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I D NO 2, orthe growth or the infectivity of the pathogenic fungus. This may be attributed to the fact
that the pathogenic fungus switches to alternative metabolic pathways whose
existence is not known or that the inhibited enzyme is not limiting for the metabolic
pathway. The suitability of a gene product as a target can therefore not be predicted,
25 even if the gene function is known.

It is therefore an object of the present invention to identify fungicidal targets and to
provide methods which are suitable for identifying fungicidally active compounds.

30 We have found that this object is achieved by the use of a polypeptide with the
biological activity of a mevaionate kinase encoded by a nucleic acid sequence
comprising

a) anucleic acid sequence with the sequence shown in SEQ ID NO:1, or
35
b}  a nucleic acid sequence which, owing to the degeneracy of the genetic code, can
be deduced by backtranslation of the amino acid sequences shown in SEQ D
NO:2, or

40 c¢) anucleic acid sequence which, owing to the degeneracy of the genetic code, can
be deduced by backtranslation of the amino acid sequence of a functional
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the ability of an enzyme to convert a substrate into a product. The enzymatic activity
25 can be determined in what is known as an activity assay via the increase in the
product, the decrease in the subsirate (or starting material) or the decrease in a.
specific cofactor, or via a combination of at ieast two of the abovementioned

parameters, as a function of a defined period of time,

30  “Expression cassette”: an expression cassette comprises a nucleic acid sequence
according to the invention linked operably to at least one genetic control element, such
as a promoter, and, advantageously, to a further control element, such as a terminator.
The nucleic acid sequence of the expression cassette can be for example a genomic
or complementary DNA sequence or an RNA sequence, and their semisynthetic or

35 fully synthetic analogs. These sequences can exist in linear or circular form,
extrachromosomally or integrated into the genome. The nucleic acid sequences in
question can be synthesized or obtained naturally or comprise a mixture of synthetic
and natural DNA components, or else consist of various heterologous gene segments
of various organisms.

40
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preferably whpérablegdinkads”ogh 6drable, or functional, linkage is understood as meaning the
sequential arrangement of regulatory sequences or genetic control elements in such a
way that each of the regulatory sequences, or each of the genetic control elements,
25 can fulfill its intended function when the coding sequence is expressed.

“Functional equivalents” describe, in the present context, nucleic acid sequences which
hybridize under standard conditions with SEQ ID NO:1 or parts of SEQ ID NO:1 or
SEQ ID NO:2 and which are capable of bringing about the expression of a polypeptide

30  with the enzymatic activity of a mevalonate kinase, preferably with the hiological
activity of a mevalonate kinase.

To carry out the hybridization, it is advantageous to use short oligonucleotides with a
length of approximately 10-50 bp, preferably 15-40 bp, for example of the conserved or

35 other regions, which can be determined in the manner with which the skilled worker is
familiar by comparisons with other related genes. However, longer fragments of the
nucleic acids according to the invention with a iength of 100-500 bp, or the complete
sequences, may also be used for hybridization. Depending on the nucleic acid used it,
be oligonucleotide, longer fragment or complete sequence, or depending on which

40 type of nucleic acid DNA or RNA is being used for the hybridization, these standard
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25 Brown (ed.}, 1991, “Essential Molecular Biology: A Practical Approach”, IRL Press at
Oxford University Press, Oxford.

A functional equivalent is understood as meaning furthermore in particular also natural
or artificial mutations of the corresponding nucleic acid sequences of the protein

30 encoded via the nucleic acid sequences according to the invention, and also their
homologs from other organisms.

The present invention thus also encompasses, for example, those nucleotide
sequences which are obtained by modification of the nucleic acid sequence of a

35 polypeptide with the enzymatic, preferably biological, activity of a mevalonate kinase.
For example, such modifications can be generated by techniques with which the skilied
worker is familiar, such as “Site Directed Mutagenesis”, “Error Prone PCR”, “DNA
shuffling” (Nature 370, 1994, pp.389-391) or “Staggered Extension Process” (Nature
Biotechnol. 16, 1998, pp. 258-261). The aim of such a modification can be, for

40 example, the insertion of further cleavage sites for restriction enzymes, the removal of
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addition to sequences, the
sequences. In addition to these control sequences or instead of these sequences, the

natural regulation of these sequences may still be present before the actual structural
genes and may, if appropriate, have been genetically modified in such a way that the
25 natural regulation has been switched off and the expression of the target gene has
been modified, that is to say increased or reduced. The choice of the control sequence
depends on the host organism or starting organism. Genetic control sequences
furthermore also comprise the 5'-untranslated region, introns or the noncoding
3’ region of genes. Control sequences are furthermore understood as meaning those
30 which make possible homologous recombination or insertion into the genome of a host
organism or which permit removal from the genome.

“Homology” or “identity” between two nucleic acid sequences or polypeptide
sequences is defined by the identity of the nucleic acid sequence/polypeptide

35 sequence over in each case the entire sequence length, which is calculated by
alignment with the aid of the program algorithm GAP (Wisconsin Package Version
10.0, University of Wisconsin, Genetics Computer Group {(GCG), Madison, USA),
setting the following parameters:
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preferably at I east 5000 bp. "Polypeptide with the biological activity
meval onat e KPpakpeptidgedibrthe bivlogidal activity mevalonate kinase” describes, within the scope

of the present invention, a polypeptide whose presence confers the ability to grow and
survive in a filamentous fungus, which is by mevalonate kinase, and which is

25 simultaneously capable of catalyzing the reaction catalyzed by a mevalonate kinase
obtained from a filamentous fungus, which is the phosphorylation of mevalonate to
give 5-phosphomevalonate. If the protein with the biological activity of mevalonate
kinase is switched off, the resulting transformants are not viable.

30 “Polypeptide with the enzymatic activity of a mevalonate kinase” describes an enzyme
which is likewise capable of catalyzing the reaction which is cataiyzed by a mevalonate
kinase derived from a filamentous fungus, which is the phosphorylation of mevalonate
to give 5-phosphomevalonate.

Suitable methods for determining the enzymatic activity are described further below.

35
“Reaction time” refers to the time required for carrying out an enzyme activity assay
until a significant finding is obtained; it depends both on the specific activity of the
protein employed in the assay and on the method used and the sensitivity of the
instruments used. The skilled worker is familiar with the determination of the reaction

40 times. In the case of methods for identifying fungicidally active compounds which are



of the present i nvention, a polypeptide whose presence confers the ability
to grow andPF426bve in a fil anentous fungus, which is by nmeval onate ki nase,
and which is 25 sinultaneously capable of catalyzing the reaction catal yzed
"by a neval onate kinase obtained froma flarrent ous fungus, which is the
phosphoryl ati on of neval onate to give 5-‘phosphoneval onate. If the protein
with the bi bhsey eraphatemetry,tthe cﬁachmvainemateegerieraﬂasnetweensmo'andinéﬁo ofifiytes.he
resulting transformants are not vi abl e. 30 "Pol ypept ide with the enzymatic
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a signi fi caseqdeances (fgr exanie desnsited int Saropronk st atot11988nCqu§pﬂpeHafbar Metivity

of the proicRidissimy 19486r Labokdteryasesy). and on the nethod used and the
sensitivity of the” instrunents used.” The skilled worker is famliar with

the determ nation of the reaction 40 tines. In the case of nethods for
i denti f #Dng “Repligatidrderiding” aosure dheowftiplication whiherexpressiBR c8dstites or véesied on
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i n Sanbr ook 16892nd thd ARS1 droh Jeiti(NDSeltNRRRedd¥rch, S90¢) 2§pr05 Ehsbaresy

Labor at qéy Press). 10 "Replication origins" ensure the nmultiplicati on of the
expression cassettes or vectors according to the invention in
m cr oor gani §R§PQIW@ ggeess ey codepieadivagysntiiiatie proBrne I herranstosnationxfficaey oP15A ori

n E. coli r@s@,hbr@teairummd\@re&élé%sgé@wmeans%haéﬁgér%ma M?Ig;é)and
an

the’ A%'ldof’%%%ﬁﬁ'@é%ge{%a%ﬁiﬁvg Rl eSS0 Pl e 96ey Yoss) . 15
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protein” (GFP)} (Gerdes HH and Kaether C, FEBS Lett. 1996; 389(1):44-47; Chui WL et

al., Curr. Biol 1996, 6:325-330; Leffel SM et al., Biotechniques 23(5):912-8, 1997),

chloramphenicol acetyl transferase, a luciferase (Giacomin, Plant Sci 1996, 116:59-72;

25 Scikantha, J. Bact. 1996, 178:121; Millar et al., Plant Mol. Biol. Rep. 1992 10:324-414),
and luciferase genes, in general B-galactosidase or B-glucuronidase (Jefferson et al,,
EMBO J. 1987, 6, 3901-3907) or the Ura3 gene.

“Selection markers” confer resistance to antibiotics or other toxic compounds:

30 examples which may be mentioned in this context are the neomycin
phosphotransferase gene, which confers resistance to the aminoglycoside antibiotics
neomycin (G 418), kanamycin, paromycin (Deshayes A et al., EMBO J. 4 (1985)
2731-2737), the sul gene, which encodes a mutated dihydropteroate synthase
(Guerineau F et al., Plant Mol. Biol. 1990; 15(1):127-136), the hygromycin B

35 phosphotransferase gene (Gen Bank Accession NO: K 01193) and the shble
resistance gene, which confers resistance to the bleomycin antibiotics such as zeocin.
Further examples of selection marker genes are genes which confer resistance to
2-deoxyglucose-6-phosphate (WO 98/45456) or phosphinothricin and the like, or those
which confer a resistance to antimetabolites, for example the dhfr gene (Reiss, Plant

40  Physiol. (Life Sci. Adv.) 13 (1994) 142-149). Examples of other genes which are



resistance assay or via a photonetric measurement (intrinsic color) or
enzyne acti AR $42630 Very especially preferred in this context are reporter
proteins (Schenborn E, G oskreutz D, Mol. Biotechnol. 1999; 13(1):29-44)
"such as the "green fluorescence protein", (G-FP) (Gerdes HH and Kaet her C,
FEBS Left. 1996; 389(1):44-47; Chui W etd al., Curr. Biol 1996, 6:325-330;
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activity of the {)oly ptide treated with a test conpound in conparison wth
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25 generated by the transformation.

“Transgenic”: referring to a nucleic acid sequence, an expression cassette or a vector
comprising a nucleic acid sequence according to the invention or an organism
transformed with a nucleic acid sequence, expression cassette or vector according to

30 the invention, the term “transgenic” describes all those constructs which have been
generated by genetic engineering methods in which either the nucleic acid sequence
of the target protein or a genetic control sequence linked operably to the nucleic acid
sequence of the target protein or a combination of the abovementioned possibilities
are not in their natural genetic environment or have been modified by recombinant

35 methods. In this context, the modification can be achieved, for example, by mutating
one or more nucleotide residues of the nucleic acid sequence in question.

Referring to nucleic acid sequences, the term “comprising” or “to comprise” means that
the nucleic acid sequence according to the invention may comprise additional nucleic
40 acid sequences at the 3’ and/or at the 5’ end, the length of the additional nucleic acid



15 traditional sense or, for exanple, a structural protein, a protein
rel evant for developnental processes, transport proteins, regulatory
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conplex. Al of the targets or sites of action share the characteristic
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25 alternative isoprenoid biosynthesis pathway (Disch, A. and Rohmer, M. (1998) FEMS

168, 201-8).

The biosynthesis via mevalonate is divided into different processes. Initially, the

enzymes acetoacetyl-CoA thiolase and 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA)
30 synthase generate HMG-CoA from three acetyl-CoA molecules. Starting from this

intermediate, HMG-CoA reductase generates mevalonate in two reduction steps. The

mevalonate is phosphorylated by two kinases, viz. mevalonate kinase and

phosphomevalonate kinase. 5-Pyrophosphomevalonate is generated.

5-Pyrophosphomevalonate is decarboxylated to give rise to IPP, which is converted
35 into the isomer DMAPP by IPP iscmerase.

The Neurospora crassa mevalonate kinase is localized in the cytosol and constitutes a

stable homodimer of two 42 kDa subunits. The enzyme requires ATP as cosubstrate

and prefers Mg®* over Mn® (Imblum, R. L. and Rodwell, V. W. (1974) J. Lipid Res.15,
40 211-22).



| i near conbi nation of the subunits, which | eads to geraniol (Cl0), farnesol
(C15), ger &fyP485ani ol (C20), squal ene (C30) or sinilar compounds. C her
terpenes are derivatives of these conpounds which are formed by cyclization
“or rearrangenent of 15 the subunits. The1tber penes are classified as
nonot er penes (Cl0), sesquiterpenes (C15), diterpenes (C20), triterpenes
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and pref er s Ngalonale Kinaseare Uil af tatgets forfHagikeaswel |, V. W (1974) J. Lipid
Res. 15, 40 211-22). PF 54265 10 The gene encodi ng neval onate ki nase has

been T dent! bbb (NRRIGH efdiorbYalles AL uor S RARRPMy ubkUIEARRRC 2
crassa, Sacchar’onyces cerevisiae an chi'zosacchar ces ponbe. Using

speci fi ¢ gerRCtikifo Prefergblyibiplegical aetivity sofpemeyalonade kingee Ancndad by Eraucleir 3Rt t he
protein s esmeashdedorfipnsinighi s yeast (Qul nouden, A, and 5 Karst, F. (1991)
Curr. Cenet. 19, 9-14). However, since genes which are known to be

essential in S. cerevisiae are not necessarily also essential for
fi | anment ous Pungd Nudleieacid ssguanse yithahe seaupnen Skowe iy RQ 4P MOt efinot  be
applied to filanmentous fungi.

b) a nucleic acid sequence which, owing to the degeneracy of the genetic code, can
25 be deduced by backtranslation of the amino acid sequences shown in SEQ ID
NO:2, or

c) anucleic acid sequence which, owing to the degeneracy of the genetic code, can
be deduced by backtranslation of the amino acid sequence of a functional
30 equivalent of SEQ ID NO:2 which has at least 35% identity with SEQ ID NO:2

as target for fungicides.

Functional equivalents of the nucleic acid sequences SEQ ID NO:2 as described in c)
35 have at least 35%, 36%, 37%, 38%, 39% or 40%, advantageously 41%, 42%, 43%,
44%, 45%, 46%, 47%,48%,49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%
or 59%, preferably at least 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,
71%, 72%, 73%, 74%, 75% or 76%, especially preferably at least 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89% or 90%, very especially
40 preferably at least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity with



WO 01/ 64943 describes an in vivo screening nethod for identifying substances
whi ch 10 i nPk b4265%nzynmes of the non-neval onate pat hway. The target
suitability of enzynes of the nmeval onate netabolic pathway is not discussed
“in this context. US 2002/0119546 Al describes neval onate ki nase as
potential target for herbicides. A potent"i"al suitability of neval onate

ki nase as t a3g@UDMND:2f ungicides is not known. 15 Surprisingly, it has been
found that pol ypeptides with the biological activity of a neval onate ki nase

are suitable as targets for fungicides. The present invention therefore
relates to tH® MEW"WWI%@&?%S%L{%CQ%@S gosayiRed inc2) aneth) @nd $neihr ef er abl y
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t s_of ces S) such
as, for exan?ﬂeg'esﬁgué%ﬁpﬁﬁ é\rb ﬁ%ﬁé&%@?fﬁgﬁﬁcﬁdgfﬁ}? anpl e,
Schi zosacchal?lamz;ltoesorapbnbaampiePIPkmaboseQrarcaaber Botryttsxar)pfoepxﬂnpfpalt oris, P.

met hano: 2|o“—a Gfierda f¢6r§ﬂ@%%‘%r efxuﬁmés m%@&ﬁd@bﬁé{oﬁ.g %l@t&tmdh@%m&e@arﬁwgus
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example, Diaporthe citri; Sphaerotheca; Cinula, for example, Cinula neccata,
Cercospora; Erysiphe, for example, Erysiphe cichoracearum and Erysiphe graminis;
Sphaerotheca, for exampie, Sphaerotheca fuliginea; Leveillula, for example, Leveilluia

25 taurica; Mycosphaerella; Phyllactinia, for example, Phyllactinia kakicola; Gioesporium,
for example, Gloesporium kaki; Gymnosporangium, for example, Gymnasporangium
yamadae, Leptotthrydium, for example, Leptotthrydium pomi, Podosphaera, for
example, Podosphaera leucotricha; Gloedes, for example, Gloedes pomigena;
Cladosporium, for example, Cladosporium carpophilum; Phomopsis; Phytopora;

30 Phytophthora, for example, Phytophthora infestans; Verticillium; Glomerella, for
example, Glomerella cingulata; Drechslera; Bipolaris, Personospora; Phaeoisariopsis,
for example, Phaeoisariopsis vitis, Spaceloma, for example, Spaceloma ampeiina;
Pseudocercosporella, for example, Pseudocercosporelta herpotricheoides;
Pseudoperonospora; Puccinia; Typhula; Pyricularia, for example, Pyricularia oryzae;

35 Rhizoctonia; Stachosporium, for example, Stachosporium nodorum; Uncinula, for
example, Uncinula necator, Ustilago; Gaeumannomyces (G.) species, for example, G.
graminis and Fusarium species, for example, F. dimerium, F. merismoides, F.
lateritium, F. decemcellulare, F. poae, F. tricinctum, F. sporotrichioides, F.
chiamydosporum, F. moniliforme, F. proliferatum, F. anthophilum, F. subglutinans, F.

40 nygamai, F. oxysporum, F. solani, F. culmorum, F. sambucinum, F. crookwellense, F.



10 Botrytis, Cerynespora; Colletotrichum D plocarpon; Elsinoe; D aporthe;

Sphaer ot hec&®F 54265ul a, Cercospora; Erysiphe; Sphaerotheca; Leveillul a;

Mycosphaerel | a; Phyllactinia;, d oesporium Gynmnosporangi um Leptotthrydium

"Podosphaera; d oedes; C adosporium Phonopsis; Phytopora; Phytophthora;

Erysi phe; Fusarium Verticillium @ omerél | a; Drechslera; Bi pol ari s;

Eer sgnos por avehiceef s avgraiceumSPad@hacaim §&p. Bywede e ravesdqueus 4sp; nurragi,
seudoper on X c - ; - agi 2. i oGl o o

S achospor | erpepartific HmietBi s acbinglindh SumRll b linoiscum. £,

especi al | y pPaiRgsabl oPpastyra: Fiquipett oisripiuRgrrlyrivalidicvad Fr sesnitactien gedér a” and

speci es Neurmespifoemé Bhd Fsgrahmigearidn. cr assa, Al ternaria, Podosphaer a,

Sclerotinia, Physalospora, for exanple, Physalospora canker, Botrytis (B.),

for exanple,_ B. 20 cinerea, Corynespora, for exanple, Corynespora nelonis;

Col | et ot r i chiUfi® Pressit HB’SP‘;!RSH!kEWfSSr’e'QEeéﬁB the uss ¢f| oRAYRSHHde Wik e enzymalie, for

exanpl e, El girefeeathabiciegical, alivitp of & hevalooate kincse@Eneoddd Bpa nudieic ackr i ;

Sphaer ot hecay, ,GL exanpl e, Ci nula neccata, Cercospora; Erysiphe,

for exanpl e%eg%@ép%g%ﬁg@ﬁor acearum and Erysi phe gram nis; Sphaerot heca,

for exanple, Sphaerotheca fuliginea; Leveillula, for exanple, Leveillula 25

t auri ca;10My ca)s pleamucidid acid Baguidnae twithithe séquenes anphrein FEQID MND:6ni a kaki col a;

G oesporium for exanple, G oesporiumkaki; Gymmosporangi um for exanple,

Gymospor angi um yamadae, Leptotthrydi um for exanple, Leptotthrydium pom,

Podosphaer a?D)f ord %Qﬁtéi’r’?ﬂ %‘!”'Wﬁm%‘I‘FQeP‘é{'”Qé?l%qqg@ﬁg?;‘c@&@‘&&ﬁf‘e?%‘?gd@x S#l e,

A oedes pom gendie dedueehbbypbadktnansiation eXtberpinino ddidiskp@ocesushomarip Gial Ium

Phonopsi s; Phyt qpg%&asr 30 Phytophthora, for exanple, Phytophthora infestans;

Verticillium GQonerella, for exanple, Gonerella cingulata; Drechslera;

Bi pol ar i'® Per sonospor a; Phaeoisariopsis, for exanple, Phaeoisariopsis

vitis; Spaced)ons fuhcionakequivaient $iénhe bwimg tatheeddgeaeraciPobirdgeeetiosms; e a, f or

Typhul o Pyri cul et B beanaRad SRk dRo adts shlenes OngRpRhal THor! 1 &

St achospori um fe&#'vé!?&%{%féWBﬁm W%&?&F 31!’?%' '%‘H'Iﬂg,gkégﬁ l‘?(\S)@arrpl e,

Unci nul a necator; Ustilago; Gaeumannonyces (G ) species, for exanple, G

gr am ni Spandashy ik Fdti ies, for exanple, F. dinmerium F. nerisnoides, F.

| ateritium F. decenctellulare, F. poae, F. tricinctum F. sporotrichioides,

F. chlamydosporum F. noniliforme, F. proliferatum F. anthophilum F.

subgl ut i nandg;unitiontl eqyigaiemnts of the raclesparidisgquenceBRAl ID NO:6cas desclirad if c)

ngﬁggien%m rFave;é'E %%rgf’@i%,le:ﬁﬁ%,, 37%, 38% 38340 8r %@/o, ﬁd&éﬂ%%&tﬁ@lﬁ?ﬁ, @gﬁ!‘@i@um F.
et Lo S e 7o, B F0% PR B S0 Shop s B! SRS s
25 or 59%, preferably at least 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,
71%, 72%, 73%, 74%, 75% or 76%, especially preferably at least 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89% or 90%, very preferably at
least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity with SEQ ID NO:6.

30 The abovementioned nucleic acid sequences as described in a) and b) and their
functional equivalents as described in c) are derived from a fungicide, for example a
yeast or a filamentous fungus, this meaning the abovementioned preferences and
genera.

35 Suitable functional equivalents of SEQ ID NO:1 or SEQ ID NO:5 as described in ¢} are
the nucleic acid sequences from

S. cerevisiae (Gen Bank Acc, No.: X55875)
S. pombe (Gen Bank Acc. No.: AB000541)
40 N. crassa (Gen Bank Acc. No.: AL513444)



| ongi pes, F. _co act um F. equiseti, F. scripi, F. polyphialidicum F.
semi t ect um aRld 3 beoni forme and F. grami nearum 5 The present invention

li kewi se rel ates to the use of a polypeptide with the enzymatic, preferably
"biological, activity of a neval onate ki na.l? encoded by a nucleic acid
sequence conprising 10 a I%wa nucl eic acid Sequence with the sequence shown in
SEQ | D NO 5; AualianadRediEankiAceqhie.vXFef3)whi ch, owing to the degeneracy of

t he genetic goglg.ca erfarkeshC 8. - mBZQerk@ransl ation of the amno acid

sequences s functional equival ent which,
R U at&i@en% 'W&G" Nﬁet Ssj@é can be deduced by

owing to the B:f?
backt r ansl atP Q)thdﬁéyfa@r{% B@nlﬁA@‘etﬁ‘@en‘b‘g?&ﬂ'@) functional equival ent of
SEQ ID NG 6 which has at |east 35% identity with SEQ ID NO 6; 20 as target

for fungicidgg | : nucl e j nces. SEQ | D
NG 6 2 descl TaiP Bfenoe Sk NohsTk ling ABGHTALE oLf g BETRy;
advant ageously 41% 42% 43%

44% 45% 46% 4 /84rdiidiac N IEBRRA Y22 M. 3PO TN 55% 56% 57% 58% 25 or 59%
preferably a % .6 % 65% 66% 67% 68% 69% 71%
72% 73% %‘L"?‘@‘%B&Mﬁ e?ségél a?égo/ 8%ﬁerably at least 77% 78% 79%
80% 1%082%0@%(3@1‘%’“ AgC. &, Q 7)88% 89% or 90% very preferably at
| east 91% 92%iIbiR36 (FENESEGYPROGACCONY: ABBYBOY0)99% i dentity with SEQ I D

NO 6. 30 The ﬁ\%ﬁﬂé@@@éﬁ@%hé&%&%g %E%aﬁs as described in a) and b)

and their func urvalent's as descr c) are derived froma
fungi ci de, f#orthakiangdPWIgSPRTsAcoNog R46088knt ous fungus, this meaning the
abovenent i onBhaffis efceioeyma $GBNESEQe RROA. AGS NBuiAAd3838unct i onal equi val ents
of SEQ IR NO1 or SEQID NO S5 as described in c) are the nucleic acid

sequences fr m S. cerevisiae (Gen Bank Acc . X5587 ponbe (Gen Bank
Acc. No.: ABbERaReYmentoned W&?%%?S(%%Hk%ﬂﬁ%s%%d “Rgjter o iﬁ@m&m ISENipr 65 13
A -thali ana (Gen Bank Acc. No.: X77793) C. al bicans (Gen Bank Acc. No.:
ABZ32140) The functional equivalents as described in ¢) also comprise a nucleic acid sequence

encoding a polypeptide with the biological function of a mevalonate kinase, comprising
20 anucleic acid sequence which comprises

(i) anucleic acid sequence with the sequence shown in SEQ ID NO:3; or

(i) a nucleic acid sequence which, owing to the degeneracy of the genetic code, can
25 be deduced by backtranslation of the amino acid sequences shown in SEQ 1D
NO:4; or

(i) a nucleic acid sequence which, owing to the degeneracy of the genetic code, can
be deduced by backtransiating the amino acid sequence of a functional
30 equivaient of SEQ ID NO:4 which has at least 40% identity with SEQ ID NO:4.

Functional equivalents of the nucleic acid sequences SEQ ID NO:4 as described in iii)
have at least 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47% or 48%, advantageously
49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58% or 59%, preferably at least

35 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 71%, 72%, 73%, 74%, 75%,
76%, 77%, 78% or 79%, especially preferably at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89% or 90%, very especially preferably at least 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98% or 99% identity with SEQ 1D NO:4.

40 The abovementioned nucleic acid sequences as described in i) and ii) and their



A. fum gatus (Gen Bank Acc. No.: ABT18664) Phaffia rhodozyma (Gen Bank Acc.
No.: AAZ301PF)54Z65The abovenenti oned sequences are |ikew se subject-matter
of the present invention. S. cerevisiae (SWSSPROT Acc. No.: P07277) S.
“ponbe (SW SSPROT Acc. No.: Q09780) 10 N. crassa (SPTRMBL Acc. No.: QC2B7)
C. al bi cans (GENESEQ PROT Acc. No.: ABP73490) A. fumigatus (GENESEQ PROT
Ace. No.: ABJRSB64 )equikalentsads dasaritfedih SBRROTerAed froNpa furldbe R8N aPhathstar

rhodoryma ( Eggﬁ?tﬁgr re b}'?’ Wé%ﬁﬁﬁéntoaéfuﬁpﬁs %@ﬁggﬁé\}emoﬁ uences

are |i kew se subject-nma i‘lﬁ’ esent 1 nve unct1 ona
Bui val ant 3 PASICEEEET P56 APPIING 1ot Hlo el fesgenis, YR SHeh 5. dURIEHIAR:
encodi ng a oldinpeiim,de nwiristmotdes, Bilatedtircaf. decemtelbtarefF. goae\hltociattemki nase,

conpri si gg. FZQP ofthfloRies, ﬁ%rfﬂan%mes&% ‘ﬁ’hhn%hlllfb‘%gri’:sﬁéljfiﬂa}urﬁ‘ nucleic acid
nt

sequence wt e o hown | pucl eic acid
sequence V\:hl chk hBRﬁﬁ"g"Ei:nsP@ éner’%\'@?qna\" Ft Reysgemst |(ch3 lgdleF- dRerUsy pe

deduced by b‘askmbaclslllratfonowwlhmaaﬁ aeraceum sep Lroaceuph GwvavenracB® ssp

NG 4; or (Hay)veﬁerwcdveh&e@m &pswsgwﬁ %sﬁbmﬂwn&mﬁnéthﬁ gdggeneracy of the
genetic code, can backtrans | am no acl d_sequence of

n
a functi onal2°4p! we/':alaéH “%E@ ﬁﬂ“ﬁ@aﬁu'ﬁha#dﬂ'g%%s &t C?@B%Qt“'ﬁo%‘?"d‘éﬁ‘?fh ty
wi t h SEQOI D ANGcehi, F. mﬂwhlaMQWmeE}wemaﬂeehmamﬁ Fedasiumisdopiiorme) id espepidinces SEQ

ID NO 4 as qﬁéf%Frb@‘éﬁHoh? thd éﬂovehﬁﬁﬁor@d% 2fd ofHiamentd s fumg avithiyhedferus 45%
46% 47% or 48;/8“61'8? 0% 51% SZO%IaEy %) 54% 55% 56%

9%
57% 58% or B8 %P U%&L%| eggqr%lggaru IS very espe preferred,
60% 61% 62% 63% 64% 65% 66% 67% 68% 69% 71% 72% 73% 74% 75% 76% 77% 78%

g; /7 908@8 /es gg\%rebw Bk fbf'ﬁeﬂbinyerﬂfé)nk%ﬁ% nﬁa&/:g a;%@@eqﬁa%es&a%(ehg%éugg%'ia(@egg f;%
0 0 \/ S 0 0 0
0a% 959 oot B SR oreBRBRY hibinaled) iy Rl Plo e nat Fering °

abovenentloned nuclelc aci d sequences as described ini) and ii) and their

PF 54265 14 a)f unchiciid@hci€ aedusncs With tissstreate Besivi in SEQID NCe3 deri ved from a
fungus such as a yeast or a filamentous fungus, preferably from a

filamentous fungus, with the abovenenti oned
by a nucleic acid sequence which, owing to the degeneracy of the genetic code, can

20 be deduced by backtranslation of the amino acid sequences shown in SEQ ID
NO4, or

¢) functional equivalents of SEQ ID NO:3 with at least 70% identity with SEQ 1D
NQO:3,
25
d) anucleic acid sequence which, owing to the degeneracy of the genetic code, can
be deduced by backtransiation of the amino acid sequence of a functional
equivalent of SEQ ID NO:4 which has at least 80% identity with SEQ ID NO:4.

30 Functional equivaients of the nucleic acid sequences SEQ ID NO:3 have at least 70%,
by preference at least 71%, 72%, 73%, 74,% 75%, 76%, 77%, preferably at least 78%,
79%, 80%, 81%, 82%, 83%, 84%, especially preferably at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, very especially preferably at least 93%, 94%, 95%, 96%, 97%,
98%, 99% identity with SEQ ID NO: 3.

35

Functional equivalents of the nucleic acid sequences SEQ ID NO:4 have at least 80%,

by preference at least 81%, 82%, 83%, 84%, 85%, 86%, 87%, preferably at least 88%,

89%, 90%, 91%, 92%, 93%, especially preferably at least 94%, 95%, 96%, very

especially preferably at least 97%, 98%, 99% identity with SEQ ID NO:4.

40 '



pretfer ences aI SO a{)pl ying here. However, the genus Fusarium such as, for

exanpl e, um F. nerisnoides, F. lateritium F. decentellulare, F.

poae, F. tr| CI nctum 5 F. sporotrichioides, F. chlanydosporum F.

‘moniliforme, F. proliferatum F. anthophiJ.um F. subglutinans, F. nyganai,
15

F. oxysporum F. solani, F. culnmpbrum F. Sanbucinum F. crookwellense, F.

avenaceum ssyso siamgsbwithin the contexh atibemresast inventigsrare NuFeicagidrreguensess p.

nurragi, F. dirbdiagRqidipeplide withltieaizyiMabs Prefe@BBitagitan adtivitpEotipid/m ssp.
arnmeni acum F. |ongipes, F. conpactum F. equiseti, 10 F. scripr, F

pol yphi alidicum F. sem tectum and Fusarium beom fornme, is especially

preferred andng @ h‘@'%%é(?'éﬁéﬁ@?’lﬁﬁé’ﬂthdbﬁéﬁ%%?eﬁh@‘&"r‘rﬂ@%@éDfNﬁrél oF Wthin the
genus Fuwsarium in turn, the fungus F. gram nearumis very especially

f d
referrod. 0y Blaeit 089 BBGRETRE WriRE Rh o IR BHE Bl el s BRUERERS
activity of a neveadleskiged bxpackd@nsiationef t é? ﬁg""‘hﬁc"és?ﬂl@“éﬁ%swrd'”&ﬁﬁl&ce with
t he sequence shovo:6;8r SEQ I D NO 3, or b) a nucleic acid sequence whi ch,

owing to the degener acy of the genetic code, can 20 be deduced by
backtransl ation of the am no acid _sequences shown in % or c)
functi ontl eQui vafuagtianabequiyatentof RERIDINOHP which Bé%@t leask TJEH?WWWW‘t h SEQ I D
NO 3, 25 d) a nusf@ip NEBd sequence which, owing to the degeneracy of the
genetic code, can be deduced by backtransl ation of the am no acid sequence

of a functional equivalent of SEg NO.4 which has at | east 80%.identity
with SEQID Qo 22 fupgtionaheqyivaient ot s&R/R 'ﬂﬁtssw'df:h»t%”%t?c"f‘éldég%ﬂﬁ"dcys@dﬂ"ences
SEQ I D NO 3 havegenietit eadd, cZ0be debuchrtejflmoemmlabnloemarﬁuh&/qacﬁ&%pué’r&%ofm, %

75% G‘V 77% DI RIeHcHA ¥q@lalb s SECRI NoEEWhicRHAE afidadt 72905 %“é‘v‘o
especi aI y pr ef er%{by ?eaast %g% Z%? 87%'0@ é)a éég %g) © lﬁ; 9 very
especi al |'y pref &P Pat | east 93% 94% 95% 96% 97% 98% 99% i dentity
with SEQ ID NGO 3. 35 Functional equi vaI ents of the nucleic acid sequences

ggg ! 36(';0 47@.@%&%0@& ghﬁ%ﬂen@%%he @%& 880/ 0/ céd slzezal?tNéés%s Shoin iB 80 egl“;/? |
pr e(% er ab? y a'? iﬁl é&&é \g@%‘)r /S‘CE\/%trQ Stg ffi&@g 99 ?/ae{“eféﬁl ‘8% égst 970/3/
98% 99920 de'r'ﬁ%tlﬁ%\pt A7 BEQefdabaipaticasgt(y 8% M@"/&.W% 82%, 83% or 84%,

especially preferably at least 85%, 86%, 87%, 88%, 89%, 90%, 91% or 92%, very

especially preferably at least 93%, 94%, 95%, 96%, 97%, 98% or 99% identity with

SEQ ID NO:5.

25  Functional equivalents of the nucleic acid sequences SEQ ID NO:6 have at least 72%,
by preference at least 73%, 74% 75%, 76% or 77%, preferably at least 78%, 79%,
80%, 81%, 82%, 83% or 84%, especially preferably at least 85%, 86%, 87%, 88%,
89%, 90%, 91% or 92%, very especially preferably at least 93%, 94%, 95%, 96%,
97%, 98% or 99% identity with SEQ ID NO:6.

30
SEQ ID NO:1 or SEQ ID NO:3 can be used for generating hybridization probes via
which the functional equivalents of the nucleic acid sequences according to the
invention, as defined above, may be isolated. Likewise, the full-length clone comprising
SEQ ID NO:3 can be provided via the hybridization probes. The generation of these

35 probes and the experimental procedure are known. For example, this can be effected
via the selective generation of radioactive or nonradioactive probes by PCR and the
use of suitably labeled oligonucieotides, followed by hybridization experiments. The
technologies required for this purpose are detailed, for example, in T. Maniatis, E.F.
Fritsch and J. Sambrook, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor

40 Laboratory, Cold Spring Harbor, NY (1989). The probes in question can furthermore



Also clainmed within the context of the present invention are nucleic acid
sequences dWc¥®OARg a pol ypeptide with the enzymatic, preferably biol ogical,
activity conprising a) a nucleic acid sequence with the sequence shown in
"SEQ ID NO5; or 5b) anucleic acid sequagce which, owing to the degeneracy
of the genetic code, can be deduced by cktransl ation of the am no acid
sequences sH@\modlﬂiﬁﬁgﬁ(}tamﬁarﬂl@@nobﬂlei@L!b)SQM Purandpormattagensdsis iresuched WaEQ | D

NO 5 which hﬁ’éi ti6d éaﬁ\a’;:eterﬁmmedi@murﬂ%r MﬁpbsesSEQéerﬂH@ as aCBro@e WHiggt i onal
equi val ent ré(gé“ genet iC

code, can b uce%’eﬁ é(c"]'( r@ﬁgﬁaqqdqﬂggf’"ﬁ?@"ﬁﬂg%d'&@|58q'§eé1fﬁ§|fu%e of 15 a
functi onal @qalyelal%ﬂte @rreseapdm PEQUENORS iD Ivthes organisnes Sior gxvpplehe iprgben t h

SEQ 1D KO Gnayﬁwl@éddqﬁﬁécr@émm algen@mncqbratdﬁer ayNAq:bfarya@ﬂ tﬁefﬂﬂﬂjdﬁﬁﬁ: GeshbR) |
NO 5 as shown. §}n %Eg asi S)Yg b}e I ence east 68% 69%
700 719 72000 F55PYEE aé@*%% bagis gectls %eérSB'FFag?ﬁ’a?%ast 78% 79%
80% 81% 82% 83%or 84% especially preferably at least 85% 86% 87%
88% 89% 9Q%ef9épp‘!(mron93%he\abbye d@Wib@U@MﬁésWr@fr%r%h%lsadf pogsiblly nYoiffied94%
95% 96% %%re%%é% ﬁFoﬂI?e%%}f tﬁeeﬂ%ilélgaWd s@gge aF?? éo ﬁ’»g mvé?ﬁ%b?rpgklarﬁg/

equi val ents 0 seque east by
pref eredfe &f funghdy P?@‘%enmmwlsnethqmm@wnwweqﬂrcafhemanﬂnye%ttonlVéﬁlsﬁertag% 79%
80% 81% 82%:01&35%3%5&A%crmeqeattbyc@roet@guabéy tivd déteatidn &9fe fuBgls ind7%

asvi_ogv 198 i G G GepkTb ef Ry B el BREERAMS. s
I D NO 3 can flab@ﬁ'u@é’ﬂd?rétoogéﬁéﬂ%ﬁri'ﬂ@gt A ylowingzaanesmans sprcies; AlemMafa.ch t he
functional atdioyptiaerd, Soldrotirie Physalesporadboes@iple IFtR8alasra danigr! Bothitie

t A th
clone. comr ??.’ﬁ‘%‘ L2 res S e ndspOls I b hpep gt i o "D Obes.
The gener at |Q5’r||'e righH@; Pirieramp s, &Y exAmPien DIRSGIERANTFERSIEIHRQs: &P @mRI%e known.
For exanpl e ElsihvesfaeaattibBiapbfties, tfedexamipte, Digpibk aittij Sighagestpec, Cinmulaffor

radi oactive | ﬁ’&%b e abel ed
ol i gonucl eotélggeggn[?ﬂﬁlé) %’ CBF%QF%ant ?gﬁegfgg%%g}ﬁ% Lﬁ?s@t‘e EnHﬁérﬁﬁé rlIc}gl es
required ford"@ik rgsi PRf YEaENIs; h&@{"éh‘ifcéd or LXRMRIR oAl 9@r°tr‘ﬁ°al'f““%‘?ﬁ é—ﬁ’%‘ ulg F.
Fritsch 28nd fdr eXSanyibe, dekeilllibd terioh,aMydBspimengla; Rhyltdnbmlaifor gxdvhpledPhyll&ictingd Spri ng

Har bor 40 L aekcaia08loes i, T ol clokspolim (RE BymnbBsorBh@BRS i n questi on
example Gymnosporangium yamadae, Leptotthrydium, for example, Leptotthrydium

pomi, Podosphaera, for example, Podosphaera leucotricha; Gloedes, for example,
Gloedes pomigena; Cladosporium, for example, Cladosporium carpophilum;

25 Phomopsis; Phytopora; Phytophthora, for example, Phytophthora infestans;
Verticillium; Glomerella, for example, Glomerella cingulata; Drechslera; Bipolaris,
Personospora; Phaeoisariopsis, for example, Phaeoisariopsis vitis; Spaceloma, for
example, Spaceloma ampelina; Pseudocercosporella, for example,
Pseudocercosporella herpotrichoides; Pseudoperonospora; Puccinia; Typhula;

30 Pyricularia, for example, Pyricularia oryzae; Rhizoctonia; Stachosporium, for example,
Stachosporium nodorum; Uncinula, for example, Uncinula necator; Ustilago;
Gaeumannomyces (G.) species, for example, G. graminis and Fusarium-species, for
example, F. dimerium, F. merismoides, F. lateritium, F. decemcellulare, F. poae,

F. tricinctum, F. sporofrichioides, F. chlamydosporum, F. moniliforme, F. proliferatum,

35 F. anthophilum, F. subglutinans, F. nygamai, F. oxysporum, F. solani, F. culmorum,

F. sambucinum, F. crocokwellense, F. avenaceum ssp. avenaceum, F. avenaceum ssp.
aywerte, F. avenaceum ssp. nurragi, F. hetrosporum, F. acuminatum ssp.
acuminatum, F. acuminatum ssp. armeniacum, F. longipes, F. compactum, F. equiseti,
F. scripi, F. polyphialidicum, F. semitectum and F. beomiforme and F. graminearum.



PF 54265 16 be nodified by standard technol ogies (Lit. SDM or random
mut agenesi sPFi$288ch a way that they can be enployed for further purposes,
for exanple, as a probe which hybridizes specifically with nRNA and the
correspondi ng codi ng sequences for analﬁzis of the correspondi ng sequences
in other organisns. For exanple, the probe 5 may be used for screening a
genoni ¢ | i birargased resiplanee iorafupgisidetwhictt usaguasproleinwillk thedyiologioal activity f@nput er
3fea{ﬁ2 ; or Vaﬁwe_ ma;e;qmw&egggét irsnreialﬁ@ﬁmyma_odah?b@@eﬂisgl& mn{)cgiadfafleidcati ons
expressi on %F o?erﬁﬁafg g&stwﬁg %ﬁe&ﬁi{g?’& sa%_gggéﬁ%éghpgs r%%i%re aa!aﬂl‘ée ¢ HE Ahvent i on
in a vari et pthergites offthagrotein ywhisheafeckbioding oy thefabpicdienPwingdadie  specifical Iy
i n connesét i efodifidatioeddsatited aivel BingiHg bf the iRMbitarCwisials B tts 2@ Ih& fumbiRiel ® _
fungi ci des_, tﬁ@ﬁro?e% @ﬁﬂ %H%%i&%ﬂi%eac{ibﬁ&%fsa #ngkzat a?@king?é gz{rl @r—.l m%ﬂg n]icrr'g detecti on
of devel opi ng Tesistances. e term’™phytopa _Q(?enl C ungl - I's under st ood
as meani ng tdEcultarindgie grepentadasa it agatited sungigidal pplign, ar nompaldlipisaer a,
Scl er ot i ni a,obBéwedinmaperabs if Questisanpl e, Physal ospora canker, Botrytis 15
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2. By modifying the sequence of bases, cleavage sites for restriction enzymes may

be generated or disappear. The region in question is amplified by means of

flanking primers and subsequently digested with the restriction enzyme(s) in

question and/or sequenced, it thus being possible to detect the presence of the
30 mutation in question.

in the following text, nucleic acid sequences comprising

a) a nucleic acid sequence with the sequence shown in SEQ ID NO:1, or
35
b} a nucleic acid sequence which, owing to the degeneracy of the genetic code, can
be deduced by backtranslation of the amino acid sequences shown in SEQ ID
NO:2, or



35 F. ant hophilu F. subgl utinans, F. nygamai, F. oxysporum F. solani, F.
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in the crops in question. 10 Since the nodifications which occur in this
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second bei ng comguizaent crSEQ 1 NChé whhrhas @b leds 8% idantintveith SEQUBIN®E. The
correspondi ngly nutated sequence can now be detected quantitatively and

qualitatively via [ .25.2. By nodifyipg the sequencge of bases, cleavage
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sequence comprising a nucleic acid sequence comprising

i) a nucleic acid sequence with the sequence shown in SEQ ID NO:3; or
25
i}  anucleic acid sequence which, owing to the degeneracy of the genetic code, can
be deduced by backtranslation of the amino acid sequences shown in SEQ ID
NO:4; or

30 i) anucleic acid sequence which, owing to the degeneracy of the genetic code, can
be deduced by backtranslating the amino acid sequence of a functional
equivalent of SEQ ID NO:4 which has at least 40% identity with SEQ ID NO:4.

A polypeptide encoded by a nucleic acid according to the invention with the enzymatic,

35 preferably biological, activity of a mevalonate kinase is hereinbelow referred to as
“MEK”. A polypeptide with the enzymatic, preferably biological, activity of a mevalonate
kinase is hereinbelow referred to as mevalonate kinase.

The present invention furthermore relates to expression cassettes comprising
40



30 nutation in question. In the follow ng text, nucleic acid sequences
conpri si ng g& a nucleic acid sequence with the sequence shown in SEQ ID
NO: 1, or 35PBP426hucl ei ¢ aci d sequence which, owing to the degeneracy of
the genetic code, can be deduced by backtranslation of the am no acid
sequences shown in SEQID NO 2, or PF 54265 18 <c¢) a nucleic acid sequence
whi ch, owing to the degeneracy of the genetic code, can be deduced by
backt r ansl atd)on genetiteorirl sequernicds Beepesahie linkage wWithracnuamiabeid sggueangkent  of
SEQ I D NG 2 whi céprhitiindta hfdsit asda%ehdaitichinpisih SEQ ID NO2 5 will be
referred to as "nuclei ¢ acid sequences according to the invention".

Li kewi se, the term "nucleic acid sequences according to the invention" is
under st ood as neani nynugieic Beidsegaentesdtiube seguercaphown igSER 1B N8| &i ¢ aci d
sequence gv th the sequence shown in SEQ ID NO.'5; 10 b) a functional

i val ent which i t.o t| d f th ti . b
daduced by backt Pansd BEASA 266 SRR I-L aMiP B U HERRDoEH i e OGP | b

NO 6; or 15 c) a funedeoear bededucal bybavkirankiationbhifpetamindecidsgguemcasy of t he
genetic code, can hgadyeed lynbaclktransl ati on of the am no acid sequence
of a functional equivalent of SEQ ID NO 6 which has at |east 35%identity
with SEQID NO 6. The term "nucleic acid sequences according to the

i nventi ot al so iéhcoupaspabequinalereDoff SEQ AN 3 mith| 2t leashtdd idendjlyeritteSEQwWHI ch
constitute enbodi nenpsyefs the abovenmentioned nucleic acid sequence c) and
whi ch conprise a nucleic acid sequence conprising a nucleic acid sequence
conprising i) a nucleic acid sequence with the sequence shown in SEQ ID

NO 3; or 25 ii)iva naolaeic asidiseqeenpecviveh, whinghto tbevdegeneadyhod triegmmedcacy of
Sequences, shown | n CEST] B ReHeaueetty SREKIRRRLGL) B8 dtine 380 SENTMAAL, o1
owi ng to?ﬁ he degeneﬁggy'%ﬁi ?%vabeéﬁg{ éch'bd%O%c"Qth E%S a@mﬁgﬁgﬁgerﬂﬁy wif
backtransl ating the SRQi6 N@#d sequence of a functional equivalent of SEQ
I.D-NO 4 which has at |east 40%identity with SEQ I D NO 4.

or
20 b) additional functional elements; or
c) acombination of a) and b).

A further subject matter of the invention are expression cassettes comprising

25
a) genetic control sequences in operable linkage with a nucleic acid sequence
comprising
i) a nucleic acid sequence with the sequence shown in SEQ ID NO:5; or
30
i)  anucleic acid sequence which, owing to the degeneracy of the genetic
code, can be deduced by backtranslation of the amino acid sequences
shown in SEQ ID NO:6, or
35 i)  a functional equivalent of SEQ 1D NO:5 with at least 67% identity to

SEQ ID NO:5;

iv)  a functional equivalent of SEQ ID NO:5 which, owing to the degeneracy of
the genetic code, can be deduced by backtranslation of the amino acid



A pol ypepti de encoded by a nucleic acid according to the invention with the
enzymatic, 35 preferably biological, activity of a neval onate kinase is
her ei nbel ow Plebé26%d to as "MEK'. A pol ypeptide with the enzynmati c,
preferably biological, activity of a nmeval onate Kkinase is hereinbel ow
referred to as neval onate ki nase. The pr e%ent invention furthernore rel ates
to expression cassettes conprising 40 PRU54265 19 a) genetic control
sequences i n oper ablseguemicaafea funttional enuitaient cASEQ |IDeNDBSnetch casgtrieastng a

nucl ei ¢ aci d sequencgof QERfity3bd 88 d b Roicl ei ¢ acid sequence with the
sequence shown in SEQ ID NO'3, or 5 1i) a nucleic acid sequence which,

ow ng to the degeneracy of the genetic code, can be deduced by
backtransl ateron of the am no acid sequences shown in SEQ ID NG 4, or 10
iii) fungfional equivalents of SEQID NO 3 with at |east 70% identity with

SEQ IDNOS3, iv . nuc) eic acid sequence which, owing to the degeneracy of
the genetic b)coo%j,d%l?gﬂ' fIHBCtt?@a'lfé%'Be »Yacktransl ation of the ami no acid
sequence of a 15 functional equivalent of SEQ ID NO 4 which has at |east
80% i denti t yoywi theombifhtidn HHQ ghdgg_ 20 b) additional functional elenents; or
c) a conbination of a) and b). A further subject matter of the invention are
expressi on cassettes conprising 25 a) genetic control sequences in operable
| i nkage 18 t hVectorscomipdsiag itite aleyesectonedayprassiongasdetie andaheuse ati d sequence

with the seqéﬁ&?@ ‘é@et{é%cﬁﬁgriklﬁgm 5; or 30 ii) a nucleic acid sequence

whi ch, ow ng egeneracy of "the genetic code, can be deduced by
backtransl ati on of the am no acid sequences shown in SEQ ID NG 6; or 35
ii1i) a functajonagenetccoatotnéquencSED doerati® Enkage lwithta hetesst adid Yequiaeity to
SEQ I D NQ. 5; according to the invention, or

15

b)  additional functional elements, or
¢} acombination of a) and b)

20  and the use of vectors comprising the two embodiments of the abovementioned
expression cassettes in “in vitro” or “in vivo” test systems.

A further subject matter is the use of the abovementioned embodiments of the
expression cassettes (hereinbelow referred to as “expression cassettes according to
25 the invention”) for the expression of MEK for in vitro or in vivo test systems.

In a preferred embodiment, an expression cassette according to the invention

comprises a promoter at the 5’ end of the coding sequence and, at the 3’ end, a

transcription termination signal and, if appropriate, further genetic control sequences
30  which are linked operably with the interposed coding sequence for the MEK gene.

Equivalents of the above-described expression cassettes which can be brought about,
for example, by a combination of the individual nucleic acid sequences on a
polynuclectide (multiple constructs), on a plurality of polynucleotides in a cell

35 (cotransformation) or by sequential transformation are also in accordance with the
invention.

Advantageous genetic control sequences for the expression cassettes according to the
invention or for vectors comprising them are, for example, promoters such as the cos,
40 tac, trp, tet, Ipp, lac, laclq, T7, T5, T3, gal, trc, ara, SP6, A-PR or the A-PL promoter, all



Iv) .a functional equivalent of SEQID NO 5 which, owing to the degeneracy of
t he genetic RloG4265%can be deduced by backtranslation of the am no acid PF
54265 20 sequence of a functional equivalent of SEQ ID NO 6 which has at
"least 72% identity to SEQID NO 6. or 5 b) additional functional elenents;
or ¢) a conmbination of a) and b). 10 vedlor s conprising the abovenenti oned
expressi on Ocﬁmrtc&anmgtelddom@re:a‘smgea(meealsmmé kivass qiréfesamsﬁIWEKL B BGnR)

genetic cont D sSirhiRs.oper abl e linkage with a nucleic acid sequence
according t r{e?’heﬁele%!\r/bgnt|orrl ! %r 15 b) additional functional elenents, or «c¢)

a conbination of a) and b) 20 and the use of vectors conprising the two
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aboverrent | o ression cassettes (herein
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promoter at
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control ®equitmess36)3H23vEE; Benito et 4li Blved. RipeyRdihyl. 194, 2071220i(1998).002gd ecaldi ng
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i ndi vi dual ndfcINsickenet & @@&Béﬁ%@%m 575 ﬂcﬁ y%ﬁ?c %diqrwn@’fﬁi t Mgl ell Biol
constructs), 1987 Seppf(Q). wg?bsoa)fornmltwmcm;ﬂ@hltdmmtnrsa\lmej Geyd TrpC, AOX1,

(cot ranst of i Bk G REMEMAY. YEARTOES TiHd 08 13153030, BRBfcqfance

with the invention. Adva 1|%@ous enetlc cont

expr essi bh cHeasé 9%%(%89?& St Frgen ‘?tr‘f\feﬁ'@f‘bwobﬁ’qi @r?(%)eﬂ@%ﬂgg E¥B¥i si ng
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117-124), ail of which can be used for expressing SSP in yeast strains.

20 Examples of genetic control elements which are suitable for expression in insect cells
are the polyhedrin promoter and the p10 promoter (Luckow, V.A. and Summers, M.D.
(1988) Bio/Techn. 6, 47-55) and, if appropriate, also suitable terminators known to the
skilled worker.

25 Advantageous genetic control sequences for expressing MEK in cell culture, in addition
to polyadenyiation sequences, are, for example, eukaryotic promoters of viral origin
such as, for example, promoters of the polyoma virus, adenovirus 2, cytomegalovirus,
HIV thymidine kinase or simian virus 40 and, if appropriate, also suitable terminators
known to the skilled worker.

30
Additional functional elements b) are understood as meaning, by way of example but
not of limitation, reporter genes, replication origins, selection markers and what are
known as affinity tags, in fusion with the nucleic acid sequence in accordance with the
invention, directly or by means of a linker optionally comprising a protease cleavage

35 site. Particularly preferred as further suitable additiona! functional elements are
sequences which ensure that the product is targeted into the vacuole, the
mitochondrion, the peroxisome, the endoplasmic reticulum (ER) or, owing to the
absence of such operative sequences, remains in the compartment where it is formed,
the cytosol (Kermode, Crit. Rev. Plant Sci. 15, 4 (1996), 285-423).

40



21 .of which can be used for expressing a neval onate ki nase, preferably MEK
In Gam nedhk b4a85bacterial strains. Exanples of further advantageous
genetic control sequences are present, for 5 exanple, in the pronoters any
"and SPQ®2, both of which can be used for expressing SSP in G ampositive
bacterlal strains, and in the yeast or f@RAgal prompters AUGL, GPD-1, PX6,
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and Sumner s, In gfthereriwgdiment of theciestor ghe aycleisacigrpnsirgct agerrdipgitathe  al so

sui t abl e t erinen@idtsn Edantageousdiinalso diiimtreiliced inkethe ?Garfishiant tag éartisofgenet i ¢

control Seqqﬁgg,ﬁ@NL%ﬁd‘?rﬁgérSE?j'lﬁ'tgtﬁ@&eﬁcﬂn&ﬁ* he%‘d}‘ztt&ggmsh%fiq&érto' < o*’Pw

pol yadenyl ation sequence

origin TSucHorwlogays r%?&?ﬁﬁ'l‘%"’”p?'@ﬁﬁ’ﬂ%ﬂr?m mLaMéOEﬁﬂ“ﬁﬁd'”??rﬂzi%’ PI3FIASYi r us 2
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appropriate, also suitable term nators known to the skilled vvorker 30
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The expression cassette according to the invention and vectors derived therefrom can

25 be used for transforming bacteria, cyanobacteria, yeasts, filamentous fungi and algae
and eukaryotic nonhuman cells (for example insect cells) with the aim of producing
mevalonate kinase, preferably MEK, recombinantly, the generation of a suitable
expression cassette depending on the organism in which the gene is to be expressed.

30 In a further advantageous embodiment, the nucleic acid sequences used in the
method according to the invention may also be introduced into an organism by
themselves.

If, in addition to the nucleic acid sequences, further genes are to be introduced into the

35 organism, they can all be introduced into the organism together in a single vector, or
each individual gene can be introduced into the organism in each case in one vector, it
being possible to introduce the different vectors simultaneously or in succession.

In this context, the introduction, into the organisms in question (transformation), of the
40 nucleic acid(s) according to the invention, of the expression cassette or of the vector



absence of such operative sequences, remains in the conpartnent where it is
formed, thePEH4dol (Kernopde, Crit. Rev. Plant Sci. 15, 4 (1996), 285-423).
40 PF 54265 22 Also in accordance with the invention are vectors conprising
"at | east one copy of the nucleic acid sequences according to the invention
and/ or the expression cassettes accordi to the invention. 5 In addition
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of a suitable expression cassette depending on the organismin which the

gene is to expressed. 30 In a further advantageaus e iment, the

nucl ei ¢ aci 3? %%E%Eﬁ%ﬁ'g 06&%‘85’?%9?%5"99:8? AR i"?‘n'g1 ?'Fn(?ﬁge _??R)’?ﬁti on nay

al so be i nt rdrpgdker ¢mbedimanisral aniexpression chrsetie oy oba vedtor ¢ampiisiniota awrleio t he
nucl ei ¢ &Li dadid SLRIREES whichehBedeste pRteiRivith tHe diryhdtic Qlererbly hiblegiche 35

organi sm they ca I .0t rodu .0 t he organismtogether in a single
vector, or %%'Xﬁ?’ &n%%n\??’%@é@&@%ge %ﬁ‘ﬂc%@brisfﬁsr oduced into the organismin each
case in one vector, it

a) anucleic acid sequence with the sequence shown in SEQ ID NO:3, or

25 b) anucleic acid sequence which, owing to the degeneracy of the genetic code, can
be deduced by backtranslation of the amino acid sequences shown in SEQ ID
NO:4, or

c) functional equivalents of SEQ ID NO:3 with at least 70% identity with SEQ ID
30 NO:3,

d} anucleic acid sequence which, owing to the degeneracy of the genetic code, can
be deduced by backtranslation of the amino acid sequence of a functional
equivalent of SEQ ID NO:4 which has at least 80% identity with SEQ ID NO:4;

35

and the transgenic organisms comprising a nucleic acid sequence which encodes a

protein with the enzymatic, preferably biological, activity of a mevalonate kinase

comprising

40 a) anucleic acid sequence with the sequence shown in SEQ ID NO:5; or



bei ng possible to introduce the different vectors sinmultaneously or in
successi on. PAh5826% context, the introduction, into the organisns in
guestion (transformation), of the 40 nucleic acid(s) according to the
“invention, of the expression cassette or of the vector PF 54265 23 can be
effected in principle by all nethods wi t Bwhi ch the skilled worker is

famliar. In the case of m croorganisns, the skilled worker will find
suitable tr sf

oot v 051§ Pea D e B B g
Laboratory Pr es %%P”P‘? yRﬁ@ﬁ'ﬁ‘QF'aB‘?“ af the amijrmagid seqHansh & ?i?"btrb%%@é in

nol ecul ar bi ol ogy0:6;9ohn Wl ey and Sons, by DM Gover et al., DNA d oning
Vol . (1P95), IRL Press (ISBN 019-963476-9), by Kaiser et al. (1994)

Met hods in Y ast net i Labor at Press or thrie et
al. "Qui de t SRS 94 i o WL NS Wb g9t o IRICRBE Wit SERS Fhrol ogy.
1994, 10 Academl@ % ress. In the transformation of filanmentous fungi, the
nmet hods of choi ce are firstly the generation of prot opl asts and

transfornmati h the. ai d P 1997 col. Res. 101
(o 577 préptanghonst Siuivalers ob SEQILNGET BhiEn o Bitbe sbwaok a5
secondl y1a he t ragm'lebc neded, oan be tdedodes i lwhchtransdation d ther aruinm tagivedeguersresof( de
Groot et al. ngnd}‘%i eqlﬁm&%ﬁ* SE%.ﬁD ﬁé%ﬁﬂ@ﬁ hasd Bﬁe£§t%%@@h fry Qiggani sme

generated by tr on wth one of the above- described enbodi ments of
an expression c of a vector conprising a nucleic 20 acid sequence
whi ch encodes a protein with the enzymatic, preferably biological, activity

of a neval onﬁﬁeet_hlslré\ﬁ%.mMmmmcﬁ@sscaamable%hﬁﬂne aBelEmSARIHENEEn it the
sequence, shown i i ch, ow ng

o the. dliheraBaRGm R Treheg rabredbet e a8 albige Rt oL ey SR RUPREY ot  on of

the am no acid sequences shown in SEQID NO 4, or c¢) functional equivalents

of ‘SEQID Ncbﬁle%lﬁlfhblﬁorbﬁﬁ%'ls?&%é el@ambmén%id?e&ﬁﬁ HMERGNNgHiBon & 2 nucl eic

o bocaa be el Deadl ifhek. e SRR B Rl cBTES e oA fEra

equi val ent oYeE@E@ﬂdUUMD 4 which has at |east 80%identity with SEQ ID NO 4;
35 and tée transgenl c organi snms conprising a nucleic acid sequence which

encodes a_ ol sl dy ik acRNE MR bhGerPbRhE GBRLY Eblehagh @ingct 1 vi ty of a

meval onat e Ki
Flavobacterium or Alcaligenes or Cyanobacteria, for example of the genus

Synechocystis or Anabena.

25 Preferred yeasts are yeasts of the genera Saccharomyces, Schizosaccharomyces or
Pichia.

Preferred fungi are Aspergillus, Trichoderma, Ashbya, Neurospora, Fusarium,
Beauveria, Mortierella, Saprolegnia, Pythium, or other fungi described in Indian Chem
30 Engr. Section B. Vol 37, No 1,2 (1995).

In principle, transgenic animals are also suitable as host organisms, for example
C. elegans.

35 Preferred is also the use of expression systems and vectors which are available to the
public or commercially available.

Those which must be mentioned for use in E. coli bacteria are the typical
advantageous commercially available fusion and expression vectors pGEX [Pharmacia
40 Biotech Inc; Smith, D.B. and Johnson, K.S. (1988) Gene 67:31-40], pMAL (New



conprising 40 a) a nucleic acid sequence with the sequence shown in SEQ ID
NG 5; or PF 54265 24 b) a nucleic acid sequence which, owing to the
degener acy f"f'@sgenetic code, can be deduced by backtransl ation of the
am no acid sequence shown in SEQID NO6; or 5 c) a functional equivalent
of SEQID NOS5 with at | east 67%identit3§5with SEQID NO5; d) a functional
equi valent of SEQ ID NO5 which, owing to the degeneracy of the 10 genetic
code, can beE alaps &%r&-r%&anﬁn%ﬁSéFh@rﬁ@canPwéatawau NBgweisBe of a
functional egmipriseeglutathioGEQ thdisfiide (@81 mbRssedinditRstotel? %r ipeaini A, Yhav t h
SEQ 1D NG 6., apdedils (AREARTR BRTodd s Ml ddad iSa A1 31R385 9 bY BoNiRcp
abovenenti one tranégenl c 15 grgani sm by neans ‘of ex FesSY on ar e al'so

subj ect nat tR#0 Ao+ G e mET rﬂ'ﬂQnP?‘Blﬁ.Vec@rl?éf'e%UP‘E”aﬁfaéagﬁnﬁah@ dM8-for the

reconmbi ngnt expression of MEK, in addition to bacteria, yeasts, nosses,
al gae and f | | |1 Y, el a, sts and
fungi . 20 prap ey SrEoLy DloiEie8 dec i DEsst ofS BY SR ABGH S of (19KPF

Escher i chi a EEbGr-229-2¢4)noMBadKeTan ARdeTak eIz GS52) Col 30933868k PERYEE £ or
exanpl e of t(Sehgeizl., Sparchemy 54:1$3-023)AnadpYBS d2bvdtives G ARE yerastigesar e

t ft A e . i.chia.
breferrod f\ACrashiaves ShARRYIEREs of b ERARESHARIHIER (arodhf 1 . i um
Beauveri n}ggerr@Flgm,@.ﬁn L4850, |+ g MPEtorsppE H?%‘H}f"%?e’ﬁg%flu”%ﬂiﬁide%&’é@@ij i"bed in

| ndi an Chem vaBelrtipndeSErA M B Puot, PV (199 ) 1Gend t&rtsigr. sybtensrantcy quiar,
transgenic a‘%"g@gﬁ‘eﬂ{ for fifa n%ﬁ%tf&%’?ifﬁpﬁ%ﬁm&égﬁgﬂ E8%etick OF FERGPEE  C

el egans. 35 rred 1s also the use of expression systems and vectors
whi ch are ava§hesdy. &t alo &dfe PPpln ﬁ’i%a‘BlP”c%@rHr‘EY?f?‘Ql PressnATRI9E: Those whi ch

must be mentioned for use in E. coli bacteria are the typical advantageous
conmer Ci & | YaQydbk&hhtive! MSbQReRBROBIIEPIRIAT RIS Be Q%dvaﬁégeaﬁlﬁ for+0
Bi otech | nC’exgrr'p:pﬁehfor Ekp?réss:cllcr)]rg in‘]é?fg,ngf%q ’orlﬁiSS c':ellg,1 v%higl)l a%e irr}%cgé'v?alre%okbir%wl' (New
C baculoviruses. Examples of these are the vectors of the pAc series (Smith et al. (1983)
Mol. Cell Biol. 3:2156-2165) and the pVL series (Lucklow and Summers (1989)
Virology 170:31-39). Others which may be mentioned are the Baculorvirus expression
20 systems *“MaxBac 2.0 Kit” and “Insect Select System” by Invitrogen, Calsbald or
“BacPAK Baculovirus Expression system” by CLONTECH, Palo Alto, CA. As an
alternative, insect cell expression vectors may also be used advantageously, for
example for expression in $f9, $f21 or Hi5 cells, which are infected via recombinant
baculoviruses. Examples of these are the vectors of the pAc series (Smith et al. (1983)
25 Mol. Cell Biol. 3:2156-2165) and the pVL series (Lucklow and Summers (1989)
Virology 170:31-39). Others which may be mentioned are the Baculorvirus expression
systems “MaxBac 2.0 Kit” and “Insect Select System” by Invitrogen, Calsbald or
“BacPAK Bacuiovirus Expression system” by CLONTECH, Palo Alto, CA.The skilled
worker is familiar with the handling of cultured insect cells and with their infection for
30 expressing proteins, which can be carried out analogously to known methods (Luckow
and Summers, Bio/Tech. 6, 1988, pp.47-55; Glover and Hames (eds.) in DNA Cloning
2, A practical Approach, Expression Systems, Second Edition, Oxford University
Press, 1995, 205-244).

35 Plant cells or algal cells are others which can be used advantageously for expressing
genes. Examples of plant expression vectors can be found in Becker, D., et al. (1992)
"New plant binary vectors with selectable markers located proximal to the left border”,
Plant Mol. Biol. 20: 1195-1197 or in Bevan, M.\W. (1984) "Binary Agrobacterium
vectors for plant transformation”, Nucl. Acid. Res. 12: 8711-8721.

40



PF 54265 25 Engl and Bi ol abs, Beverly, MA) and pRI TS (Pharnmaci a, Piscataway,
NJ), which RbA#E5es gl utathione S-transferase (GST), maltose binding
protein, or protein A, the pTrc vectors (Amann et al., (1988) Cene

' 69:301-315), "pKK233-2" by CLONTECH, PaIZ% Alto, CA and the "pET" and
"pBAD' vector series from Stratagene, La“Jolla. 5 Further advantageous
vectors for Merover, theauicleir aci YapBaces ddBardiag to, thetinvahtion ¢aroiBy ¢xprésded id .
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(1991) "Cene_transfer sylﬁnems c%gd ?/ectgr kdevel %rrent for, filanent 9usd
fungi ", in: REEMEYS (81 BTeLPraRett fad Srkanipll SXPiESEion Spagis ffe meniiged
eds., pp. 1-inghactendi® age 10in Sambiook ePakddeleTdanipnige:. A LaborgtognManualr nat i ve,
i nsect cell gieDe8S PoRNSHAFHABoMERbORALSS, DBIdUSIRIAg MEBSHIIBBRISY YredsOColexanpl e
for expressi n.rig;]_é%%, ;g?& Sﬁr Ehsr Caeilll I%, whi chcéalrr € rd ﬁf ec.heéi_ Vil gL ec nbi nant
bacul ovi r uses?" Ple S0 8%, FLENG! ATARIHOGANS YRI5 A14 fiescHRRT UdiSEOS Pl t h et
al . (1988) (Mends@eblanBsaignce3s, 2096).2165) and the pVL series (Luckl ow and

Summers (1989) Virology 170:31-39). O hers which may be nmentioned are the
ion, 20 sect Sel ect

Bacul orvi rus,expres . teps,." MaxBac 2.0 Kit" and, "I

Systent by TAUPIRE 3B e uR GRBpameRs b ARSHle ST PR e FABEPTE. <yt et

by CLONTECH, orpanismalcpmprigipg amscigie acid senuancs aecording tocthe daventienk peres@mple

\éfegL ors maé @vﬁ@wshﬂmrrﬁ;ﬁ@ﬂwﬂ%aré&fa@@guﬁbasseit@racc&mgm; Fefiaﬁerfeilzsﬁ,r@&ﬁia%cida St 9,
or | re 1 n e I Nan Vi Jruses.

Samp es br gonarBng Sl S BhECichidhd SR VAR R P WS 0 as) s

Mol . Cel | Bi ‘@rgansmelswondimbio thainvepiorpbereitelays (Luckl ow and Summers (1989)

Virology 170:31-39). Ot hers which nay be nentioned are the Bacul orvirus

expressi on LWL "Lnsect '

| nvi trogen, @i‘fé’%g? rH '%@%P&Eﬁtﬁg@géﬂ%\g it? Lﬂsﬁ,é %%porfﬁés\’i%gbha%@%n@f p%YerEEib\lT ECH,
Pal o Al to, ddEKhie aspthoddor identibdng fungicidally activedpstigompeundsn dilimashests feul t ur ed
i nsect cz) | sidamtitying fungidivzilly attivieashibitis By he?@inBaipwestetrad tpaohitiris whi ch can

be carried o @Eﬁl t 0 known net hods (Luckow and Summers, Bi o/ Tech.
6, 1988, pp.#f-o ; %qgggrvggﬁnogl Hanes (eds.) in DNA Coning 2, A practical

Approach, Expression Systens, Second Edition, Oxford University Press,
1995, 205- 24#)this 3bntekiatie methbs farideitifig abickialy sctiot RebstanddsPreferdbbe used

advant ageous&%sfsg of@ﬁ%ﬁﬁiﬁbﬁ]gssay in which a polypeptide with the enzymatic activity of a
25 mevalonate Kinase is used.

A preferred embodiment of the method according to the invention comprises the
following steps:

30 i. ~ bringing the mevalonate kinase, preferably MEK, into contact with one or more
test substances under conditions which permit binding of the test substance(s) to
the nucleic acid molecule or the polypeptide which is encoded via the
abovementioned nucleic acid molecule, and

35 i detecting whether the test substance binds to the polypeptide of i), or

ii. detecting whether the test substances reduce or block the activity of the
polypeptide of i), or

40 iv. detecting whether the test substances reduce or block the transcription,



genes. Exanpl es of plant expression vectors can be found in Becker, D., et
al . (1992) PME4$65 ant binary vectors with sel ectabl e nmarkers | ocat ed
proximal to the left border”, Plant M. Biol. 20: 1195-1197 or in Bevan,
"MW (1984) "Binary Agrobacterium vect ons for plant transformation”, Nucl.
Acid. Res. 12: 8711-8721. 40 PF 54265 26~ Moreover, the nucleic acid
sequences accor dianglation erexpressiontaf die pelvpapdiderpi.essed in mamualian cel | s.
Exanpl es of suitable expression vectors are pCDMB and pMI2PC, which are

nentioned in:., Seed,. B. Nat.ure 329:840, or Kaufrman et al. (1987 ENMBO
T Sag 1 omne Bebipf in CoBRheh Wit Ter ot R B RRMRP 2o Bk leptellB8RE) i1
ori gi n 5 sudechiniquesaichdgipttdhe iplesadiioe betwadengupiginand/ligend. indkie sontextus 2,
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Labor at ory, lasldE>epmlesofieneyoe labglsarathersgradissperodaase, alkplinengasahaiase omy,

1989. Furt haiciReasanTrg Sesequeidetsttion GesarRieonBsl label 4kl ik kASWRto ik skilldd
(Trends in plapt science, 5 2000). Al of the above-described enbodi nents

of possible OYdi ment s of transgenic organi sns conprising a nucleic acid
sequencéllaccording to the invention, for exanple by transformation with an

expressi on qﬁ$ﬁ§b@ﬂeﬂ9ﬁwﬂbﬁﬁ_€ﬂQrﬁﬂb@irﬁéﬁt@ﬂhicﬁ?{e ) @ﬁitaaale/fﬁﬁwyh-tmugamr i sing
an expressi C l. .Nne  |..N ntLon,.are.rerer.r .
Mor gant ons. SeRiRThe Rt (RSl St Rel PR sk bR op Gt iiBe, o,

furt her nmor e P 8PAIEGIATt 0 t he use of neval onate kinase, preferably MEK, in a
met hod for identifying fungicidally active test compounds. Al nethods for

met hod for identi fying fungicidal ly acti: | s
ot hos. Paichrdi g 18 e el por AR e BhE el 369 AREIRY U] e ©o 2

i denti fyi ng fund@Bibgetsrminad iy ssaisampiewiwpe Vg orgpcepemeqregiatiops  an

i-nhi bi ti on assaypedrodeoph(RCAPyHee Natl.decadi 86. UBA (¢094)Mer53-1a615)vFC8 cah a 25
meval onat e ki na ' H%%q r | . ording to
the invention c??%pé}rlﬁ%e_s t Rreéetg %ﬁf'@a/ip(r?\%e@p@gg?@éﬁa&%ﬁsﬁgﬁ%@?ﬂ%%%CevaI onat e
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condi ti @ds whi clropgpoond whendindipgad MEIC A method@essraimged $he ingentivheanbel ei ¢

aci d ol ecul e oty iseRal AAGRL Hgadihg thd BindRG o5 et bomblshAlRYENBYL! Oned

nucl eic acid nole ) i , ]
fluorescent molecule. As an alternative, the method according to the invention

can be designed in such a way that a chemical reference compound which is
labeled by a fluorescent molecule is displaced by further chemical test
25 compounds (“displacement assay”).

2.  Fluoresence polarization exploits the characteristic of a quiescent fluorophore
excited with polarized light to likewise emit polarized light. If, however, the
fluorophore is allowed to rotate during the excited state, the polarization of the

30 fluorescent light which is emitted is more or less lost. Under otherwise identical
conditions (for example temperature, viscosity, solvent), the rotation is a function
of molecule size, whereby findings regarding the size of the fluorophore-bound
residue can be obtained via the reading (Methods in Enzymology 246 (1995), pp.
283-300). A method according to the invention can be designed directly for

35 measuring the binding of a fluorescently labeled test compound to MEK. As an
alternative, the method according to the invention may also take the form of the
“displacement assay” described under 1.

3. Fluorescence resonance energy transfer (FRET) is based on the radiation-free
40 energy transfer between two spatially adjacent fluorescent molecules under



35 (i. detecting whether the test substance binds to the pol ypeptide of i),
or iii. detcth PMPinhet her the test substances reduce or block the activity
of the polypeptide of i), or 40 iv. detecting whether the test substances
"reduce or block the transcription, PF 54%@5 27 translation or expression of
t he pol ypeptide of i). The detection in cordance with step ii of the above
met hod can be efduilablegouditions. Atpserequigiteis thitithé echésisisot spehteur of theadanoon

bet ween prot ei n @odclié 8atthps Mithithé ex&RBbEXiectranfbiithe beddpforinssitcui@mound or
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and is known to .t,h killed worker. 10 In.,this confext. i ve, pr.ef err.ed
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particular: 15 lganHBeoraieédaemPdckad BoStidice. The doinpbMiRSaaEt arkndatinte as a

function of the mas L ned. tn.a small sanple volune via

fl uorescence cor'%lgmaﬁﬁ& ’gg’é%%@a‘?&% S'P rS( Proc. Natl. Acad. Sci. USA
(1994) 1%753-11575). FCS can be enpl oyed for determ ning protein/inhibitor
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' refractive index at a surface when a chemical compound binds to a protein which
is immobilized on said surface. Since the change in the refractive index is
identical for virtually all proteins and polypeptides for a defined change in the

25 mass concentration at the surface, this method can be applied to any protein in
principle (Lindberg et al. Sensor Actuators 4 (1983) 299-304; Malmquist Nature
361 (1993) 186-187). The measurement can be carried out for example with the
automatic analyzer based on surface plasmon resonance which is available from
Biacore (Freiburg) at a throughput of, currently, up to 384 samples per day. A

30 method according to the invention can be designed directly for measuring the
binding of the test compound to MEK. As an alternative, the method according to
the invention may also take the form of the “displacement assay” described
under 1.

35 Al of the substances identified via the abovementioned methods can subsequently be
checked for their fungicidal action in another embodiment of the method according to
the invention.

Furthermore, there exists the possibility of detecting further candidates for fungicidal
40 active ingredients by molecular modeling via elucidation of the three-dimensional



resi due can be obtained via the reading (Methods in Enzynol ogy 246 (1995),

pp. 283-30F 5426t hod according to the invention can be designed directly
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formof the acenent “assay ribed under 1. An especially suitable
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Nature mevalonate kinase, preferably MEK, not incubated with a test compound.

In this step (c), compounds are selected which bring about a significant decrease in

25 the activity of mevalonate kinase, preferably MEK, in comparison with a mevalonate
kinase, preferably MEK, which has not been incubated with a chemical compound,
achieving a reduction by at least 10%, advantageously at least 20%, preferably at least
30%, particularly preferably by at least 50% and very particularly preferably by at least
70%, or 100% reduction (blocking).

30
The solution comprising the mevalonate kinase, preferably MEK, can consist of the
lysate of the original organism or of the transgenic organism. If necessary , the
mevalonate kinase, preferably MEK, can be purified partially or fully via customary
methods. A general overview of current protein purification technigues is described, for

35 example, in Ausubel, F.M. et al., Current Protocols in Molecular Biclogy, Greene
Publishing Assoc. and Wiley-Interscience (1994); ISBN 0-87969-309-6. If obtained
recombinantly, the protein which takes the form of a fusion with an affinity tag can be
purified via affinity chromatography.

40 The mevalonate kinase, preferably MEK, which is required for in vitro methods can
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The amounts of substrate to be employed in the activity assay may range from 0.5-
100 mM and the amounts of cofactor from 0.1-5 mM, based on 1-100 pg/ml enzyme.

25 In a particularly preferred embodiment, the conversion of the substrate is monitored
photometrically. For example, reference may be made here to the assay described by
Porter J. B. (1985; Meth. Enzymol. 110, 71-79), which is based on coupling the
mevalonate kinase reaction with the reaction catalyzed by pyruvate kinase and lactate
dehydrogenase, where the oxidation of NADH is a measure of the activity of

30 mevalonate kinase. In slightly modified form, such as described by Schulte et al.
(1999; Anal. Biochem. 269, 245-54), this assay is also suitable for high-throughput
methods.

A preferred embodiment of the method according to the invention, which is based on
35 steps i) and iv), consists of the following steps:

i. generating a transgenic organism according to the invention,

ii. applying a test substance to the transgenic organism of stepiand to a
40 nontransgenic organism of the same species,
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activity assay .may rahge
fungi or eukaryo 1c cell lines, preferably phytopathogenic filamentous fungi, especially

preferably the phytopathogenic filamentous fungi mentioned on pages 10 to 12. These
transgenic organisms or cells thus show increased tolerance to chemical compounds
25  which inhibit the polypeptide according to the invention.

All of the compounds which have been identified via the abovementioned methods can
subsequently be tested in vivo for their fungicidal action in a further activity assay. One
possibility consists in testing the substance in question in agar diffusion tests as

30 described by Zahner, H. 1965 Biologie der Antibiotika, Berlin, Springer Verlag. The test
is carried out using a culture of a filamentous fungus, preferably a culture of a
filamentous phytopathogenic fungus, it being possible to observe the fungicidal activity,
for example, via limited growth. A phytopathogenic fungus is to be understood here as
meaning the species mentioned at the outset.

35
It is also possible, in the method according to the invention, to employ a plurality of test
compounds in a method according to the invention. If a group of test compounds affect
the target, then it is either possible directly to isolate the individual test compounds or
to divide the group of test compounds into a variety of subgroups, for example when it

40  consists of a multiplicity of different components, in order to reduce the number of
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vi abi | i t10 anpgraliel tastinget a gultiplieity of Béfereniceampededs. ¢ or gani smin conpari son
with the gromh of the transgenic organism 10 In this context, the
di fference i r owt.h t ifference wiith regard to the infectivity, in
step iv) f orﬂﬂ%lésé\é\égl SBB?(ES%Sn\%F HEOTB'HSgel %l rﬁ?;eaoi %{%ucﬁ%%?%ﬁ%oljelcﬁeéu nts to at
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fil ament ous also subject matfer of the present invention. In accordance with the most widely used
20 technique, 96-well microtiter plates which, as a rule, can comprise volumes of
50-500 pl are used. Besides the microtiter plates, the further components of an HTS
system which match the 96-well microtiter plates, such as a large number of
instruments, materials, automatic pipetting devices, robots, automated plate readers
and plate washers, are commercially avaitable.
25
In addition to the HTS systems based on microtiter plates, what are known as “free-
format assays” or assay systems where no physical barriers exist between the
samples such as, for example, in Jayaickreme et al., Proc. Natl. Acad. Sci. U.S.A. 19
(1994) 161418; Chelsky, “Strategies for Screening Combinatorial Libraries”, First
30 Annual Conference of The Society for Biomolecular Screening in Philadelphia, Pa.
(Nov. 7-10, 1995); Salmon et al., Molecular Diversity 2 (1996), 5763 and

US 5,976,813, may also be used.

The invention furthermore relates to compounds identified by the methods according to
35 the invention. These compounds are hereinbelow referred to as “selected compounds”.
They have a molecular weight of less than 1000 g/mol, advantageously less than
500 g/mol, preferably less than 400 g/mol, especially preferably less than 300 g/mol.
Herbicidally active compounds have a Ki value of less than 1 mM, preferably less than
1 uM, especially preferably less than 0.1 yM, very especially preferably less than
40 0.01 uM.
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"increased tol erance to chem cal conpound 25 which inhibit the pol ypeptide
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transgeni ¢ organi sns which at | east one of the 15 nucleic acid sgguences
accor di ng t dandidateigsheqrarPupes AR b8 eXpREEECN [HyRTeHEN afefor examplgetPN A t he
nucl ei ¢ aci texprgsiendibgarias, paptdesy ptaleih mucleiccatidsy antileniits, sthakbfgahic  carryi ng

O‘r“e f ZPaEITS | nBaACdd, RErmoHas, BNRESF theUiRE IMmT, REwACMEdicRE 1 ¢184%)d874-l8ghs
P 5 Hupp, Cell. 83 (1995), 237—245: Gibbs, Cell. 79 (1994), 193-198 and references cited
therein).

Fungicidal compositions comprising the selected compounds effect very good control
of phytopathogenic fungi, in particular when applied at high rates. In crops such as

30 wheat, rice, maize, soya and cotton, they act against phytopathogenic fungi without
substantially damaging the crop plants. This effect is observed mainty at low
application rates. Whether the fungicidal active ingredients found with the aid of the
methods according to the invention act as nonselective or selective fungicides
depends, inter alia, on the application rate, their selectivity and other factors. The

35 substances can be used for controlling the phytopathogenic fungi which have already
been mentioned above.

Depending on the application method in question, the selected compounds, or
compositions comprising them, can be used advantageously for eliminating the
40 phytopathogenic fungi which have already been mentioned at the outset.
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mentioned in this context are emulsifiable concentrates (EC, EW), suspensions (SC),

soluble concentrates (SL), dispersible concentrates (DC), pastes, pills, wettable

powders or granules, it being possible for the solid formulations to be either soluble in

25 water or dispersible in water (wettable), Moreover, suitable powders, granules or
tablets may additionally be provided with a solid coating which prevents abrasion or the

premature release of active ingredients.

In principle, an adjuvant is understood as meaning the following classes of substances:

30 antifoams, thickeners, wetters, stickers, dispersants, emuisifiers, bactericides and/or
thixotropics. The importance of the abovementioned agents is known to the skilled
worker.

SLs, EWs and ECs can be prepared by simply mixing the constituents in question;

35 powders can be prepared by mixing or grinding in specific types of mills (for example
hammer mills). DC, SCs and SEs are usually prepared by wet milling, it being possible
to prepare an SE from an SC by addition of an organic phase, which may comprise
further auxiliaries or selected compounds. The preparation is known. Powders,
materials for spreading and dusts can advantageously be prepared by mixing or

40  concomitantly grinding the active ingredients together with a solid carrier. Granules, for
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~cell extracts of, for exanple, plants, animals or mnicroorganisns. The
reaction mxture can be a cell-free ext gct or conprise a cell or cell
culture. Suitable nmethods are known to t skilled worker and are descri bed
general |y f cxaepiergsiated gramiigs impreapbled quénuiesBing lugyogengogegianulegocag: b

Edi tion (1994aparé®@by emamEItﬁe weaé@eoﬂaaeu@rwsdm Garfi&s! F@ﬂf&ﬁ@k&b@%t%ﬁn be
expressi on lde?aligr reeﬁnow

b
peptides, protei i) ‘8.“@33'8 Ie@éwg'igﬁ%ce%etégm%%ﬁ)m‘ﬁsy é°'f°§v[f%2|t gﬁces
hor nones, Pmc@h@ﬂonméJS 8060084 E%A TON445 fer Nasti wnmntategpﬁ»sawnmg 880: 25

Hu]pp, Cels] . "BgglomBRetibn”, Thémicdd Enginbéring, Cet! 4, 1@67(11@946,%1@% Gri¥nigad ect ed
ref erences sel ecte
conpounds e%ngﬁ}%e\rlgeilﬁmﬁ% é@ﬁc’gb’ﬁhé‘% ﬂ}/’*@&ﬁ toh‘gn@gsc%ﬁﬁ 5P r¥n(ngart I cul ar
when appllede9t91h1fb‘5|4 5(45173?1140%1%8 3.980.:4A3 ¢S 51 é337ma| ze, soya
and cotton, Uhep3agn1agsisis, Q@byGBrmwmmlusMggsewnnhgmansm&a@untral ly
damagi ng t he, cr on plank Wbl Sn@Ehectind SNARSERY Gee L AL iy BRR et i on

rates. \Wet B8 edi en

et hods Wocdiafichgol 6t B Plaskwel Seieniiic Fublicasiaas| @deidy 498 anstMetati He
fungi ci des G’r@lb@ﬂﬁdﬁn Anmmuadtlba,temnobb@ Wl VCHNePlag GihsH, WBRheinsel ectivity

and ot her f can be used for control i ng the
phyt opat hog El&gzgr IR u%\/\(Iﬁ havg?(?%?eady been nentioned above. Dependi ng on

the application nethod I n question, the selected conpounds, or conpositions
conpri si ng tAmmtiplicity df hertdigdidamhdzonisalibcaraéns vitith srkisitaaé forghéd foemuklions

DYoL 4 SRl i ) EticR e kAP BiKe BRI HERLL A0861a81of Sl Shlio, 17

54265 34 Th
fungi ci dal cives kegninefgh pit frastions of medin fodgh Pr%'h’ﬂg %@Eﬁ“&ﬁﬁé‘e“ﬁﬁﬂ%ﬁr
conpri ses f afienel ait, ifurthesmbrectoadtar oitaulivibof we yétabldjon aainias odgint aliphatid,or t he

formlation dp%hcf rSILnQRéhﬁoéﬁ?ﬁor&e’f&%kﬁﬂpﬁé%%ﬁﬂqétr%d%a%ﬂ{h%hét ed for

exanpl e as rec queb , suspen5|ons al so
hi ghly concé’}ﬂwaé?‘éﬂa%'ﬂfﬂ% or dhegifd WaB‘teﬁePlky‘@@g@ﬁ%‘i”lﬂ?s"rgﬂe'%‘i’ﬁﬁ%‘fﬁﬁ} si ons or
di sper siaons,alesiolsssuth ab Ineeticanot, etharet, @sopaeol betaaals cyclariekanbl Sipgoresaush apast es,

dusts, materdalfefMond BF Sfshg gﬂpd?ér SRR &7 exaR |ea£’rﬂ|n'e§§u9¥a§0 sprayi ng,
foggi ng, dus g}?& qfoﬁ@q' ngr oP our1 ng. e use forns epend on the
i nt ended us WRYEoHARNGy B Wate-he sel ected conpounds: in any case, they
shoul d

Examples of solid carriers are mineral earths such as silicas, silica gels, silicates, talc,

25  kaolin, imestone, lime, chalk, bole, loess, clay, dolomite, diatomaceous earth, calcium
sulfate, magnesium sulfate, magnesium oxide, ground synthetic materials, fertilizers
such as ammonium sulfate, ammonium phosphate; ammonium nitrate, ureas and
products of vegetable origin such as cereal meal, tree bark meal, wood meal and
nutshell meal, cellulose powders or other solid carriers,

30
The skilled worker is familiar with the multiplicity of surface-active substances
(surfactants) which are suitabie for the formulations according to the invention such as,
for example, alkali metal salts, alkaline earth metal salts or ammonium saits of
aromatic sulfonic acids, for example lignosulfonic acid, phenolsulfonic acid,

35 naphthalenesulfonic acid, and dibutyinaphthalenesulfonic acid, and of fatty acids, of
alkyl- and alkylarylsulfonates, of alkyl sulfates, lauryl ether sulfates and fatty alcohol
sulfates, and salts of sulfated hexa-, hepta- and octadecanols and of fatty alcohol
glycol ethers, condensates of sulfonated naphthalene and its derivatives with
formaldehyde, condensates of naphthalene or of the naphthalenesulfonic acids with

40 phenol and formaldehyde, polyoxyethylene octylphenol ether, ethoxylated isooctyl-,



ensure as fine as possible a distribution of the sel ected conpounds. The
fungi di cal %%ﬁﬁ5§itions conprise a fungicidally active anpbunt of at |east
one sel ected conmpound and adjuvants conventionally used for the fornulation
of fungicidal conpositions. 15 To preparggenul sions, pastes or aqueous or

oily formul ati ons and di spersible concentrates ( ?, t he sel ected conpounds
can be di ssdoideraiondgphend.aievirhenyrpabiglycekethers| wibulylphpoy! pelvalycel@thdrbl e to

add further iyianl miyietrer atioHsie isstrifledyl hlosmg ity alcbRsettitineasee. However, it

is also possdo%gnéa?esoéﬁﬂ Iglleh'cggt'opo‘l)rpo Bkyeqwgr%cﬁﬁw eﬁ'fel?goi érﬂﬁwﬁ@roﬁgaﬁ ted

conpound, if approprl at or "orl uvant s,
and such caleeste @%P@OQ% RolgIvsok &fhersqetite. @ﬁr%o! ﬁStﬁFét ggnin-pglfiteyaste ons

whi ch nust Hguorsemrtmelhgctliuloseéhi s context are enul sifiable concentrates (EC,
EW, suspensions (SC), soluble concentrates (SL), dispersible concentrates

(DC), pastes, pills, wettable powders or ggeranul es, it being possible for
the solid fotfuagirdaCOmposiions.apdie adiive indsediontssapdecaprlisd awrshalsi bl e in

wat er (wet t adrheigativistyros pratectivelyi Depérelinpowiteongoldanget shoseasbathetargeny
a0l L onal ! YoulRs BhE B difld (OISR B SNEAINGIRAPRL SR BRERRT 1 N

premature release o r edi | uvan
under st o8d a0 f%zsﬁmws't'%)@mquam%o% tg&%gargfprag}b@pémé@ Q'B?G antlfoams

t hi ckeners, wetters, stickers, dispersants, enulsifiers, bactericides and/ or

thi ot r opi CSppg .n@egt.an%rm@g?@ fééi&'?%n %P%f@aiquﬁgggq\gﬁrﬁomw\@mo t he

skilled wor pare 'y mixing the
constituent s“m' dﬂ%’@h on; 35 powders can be prepared by m xing or grinding
in specific types of mils (for exanple hanmmer mlls). DC, SCs and SEs are

usual Iy 1 eppHediingRla gl‘léf'db@&lphbﬁ oP@lent8cdfsifaitInfethd®s & GRigh ﬂm@f’&lléﬁn{; rom an
SC by addition o an %r 1l ¢ phase, which may conprise further auxilTaries

or sel ected TGP preparation i s known. Powders, materials for
spreadi ng and dusts can advant ageously be prepared by m xi ng or 40

concom tant | glofin AkiAskstdien B! o il a8 BAn dIIRBETDNA WigRoR clgabosear T er
homogeneous Qﬁﬁt’:?ﬁf)%é’m%%% pHg?(caﬂnB 5&8@‘ fagngqrﬁ%lfrﬁas?ﬁgp&;ﬂ?%%?ggs E’grrpounds to
sol i d cad( i emioceiulpsdrand p\.rleipmea"thrmes tirking ofDMNA fragmenis, transforanatichlof ed wor ker
and det ai | ede f&fi cen2 gRiven Bfﬁd&?erfaokéql}é‘nﬂélanﬂgﬁé bﬁ@%ﬁﬂﬁan&@ﬂﬂ;é}ﬁp 084, EP-A

707445 (for ui d C S Br.owni n at

Engi neer | ng, S 8?@%5?9@35} Were Gty B8 et doh BES OBl o ST S0

4th Ed., M:@mwgrhrlarbor Labaratory IPressold 989 angeAsebel7 F Mt f., Current Protocols in
Molecular Biology, Greene Publishing Assoc. and Wiley-Interscience (1994);

25 1SBN 0-87969-309-6.

The bacterial strains used hereinbelow (E. coli TOP10) were obtained from Invitrogen,
Carlsberg, CA. A possible F. graminearum wild-type strain which may be used is the
strain DSM:4527.

30
Moreover, all of the chemicals used hereinbelow were obtained in analytical-grade
form from Fluka (Neu-Ulm), Merck (Darmstadt), Roth (Karlsruhe), Serva {(Heidelberg)
and Sigma (Deisenhofen), unless otherwise specified. Solutions were made with
purified, pyrogen-free water, hereinbelow referred to as H,0O, from a Milli-Q Water

35 System water purification system (Millipore, Eschborn). Restriction enzymes, DNA-
madifying enzymes and molecular biology kits were obtained from AGS (Heidelberg),
Amersham {Braunschweig), Biometra (Gottingen), Roche (Mannheim), Genomed (Bad
Oeynnhausen), New England Biolabs (Schwalbach/Taunus), Novagen (Madison,
Wisconsin, USA), Perkin-Elmer (Weiterstadt), Promega (Madison, Wisconsin, USA),

40 Pharmacia (Freiburg), Qiagen (Hilden) and Stratagene (Heidelberg). Unless otherwise



WO 91/ 13546, US 4,172,714, US 4,144,050, US 3,920,442, US 5,180,587, US
5,232,701, L§§§42§(§8 030 c:) 2, 095 558 Us 3, 299, 566, Kl i ngman, Weed Contr ol
~as a Science, John Wley and Sons, Inc., New York, 1961, Hance et al., Wed
Control 10 Handbook, 8th Ed., Bl ackwel | 3?ci entific Publications, Oxford,
1989 and Mllet, H , Gubemann, A, Fornilation technology, Wley VCH Ver | ag
GrbH, Wi nhéipﬁﬂfl%q?é'éﬁyr\aﬂeﬂt-?%m aecoptance With g mapef@eturessipgtiuchionsci ty of inert
liquid and/or solid carriers which are suitable for the formulations 15

according |t %H{]‘?hé H\éﬁgtdn(arbu@féﬁs &%@9% th? rééﬁ%tﬁnjﬂ egggjer‘@RerrFse%er Séf&ﬂ f or

exanpl e, o h|

boi | i ng poi rﬁ'thghte‘)hf’"&é sieslizrdign or by he@fi’@é@?"@i‘pc‘aﬁ’ﬁrt her mor e coal tar oi I s and
oils of wegetable or animal origin, aliphatic, «cyclic and aromatic

hydr ocar bonss, Hb gexanpl e paraffin, tetrahydr onapht hal ene, al kyl at ed

napht hal enes or t Yeir derivati ves, al kyl ated benzenes or their derivatives,
20 al cohol s such as net hanol, ethanol, propanol, butanol, cycl ohexanol,

ket ones suclExampley el Gdrexativorne thy vextor@iyingldygar  sol vents, for exanpl e,

am nes such as N-nethyl pyrrolidone, or water. Exanples of solid carriers

are mneral earths such as silicas, silica gels, silicates, talc, 25
kaol i n, 10 nekhegtiesmigiplCmipthiyayis synein fidodss. clay, dolonite, diat omaceous
earth, calcium sulfate, nagnesium sul fate, magnesi um oxi de, ground

synt heti ¢ oy gkdenl DNfAE‘cIfttrHé Céa{hﬁbolﬁé’ﬁ@teﬁﬁroggﬂ?ébw p?HJnEt%?EIH(é&WHJﬂRbLE”coh

phosphat e, ammnl m it , urea g‘rp ts of vegetiabl e origin such as
cereal neal, VBF%%VCth?’ReW%nce YEsawaR amPhiicd vig BERHsing Wéé’lr'meéfel | ul ose powders

or ot her SO|Id carriers. 30 The skill ed worker |s famllar with the

mul tipligy typ qf §‘é§da%§@ngc°§);r%§tﬂg%g§%@b§%§aﬁ§§gaaﬁaét% c‘.’!hgr e‘ﬂﬁ R table

for the formulations acc I ng I nventi o such as, xanpl €,
al kali netal@¥al ts, alkaline earth netal salts or ammonium salts of
aromatic sul fonic aci ds, for exanple lignosulfonic acid, phenol sulfonic

acid, 35 napghpha: mg{&q@gb&a@@b&aﬁaﬁ@ 3digpd W) R@pdyt hal enesul fonic acid, and
a -

of fatty aci ds, and al kyl aryl sul fonates, of alkyl sulfates,
| auryl et her sulfat es and fatty al cohol sulfates, and salts of sulfated
hexa-, Hfpt awithep(@UBe aathroplaiel (Moakel EafanﬂélchéfealeHB% MolyGeh. Gematr241:

gondelnz aL ez - BQUEﬁ@P@R%Mfﬁ&ﬂ%tﬁ&{%m@stbﬁ&}ré ?ﬁhdm&dsv(% diédriBled i in g
or mal dehyde, conden ene. or e na a ul f oni c aci ds
w40 pherSATEIARk ro bl SRS R RSOIRy GR e oitehrse Bt DRpiatn S Hle

et hoxyl at ed HarbordtaporatorpiPressi6s 36 octyl - or nonyl phenol, al kyl phenyl

pol ygl ycol ethers, tributyl phenyl polyglycol ether,

25 The DNA fragment obtained in the PCR was cloned into the plasmid pFDX3809
(WO 01/38504) via the restriction enzyme cleavage sites Hind Il and Bgl Il, which are

present in P1 and P2. The resulting plasmid pHygB was used as template in a further
PCR, in which the primers

30 P3 5 ggaatcggtcaatacactac 3° (SEQ ID NO:9) and
P4 5’ tgtagatctctattcctitgecctecggacgagt 3° (SEQ ID NO:10)
were used for specifically truncating the hygromycin B resistance gene. The resulting
35 DNA fragment, consisting of 575 bp of the 3’ end of the hygromycin B resistance gene,
was cloned into plasmid pHygB via the restriction enzyme cleavage sites Nde If Bgl I,

-giving rise to the plasmid pHygB-NOS.

A 2019 bp Hind 1l / Ssp | DNA fragment comprising the expression cassette consisting
40 of GPD1 promoter, hygromycin B resistance gene and nopaline synthase terminator



al kyl aryl pol yet her al cohols, isotridecyl alcohol, fatty al cohol/ethyl ene
oxi de conddis?4285 et hoxyl ated castor oil, polyoxyethylene alkyl ethers or
~pol yoxypropyl ene al kyl ethers, lauryl alcohol polyglycol ether acetate,
sorbitol esters, lignin-sulfite waste iquors or nethylcellul ose. The
fungi ci dal conpositions, or the active |ﬁéred|ents can be applied
curatively, W@r&i@ﬁ@@ﬁﬁﬂéﬂ’@&ﬁ“@ﬁﬂ@c@@ﬂﬂdlWto tiie plasntidef DX3808dsemnt r ol t ar get

the season, whe/38508} via®caR! SndAmhdiNgiviHg e ho$ﬁé‘ﬂ§sm¥d*’tﬂJ@rﬁiﬁt Hggtwm.sr at es

of thefunglc ub, n Oan r c

0.001 to 3.6 ﬁ&f'%?’gﬁl:@g\fégﬁ t?% fg%ﬁﬁé?ﬁamp?‘ﬁ’ée ﬂ%ﬁ?u &‘ﬂa F@’ﬁ"fﬁ%‘?? ated in
greater det &SINQHDGWMW%'WW@WWS@NG@W but is not limted thereto. 15
The fol | gw ng |s a brief description of the reconbi nant nmet hods on which the
fol |l owi ng such as, for exanple,
restricti on % eﬁﬁ%ﬁ&?g ’fn(gfcg%rqua%gr@sa S gel el ectrophoresis,
purification of DNA fragnments, transfer of nucleic acids to 20

ni trocel | ul gyeseHReationof theBigrhias @BICihirHyg e oin BNA pUGEIRERYSPKE! ansf or mat i on
of E. coli cells, growing of bacteria, sequence analysis of recombinant
DNA, and Sout hern and Western blots were carried out as described by

Sanbr ook Oet T genegse dhe gyt plasmpisi ol MBKy ardP pprrevalonateidogsedgmenubel
F.M et al.,wdsiamgliied Roat P.aphminearunMaitie tid 48 obihel withers S6emaPERSEA i ng

Stratns usedi RSy DEbAHs s tiids e sorilal, ST e
Car | sberg, d@ftha kpedfspyficentol of PKS: ﬁ@éﬁ@mfwgmnﬂ yige agpfitgdwilihtherpidal, be used

is the strgrimdBSRr4nd P8 (3ECMD ORI, all of the chemicals used hereinbel ow
wer e obt? ned in anal ytical - grade form from Fl uka (Neu UI m, Merck
t

Da t Rot h (Karl h Hei del ber De hof
l(.ln| :agg gt hermpg%aéq(?@g zr@gﬁ&)é& %ﬁé%qlz%gﬁﬁe@qpv&sﬁ@ ”:bh'pi ﬁ%e((:l Ipf/(ra(r)]gce)ne][?ee

wat er, hereinbelow referred to as H20 froma MIIi -Q Wat er 35 System water
puri fi cati o gy. THer BAacResidd zynmes, DNA-
nodi fyi ng e?}?ﬁa;ia?g;@cg%oc{decu{r?r brology kits \Ag Gt ta| ned from AGS

(Hei del berg), Anmersham (Braunschweig), Bionetra (Got ti ngen), Roche
(Mannhei2®) , FEratazghatdizd ccdOAWTIHELCENT CANARABST) (SHM |BND: &B)s
(Schwal bach/ Taunus), Novagen (Madi son, W sconsin, USA), PerKkin-El nmer

(Wi terstadt Pr ( Madi, . W SCONS| )... .40 Pharmacia (Freiburg),
Q agen (Hil cfzﬁ) aé?ﬂﬂ“% %&rﬁﬁéeﬁﬁ@?ﬁé%% .(é\%ﬁligé\p ‘dther wi se PF 54265
By means of the Ascl and Notl restriction sites which had been introduced, the

25 fragments were cloned into the vector pUCmini-Hyg, giving rise to the vectors
pUCmini-Hyg-MevKin and pUCmini-Hyg-PKS.

Using SEQ 1D NO:3, it was possible to identify the full-length clone SEQ ID NO:5
which belongs to SEQ ID NO:3.

30
B) Protoplast preparation

To obtain protoplasts of the F. graminearum WT strain 8/1, mycelium was incubated
. for 2 days at 28°C and 180 rpm in CM.mp as described by Leach et al. (J. Gen.

35  Microbiol. 128 (1982) 1718-1729) as a liquid culture, comminuted and subsequently
incubated for a further day at 28°C, 180 rpm. The mycelium was then washed twice
with distilled water. 2 g of mycelium were treated with 20 ml of 5% enzyme osmotic
solution (700 mM NaCl, 5% Driselase, sterile) and incubated for 3 hours at 28°C and
100 rpm. The progressive release of protoplasts was monitored under the microscope

40 using samples. Protoplasts were separated from mycelial debris by filtration, pelleted



37 - specifie they were used in accordance with the manufacturers’
|nstruct|on§°#§ﬂ'q Sf the media and buffers used for the reconbinant
~experiments were sterilized either by filter sterilization or by heating in
an autocl ave. 5 Exarrpl es Exanple 1 - Ceggration of the vect or pUCrri ni - Hyg
10 The pl asni Is showmn in fig. 1. A 2536 bp DNA of

Cochl i obol us(”@f@ﬂbﬂpd'ﬂ'ﬁu‘%m@ Bft%rn‘ﬁ%%}mg thuae@ch@a%méo Bl of 409 mNWQ@brrym n

B resi st ancangeSGRBWIS(1a21ll dokbiet] 50 raMREATHy JorgMtThie/HITI| PR 70)1@kéh dp ™ 1 ml

at gaagcttgg g 7) and
P 3 e gacaodl UL R S8R BhaARR BRIV ARNEAT BORENBRS By ot R M,

tenpl at e ( MORRESCEPE.and Schafer, W, 1993, Mdl. Gen. Genet. 241: 73-80).
The PCR was carri ed out follow ng standard conditions (as described in
Sanbr ook, J elt 'rlrrijtr%g) "Ml ecul ar cloning: A |aboratory manual ", Cold
Spring Har bQ) rﬁgﬁg Ei(S’Py Press). 25 The DNA fragnent obtained in the PCR
was cloned into the plasm d pFDX3809 (WD 01/38504) via the restriction

$Rzym%‘ c: tea\m%essabeéqmmﬂahéfbrrﬁmnamIF ﬂamumsuraﬂfn pa\@tema@fseﬁermasnﬁldme@deZ ]
e resu In enp A In I C
The primer s hipa LR g T AT BrotBiied Bs RS ulodrBef ol e st@ % 1By 5

t gt agat ctdct ak-tManiatisge &a@gﬁag@gﬁ@nbrpswmenﬂm oningief daberatery Manual,

%Rlic:c 1; ; ;?r:e L%Cdld(!: 8paRY ![-Iﬁﬂao't h@bdw@nom-‘d Sprihg 195rb6E, AYCE 988)4nhd .?E:'re\J fS‘Hfiéwl ng 35
resi stance M L ggﬁ]]'mag’sér{z’lqb (ﬁ.‘l Sp%xﬁgn'%g@ ‘éﬂ'y‘ as (ﬂg ?é@tsop%gl%n@%nzyrre
cl eavage sit OWY'I GolgSpring Hart@rWﬁ@‘?rﬁ%én‘ﬂ ) Mﬁé’bﬁl A & hHyEmeMNOS. A 2019
bp Hind |11 Profogplslin MdkclibaBBRYly, GasgpeiRiblishind&RsxXPass Wilkp-Ifessehte

i st ' I
oo 20, (o TRl O MBS AR NBE RO R |
the pl asni d fPFDRSHOepEzed indheyTidsisusiyg Geal! E‘lﬂﬁ'F@coéEH FESREFIVEY. gi ving rise to
the plasmd pUCm ni-Hyg. To this end, the EcoR cleavage sites were nade

&Fgﬁg\t,\l' ]? lrg Vit dr e R dhsoratian,f 107 lprdtS'pI%t?WeFBaﬂTacedJérjl RE, B DR WIFRIRSS |
gm? thg plasmid prepared as described above and subsequently incubated on ice for

20 10 minutes. After addition of one volume of PEG-TC (60% (w/v) PEG4000, 50 mM
CaCl,, 10 mM Tris/HCI pH 7.0) and subsequent incubation for 15 minutes on ice,
8 volumes - based on the original culture volume - of SORB-TC medium were added.
This solution was mixed with 400 ml of regeneration medium at a temperature of 45°C
(1 g/l yeast extract, 1 g/l casein hydrolysate, 342 g/l sucrose, 16 g/l agar), divided into

25  20-ml portions and placed into the corresponding number of Petri dishes of 90 mm
diameter.

D) Selection of the resulting knock-out transformants

30  After 1 day’s incubation at 28°C, each of the Petri dishes was covered with a layer of
10 mi of hygromycin-containing water agar (16 g/l agar, 300 mg/l hygromycin) and
subsequently incubated at 28°C. Mycelial colonies growing through the selection agar
were excised and placed individually on CM,, plates (CMcomp medium supplemented
with 150 mg/l of hygromycin).

35
E) Detection of the knock-out transformants

DNA from the mycelium of transformants was verified for integration of the knock-out
construct with the aid of PCR. The following primers were used:
40



5 Exanple 2 - Generation of knock-out transformants A) Generation of the

pl asm ds pU®BH $426Myg- MevKi n and pUCT ni - Hyg- PKS. 10 To generate the
knock-out plasmd for MEK, a 428 bp neval onate ki nase fragnment was
anplified fromF. gram nearumwi th the ai@ of the priners P5 and P6 (SEQ ID
NG 3). cDNA of this fungus acted as the fl | ate. To generate the knock-out
plasmid fof $h&EGEEANCNAACERTEIIGEIGPKSEQ IBBO:bB) fragment was anplified
with the aid of priners P7 and P8 (SEQ ID NGO 5) 15 P 5:

at aagaat gcg - . P 6:
aaat ggcgcgcgpﬁ%ubﬁ W%ﬁg@%@? P 7:
at aagaat gcggccgcAATGGECCCTCGAAACAGC (SEQ ID NO 13) P 8:

aaat ggcgegc CROACCALBISYGAGOCSED) IDByoepns of the Ascl and Not |
restriction sites which had been introduced, the 25 fragnents were cloned

into the vector TpUCm ni-Hé , Qi Vi n&ﬁ[ise to the vectors pUCM ni-Hyg- MevKi n
and pUCni ni -AH4-TRIGAGTIzAR %éé%qTﬁ GG (PEQURNDA8Li bl e to identify the
full-length clone SEQID NO5 which belongs to SEQ ID NO 3. 30 B)

Pr ot opl ast ' i f m nearum WI' strain
8/ 1, myceli ?m%\/\gjs@é%@g%gte ggg@cﬁb ‘Séggigﬁ?é?é’% (grggflfgﬁo% I n CMconp as
descri bd@® by Leach et al. (J. Gen. 35 Mcrobiol. 128 (1982) 1719-1729) as a

liquid cul t v ¢4: GTCAGBCASCTATG GANGRNOBARATAGAT(SED iNCoz0)a further day at
28C, 180 rpm The nyceliumwas then washed twice wth distilled water. 2 g
of nyceliumwere treated with 20 ml of 5% enzy osnotic solution (700 nM

nme
NaCl , 5% Dri'd¥l wagCairied oMt b Fratceadiens GOHBGMP'e3S n Y 100 rpm
e PR Aoyt ying plrad@rdiconditions (o les@s gRRCrapHP
The pr ogr esSambroaK, dasteal Offt 989 )0 Mofdcalkat sioniag: Aatickatogthamcdt ColieSpringr oscope 40
using saapl gy chrL%gRJt@?tP? W%éé‘ﬂgé ag%C*irétrs?éB MYGGhy %E SERALS Y
filtration, 'I) eted P ,5492%'%_3 (§O . 10 n, 42 ang, fter washing
with in eacﬁ’%ﬁz??@o% 3954t a l.’)‘chﬂﬁt&QGt 72%813‘%'??@%’1@ 6Q4 %%90535 8iter 50 mv
CaCl2, 10 nmM5Taycles KiGleacipebse 90 sedoalieat 355 Ci (dedatoting)p$0 SiRBdT 6t 55TKe pr ot opl ast
concentrati QanN@fingie 125 BaddRds BY72oURIhGStidHgder the m croscope. 5

20 The PCR screening of the transformants obtained was divided into the following steps:

Step 1: Amplification of the gene fragment from genomic DNA. To this end, P 9 and
P 10 were used in the case of mevalonate kinase and P 11 and P 12 in the case of
PKS. The PCR conditions were chosen in such a way that a 500 bp product was

25 expected only in the case of ectopic integration, but not in the case of homologous
recombination.

Step 2: Amplification of a region in which a primer binds to the genomic DNA and
another primer to the integrated vector. Owing to the primer combination, an

30 amplificate was obtained in the case of homologous recombination oniy. This approach
enabled the validation of the first step. The primer combinations P 9, P 14 and P 10,
P 13 were used in the case of mevalonate kinase, while the primer combinations P 11,
P 14 and P 12, P 13 were used in the case of PKS.

35 F)Result

F. graminearum was transformed in two independent experiments in order to destroy
the mevalonate kinase gene with the above-described knock-out plasmid. As the
control, the gene of a PKS was destroyed with the aid of the knock-out construct

40 pUCmIniV-PKS. All of the tested transformants were studied using the PCR screening



C) Transformation For the subsequent transformation of F. gram nearum

prot opl ast s PR326B| asrmids were isolated followi ng standard procedures as
they are described, for exanple, in 10 T. Maniatis, E. F. Fritsch and J.
Sanbr ook, Mol ecul ar C oni ng: A Laborator 1I\/t':mual ,  Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY (1989}‘ and in T.J. Silhavy, ML. Bernman
and L. W EngesgribedBogder Enipriveapproachondesiiayingribe PESI gen8p® itragsfblamdods were

Labor at or y, sgﬁlléii fgpﬁbrﬂﬂo rsbl‘éf:omWaﬁc;f{; Wch% |H@ntﬁi’é8 lrl'b§li of the IMan§\"brr|'ﬁ‘4mts

W eem ot or db Pafttase Ww”d'aérna? AP R Lt S AP A R E R PR BV n and

the plasmd dpmedlrevﬂgﬁ@ed FEpiginsertionniégan b@deemth’ahfeanﬂfmfmaetajs|wi‘g3fEcoNI and

Ec 0471115 r @ﬁ@%ﬁnbtéﬂllﬂaserr@ﬂeét el bANAGIOAZPR Atithall(hé geheiPuaeksentarfr pl aced
on ice, arefully with 30 Ng of the plasm d prepared as described

above and sﬁrﬂ)%é’&%%tly i ncubated on ice for 20 10 mnutes. After addition

of one vol une of PEG TC (60% (w v) PE&000, 50 nmM CaCl2, 10 mM Tris/HClI pH

7.0) and sulpsgaipeng incubation for 15 minutes on ice, 8 volunes - based on

t he ori gi nal cuI ture volume - of SORB-TC nmedi um were added. This solution

was mxed with 400 mMl of regeneration nediumat a tenperature of 45C (1 g/i
yeast exOr adm order & progugsesuificignd moiopststad prataip, for Exampledereyselis HJS, thegar )

di vi ded int %ré’c@d@ﬁé‘cﬁfﬂch@i@éﬁd m@%véﬂ%’;i;;%lsﬁﬁﬁéf thetwotbmqn@%ft@@@@pﬂemmw@er of

di shes gf 90 k-
{r ans or ranc00aBS AP SHBIP & the Bl ah KiPsdem MaaRSe MFNEBEN oi shes

was cover ed apiflifiechby mpanps foSUﬂ@UernﬂmﬂTS W@dumwﬁ%lw%’r viggar (16
9/: agar, 3¢Q3muﬁderfsya0fd@m/@dna)noa@qoréxaamueaéémbbawls@mﬁoﬁ J2&RGI. M'cel i al
col oni es gr "

ndi vi ddi 61 8 Pl B bR EleBElsh Y o e B B B R BE g | o
hygr onyci n). FQS")E) Det ection of the knock-out transformants DNA fromthe
nycel ium of transformants was verified for integration of the knock-out

construct M % I rs were used: 40 PF 54265
40 P9: @&M C}E@i\?éﬁ%@ I?g“'@jl3 10: CGICTTCCTCGGIGCCGITCTT
(SEQ ID NQ 16) 5 P 11: ATGTCTCCAAAGGAAGCTGAGC (SEQ I D NGO 17)

20 P 16: GGC TAC TAG AAG CTT CTAGTC CCG GTT CTC AAC (SEQ ID NO:22)

P 17: CAC CAT GGC AGA GCA AGA ACA CAA (SEQ ID NO:23)

P 18: GTC CCG GTT CTC AAC CCG (SEQ ID NO:24)

25
Subsequently, the resulting PCR fragment can be cloned into suitable vectors such as,
for example, pMALc2x (P 15 and P 16) or pET101-D/TOPO (P 17 and P 18) in order to
produce an N-terminal (MBP, pMALc2x) or C-terminal fusion protein (His6, pET101-
D/TOPO). Protein overexpression is carried out with the aid of E. coli BL21 cells.

30  Thereafter, the protein can be purified for use in the activity assays, for example as
described in example 4, using affinity chromatography over suitable columns.

Example 4 — Activity assays

35 Fungicidally active compounds which reduce or block the activity of mevalonate kinase
are selected by comparing the activity of the mevalonate kinase which has been
incubated with the test compound with the activity of a mevalonate kinase which has
not been incubated with a test compound, it being possible to determine the activity as
described in example 4 A) or B).

40



P 12: TCGAGTGATGGATACTGCTTCG (SEQ I D NO 18) P 13:
CGGCTACACTAHEAGTATTTGGTA (SEQ I D NO 19) 10 P 14:
GTCAGGCAACTATGGATGAACGAAATAGAC (SEQ I D NO 20) The PCR was carried out using
standard conditions (for exanple as descr&bed by Sanbrook, J. et al. (1989)
“Mol ecul ar cloning: A |aboratory manual ", Cold Spring 15 Harbor Laboratory
Press) in 36AkSRackephatereeficiassayst ep i nvol vi ng denaturation for 300 seconds
at 95C and i ncubation at 72C being perforned for 600 seconds after 25

cycles (in : 9 n I ;9 nds at 55C
(anneal i ng) %%%&%Zeg%lﬁ%%é%f&%%y%g so'ﬁéé%&%ﬁ &.m%gﬁ?‘h@v%@%g? eeni ng of the
t r ansf or mantRhogBemenaipnatesand APHeln araerdo srarchden iphipitrys of tissenzymeehielADP
?gpl i ficaiomio istienagbdm Bo dgossd by tmmmwbacﬂahﬁ\wiﬂmé enzyn@Rpyriafe and P
wer e used,; t a \ - e case
of "PKS " Thadtie 18 EARE BBt bt ISR Rts iiraRY vie Sl bER 0%t
was 25 expedhidd adaf) nim, The eactior mbrtureqopiiises hedgiovingin a tetal valgineiaf t he
\(I:\z_sehof honodriegailisiterr e AT (B ) pHIL.B)) 24nemapiobihanatdrdithiofreithol €@ )i N
ich a pri [ 1 r
i nt egrated ﬁé?@r(aq%ﬁh%_j%l?ﬁgﬂ @?W@L}%?}nﬁwg‘?%ﬁ%&%@g@ ynr&pﬁir#%gtngtewas
obt ai ned'q n inasedarrrox{0- B bk RhgsrirenaRyRiaiutd-» MMnlagtaterdelydeasnasg h
engbl edot he (o5 rdg.to'rdlﬁin@hdQM&J)fainﬂ&iyr@tatﬁOkiné%ﬁ(OpﬂSim@prcﬁejﬁbhd&t)iLPnEheP 9, P 14
and P 10, P r: i / i i pri mer
conbi nat i Onsl%actyléﬁl?s%ﬁ%gb!%g&ﬁ&ﬁ%%@@% 1{\/\%&% (Eggéde‘{nlggﬁe EQ;%HC@Z%&@ 35 F)
Result F. grh® A&dPuf seeewhalmadifleddarm af hgdest car plspderfemsd Rt imBir it
order to desplateyornidi¢Scredaledalat 09k} AasleBigemam vizad) 28584 pbove- descri bed
knock-oujs pl asmd. As the control, the gene of a PKS was destroyed with the
aid of the knock-out construct 40 HUCm nl V-PKS. All of the tested

t r ansf or mant 2 A%52¥ With Jadigactiye CAGMICAS PCR screeni ng PF 54265 41 descri bed
under E. In the approach for destroying the PKS gene, 9 transformants were

studi ed for [WpEPkEALSrddah HIDLEMiOhe MHURR P BItospASHIEdd Eivhiveddsl Oof the

meval onat o KoiRcChEE RaNTE by GERPUYL e Botlan SXLER BETEAnRCPIT I | ¢ can be
seen t hai0 t remehatogrphy and subdeghedtiyrpeaswing the ladivastvity ©f thesiandy®e duestionnot
viabl e and tHad rebBfordfik&ire Soldits ofRESPT] @bo M, pH 19),fuREHSptoethanol

(10 mM), MgCl; (5 mM), ATP (4 mM), DL-[2-'*C] mevalonate (3 mM), mevalonate

kinase {(approx. 0.01 U) in a small volume (0.1-0.2 ml). After the incubation, the

reaction is quenched by boiling, the mixture is centrifuged and all the supernatant is

25 applied to Whatman No.1 paper. The chromatogram is developed for 12 hours in a

solvent mixture of 1-propanol: ammonia: water (60:20:10). The paper is scanned for

radioactivity, and the 5-phosphomevalonate band is excised and measured in a

scintillation counter (Porter J. B. (1985) Meth. Enzymol. 110, 71-79).

30 Explanations for the sequence listing

SEQ ID NO:1  NC* NA™**
SEQIDNO:2 NC AARTE
SEQIDNO:3 FG*™ NA

35 SEQIDNO4 FG AA
SEQIDNO:5 FG NA
SEQIDNO#6 FG AA

SEQ ID NO:7- 24 primer sequences NA

40 *NC Newurospora crassa



Exanple 3 10 In order to produce sufficient amounts of protein, for exanple
for use in RF$426fhe procedure of choice is the overexpression of the
protein in a suitable system To this end, the cDNA sequence of the

meval onate kinase fromN. crassa nRNA cap,be anplified by nmeans of suitable
primers, which are deduced fromSEQ ID NO'1, via PCR under standard

condi tions (TR$s Feserivpr gramynersgmyr i bed by Sanbrook, J. et at. 15 (1989)

"Ml ecul ar etq@i Nng: nAclkiRRiddeqli¥ng@nual ", Cold Spring Harbor Laboratory

Press): P 15;. GAG. CAA. CAC AAC (SEQ ID NO 21) 20 P 16: GGC TAC TAG
AAG CTT CTA ccea%i“f’@%l‘%ﬁ%&ﬁnf%m ID NO. 22) P 17: CAC CAT GGC AGA GCA

AGA ACA CAA (SEQ ID NG 23) P 18: GIC CCG GIT CIC AAC CCG (SEQ I D NGO 24) 25
Subsequently, the resulting PCR fragnent can be cloned into suitable vectors
such as, for exanple, pMALc2x (P 15 and P 16) or pET101-D/ TOPO (P 17 and P
18) in order to produce an N-term nal (MBP, pMALc2x) or C-term nal fusion
protein (H s6, pET101- D/ TOPO . Protein overexpression is carried out with
the aid of E. coli BL21 cells. 30 Thereafter, the protein can be purified
for use in the activity assays, for exanple as described in exanple 4,
using affinity chromatography over suitable colums. Exanple 4 - Activity
assays 35 Fungicidally active conpounds which reduce or block the activity
of neval onate kinase are selected by conparing the activity of the

nmeval onat e ki nase which has been incubated with the test conpound with the
activity of a neval onate ki nase which has not been incubated with a test
conpound, it being possible to determne the activity as described in
exanple 4 A) or B). 40 PF 54265 42 A) Spectrophotonetric assay Meval onate
ki nase phosphoryl ates neval onate using ATP, giving rise to

phosphoneval onate and ADP. In order to search for inhibitors of this enzyne,
the ADP 5 which is forned can be detected by the coupled reactions with the
enzymes pyruvate kinase and | actate dehydrogenase. What is neasured is,
ultimately, the oxidation of NADH at 340 nm The reaction m xture conprises
the followng in a total volunme of one mlliliter: KH2PO4 (100 mM pH 7.0),
2- mer capt oet hanol or dithiotreithol (10 mV),



NADH (0.16 MM, M2 (5 MM, MATP (4 mM), DL-neval onate (3 mV), neval onate

10 ki nase (?gng 5 0.01 V), phosphoenol pyruvate (0.5 mV), lactate
dehydr ogena % 05 ng protein and 27 U) and pyruvate kinase (0.05 ng

protein and 20 U. The reaction is star#8d by addi ng neval onat e ki nase
(Porter J. B. (1985) Meth. Enzynol. 110, 71-79). A sonewhat nodified form
of the test gan also be carried out in mcrotiter plate format (Schulte et
al . (1999) ANEFBEi ochem 269, 245-54). 15 B) Assay with radioactive

chem cals What is neasured in this assay is the anount of phosphoryl ated

derivative of DBipe[udebfGlpoiREstRNAIENRENSERAM 0B SMEMEEAGHdIORINEELt Ur e by
means of thi n-I%{%{l'%Z chro and subsequent|y neasuring the

o L e|t og.r aphﬁ d
radi oactivity o na"y 83 'gts’lES ENCeREREREL i on mi xture consists of
KH2PO4 ($00 mM pH 7.0), 2-nercaptoethanol (10 mM, MCI2 (5 nmM), ATP (4
M), DL-[2-14C] ayeval iericadid séddencd Wit iNsddRienks BiRseh inHED AXNAE1045Wr in a
smal |l volunme (0.1-0.2 m). After the incubation, the reaction is quenched
by boiling, the mxture is centrifuged and all the supernatant is 25 applied
to What man No. 1 hap@nuceirasichFemieneg vaiehi ewing e thepdageneiacy of thegeselit a
solvent mixture of ZLopé At dedabB®By Backi@haatidrosttRE affho acidedqu@neds i S

scanned for radioactiy] 8§ b-phosphoneval onate band is exci sed and
maasuredmin a sci n%}w{:w&ﬁrfg%égguli 'gr(;PPgér)ter J. B. (1985) Meth. Enzynol.

110, 71-79). 30 Explanations for the sequence listing SEQ ID NO 1 NC* NA***
SEQ I D NO 2 NC A" * Hnuchidadi®sdgdchcE WhichNowidh tSER dddehératy 5EhAYendi) | D NO 5

FGNA SEQID NGO 6 E E@ !Z- ' S, I\gf, .
Neur ospora crassa Pfggé‘%é%%)degy *B%c;}?righ%gggrna%ﬁﬁggﬁﬁ%q’é A 4‘%&%‘%\@% acid
sequence ****AA aniftstigedl @asivalgahefeS R |3 NaEB Whiph has at least 35% identity with

15 SEQ ID NO:2, or

d} anucleic acid sequence which, owing to the degeneracy of the genetic
code, can be deduced by backtranslation of the amino acid sequence of a
functional equivalent of SEQ ID NO:6 which has at least 35% identity with
20 SEQ ID NO:6;

as target for fungicides.
2.  The use as claimed in claim 1, wherein the nucleic acid sequences encoding a
25 polypeptide with the enzymatic activity of a mevalonate kinase are derived from a

filamentous fungus.

3.  Anucleic acid sequence encoding a polypeptide with the biological activity of a
mevalonate kinase comprising

30
a) a nucleic acid sequence with the sequence shown in SEQ ID NO:5, or
b)  a nucleic acid sequence which, owing to the degeneracy of the genetic
code, can be deduced by backtranslation of the amino acid sequences
35 shown in SEQ ID NO:6, or

c) a functional equivalent of SEQ ID NO:5 with at least 67% identity with
SEQ ID NO:5, ,

Seq.



W claim 1. The use of a pol ypeptide with the enzymatic activity of a
nmeval onat e KIMa4%6% encoded by a nucleic acid sequence conprising 5 a) a
nucl eic acid sequence with the sequence shown in SEQID NO 1 or 5, or b) a
nucl ei ¢ acid sequence which, owng to th%gdegener acy of the genetic code,
can be deduced by backtranslation of the dm no acid sequences 10 shown in
SEQ ID NGO 2 or 6% ora femctipnglrquivatend of SEQBUNGSawiEh, swindii the degenenecy of
degenerapé of the ganfgémti]cc%d@,,carﬁladfe d&uﬁ@&ﬂﬁsﬂc@?naaﬁdﬁ'féﬁﬁébgﬁﬂ@ébidﬁf ht he t
am no aci d sequence | equi.yale NQ iC as a
| east 35% i dentity vﬁ%FH&CfE_»Oq %CEEET @%ﬁk’é@?\’a}éﬂk ag]égar{'aﬁpcwqﬁ%wﬁ&assaeq%aesﬁce

whi ch, owing to the 38yidaslitdthFEQ HeNGsheti ¢  code, can be deduced by
backtrang ation of the am no acid sequence of a functional equival ent of
SEQ I D NO 6 ich_ h - 5% | I W . [ 6; as target
for fungicideés. gpuﬁ'ﬁga&g@%gg‘;nﬁ%ﬁsr&éﬂﬁfgé "E:%‘{I?almmgth'cﬁseﬁg&r?d?hogpﬁucl eic acid
sequences encodifiinentoysfupgys,pepti de with the enzymatic activity of a

nmeval onat e ki nase are derived froma filanentous fungus. 3. A nucleic acid

it . ( ; Wi S
roval onat o G nacirBuReNE Rt hhe el Bofl AeGT o8 Elanied th fhefhr. equence
shown i n!SEQ I DM 3 ad 4.h) a nucl eic acid sequence which, owing to the

degeneracy of the genetic code, can be deduced by backtranslation of the
am no acid sgque, i I of j ) i val ent
of SEQ 1D NGB VA ﬁ%ﬁ‘ﬁd%ﬁg‘g%?&@?(ﬂ?@gﬁ?ﬁ%‘H%?RSEEB)’}‘@-kﬁ%’%é @23‘*9-@@954265
44 d) a functi dieapraigaigpipmicligredeysyhseesn sprgeping ob@igegoris bRy @8gener acy
of the genetic soMklibragioflite siediesanl qbystioa ok breanpludrisearchffortdmaiayeusno aci d
sequence,of a f%ﬁbé%@'in SRUIYAL 8o 2esSEQ | D NO 6 which has at | east

7. A method for identifying mutations in a nucleic acid sequence encoding a
polypeptide with the enzymatic activity of a mevalonate kinase derived from a
fungus, consisting of

20
i. generating oligonucleotides based on a nucleic acid sequence as claimed
in any of claims 2 to 4 comprising the mutation, followed by PCR, or

i.  generating oligonucleotides based on a nucleic acid sequence as claimed
25 in any of claims 2 to 4, the mutation-flanking region being amplified by
means of PCR, followed by a restriction digest and/or by sequencing of the
resulting PCR product.

8.  An expression cassette comprising

30
a) genetic control sequences in operable linkage with the nucleic acid
sequence defined in claim 3 or 4, or
b) additional functional elements, or
35

¢} acombination of a) and b).

9. A vector comprising an expression cassette as claimed in claim 8.



72% identity with SEQID NOG6. 5 4. A nucleic acid sequence as clained in
claim 3 whi dF $4%68erived froma filanmentous fungus. 5. A pol ypeptide
encoded by the nucleic acid nolecule as clainmed in either of 10 clains 3
and 4. 6. A nethod for detecting functioggl anal ogs of SEQID NO1 or SEQID
NG 3 by generating a probe foll owed by bsequent screening of a genomc
library or T10DNA norhugiap tensgenic sfgapisascamprisingsatilenst one audeinpadecqeennech f or
anal ogous 15 seGidenmfed inclSihts bf HirteprdRRA@Esette ad'claRicAas chfh sigdant i fyi ng

nmutations in a nuclei L d,.se C codi ng_a | ypeptid th the
enzymatic acti vi' )S/tog%gg%ﬁr"eesda'ﬁ(?%grﬁe% ' E%'%Qs@grag??fvgﬁ%%%ﬁ Ve?ﬁﬁvgﬂﬂfs‘%" a@%nsi sting
of 20 i. gener atdnhpalor pgpherliseot i des based on a nucleic acid sequence as
claimed sin any of clains 2 to 4 conprising the nmutation, followed by PCR
or ii. genergti i ! |c aci.d . > as

ol ai med” 25 1 AryebpdapiERig Bhglttphyadhe Tupaherindr B Eo BRE .0
anplified by mygeh spolprgptide withdheenzynatic agtivityiof airesvatAngesskinaseds opedy
sequencing of the resulting PCR product. 8. An expression cassette

conpri sing t] ol,..se i el 11 h the
nucl ei ¢ aci déosg%@gﬁ]c%g aégcﬁq’ﬁ%f". énl'a@I gﬁ?nqq%?%? aﬂ{oﬂ@?ﬁ@#} ."g'ydilh? %@%ﬁ?g\q(ﬁnct i onal
el enent 10 or  33cHYitypf adngyaipnetekinase. ancesded by)a nirleipadid seavencs #FMPESIAG an
expression cassette as clained in claim8. PF 54265 45 10. A nonhunan
transgeni c organjsm C.R%m‘-' L; I ' ' guence as
clainmed in clai %1)3 Sr , '%%é'agig(%%sngg%%tc%]ggg;deﬂ%k’?sf%lgﬁﬁél ?ré%z‘i nclaim8 or a
vector as clained in claim9, selected fromanong bacteria, yeasts, fungi
and aninal or planta meldisacidsequence with the sequence shown in SEQ ID NO:1 or

15 SEQ ID NO:5, or

¢} anucleic acid sequence which, owing to the degeneracy of the genetic
code, can be deduced by backtranslation of the amino acid sequences
shown in SEQ ID NO:2 or SEQ ID NO:6, or

20
d) anucleic acid sequence which, owing to the degeneracy of the genetic
code, can be deduced by backtranslation of the amino acid sequence of a
functional equivalent of SEQ 1D NO:2 which has at least 35% identity with
SEQ ID NO:2, or
25
e) a nucleic acid sequence which, owing to the degeneracy of the genetic
code, can be deduced by backtranslation of the amino acid sequence of a
functional equivalent of SEQ ID NO:6 which has at least 35% identity with
SEQ ID NO:6
30
is used.
13. A method as claimed in claim 12, wherein the nucleic acid sequences encoding
mevalonate kinase are derived from a filamentous fungus.
35

14. A method as claimed in any of claims 11, 12 or 13, comprising

i. bringing a polypeptide with the enzymatic activity of a mevalonate kinase
into contact with one or more test substances under conditions which
40 permit the binding of the test substance(s) to the nucleic acid molecule or



11.. A method for_identifying fungicidally active substances in an inhibition
test, in wRk?%85pol ypeptide with the enzymatic activity of a meval onate
kinase is used. 12. A nethod as clainmed in claim1l, wherein a pol ypeptide
with the enzymatic 10 activity of a nevalanate kinase, encoded by a nucleic
aci d sequence conprising a) a nucleic acid sequence as clainmed in any of
claims 2 to 4, b) athripolgpeptidewhichds aaensiedytthe abevesemtionesenudiminaciin SEQ | D
NO 1 or 15 SEQ I D NdI&sul®rang) @ nucleic acid sequence which, owing to the
degeneracy of the genetic code, can be deduced by backtranslation of the
am no acid sequences shown in SEQID NGO 2 or SEQID NO 6, or 20 d) a

nucl ei ¢ acid seduenciétedting whethar iig teg compodedbings &b@ewlwnétl@et?febl c code,
can be deduced by backtranslation of the am no acid sequence of a

SEQ 1 D Mo 2, or b5 aptebtnganeing: B e gk aundFediber BPbe R sERRL Lol o acy
of the genetic cod@olygaplidgeofde@uced by backtransl ati on of the amino acid
sequence of a functional equivalent of SEQ ID NGO 6 which has at | east 35%

wherei nthe. nucre Siahg witinkP e coibout FEAIEE aPRosisthaTinddigfiof oo

froma f'iol ament ous fli@nglagon elaexpnessmnrﬁéttmﬁ)w%c aeidiofdd in any of claims 11,

12 or corrprl sing i. bringing a polypeptide with the enzymatic activity
of a rreval o] ! e or nore test substances under
condi tions I'c %gra%%ﬁﬂﬁgﬂﬁ&%ﬁh&’“&r{é e test substance(s) to the

nucl eic acid nDIecuIe or PF 54265 46 the polypeptide which is encoded by
t he abovenenti oned rithbethe palypeptidatlitcttié enzyndtici dctividedfechievigorwite kinase kshe

test conpound binds &8 08 R ¥RERERLDrnidm or ar organism which naturally

comprises mevalonate kinase is cuitured,

ii. the polypeptide of step i) in the cell digest of the transgenic or
nontransgenic organism, in partially purified form or in homogeneously
20 purified form, is brought into contact with a test compound, and

iii. acompound which reduces or blocks the enzymatic activity of the
polypeptide of ii) is selected, the enzymatic activity of the polypeptide
incubated with the test compound being determined with the enzymatic

25 activity of a polypeptide not incubated with a test compound.

16. A method as claimed in claim 14, which comprises the following steps:

i. culturing a transgenic organism as claimed in claim 10 or a transgenic
30 organism comprising a nucleic acid sequence comprising

a) a nucleic acid sequence with the sequence shown in SEQ ID NO:1 or
SEQ ID NQ:5, or

35 b) a nucleic acid sequence which, owing to the degeneracy of the
genetic code, can be deduced by backtranslation of the amino acid
sequences shown in SEQ ID NO:2 or SEQ ID NO:6, or

c) anucleic acid sequence which, owing to the degeneracy of the
40 genetic code, can be deduced by backtranslation of the amino acid



iii- detecti an whet her the test conpound reduces or blocks the activity of
the pol ypepﬁla"ezs@f i), or iv. detecting whether the test conpound reduces
or blocks the transcription, 10 translation or expression of the nucleic
acid of i). 15. A nethod as clained in cl,g m14, wherein i. either the

pol ypeptide with the enzymatic activity of a neval onate kinase is 15
expressed in a transgeniSdetsaef afvrnational esuiyalenseh SER ¢B NQiz whigh Ras atonpri ses
meval onat e ki nase is culidast 8P idiéntityl With SEQYIPeNDi2de of step i) in the cell

di gest of the transgenic or nontransgenic organism in partially purified

formor in honogeneously 20 purified form is _broug%lt into contact with a
test conpound, and i . USRI ECMNER WhicHuwad & the drgrBefaRL obthSy mat i ¢
activitysof the polypegenel caide| cgn besdemiced bgtacktiemstiay obthie aniiesd asitdt y of

t he pol ypeptide i ncubagg&iué{ﬁc{efbf5@@%@@&&@&\*3@5@%r%,\gﬁgthgh aMth the

enzymatic 25 activity a_pol ypeptl | ulk a test conmpound.
16. A nmethod as cl ai med??aﬁ't ég%i“gﬁp“i'g’,wk%ﬁgﬁ 'Q(ﬂ‘éﬁivses the foll owing steps: i.

culturing a transgenic organismas clainmed in claim10 or a transgenic 30

Sequence &"?ﬁﬂﬁ“ﬁ?%@%ﬁg'ﬁsﬁ%ﬁﬁ%ﬁ E“‘EF%%&?;‘%W%F@&%%@%@?@%W%@@é5 ) a

nucl ei ¢ ¥cid sequen '

ORNIrARRORGICtBOFNRM QEBEREMESPESISt he  geneti ¢ code,

can be deduced by backtranslation of the am no acid sequences shown in SEQ

I D NO 2 or SEQ Iy . | eicraai : . . the
degener acy of trllleP Zlogegééwgﬁg:c%ggé?%' ot e%ﬁ"g@ﬁﬁg%ﬁ%%@ﬁfgﬂhew Régerfe

, C ransl ation of the
am no acid PF 54265 %9ANLBANLAEReen a‘F%ﬂ‘?BtCiQS&%{T'SFB&ﬁPR/%Mﬁ?“%W@BjePb NO. 2
whi ch has at | east sBbstance@ndty with SEQID NO 2, e) a nucleic acid
sequencegwhi ch, owing to the degeneracy of the 5 genetic code, can be

deduced by backtransl atjon of the am np. acid equence of f unct. onal

equi val ent of SEO | Iﬁe%é"@ Wﬁgﬁ"f?s Aty ’CF'%&'EQ aéggorpwiqgm YAP¥0 |1 D NO 6
ii. applying a test andipsinfectivity of the @ontransggeisiocganisgain compasisen withthe i n cl ai m
a) 10 and to a nontgraphdt MeCtrisganmc orgaism.ne same speci es,

20 17. A method as claimed in claims 16, which is carried out using a fungus.

18. A method as claimed in any of claims 11 to 17, wherein the substances are
identified in a high-throughput screening.

25 19. A support for use in one of the methods as claimed in any of claims 1 to 18
which supports one or more of the nucleic acid molecules as claimed in any of
claims 2 to 4, one or more vectors as claimed in claim 9, one or more transgenic
organisms as claimed in claim 10 or ohe or more (poly)peptide(s) as claimed in
claim 5.

30

20. A fungicidally active compound identified via one of the methods as claimed in
any of claims 11 to 18.

21. A method for preparing a fungicidal composition, which comprises formulating a
35 fungicidal active ingredient identifiable via one of the methods as claimed in any
of claims 11 to 18 together with adjuvants which are suitable for the formulation

of fungicides.

22. A method of controlling harmful fungi, which comprises treating the fungi or the
40 materials, plants, soils or seeds to be protected from fungal infection with an



iii.. determning the growh, the viability and/or the infectivity of the

t ransgeni c Pﬁﬂy%ﬁﬁsn1and of the nontransgenic organism after application of
the test substance, and 15 iv. selecting test substances which bring about
reduced growth, viability and/or infect%%ity of the nontransgenic organi sm
in conmparison with the growth of the tranhsgenic organism 20 17. A nethod
as clained in cefestve aerovnhdfehcompaiidrdsedpimad inudainy2@0f asgueositid wiichret hod
as clainmed in agynBé pfdpatdbbyld metholi‘as iMifieBiimcibig2subst ances are identified
in a high-throughput screening. 25 19. A support for use in one of the

met hods as clainmed in any of clains 1 to 18 which supports one or nore of
the nucleic acid nolecules as clained in any of clains 2 to 4, one or nore
vectors as clained in claim9, one or nore transgenic organisns as clained
in claim10 or one or nore (poly)peptide(s) as clained in claim5. 30 20. A
fungicidally active conpound identified via one of the nethods as clained in
any of clains 11 to 18. 21. A nethod for preparing a fungicidal conposition,
whi ch conprises fornmulating a 35 fungicidal active ingredient identifiable
via one of the nethods as clainmed in any of clains 11 to 18 together with
adj uvants which are suitable for the fornulation of fungicides. 22. A

met hod of controlling harnful fungi, which conprises treating the fungi or
the 40 materials, plants, soils or seeds to be protected from fungal
infection with an PF 54265 48 effective anobunt of a conmpound as clained in
claim 20 or a conposition which can be prepared by a nethod as clained in
claim21.



