from 60-100% activity in
ascending order. .

By “fungal 3-Isopropylmalate dehydratase” is meant an enzyme that can be found
in at least one fungus, and which catalyzes the interconversion of 2-Isopropylmalate and
H,0O with 3-Isopropylmalate. The 3-Isopropylmalate dehydratase may be from any of the
fungi, including ascomycota, zygomycota, basidiomycota, chytridiomycota, and lichens.

In one embodiment, the 3-Isopropylmalate dehydratase is a Magnaporthe 3-
Isopropylmalate dehydratase. Magnaporthe species include, but are not limited to,
Magnaporthe fhizophila, Magnaporthe salvinii, Magnaporthe grisea and Magnaporthe
poae and the imperfect states of Magnaporthe in the genus Pyricularia. Preferably, the
Magnaporthe 3-Isopropylmalate dehydratase is from Magnaporthe grisea.

In various embodiments, the 3-Isopropylmalate dehydratase can be from Powdery
Scab (Spongospora subterranea), Grey Mould (Botrytis cinerea), White Rot (drmillaria
mellea), Heartrot Fungus (Ganoderma adspersum), Brown-Rot (Piptoporus betulinus),
Corn Smut (Ustilago maydis), Heartrot (Polyporus squamosus), Gray Leaf Spot
(Cercospora zeae-maydis), Honey Fungus (Armillaria gallica), Root rot (Armillaria
luteobubalina), Shoestring Rot (drmillaria ostoyae), Banana Anthracnose Fungus
(Colletotrichum musae), Apple-rotting Fungus (Monilinia fructigena), Apple-rotting
Fungus (Penicillium expansum), Clubroot Disease (Plasmodiophora brassicae), Potato
Blight (Phytophthora infestans), Root pathogen (Heterobasidion annosum), Take-all

Fungus (Gaeumannomyces graminis), Dutch Elm Disease (Ophiostoma ulmi), Bean Rust
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(Uromyces appendiculatus), Northern Leaf Spot (Cochliobolus carbonum), Milo Disease
(Periconia circinata), Southern Corn Blight (Cochliobolus heterostrophus), Leaf Spot
(Cochliobolus lunata), Brown Stripe (Cochliobolus stenospilus), Panama disease
(Fusarium oxysporum), Wheat Head Scab Fungus (Fusarium graminearum), Cereal Foot
Rot (F usarium culmorum), Potato Black Scurf (Rhizoctonia solani), Wheat Black Stem
Rust (Puccinia graminis), White mold (Sclerotinia sclerotiorum), and the like.

Fragments of a 3-Isopropylmalate dehydratase polypeptide may be used in the
methods of the invention, preferably if the fragments include an intact or nearly intact
epitope that occurs on the biologically active wildtype 3-Isopropylmalate dehydratase.
The fragments comprise at least 10 consecutive amino acids of a 3-Isopropylmalate
dehydratase. Preferably, the fragment comprises at least 15, 20, 25, 30, 35, 40, 50, 60,
70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240,
250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420,
430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580, 590, 600,
610, 620, 630, 640, 650, 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, or at least
770 consecutive amino acids residues of a 3-Isopropylmalate dehydratase. In one
embodiment, the fragment is from a Magnaporthe 3-Isopropylmalate dehydratase.
Preferably, the fragment contains an amino acid sequence conserved among fungal 3-
Isopropylmalate dehydratases.

Polypeptides having at least 50% sequence identity with a fungal 3-
Isopropylmalate dehydratase are also useful in the methods of the invention. Preferably,
the sequence identity is at least 60%, more preferably the sequence identity is at least
70%, most preferably the sequence identity is at least 80% or 90 or 95 or 99%, or any
integer from 60-100% sequence identity in ascending order.

In addition, it is preferred that the polypeptide has at least 10% of the activity of a
fungal 3-Isopropylmalate dehydratase. More preferably, the polypeptide has at least
25%, at least 50%, at least 75% or at least 90% of the activity of a fungal 3-
Isopropylmalate dehydratase. Most preferably, the polypeptide has at least 10%, at least
25%, at least 50%, at least 75% or at least 90% of the activity of the M. grisea 3-
Isopropyimalate dehydratase protein.
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Thus, in another embodiment, the invention provides a method for identifying a
test compound as a candidate for a fungicide, comprising:

a) contacting a test compound with at least one polypeptide selected from the group
consisting of: a polypeptide having at least ten consecutive amino acids of a fungal
3-Isopropylmalate dehydratase; a polypeptide having at least 50% sequence
identity with a fungal 3-Isopropylmalate dehydratase; and a polypeptide having at
least 10% of the activity of a fungal 3-Isopropylmalate dehydratase; and

b) detecting the presence and/or absence of binding between said test compound and
said polypeptide;

wherein binding indicates that said test compound is a candidate for an antibiotic.

Any technique for detecting the binding of a ligand to its target may be used in the
methods of the invention. For example, the ligand and target are combined in a buffer.
Many methods for detecting the binding of a ligand to its target are known in the art, and
include, but are not limited to the detection of an immobilized ligand-target complex or
the detection of a change in the properties of a target when it is bound to a ligand. For
example, in one embodiment, an array of immobilized candidate ligands is provided. The
immobilized ligands are contacted with a 3-Isopropylmalate dehydratase protein or a
fragment or variant thereof, the unbound protein is removed and the bound 3-
Isopropylmalate dehydratase is detected. In a preferred embodiment, bound 3-
Isopropylmalate dehydrétase is detected using a labeled binding partner, such as a labeled
antibody. In a variation of this assay, 3-Isopropylmalate dehydratase is labeled prior to
contacting the immobilized candidate ligands. Preferred labels include fluorescent or
radioactive moieties. Preferred detection methods include fluorescence correlation
spectroscopy (FCS) and FCS-related confocal nanofluorimetric methods.

Once a compound is identified as a candidate for an antibiotic, it can be tested for
the ability to inhibit 3-Isopropylmalate dehydratase enzymatic activity. The compounds
can be tested using either in vitro or cell based assays. Alternatively, a compound can be
tested by applying it directly to a fungus or fungal cell, or expressing it therein, and
monitoring the fungus or fungal cell for changes or decreases in growth, development,

viability, pathogenicity, or alterations in gene expression. Thus, in one embodiment, the
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invention provides a method for determining whether a compound identified as an
antibiotic candidate by an above method has antifungal activity, further comprising:
contacting a fungus or fungal cells with said antifungal candidate and detecting a
decrease in the growth, viability, or pathogenicity of said fungus or fungal cells.

By decrease in growth, is meant that the antifungal candidate causes at least a
10% decrease in the growth of the fungus or fungal cells, as compared to the growth of
the fungus or fungal cells in the absence of the antifungal candidate. By a decrease in
viability is meant that at least 20% of the fungal cells, or portion of the fungus contacted
with the antifungal candidate are nonviable. Preferably, the growth or viability will be
decreased by at least 40%. More preferably, the growth or viability will be decreased by
at least 50%, 75% or at least 90% or more. Methods for measuring fungal growth and
cell viability are known to those skilled in the art. By decrease in pathogenicity, is meant
that the antifungal candidate causes at least a 10% decrease in the disease caused by
contact of the fungal pathogen with its host, as compared to the disease caused in the
absence of the antifungal candidate. Preferably, the disease will be decreased by at least
40%. More preferably, the disease will be decreased by at least 50%, 75% or at least
90% or more. Methods for measuring fungal disease are well known to those skilled in
the art, and include such metrics as lesion formation, lesion size, sporulation, respiratory
failure, and/or death.

The ability of a compound to inhibit 3-Isopropylmalate dehydratase activity can
be detected using in vitro enzymatic assays in which the disappearance of a substrate or
the appearance of a product is directly or indirectly detected. 3-Isopropylmalate
dehydratase Kcatalyzes the irreversible or reversible reaction 2-Isopropylmalate and H,O =
3-Isopropylmalate (see Figure 1). Methods for detection of 2-Isopropylmalate, H>0,
and/or 3-Isopropylmalate, include spectrophotometry, mass spectroscopy, thin layer
chromatography (TLC) and reverse phase HPLC.

Thus, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) contacting 2-Isopropylmalate and H,O with a 3-Isopropylmalate dehydratase;
b) contacting 2-Isopropylmalate and H,O with 3-Isopropylmalate dehydratase and said

test compound; and
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c) determining the change in concentration for at least one of the following: 2-
Isopropylmalate, H,O, and/or 3-Isopropylmalate,
wherein a change in concentration for any of the above substances indicates that said

test compound is a candidate for an antibiotic.

An additional method is provided by the invention for identifying a test
compound as a candidate for an antibiotic, comprising:

a) contacting 3-Isopropylmalate with a 3-Isopropylmalate dehydratase;

b) contacting 3-Isopropylmalate with a 3-Isopropylmalate dehydratase and a test
compound; and '

¢) determining the change in concentration for at least one of the following: 2-
Isopropylmalate, H,O, and/or 3-Isopropyimalate,

wherein a change in concentration for any of the above substances indicates that said

test compound is a candidate for an antibiotic.

Enzymatically active fragments of a fungal 3-Isopropylmalate dehydratase are
also useful in the methods of the invention. For example, an enzymatically active
polypeptide comprising at least 100 consecutive amino acid residues of a fungal 3-
Isopropylmalate dehydratase may be used in the methods of the invention. In addition,
an enzymatically active polypeptide having at least 50%, 60%, 70%, 80%, 90%, 95% or
at least 98% sequence identity with a fungal 3-Isopropylmalate dehydratase may be used
in the methods of the invention. Most preferably, the polypeptide has at least 50%
sequence identity with a fungal 3-Isopropylmalate dehydratase and at least 10%, 25%,
75% or at least 90% of the activity thereof.

Thus, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising;

a) contacting 2-Isopropylmalate and H,O with a polypeptide selected from the group
consisting of: a polypeptide having at least 50% sequence identity with a 3-
Isopropylmalate dehydratase; a polypeptide having at least 50% sequence identity
with a 3-Isopropylmalate dehydratase and having at least 10% of the activity
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thereof; and a polypeptide comprising at least 100 consecutive amino acids of a 3-
Isopropylmaiéte dehydratase;
b) contacting 2-Isopropylmalate and H,O with said polypeptide and a test compound;
and
c) determining the change in concentration for at least one of the following;: 2-
Isopropylmalate, H,O, and/or 3-Isopropylmalate;
wherein a change in concentration for any of the above substances indicates that said

test compound is a candidate for an antibiotic.

An additional method is provided by the invention for identifying a test
compound as a candidate for an antibiotic, comprising;

a) contacting 3-Isopropylmalate with a polypeptide selected from the group consisting
of: a polypeptide having at least 50% sequence identity with a 3-Isopropylmalate
dehydratase; a polypeptide having at least 50% sequence identity with a 3-
Isopropylmalate dehydratase and at least 10% of the activity thereof and a
polypeptide comprising at least 100 consecutive amino acids of a 3-
Isopropylmalate dehydratase;

b) contacting 3-Isopropylmalate, with said polypeptide and a test compound; and

¢) determining the change in concentration for at least one of the following, 2-
Isopropylmalate, H,O, and/or 3-Isopropylmalate;

wherein a change in concentration for any of the above substances indicates that said

test compound is a candidate for an antibiotic.

For the in vitro enzymatic assays, 3-Isopropylmalate dehydratase protein and
derivatives thereof may be purified from a fungus or may be recombinantly produced in
and purified from an archael, bacterial, fungal, or other eukaryotic cell culture.
Preferably these proteins are produced using an E. coli, yeast, or filamentous fingal
expression system. Methods for the purification of 3-Isopropylmalate dehydratase may
be described in (Bigelis.and Umbarger (1975) J Biol Chem 250: 4315 — 21 (PMID:
1126953); Kohlhaw (1988) Meth Enzymol 166: 423 — 9 (PMID: 3071717)). Other

62



ChA 02469695 2004-06-07
WO 03/050310 PCT/US02/39286

methods for the purification of 3-Isopropylmalate dehydratase proteins and polypeptides
are known to those skilled in the art.

As an alternative to in vitro assays, the invention also provides cell based assays.
In one embodiment, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) measuring the expression of a 3-Isopropylmalate dehydratase in a cell, cells, tissue,
or an organism in the absence‘ of a test compound;

b) contacting said cell, cells, tissue, or organism with said test compound and
measuring the expression of said 3-Isopropylmalate dehydratase in said cell, cells,
tissue, or organism; and

¢) comparing the expression of 3-Isopropylmalate dehydratase in steps (a) and (b);

wherein a lower expression in the presence of said test compound indicates that

said compound is a candidate for an antibiotic.

Expression of 3-Isopropylmalate dehydratase can be measured by detecting the
IPMD1 pﬂmary transcript or mRNA, 3-Isopropylmalate dehydratase polypeptide, or 3-
Isopropylmalate dehydratase enzymatic activity. Methods for detecting the expression of
RNA and proteins are known to those skilled in the art. See, for example, Current
Protocols in Molecular Biology Ausubel et al., eds., Greene Publishing and Wiley-
Interscience, New York; 1995. The method of detection is not critical to the invention.
Methods for detecting IPMD1 RNA include, but are not limited to amplification assays
such as quantitative reverse transcriptase-PCR, and/or hybridization assays such as
Northern analysis, dot blots, slot blots, in-situ hybridization, transcriptional fusions using
an [PMD1 promoter fused to a reporter gene, DNA assayé, and microarray assays.

Methods for detecting protein expression include, but are not limited to,
immunodetection methods such as Western blots, ELISA assays, polyacrylamide gel
electrophoresis, mass spectroscopy, and enzymatic assays. Also, any reporter gene
system may be used to detect IPMD1 protein expression. For detection using gene
reporter systems, a polynucleotide encoding a reporter protein is fused in frame with
IPMD1, so as to produce a chimeric polypeptide. Methods for using reporter systems are

known to those skilled in the art.
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Chemicals, compounds or compositions identified by the above methods as
modulators, preferably inhibitors, of IPMD] expression or activity can then be used to
control fungal growth. Diseases such as rusts, mildews, and blights spread rapidly once
established. Fungicides are thus routinely applied to growing and stored crops as a
preventive measure, generally as foliar sprays or seed dressings. For example,
compounds that inhibit fungal growth can be applied to a fungus or expressed in a
fungus, in order to prevent fungal growth. Thus, the invention provides a method for
inhibiting fungal growth, comprising contacting a fungus with a compound identified by
the methods of the invention as having antifungal activity.

Antifungals and antifungal inhibitor candidates identified by the methods of the
invention can be used to control the growth of undesired fungi, including ascomycota,
zygomycota, basidiomycota, chytridiomycota, and lichens.

Examples of undesired fungi include, but are not limited to Powdery Scab
(Spongospora subterranea), Grey Mould (Botrytis cinerea), White Rot (Adrmillaria
mellea), Heartrot Fungus (Ganoderma adspersum), Brown-Rot (Piptoporus betulinus),
Corn Smut (Ustilago maydis), Heartrot (Polyporus squamosus), Gray Leaf Spot
(Cercospora zeae-maydis), Honey Fungus (drmillaria gallica), Root rot (Armillaria
luteobubalina), Shoestring Rot (Armillaria ostoyae), Banana Anthracnose Fungus
(Colletotrichum musae), Apple-rotting Fungus (Monilinia fructigena), Apple-rotting
Fungus (Penicillium expansumy), Clubroot Disease (Plasmodiophora brassicae), Potato
Blight (Phytophthora infestans), Root pathogen (Heterobasidion annosum), Take-all
Fungus (Gaeumannomyces graminis), Dutch Elm Disease (Ophiosioma uimi), Bean Rust
(Uromyces appendiculatus), Northern Leaf Spot (Cochliobolus carbonum), Milo Disease
(Periconia circinata), Southern Corn Blight (Cochliobolus heterostrophus), Leaf Spot
(Cochliobolus lunata), Brown Stripe (Cochliobolus stenospilus), Panama disease '
(Fusarium oxysporum), Wheat Head Scab Fungus (Fusarium graminearum), Cereal Foot
Rot (Fusarium culmorum), Potato Black Scurf (Rhizoctonia solani), Wheat Black Stem
Rust (Puccinia graminis), White mold (Sclerotinia sclerotiorum), diseases of animals
such as infections of lungs, blood, brain, skin, scalp, nails or other tissues (Aspergillus
Sfumigatus Aspergillus sp. Fusraium sp., Trichoplyton sp., Epidermophyton sp., and
Microsporum sp., and the like).
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Also provided is a method of screening for an antibiotic by determining whether a
test compound is active against the gene identified (SEQ ID NO: 10 or SEQ ID NO: 11),
its gene product (SEQ ID NO: 12), or the biochemical pathway or pathways it functions
on.

In one particular embodiment, the method is performed by providing an organism
having a first form of the gene corresponding to either SEQ ID NO: 10 or SEQ ID NO:
11, either a normal form, a mutant form, a homologue, or a heterologous IPMD1 gene
that performs a similar function as IPMD1. The first form of IPMD1 may or may not
confer a growth conditional phenotype, i.e., a L-leucine requiring phenotype, and/or a
hypersensitivity or hyposensitivity phenotype on the organism having that altered form.
In one particular embodiment a mutant form contains a transposon insertion. A
comparison organism having a second form of an IPMD1, different from the first form of
the gene is also provided, and the two organisms are separately contacted with a test
compound, The growth of the two organisms in the presence of the test compound is
then compared.

Thus, in one embodiment, the invention provides a method for identifying a test
compound as a candidate for an antibiotic, comprising:

a) providing cells having one form of a 3-Isopropylmalate dehydratase gene, and
providing comparison cells having a different form of a 3-Isopropylmalate
dehydratase gene; and

b) contacting said cells and said comparison cells with a test compound and
determining the growth of said cells and said comparison cells in the presence of
the test compound,

wherein a difference in growth between said cells and said comparison cells in
the presence of said test compound indicates that said test compound is a candidate for an

antibiotic.

It is recognized in the art that the optional determination of the growth of said first
organism and said comparison second organism in the absence of any test compounds
may be performed to control for any inherent differences in growth as a result of the

different genes, It is also recognized that any combination of two different forms of an
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[PMD1 gene, including normal genes, mutant genes, homologues, and functional
homologues may be used in this method. Growth and/or proliferation of an organism is
measured by methods well known in the art such as optical density measurements, and
the like. In a preferred embodiment the organism is Magnaporthe grisea.

Conditional lethal mutants may identify particular biochemical and/or genetic
pathways given that at least one identified target gene is present in that pathway.
Knowledge of these pathways allows for the screening of test compounds as candidates
for antibiotics as inhibitors of the substrates, products and enzymes of the pathway.
Pathways known in the art may be found at the Kyoto Encyclopedia of Genes and
Genomes and in standard biochemistry texts (Lehninger, A., D. Nelson, et al. (1993)
Principles of Biochemistry. New York, Worth Publishers).

Thus, in one embodiment, the invention provides a method for screening for test
compounds acting against the biochemical and/or genetic pathway or pathways in which
IPMD!1 functions, comprising:

j) providing cells having one form of a gene in the L-leucine biochemical and/or
genetic pathway and providing comparison cells having a different form of said
gene;

k) contacting said cells and said comparison cells with a test compound; and

1) determining the growth of said cells and said comparison cells in the presence of
said test compound,

wherein a difference in growth between said cells and said comparison cells in the
presence of said test compound indicates that said test compound is a candidate for

an antibiotic.

The use of multi-well plates for screening is a format that readily accommodates
multiple different assays to characterize various compounds, concentrations of
compounds, and fungal strains in varying combinations and formats. Certain testing
parameters for the screening method can significantly affect the identification of growth
inhibitors, and thus can be manipulated to optimize screening efficiency and/or
reliability. Notable among these factors are variable sensitivities of different mutants,

increasing hypersensitivity with increasingly less permissive conditions, an apparent
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increase in hypersensitivity with increasing compound concentration, and other factors
known to those in the art.

Conditional lethal mutants may identify particular biochemical and/or genetic
pathways given that at léast one identified target gene is present in that pathway.
Knowledge of these pathways allows for the screening of test compounds as candidates
for antibiotics. Pathways known in the art may be found at the Kyoto Encyclopedia of
Genes and Genomes and in standard biochemistry texts (Lehninger, A., D. Nelson, et al.
(1993) Principles of Biochemistry. New York, Worth Publishers).

Thus, in one embodiment, the invention provides a method for screening for test
compounds acting against the biochemical and/or genetic pathway or pathways in which
I[PMD1 functions, comprising:

(a) providing paired growth media comprising a first medium and a second medium,
wherein said second medium contains a higher level of L-leucine than said first
medium; p

(b) contacting an organism with a test compound;

(c) inoculating said first and said second media with said organism; and

(d) determining the growth of said organism,;

wherein a difference in growth of the organism between said first and said second

media indicates that said test compound is a candidate for an antibiotic.

It is recognized in the art that determination of the growth of said organism in the
paired media in the absence of any test compounds may be performed to control for any
inherent differences in growth as a result of the different media. Growth and/or
proliferation of an organism is measured by methods well known in the art such as
optical density measurefnents, and the like. In a preferred embodiment, the organism is
Magnaporthe grisea.

The present inventors have discovered that disruption of the THR4 gene and/or
gene product inhibits the pathogenicity of Magnaporthe grisea. Thus, the inventors are
the first to demonstrate that Threonine synthase is a target for antibiotics, preferably

antifungals.
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Accordingly, the invention provides methods for identifying compounds that
inhibit THR4 gene expression or biological activity of its gene product(s). Such methods
include ligand binding assays, assays for enzyme activity, cell-based assays, and assays
for THR4 gene expression. Any compound that is a ligand for Threonine synthase may
have antibiotic activity. For the purposes of the invention, “ligand” refers to a molecule
that will bind to a site on a polypeptide. The compounds identified by the methods of the
invention are useful as antibiotics.

Thus, in one embodiment, the invention provides a method for identifying a test
compound as a candidate for an antibiotic, comprising:

a) contacting a Threonine synthase polypeptide with a test compound; and
b) detecting the presence or absence of binding between said test compound and said
Threonine synthase polypeptide, wherein binding indicates that said test compound

is a candidate for an antibiotic.

The Threonine synthase protein may have the amino acid sequence of a naturally
occurring Threonine synthase found in a fungus, animal, plant, or microorganism, or may
have an amino acid sequence derived from a naturally occurring sequence. Preferably
the Threonine synthase is a fungal Threonine synthase. The cDNA (SEQ ID NO: 13)
encoding the Threonine synthase protein, the genomic DNA (SEQ ID NO: 14) encoding
the M. grisea protein, and the polypeptide (SEQ ID NO: 15) can be found herein.

In one aspect, the invention also provides for a polypeptide consisting essentially
of SEQ ID NO: 15. For the purposes of the invention, a polypeptide consisting
essentially of SEQ ID NO: 15 has at least 80% sequence identity with SEQ ID NO: 15
and catalyses the interconversion of O-phospho-L-homoserine and water with L-
threonine and orthophosphate with at least 10% of the activity of SEQ ID NO: 15.
Preferably, the polypeptide consisting essentially of SEQ ID NO: 15 has at least 85%
sequence identity with SEQ ID NO: 15, more preferably the sequence identity is at least
90%, most preferably the sequence identity is at least 95% or 97 or 99%, or any integer
from 80-100% sequence identity in ascending order. And, preferably, the polypeptide
comsisting essentially of SEQ ID NO: 15 has at least 25%, at least 50%, at least 75% or at
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least 90% of the activity of M. grisea Threonine synthase, or any integer from 60-100%
activity in ascending order.

By “fungal Threonine synthase” is meant an enzyme that can be found in at least
one fungus, and which catalyzes the interconversion of O-phospho-L-homoserine and
water with L-threonine and orthophosphate. The Threonine synthase may be from any of
the fungi, including ascomycota, zygomycota, basidiomycota, chytridiomycota, and
lichens.

In one embodiment, the Threonine synthase is a Magnaporthe Threonine
synthase. Magnaporthe species include, but are not limited to, Magnaporthe rhizophila,
Magnaporthe salvinii, Magnaporthe grisea and Magnaporthe poae and the imperfect
states of Magnaporthe in the genus Pyricularia. Preferably, the Magnaporthe Threonine
synthase is from Magnaporthe grisea.

In various embodiments, the Threonine synthase can be from Powdery Scab
(Spongospora subterranea), Grey Mould (Botrytis cinerea), White Rot (Armillaria
mellea), Heartrot Fungus (Ganoderma adspersum), Brown-Rot (Piptoporus betulinus),
Corn Smut (Ustilago maydis), Heartrot (Polyporus squamosus), Gray Leaf Spot
(Cercospora zeae-maydis), Honey Fungus (drmillaria gallica), Root rot (Armillaria
luteobubalina), Shoestring Rot (Armillaria ostoyae), Banana Anthracnose Fungus
(Colletotrichum musae), Apple-rotting Fungus (Monilinia fructigena), Apple-rotting
Fungus (Penicillium expansum), Clubroot Disease (Plasmodiophora brassicae), Potato
Blight (Phytophthora infestans), Root pathogen (Heterobasidion annosum), Take-all
Fungus (Gaeumannomyées graminis), Dutch Elm Disease (Ophiostoma ulmi), Bean Rust
(Uromyces appendiculatus), Northern Leaf Spot (Cochliobolus carbonum), Milo Disease
(Periconia circinata), Southern Corn Blight ((i‘ochliobolus heterostrophus), Leaf Spot
(Cochliobolus lunata), Brown Stripe (Cochliobolus stenospilus), Panama disease
(Fusarium oxysporum), Wheat Head Scab Fungus (Fusarium graminearum), Cereal Foot
Rot (Fusarium culmorum), Potato Black Scurf (Rhizoctonia solani), Wheat Black Stem
Rust (Puccinia graminis), White mold (Sclerotinia sclerotiorum), and the like.

Fragments of a Threonine synthase polypeptide may be used in the methods of the
invention, preferably if the fragments include an intact or nearly intact epitope that occurs

on the biologically active wildtype Threonine synthase. The fragments comprise at least
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10 consecutive amino acids of a Threonine synthase. Preferably, the fragment comprises
at least 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170,
180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350,
360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520, 530,
or at least 540 consecutive amino acids residues of a Threonine synthase. In one
embodiment, the fragment is from a Magnaporthe Threonine synthase. Preferably, the
fragment contains an amino acid sequence conserved among fungal Threonine synthases.

Polypeptides having at least 50% sequence identity with a fungal Threonine
synthase are also useful in the methods of the invention. Preferably, the sequence
identity is at least 60%, more preferably the sequence identity is at least 70%, most
preferably the sequence identity is at least 80% or 90 or 95 or 99%, or any integer from
60-100% sequence identity in ascending order.

In addition, it is preferred that the polypeptide has at least 10% of the activity of a
fungal Threonine synthase. More preferably, the polypeptide has at least 25%, at least
50%, at least 75% or at least 90% of the activity of a fungal Threonine synthase. Most
preferably, the polypeptide has at least 10%, at least 25%, at least 50%, at least 75% or at
least 90% of the activity of the M. grisea Threonine synthase protein.

Thus, in another embodiment, the invention provides a method for identifying a
test compound as a candidate for a fungicide, comprising:

a) contacting a test compound with at least one polypeptide selected from the group
consisting of: a polypeptide having at least ten consecutive amino acids of a fungal
Threonine synthase; a polypeptide having at least 50% sequence identity with a
fungal Threonine synthase; and a polypeptide having at least 10% of the activity of
a fungal Threonine synthase; and

b) detecting the presence and/or absence of binding between said test compound and
said polypeptide, wherein binding indicates that said test compound is a candidate
for an antibiotic.

Any technique for detecting the binding of a ligand to its target may be used in the
methods of the invention. For example, the ligand and target are combined in a buffer.

Many methods for detecting the binding of a ligand to its target are known in the art, and
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include, but are not limited to the detection of an immobilized ligand-target complex or
the detection of a change in the properties of a target when it is bound to a ligand. For
example, in one embodiment, an array of immobilized candidate ligands is provided. The
immobilized ligands are contacted with a Threonine synthase protein or a fragment or
variant thereof, the unbound protein is removed and the bound Threonine synthase is
detected. In a preferred embodiment, bound Threonine synthase is detected using a
labeled binding partner, such as a labeled antibody. In a variation of this assay,
Threonine synthase is labeled prior to contacting the immobilized candidate ligands.
Preferred labels include fluorescent or radioactive moieties. Preferred detection methods
include fluorescence correlation spectroscopy (FCS) and FCS-related confocal
nanofluorimetric methods.

Once a compound is identified as a candidate for an antibjotic, it can be tested for
the ability to inhibit Threonine synthase enzymatic activity. The compounds can be
tested using either in vitro or cell based assays. Alternatively, a compound can be tested
by applying it directly to a fungus or fungal cell, or expressing it therein, and monitoring
the fungus or fungal cell for changes or decreases in growth, development, viability,
pathogenicity, or alterations in gene expression. Thus, in one embodiment, the invention
provides a method for determining whether a compound identified as an antibiotic
candidate by an above method has antifungal activity, further comprising: contacting a
fungus or fungal cells with said antifungal candidate and detecting a decrease in the
growth, viability, or pathogenicity of said fungus or fungal cells.

By decrease in growth, is meant that the antifungal candidate causes at least a
10% decrease in the growth of the fungus or fungal cells, as compared to the growth of
the fungus or fungal cells in the absence of the antifungal candidate. By a decrease in
viability is meant that at least 20% of the fungal cells, or portion of the fungus contacted
with the antifungal candidate are nonviable. Preferably, the growth or viability will be
decreased by at least 40%. More preferably, the growth or viability will be decreased by
at least 50%, 75% or at least 90% or more. Methods for measuring fungal growth and
cell viability are knownto those skilled in the art. By decrease in pathogenicity, is meant
that the antifungal candidate causes at least a 10% decrease in the disease caused by

contact of the fungal pathogen with its host, as compared to the disease caused in the
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absence of the antifungal candidate. Preferably, the disease will be decreased by at least
40%. More preferably, the disease will be decreased by at least 50%, 75% or at least
90% or more. Methods for measuring fungal disease are well known to those skilled in
the art, and include such metrics as lesion formation, lesion size, sporulation, respiratory
failure, and/or death.

The ability of a compound to inhibit Threonine synthase activity can be detected
using in vitro enzymatic assays in which the disappearance of a substrate or the
appearance of a product is directly or indirectly detected. Threonine synthase catalyzes
the irreversible or reversible reaction O-phospho-L-homoserine and water = L-threonine
and orthophosphate (see Figure 1). Methods for detection of O-phospho-L-homoserine,
L-threonine, orthophosphate, and water, include spectrophotometry, mass spectroscopy,
thin layer chromatography (TLC) and reverse phase HPLC.

Thus, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) contacting O-phospho-L-homoserine and water with a Threonine synthase;

b) contacting O-phospho-L-homoserine and water with Threonine synthase and said
test compound; and

¢) determining the change in concentration for at least one of the following: O-
phospho-I.-homoserine, L-threonine, orthophosphate, and water, wherein a change
in concentration for any of the above substances indicates that said test compound

1s a candidate for an antibiotic.

An additional method is provided by the invention for identifying a test
compound as a candidate for an antibiotic, comprising:

a) contacting L-threonine and orthophosphate with a Threonine synthase;

b) contacting L-threonine and orthophosphate with a Threonine synthase and a test
compound; and

c) determining the change in concentration for at least one of the following: O-
phospho-L-homoserine, L-threonine, orthophosphate, and water, wherein a change
in concentration for any of the above substances indicates that said test compound

is a candidate for an antibiotic.
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Enzymatically active fragments of a fungal Threonine synthase are also useful in
the methods of the invention. For example, an enzymatically active polypeptide
comprising at least 100 consecutive amino acid residues of a fumgal Threonine synthase
may be used in the methods of the invention. In addition, an enzymaticaily active
polypeptide having at least 50%, 60%, 70%, 80%, 90%, 95% or at least 98% sequence
identity with a fungal Threonine synthase may be used in the methods of the invention.
Most preferably, the polypeptide has at least 50% sequence identity with a fungal
Threonine synthase and at least 10%, 25%, 75% or at least 90% of the activity thereof.

Thus, the invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) contacting O-phospho-L-homoserine and water with a polypeptide selected from
the group consisting of: a polypeptide having at least 50% sequence identity with a
Threonine synthase, and a polypeptide having at least 50% sequence identity with a
Threonine synthase and having at least 10% of the activity thereof, and a
polypeptide comprising at least 100 consecutive amino acids of a Threonine
synthase;

b} contacting O-phospho-L-homoserine and water with said polypeptide and a test
compound; and

¢) determining the change in concentration for at least one of the following: O-
phospho-L-homoserine, L-threonine, orthophosphate, and water, wherein a change
in concentration for any of the above substances indicates that said test compound

is a candidate for an antibiotic.

An additional method is provided by the invention for identifying a test
compound as a candidate for an antibiotic, comprising;

a) contacting L-threonine and orthophosphate with a polypeptide selected from the
group consisting of: a polypeptide having at least 50% sequence identity with a
Threonine synthase, and a polypeptide having at least 50% sequence identity with a
Threonine synthase and at least 10% of the activity thereof, and a polypeptide

comprising at least 100 consecutive amino acids of a Threonine synthase;
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b) contacting L-threonine and orthophosphate, with said polypeptide and a test
compound; and

c) determining the change in concentration for at least one of the following, O-
phospho-L-homoserine, L-threonine, orthophosphate, and water, wherein a change
in conceniration for any of the above substances indicates that said test compound

is a candidate for an antibiotic,

For the in vitro enzymatic assays, Threonine synthase protein and derivatives
thereof may be purified from a fungus or may be recombinantly produced in and purified
from an archael, bacterial, fungal, or other eukaryotic cell culture. Preferably these
proteins are produced using an E. coli, yeast, or filamentous fungal expression system.
Methods for the purification of Threonine synthase may be described in Malumbres ef al.
(1994) Appl Environ Microbiol 60: 2209 — 19 (PMID: 8074505). Other methods for the
purification of Threonine synthase proteins and polypeptides are known to those skilled
in the art.

As an alternative to in vitro assays, the invention also provides cell based assays.
In one embodiment, the-invention provides a method for identifying a test compound as a
candidate for an antibiotic, comprising:

a) measuring the expression of a Threonine synthase in a cell, cells, tissue, or an
organism in the absence of a test compound;

b) contacting said cell, cells, tissue, or organism with said test compound and
measuring the expression of said Threonine synthase in said cell, cells, tissue, or
organism; and

c) comparing the expression of Threonine synthase in steps (a) and (b), wherein a
lower expression in the presence of said test compound indicates that said

compound is a candidate for an antibiotic.

Expression of Threonine synthase can be measured by detecting the THR4
primary transcript or mRNA, Threonine synthase polypeptide, or Threonine synthase
enzymatic activity. Methods for detecting the expression of RNA and proteins are known

to those skilled in the art. See, for example, Current Protocols in Molecular Biclogy
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Ausubel et al., eds., Greene Publishing and Wiley-Interscience, New York, 1995. The
method of detection is not critical to the invention. Methods for detecting THR4 RNA
include, but are not limited to amplification assays such as quantitative reverse
transcriptase-PCR, and/or hybridization assays such as Northern analysis, dot blots, slot
blots, in-situ hybridization, transcriptional fusions using a THR4 promoter fused to a
reporter gene, DNA assays, and microarray assays.

Methods for detecting protein expression include, but are not limited to,
immunodetection methods such as Westem blots, ELISA assays, polyacrylamide gel
electrophoresis, mass spectroscopy, and enzymatic assays. Also, any reporter gene
system may be used to detect THR4 protein expression. For detection using gene
reporter systems, a polynucleotide encoding a reporter protein is fused in frame with
THRA4, so as to produce a chimeric polypeptide. Methods for using reporter systems are
known to those skilled in the art.

Chemicals, compounds or compositions identified by the above methods as
modulators, preferably inhibitors, of THR4 expression or activity can then be used to
control fungal growth. Diseases such as rusts, mildews, and blights spread rapidly once
established. Fungicides are thus routinely applied to growing and stored crops as a
preventive measure, generally as foliar sprays or seed dressings. For example,
compounds that inhibit fungal growth can be applied to a fungus or expressed in a
fungus, in order to prevent fungal growth. Thus, the invention provides a method for
inhibiting fungal growth, comprising contacting a fungus with a compound identified by
the methods of the invention as having antifungal activity.

Antifungals and antifungal inhibitor candidates identified by the methods of the
invention can be used to control the growth of undesired fungi, including ascomycota,
zygomycota, basidiomycota, chytridiomycota, and lichens.

Examples of undesired fungi include, but are not limited to Powdery Scab
(Spongospora subterranea), Grey Mould (Botrytis cinerea), White Rot (drmillaria
mellea), Heartrot Fungus (Garoderma adspersum), Brown-Rot (Piptoporus betulinus),
Corn Smut (Ustilago maydis), Heartrot (Polyporus squamosus), Gray Leaf Spot
(Cercospora zeae-maydis), Honey Fungus (Armillaria gallica), Root rot (drmillaria

luteobubalina), Shoestring Rot (drmillaria ostoyae), Banana Anthracnose Fungus
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(Colletotrichum musae), Apple-rotting Fungus (Monilinia fructigena), Apple-rotting
Fungus (Penicillium expansum), Clubroot Disease (Plasmodiophora brassicae), Potato
Blight (Phytophthora infestans), Root pathogen (Heterobasidion annosum), Take-all
Fungus (Gaeumannomyces graminis), Dutch Elm Disease (Ophiostoma ulmi), Bean Rust
(Uromyces appendiculatus), Northern Leaf Spot (Cochliobolus carbonum), Milo Disease
(Periconia circinata), Southern Corn Blight (Cochliobolus heterostfophus), Leaf Spot
(Cochliobolus lunata), Brown Stripe (Cochliobolus stenospilus), Panama disease
(Fusarium oxysporum), Wheat Head Scab Fungus (Fusarium graminearum), Cerecal Foot
Rot (Fusarium culmorum), Potato Black Scurf (Rhizoctonia solani), Wheat Black Stem
Rust (Puccinia graminis), White mold (Sclerotinia sclerotiorum), diseases of animals
such as infections of lungs, blood, brain, skin, scalp, nails or other tissues (4spergillus
Jumigatus Aspergillus sp. Fusraium sp., Trichophyton sp., Epidermophyton sp., and
Microsporum sp., and the like).

Also provided is a method of screening for an antibiotic by determining whether a
test compound is active against the gene identified (SEQ ID NO: 13 or SEQ ID NO: 14),
its gene product (SEQ ID NO: 15), or the biochemical pathway or pathways on which it
functions. |

In one particular embodiment, the method is performed by providing an organism
having a first form of the gene corresponding to either SEQ ID NO: 13 or SEQ ID NO:
14, either a normal form, a mutant form, a homologue, or a heterologous THR4 gene that
performs a similar function as THR4. The first form of THR4 may or may not confer a
growth conditional phenotype, i.e., a L-threonine requiring phenotype, and/or a
hypersensitivity or hyposensitivity phenotype on the organism having that altered form.
In one particular embodiment a mutant form contains a transposon insertion. A
comparison organism having a second form of a THR4, different from the first form of
the gene is also provided, and the two organisms are separately contacted with a test
compound. The growth of the two organisms in the presence of the test compound is
then compared.

Thus, in one embodiment, the invention provides a method for identifying a test

compound as a candidate for an antibiotic, comprising:
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a) providing cells having one form of a Threonine synthase gene, and providing
comparison cells having a different form of a Threonine synthase gene; and

b) contacting said cells and said comparison cells with a test compound and
determining the growth of said cells and said comparison cells in the presence of
the test compound, wherein a difference in growth between said cells and said
comparison cells in the presence of said test compound indicates that said test

compound is a candidate for an antibiotic.

It is recognized in the art that the optional determination of the growth of said first
organism and said comparison second organism in the absence of any test compounds
may be performed to control for any inherent differences in growth as a result of the
different genes. It is also recognized that any combination of two different forms of a
THR4 gene, including normal genes, mutant genes, homologues, and functional
homologues may be used in this method. Growth and/or proliferation of an organism is
measured by methods well known in the art such as optical density measurements, and
the like. In a preferred embodiment the organism is Magnaporthe grisea.

Conditional lethal mutants may identify particular biochemical and/or genetic
pathways given that at least one identified target gene is present in that pathway.
Knowledge of these pathways allows for the screening of test compounds as candidates
for antibiotics as inhibitors of the substrates, products and enzymes of the pathway.
Pathways known in the art may be found at the Kyoto Encyclopedia of Genes and
Genomes and in standard biochemistry texts (Lehninger, A., D. Nelson, et al. (1993)
Principles of Biochemistry, New York, Worth Publishers).

Thus, in one embodiment, the invention provides a method for screening for test
compounds acting against the biochemical and/or genetic pathway or pathways in which
THR4 functious, comprising:'

m) providing cells having one form of a gene in the L-threonine biochemical and/or
genetic pathway and providing comparison cells having a different form of said
gene;

n) contacting said cells and said comparison cells with a test compound; and
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o) determining the growth of said cells and said comparison cells in the presence of
said test compound, wherein a difference in growth between said cells and said
comparison cells in the presence of said test compound indicates that said test

compound is a candidate for an antibiotic.

The use of multi-well plates for screening is a format that readily accommodates
multiple different assays to characterize various compounds, concentrations of
compounds, and fungal strains in varying combinations and formats. Certain testing
parameters for the screening method can significantly affect the identification of growth
inhibitors, and thus can be manipulated to optimize screening efficiency and/or
reliability. Notable among these factors are variable sensitivities of different mutants,
increasing hypersensitivity with increasingly less permissive conditions, an apparent
increase in hypersensitivity with increasing compound concentration, and other factors
known to those in the art. (

Conditional lethal mutants may identify particular biochemical and/or genetic
pathways given that at least one identified target gene is present in that pathway.
Knowledge of these pathways allows for the screening of test compounds as candidates
for antibiotics. Pathways known in the art may be found at the Kyoto Encyclopedia of
Genes and Genomes and in standard biochemistry texts (Lehninger ef al. (1993)

Principles of Biochemistry).

Thus, in one embodiment, the invention provides a method for screening for test
compounds acting against the biochemical and/or genetic pathway or pathways in which
THR4 functions, comprising:

(a) providing paired growth media comprising a first medium and a second medium,
wherein said second medium contains a higher level of L-threonine than said first
medium,

(b) contacting an organism with a test compound;

(c) inoculating said first and said second media with said organism; and

(d) determining the growth of said organism, wherein a difference in growth of the
organism between said first and said second media indicates that said test

compound is a candidate for an antibiotic.
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Tt is recognized in the art that determination of the growth of said organism in the
paired media in the absence of any test compounds may be performed to control for any
inherent differences in growth as a result of the different media. Growth and/or
proliferation of an organism is measured by methods well known in the art such as
optical density measurements, and the like. In a preferred embodiment, the organism is

Magnaporthe grisea.

EXPERIMENTAL

Example 1
Construction of Plasmids with a Transposon Containing a Selectable Marker.
Construction of Sif transposorn: Sif was constructed using the GPS3 vector from
the GPS-M mutagenesis system from New England Biolabs, Inc. (Beverly, MA) as a
backbone. This system is based on the bacterial transposon Tn7. The following
manipulations were done to GPS3 according to Sambrook ez al. (1989) Molecular

Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory Press. The kanamycin

resistance gene (npt) contained between the Tn7 arms was removed by EcoRV digestion.
The bacterial hygromycin B phosphotransferase (hph) gene (Gritz and Davies (1983)
Gene 25: 179 — 88 (PMID: 6319235)) under control of the Aspergillus nidulans trpC
promoter and terminator (Mullaney et al. (1985) Mol Gen Genet /99: 37 - 45 (PMID:
3158796)) was cloned by a Hpal/EcoRV blunt ligation into the Tn7 arms of the GPS3
vector yielding pSifl. Excision of the ampicillin resistance gene (bla) from pSifl was
achieved by cutting pSifl with Xmn! and Bgll followed by a T4 DNA polymerase
treatment to remove the 3’ overhangs left by the Bgll digestion and religation of the
plasmid to yield pSif. Top 10F" electrocompetent E. coli cells (Invitrogen) were
transformed with ligation mixture according to manufacturer’s recommendations.
Transformants containing the Sif transposon were selected on LB agar (Sambrook et al.

(1989) Molecular Cloning, a Laboratory Manual) containing 50ug/ml of hygromycin B
(Sigma Chem. Co., St. Louis, MQ).
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Example 2
Construction of a Fungal Cosmid Library
Cosmid libraries were constructed in the pcosKAS vector (Hamer et al. (2001)
Proc Natl Acad Sci USA 98: 5110 —~ 15 (PMID: 11296265)) as described in Sambrook et
al. (1989) Molecular Cloning, a Laboratory Manual. Cosmid libraries were quality
checked by pulsed-field gel electrophoresis, restriction digestion analysis, and PCR

identification of single genes.

Example 3
Construction of Cosmids with Transposon Insertion inio Fzmgal Genes

Sif Transposition into a Cosmid: Transposition of Sif into the cosmid framework
was carried out as described by the GPS-M mutagenesis system (New England Biolabs,
Inc.). Briefly, 2ul of the 10X GPS buffer, 70 ng of supercoiled pSIF, 8-12 ug of target
cosmid DNA were mixed and taken to a final volume of 20ul with water. 1ul of
transposase (TnsABC) was added to the assembly reaction and incubated for 10 minutes
at 37°C. After the assembly reaction, 1ul of start solution was added to the tube, mixed
well and incubated for 1 hour at 37°C followed by heat inactivation of the proteins at
75°C for 10 min. Destruction of the remaining untransposed pSif was done by PIScel
digestion at 37°C for 2 hours followed by 10 min incubation at 75°C to inactivate the
proteins. Transformation of ToplOF” electrocompetent cells (Invitrogen) was done
according to manufacturers recommendations. Sif-containing cosmid transformants were
selected by growth on LB agar plates containing 50ug/ml of hygromycin B (Sigma
Chem. Co.) and 100 ug/ml of Ampicillin (Sigma Chem. Co.).

Example 4
High Throughput Preparation and Verification of Transposon Insertion
info the M. grisea ASNI1 Gene
E. coli strains containing cosmids with transposon insertions were picked to 96
well growth blocks (Beckman Co.) containing 1.5 ml of TB (Terrific Broth, Sambrook ef
al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory
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Press) supplemented with 50 ug/ml of ampicillin. Blocks were incubated with shaking at
37°C overnight. E. coli cells were pelleted by centrifugation and cosmids were isolated
by a modified alkaline lysis method (Marra et al. (1997) Genome Res 7: 1072 — 84
(PMID: 9371743)). DNA quality was checked by electrophoresis on agarose gels.
Cosmids were sequenced using primers from the ends of each transposon and commercial
dideoxy sequencing kits (Big Dye Terminators, Perkin Elmer Co.). Sequencing reactions
were analyzed on an ABI377 DNA sequencer (Perkin Elmer Co.).

DNA sequences adjacent to the site of the insertion were collected and used to
search DNA and protein databases using the BLAST algorithms (Altschul ef al. (1997)
Nucleic Acids Res 25: 3389 — 3402 (PMID: 9254694)). A single insertion of SIF into
the Magnaporthe grisea ASN1 gene was chosen for further analysis. This construct was
designated cpgmra0011008a10 and it contains the SIF transposon approximately between
amino acids 345 and 346 relative to the Saccharomyces cerevisiae homologue (total

length: 572 amino acids, GENBANK.: 6325403).

Example 5
Preparation of ASNI Cosmid DNA and Transformation of Magnaporthe grisea
Cosmid DNA from the ASN1 transposon tagged cosmid clone was prepared using

QIAGEN Plasmid Maxi Kit (QIAGEN), and digested by PI-Pspl (New England Biolabs,
Inc.). Fungal electro-transformation was performed essentially as described (Wu et al.
(1997) MPMI 10: 700 - 708). Briefly, M. grisea strain Guy 11 was grown in complete
liquid media (Talbot et ol (1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) shaking at
120 rpm for 3 days at 25°C in the dark. Mycelia was harvested and washed with sterile
H>O and digested with 4 mg/ml beta-glucanase (InterSpex) for 4-6 hours to generate
protoplasts. Protoplasts were collected by centrifugation and resuspended in 20% sucrose
at the concentration of 2x10® protoplasts/ml. 50ul protoplast suspension was mixed with
10-20ug of the cosmid DNA and pulsed using Gene Pulser II (BioRad) set with the
following parameters: resistance 200 ohm, capacitance 25uF, voltage 0.6kV.
Transformed protoplasts were regenerated in complete agar media (CM, Talbot et al.
(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) with the addition of 20% sucrose for
one day, then overlayed with CM agar media containing hygromycin B (250ug/ml) to
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select transformants. Transformants were screened for homologous recombination events
in the target gene by PCR (Hamer ef al. (2001) Proc Natl Acad Sci USA 98: 5110 ~ 15
(PMID: 11296265)). Two independent strains were identified and are hereby referred to
as KO1-2 and KO1-8, respectively.

Example 6
Effect of Transposon Insertion on Magnaporthe pathogenicity

The target fungal strains, KO1-2 and KO1-8, obtained in Example 5 and the wild
type strain, Guy11, were subjected to a pathogenicity assay to observe infection over a 1-
week period. Rice infection assays were performed using Indian rice cultivar CO39
essentially as described in Valent et al. ((1991) Genetics /27: 87 - 101 (PMID:
2016048)). All three strains were grown for spore production on complete agar media.
Spores were harvested and the conceniration of spores adjusted for whole plant
inoculations. Two-week-old seedlings of cultivar CO39 were sprayed with 12 ml of
conidial suspension (5 x 10* conidia per ml in 0.01% Tween-20 (Polyoxyethylensorbitan
monolaureate) solution). The inoculated plants were incubated in a dew chamber at 27°C
in the dark for 36 hours, and transferred to a growth chamber (27 °C 12 hours/21 °C 12
hours 70% humidity) for an additional 5.5 days. Leaf samples were taken at 3, 5, and 7
days post-inoculation and examined for signs of successful infection (i.e. lesions). Figure
2 shows the effects of ASN1 gene disruption on Magnaporthe infection at five days post-

inoculation.

Example 7

Verification of ASNI Gene Funciion by Analysis of Nutritional Requirements

The fungal strains, KO1-2 and KQ1-8, containing the ASN1 disrupted gene
obtained in Example 5 were analyzed for their nutritional requirement for L-asparagine
using the PM5 phenotype microarray from Biolog, Inc. (Hayward, CA). The PMS plate
tests for the auxotrophic requirement for 94 different metabolites. The innoculating fluid
consists of 0.05% Phytagel, 0.03% Pluronic F68, 1% glucose, 23.5mM NaNO,, 6.7mM
KCl, 3.5mM Na;SQy, 11mM KH,PQy, 0.01% p-iodonitrotetrazolium violet, 0.1mM
MgCl,, 1.0mM CaCl; and trace elements, pH adjusted to 6.0 with NaOH. Final
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concentrations of trace elements are: 7.6puM ZnCly, 2.5pM MnCl;4H,0, 1.8uM
FeCly4H,0, 0.71pxM CoCly'6H,0, 0.64pM CuCly 2H,0, 0.62uM Na;MoOy, 18uM
H3BO;. Spores for each strain were harvested into the inoculating fluid. The spore
concentrations were adjusted to 2x10° spores/ml. 100ul of spore suspension were
deposited into each well of the microtiter plates. The plates were incubated at 25°C for 7
days. Optical density (OD) measurements at 490nm and 750nm were taken daily. The
OD4gp measures the extent of tetrazolium dye reduction and the level of growth, and
ODy5o measures growth only. Turbidity = OD4gg + OD750. Data confirming the
annotated gene function is presented as a graph of Turbidity vs. Time showing both the
mutant fingi and the wild-type control in the absence (Figure 3A) and presence (Figure
3B) of L-asparagine.

Example 8
Cloning and Expression Strategies, Extraction and Purification of Asparagine Synthase
Protein.
The following protocol may be employed to obtain a purified Asparagine
Synthase protein.

Cloning and expression strategies:

An ASN1 cDNA gene can be cloned into £. coli (pET vectors-Novagen),
Baculovirus (Pharmingen) and Yeast (Invitrogen) expression vectors containing
His/fusion protein tags, and the expression of recombinant protein can be

evaluated by SDS-PAGE and Western blot analysis.

Extraction:

Extract recombinant protein from 250 ml cell pellet in 3 ml of extraction buffer
by sonicating 6 times, with 6 sec pulses at 4°C. Centrifuge extract at 15000xg for
10 min and collect supernatant. Assess biological activity of the recombinant

protein by activity assay.

Purification:

Purify recombinant protein by Ni-NTA affinity chromatography (Qiagen).

'y
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Purification protocol: perform all steps at 4°C:
¢ Use 3 ml Ni-beads (Qiagen)

o Equilibrate column with the buffer

e Load protein extract

e Wash with the equilibration buffer

e TElute bound protein with 0.5 M imidazole

Example 9
Assays for Testing Binding of Test Compounds to Asparagine Synthase
The following protocol may be employed to identify test compounds that bind to
the Asparagine Synthase protein.
e DPurified full-length Asparagine Synthase polypeptide with a His/fusion
protein tag (Example 8) is bound to a HisGrab™ Nickel Coated Plate (Pierce,
Rockford, IL) following manufacturer's instructions.
e Buffer conditions are optimized (e.g. ionic strength or pH, as may be
described in Luehr and Schuster (1980) J Biochem Biophys Methods 3: 151 -
61 (PMID: 6108975)) for binding of radiolabeled L- [4-1*Claspartate (Dearing
and Walker (1960) Nature /85: 690 - 691) to the bound Asparagine Synthase.
» Screening of test compounds is performed by adding test compound and L-[4-
14Caspartate (Dearing and Walker (1960) Nature 785: 690 - 691) to the wells
of the HisGrab™ plate containing bound Asparagine Synthase.
e The wells are washed to remove excess labeled ligand and scintillation fluid
(Scintiverse®, Fisher Scientific) is added to each well.
e The plates are read in a microplate scintillation counter.
» Candidaie compounds are identified as wells with lower radioactivity as
compared to control wells with no test compound added.
Additionally, a purified polypeptide comprising 10-50 amino acids from the M.
grisea Asparagine Synthase is screened in the same way. A polypeptide comprising 10-
50 amino acids is generated by subcloning a portion of the ASN1 gene into a protein
expression vector that adds a His-Tag when expressed (see Example 8). Oligonucleotide

primers are designed to amplify a portion of the ASN1 gene using the polymerase chain
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reaction amplification method. The DNA fragment encoding a polypeptide of 10-50
amino acids is cloned into an expression vector, expressed in a host organism and
purified as described in Example 8 above.

Test compoundsv that bind ASN1 are further tested for antibiotic activity. M.
grisea is grown as described for spore production on oatmeal agar media (Talbot ez al.
(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)). Spores are harvested into minimal
media (Talbot ef al. (1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) to a
concentration of 2 x 10° spores/ml and the culture is divided. The test compound is
added to one culture to a final concentration of 20-100 pg/ml. Solvent only is added to
the second culture. The plates are incubated at 25°C for seven days and optical density
measurements at 590nm are taken daily. The growth curves of the solvent control sample
and the test compound sample are compared. A test compound is an antibiotic candidate
if the growth of the culture containing the test compound is less than the growth of the

control culture.

Example 10
Assays for Testing Inhibitors or Candidates for Inhibition of Asparagine Synthase
Activity

The enzymatic activity of Asparagine Synthase is determined in the presence and
absence of candidate compounds in a suitable reaction mixture, such as described by
Luehr and Schuster (1980) J Biochem Biophys Methods 3: 151 - 61 (PMID: 6108975).
Candidate compounds are identified when a decrease in products or a lack of decrease in
substrates is detected with the reaé:tion proceeding in either direction.

Additionally, the enzymatic activity of a polypeptide comprising 10-50 amino
acids from the M. grisea Asparagine Synthase is determined in the presence and absence
of candidate compounds in a suitable reaction mixture, such as described by Luehr and
Schuster (1980) J Biochem Biophys Methods 3: 151 - 61 (PMID: 6108975). A
polypeptide comprising 10-50 amino acids is generated by subcloning a portion of the
ASNI1 gene into a protein expression vector that adds a His-Tag when expressed (see
Example 8). Oligonucieotide primers are designed to amplify a portion of the ASN1
gene using polymerase chain reaction amplification method. The DNA fragment
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encoding a polypeptide of 10-50 amino acids is cloned into an expression vector,
expressed and purified as described in Example 8 above.

Test compounds identified as inhibitors of ASN1 activity are further tested for
antibiotic activity. Magnaporthe grisea fungal cells are grown under standard fungal
growth conditions that are well known and described in the art. M. grisea is grown as
described for spore production on oatmeal agar media (Talbot et al. (1993) Plant Cell 5:
1575 - 1590 (PMID: 8312740)). Spores are harvested into minimal media (Talbot ez al.
(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) to a conceniration of 2 x 10°
spores/m! and the culture is divided. The test compound is added to one culture to a final
concentration of 20-100 pg/ml. Solvent only is added to the second culture. The plates
are incubated at 25°C for seven days and optical density measurements at 590nm are
taken daily. The growth curves of the solvent control sample and the test compound
sample are compared. A test compound is an antibiotic candidate if the growth of the
culture containing the test compound is less than the growth of the control culture.

Example 11
Assays for Testing Compounds for Alteration of Asparagine Synthase Gene Expression

Magnaporthe grisea fungal cells are grown under standard fimgal growth
conditions that are well known and described in the art. Wild-type M. grisea spores are
harvested from cultures grown on complete agar or oatmeal agar media after growth for
10-13 days in the light at 25°C using a moistened cotton swab. The concentration of
spores is determined using a hemacytometer and spore suspensions are prepared in a
minimal growth medium to a concentration of 2x10° spores per ml. 25 ml cultures are
prepared to which test compounds will be added at various concentrations. A culture
with no test compound present is included as a control. The cultures are incubated at
25°C for 3 days after which test compound or solvent only control is added. The cultures
are incubated an additional 18 hours. Fungal mycelia is harvested by filtration through
Miracloth (CalBiochem®, La Jolla, CA), washed with water and frozen in liquid
nitrogen. Total RNA is extracted with TRIZOL® Reagent using the methods provided
by the manufacturer (Life Technologies, Rockville, MD). Expression is analyzed by
Northern analysis of the RNA samples as described (Sambrook et al. (1989) Molecular
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Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory Press) using a

radiolabeled fragment of the ASN1 gene as a probe. Test compounds resulting in a
reduced level of ASN1 mRNA relative to the untreated control sample are identified as

candidate antibiotic compounds.

Example 12
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of Asparagine Synthase with No Activity

Magnaporthe grisea fungal cells containing a mutant form of the ASN1 gene
which abolishes enzyme activity, such as a gene containing a transposon insertion (see
Examples 4 and 5), are grown under standard fungal growth conditions that are well
known and described in the art. Magnaporthe grisea spores are harvested from cultures
grown on complete agar medium containing 4 mM L-asparagine (Sigma-Aldrich‘ Co.)
after growth for 10-13 days in the light at 25°C using a moistened cotton swab. The
concentration of spores is determined using a hemacytometer and spore suspensions are
prepared in a minimal growth medium containing 100 M L-asparagine to a
concentration of 2x10° spores per ml. Approximately 4x10* spores are added to each
well of 96-well plates to which a test compound is added (at varying concentrations).
The total volume in each well is 200ul. Wells with no test compound present (growth
control), and wells without cells are included as controls (negative control). The plates
are incubated at 25°C for seven days and optical density measurements at 590nm are
taken daily. Wild type cells are screened under the same conditions. The effect of each
compound on the mutant and wild-type fungal strains is measured against the growth
control and the percent of inhibition is calculated as the ODsg (fungal strain plus test
compound) / ODsgg (growth control) x 100. The percent of growth inhibition as a result
of a test compound on a fungal strain and that on the wild type cells are compared.
Compounds that show differential growth inhibition between the mutant and the wild
type are identified as potential antifungal compounds. Similar protocols may be found in
Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID: 7749303)).

Example 13
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In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of Asparagine Synthase with Reduced Activity
Magnaporthe grisea fungal cells containing a mutant form of the ASN1 gene,

such as a promoter truncation that reduces expression, are grown under standard fungal
growth conditions that are well known and described in the art. A promoter fruncation is
made by deleting a portion of the promoter upstream of the transcription start site using
standard molecular biology techniques that are well known and described in the art
(Sambrook ez al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor
Laboratory Press). Magnaporthe grisea spores are harvested from cultures grown on
complete agar medium containing 4 mM L-asparagine (Sigma-Aldrich Co.) after growth
for 10-13 days in the light at 25°C using a moistened cotton swab. The concentration of
spores is determined using a hemacytometer and spore suspensions are prepared in a
minimal growth medium to a concentration of 2x10° spores per ml. Approximately
4x10" spores are added to each well of 96-well plates to which a test compound is added
(at varying concentrations). The total volume in each well is 200ul. Wells with no test
compound present (growth conirol), and wells without cells are included as controls
(negative control). The plates are incubated at 25°C for seven days and optical density
measurements at 590nm are taken daily. Wild type cells are screened under the same
conditions. The effect of each compound on the mutant and wild-type fungal strains is
measured against the growth control and the percent of inhibition is calculated as the
ODsqp (fungal strain plus test compound) / ODsg (growth control) x 100. The percent of
growth inhibition as a result of a test compound on a fungal strain and that on the wild-
type cells are compared. Compounds that show differential growth inhibition between
the mutant and the wild type are identified as potential antifungal compounds. Similar
protocols may be found in Kirsch and DiDomenico ((1994) Biotechnology 26: 177 -
221). |

88



ChA 02469695 2004-06-07
WO 03/050310 PCT/US02/39286

Example 14
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Confaining a Mutant
Form of a L-asparagine Biosynthetic Gene with No Activity
Magnaporthe grisea fungal cells containing a mutant form of a gene in the L-

asparagine biosynthetic pathway (e.g. Formiminoaspartate deiminase (E.C. 3.5.3.5)) are
grown under standard fungal growth conditions that are well known and described in the
art. Magnaporthe grisea spores are harvested from cultures grown on complete agar
medium containing 4 mM L-asparagine (Sigma-Aldrich Co.) afier growth for 10-13 days
in the light at 25°C using a moistened cotton swab. The concentration of spores is
determined using a hemacytometer and spore suspensions are prepared in a minimal
growth medium containing 100 pM L-asparagine to a concentration of 2x10° spores per
ml. Approximately 4x10* spores or cells are harvested and added to each well of 96-well
plates to which growth media is added in addition to an amount of test compound (at
varying concentrations). The total volume in each well is 200ul. Wells with no test
compound present, and wells without cells are included as controls. The plates are
incubated at 25°C for seven days and optical density measurements at 590nm are taken
daily. Wild type cells are screened under the same conditions. The effect of each
compound on the mutant and wild-type fungal strains is measured against the growth
control and the percent of inhibition is calculated as the ODsog (fungal strain plus test
compound) / ODsgq (growth control) x 100. The percent of growth inhibition as a result
of a test compound on a fungal strain and that on the wild type cells are compared.
Compounds that show differential growth inhibition between the mutant and the wild-
type are identified as potential antifungal compounds, Similar protocols maf be found in
Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221).

Example 15
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of a L-asparagine Biosynthetic Gene with Reduced Activity
Magnaporthe grisea fungal cells containing a mutant form of a gene in the L-
asparagine biosynthetic pathway (e.g. Formiminoaspartate deiminase (E.C. 3.5.3.5)),

such as a promoter truncation that reduces expression, are grown under standard fungal

’
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growth conditions that are well known and described in the art. A promoter truncation is
made by deleting a portion of the promoter upstream of the transcription start site using
standard molecular biology techniques that are well known and described in the art
(Sambrook er al. (1989) Molecular Cloning, a Laboratory Manual, Cold :Spring Harbor
Laboratory Press). Magnaporthe grisea fungal cells containing a mutant form of are
grown under standard fungal growth conditions that are well known and described in the
art. Magnaporthe grisea spores are harvested from cultures grown on complete agar
medium containing 4 mM L-asparagine (Sigma-Aldrich Co.) after growth for 10-13 days
in the light at 25°C using a moistened cotton swab. The concentration of spores is
determined using a hemacytometer and spore suspensions are prepared in a minimal
growth medium to a concentration of 2x10° spores per ml. Approximately 4x10* spores
or cells are harvested and added to each well of 96-well plates to which growth media is
added in addition to an amount of test compound (at varying concentrations). The total
volume in each well is 2001, Wells with no test compound present, and wells without
cells are included as controls. The plates are incubated at 25°C for seven days and optical
density measurements at 590nm are taken daily. Wild type cells are screened under the
same conditions. The effect of each compound on the mutant and wild-type fungal
strains is measured against the growth control and the percent of inhibition is calculated
as the ODsg (fungal strain plus test compound) / GDsgp (growth control) x 100. The
percent of growth inhibition as a result of a test compound on a fungal strain and that on
the wild type cells are compared. Compounds that show differential growth inhibition
between the mutant and the wild type are identified as potential antifungal compounds.
Similar protocols may be found in Kirsch and DiDomenico ((1994) Biotechnology 26:
177 - 221).

Example 16
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Fungal
ASNI and a Second Fungal Strain Containing a Heterologous ASNI1 Gene
Wild-type Magnaporthe grisea fungal cells and M. grisea fungal cells lacking a
functional ASN1 gene and containing an asparagine synthetase B gene from Vibrio

cholerae (Genbank 11272666, 50% sequence identity) are grown under standard fungal
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growth conditions that are well known and described in the art. A M. griseq strain

carrying a heterologous ASN1 gene is made as follows:

* A M. grisea strain is made with a nonfunctional ASN1 gene, such as one containing a
transposon insertion in the native gene (sce Examples 4 and 5).

* A construct containing a heterologous ASN1 gene is made by cloning the asparagine
synthetase B gene from Vibrio cholerae into a fungal expression vector containing a
trpC promoter and terminator (e.g. pCB1003, Carroll et al. (1994) Fungal Gen News
Lett 41: 22) using standard molecular biology techniques that are well known and
described in the art (Sambrook er al. (1989) Molecular Cloning, a Laboratory

Manual).

» The said construct is used to transform the M. grisea strain lacking a functional ASN1
gene (see Example 5). Transformants are selected on minimal agar medium lacking
L-asparagine. Only transformants carrying a functional ASN1 gene will grow.
Wild-type strains of Magnaporthe grisea and strains containing a heterologous form

of ASNI are grown under standard fungal growth conditions that are well known and

described in the art. Magnaporthe grisea spores are harvested from cultures grown on

complete agar medium after growth for 10-13 days in the light at 25°C using a moistened
cotton swab. The concentration of spores is determined using a hemacytometer and spore
suspensions are prepared in 2 minimal growth medium to a concentration of 2x10° spores

per ml. Approximately 4x10* spores or cells are harvested and added to each well of 96-

well plates to which growth media is added in addition to an amount of test compound (at

_ varying concentrations). The total volume in each well is 200ul. Wells with no test
compound present, and wells without cells are included as controls. The plates are
incubated at 25°C for seven days and optical density measurements at 590nm are taken
daily. The effect of each compound on the wild-type and heterolo gous fungal strains is
measured against the growth control and the percent of inhibition is calculated as the

ODsg (fungal strain plus test compound) / ODsep (growth control) x 100. The percent of

growth inhibition as a result of a test compound on the wild-type and heterologous fungal

strains are compared. Compounds that show differential growth inhibition between the

wild-type and heterologous strains are identified as potential antifungal compounds with
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specificity to the native or heterologous ASN1 gene products. Similar protocols may be
found in Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221).

Example 17
Pathway Specific In Vivo Assay Screening Protocol
Magnaporthe grisea fungal cells are grown under standard fungal growth
conditions that are well known and described in the art. Wild-type M. grisea spores are
harvested from cultures grown on oatmeal agar media after growth for 10-13 days in the
light at 25°C using a moistened cotton swab. The concentration of spores is determined
using a hemocytometer and spore suspensions are prepared in = minimal growth medium
and a minimal growth medium containing 4 mM L-asparagine (Sigma-Aldrich Co.) to a
concentration of 2x10° spores per ml. The minimal growth media contains carbon,
nitrogen, phosphate, and sulfate sources, and magnesium, calcium, and trace elements
(for example, see innoculating fluid in Example 7). Spore suspensions are added to each
well of a 96-well microtiter plate (approximately 4x10* spores/well). For each well
containing a spore suspension in minimal media, an additional well is present containing
a spore suspension in minimal medium containing 4 mM L-asparagine. Test compounds
are added to wells containing spores in minimal media and minimal media containing L-
asparagine. The total volume in each well is 200ul. Both minimal media and L-
asparagine containing media wells with no test compound are provided as controls. The
plates are incubated at 25°C for seven days and optical density measurements at 590nm
are taken daily. A compound is identified as a candidate for an antibiotic acting against
the L-asparagine biosynthetic pathway when the observed growth in the well containing
minimal media is less than the observed growth in the well containing L-asparagine as a
result of the addition of the test compound. Similar protocols may be found in Kirsch

and DiDomenico ((1994) Biotechnology 26: 177 - 221).

Example 18
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High Throughput Preparation and Verification of Transposon Insertion
into the M. grisea ALASI Gene

E. coli strains containing cosmids with transposon insertions were picked to 96
well growth blocks (Beckman Co.) containing 1.5 ml of TB (Terrific Broth, Sambrook ef
al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory
Press) supplemented with 50 ug/ml of ampicillin. Blocks were incubated with shaking at
37 C ovemnight. E. coli cells were pelleted by centrifugation and cosmids were isolated
by a modified alkaline lysis method (Marra et al. (1997) Genome Res 7: 1072 — 84
(PMID: 9371743)). DNA quality was checked by electrophoresis on agarose gels.
Cosmids were sequenced using primers from the ends of each transposon and commercial
dideoxy sequencing kits (Big Dye Terminators, Perkin Elmer Co.). Sequencing reactions
were analyzed on an ABI377 DNA sequencer (Perkin Elmer Co.).

DNA sequences adjacent to the site of the insertion were collected and used to
search DNA and protein databases using the BLAST algorithms (Altschul ef al. (1997)
Nucleic Acids Res 23: 3389 — 3402 (PMID: 9254694)). A single insertion of SIF into
the Magnaporthe grisea ALAS1 gene was chosen for further analysis. This construct
was designated cpgmra0011005€01 and it contains the SIF transposon at approximately
amino acid 100 relative to the Aspergillus nidulans homologue HEMA (total length: 648
amino acids, GENBANK: 585244 (SWISS-PROT: P38092)).

Example 19
Preparation of ALAS1 Cosmid DNA and Transformation of Magnaporthe grisea
Cosmid DNA from the ALAST transposon tagged cosmid clone was prepared

using QITAGEN Plasmid Maxi Kit (QIAGEN), and digested by PI-PspI (New England
Biolabs, Inc.). Fungal electro-transformation was performed essentially as described
(Wu et al. (1997) MPMI [0: 700 - 708). Briefly, M. grisea strain Guy 11 was grown in
complete liquid media (Talbot et al. (1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740))
shaking at 120 rpm for 3 days at 25°C in the dark. Mycelia was harvested and washed
with sterile H,O and digested with 4 mg/ml beta-glucanase (InterSpex) for 4-6 hours to
generate protoplasts. Protoplasts were collected by centrifugation and resuspended in

20% sucrose at the concentration of 2x10® protoplasts/ml. 50ul protoplast suspension was
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mixed with 10-20ug of the cosmid DNA and pulsed using Gene Pulser II (BioRad) set
with the following parameters: resistance 200 ohm, capacitance 25uF, voltage 0.6kV.
Transformed protbplasts were regenerated in complete agar media (CM, Talbot ez al.
(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) with the addition of 20% sucrose and
200 pM 5-aminolevulinic acid (Sigma-Aldritch Co.) for one day, then overlayed with
CM agar media containing hygromycin B (250ug/ml) to select transformants.
Transformants were screened for homologous recombination events in the target gene by
PCR (Hamer et al. (2001) Proc Natl Acad Sci USA 98: 5110 - 15 (PMID: 11296265)).
Two independent strains were identified and are hereby referred to as KO1-1 and KO1-

106, respectively.

Example 20
Effect of Transposon Insertion on Magnaporthe pathogenicity

The target fungal strains, KO1-1 and KO1-106, obtained in Example 19 and the
wild type strain, Guyl1, were subjected to a pathogenicity assay to observe infection over
a 1-week period. Rice infection assays were performed using Indian rice cultivar CO39
essentially as described in Valent et al. ((1991) Genetics /27: 87 - 101 (PMID:
2016048)). All three strains were grown for spore production on complete agar media.
Spores were harvested and the concentration of spores adjusted for whole plant
inoculations. Two-week-old seedlings of cultivar CO39 were sprayed with 12 ml of
conidial suspension (5 x 10" conidia per ml in 0.01% Tween-20 (Polyoxyethylensorbitan
monolaureate) solution). The inoculated plants were incubated in a dew chamber at 27°C
in the dark for 36 hours, and transferred to a growth chamber (27 °C 12 hours/21°C 12
hours 70% humidity) for an additional 5.5 days. Leaf samples were taken at 3, 5, and 7
days post-inoculation and examined for signs of successful infection (i.e. lesions). Figure
2 shows the effects of ALAS1 gene disruption on Magnaporthe infection at five days

post-inoculation.
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Example 21
Verification of ALAS1 Gene Function by Analysis of Nutritional Requirements

The fungal strains, KO1-1 and KO1-106, containing the ALLAS1 disrupted gene
obtained in Example 19 were analyzed for their nutritional requirement for 5-
aminolevulinic acid using the PMS5 phenotype microarray from Biolog, Inc. (Hayward,
CA). The PMS plate tests for the auxotrophic requirement for 94 different metabolites.
The innoculating fluid consists of 0.05% Phytagel, 0.03% Pluronic F68, 1% glucose,
23.5mM NaNQs, 6.7mM KCl, 3.5mM Na;SO4, 11mM KH,PQ4, 0.01% p-
iodonitrotetrazolium violet, 0.1mM MgCl,, 1.0mM CaCl, and trace elements. Final
concentrations of trace elements are: 7.6pM ZnCl,, 2.5uM MnCly'4H,0, 1.8uM
FeCly4H,0, 0.71pM CoCly 6H;0, 0.64uM CuCl> 2H,0, 0.62pM Na;MoQy, 18uM
H;BOs. pH adjusted to 6.0 with NaOH, Spores for each strain were harvested into the
inoculating fluid. The spore concentrations were adjusted to 2x10° spores/ml. 1004 of
spore suspension were deposited into each well of the microtiter plates. The plates were
incubated at 25°C for 7 days. Optical density (OD) measurements at 490nm and 750nm
were taken daily. The ODyg9 measures the extent of tetrazolium dye reduction and the
level of growth, and OD75p measures growth only. Turbidity = OD4g0 + OD7s5p. Data
confirming the annotated gene function is presented in Figure 3, and as a graph of
Turbidity vs. Time showing both the mutant fungi and the wild-type control in the
absence (Figure 3A) and presence (Figure 3B) of 5-aminolevulinate.

Example 22
Cloning and Expression Strategies, Extraction and Purification of 3-Aminolevulinate
Synthase Protein.
The following protocol may be employed to obtain a purified 5-Aminolevulinate
synthase protein.
Cloning and expression strategies:
An ALAS1 ¢cDNA gene can be cloned into E. coli (pET vectors-Novagen),
Baculovirus (Pharmingen) and Yeast (Invifrogen) expression vectors containing
His/fusion protein tags, and the expression of recombinant protein can be

evaluated by SDS-PAGE and Western blot analysis.
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Extraction:

Extract recombinant protein from 250 mil cell pellet in 3 ml of extraction buffer
by sonicating 6 times, with 6 sec pulses at 4°C. Centrifuge extract at 15000xg for
10 min and collect supernatant. Assess biological activity of the recombinant
protein by activity assay.

Purification:

Purify recombinant protein by Ni-NTA affinity chromatography (Qiagen).
Purification protocol: perform all steps at 4°C:

¢ Use 3 ml Ni-beads (Qiagen)

e Equilibrate column with the buffer

¢ Load protein extract

¢ Wash with the equilibration buffer

¢ Elute bound protein with 0.5 M imidazole

Example 23
Assays for Testing Binding of Test Compounds to 5-Aminolevulinate Synthase

The following protocol may be employed to identify test compounds that bind to

the 5-Aminolevulinate synthase protein.

» Purified full-length 5-Aminolevulinate synthase polypeptide with a His/fusion
protein tag (Example 22) is bound to a HisGrab™ Nickel Coated Plate
(Pierce, Rockford, IL) following manufacturer's instructions.

e Buffer conditions are optimized (e.g. ionic strength or pH, Shoolingin-Jordan
et al. (1997) Methods Enzymol 287: 309 - 16 (PMID: 9250995)) for binding
of radiolabeled succinyl-CoA (custom made, PerkinElmer Life Sciences, Inc.,
Boston, MA) to the bound 5-Aminolevulinate synthase.

¢ Screening of test compounds is performed by adding test compound and
radiolabeled succinyl-CoA (custom made, PerkinElmer Life Sciences, Inc.,
Boston, MA) to the wells of the HisGrab™ plate containing bound 5-
Aminolevulinate synthase.

e The wells are washed to remove excess labeled ligand and scintillation fluid

(Scintiverse®, Fisher Scientific) is added to each well.
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e The plates are read in a microplate scintillation counter.

o (Candidate compounds are identified as wells with lower radioactivity as

compared to control wells with no test compound added.

Additionally, a purified polypeptide comprising 10-50 amino acids from the M.
grisea 5-Aminolevulinate synthase is screened in the same way. A polypeptide
comprising 10-50 amino acids is generated by subcloning a portion of the ALASI gene
into a protein expression vector that adds a His-Tag when expressed (see Example 22).
Oligonucleotide primers are designed to amplify a portion of the ALAS1 gene using the
polymerase chain reaction amplification method. The DNA fragment encoding a
polypeptide of 10-50 amino acids is cloned into an expression vector, expressed in a host
organism and purified as described in Example 22 above.

Test compounds that bind ALAS1 are further tested for antibiotic activity. M.
grisea is grown as described for spore production on oatmeal agar media (Talbot ez al.
(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)). Spores are harvested into minimal
media (Talbot et al. (1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) to a
concentration of 2 x 10° spores/ml and the culture is divided. The test compound is
added to one culture to a final concentration of 20-100 pg/ml. Solvent only is added to
the second culture. The plates are incubated at 25°C for seven days and optical density
measurements at 590nm are taken daily. The growth curves of the solvent control sample
and the test compound sample are compared. A test compound is an antibiotic candidate
if the growth of the culture containing the test compound is less than the growth of the

control culture.

Example 24
Assays for Testing Inhibitors or Candidates for Inhibition of 5-Aminolevulinate Synthase
Activity
The enzymatic activity of 5-Aminolevulinate synthase is determined in the
presence and absence of candidate compounds in a suitable reaction mixture, such as
described by Shoolingin-Jordan et al. (1997) Methods Enzymol 287: 309 - 16 (PMID:
9250995). Candidate compounds are identified when a decrease in products or a lack of

decrease in substrates is detected with the reaction proceeding in either direction.
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Additionally, the enzymatic activity of a polypeptide comprising 10-50 amino
acids from the M. grisea 5-Aminolevulinate synthase is determined in the presence and
absence of candidate compounds in a suitable reaction mixture, such as described by
Shoolingin-Jordan et al. (1997) Methods Enzymol 281: 309 - 16 (PMID: 9250995). A
polypeptide comprising 10-50 amino acids is generated by subcloning a portion of the
ALAS] gene into a protein expression vector that adds a His-Tag when expressed (see
Example 22). Oligonucleotide primers are designed to amplify a portion of the ALAS1
gene using polymerase chain reaction amplification method. The DNA fragment
encoding a polypeptide of 10-50 amino acids is cloned into an expression vector,
expressed and purified as described in Example 22 above.

Test compounds identified as inhibitors of ALASI activity are further tested for
antibiotic activity. Magnaporthe grisea fungal cells are grown under standard fungal
growth conditions that are well known and described in the art. M. grisea is grown as
described for spore production on oatmeal agar media (Talbot et al. (1993) Plant Cell 5:
1575 - 1590 (PMID: 8312740)). Spores are harvested into minimal media (Talbot et al.
(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) to a concentration of 2 x 10°
spores/ml and the culture is divided. The test compound is added to one culture to a final
concentration of 20-100 pg/ml. Solvent only is added to the second culture. The plates
are incubated at 25°C for seven days and optical density measurements at 590nm are
taken daily. The growth curves of the solvent control sample and the test compound
sample are compared. A test compound is an antibiotic candidate if the growth of the

culture containing the test compound is less than the growth of the control culture.

Example 25
Assays for Testing Compounds for Alteration of 5-Aminolevulinate Synthase Gene
Expression
Magnaporthe grisea fungal cells are grown under standard fungal growth
conditions that are well known and described in the art. Wild-type M. grisea spores are
harvested from cultures grown on complete agar or oatmeal agar media after growth for
10-13 days in the light at 25°C using a moistened cotton swab. The concentration of

spores is determined using a hemacytometer and spore suspensions are prepared in a
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minimal growth medium to a concentration of 2x10° spores per ml. 25 ml cultures are
prepared to which test compounds will be added at various concentrations. A culture
with no test compound present is included as a control. The cultures are incubated at
25°C for 3 days after which test compound or solvent only control is added. The cultures
are incubated an additional 18 hours. Fungal mycelia is harvested by filtration through
Miracloth (CalBiochem®, La Jolla, CA), washed with water and frozen in liquid
nitrogen. Total RNA is extracted with TRIZOL® Reagent using the methods provided
by the manufacturer (Life Technologies, Rockville, MD). Expression is analyzed by
Northern analysis of the RNA samples as described (Sambrook et al. (1989) Molecular

Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory Press) using a

radiolabeled fragment of the ALAS1 gene as a probe. Test compounds resulting in a
reduced level of ALAST mRNA relative to the untreated control sample are identified as

candidate antibiotic compounds.

Example 26
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of 5-Aminolevulinate Synthase with No Activity
Magnaporthe grisea fungal cells containing a mutant form of the ALAS1 gene

which abolishes enzyme activity, such as a gene containing a transposon insertion (see
Examples 18 and 19), are grown under standard fungal growth conditions that are well
known and described in the art. Magnaporthe grisea spores are harvested from cultures
grown on complete agar medium containing 200 pM 5-aminolevulinate (Sigma-Aldrich
Co.) after growth for 10-13 days in the light at 25°C using a moistened cotton swab. The
concentration of spores is determined using a hemacytometer and spore suspensions are
prepared in a minimal growth medium containing 20 pM 5-aminolevulinate to a
concentration of 2x10° spores per ml. Approximately 4x10* spores are added to each
well of 96-well plates to which a test compound is added (at varying concentrations).
The total volume in each well is 200pl. Wells with no test compound present (growth
control), and wells without cells are included as controls (negative control). The plates
are incubated at 25°C for seven days and optical density measurements at 590nm are

taken daily. Wild type cells are screened under the same conditions. The effect of each
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compound on the mutant and wild-type fungal strains is measured against the growth
control and the percent of inhibition is calculated as the ODsgq (iungal strain plus test
compound) / ODsgg (growth control) x 100. The percent of growth inhibition as a result
of a test compound on a fungal strain and that on the wild type cells are compared.
Compounds that show differential growth inhibition between the mutant and the wild
type are identified as potential antifungal compounds. Similar protocols may be found in
Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID: 7749303)).

Example 27
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of 5-Aminolevulinate Synthase with Reduced Activity

Magnaporthe grisea fungal cells containing a mutant form of the ALAS1 gene,
such as a promoter truncation that reduces expression, are grown under standard fungal
growth conditions that are well known and described in the art. A promoter truncation is
made by deleting a portion of the promoter upstream of the transcription start site using
standard molecular biology techniques that are well known and described in the art
(Sambrook ef al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor
Laboratory Press). Magnaporthe grisea spores are harvested from cultures grown on
complete agar medium containing 200 pM 5-aminolevulinate (Sigma-Aldrich Co.) after
growth for 10-13 days in the light at 25°C using a moistened cotton swab. The
concentration of spores is determined using a hemacytometer and spore suspensions are
prepared in a minimal growth medium to a concentration of 2x10° spores per ml.
Approximately 4x10* spores are added to each well of 96-well plates to which a test
compound is added (at varying concentrations). The total volume in each well is 2001,
Wells with no test compound present (growth control), and wells without cells are
included as controls (negative control). The plates are incubated at 25°C for seven days
and optical density measurements at 590nm are taken daily. Wild type cells are screened
under the same conditions. The effect of each compound on the mutant and wild-type

fungal strains is measured against the growth control and the percent of inhibition is

100



ChA 02469695 2004-06-07
WO 03/050310 PCT/US02/39286

calculated as the ODsg (fungal strain plus test compound) / ODsgo (growth control) x
100. The percent of growth inhibition as a result of a test compound on a fungal strain
and that on the wild-type cells are compared. Compounds that show differential growth
inhibition between the mutant and the wild type are identified as potential antifungal
compounds. Similar protocols may be found in Kirsch and DiDomenico ((1994)
Biotechnology 26: 177 - 221 (PMID: 7749303)).

Example 28
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of a Heme Biosynthetic Gene with No Activity
Magnaporthe grisea fungal cells containing a mutant form of a gene in the heme

biosynthetic pathway (e.g. Aminolevulinate dehydratase (E.C. 4.2.1.24)) are grown under
standard fungal growth conditions that are well known and described in the art.
Magnaporthe grisea spores are harvested from cultures grown on complete agar medium
containing 200 uM 5-aminolevulinate (Sigma-Aldrich Co.) after growth for 10-13 days
in the light at 25°C using a moistened cotton swab. The concentration of spores is
determined using a hemacytometer and spore suspensions are prepared in a minimal
growth medium containing 20 pM 5-aminolewliﬁate to a concentration of 2x10° spores
per ml. Approximately 4x10* spores or cells are harvested and added to each well of 96-
well plates to which growth media is added in addition to an amount of test compound (at
varying concentrations). The total volume in each well is 200pl. Wells with no test
compound present, and wells without cells are included as controls. The plates are
incubated at 25°C for seven days and optical density measurements at 590nm are taken
daily. Wild type cells are screened under the same conditions. The effect of each
compound on the mutant and wild-type fungal strains is measured against the growth
control and the percent of inhibition is calculated as the ODsgo (fungal strain plus test
compound) / ODsgq (growth control) x 100. The percent of growth inhibition as a result
of a test compound on a fungal strain and that on the wild type cells are compared.
Compounds that show differential growth inhibition between the mutant and the wild-
type are identified as potential antifungal compounds. Similar protocols may be found in
Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID: 7749303)).
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‘ . Example 29
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of a Heme Biosynthetic Gene with Reduced Activity
Magnaporthe grisea fungal cells containing a mutant form of a gene in the heme

biosynthetic pathway (e.g. Aminolevulinate dehydratase (E.C. 4.2.1.24)), such as a
promoter truncation that reduces expression, are grown under standard fungal growth
conditions that are well known and described in the art. A promoter truncation is made
by deleting a portion of the promoter upstream of the transcription start site using
standard molecular biology techniques that are well known and described in the art

' (Sambrook e al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor
Laboratory Press). Magnaporthe grisea fungal cells containing a mutant form of are
grown under standard fungal growth conditions that are well known and described in the
art. Magnaporthe grisea spores are harvested from cultures grown on complete agar
medium containing 200 pM S-aminolevulinate (Sigma-Aldrich Co.) after growth for 10-
13 days in the light at 25°C using a moistened cotton swab. The concentration of spores
is determined using a hemacytometer and spore suspensions are prepared in a minimal
growth medium to a coricentration of 2x10° spores per ml. Approximately 4x10* spores
or cells are harvested and added to each well of 96-well plates to which growth media is
added in addition to an amount of test compound (at varying concentrations). The total
volume in each well is 200ul. Wells with no test compound present, and wells without
cells are included as controls. The plates are incubated at 25°C for seven days and optical
density measurements at 590nm are taken daily. Wild type cells are screened under the
same conditions. The effect of each compound on the mutant and wild-type fungal
strains is measured against the growth control and the percent of inhibition is calculated
as the ODsgg (fungal strain plus test compound) / ODsgp (growth control) x 100. The
percent of growth inhibition as a result of a test compound on a fungal strain and that on
the wild type cells are compared. Compounds that show differential growth inhibition
between the mutant and the wild type are identified as potential antifungal compounds.
Similar protocols may be found in Kirsch and DiDomenico ((1994) Biotechnology 26:
177 - 221 (PMID: 7749303)).
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Example 30
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing M. grisea
ALASI and a Second Fungal Strain Containing a Heterologous ALASI Gene
Wild-type Magnaporthe grisea fungal cells and M. grisea fungal cells lacking a
functional ALAS1 gene and containing a 5-Aminolevulinic Acid Synthase gene from

Candida albicans (Genbank: 10720014, SWISS-PROT: 094069, 54% sequence identity)

are grown under standard fungal growth conditions that are well known and described in

the art. A M. grisea strain carrying a heterologous ALAS1 gene is made as follows:

e A M. grisea strain is made with a nonfunctional ALAS] gene, such as one containing
a transposon insertion in the native gene (see Examples 18 and 19).

e A construct containing a heterologous ALAS1 gene is made by cloning the 5-
Aminolevulinic Acid Synthase gene from Candida albicans into a fungal expression
vector containing a trpC promoter and terminator (e.g. pCB1003, Carroll et al. (1994)
Fungal Gen News Lett 4/: 22) using standard molecular biology techniques that are
well known and described in the art (Sambrook ez af. (1989) Molecular Cloning, a

Laboratory Manual, Cold Spring Harbor Laboratory Press).

o The said construct is used to transform the M. grisea strain lacking a functional
ALASI gene (see Example 19). Transformants are selected on minimal agar medium
lacking 5-aminolevulinate. Only transformants carrying a functional ALAS1 gene
will grow.

Wild-type strains of Magnaporthe grisea and strains containing a heterologous form
of ALASI are grown under standard fungal growth conditions that are well known and
described in the art. Magnaporthe grisea spores are harvested from cultures grown on
complete agar medium after growth for 10-13 days in the light at 25°C using a moistened
cotton swab. The concentration of spores is determined using a hemacytometer and spore
suspensions are prepared in a minimal growth medium to a concentration of 2x10° spores
perml. Approximately 4x10* spores or celis are harvested and added to each well of 96-
well plates to which growth media is added in addition to an amount of test compound (at
varying concentrations). The total volume in each well is 200pul. Wells with no test

compound present, and wells without cells are included as controls. The plates are
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incubated at 25°C for seven days and optical density measurements at 590nm are taken
daily. The effect of each compound on the wild-type and heterologous fungal strains is
measured against the growth control and the percent of inhibition is calculated as the
ODsgg (fungal strain plus test compound) / ODsgg (growth control) x 100. The percent of
growth inhibition as a result of a test compound on the wild-type and heterologous fungal
strains are compared. Compounds that show differential growth inhibition between the
wild-type and heterologous strains are identified as potential antifungal compounds with
specificity to the native or heterologous ALAS1 gene products. Similar protocols may be
found in Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID:
7749303)).

Example 31
Pathway Specific In Vivo Assay Screening Protocol
Magnaporthe grisea fungal cells are grown under standard fungal growth
conditions that are well known and described in the art. Wild-type M. grisea spores are
harvested from cultures rgmwn on oatmeal agar media after growth for 10-13 days in the
light at 25°C using a moistened cotton swab. The concentration of spores is determined
using a hemocytometer and spore suspensions are prepared in a minimal growth medium
and a minimal growth medium containing 200 pM 5-aminolevulinate (Sigma-Aldrich
Co.) to a concentration of 2x10° spores per ml. The minimal growth media contains
carbon, nitrogen, phospﬁate, and sulfate sources, and magnesium, calcium, and trace
elements (for example, see innoculating fluid in Example 21). Spore suspensions are
added to each well of a 96-well microtiter plate (approximately 4x10" spores/well). For
each well containing a spore suspension in minimal media, an additional well is present
containing a spore suspension in minimal medium containing 200 pM 5-aminolevulinate.
Test compounds are added to wells containing spores in minimal media and minimal
media containing 5-aminolevulinate. The total volume in each well is 200pl. Both
minimal media and 5-aminc;levu1inate containing media wells with no test compound are
provided as controls. The plates are incubated at 25°C for seven days and optical density
measurements at 590nm are taken daily. A compound is identified as a candidate for an

antibiotic acting against the heme biosynthetic pathway when the observed growth in the
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well containing minimal media is less than the observed growth in the well containing 5-
aminolevulinate as a result of the addition of the test compound. Similar protocols may
be found in Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID:
7749303)).

Example 32
High Throughput Preparation and Verification of Transposon Insertion
into the M. grisea HISPI Gene
E. coli strains containing cosmids with transposon insertions were picked to 96
well growth blocks (Beckman Co.) containing 1.5 ml of TB (Terrific Broth, Sambrook et
al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory

Press) supplemented with 50 ug/ml of ampicillin. Blocks were incubated with shaking at
37 C overnight. E. coli cells were pelleted by centrifugation and cosmids were isolated
by a modified alkaline lysis method (Marra et al. (1997) Genome Res 7: 1072 — 84
(PMID: 9371743)). DNA quality was checked by electrophoresis on agarose gels.
Cosmids were sequenced using primers from the ends of each transposon and commercial
dideoxy sequencing kits (Big Dye Terminators, Perkin Elmer Co.). Sequencing reactions
were analyzed on an ABI377 DNA sequencer (Perkin Elmer Co.).

DNA sequences adjacent to the site of the insertion were collected and used to
search DNA and protein databases using the BLAST algorithms (Altschul et al. (1997)
Nucleic Acids Res 25: 3389 — 3402 (PMID: 9254694)). A single insertion of SIF into
the Magnaporthe grisea HISP1 gene was chosen for further analysis. This construct was
designated cpgmra0012021b05 and it contains the SIF transposon approximately 100
nucleotides before the start codon relative to the Schizosaccharomyces pombe homologue
(total length: 315 amino acids, GENBANK.: 3183028, SWISS-PROT: 014059), and is

predicted to eliminate or reduce gene function.
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Example 33
Preparation of HISP1 Cosmid DNA and Transformation of Magnaporthe grisea
Cosmid DNA from the HISP1 transposon tagged cosmid clone was prepared

using QIAGEN Plasmid Maxi Kit (QIAGEN), and digested by PI-Pspl (New England
Biolabs, Inc.). Fungal electro-transformation was performed essentially as described
(Wu et al. (1997) MPMI 70: 700 - 708). Briefly, M. grisea strain Guy 11 was grown in
complete liquid media (Talbot ef a/. (1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740))
shaking at 120 rpm for 3 days at 25°C in the dark. Mycelia was harvested and washed
with sterile HO and digested with 4 mg/ml beta-glucanase (InterSpex) for 4-6 hours to
generate protoplasts. Protoplasts were collected by centrifugation and resuspended in
20% sucrose at the concentration of 2x10® protoplasts/ml. 50ul protoplast suspension was
mixed with 10-20ug of the cosmid DNA and pulsed using Géne Pulser IT (BioRad) set
with the following parameters: resistance 200 ohm, capacitance 25uF, voltage 0.6kV.
Transformed protoplasts were regenerated in complete agar media (CM, Talbot et al.
(1993) Plant Ceil 5: 1575 - 1590 (PMID: 8312740)) with the addition of 20% sucrose for
one day, then overlayed with CM agar media containing hygromycin B (250ug/ml) to
select transformants. Transformants were screened for homologous recombination events
in the target gene by PCR (Hamer ez al. (2001) Proc Natl Acad Sci USA 98: 5110 - 15
(PMID: 11296265)). Two independent strains were identified and are hereby referred to
as KO1-1 and KO1-3, respectively.

Example 34
Effect of Transposon Insertion on Magnaporthe pathogenicity
The target fungal strains, KO1-1 and KO1-3, obtained in Example 33 and the wild
type strain, Guyl1, were subjected to a pathogenicity assay to observe infection over a 1-
week period. Rice infection assays were performed using Indian rice cultivar CO39
essentially as described in Valent ef al. ((1991) Genetics /27: 87 - 101 (PMID:
2016048)). All three strains were grown for spore production on complete agar media.
Spores were harvested and the concentration of spores adjusted for whole plant
inoculations. Two-week-old seedlings of cultivar CO39 were sprayed with 12 ml of

conidial suspension (5 x 10" conidia per ml in 0.01% Tween-20 (Polyoxyethylensorbitan
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monolaureate) solution). The inoculated plants were incubated in a dew chamber at 27°C
in the dark for 36 hours, and transferred to a growth chamber (27 °C 12 hours/21 °C 12
hours 70% humidity) for an additional 5.5 days. Leaf samples were taken at 3, 5, and 7
days post-inoculation and examined for signs of successful infection (i.e. lesions). Figure
2 shows the effects of HISP1 gene disruption on Magnaporihe infection at five days post-

inoculation.

Bxample 35
Verification of HISP1 Gene Function by Analysis of Nutritional Requirements
The fungal strains, KO1-1 and KO1-3, containing the HISP1 disrupted gene

obtained in Example 33 were analyzed for their nutritional requirement for histidine
using the PMS5 phenotype microarray from Biolog, Inc. (Hayward, CA). The PMS plate
tests for the auxotrophic requirement for 94 different metabolites. The innocuIaﬁng fluid
consists of 0.05% Phytagel, 0.03% Pluronic F68, 1% glucose, 23.5mM NaNQ3, 6.7mM
KCl, 3.5mM Na,SO4, 11mM KH,PO4, 0.01% p-iodonitrotetrazolium violet, 0.1mM
MgCl,, 1.0mM CaCl; and trace elements. Final concenirations of trace elements are:
7.6uM ZnCl,, 2.5pM MnCly4H,0, 1.8uM FeCly4H,0, 0.71puM CoCly 6H,0, 0.64uM
CuCl;2H20, 0.62uM Na;MoOq, 18uM H3BO;. pH adjusted to 6.0 with NaOH. Spores
for each strain were harvested into the inoculating fluid. The spore concentrations were
adjusted to 2x10° spores/ml. 100pl of spore suspension were deposited into each well of
the microtiter plates. The plates were incubated at 25°C for 7 days. Optical density (OD)
measurements at 490nm and 750nm were taken daily. The ODy4gy measures the extent of
tetrazolium dye reduction and the leve] of growth, and OD;sp measures growth only.
Turbidity = ODggy + ODysp. Data confirming the annotated gene function is presented as
a graph of Turbidity vs. Time showing both the mutant fungi and the Wild—‘type control in
the absence (Figure 3A) and presence (Figure 3B) of L-histidine.

Example 36
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Cloning and Expression Strategies, Extraction and Purification of Histidinol-
phosphatase Protein.
The following protocol may be employed to obtain a purified histidinol-
phosphatase protein.
Cloning and expression strategies:
A HISP1 cDNA gene can be cloned into E. coli (pET vectors-Novagen),
Baculovirus (Pharmingen) and Yeast (Invitrogen) expression vectors containing

His/fusion protein tags and the expression of recombinant protein can be

evaluated by SDS-PAGE and Western blot analysis.

Extraction:

Extract recombinant protein from 250 ml cell pellet in 3 ml of extraction buffer
by sonicating 6 times, with 6 sec pulses at 4°C. Centrifuge extract at 15000xg for
10 min and collect supematant. Assess biological activity of the recombinant

protein by activity assay.

Purification:

Purify recombinant protein by Ni-NTA affinity chromatography (Qiagen).
Purification protocol: perform all steps at 4°C:

e Use 3 ml Ni-beads (Qiagen)

e Equilibrate column with the buffer

» Load protein extract

o  Wash with the equilibration buffer

» Elute bound protein with 0.5 M imidazole

Example 37
Assays for Testing Binding of Test Compounds to Histidinol-phosphatase
The following protocol may be employed to identify test compounds that bind to
the histidinol-phosphatase protein.
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o Purified full-length histidinol-phosphatase polypeptide with a His/fusion
protein tag (Example 36) is bound to a HisGrab™ Nickel Coated Plate
(Pierce, Rockford, IL) following manufacturer's instructions.

» Buffer conditions are optimized (e.g. ionic strength or pH, Millay and
Houston (1973) Biochemistry /2: 2591 — 2596 (PMID: 4351203)) for binding
of radiolabeled L-Histidinol phosphate (custom made, PerkinElmer Life
Sciences, Inc., Boston, MA) to the bound histidinol-phosphatase.

* Screening of test compounds is performed by adding test compound and L~
Histidinol phosphate (custom made, PerkinElmer Life Sciences, Inc., Boston,
MA) to the wells of the HisGrab™ plate containing bound histidinol-
phosphatase.

¢ The wells are washed to remove excess labeled ligand and scintillation fluid
(Scintiverse®, Fisher Scientific) is added to each well.

e The plates are read in a microplate scintillation counter.

e Candidate compounds are identified as wells with lower radioactivity as
compared to control wells with no test compound added.

Additionally, a purified polypeptide comprising 10-50 amino acids from the M.

grisea histidinol-phosphatase is screened in the same way. A polypeptide comprising 10-
50 amino acids is generated by subcloning a portion of the HISP1 gene into a protein
expression vector that adds a His-Tag when expressed (see Example 36).

Oligonucleotide primers are designed to amplify a portion of the HISP1 gene using the
polymerase chain reaction amplification method. The DNA fragment encoding a
polypeptide of 10-50 amino acids is cloned into an expression vector, expressed in a host
organism and purified as described in Example 36 above.

Test compounds that bind HISP1 are further tested for antibiotic activity. M.
grisea is grown as described for spore production on oatmeal agar media (Talbot et al.
(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)). Spores are harvested into minimal
media (Talbot ez al. (1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) to a
concentration of 2 x 10° spores/ml and the culture is divided. The test compound is
added to one culture to a final concentration of 20-100 pg/ml. Solvent only is added to

the second culture. The plates are incubated at 25°C for seven days and optical density
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measurements at 590nm: are taken daily. The growth curves of the solvent control sample
and the test compound sample are compared. A test compound is an antibiotic candidate
if the growth of the culture containing the test compound is less than the growth of the

control culture.

Example 38
Assays for Testing Inhibitors or Candidates for Inhibition of Histidinol-phosphatase
Activity

The enzymatic activity of histidinol-phosphatase is determined in the presence
and absence of candidate compounds in a suitable reaction mixture, such as described by
Millay and Houston (1973) Biochemistry 72: 2591 — 2596 (PMID: 4351203). Candidate
compounds are identified when a decrease in products or a lack of decrease in substrates
is detected with the reaction proceeding in either direction.

Additionally, the enzymatic activity of a polypeptide comprising 10-50 amino
acids from the M. grisea histidinol-phosphatase is determined in the presence and
absence of candidate compounds in a suitable reaction mixture, such as described by
Millay and Houston (1973) Biochemistry /2: 2591 — 2596 (PMID: 4351203). A
polypeptide comprising 10-50 amino acids is generated by subcloning a portion of the
HISP1 gene into a protein expression vector that adds a His-Tag when expressed (see
Example 36). Oligonucleotide primers are designed to amplify a portion of the HISP1
gene using polymerase chain reaction amplification method. The DNA fragment
encoding a polypeptide of 10-50 amino acids is cloned into an expression vector,
expressed and purified as described in Example 36 above.

Test compounds identified as inhibitors of HISP1 activity are further tested for
antibiotic activity. Magnaporthe grisea fungal cells are grown under standard fungal
growth conditions that are well known and described in the art. M. grisea is grown as
described for spore production on oatmeal agar media (Talbot ez al. (1993) Plant Cell 5:
1575 - 1590 (PMID: 8312740)). Spores are harvested into minimal media (Talbot et al.
(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) to a concentration of 2 x 10°
spores/ml and the culture is divided. The test compound is added to one culture to a final

concentration of 20-100 pg/ml. Solvent only is added to the second culture. The plates
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are incubated at 25°C for seven days and optical density measurements at 590nm are
taken daily. The growth curves of the solvent control sample and the test compound
sample are compared. A test compound is an antibiotic candidate if the growth of the

culture containing the test compound is less than the growth of the control culture.

Example 39

Assays for Testing Compounds for Alteration of Histidinol-phosphatase Gene Expression

Magnaporthe grisea fungal cells are grown under standard fungal growth
conditions that are well known and described in the art. Wild-type M. grisea spores are
harvested from cultures grown on complete agar or oatmeal agar media after growth for
10-13 days in the light at 25°C using a moistened cotton swab. The concentration of
spores is determined using a hemacytometer and spore suspensions are prepared in a
minimal growth medium to a concentration of 2x10° spores per ml. 25 m! cultures are
prepared to which test compounds will be added at various concentrations. A culture
with no test compound present is included as a control. The cultures are incubated at
25°C for 3 days after which test compound or solvent only control is added. The cultures
are incubated an additional 18 hours. Fungal mycelia is harvested by filtration through
Miracloth (CalBiochem®, La Jolla, CA), washed with water and frozen in liquid
nitrogen. Total RNA is extracted with TRIZOL® Reagent using the methods provided
by the manufacturer (Life Technologies, Rockville, MD). Expression is analyzed by
Northern analysis of the RNA samples as described (Sambrook et al. (1989) Molecular
Cloning. a Laboratory Manual, Cold Spring Harbor Laboratory Press) using a
radiolabeled fragment of the HISP1 gene as a probe. Test compounds resulting in a
reduced level of HISP1 mRINA relative to the untreated control sample are identified as

candidate antibiotic compounds.

Example 40
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of Histidinol-phosphatase with No Activity
Magnaporthe grisea fungal cells containing a mutant form of the HISP1 gene

which abolishes enzyme activity, such as a gene containing a transposon insertion (sce
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Examples 32 and 33), are grown under standard fungal growth conditions that are well
known and described in the art. Magnaporthe grisea spores are harvested from cultures
grown on complete agar medium containing 4 mM L-histidine (Sigma-Aldrich Co.) after
growth for 10-13 days in the light at 25°C using a moistened cotton swab. The
concentration of spores is determined using a hemacytometer and spore suspensions are
prepared in a minimal growth medium containing 100 pM L-histidine to a concentration
of 2x10° spores per ml. Approximately 4x10* spores are added to each well of 96-well
plates to which a test compound is added (at varying concentrations). The total volume
in each well is 200ul. Wells with no test compound present (growth control), and wells
without cells are included as controls (negative control). The plates are incubated at 25°C
for seven days and optical density measurements at 590nm are taken daily. Wild type
cells are screened under the same conditions. The effect of each compound on the mutant
and wild-type fungal strains is measured against the growth control and the percent of
inhibition is calculated as the ODsg (fungal strain plus test compound) / ODsgp (growth
control) x 100. The percent of growth inhibition as a result of a test compound on a
fungal strain and that on the wild type cells are compared. Compounds that show
differential growth inhibition between the mutant and the wild type are identified as
potential antifungal compounds. Similar protocols may be found in Kirsch and
DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID: 7749303)).

Example 41
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of Histidinol-phosphatase with Reduced Activity
Magnaporthe grisea fungal cells containing a mutant form of the HISP1 gene,

such as a promoter truncation that reduces expression, are grown under standard fungal
growth conditions that are well known and described in the art, A promoter truncation is
made by deleting a portion of the promoter upstream of the transcription start site using
standard molecular biology techniques that are well known and described in the art

(Sambrook et al. (1989). Molecular Cloning, a Laboratory Manual, Cold Spring Harbor

Laboratory Press). Magnaporthe grisea spores are harvested from cultures grown on

complete agar medium containing 4 mM L-histidine (Sigma-Aldrich Co.) after growth
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for 10-13 days in the light at 25°C using a moistened cotton swab. The concentration of
spores is determined using a hemacytometer and spore suspensions are prepared in a
minimal growth medium to a concentration of 2x10° spores per ml. Approximately
4x10* spores are added to each well of 96-well plates to which a test compound is added
(at varying concentrations). The total volume in each well is 200ul. Wells with no test
compound present (growth control), and wells without cells are included as controls
(negative control). The plates are incubated at 25°C for seven days and optical density
measurements at 590nm are taken daily, Wild type cells are screened under the same
conditions, The effect of each compound on the mutant and wild-type fungal strains is
measured against the growth control and the percent of inhibition is calculated as the
ODso (fungal strain plus test compound) / ODsgq (growth control) x 100. The percent of
growth inhibition as a result of a test compound on a fungal strain and that on the wild-
type cells are compared. Compounds that show differential growth inhibition between
the mutant and the wild type are identified as potential antifungal compounds. Similar
protocols may be found in Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221
(PMID: 7749303)).

Example 42
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of a L-histidine Biosynthetic Gene with No Activity
Magnaporthe grisea fungal cells containing a mutant form of a gene in the L-

histidine biosynthetic pathway (e.g. Histidinol dehydrogenase (E.C. 1.1.1.23)) are grown
under standard fungal growth conditions that are well known and described in the art.
Magnaporthe grisea spores are harvested from cultures grown on complete agar medium
containing 4 mM L-histidine (Sigma-Aldrich Co.) after growth for 10-13 days in the light
at 25°C using a moistened cotton swab. The concentration of spores is determined using
a hemacytometer and spore suspensions are prepared in a minimal growth medium
containing 100 uM L-histidine to a concentration of 2x10° spores per ml. Approximately
4x10* spores or cells are harvested and added to each well of 96-well plates to which
growth media is added in addition to an amount of test compound (at varying

concentrations). The total volume in each well is 200ul. Wells with no test compound
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present, and wells without cells are included as controls. The plates are incubated at
25°C for seven days and optical density measurements at 590nm are taken daily. Wild
type cells are screened under the same conditions. The effect of each compound on the
mutant and wild-type fungal strains is measured against the growth control and the
percent of inhibition is calculated as the ODsgq (fungal strain plus test compound) / ODsgo
(growth control) x 100. The percent of growth inhibition as a result of a test compound
on a fungal strain and that on the wild type cells are compared. Compounds that show
differential growth inhibition between the mutant and the wild-type are identified as
potential antifungal compounds. Similar protocols may be found in Kirsch and
DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID: 7749303)).

Example 43
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of a L-histidine Biosynthetic Gene with Reduced Activity
Magnaporthe grisea fungal cells containing a mutant form of a gene in the L-

histidine biosynthetic pathway (e.g. Histidinol dehydrogenase (E.C. 1.1.1.23)), such as a
promoter truncation that reduces expression, are grown under standard fungal growth
conditions that are well known and described in the art. A promoter truncation is made
by deleting a portion of the promoter upstream of the transcription start site using
standard molecular biclogy techniques that are well known and described in the art
(Sambrook et al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor
Laboratory Press). Magnaporthe grisea fungal cells containing a mutant form of are
grown under standard fungal growth conditions that are well known and described in the
art. Magnaporthe grisea spores are harvested from cultures grown on complete agar
medium containing 4 mM L-histidine (Sigma-Aldrich Co.) after growth for 10-13 days in
the light at 25°C using a moistened cotton swab. The concentration of spores is -
determined using a hemacytometer and spore suspensions are prepared in a minimal
growth medium to a concentration of 2x10° spores per ml. Approximately 4x10* spores
or cells are harvested and added to each well of 96-well plates to which growth media is
added in addition to an amount of test compound (at varying concentrations). The total

volume in each well is 200ul. Wells with no test compound present, and wells without
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cells are included as controls. The plates are incubated at 25°C for seven days and optical
density measurements at 590nm are taken daily. Wild type cells are screened under the
same conditions. The effect of each compound on the mutant and wild-type fungal
strains is measured against the growth control and the percent of inhibition is calculated
as the ODsgg (fungal strain plus test compound) / ODsgq (growth control) x 100. The
percent of growth inhibition as a result of a test compound on a fungal strain and that on
the wild type cells are compared. Compounds that show differential growth inhibition
between the mutant and the wild type are identified as potential antifungal compounds.
Similar protocols may be found in Kirsch and DiDomenico ((1994) Biotechnology 26:
177 - 221 (PMID: 7749303)). ‘

Example 44
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Fungal
HISP! and a Second Fungal Strain Containing a Heterologous HISPI Gene
Wild-type Magnaporthe grisea fungal cells and M. grisea fungal cells lacking a
functional HISP1 gene and containing a heterologous HISP1 gene are grown under

standard fungal growth conditions that are well known and described in the art. A M.

grisea strain carrying a heterologous HISP1 gene is made as follows:

s A M grisea strain is made with a nonfunctional HISP1 gene, such as one containing a
transposon insertion in the native gene (see Examples 32 and 33).

* A construct containing a heterologous HISP1 gene is made by cloning the
heterologous HISP1 gene into a fungal expression vector containing a #pC promoter
and terminator (e.g. pCB1003, Carroll ef a/. (1994) Fungal Gen News Lett 41: 22)
using standard molecular biology techniques that are well known and described in the
art (Sambrook ef al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring
Harbor Laboratory Press).

e The said construct is used to transform the M. grisea strain lacking a functional
HISP1 gene (see Example 33). Transformants are selected on minimal agar medium
lacking L-histidine. Only transformants carrying a functional HISP1 gene will grow.
Wild-type strains of Magnaporthe grisea and strains containing a heterologous form

of HISP1 are grown under standard fungal growth conditions that are well known and
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described in the art. Magnaporthe grisea spores are harvested from cultures grown on
complete agar medium after growth for 10-13 days in the light at 25°C using a moistened
cotton swab. The concentration of spores is determined using a hemacytometer and spore
suspensions are prepared in a minimal growth medium to a concentration of 2x10° spores
per ml. Approximately 4x10* spores or cells are harvested and added to each well of 96-
well plates to which growth media is added in addition to an amount of test compound (at
varying concentrations). The total volume in each well is 200ul. Wells with no test
compound present, and wells without cells are included as controls. The plates are
incubated at 25°C for seven days and optical density measurements at 590nm are taken
daily. The effect of each compound on the wild-type and heterologous fungal strains is
measured against the growth control and the percent of inhibition is calculated as the
ODsqo (fungal strain plus test compound) / ODsgg (growth control) x 100. The percent of
growth inhibition as a result of a test cormpound on the wild-type and heterologous fungal
strains are compared. Compounds that show differential growth inhibition between the
wild-type and heterologous strains are identified as potential antifungal compounds with
specificity to the native or heterologous HISP1 gene products. Similar protocols may be
found in Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID:
7749303)).

Example 45
Pathway Specific In Vivo Assay Screening Protocol
Magnaporthe grisea fungal cells are grown under standard fungal growth
conditions that are well known and described in the art. Wild-type M. grisea spores are
harvested from cultures grown on oatmeal agar media after growth for 10-13 days in the
light at 25°C using a moistened cotton swab. The concentration of spores is determined
using a hemocytometer and spore suspensions are prepared in a minimal growth medium
and a minimal growth medium containing 4 mM L-histidine (Sigma-Aldrich Co.) to a
concentration of 2x10° spores per ml, The minimal growth media contains carbon,
nitrogen, phosphate, and sulfate sources, and magnesium, calcium, and trace elements
(for example, see innoculating fluid in Example 35). Spore suspensions are added to

each well of a 96-well microtiter plate (approximately 4x10* spores/well). For each well
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containing a spore suspension in minimal media, an additional well is present containing
a spore suspension in minimal medium containing 4 mM L-histidine. Test compounds
are added to wells containing spores in minimal media and minimal media containing L-
histidine. The total volume in each well is 200ul. Both minimal media and L-histidine
containing media wells with no test compound are provided as controls. The plates are
incubated at 25°C for seven days and optical density measurements at 590nm are taken
daily. A compound is identified as a candidate for an antibiotic acting against the L-
histidine biosynthetic pathway when the observed growth in the well containing minimal
media is less than the observed growth in the well containing L-histidine as a result of the
addition of the test compound. Similar protocols may be found in Kirsch and
DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID: 7749303)).

Example 46
High Throughput Preparation and Verification of Transposon Insertion
into the M. grisea IPMDI1 Gene
E. coli strains containing cosmids with fransposon insertions were picked to 96
well growth blocks (Beckman Co.) containing 1.5 ml of TB (Terrific Broth, Sambrook et
al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory

Press) supplemented with 50 ug/ml of ampicillin. Blocks were incubated with shaking at
37 C overnight. E. coli cells were pelleted by centrifugation and cosmids were isolated
by a modified alkaline lysis method (Marra ef al. (1997) Genome Res 7: 1072 — 84
(PMID: 9371743)). DNA quality was checked by electrophoresis on agarose gels.
Cosmids were sequenced using primers from the ends of each transposon and commercial
dideoxy sequencing kits (Big Dye Terminators, Perkin Elmer Co.). Sequencing reactions
were analyzed on an ABI377 DNA sequencer (Perkin Elmer Co.).

DNA sequences adjacent to the site of the insertion were collected and used to
search DNA and protein databases using the BLAST algorithms (Altschul et al. (1997)
Nucleic Acids Res 25: 3389 — 3402 (PMID: 9254694)). A single insertion of SIF into
the Magnaporthe grisea IPMD1 gene was chosen for further analysis. This construct was
designated cpgmra0014081f03 and it contains the SIF transposon approximately between
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amino acids 560 and 561 relative to the Rhizomucor pusillus homologue LeuA (total
length: 755 amino acids, SWISS-PROT: P55251).

Example 47
Preparation of IPMDI Cosmid DNA and Transformation of Magnaporthe grisea
Cosmid DNA from the IPMDI transposon tagged cosmid clone was prepared

using QIAGEN Plasmid Maxi Kit (QIAGEN), and digested by PI-PspI (New England
Biolabs, Inc.). Fungal electro-transformation was performed essentially as described
(Wu et al. (1997) MPMI 10: 700 - 708). Briefly, M. grisea strain Guy 11 was grown in
complete liquid media (Talbot et al. (1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740))
shaking at 120 rpm for 3 days at 25°C in the dark. Mycelia was harvested and washed
with sterile HyO and digested with 4 mg/ml beta-glucanase (InterSpex) for 4-6 hours to
generate protoplasts. Protoplasts were collected by centrifugation and resuspended in
20% sucrose at the concentration of 2x10® protoplasts/ml. S0ul protoplast suspenston was
mixed with 10-20ug of the cosmid DNA and pulsed using Gene Pulser II (BioRad) set
with the following parameters: resistance 200 ohm, capacitance 25uF, voltage 0.6k V.
Transformed protoplasts were regenerated in complete agar media (CM, Talbot ef al.
(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) with the addition of 20% sucrose for
one day, then overlayed with CM agar media containing hygromycin B (250ug/ml) to
select transformants. Transformants were screened for homologous recombination events
in the target gene by PCR (Hamer et al. (2001) Proc Natl Acad Sci USA 98: 5110 — 15
(PMID: 11296265)). Two independent strains were identified and are hereby referred to
as KO1-3 and KO1-7, respectively.

Example 48
Effect of Transposon Insertion on Magnaporthe pathogenicity
The target fungal strains, KO1-3 and KO1-7, obtained in Example 47and the wild
type strain, Guyl1, were subjected to a pathogenicity assay to observe infection over a 1-
week period. Rice infection assays were performed using Indian rice cultivar CO39
essentially as described in Valent et al. ((1991) Genetics 127: 87 - 101 (PMID:

2016048)). All three strains were grown for spore production on complete agar media.
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Spores were harvested and the concentration of spores adjusted for whole plant
inoculations. Two-week-old seedlings of cultivar CO39 were sprayed with 12 ml of
conidial suspension (5 x 10* conidia per ml in 0.01% Tween-20 (Polyoxyethylensorbitan
monolaureate) solution). The inoculated plants were incubated in a dew chamber at 27°C
in the dark for 36 hours, and transferred to a growth chamber (27 °C 12 hours/21°C 12
hours 70% humidity) for an additional 5.5 days. Leaf samples were taken at 3, 5, and 7
days post-inoculation and examined for signs of successful infection (i.e. lesions). Figure
2 shows the effects of IPMD1 gene disruption on Magnaporthe infection at five days
post-inoculation.
Example 49
Verification of IPMDI Gene Function by Analysis of Nutritional Requirements
The fungal strains, KO1-3 and KO1-7, containing the [PMD1 disrupted gene

obtained in Example 47 were analyzed for their nutritional requirement for L-leucine
using the PM5 phenotype microarray from Biolog, Inc. (Hayward, CA). The PMS5 plate
tests for the auxotrophic requirement for 94 different metabolites. The innoculating fluid
consists of 0.05% Phytagel, 0.03% Pluronic F68, 1% glucose, 23.5mM NaNO;, 6.7mM
KCl, 3.5mM NaySO,, 11mM KH,POy4, 0.01% p-iodonitrotetrazolium violet, 0.1mM
MgCl,, 1.0mM CaCl; and trace elements. Final concentrations of trace elements are:
7.6uM ZnCl,, 2.5uM MnCl,4H,0, 1.8uM FeCly 4H,0, 0.71uM CoCly 6H,0, 0.64pM
CuCl;2H,0, 0.62uM NagMoO;, 18uM H;BO;. pH adjusted to 6.0 with NaOH. Spores
for each strain were harvested into the inoculating fluid. The spore concentrations were
adjusted to 2x10° spores/ml. 100ul of spore suspension were deposited into each well of
the microftiter plates. The plates were incubated at 25°C for 7 days. Optical density (OD)
measurements at 490nm and 750nm were taken daily. The ODago measures the extent of
tetrazolium dye reduction and the level of growth, and OD75p measures growth only.
Turbidity = OD4gp + OD7sp. Data confirming the annotated gene function is presented as
a graph of Turbidity vs. Time showing both the mutant fungi and the wild-type control in
the absence (Figure 3A) and presence (Figure 3B) of L-leucine.

Example 50

119



ChA 02469695 2004-06-07
WO 03/050310 PCT/US02/39286

Cloning and Expression Strategies, Extraction and Purification of 3-Isopropylmalate

Dehydratase Protein.

The following protocol may be employed to obtain a purified 3-Isopropylmalate
dehydratase protein.

Cloning and expression strategies:

An IPMD1 cDNA gene can be cloned into E. coli (pET vectors-Novagen),

Baculovirus (Pharmingen) and Yeast (Invitrogen) expression vectors containing

His/fusion protein tags, and the expression of recombinant protein can be

evaluated by SDS-PAGE and Western blot analysis.

Extraction:

Extract recombinant protein from 250 ml cell pellet in 3 ml of extraction buffer
by sonicating 6 times, with 6 sec pulses at 4°C. Centrifuge extract at 15000xg for
10 min and collect supernatant. Assess biological activity of the recombinant
protein by activity assay.

Purification:

Purify recombinant protein by Ni-NTA affinity chromatography (Qiagen).
Purification protocol: perform all steps at 4°C:

¢ Use 3 ml Ni-beads (Qiagen)

e Equilibrate column with the buffer

e Load protein extract

e  Wash with the equilibration buffer

e Elute bound protein with 0.5 M imidazole

Example 51
Assays for Testing Binding of Test Compounds to 3-Isopropylmalate Dehydratase
The following protocol may be employed to identify test compounds that bind to
the 3-Isopropylmalate dehydratase protein.
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o Purified full-lengih 3-Isopropylmalate dehydratase polypeptide with a
His/fusion protein tag (Example 50) is bound to a HisGrab™ Nickel Coated
Plate (Pierce, Rockford, IL) following manufacturer's instructions.

o Buffer conditions are optimized (e.g. ionic strength or pH, as may be
described in Satyanarayana et al. ((1968B) J Bacteriol 96: 2018 — 24 (PMID:
5724970)) and/or Kohlhaw ((1988) Methods Enzymol 166: 423 - 9 (PMID:
3071717))) for binding of radiolabeled 2-Isopropylmalate (custom made
PerkinElmer Life Sciences, Inc., Boston, MAL) to the bound 3-Isopropylmalate
dehydratase.

e Screening of test compounds is performed by adding test compound and 2-
Isopropylmalate (custom made PerkinElmer Life Sciences, Inc., Boston, MA)
to the wells of the HisGrab™ plate containing bound 3-Isopropylmalate
dehydratase.

o The wells are washed to remove excess labeled ligand and scintillation fluid
(Scintiverse®, Fisher Scientific) is added to each well.

e The plates are read in a microplate scintiliation counter.

¢ Candidate compounds are identified as wells with lower radioactivity as
compared to control wells with no test compound added.

Additionally, a purified polypeptide comprising 10-50 amino acids from the M.
grisea 3-Isopropylmalate dehydratase is screened in the same way. A polypeptide
comprising 10-50 amino acids is generated by subcloning a portion of the IPMD1 gene
into a protein expression vector that adds a His-Tag when expressed (see Example 50).
Oligonucleotide primers are designed to amplify a portion of the IPMD1 gene using the
polymerase chain reaction amplification method. The DNA fragment encoding a
polypeptide of 10-50 amino acids is cloned into an expression vector, expressed in a host
organism and purified as described in Example 50 above.

Test compounds that bind IPMD1 are further tested for antibiotic activity. M.
grisea is grown as described for spore production on oatmeal agar media (Talbot et al.
(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)). Spores are harvested into minimal
media (Talbot et al. (1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) to a

concentration of 2 x 10° spores/nﬁl and the culture is divided. The test compound is
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added to one culture to a final concentration of 20-100 pg/ml. Solvent only is added to
the second culture. The plates are incubated at 25°C for seven days and optical density
measurements at 590nm are taken daily. The growth curves of the solvent control sample
and the test compound sample are compared. A test compound is an antibiotic candidate
if the growth of the culture containing the test compound is less than the growth of the

control culture.

Example 52
Assays for Testing Inhibitors or Candidates for Inhibition of 3-Isopropylmalate
Dehydratase Activity

The enzymatic activity of 3-Isopropylmalate dehydratase is determined in the
presence and absence of candidate compounds in a suitable reaction mixture, such as
described by Satyanarayana ez al. ((1968B) J Bacteriol 96: 2018 —~ 24 (PMID: 5724970))
and/or Kohlhaw ((1988) Methods Enzymol 166: 423 - 9 (PMID: 3071717)). Candidate
compounds are identified when a decrease in products or a lack of decrease in substrates
is detected with the reaction proceeding in either direction.

Additionally, the enzymatic activity of a polypeptide comprising 10-50 amino
acids from the M. grisea 3-Isopropylmalate dehydratase is determined in the presence
and absence of candidate compounds in a suitable reaction mixture, such as described by
Satyanarayana et al. ((1968B) J Bacteriol 96: 2018 — 24 (PMID: 5724970)) and/or
Kohlhaw ((1988) Methods Enzymol /66: 423 - 9 (PMID: 3071717)). A polypeptide
comprising 10-50 amino acids is generated by subcloning a portion of the IPMD1 gene
into a protein expression vector that adds a His-Tag when expressed (see Example 50).
Oligonucleotide primers are designed to amplify a portion of the IPMD1 gene using
polymerase chain reaction amplification method. The DNA fragment encoding a
polypeptide of 10-50 amino acids is cloned into an expression vector, expressed and
purified as described in Example 50 above.

Test compounds identified as inhibitors of IPMD1 activity are further tested for
antibiotic activity. Magnaporthe grisea fungal cells are grown under standard fungal
growth conditions that are well known and described in the art. M. grisea 1s grown as

described for spore production on catmeal agar media (Talbot et al. (1993) Plant Cell 5:
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1575 - 1590 (PMID: 8312740)). Spores are harvested into minimal media (Talbot et al.
(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) to a concentration of 2 x 10°
spores/ml and the culture is divided. The test compound is added to one culture to a final
concentration of 20-100 pg/ml. Solvent only is added to the second culture. The plates
are incubated at 25°C for seven days and optical density measurements at 590nm are
taken daily. The growth curves of the solvent control sample and the test compound
sample are compared. A test compound is an antibiotic candidate if the growth of the

culture containing the test compound is less than the growth of the control culture.

Example 53
Assays for Testing Compounds for Alteration of 3-Isopropylmalate Dehydratase Gene
Expression
Magnaporthe grisea fungal cells are grown under standard fungal growth
conditions that are well known and described in the art. Wild-type M. grisea spores are
harvested from cultures‘grown on complete agar or oatmeal agar media after growth for
10-13 days in the light at 25°C using a moistened cotton swab. The concentration of
spores is determined using a hemacytometer and spore suspensions are prepared in a
minimal growth medium to a concentration of 2x10° spores per ml. 25 ml cultures are
prepared to which test compounds will be added at various concentrations. A culture
with no test compound present is included as a control. The cultures are incubated at
25°C for 3 days after which test compound or solvent only control is added. The cultures
are incubated an additional 18 hours. Fungal mycelia is harvested by filtration through
Miracloth (CalBiochem®, La Jolla, CA), washed with water and frozen in liquid
nitrogen. Total RNA is extracted with TRIZOL® Reagent using the methods provided
by the manufacturer (Life Technologies, Rockville, MD). Expression is analyzed by
Northern analysis of the RNA samples as described (Sambrook et al. (1989) Molecular

Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory Press) using a
radiolabeled fragment of the IPMD1 gene as a probe. Test compounds resulting in a
reduced level of IPMD1 mRNA relative to the unireated control sample are identified as

candidate antibiotic compounds.
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Example 54
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of 3-Isopropylmalate dehydratase with No Activity
Magnaporthe grisea fungal cells containing a mutant form of the IPMD1 gene

which abolishes enzyme activity, such as a gene containing a transposon insertion (see
Examples 46 and 47), are grown under standard fungal growth conditions that are well
known and described in the art. Magnaporthe grisea spores are harvested from cultures
grown on complete agar medium containing 4 mM L-leucine (Sigma-Aldrich Co.) after
growth for 10-13 days in the light at 25°C using a moistened cotton swab. The
concentration of spores is determined using a hemacytometer and spore suspensions are
prepared in a minimal growth medium containing 100 pM L-leucine to a concentration of
2x10° spores per ml. Approximately 4x10* spores are added to each well of 96-well
plates to which a test compound is added (at varying concentrations). The total volume
in each well is 200ul. Wells with no test compound present (growth control), and wells
without cells are included as controls (negative control). The plates are incubated at 25°C
for seven days and optical density measurements at 590nm are taken daily. Wild type
cells are screened under the same conditions. The effect of each compound on the mutant
and wild-type fungal strains is measured against the growth control and the percent of
inhibition is calculated as the ODsgo (fungal strain plus test compound) / ODsqq (growth
control) x 100. The percent of growth inhibition as a result of a test compound on a
fungal strain and that on the wild type cells are compared. Compounds that show
differential growth inhibition between the mutant and the wild type are identified as
potential antifungal compounds. Similar protocols may be found in Kirsch and

DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID: 7749303)).

Example 55
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of 3-Isopropylmalate dehydratase with Reduced Activity
Magnaporthe grisea fungal cells containing a mutant form of the IPMD1 gene,

such as a promoter truncation that reduces expression, are grown under standard fungal
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growth conditions that are well known and described in the art. A promoter truncation is
made by deleting a portion of the promoter upstream of the transcription start site using
standard molecular biology techniques that are well known and described in the art
(Sambrook ef al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor
Laboratory Press). Magnaporthe grisea spores are harvested from cultures grown on
complete agar medium containing 4 mM L-leucine (Sigma-Aldrich Co.) after growth for
10-13 days in the light at 25°C using a moistened cotton swab. The concentration of
spores is determined using a hemacytometer and spore suspensions are prepared in a
minimal growth medium to a concentration of 2x10° spores per ml. Approximately
4x10" spores are added to each well of 96-well plates to which a test compound is added
(at varying concentrations). The total volume in each well is 200pl. Wells with no test
compound present (growth control), and wells without cells are included as controls
(negative control). The plates are incubated at 25°C for seven days and optical density
measurements at 590nm are taken daily. Wild type cells are screened under the same
conditions, The effect of each compound on the mutant and wild-type fungal strains is
measured against the growth control and the percent of inhibition is calculated as the
ODsyo (fungal strain plus test compound) / ODsgy (growth control) x 100. The percent of
growth inhibition as a result of a test compound on a fungal strain and that on the wild-
type cells are compared. Compounds that show differential growth inhibition between
the mutant and the wild type are identified as potential antifungal compounds. Similar
protocols may be found in Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221
(PMID: 7749303)).

Example 56
In Vivo Cell Based Assay Screening Protocol with a F ungal Strain Containing a Mutant
Form of a L-leucine Biosynthetic Gene with No Activity
Magnaporthe grisea fungal cells containing a mutant form of a gene in the L-
leucine biosynthetic pathway (e.g. a 3-Isopropylmalate dehydrogenase (E.C. 1.1,1.85))
are grown under standard fungal growth conditions that are well known and described in
the art. Magnaporthe grisea spores are harvested from cultures grown on complete agar

medium containing 4 mM L-leucine (Sigma-Aldrich Co.) after growth for 10-13 days in
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the light at 25°C using a motistened cotton swab. The concentration of spores is
determined using a hemacytometer and spore suspensions are prepared in a minimal
growth medium containing 100 uM L-leucine to a concentration of 2x10° spores per ml.
Approximately 4x10* spores or cells are harvested and added to each well of 96-well
plates to which growth media is added in addition to an amount of test compound (at
varying concentrations). The total volume in each well is 200ul. Wells with no test
compound present, and wells without cells are included as controls. The plates are
incubated at 25°C for seven days and optical density measurements at 590nm are taken
daily. Wild type cells are screened under the same conditions. The effect of each
compound on the mutant and wild-type fungal strains is measured against the growth
control and the percent of inhibition is calculated as the ODsgq (fungal strain plus test
compound) / ODsgp (growth control) x 100. The percent of growth inhibition as a result
of a test compound on a fungal strain and that on the wild type cells are compared.
Compounds that show differential growth inhibition between the mutant and the wild-
type are identified as potential antifungal compounds. Similar protocols may be found in
Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID: 7749303)).

Example 57
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of a L-leucine Biosynthetic Gene with Reduced Activity
Magnaporthe grisea fungal cells containing 2 mutant form of a gene in the L-

leucine biosynthetic pathway (e.g. a 3-Isopropylmalate dehydrogenase (E.C. 1.1.1.85)),
such as promoter truncation that reduces expression, are grown under standard fungal
growth conditions that are well known and described in the art. A promoter truncation is
made by deleting a portion of the promoter upstream of the transcription start site using
standard molecular biology techniques that are well known and described in the art
(Sambrook ef al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor
Laboratory Press). Magnaporihe grisea fungal cells containing a mutant form of are
grown under standard fungal growth conditions that are well known and described in the
art. Magnaporthe grisea spores are harvested from cultures grown on complete agar

medium containing 4 mM L-leucine (Sigma-Aldrich Co.) after growth for 10-13 days in
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the light at 25°C using a moistened cotton swab. The concentration of spores is
determined using a hemacytometer and spore suspensions are prepared in a minimal
growth medium to a concentration of 2x10° spores per ml. Approximately 4x10* spores
or cells are harvested and added to each well of 96-well plates to which growth media is
added in addition to an amount of test compound (at varying concentrations). The total
volume in each well is 200ul. Wells with no test compound present, and wells without
cells are included as controls. The plates are incubated at 25°C for seven days and optical
density measurements at 590nm are taken daily. Wild type cells are screened under the
same conditions. The effect of each compound on the mutant and wild-type fungal
strains is measured against the growth control and the percent of inhibition is calculated
as the ODsgg (fungal strain plus test compound) / ODsgp (growth control) x 100. The
percent of growth inhibition as a result of a test compound on a fungal strain and that on
the wild type cells are compared. Compounds that show differential growth inhibition
between the mutant and the wild type are identified as potential antifungal compounds.
Similar protocols may be found in Kirsch and DiDomenico ((1994) Biotechnology 26
177 - 221 (PMID: 7749303)).

Example 58
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Fungal
IPMDI and a Secvona’ Fungal Strain Containing a Heterologous IPMD] Gene
Wild-type Magnaporthe grisea fungal cells and M. grisea fungal cells lacking a
functional IPMD1 gene and containing a 3-isopropylmalate dehydratase large subunit
gene from Xylella fastidiosa (Genbank accession number H82564, 63% sequence
identity) are grown under standard fungal growth conditions that are well known and
described in the art. A M. grisea strain carrying a heterologous IPMD1 ‘gene is made as
follows:
* A M. grisea strain is made with a nonfunctional IPMD1 gene, such as one containing
a transposon insertion in the native gene (see Examples 46 and 47).
¢ A construct containing a heterologous IPMD1 gene is made by cloning the 3-
isopropylmalate dehydratase large subunit gene from Xylella fastidiosa into a fungal

expression vector containing a ¢rpC promoter and terminator (e.g. pCB1003, Carroll
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et al. (1994) Fungal Gen News Lett 4/: 22) using standard molecular biology
techniques that are well known and described in the art (Sambrook ez al. (1989)
Molecular Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory Press).

o The said construct is used to transform the M. grisea strain lacking a functional
IPMD1 gene (see Example 47). Transformants are selected on minimal agar medium
lacking L-leucine. Only transformants carrying a functional IPMD1 gene will grow.
Wild-type strains of Magnaporthe grisea and strains containing a heterologous form

of IPMD1 are grown under standard fungal growth conditions that are well known and

described in the art. Magnaporthe grisea spores are harvested from cultures grown on
complete agar medium after growth for 10-13 days in the light at 25°C using a moistened
cotton swab. The concentration of spores is determined using a hemacytometer and spore
suspensions are prepared in 2 minimal growth medium to a concentration of 2x10° spores

per ml. Approximately 4x10 spores or cells are harvested and added to each well of 96-

well plates to which growth media is added in addition to an amount of test compound (at

_ varying concentrations). The total volume in each well is 200pl. Wells with no test

compound present, and wells without cells are included as controls. The plates are

incubated at 25°C for seven days and optical density measurements at 590nm are taken
daily. The effect of each compound on the wild-type and heterologous fungal strains is
measured against the growth control and the percent of inhibition is calculated as the

ODsqp (fungal strain plus test compound) / ODsgp (growth control) x 100. The percent of

growth inhibition as a result of a test compound on the wild-type and heterologous fungal

strains are compared. Compounds that show differential growth inhibition between the
wild-type and heterologous strains are identified as potential antifungal compounds with
specificity to the native or heterologous IPMD1 gene products. Similar protocols may be
found in Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID:

7749303)).

Example 59
Pathway Specific In Vivo Assay Screening Protocol
Magnaporthe grisea fungal cells are grown under standard fungal growth

conditions that are well known and described in the art. Wild-type M. grisea spores are

-
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harvested from cultures grown on oatmeal agar media after growth for 10-13 days in the
light at 25°C using a moistened cotton swab. The concentration of spores is determined
using a hemocytometer and spore suspensions are prepared in a minimal growth medium
and a minimal growth medium containing 4 mM L-leucine (Sigma-Aldrich Co)toa
concentration of 2x10° spores per ml. The minimal growth media contains carbon,
nitrogen, phosphate, and sulfate sources, and magnesium, calcium, and trace elements
(for example, see innoculating fluid in Example 49). Spore suspensions are added to
each well of a 96-well microtiter plate (approximately 4x10* spores/well). For each well
containing a spore suspension in minimal media, an additional well is present containing
a spore suspension in minimal medium containing 4 mM L-leucine. Test compounds are
added to wells containing spores in minimal media and minimal media containing L-
leucine. The total volume in each well is 200ul. Both minimal media and 1.-leucine
containing media wells with no test compound are provided as controls. The plates are
incubated at 25°C for seven days and optical density measurements at 590nm are taken
daily. A compound is identified as a candidate for an antibiotic acting against the L-
leucine biosynthetic pathway when the observed growth in the well containing minimal
media is less than the observed growth in the well containing L-leucine as a result of the
addition of the test compound. Similar protocols may be found in Kirsch and
DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID: 7749303)).

Example 60
High Throughput Preparation and Verification of Transposon Insertion
into the M. grisea THR4 Gene
E. coli strains containing cosmids with transposon insertions were picked to 96
well growth blocks (Beckman Co.) containing 1.5 ml of TB (Terrific Broth, Sambrook er
al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory

Press) supplemented with 50 ug/ml of ampicillin. Blocks were incubated with shaking at
37°C overnight. E. colicells were pelleted by centrifugation and cosmids were isolated
by a modified alkaline lysis method (Marra et a/. (1997) Genome Res 7: 1072 — 84
(PMID: 9371743)). DNA quality was checked by electrophoresis on agarose gels.

Cosmids were sequenced using primers from the ends of each transposon and commercial
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dideoxy sequencing kits (Big Dye Terminators, Perkin Elmer Co.). Sequencing reactions
were analyzed on an ABI377 DNA sequencer (Perkin Elmer Co.).

DNA sequences adjacent to the site of the insertion were collected and used to
search DNA and protein databases using the BLAST algorithms (Altschul ef al. (1997)
Nucleic Acids Res 23: 3389 — 3402 (PMID: 9254694)). A single insertion of SIF into
the Magnaporthe grisea THR4 gene was chosen for further analysis. This construct was
designated cpgmra0012020a04 and it contains the SIF transposon approximately between
amino acids 314 and 315 relative to the Schizosaccharomyces pombe homologue ThrC
(total length: 514 amino acids, GENBANK: 2501152).

Example 61
Preparation of THR4 Cosmid DNA and Transformation of Magnaporthe grisea

Cosmid DNA from the THR4 transposon tagged cosmid clone was prepared using
QIAGEN Plasmid Maxi Kit (QIAGEN), and digested by PI-PspI (New England Biolabs,
Inc.). Fungal electro-transformation was performed essentially as described (Wu et al.
(1997) MPMI 10: 700 - 708). Briefly, M. grisea strain Guy 11 was grown in complete
liquid media (Talbot et al. (1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) shaking at
120 rpm for 3 days at 25°C in the dark. Mycelia was harvested and washed with sterile
H;0 and digested with 4 mg/ml beta-glucanase (InterSpex) for 4-6 hours to generate
protoplasts. Protoplasts were collected by centrifugation and resuspended in 20% sucrose
at the concentration of 2x10° protoplasts/ml. 50ul protoplast suspension was mixed with
10-20ug of the cosmid DNA and pulsed using Gene Pulser IT (BioRad) set with the
following parameters: resistance 200 ohm, capacitance 25uF, voltage 0.6kV.
Transformed protoplasts were regenerated in complete agar media (CM, Talbot ef al. ‘
(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) with the addition of 20% sucrose for
one day, then overlayed with CM agar media containing hygromycin B (250ug/ml) to
select transformants. Transformants were scresned for homologous recombination events
in the target gene by PCR (Hamer et al. (2001) Proc Natl Acad Sci USA 98: 5110 - 15
(PMID: 11296265)). Two independent strains were identified and are hereby referred to
as KO1-3 and KO1-22, respectively.
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Example 62
Effect of Transposon Insertion on Magnaporthe pathogenicity

The target fungal strains, KO1-3 and KO1-22, obtained in Example 61 and the
wild type strain, Guy11, were subjected to a pathogenicity assay to observe infection over
a 1-week period. Rice infection assays were performed using Indian rice cultivar CO39
essentially as described in Valent e al. (1991) Genetics 727: 87 - 101 (PMID:
2016048)). All three strains were grown for spore production on complete agar media.
Spores were harvested and the concentration of spores adjusted for whole plant
inoculations. Two-week-old seedlings of cultivar CO39 were sprayed with 12 ml of
conidial suspension (5 x 10* conidia perml in 0.01% Tween-20 (Polyoxyethylensorbitan
monolaureate) solution). The inoculated plants were incubated in a dew chamber at 27°C
in the dark for 36 hours, and transferred to a growth chamber (27°C 12 hours/21 °C 12
hours 70% humidity) for an additional 5.5 days. Leaf samples were taken at 3, 5, and 7
days post-inoculation and examined for signs of successful infection (i.e. lesions). Figure
2 shows the effects of THR4 gene disruption on Magnaporthe infection at five days post-

inoculation.

Example 63
Verification of THR4 Gene Function by Analysis of Nutritiona] Requirements
The fungal strains, KO1-3 and KO1-22, containing the THR4 disrupted gene

obtained in Example 61 were analyzed for their nutritional requirement for L-threonine
using the PM5 phenotype microarray from Biolog, Inc. (Hayward, CA). The PMS plate
tests for the auxotrophic requirement for 94 different metabolites. The mnoculating fluid
consists of 0.05% Phytagel, 0.03% Pluronic F68, 1% glucose, 23.5mM NaNQ;, 6.7mM
KCI, 3.5mM Na;S0q, 11mM KH,PQ,, 0.01% p-iodonitrotetrazolium violet, 0.1mM
MgCly, 1.0mM CaCl; and trace elements, pH adjusted to 6.0 with NaOH. Final
concentrations of trace elements are: 7.6p.M ZnClp, 2.50M MnCly4H,0Q, 1.8uM
FeCly4H;0, 0.71uM CoCly 6H;0, 0.64uM CuCl, 2H,0, 0.62pM Na;MoOs, 18uM
H3BO;. Spores for each strain were harvested into the inoculating fluid. The spore
concentrations were adjusted to 2x10° spores/ml. 100ul of spore suspension were

deposited into cach well of the microtiter plates. The plates were incubated at 25°C for 7
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days. Optical density (OD) measurements at 490nm and 750nm were taken daily. The
ODygp measures the extent of tetrazolium dye reduction and the level of growth, and
ODy5p measures growth only. Turbidity = ODygo + OD7sp. Data confirming the
annotated gene function is presented as a graph of Turbidity vs. Time showing both the
mutant fungi and the wild-type control in the absence (Figure 3A) and presence (Figure
3B) of L-threonine.

Example 64
Cloning and Expression Strategies, Extraction and Purification of Threonine Synthase
Protein.
The following protocol may be employed to obtain a purified Threonine synthase
protein.

Cloning and expression strategies:
A THR4 cDNA gene can be cloned into E. coli (pET vectors-Novagen),
Baculovirus (Pharmingen) and Yeast (Invitrogen) expression vectors containing
His/fusion protein tags, and the expression of recombinant protein can be
evaluated by SDS-PAGE and Western blot analysis.
Extraction:
Extract recombinant protein from 250 ml cell pellet in 3 ml of extraction buffer
by sonicating 6 times, with 6 sec pulses at 4°C. Centrifuge extract at 15000xg for
10 min and collect supernatant. Assess biological activity of the recombinant
protein by activity assay.
Purification:
Purify recombinant protein by Ni-NTA affinity chromatography (Qiagen).
Purification protocol: perform all steps at 4°C:
e Use 3 ml Ni-beads (Qiagen)
¢ Equilibrate column with the buffer
s Load protein extract
e Wash with the equilibration buffer

e Elute bound protein with 0.5 M imidazole

132



ChA 02469695 2004-06-07
WO 03/050310 PCT/US02/39286

Example 65
Assays for Testing Binding of Test Compounds to Threonine Synthase

The following protocol may be employed to identify test compounds that bind to

the Threonine synthase protein.

e Purified full-length Threonine synthase polypeptide with a His/fusion protein
tag (Example 64) is bound to a HisGrab™ Nickel Coated Plate (Pierce,
Rockford, IL) following manufacturer's instructions.

o Buffer conditions are optimized (e.g. ionic strength or pH, Ramos and
Calderon (1994) FEBS Lett 357: 357 - 9 (PMID: 8082795)) for binding of
radiolabeled O-phospho-L-homoserine (Gening ef al. (1994) Biokhimiia 59:
1238 - 44 (PMID: 7819407)) to the bound Threonine synthase.

e Screening of test compounds is performed by adding test compound and
radiolabeled O-phospho-L-homoserine (Gening ef al. (1994) Biokhimiia 59:
1238 - 44 (PMID: 7819407)) to the wells of the HisGrab™ plate containing
bound Threonine synthase.

¢ The wells are washed to remove excess labeled ligand and scintillation fluid
(Scintiverse®, Fisher Scientific) is added to each well.

e The plates are read in a microplate scintillation counter.

¢ Candidate compounds are identified as wells with lower radioactivity as
compared to control wells with no test compound added.

Additionally, a purified polypeptide comprising 10-50 amino acids from the M.

grisea Threonine synthase is screened in the same way. A polypeptide comprising 10-50
amino acids is generated by subcloning a portion of the THR4 gene into a protein
expression vector that adds a His-Tag when expressed (see Example 64).
Qligonucleotide primers are designed to amplify a portion of the THR4 gene using the
polymerase chain reaction amplification method. The DNA fragment encoding a
polypeptide of 10-50 amino acids is cloned into an expression vector, expressed in a host
organism and purified as described in Example 64 above.

Test compounds that bind THR4 are further tested for antibiotic activity. M.

grisea is grown as described for spore production on oatmeal agar media (Talbot et al.

(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)). Spores are harvested into minimal
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media (Talbot et al. (1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) to a
concentration of 2 X 10 spores/ml and the culture is divided. The test compound is
added to one cﬁlture to a final concentration of 20-100 ug/ml. Solvent only is added to
the second culture. The plates are incubated at 25°C for seven days and optical density
measurements at 590nm are taken dalxily. The growth curves of the solvent control sample
and the test compound sample are compared. A test compound is an antibiotic candidate
if the growth of the culture containing the test compound is less than the growth of the

control culture.

Example 66
Assays for Testing Inhibitors or Candidates for Inhibition of Threonine Synthase Activity

The enzymatic activity of Threonine synthase is determined in the presence and
absence of candidate compounds in a suitable reaction mixture, such as described by
Ramos and Calderon (1994) FEBS Lett 357: 357 - 9 (PMID: 8082795). Candidate
compounds are identified when a decrease in products or a lack of decrease in substrates
is detected with the reaction proceeding in either direction.

Additionally, the enzymatic activity of a polypeptide comprising 10-50 amino
acids from the M. grisea Threonine synthase is determined in the presence and absence of
candidate compounds in a suitable reaction mixture, such as described by Ramos and
Calderon (1994) FEBS Lett 357: 357 - 9 (PMID: 8082795). A polypeptide comprising
10-50 amino acids is generated by subcloning a portion of the THR4 gene into a protein
expression vector that adds a His-Tag when expressed (sece Example 64).
Oligonucleotide primers are designed to amplify a portion of the THR4 gene using
polymerase chain reaction amplification method. The DNA fragment encoding a
polypeptide of 10-50 amino acids is cloned into an expression vector, expressed and
purified as described in Example 64 above.

Test compounds identified as inhibitors of THR4 activity are further tested for
antibiotic activity. Magnaporthe grisea fungal cells are grown under standard fungal
growth conditions that are well known and described in the art. M. grisea is grown as
described for spore production on oatmeal agar media (Talbot et al. (1993) Plant Cell 5:
1575 - 1590 (PMID: 8312740)). Spores are harvested info minimal media (Talbot et a/.
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(1993) Plant Cell 5: 1575 - 1590 (PMID: 8312740)) to a concentration of 2 x 10°
spores/ml and the culture is divided. The test compound is added to one culture to a final
concentration of 20-100 pg/ml. Solvent only is added to the second culture. The plates
are incubated at 25°C for seven days and optical density measurements at 590nm are
taken daily. The growth curves of the solvent control sample and the test compound
sample are compared. A test compound is an antibiotic candidate if the growth of the

culture containing the test compound is less than the growth of the control culture.

Example 67
Assays for Testing Compounds for Alteration of Threonine Synthase Gene Expression
Magnaporthe grisea fungal cells are grown under standard fungal growth

conditions that are well known and described in the art. Wild-type M. grisea spores are
harvested from cultures grown on complete agar or oatmeal agar media after growth for
10-13 days in the light at 25°C using a moistened cotton swab. The concentration of
spores is determined using a hemacytometer and spore suspensions are prepared in a
minimal growth medium to a concentration of 2x10° spores per ml. 25 ml cultures are
prepared to which test compounds will be added at various concentrations. A culture
with no test compound present is included as a control. The cultures are incubated at
25°C for 3 days after which test compound or solvent only control is added. The cultures
are incubated an additional 18 hours. Fungal mycelia is harvested by filtration through
Miracloth (CalBiochem®, La Jolla, CA), washed with water and frozen in liquid
nitrogen. Total RNA is extracted with TRIZOL® Reagent using the methods provided
by the manufacturer (Life Technologies, Rockville, MD). Expression is analyzed by
Northern analysis of the RNA samples as described (Sambrook et «l. (1989) Molecular
Cloning, a Laboratory Manual, Cold Spring Harbor Laboratory Press) using a
radiolabeled fragment of the THR4 gene as a probe. Test compounds resulting in a
reduced level of THR4 mRNA relative to the untreated control sample are identified as

candidate antibiotic compounds.
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Example 68
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of Threonine Synthase with No Activity
Magnaporthe grisea fungal cells containing a mutant form of the THR4 gene

which abolishes enzyme activity, such as a gene containing a transposon insertion (see
Examples 60 and 61), are grown under standard fungal growth conditions that are well
known and described in the art. Magnaporthe grisea spores are harvested from cultures
grown on complete agar medium containing 4 mM L-threonine (Sigma-Aldrich Co.) after
growth for 10-13 days in the light at 25°C using a moistened cotton swab. The
concentration of spores is determined using a hemacytometer and spore suspensions are
prepared in a minimal growth medium containing 100 uM L-threonine to a concentration
of 2x10° spores per ml. Approximately 4x10* spores are added to each well of 96-well
plates to which a test compound is added (at varying concentrations). The total volume
in each well is 200pl. Wells with no test compound present (growth control), and wells
without cells are included as controls (negative control). The plates are incubated at 25°C
for seven days and optical density measurements at 590nm are taken daily. Wild type
cells are screened under the same conditions. The effect of each compound on the mutant
and wild-type fungal strains is measured against the growth control and the percent of
inhibition is calculated as the ODsgp (fungal strain plus test compound) / ODsg (growth
control) x 100. The percent of growth inhibition as a result of a test compound on a
fungal strain and that on the wild type cells are compared. Compounds that show
differential growth inhibition between the mutant and the wild type are identified as
potential antifungal compounds. Similar protocols may be found in Kirsch and
DiDomenico ((1994) Biotechnology 26: 177 - 221 (PMID: 7749303)).

Example 69
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of Threonine Synthase with Reduced Activity
Magnaporthe grisea fungal cells containing a mutant form of the THR4 gene,
such as a promoter truncation that reduces expression, are grown under standard fungal

growth conditions that are well known and described in the art. A promoter truncation is
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made by deleting a portion of the promoter upstream of the transcription start site using
standard molecular biology techniques that are well known and described in the art

(Sambrook et al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor

Laboratory Press). Magnaporthe grisea spores are harvested from cultures grown on
complete agar medium containing 4 mM L-threonine (Sigma-Aldrich Co.) after growth
for 10-13 days in the light at 25°C using a moistened cotton swab. The concentration of
spores is determined using a hemacytometer and spore suspensions are prepared in a
minimal growth medium to a concentration of 2x10° spores per ml. Approximately
4x10* spores are added to each well of 96-well plates to which a test compound is added
(at varying concentrations). The total volume in each well is 200ul. Wells with no test
compound present (growth control), and wells without cells are included as controls
(negative control). The plates are incubated at 25°C for seven days and oprical density
measurements at 590nm are taken daily. Wild type cells are screened under the same
conditions. The effect of each compound on the mutant and wild-type fungal strains is
measured against the growth control and the percent of inhibition is calculated as the
ODsgp (fungal strain plus test compound) / ODsgy (growth control) x 100. The percent of
growth inhibition as a result of a test compound on a fungal strain and that on the wild-
type cells are compared. Compounds that show differential growth inhibition between
the mutant and the wild type are identified as potential antifungal compounds. Similar
protocols may be found in Kirsch and DiDomenico ((1994) Biotechnology 26: 177 -
221).

Example 70
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of a L-threonine Biosynthetic Gene with No Activity
Magnaporthe grisea fungal cells containing a mutant form of a gene in the L-
threonine biosynthetic pathway (e.g. Homoserine kinase (E.C. 2.7.1.39)) are grown under
standard fungal growth conditions that are well known and described in the art.
Magnaporthe grisea spores are harvested from cultures grown on complete agar medium
containing 4 mM L-threonine (Sigma-Aldrich Co.) after growth for 10-13 days in the

light at 25°C using a moistened cotton swab. The concentration of spores is determined
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using a hemacytometer and spore suspensions are prepared in a minimal growth medium
containing 100 uM L-threonine to a concentration of 2x10° spores per ml.
Approximately 4x10° spores or cells are harvested and added to each well of 96-well
plates to which growth media is added in addition to an amount of test compound (at
varying concentrations). The total volume in each well is 200ul. Wells with no test
compound present, and wells without cells are included as controls. The plates are
incubated at 25°C for seven days and optical density measurements at 590nm are taken
daily. Wild type cells are screened under the same conditions. The effect of each
compound on the mutant and wild-type fungal strains is measured against the growth
control and the percent of inhibition is calculated as the ODsoq (fungal strain plus test
compound) / ODsgg (growth control) x 100. The percent of growth inhibition as a result
of a test compound on a fungal strain and that on the wild type cells are compared.
Compounds that show differential growth inhibition between the mutant and the wild-
type are identified as potential antifungal compounds. Similar protocols may be found in
Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221).

Example 71 .
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Mutant
Form of a L-threonine Biosynthetic Gene with Reduced Activity
Magnaporthe grisea fungal cells containing a mutant form of a gene in the L-
threonine biosynthetic pathway (e.g. Homoserine kinase (E.C. 2.7.1.39)), such as a
promoter truncation that reduces expression, are grown under standard fungal growth
conditions that are well known and described in the art. A promoter truncation is made
by deleting a portion of the promoter upstream of the transcription start site using
standard molecular biology techniques that are well known and described in the art
(Sambrook et al. (1989) Molecular Cloning, a Laboratory Manual, Cold Spring Harbor
Laboratory Press). Magnaporthe grisea fungal cells containing a mutant form of are
grown under standard fungal growth conditions that are well known and described in the
art. Magnaporthe grisea spores are harvested from cultures grown on complete agar
medium containing 4 mM L-threonine (Sigma-Aldrich Co.) after growth for 10-13 days

in the light at 25°C using a moistened cotton swab. The concentration of spores is
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determined using a hemacytometer and spore suspensions are prepared in a minimal
growth medium to a concentration of 2x10° spores per ml. Approximately 4x10* spores
or cells are harvested and added to each well of 96-well plates to which growth media is
added in addition fo an amount of test compound (at varying concentrations). The total
volume in each well is 200ul. Weills with no test compound present, and wells without
cells are included as controls. The plates are incubated at 25°C for seven days and optical
density measurements at 590nm are taken daily. Wild type cells are screened under the
same conditions. The effect of each compound on the mutant and wild-type fungal
strains is measured against the growth control and the percent of inhibition is calculated
as the ODsy; (fungal strain plus test compound) / ODsgg (growth control) x 100. The
percent of growth inhibition as a result of a test compound on a fungal strain and that on
the wild type cells are compared. Compounds that show differential growth inhibition
between the mutant and the wild type are identified as potential antifungal compounds.
Similar protocols may be found in Kirsch and DiDomenico ((1994) Biotechnology 26:
177 - 221).

Example 72
In Vivo Cell Based Assay Screening Protocol with a Fungal Strain Containing a Fungal
THR4 and a Second Fungal Strain Containing a Heterologous THR4 Gene
Wild-type Magnaporthe giisea fungal cells and M. grisea fungal cells lacking a
functional THR4 gene and containing a Thr4 gene from Saccharontyces cerevisize
(Genbank: 6319901, 50% sequence identity) are grown under standard fungal growth
conditions that are well known and described in the art. A M. grisea strain carrying a
heterologous THR4 gene is made as follows:
* A M. grisea strain is made with a nonfunctional THR4 gene, such as one containing a
transposon insertion in the native gene (see Examples 60 and 61).
* A construct containing a heterologous THR4 gene is made by cloning the Thr4 gene
from Saccharomyces cerevisiae into a fungal expression vector containing a trpC
promoter and terminator (e.g. pCB1003, Carroll ez al. (1994) Fungal Gen News Lett

41: 22) using standard molecular biology techniques that are well known and
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described in the art (Sambrook et al. (1989) Molecular Cloning, a Laboratory
Manual).

e The said construct is used to transform the M. grisea strain lacking a functional THR4
gene (see Example 61). Transformants are selected on minimal agar medium lacking
L-threonine. Only transformants carryi'ng a functional THR4 gene will grow.
Wild-type strains of Magnaporthe grisea and strains containing a heterologous form

of THR4 are grown under standard fungal growth conditions that are well known and

described in the art. Magnaporthe grisea spores are harvested from cultures grown on
complete agar medium after growth for 10-13 days in the light at 25°C using a moistened
cotton swab. The concentration of spores is determined using a hemacytometer and spore
suspensions are prepared in a minimal growth medium to a concentration of 2x10° spores

per ml. Approximately 4x10* spores or cells are harvested and added to each well of 96-

well plates to which growth media is added in addition to an amount of test compound (at

varying concentrations). The total volume in each well is 200pl. Wells with no test
compound present, and wells without cells are included as controls. The plates are
incubated at 25°C for seven days and optical density measurements at 590nm are taken
daily. The effect of each compound on the wild-type and heterologous fungal strains is
measured against the growth control and the percent of inhibition is calculated as the

ODysy (fungal strain plus test compound) / ODsog (growth control) x 100. The percent of

growth inhibition as a result of a test compound on the wild-type and heterologous fungal

strains are compared. Compounds that show differential growth inhibition between the
wild-type and heterologous strains are identified as potential antifungal compounds with
specificity to the native or heterologous THR4 gene products. Similar protocols may be

found in Kirsch and DiDomenico ((1994) Biotechnology 26: 177 - 221).

Example 73
Pathway Specific In Vivo Assay Screening Protocol
Magnaporthe grisea fungal cells are grown under standard fungal growth
conditions that are well known and described in the art. Wild-type M. grisea spores are
harvested from cultures.grown on oatmeal agar media after growth for 10-13 days in the

light at 25°C using a moistened cotton swab. The concentration of spores is determined
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¥

using a hemocytometer and spore suspensions are prepared in a minimal growth medium
and a minimal growth medium containing 4 mM L-threonine (Sigma—Aldriéh Co.)toa
concentration of 2x10° spores per ml. The minimal growth media contains carbon,
nitrogen, phosphate, and sulfate sources, and magnesium, calcium, and trace elements
(for example, see innoculating fluid in Example 63). Spore suspensions are added to
each well of a 96-well microtiter plate (approximately 4x10* spores/well). For each well
containing a spore suspension in minimal media, an additional well is present containing
a spore suspension in minimal medium containing 4 mM L-threonine. Test compounds
are added to wells containing spores in minimal media and minimal media containing L-
threonine. The total volume in each well is 200pl. Both minimal media and L-threonine
containing media wells with no test compound are provided as controls. The plates are
incubated at 25°C for seven days and optical density measurements at 590nm are taken
daily. A compound is identified as a candidate for an antibiotic acting against the L-
threonine biosynthetic pathway when the observed growth in the well containing minimal
media s less than the observed growth in the well containing L-threonine as a result of
the addition of the test compound. Similar protocols may be found in Kirsch and

DiDomenico ((1994) Biotechnology 26: 177 - 221).

While the foregoing describes certain embodiments of the invention, it will be
understood by those skilled in the art that variations and modifications may be made and
still fall within the scope of the invention. The foregoing examples are intended to
exemplify various specific embodiments of the invention and do not limit its scope in any

manner.
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<210> 1
<211l> 1752
<212> DNA
<213> Magnaporthe grisea
<400> 1
atgtgtggca tcttegeectg ceacgeacac coggatgtge aaaaattcaa gcoccaccgece 60
ctceggetey caaaagcegat cogacatcgg ggtcoccgatt ggagcggaag cgtgacttgce 120
aaccagacga tattgtgcca tgagcgtctc agtattgttg gtgttgagag cggtgcccag 180
ccccttacca acgaggatga gagcatcatt ctggccgtcea atggcgagat ctacaaccac 240
aggctggtee gtaagagctt gaagacccca taccactteca agacaacatce cgactgegag 300
gtcatcatce ctetgtatat ggaacatgge ctcgacgege ccaagtacct ggatggcatg 360
ttetcatttg tcectgtacga caagaageag aaccgcacga tagccgcacg agaccccatce 420
ggagttacga ccttctacca gggttggteg toctcagage cgggegeggt ttactttgga 480
tecgagetea agtgecteta ccaggtttgo gataagattg aggcattcce tccecggteac 540
atctatgaca gcttgaccgg cgagaggact cgctacttcc aaccaacatg gtgggaccca 600
aagagggtac cggaaacacc actcgatcte acaaagttge gcéaggcgtt ggagaagtcg 860
gtcaggaaac gtcttatgge cgaggtgceg tacggtgtte ttetgtecagg tggtitggac 720
tcaagtctgg tggcatcaat cgctcagegt gagacaaage gcectgaagaa gettgegatt 780
gaggctggte ttgaggactt gectgeccgag ccaacaggaa accatgacca‘gggcgagggt 840
cttgtgggaa ttgacgacga gaacaagttg tcaaccatga cctaccttece tcagctcaac 900
Ptcgttctcga ttggtctgee aggectcgeccc gacaacaagg cagcccttga ggtggctaag 260
ttcctgggea caaagcacca tgttatgacc ttcacaatcg aggatggtcet caacgectctt 1020
tcggacgtea tttaccacct tgagtcttac gacgtgacca cgatccgage atcaaccccco 1080
atgtacttgc tttetcgtaa gatcaaggct atgggtatca agatggtgtt gagcggcgag 1140
ggcagcgacyg aggcctttgg tggctatcte tacttcrcaca atgecectga caaggatget 1200
ttccacgacy agacggtceg ﬁcgcgtcaag aacttgcacc tgtccgactg cttgegtgece 1260
aacaagtcga catcagcectg gggattagag goctegtgtge cattccttga caaggagtte 1320
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agttacgacc
cgagctecaag

ctatgacage

02469695 2004-06-07

gagaagatga
tctgacgace
cagttctetg
caagtgaccyg
actaaagagg
tegacggtgy

atcgeggteeo

tccaccgeygy
c¢gaggagagt
tcaccaattg
aaaacgaagt
tcaagcccac
gaagcgtgac
agagceggtge
agatctacaa
catccgactg
aatttggacg
tagtatatgg
ctgtacgaca
ttctaccagg

tgcctetace

ttgaccggeyg

tcaccaagga
ccaacgccoga
acggtgtggg
acgagatgat
cttactggta
agcgetggac

atgctgecaa

tggcggeege
ttctgagaaa
gatctaccce
cacaatgtgt
cgeecteecgg
ttgecaaccag
ccageccectt
ccacaggctg
cgaggtcatc
gcagctgttt
aacatggcct
agaagcagaa
gttggtegte
aggtttgcga

agaggacicg

PCT/US02/39286
gcgcatcgag 1380
gecegtaccetyg 1440
ctatggctygy 1500
gaagaacccc 1560
caggtgcatg 1620
cccgacgtgg 1680
gtatgaccac 1740

1752
tctagaacta 60
gcctgtgege 120
aactactata 180
ggcatctteg 240
ctcgcaaaag 300
acgatattgt 360
accaacgagyg 420
gtccgtaaga 480
atcectetgg 540
caggagacgyg 600
cgacgcgccog 660
ccgcacgata 720
ctcagagccg 780
taagattgag 840
ctacttccaa 900
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ccaacatggt
gaggegttgg
ctgtcaggtg
ctgaagaagc
catgaccagg
taccttecte
gcecttgagyg
gatggtctca
atccgageat
atggtgttga
gccectgaca
tcegactget
ttecttgaca
accaaggagc
aacgccgage
ggtgtggget
gagatgatga
tactggtaca
cgctggacec
cttgctactt
agccatcgeg
gagaaggaaa
ttggagtctg
cttggaaaac

atgtgagatc

<210> 3

<211> 589

gggacccaaa
agaagtcggt
gtttggactce
ttgcgattga
gcgagggtct
agctcaactce
tggctaagtt
acgctcettte
caaccccecat
gcggcgaggg
aggatgettt
tgcgtgcecaa
aggagttcct
gcatcgagaa
cgtacctgee
atggctggat
agaaccccaa
ggtscatgtt
cgacgtggtc
taacacagca
gtccatgctyg

ggaaattttce
gaggtttggt
cagtgtgaca

cgggettttt

CA

gagggtaccg

caggaaacgt
aagtctggtg
ggctggtett
tgtaggaatt
gttctegatt
cetgggcaca
ggacgtcatt
gtaéttgctt
cagcgacgag
ccacgacgag
caagtcgaca
tgagctggeco
gtacattgtc
agataacatc
cgacgcactc
gcecegagtygg
tgacgagcac
taagcagacc
cgtggecttg
ccaagtatga
agggggctta
agatgtagty
ggcaaggcca

t
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gaaacaccac
cttatggecg
gcatcaateg
gaggacttgc
gacgacgaga
ggtctgecag
aagcaccatg
taccaccttyg
tetcgtaaga
gcctttggty
acggtcegte
tcagcetgygg
atgaacattg
cgcaaggcegt
ctttggegee
aaggacaatg
ggagacgaca
ttcectecac
gatcccagtg
attgatactg
ccacatcagce
gagtagatgyg
caacattggt

gatgcataga

tegatcecteac
aggtgcegta
ctcagecgtga
ctgecegagee
acaagtitgte
gctegecega
ttatgacctt
agtettacga
tcaaggctat
gctatctcta
gcgtcaagaa
gattagaggc
atcccaagga
tcgacacctc
agaaggagca
ccgagatcca
tceccagacac
actgegectc
gcaggtgagt
accatattta
gagtaatgga
atgttaatag
gccacaagtt

aagaattggt

PCT/US02/39286
aaagttgcge 960
cggtgttctt 1020
gacaaagcgc 1080
aacaggaaac 1140
aaccatgacc 1200
caacaaggca 1260
cacaatcgag 1320
cgtgaccacg 1380
gggtatcaag 1440
cttccacaat 1500
cttgcacctg 1560
tegtgtgceca 1620
gaagatgatc 1680
tgacgacccce 1740
gttetetgac 1800
agtgaccgac 1860
taaagaggcet 1920
gacggtggag 1980
ttagcecgtac 2040
ttttecgacag 2100
actaccaatt 2160
aaaccagaca 2220
atcatggtga 2280
tceggtaaag 2340

2361
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<212>

<213>

<400>

PRT

Met Cys Gly Ile

1

Lys
Asia
Arg
Glu
65

Arg
Ser
Ala
Lys
Phe
145

Ser

Pro

Pro

Trp

Leu

50

Asp

Leu

Asp

Pro

Gln

130

Tyr

Glu

Pro

Thr

Ser

35

Ser

Glu

Val

Cys

Lys

115

Asn

Gln

Leu

Gly

Ala

20

Gly

Ile

Ser

Arg

Glu

100

Ty

Arg

Gly

Lys

His
180

Phe

Leu

Ser

Val

Ile

Lys

85

Val

Leu

Thr

Txp

Cys

165

Ile

Ala

Arg

Val

Gly

Ile

70

Ser

Ile

Asp

Ile

Ser

150

Leu

Tyr

Magnaporthe grisea

Cys

Leu

Thr

Val

55

Leu

Leu

Ile

Gly

Ala

135

ser

Tyr

Asp
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Ala

Cys

40

Glu

Ala

Lys

Pro

Met

120

Ala

Ser

Gln

Ser

Ala

Lys

25

Asn

Ser

Val

Thr

Leu

105

Phe

Arg

Glu

Val

Leu
185

His

10

Ala

Gln

Gly

Asn

Pro
90

Tyr

Ser

Asp

Pro

Cys

170

Thxr

Pro

Ile

Thr

Ala

Gly

75

TYyTY

Met

Phe

Pro

Gly

155

Asp

Gly

Asp

Arg

Ile

Gln

60

Glu

His

Glu

Val

Ile

140

Ala

Lys

Glu

Val

His

Leu

45

Pro

Tle

Phe

His

Leu

125

Gly

Val

Ile

Arg

Gln

Arg

30

Cys

Leu

Tyr

Lys

Gly

110

Tyr

Val

Tyr

Glu

Thr
190

Lys

15

Gly

His

Thr

Asn

Thr

95

Leu

Asp

Thr

Phe

Ala

175

Arg

Phe

Pro

Glu

Asn

His

BO

Thr

Asp

Lys

Thr

Gly

160

Phe

Tyr

PCT/US02/39286



Phe

AsSp

Leu

225

Ser

Lys

Gly

Lys

Gly

308

Phe

Leu

Thr

Lys

Ala

385

Phe

WO 03/050310

Gln

Leu

210

Met

Ser

Leu

Asn

Leu

290

Leu

Leu

Asn

Thr

Ala

370

Phe

His

Pro

185

Thr

Ala

Leu

Ala

His

275

Ser

Pro

Gly

Ala

Ile

355

Met

Gly

Asp

Thr

Lys

Glu

Val

Ile

260

Asp

Thr

Gly

Thr

Leu

340

Arg

Gly

Gly

Glu

Trp

Leu

Val

Ala

245

Glu

Gln

Met

Ser

Lys

325

Ser

Ala

Ile

Tyr

Thr
405

Txp

Arg

Pro

230

Ser

Ala

Gly

Thr

Pro

310

Asp

Ser

Lys

Leu

390

Val

Asp

Glu

215

Tyr

Ile

Gly

Glu

Tyr

295

Asp

His

Val

Thr

Met

375

Tyr

Arg
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Pro

200

Ala

Gly

Ala

Leu

Gly

280

Leu

Asn

Val

Tle

Pro

360

Val

Phe

Arg

Lys

Leu

val

Gln

Glu

265

Leu

Prec

Lys

Met

Tyr

345

Met

Leun

His

Val

Arg

Glu

Leu

Arg

250

Asp

Val

Gln

Ala

Thr

330

His

Tyr

Ser

Asn

Lys
410

Val

Lys

Leu

235

Glu

Leu

Qly

Leu

Ala

315

Phe

Leu

Leu

Gly

Ala

395

Asn

Pro

Ser

220

Ser

Thr

Pro

Ile

Asn

300

Leu

Thr

Glu

Leu

Glu

380

Pro

Leu

Glu

205

Val

Gly

Lys

Ala

Asp

285

Ser

Glu

Ile

Ser

Ser

365

Gly

Asp

His

Thr

Arg

Gly

Arg

Glu

270

Asp

Phe

Val

Glu

Tyr

350

Arg

Ser

Lys

Leu

Pro

Lys

Leu

Leu

255

Pro

Glu

Ser

Ala

Asp

335

Asp

Lys

Asp

Asp

Sex
415

Leu

Arg

Asp

240

Lys

Thr

Asn

Ile

Lys
320

Gly

Val

Ile

Glu

Ala

400

Asp
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Cys

Val

Pro

Arg

465

Pro

Gly

Thr

Pro

Phe

545

Gly

Pro

WO 03/050310

Lieu

Pro

Lys

450

Lys

Asp

Tyxr

Asp

AsSp

530

Pro

Arg

Phe

435

Glu

Ala

Asn

Gly

Glu

515

Thr

Serx

Ala

420

Leu

Lys

Phe

Ile

Trp

500

Met

Lys

Thr

Leu Ser Arg

Ser

<210>

<211l>

<212>

<213>

<400>
atggacgceg tacttcegteca gtccaaggee ttgtgeoccet tcoctcaagaa ggedtegeceg &0

4

4

Met

1848

DNA

Thr
580

Asn

Asp

Met

Asp

Leu

485

Ile

Met

Glu

Leu

Pro

565

Thr

Lys

Lys

Ile

Thr

470

Trp

Asp

Lys

Ala

Arg

550

Ile

Ser

Ser

Glu

Thr

455

Ser

Arg

Ala

Asn

Tyr

535

Leu

Pro

Ala

Magnaporthe grisea
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Thr

Phe

440

Lys

Asp

Gln

Leu

Pro

520

Trp

Asp

Val

Ser

Ser

425

Leu

Glu

Asp

Lys

Lys

505

Lys

Tyr

Trp

Ala

Asn
585

Ala

Glu

Arg

Pro

Glu

490

Asp

Pro

Arg

Trp

Glu

570

Gly

Trp

Leu

Ile

Asn

475

Gln

Asn

Glu

Cys

Ser

E55

Pro

Thr

Gly

Ala

Glu

460

Ala

Phe

Ala

Trp

Met

540

Ala

Ser

Thr

Leu

Met

445

Lys

Glu

Ser

Glu

Gly

525

Phe

Gly

Arg

Asn

Glu

430

Asn

Tyr

Pro

Asp

Ile

510

Asp

Asp

Pro

Ser

Ala

Ile

Ile

Tyr

Gly

455

Gln

Asp

Glu

Arg

Met
575

Arg

Asp

Val

Lieu

480

Val

Val

Tle

His

Arg

560

Leu

PCT/US02/39286
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gccactcetge
ggtggtacca
atggctgtece
acttegegga
gtgcecettee
aacgcctece
tecgaactge
ctggecaagg
tgcgccaacyg
acgetegatg
cacgctgtceg
fttcagctcect
gattgtgtga
teceggecacca
gcaktccectge
ggctecateg
ttcctegacg
cacctcgact
gatattatca
tcggeccaage
¢tteecgectg
ggcgacegea
gatatccecceg
ctegcaaage
aacﬁacccga
gtcaaggagt
atcaagecgaa
tecgaggcecce

aaggagatca

ggcagctctce
tctcecaaget
agtcggctaa
gccaggatge
cgcccaagga
cggcegecegyg
agaagaagca
agtteccceeg
actacctggg
agtacggtge
agctcgaggg
gctatgttgce
tecetgtegga
agaaaatcgt
cgctacatgt
gccecattga
aagttcacge
ttgaggccca
ccggaacgcet
tcatcgacat
cga;catggc
ggctgcagca
tecatocacegaa
gcgectegga
ccgtgeccegt
teegtgacga
ccteagagtyg
aggcgcagec

tggecttggg
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gacagcatet
gcagctgetg
ggcgggtacg
tagggeegtt
tgettecgge
ccacceggge
caaggacaaa
cgcteacatyg
catgggccgce
tggegecggt
taccategee
caacgatgcc
cagcctaaac
cttecaagcecac
gcccaagatce
ggagatttgc
cgttggtatg
taaggccggce
tggcaaagcet
gatcegeteg
cggtgatege
gctgcacacyg
ccegteteac
€atgctgetg
cggccaggag
cctegtegtt
ggctgcegag
gctgtggacce

cactgccceg

gcaccggcca
gcgecaccggt
aagetgeceg
gacgggectg
cgatccgecg
aagaagtttt
tecgtacecget
teggacaagg
aaccccaggg
ggtactcgea
aagttgcacg
acactcgcca
catgcttcecea
aacgacgtag
atcgcctttg
gatttggecg
tacggcccac
cggcccegeg
tacggctgeg
ctcgegecag
gecogecattyg
cgcecgeegtea
atcatccaga
tctgactacc
agactgegeg
gccogtegacyg
ggcggcttca
gatgcccaac

accggctget

ggcacagtgt
gcccegteat
tcggeetgge
tegttgette
cctegtegaa
cctatgageg
acttcaacaa
aggacaaggt
tcttgtccaa
acatctctgg
ccaaggattc
ctctgggtag
tgatccaggg
cggacctcega
agtcagttta
acaagtatgg
acggagceegyg
gcaccatcat
ttggecggeta
gcttcatett
aataccagat
aggaggctcet
tcectegttgg
agatctacgt
tcacceccac
ctatctggac
teggtgtegg
tcggecatega

tcaccgagtce

PCT/US02/39286
gtcaccatgt 120
gggccaggea 180
caagatacac 240
tcgegagaac 300
ccececgeecgeg 360
attctacgaa 420
catcaaccgce 480
gacegtttgg 540
gatgcacgag 600
ccacaaccgce 660
tgcgetggtt 720
caaaatgccg 780
tatcecgecat 840
ggccaagctg 200
cagcatgtgc 260
tgctatcace 1020
cgtggctgag 1080
ggaccgtatc 1140
catcgeeggt 1200
caccacctcet 1260
ggagcacgac 1320
tcaacatcga 1380
caacgccgag 1440
acagtccatce 1500
tcccggecac 1560
caagctegge 1620
cgaggagggt 1680
gcaggeoogee 1740
gcttatcgag 1800
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WO 03/050310 PCT/US02/39286
cgegagggeyg cggctctggg cegeggeage atggeggctyg ctgoctaa 1848
<210> 5
<211> 2275
<212> DNA
<213> Magnaporthe grisea
<400> 5
ccagbtcaaac cgaggttttg aaacggaaca agaagaaaac agaaaaagaa acccaaacaa 60
gagaagaaga aaaadaaaga agaagaaaac caaﬁcatgga cgcegtactt cgtcagtcca 120
aggccttgtg cceccttecte aagaaggcgt cgccggecac tetgeggeag ctcetegacag 180
catctgcacc ggccaggcce cgtgtgteac catgtggtgg taccatctec aagcetgeage 240
tgctggegea ccggtgecce gtcatgggece aggeaatgge tgtecagteg getaaggcegg 300
gtacgaaget gecccgtegge ctggccaaga tacacacttc gecggagccag gatgctaggg 360
ccgttgacgg gecctgtcecgtt gecttctcocgeg agaacggtaa gtagccagece aattggttea 420
atcceecttea teocctttgea ttegecatagt tgcaaacegy cgctgacgtg cttecetttg 480
agaatagtgc ccttecccgece caaggetget teecggeccgat ccgecgectc gtegaaccece 540
gccgecgaacg cctccecegge cgecggecac ccgggcaaga agttttecta tgagegatte 600
tacgaatccyg aactgcagaa gaagcacaag gacaaatcgt accgetactt caacaacatc 660
aaccgectgg ccaaggagtt ccccecgeget cacatgtcgg acaaggagga caaggtgacc 720
gtttggtgeg ccaacgacta éctgggcatg ggccgcaace ccagggtett gtccaagatg 780
cacgagacgce tcgatgagta cggtgctgge gccggtggta ctegecaacat ctetggecac 840
aaccgccacg ctgtcgagct cgagggtacce atcgccaagt tgcacgecaa ggattctgceg 900
ctggtttteca getectgeta tgttgeccaac gatgeracac tegecactet gggtagcaaa 960
atgccggatt gtgtgatect gteggacage ctaaaccatg cttecatgat ccagggtate 102¢
cgccattecg gcaccaagaa aatcgtcttc aagcacaacg acgtagcgga cctegaggcec 1080
aagctggeat cecctgeceget acatgtgece aagatcatceg cctttgagtc agtttacage 1140
atgtgcgget ccateggecce cattgaggag atttgcgatt tggccgacaa gtatggtget 1200
atcaccttece tcgacgaagt tcacgcegtt ggtatgtacyg geccacacgg agccggcgtg 1260
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gctgagcacc
cgtategata
gceggttegy
acctctette
cacgacggceg
catcgagata
gccgagetcg
tceatcaact
ggccacgtca
ctcggecatca
gagggttccg
gccgcecaagg
atcgageogeg
ggacgtgaaa
cacctagcga
tgtagcattg

gttgacacct

<210> &
<211> 815
«212> PRT

<213>

<400> 6

tcgactttga
ttatcaccegg
ccaagcteat
cgecetgegac
accgcagget
tcecegteat
caaagcgege
acccgaccgt
aggagttccg
agcgcacctc
aggcccaggce
agatcatggce
agggcgegge
tceccattgeg
catgcaaatg
caatgttggc

agtacggata

CA

ggcccataag
aacgcttgge
cgacatgatc
catggceggt
gcagcagcetg
ccagaacceg
ctaggacatg
gcccgteggce
tgacgacctce
agagtgggct
gcagcegetyg
cttgggeact
tectgggecge
cgactgctat
tttecaatctg
actatcttca

acgtacttga

Magnaporthe grisea
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gcoeggecgge
aaagcttacg
cgetegeteyg
gctecgegeeqg
cacacgcgeg
tctcacatéa
ctgetgtetg
caggagagac
gtcgttgeeg
gccgagggeyg
tggaccgatg
gcceccgacey
ggcagcatgg
ttgatctgct
tggacatact
caagtatata

agagttaaac

ccegeggeac
geigegttgg
cgecaggett
ccattgaata
ccgtcaagga
tecegatect
actaccagat
tgcgecgteac
tcgacgetat
gcttecategg
cccaactecgg
getgetteac
cggctgetge
tcagaatagce
acccatcgga
aatgatcaat

tcgattccte

PCT/US02/39286
catcatggac 1320
cggctacate 1380
catetteace 1440
ccagatggag 1500
ggctecttcaa 1560
cgttggcaac 1620
ctacgtacag 1680
cccecacteec 1740
ctggaccaag 1800
tgtcggegag 1860
catcgagcag 1920
cgagtcgett 1980
ctaagttcag 2040
tatcgtttet 2100
gagttgegea 2160
gegttagata 2220
ggaat 2275

Met Asp Ala Val Leu Arg Gln Ser Lys Ala Leu Cys Pro Phe Leu Lys

1

5

10

15

Lys Ala Ser Pro Ala Thr Leu Arg Glu Leu Ser Thr Ala Ser Ala Pro

20

25

30

Ala Arg Pro Arg Val Ser Pro Cys Gly Gly Thr Ile Ser Lys Leu Gln

35

40

10

45



ChA 02469695 2004-06-07
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Leu Leu Ala His Arg Cys Pro Val Met Gly Gln Ala Met Ala Val Gln
50 55 60

Ser Ala Lys Ala Gly Thr Lys Leu Pro Val Gly Leu Ala Lys Ile His
65 70 75 80

Thr Ser Arg Ser Gln Asp Ala Arg Ala Val Asp Gly Pro Val Val Ala
85 90 95

Ser Arg Glu Asn Val Pro Phe Pro Pro Lys Ala Ala Ser Gly Arg Ser
100 105 110

Ala Ala Ser Ser Asn Pro Ala Ala Asn Ala Ser Pro Ala Ala Gly His
115 120 125

Fro Gly Lys Lys Phe Ser Tyr Glu Arg Phe Tyr Glu Ser Glu Leu Gln
130 135 140

Lys Lys His Lys Asp Lys Ser Tyr Arg Iyr Phe Asn Asn Ile Asn Arg
145 150 155 160

Leu Ala Lys Glu Phe Pro Arg Ala His Met Ser Asp Lys Glu Asp Lys
165 170 175

Val Thr vVal Trp Cys Ala Asn Asp Tyr Leu Gly Met Gly Arg Asn Pro
180 185 190

Arg Val Leu Ser Lys Met His Glu Thr Leu Asp Glu Tyr Gly Ala Gly
195 200 205

Ala Gly Gly Thr Arg Asn Ile Ser Gly His Asn Arg His Ala Val Glu
210 215 220

Leu Glu Gly Thr Ile Ala Lys Leu His Ala Lys Asp Ser Ala Leu Val
225 230 235 240

Phe Ser Ser Cys Tyr Val Ala Asn Asp Ala Thr Leu Ala Thr Leu Gly
245 250 255

Ser Lys Met Pro asp Cys Val Ile Leu Ser Asp Ser Leu Asn Hls Ala
260 265 270

11



Ser

Lys

Leu

305

Gly

Gly

Pro

Ala

Gly

385

Ser

Phe

Ile

Ile
465

Leu
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Met

His

290

His

Ser

Ala

His

Gly

370

Thr

Ala

Thr

Glu

Thr
450

Pro

Ala

Ile

275

Asn

Val

Ile

Ile

Gly

355

Arg

Leu

Lys

Thr

Tyr

435

Arg

Asn

Lys

Gln

Asp

Pro

Gly

Thr

340

Ala

Pro

Gly

Leu

Ser

420

Gln

Ala

Pro

Arg

Gly

val

Lys

Pro

325

Phe

Gly

Arg

Lys

Ile

405

Leu

Met

Val

Ser

Ala
485

Ile

Ala

Ile

310

Ile

Leu

val

Gly

Ala

390

Asp

Pro

Glu

Lyé

His
470

Ser

Arg

Asp

295

Ile

Glu

Asp

Ala

Thr

375

TYyXr

Met

Pro

Glu
455

Ile

Asp
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His

280

Leu

Ala

Glu

Glu

Glu

360

Ile

Gly

Ile

Ala

Asp

440

Ala

Ile

Met

Ser

Glu

Phe

Ile

Val

345

His

Met

Cys

Arg

Thr

425

Ely

Leu

Pro

Leu

aly

Ala

Glu

Cys

330

Leu

Asp

Val

Ser

410

Met

Asp

Gln

Ile

Leu
490

12

Thr

Lys

Ser

315

Asp

Ala

Asp

Arg

Gly

395

Leu

Ala

Arg

His

Leu
475

Ser

Lys

Leu

300

Val

Leu

vVal

Phe

Ile

380

Gly

Ala

Gly

Arg

Arg
460

Val

Asp T

Lys

285

Ala

Tyr

Ala

Gly

Glu

365

Asp

Tyr

Pro

Ala

Leu

445

Asp

Gly

Ile

Ser

Ser

Asp

Met

350

Ala

Ile

Ile

Gly

Arg

430

Gln

Ile

Asn

Gln

vVal

Leu

Met

Lys

335

Tyr

His

Ile

Ala

Phe

415

Ala

Gln

Pro

Ala

Ile
495

Phe

Pro

Cys

320

Tyr

Gly

Lys

Thr

Gly

400

Ile

Ala

Leu

Val

Glu
480

Tyr
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Val Gln Ser Ile Asn Tyr Pro Thr Val Pro Val Gly ¢Gln @Glu Arg Leu
500 505 510
Arg Val Thr Pro Thr Pro Gly His Val Lys Glu Phe Arg Asp Asp Leu
515 520 525

Val vVal Ala Val Asp Ala Ile Trp Thr Lys Leu Gly Ile Lys Arg Thr

530 535 540
Ser Glu Trp Ala Ala Glu Gly Gly Phe Ile Gly Val Gly Glu Glu Gly
545 550 5585 560
Ser Glu Ala Gln Ala Gln Pro Leu Trp Thr Asp Ala Gln Leu Gly Ile

565 570 575
Glu Gln Ala Ala Lys Glu Ile Met Ala Leu Gly Thr Ala Pro Thr Gly
580 585 590
Cys Phe Thr Glu Ser Leu Ile Glu Arg Glu Gly Ala Ala Leu Gly Arg
595 600 605

Gly Ser Met Ala Ala Ala Ala

610 €15
<210> 7
<211> 1002
<212> DNA
<213> Magnaportﬁe grisea
<400> 7
atggccttea caatgcacte gecactceeggyg caattetgee cgggccacge aaaagaccag 60
ttggaagacg tcatcctcca tgccatcage ataggataca agaccatggg tctcagtgag 120
cacatgccac ggacccaact gtgogatcta tatccagaag aacttgtgee tgaccegeac 180
gectececteg cggagetgat gocgecgeccac getgcectaca tgacegagge gogteoggetg 240
caaaagaagt acgeccgatcg catcaccctc ctcatecgget tcgagggega gttcatccgg 300
tccgagtacg ggacactggt gegctegetyg goccgacggea acggcecgacce ttectacttce 360
cagaacggeg acagcaagct tgtcaccgac geccggcaagg tcgactattt catcggctceg 4290
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ctgcaccacg gecgeeggegg caktcceccate gactttgace gecgecaccta cetacgetcec 480
gttgaggccg ccggccccaa &ggcgaggag gatctatttg tgcactacta cgaccagcag 540
tttgagatgc tccaggccct gaggccaccce atcgtcggcc}actttgatct gatccgeetg 600
atgagcgagg agoctgggeg caatccgage gectggtcecce cgaaccgegt ctggeccgete 660
atcaagcgga acctcgegtt cgttgcgagc tacggcggct ggctegagtg caactcgagt 720
gcgceteogea aggggcetege cgaacegtace cegtgecgge ceategegga ggaatgggta 780
aggctgggcyg gtaagttcac aatgtctgac gacagccacg geatogegea ggttgocaca 840
aactatgtgc gagccctgga ctacctcgag tegetcggeg tgaacgaggt ctggacgtat 900
gaccgageta aagagggatce agagettgtg gagaagggtg tgtegtttac agagtttcege 960
ggttcectga gactcoccaac aacggcgtcec aagacatcct ga 1002
<210> 8
<211> 1717
<212> DNA
<213> Magnaporthe grisea
<400> 8
gggcaacggyg aattcataga ttgcaccgaa ggcecggggctt gcatcaacaa gttttcaata 60
ctggtgtggc cacctgattt catttaccgg atcaggaagg atateoctage aagctgecaa 120
cattaatgga gcaagtaaaa cgtattcaag cctecgagga cccagcagcce gccctegege 180
cccgaaatac gegegettte aggcattget tgagecctate tttggtgggg ttacacttta 240
aaaaaagttg ttcctgegtg éctcccatcc aatgcctgge atccatetta getgaggcag 300
gtaccagaca cctgggtaat gaatgetaag agtecaatcte tctaggaatt taacggattt 360
gattggctag caaacattga ttgatbtttte ttegtacatt tccatgtacg ccgtatagea 420
ttacaaagayg taaaagcaag tttggcctca gttaccctaa atccagatac agacagacag 480
acgccctece tatectgeett gaatggttga agttttaata geccggcatcce ctecgtttec 540
actectctet tegtcatcat caggtatcat ctgacaacct tagagtcaac aactcaattg 600
catttttttt ccatcgecaaa agcaaacaca cagtcatgge ctteacaatg cactcgeact 660
ccgggeaatt ctgccoceggge cacgcaaaag accagttgga agacgtcatc ctccatgeca 720
tcagcatagg atacaagacce atgggtctca gtgagcacat gccacggacc caactgtgeg 780

14
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atctatatcc
geccacgetge
ccetecteat
cgctggecga
ccgacgeegy
ccatcgactt
aggaggatct
cacccategt
cgagegectyg
cgagctacgg
cgtaccogtyg
ctgacgacag
tegagteget
ttgtggagaa
cgtccaagac

attecctggec

<210> 9
<211> 333
<212> PRT

<213>

<400> 9

agaagaactt
ctacatgacc
cggettegag
cggcaacggc
caaggtcgac
tgaccgegee
atttgtgecac
cggccactit
gtecccgaac
cggctggctc
ccggeccate
ccacggcate
cggcegtgaac
gggtgtgtcg
atcctgatgg

tagaactagc

CA

gtgcectgacc
gaggegegte
ggcgagttea
gacccttect
tatttcatcyg
acctacctac
tactacgacc
gatctgatce
cgegtectgge
gagktgcaact
geggaggaat
gcgcaggttg
gaggtctgga
tttacagagt
gaagtcagcg

ccctaagget

Magnaporthe grisea

02469695 2004-06-07

cgcacgcectce
ggctgcaaaa
tccggtecga
acttccagaa
gctecgetgea
gctcegttga
agcagtttga
gcctgatgag
cgectecatcaa
cgagtgcgcet
gggtaaggct
ccacaaacta
cgtatgaceg
ttcgeggtte
ctcctectea

tatgaaa

cctecgeggag
gaagtacgce
gtacgggaca
cggcgacagc
ccacggegec
ggccgecegge
gatgctccag
cgaggagcect
gcggaaccte
ccgcaagggg
gggcggtaag
tgtgecgagec
agctaaagag
cctgagactce

taggacatga

PCT/US02/39286
ctgatgeegce B840
gatcgcatca 900
ctggtgeget 260
aagcttgtca 1020
ggecggeatcee 1080
cccaatggeg 1140
gccctgaggc 1200
gggcgcaate 1260
gecgttegttyg 1320
ctcgecgaac 1380
ttcacaatgt 1440
ctggactacc 1500
ggatcagagc 1560
ccaacaacgyg 1620
ttttetttac 1680

1717

Met Ala Phe Thr Met His Ser His Ser Gly Gln Phe Cys Pro Gly His

1

5

10

15

Ala Lys Asp Gln Leu Glu Asp Val Ile Leu His Ala Ile Ser Ile Gly
’ 25

20

30

Tyr Lys Thr Met Gly Leu Ser Glu His Met Pro Arg Thr Gln Leu Cys

35

40

15

45



Asp
Glu
65

Gln
Glu
Gly
Thr
Ala

145

val

Tyr

Gly
Pro
Leu
225

Ala

Glu

WO 03/050310

Leu

50

Leu

Lys

Phe

Asn

Asp

130

Gly

Glu

Asp

Ser

210

Ala

Leu

Glu

TyY

Met

Lys

Ile

Gly

115

Ala

Gly

Ala

Gln

Phe

195

Ala

Phe

Arg

Trp

Pro

Pro

Tyr

Arg

100

Asp

Gly

Ile

Ala

Gln
180

AsDp

Trp

Val

Lys

val
260

Glu

Arg

Ala

85

Ser

Pro

Lys

Pro

Gly

165

Phe

Leu

Ser

Ala

Gly

245

Arg

Glu Leu
55

His Ala
70

Asp Arg
Glu Tyr
Ser Tyr

Val Asp
135

Ile Asp
150

Dro Asn

Glu Met

Ile Arg

Pro Asn
215

Ser Tyr
230

Leu Ala

Leu Gly

CA 02469695 2004-06-07

Val

Ala

Ile

Gly

Phe

120

Tyr

Phe

Gly

Leu

Leu

200

Arg

Gly

Glu

Gly

Pro

Tyr

Thr

Thr

105

Gln

Phe

Asp

Glu

Gln
185

Met

Val

Gly

Pro

Lys
265

Asp

Met

Leu

90

Leu

Asn

Ile

Arg

Glu

170

Ala

Ser

Trp

Trp

Tyr

250

Phe

16

Pro

Thr

75

Leu

val

Gly

Gly

Ala

155

Asp

Leu

Glu

Pro

Leu

235

Pro

Thr

His

60

Glu

Ile

Arg

Asp

Ser

140

Thr

Leu

Arg

Glu

Leu

220

Glu

Cys

Met

Ala

Ala

Cly

Ser

Ser

125

Leu

Tyr

Phe

Pro

Pro

205

Ile

Cys

Arg

Ser

Ser

Arg

Phe

Leu

110

Lys

Leu

Val

Pro
190

Gly

Lys

Asn

Pro

Asp
270

Leu

Arg

Glu

95

Ala

Leu

His

Arg

Hig

175

Ile

Arg

Arg

Ser

Ile

255

Asp

Ala

Leu

80

Gly

Asp

Val

Gly

Ser

160

Tyr

val

Asn

Asn

Ser

240

Ala

Ser

PCT/US02/39286
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His d@dly Ile Ala Gln Val Ala

275

Leu Glu Ser Leu Gly Vval Asn

280

Glu Gly Ser Glu Lsu Val Glu

305

Gly Ser Leu Arg Leu Pro Thr

<210> 10
<211> 2337
<212> DNA
<213>

<400> 10
atgcetggag

gtcgatgaga
gtcacatcac
gactgcacct
gacattgcea
aatgtcaagg
cacgtcattg
agtcacacgt
gttgagcacg
caagtegacy
ggtatcattg
cgcagcectea
agggctggca
gctcegaagt
tccgacceecag

accttgacat

CA 02469695 2004-06-07

280

295

310

325

cagaaagcac
agctcgacgg
ctcaagcatt
tggccaccac
gctteatcaa
agtttggcgt
gccctgagcea
ctaccoecatgg
tgctggecac
gcgagetgge
gtaccgetygy
gcatggaggce
tggtagcccc
acgactcgcec
gtgccaaata

ggggcacaag

Magnaporthe grisea

tecegeagace
cacagtecctce
cgagggcctc
agaccataac
agaggacgac
cacatatttt
aggcttcacg
cgeetttgga
tcagtgettg
tcectggtgtce
aggcaceggg
ccgcatgtceca
tgacgagatec
cgagtggcac
cgatattgat

tcecogaggat

Thr Asn Tyr vVal

Glu val Trp Thr

Lys Gly Val Ser

315

Thr Ala Ser Lys

330

ttgtacgaca
ttgtacatcyg
aggaatgcag
gtceecacga
tcaaggaccc
ggcctecageg
ctceecggaa
geecettgect
atcaccaaga
agctccaagg
gctgtcateg
atctgcaaca
accttcgaat
aaggctaccc
gtctttattyg

gttgttecga

17

PCT/US02/39286

Arg Ala Leu Asp Tyr

285

Tyxr
300

Asp

Phe Thr

Thr Ser

aggttctgcea
accgccacct
gccgtaaagt
cttcacggaa
aatgtgtgac
acaagcgcoca
caacggttgt
ttggtatcecgg
ggagcaagaa
atgtcgtget
agttetgtgg
tgtccatcga
acctcaaggg
aatactggaa
acgccaaaga

tcaccggegt

Arg Ala Lys

Glu Phe Arg

320

agcacacgtg
tgtacatgag
gcggagaccce
agctctcaag
tctggaggaa
gggtattgtg
gtagtggagac
taccagcgag
catgaggata
tcatgcaatc
ttecgteate
gggaggtgcee
ccgeccgetce
gaaccttcag
cattgtacca

tgttectgat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

800

960
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cetgagacgt ttgectaccga agcecgaagaag gocggacgggce gacgcatgcect gcagtacatg 1020
ggactgaagg cgggtactece catggaggac attccggteg acaaagtett categgetec 108¢
tgcaccaatt ccaggattga ggatctecegt getgetgccg cggtcgtaaa gggcecggaaa 1140
aaagcaccca atgttaagag cgccatggtg gtgcecgggat cgggcttggt caagactcaa 1200
gctgaggagg aaggcectgga caagattttt gaggaggeccg getttgaatg gcgcgagget 1260
ggctgcagta tgtgecttgy catgaaccca gatatteteg ctecccagga gegttgtgece 1320
agtaccagca accgcaactt cgagggtcgc cagggtgcag gecggccegcac tcatcteatg 1380
tccecagtea tggetgetge tgetggtate gteggtaage ttgcagatgt gagaaagttg 1440
accgattaca aggccagece teacattgea geottaccaga aategacagt gacaaagccc 1500
catgtggatg agcggatcaa ccaagatgcg catgagaaag atatcattgc tgatattect 1560
gaggacaaca acggccctca caccaacacce tetgccagty ttggeactte agcagggett 1620
cccaagttca ccattctcaa gggtatagecg gecteccgetgg agaaggctaa tgttgacacce 1680
gacgccatca ttcccaaaca atttctcaag acaatcaaga ggacaggcect tggaaatget 1740
ctgttctatg agatgaggtt caatgaggac ggcactgaga agagcgactt tgttctcaac 1800
aaggagccgt accggaaagc cagtattetg gtttgcacgg gtgccaactt tggatgtagy 1860
agctctegtg agcatgegee atgggctctc aacgattttg geatcaggag cgtcattgece 1520
cegtegtteg cagatatatt cttcaacaac tecttdaaga acggcatgcet geccecgatccect 1980
atcaaggacc aggctcagat cgaggccatec geccgcegaag ccagggcoggg caaggaaatce 2040
gaagttgacc tcccaaacca gcectgatcaag aacgcaaccg gogagacgat ctgcacttte 2100
gaggtggagg agtttaggaa gcactgettg gtcaatggte tegatgatat cggcecttgace 2160
atgcagatgg aagacaagat cgccgagttc gaggccaaga tgaccaggga gactccctgg 2220
ctegacggaa ctggctaccet caagegaaag ggbtcaaggtg gtaagetege agecaaggcet 2280
gtgecegtge ctaccaccaa caggggcgag gagaagaagg agccgcttga gtggtga 2337
<210> 11
<211> 3235
<212> DNA
<213> Magnaporthe grisea
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<400> 11 ‘

agttaaagga aacccgcgtce gaggtctact agaatccgge actccgatat cgeocattgaa 60
tetgegacga cagcaagttc aaaaaagaac attcaagaca aaaaagagct accgtettte 120
taactttcce ctecctaacct atcttegece gttegtctga attcaatcat tttttattgt 180
tgattgcttt gtgtgatcet gecactttec tacacgaaca aaacccggeg accatattga 240
cctaccgget tecttctecaa ctacatekbgt cttgaccceta ttttatttge gtggtgtcaa 300
tcattegtga taccgacttt cagtccettte cagattccaa aaaaaatgcc tggagcagaa 360
agcactccge agaccttgta cgacaaggtt ctgcaagcac acgtggtcega tgagaagetce 420
gacggcacag tcctcttgta catcggttcg tagectgace atcggggcta ggececcaget 480
tggagtggca ccaagecagea gettttgtea actgaccagg tetctttget tttgtagace 540
gccaccttgt acatgaggtc acatcacctg taagaaaccce agcccacgga ccacaagcaa 600
gccgegaaac caagccacta tattaacgea acgaaacggg cgctaacatg tttgaatgac 660
tactagcaag cattcgaggg cctcaggaat gcaggccgta aagtgcggag acccgactge 720
accttggcca ccacagacca tgtaagtgaa gaagacctgt ataaaatctc cactceegata 780
tcagctgecaa aagctaacco ttettibtgt catcgeccat gctagaacgt ccccacgact 840
tecacggaaag ctctcaagga Cattgecage ttcatcaaag aggacgacte aaggacccaa 900
tgtgtgactc tggaggaaaa tgtcaaggag tttggcgtca catattttgg ccteagcgac 960
aagegecagyg gtattgtgea cgtcattgge cectgagcaag gettcacget ceccggaaca 1020
acggttgtgt gtggagacag tcacacgtct acccatggcg cctttggage cettgocttt 1080
ggtatceggta ccagcgaggt tgagcacgtg ctggecacte agtgettgat caccaagagy 1140
agcaagaaca tgaggataca agtcgacgge gagetggctce ctggtgtcag ctecaaggat 1200
gtcgtgettc atgcaatcegg tatcattggt accgetggag gecaccgggge tgtcatcgag 1260
ttetgtggtt cegtcatccyg cagectcage atggaggecc gcatgtcaat ctgcaacatg 1320
teccategagg gaggtgccag ggctggeatg gtagcccctg acgagatcac cttegaatac 1380
ctcaagggcc gcccgetege tccgaagtac gactegeccy agtggcacaa ggctacccaa 1440
tactggaaga accttcagtc cgacccaggt gccaaatacg atattgatgt etttattgac 1500
gccaaagaca ttgtaccaac cttgacatgg ggcacaagtc ccgaggatgt tgtteccgatce 1560
accggegttg ttectgatee tgagacgttt getaccgaag cgaagaagge ggacgggcga 1620
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cgcatgctge agtacatggg actgaaggcg ggtactccca tggaggacat tccggtcgac 1680
aaagtcttca teggetectg caccaattce aggattgagg atcteegtge tgetgccgeg 1740
gtegtaaagg gcocggaaaaa agcacccaat gttaagageg ccatggtggt gececgggateg 1800
ggcttggtca agactcaagc tgaggaggaa ggcctggaca agatttttga ggaggecgge 1860
tttgaatggc gcgaggetgg ctgecagtatg tgeettggea tgaacccaga tattcteget 1920
ccccaggage gttgtgoecag taccagcaac cgcaactteg agggtegcca gggtgcagge 1980
ggccgcacte atctcatgte cccagteatg getgetgetg ctggtategt cggtaagett 2040
geagatgtga gaaagttgac cgattacaag gecagccctce acattgcage ttaccagaaa 2100
tcgacagtga caaagccceca tgtggatgag cggatcaacce aagatgegea tgagaaagat 2160
ateattgctg atattcctga ggacaacaac ggccctcaca ccaacaccte tgacagtgtt 2220
ggcacttcag cagggcttcc caagttcace attctcaagg gt;tagcggc tcecgetggag 2280
aaggctaatg ttgacacega cgccatcatt cccaaacaat ttctcaagac aatcaagagg 2340
acaggccttg gaaatgctct gttctatgag atgaggttca atgaggacgg cactgagaag 2400
agcgactttg ttctecaacaa ggagccgtac cggaaageca gtattetggt ttgeacgggt 2460
gecaactttg gatgtgggag ctctcgtgag catgegeocat gggetcotcaa cgattttgge 2520
atcaggageg tcattgcccc gtcgttegea gatatattct tcaacaacte cttcaagaac 2580
ggeatgctge cgatccctat caaggacceag gectcagatcg aggccatege cgocgaagcec 2640
agggcgggea aggaaatcga agttgaccte ccaaaccage tgatcaagaa cgcaaccggc 2700
gagacgatct gcactttega ggtggaggag tttaggaage actgettggt caatggtcte 2760
gatgatatcg gcttgaccat gcagatggaa gacaagateg ccgagttcga ggccaagatg 2820
accagggaga ctecetggct cgacggaact ggectacctca agcgaaaggg tcaaggtggt 2880
aagctegeag ccaaggetgt gecegtgect accaccaaca ggggcgagga gaagaaggag 2940
ccgettgagt ggtgacgget tcectaacgaa gtgtigtcoga aaacgaaagyg cgttaategg 3000
ttraactggt gaaaactatt atteggttgg gatttatgaa ataaccctge gaaagggact 3060
ctegttgage ttgegattat tgtactgega tatcagtgtg ggaaattttc tgcgtcagac 3120
tttactgtaa tgctcttett cttcaagaaa gatcttagtg ttttgatttt ctacaatgag 3180
acgaccaata cacaaaccgc ¢tggtcatta aaaaaaaaaa aaaaaactcg agggg 3235
<210> 12
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<211l

<212>

<213>

<400>

778

PRT

Magnaporthe grisea

12

Met Pro Gly Ala

1

Gln aAla

Ile Asp

Gly Leu
50

Ala Thr
65

Asp Ile

Thr Leu

Ser Asp

Phe Thr
130

Thr His
145

val Glu

Asn Met

His

Arg

35

Arg

Thr

Ala

Glu

Lys

115

Leu

Gly

His

Arg

Val

20

His

Asn

Asp

Ser

Glu

100

Arg

Pro

Ala

Val

Ile
180

Glu

Val

Leu

Ala

Phe

85

Asn

Gln

Gly

Phe

Leu

165

Gln

Ser

Asp

Val

Gly

Asn

70

Ile

Val

Gly

Thr

Gly

150

Ala

val

Thr

Glu

His

Arg

55

vVal

Lys

Lys

Ile

Thr

135

Ala

Thr

Asp
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Pro

Lys

Glu

40

Lys

Pro

Glu

Glu

Val

120

val

Leu

Gln

Gly

Gln

Leu

25

Val

Val

Thr

Asp

Phe

105

His

Val

Ala

Cys

Glu
185

Thr
10

Asp
Thr
Arg
Thr
Asp
90

Gly
val
Cys
Phe
Leu

170

Leu

21

Leu

Gly

Ser

Arg

Ser

75

Ser

Val

Ile

Gly

Gly

155

Ile

Ala

Tyr Asp

Thr Val

Pro Gln
45

Pro Asp
60

Arg Lys

Arg Thr

Thr Tyr

Gly Pro

125

AsSp Ser

140

Ile Gly

Thr Lys

Pro Gly

Lys

Leu

30

Ala

Cys

Ala

Gln

Phe

110

Glu

Thr

Arg

Val
190

val

15

Leu

Phe

Thr

Leu

Cys

95

Gly

Gln

Thr

Ser

Ser

175

Ser

Leu

Tyx

Glu

Leu

Lys

80

val

Leu

Gly

Ser

Glu

160

Lys

Ser
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Lys

Thr

Met

225

Arg

Gly

Thr

Ile

Gly

305

Pro

Leu

Val

Leu

Val

385

Ala

WO 03/050310

Asp Val
195

Gly ala
210

Glu Ala

Ala Gly

Arg Pro
Gla Tyx
275

Asp Val
290

Thr Ser
Glu Thr
Gln Tyr
Asp Lys

» 3558

Arg Ala
370

Lys Ser

@lu Glu

val

val

Arg

Met

Leu
260

Trp

Phe

Pro

Phe

Met

340

val

Ala

Ala

Glu

Leu

Ile

Met

Val

245

Ala

Lys

Ile

Glu

Ala

325

Gly

Phe

Ala

Met

Gly
405

His

Glu

Ser

230

Ala

Pro

Asn

Asp

Asp

310

Thr

Leu

Ile

Ala

val

390

Leu

Ala

Phe

215

Ile

Pro

Lys

Leu

Ala

295

Val

Glu

Lys

Gly

Val

375

Val

Asp
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Ile

200

Cys

Cys

Asp

Tyr

Gln

280

Lys

Val

Ala

Ala

Ser

360

Val

Pro

Lys

Gly

Gly

Asn

Glu

Asp
265

Ser

Asp

Pro

Lys

Gly

345

Cys

Lys

Gly

Ile

Ile

Ser

Met

Ile

250

Ser

Asp

Ile

Ile

Lys

330

Thr

Thr

Gly

Ser

Phe
410

Ile

val

Ser

235

Thr

Pro

Pro

Val

Thr

315

Ala

Pro

Asn

Arg

Gly

395

Glu

Gly

Ile

220

Ile

Phe

Glu

Gly

Pro

300

Gly

Asp

Met

Ser

Lys

380

Leu

Glu

Thr

205

Arg

Glu

Glu

Trp

Ala

285

Thr

val

Gly

Glu

Arg

365

Lys

Val

Ala

Ala

Ser

Gly

Tyr

His
270

Lys

Leu

val

Arg

Asp

350

Ile

Ala

Lys

Gly

Gly

Leu

Cly

Leu

255

Lys

Tyr

Thr

Pro

Arg

335

Ile

Glu

Pro

Thr

Phe
415

Gly

Ser

Ala

240

Lys

Ala

Asp

Trp

Asp

320

Met

Pro

Asp

Asn

Gln

400

Glu

PCT/US02/39286



ChA 02469695 2004-06-07
WO 03/050310 PCT/US02/39286

Trp Arg @lu Ala Gly Cys Ser Met Cys Leu Gly Met Asn Pro Asp Ile
420 425 430

Leu Ala Pro Gln Glu Arg Cys Ala Ser Thr Ser Asn Arg Asn Phe Glu
435 440 445

Gly Arg Gln Gly Ala Gly Gly Arg Thr His Leu Met Ser Pro Val Met
450 455 460

Ala Ala Ala Ala Gly Ile Val Gly Lys Leu Ala Asp Val Arg Lys Leu
465 470 475 480

Thr Asp Tyr Lys Ala Ser Pro His Ile Ala Ala Tyr Gln Lys Ser Thr
485 ‘ 490 495

Val Thr Lys Pro His Val Asp Glu Arg Ile Asn Gln Asp Ala His Glu
500 505 510

Lys Asp Ile Ile Ala Asp Ile Pro Glu Asp Asn Asn Gly Pro His Thr
515 520 525

Asn Thr Ser Ala Ser Val Gly Thr Ser Ala Gly Leu Pro Lys Phe Thr
530 535 540

Ile Leu Lys Gly Ile Ala Ala Pro Leu Glu Lys Ala Asn Val Asp Thr
545 550 555 560

Asp Ala Ile Ile Pro Lys Gln Phe Leu Lys Thr Ile Lys Arg Thr Gly
! 565 570 575

Leu Gly Asn Ala Leu Phe Tyr Glu Met Arg Phe Asn Glu Asp Gly Thr
580 585 590

Glu Lys Ser Asp Phe Val Leu Asn Lys Glu Pro Tyr Arg Lys Ala Ser
595 600 605

Ile Leu Val Cys Thr Gly Ala Asn Phe Gly Cys Gly Ser Ser Arg Glu
610 615 620

His Ala Pro/Trp Ala Leu Asn Asp Phe Gly Ile Arg Ser Val Ile Ala
625 630 635 640
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Ala Ile Phe Phe Asn Asn Ser Phe Asn Met

650

Ser Phe Lys Gly

655

Pro Asp

645

Ile
670

Ala Ala Ala Ala

665

Pro Ile Pro Ile Gln Gln Ile Glu

660

Leu Lys Asp

Val Pro Asn Gln Leu

685

Ala Ala Glu Ile

680

Glu Arg Glu Leu

675

Gly Lys Asp

Ile Ala Thr Glu Glu Glu

695

Thr Ile Thr Phe Val

700

Lys Asn Glu

6380

Gly Cys

Thr
720

Leu Val Leu Ile Leu

710

Phe His

705

Arg Lys Cys Asn Gly Asp

715

Lsp Gly

Gln Met Glu Ile Phe Glu

730

Met Ala Glu Ala Thr

735

Asp Met

725

Lys Lys Arg

Glu Thr Pro Trp Leu Thr Leu Gln

740

Asp Gly Gly

745

Tyr Lys Arg Liys

750

Gly

Thr
765

Gly Gly Ala Ala Ala

760

Lys Leu Val Prec Val Pro Thr Asn

755

Lys Arg

Gly Glu Glu Glu

770

Pro Leu

775

Lys Lys Glu Trp

<210> 13

<211> 1650

<212> DNA

<213> Magnaporthe grisea

<400> 13

atggagaacg gtgctgcaac cgecactcteoe tteacagacc 60

caacggggcy toggagaagt

tacctcteoea caaggggaga cgattatggg ctetcattecg agaccgtegt cctcaaaggt 120

180

cttgeggctg
agctggaaag

cacgaogagg

acgggggtet

acctgcccta

tgcegacgga

tttectgece gaggaagtygc

caccgagctt gecegtcaagg

agacctcagg gcgectegteg

24

ccgecggcaac
ttctcagett

agecgcagcta

cgagtggceaa
gtacatctcce

ctecgacctte

240

300
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cgatccaagg aggttgtgec getggtgaag ctggaggaca accktcacct goetggageta 360
ttcecacggec ccagctacte gttcaaggac tgegegctge aattcettgg taacctette 420
gagtactttt tgactcgcaa gaacaaggga aaggagggca aagacaggca ccacctcact 480
gtggteggey caacaagtgg tgataccggt teggeggeca tetatggtct tcegeaacaag 540
aaggatgttt ccgtecttcat cctgcacccee aagggtcgtg taagecccat ccaggaggec 600
cagatgacca cggtgctcga ccaaaatgtt cacaaccttg ccgtgaccgg cacctttgac 660
gattgccaag atatcgtcaa ggccatgtte aacgacccag attcgaatge gacactgaag 720
cttggtgetg tcaactcgat caactggtce aggatattgg cccagattgh ttactactte 780
cactegtact tttctctgge cagggegtea ccagagacgt tcaaggtcgg cgacaaagte 840
cgctttgtca cccccaccgg gaactttggt aacatecctgg ctggatactt tgcacaaaag soe
atgggcttge ctgtcgacaa gttggtogtt gegacaaatg agaacgacat tettgacagg 960
ttttggaaga cgggccgcta cgaaaagaag cctgcaagec ccgaggaagc cgcaggeggt 1020
ctgectecaag atggegtaaa ggctcacgag gagggetgca aggagaccct gagccoeggeyg 1080
atggacattt tggtgtegag caactttgag cgaacactgt ggtttettge caaggagttc 1140
gctgctacgg ctggecctecaa tgacgagttce aacaagaage aagccggcca ggaagttgtg 1200
gcatggtaca agtccctcaa ggctacegga ggetteggte cggtccaccc tgaaatcatg 1260
gacaatggcc gccaggtett tgaaagcgag cgcgtgageg acacccagac cctogagatyg 1320
atcgcggaga tgtacaaagce cacaaagtac gttctcgacce cgeactcetge cgteggtgtt 1380
gcgggggcca agaggtcaat gtcgagggec tccaacgtce cgeacatcege gotgtccacg 1440
gcecacceag ccaagttete tggegecgtt gagettgege tcaaggacca gaaggagttce 1500
gactttacaa agcaggtect gccagaggac tttgttggac tagcagagaa ggaaaagagg 1560
gtgactgagy tggccgegaa ctggeaggaa gtgagggaga ttgtcaagaa gcaggtcgag 1620
gaagacttga aggctgaaag tagtgcataa 1650
<210> 14
<211> 2082
<212> DNA .
<213> Magnaporthe grisea
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<400> 14

tacactgtca aataggcgat ggcocgattac ctattttgta ttgacaaaaa atgacaagac 60
cagctgtatce cactgatatc gataaggttt tttattactg gccgatgtcg ggagacgegg 120
ggcgaggtgg gcgaaattga ctaacactga ttttgactga tgegactgat gecgacagccg 180
cgcgacaaca cccaacacgc agacttgaca gattctgcta ctacaaatce tgecatattta 240
acagcgetge aactcgacga tggagaacgg tgctgcaace aacggggegt cggagaagtce 300
gcactcteet tecacagacct acctctccac aaggggagac gattatgggc tctcattcga 360
gaccgtegtc ctcaaaggte ttgeggetga agggggtett ttectgoceg aggaagtgee 420
cgcggeaacce gagtggcasa gctggaaaga cctgecctac accgagecttyg cocgtcaaggt 480
tetcagottg tacatctcce ccogccgaggt gecgacggaa gacctcaggg cgctcgtega 540
gcgeagetac tegacctteoe gatccaagga ggttgtgecg ctggtgaage tggaggacaa 600
cctteacetg ctggagctat tccacggece cagetacteg ttcaaggact gegogctgea 660
attccttggt aacctectteg agtacttttt gactcgcaag aacaagggaa aggagggcaa 720
agacaggcac cacctecactg tggtcggege aacaagtggt gataccggtt cggeggecat 780
ctatggtett cgcaacaaga aggatgtttc cgtcttcate ctgcaccoca agggtegtgt 840
aagccccate caggaggccc agatgaccac ggtgctcgac caaaatgttc acaaccttge 900
cgtgaccgge acctttgacg attgccaaga tatcgtcaag gccatgttca acgacccaga 960
ttcgaatgeg acactgaagce ttggtgctgt caactcgatce aactggtceca ggatattggce 1020
ccagattgtt tactacttcc actcgtactt ttetetggec agggegtecac cagagacgtt 1080
caaggtecgge gacaaagtec getttgtcac ceccaccggg aactttggta acatcctgge 1140
tggatacttt gcacaaaaga tgggcttgce tgtcgacaag ttggtogttg cgacaaatga 1200
gaacgacatt cttgacaggt tttggaagac gggccgctac gaaaagaagc ctgcaagecoc 1260
cgaggaagece gcaggeggte tgecteaaga tggcgtaaag gotcacgagyg agggctgcaa 1320
ggagaccctyg agccecggega tggacatttt ggtgtcgage aactttgage gaacactgtg 1380
gtttcttgec aaggagttcg ctgctacgge tggectcaat gacgagttca acaagaagcea 1440
agccggccag gaagttgtgg catggtacaa gtccoctcaag gctaccggag gettcggtec 1500
ggtccaccet gaaatcatgg acaatggceg ccaggtcttt gaaagcgage gegtgagega 1560
cacccagace ctcgagatga tcgeggagat gtacaaagec acaaagtacy ttctcgaccee 1620
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gcactctgee gtcggtgttg cgggggccaa gaggtcaatg tcgagggect ccaacgtcee 1680
gcacategeg ctgtcecacgg cccacccage caagttetet ggegeegttyg agettgeget 1740
caaggaccag aaggagttceg actttacaaa gcaggtcctg ccagaggact ttgttggact 1800
agcagagaag gaaaagaggg tgactgaggt ggecgecgaac tggcaggaag tgagggagat 1860
tgtcaagaag caggtcgagg aagacttgaa ggctgaaagt agtgcataat cacgagcecgg 1920
agtgcagtag aaaatggtgt cgagatcagc atctagattt gctttcctag agatatgeaa 1980
acatttactt attctggacc ctgaatgcag cceccaagggt gecactagate ggataactgg 2040
aggtttagac gcggecgact tttccggagg tttttgaaag gg 2082
<210> 15
<211> 549
«212> PRT
<213> Magnaporthe grisea
<400> 15
Met Glu Asn Gly Ala Ala Thr Asn Gly Ala Ser Glu Lys Ser His Ser
1 5 10 15
Pro Ser Gln Thr Tyr Leu Ser Thr Arg Gly Asp Asp Tyr Gly Leu Ser

20 25 30
Phe Glu Thr val Val Leu Lys Gly Leu Ala Ala Asp Gly Gly Leu Phe
35 f 40 45
Leu Pre Glu Glu Val Pro Ala Ala Thr Glu Trp GIn Ser Trp Lys Asp

50 55 60
Leu Pro Tyr Thr @Glu Leu Ala Val Lys Val Leu Ser Leu Tyr Ile Ser
65 70 75 80
Pro Ala Glu Val Pro Thr Glu Asp Leu Arg Ala Leu Val Glu Arg Ser

B5 90 95
Tyr Ser Thr Phe Arg Ser Lys Glu Val val Pro Leu Val Lys Leu Glu
100 105 110
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Asp

Lys

Thr

145

Val

Leu

Arg

Asn

Ile

225

Leu

val

Thr

Phe

Val

305

Phe

Ala
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Asn

Asp

130

Arg

Val

Arg

vVal

val

210

val

Gly

Tyr

Phe

Gly

290

Asp

Trp

Ala

Leu

115

Cysg

Lys

Gly

Asn

Ser

195

His

Lys

Ala

Tyr

Lys

2758

Asn

Lys

Lys

Gly

His

Ala

Asn

Ala

Lys

180

Pro

Asn

Ala

Val

Phe

260

Val

Ile

Leu

Thr

Gly

Leu

Leu

Lys

Thr

le5

Lys

Ile

Leu

Met

Asn

245

Hig

Gly

Leu

Val

Gly

325

Leu

Leu

Gln

Gly

150

Ser

Asp

Gln

Ala

Phe

230

Ser

Ser

Agp

Ala

val

310

Arg

Pro

Glu

Phe

135

Lys

Gly

Val

Glu

vVal

215

Asn

Ile

Tyr

Lys

Gly

2985

Ala

Tyr

Gln
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Leu

120

Leu

Glu

Asp

Ser

Ala

200

Thr

AsSp

Asn

Phe

Val
280

Tyr

Thr

Glu

Asp

Phe

Gly

Gly

Thr

val

185

Gln

Gly

Pro

Trp

Ser

265

Arg

Phe

Asn

Lys

Gly

His

Asn

Lys

Gly

170

Phe

Met

Thr

Asp

Ser

250

Leu

Phe

Ala

Glu

Lys

330

Val

28

Gly

Leu

Asp

155

Ser

Ile

Thr

Phe

Ser

235

Arg

Ala

Val

Gln

Asn

315

Pro

Lys

Pro

Phe

140

Arg

Ala

Leu

Thr

Asp

220

Asn

Ile

Arg

Thr

Lys

300

Asp

Ala

Ala

Ser
125

Glu

Ala

His

val

205

Asp

Ala

Leu

Ala

Pro

285

Met

Ile

Ser

His

TyrY

Tyr

His

Ile

Pro

190

Leu

Cys

Thr

Ala

Ser

270

Thr

Gly

Leu

Pro

Glu

Ser

Phe

Leu

Tyr

175

Lys

Asp

Gln

Leu

Gln

255

Pro

Gly

Leu

Asp

Glu

335

Glu

Phe

Leu

Thr

160

Gly

Gly

Gln

Asp

Lys

240

Ile

Glu

Asn

Pro

Arg

320

Glu

Gly
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Cys

Phe

Gly

385

Ala

Pro

Ser

Lys

Arg

465

Ala

Gln

Gly

Gln

Ala
545
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Lys

Glu

370

Leu

Trp

Glu

Asp

Tyxr

450

Ser

His

Lys

Leu

Glu
530

Glu

Glu

355

Arg

Asn

Tyr

Ile

Thr

435

Val

Met

Ero

Glu

Ala
515

Val

Ser

340

Thr

Thr

Asp

Lys

Met

420

Gln

Leu

Ser

Ala

Phe
500

Glu

Arg

Ser

Leu

Leu

Glu

Ser

405

Asp

Thr

Asp

hrg

Lys

485

Asp

Lys

Glu

Ala

Ser

Trp

Phe

390

Leu

Asn

Leu

Pro

Ala

470

Phe

Fhe

Glu

Ile

Pro

Phe

375

Asn

Lys

Gly

Glu

His

455

Ser

Ser

Thr

Lys

Val
535
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Ala

360

Leu

Lys

Ala

Arg

Met

440

Ser

Asn

Gly

Lys

Arg
520

Lys

345

Met

Ala

Lys

Thr

Gln

425

Ile

Ala

Val

Ala

Gln
505

Val

Lys

Asp

Lys

Gln

Gly

410

val

Ala

Val

Pro

Val

490

Val

Thr

Gln

29

Ile

Glu

Ala

385

Gly

Phe

Glu

Gly

His

475

Glu

Leu

Glu

val

Leu

Phe

380

Gly

Phe

Glu

Met

Val

460

Ile

Leu

Pro

val

Glu
540

Val

365

Ala

Gln

Gly

Ser

Tyr

445

Ala

Ala

Ala

Glu

Ala
525

Glu

350

Ser

Ala

Glu

Pro

Glu

430

Lys

Gly

Leu

Leu

Asp
510

Ala

Asp

Ser

Thr

val

val

415

Brg

Ala

Ala

Ser

Lys

495

Phe

Asn

Leu

Asn

Ala

val

400

His

Val

Thr

Lys

Thr

480

Asp

Val

Trp

Lys
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CLAIMS
What is claimged is:

1. A method for identifying a test compound as a candidate for an antibiotic, comprising:
a) contacting an Asparagine Synthase polypeptide with a test compound; and
b) detecting the presence or absence of binding between said test compound and said
Asparagine Synthase polypeptide, wherein binding indicates that said test

compound is a candidate for an antibiotic.

2. The method of claim 1, wherein said Asparagine Synthase polypeptide is a fungal

Asparagine Synthase polypeptide.

3. The method of claim 1, wherein said Asparagine Synthase polypeptide is a

Magnaporthe Aspara:gine Synthase polypeptide.

4. The method of claim 1, wherein said Asparagine Synthase polypeptide is SEQ ID NO:

3.

5. A method for identifying a test compound as a candidate for an antibiotic, comprising:
a) contacting a test compound with at least one polypeptide selected from the group
consisting of: a polypeptide having at least ten consecutive amino acids of a fungal
Asparagine Synthase, a polypeptide having at least 50% sequence identity with a
fungal Asparagine Synthase, and a polypeptide having at least 10% of the activity

of a fungal Asparagine Synthase; and
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b) detecting the presence and/or absence of binding between said test compound and
said polypeptide, wherein binding indicates that said test compound is a candidate

for an antibiotic.

6. A method for identifying a test compound as a candidate for an antibiotic, comprising:

a) contacting L-aspartate, L-glutamine, and ATP with an Asparagine Synthase;

b) contacting L-aspartate, L-glutamine, and ATP with Asparagine Synthase and a test
compound; and

¢) determining the change in concentration for at least one of the following: L-
aspartate, L-glutamine, L-asparagine, L-glutamate, ATP, AMP, and/or
pyrophosphate, wherein a change in concentration for any of the above substances
between steps (a) and (b) indicates that said test compound is a candidate for an

antibiotic.

7. The method of claim 6, wherein said Asparagine Synthase is a fungal Asparagine

Synthase.

8. The method of claim 6, wherein said Asparagine Synthase is a Magnaporthe

Asparagine Synthase.

9. The method of claim 6, wherein said Asparagine Synthase is SEQ ID NO: 3.
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10. A method for identifying a test compound as a candidate for an antibiotic,
comprising:
a) contacting L-asparagine, L-glutamate, AMP, and pyrophosphate with an
Asparagine Synthase;
b) contacting L-asparagine, L-glutamate, AMP, and pyrophosphate with an
Asparagine Synthase and a test compound; and
c) determining the change in concentration for at least one of the following: L-
aspartate, L-glutamine, L-asparagine, L-glutamate, ATP, AMP, and/or
pyrophosphate, wherein a change in concentration for any of the above substances
between steps (a) and (b) indicates that said test compound is a candidate for an

antibiotic.

11. The method of claim 10, wherein said Asparagine Synthase is a fungal Asparagine

Synthase.

12. The method of claim 10, wherein said Asparagine Synthase is a Magnaporthe

Asparagine Synthase.

13. The method of claim 10, wherein said Asparagine Synthase is SEQ ID NO: 3.

14. A method for identifying a test compound as a candidate for an antibiotic,

comprising:
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a) contacting L-aspartate, L-glutamine, and ATP with a polypeptide selected from the
group consisting of: a polypeptide having at least 50% sequence identity with
Asparagine Synthase, a polypeptide having at least 50% sequence identity with an
Asparagine Synthase and having at least 10% of the activity thereof, and a
polypeptide comprising at least 100 consecutive amino acids of an Asparagine
Synthase;

b) contacting L-aspartate, L-glutamine, and ATP with said polypeptide and a test
compound; and

¢) determining the change in concentration for at least one of the follov.ing: L-
aspartate, L-glutamine, L-asparagine, L-glutamate, ATP, AMP, and/or
pyrophosphate, wherein a change in concentration for any of the above substances
between steps (a) and (b) indicates that said test compound is a candidate for an
antibiotic.

15. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) contacting L-asparagine, L-glutamate, AMP, and pyrophosphate with a polypeptide
selected from the group consisting of: a polypeptide having at least 50% sequence
identity with an Asparagine Synthase, a polypeptide having at least 50% sequence
identity with an Asparagine Synthase and at least 10% of the activity thereof, and a
polypeptide comprising at least 100 consecutive amino acids of an Asparagine
Synthase;

b) contacting L-asparagine, L-glutamate, AMP, and pyrophosphate, with said

polypeptide and a test compound; and
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c) determining the change in concentration for at least one of the following: L-
aspartate, L-glutamine, L-asparagine, L-glutamate, ATP, AMP, and/or
pyrophosphate, wherein a change in concentration for any of the above substances
between steps (a) and (b) indicates that said test compound is a candidate for an

antibiotic.

16. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) measuring the expression of an Asparagine Synthase in a cell, cells, tissue, or an
organism in the absence of a test compound;

b) contacting said cell, cells, tissue, or organism with said test compound and
measuring the expression of said Asparagine Synthase in said cell, cells, tissue, or
organism; and

c) comparing the expression of Asparagine Synthase in steps (a) and (b), wherein a
1ower expression in the presence of said test compound indicates that said

i
compound is a candidate for an antibiotic.

17. The method of claim 16, wherein said cell, cells, tissue, or organism is, or is derived

from a fungus.

18. The method of claim 16, wherein said cell, cells, tissue, or organism is, or is derived

from a Magnaporthe fungus or fungal cell.
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19. The method of claim 16, wherein said Asparagine Synthase is SEQ ID NO: 3.

20. The method of claim 16, wherein the expression of Asparagine Synthase is measured

by detecting ASNT mRNA.

21. The method of claim 16, wherein the expression of Asparagine Synthase is measured

by detecting Asparagine Synthase polypeptide.

22. A method for identifying a test compound as a candidate for an antibiotic,
comprising:
a) providing cells having one form of an Asparagine Synthase gene, and providing
comparison cells having a different form of an Asparagine Synthase gene; and
b) contacting said cells and said comparison cells with a test compound and
determining the growth of said cells and comparison cells in the presence of the test
compound, wherein a difference in growth betwe:en said cells and said comparison

cells in the presence of said compound indicates that said compound is a candidate

for an antibiotic.

23. The method of claim 22 wherein the cells and the comparison cells are fungal cells.

24. The method of claim 22, wherein the cells and the comparison cells are Magnaporthe

cells.
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25. The method of claim 22, wherein said form and said different form of the Asparagine

Synthase are fungal Asparagine Synthases.

26. The method of claim 22, wherein at least one of the forms is a Magnaporthe

Asparagine Synthase.

27. The method of claim 22, wherein said form and said different form of the Asparagine

Synthase are non-fungal Asparagine Synthasés.

28. The method of claim 22, wherein one form of the Asparagine Synthase is a fungal

Asparagine Synthase, and the different form is a non-fungal Asparagine Synthase.

29. A method for identifying a test compound as a candidate for an antibiotic,
comprising;
a\) providing cells having one form of a gene in the L-asparagine biochemical and/or
genetic pathway and providing comparison cells having a different form of said gene;
b) contacting said cells and said comparison cells with a said test compound; and
¢) determining the growth of said cells and said comparison cells in the presence of
said test compound, wherein a difference in growth between said cells and said
comparison cells in the presence of said test compound indicaies that said test

compound is a candidate for an antibiotic.

30. The method of claim 29, wherein the cells and the comparison cells are fungal cells.
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31. The method of claim 29, wherein the cells and the comparison cells are Magnaporthe

cells.

32. The method of claim 29, wherein said form and said different form of the -

asparagine biosynthesis gene are fungal L-asparagine biosynthesis genes.

33. The method of claim 29, wherein at least one of the forms is a Magnaporthe L-

asparagine biosynthesis gene.

34. The method of claim 29, wherein said form and said different form of the I.-

asparagine biosynthesis genes are non-fungal L-asparagine biosynthesis gernes,

35. The method of claim 29, wherein one form of the L-asparagine biosynthesis gene is a
fungal L-asparagine biosynthesis gene, and the different form is a non-fungal L-

asparagine biosynthesis gene.

36. A method for determining whether the antibiotic candidate of claim 29 has antifungal
activity, further comprising: contacting a fingus or fungal cells with said antibiotic
candidate and detecting a decrease in growth, viability, or pathogenicity of said fungus
or fungal cells, wherein a decrease in growth, viability, or pathogenicity of said fungus

or fungal cells indicates that the antibiotic candidate has antifungal activity.
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37. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

(2) providing paired growth media comprising’a first medium and a second medium,
wherein said second medium contains a higher level of L-asparagine than said first
medium;

(b) contacting an organism with a test compound;

(¢) inoculating said first and said second media with said organism; and

(d) determining the growth of said organism, wherein a difference in growth of the
organism between said first and said second media indicates that said test

compound is a candidate for an antibiotic.
38. The method of claim 37, wherein said organism is a fungus.
39. The method of claim 37, wherein said organism is Magnaporthe.

40. An isolated nucleic acid comprising a nucleotide sequence that encodes a polypeptide

of SEQ ID NO: 3.
41. The nucleic acid of claim 40 comprising the nucleotide sequence of SEQ ID NO: 1.

H

42. An expression cassette comprising the nucleic acid of claim 40.
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43. The isolated nucleic acid of claim 40 comprising a nucleotide sequence with at least

50 to at least 95% sequence identity to SEQ ID NO: 1.
44. A polypeptide consisting essentially of the amino acid sequence of SEQ ID NO: 3.
45. A polypeptide comprising the amino acid sequence of SEQ ID NO: 3.

46. A method for identifying a test compound as a candidate for an antibiotic,
comprising:
a) contacting a 5-Aminolevulinate synthase polypeptide with a test compound; and
b) detecting the presence or absence of binding between said test compound and said
5-Aminolevulinate synthase polypeptide,

wherein binding indicates that said test compound is a candidate for an antibiotic.

47. The method of claim 46, wherein said 5-Aminolevulinate synthase polypeptide is a

fungal 5-Aminolevulinate synthase polypeptide.

48. The methed of claim 46, wherein said 5-Aminolevulinate synthase polypeptide is a

Magnaporihe 5-Aminolevulinate synthase polypeptide.

49. The method of claim 46, wherein said 5-Aminolevulinate synthase polypeptide is

SEQ ID NO: 6.
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50. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) contacting a test compound with at least one polypeptide selected from the group
consisting of: a polypeptide having at least ten consecutive amino acids of a fungal
5-Aminolevulinate synthase, a polypeptide having at least 50% sequence identity
with a fungal 5-Aminolevulinate synthase, and a polypeptide having at least 10% of
the activity of a fungal 5-Aminolevulinate synthase; and

b) detecting the presence and/or absence of binding between said test compound and
said polypeptide,

wherein binding indicates that said test compound is a candidate for an antibiotic.

51. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) contacting succinyl-CoA and glycine with a 5-Aminolevulinate synthase;

b) contacting succinyl-CoA and glycine with 5-Aminolevulinate synthase and a test
compound; and

¢} determining the change in concentration for at least one of the following: succinyl-
CoA, glycine, S—all‘ninolevulinate, CoA, and/or CO,,

wherein a change in concentration for any of the above substances between steps (a) and

(b) indicates that said test compound is a candidate for an antibiotic.

51. The method of claim 51, wherein said 5-Aminolevulinate synthase is a fungal 5-

Aminolevulinate synthase.
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52. The method of claim 51, wherein said 5-Aminolevulinate synthase is a Magnaporthe

5-Aminolevulinate synthase.

53. The method of claim 51, wherein said 5-Aminolevulinate synthase is SEQ ID NO: 6.

54. A method for identifying a test compound as a candidate for an antibiotic,
comprising:
a) contacting 5-aminolevulinate, CoA, and CO; with a 5-Aminclevulinate synthase;
b) contacting 5-aminolevulinate, CoA, and CO, with a 5-Aminolevulinate synthase
and a test compound; and
¢) determining the change in concentration for at least one of the following: succinyl-
CoA, glycine, 5-aminolevulinate, CoA, and/or CO,,
wherein a change in concentration for any of the above substances between steps (a)

and (b) indicates that said test compound is a candidate for an antibiotic.

55. The method of claim 54, wherein said 5-Aminolevulinate synthase is a fungal 5-

Aminolevulinate synthase.

56. The method of claim 54, wherein said 5-Aminolevulinate synthase is a Magnaporthe

5-Aminolevulinate synthase.

57. The method of claim 54, wherein said 5-Aminolevulinate synthase is SEQ ID NO: 6,
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58. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) contacting succinyl-CoA and glycine with a polypeptide selected from the group
consisting of: a polypeptide having at least 50% sequence identity with 5-
Aminolevulinate synthase; a polypeptide having at least 50% sequence identity
with a 5-Aminolevulinate synthase and having at least 10% of the activity thereof:
and a polypeptide comprising at least 100 consecutive amino acids of a 5-
Aminolevulinate synthase;

b) contacting succinyl-CoA and glycine with said polypeptide and a test compound;
and

¢) determining the change in concentration for at least one of the following: succinyl-
CoA, glycine, S-aminolevulinate, CoA, and/or CO,,

wherein a change in concentration for any of the above substances between steps (a) and

(b) indicates that said test compound is a candidate for an antibiotic.

59. A method for identifying a test compound as a candidate for an antibiotic,
comprising:
a) contacting 5-aminolevulinate, CoA, and CO; with a polypeptide selected from the
group consisting of: a polypeptide having at least 50% sequence identity with a 5-
Aminolevulinate synthase; a polypeptide having at least 50% sequence identity

with a 5-Aminolevulinate synthase and at least 10% of the activity thereof; and a
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polypeptide comprising at least 100 consecutive amino acids of a 5-
Aminolevulinate synthase;
b) contacting 5-aminolevulinate, CoA, and CO,, with said polypeptide and a test
compound; and
¢) determining the change in concentration for at least one of the following: succinyl-
CoA, glycine, 5-aminolevulinate, CoA, and/or CQ,,
wherein a change in concentration for any of the above substances between steps (a) and

(b) indicates that said test compound is a candidate for an antibiotic.

60. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) measuring the expression of a 5-Aminolevulinate synthase in a cell, cells, tissue, or
an organism in the absence of a test compound,

b) contacting said cell, cells, tissue, or organism with said test compound and
measuring the expression of said 5-Aminolevulinate synthase in said cell, cells,
tissue, or organism; and

¢) comparing the expression of 5-Aminolevulinate synthase in steps (a) and (b),

wherein a lower expression in the presence of said test compound indicates that said test

compound is a candidate for an antibiotic.

61. The method of claim 60 wherein said cell, cells, tissue, or organism is, or is derived

from a fungus.
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62. The method of claim 60 wherein said cell, cells, tissue, or organism is, or is derived

from a Magnaporthe fungus or fungal cell.
63. The method of claim 60, wherein said 5-Aminolevulinate synthase is SEQ ID NO: 6.

64. The method of claim 60, wherein the expression of 5-Aminolevulinate synthase is

measured by detecting ALAST mRNA.

65. The method of claim 60, wherein the expression of 5-Aminolevulinate synthase is

measured by detecting 5-Aminolevulinate synthase polypeptide.

66. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) providing cells having one form of a 5-Aminolevulinate synthase gene, and
providing comparison cells having a different form of a 5-Aminolevulinate
synthase gene; and

b) contacting said cells and said comparison cells with a test compound and
determining the growth of said cells and comparison cells in the presence of the test
compound,

wherein a difference in growth between said cells and said comparison cells in the
presence of said compound indicates that said compound is a candidate for an

antibiotic.
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67. The method of claim 66 wherein the cells and the comparison cells are fungal cells.

68. The method of claim 66 wherein the cells and the comparison cells are Magnaporthe

cells.

69. The method of claim 66 wherein said form and said comparison form of the 5-

Aminolevulinate synthase are fungal 5-Aminolevulinate synthases.

70. The method of claim 66, wherein at least one of the forms is a Magnaporthe 5-

Aminolevulinate synthase.

71. The method of claim 66 wherein said form and said comparison form of the 5-

Aminolevulinate synthase are non-fungal 5-Aminolevulinate synthases.

72. The method of claim 66 wherein one form of the 5-Aminolevulinate synthase is a
fungal 5-Aminolevulinate synthase, and the other form is a non-fungal 5-

Aminolevulinate synthase.

73. A method for identifying a test compound as a candidate for an antibiotic,
comprising:
a) providing cells having one form of a gené in the heme biochemical and/or genetic
pathway and providirig comparison cells having a different form of said gene.

b) contacting said cells and said comparison cells with a test compound,
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c) determining the growth of said cells and said comparison cells in the presence of
said test ébmpound,
wherein a difference in growth between said cells and said comparison cells in the
presence of said test compound indicates that said test compound is a candidate for

an antibiotic.
74. The method of claim 73 wherein the cells and the comparison cells are fungal cells.

75. The method of claim 73 wherein the cells and the comparison cells are Magnaporthe

cells.

76. The method of claim 73 wherein said form and said different form of the heme

biosynthesis gene are fungal heme biosynthesis genes.

77. The method of claim 73, wherein at least one form is a Magnaporthe heme

biosynthesis gene.

78. The method of claim 73 wherein said form and said different form of the heme

biosynthesis genes are non-fungal heme biosynthesis genes.
79. The method of claim73 wherein one form of the heme biosynthesis gene is a fungal

heme biosynthesis gene, and the different form is a non-fungal heme biosynthesis

gene.
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80. A method for identifying a test compound as a candidate for an antibiotic,
comprising;

(a) providing paired growth media; comprising a first medium and a second medium,
wherein said second medium contains a higher level of 5-aminolevulinate than said
first medium;

(b) contacting an organism with a test compound;

(¢) inoculating said first and said second media with said organism; and

(d) determining the growth of said organism,

wherein a difference in growth of the organism between said first and said second media

indicates that said test compound is a candidate for an antibiotic,
81. The method of claim 80, wherein said organism is a fungus,
82. The method of claim 80, wherein said organism is Magnaporthe.

83. An isolated nucleic acid comprising a nucleotide sequence that encodes a polypeptide

of SEQ ID NO: 6.
84. The nucleic acid of claim 83 comprising the nucleotide sequence of SEQ ID NO: 4.

85. An expression cassetie comprising the nucleic acid of claim 83.
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86. The isolated nucleic acid of claim 83 comprising a nucleotide sequence with at least

50 to at least 95% sequence identity to SEQ ID NO: 4.

87. A polypeptide consisting essentially of the amino acid sequence of SEQ ID NO: 6.

88. A polypeptide comprising the amino acid sequence of SEQ D NO: 6.

89. A method for identifying a test compound as a candidate for an antibiotic,
comprising:
a) contacting a histidinol-phosphatase polypeptide with a test compound; and
b) detecting the presence or absence of binding between said test compound and said
histidinol-phosphatase polypeptide,

wherein binding indicates that said test compound is a candidate for an antibiotic.

90. . The method of claim 89, wherein said histidinol-phosphatase polypeptide is a

fungal histidinol-phosphatase polypeptide.

91. The method of claim 89, wherein said histidinol-phosphatase polypeptide is a

Magnaporthe histidinol-phosphatase polypeptide.

92. The method of claini 89, wherein said histidinol-phosphatase polypeptide is SEQ ID

NO: 9.
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93. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) contacting a test compound with at least one polypeptide selected from the group
consisting of: a polypeptide having at least ten consecutive amino acids of a fungal
histidinol-phosphatase; a polypeptide having at least 50% sequence identity with;
and a polypeptide having at least 10% of the activity of a fungal histidinol-
phosphatase; and

b) detecting the presence and/or ahsence of binding between said test compound and
said polypeptide,

wherein binding indicates that said test compound is a candidate for an antibiotic.

94. A method for identifying a test compound as a candidate for an antibiotic,

comprising:

a) contacting L-histidinol phosphate and H,O with a histidinol-phosphatase;

b) contacting L-histidinol phosphate and H,O with histidinol-phosphatase and a test
compound; and

c) determining the change in concentration for at least one of the following: L-
histidinol phosphate, H,0, L-histidinol, and/or orthophosphate,

wherein a change in concentration for any of the above substances between steps (a) and

(b) indicates that said test compound is a candidate for an antibiotic.

95. The method of claim 94, wherein said histidinol-phosphatase is a fungal histidinol-

phosphatase.
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96. The method of claim 94, wherein said histidinol-phosphatase is a Magnaporthe

histidinol-phosphatase.

97. The method of claim 94, wherein said histidinol-phosphatase is SEQ ID NO: 9.

98. A method for identifying a test compound as a candidate for an antibiotic,

comprising: {
\

a) contacting L-histidinol and orthophosphate with a histidinol-phosphatase;

b) contacting L-histidinol and orthophosphate with a histidinol-phosphatase and a test
compound; and

¢) determining the change in concentration for at least one of the following: L-
histidinol phosphate, H,O, L-histidinol, and/ot orthophosphate,

wherein a change in concentration for any of the above substances between steps (a) and
(b) indicates that said test compound is a candidate for an antibiotic.
99. The method of claim 98, wherein said histidinol-phosphatase is a fungal histidinol-

phosphatase.

100. The method of claim 98, wherein said histidinol-phosphatase is a Magnaporthe

histidinol-phosphatase.

101. The method of claim 98, wherein said histidinol-phosphatase is SEQ ID NO: 9.
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102. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) contacting L-histidinol phosphate and H,O with a polypeptide selected from the
group consisting of: a polypeptide having at least 50% sequence identity with
histidinol-phosphatase; a polypeptide having at least 50% sequence identity with a
histidinol-phosphatase and having at least 10% of the activity thereof; and a
polypeptide comprising at least 100 consecutive amino acids of a histidinol-
phosphatase;

b) contacting L-histidinol phosphate and H,O with said polypeptide and a test
compound; and

c) determining the change in concentration for at least one of the following: L-
histidinol phosphate, H,O, L-histidinol, and/or orthophosphate,

wherein a change in concentration for any of the above substances between steps (a) and

(b) indicates that said test compound is a candidate for an antibiotic.

103. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) contacting L-histidinol and orthophosphate with a polypeptide selected from the
group consisting of: a polypeptide having at least 50% sequence identity with a
histidinol-phosphatase; a polypeptide having at least 50% sequence identity with a
histidinol-phosphatase and at least 10% of the activity thereof; and a polypeptide

comprising at least 100 consecutive amino acids of a histidinol-phosphatase;
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b) contacting L-histidinol and orthophosphate, with said polypeptide and a test
compound; and
c) determining the change in concentration for at least one of the following: L-
histidinol phosphate, H,O, L-histidinol, and/or orthophosphate,
wherein a change in concentration for any of the above substances between steps (a) and

(b) indicates that said test compound is a candidate for an antibiotic.

104. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) measuring the expression of a histidinol-phosphatase in a cell, cells, tissue, or an
organism in the absence of a test compound,;

b) contacting said cell, cells, tissue, or organism with said test compound and
measuring the expression of said histidinol-phosphatase in said cell, cells, tissue, or
organism; and

¢) comparing the expression of histidinol-phosphatase in steps (a) and (b),

wherein a lower expression in the presence of said test compound indicates that said test

compound is a candidate for an antibiotic.

105. The method of claim 104 wherein said cell, cells, tissue, or organism is, or is derived

from a fungus.

106. The method of claim 104 wherein said cell, cells, tissue, or organism is, or is derived

from a Magnaporthe fungus or fungal cell.
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107. The method of claim 104, wherein said histidinol-phosphatase is SEQ ID NO: 9.

108. The method of claim 104, wherein the expression of histidinol-phosphatase is

measured by detecting HISP1 mRNA.

109. The method of claim 104, wherein the expression of histidinol-phosphatase is

measured by detecting histidinol-phosphatase polypeptide.

110. A method for identifying a test compound as a candidate for an antibiotic,

comprising:

a) providing cells having one form of a histidinol-phosphatase gene, and providing
comparison cells having a different form of a histidinol-phosphatase gene; and

b) contacting said cells and said comparison cells with a test compound and
determining the growth of said cells and comparison cells in the presence of the test
compound,

wherein a difference in growth between said cells and said comparison cells in the

presence of said compound indicates that said compound is a candidate for an

antibiotic.

111. The method of claim 110 wherein the cells and the comparison cells are fungal cells.
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112. The method of claim 110 wherein the cells and the comparison cells are

Magnaporthe cells.

113. The method of claim 110 wherein said form and said comparison form of the

histidinol-phosphatase are fungal histidinol-phosphatases.

114. The method of claim 110, wherein at least one of the forms is a Magnaporthe

histidinol-phosphatase.

115. The method of claim 110 wherein said form and said comparison form of the

histidinol-phosphatase are non-fungal histidinol-phosphatases.

116. The method of claim 110 wherein one form of the histidinol-phosphatase is a fungal

histidinol-phosphatase, and the other form is a non-fungal histidinol-phosphatase.

117. A method for identifying a test compound as a candidate for an antibiotic,
comprising:
a) providing cells having one form of a gene in the L-histidine biochemical and/or
genetic pathway and providing comparison cells having a different form of said gene.
b) contacting said cells and said comparison cells with a test compound,
c¢) determining the growth of said cells and said comparison cells in the presence of

said test compound,
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wherein a difference in growth between said cells and said comparison cells in the
presence of said test compound indicates that said test compound is a candidate for

an antibiotic.

118. The method of claim 117 wherein the cells and the comparison cells are fungal cells.

119. The method of claim 117 wherein the cells and the comparison cells are

Magnaporthe cells.

120. The method of claim 117 wherein said form and said different form of the L-

histidine biosynthesis gene are fungal L-histidine biosynthesis genes.

121. The method of claim 117, wherein at least one form is a Magnaporthe L-histidine

biosynthesis gene.

122. The method of claim 117 wherein said form and said different form of the L-

histidine biosynthesis genes are non-fungal L-histidine biosynthesis genes.

123. The method of claim 117 wherein one form of the L-histidine biosynthesis gene is a

fungal L-histidine biosynthesis gene, and the different form is a non-fungal L-histidine

biosynthesis gene.
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124. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

(a) providing paired growth media; comprising a first medium and a second medium,
wherein said second medium contains a higher level of L-histidine than said first
medium;

(b) contacting an organism with a test compound;

(c) inoculating said first and said second media with said organism; and

(d) determining the growth of said organism,

wherein a difference in growth of the organism between said first and said second media

indicates that said test compound is a candidate for an antibiotic.

125. The method of claim 124, wherein said organism is a fungus.

126. The method of claim 124, wherein said organism is Magnaporthe.

127. An isolated nucleic acid comprising a nucleotide sequence that encodes a

polypeptide of SEQ ID NO: 9.

128. The nucleic acid of claim 127 comprising the nucleotide sequence of SEQ ID NO:

129. An expression cassette comprising the nucleic acid of claim 128.
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130. The isolated nucleic acid of claim 127 comprising a nucleotide sequence with at

least 50 to at least 95% sequence identity to SEQ ID NO: 7.
131. A polypeptide consisting essentially of the amino acid sequence of SEQ ID NO: 9
132. A polypeptide comprising the amino acid sequence of SEQ ID NO: 9.

133. A method for identifying a test compound as a candidate for an antibiotic,
comprising: |
a) contacting a 3-Isopropylmalate dehydratase polypeptide with said test compound;
and
b) detecting the presence or absence of binding between a test compound and said 3-
Isopropylmalate dehydratase polypeptide,

wherein binding indicates that said test compound is a candidate for an antibiotic.

134. The method of claim 133, wherein said 3-Isopropylmalate dehydratase polypeptide

is a fungal 3-Isopropylmalate dehydratase polypeptide.

135. The method of claim 133, wherein said 3-Isopropylmalate dehydratase polypeptide

is a Magnaporthe 3-Isopropylmalate dehydratase polypeptide.

136. The method of claim 133, wherein said 3-Isopropylmalate dehydratase polypeptide

is SEQ TD NO: 12.
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137. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) contacting a test compound with at least one polypeptide selected from the group
consisting of: a polypeptide having at least ten consecutive amino acids of a fungal
3-Isopropylmalate dehydratase; a polypeptide having at least 50% sequence
identity with a fungal 3-Isopropylmalate dehydratase; and a polypeptide having at
least 10% of the activity of a fungal 3-Isopropylmalate dehydratase; and

b) detecting the presence and/or absence of binding between said test compound and
said polypeptide,

wherein binding indicates that said test compound is a candidate for an antibiotic.

138. A method for identifying a test compound as a candidate for an antibiotic,

comprising:

a) contacting 2-Isopropylmalate and H,O with a 3-Isopropylmalate dehydratase;

b) contacting 2-Isopropylmalate and H,O with 3-Isopropylmalate dehydratase and a
test compound; and

¢) determining the change in concentration for at least one of the following: 2-
Isopropylmalate, H,O, and/or 3-Isopropylmalate,

wherein a change in concentration for any of the above substances between steps (a) and

(b) indicates that said test compound is a candidate for an antibiotic.
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139. The method of claim 138, wherein said 3-Isopropylmalate dehydratase is a fungal 3-

Isopropylmalate dehydratase.

140. The method of claim 138, wherein said 3-Isopropylmalate dehydratase is a

Magnaporthe 3-Isopropylmalate dehydratase.

141.  The method of claim 138, wherein said 3-Isopropylmalate dehydratase is SEQ ID

NO: 12.

142. A method for identifying a test compound as a candidate for an antibiotic,
comprising;
a) contacting 3-Isopropylmalate with a 3-Isopropylmalate dehydratase;
b) contacting 3-Isopropylmalate with a 3-Isopropylmalate dehydratase and a test
compound; and
¢) determining the change in concentration for at least one of the following: 2-
Isopropylmalate, H;O, and/or 3-Isopropylmalate,
wherein a change in concentration for any of the above substances between steps (a) and

5

(b) indicates that said test compound is a candidate for an antibiotic.

143. The method of claim 142, wherein said 3-Isopropylmalate dehydratase is a fungal 3-

Isopropylmalate dehydratase.
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144. The method of claim 142, wherein said 3-Isopropylmalate dehydratase is a

Magnaporthe 3-Isopropylmalate dehydratase.

145. The method of claim 142, wherein said 3-Isopropylmalate dehydratase is SEQ ID

NO: 12.

146. A method for determining whether the antibiotic candidate of claim 142 has
antifungal activity, further comprising;
contacting a fungus or fungal cells with said antibiotic candidate and detecting a

decrease in growth, viability, or pathogenicity of said fungus or fungal cells.

147. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) contacting 2-Isopropylmalate and H,O with a polypeptide selected from the group
consisting of® a polypeptide having at least 50% sequence identity with 3-
Isopropylmalate dehydratase; a polypeptide having at least 50% sequence identity
with a 3-Isopropylmalate dehydratase and having at least 10% of the activity
thereof; and a polypeptide comprising at least 100 consecutive amino acids of a 3-

. Isopropylmalate dehydratase;

b) contacting 2-Isopropylmalate and H,O with said polypeptide and a test compound;
and

c) determining the change in concentration for at least one of the following: 2-

Isopropylmalate, H;O, and/or 3-Isopropylmalate,
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wherein a change in concentration for any of the above substances between steps (a) and

(b) indicates that said test compound is a candidate for an antibiotic.

148. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) contacting 3-Isopropylmalate with a polypeptide selected from the group consisting
of: a polypeptide having at least 50% sequence identity with a 3-Isopropylmalate
dehydratase; a polypeptide having at least 50% sequence identity with a 3-
Isopropylmalate dehydratase and at least 10% of the activity thereof; and a
polypeptide comprising at least 100 consecutive amino acids of a 3-
Isopropylmalate dehydratase;

b) contacting 3-Isopropylmalate, with said polypeptide and a test compound; and

¢) determining the change in concentration for at least one of the following: 2-
Isopropylmalate, H,O, and/or 3-Isopropylmalate,

wherein a change in concentration for any of the above substances between steps (a) and

(b) indicates that said test compound is a candidate for an antibiotic.

149. A method for identifying a test compound as a candidate for an antibiotic,
comprising:
a) measuring the expression of a 3-Isopropylmalate dehydratase in a cell, cells, tissue,

or an organism in the absence of a test compound;
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b) contacting said cell, cells, tissue, or organism with said test compound and
measuﬁng the expression of said 3-Isopropylmalate dehydratase in said cell, cells,
tissue, or organism; and

¢) comparing the expression of 3-Isopropylmalate dehydratase in steps (a) and (b),

wherein a lower expression in the presence of said test compound indicates that said test

compound is a candidate for an antibiotic.

150. The method of claim 149 wherein said cell, cells, tissue, or organism is, or is derived

from a fungus.

151. The method of claim 149 wherein said cell, cells, tissue, or organism is, or is derived

from a Magnaporthe fungus or fungal cell.

152. The method of claim 149, wherein said 3-Isopropylmalate dehydratase is SEQ ID

NO: 12,

153. The method of claim 149, wherein the expression of 3-Isopropylmalate dehydratase

is measured by detecting IPMD1 mRNA.

154. The method of claim 149, wherein the expression of 3-Isopropylmalate dehydratase

is measured by detecting 3-Isopropylmalate dehydratase polypeptide.

174



ChA 02469695 2004-06-07
WO 03/050310 PCT/US02/39286

155. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) providing cells having one form of a 3-Isopropylmalate dehydratase gene, and
providing comparison cells having a different form of a 3-Isopropyimalate
dehydratase gene; and

b) contacting said cells and said comparison cells with a test compound and
determining the growth of said cells and comparison cells in the presence of the test
compound,

wherein a difference in growth between said cells and said comparison cells in the
presence of said compound indicates that said compound is a candidate for an

antibiotic.

156. The method of claim 155 wherein the cells and the comparison cells are fungal cells.

157. The method of claim 155 wherein the cells and the comparison cells are

Magnaporthe cells.

158. The method of claim 155 wherein said form and said comparison form of the 3-

Isopropylmalate dehydratase are fungal 3-Isopropylmalate dehydratases.

159. The method of claim 155, wherein at Jeast one of the forms is a Magnaporthe 3-

Isopropylmalate dehydratase.
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160. The method of claim 155 wherein said form and said comparison form of the 3-

Isopropylmalate dehydratase are non-fungal 3-Isopropylmalate dehydratases.

161. The method of claim 155 wherein one form of the 3-Isopropylmalate dehydratase is
a fungal 3-Isopropylmalate dehydratase, and the other form is a non-fungal 3-

Isopropylmalate dehydratase.

162. A method for identifying a test compound as a candidate for an antibiotic,

comprising:
a) providing cells having one form of a gene in the L-leucine biochemical and/or
genetic pathway and providing comparison cells having a different form of said gene.
b) contacting said cells and said comparison cells with a said test compound,
c¢) determining the growth of said cells and said comparison cells in the presence of
said test compound,

wherein a difference in growth between said cells and said comparison cells in the

presence of said test compound indicates that said test compound is a candidate for

an antibiotic.

163. The method of claim 162 wherein the cells and the comparison cells are fungal cells.

164. The method of claim 162 wherein the cells and the comparison cells are

Magnaporthe cells.
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165. The method of claim 162 wherein said form and said different form of the L-leucine

biosynthesis gene are fungal L-leucine biosynthesis genes.

166. The method of claim 162, wherein at least one form is a Magnaporthe L-leucine

biosynthesis gene.

167. The method of claim 162 wherein said form and said different form of the L-leucine

biosynthesis genes are non-fungal L-leucine biosynthesis genes.

168. The method of claim 162 wherein one form of the L-leucine biosynthesis gene is a
fungal L-leucine biosynthesis gene, and the different form is a non-fungal L-leucine

biosynthesis gene.

169. A method for identifying a test compound as a candidate for an antibiotic,
comprising;

(a) providing paired growth media; comprising a first medium and a second medium,
wherein said second medium contains a higher level of L-leucine than said first
medium;

(b) contacting an organism with a test compound;

(c) inoculating said ﬁrst and said second media with said organism; and

(d)'determining the growth of said organism,

wherein a difference in growth of the organism between said first and said second media

indicates that said test compound is a candidate for an antibiotic.
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170.

171.

172.

173.

174.

175.

176.

177.

178.

The method of claim 169, wherein said organism is a fimgus.

The method of claim 169, wherein said organism is Magnaporthe.

An isolated nucleic acid comprising a nucleotide sequence that encodes a

polypeptide of SEQ ID NO: 12.

The nucleic acid of claim 172 comprising the nucleotide sequence of SEQ ID NO:

10.

An expression cassette comprising the nucleic acid of claim 173.

The isolated nucleic acid of claim 172 comprising a nucleotide sequence with at

least 50 to at least 95% sequence identity to SEQ ID NO: 10.

A polypeptide consisting essentially of the amino acid sequence of SEQ ID NO; 12

A polypeptide comprising the amino acid sequence of SEQ ID NO: 12.

A method for identifying a test compound as a candidate for an antibiotic,

comprising:

a) contacting a Threonine synthase polypeptide with said test compound; and
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b) detecting the presence or absence of binding between a test compound and said
Threonine synthase polypeptide, wherein binding indicates that said test compound

is a candidate for an antibiotic.

179. The method of claim 178, wherein said Threonine synthase polypeptide is a fungal

Threonine synthase polypeptide.

180. The method of claim 178, wherein said Threonine synthase polypeptide is a

Magnaporthe Threonine synthase polypeptide.

181. The method of claim 178, wherein said Threonine synthase polypeptide is SEQID

NQ: 15.

182. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) contacting a test compound with at least one polypeptide selected from the group
consisting of: a polypeptide having at least ten consecutive amino acids of a fungal
Threonine synthase, and a polypeptide having at least 50% sequence identity with a
fungal Threonine synthase, and a polypeptide having at least 10% of the activity of
a fungal Threonine synthase; and

b) detecting the presence and/or absence of binding between said test compound and
said polypeptide, wherein binding indicates that said test compound is a candidate

for an antibiotic.
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183. A method for identifying a test compound as a candidate for an antibiotic,

comprising:

a) contacting O-phospho-L-homoserine and water with a Threonine synthase;

b) contacting O-phospho-L-homoserine and water with Threonine synthase and a test

| compound; and

¢) determining the change in concentration for at least one of the following; O-
phospho-L-homosetine, L-threonine, orthophosphate, and water, wherein a change
in concentration for any of the above substances between steps (a) and (b) indicates

that said test compound is a candidate for an antibiotic.

184. The method of claim 183, wherein said Threonine synthase is a fungal Threonine

synthase.

185. The method of claim 183, wherein said Threonine synthase is a Magnaporthe

Threonine synthase.

186.The method of claim 183, wherein said Threonine synthase is SEQ ID NO: 15.

187. A method for determining whether the antibiotic candidate of claim 8 has antifungal
activity, further comprising contacting a fungus or fungal cells with said antibiotic

candidate and detecting a decrease in growth, viability, or pathogenicity of said fungus

or fungal cells.
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188. A method for identifying a test compound as a candidate for an antibiotic,
comprising:
a) contacting L-threonine and orthophosphate with a Threonine synthase;
b) contacting L-threonine and orthophosphate with a Threonine synthase and a test
compound; and
¢) determining the change in concentration for at least one of the following: O-
phospho-L-homoéerine, L-threonine, orthophosphate, and water, wherein a change
in concentration for any of the above substances between steps (a) and (b) indicates

that said test compound is a candidate for an antibiotic.

189. The method of claim 188, wherein said Threonine synthase is a fungal Threonine

synthase.

190. The method of claim 188, wherein said Threonine synthase is a Magnaporthe

Threonine synthase.

191. The method of claim 188, wherein said Threonine synthase is SEQ ID NO: 15.
192. A method for identifying a test compound as a candidate for an antibiotic,
comprising:
a) contacting O-phospho-L-homoserine and water with a polypeptide selected from
the group consisting of: a polypeptide having at least 50% sequence identity with

Threonine synthase, and a polypeptide having at least 50% sequence identity with a

£
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Threonine synthas‘e and having at least 10% of the activity thereof, and 2
polypeptide comprising at least 100 consecutive amino acids of a Threonine
synthase;

b) contacting O-phospho-L-homoserine and water with said polypeptide and a test
compound; and

c) determining the change in concentration for at least one of the following: O-
phospho-L-homoserine, L-threonine, orthophosphate, and water, wherein a change
in concentration for any of the above substances between steps (a) and (b) indicates
that said test compound is a candidate for an antibiotic.

193. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) contacting L-threonine and orthophosphate with a polypeptide selected from the
group consisting of: a polypeptide having at least 50% sequence identity with a
Threonine synthase, and a polypeptide having at least 50% sequence identity with a
Threonine synthase and at least 10% of the activity thereof, and a polypeptide
comprising at least 100 consecutive amino acids of a Threonine synthase;

b) contacting L-threonine and orthophosphate, with said polypeptide and a test
compound; and .

¢) determining the change in concentration for at least one of the following: O-
phospho-L-homoserine, L-threonine, orthophosphate, and water, wherein a change
in concentration for any of the above substances between steps (a) and (b)

indicates that said test compound is a candidate for an antibiotic.
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194. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

a) measuring the expression of a Threonine synthase in a cell, cells, tissue, or an
organism in the absence of a test compound;

b) contacting said cell, cells, tissue, or organism with said test compound and
measuring the expression of said Threonine synthase in said cell, cells, tissue, or
organism; and

c) comparing the expression of Threonine synthase in steps (a) and (b), wherein a
lower expression in the presence of said test compound indicates that said test

compound is a candidate for an antibiotic.

195. The method of claim 194, wherein said cell, cells, tissue, or organism is, or is

derived from a fungus.

196. The method of claim 194, wherein said cell, cells, tissue, or organism is, or is

derived from a Magnaporthe fungus or fungal cell.
197. The method of claim 194, wherein said Threonine synthase is SEQ ID NO: 15.

198. The method of claim 194, wherein the expression of Threonine synthase is measured

by detecting THR4 mRINA.

183



ChA 02469695 2004-06-07
WO 03/050310 PCT/US02/39286

199, The method of claim 194, wherein the expression of Threonine synthase is measured

by detecting Threonine synthase polypeptide.

200. A method for identifying a test compound as a candidate for an antibiotic,

comprising:

a) providing cells having one form of a Threonine synthase gene, and providing
comparison cells having a different form of a Threonine synthase gene; and

b) contacting said cells and said comparison cells with a test compound and
determining the growth of said cells and comparison cells in the presence of the test
compound, wherein a difference in growth between said cells and said comparison
cells in the presence of said compound indicates that said compound is a candidate

for an antibiotic.

201. The method of claifn 200 wherein the cells and the comparison cells are fungal cells.

202. The method of claim 200 wherein the cells and the comparison cells are

Magnaporthe cells.

203. The method of claim 200 wherein said form and said different form of the Threonine

synthase are fungal Threonine synthases.

204. The method of claim 200, wherein at least one of the forms is a Magnaporthe

Threonine synthase.
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205. The method of claim 200, wherein said form and said different form of the

Threonine synthase are non-fungal Threonine synthases.

206. The method of claim 200, wherein one form of the Threonine synthase is a fungal

Threonine synthase, and the different form is a non-fungal Threonine synthase.

207. A method for identifying a test compound as a candidate for an antibiotic,
comprising:
a) providing cells having one form of a gene in the L-threonine biochemical and/or
genetic pathway and providing comparison cells having a different form of said gene;
b) contacting said cells and said comparison cells with a said test compound; and
¢) determining the growth of said cells and said comparison cells in the presence of
said test compound, wherein a difference in growth between said cells and said
comparison cells in the presence of said test compound indicates that said test

compound is a candidate for an antibiotic.

208. The method of claim 207, wherein the cells and the comparison cells are fungal

cells.

209. The method of claim 207, wherein the cells and the comparison cells are

Magnaporihe cells.
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210. The method of claim 207, wherein said form and said different form of the L-

threonine biosynthesis gene are fungal L-threonine biosynthesis genes.

211. The method of claim 207, wherein at least one of the forms is a Magnaporthe L-

threonine biosynthesis gene.

212. The method of claim 207, wherein said form and said different form of the L-

threonine biosynthesis genes are non-fungal L-threonine biosynthesis genes.

213. The method of claim 207, wherein one form of the L-threonine biosynthesis gene is
a fungal L-threonine biosynthesis gene, and the different form is a non-fungal L-

threonine biosynthesis gene.

214. A method for identifying a test compound as a candidate for an antibiotic,
comprising:

(2) providing paired growth media comprising a first medium and a second medium,
wherein said second medium contains a higher level of L-threonine than said first
medium;

(b) contacting an organism with a test compound;

(¢) inoculating said first and said second media with said organism; and

(d) determining the growth of said organism, wherein a difference in growth of the
organism between said first and said second media indicates that said test

compound is a candidate for an antibiotic.
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215. The method of claim 214, wherein said organism is a fungus.
216. The method of claim 214, wherein said organism is Magnaporthe.

217. An isolated nucleic acid comprising a nucleotide sequence that encodes a

polypeptide of SEQ ID NO: 15.

218. The nucleic acid of claim 217 comprising the nucleotide sequence of SEQ ID NO:

13.
219. An expression cassette comprising the nucleic acid of claim 218.

220. The isolated nucleic acid of claim 217 comprising a nucleotide sequence with at

least 50 to at least 95% sequence identity to SEQ ID NO: 13.
221. A polypeptide consisting essentially of the amino acid sequence of SEQ ID NO: 15.

222. A polypeptide comprising the amine acid sequence of SEQ ID NO: 15.
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Figure 1
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Figure 2
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Figure 4.
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Figure 7
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Figure 10
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Figure 13
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