PF 54200 1 Mal ate dehydrogenase as a target for herbicides The present
invention relates to nal ate dehydrogenase, which, when absent, brings about
reduced grow h and chlorotic leaves 5 and is encoded by the nucleic acid
séquence SEQ L,F $B(fo or by a functional equivalent of this nucleic acid
sequence, as arget for herbicides. For this purpose, novel nucleic acid
sequences enconpassing SEQ ID NO 2 and functional equivalents of SEQID
NO 2 are provided. Moreover, the present i'hvention 10 relates to the use of
t he abovenenti oned | at e deh dr%%&gase and its functional equivalents in a

met hod for i dERtTFSiTRGYIEBRPY t 2 & hiter daP='orC 6wt h- r egul at or y

activity, and to the use of the conpounds identified by this nethod as

her bi ci des or grovvth regul ators. 15 The basic gri nci@e of identi f,y;{ng
her bi ci des vi 2°FHeF eI BRYTON VY T8L18ETT ndt "Barget °F ' KERA2ET or"ExXaml e US
5,187,071, WOwO8h 33%% , VO O/ GLBR)E . rédu@enefabthtoel eHisrati greatyedenand
for the detection of enzynmes which m ght 20 constitute novel targets for

her bi ci des’ Tﬁ@drje%sedﬁé’dﬁg‘eaby e é’t“&ﬁgéc ptoB! EREUIRTTIPEGC ¢lr Y% ¢ IPThéwbi ci dal

active ingredi entis: WhachegGivaRrknewn: i & gelS e i ange i & @ngaLHg asendeavor to
identify novel herbicidal actjve ingredients which are distinguished by as
wi de as possi BFEIA" %CSFEH%JFdea‘F’ct F8R, thos BEBPEG vV and f okt cdtdgi cal
accept abi l'i tysaneémied @WeoappddGat isen tates.2 bAGPE@eddienalt Bguteieetison of
novel targets entails %r e_gt difficulties since the inhibition of an enzyne
which forms 56 paf t'of %32 n2taBviavedpat HRRF I rEquER IRFHREE NN T Ut ver ef f ect

on the gromt hrefatde ) ant. uddisE may Becdtrdnithuhed 0 ddaeqbagdroddmatset he
pl ant switches to, alternative netabolic ga,t hways _whose exi stence is not

known or thatapﬂel§§”ﬁqﬁcFéan%%i§ﬁﬁﬂpéent in a method for identifying

compounds with herbicidal or growth-regulatory activity, and
to the use of the compounds identified by this method as
herkicides or growth regulators. |

15
The basic principle of identifying herbicides via the
inhibition of a defined target is known (for example US
5,187,071, WO 98/33925, WO 00/77185). In general, there is a
great demand for the detection of enzymes which might

20 constitute novel targets for herbicides. The reasons are
resistance problems which occur with herbicidal active
ingredients which act on known targets, and the ongoing
endeavor to identify novel herbicidal active ingredients which
are distinguished by as wide as possible a spectrum of action,

25 ecological and toxicoleogical acceptability and/or low

application rates.

In practice, the detection of novel targets entails great
difficulties since the inhibkition of an enzyme which forms

30 part of a metabolic pathway frequently has no further effect
on the growth of the plant. This may be attributed to the fact
that the plant switches to alternative metabolic pathways
whose existence is not known or that the inhibited enzyme is

not limiting for the metabolic pathway. Furthermore, plant



not limting for the nmetabolic pathway. Furthernore, plant PF 54200 2
genones are distingui shed by a high degree of functional redundancy.
Functional |y equival ent enzynmes are found nore frequently in gene famlies
ih the A«abidg séﬁ%hgaliana genone than in insects or mammals (Nature,

2000, 408(681 ?: -815). 5 This hypothesis is confirnmed experinentally by
the fact that conprehensive gene knock-o#% prograns by T-DNA or transposon
i nsertion into Arabidopsis yielded fewer ni f ested phenotypes to date than
expected (Curr., . Plant. . Bipl. 4, 2001, . 111- 117)._10 It is an object of
the present iAve ?%ﬁ”@od?ﬁﬁﬂTFthﬁ§v8¥ 2t ébé?gﬁﬁﬁéﬁngECéé%%%kial for the
grow h of pl apt8uetariioseuntdudiltiivoBagheedsrioeheducedfl aptingromeh, and to
provide nethods which are suitabl.e for identifyjng herbicidally active 15
e or gr out heFEGHThrdr S-cBRpb S 1108 Havet GrHE TR e pB Lot

achi eved by t hratsen dfnserakate rdempdesogenase i noao retdeadafiay : 7 derdlishyi ng
herbicides. 20 Further terns used.in the descriptjon are now defined at
this point. TAFFiNRIYDESY®: 13 Hi% %ﬁéPE seﬁg?ﬁimﬁagfi%¥3Q¥'tBSIﬁ%%%tﬁ@ﬂ% whose
codi ng nucl ei eongi¢hsrguengen€ athdae-buseskdg@atbenfued MizC cact dandss@gquence
according to the invention eitheE diirectly, or bxgneans of a _linker, using

customary cl oAPRGT tethilgBesr 25rePsaPt Y 14p% 467SE s RSt e S Ed1¥REPon,

concentrationtanddod thsel eepévspuciuticaty oriabtt Beor econboantpd anget
protein by neans of affinity chromatography fromtotal cell extracts. The
30 abovementi 6néd I i nker can advant ageously contain a protease cleavage
site (foriexanple for thronbin or factor Xa), whereby the affinity tag can

be, ol eaved 1o Lhe {arget. proteln when, . requited; Exaples of oron

targets which are essential for the'growth of plants or whose
inhibition leads to reduced plant growth, and to provide
methods which are suitable for identifying herbicidally active

15 and/or growth-regulatory compounds.

We have found that this object is achieved by the use of

malate dehydrogenase in a method feor identifying herbicides.

20 Further terms used in the description are now defined at this

point.

“Affinity tag”: this refers to a peptide or polypeptide whose
coding nucleic acid sequence can be fused to the nucleic acid
25 sequence according to the inventicn either directly or by
means of a linker, using customary clconing technigques. The
affinity tag serves for the isolation, concentration and/or
selective purification of the recombinant target protein by
means of affinity chromatography from total cell extracts. The
30 abovementioned linker can advantageously contain a protease
cleavage site (for example for thrombin or factor Xa), whereby
the affinity tag can be cleaved from the target protein when
required. Examples of common affinity tags are the “His tag”,

for example from Qiagen, Hilden, “Strep tag”, the “Myc tag”



for exanple from Q agen, Hilden, "Strep tag", the "Myc tag" PF 54200 3
(I'nvitrogen, Carlsberg), the tag from New Engl and Bi ol abs which consists of
a chitin-binding domain and an inteine, the naltose-binding protein (pMal)
ftom New Englg.gd?‘? Iabs and what is known as the CBD tag from Novagen. In
thi s context e afflnlty tag can be attached to the 5 or the 3" end of
the codi ng nucl ei c aci_d sequence with the_sequence encoding the target
protein. "Biological activity of a glyoxyéonal mal at e dehydrogenase": 10
for the pur pozgs of the present i nvention, this termdescrl bes the presence

of the gl yoxydoWal-5RaCAl e“Hehyirdenale & AgoTalTe T e8Af B4R ability to
grow and vi abiqhidery colnfsﬂshe cact |c%utyn%lrmlm@oaemﬁlmm theibtolagi eak
activity of a somal nalate d dro enase|5| hibited, this |eads to
15 reduced gr%\f‘h %6 n%t%rpOt(‘?ﬁndZ%%/ ot TPhRe %Ya@ﬂgqa“dEﬁi?/Jrthﬁ c®RBtivity
of a gl yoxysonaétrmd afnewely ditegeBaseis fAdrenbesgeenzyimahie aeidadtty
descrlbes he abi | of an en onvert a substrate Lnto a product.
The enzyrra ic E%t?%ﬁ%tﬁot%%ﬁ: 8e?5??ﬁ%}‘?éid ntihat i IE%?S aes“dar?%acti vity
assay via thehtnesEagenibléhe pradesduertdie wdehr easadquehbe sihstinhat e (or
starting mater Iga}or the decrease in a specific cofactor, or via a

at

conbi nati on oft 55t PERbE Gt the abovenentioned par ameters, as a function
of a defined period of time. 25 "Enzymatic activity of a gl yoxysonal mal at e

dehydr ogenase’, escri bes here the abi n en catal yze a

fenitt on aht SR SRR Cahity 2 BB GG By i PR 2e”

dehydr ogemisefoBOtHeBppﬁ:gsse@rbﬂ:a;&eeptese_ntarine&ﬁte@rs,l Qjﬂll@aESQﬁtcﬁesﬁﬂﬂbais ns a
nucl ei ¢ acid sequence acco)é ing to the '%\S/enﬁlaon linked o jbl y to at

| east one gen&tf CEORTFEI © YOgEYeH" bF oHOE OS5 Ha: se ageousl y,

a further contrdd e emrfity Stkchibility to grow and viability. If the
activity of a protein with the bioclogical activity of a
glyoxysomal malate dehydrogenase is inhibited, this leads to

15 reduced growth, growth stop or death of the plant.

“Enzymatic activity of a glyoxysomal malate dehydrogenase”:
the term enzymatic activity describes the ability of an enzyme
to convert a substrate into a product. The enzymatic activity

20 can be determined in what is known as an activity assay via
the increase in the product, the decrease in the substrate (or
starting material) or the decrease in a specific cofactor, or
via a combination of at least two of the abovementioned
parameters, as a function of a defined period of time.

25 “Enzymatic activity of a glyoxyscomal malate dehydrogenase”
describes here the ability of an enzyme to catalyze a reaction
which is likewise catalyzed by the glyoxysomal malate

dehydrogenase.

30 “Expression cassette”: an expression cassette contains a
nucleic acid sequence according to the invention linked
operably to at least one genetic control element, such as a
promoter, and, advantageously, a further control element, such

as a terminator. The nucleic acid sequence of the expression



as a termnator. The nucleic acid sequence of the expression PF 54200 4
cassette can be for exanple a genom c or conplenentary DNA sequence or an
RNA sequence, and their sem synthetic or fully synthetic anal ogs. These
sequences cangiex;{%éoi n linear or circular form extrachronosomally or
integrated into 5 genone. The nucleic acid sequences in question can be
synt hesi zed or obtained naturally or contgin a m xture of synthetic and

nat ural DNA conponents, or else consist o vari ous het erol ogous gene
segnments of various organisns. 10 Artificial npucleic acid sequences are al so
suitable in tﬁ?%set&?n[:g&tbea PoRGAERL e FeY “HERES fus SiOBFe= Tt eXprassion, in a
cell or an orgenicsme of an polzypeptide: Wanh thei enmmratheneact iod EM10§ a

gl yoxysomal nml at e dehydrogenase, preferabl with the biological activity
of “a gl yoxysondl irdit&t 8°4 %Fehgg%‘ge?%?&nc i S goiiypepti B9 Eficoded by a
nucl ei ¢ aci d cHefileRCEoaa L af:diraght Omddigndinyent i Ditegr@te@Xamiy ehesynt heti c
nucl eoti de sequences _can b enerﬂéed whi ch have been optim zed with regard
to the codon %%%%‘@‘o?hFhléu %&niag TFUHESE r e 2 A9 of the

abovenent i onegymciseetider setaenReesng&arrhey genesated hremihe ndcl eoti de
units by chem cal synthesis in _the manner known ]ger se, for exanple by

fragment cond®WSHtSTof 2BF FHAA AU TVEPPEPPF nd It SsRen®ME Ay tucl eot i de
units of 25 tvheidoeubkeeheldgousOygonigeatsdes wandhe syqddiesiszed
chemcally for exanple in the manner known per se using the phosphoanmdite
met hod (Voet, Voet, 2d Edition, Wley Press New York, pp. 896-897). Wen
preparing@n BxpiEsSa0Nneasse! heid yaniuwssDNA fLagmentsasan e crasi pul at ed
in such a way that a 30 nucl eotide sequence wWth the correct di.rection of

reading and CHe O AECEOYR A MY rBHE PESSHPAT ndtf SFRESRELTEI ¢ "aéi d

cell or an organism, of a polypeptide with the enzymatic
activity of a glyoxysomal malate dehydrogenase, preferably
with the biclogical activity of a glyoxysomal malate

15 dehydrogenase, which polypeptide is encoded by a nucleic acid
sequence according to the invention. For example, synthetic
nucleotide sequences can be generated which have been
optimized with regard to the codon usage of the organisms to
be transformed.

20
All of the abovementioned nucleotide seguences can be
generated from the nucleotide units by chemical synthesis in
the manner known per se, for example by fragment condensation
of individual overlapping complementary nucleocotide units of

25 the double helix. Oligonucleotides can be synthesized
chemically for example in the manner known per se using the
phosphoamidite method (Voet, Voet, 2" Edition, Wiley Press New
York, pp. 896-897). When preparing an expression casselte,
various DNA fragments can be manipulated in such a way that a

30 nucleotide sequence with the correct direction of reading and
the correct reading frame is obtained. The nucleic acid
fragments are linked with each other via general cloning
techniques as are described, for example, in T. Maniatis, E.F.

Fritsch and J. Sambrook, “Molecular Cloning: A Laboratory



fragnents are linked with each other via general cloning techniques as are
descri bed, for exanple, in T. Maniatis, E.F. Fritsch and J. Sanbrook,

"Ml ecul ar doning: A Laboratory PF 54200 5 Manual ", Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY (1989), in T.J. Silhavy, ML. Berman and
L° W Enquist, . B43gpi ments with Gene Fusions, Cold Spring Harbor Laboratory,
Col d Spring A%rbor, NY (1984) and in Ausubel, F.M et al., 5 "Current
Protocols in Ml ecul acr Biology", Geene Publishing Assoc. and

Wl ey-Interscience (1994). "Operable |inkage": an operable, or functional,

| i nkage is nder st,00 ani ng_t.he sequenti al rrangenent of regulatory
10 sequencesqunﬁgnét?8E§Oﬁ¥P8ﬁ e?gﬁﬁhﬁfgfﬁaéﬂgﬁ'Z%ﬁgygFﬁ%?gég%ﬁogfu¥ﬂe
regul atory segusittes inof.&ach lohviheigen@eirvaconid al.W. eEeqeintts, can ful fil

its intended funct.iaon when the codin sequenceg i.s expressed., 15 "Functi onal
equi val ent s" %ﬁﬁﬁﬁw 3?5fﬁﬂ¥th6Feg%ﬁé%q§dn?8§?,§%§ﬁﬂ% égéggﬁi *$&Gi8hks whi ch
hybri di ze underldstsamday diadondi N ohns28d)t Rntihen Nucludied , aBid. sequénce SEQ | D

NG 2 or parts.cof SEQLD. NG,2 and,uni ch ar g, ¢apap) e ol LI gingabout the -
expression, ina cell of an organism of a po jﬁ%ﬁtlae W t tha enzymatic
activity of argdomoxypsdned lawmllaterdelyrdreogenase, preferably w th biol ogical
activity of a nal ate dehydrogenase. To carry out the hybridization, it is
advant ageous to use short oligonucleotides with a | ength of approximtely
10-50 25 bp, prefmbabl yidleddtd :bpn éweraanpbe dHindtienadpseinedieot sot her

regi ons, which antbgddgtngined %Q t he manne W th mhicp the s g égd
worker is fanfT9ar" By conpari sofs W tH Orherert el ed~"génes. vef Y | onger
fragnent stoof tdeiameekebe @micdscacoordinglenethe imvsenhi envay tthaa keagt h of
100- 500 bp, or.the _30 conplete seguences, be used for

nybr i di zat | ontt BepERar A B CRECRUETE: CTaglalof guRugrHott de SEaL ¢ he

| ength elements, can fulfill its intended function when the coding

sequence is expressed.

15 “Functional egquivalents” describe, in the present context,
nucleic acid sequences which hybridize under standard
conditions with the nucleic acid sequence SEQ ID NO:2 or parts
of -SEQ ID NO:2 and which are capable of bringing about the
expression, in a cell or an organism, of a polypeptide with

20 the enzymatic activity of a glyoxysomal malate dehydrogenase,

preferably with biclogical activity cf a malate dehydrogenase.

To carry out the hybridization, it is advantagecus to use
short cligonucleotides with a length of approximately 10-50

25 bp, preferably 15-40 bp, for example of the conserved or 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 length of 100-500 bp, or the

30 cemplete sequences, may also be used for hybridization.
Depending on the nucleic acid/oligonucleotide used, the length
of the fragment or the complete seguence, or depending on
which type of nucleic acid, i.e. DNA or RNA, is being used for

the hybridization, these standard conditions wvary. Thus, for



of the fragment or the conplete sequence, or depending on which type of
nucleic acid, i.e. DNA or RNA, is being used for the hybridization, these
standard conditions vary. Thus, for PF 54200 6 exanple, the nelting

t enper at ures %g,r : DNA hybrids are approximately 10C | ower than those of
DNA: RNA hybr i 3 e sane length. 5 Standard hybridi zation conditions are
to be understood as _neani ng, depending on6the nucl eic acid, for exanple

t enperatures of between 42 and 58C in an aqueous buffer solution with a
concentration of befween O.i and 5 x SSC éﬁl X SSC =0.15 MNad, 15 nM
sodi um ci t r at EX3PRE Y. 3 SoP 1B B diITPEAAFTYFT FoFha D BLeATE TS 5395 f or nani de,
such as, for zexasplmted2C10hc 5 owedSChab0%der panDYR: rREN@ yhy bt dbZ afhieon
conditions for DNA¥DNA hybri ds are advantageously 0.1 x SSC and

t enper at ures GF™Bet WEN -appr oxi matel y 20C and 65C, preferably between
approximately 30C and 45C. In the case of 15 DNA'RNA hybrids, the

hybri di zation conditions are advantageously 0.1 x SSC and tenperatures of
betveen  abpr GEPAGTEL  “BEEI4AE B5CCOPRET LI IR o EE v S BrERF IEd Sl y  45C

and 55C. Thesechybrd didakhaind esfpeshat unese whisehdhaver heempistated are
melting tenperature val ues _which hav%\ been 20 cal cul ated by way of exanple
for a nucl ei c “BEPE I HITaCf NGt Toft<appt o “168 AbctEWIGes hhtFa G + C

content of 50%intidhe wiabsenesneintrarman e vetheegxper igmntak sondiit ixons for
DNA hybridi zation are described in relevant textbooks of)cgeneti cs such as,

for exanple, iPR-Sanbriook! deCat . 1° RbPaeufarci@6rfng®t 2% CBFd Spring Har bor

Laborat oryg 1989itasndkiggnihecgaldsahed ctiorg thonaml &6 wikbh whj civA he
skilled worker is fam|li.ar, fgreX exangég s a function of t.ge | engt h of
t i ds®o

nucl ei ¢ aci ds SRR Ty ¢ Cof " Wb CHFEIES s T IRPEN T 2 e s ki | | ed
worker will  fopdifisdheanri nRarreat ingbrods ity isdivaat h@oidivt be1foldamn ng

and temperatures of between approximately 20°C and 65°C,
preferably between approximately 30°C and 45°C. In the case of

15 DNA:RNA hybrids, the hybridization conditions are
advantageously 0.1 x SSC and temperatures of between
approximately 30°C and 65°C, preferably between approximately
45°C and 55°C. These hybridization temperatures which have
been stated are melting temperature values which have been

20 calculated by way of example for a nucleic acid with a length
of approx. 100 nucleotides and a G + C content of 50% in the
absence of formamide. The experimental conditions for DNA
hybridization are described in relevant textbooks of genstics
such as, for example, in Sambrock et zl., “Molecular Cloning”,

25 Cold Spring Harbor Laboratory, 1989, and can be calculated
using formulae with which the skilled worker is familiar, for
example as a functicn of the length of nucleic acids, the type
of the hybrids or the G + C content. The skilled worker will
find further information on hybridization in the following

30 textbooks: Ausubel et al. (eds), 1985, “Current Protocecls in
Molecular Biology”, John Wiley & Sons, New York; Hames and
Higgins (eds.}, 1985, “Nucleic Acids Hybridizaticn: A
Practical Approach”, IRL Press at Oxford University Press,

Oxford; Brown {ed.}), 1991, Essential Molecular Biology: A



30 textbooks: Ausubel et al. (eds), 1985, "Current Protocols in Ml ecular

Bi ol ogy", John Wley & Sons, New York; Hames and Higgins (eds.), 1985,

"Nucl eic Acids Hybridization: A Practical Approach", IRL Press at Oxford
University Press, Oxford; Brown (ed.), 1991, Essenti-al Ml ecul ar Biol ogy: A
PF 54200 7 Ppacéifm) Approach, IRL Press at Oxford University Press,

Oxford. A functional equivalent of SEQID NO 2 is furthernore also 5
under st ood as neani ng.nucl eic acid sequenges having a defined degree of
honol ogy or identity with SEQID NO 2, and furthernore in particular al so

natural or ari» ficial eﬂgﬁ%é aps x0f oL 08, at{%%@%?&'t?z{‘l%%r’%“% bgaci d

sequences whi Ch” fco ypepti de W th € enzyrmatiC, ﬁre?erébly t he

bi ol ogi cal, 10z&etdvity of a gl yoxysomal mal ate dehydrogenase. The present

i nvention also enconpasses, for exanple, those nucleotide sequences which
are obtained by nodification of the abovenentioned nucleic acid sequences.
For exanpl e sutimdts omedi ¢@catdlens cansShie I@eﬁér atedl fythechorguelson th which

t he Skl|| I ecte Mut age ,
"Error Prone g%%&%&; Egﬂ%%%fiqg %H§%%ﬁﬁr §§7ge5%%2ﬁﬁf %aVIn% S%f%d
" St agger ed ExtepsiomiPhovessdy (d\:latLdeet:LBr otiebhfABd . 111610 2998;1dpp 258- 261) .

The ai m of su%h QhZOCH%dIfIC tion canafgd ng%ura ftl%ggl'f%ﬁﬁ%ﬁigngf
further cleavage sites for’ res et on enzynes, b

order to tr unoat eha haeaoseqaetmceqed hecsebstadigt seqnelicemw@hebteardwet @ optim ze
t he codons, or 3%%! of fg&&ﬁgatlc %E%@S?Eb %ekng%¥§} q are

encoded vi a n88 nuc eic aci d seguences nus ai'n dedired
function d@spaterauqdeﬁiatgkmpoﬁDMeﬂcms&Hu¢ Qeqyenmgsnéﬁhe term "functional
equi val ents” can also relate to the am no acid sequence encoded by the

nucl ei ¢ acid sequence in
The present invention also encompasses, for example, these

nuclectide sequences which are obtained by modification of the
abovementioned nucleic acid sequences. For example, such

15 modifications can be generated by techniques with which the
skilled worker is familiar, such as “Site Directed
Mutagenesis”, “Error Prone PCR”, “DNA-shuffling” (Nature 370,
1984, pp. 389-391) or “Staggered Extension Process” (Nature
Biotechnol. 16, 1998, pp. 258-261). The aim cf such a

20 modification can be, for example, the insertion cof further
cleavage sites for restriction enzymes, the removal of DNA in
grder to truncate the sequence, the substitution of
nucleotides to optimize the codons, or the addition of further
sequences. Proteins which are encoded via modified nucleic

25 acid sequences must retain the desired functicon despite a

deviating nucleic acid seguence.

The term “functional equivalents” can also relate to the amino
acid sequence encoded by the nucleic acid sequence in

30 question. In this case, the term “functional equivalent”
describes a protein whose amino acid sequence has a defined

percentage of identity or homology with SEQ ID NO:3.

Functicnal equivalents thus comprise naturally occurring



30 question. In this case, the term"functional equivalent” describes a
protein whose am no acid sequence has a defined percentage of identity or
honol ogy with SEQ I D NO 3. Functional equivalents thus conprise naturally
otcurring PF &% vari ants of the herein-described sequences and
artificial nuclelc aci d sequences, for exanple those which have been
obt ai ned by chem cal synthesis and which e adapted to the codon usage,
and al so the ami no acid sequences derived from 5 them "Genetic control

seqguence" descrlbes seque s whic effect on the t ans ription
ang i f approprfat;® € ﬁg? ot ng?ﬁﬁxﬁﬁéﬁgF%nﬁﬁ?dglaééﬁféﬁ topthe

i nvention in ﬁﬁ@h&ky@kud.&énmmuﬂmkafyﬁt@mm@ﬂgaah6ﬁ$mﬁﬁxannheslkhareof are
pronoters, nat o at, ar thnown as ancer" seguences

T ot o | R Phaliiih, ALE- IO B0 R B I e " e

nat ural regul abien wiagehesed salgueneesamy sici bl sbgugresedtrbeforectmhe act ual
structural genes and may, if 15 appropriate, have been genetically nodified
in such a.%ay Hat the natural regulation has been switched off and the
expression of the target gene has been nodified, that is to say increased

or reduced. The choice of the control, ends 0 host organlsm
or starting or gant'Sifi CERREDT ¢ SHE6Rt %%(Eﬁ£§ﬁénﬁ%% ?Qﬁ%?hggﬁﬁ?gl ®s8"conpri se
the 5'- untraasf@&edxwegeoaraﬂmmﬁ@mso@rmﬂhe1moappmbgnlaie regnanj@ﬁongenes
Control sequences are further re und rstood _as neanin t hose whi ch, nake
possi bl e homof gotfs TECEHBI Hatt o S6P~ T%%é?%Fgﬁ ??ﬁ??ﬁﬁ%& GBI GH 5 host

or gani sm oy whtcéuxnﬂymmtc25rq&ﬁmymal kx4 idie tgenode.arGepebhet€ant r ol
sequences al s not ers, not er,, el enent s or_ m ni mal

furt
e er e, e R ot e R e B SR e SRRt ety netar e

(for exanple gat it dorattbachaentcanegbonsequddR8E) , or instead of these
sequences, the natural regulation of these seguences may still
be present before the actual structural genes and may, if

15 appropriate, have been genetically modified in such a way that
the 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 hest organism or starting organism. Genetic

20 control sequences furthermore also comprise the 5/ -
untranslated region, introns or the noncoding 3'-region cof
genes. Control sequences are furthermore understood as meaning
those which make possible homologous recombination or
insertion into the genome of a host organism or which permit

25 removal from the genome. Genetic control seguences also
comprise further promoters, promoter elements or minimal
promoters, and sequences which have an effect on the chromatin
structure (for example matrix attachment regions (MARs)),
which can modify the expression-governing properties. Thus,

30 genetic contrcl sequences may bring about for example the
additional dependence of the tissue-specific expression on
certain stress factors. Such elements have been described, for
example, for water stress, abscisic acid {Lam E and Chua NH, J

Bicl Chem 1991; 266(26): 17131 -17135), high~ and low-



whi ch can nodi fy the expression-governing properties. Thus, 30 genetic
control sequences may bring about for exanple the additional dependen
the tissue-specific expression on certain stress factors. Such el enen

have been de
and Chua NH,

%ESQP for exanple, for water stress, abscisic acid (LamE

ce of
ts

Chem 1991; 266(26): 17131 -17135), high- and | ow PF
54200 9 tenperature. stress (Plant Cell 1 94 (6): 251-264) and heat stress
General Cenetics, 1989, 217(2- 246-53). "Honol ogy" between

(Mol ecul ar &

two nucleic acid se

identity of t

TRRerare aerae Souen ee,f;ﬂoeégzm5632‘3255.“%%%?%&3%? cach

e

case the entigwessequensallaeangt Benavhiiicltehsrcad culcavedzby(ald)gnoeatswit h the
aid of the program al gorithm BESTFIT (W sconsin Package Version 10.0,

W sconsin, Cenetics Conputer Goup (GCG, 10 Madi son, USA),
setting the ftﬂdmwwb@g”pwﬁﬂnaahetﬁofmuclqaalype@téahﬁencgapoﬁMﬁqﬂypepBL&£ngth

Uni versity of

Weight: 2_ Average Match:

fol | owi ng -par

15 d.th
IS SR RIS At SEL el dh i ST AL E VA

3

Aver age Mat chgedRn0BPpiveraagedd semldfte 092000 20hl BathecHeolhowkag text,

the tern1|dent|ty is also us

"honol ogy".

synon nDusI W th ghe tern1"honDIogoQ§

R Y S S T et ALl S TR SRR AL

substitutionssr agdi bredsan ci&kget:mm BHSAVEN S (1@ ihNBgEtd nNFeroiovne

nore nucl eot i
correspondin

o e o e Re e My

de residues al . so bring about chaﬁggs in_the

SEpSEF T |

or

on,

i nsertionoor @eliebhonuof) Ooneteingoiie: @NLBRiREIdSanakthough t he functi onal

properties of

15

20

25

30

t he target
polypeptides:

Gap Weight: 8 Length Weight: 2
Average Match: 2,912 Average Mismatch:-2,003

and the following parameters for nucleic acids:

Gap Weight: 50 Length Weight: 3
Average Match: 10.000 Average Mismatch: -9.000

In the following text, the term identity is also used

synonymously with the term “homcologous” or “homoliogy”.

“Mutations” of nucleic or amino acid sequences comprise
substitutions, additions, deletions, inversions or insertions
of one or more nucleotide residues, which may also bring about
changes in the corresponding amino acid sequence of the target
protein by substitution, insertion or deletion of one or more
amino acids, although the functional properties of the target

proteins are, overall, essentially retained.

“Natural genetic envircnment” means the natural chromosomal
locus in the organism of origin. In the case of a genomic

library, the natural genetic environment of the nucleic acid



30 proteins are, overall, essentially retained. "Natural genetic

envi ronnent” neans the natural chronobsomal |ocus in the organismof origin
In the case of a genomc |ibrary, the natural genetic environment of the
nucl ei c aCidn€?:§%£a§0 10 sequence is preferably retained at least in part.
The environ t nks the nucl eic acid sequence at |least at the 5'- or

3' -side and has a sequence |l ength of at |§€St 50 bp, preferably at | east
100 bp, especially preferably at |east 5 O bp, very especially preferably
at | east 1000 Qg, and . nost %g ferabl%%at Iea?t 5000 bp. "Plants" for the
pur poses of tRENMFNENLF o &Y %@ﬂﬁnFeE 15 2tprahit tis8688; Pisant organs, or

intact plant sensitehhmastseedss the hubeyis, akhawess erpel benleddiatSthe

seedlings, roots, |eaves, ste or other plant parts. Myreover, the term
SLants s unger SFood” asini Mg op? OTAS G et (5 “Sute e ek,

fruits, seedl bngSsradlivpst Id4ar spochibt idigecOrlIPaireTheaksy &b 1=Reacti on
time" refers the tinme requi.r for carrying out an say for determ nin
the enzynati cg(g%ﬁR/i 'y UnTTH C&aﬁgi{gﬂ‘?eﬁe&é‘%yf gﬁd]i‘?‘?g'atr é&ﬁﬁd"i’%{g A BRZymati ¢ ]
activity is pbimimedy it dependsoboth. on the specific activity of the
protein enployed in the assay and on the nethod used and the 20 sensitivity
of the instruments used. The skilled worker is famliar with the

det er m nati onvpfarddie Feactiomurbbess dM tnkeincase of aret postsc foenlsdenti fying
herbicidally active conpounds which are based on photonetry, the reaction
times are, foPla®xdnpPEssy IP§gﬁ%ﬁmé%h19t6chﬂf@6sniﬁﬁ?ﬁ§§ sEeds,
"Reconmbi nent DNArJescowbes, aoaashj natiian,ok-ENA [sgquences, MhiveB, can be

generated by reconbi nant t echnol ogy, " Recomhi nant t echnol ogy":
Dot al 1y KnoRrERbREaHES i CoBarber Al TORAE g CAET PO Gt o
descri bed i n Samypelkdehs meaning propagation material such as seeds,

fruits, seedlings, slips, tubers, cuttings or root stocks.

i5 “"Reaction time” refers to the time required for carrying out
an assay for determining the enzymatic activity until a
significant finding regarding an enzymatic activity is
obtained; it depends both on the specific activity of the
protein employed in the assay and on the method used and the

20 sensitivity of the instruments used. The skilled worker is
familiar with the determination of the rzaction times. In the
case of methods for identifying herbicidally active compounds
which are based on photometry, the reaction times are, for
example, generally between > 0 to 120 minutes.

25
“Recombinant DNA” describes a combinaticn of DNA sequences

which can be generated by recombinant DNA technology.

“Recombinant DNA technology”: generally known techniques for
30 fusing DNA seguences (for example described in Sambrook et
al., 1989} Cold Spring Harbor, NY, Cold Spring Harbor

Laboratory Press).

“Replication origins” ensure the multiplication of the



al ., 1989, Cold Spring Harbor, NY, Cold Spring Harbor Laboratory Press).
"Replication origins" ensure the nultiplication of the PF 54200 -- 11
expressi on cassettes or vectors according to the invention in
nicroorganisnEFegyid%easts, for exanple the pBR322 on or the P15A on in E
coli (Sanbrook et "al".: "Mbdlecular Coning. A Laboratory Manual", 2nd ed.
Col d Spring Harbor Laboratory 5 Press, Cbif Spring Harbor, NY, 1989) and the
ARS1 on in yeast (Nucleic Acids Research,” 2000, 28(10): 2060-2068).
"Reporter genes" encode readiLy g%antifiable ngteins. The transformation

efficacy or tHESGHre8sFOrcSite 6F YTMiHG E5R°T 40" De CadbesEstf by Credhs of
t hese genes vihac@yowkhiassayhd fletot escRicexassay, tichembam aeseentasassay,

bi ol um nescen assay of resistance assay oOr Vi, hot onetri.c measur enent
(intrinsic co?ﬁ?}) or éﬁz‘érreco;l i@F‘W?O‘XS}'er% 8ip'eciq‘?ﬁ%183%ulﬁfe@e9%'i fi this
context are repofiorprpaetals’,( Sahesdorgvlh, shbikd askiveut Zakdy rddalryBi ot echnol .
1999; 13(1):29-44 u as the "green fluyqrescence protein" (G-P) (Gerdes
HE and Kai\% heFr%S,Q ’ %@%@ PRt f@ég?rséﬁhﬁgﬁgfﬁ}g i At Tl %fé%?? Bi ol
1996, 6:325- 386;1dief el aSM«eicaakh, Biotechniques2o23¢bEspl2-8, 1997),

chl oranpheni col acetyl transferase, a luciferase 20 (G acom n, Plant Sc
1996, 116:59-72; Scikantha, J Bact 1996, 178:121; MIllar et al., Plant Ml
Bi ol Rep 1992 d&:324rdidnes” andohuciéefidse ggenessidulcgenet@ns3- gakact osi dase
or R glucuronidase %%effers et al., EMBO J. 1987, 6, 3901-3907) or the
Ura3 gene. 25 F8&i&H oM e Kerdcy confel® FEETSEade T6%anti bitbti%c§2Br ot her

t oxi ¢ conpounds:aexagpbesy Wik BEy:hbesdmerhkeoned: igrddthSaseont ext are the
neomnyci n phosg otransferas%ﬁgpne jch confers resistance to the

am nOgl yCOSi d lé?ﬁ%SﬁIGBF?C%S dﬁéﬁ%@iumlnescence assay, ioluminescence

assay or resistance assay or via a photometric measurement
{intrinsic ceolor) or enzyme activity. Very especially
preferred in this context are reporter proteins (Schenborn E,

15 Groskreutz D. Mol Biotechnol. 1999; 13(1):25-44) such as the
“green fluorescence protein” (GFP) (Gerdes HH and Kaether C,
FEBS Lett. 1996; 389(1):44-47; Chui WL et al., Curr Bicl 1996,
6:325~-330; Leffel SM et al., Biotechniques. 23(5):912-8,
1997), chloramphenicol acetyl transferase, a luciferase

20 (Giacomin, Plant Sci 1996, 116:59-72; Scikantha, J Bact 19%¢,
178:121; Millar et al., Plant Mol Bicl Rep 1992 10:324-414),
and luciferase genes, in general B-galactcsidase or fi-
glucuronidase (Jefferson et al., EMBO J. 1987, 6, 3901-3907)
or the Ura3 gene.

25
“Selection markers” confer resistance to antibiotics or other
toxic compounds: examples which may be mentioned in this
context are the neomycin phosphotransferase gene, which
confers resistance to the amincoglycoside antibiotics neomycin

30 (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.
1%90; 15(1):127-136), the hygromycin B phosphotransferase gene
{Gen Bank Accession NO: K 01193) and the shble resistance



30 (G 418), kananycin, paronycin (Deshayes A et al., EMBOJ. 4 (1985)
2731-2737), the sul gene, which encodes a nutated di hydropteroate synthase
(Guerineau F et al., Plant Mot Biol. 1990; 15(1):127-136), the hygronycin B
phosphotrans{zgéz,:sf%&%ene (Gen Bank Accession NO K 01193) and the shble

resi stance P 12 gene, which confers resistance to the bl eonycin

anti biotics such as.zeocin. Further exarrf%es of sel ection marker genes are
genes which confer resistance to 2-deoxygrucose-6-phosphate (WO 98/ 45456)
or phosphinothricin_and the_like, or those whj quge confer a resistance to

ant i met abol i t 88 §PER NP thE2BRF T %Fer8 eI REOBEARt FPRYSICOF S5 (Li f e

Sci. Adv.) 13s€dP%) z2425n 14+ hExaspdrgs «6f oot mrecgﬂ@@smm@m @hessuid abl e
are trpB or hisD &Eartman SC and, Ml li gan RC Proc Natl Acad Sci US A 85
(1988) 8047- 885155 “AnGther i FSBF%"—@‘&% s 2 fig° S&°10" fisfe

i sonerase genewd W /94480620 .phibBeh AT HxArcAht BhAiecndecaeboxy| @sgle genen
(McConl ogue, 1987 in: Current Communjcations in Ml ecul ar_ Bi ol o%é Col d
Spri ng Har%orCOT%OFaFSF§/StaEI‘Pe) L8y 2R HESASREF §F £ us FeFreTRI Uddif ARSE (Tanura

K et al., Biog&ie BiretigghnolaBi oehem1 59 1(1¥896}1 2336-.3338) (1ddy) 142-
"Transformation” describes a process for introducing heterologous DNA into
a pro- or eukaf$lot FERBLES %@W@Fn?el}ersaﬁ@fl@n%’ﬁe BI2848c7TDE<PRoP onl y t he

product of thgishr@rstRENBEd QRGPHECESS DL, SerodWatdl 80aal $c0fu tsha. g5
transgenic 20 t he transgenl c or anl sm gener at ed by the

f
transfor mat i oﬁfgé') gnéé?ﬁ%‘ﬁet ApPobeT n'j'ulté P8I JPEpLiSdERBNBTHEF Vi a t he

nucl ei ¢ @i dpsegienee: asfdfiaNgehe (WEe dangestton, thshicod M@Eynitdkaet he 25
form of an enz%/me in the traditional sense or, for exanple, of a structural

protein, a prOtRPIEl-asahtIFTE HEvRr REnt 4P87 pritc&SEEET r egul at ory protein
such as transcéifaidieatiacs oirs Molecular Biology, Cold Spring Harbor

Laboratery, Ed.) or the Aspergillus terreus deaminase {(Tamura
K et al., Biosci Bioctechnol Biochem. 59 (1995) 2336-2338).
15
“*Transformation” describes a process for intreducing
heterologous DNA into a pro- or eukaryotic cell. The term
transformed cell describes not only the product of the
transfermation process per se, but also all of the transgenic
20 progeny of the transgenic organism generated by the

transformation.

“Target/target protein”: a polypeptide encoded via the nucleic
acid sequence according te the invention, which may take the

25 form of an enzyme in the traditional sense or, for example, of
a structural preotein, a protein relevant for developmental
processes, regulatory protein such as transcription factors,
kinases, phosphatases, receptors, channel subunits, transport
proteins, regulatory subunits which confer substrate or

30 activity regulation to an enzyme complex. All of the targets
or sites of action share the characteristic that their
functional presence is essential for survival or normal

development and growth.



ki nases, phosphatases, receptors, channel subunits, transport proteins,
regul atory subunits which confer substrate or 30 activity regulation to an
enzyme conplex. Al of the targets or sites of action share the
characteristic that their functional presence is essential for survival or
nornmal  devel gprenty,and growth. PF 54200 13 "Transgenic": referring to a
nucl ei ¢ acid sequence, an expression cassette or a vector conprising a
nucl ei ¢ acid sequence according to the iyiyention or an organi smtransforned
wi th the abovenentioned nucleic acid sequence, expression 5 cassette or
vector, the te%gggggg§geni§é é@@QRibgséglhcaggggngpg%trggés %Qjch have been
gener ated by genéiﬁb engi neeri ng et Hods “i A~ Which™ érther thé nucl eic acid
sequence of téeprds@iget cpsoitegiencora avggemnet cemgoidingl asequenoe dcinked

operably to t@ eQ%%lgggoﬁfﬁp %quﬁQQEN%LtEhg éﬁﬁgﬁ%rgrgﬁgﬁqi%&s%o%g a
conbi nati on of €' “abovenerit i-oned p055|b|I|P|es are not in ei°r “hat ur al
geneti c envi renrrertheorbbraarerizéencdonidlicsd byidresoprcrantéxpetdsdds. In this
context, the mdifigatiop can be, achieyed, fof, exampl e, by, utating one or
mor e nucl €ot i d&°°Fesi dues of thé Rucl €1 ¢ -aci d sequence I n question. 15

Mal at e dehydr cgenaseteatial giz esvbheesrevwemsirbked ipyrgetiienéc engineering

nucl eot i de- dependent ; conyersi.on.of oxal.acstate and malate, O to the
conversi on of " HESE |npor%ant et abol tes of ~the prﬁnary nme ébolisnl t he
reaction catatyzed byctalmte 20gdehyir ogenase sepacice 0hnged aeehiplof

processes (Reyi] in aske et al. 1997, Plant_Physiology. 115, 705-715).
NAD - depende%(lf ecan\éael at'e %Jé%ya rlcc)iggﬁ %%récecé)r? 16@%%%% i ﬁrﬁ‘lg%%%hoofnélri a,
m cr obodilds sootbiastpenox¥y soresboreggymoxysdmess aiid liinitheareytcasdh and in

Ot IOt oL, GUL 0L L3500 AL AL IAGPL 25 dRnEndEnlc T Bl
recombinant methcds. In this context, the modification can be
achieved, for example, by mutating one or mcre nucleotide
residues of the nucleic acid sequence in gquestion.

15
Malate dehydrogenase catalyzes the reversible, pyridine
nucleotide~dependent conversion of oxalacetate and malate.
Owing to the conversion of these important metabolites of the
primary metabolism, the reaction catalyzed by malate

20 dehydrogenase impacts on a variety of processes (Review in
Faske et al. 1997, Plant Physiology 115, 705-715). NAD'-
dependent malate dehydrogenases can be found in mitochondria,
microbodies such as peroxysomes or glyoxysomes and in the
cytosol and in root knots, while chloroplasts contain an NADP'-

25 cdependent malate dehydrogenase whose regulation is light-
dependent. In Arabidopsis, malate dehydrogenases are encoded
by a gene family. The individual isoforms contain specific N-
terminal transit sequences for transport into the
chlceroplasts, mitochondria and microbodies. There are

30 furthermore sequences for malate dehydrogenases which, owing
to the absence of transit peptides, presumably remain in the
cytosol. Sequences encoding malate dehydrogenases have been
isclated from a wvariety of C3 and C4 plants (see Miller et al.

1998 Plant Journal 15, 173~184). Nucleic acid sequences



dependent. I n Arabidopsis, nalate dehydrogenases are encoded by a gene
famly. The individual isoforns contain specific N termnal transit
sequences for transport into the chloroplasts, mtochondria and m crobodies.
There are 30 fu;#ﬂﬁ#pnre sequences for nal ate dehydrogenases whi ch, ow ng
to the absencB® ansit peptides, presumably remain in the cytosol.
Sequences encodi ng nal ate dehydr ogenases ve been isolated froma variety
of C3 and C4 plants (see MIler et al. 1998 Plant Journal 15, 173-184).

Nucl ei ¢ acid sequences PF 54200 14  encodi ng gl yoxysonmal nal ate

dehydr ogenaseS &M P GLEPHYSTquBAtass SHeRABTIIA D EXFsPT P WAt er mel on
(P19446, Sw ssplidices| dantitiowd th SEQY BriN@:RefmdibbYpibdenf ity wWith Seq

| D NO: 3 = 85.4%, cucunber, Arabidopsis, s%ébeap and rice. 5 The antisense
i nhi bition of & tIRSE! e mat Gt &LEBhYER ogehRse =i h pdtat8elbwy 6 t40%
residual actiyigyrs esybtedss maNQ cprensivicedag @wdy Hhenobypessrandine.
reduced tuber yield (Jenner et al. 2001, Plant Physiology 126, 1139-1149).
10 Accordi%g to Faske et al. (1997, Plant Physiology 115, 705- 715), reduced

expressi on of Tae tohaceaspl astiyd tnBhat e a dghydbogenase tky danydsepsesand
cosuppression has no effect on the vitality of the transgenic plants, even
when mal ate #BHEAIASGeRER B FiPes SERRIEL GrEaVEYY reiindeqe( L 2% r esi dual 15

activity). OnbyombiedChab@as pMchbt iegardhd aot heagrawmhpepayasmet ers (fresh
wei ght, dry weight) were_observed. Attenpts_ to overexpress a Sorghum

pl astid mal at d7eRAdEOgehase il FRBME CRYAIAPIEI Bofer itd 2Byl £o8luppr essi on
resulted {f apdr@sding tbnhidbid ic@naof thwmabake: dehydneegpasss aghisvi ty down
to 5-50% 20 residual activity (Trevanion et al. 1997, Plant Physiology 113,
1153-1165) wi t holt FFRVFRE STUMFEreantt &f felrscarr s el ity.

dehydrogenase by antisense and cosuppressicen has no effect on
the vitality of the transgenic plants, even when malate
dehydrogenase expression is greatly reduced (< 20% residual

15 activity). Only minor changes with regard to the growth
parameters (fresh weight, dry weight)} were ocbserved. Attempts
to overexpress a Sorghum plastid malate dehydrogenase in the
C4 plant Flaveria by cosuppression resulted in a drastic
inhibition of the malate dehydrogenase activity down to 5-50%

20 residual activity {Trevanion et al. 1997, Plant Physiclogy
113, 1153-1165) without having significant effects on plant
vitality.

Surprisingly, it has been found within the scope of the

25 vpresent invention that plants in which glyoxysomal malate
dehydroegenase was reduced in a selective manner have
rhenotypes which are comparable with phencotypes generated by
herbicide application. Drastic greowth retardaticn and damage
such as chloroses and necroses were observed.

30
Although cytosclic and plastid malate dehydrogenase is not
essential for plants, these enzymes can, in principle, also be
used to determine inhibitors of the glyoxyscmal malate

dehvdrogenase, since the reaction catalyzed by the cytosolic



Surprisingly, it has been found within the scope of the 25 present

i nvention that plants in which glyoxysomal nalate dehydrogenase was reduced
in a selective manner have phenotypes which are conparable with phenotypes
gener ated by € ﬁl S?i de application. Drastic growh retardation and danage
such as chl ordse d necroses were observed. 30 Although cytosolic and

pl astid nal ate dehydrogenase i s not esseﬁi al for plants, these enzynes
can, in principle, also be wused to determ ne inhibitors of the glyoxysomal
mal at e dehydrogenase, since the reaction catalyzed by the cytosolic PE
54200 15 andalbﬁgfslﬁisﬁlﬂarF%%aetedéiﬁi}HSBWE g ?%‘e KHire 28stthe E&L T on
catal yzed by tdweaiglzpaxygormd gmbaleomtahy@dnagenaseydrbdenpeesent invention
relates to the use of nalate 5 dehydrogenase in a nethod for identifying
her bi ci des, preferably of plant nal ate dehydrogenase, especially
preferably plan pmisahe dehydriegepaserencededebysa dtuakek€e aci d sequence
conprising 10 a) a nucleic acid sequence with the nucleic, acid sequence
shown in SEQ B NBECEERH7E M) & ﬂ‘ﬁéf‘%‘?cf%ilﬁle%h NREPRCt R nucl ei ¢ aci d
sequence Shoypefidr=BEQ bD NQAnt, nalaidd dhva@rByeheis, aghdcsgguence which,

owi ng to the degeneracy of theﬁ%gngti c, code, can be deduced fromthe am no
acid sequenc%r%?dﬁl? VNP SEY IB-REF 39MRY BAERERaATHANRY, P¥r2 20924 nucl ei ¢
aci d sequenceaii Ghrhquenwtagdpriikengegeneracy of the genetic code, can be
deduced by backtranslating the am no acid sequence of a functional
equivalent of SEQID NO 3, which has at |east 63%identity with SEQ I D

NO 3, 25 owhegpe the dunetiiconald eggueakent scrofine) napde) 5@ sequence

shown in SEQ ID NO:1, or

b) a nucleic acid sequence with the nucleic acid seguence

shown in SEQ ID NO:2, or

15
c} a nucleic acid seguence which, owing tc the degeneracy of
the genetic code, can be deduced from the aminc acid
sequence shown in SEQ ID NO:3 by backtranslating, or
20 d) a nucleic 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:3, which has at least 63% identity with SEQ ID NO:3,

25 where the functional equivalents of ¢) and d) are
distinguished by the same functionality, i.e. they have the

enzymatic activity of glyoxsysomal malate dehydrogenase.

The term “comprising” or “to comprise”, referring to nucleic
30 acid seguences, means that the nucleic acid sequence according
to the invention can comprise additional nucleic acid
sequences at the 3’ or the 5" end, where the length of the
additional nucleic acid sequences does not exceed 500 bp at

the 5’ end and 500 bp at the 3’ end of the nucleic acid



di stingui shed by the sane functionality, i.e.
~activity of gl yoxsysomal

t hey have the enzymatic

mal at e dehydr ogenase. The term "conprising"” or "to

conprise", referring to nucleic 30 acid sequences, neans that the nucleic
ac¢i d sequence gcg&hﬁLng to the invention can conprise additional nucleic
acid sequencg e 3 or the 5 end, where the length of the additional
nucl ei ¢ aci d sequences does not exceed 500 bp at the 5 end and 500 bp at
the 3' end of the nucleic acid PE 54200 16° sequences according to the
invention, preferably 250 bp at the, 5 end and 250 bp at the 3' end

especi al |y pr EFSIEHISF FO6°BP 1R S5 N 18Rd 100 DiRPat £hE 2 andhes

Exanpl es of fancéhdnald equi yalentheagcosti N@shecdil By @ ralrseabihe qul apt

nucl ei ¢ aci d sequences encodin

Bank Accessi ofi"Nibet : c£81809)"
A0005671)
Accessi on Number

9 mal at e dehydrogenase from cucunber (Gen
OAPEbFHOPE S (EER- Bank Accessi on Number :

10 soybean (Gen Bank Accession Nunber: L01628) and rice (Gen Bank

D85763). and the nucleic acid sequence which is encoded by

) | .
t he ‘anmi no ° acFd¥eRdfiferfde TFPOM W taFat LY YeHidr GENESE S ronfihat 7 rfdiS6n
(Accessi on Numhers1 294461 S SSHY @b luedd Aldhcolii hhanaboverenyd.anedase

sequences are |ikew se subject

matter of the present invention. The

functi onal eq6F9%Ient according to the invention of SEQID 20 NO 3 as
descri bed in @hchasert(deaasinp Ibce64%n 60MH66%.30y00)pr ef erence at | east

67%
17%
88%
94%

68% 69% 70% 71% 72%_ 73% 74% . with preference at |east 75% 76%
78% 79% T BPYHOPPrefERARF At craast OB U5 A0 809 85% 86% 87%
89% 0 89%:y00% @Y rRYrA3Usi¥eryurespecal bys)preferably at 25 | east

95% 96% 97% 98% 99% honol ogy with _SEQ | D NO 3.
rice (Gen Bank Accession Number: D85763)
and the nucleic acid sequence which is enceded by the amino
acid sequence from a malate dehydrogenase from watermelon
(Accession Numper: P19446, Swissprot).
15

All of the abovementioned seguences are likewise subject

matter of the present invention.

The functional equivalent according to the invention of SEQ ID
20 NO:3 as described in d) has at least 63%, 64%, 65%, 66%,
68%, ©9%, 70%, T71%, 72%,
with preference at least 75%, 76%, 77%, 78%, 79%%, 80%,
preferably at least 81%, 82%, 83%, 84%, 85%, B86%, 87%,
89%, 89%, 90%, 91%, 92%, 93%,
25 least 94%, 95%, 96%, 97%, 98%,

by
preference at least ©7%,

88%,
very especially preferably at
99%, homology with SEQ ID NO:3.

Especially preferred is the use of glyoxysomal malate
dehydrogenase in a method for identifying herbicides encoded
by a nucleic acid sequence comprising

30
a) a nucleic acid sequence with the nucleic acid sequence

shown in SEQ ID NO:1, or

b) a nucleic acid sequence with the nucleic acid sequence



Especially preferred is the use of glyoxysonmal malate dehydrogenase in a
nmet hod for identifying herbicides encoded by a nucleic acid sequence
conprising 30 a) a nucleic acid sequence with the nucleic acid sequence
shown in SEQID NGO 1, or b) a nucleic acid sequence with the nucleic acid
sequence PF 5408 shown in SEQ ID NO 2, or c) a nucleic acid sequence
whi ch, owing to the degeneracy of the genetic code, can be deduced fromthe
am no acid 5 sequence.shown in SEQ ID NO g; by backtranslating, or d) a
nucl ei ¢ acid sequence which, owing to the degeneracy of the genetic code,

can be deduced by ranskat i m no aci d sequence of a functiona
equi val ent of SEC}F@?@%]ﬁkﬁgg 5% (% Hasgat | east 66% identity with SEQ ID
NO: 3. The functional equivalents as described in d) are distinguished by

the sanme funct 0”a£d$<ﬂ_iceac593¥a é@%tQﬁl lqug%cgg.%gpgg 89e9{89§f

gl yoxysonal ate ydr ogenase (bdvenenti oned nucler ¢
seqguences orlglnateh©yﬁﬂﬁﬁéﬁe¢@®%e<$¥©h®ad$ﬂuﬂﬂd fThe ﬂun@@uanaﬁcemU|valent

according £o0 the i n I 1 as at

| east 66%§ 67% glg I{C%prsg glfea(r?lceﬁgt ﬁeast 305 g%g}ﬁﬁét H%% 3% 74%
75% 76% T77% 8% 79% 80% wth preference at |east 81% 82% 83%
preferably at ;| eas 59 6, 8 9 % %.- 93%
very especial L préf%ﬁf%?% é%lgé%%?ééﬁ%bég Y géggg/ﬁgég% d5§§$4§55? o=
honol ogy wi th SEQ FBe N:r@tiFurtdrer memebel eddmtoaney hbackthmnsdéepenofthche
B et | on 2L, MALeLCacl AL S80UCRGRR BAGOTL A ARk chypatsoma!

mal ate dehydrogenase conpri s
10 ‘ NO:3, which has at least 66% identity with SEQ ID NO:3.

The functional equivalents as described in d) are

distinguished by the same functionality, i.e. they have the

biclogical function of a glyoxysomal malate dehydrogenase.
15

The abovementioned nucleic acid sequences originate by

preference from a plant.

The functional equivalent according to the inventicn of SEQ ID
20 NC:3 as described in d) has at least 66%, 67%, 68%, by

preference at least €9%, 70%, 71%, 72%, 73%, 74%, 75%, 76%,

7%, 78%, 7%%, 80%, with preference at least 81%, 82%, 83%,

preferably at least 84%, 85%, 86%, 87%, 88%, 89%, 8%%, 90%,

91%, 92%, 93%, very especially preferably at least 94%, 95%,
25 96%, 97%, 98%, 99%, homology with SEQ ID No.3.

Furthermore claimed within the scope of the present invention
are nucleic acid sequences enceding a plant glyoxysomal malate
dehydrogenase comprising:

30
a) a nucleic acid sequence with the nucleic acid seguence

shown in SEQ ID NO:1, or

b) a nucleic acid sequence with the nucleic acid sequence



30 a) a nucleic acid sequence with the nucleic acid sequence shown in SEQ
ID NO1, or b) a nucleic acid sequence with the nucleic acid sequence PF
54200 18 shown in SEQ ID NO 2, or c¢) a nucleic acid sequence which, ow ng
to the degeneracy of the genetic code, can be deduced fromthe amno acid 5
sequence showg igaog6Q | D NO 3 by backtranslating, or d) functional

equi val ents of the nucleic acid sequence SEQ ID NO2 with at |east 79%
identity with SEQID-NO 2; or 10 e) a nugdeic acid sequence which, owing to
the degeneracy of the genetic code, can be deduced by backtransl ating the

am no acid sequencg, a, fupetiongl.,equivalent of SEQ ID NO 3, which has at
| east 87% identity vﬂnh %EQ(?D N@@S '1§£The pol ypepti des encoded by the

abovenenti oned nucleic acid sequences are |ikew se clained. The functional

equi val ents ag, .deﬁ%&%‘i 0. C) &%eﬁle%ﬁﬁi,skkgﬂéﬁ" cret%eb}ﬂe%;&?ersa of
functionality, i.e. they have 1 he enzymatic, preferably biofogical,
activity of a gl yoXysmeaketial atde,dehypdeogeataced 20N THe foacti onia

equi val ent;s of SE 2 at a % 809 9 %..83% by

pref er enceSSat I eas%é%‘fgg%gg}gwxgé% Sgg%% %Cgég bgrg %?%%lggf%%hs%ﬁ 90% 91%
92% 93% 94% 95% especially preferably at |east 96% 97% 98% 99%
identity 25 with l. i . ClJ I Lval ents i to the
i nvention of éngQ ?%%B&gﬁa%%u%elleéggtg%%% §§%é%€°qﬂ€y S%ﬁé%%%e%& at

| east 90% 91% 9PPANIZ%viphefterlabky a8% |iewstti0%9%yi9bREQCIBYNBRE especi al |y

preferably at |east 97% 98% 99% identity with SEQ ID NGO 3. The term

"nucl ei ¢ aci d sequences according to the invention”
10 e) a nucleic acid sequence which, owing to the degeneracy of

the genetic code, can be deduced by backtranslating the
amino acid sequence of a functicnal equivalent of SEQ ID

NC:3, which has at least 87% identity with SEQ ID NO:3.

15 The polypeptides encoded by the abovementioned nucleic acid
sequences are likewise claimed. The functional eguivalents as
described in c} and d) are distinguished by the same
functionality, i.e. they have the enzymatic, preferably
biological, activity of a glyoxysomal malate dehydrogenase.

20
The functional eguiwvalents cof SEQ ID NO:2 have at least 79%,
80%, 81%, 82%, 83%, by preference at least 84%, 85%, B86%, 88%,
89%, preferably at least 50%, 91%, 92%, 93%, 94%, 95%,
especially preferably at least 96%, 97%, 98%, 99%, identity

25 with SEQ ID NO:3.

The functional equivalents according to the invention of SEQ
ID NO:3 have at least 87%, 88%, 89%, by preference at least
90%, 91%, 92%, 93%, preferably at least 94%, 95%, 96%,

30 especially preferably at least 97%, 98%, 99%, identity with
SEQ ID NO:3.

The term “nucleic acid sequences according to the invention”

which is used hereinbelow refers to nucleic acid seguences



whi ch is used hereinbelow refers to nucleic acid sequences PF 54200 19
encodi ng a nal ate dehydrogenase, by preference nucleic acid sequences
encodi ng a plant mal ate dehydrogenase, especially preferably nucleic acid
sequences encoding a plant nalate dehydrogenase conprising 5 a) a nucleic
aci d sequence gy thopdre nucleic acid sequence shown in SEQID NO 1, or b) a
nucl ei ¢ acid sequence with the nucleic acid sequence 10 shown in SEQ ID
NG 2, or c) a nucleic.acid sequence which,qowing to the degeneracy of the
genetic code, can be deduced fromthe amno acid sequence shown in SEQID
NO 3 by backtr ing, or 15 ei c ,aci ence Lch,_owing to

t he degeneracf%%$h§%%gggg%gf%cdc&ﬁ%?gggns%b}ﬂ% %gzggﬁvﬂ%é%%gﬁggs?éggng t he
am no aci d seggeneecesd sncodnoyi onalargquiVvatem=hglrSEQ 4>, NEp8cishixh has at
| cast 63% dentity Wil JEQetD N oe 30 KO eope0Lal Ly Jieheraply nucleic
aci d sequences encodirng a plant gl yoxysonal mnalate”dehydrogenase conpri sing
a) a nucl ei ¢ achddsegrrertee cwinphisdre nucl ei ¢ aci d sequence 25 shown in SEQ

| D NO 1, OECP) a nucl eic acid sequence with the nucleic acid sequence shown
in SEQID NO 2, or 30 ¢c) a nucleic acid sequence which, owing to the
degeneracy of a)t he agenel¢tc code, seawehe dedbcede fruorhetheaand recaendes

sequence shown in S | D, cktranslating, or d) a nucleic acid
sequence whi ch, owiSE:Lg(]‘;?w olgﬁgi%géeﬁgfgbjﬁgf PF 54200 20

b) a nucleic acid sequence with the nucleic acid sequence
10 shown in SEQ ID NO:2, or
c) a nucleic acid sequence which, owing to the degeneracy of

the genetic code, can be deduced from the amino acid

sequence shown in SEQ ID NO:3 by backtranslating, or

15
d) a nucleic 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:3, which has at least 63% identity with SEQ ID NO:3,
20
very especially preferably nucleic acid sequences encoding a
plant glyoxysomal malate dehydrogenase comprising
&) a nucleic acid sequence with the nucleic acid segquence
25 shown in SEQ ID NO:1, or
b} a nucleic acid sequence with the nucleic acid sequence
shown in SEQ ID NO:2, or
30 C) a nucleic acid sequence which, owing to the degeneracy of

the genetic code, can be deduced from the amino acid

sequence shown in SEQ ID NO:3 by backtranslating, or

a) a nucleic acid sequence which, owing tc the degeneracy of



the genetic code, can be deduced by backtranslating the am no acid sequence
of a functional equivalent of SEQID NO 3, which has at |east 66%identity
with SEQ ID NO 3. 5 The pol ypepti des encoded by a nucl eic acid seguence
according to %.h 2)td?)ventr on which have the enzymatic, preferably
bi ol ogi cal, Vi of a glyoxsysomal mal ate dehydrogenase are hereinbel ow
si mply referred to as "MDH'. The term' rra& te dehydrogenase" refers to any
protein/enzyme with t he enzyrratl c 10 acti Vi ty of a nal at e dehydrogenase.
Reduced anounts of 1glyox sto ardati o and nnecrotr C
‘é 1C

cause  gr owm
and chlorotic | eaves if plant %Odel’S “he Seﬁ‘gmbcrec?}d]t]?@t éaCIft]ial?gqﬁﬁef%r ©*%ci ds
according to the amm&mtaconl consdndeutod RoYelctiamgeét Sqlﬁﬂfalhielrtbbﬁl g%, I1Dwhi ch

make possible the]twﬁr?w % on gfau(r:l%)ved ol thgécg:lld S, tfigr o trS% %BgNO Lg’ldem red

pl ants. Moreover, € gene pro huct el ¢ Y ati rding'to the
invention constitute novel targets for 20 growth regul at ors whi ch nmake

possi bl e t%’ue ﬂ ovr i.on novee]nco rowth re_%lil ell'(t:ors ul at i ng. the growt h
of plants.” U espo ed BI TS Are unde¥s% 00d ~&5° nean n que °% haeccbroaa%st
sense, all th@setrpd amztvenwhmmhalgro(hv\haveIﬂuatememmamtrer@rbﬁeyaEIp 25

undesi red, Fhﬁ?amﬂ Di cot.yl ed(%nous weeds of th a%§| Sr nap
1

Lepi di um Gal S9&Par | AF TR T MatFi gat Xsﬁ(ﬁ?ﬁ%]m “GhéRopodi um

Utica, Senecaoe HAyeriabthos, saﬁ%@:rlwulraﬁexr@@ambhasrmMmmvcrheutenen 3@ 1lkpenvea,

Pol ygonum Se an Anbr gsi G rsium Carduu Sanch Sol anu Ror i ppa,
Rot g?a, L ndea clirci_g’aerrﬁaﬁ?rr %er on|t8aan%l§’urtcﬁtleéﬂ?ér§ Iﬁ?‘uthe 1 mat PP
Gal eopsi s]10 Papawerity GEnkauvsisa,e BehfotdogmmasRanuncul us, Tar axacum PF 54200
21 Monocotyl edonous weeds fromthe genera: Echinochloa, Setaria, Panicum
Digitaria, Phleum Poa, Festuca, Eleusine, Brachiaria, Lolium Bronus,
Avena, Cyperu8gdSordglamopnts of glyoxysomal MDHs cause growth retardation

and necrotic and chlorotic leaves in plants.

15 The gene products of the nucleic acids according to the
inventicn constitute novel targets for herbicides, which make
possible the provision of novel herbicides for controlling
undesired plants. Morecover, the gene products ¢f the nucleic
acids according tc the invention constitute novel targets for

20 growth regulators which make possible the provision of novel

growth regulators for regulating the growth of plants.

Undesired plants are understood as meaning, in the broadest
sense, all those plants which grow at locations where they are

25 undesired, for example:

Dicotyledonous weeds of the genera: Sinapis, Lepidium, Galium,
Stellaria, Matricaria, Anthemis, Galinsoga, Chenopodium,
Urtica, Senecio, Amaranthus, Portulaca, Xanthium, Conveolvulus,
30 Ipomoea, Polygonum, Sesbania, Ambrosia, Cirsium, Carduus,
Sonchus, Solanum, Rorippa, Rotala, Lindernia, Lamium,
Vercnica, Abutilon, Emex, Datura, Viola, Galeopsis, Papaver,

Centaurea, Trifolium, Ranunculus, Taraxacum.



Agropyron, Cynodon, Monochoria, Finbristylis, Sagittaria, 5 Eleocharis,
Scirpus, Paspalum I|schaenum Sphenoclea, Dactyloctenium Agrostis,

Al opecurus, Apera. SEQ ID NO 2 or parts of SEQ ID NO 2 can be used for the
preparation OEthgﬁégization probes. The preparation of these 10 probes and
t he experinental "procedure is known. For exanple, this can be effected via
the sel ective preparation of radioactive 9 nonr adi oacti ve probes by PCR and
the use of suitably |abeled oligonucleotides, followed by hybridization
experinents. e technol ogies required for this pu se are 15 _detailed, for
oxarpl o0 1 TEORRRT ST IR TR SR arlE o P B o REPectr S Gront no.
A Laboratory NManual#, GolidarSpy izt edar bdva | atsartatey yoidiadichkeSpri ng Har bor, NY
(1989). The robgf in aye tion can furg@ggnn&g be nnqgfi d by standard

t echnol ogi es %EFF. orr aRlom it Egenesidy) FHSUEh A VRY 20 that they can
be enpl oyed f agrbuytdrer Qrueposesyorfoatoexanptientas stal py obmaquhicehidybri di zes

specifically w.th and.the corresponding codi ng_sequences in order to
Snalyze the COFPERpOM NG’ CBltre e SRRoL Har P gan, Sreh AT ne

abovenent i onedaptpbest @ammbeAgsed for At heedetiect Bparand i sol ation of

functional equivalents of SEQID NO 2 fromother plant species on the basis
of sequence identities. In this context, part or all of the sequence of the
SEQ I D NO 2 i BEQQUBRSUCGON oirSpased &S saQpIbhe f2orascheanidwy fargemon ¢ or cDNA

30 library of _the plant spegies. i.n _question or a _conmputer search for
sequences  of fptfﬁg??%%%n é’%uﬁ%%lfjéd Zs‘?%ilﬁneﬁ”é% ersdnzrge %I%?par%gség? ?’{regtfheersreed
pl ant spetbes papbet hendindeseredr pleantsd whiclhidray es PEnd4200022exatgleady been

mentioned at theoouteels JFRELOYSNY Aot MIDSNTRr 8. Lel Ales.t g expressi on

radicactive or nonradicactive probes by PCR and the use of
suitably labeled oligonucleotides, followed by hybridization
experiments. The technologies required for this purpose are

15 detailed, for example, in T. Maniatis, E.F. Fritsch and J.
Sambrook, “Molecular Cloning: A Labkoratory Manual”, Cold
Spring Harbor Laboratory, Cold Spring Harbor, NY (1989). The
probes in question can furthermore be modified by standard
technologies (Lit. SDM or random mutagenesis) in such a way

20 that they can be emploved for further purposes, for example as
a probe which hybridizes specifically with mRNA and the

corresponding coding sequences in order to analyze the

corresponding sequences in other organisms.

25 The abovementicned probes can be used for the detection and
isolation of functional equivalents of SEQ ID NO:2 from cther
plant species on the basis of sequence identities. In this
context, part or ail of the sequence of the SEQ ID NO:2 in
question is used as a prcbe for screening a genomic or cDNA

30 library of the plant species in question or in a computer
search for sequences of functional equivalents in electronic

databases.

Preferred plant species are the undesired plants which have



5 a) genetic control sequences in operable |linkage with a nucleic acid
sequence according to the invention conprising 10 i. a nucleic acid with
the nucleic acid sequence showmn in SEQID NG 2, or ii. a nucleic acid
sequence whi cg ﬁ%ﬂ(ﬂ)g to the degeneracy of the genetic code, can be deduced
from 15 the &HRi aci d sequence shown in SEQ ID NO 3 by backtranslation, or
iii. functional equivalents of the nucl eiﬁ acid sequence SEQID NO 2 with

at least 79% identity to SEQ ID 20 NO 2, €. a nucleic acid sequence whi ch,
owing to the egeneracy of the genetic code, can be deduced by

backt r ans! at i ﬁgrg?fg‘f AR P EEdente® S* S Functi onal 25 equi val ent of SEQ
I D NO 3, which has at least 92% identity with SEQ ID NO 3, b) additional
functional elenments, or 3? c). a conmbination of a) and b); and to the use of
expr essi on cas 88t t'ES o pr ‘é“f’%fgeréﬁjrﬁeﬁ%lt?tcescéﬁt? TS IENERES T - Bper abl e

| i nkage W th aokbr&542Q0 23 nucleic acid sequence according to the
invention,_ b) additional functional elenents, or 5 ¢) a conbination of a)
and b); f ot expressing a nal ate dehydrogenase, preferably MDH, which can be
used in in vitfo agsaytsSysiemsol Bedduerbedi mesis-a0f«t henkapowerdescri bed
expression cassettes are referred in the 10 follow ng text as expression
cassette accordi ng"terEHe GAVEREFDIES PACET (T & 8T embB T EAL, an

expressi on cassettecagendidighg to

10 i. a nucleic acid with the nucleic acid seguence shown

in SEQ ID NO:2, or

ii. a nucleic acid sequence which, owing to the
degeneracy of the genetic code, can be deduced from
15 the amino acid sequence shown in SEQ ID NO:3 by

backtranslation, or
iii. Zfunctional equivalents of the nucleic acid sequence
SEQ ID NO:2 with at least 79% identity to SEQ ID
20 NO:2,
iv. a nucleic acid sequence which, owing to the
degeneracy cf the genetic code, can be deduced by
backtranslating the amino acid sequence of a functicnal
25 équivalent of SEQ ID NC:3, which has at least 92%
identity with SEQ ID NO:3,
b) additional functional elements, or
30 c) a combination of a) and b);

and to the use of expression cassettes comprising

a) genetic control sequences in operable linkage with a




the invention conprises a pronoter at the 5° end of the coding 15 sequence
and, at the 3' end, a transcription term nation signal and, if appropriate,
further genetic control sequences which are |inked operably with the

i'nt er posed nug%g%% cid sequence according to the invention. 20 The
expression ca 428 according to the invention are also wunderstood as

meani ng anal ogs whi ch_can be brought about, for exanple, by a conbination

af the individual nucleic acid sequencesz%n a polynucleotide (multiple

constructs), on a plurality of polynucleotides in a cell (cotransformation)
or 25 by sequenti al*t+%4rts F6F faf $BIFTCRIT R HHEGUS O gblet iy 86APFol sequences
under point a) for the expression cassettes according to the invention or
for vectors conprising expression cassettes according to the invention 30
are, for exanpl e, %?%Hﬁf%@g Stietrigsalhalew ts:a@r trp, tet, |pp, |ac,
laclq, T7, T5, T3, gal, trc, ara, SP6, X-PR or the X- PL pronoter, all of
whi ch can be used for expressing a nmalate dehydrogenase, preferably MDH, in
Gr am negati veCbact @rédPingtian st 2PFaBd2pl 24 ~ Exanpl es of further

advant ageous genetic control sequences are present, for exanple, in the
pronoters any and SP02, both of which can be used for expressing a nal ate
dehydr ogenasefos $erEEapy v NBH2 R ndeh diRogesrEs v @ 1sacreblal Mt r #PASh and in

the yeast Orcgrurlgaalusgﬁomtﬁ‘r%iéyglassgjps‘jrstg%@; gl efebbdimd8S orGARL, TPI,
PHOB, AOX1, GAL10/CYC, CYCL, OQiC, ADH TDH, Kex2, MFA or NM or

conbi nati ons BPOTIECEEE YRR MNPEREAL PR FTSEEESs (Peyripderedaln thgeast 1995

June 15; gl (7}s6R% 4G t&%%xﬁ&e@@iéﬂ .ca¥easte 1992, Jung; 8£ BnA23-88; Benito
et al. Eur. J. Plant = Pathol. 104, 207-220 (1998); Cregg et al.

Bi ot echnol ogy*FT¢™3:011993 Aug; 11(8): 905-10; Luo X., Gene 1995 Sep 22;
163(1):127-31: Nacken et al., Gene 1996 Cct 10;175(1-2): 253-60; Turgeon et

In a preferred embodiment, an expression cassette according to
the invention comprises a promoter at the 5’ end of the coding
15 sequence and, at the 3’ end, a transcription termination
signal and, if appropriate, further genetic control sequences
which are linked operably with the interposed nucleic acid

sequence according to the invention. .

20 The expression cassettes according to the invention are also
understood as meaning analogs which can be brought about, for
example, by a combination of the individual nucleic acid
seguences on a polynucleotide (multiple constructs), on a
plurality of polynucleotides in a cell (cotransformation) or

25 by sequential transformation.

Advantageous genretic control sequences under point a) for the
expression cassettes according to the inventicn or for vectors
comprising expression cassettes according to the invention

30 are, for example, promoters such as the cos, tac, trp, tet,
lpp, lac, lacIg, T7, T5, T3, gal, trc, ara, SP6, A-PR or the A-
PL promoter, all of which can be used for exrressing a malate
dehydrogenase, preferably MDH, in Gram-negative bacterial

strains.




al ., Nbl CeII BioI 1987 Sep 7(9):3297-305) or the 15 transcription
termnators NMI, Ccyl, TrpC, AOX1, nos, PG&K or CYCl (Degryse et al., Yeast
1995 June 15; 11(7) 629-40; Brunelli et al. Yeast 1993 (Dec9(12): 1309-18;
Frisch et al %Bt Mol . Biol. 27(2), 405-409 (1995); Scorer et al.,
BlotechnologyP 12 (2), 181-184 (1994), Genbank acc. 20 nunber Z46232;
Zhao et al. Gbnbank acc nunber : AF049064: Punt et al., (1987) Gene 56 (1),
117-124), all of which can be used for é&%re55|ng mal at e dehydr ogenase,
preferably MDH, in yeast strains. 25 Exanples of genetic control sequences
whi ch are suitable for expression in insect cells are the polyhedrin
pronoter and é)ha@n 1@%%9@@&%& GhvEkoWeoMs Age it SUBHBEST Mddentd988).

Bi o/ Techn. ? 30 Advant ageous genetic control sequences for

expr essi ng rraw%ﬁsentdeﬁ%r%@éwéee 1B diee PRIy~ VDH 2 Yn 2881 $7U e, °F n
addition to polyadepybatiQy $694UENSES;sIHENa apa1 @ deXadPbfonadseom sim an
virus 40, are eukaryotic pronoters of viral origin _such as, for exanpl e,
pronot er s “of P¥RESFE Q‘Ein%mierl rigis STABEIRATATS DaCiPr 542607 251 cyenéfat i r us

or siman vir %OorF@ﬁﬁé&ﬂr AL Ageaks , 0ePeti C B@Nt ek, saguenseg, for
expressi ng ate dehydr ogenasee, referably MDH, i n plants are present 5

in the plant @tonofléis /®@§1EF@ CEELal CYCIGeOLig] (AYBO)TDE85K9DA] | PRP1
[Vard et al. ’Mﬂ MM)&: c%n@)llnaggor(ég%s}_he a%me%oné@%on&!%grss-n-sj-

B33, NOS; FBPaseP (MO 98/18940) or in e ubiquitin or ghaseolln pr onot er;

a pronoter whikpyvse BFeﬂlJe-rraEIe?SElse%ﬁfbeﬁuﬁ@ 1Ph lﬂa(ﬁt)l :@4Patl: &RoFrAAE Pk onot er

or a 10 pronoier y%ersltveﬂgi rﬂﬂea8%)an423\“8'éusBe:E§tRﬁ%'taEh.y M@ferr@@aﬁfe |
|
|

prom)t ers of viral Orlgl n such pr onot er of the cauliflower nosaic

virus 35S tramierdlpt 1f ra%R:WétO é1998 CelCreg21et FISOP10PBGIPOLIVOIB| ¥) et al .
Nature 313 (1985) 2.81018d12)905-10; Luc X., Gene 1995 Sep 22;163(1):127=31:

Nacken et ai., Gene 1896 Oct 10;175(1-2): 253-60; Turgeon et
al., Mol Cell Biol 1987 Sep;7(9):3297-305) or the

15 transcription terminators NMT, Gcyl, TrpC, AOX1l, nos, PGK or
CYCl (Degryse et al., Yeast 1995 June 15; 11(7):629-40;
Brunelli et al. Yeast 1993 (Dec9(12): 1309-18; Frisch et al.,
Plant Mol. Biol. 27(2), 405-409 {(1995); Scorer et al.,
Biotechnology (N.Y. 12 (2), 181-184 (19%94), Genbank acc.

20 numbexr Z46232; Zhao et al. Genbank acc number : AF049064; Punt
et al., (1987) Gene 56 (1), 117-124}, all of which can be used
for expressing malate dehydrogenase, preferably MDH, in yeast

strains.

25 Examples of genetic control sequences which are suitable for
expression in insect cells are the polvhedrin promoter and the
pl0 promoter (Luckow, V.A. and Summers, M.D. (1988) Bio/Techn.
&, 47-55).

30 Advantageous genetic control sequences for expressing malate
dehydrogenase, preferaply MDH, in cell culture, in addition to
polyadenylation sequences such as, for example, from simian
virus 40, are eukaryotic promoters of viral origin such as,

for example, promoters of the polyoma virus, adenovirus 2,



Further preferred constitutive pronoters are, for exanple, the 15
agrobact eri um nopal i ne synt hase pronoter, the TR double pronoter, the
agrobact eri um OCS (octopi ne synthase) pronoter, the ubiquitin pronoter,
(Holtorf S et_al_, Plant Mol Biol 1995, 29:637-649), the pronmpoters of the
vacuol ar ATPa%e >4fBuni ts, or the pronoter of a proline-rich wheat protein
(WO 20 91/13991). The expression cassettes may al so conprise, as genetic
control sequence, a chem cally inducibl ezsbrom)ter, by which the expression
of the exogenous gene in the plant can be 25 controlled at a specific point
in time. SUuChCProRIEePEimsuct SaslaR oiire®afipt e, the PRP1 prompter (Ward et
al., Plant. M. Biol. 22 (1993), 361-366), a salicylic-acid-inducible

pronoter (WD 95/19443), a benzenesul f onam de-i nduci bl e Prom)t er (EP-A-
0388186), a tetTd&FcPARST FREFSUS BSPF oot er t ¥ Gat L BEGES | 3D CPIESF LMY ant J.

2, 397404), ap:apsCiishededdristdychbl@rapnomapeS (FR1A835528)rekah
et hanol - or cycl ohexanone- inducible pronoter (WO 93/21334) may al so

b
used. FurX het®or® Pdart ai@IsEsAvt 32Pe [FReEE: it éh - corfer 4lils8fe) PI(i

54200 26 or gygangpeckbi Cruxpr 86sion imanforuexampbe, ant ferss, |, ovaries,
flowers and floral organs, |eaves, stomata, trichones, stens, vascul ar

tissues, root3SEndCSeeHsB UsEr sSThit cB33r ee%i tERRES <P (BAHS/1884P)d ¢he

abovenment i onedn S HOR$E bt M4V @ PERABLEN S 3h-Bmotdh PN LircHbaLs JHese prondters
whi ch ensure | eaf-specific expression. Pronpters which nust be nmentioned

are the potat®reyaGeeli esFBPEdeIpr e ICWRT 0" F5900) PTG UBFs@o

(ribul osergl, 5 himgRhesphal e L£arbaxyl gsak é%(%éugm@gnﬁafe%@avaﬁé or the
ST-LSI pronmoter from 10 potato (Stockhaus et al., EVMBO J. 8 (1989), 2445 -

245) . Pronot BFMFTENCAIE T CheFbreiPr efebiePTA@PROSE WIfi ch  control
expression incseeds cand Rbanle eAPLY0sss EXARBLLSyOf (Franck et al., cell

21 (1980), 285-294; 0dell et al., Nature 313 (1985), 810-812).
Further preferred constitutive promcters are, for example, the
15 agreobacterium nopaline synthase promoter, the TR double
promoter, the agrobacterium OCS (octopine synthase) promoter,
the ubiquitin promoter, {(Holtorf $ et al., Plant Mol Biol
1995, 29:637-649), the promoters of the wvacuolar ATPase
subunits, or the promoter of a proline-rich wheat protein (WO

20 $1/13591) .

The expression cassettes may also comprise, as genetic control
sequence, a chemically inducible promcter, by which the
expression of the exogenous gene in the plant can be

25 controlled at a specific point in time. Such promoters, such
as, for example, the PRP1l promoter (Ward et al., Plant. Mol.
Biol. 22 (1993), 361-366), a salicylic-acid-inducible promoter
(WO 95/19443), a benzenesulfonamide-inducible promoter (EP-A-
0388186), a tetracyclin-inducible promoter (Gatz et al.,

30 (1992) Plant J. 2, 397404), an abscisic-acid-inducible
promoter (EP-A 335528) or an ethanol- or cyclcochexanone-

inducibkble promoter (WO 93/21334) may also be used.

Furthermore, suitable promoters are those which confer tissue-



seed-specific pronoters are the phaseolin pronoter (US 5,504,200, Bustos WM
et al., Plant Cell. 1989; 1(9):839-53), 15 the pronoter of the 2S al bumn
gene (Joseffson LG et al., J Biol Chem 1987, 262:12196-12201), the | egumn
pr onot er (ShL sgﬁ d% et aI , Mol Gen Genet. 1989;215(2):326-331), the USP
(unknown seed % |n) pronoter (Baumein Het al. Mol ecul ar & Gener al
CGenetics 1991, 225(3):459-67), the napin %g gene pronDter (Stal berg K, et
al., L. Planta 1996, 199:515- 519), the stitrose binding protein pronmoter (WO
00/ 26388) or the LeB4 pronpter (Baumlein H et al., Gen CGenet 1991, 225:
121-128;  Fi edPErSr P 6P 1° B*SEEANST Ogy (fﬂ*f')em@@?y apgheys,0) 1090). 25

Further pronobessiad)i ehoakes did abbeadso.gemet i Ces@d I @gkomseguences are, for
exanpl e, specific pronoters for tubers, storage roots or roots, such as,

for exanple, CRECRISSs Frepat aASTUpPBNOLECEB3RTO LY REdpEEatd CHRESsi n D

i nhibitor 30 prostfle stheastarich aaynt hase o EBSSI)omemet 8he®r the sporamin
pronmoter, fruit-specific pronoters such as, for exanple, the fruit-specific

pronot er % onfPofet'dtEER- ACATUESS) 2Tfr Uit PAFEE GRS o SPECPF IO TSNt er s

such as, for exampldsurBeléstdpechBEHr &l QRsSPECH §ihRERID R cHf MRt paBt 0
(WO 94/21794) PF 54200 27 _inflorescence-specific pronoters such as, for

exanpl e, the THRYIYEe 2GRSO HEENBY ISANO 557 IBPIEECE hEGr onot er  of

the P-rr geneo{W39f)22%888) rudsdpl astbero 16 oM Ashatspesidd:g1pEenot er s
such as, for exanple, the RNA pol ynerase 5§Bronnter MO 97/ 06250), or else

the G ycine max’ hSPPB%%?Ifﬁ?WBEﬁ6§ﬁh & ARt PAREPERASE B ont er (see
al so Genbank Ascessi GoNenaB87E99) .. , orvEnQt her (negke- speakf icoappr.onoter as

descri bed in EP-A 249676. 10 Additi onal functional el enent s b) are

under st ood aspﬁ%@ﬁﬁﬁﬁi which are furthermore preferred are those which
control expression in seeds and plant embryos. Examples of
seed-specific promoters are the phaseclin promoter (US
5,504,200, Bustos MM et al., Plant Cell. 1958%8;1(9):839-53),

15 the promoter of the 28 albumin gene (Jocseffson LG et al., J
Biol Chem 1987, 262:12196-12201), the legumin promoter
{Shirsat A et al., Mol Gen Genet. 1989;215(2):326-331), the
USP (unknown seed protein} promoter (Baumlein B et al.,
Molecular & General Genetics 1991, 225(3):45%-67), the napin

20 gene promoter (Stalberg K, et al., L. Planta 19%6, 1%9:515-
519), the sucrose binding protein promoter (WO 00/26388) or
the LeB4 promcoter (Baumlein H et al., Mol Gen Genet 1991, 225:
121-128; Fiedler, U. et al., Biotechnology (NY) (1985), 13
{10) 1090).

25
further promoters which are suitable as genetic control
sequences are, for example, specific promoters for tubers,
storage roots or roots, such as, for example, the class I
patatin promoter (B33), the potato cathepsin D inhibitor

30 promoter, the starch synthase (GBSSl)} prcmoter or the sporamin
promcter, fruit-specific promoters such as, for example, the
fruit-specific promoter from tomato (EP-A 409%625), fruit-
maturation-specific promcters such as, for example, the fruit-

maturation-specific promoter from tomato (WO 94/21794),



by way of exanple but not by |imtation, reporter genes, replication
origins, selection markers and what are known as affinity tags, in fusion
with mal ate dehydrogenase, preferably MH, directly or by means of a |inker
optionally cogpréﬁ Jy a 15 protease cleavage site. Further suitable

addi ti onal functi onal el ements are sequences which ensure that the product
is targeted into the_apoplasts, into pl a§_}| ds, the vacuole, the

m t ochondri on, the peroxisone, t he endoplasmatic reticulum (ER) or, ow ng
to the absence such operati Ve se‘%@%nces 20 r emai S in the corrpartrrent

where it is fOPhEY SCRBCEYTOE0ITC PRRPIGTS, Serh 23S RéPT BREMIRcit 15, 4
(1996), 285- 4@39toeédeseyhﬂhmqrr@aaeervwwdﬁ suhies s pyvendd @.ﬁeapﬁchﬁﬁétrOI’OS

conpri si ng at st one ¢ nuclel acl sequences accordlng to 25
the invention 5‘?\ ar fgﬁEee%@leg%s[lzéHg%a'ssoeﬁP ‘gorodﬁ ﬁg‘r%olf]r?es i nventi on.

I n addition tep@duafslm @L&omw@ﬁ@rsslcar esf Ufrdrhascaﬁpﬁe,altm RMNACES Sinkadsas nmeani ng
all of the other kno \6II 30 which the skilled worker is
fam|iar, Such ¥ o W8x§ir§{6§5 ﬁha@lé el8fF &S udlF 48¥sv40, aw,

bacul ovi rus, ﬁﬁi@j@mﬂlﬁi&syl$p§m@3@ﬂ§te |Smiclberent s r43Raspbessephagen ds,
cosmds or |linear_ or circular DNA These vectors can be r$$l i cated

aut onorousl y PhY HETRGEE BF G Sm BP - ri&hiF°dar elF cHtGhES0 VPESET54200 28

chronosonmal reptheaid a8 bssqriefer iedepdm smskust her enbodi ment of the vector,
the nucleic acid construct according to the invention can advant ageously
also 5 be introduced into the organisns. in the formof a |inear DNA and

i nt egr at erh i nheaitiergenonke tfordane chesénty ganase wdershetar o agous ngy
honol ogous reconbi natio consist of a linearized

n. J; i) | i near D%{fp %/l
plasnid or onPy B HeSHIErE CHcla" 6 GebEY VEEPEFET 0719 nucl ei ¢
aci d sequencesepsethtibd Eoiditer, peokatynt inerRereukad wokiCa X Hess aB syst ens

are affinity tags, in fusion with malate dehydrogenase, preferably
MDH, directly or by means of a linker optioconally comprising a
15 protease cleavage site. Further suitable additional functional
elements are sequences which ensure that the product is
targeted into the apoplasts, into plastids, the wvacucle, the
mitochondrion, the peroxisome, the endoplasmatic reticulum
{(ER} or, owing to the absence of such operative sequences,

20 remains in the compartment where it is formed, the cytesol,

{Kermode, Crit. Rev. Plant Sci. 15, 4 (13996}, 285-423).

Also in accordance with the invention are vectors comprising
at least one copy of the nucleic acid sequences according to
25 the invention and/or the expression cassettes according to the

invention.

In addition to plasmids, vectors are furthermore also
understood as meaning all of the other known wvectors with
30 which the skilled worker is familiar, such as, for example,
phages, wviruses such as 5V40, CMV, baculovirus, adenovirus,
transposcons, IS elements, phasmids, phagemids, cosmids or
linear or circular DNA. These vectors can be replicated

autonomously in the host organism or replicated chromoscomally;



mentioned in Chapters 16 and 17 in Sanbrook et al., "Mlecular ddoning: A
Laboratory Manual ." 2nd ed., Cold Spring Harbor Laboratory, Cold Spring
Har bor Laboratory Press, Cold Spring 15 Harbor, NY, 1989. Further

advant ageous vec %r()% are described in Hellens et al. (Trends in plant

sci ence, 5, 2’6‘554. he expression cassette according to the invention and
vectors derived therefromcan be used for_transform ng bacteria, 20
cyanobacteria, (for exanple of the genus nechocystis, Anabaena,

Cal othrix, Scytonema, Oscillatoria, Plectonema and Nostoc), proteobacteria
such as, for SXEHIEm Ve IGEGdehs S SFefREIcdyeasts, filamentous fungi and
al gae and eukaryotic nonhuman cells (for exanple insect cells) with the aim
of 25 produci ng nal at e dehydrogenase, preferably NMDH, reconbinantly, the
generation of & BUFaBPE BXBIETENBrot ddSeVEEt Hepdidi AGCOMLC t3rédor gani sm i n

whi ch the gengodsth@tbgc XRIi®SSed. tMe GRSt CONPEdrSialgan8yausa ynuekei ¢ acid
sequence with the nucleic acid sequences as shown in SEQID NO 2, or b) a

nucl ei ¢ adl d 22gUBreauGRT cH ok A I TR Sdeg et SO 0Pt PF 54260 BY~ t he

genetic code, ;can Regphesicedof EaM §HRrRMR0LRE i stSedUeRcS 83 ashown i n SEQ
I D NO 3 by backtranslation, or c¢) functional equivalents of the nucleic acid

sequence SEQ PSeqyiREPYS % BoEPlPedst rrgomPdedtiany whih SEGADING DEYd) a

nucl ei c aci d sgauercesrWi Chhea@W,04 ;%]pastfﬁa degener agy ok nidheigenstic code,
can be deduced by backtranslating the am no acid sequence of a functional

equi val ent of SBEGIUBL185 NG fhi B8R s naclpéastcigy srraentst ysidth SEQ I D
NG 3, forgnpart of the subject-matter of the present invention. 1In a
further advantageous enbodi nent, the nucleic acid 15 sequences used in the
met hod accor di Wg-156 PREXFTHASACT BR frafpryotic expression systems are

menticned in Chapters 16 and 17 in Sambrook et al., “Molecular

Cloning: A Laboratory Manual.” 2nd ed., Cold Spring Harbor

Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring
15 Harbor, NY, 1989. Further advantageous vectors are described

in Hellens et al. (Trends in plant science, 5, 2000).

The expression cassette according to the invention and vectors
derived therefrom can be used for transforming bacteria,

20 cyancbacteria, (for example of the genus Synechocystis,
Anebaena, Calothrix, Scytonema, Oscillatoria, Plectonema and
Nostoc), precteobacteria such as, for example, Magnetococcus
sp. MCl, yeasts, filamentous fungi and algae and eukaryotic
nonhuman cells (for example insect cells) with the aim of

25 producing malate dehydrogenase, preferably MDH, recombinantly,
the generatiocn of a suitable expression cassette depending on

the organism in which the gene is to be expressed.

Vectors comprising
30
a) ‘a nucleic acid sequence with the nucleic acid sequences

as shown in SEQ ID NO:2, or

b) a nucleic acid sequence which, owing to the degeneracy of




al so be introduced into an organi sm by thenselves. If,- in addition to the
nucl ei ¢ aci d sequences, further genes are to be introduced into the
organism they can all be 20 introduced into the organismtogether in a
singl e vector ach individual gene can be introduced into the organi sm
in each casepg %438 vector, it being possible to introduce the different
vectors sinultaneously or in succession. 25 In this context, the
i.ntroduction, into the organisnms in que % on (transformation), of the

nucl ei c aC|d(s) according to the invention, of the expression cassette or
of the vector can tl5e 98PFEtE €tPden BT NRS pIreBGeal FromefhEda™ W IR ch t he

skilled worker issdaminkbats Swhnihhergsage nof 3mhEnQenganhsi®s:: dheoskilled
worker will find suitable nmethods in the textbooks by Sanbrook, J. et al.

(1989) "Mbdl ecular cloning: A |laboratory nmanual ™, Cold Spring Harbor
Laboratory Prgss, smairtolhl Augukehegtsabs tht994d1 PR %%%gosg’@ue LursEent

protocols in mol ecul ar biology", John Wley and Sons, by D'M dover at

al ., DNA G oning Vit M:2(18g5)at LRaspr B¥%s ld@PSBN’(MW@@@@?’BD HNC: %y Kai ser et
al . (1994) Met hods in Yeast GCenetics, Cold Spring Harbor Laboratory Press
or Guthrie at 5 al. "Cuide to Yeast GEnetlcs and Mol ecul ar Bi ol ogy", Methods
in Enzynol ogyd) 199% DUSL&HENT &L PEESEEnER ey r anbIDritati8niede g ECaNght ous

fungi, the methods.iof ehetce &R, fLhstdy ddiec-geperddien-at1 profpphasts and
transformation with the aid of PEG (Webe et al. (1997) Mycol. Res. 101

(7): 971-877: Proc¥®mC1ecet $AIUENEGOTS MIiwGhienal 1ivassnt 259 BEC ARd

secondl y 1tohe trangf.or pRtERMAM tLh thesaidh:ofi 4Agr obact:en want tafaci,ens (de
Goot et al. (1998) Nat. Biotech. 16, 839-842). In the case of di cots, the

net hods mhich have been described 15 for the transformati on and
regeneration ofrplantsct ram puBHéct-matter of the present invention.

In a further advantageous embodiment, the nucleic acid
15 sequences used in the method according to the invention may

also be introduced into an ecrganism by themselves.

If, in addition to the nucleic acid sequences, further genes
are to be introduced into the organism, they can all be

20 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 simultaneocusly or in succession.

25 In this context, the introduction, into the organisms in
question (transformation), of the nucleic acid({s) according to
the invention, of the expression cassette or of the vector can
be effected in principle by all methods with which the skilled
worker is familiar.

3C
In the case cf microorganisms, the skilled worker will find
suitable methods in the textbooks by Sambrook, J. et al.

{1989) “Molecular cloning: A laboratory manual”, Cold Spring
Harbor Laboratory Press, von F.M. Ausubel et al. (1994)



tissues or plant cells can be exploited for transient or stable
transformation. Suitable nmethods are the biolistic nethod or by
transformation of protoplasts (cf., for exanple, WIlImtzer, L., 1993
Transgenic plants. In: Biotechnology, A 20 Milti-Volunme Conprehensive
Treatise (HJ Refypo G Reed, A. Puhler, P. Stadler, eds.), Vol. 2,

627- 659, VCH %i nhei m New Yor k- Basl e- Canbri dge), el ectroporation, the

i ncubation of dry enbryos in DNA-containihg solution, mcroinjection and
t-he agrobacteriumradi ated gene transfer. The abovenentioned 25 nethods are

descri bed, for exaerI %k%'{(]g\co. Jenes. et al Techni ques {Jﬂe Gen%t 'egransfer,
of -

in: TransgenicPlants!  ILERgt ReEri g and Ui 19928t 'oncY &dit 88°By S. D.

Kung and R Wiy DAtadenier Rrtesd . ( 1998)C1k28nt43cmnd i(19P6t r ykrus ,PrAaau. Rev.

Pl ant Physi ol . V Bjol, 42 (1991 25-%9'?@). 0, The tragsformation
by neans’ of aé?%%gc%tlgy%?ggn?)t'hgyv%%%soerrs e)Et 89be used ﬁSFh?Cﬁse 928t
t ransf or mat i ofenatiesknowhd tIpdineg skibdedabawekery andsdesertbadiextensi vel y

inthe literature, (Beva al ., Nucl. Acids.Res,. 12.(1984) 8711. .The

i nt er nedi aty 3§Ct oé‘?%éFQ%%tSfenﬁNE\Jncsoémidnﬁ%?%‘fsleadf %ﬁﬁ)c’?%e’ %&éﬁgﬁt eri al

Ti or R pl asohdEdyymoneans ofsdhorphagoits preesnbl matheon r@nt Agrri=a isaquences
which are ho ogous to.sequences in the T- ., This plasmd __additionally
contains the f‘iargeé’ﬁioblﬁ, ENR oh P8 ’t“%g’?ﬁcjrqse(?% g{;lésc% & <t Eéﬁiif %f the T- DNA

I nt ermedi ary yewed:ofts oar ef natotopapabs earaf trepkfeatdtdnn fiagrabactier ba. The
internediary ct.or can be tr rred to_Agrobacteriumtunefaciens by
neans of a he?%grf%eggnfeﬁ% 'on(ﬁgggfi%%ﬁo.l'BF‘ﬁgry @ec@érs iémda 4BF&°of
replication bethain (E29CplMicanrtibh. apdpbactBernoi)l0 ahheyecomilai mha sel ection
mar ker gene and agink r o i ich are fra th ht and

. ) | yI k db . i
o B Dot B aaR D han SEE 4 AP af e i eepried s (S

agrobacteria Groot et al. (1998) Nat. Biotech. 16, 8393-842).

In the case of dicots, the methods which have been described

15 for the transformation and regeneration of plants from plant
tissues or plant cells can be exploited for transient or
stable transformation. Suitable methods are the biolistic
method or by transformation of protoplasts {cf., for example,
Willmitzer, L., 1993 Transgenic plants. In: Biotechneclogy, A

20 Multi-Volume Comprehensive Treatise (H.J. Rehm, G. Reed, A.
Pithier, P. Stadler, eds.), Vol. 2, 627-659, VCH Weinheim=-New
York-Basle-Cambridge), electroporation, the incubation of dry
embryecs in DNA-containing solution, microinjection and the
agrobacterium-radiated gene transfer. The abovementioned

25 methods are described, for example, in B. Jenes et al.,
Technigues for Gene Transfer, in: Transgenic Plants, Vol. 1,
Engineering and Utilization, edited by S$.D. Kung and R. Wu,
Academic Press (1993) 128-143 and in Potrvkus, Annu. Rev.
Plant Physiol. Plant Molec. Biol. 42 (1991} 205-225).

30
The transformation by means of agrobacteria, and the vectors
to be used for the transformation, are known to the skilled
worker and described extensively in the literature (Bevan et

al., Nucl. Acids Res. 12 (1984) 8711. The intermediary wvectors



(Hol sters et al. M. Gen. Genet. 163 (1978), 181-187), EP A 0 120 516;

Hoekema, in: The Binary Plant Vector System 15 O fsetdrukkerij Kanters B.V.,

Al bl asserdam (1985), Chapter V; Fraley et al., Crit. Rev. Plant. Sci., 4:

1-46 and An et aI EMBO J. 4 (1985), 277-287). The transformation of

nonocot s by fg vectors based on 20 agrobacterium has al so been

descri bed Chan ‘{ 0I , Plant Mdl. Biol. 22(1993), 491-506; Hei et al.,

Pl ant J. 6 (1994) 271- 282; Deng et al. 3£ence in China 33 (1990), 28-34;

WIimnk et al., Plant Cell Reports 11,(1992) 76-80; May et al.

Bi ot echnol ogy 13 (199 ) 486- 492; ner and m sse;, I nt 25 Plant Sci .

153 (1992) 556a%5f§? t8ﬁ %edetlntocg{ilean%@%ﬁ%%é%f eﬁ( 893} %ﬁ%%

Alternative smsamff @bmbh@gddsﬁﬁ&fz@ﬁﬂﬁ&ﬁammbwm@nto:ccstes;uaﬁeei hehich are

transformatio means _of biolistic_appr (Man ux; Pl ant

Physi ol . 104 Biﬁéhﬁgoui?tﬂsse%?eseﬁn B ci%i%gf*ec ol é’ Eﬂ(511992) 667- 674;

Ritala et al. ada’ita:rﬁnaacnyl\bdmtdalrml tRB4, v:(ﬂ%@;).oﬁl?wlﬁﬁﬁi, 1Speaqeireei falr. , Theor.
| ast . transfqormation, the

| Ge t 199 5-
Qiogctropopatléi é Tt %I a?% & Pm?gg % SETEEFPEY Hia °t e T MYoducti on of

DNA by neans efpgbiassf kbﬁlﬁcaﬂﬂﬁ;npahta@mﬂk&mtekh& tTk&l‘lSianléﬂﬁécﬂ:m‘ryOf mai ze has
been descri bed re(geat edké in 542 2}}&1'[ e literature g for exanple,
WO 95/ 06128; EP°BB138H9 A 648 8"7% LObRBt gL gsY FAMREACE Vet al |

Bi ot echnol ogym8ang Jc929a) he 833 §A4snmbar desnkaam et) alBinalblatéciald aZe( 1990)
603- 618; Kozi el ot echnol o 11(1993)  194-200; Moroc et al.

Theor Applied® E‘%‘?@ﬁ (?5 §6pj(ﬁ%lo?2 %6‘5 héoihc?f&é'fnufigf?%%%tf%rlﬁatl on of

ot her cereal spegiemthas al s@lecahbealda(rMe@edeS@m bf(ilfnaéremnpl e in the
case of barl (Vi and Lo, c3ee,2horss PLLae ol o JERuERRLGRe oo
t ransfor ned wrehi@n veaeker can be transformed dlrectly into the agrobacteria

{(Holsters et al. Mol. Gen. Genet. 163 (1978), 181-187), EP A O

120 516; Hoekema, in: The Binary Plant Vector System

15 Offsetdrukkerij Kanters B.V., Alblasserdam {1985), Chapter V;
Fraley et al., Crit. Rev. Plant. Sci., 4: 1-46 and An et al.
EMBO J. 4 (1985), 277-287).

The transformation of monocots by means ¢f vectors based con

20 agrobacterium has alsc been described (Chan et al., Plant Mol.
Biol., 22(1993), 491-506; Hiei et al., Plant J. 6 (1994) 271-
282; Deng et al. Science in China 33 (1990), 28-34; Wilmink et
al., Plant Cell Reports 11, (1992) 76-80; May et al.
Biotechnology 13 (1895) 486-492; Conner and Domisse; Int. J.

25 Plant Sci. 153 (19%2) 550-555; Ritchie et al. Transgenic Res.
(1993) 252-265). Alternative systems for the transformation of
monocots are the transformation by means of biclistic approach
(Wan and Lemaux; Plant Physiol. 104 (19%4), 37-48; Vasil et
al. Biotechnology 11 ({1992}, 667-674; Ritala et al., Plant

30 Mol. Biol 24, (1994} 317-325; Spencer et al., Theor. Appl.
Genet. 79 (18%0), 625-631}, protoplast transformation, the
electroporation of partially permeabilized cells, and the
introduction ¢f DNA by means of glass fibers. In particular

the transformation of maize has been described repeatedly in



according to the invention can |ikew se be used in a known nmanner for the
transformati on of plants, such as test plants 15 |i ke Arabi dopsis or crop
plants |ike cereals, maize, oats, rye, barley, wheat, soybean, rice,
cotton, sugarpge$ﬁ20 anola, sunflower, flax, henp, potato, tobacco, tomato,
carrot, caps | seed rape, tapioca, cassava, arrow oot, Tagetes,
alfalfa, lettuce and _the various tree, nug and grapevi ne 20 species, for
exanpl e by bathing scarified | eaves or f segnents in an agrobacteri al
sol ution and subse uent | romnnggfthen1|n sui tabl e nedi a TheE% netically

modi fi ed pl ant"ett 9%&H¥ﬁe(?%ge afBd"R/i% W§59%496H%&h8850%&% Whitch t he

ski |l | ed wor kegri s4ds8ms| paf . EBuCip2 438t hAodSCam be aﬁpqn@lbﬂe&mm@venentl oned
publ i cations Kun nd R Wi, Potrykus or and Wllmtzer. The

b S. D
transgenic or éiﬂ?@n‘s B&é‘nég%t PP r S 1T et I’O?ll%tt e&t]rez 807 Yp 1t RE3-

above- descri beds entndierest saDf, @1 0€XPRESISIQN1CASSEIt € 94600Df ix&d@ a nucleic
aci d sequence accordi to the i nvention or a vect or conpr|5|ng t he

abovenent i vnedt e%bre§@%85 RS&G feretinf t5le (FeRbnti idre) mal at e

dehydr ogenase, preferably MDH, which can be obtained fromthe transgenic
organi sm by neans of PF 54200 33 expression, formpart of the subject

matter of thelpfedEfesstHveMtIGHOrTA ioR &Pt PRENSYSTlc SBEGEHT S1fS @4APri si ng

an expressi onleassetd-enagsofdivng trorthesigiventi one J0e exapptey f@an
providing reconbi nant protein, and/or the use of these 5 organisnms in

i n-vi vo- assay 289 stEHEVY | RERi T For M patt f 2the SEUBROFE n’ﬁ%%aefr OFr tRe
present inventioal. Preaheered Drganispssforrithe reconbi nant expression are
not only bacteria, yeasts, nosses, algae and fungi, but also 10 eukaryotic
cell lines. Preferred nosses are Physcomtrella patens or other nobsses
descri bed i n Kgyppogarea ELypteganbadn Melns2orM@se,thFar tector

according to the invention can likewise be used in a known
manner for the transformation of plants, such as test plants

15 like Arabidopsis or crop plants like cereals, maize, oats,
rye, barley, wheat, soybean, rice, cotton, sugarbeet, canola,
sunflower, flax, hemp, potato, tobacco, tomato, carrot,
capsicum, oilseed rape, tapicca, cassava, arrowroot, Tagetes,
alfalfa, lettuce and the warious tree, nut and grapevine

20 species, for example by bathing scarified leaves or leaf
segments in an agrobacterial soluticon and subsequently growing

them in suitable media.

The genetically modified plant cells can be regenerated via
25 all methods with which the skilled worker is familiar. Such
methods can be found in the abovementioconed publications by

S.D. Kung and R. Wu, Potrykus or H&éfgen and Willmitzer.

The transgenic organisms generated by transformation with one

30 of the above-described embodiments of an expression cassette
comprising a nucleic acid seguence according to the invention
or a vector comprising the abovementioned expression cassette,
and the recombinant malate dehydrogenase, preferably MDH,

which can be obtained from the transgenic organism by means of




[ Mosses, Ferns], 1991, Springer Verlag (ISBN 3540536515). 15 Preferred
within the bacteria are, for exanple, bacteria from the genus Escherichi a,
Erwi ni a, Flavobacterium Alcaligenes or cyanobacteria, for exanple fromthe
genus Synecho§¥s ' Anabaena, Cal othrix, Scytonema, Gscillatoria,

Pl ect onema an stoc, especially preferably Synechocystis or Anabaena.
Preferred yeasts are_Candi da, Saccharonyc$$, Schi zosaccher onyces, Hansenul a
or Pichia. 25 Preferred fungi are Aspergitfus, Trichoderm, Ashbya,

Neur ospora, Fusarium Beauveria, Mrtierella, Saprol egnia Pyt hi um or

ot her fungi d@%ﬁ%?%ﬁ%?nrnf?FRHEﬁ¥tcﬁ§n¥¥§mﬁ9b3985tT%%FeﬁBPfVBbeEﬁﬁeqﬁﬁtl,2
(1995). 30 Prehesdiednpl ané susd ersekesi@thiicn opahhi G4 AompPPOGhg an
nonocot yl edonous craop plants such as, for exanple, cereal species such as
wheat, barl eyS*BoiHgHTmM RSP 11 @CoPYenT (9 tEal &V ehmiCRe, 9T &3P L6at s, and
sugar cane. Thect raisgenhg rédAMisaaeCOridg,t and her ivheentt oFr aiRse
furthernore, in PF 54200 34 particular selected from anong di cotyl edonous
crop pl anty sOEFANEDS £8r 1RKENN E35BY 3 TEACae BT 4678 Pededtr 3P8, cress,

Ar abi dopsi s, gabhages=0tccaiPltie begumNasaensush. as soybean, alfalfa, pea,
beans or peanut, Sol anaceae such as potato, 5 tobacco, tomato, egg plant or
capsi cunm Asteraceae such as sunflower, Tagetes, |ettuce or Cal endul a;

Cucur bi t aceaepssifd reaS ofigh O NsnPUBRKERE SEHERER 1 85N Z USGHHRL i oRl 2 dd Reeed,
cotton, henp, flax, red pepper, carrot, sugar beet, or various tree, nut
and grapevi ne®3pedizEder it | IS ncPPFEes t Pafggetn < BMioial BUS HF%s, for
exanple, 1€ elrgapsicaceral simesyi table as host organisns. Also preferred is
t he use of expression systens and vectors

Preferred mosses are Physcomitrella patens or other mosses

described in Kryptogamen [Cryptogamia], Vol.2, Moose, Farne

{Mosses, ferns], 1881, Springer Verlag (ISBN 3540536515).

15

Preferred within the bacteria are, for example, bacteria from

the genus Escherichia, Erwinia, Flavobacterium, Alcaligenes or

cyanobacteria, for example from the genus Synechocystis,

Anzbaena, Calothrix, Scytonema, Oscillatoria, Plectonema and

20 Nostoc, especially preferably Synechocystis or Anabaena.

Preferred yeasts are Candida, Saccharomyces,

Schizosaccheromyces, Hansenula or Pichia.

25 Preferred fungi are Aspergillus, Trichoderma, Ashbya,
Neurospora, Fusarium, Beauveria, Mortierella, Saprolegnia,
Pythium, or other fungi described in Indian Chem Engr. Section

B. Vol 37, No 1,2 (1985).

30 Preferred plants are selected in particular among
monocotyledonous crop plants such as, for example, cereal
species such as wheat, barley, sorghum or millet, zrye,
triticale, maize, rice or oats, and sugarcane. The transgenic

plants according to the invention are, furthermore, in




15 which are available to the public or comercially available. Those which
must be nentioned for use in E. coli bacteria are the typical advantageous
comercially available fusion and expression vectors pCGEX [ Pharnmaci a

Bi otech Inc; 1172]r3r| t} D.B. 20 and Johnson, K. S. (1988) Gene 67:31-40], pMAL
(New Engl and i"0 AIQB Beverly, MA) and pRI TS (Pharnmacia, Piscataway, NJ),
whi ch contai ns gl ut at h| one S transferase 3(GS mal t ose binding protein or
protein A the pTrc vectors (Amann et al. (1988) Gene 69: 301-315),
"pKK233-2" from CLO\ITE Pal o Alto, 25 CA and the "pET", and the "pBAD'
vector series3rom L8 r3tgene, TEX F9RE. CEGP TR CRAV AN B GUS Y BCEHTS f or
use in yeast &d.e foYepseaple,(Babhdaitacle dlhch 41k cEaboask, @rdd8; 234), pI\/Fa
(Kurjan and 30 Herskowtz (alQ82 Cel |l '30:933-943), pJRY88 (Schultz et al.
(1987) Gene 5#3PL5°F835- %ar?&’ BYECHTI\AET vERIUHERBZS §aFH it iP088S3apPI CZ

derivatives, anthitrhe pegl(néin@fothﬁeiﬂatchsalaﬁQQHa@ssuen & tdotakByi trogen
Corporatlon San D ego, Vec ors for use in filanmentous fungi are

descri bed 7 n: ?%‘Fcﬁent‘?sﬁa 42@@"33% Ao fdeFEPE AW JSFer@EBmiSuch, 33 (1991)

"Gene transfesusyishens Tantasect ortwavelropaeatidfier tubamiiQusel yagh, 1n:
Applied Molecular Genetics of Fungi, J.F. Peberdy, et al., eds., p. 1- 28,
Canbr i dge Uni ¥2r&itey ' PPESR SRR P GE ZECRR Ry A% éﬁﬁﬁ??@/’e cothgBet cel |

expressi on veed@s,s tmay, atsD de@pedseshadrantageousiey, borvexampl exéof
expression |n Sf9, Sf21 or H 5 cells, which are infected via reconbi nant
Bacul ovi ruses” tE)?éPﬁplgtE%p%‘fmtenéE%Ch?% the vectors of the pAc 10 series (Snmith
et al. (1983) M. Cell Biol. 3:2156-2165) and the pVL series (Lucklow and

Sumers (1989) Virol ogr}: 170: 31- 39 th rs which n%\é be me t| oned are the
Bacul ovi r us predsi e‘syts‘[aé‘ﬁgem SOS¥FR "E%and T ?\’éaé?ﬁ ®Zel ect Systent

C. elegans, are alsoc sultable as heost organisms.

Also preferred is the use of expression systems and vectors

15 which are available to the public or commercially available.

Those which must be mentioned for use in . coli bacteria are
the typical advantageous commercially available fusion and
expression vectors pGEX [Pharmacia Biotech Inc; Smith, D.B.
20 and Johnson, K.3. (1988) Gene 67:31-40], pMAL (New England
Biclabs, Beverly, MA) and pRIT5 {(Pharmacia, Piscataway, NJ},
which contains glutathione S transferase (GST), maltose
‘binding protein or protein A, the pTrc vectors {Amann et al.,
(1988) Gene 69:301-315), “pKK233-2” from CLONTECH, Palo Alto,
25 CA and the “pET”, and the “pBAD” vector series from

Stratagene, La Jeolla.

Further advantagecus vectors for use in yeast are pYepSecl

{(Baldari, et al., (1987) Embo J. 6:229-234), pMFa (Kurjan and
30 Eerskowitz, (1982) Cell 30:933-543), pJRY88 (Schultz

et al., (1%87) Gene 54:113-123), and pYES derivatives, pGAPZ

derivatives, pPICZ derivatives, and the vectors of the “Pichia

Expression Kit” (Invitrogen Corporation, San Diego, CA).

Vectors for use in filamentous fungi are described in: van den



fromlnvitrogen, Carlsbad or "BacPAK Bacul ovirus Expression 15 System from
CLONTECH, Palo Alto, CA Insect cells are particularly suitable for

over expressi ng eukaryotic proteins since they effect posttranslational

modi fications gf 4%§§ proteins which are not possible in bacteria and
yeasts. The BKit worker is famliar with the handling of cultured 20
insect cells and with_their infection for_expressing proteins, which can be
carried out anal ogously to known net hods % uckow and Surmers Bi o/ Tech. 6,
1988, pp.47-55; (Hove and_Hanes éeds% in DNA C oni ng practica

Appr oach, ExpFesdiion C-8y¥tdnt, SsBE8hd Fudlti(dR2L by Ctﬁ”(? BﬁFG%?%IT Y SPrass,

1995, 205- 25a12ér4.)ecﬂa|raﬂév§mﬂnﬁen®_r fal gal1eehksuareurpfien s: wiph seian be used
advant ageouslé { expre55| ng genes. Exanpl es of CPI ant expre55| on vectors
can be found H8LFRBHETRERS oV &t AUBBtket - -36°BP et &l 21¢ 195 Rew Pl ant
bi nary vector sswctal‘nnb&ehg@ttazbl@rsrmykgféssl.oc:atnaell@g@xl mal to the left
border™, P% ant Mol. Biol. 20: 1195-1197 or in Bevan, MW (1984) "Binary
Agrobacterium vectors for plant transformation”, Nucl. Acid. Res. 12: 8711-

8721. PF 54200s36, dbeeavefvet hesauel €l @Gcip@e§§mi'ﬁ%%§o@50rﬁﬁ)diall@ot Bet he
i nventi on can be excg;essed in manmal i an cells. Exanples of sui tablg
expr essi on veBfdl& F&tﬁaﬂ}ﬁg]é’ndfﬁmijﬁhlf% SFRF 5 SRt Hom i 1125eed, B.

(1987) Nat ur eo329;:84Q 108, Kawfdmaret i dfectddl98%) rMBRidanb: 187-195) .
Pronmoters preferably to be used in this context are of V|ral origin such

as, for exarrpfsécul‘b"rltfﬁﬁfeérsE’Eﬁmp&SISyBFrat}%ﬁsteuéreaﬁéGr\dﬂﬁCF%szo cytokEGal ovi rus

or simam Vi Edsidd. (shdebhet r.okapyef it1andeeuk@iyot i3¢ 2e5p+ 21559)08nd 0
systens are nentioned in Cha ﬁter 16 and 17 in Sanbro Mol ecul ar

d oning: A LabBFfat'ot yeNaRtalti G ed?d TBIGT8plt iy ﬁéFBEJ?gT’La]bWr ‘atory, Cold
Spring Har bor 3kabartaieay wkt &8 ShayCBkdmentioned are the Baculovirus

expression systems “MaxBac 2.0 Kit” and “Insect Select System®
fromIInvitrogen, Carlsbad or “BacPAX Baculovirus Expression

15 System” from CLONTECH, Palo Alto, CA. Insect cells are
particularly suitable for overexpressing eukaryotic proteins
since they effect posttranslational modificaticns of the
proteins which are not possible in bacteria and yeasts. The
skilled worker is familiar with the handling of cultured

20 insect cells and with their infection for expressing proteins,
which can be carried cut 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-

25  244). |

Plant cells or algal cells are others which can be used
advantageously for expressing genes. Examples of plant
expression vectors can be found as mentioned above in Becker,
30 D., et al. (1992) "New plant binary vectors with selectable
markers located proximal tc 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.



Spring Harbor, NY, 1989. Further advantageous vectors are described in
Hellens et al. (Trends in plant science, 5, 15 2000). The transgenic

or gani sns whi ch conprise a nucleic acid sequence conprising are clai nmed
within the sc &he present invention. 20 Al of the above-described
enbodi nents o t%e{{ransgenic organi snms cone under the term "transgenic
organi sm according taq the invention". 25_The present invention furthernore
relates to the use of nalate dehydrogenaSe, preferably MDH, in a nethod for
identifying herbicidally active test conpounds. The nethod according to the
invention for identifying 30 herbicidally active conpounds preferably
conpri ses theMotadtdi RPeShePssid acbaiggﬁuumc@alab@bﬁhﬂﬂgdtegemase, preferably
MDH, into contact with one or nore test conmpounds der condjtions PF 54200
37 which per ATYEBFIfA 7§ 0Pe tHETESSED cb%ﬁ%ﬁﬂﬁgé?nt?F -af B3Ry frogenase,
preferably NMDEhiasshd iexpdetetdn ﬁ@cWGEE haer!‘e tpltl:@MBE&Hd agomMmeendyhi dsi0 mal ate
5 dehydr ogenase, ﬁreferabl t he # det ecti ng_whet her the

test conpound™FRERERE dF: pPotls & hélgg?'l)zﬁ‘?&ﬁr@ of 7 bi Yl 6gi BArEmRY i) ¢
nmal at e dehydr agesasempopref e edil-y osbhe Mtk rk) profedliyvcodsd erateldngnv\het her
t he test conpound reduces or bl ocks_the transcrlgtlon transl ation or

expressi on of "A*Aef @t E* dBR§ dt bgehad eO T et &M5BI § NBRE EEYFRESdet ecti on i n
accordance w bbosbeprd ioif) polyde vabave samidwedrucan, beehkbgel ek tisi bg

techni ques Mhlcglégggﬂhgy46 %%mther k ' i i
. prokaryotic and eukaryotic expression
10 systems are mentioned in Chapter 16 and 17 in Sambrook et al.,
Mclecular Cloning: A Laboratory Manual. 2nd ed., Cold Spring
Harbor Labkoratory, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, WY, 1989. Further advantageous vectors are

described in Hellens et al. (Trends in plant science, 5,

15 2000}.

The transgenic corganisms which comprise a nucleic acid
seguence comprising are claimed within the scope of the
present invention.

20 _
A1l of the above-described embodiments of the transgenic
organisms come under the term “transgenic organism according

to the invention”.

25 The present invention furthermore relates to the use of malate
dehydrogenase, preferably MDH, in & method for identifying

herbicidally active test compounds.

The method according to the invention for identifying
30 herbicidally active compounds preferably comprises the

following steps:

i. bringing malate dehydrogenase, preferably MDE, into

contact with one or more test compounds under ceonditions



interaction between protein and ligand. In this context, either the test
conpound or the enzyne can contain a detectable |abel such as, for exanple,
a fluorescent |abel, a 20 radioi sotope, a chem | um nescent |abel or an
enzyne Iabel.PF fﬂHﬂ es of enzyne | abels are horseradi sh peroxi dase,

al kal i ne phosphat'ase or |uciferase. The subsequent detection depends on
the |abel and is known to the skilled mnr% r. 25 1nthis context, five
preferred enbodi nents mhich are al so suitable for high-throughput nethods
(HTS) in connection wth g $ent i_nvention nust be nti one

particul ar: 1. Thewaﬁ%?éﬁﬁmﬂl USTGIY Pat EorteR i IFGBPRYEREHY M5l B 1eaas a 30

function of the nmasshgatvdeeadel esrafadbin mpoisaidd sanple volune via

fl uorescence correl ation spectroscopy (FCS) (Proc. Natl. Acad. Sci. USA
(1994) 11753-11575). FCS can be enployed for determ ning protein/ligand
interactions ihy nﬁesewimg;mhetn@ﬁnge itBst hecnmssd bindhechanged PF 54200

38 diffusion rate h this entails,  of test c ound when binding to
mal at e dehydr ogena8&™Y é%%ﬁ%??iﬁryp$ﬁ%$raﬁgyn€?$3ﬁ}%823ghiﬁﬂfto the invention
can be designed directly for neasuring the binding of a test conpound 5

| abel ed by a fl vor scent an alternative, the nethod ac di ng
to the inventidn: cah %@”d%%.ﬁﬁ&%@?ﬂﬂﬁh&ﬁst C%ﬁﬂ?%ﬁﬁafegg%%%ﬁFCQiO?%ﬁéﬁﬁh

conpound which is leﬁb@haeﬁc by mcﬁimrcﬁs_ceeturﬁaiyewl RalScdigeplaeegeitnsd,urt her
test conpounds ("dIS a n% 33 " 10 2. Fluoresence pol arization
exploits the charaBF% {9 6fe D%dﬁe%&en?rfluorophore excited with

pol ari zedidight to |Ik€MAS€ emt polarized light. If homever the

fl uorophore is_all med to roéﬁ%e during the ex0|t st at e,

pol ari zation &f th eF?ﬁ%VE% NPT gife FEFF?@?OHH oS o1 08ks tne

transcription, translation or expression of a malate

dehydrogenase, preferably MDH.

15 The detection in accordance with step (ii} of the above method
can be effected using techniques which identify the
interaction between protein and ligand. In this context,
either the test compound or the enzyme can contain a
detectable label such as, for example, a flucrescent label, a

20 radioisctope, a chemiluminescent label or an enzyme label.
Examples of enzyme labels are horseradish peroxidase, alkaline
phosphatase or luciferase. The subsequent detection depends on

the label and is known tc the skilled worker.

25 In this context, five preferred embodiments which are also
suitable for high-throughput methods (HTS3) in connection with

the present invention must be mentioned in particular:

1. The average diffusion rate of a fluorescent molecule as a
30 function of the mass can be determined in a small sample
volume via fluorescence correlation spectroscopy (FCS)
{(Proc. Natl. Acad. Sci. USA (1994) 11753-11575). FCS can
be employed for determining protein/ligand interactions

by measuring the change in the mass, or the changed




emtted is nore or less lost. Under otherwi se identical conditions (for
exanpl e tenperature, viscosity, solvent), the rotation is a function of

nol ecul e size, whereby findings regarding the size of the fluorophore-bound
20 residue cag be, ohtained via the reading (Methods in Enzynol ogy 246
(1995), pp. 2 E34° A et hod according to the invention can be designed
directly for nmeasuring the binding of a 5 st conpound | abeled with a
fluorescent nolecule to the mal ate dehydrogenase, preferably MDH As 25 an
alternative, the nmethod according to the invention nmay also take the form
of the "displaceneﬂffﬁﬁﬁiﬂ?'rBE%d%FBﬁUthﬁﬁd%ﬁt%ﬁlSS.Oﬁl%d?%%téﬁ@BO?%%onance
energy transfer (FRE) disdiagetoom1a3@ tbeydrdadizati oprdfaenenpengy. tay ansfer
bet ween two spatiall¥ $d'acegt quorgfcent nol ecul es under, suitable

condi tions. A prer BT ¢ PECHRAL TR e et 58T TP s patt Purfi© 8P e donor

mol ecul e overl aps witdcihe fexchéaditng spechintnnef cEhe aanepbaccm®d ecul e.
The fl uorescent IabeI:EiFﬁ1 4200 _39 of mal ate dehydrogenase, preferably NDH,

and bindinyg test CcORp Y EnElHERRSEG E cAN e readtr 2 DYFeBaRsTor HRET
(Cytoretry 34, 1998ctpd akkQri79).tAxnaniatéerinat cve, bd hesigathodn aseer di ng
to the invention may al so take the foarm5 of the "di spl acenent as%%%:

descri bed under 1.23ARY d<iidcRaf§Misiflt ABF B TS0 FPRBAT N S IRRET B et gy is

" Homogeneous Tine Resgl wedrekyefesceredle (HHRE)spasceampeurebtai fegt from
Packard Bi oSci ence. 10 4. Surface-enhanced | aser desorption/ionization

(SELDI) -in conbi nGPFRMW % H S FRIARETEIFI #991Y ass spectronmeter  ( MALDI - TOF)
makes possible the rapid analysis of nolecules on a support and can be used

for analyzing_protein/ligand interactions (Wrral et al., %1998 Anal .
2. Fluoresence pclarization exploits the characteristic of a

gquiescent fluorophore excited with polarized light to
likewise emit polarized light. If, however, the
fluorophore is allowed to rotate during the excited

15 state, the polarizatiocn of the 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

20 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 measuring
the binding cof a test compound labeled with a flucrescent
molecule to the malate dehydrogenase, preferably MDH. As

25 an alternative, the method according tc the invention may

also take the form of the “displacement assay” described

under 1.
3. Flucrescence resonance energy transfer (FRET) is based on
30 the irradiation-free energy transfer between two

spatially adjacent fluorescent molecules under suitable
conditions. A prerequisite is that the emission spectrum
of the donor molecule overlaps with the excitation

gspectrum of the acceptor melecule. The flucrescent label




15 Bi ochem 70:750-756). In a preferred enbodi nent, nalate dehydrogenase,
preferably MDH, is immbilized on a suitable support and incubated with the
test conmpound. After one or nore suitable wash steps, the test conpound

mol ecul es which are additionally bound to nal ate 20 dehydrogenase,
preferably Mg, epyfe detected by neans of the abovenentioned methodol ogy
and test conpounds which are bound to nal ate dehydrogenase, preferably NDH,
can thus be selected.. 25 5. The neasurenegg of surface plasnon resonance is
based on the change in the refractive i ndex at a surface mhen a test

conmpound binds to p ghils jnmobili ai o ce the
change in the refr?ét%g%sf% ex |s @ngﬁflgaf lyl P%al y aI % g%t%?%é and

pol ypepti des for 3©oap@Mﬁd4n¢mechem@ymg nahhbermaﬁﬁucedcbﬁtmeﬁnaanfaFREhe

rface, this nethod tQ _an n.i.n n ber
Z? al . Sensef Actugtg q%ﬁgg i%%ﬁ %§b4¥5ﬁhfﬁﬁhrsl th2§¥ %f§x%. %ﬁé ’
186-187). The rreaaatecnterftccrcvarilbe varttieednott t faor meyaapte® wikehthhef @ 54200
40 _autona%ic anal yzer, basg ? Qa%% ?kas&9ﬂ35~%8n99§ér mh?ﬁh is

avai l abl e roanracore Fre rou curren up to 384
sanpl es per day. Aespethﬁdaaee@tdbh@emboﬁheemMVEhﬁﬁﬁm taﬂnbéodesxgned 5

directly for measurjng t 315" ﬁd&ﬁnglng aés&ive85§p§%¥g%%gﬁexngF%&g accordlng to

dehydr ogenase, prefera alternative

t he invention may abSelmenﬂir@hePa¢anﬁ BficBheciat.spl acenent assay” descri bed
under 1. 10 The conpounds identified via the abovenentioned nethods 1 to 5
may be suitable as inhibitors. Al of the substances identified via the
abovenent Loned . et Bodsacarerndabseduertdry dbecrwthieckednf pat idrei (SERSE bi Tn dal

action in another %g9895£%¥3h %gth a time-of-flight mass specltrometer

(MALDI-TCF) makes possible the rapid analysis of
molecules on a suppert and can be used for analyzing
vrotein/ligand interactions (Worral et al., (1998) Anal.

15 Biochem. 70:750-756). In a preferred embodiment, malate

| dehydrogenase, preferably MDH, is immcbilized on a

suitable support and incubated with the test compound.
After one or more suitable wash steps, the test compound
molecules which are additicnally bound to malate

20 dehydrogenase, preferably MDH, can be detected by means
of the abovementioned methodology and test compounds
which are bound to malate dehydrogenase, preferably MDH,

can thus be selected.

25 5. The measurement o¢f surface plasmon rescnance is based on
the change in the refractive index at a surface when a
test compound binds to a protein which is immobilized to
said surface. Since the change in the refractive index is
identical for wvirtually all proteins and polypeptides for

30 a defined change in the mass concentration at the
surface, this method can he applied to any protein in
principle (Lindberg et al. Sensor Actuators 4 (1983) 299-
304; Malmguist Nature 361 (1993) 186-187). The

measurement can be carried out for example with the



t he met hod according to the invention. 15 Furthernore, there exists the
possibility of detecting further candidates for herbicidal active

i ngredi ents by nol ecular nodeling via elucidation of the three-di nensional
structure of P dehydr ogenase, preferably MDH, by x-ray structure 20
anal ysis. The preparati on of protein crystals required for x- ray structure
anal ysis, and the rel evant neasurenents a subsequent eval uati ons of these
measurenents, the detection of a binding site in the protein, and the

predi ction of potential _.inhibjtor structures are known to the skilled
worker. I'n 25 prindipirg tan®dp XﬁﬁrZEFF% ot ﬁ?ﬁgaﬁ%h%kﬁﬁm?niBgﬁ???qqu by the
abovenenti oned netdiods iis alsolqmassifbbe nizcorel ecudasurgrodel ang. A preferred
enbodi nent of the qgtho accoEdingrto Lhe 30 ingggtion, whi ch és based on
steps i) and ii), COMEISPETRt, SHEEEPT Y &1 &5t *ConpBtnE wWhFth deddces or

bl ocks the enzymatéthoaChbvbtyiraf ta BREaierdehydr ogenaseespgeéerably MDH A

articul arl referred _enbadi nent of th t.hod according to PF 54200 41
Fhe invenf%gnP mhi?ﬁf%%?igaggﬂ B St eps %%éf%ﬁEd?P?,Ogéhgﬁngc?TPoﬁﬁﬂ &Bting a

test conpound whi char=educesyOroddnacks bhererenzynmbi c Bctinvilye afatavanl at e

dehydr ogenase, preferabl the activity of the nmal ate dehydrogenase,
pre%leragl y NDH, I05 ?%%%5%8%?%%98 F%sifhecglﬁﬁ%ﬁﬂmbé?%g aiﬁ?rp%%/]%ed th t he

activity of a mal aferndeltydnegeniase acphederallay” Mk cnoled bAGebated With a
test conmpound. A preferred enbodi nent of the nmethod based on steps i) and
ii) 10 consists in i. expressing a nal ate dehydrogenase, preferably an NMDH,
in a trarsgeri« @nganhdsn akaetdiag i tthe hbyefitdn@lofed EFOWdBY1ato G gani sm
whi ch natural$§&f%%ﬁ%%2@§bf% g%'%%gibitors. All of the substances
identified via the abovementioned methods can subsequently be
checked for their herbicidal action in another embodiment of
the method according to the invention.
15
Furthermore, there exists the possibility of detecting further
candidates for herbicidal active ingredients by molecular
modeling via elucidation of the three-dimensional structure of
malate dehydrogenase, preferably MDH, by x-ray structure
20 analysis. The prepération of protein crystals reguired for x-
ray structure analysis, and the relevant measurements and
subsegquent evaluations cof these measurements, the detection of
a binding site in the protein, and the prediction of potential
inhibitor structures are known to the skilled worker. In
25 principle, an optimization of the compound identified by the

abovementioned methods is also possible via molecular

modeling.

A preferred embodiment of the method acceording to the
30 invention, which is based on steps i} and ii), consists in
selecting a test compound which reduces or blocks the

enzymatic activity of a malate dehydrogenase, preferably MDH.

A particularly preferred embodiment of the method according to




15 dehydrogenase, preferably MDH, ii. bringing the mal ate dehydrogenase,
preferably the MDH, of step i) in the cell digest of the transgenic or
nontransgeni c organism in partially purified or in 20 honogeneously
purified forn%Figgg@ contact with a test conpound; and iii. selecting a
conpound whi ch’ re des or bl ocks the activity of the mal ate dehydrogenase,
preferably the MDH, the 25 activity of the nal ate dehydrogenase, incubated
with the test conpound. A preferred enbotiment of the nethod based on steps
i) and ii) consists in 30 i. expressing a mal ate dehydrogenase, preferably
an MDH, in aﬁ??éﬂ?&@ﬁ?%nbﬂﬁﬁﬁ$sgﬁd& CRigStePt he Pﬁthf¥0ﬁxﬁFlsg?obﬁng an
or gani sm whi che nadtingl kyteontambsuad aliahe rededhydragenases queef erably NMDH,
PF 54200 42 ii. bringing the malate dehydrogenase, preferabk%)the IVDH, of
step i) in th%n%%ﬂqtlﬁiﬁgg%v%ﬂy Che? t PAISge AT EY OF IHGHEr aREYETT T 18r §2hi sm i n
partial ly purthé ehcafitn & hompgengedisishyvaubséhed: f @raretratn, cpatact with a
test conpound; and iii, selecting a conpound, which reduces or bl ocks the
activity -of theSfdcat BrHenyr 56@!9@%%?90&?‘&‘ Braby Y RETREH L t'hé 0 activity
of the mal at eagdehydrogenases1preetienpbtogdniee Vb e rdaeubate, wicth t he test
conpound being conpared with the activity of a mal ate dehydrogenase,
preferably MDH!CHSTSY Ketbadt &¢5%i FAMCYESt conpound. 15 The sol uti on

contai ning the mal ate dehydrogenase, preferably NDH, can consist of the

| ysate of the_original OH%?HLSH]OF of = the transgenic organi smwhich has
been transfor%mRF -q;ﬁegne odiment of the method based on steps 1) and 11)

10 consists in

i. expressing a malate dehydrogenase, preferably an MDH, in
a transgenic organism according to the invention or
growing an organism which naturally contains a malate

15 dehydrogenase, preferably MDH,

ii. Dbringing the malate dehydrogenase, preferably the MDH, of
step 1) in the cell digest of the ﬁransgenic or
nontransgenic corganism, in partially purified cr in

20 homogenecusly purified form, into ceontact with a test

compcound; and

iii. sgelecting a compound which reduces or bklocks the activity
of the malate dehydrogenase, preferabkly the MDH, the
25 activity of the malate dehydrogenase, incubated with the

test compound.

A preferred embodiment of the method based on steps i) and ii)
consists in
30
i. expressing a malate dehydrogenase, preferably an MDH, in
a transgenic organism according to the invention cor
growing an organism which naturally contains a malate

dehydrogenase, preferably MDH,



expression cassette according to the invention. |If necessary, the nalate
dehydr ogenase, preferably MDH, can be purified 20 partially or fully via
customary net hods. A general overview over current protein purification
techni ques is described, for exanple, in Ausubel, F.M et al., Current
Protocols in (P%logg 44 ar Biology, Geene Publishing Assoc. and WI ey-

I nt er sci ence 9 ?; | SBN 0-87969-309-6. In the case of 25 reconbi nant
preparation, the protein which has been fysed with an affinity tag can be
purified via affinity chromatography as is known to the skilled worker. The
mal at e dehydr ogenase, preferably MDH, which is required 30 for in vitro
nmet hods can thus be isolated either by neans of heterol ogous expression
froma transgeni.c erdgasism@accondaty ddhydrhgenhamentdrefieosbiy am=alDBf gahi sm

cont ai ni ng an enzy with .t enz ic activity, preferably biological, of
a nmal ate dehydr oggﬁﬁge} f Ot QZ‘)?aﬁf)%/ga‘%lrgc?r%%aﬂ%u%}b%sﬁrlggﬁg%?la%t%/r the term PE
54200 43 "undesirednprantderbel nggamier,stiaodaasi aldanipngifhed speches
mentioned at the outset. Té) identi fé/. hcglrfbi %i dal, conp ungs,.éhe mal at e
dehydrogenase, 5 pPeFerabiSF vEHP F &t How SoAtubat sl WA Test c5Rpbund.
After a reaction tdoneoutdie agrizymatic activity of the nalate dehydrogenase,
preferably MDH, incubated with the test conpound is determned with the
enzymatic activity of a nmalate dehydrogenase, preferably NMDH, not incubated
with a test l0iconpeundtitd & hempahad estdehydeogenase, bpoetersal webDH ti S
inhibited, a significant decrease in activity in conparison_wWth the
activity of the nor?lfnﬁﬁ%iTagtf‘tﬁo%ﬁg%ﬁg(ifélag&o?ﬁﬁ?g“ggy F%%qf%eﬁp?on i's
observed, 10he resulactheing & redusiiore akhatirodeaste, 10% fathrant ageousd )y at

| east 20% preferahl t_|least 15 30% especial pref er abl . east
505 up tp 1000 1 adUEBIEHT (B Bo b Rg) o e Brep vt R i PR IR Vo Rhor oy

| east activity of a malate dehydrogenase, preferably MDH, not

incubated with a test compound.

15 The solution containing the malate dehydrogenase, preferably
MDH, can consist of the lysate of the original organism cr of
the transgenic organism which has been transformed with an
expressicon cassette according to the invention. If necessary,
the malate dehydrogenase, preferably MDH, can be purified

20 partially or fully via customary methods. & general overview
over current protein purification techniques is described, for

_ example, in Ausubel, F.M. et al., Current Protocols in
Mclecular Biology, Greene Publishing Assoc. and Wiley-
Interscience (1994); ISBN 0-87969-309-6. In the case of

25 recombinant preparation, the protein which has been fused with

an affinity tag can be purified via affinityv chromatography as

is known to the skilled worker.

The malate dehydrogenase, preferably MDH, which is required

30 for in vitro methods can thus be isclated either by means of
heterologous expression from a transgenic organism according
to the inventicon or from an organism containing an enzyme with
the enzymatic activity, preferably biclogical, of a malate

dehydrogenase, for example from an undesired plant, the term



50% at test conpound concentrations of 10-' M preferably at 10-5 M
especially preferably of 10.6 M based on enzyme concentration in the
mcronolar range. 20 The enzymatic activity of malate dehydrogenase,
preferably \ be determ ned for exanple by an activity assay in

whi ch the inc a%‘gzadglf the product, the decrease of the substrate (or
starting material) or_the decrease or |ncr ase 25 of the cofactor are
determ ned, or by a conbination of at e3dt two of the abovementioned
paranmeters, as a function of a defi ned period of tinme. Exanples of suitable
substrates arellfoirEanpiet r%lé’ﬁeun@%rs(t%‘)dt &PtPIATE(S, §1e $5<iRE at e,

2- hydr oxybut yghat€ior=dhydr exy -oset-ar at e, 2- hydroxymal onate, 2-oxobutyrate,
2-oxoglutarate, ketomalonate, L-malate, nmeso-tartrate(S, R), oxal acetate,
and exanples of suitable cofactors are NAD+, NADH, APAD, APADH. Depending

on the mal at erdehyghagenasepusiet. MoBFHhAmy ahsonbe. i A28 4hasenpl oyed as
cosubstrate. If appraopriate, derivatives of the abovenentioned conpounds

whi ch cont &i nP&® tetEttaliPd: | hdovs dRRIPHED MoFD ex arfifl e CORPPIRT SCEAL 2| abel |

a radioi sotopechabaln @inep ehemnyrhoescentiviabebs 4Ry nal seebe used. 5 The
amounts of substrates to he e Ioggd in the activity tests may range

bet ween 0.5 aAR8MIBEPIRVESENdPE U ofinegPattor i thetweeke®: 1 and 5 M

based on 1-10Q.agiuHd eRZY¥EBerrktheBh: actind h-¢al be deterained f eni1exanpl e
anal ogously to the nmethod descri bed %%HG etl et al. (1996, BBA 1274,

48-58). Mor eGFBYITIHE25E i MAhETRRIE ¥ iToF & FC‘E%t%&\%EHEﬁt‘?%d met hod
may be deter nchggodhi.ay rphed atatieCathyaM@nhBe, convershon @bz NAH into

NADH; inhibited, a significant decrease in activity in comparison
with the activity of the noninhibited polypeptide according to
the invention is observed, the result being a reduction of at
least 10%, advantagecusly at least 20%, preferably at least

15 30%, especially preferably by at least 50%, up to 100%
reduction (blocking). Preferred is an inhibition of at least
50% at test compound concentrations of 10™* M, preferably at
107° M, especially preferably of 10°°M, based on enzyme
concentration in the micromolar range.

20
The enzymatic activity of malate dehydrogenase, preferably
MDH, can be determined for example by an activity assay in
which the increase of the product, the decrease of the
substrate (or starting material) or the decrease or increase

25 of the cofactor are determined, or by a combination of at
least two of the abovementioned parameters, as a function of a

defined period of time.

Examples of suitable substrates are, for example, malate,

30 {-)-tartrate({S,8), (S)-malate, Z-hydroxybutyrate, 2-hydroxy-
glutarate, 2-hydroxymalonate, 2-oxobutyrate, 2-oxcglutarate,
ketomalonate, L-malate, meso-tartrate(S5,R), oxalacetate, and
examples of suitable cofactors are NAD+, NADH, APAD, APADH,

Depending on the malate dehydrogenase used, NADPH may also be




and/ or b) photonetrically via the conversion of NAD+ to NADH, or 20 c)
photonetrically via the conversion of APAD to APADH A preferred enbodi nent
of the method according to the invention which is based on steps i) and
iii) consists f tgﬁ 25 followi ng steps: i. generation of a transgenic
organlsn1conp? a nucleic acid sequence encoding a gl yoxsomal nal ate
dehydrogenase conprising 30 a) a nucleic ECId sequence with the nucleic
acid sequence shown in SEQ ID NO 1, or a nucl eic acid sequence with the
nucl ei ¢ acid PF 54200 45 Q%yence shomn in SEQID NG 2, or c) a nuclelc
aci d sequenceThieKY 8% Ay 10 The® - degEREraey=d TlﬁﬁrégﬁE&Y??(ﬂng can be
deduced from aﬁmxehenamm@d aginfhoSags encie:hs kowbaim aSE@thtJa}Klé’: BYel such
backtranslatin % uclelg aci d sequence which, %h t he
degener acy ofa ékﬁéﬁ ??%G%o&ef BARCHE deddbeltr By © Obﬁ% 2AnéPELi 7Y t he
am no aci d seguetwa 1ohissdaaict iapal, equi wakente Qfse‘aEQ | D NO 3, which has at
| east 66% identity with SEQ ID NO 3, preferably 810, 15 ii. applying a test
conpound t0 the transgenic organismof i) and to a nontransgeni c organi sm
of the same gemotypPRhtsibf sdﬂ%&@ﬁﬂ@@iﬂﬁ}th@mgléyﬂd1rﬂrthgeadﬂﬁﬂﬂtblt&sﬁﬁ t he
transgeni ¢ and the nontrans e%lg anlsns aft;r appl i cation_ of the 20 test
test?

subst ance, an®¥ 2"9&| BLtY T b PPAY  EDdt “]EPEHUTed

between 0.1 and 5 mM, based on 1-100 ocg/ml enzyme.

10 The activity can be determined for example analogously to the

method described by Gietl et al. (1996, BBA 1274, 48-58).

Moreover, the activity in step iiil) of the abovementioned-

method may be determined

15
a) photometrically via the conversion of NADH into NAD+;
and/or
b} photometrically via the conversion of NAD+ to NADH, or
20
c) photometrically via the conversion of APAD to APADH,

A preferred embodiment of the method according to the
|
invention which is based on steps i) and iii) consists of the

25 fellowing steps:

i. generation of a transgenic crganism comprising a nucleic
acid sequence encoding a glyoxsomal malate dehydrogenase
comprising

30
a) a nucleic acid sequence with the nucleic acid

sequence shown in SEQ ID NO:1, or

b) a nucleic acid sequence with the nucleic acid



growmh or alimted viability of the nontransgenic organismin conparison
with the growh of the transgenic 25 organism In the abovenenti oned

nmet hod, mnal ate dehydrogenase is over- expressed in the transgenic organism
30 In this context, the difference in growth in step iv) for the selection
of a herbici d%l%@%ﬂve i nhibitor amobunts to at |east 10% by preference
20% preferably %9 especially preferably 40% and very especially
preferably 50% PF 54200 46 The transgenj¢ organismin this context is
preferably a plant, an alga, a cyanobacterium for exanple of the genus
Synechocystis or a proteobacterium such , r.exanpl e, Magnetococcus sp.
MC1, preferably plants ic’/\%?uc%ncgaﬁH & 5t rS%ﬁsFé?Nn%' ’b)?rneans of customary

t echni ques, such as Arabidopsis thaliana, Solanum tuberosum N cotiana
Tabacum or cyanogﬁct egig eii%haggcrll Sbee uteE%”Squ?{chFd Oﬁgdi Ié/, hseuch as
Synechocystis, into which e Sequence ncodi ng a 'pol yp%p%l d&* accor di ng to
the i nvention has been deworgerat ed the Tenttansiatayatthonbe Thekeetir Ansgeni
organi sms t hus show inc sed tolerance c unds [ jnhi bit the

pol ypepti de accordi ng %%eat%memion\a}%ﬁ?isoerﬁueglﬁﬁo%g?%utj‘% %‘é@aﬁ?sﬂoﬂﬁ \B/\/Hi ch the
anal ogous nmul ate dehydragenasseéatpief erably MDH, gene which is naturally
present in this organismhas been selectively switched off may 15 also be
used. However, the abovenentioned enbodi nent of the nmethod according to the
i nvention can al sodbe usedidlerici dend ifagurgecsubisia@ncesing td tke

growt h-regul atory action. In this context he 20. transgeni ¢ organism
enployed is a plant. The WetHGaYs 8% a}edé:’ﬁpfe yf nchdseljbg?gg% sé: utc%Q b7

growt h-regul atory acti vhagktranslacomprirzesnthe facld cehngnst efsa i .

generating a transgeni ceplant, comprlsing 2 BHCLE! GAGhYs, which has at

least 66% identity with SEQ ID NO:3, preferably

15  ii. applying a test compound to the transgenic organism of 1)

and to a nontransgenic organism of the same genotype;

iii., determining the growth or the wviability of the transgenic
and the ncontransgenic organisms after application of the

20 test substance, and

iv. selecting test compounds which bring about a reduced
growth or a limited viability of the nontransgenic
organism in comparison with the growth of the transgenic

25 organism.

In the abovementioned methocd, malate dehydrogenase is over-

expressed in the transgenic organism.

30 In this context, the difference in growth in step iv} for the
selection of a herbicidally active inhibitor amcunts to at
least 10%, by preference 20%, preferably 30%, especially
preferably 40% and very especially preferably 50%.



25 sequence encodi ng a gl yoxysonmal nel ate dehydrogenase conprising a) a
nucl ei ¢ acid sequence with the nucleic acid sequence shown in SEQ ID NO 1,
or 30 b) a nucleic acid sequence with the nucleic acid sequence shown in
SEQ | D NO 2, 9% %2 @ nucl ei ¢ aci d sequence which, owing to the PF 54200 47
degeneracy of "1 h zg? netic code, can be deduced from the am no acid sequence
shown in SEQ ID NO 3.by backtranslating,,or 5 d) a nucleic acid which,

owi ng to the degeneracy of the genetic c%@e, can be deduced by

backtransl at i ng% t he am no aci d sequence of a functional gggi val ent of SEQ

ID NO 3, whi ch™hasAIPBAStOEEds Tlent i (85 WPTHRSSEQ S B*REF33°bf &f 8rabfy 81%
10 ii. applyi ag aldest sybsimneertomt heod caasgesief plhanteofisi) and to a
nont r ansgeni c ﬁl arht} of the sane v%ri et%/l, idi. del'?;]erm' i ng the %O\Mh or the
viability of THETIANSGERI T A5 FFaRtdrid ‘the ROt TansFenf &3 Pidnit af ter

appl i cati on oMaghidi>doestiscenpound, pasfkianl ysellectd nghitcestasubst ances whi ch
bring abou% aﬁg%(fjsu Cﬁ%lefjg gwth st o hg}ﬁggor;%a%%n%ggg%jg lanttsi]i%ﬂ Egsorrpari son with
the 20 growt r ahsgyenic “pl : t n et net hod, mal ate
dehydr ogenaseatsbioyeisisexpiessad solihen tuuassgenh C Nifcganhsm Tabcder eor st ep
iv) involves the selection of test cont};roun%fs?ﬁﬁgl ch C@:’ll ng ahout a nodified

growth of theCHOMHNSgeni T oty LAl shT i 2% T sTHYiEh PR Gowt h of the
t ransgeni c or gamd&mcyshbdj fireth ghowvh hthes serdernst andtcas ngeantdigpebnitifi s
context, according to the invention has been incorporated by
10 transformation., These transgenic organisms thus show increased
tolerance to compounds which inhibit the polypeptide according
to the invention. “Knock-out” mutants in which the analogous
malate dehydrcgenasse, preferably MDH, gene which is naturally
present in this organism has been selectively switched off may

i5 also be used.

However, the abovementicned embodiment of the method according
to the invention can also be used for identifying substances
with a growth-regulatory action. In this context, the

20 transgenic corganism employed is a plant. The method for
identifying substances with growth-regulatory activity thus

comprises the following steps:

i. generating a transgenic plant comprising a nucleic acid
25 sequence encoding a glyoxysomal malate dehydrogenase

cemprising

a) a nucleic acid sequence with the nucleic acid
sequence shown in SEQ ID NO:1, or
30
b) a nucleic acid sequence with the nucleic acid

sequence shown in SEQ ID NO:2, or

c) a nucleic acid sequence which, owing to the




inhibition of the vegetative growh of the plants, which can 30 manifest
itself in particular in reduced |ongitudinal gromh. Accordingly, the
treated plants show stunted grow h; noreover, their |eaves are darker in
color. In addition, nodified growth 1is also understood as neani ng a change
in the course f5{%touration over time, the inhibition or pronotion of
| ateral PF 54% 0 branched growth of the plants, shortened or extended
devel opnental stages, -increased standing gpility, the growth of |arger
amounts of buds, flowers, |eaves, fruits, seed Kkernels, roots and tubers,
an increased sugar content_ ie”ra% plognghse s%%htgg Sugar lgggtb sygar _cane IT{;md
citrus fruit, an increase prolyel h content 1 h pcf art S*Such as cereal € or
soybean, or stinulationtid diecl atex fdawenica shubberint E8esID Te 3 skil | ed
wor ker is famliar withbtt](eC %%tsﬁglcilo” %fr such nodified growh. 10 It is
al so possible, in the ne od accordri“%fg to the invention, to enploy a
plurality of test conpounds in a nmethod according to the invention. If a
group of test conpounds_affect the. .target, then.it is either possible
directly % i sol ate t he? 18- GredCy i guhl ety QEHD S SR o of he gr oup
of test conpounds intotize vameety ofdsubgnobpsdediaredexanphetmaenloting
consists of a multipli detlé/ aofingi ggiacriesnét _&omponent I,1i n.order to RQHS reduce
the nunmber of the diffefent” test *Eonpounds Tn°" tthe HEthdd acBrdfhg o the
i nvention. The nethod acfosili N ¥O:20 Whiehi hweni drakss Edenideepeayed with
the individual test conpound or_the relevant subgrqup of test conpounds.
Dependi ng on the corrpl"g%ﬂf ;é%& EPhlg(?'ssfs(n'ﬂflrg,%ef%]ct’alya%cj)\?éE)descri bed s'[r}e)ps can
be carried out repeatedly, preferably until the subgroup identified in
accordance Wi {h ! he,SRANGA-accor UG :LR:L I 2R QYENIQN LRLIE P Ses 2
smal | nunber of " te3tX conpotnds; - of

and to a nontransgenic plant of the same variety,

iii. determining the growth or the viability of the transgenic
15 plant and the nontransgenic plant after application of

the test compound, and

iv. selecting test substances which bring about a reduced
growth of the nontransgenic plant in comparison with the

20 growth of the transgenic plant.

In the abovementioned methed, malate dehydrogenase is over-

expressed in the transgenic organism.

25 Here, step iv) involves the selection of test compounds which
bring about a modified growth of the nontransgenic organism in
comparison with the growth of the transgenic organism.
Modified growth is understcod as meaning, in this context,
inhibition of the vegetative growth of the plants, which can

30 manifest itself in partiéular in reduced longitudinal growth.
Accordingly, the treated plants show stunted growth; moreover,
their leaves are darker in color. In addition, modified growth
is also understood as meaning a change in the course of

maturaticon over time, the inhibition or promotion of lateral



i ndeed just one test conpound. Al of the above-described nethods for
identifying inhibitors wth herbicidal or growth-regulatory activity are
her ei nbel ow 30 referred to as "methods according to the invention". Al of
t he conpounds which have been identified via the nmethods according to the
invention canpsuhsgguently be tested in vivo for their herbicidal and
grow h-regul atory activity. PF 54200 49 One possibility of testing the
conpounds for herbicidal action is to us€?duckmeed, Lemma mnor, in
mcrotiter plates. Paraneters which can be neasured are changes in the

chi orophyl| cgntent.candobhe phatesythesi s,ralened Lo 3.L80.5 possibl e to

apply the conpoun ect to un it berng possible to
identify the @mwdﬁqgmeataac$ta9$8ﬂonnczﬁaﬁﬁﬂ etan@uquahlﬂ@ted1@&0wﬂhwtﬁhe

met hod accordlﬁ %egh m59¥§ntlOBUSQnﬁﬁ%m%%%?gﬁ§%Gé ggts e%% carried out
: c makKes

in hlgh-throug nown - as 055|51e t he
si nul t aneous teﬁnak@ @boasnnkimpbecsxyﬂoﬁncdé&$@i&n@aconwmundslnThe use of

suppor ts whi ch £ant ajn,00e Sl TBLe. o the nuelels; A3.a¢i dml eyl es
accordi ng % nven & or hore of the ~vectors: con ai'ning the
nucleic acid s&mmﬂaaaa acctﬂxh rgntent hiem plameat$mnh agneepealree transgeni c

or gani sns contal ing at S{lmu St,.Qne g% thelngclefﬁDaC|d sequences acgordi ng
to the |nven§|% or one or nore peptides ‘enco ed vid the 20 nucl eic

acid sequenceskz&iam’dpmgetcna|ﬂamﬁhvawnwxnm lLeadsetidcsaloh of cswdr mpdagieut HTS
in practice. The support used can be solid or liquid, but is preferably
solid and esp%C|§1 y preferably a mcrotiter plate. The abovenenti oned
supports Hlso formpart of the subject nmatter of the present invention. In

accordance 25, Lh g g{;gél%.qe Y yﬁgqmetﬁganggycml%gpve@'&e 3wet Ly and

1536-wel | mcroti arule
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 isclate the

15 individual test compounds or to divide the group of test
compounds into a variety of subgroups, for example when it
consists of a multiplicity of different components, in order
to thus reduce the number of the different test compounds in
the method according to the invention. The method according to

20 the invention is then repeated with the individual test
compound or the relevant subgroup cof test compounds. Depending
on the complexity of the sample, the above-described steps can
be carried out repeatedly, preferably until the subgroup
identified in accordance with the method according to the

25 invention only comprises a small number of test compounds, or

indeed just one test compound.

211l of the above-described methods for identifying inhibkbitors
with herbicidal or growth-regulatory activity are hereinbelow

30 referred to as “methods according to the invention”

All of the compounds which have been identified via the
methods according to the invention can subsequently be tested

in vivo for their herbicidal and growth-regulatory activity.
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erel’n eIOM/referre 0 as se eéc npounds

be carried out in high-throughput methods, known as HTS, which

makes possible the simultanecus testing of a multiplicity of

different compounds.

The use of supports which contain one or more of the nucleic
acid molecules according to the invention, one or more of the
vectors containing the nucleic acid sequence according to the
invention, one or more transgenic organisms containing at
least one of the nucleic acid seguences according to the
invention or one or more (poly)peptides encoded via the
nucleic acid sequences according to the invention lends itself
to carrying out HTS in practice. The support used can be sclid
or ligquid, but is preferably solid and especially preferably a
microtiter plate. The abovementioned supports also form part
of the subject matter of the present inventicn., In accordance
with the most widely used technique, 96-well, 384-well and
1536-well microtiter plates which, as a rule, can comprise
volumes of 200 pl, are used. Besides the microtiter plates,
the further components of an HTS system which match the
corresponding microtiter plates, such as a large number of
instruments, materials, automatic pipetting devices, robots,
automated plate readers and plate washers, are commercially

available.

In addition to the HTS systems based on microtiter plates,

on.
25



Naturally, the sel ected conpounds can also be present in the formof their
agriculturally useful salts. Agriculturally wuseful salts which are suitable
are mainly the salts of those cations, or the acid addition salts of those
aci ds, whose ﬁﬁ % pons, or ani ons, do not adversely affect the herbicidal
action of the herbici daI ly active corrpounds identified via the nethods
according to the invention. If the sel ectﬁﬂ conpounds contain asymretrically
substituted PF 54200 51 a-carbon atons ey may furthernore also be
present in th formof racenq % nan iomer nj xtures, pure enantioners or,
i f they have ‘CHiTr AFSst¥F fdenf 557 Oer‘al na?ﬁaeysf o BFS U SBtEFESNEPSH xt ur es.
5 The sel ect eth qmypmumn&mnebe €hiedd cbalcwexsytmeheslm;eds, sif)stramces or

subst ances produ crob s and ca f ound, .for anpl.e n_cell
extracts of, 2)%61 Te ayﬁllggfgme Hni® Eal‘smé‘?c N@F(]Jor]é‘é"f'l%( % lTlh% “¥eaction
m xture can b1e9 a1eeh) ]].@l#ll’B&ECE%Iﬁ]@Qt “Gltrﬁﬂéml'ds‘s&oa setdermogcel | cul ture.
Suitabl e _net S _are_kno dareds i bed
general | y f or&é&)&ﬁﬁ%”r% mlt%fafées Ml elcFﬁI a%méf% 569 the'celqd, %Rgrd Edi tion
(1994), for exanpke ﬁhﬁrﬂle:fmol%cu}ﬂihe selkealirg ircanpouadspigy, @hSO 05t gi nat e

from corrpreh Y E e 15 |i brar dat e, é s:i; ﬁ E gf can be
expression |i arﬁggg Fo‘?‘P %ﬁgﬁsuga VEXBFE%st o %lrgl% &S,
pepti des, proiei ns, 5,9|EI(6:,IH3C aeydslsamkl bedies, small organic subst ances,
hormones, 20 PNAs or the like (Mlner, Nature I\/bdi cin 1 (1995), 879-880;
Hupp, Cell. 83 (1995), 237-245; G bbs, Cell. 79 (1994), 193- 198 and
references cited itnheﬁ’eidir) fu'EIﬁﬁeS@d}mh@datéﬁ‘pmjndﬁ:b@ali]dbElyjﬁe:ﬁhfrér
control ling undmepsolug1 i entl qg%ab tr}leapng/ or_as \g{tmg tcgqtl ators. Her bi ci dal

inventicn. These compounds are hereinbelow referred to as

“selected compounds”. They have a molecular weight of less

than 100¢ g/mol, advantagecusly less than 500 g/mol,

15 preferably less than 400 g/mcl, 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 pM, very especially preferably less

than 0.01 uM.

20
The invention furthermore relates to compounds with grewth-
regulatory activity identified by the methods according to the
invention. These compounds toc are hereinbelow referred tc as
“selected compounds”

25

Naturally, the selected compounds can also be present in the
form of their agriculturally useful salts. Agriculturally
useful salts which are suitable are mainiy the salts of those
cations, or the acid addition salts of those acids, whose

30 cations, or anions, do ncot adversely affect the herbicidal
action of the herbicidaliy active compounds identified via the

methods according to the invention.

If the selected compounds contain asymmetrically substituted



conpositions conprising the selected conpounds afford very good control of
vegetati on on noncrop areas. In crops such as wheat, rice, maize, soybean
and cotton, they act against broad-|eaved weeds and grass weeds wi thout
inflicting any 30 significant damage on the crop plants. This effect is
observed in Eybgyl ar at low application rates. The sel ected conpounds
can be used for controlling the harnful plants which have already been
mentioned above. PF 54200 52 Depending @j the application nethod in
guestion, selected conpounds, or herbicidal conpositions conprising them
can advantageously al so be enployed in_a further nunber of crop  plants for
elim nating 'ﬁé§?¥%dﬂﬁW§ht§ng%§%bﬁE§tB?ﬂ§ﬁﬁi£&F8 bg RFGFETarB: T | i um
cepa, Ananas RADs§HSradknaeBkS bypagaeadr ASparagyspusl fd mabhsrs Beta

vul garis spec. altissima, Beta vulgaris spec. rapa, Brassica napus var.
napus, Brassﬂéatﬁﬁbd§“¢éFhlIBlﬁﬁﬁﬁ%ﬂ§§§PE%g Bregsdichh? dpa™vaE. silvestris,
Canel lia singRsiksreladt Mamysréinctorius, Carya illinoinensis, Ctrus

linon, G trus sinensis, Coffea arabica (Coffea canephora, Coffea |iberica),
Cucumi s sativus, Cynodon dactyl on, Daucus carota, Elaeis guineensis,

Fragaria vescme GbY&tR Mpoddd{0ssy BeUBhAN ISUL Y4 FRssyRIUM ar bor eum
Gossypi um her baceum Gbssyglun1V|t|foI|u , Heliant hus annuus, Hevea

brasi | i ensi s, SUORbrAetMFUPYAPF B2 MAMBFES U F e UL CFpBRD e D&FRL 83, Jugl ans
regia, Lens GWuhRArEsy duaRemsysit aldiSSkRUP cddy COPEESE COMmP1%G OpessiLuUm
Mal us spec., Mani hot escul enta, Medicago sativa, 20 Miusa spec., Nicotiana
t abacum (N. r FEE4AT, COMELTAFopaEES - BR§ zaeadtiovam Phas (aks PR uhdtts,

Phaseol ugpvulgaki sxtPidear abihgsisdianes1 spec.ce1fi sum sadl wuAtaPrdnUs avi um
Prunus persica, Pyrus communis, Ribes sylvestre, Ricinus comunis,

Sacchar um of FIRPASF 7R S SECHPe G cisalsés 1 Eat arfFieruBaf o3tindescribed

generally for example in Alberts, Molecular Biology the cell,
3" Edition (1994), for example chapter 17. The selected
compounds may alsc originate from comprehensive substance

15 libraries.

Candidate test compounds can be expression libraries such as,
for example, cDNA expression libraries, peptides, proteins,
nucleic acids, antibodies, small organic substances, hormones,
20 PNAs cor the like (Milner, Nature Medicin 1 (1995), B879-880;
Hupp, Cell. 83 (1995), 237-245; Gibbs, Cell. 79 (1994), 193-

198 and references cited therein).

The selected compounds can be used for contreolling undesired

25 vegetation and/or as growth regulators. Herbicidal
compositions comprising the selected compounds afford very
good control of vegetation on neoncrop areas. In crops such as
wheat, rice, maize, soybean and cotton, they act against
broad-leaved weeds and grass weeds without inflicting any

30 significant damage con the crop plants. This effect is observed
in particular at low application rates. The selected compcunds
can be used for controlling the harmful plants which have

already been mentioned above.



25 Sorghum bi col or (s. vulgare), Theobroma cacao, Trifolium pratense,
Triticumaestivum Triticumdurum Vicia faba, Vitis vinifera, Zea mays. In
addition, the sel ected conpounds can al so be used in crops 30 which
tolerate the action of herbicides ow ng to breeding, including reconbinant
nmet hods. The ?ﬁ”?ﬁfﬁdon of such crops is described hereinbel ow. The
invention furthernore relates to a nethod of preparing the PF 54200 53
her bi ci dal or growt h-regul atory conpositigg whi ch has al ready been

nenti oned above, which conprises fornulatirng sel ected conpounds with
suitable auxiliaries to give crop protecti products. 5 The sel ected

n
conpounds can "BEEFOTTHIICAL &%t BFP BXAPPB TWSFﬁblnng%?5%”HiF@%f?@ﬂ%prayable
aqueous sol ut icoRBouPMWIeS he riSUSRRNS cOMSs s & i9@ shi-ghb ¥i GeRCentk atech agqueous,
oily or other _suspensions or suspoenul sions or dispersions, enulsifiable 10

concentrat es, *EHAFSFERS 8 RLEF SPer@PoREed pds PedUT Tt SVTPRAL 8T i ¥ f or
spreadi ng or gnantsessr andmapptied bYePEANS NhantsPrayimidesabondzitighle
dusting, spreading or pouring. The use forns depend on the intended use and
t he nat ure”of “CRE>s®&f%¥ct ed conpounds; in any case, they should guarantee the
15 finest possible distribution of the sel ected conpounds. The herbi cidal
conpositions conprise a herbicidally active amount of at |east one sel ected
conpound and AdXiPP IR REeRYeMANGRAFt yAIAREE Si AYPAE %r AEPAERFDH of

herbi ci dal  coppesitdons. p20aFAN1dhe sPEgpar aligasoha eULSI Q0SgaPasSt €S OF
aqueous or oily fornulations and dispersible concentrates (E%D, t he

sel ected conpPOGAdsTIHN BE2EF5SDINFEYS0oF2HI SFESedBr#c BT 0NEPBE ¥ vent ,

10 napobrassica, Brassica rapa var. silvestris, Camellia
sinensis, Carthamus tinctorius, Carya illinoinensis, Citrus
limen, Citrus sinensis, Coffea arabica (Coffea canephora,
Coffea liberica), Cucumis sativus, Cyncdon dactylon, Daucus
carota, Elaeils guineensis, Fragaria vesca, Glycine max,

15 Gossypium hirsutum, (Gossypium arboreum, Gossypium herbaceum,
Gossypium vitifolium}, Helianthus annuus, Hevea brasiliensis,
Hordeum wvulgare, Humulus lupulus, Ipomcea batatas, Juglans
regia, Lens culinaris, Linum usitatissimum, Lycopersicon
lycopersicum, Malus spec., Manihot esculenta, Medicago sativa,

20 Musa spec., Nicotiana tabacum {(N.rustica), Olea europaea,
Oryza sativa, Phaseolus lunatus, Phaseolus vulgaris, Picea
abies, Pinus spec., Pisum sativum, Prunus avium, Prunus
persica, Pyrus communis, Ribes sylvestre, Ricinus communis,
Saccharum officinarum, Secale cereale, Solanum tuberosum,

25 Sorghum bicoclor (s. vulgare), Theobroma cacac, Trifolium
pratense, Triticum aestivum, Triticum durum, Vicia faba, Vitis

vinifera, Zea mays.

In addition, the selected compounds can also be used in crops
30 which tolerate the action of herbicides owing to breeding,
including recombinant methods. The generation of such crops is

described hereinbelow.

The invention furthermore relates to a method of preparing the



it bei-ng possible to add further fornulation auxiliaries for 25
honogeni zati on. However, it is also possible to prepare liquid or solid
concentrates from sel ected conpound, if appropriate solvents or oil and,
optionally, fﬁrtﬁf()auxiliaries conprising liquid or solid concentrates,
and these cohte M es are suitable for dilution with water. The 30
foll ow ng can be nentioned: enulsifiable ggncentrates (EC, EW, suspensions
(SC), soluble concentrates (SL), dispersibfe concentrates (DC), pastes,
pills, wettable powders or granules, it being possible for the solid

formul ations BFFWETI30OBeI S UbITEI8H 2 R Sh &SRB &~ (Rt tabl )2 miigedy. In

addi tion, PF 54200h&4 icsHbt b, PoWEEr SciprdkaBut esnmlathiahl et s iy
additionally be provided with a solid coating which prevents abrasion or
premat ure rel 688ROHTASt HAtACTY V@ RgPBEH €TSS FA Prish&GEpPePI ¢ H term
"auxiliaries"ghsqunderstood as neaning the follow ng classes of conpounds:
antifoans, thickeners, wetting agents, tackifiers, dispersants,

emul sifier%, bactericides and/or thixotropic agents. The skilled worker is

fam liar wthrhbesdeani-ad-ofod hRi-abayepBd aned: 8genh:S «xAQp Bl sin EVS and ECs
can be prepared by sinply mxing the ingredients in question; powlers can

be prepared byortxdhgisrctyy i sRiiavghin ap&dusi éolypexnsof paTAEES(for exanpl e

hamrer  m I1s), D081 0365 @b IErakecsidl It cREeRALEM oY el o Iddhag, 15 it
bei ng possible to prepare an SEfroman SC by addition of an or%anlc phase

whi ch may conpPPRENFIANShEF BSHISTAAFEsnDIOT JFBeTEPTonpauhestl
preparatiofn i 8oKROW.;-BAWdERS: 55 JRL 955_?-'@isfp%'}:s§915§?-cgagge§9ddgé@,s can
advant ageously be prepared by m xing or cogrinding the active substances 20
t oget her withmatepldid Earr Fr¥eaddngnar egtamgesexanpl &rdegtiedly BraEfulOEs,
i mpregnat ed gLap &%y, aRd ROMPALNeRUS i 8 ANUH RS 3168 pouring. The use
forms depend on the intended use and the nature of the
selected compounds; in any case, they should guarantee the
15 finest possible distribution of the selected compounds. The
herbicidal compositions comprise a herbicidally active amount
of at least one selected compound and auxiliaries
conventionally used in the formulation of herbicidal
compositicns.
20
For the preparation of emulsions, pastes or agqueous or oily
formulations and dispersible concentrates (DC), the selected
compounds can be dissolved or dispersed in an ¢il or solvent,
it being possible to add further formulation auxiliaries for
25 homogenization. However, it is also possikle to prepare liquid
or sclid concentrates from selected compound, if appropriate
solvents or oil and, optionally, further auxiliaries
comprising liquid or seolid concentrates, and these
concentrates are suitable for dilution with water. The
30 following can be menticned: 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 either

to be soluble or dispersible {wettable) in water. In addition,



be prepared by binding the selected conpounds to solid carriers. The
skilled worker is famliar with further details regarding their
‘preparation, which are nentioned for exanple 25 in the foll ow ng

publ i cati ons: US%€%060,084, EP-A 707445 (for liquid concentrates),

Br owni ng, "AgBFo %ﬂion", Chem cal Engi neering, Dec. 4, 1967, 147-48,
Perry's Chem cal Engineer's Handbook, 4th Ed., MG awH ||, New York, 1963,
pages 8-57 and et seq. WD 91/13546, US 4472, 714, US 4,144,050, US

3,920, 442, 30 US 5,180, 587, US 5,232,701, US 5,208,030, GB 2,095,558, US
3,299, 566, K| PRGNS ROSESEHMT GIrags s S drbeetI obi Worayiemml 1vSbRs, |nc.

New York, 1963roHBRGe «8knah.soMeedoSRntd QJhicHaFg@%H%s 8bhakEdon Bl ackwel |
Scientific Publications, Oxford 1989 and MolTet, H., G ubenann, A.,

Formul ati on t BERRSTHGY FePrFRs 200 ths aviiws ivoredetttag GrbH, Vei nhei m

(Federal Republic of Germany), 2001. The skilled worker is famliar with a
multiplicity of inert 5 liquid and/or solid carriers which are suitable for
the formf? at EBNRT HECEEH8r nge d-9He " PRYVENEGRS " stg hgerstepdexafsia@indl i qui d

addi tives suchpassaimenal; 0idsdd-acki s AfnmedhHmM t Qi ghi bRidd-ng poi nt
such as kerosene or diesel oil, furthernore coal tar oils and oils of
veget abl e or HAFHHIY GOegFR; BTFKEIGipRAL | € SREFERNES arfMaEdFRET S hydr ocar bons,

for exanple paraffifiqebebr@ydrephthabene...akkyl afed snaphthalgnes ok their

derivatives, alkylated benzenes or their derivatives, alcohols such as
met hanol , et h&roiligr opaAoFhe BAEABE ahd-iey eébererarioionedkagemes: such as
cycl ohexappne, or strongly polar solvents, for 15 exanple am nes such as
N- net hyl pyrrol i done or water. Exanples of solid carriers are mneral earths
such as silicé&s, Bid jagd §es scarsie Eaeeared &ve siRaby i xinPneks one, |ine,
chal k, = bol e, ih??@&jzerptlsa){n dolonmidhe, pdiad.Qmeeqoys LaldheqCal Gl g0, sul fate,
magnesi um sul fat e, nmagnesi um oxi de, ground synthetic
grinding in specific types of mills (fcr example hammer
mills). DCs, SCs and SEs are usually prepared by wet milling,
15 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 cogrinding the active substances
20 together with a solid carrier. Granules, for example coated
granules, impregnated granules and homogenecus granules, can
be prepared by binding the selected compounds to solid
carriers. The skilled worker is familiar with further details
regarding their preparation, which are mentioned for example
25 in the following publications: U3 3,060,084, EP-A 707445 (for
liquid concentrates), Browning, “Agglomeration”, Chemical
Engineering, Dec. 4, 1967, 147-48, Perry’s Chemical Engineer’s
Eandbook, 4th Ed., McGraw-Hill, New York, 1963, pages 8-57 and
et seg. WO 91/13546, US 4,172,714, US 4,144,050, US 3,920,442,
3¢ Us 5,180,587, Us 5,232,701, US 5,208,030, GB 2,095,558, US
3,299,566, Klingman, Weed Control as a Science, John Wiley and
Sons, Inc., New York, 1961, Hance et al., Weed Control
Handbocok, 8th Ed., Blackwell Scientific Publications, Oxford,

1989 and Mollet, H., Grubemann, A., Formulation technology,



materials, fertilizers such as ammoni um sul fate, ammoni um phosphate,

ammoni um nitrate, ureas and products of vegetable origin such as cerea

nmeal , tree bark neal, wood nmeal and nutshell neal, cellulose powders or

ot her solid cagr 25 The skilled worker is faniliar with the

multiplicity o surQace active substances (surfactants) which are suitable

for the formulations according to the |ng§nt|on such as, for exanple,

al kali metal salts, alkallne earth nmet al Its or 30 ammoniumsalts of

aromatic sul fonic acids. f nosulfonl aci d, phenolsulfonlc
i ot

aci d, napht haleng¥ul foniee aac?%P ﬁgﬁﬁﬁﬁa$%ﬁﬂﬁﬁipfBEl%eEﬂﬁWX rand of

fatty acids, 20bial kyl- and alkylarylsulfonates, of al kyl sulfates, |auryl
ether sul fates and fatty al cohol sulfates, and salts of PF 54200 56
sul fat ed hexa-, hepta- and octadecanols and of fatty al cohol glycol ethers,

condensat es ofrhsukkonmaedonapht haleneland 4% adenivadlivasyWot hinert
fornaldehyde condensates of _napht hal ene or of the naphthal enesul fonic

acids with pheﬁBPlﬁﬁH“%6FnﬁPﬁe%yH§Il§rBoW?ﬁ%&éFﬁyF%H@ﬂﬂéifPﬁhBﬁ%l et her,

et hoxyl at ed ISj@Qﬁ[ﬁYétlonSO(éEMbrdﬂ{g &@nyh@hﬂn@mlahkyéwe%l pet yatamgal,
et hers, trlbutylpheq¥ pol ygl ycol ether, alkylaryl polyether al cohol s,
i sotridecyl ald8HoF,2 ‘HﬁfyealﬁﬁﬁbF%EPﬁQ?eﬁb i 482cbHENSat BEL Rt Koxy| at ed

caster oil, pqhﬁgxy6iimﬂg8@elﬁ£KMhﬁﬁhBekér@HedHJo@OaYQﬁyp&ﬁﬂy|@@ﬁtﬁﬂﬂ@ﬂre
et hers, Iauryl al cohol polyglycol ether acetate, sorbitol esters,

i gnosul fite ﬁﬁ§%et?¥dﬁ&ﬁsaB? O%&ﬁl??lE%Q?EﬁQiﬁeOrTﬁ%QWﬁQWﬂr&Eaat conposi ti ons,

or the sehgct edippapPoiNdsclcanahe arlaaaap@mﬁ&oeaebo@g pest =ealpgence. | f the
sel ected conmpounds are less well tolerated certain crop plants,

appl i cation t &CRAFEtRs GFdy 2BECTRET A SR th“"tYIJrétggl %%R*B@aéﬁﬁﬁau%lsth&ﬂé
sprayed, withdchevai d:0f, theysprayivagzapparat UseikNasHGhtavway alcchols

such as methanol, ethanol, propanol, butanol and cyclchexanol,
ketones such as cyclchexanone, or strongly pclar solvents, for

15 example amines such as N-methylpyrrolidone or water.

Examples of seolid carriers are mineral earths such as silicas,
silica gels, silicates, talc, kaolin, limestone, lime, chalk,
bole, loess, clay, dolomite, diatomaceous earth, calcium

20 sulfate, magnesium sulfate, magnesium oxide, ground synthetic
materials, fertilizers such as ammenium sulfate, ammonium
phosphate, ammonium nitrate, ureas and products of vegetable
origin such as cereal meal, tree bark meal, wood meal and
nutshell meal, cellulecse powders or other solid carriers.

25
The skilled worker is familiar with the multiplicity of
surface—-active substances (surfactants) which are suitable for
the formulations according to the invention such as, for
example, alkali metal salts, alkaline earth metal salts or

30 ammonium salts of aromatic sulfonic acids for example
Lignosulfcnic acid, phenclsulfonic acid, naphthalenesulfonic
acid, and dibutylnaphthalenesulfonic acid, and of fatty acids,
of alkyl- and alkylarylsulfcnates, of alkyl sulfates, lauryl
ether sulfates and fatty alcohol sulfates, and salts of



that they conme into as little contact, if any, with the | eaves 20 of the
sensitive crop plants while the sel ected conpounds reach the |eaves of
undesi red plants which grow underneath, or the bare soil surface
(post-directegFZ%ﬁMpr). Dependi ng on the intended purpose of the control
measures, the season, the target plants and the growth stage, the
application rates of sel ected conpounds appunt to 0.001 to 3.0, preferably
0.01 to 1.0 kg/ha. Providing the herbicidal target furthernore nakes

possi ble a 30 thod for identifying a | at e dehydrogenase, preferably
Vre i ch § S hEt e Reahr y e G e F AR bi Y6 Chy LA e AN e ae whi ch
has rr:al atﬁ dﬁlgy%cmgamﬁses, prefenabtys m;,suaﬁohiSeﬁiﬂ@hghalm :ledi ifé@r

exanpl e the rbjcidally active c ounds i.C ave been sel ect ed.

Hereaf ter, a Brotei Rl BACH 1TEFLOr RV SUc I OPRSBID0 §F mabhEhA 7 6Pl at e
dehydr ogenasecf ptef ezgphtya M sulSohef eddied whohashdi wani shtnaidhghe) S
encoded by.a nucleic ac&d sequence mﬂich 5 ié encodes a. ohﬁgfptide wth
the bi ol ogi caP°REPIXAHY 107 £° HaPRERC teHy G ogBhASE \iEeh T F 2ot i nhi bi t ed by
herbicidal |y astjwme csubhshansiesmdldenikfimetnly bbey@beve- earati oned net hods
which inhibit mal ate dehgfro enase, greferabl i) are encoded by a

MDH, 10 i
FUncti onal _eqif Ja1 eae on T He nrers St cosibtice SE0/P B0 S WhERCa
| east 63% i dentbtyiduckh aSERJID Kex8y dixdndldeprefald eaiegbasid®Btiet e
abovenenti oned net hod f or ener.ating nucl eic_acid sequences encodi ng MDH

variants of RERPE{IETEE GRSETfuSidesPROHBRISSEY LEPR I BHY Tof “RRES U1 | owi ng
steps: 201@) BXPYRSFIrOPBy0End he pnobehdiss encoded Hycdie aboyeneidl engdr

acetate, sorbitol esters, lignosulfite waste liquors or

methylcellulose.

The herbicidal compositions, or the selected compounds, can be
15 applied pre- or post-emergence. If the selected compounds are
less well tolerated by certain crop plants, application
techniques may be used in which the selected compounds are
sprayed, with the aid of the spraying apparatus, in such a way
that they come into as little contact, if any, with the leaves
20 cf the sensitive crop plants while the selected compounds
reach the leaves of undesired plants which grow underneath, or

the bare so0il surface (post-directed, lay-Dby).

Depending on the intended purpose of the control measures, the
25 season, the target plants and the growth stage, the
application rates of selected compounds amount to 0.001 to

3.0, preferably 0.01 to 1.0 kg/ha.

Providing the herbicidal target furthermore makes possible a
30 method for identifying a malate dehydrogenase, preferably MDH,
which is not, or only to some extent, inhibited by a herbicide
which has malate dehydrogenase, preferably MDH, as its site of
action, for example the herbicidally active compounds which

have been selected. Hereafter, a protein which differs in such



nucleic acids in a heterol ogous systemor in a cell-free system b)

random zed or directed nutagenesis of the protein by 25 nodification of the
nucleic acid; c) nmeasuring the interaction of the nodified gene product

with the herbigigi'cpo d) identification of derivatives of the protein which
show |ess infer %QOn; e) assaying the biological activity of the protein
after application of _the herbicide; PF 53%00 58 f) selection of the
nucl ei ¢ aci d sequences which have nodifi bi ol ogi cal activity with regard
to the herbicide. 5 The functional equivalent of SEQ 1D NO 3 in accordance
with ii) has®at®Y eQst™ @3%%&%@%5%76 % BYSHFEIRe O  at s | ESITTe6879% 68%
69% 70% 71%o729%MDiB%ar74h, Byniphel erencricat bl eastuc183% ad6Ysc6i%ncd 8%
79% 80% preferably at |least 81% 82% 10 83% 84% 85% 86% 87% 88%

89% 89% 9094943, 929 93% especially preferably at |east 94% 95% 96%
97% 98% 99% honology wth SEQ ID NGO 3. The sequences sel ected by the
above-descri bed nethod are 15_advant agequsl intrgduced into an organi sm
This is why the iAVERISDR PGHH%W&%WREM{%%H QAL SR YA pY eDar®ed by

this nmethod. The @rpand sivnverpseisiahhycn pd anit, iespeciad Iy preferably one
of the above-defined croegﬁ}ants.,zo Thereafter, intact plants are
regenerated, and t RBTPESI Bt dNcet e HESERTETT ddidohpothd Y $PFePPY%d in

intact plants. Modihteshddl ek€hdss and/car i ALCH L eaaaﬁitésclamc}}c&f@géh@s@;apabl e of
mediating, in plants, resistance to the selected conpounds can 25 al so be

prepared from the Bboberdhat MBHed nucleic acid
10

ii) are encoded by a functional equivalent of the nucleic
acid sequence SEQ ID NO:3 with at least 63% identity with
SEQ ID NO:3.

15 In a preferred embodiment, the abovementicned method for
generating nucleic acid sequences encoding MDH variants of

nucleic acid sequences comprise consists of the following

steps:

20 a) expression of the proteins encoded by the abovementicned
nucleic acids in a heterologous system or in a cell-free
system;

b) randomized or directed mutagenesis cf the protein by

25 modification of the nucleic acid;

c) measuring the interacticn of the modified gene product
with the herbicide;

30 d) identificaticon of derivatives of the protein which show
less interaction;

e) assaying the biological activity of the protein after

application of the herbicide;



sequences via what is known as "site-directed nutagenesis"; by neans of
this nutagenesis, for exanple the stability and/or activity of the target
protein or the characteristics such as binding of the abovenentioned

i nhibitors acggrg#Q% to the 30 invention can be inproved or nodified in a
hi ghly specifi ner. For exanple, Zhu et al. (Nature Biotech., Vol. 18,
May 2000: 555-558) have described a sitezdirected nutagenesis nmethod in PF
54200 59 plants which can be used advant%geously. Mor eover, nodifications
can be achieved via the PCR nethod described by Spee et al. (Nucleic Acids
Research, Vol. 21, 5 No. 3, 1993: 777-78) using dl TP for the random

mut agenesi s, 6y byelde ifour bliethd myoved aeidhodqbnRet s et hate (Protein
Expr. Purif., 5, 1994:.. 27%1211%, A further passibility of Eroducing t hese
modi fi ed proteins "I ETE 6 AU ST 2GEFEEEY & FRIFTE IS F8Eonbi nati on
techni que for nol retibaridevol uti on whi ch has been described by Stemrer et
al. (Proc._Natl. Acad. Sci. USA Vol. 91, 1994: 10747-10751), or the

conbi nati oh of the PCR and reconbi nati on nethod described by More et al
(Nature Biot echaothogytivakl dehivh996t oASpd580467)3 A huebh@inaayitar the
mut agenesis of proteins_is described by Geener et al. in Methods in

Mol ecul ar BioFbgyhiaﬂﬂt.l%??tl :6437§%§85f56A]ﬁéﬁﬁﬁgeFSPc?nﬁﬁf%ﬁaﬁﬁ pr ot ei ns
usi ng the 20 ayey agyrgambsm Bs,cahk, Xizd, Red,i sadessr ihedelondP-A- 02909 821.
During its reglgcathon ghii ﬁicrgorgqpisn1 enerates nutations in the

nucl ei ¢ aci ds/whi ctPavébebit i MFodticed PARICFRRIYY |13¢adeast o 5 mbdif i cat i on
of the gereti ezt nforyasion. s@dvantagesus soryckes ¢ |G, dsiandodhe y3rot ei ns

encoded by them can he 25 identified readily by_isolating the nodified
nucl ei ¢ aci ds®oP=ct YrrBH‘F%?@’dﬂﬁr S‘Fejr?l?tar?é"’ca?’/??ﬂi ngg6’°0ut99FES?%7t'a Cé tests.
The homology with SEQ ID NO:3.

The sequences selected by the above-described method are

15 advantageously introduced into an organism. This is why the
invention furthermore relates to an organism prepared by this
method. The organism is preferably a plant, especially.

preferably one of the above-defined crop plants.

20 Thereafter, intact plants are regenerated, and the resistance

to the selected compound is verified in intact plants.

Modified proteins and/or nucleic acids which are capable of
mediating, in plants, resistance to the selected compounds can

25 also be prepared from the above-mentioned nucleic acid
sequences via what is known as “site-directed mutagenesis”; by
means of this mutagenesis, for example the stability and/or
activity of the target protein or the characteristics such as
binding of the abovementioned inhibitors according to the

30 invention can be improved or modified in a highly specific

manner.

For example, Zhu et al. (Nature Bictech., Vol. 18, May 2000:

555-558) have described a site-directed mutagenesis method in



former can then be introduced into plants, where they are capable of

mani festing the resistance and thus lead to resistance to the herbicides.
30 Further methods of mutagenesis and selection are, for exanple, nethods
such as the in vivo mutagenesis of seeds or pollen and the selection of
resi st ant allﬁ#egh%?a the presence of the inhibitors according to the

i nvention, folTowed by genetic and PF 54200 60 nol ecul ar identification of
the nodified, resistant allele and also ghe nutagenesis and sel ection of
resistances in cell culture by propagating the culture in the presence of
successi vel y L?q&%g%%g Lconc ntrag&q&;}of t he ifhibitors 5 according to the

. . an he us antageo . .
invention. In IS CcOon ex%, the 1T ncrease Op- Fﬁeyspontaneous nutation rate

by chem cal / physi cal nmutagenic treatnment nay be exploited. As described

above, nodifiged genes _can.alsqQ be isolated, using m.croor S i ch have
an endogenougo%r‘?ﬁéoﬁﬁlh%haiégpfvf?§kﬁ?afﬁée%?%Fgﬁhgggngggglq%§g20 t he
nucl ei ¢ aci dsdesedbea bheSpret had zaccondilrg ct 8cide Rdsreent) oml.ard, whi ch are

sensitive to the jinhijhi,itors, Jdentified in_accordance with the invention.
G owi ng th5te {Fnobrédo:lggéi' s?ré7 op)ngqrnlslail%lqwﬁgI[Tlﬁ> iCRE r 6451 TG OBNE IR oRs oF
i nhi bi tors acboprdiengutraht heingneenti aacipey mift Bet hes sel act | oprddziandxpyvol uti on

of resistant yarjants o e far according to the invention. The
mut at i on freqé%ﬁ% " %h E%%%jzﬁﬁngng'increased by mutagenic treatnents.

Met hods for the specific nodification of nucleic acids are 20 furthernore
Beot hom ot al b, ST RACT ok, 6 OUTRAT VBT SEEE790 BT  These
met hods nmake passiblractbec acplsadcenmentin-dvittberprotdinas ionf tddioseuan no
aci ds which a%gr Ao éyh ggteéégﬁgigg Qﬁ{gﬂl%%sOLeégwgégégg gdbgyféyg%hggngély

al. (Prcc., Natl. Acad. Sci. USaA, Vol. 91, 1994: 104747-10751),

or the combination of the PCR and recombinaticon method

described by Moore et al. {Nature Biotechnology Vol. 14, 1996:

15 458-467) .

A further way for the mutagenesis of proteins is described by
Greener et al. in Methods in Molecular Biology (Vol. 57, 1996:
375-385). A method for modifying proteins using the

20 microorganism E. coli XL-1 Red is described in EP-A-0 909 821.
During its replicaticon, this microorganism generates mutations
in the nucleic acids which have been introduced and thus leads
to a modification of the genetic information. Advantageous
nucleic acids and the proteins encoded by them can be

25 identified readily by isclating the modified nucleic acids or
the modified proteins and carrying out resistance tests. The
former can then be introduced into plants, where they are
capable of manifesting the resistance and thus lead to
resistance to the herbicides.

30
Further methods of mutagenesis and selection are, for example,
methods such as the in vivo mutagenesis of seeds or pollen and
the selection of resistant alleles in the presence of the

inhibitors according to the invention, followed by genetic and



25 anal ogous am no acids which, however, prevent the inhibitor from

bi ndi ng. The invention furthernore therefore relates to a nethod for
establ i shing nucl eic acid sequences which encode gene products 30 which
have a nodified biological activity, the biological activity having been
nmodi fied in sgghegpogppy that an increased activity is present. An increased
activity is understood as neaning an activity which is increased by at

| east 10% preferably by at |east 30% egpecially preferably by at |east PF
54200 61 50% very especially preferably by at |east 100% i n conparison

wth the StarFn&P&lﬂragfa%%mif”catﬁ%nséf‘réﬁe”%o%‘?leecﬁ’f QUGL J%’brl%to‘i%r ankNe
bi ol ogi cal activity can have been nodified In such a way t hat the
subst ances andl®r WEenposhidors sacodr 8¢ heptE.onoof heed imrenteonimacdidanger bi nd,

or no | onger gﬁg&ﬁ%&y%tyﬁg%gpﬁiﬁnﬁh%hg“Sdleéu%ea'%dﬁrzee%%%@%ﬁéeaé@/ or the gene

products encode r "t he purposes of t irnvention,” no | onger, or
no |onger prepesdssiviedyt onbeamdgr stoothastieani oy thratinhbleiteubst ances

bind by at_le 9 S ref er I t %10 | ess ially
preferably5byg§%ocgg@t%ioﬁg?égg%n$§%§'a%%ﬁ%%?a ?@ﬁ%%gfg?%bf§§%§E%t%%east 80%
| ess, or indeetdenzportgngers ntuwrathennpalid ited chanied / rdgisdsa Armitergegeéne

products in Q i.S0 i the s ti ne. preoduyct or e-start]
nucl ei ¢ acids%r%%§$g§'ga?t%?ﬁ%%)gé%gét}%?dgﬁgrfn%gﬁ#Fgﬁ’tﬂégéjg?gg%gggtes to
a transgeni ccphantsoMrechshastdtean ihg ansfmomgdnidtd wninbcheve araci d sequence

whi ch encodes .3, gene. r gdugle il g, mediflied bl alogleal actividay gr Wi th 2
nucl ei ¢ aci d sequence encodi ng 20°an wﬁﬁ'va i nt - Transt or mat 1 on net hods are
known to the tskitudginorkeds argddéhathedsthptiheccatbvg by Way of exanpl e.

Genetically n?Q%éAEQHﬁrgﬂgg&ﬂﬁﬁl%&%nggthh%% %Eetﬁ§§L§£%EEO£Q
identified in accordance with the invention. Growing the
microcrganisms on media with increasing concentrations of
inhibitors according to the invention permits the selection

15 and evolution of resistant variants of the targets according
to the invention. The mutation frequency, in turn, can be

increased by mutagenic treatments.

Methods for the specific modification of nucleic acids are

20 furthermore available (Zhu et al. Proc. Natl. Acad. Sci. USA,
Vol. 96, 8768-8773 and Beethem et al., Proc. Natl. Acad. Sci.
USA, Vol. 96, 8774-8778). These methods make possible the
replacement, in the proteins, of those amino acids which are
important for the binding of inhibitors by functionally

25 analogous amino acids which, however, prevent the inhibitor

from binding.

The invention furthermore therefcre relates to a method for
establishing nucleic acid seguences which encode gene products
30  which have a modified biological activity, the biological
activity having been modified in such a way that an increased
activity is present. An increased activity is understood as
meaning an activity which i1s increased by at least 10%,

preferably by at least 30%, especially preferably by at least



substances found in accordance with the nmethods according to 25 the
i nvention and/or to conpositions conprising these substances can al so be
generated by transformation, followed by overexpression of a nucleic acid
sequence aCCOﬁﬁ“%%%o o the invention. The invention therefore furthernore
relates to a "nethod for the generation of transgenic plants which are 30
resistant to substances found by a nethodsfccording to the invention, which
conpri ses overexpressing, in these plants,” nucleic acids encoding a nal ate
dehydr ogenase referably MDH.. A simlar thod is described by way of
exanpl o i n Lot RntovE Ser=GIe LLYpPARES PHySi OF . 5° 122550800+ 75 <omB3% P 54200
62 The abovewilesamicbedaneihpdscaacat diaigthe sherdim¢esth®ndotuctgenerati ng
resi stant plants nmake possibl e the. devel gpnent of novel herhicides which
have as conpl €t’®d§ po E?gFéﬂﬁﬁlﬁﬁ%i?ﬁF%g iE?P;hfﬁenagﬁﬁdﬂﬁﬁﬁaﬁﬁ the plant
speci es -(what s@fte kmawntias: tensebecinase haobbtidespbsitDogOrdtideatiian W th
t he devel gpnment _ of .useful plants which are resistant to the nonselective
her bi ci de.> UsEf Ui BREST Wil &R APRSTodi'Chant™ 15° nohSEFeBETve TheRBlei des
have al ready beemedesclébeddin seyesade0GeagbONShe HenknpthdscteoRhexded ONE
can di stingui sh hetween several Erin%%%hgs.for achieving a resistance: a)
£° W ©

Generation of °¥ &di¥rante Tif £pP3 t &PV ORIt h88s 6t e 8ondY nant
met hods by marke:y pevpsproduc ng bdeukrprobei &£ Waaghngctisatashkar get for
t he herbicide and by the, ct that, owing.to the |ar excess of %&p
protein whi chs‘ié%ttaé‘cﬁg }P%{?%Z{Y £&r ??"h%t \tgé)rﬁbilﬁ?%le,pﬁeﬁfgrggﬁ%t?% SBREr TRy by
this prote n i1&sd hesgektlalsy enefcrebnl n8d a8f Lessapply caks privaafy t he
herbi cide. 20 Q%nggificé%io of the Ian& ?@gggghat a npdified version of
the protein whTRAFidCLY BECTHPGeY BY The Herbl f e of ioteed 7o
' longer, to the modified nucleic acids and/or gene products in
comparison with the starting gene product or the starting
nucleic acids.
15
Yet a further aspect of the invention therefore relates toc a
transgenic plant which has been transformed with a nucleic
acid sequence which encodes a gene product with a modified
biological activity, or with a nucleic acid seguence encoding
20 an MDH variant. Transformation methods are known to the

skilled worker and detailed further above by way cf example.

Genetically modified transgenic plants which are resistant to
substances found in accordance with the methods according to

25 the invention and/or to compositions comprising these
substances can also be generated by transformation, followed
by overexpression of a nucleic acid sequence according to the
inventicn. The invention therefore furthermore relates to a
method for the generation of transgenic plants which are

30 resistant to substances found by a methed according to the
invention, which comprises overexpressing, in these plants,
nucleic acids encoding a malate dehydrogenase, preferably MDH,
A similar method is described by way of example in Lermantova

et al., Plant Physiol., 122, 2000: 75 - 83,



i ntroduced and that the function of the newy introduced nodified protein
is not adversely affected by the 25 herbicide. ¢) Mdification of the plant
such that a novel protein/a novel RNA is introduced wherein the chem ca
structure of fh.zeq.ztbro()t ein or of the nucleic acid, such as of the RNA or 30
t he DNA, whi cﬁ structure is responsible for the herbicidal action of the

| ow- nol ecul ar - wei ght _.substance, is nodifi so that, owing to the nodified
structure, a herbicidal action can no |onger be devel oped, that is to say
that the interaction of the herbicide with the target can no longer gill PF

54200 63 take place. d) The function of the target is replaced by a novel
gene introduted dmtve-tiagcplisnt mecheds iaigomiahgi o kitewinasnaion Foal t er nati ve

pat hway. e) The function of the target is taken.over_ by another gen whi ch
is present inJEHeE pramt ,re%JrStﬁSF%i Piaggﬁemag(reogﬁéf‘?blel(fh‘?hgeg?dt'?gfnéed‘%v\ﬁ%ker i's
famliar w thnatdemrabivedeethads hove idenbhbyety dheckemlogouscauchei ¢

ids, f e .in. oth I ith siml \ h , f
xanpl e, Ui NG Tt ApOSORE dHio oby BB i ERET L (HGFer br & 16 F8l at s to

the use of al hefinatdote vinseriiicilesy} agenesbsngei hods thokhé heeih cphsetti on,
into ot her pl a?ts of f@r ej gn nugl eic aci.ds into the nucleic acid sequence
0 d

SEO I D NO 3 1 At o Scile ROBET YT AadaTY r T AEhaEE LB OBES B g Eo t ho

geneti c code nathodidedevsyail vA2n0E Sdh sequedses.an?0tdhecidansgenec pl ants
are gener at edh%ﬁ%custonggﬁ transfornmati on nef hods whi ch have been descri bed
h

above, using I KEEViCEEY aBove-HESE PR P e MESEE e 361 OF fie

expr essi oI cassetiies caaeoxt nghet @eahheidtiventcBMbetween several

principles for achieving a resistance:

a) Generation of resistance in a plant via mutation methods
or recombinant methcds by markedly overproducing the
15 protein which acts as target for the herbicide and by the
fact that, owing to the large excess of the protein which
acts as target for the herbicide, the function exerted by
this protein in the cell is even retained after
application of the herbicide.
20
b) Modification of the plant such that a modified version of
the protein which acts as target of the herbicide is
introduced and that the function of the newly introduced
modified preotein is not adversely affected by the
25 herkicide.

¢) Modification of the plant such that a novel protein/a
novel RNA is introduced wherein the chemical structure of
the protein or of the nucleic acid, such as of the RNA or
30 the DNA, which structure is responsikle for the herbicidal
action of the low-moclecular-weight substance, is modified

so that, owing to¢ the modified structure, a herbicidal
action can no longer be developed, that is to say that the

interaction of the herbicide with the target can no longer




25 The expression efficacy of the reconbinantly expressed MDH variant can
be determ ned for exanple in vitro by shoot neristem propagation or by a
germ nation test. Moreover, an expression of the nal ate dehydrogenase, 30
preferably ND?E [y whi ch has been nodified in terms of nature and |evel,
and its effect on e resistance to nal ate dehydrogenase, preferably NMDH,
inhibitors can be tested on plants in gregnhouse experinents. PF 54200 64
The invention is illustrated in greater detail by the exanples which
follow, which are_not to be considered as limting. Exanple 1. Ceneration
of a cDNA |ibrary™ % thé frant 5 transformation vector To generate a cDNA
library (hereinbelow terned "binary cDNA |ibrary") in a vector which can be
used directly for__transformn | ant s was isolated froma variety of
i ant 10 t1 safibs. M TPRISER B i teBhn b AR b BNACHST g e —GNA
Synt hese Kit (Aneishesaddear fmecs actdi @tleah, &feithuegyhatdhie kaDNA 44 rsst - st rand
synt hesi s s carried out. using T12-18 oligonucleotides follow ng the
manuf acturer's inéh?ﬂﬁt&ﬁg.pa Y% size fractionation and the ligation of
EcoRI -Not| 15 adapters follow ng the manufacturer's instructions and filling
up the over hangs ﬁ‘imth Pf u  DNA ﬁol merase,_(Stra agene , .the cDNAquopuI ation
was normal i zed’ TOPEHTE€%ERE" TheietRodSbitS KGIFER BYCRIPY 216885 Bt
Journal 8, 771-776hunas foblreved; irhehecPNibeicigbanptd fjeed byo®CR With the
ol i gonucl eotide Ni under 20 the conditions given in Table 1. PF 54200 65
Table 1 Tenperature [C] Tine [sec] Nunber of cycles 94 300 1

10 The skilled worker is familiar with zlternative methods for

identifying the homologous nucleic acids, for example in o¢ther
plants, with similar seguences, such as, for example, using
transposons. The present invention therefore also relates to
the use of alternative insertion mutagenesis methods for the

15 insertion, into other plants, of foreign nucleic acids into
the nucleic acid sequence SEQ ID NO:3 into sequences derived
from these sequences owing to the genetic code and/or

derivatives of such sequences.

20 The transgenic plants are generated by customary
transformation methods which have been described above, using
one of the likewise above-described embodiments of the

expression cassettes according to the invention.

25 The expression efficacy of the recombinantly expressed MDH
variant can be determined for example in wvitro by shoot

meristem propagation or by a germination test.

Moreover, an expression of the malate dehydrogenase,

30 preferably MDH, gene, which has been modified in terms of
nature and level, and its effect on the resistance to malate
dehydrogenase, preferably MDH, inhibitors can be tested on

plants in greenhouse experiments.



94 8 10 52 60 72 180 94 8 10 50 60 72 180 94 8 10 48 60 72 180 72 420
1 The resulting PCR product was bound to the colum matrix of 5 the PCR
purification kit (Q agen, Hilden) and eluted with 300 nM Nap buffer, pH
7.0, 0.5 M\AEP%A% 04/oSDS The DNA was denatured for 5 minutes in a

boi l i ng water 4 and subsequently renatured for 24 hours at 60C. 50 ul of
the DNA were applied_to a hydroxyl apati tg colum and the colum was 10
washed 3 tines vvithlm of 10 nmv Nap buf e pH 6.8. The bound
single-strandi w% with 1(? buffer BH68 gi itated
with ethanol and di'€& Ilv%dl?nl 4G°GF267 WatgéF t5H T3 hePBof" é‘ BY for a
further PCR anpldd ifeatlbepn wiaischdeser hbedabeveonAfdared uet hefii SiSigNA
concentration, a third 15 PCR anplification was carried out as descri bed
above. The pI ant transfornmation vector for taking up the cDNA popul ation
whi ch had beenxgsnes atedersradaser bbes @boveivasry genenat pdavi a restriction
enzynme cl eavage of_the vector pUC18 20 with Sbfl and BanH, purification of

the vector® fr 5?%%&“@6%%%%% filling up the overhangs with Pfu DNA

pol ynmerase and religation with T4 DNA |igase (Stratagene). The resulting PF
54200 66 congtruct is hereinbelowter rred pUCI 8Sbf | -. The vector pBi nAR was
first cleaved ®i IHNGEF, atﬁ%meﬁrd TheY e efrlellpgﬁl?fb LEaeth P 1t P &é
religated, cleayetywthnShftgctdoi€which can be used directly for

transforming plants, mRNA was isolated from a wvariety of plant

10 tissues and transcribed into double-stranded cDNA using the
cDNA Synthese Kit (Amersham Pharmacia Biotech, Freiburg). The
cDNA first-strand synthesis was carried out using T12-18
oligonucleotides following the manufacturer’s instructions.
After size fractionation and the ligation of EcoRI-NotI

15 adapters following the manufacturer’s instructions and filling
up the overhangs with Pfu DNA pclymerase (3tratagene), the
cDNA population was normalized. To this end, the method of
Kohci et al., 1995, Plant Journal 8, 771-77¢6 was followed, the
cDNA being amplified by PCR with the oligonucleotide N1 under

20 the conditions given in Table 1.



5 ends were filled up and the vector was religated and subsequently cl eaved

with EcCoRI and HindllIl. The resulting fragnment was ligated into a
derivative of the bi nary plant transformation vector pPZP (Haj dukiew cz, P,
Svab, Z, Mali o (1994) Plant Ml Biol 25:989-994) which makes possible

the 10 transfor maqtl on of plants by neans of agrobacteriumand nediates
kanamycin resistance.i.n transgenic plantsg, The construct generated thus is
her ei nbel ow ternmed pSunl 2/ 355. pUC 8Sbfl-"was used as tenplate in a

pol ymer ase ch@i nlergﬁlg\ti on 15 (PCR) with the oligonucleotides V1 and V2 (see
Tabl e 2) and B pol ymerase. The resulting fragment was |ligated into
the Smal -cut pSunl 2/ 35S, gl Vi ng riseto pSuan uesZ Foll ow ng cleavage with

Not | , dephospm—at—{—&n—ni } ... Hp—atkal phosphatase (Roche
Di agnosti cs, |MiARR&! M- and] e cg?e%]n of tﬁ%e gec? fragnent ,

U

pSunbl ues2 wa®4l i gated with t|3¢0 normal ized, |ikew se Ne)t | -cut cDNA

popul ati on. FW rg—transtarmatton—+nto—E—<€el+—d—blue (Stratagene), the
resulting clo ds wer e deposi tled into m'c?%titer pl ates. | The binary cDNA

i brary contaliszs cDNAs in "semee” and in 25 "antisense"|orientation under

t he control of—thecauf

lower—mpsalc—virus 35S pronoter, and, after
transforrratl off%into tobacco 6I88nts t hese cDNAs can, accordingly, lead to
"cosuppressi oz and "anti sens@” effects|i®#F 54200 67 Table 2:

A i gonucl eot i des-usedO-igondcleotide Nucleic acid sequence Ni

5' - AGAATTOGOGGEOGCT- 3' (SEQ I8N0 4) VI | ( PWL93not )
5' - CTCATGCGEOGRCGCCGCAACCCAATTARIGIG 37 (SEQ ID  NO 5) V2 (pW92)

5' - TCATGOGGCC TGTAAC-3'- { SEQ 1D NO- 6) Gl (35S9)
5' - GTGGATTGATGFGATATCTCC- 3' (|SEQ I D No 130

48 60

72 18¢C

72 420 1

The resulting PCR product was bound to the column matrix of

5 the PCR purificaticon kit {(Qiagen, Hilden) and eluted with 300
mM NaP buffer, pE 7.0, 0.5 mM EDTA, 0.04% SDS. The DNA was
denatured for 5 minutes in a boiling water bath and
subsequently renatured for 24 hours at 6C°C. 50 pl of the DNA
were applied to a hydroxylapatite column and the column was

10 washed 3 times with 1 ml of 10 mM NaP buffer, pH 6.8. The
bound single-stranded DNA was eluted with 130 mM NaP buffer,
pE 6.8, precipitated with ethanol and dissolved in 40 ul of
water. 20 pl thereof were used for a further PCR amplification
as described above. After further ssDNA concentraticn, a third

15 PCR amplificaticn was carried out as described above.

The plant transformation wector for taking up the cDNA
population which had been generated as described above was
generated via restriction enzyme cleavage of the vector pUC18
20 with SbfI and BamHI, purification of the vector fragment
foliowed by filling up the overhangs with Pfu DNA polymerase
and religaticn with T4 DNA ligase (Stratagene). The resulting



& (OCS) 5' - GTAAGGATCTGAGCTACACAT-3" (SEQ ID NGO 8) Exanple 2:

Transformati on and anal ysis of tobacco plants 5 Selected clones of the
binary cONA library were transfornmed into Agrobacterium tumefaciens

C58C1: pGV2260Pg.n? 4dgblaere et al., Nucl. Acids. Res. 13(1984), 4777-4788)
and i ncubated w ?1 St rept onyci n/ Specti nonycin selection. The material used
for 10 the transformation of tobacco plangg (N cotiana tabacumcv. Samsun
NN) with the clone nt00203504lr was an overnight culture of a positively
transforned agrobact eri.al | o di Luted. wi medi umto OD600 =
0.8-1.6. Leaf% F%gguco lss?%?ﬂrgyeﬁognfgrrﬁ%% r‘%ﬁ?%ﬁm each) were incubated
for 5-10 15 mnutes with the agrobacterial dilution in a Petri dish. This
was fol | owed i tion in the r da C.on r ashi_ge- Skoog
medi um ( Physi gﬁe %‘%%%’taf lp%é?}fges S f%i% (f:is)%aﬁfp de%ﬁ?gﬁao’wz"s't S (2NVB
medi um) and 0£8% Bactiw aagathe VEwogulbs vatlignteds cOrvenuedtaf $iefl, 2 tdays
with 16 hours of, 20 |i ght urs of . darkness _and_continued in a weekly

rhyt hm on gweﬁgaiﬁ%}es%géégﬁeh\? 61 d\c/)vitpﬁ %%%Cor}:g)dfscf% L aécr?%( &8% ot axi me

sodi um, 50 ngtbskawamie nledveril theRzykAmmiopund NEL ( BAR) res0l2imuy/ |

napht hyl acetic._acid .and _1 | . al ucose._ G ow.n ots.were transferred
onto. NB. redi Ui ST et sao Bl ioh “Eo8 dricr e Y28 g PR e v and 0. 8%
Bact 0 agar. Regenefatned icshoetsomeP@rt (Bnsferiredcont, 2MBbpedi mliga,

suppl emrented wth 4 k E N, AN aforan._ _Tran ni lL.ants of
R E0000005850  hey D %ggégg?%lda%l%q{%sg%&a%ﬁgﬂ.w A maes SO R

cl one cDNACI nttoathbhEogeridee of plwmntsSbhyrmemsgemiicaproesctsasudetett ed via PCR
with the oligag eot,] : e. Tahl m &, DNA - prepared
fromthe tr an%ﬁg%g%eﬁ igr?ggﬁ?%%%%ﬁ%ﬁgégou% %t}gﬁgﬁ%?f‘@%ﬁg%_é% DNA

pol ymer ase wasopeefertaliepeceaptdyedds fiel howtingelow termed pSunl2/358.

pUCLB8SbfI~ was used as template in a polymerase chain reaction

15 (PCR} with the oligonucleotides V1 and V2 (see Table 2) and
Pfu DNA polymerase. The resulting fragment was ligated into
the SmaI-cut pSunl2/35S5, giving rise to pSunbluesZ. Following
cleavage with Notl, dephosphorylation with shrimp alkaline
phesphatase (Roche Diagnostics, Mannheim) and purification of

20  the vector fragment, pSunblues2 was ligated with the
normalized, likewise NotI-cut ¢DNA population. Following
transfcormation into E.coli Xl-1lblue (Stratagene), the
resulting clones were deposited into microtiter plates. The
binary c¢DNA library contains cDNAs in “sense” and in

25 “antisense” orientation under the control of the cauiiflower
mosaic virus 355 promeoter, and, after transformation into
tobacco plants, these cDNAs can, accordingly, lead to

“cosuppression” and “antisense” effects.
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Example 2: Transformation and analysis of tobacc

Selected clones of the binary c¢DNA library were
into Agrobacterium tumefaciens C58C1l:pGV22¢60 and

al., Nucl. Acids. Res. 13(1984),

r

Streptomycin/Spectinomycin selection. The materi

the transformaticn of tobacco plants (Nicotiana
Samsun NN} with the clone nt002035041r was an ov
culture

diluted

of a positively transformed agrobacteria

0.8-1.6. Leaf

with YEB medium to 0OD600

sterile plants (approx.

minutes with the agrobacterial dilution in a Pet
was followed by incubation in the dark for 2 day
15{(1962)

Murashige-Skoog medium (Physicl. Plant.

supplemented with 2% sucrose (2MS medium) and 0.
The cultivation was continued after 2 days with
light/8 hours of darkness and continued in a wee
MS medium supplemented with 500 mg/l Claforan (c

sodium), 50 mg/l kanamycin, 1 mg/l benzylaminopu

0.2 mg/l naphthylacetic acid and 1.6 g/l glucose.
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wat er mel on (P19446, Swi ssprot) with 77.5%identity at the nucleotide |evel
(90. 7% simlarity, or 85.4%identity, at the protein level), cucunber,

Ar abi dopsi s, soybean and rice. The Ntermnal 38 am no acids are presumably
a gl yoxysonal Pfrﬁ)fdot 15 sequence. Exanple 4: Expression in E.coli To
generate active -VDH protein with plant MDH activity, the 20 coding
regions Nt-MH and MDH from Arabi dopsis (ggnbank: At2922780) was
overexpressed in E. coli bacteria. To this end, N-MH fragnents were

anplified by PCR usi.ng_specjfic __oljigonucleotides and Plu-Ut Pal rase
(Strat agene) g?‘n%amyicllé]ata 85 Cig;inaféc()3 e gg%r}sé’sesﬁlgnpvae%?soroc%p&hner%{f{lﬁ?ap&%gégg
(I'nvitrogen) Q&rd canstratuetisiNtthiandakddr. Table 7). In this manner, encoded
fusion proteins with Cterm nal hexahistidine tags were generated. The use
of the specified oligonucleotides in the cloning step gave N-termnally

truncated verShonmtelyrdbikbh of ahderldn: exddirudetd hehaglgeaxys osml tHer ansi t
sequence, 5‘{“ h_m ght, 30.counteract functi.on expr.ession. The starting
poi nt was he%r?rf‘ség%?iltc géaﬁ%ﬁ”ca@ glfa%?%réeév:vzﬁlear %%Fo‘ﬁ 9l 3§‘§ysonal MDH (Getl. et
al . 1996, BBAcl2ddhud8cbBYes The aRERsMass«camabed DUtaridngdbomtyanas f ol | owi ng
standard condi ti ons d(ffor e\z:]i Ienasedes ri bedi b Sa%:nbr 00K ..Setengl. (1989)
"Ml ecul ar cl BhfRR A 8Bo ?ng:rrﬁ PECBA20076 HeRiEi ™ cof 8 'Sh 17§ Har bor
Laborat ory PressAga tThe anmeadliyigratenpes atreresabey rghphetweentiS andg55C and
the polynerization ti being .in _each case 60.seconds_per 100Qhp.
tenpl ates an ‘fH‘éarb'lrtjiagg%eﬂssg&nfgtsfu?ihjéoriser%f’ fie‘f’n%é%ég??%%) 'a?%es g&% in 5
Tabl e 7 toget hesnavidth thhebamnealdbry 1 amperyat unesh clableeh#dConst nsetl in
Anneal ing Priper, (Nucl elc acld sequence). . Lemp eralung iate for 2 per

reaction as the positive control. PCR products with an

identical size or, if appropriate, identical cleavage patterns

which were obtained after cleavage with a variety of

15 restriction enzymes acted as proof that the corresponding cDNA
had been integrated. In this manner, the insert c¢f clone

nt002035041r was detected in the transgenic plants with the

abovementioned phenctypes.

20 After the shoots had been transferred into soil, the plants
were observed for 2-20 weeks in the greenhouse for the
manifestation of phenotypes. It emerged that transgenic plants
of line E_0000005869, in which the nt002035041r insert had
been detected, were similar in phenotype. These plants showed

25 vronounced growth retardation after 2 weeks and also chlorotic

leaves and, in some cases, necroses.
Example 3: Sequence analysis of the clones

30 The Smart-RACE kit (Clontech) was employed following the
manufacturer’s instructions to isolate a full-length cDNA
sequence of nt002035041r (SEQ ID NO:2). The 1513 bp SEQ ID
NG:2 encodes a protein of 320 amino acids on an open reading

frame (nt 148-1221) which is 960 nt in length.



[C] Nt-gMDHElul' 53 5' - ATGAGGGCGAAAGGEGG 3' (SEQ I D NO 9)

5' - TTTCTTTACAAAGTTGACACCCTTC-3" (SEQ 1D NO 10) (2 56

5' - ATGCGGGCAAAAGGTGG 3" (SEQ ID NO 11) 5' - TTTCTTCGCAAAGGTAACACC-3' (SEQ ID
NG 12) 10 (1) A € Ni cotiana tabacuum cDNA |[ibrary (2) Tenpl ate:

Ar abi dopsi s tﬁal iana cDNA |ibrary The PCR products were ligated into the
vector pCR T7/CT TOP._and transforned i ntg coli. Expression was perforned
i-n EE 15 coli BL21(DE3) strains such as 321( DE3) pLysS or BL21(DE3) pLysE
(I'nvitrogen), BL21-CodonPlus(DE3) or BL21- CodonPlus(DE3)RI L (Stratagene)
follow ng induction wwth IPTG Standard protocols (Invitrogen) were

fol l owed. 20 Thesexipf essi b@erpl’s(mbumt soof tid -ngBH— EilnarchdAl n giDHr IRk ivene

purified by affinity chr y on N - se. The manufacturer
i nstructions RNere" ]fotl twgg‘jl E exP]f—f(SSmﬂ SR SN0 a% %Jg}]gsysterrs PF

54200.71 Thegenzyyenadt MBthys Gefss@NDﬁrhbai’bﬂ)@lEE‘asura&di itnapremxc&td ons of
pl ant m crobodies by th t hod of Huan 1974 | ant si_ol

364- 368) . %omﬁ??@??s%lr?nag?gﬁ? a%oegﬁglaﬁ/ﬁy fcaf§1 %Fo%‘ge lﬁg iy Cﬁﬁ%oy the
prot ei ns expr essefbridd Enchkampind 2 .pati fdredhas desmndlezdleabawet imzlarder to

m nim ze background activitie cy ol,ic and toch ndrial . MDHs. The
enzymatic act ForYy- GEIERE” (ﬁﬁfﬁg&a@e &3 \ﬁ/ﬁét% &\{Ped> 90" ptict onet ri cal | y

via the convehét@ncﬂ:fesl\lAm to NADH at 340nm by the method of Getl et al.
(1996, BBA 1274, 48-58). This assay can be carried out on the mcrotiter
pl ate scale. PF 54200 72

10 The highest degree of homology is with glyoxysomal MDHs from

watermelon (P19446, Swissprot) with 77.5% identity at the
nucleotide level (90.7% similarity, or 85.4% identity, at the
protein level), cucumber, Arabidopsis, soybean and rice. The
N-terminal 38 amino acids are presumably a glyoxysomal transit

15 seguence,
Example 4: Expression in E.coli

To generate active Nt-MDH protein with plant MDH activity, the
20 coding regicns Nt-MDH and MDH from Arabidopsis (Genbank:
At2g22780) was overexpressed in E. coli bacteria. To this end,
Nt-MDH fragments were amplified by PCR using specific
cligonucleotides and Pfu-Ultra Polymerase (Stratagene) and
ligated into the expression vector pCR T7/CT TCPO (Invitrogeﬁ)
25 {constructs Ntl and Atl, Table 7). In this manner, encoded
fusion proteins with C-terminal hexahistidine tags were
generated. The use of the specified oligonucleotides in the
cloning step gave N-terminally truncated versions of MDH in
order to exclude the glyoxyscmal transit seguence, which might
30 counteract functional expression. The starting point was the
transit sequence of the watermelon glyoxysomal MDH (Gietl. et
al. 1996, BBA 1274, 48-58). The PCR was carried out in 36
cycles following standard conditions (for example as described

by Sambrook, J. et al. (1989) “Molecular cloning: A laboratory



We claim 1. The use of nal ate dehydrogenase in a nethod for identifying
herbicides. 5 2. The use according to claim1, wherein the nal ate
dehydrogenase is encoded by a nucleic acid sequence which conprises: 10 a)
a nucl ei c aci nce with the nucleic acid sequence shown in SEQ ID
NG 1, or b) a nucleic acid sequence with the nucleic acid sequence shown in
SEQ ID NG 2, or 15 c)_a nucleic acid seq ce which, owing to the

degeneracy of the genetic code, can be deduced from the am no acid sequence
shown in SEQ | .3 backtrans atl uclei c_aci sequence
ahioh, owi g TS UHe ” HebAnaracy i EHe ‘DEREETE Eaus otan: bb HLRGCLE by
backtranslat|ngmkhetanendmanmﬂbeequamd@ ahdas5functd ahal peguiardlzentoof SEQ

I D NO 3, which, has at 25 Iea t 63% | ent|t W th D 3.. _The use
according to Qrgiéangrl% %EFgf %ﬁ fepedéﬁ%g gge§§%3ﬁm§1§tes

gl yoxysomnal naidﬂu@edehyMengenﬁsbfmhitﬂe Uempéatedmﬂidmesalnmmﬂna chaendin
sequence npLi.sin a I aci d seqguence mnth the nucl eic acid
sequence s 9ﬁ Fe éﬁe 6 Fff%iE %% % an%%i% 87 AT sequence with the
nucleic acid PF 54200 73 sequence shomn in SEQID NO:2, or c¢) a nucleic
acid sequence,_y hf@’ owing to the

Ceonstruct Annealing |Primer (Nucleic acid seguence)
temp-
erature
[°C]
Nt-gMDH-E1 " {53 5/ -ATGAGGGCGAAAGGGGG-3’ (SEQ ID NO:9)

57 -TTTCTTTACAAAGTTGACACCCTTC-3" (SEQ
ID NO:13)

At-gMDE-E1™ |56 57 -ATGCGGGCAARAGGTGG-3' (SEQ ID NO:11)
5 -TTTCTTCGCAAAGGTAACACC-3" (SEQ ID
NO:12)

10 {1) Template: Nicotiana tabacuum c¢DNA library
{(2) Template: Arabidopsis thaliana c¢DNA library

The PCR products were ligated into the vector pCR T7/CT TOP

and transformed into E. coli. Expression was performed in E,.
15 coli BLZ1(DE3) strains such as BL21 (DE3)pLysS or

BL21 (DE3)pLysE (Invitrogen), BLZ1l-CodonPlus(DE3) or BL21-

CodonPlus (DE3)RIL {(Stratagene) following induction with IPTG.

Standard protocols (Invitrogen}) were followed.
20 The expression products of Nt-gMDH-E1l and At-gMDH-E]1 were
purified by affinity chromatography on Ni-agarose. The

manufacturer’s instructions were followed (Qiagen).

Example 5: in vitrec assay systems



degeneracy of the genetic code, can be deduced from 5 the am no acid
sequence shown in SEQ ID NO:3 by backtranslating, or d) a nucleic acid
sequence which, owing to the degeneracy of the genetic code, can be deduced
by 10 backtr?\ﬁsé%dﬁng the ami no acid sequence of a functional equival ent of
SEQ I D NO: 3, i as at least 66%identity wwth SEQ ID NO:3. 4. A plant
nucl ei ¢ aci d sequence_encodi ng a glyoxysogﬁl 15 nal at e dehydr ogenase
conprising: a) a nucleic acid sequence w the nucleic acid sequence shown
in SEQID NOI, or 20 b) a nucleic acid sequence with the nucleic acid
sequence shown in SEQ ID NO:2, or c) a nucleic acid sequence which, owing to
t he degener atye cintvhe genetiiyy eddelDE amhrbecdeduced:d ronpr2bathe cari 6o aci d

sequence shown,in SEQ 1D NO:3 b ackt ransl ati.n or. d) a eic acid
sequence whi cﬁ,la%wmﬁgrf’go?h%s bd%égﬁerr“%%@o%?%t h@g%%neett i%'cégg—,%’cfﬁfaﬁg deduced
by 30 backtrangsail ig,t hedaddmna aewdveequenedveftagdaunctveonad equi val ent of
SEQ ID NGO 3, which has at _|east 79% identity with SEQ ID NO: 3. .e) nucl ei c
2o sequehcel BRI Gut Agt G EHE! PRS00 e BegereRtcy ot - THe §afet | ¢
code, can be dedutied hy dbsckidsansbaté ngh tdigeantdaniatind zseguange uati a

functional equivalent of _SEQ I D NO 3, which has at. |east 87%identity with
SEQ I D NO 3. q%CE%VJ;&lﬁ&‘l Jbe %%Fé’%imct AUY HE BC8PBET tat Mo firvity of a Y

gl yoxysomal nual at e dehydrogenase as target for
The enzymatic activity of the gMDH of Example 2 was measured
10 photometrically via the conversion of NAD+ to NADH at 340nm by
the method of Gietl et al. (1996, BBA 1274, 48-58). This assay

can be carried out on the microtiter plate scale.



her bi ci des, encoded by a nucleic acid nolecule according to claim4. 10 6.
A nethod for detecting functional analogs of SEQ ID NO:2 a) by generating a
probe foll owed by subsequently screening a genomic library or cDNA |ibrary
of the 15 species. .in question, or b) by nmeans of a conputer search for

anal ogous se tiett®® in el ectronic databases. 20 7. An expressi on cassette
conprising a) genetic _control sequences ipn_operable |linkage wwth a nucleic
aci d sequence according to claim4, or 252 b) additional functional

el ements, or c) a conbination of a) and b). 8. A vector conprising an
expressi on ca¥8etta®Hccording to 30 claim7. 9. A transgenic organi sm
conprising at |east one nucleic acid sequence encoding a polypeptide with
the biological activity of a glyoxysomal nalate dehydrogenase accordi ng PF
54200 75 to é&tai mtae Hif é’)?p}“ég%{% Stydsevescdor di AG-hs! EPEim 7 or a

vector according tegych@ifi8y gelect:edsfromanong bacteria, yeasts, fungi,
animal cells or plant cells. 5 10 A nethod for identifying substances with

herbicidal> activity, conprising the follow ng steps: i. bringing mal ate

dehydrogenase,i nt orgONtACT WLLH: QN6 o @1aMRI €, Lesk-¢QMPaunds supder conditions
which 10 permt the test conpound(s) to bind to the nucleic acid nolecule

or to the gl yoxysofaly@Eiagrasedehyriicogedate, 2 g leic deteEEangnahet e t he
test conpound binds to-{he. 15 mal ate dehydrogenase of i), or

10 a) a nucleic acid sequence with the nucleic acid

sequence shown in SEQ ID NC:1, or

b) a nucleic acid sequence with the nucleic acid
sequence shown in SEQ ID NO:2, or
15
c) a nucleic acid szequence which, owing to the
degeneracy of the genetic code, can ke deduced from
the amino acid seguence shown in SEQ ID NO:3 by
backtranslating, or
20
d) a nucleic 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:3, which has at
25 least 63% identity with SEQ ID NO:3.

3. The use according to claim 1 or 2, wherein the malate
dehydrogenase is a glyoxysomal malate dehydrogenase which
is encoded by a nucleic acid sequence comprising:

30
a) a nucleic acid sequence with the nucleic acid

sequence shown in SEQ ID NQ:1, cor

b} a nucleic acid sequence with the nucleic acid



iii. detecting whether the test conpound reduces or blocks the enzymatic or
bi ol ogi cal activity of the nalate dehydrogenase of i), or 20 iv. detecting
whet her the test conpound reduces or blocks the transcription, translation
or expression__of the mal ate dehydrogenase of i). 25 11. A nethod according
to claim10, BRerd% the mal ate dehydrogenase i s encoded by a nucleic acid
sequence which conprises a) a nucleic acjid sequence according to claim 4,
or 30 b) a nucleic acid sequence which, Bajng to the degeneracy of the
genetic code, can be deduced by backtranslating the am no acid sequence of
a functional equival enfeBISEQSPEYNG B SERhL BNl &€ PF 54200 76 | east 63%
identity with SEQ ID NO 3. 12. A nethod according to claim 10, wherein the
mal at e dehydrogenase is a gl yoxysomal nal ate dehydrogenase and 5 is
encoded by a nucl eft acFd“%%ﬁﬂéné@l@Wﬁﬁﬂveééﬁpv¢§%§ &FLadnkreltéiec aci d

sequence according to Ché‘%éﬂéwac?r of PInad Jauek ek CoAkd, d c8gaMeNEL WWAKC Ry oOW NY
to the 10 degeneracy of e genétic code, can be deduced by backtransl ating

the amino A&ci d sequencet®? alrpupeif ofrducaqgai $EPEht1NoFESELY IN9:ROL3, whi ch
has at |east 66% identjtyrwdR19EQIDNO 3. 15 13. A nethod according to
claim10, 11 or 12, wherein a test tconpound is selected which reduces or
bl ocks the enzymatic or biological activity of the glyoxysomal nmalate

dehydrogenase. 20 4f. Ajngidiod cageesdidgheeapyi&f, ¢hahgbedtnell, 12 or 13,

degeneracy of the genetic code, can be deduced by

10 , backtranslating the amino acid sequence of a
functional equivalent of SEQ ID NO:3, which has at
least 66% identity with 3EQ ID NO:3,

4. A plant nucleic acid sequence encoding a glyoxysomal

15 malate dehydrogenase comprising:

a) a nucleic acid sequence with the nucleic acid

seguence shown in SEQ ID NO:1, or

20 b) a nucleic acid sequence with the nucleic acid

sequence shown in SEQ ID NO:2, or

<) a nucleic acid sequence which, owing to the
degeneracy of the genetic code, can be deduced £from
25 the amino acid sequence shown in SEQ ID NO:3 by

backtransglating, or

d) a nucleic acid sequence which, owing to the
degeneracy of the genetic code, can be deduced by
30 backtranslating the amino acid sequence of a
functional equivalent of SEQ ID NO:3, which has at
least 79% identity with SEQ ID NO:3,

e) a nucleic acid sequence which, owing to the



wherein i. either mal ate dehydrogenase is expressed in a transgenic

organi smor an organi smwhich naturally 25 contains mal ate dehydrogenase is
grown, ii. the mal ate dehydrogenase of step i) is brought into contact with
a test compound in the cell digest of the transgenic or nontransgenic
organism in BH ?ﬁﬁqq ally purified formor in honbgeneously purified form
and iii. selecting a_test conpound which igduces or blocks the enzymatic
activity of the mal ate dehydrogenase PF 54200 77 of step a). 15. A nethod
according to any of clains 10, 11, 12, 13 or 14, which conprises the
following steps: 5 i. geRe?mRyiaTy aftF%%éﬁ%ﬁFéco@ﬁ%ﬁi§ﬁPaE%2$%ﬁWﬁjdtBYclain1 7

or a transgenic organi sg:ERfHrs3bREng NHClelGo acid sequepse,encoding a
mal at e dehydrogenase conprising a nucleic acid sequence which, owing to 10
the degeneracy of the géRettior@gdeTues- B¢ gédeed P BY:Backtidnsrat #hg t he

am no acid sequence of a-;functi gpaht £griMakedtoofp doSEQ | D NO 3, which has
at least 63%identity with SEQ ID NO 3, 15 nual ate dehydr ogenase being

overexpressed in the transgenic organism ii. applying a test substance to

the transgeni g plagt,,0fpdokiaBdyia anRont kansgeni g-plant, ofr the sane 20
genotype, iii. determning the g;omﬁh or the viability of the transgenic

pl ant and t he nont gans¥Easin@lprant tafdelydragplistatisorardet et est conmpound,

and herbicides, encoded by a nucleic acid molecule according
to claim 4.
10
6. A method for detecting functional analogs of SEQ ID NO:2

&) by generating a probe followed by subsequently
screening a genomic library ¢r ¢DNA library of the

15 species in qguestion, or

b) by means of a computer search for analogous

sequences in electronic databases.
20 7. An expression cassette comprising

a) genetic control seguences in coperable linkage with

a nucleic acid sequence according to claim 4, or
25 b} additional functional elements, or
c} a combinatiocn of a) and b).

8. A vector comprising an expression cassette according to

3C claim 7.

9. A transgenic organism comprising at least one nucleic
acid sequence encoding a polypeptide with the biological

activity of a glyoxysomal malate dehydrogenase according



25 iv. selecting test substances which bring about a reduced gromh of the
nontransgenic plant in conparison with the growmh of the transgenic plant.
30 16. A nethod according to claim15, which is carried out in a plant
organism a c¥%n E er|un1or pr ot eobacterium 17. A nethod for identifying
substances w g regul atory activity, which conprises the follow ng
steps: PF 54200 78 i_w generating a transggnlc pl ant conprising a nucleic
aci d sequence encodi ng a pol ypeptide with bi ol ogi cal activity of a

gl yoxysomal nalate 5 dehydrogenase conprising a) a nucleic acid sequence
accordi ng to clai m*4, “13f" 10 By &FPRRIEre 8%?%ﬁ§§hﬁ€ﬁ8edﬂﬁ15ﬁ Stmhg to the

degeneracy of the gengty&cieadaccead e tdedugad s, bychaekéd ansmathdgy t he am no
acid sequence of a functional equivalent of SEQ I.D NO 3 which has at | east
63% i dentity with SEEFPHNOYS2SS natdtle BRHUT ogendst” BRI 6Gérexpressed
in the transgenic organism ii. applying a test substance to the transgenlc
plant 20 of i) and to a nontransgenic plant of the sane variet

deternini ng tRe gr SWPREH thee QP%%?%q%ﬁ?goFuP?EEHQﬁSaH%BEn?%?ﬁﬂcéﬁﬁ¥and t he

nontransgeni c pl anticatyety, %@mﬁppgiﬁguﬂmanf@11§wm%gt@%bpgpnpound and iv.
sel ecting test substances which bring about a reduced growh of the
nont ransgeni c plant in conparison with the gromh of the transgenic plant.

i. bringing malate dehydrogenase into contact with one
or more teslt compounds under conditions which
10 permit the test compound(s) to bind tc the nucleic
acid molecule or to the glyoxysomal malate

dehydrogenase, and

ii. detecting whether the test compound binds to the

15 malate dehydrogenase of i), or

iii. detecting whether the test compound reduces or
bleocks the enzymatic or biological activity of the

malate dehydrogenase of i), or

20

iwv. detecting whether the test compound reduces or
blocks the transcription, translation or expression
of the malate dehydrogenase of 1i).

25 11. A method according to claim 10, wherein the malate
dehydrogenase is enceoded by a nucleic acid sequence which
comprises
a) a nucleic acid sequence according to claim 4, or

30
b) a nucleic acid sequence which, owing to the

degeneracy of the genetic code, can be deduced by
backtranslating the amino acid sequence of a

functional equivalent ¢f SEQ ID NO:3, which has at



30 18. A nethod according to any of clains 10 to 17, wherein the substances
are identified in high-throughput screening nethod. PF 54200 79 19. A
support conprising one or nore of the nucleic acid nolecules according to
claim4, one % TR expression cassettes according to claim7, one or nore
vectors according to claim8, one or nore organi sns according to 5 claim9
or one or nore (poly)peptides according to claim 5. 20. A method according
to any of clains 10 to 18, wherein the stbst ances are identified in

Hi gh- Thr oughput Scr eeni 10._ysi. a. support according to claim19. 21. A
conpound wi th her bi ci da?g%%ﬁiﬁ#ﬁt &?g?‘aletrﬁ i“?lﬂlgds%%/ Dhé%f  the nethods
according to any of clains 10 to 16, 18 and 20. 15 22. A conpound with
growt h-regul atory activity, identified . _the nethod according to any of
oo 172 1810 Y o Tefiokaab Fo  6b ERbruparBET O G SaReABrDChen al 20
conposi ti gn, whi Ch?@lﬁ){ﬁﬂdg‘é@ﬁsg)ii @@ﬂgﬁxy@@nﬂ @@@?@Qféh@&rﬂgéﬁi@é Girgal .
activity by one of the nethods according to any of clains 10 to 16, 18 an
20 or a cohpound whEHHFGRENPY eyulti6ry g%“ﬁéﬁﬁﬁ??§ed@Eﬁ?ﬁFﬁBp¥ﬁﬂﬁhy of
claims 17, 18 or 20, and b) fornulating this conpound together with
suitable auxiliaries to give crop. protection products with 30 herbicidal

or growt h-regul at ofy acti Wit C23°1A SRAKEFST dr CTFHFoFPi T WhdesPred
vegetation and/or for regulating the growh of plants, which conprises
al | owi ng , , : .
o ) a nucleic acid sequence which, owing to the
10 degeneracy of the genetic code, can be deduced by
backtranslating the amino acid sequence of a
functional equivalent of SEQ ID NO:3, which has at

least 66% identity with SEQ ID NO:3.

15 13. A method according to claim 10, 11 or 12, wherein a test
compound is selected which reduces or blocks the
enzymatic or biological activity of the glyoxysomal

malate dehydrogenase.

20 14. A method according to any of claims 10, 11, 12 or 13,

wherein

i. either malate dehydrogenase is expressed in a
transgenic organism cr an organism which naturally

25 contains malate dehydrogenase is grown,

ii. the malate dehydrogenase of step i) is brought into
contact with a test compound in the cell digest of
the transgenic or nontransgenic organism, in

30 partially purified form or in homogeneously

purified form, and

iii. selecting a test compound which reduces or blocks

the enzymatic activity of the malate dehydrogenase



at | east one nal ate dehydrogenase inhibitor according to PF 54200 80 claim
21 or 22 or an agrochem cal conposition conprising a nalate dehydrogenase

i nhibitor according to claim?21 or 22 to act on plants, their environment
and/ or on seegs. 0P The use of a mal ate dehydrogenase i nhibitor according
to claim21 or 3 or of an agrochem cal conposition conprising a nalate
dehydr ogenase inhibitor according to claim21 or 22 in a method according
to claim24. 10 26. A nethod for generating nucleic acid sequences which
encode nal ate dehydrogeggsquhg h is not inhibited by substances according
to claim21, where the fucieic?ac¢id sequence conprises a nucleic acid
sequence which, owng to the degeneracy of the genetic code, can be derived

by 15 backtransl atjn he, am no.aci d _sequence_.of a nct.i onal ui val ent of
o 1D N s whieh hae s BRP%aH Tacil I Stert sl 1o neda, i

conprises the follewatg qompeesss sitepsoll@@ira) sexpsession of the protein
encoded by the nucleic acid sequence according to i) in a heterol ogous
systemor 1n a cell-free system 25 b) random zed or directed mnmutagenesis of
the protein by nodificednamiahgt bet tucdgenicasighnich geastdimg tbhelaim
interaction of the nDdiZied gene %roduct with the herbicide; ﬁo.d)

i dentification of derivat?vés (of ERE Pt LSRR Whi THP RSN | 28 S Rt &r act i on:
e) assayi ng the biol ogi gald aciguehty @fcddiagps offliatePEebd208:Bkse

comprising a nucleic acid sequence which, owing to

10 the degeneracy of the genetic code, can be deduced
by backtranslating the amino acid sequence of a
functional eguivalent of a SEQ ID NO:3, which has
at least 63% identity with SEQ ID NO:3,

15 malate dehydrogenase being overexpressed in the

transgenic organism,

ii. applying a test substance to the transgenic plant
of i} and to a nontransgenic plant of the same

20 genotype,

iii. determining the growth or the wviability of the
transgenic plant and the nontransgenic plant after

application of the test compound, and

25
iv. selecting test substances which bring about a
reduced growth of the nontransgenic plant in
comparison with the growth of the transgenic plant.
30 i16. A method according to claim 15, which is carried out in a

rlant organism, a cyanobacterium or proteobacterium.

17. A method for identifying substances with growth-

regulatery activity, which comprises the following steps:



after application of the herbicide; f) selection of the nucleic acid
sequences which have nodified biological activity wiwth regard to the 5
her bi ci de. 27. The method according to claim 26, wherein the sequences
selected in a?g.og?%dbce with claim26 f) are introduced into an organism 10
28. A nmethod for € generation of transgenic plants which are resistant to
subst ances according_to claim2l, wherei gaa nucl ei ¢ acid sequence encodi ng
a mal ate dehydrogenase which conprises 15 a) a nucleic acid sequence
according to claim4; or b) a functional equivalents of the nucleic acid

20 sequence of SEQ I D NO 3 which has at |east 63% identity with SEQID

NG 3; or is overexptessganérattihgse ptamdeni2bpl&nt AdmpansgedniL nplcanic
generated by a nmethod according to claim28. PF 5420Q SEQUENCE LI STING 5
<110> BASF Akti engesel | gﬁh%f?qu‘f?ﬁg %?%‘{Qﬁgdéh?ﬁjr%[’ge@%égg ‘g;JEéCttFFﬁr get for

her bi ci des 10 <130> PFb000&;:0542Q0+1d56:<1602 d2yo:20:0mk70@a Pateent | n ver si on
3.1 25 <2§0> 1 <211> 6C71§

hydrogenase comprising

a) a nucleic acid sequence according to claim 4,
or
10 b) a nucleic acid sequence which, owing to the

degeneracy of the genetic code, can be deduced
by backtranslating the amino acid segquence of
a functional equivalent cf SEQ ID NO:3 which
has at least 63% identity with SEQ ID NO:3,
15
malate dehydrogenase being overexpressed in the

transgenic organism,

ii. applying a test substance to the transgenic plant
20 cof i) and to a nontransgenic plant of the same

variety,

iii. determining the growth or the viability of the
transgenic plant and the nontransgenic plant after

25 application of the test compound, and

iv. selecting test substances which bring abcout a
reduced growth of the nontransgenic plant in
comparison with the growth of the transgenic plant.

30
18. A method according to any of claims 10 to 17, wherein the
substances are identified in high-throughput screening

method.



<212> DNA 30 <213> Nicotiana tabacum 35 <400> 1 gcggccgcta aacctccttg
ttcttttacg ccagaggaag ctgaatattt aacatctcgt 60 atacaaaatg ggggaactga
agttgttgag gcaaaagctg gtgctggttc ggcaactctc 120 40 tctatggcat atgctgcggt
taaatttgcc ga?ggﬁhgﬁ; tgcatggatt gagaggagat 180 gctggcattg tagaatgtgc
ctttgtgtot tctcaggtga ctgaacttcc atttttcgca 240 tcaaaagtat ggcttggccg
caacggagtt gaagaaatat _acccccttgg tccccta 300 45 gaat acgaga ggtct gggct
t.gagaaggca aggaaagagt tggcaacaag tgttcagaag 360 ggtgtcaact ttgtaaagaa

at gagcagac agc¢facatga cttccaaaag. atgcttttat 420 0 gt tata tatctcaaat
ocgcagt tcc agggaat aﬁﬁﬁﬁFigF?T% THE £gtatt 486 agaagagggiefsc?iﬁ ota
attttctata gattgatgecaditlggt gcagadamattaaal gim 540 cnachatidrggbxpat €4iaaaat
aacaacagtc cccagtgcat t%ggactt%ycaag taita 00 55 catcctttga Q%caagggct
tgttatggac tttttgacay Tatrggatatt®t¥a ggﬁ 1™ 6680 °"GgRGdGEFadCEH’T 573 60
<210> 2 <211> 1505cRrE420002¢c1521 2> PhA s2I@>rcNbegitiang tabacdimg To<220>
<221> CIS5 10 <222§1§%§§9br(%§§11: <223? 1? <4OQ
poly)

> . .
more pep idgs according to claim

5.

20. A methed according to any c¢f claims 10 te 18, wherein the
substances are identified in High-Throughput Screening

10 using a suppcrt according to claim 19.

21. A compound with herbicidal activity, identified by one of

the methods according to any of claims 10 to 16, 18 and

20.
15
22. A compound with growth-regulatory activity, identified by
the method according to any of claims 17, 18 or Z20.
23. A method for the preparation of an agrochemical
20 composition, which comprises
a) identifying a compound with herbicidal activity by
one of the methods according to any of claims 10 to
16, 18 and 20 or a compound with growth-regulatory
25 activity according to any of claims 17, 18 or 20,
and
b) formulating this compound together with suitable
auxiliaries to give crop protection products with
30 herbicidal or growth-regulatory activity.

24. A method for controlling undesired vegetation and/or for
regulating the growth of plants, which comprises allowing

at least one malate dehydrogenase inhibitor according to



ctaat acgac tcactatagg gcaagcagtg gtatcaacgc agagtacgcg ggggggaaac 60 20
aaaattcaat tacttacctt gatttctact acctctcttt ctcatcataa ttcaaacaca 120
caaattctca agcccaagtc ttagaat atg cag aac ggt gca gag acc tat cga 174 Met
G@n Asn Ay Ag 59260Thr Tyr Arg 1 5 25 cgs atg gcc acc atc tca got cac ctt
aac ccc tct cot tot tot cat 222 Arg Met Ala Thr Ile Ser Ala H's Leu Asn Pro
Ser Pro Ser Ser H's 10 15 20 25 30 cag astcgg gag gga ggt gtg ggt ttg ago cga
got sat tgc agg gcg aaa 270 Gn Met Qu y Ay Val Ay Leu Ser Arg Ala Asn

Cys Arg Ala Lys 30 35 4 t tot_cca a ttc aaa C gcg atc ttg got

got gca gga ggt 31%1“‘?598] gg%g%%ﬁnﬁ%rﬁ}%%ﬁﬁg&@%m}vaﬁ Af)g ‘??Héoﬁ_lesﬁn y Al a

Ala Gy Ay 45 50 dHoalatt gegtydageceae cidhigatcat gecedtdialygtaaalaicg 2aabrcca

ctg gtt tca 366 I%f chg n Pro Leu @1{1& Met Leu Met Lys Thr _Asn Pro Leu Val
&g Eat rgato gt

Ser 40 60 65 70 gt R AEE gt CPJEECHAT A S Yyt GEE act got

gac 414 Val Leu His Leu Tyr Asp Val Ala Asn Thr Pro Ay Val Thr Ala Asp 75
80 85 45 _att, agc cac atg gac act .qgt, gdo t ta,cgt .ggt ttt cta g cot
462 Ile Ser %f S n?grte 5 ?fgwa @%a&%ad?)g’f&\?%le ﬂrg‘a ﬁiq%%%gi%%c‘iﬁ VB gggo 95
100 105 50 caa caalditg2gaar gt cgobicte aptocfgoiaily gapoelitigia ata atc cot
510 dn G@n Leu Gu Asp.nAIa Le;i hrd%l dI\/E\t Asg L u.b\/al Ile IIdamPr C)110 115
120 got ggt gtt cot agi aaa c&: %ﬁc 3%%0(95“38 Jg@? daP et et "Fac558 55
Ala Ay Val Pro Argldiys2Pror Gy idet mbthd gcAspdAsp HowlRPhe Asn 125 130 135
atc aat gca gga att gtg agg act tta tgt gaa gga att goo aag tgc 606 |Ile Asn
Ala Ay Ile Val Arg Thr Leu Cys Qu Gy Ile Ala Lys Cys

10 26. A method for generating nucleic acid sequences which
encode malate dehydrogenase which is not inhibited by
substances according to claim 21, where the nucleic acid
sequence comprises a nucleic acid sequence which, owing
to the degeneracy of the genetic code, can be derived by

15 backtranslating the amine acid sequence c¢f a functional
equivalent of SEQ ID NO:3 which has at least 63% identity
with SEQ ID NO:3;

which comprises the following process steps:

20
al expression of the protein encoded by the nucleic
acid sequence according to i) in a heterologous
system or in a cell-free system;
25 b) randomized or directed mutagenesis of the protein
by modification of the nucleic acid;
c) measuring the interaction of the modified gene
product with the herbicide:;
30

d) identification of derivatives of the protein which

show less interaction;

e) assaying the biclogical activity of the protein



60 140 145 150 tgt cot aag goo att gtt aac ata att agt eat cot gtt aac tot
Cys Pro Lys Ala lle Val Asn Ile Ile Ser Asn Pro Val Asn Ser Thr 155
PF 54200 3 gta cca att-got gca gag gtt ttc .aag aag get ggc ace ttt
Ef 54208
aca 750 Arg Arg.Leu Leu @y Val Thr J\et Lou Asp Ile Val Arg Ala Asn Thr
200 10 ttt gtg get gaa gtt ttg ggg ctt gat cot agg gaa gtg gat gtt

aca
160
gat

170
sat

190
CCa
210

654
165
cog
175

195
798
215

15 Val
230 gtt aaa

Lys
t ot
Ile
get
Ser
gca
Cys
gtg

Pro
cgt
Adn
gat
Al a
t gt
Leu
t ot

702
180

Phe Val

AIaGI VaI

Ile Ala Ala Qu Val Phe Lys Lys Ala Ay Thr Phe Asp Pro

agg aga ctg ttg ggc gtg aca atg ctt gat att gtc aga gcc

an&aperbl %jG u Val Asp Val Pro 205

Y,
gtt gtqgq ggg gg at aﬁ%#lcatlon aca att cta cot ctt ctt tcc cag 846

Val

Pro
at a

&

Thr

ttg
Hi s
t ot

10

15

20

25

Ser

Gy Ay Hs Ala Ay Val Thr Ile Leu Pro Lou Lou Ser dn 220 225

cct cof, tgt_ tct ti1 acg,cca aa tat a 894 Val
Cys tt Phe = ﬁcgc %ﬁ& yr Steu Thr w%bagg? 740 245

caa
Ay
gca
Lou

&l 0%

cag

Z8.

29,

aat
Ay
act
Ser

Leu

gggncggaladtbg@aaggtcalgacttngagyg@ataam@atd gott®42 Ser Arg
Thr Glu VI Val Gu Ala Lys Ala Ay 250 255 260 265 25

ctcetot 3 g gca tat get gcg gtt aaa ttt gcc 990 Ala Ay
I\/bt Ala Tyr Ala Ala Val Lys Phe Ala 270 275 280 30 gac

w8 AR AknUab ARG S J0b6E oc o

gtxplactedaan (atdcocrdanté thttthc cieamt £ Haard08btroduced

inte an organism.

A method for the generation of transgenic plants which

are resistant to substances according to c¢laim 21,

wherein a nucleic acid sequence encoding a malate

dehydrogenase which comprises

a) a nucleic acid sequence accerding to claim 4;

or
) a functional equivalents of the nucleic acid
sequence c¢f SEQ ID NO:3 which has at least 63%

identity with SEQ ID NO:3; or

is overexpressed in these plants.

A tiansgenic plant generated by a method according to

claim 28.



35 Al a Phe Eﬁh Ser Gdn Val Thr Au Leu Pro Phe Phe Ala Ser Lys 300 305
310 gta eqgg ct? ggc cgc aac gga gtt gaa gaa ata tac coo ctt ggt ccc 1134

Val Arg Leu Gy Arg Asn Ay Val Qu Gu Ile Tyr Pro Leu Gy Pro 40 315 320
325 cta aat gaa tac gag agg tct ggg ctt gag aag gca aag aaa gag ctg 1182

Leu Asn Gu Tyr Au Arg Ser GIySESHm£%qJE¥§wAIa Lys Lys Gu Leu 330 335 340
345 45 gca aca agt gtt cag aag ggt gtc aac ttt gta aag aaa tgagcagaca 1231
Ala Thr Ser Val @dn Lys Ay Val Asn Phe Val Lys Lys 350 355 50 gctacatgac
ttccaaaaga tgcttttatg tgggctatat atctcaaatc cgcagttcca 1291 gaaaat aaga
gtagtttctt t€fPyt adtfaradgggcaabichettgttctaa ttttctatag 1351 attgatgcect

tggt gcagaa aataaatgta ctatttggtc atctaaaata acaacagtcc 1411 55 ccagtgcatg
ttggacttgc aaagtattac atcctttgaa gcaagggctt gttatggact 1471 ttttgacagt
atggatar it aaagooelif.0ag9.4308,.-00 $2105.3 (o215 308 PF 54200 4 © <212> PRT
<213> Nimpti ana tabacum <400> 3 Met Gn Asn Ay Ala Qu Thr Tyr Arg Arg
Met Ala Thr Ile Ser Ala 10 1 5 10 15 H's Leu Asn Pro Ser Pro Ser Ser H's
Gn Mt u dy Ay Val Gy 20 25 30 15 Leu Ser Arg Ala Asn Cys Arg Ala Lys
Ay Gy Ser PB> GFy PRR 459300

15
<1l60> 12
20
<170> PatentIn version 3.1
25  <210> 1
<211> 673
<212> DNA
30
<213> Niceotiana tabacum
35  <g00> 1
gcggecgeta aacctecttg ttettttacyg ccagaggaag ctgaatattt aacatctegt 60
atacaaaaty ggggaactga agttgttgag gcaaaagctg gtgctggttc ggcaactcte 120
40 tctatggcat atgctgcggt taaatttgecc gacgcatgtt tgcatggatt gagaggagat 180
gctggcattg tagaatgtge ctttgtgtcet tctecaggtga ctgaacttec atttttcgca 240
45 tcaaaagtat ggcttggccg caacggagtt gaagaaatat acccccttgg tcccctaaat 300
gaatacgaga ggtctgggcet tgagaaggca aggaaagagt tggcaacaag tgttcagaag 360
ggtgtcaact ttgtaaagaa atgagcagac agctacatga cttccaaaag atgecttttat 420
50 gtgggctata tatctcaaat ccgcagttcc agaaaataag agtagtttct ttcttgtatt 480
aaagggcaaa tcctgttcta attttctata gattgatgcc ttggtgcaga azataaatgt 540
55 actatttggt catctaaaat aacaacagtc ceccagtgcat gttggacttg caaagtatta 600
catcctttga agcaagggct tgttatggac tttttgacag tatggatatt taaagggett 660
ggagagcggc cgc 673
60
<210> 2
<211> 1505



35 40 45 20 Val Ala lle Leu Gy Ala Ala dy Ay Ile Ay Gn Pro Leu Ala Mt
50 55 60 2%ppsipolyet Lys Thr Asn Pro Leu Val Per Val Leu His Leu Tyr Asp Val
65 70 75 80 Ala Asn Thr Pro Ay Val Thr Ala Asp Ile Ser Hs Met Asp Thr Ay
30 85 90 95 Ala Val vVal Arg Ay Phe Leu Gy Pro Gn dn Lou Qu Asp Ala Leu

100
Pro
Val
I-l e
Al a
Leu
Val
Val
Lou
Au

105 110 35 Thr Ay Met Asp Leu Val 1de lle Pro Ala Ay Val Pro Arg Lys
115 12Q,425 40 Ay Met Thr Arg Asp Asp Leu Phe Asn Ile Asn Ala Ay lle
Arg 130 135 140--45 Thr Leu Cys Au Ay Ile Ala Lys Cys Cys Pro Lys Ala
Val Asn <145 15Qci6HalG®acurd e |le Ser Asn Pro Val Asn Ser Thr Val Pro Ile
Al a gu Val 50 165 170 175 Phe Lys Lys Ala Ay Thr Phe Asp Pro Arg Arg
Leu y Val Thr 180 185 190 55 Met Leu Asp Ile Val Arg Ala Asn Thr Phe
Ala Ju_/Yal. Leu Ay 195 200 205 60 Leu Asp Pro Arg Gu Val Asp Val Pro
Val Gy Ay Hs Ala Ay 210 215 220 PF 54200 5 Val Thr Ile Leu Pro Lou
Per G n<Yal> Lyss Pro Pro Cys Ser Phe 225 -- 230 235 240 5 Thr Pro Qu

Thr 1@ u Tyr Leu Thr Ser Arg Ile G n Asn Gy Qy
<222>  (148)..(1221)

<223>
15
<400> 2
ctaatacgac tcactatagg gcaagcagtg gtatcaacygc agagtacgceyg ggggggaaac 60
20 aaaattcaat tacttacctt gatttctact acctctcttt ctcatcataa ttcaaacaca 120
caaattctca agcccaagte ttagaat atg cag aac ggt gca gag acc tat cga 174
Met Gln Asn Gly Ala Glu Thr Tyr Arg
1 5
25
cga atg gcc ace ate tea get cac ¢ctt aac ccc tct cect tet tet cat 222
Arg Met Ala Thr Ile Ser Ala His Leu Asn Pro Ser Pro Ser Ser His
10 15 20 25
30 cag atg gag gga ggt gtg ggt ttg age cga gt aat tge agg gog aaa 270
Gln Met Glu Gly Gly Val Gly Leu Ser Arg Ala Asn Cys Arg Ala Lys
30 35 40
ggg ggt tct cca gga ttc aaa gtc geg atc ttg ggt gect gca gga ggt 318
35 Gly Gly Ser Pro Gly Phe Lys Val Ala Ile Leu Gly Ala Ala Gly Gly
45 50 53
att ggt cag cca ctt gct atg ctt atg aaa acg aat cca ctg gtt tca 366
Ile Gly Gln Pro Leu Ala Met Leu Met Lys Thr Asn Pro Leu Val Ser
40 60 65 70
gtt c¢tg cat ctt tat gat gtt gcc aat act cct ggt gta act gct gac 414
Val Leu His Leu Tyr Asp Val Ala Asn Thr Pro Gly Val Thr Ala Asp
75 80 B5
45
att agc cac atg gac act ggt gece gtg gta egt ggt ttt cta ggg cect | 462
Ile Ser His Met Asp Thr Gly Ala Val Val Arg Gly Phe Leu Gly Pro
90 95 100 105
50 caa caa ttg gaa gat get cte act gge atg gac ctt gta ata ate cot 510
Gln Gln Leu Glu Asp Ala Leu Thr Gly Met Asp Leu Val Ile Ile Pro
110 115 120
gct ggt gtt cct aga aaa cca ggc atg aca aga gat gat ctt ttc aac 558
55 Ala Gly Val Prc Arg Lys Prc Gly Met Thr Arg Asp Asp Leu Phe Asn
125 130 135
atc aat gca gga att gtg agg act tta tgt gaa gga att gcc aag tgc 606
Ile Asn Ala Gly Ile Val Arg Thr Leu Cys Glu Gly Ile Ala Lys Cys
60 140 145 150
tgt cet aag geoe att gtt aac ata att agt aat cct gtt aac tet aca 654

Cys Pro Lys Ala Ile Val Asn Ile Ile Ser Asn Pro Val Asn Ser Thr
155 160 165



245 250 255 %Ig&?\@u Val Val Qu Ala Lys Ala Ay Ala Ay Ser Ala Thr Lou Ser
10 260 265 2% Ala Tyr Ala Ala Val Lys Phe Ala Asp Ala Cys Leu Hs Gy
Leu 275 280 285 15 Arg Ay Asp Ala Gy Ile Val du Cys Ala Phe Val Ser Ser
Gn Val 290 295 300 20 Thr Qu Lou Pro Phe Phe Ala Per Lys Val Arg Leu Ay
Arg Asn Ay 305 310 315 320 25 Val GQu Qu Ile Tyr Pro Leu Ay Pro Leu Asn

Au Tyr Gu ﬁzlgccl?aegt@%ét 330 g%%Sgtthyc Led -G Wby Ala Lys Lys.@ u Lew,Ala Thr
Rer Val dn Spfd Yie 302 340 A45va356he Yad tASmiIPhe yValr bys aky$:355 35 <210> 4
<211> 16 _401%212> DNA <213>7Artificial Sequence 45 <220> 1&€223> Priner 50
<400> 4 apaattcgcg cc%ct 16 55 <210> 5 <211> 32 <212> DNA 60
agg aga ctg ttg ggce gtg aca atg ctt gat att gtc aga gcc aat aca 750
Arg Arg Leu Leu Gly Val Thr Met Leu Asp Ile Val Arg Ala Asn Thr
190 185 200

10  ttt gtg gct gaa gtt ttg gogg ctt gat cct agg gaa gtg gat gtt cca 798
Phe Val Ala Glu Val Leu Gly Leu Asp Pro Arg Glu Val Asp Val Pro
205 210 215

gtt gtg ggg dggt cat gct gge gtt aca att cta cct ¢ttt ctt tce cag 846
15  val Vval Gly Gly His Ala Gly Val Thr Ile Leu Pro Leu Leu Ser Gln
220 225 230

gtt aaa cct cct Tgt fect ttt acg cca gag gaa act gaa tat tta aca 894
Val Lys Pro Prc Cys Ser Phe Thr Prc Glu Glu Thr. Glu Tyr Leu Thr
20 235 240 245

tct cgt ata caa aat ggg gga act gaa gtt gtt gag gca aaa got ggt 942
Ser Arg Ile Gln Asn Gly Gly Thr Glu Val Val Glu Ala Lys Ala Gly
250 255 260 265
25
gct ggt teg gea act ¢te tet atg geca tat get geog gtt aaa ttt gee 980
Ala Gly Ser Ala Thr Leu Ser Met Ala Tyr Ala Ala Val Lys Phe Ala
270 275 280

30 gac gea tgt ttg cat gga ttg aga gga gat get gge att gta gaa tgt 1038
Asp Ala Cys Leu His Gly Leu Arg Gly Asp Ala Gly Ile Val Glu Cys
285 280 295

gce ttt gtg tet tct cag gtg act gaa ctt cca ttt tte gea teca aaa 1086
35 2la Phe Val Ser Ser Gln Val Thr Glu Leu Pro Phe Phe Ala Ser Lys
300 305 310

gta cgg ctt ggc cgc aac gga gtt gaa gaa ata tac ccc ctt ggt ccc 1134
Val Arg Leu Gly Arg Asn Gly Val Glu Glu Ile Tyr Pro Leu Gly Pro
40 315 320 325

cta aat gaa tac gag agg tct ggg ctt gag aag gca aag aaa gag ctg 1182
Leu Asn Glu Tyr Glu Arg Ser Gly Leu Glu Lys Ala Lys Lys Glu Leu
330 335 340 345
45
gca aca agt gtt cag aag ggt gte aac tit gta aag aaa tgagcagaca 1231
Ala Thr Ser Val Gin Lys Gly Val Asn Phe Val Lys Lys
350 355

50 gctacatgac ttccaaaaga tgcttttatg tgggctatat atctcaaatc cgcagttcea 1291
gaaaataaga gtagtttctt tcttgtatta aagggcaaat cctgttctaa ttttctatag 1351

attgatgecet tggtgcagaa aataaatgta ctatttggtce atctaaaata acaacagtcce 1411

55
ccagtgcatyg ttggacttgc aaagtattac atcctttgaa geaagggett gttatggact 1471
ttttgacagt atggatattt aaagggcttg gaga 1505
60
<210> 3

<211> 358



<213> Artifipk%hzé?

quence PF 54200 6

'<220> <223> Pri ner
ct cat gcggc cgcgcgcaac gcaattaatg tg 32
<220> 20 <223> Pri mer

<210> 6 10 <211> 32

<223> Pri nmer

<213> Artificial Sequence
Artificial Seguence. 35 <220>
gtgatatctc c 21 45 <210> 8 <211> 21
<213> Nicotiana tabacum
5
<400>
Met Gln Asn Gly Ala Glu Thr Tyr
10 1 5
His Leu Asn Pro Ser Pro Ser Ser
20
15
Leu Ser Arg RAla Asn Cys Arg Ala
35 40
20
val Alz Tle Leu Gly Ala Ala Gly
50 55
25 Leu Met Tys Thr Asn Pro Leu Val
65 70
Ala Asn Thr Pro Gly Val Thr Ala
30 85
Ala Val val Arg Gly Phe Leu Gly
100
35
Thr Gly Met Asp Leu Val Ile Ile
115% 120
40
Gly Met Thr Arg Asp Asp Leu Phe
130 135
45 Thr leu Cys Glu Gly Ile Ala Lys
145 150
Ile Tle Ser Asn Pro Val Asn Ser
50 165
Phe Lys Lys Ala Gly Thr Phe Asp
180
55
Met Leu Asp Ile Val Arg Ala Asn
195 200
60
Leu Asp Pro Arg Glu Val Asp Val
210 215

Arg

His

25

Lys

Gly

Ser

Asp

Pro

105

Pro

Asn

Cys

Thr

Fro

185

Thr

Pro

Arg

10

Gln

Gly

Ile

Val

Ile

9¢

Gln

Ala

Ile

Cys

Val

170

Arg

Phe

Val

Met

Met

Gly

Gly

Leu

75

Ser

Gln

Gly

Asn

Proc

155

Pro

Arg

val

Val

aAla

Glu

Ser

Gln

60

His

His

Len

Val

Ala

140

Lys

Ile

Leu

Ala

Gly
220

5 <400> 5

<212> DNA 15

<400> 6 tcatgcggcc
gcgagatcca gttcgatgta ac 32 25 <210> 7 4211> 21 30 <212> DNA <213>
40 <400> 7 gtggattgat
<212> DNA 50

Thr

Gly

Pro

45

Pro

Leu

Met

Glu

Pro

125

Gly

Ala

Ala

Leu

Glu

205

Gly

Ile

Gly

30

Gly

Leu

Tyr

Asp

Asp

110

Arg

Ile

Ile

Ala

Gly

120

Val

His

Ser

15

Val

Phe

Ala

Asp

Thr

25

Ala

Lys

Val

Val

Glu

175

Val

Leu

Ala

Ala

Gly

Lys

Met

Val

g0

Gly

Leu

Pro

Arg

Asn

160

val

Thr

Gly

Gly



<213> Art|f|C|aI Sequence 55 <220> <223> Prinmer <400> 8 60 gtaaggatct
gagct acaca t PR3420810> 9 PF 54200 7 <211> 17 <212> DNA 5 <213> Artificia
Sequence <220> 10 <223> Primer <400> 9 atgagggcga aaggggg 17 15 <210> 10
211> 25 20 <212> DNA <213> Artificial Sgquence 25 <220> <223> Priner 30
<400> 10 tttctttaca aa% gacac ccttc 25 35 <210> 11 <211> 17 <212> DNA 40

S v L Ph
<213> Arti fl;@sa‘T rsé é‘ O gig Leu Ser al 233/; Fro Pro Cys Ser 243

5 Thr Pro Glu Glu Thr Glu Tyr Leu Thr Ser Arg Ile Gln Asn Gly Gly
245 250 255

Thr Glu Val Val Glu Ala Lys Ala Gly Ala Gly Ser Ala Thr Leu Ser
10 260 265 270

Met Ala Tyr Ala Ala Val Lys Phe Ala Asp Ala Cys Leu His Gly Leu
275 280 285
15

Arg Gly Asp Ala Gly Ile Val Glu Cys Ala Phe Val Ser Ser Gln Val
290 295 300

20

Thr Glu Leu Pro Phe Phe Ala Ser Lys Val Arg Leu Gly Arg Asn Gly
305 310 315 320

25 val Glu Glu Ile Tyr Pro Leu Gly Pro Leu Asn Glu Tyr Glu Arg Ser
325 330 335

Gly Leu Glu Lys Ala Lys Lys Glu Leu Ala Thr Ser Val Gln Lys Gly
30 3490 345 350

Val Asn Phe Val Lys Lys

355

35

<21i0> 4

<211> 16
40

<Z212> DNA

<213> Artificial Sequence
45

<220>

<223> Primer
50

<400> 4

agaattcgeg gccget 16

55 «210> &
<211> 32
<212> DNA

60

<213>» Artificial Sequence



45 <220> <Eﬁﬁ?-g%;ner <400> 11 50 atgcgggcaa aaggtgg 17 <210> 12 55 <211>
21 <212> ¥ Artitficial Sequence 60 <220> PF 54200 8 <223> Pri ner
<400> 12 tttcttcgca aaggtaacac c 21

6
<220>

<223> Primer
5 <400> 5
ctcatgcgge cgcgcgcaac gcaattaatg tg 32

<210> ©
10

<211> 32

<212> DNA

15 «213> Artificial Sequence

<220>
20

<223> Primer

<400> 6

tcatgeoggee gcocgagatcca gttcgatgta ac 32
25

<210> 7

<211> 21
30

<212> DNA

<213> Artificial Seguence
35

<220>

<223> Primer
40

<400> 7

gtggattgat gtgatatctc c 21
45 <210> 8

<211> 21

<212> DNA
50

<213> Artificial Sequence

55 <«220>
<223> Primer
<400> B

60 gtaaggatct gagctacaca t : ' 21

<210> 9



10

15

20

25

30

35

40

45

50

55

60

PF 54200

<21l> 17
<212> DNA

<213> Artificial Seguence

<220>
<223> Primer

<400> 9
atgagggcga aaggggyg

<210> 10
<211> 25
<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 10
tttctttaca aagttgacac ccttc

<210> 11
<211> 17
<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<4Q0> 11
atgcgggcaa aaggtgg

<210> 12
<211> 21
<212> ©DNA

<213> Artificial Sequence

<220>

17

25

17



PF 54200

<223> Primer

<400> 12
tttecttegea aaggtaacac c

21



