0535060 Antifungal pol ypeptide and process for its production Antifungal
pol ypepti des,, e.g. lectins, have been isolated from nonocotyl edonous and

di cotyl edonous plants [Ranshaw, J.A M (1982) in Nucleic Acids and Proteins
in Plants I. 5 Encycl opedi a of Pl ant Phi/SI ol ogy, New Series, (Boulter, D.
and Parthier, B. editors.) vol. 14 A pp.+229-279, Springer, BQ PFH]S.O

has al so been observed that the biosynthesis of thionine is initiated by.

i nfestati on ofAntifungal palypeptikdeand drovgas florn dtish@reiduwetizasuned 10
thRay this protein possesses anti f ungal activity [Bohlmann, H et al.
(1989) EMBO J. 7, 1559-1565; Broekaert, WF. et al. (1989) Science 245,
1100- 1102] . Amtfuﬁ\malppb}wppprtdelsshaeegal Lecbine, ihatexbeen: ignlated

mi croor gani srmsroﬁpaoﬁ&asﬂ&seaanaw Lﬁ& B m&@éo&gegiahis éﬂﬁkﬁﬁ&&d in

the fernentation_ broth " of Asp I 1l us g| gant eus Goer ner,

G L. (1965) Afp-My dﬂ@@xz& in1§u°§f4%éf)i spapd; F\’é’°&ﬁi’-ﬁ8 iwi BlamtBekce of
said prot& n Imdymdpﬁim dﬂesprbms mhpﬁ@logmrmahaseﬁieﬁhe(abﬁleeﬁr,

ol ypept e v S| PORGRE oS40 B or®o FEFT - hsFBrg) e Fmnfats278nd
determne its sspsq.mm Eéuel:mbl edti dasscalencbeeh tcﬂnsqmpd dehat akleed in

the main pate o%?ﬂih%‘%[: % upd i gheds g\ng%d s ail og( NUCH .
Aci ds Res. fﬂ,_ 353!8 e er Viﬂggbgyﬁore vié?f%%ﬁﬁﬁloﬁa"f
expr essi on, i @agaw%%ﬁueséeslﬂo#st keegesfopepapgemerai ned
i E the [fﬁ.im p?dlﬁ}!cﬁ apnhbcatpﬁatéi?edﬁﬁbﬁbééé On&b%tilf&hgﬁn.ts &B&:.Gﬁ.ﬁ’_t@vt h .Of
phyt opat hogeni ngi__on the plan e i ion us a o:
pol ypepti de w@?%‘ﬁ‘m ng]acgg s%%]ﬂengesgg) g P 1915852485
Al &Thr - Tyr - ABrc@kaents- G.E.T\et lals.- L(198%)p-Skdrenidec 245, 1100-1102] . -

Antifungal polypeptides have also been isolated £from
microorganisms. For example, a similar protein has been

15 detected in the fermentation broth of Aspergillus
giganteus (0Olson, B.M. & Goerner, G.L. (1965) Appl.
Microbiol. 13, 314-321), but the amino acid sequence of
said protein is two lysine residues shorter than that of
the protein according to the invention.

20 We have now been able to isolate a polypeptide with
antifungal action £from Aspergillus giganteus and
W, determine its sequence.

The nucleotide Sequenee of the peptide claimed in the
main patent application has been published by Wnendt et
25 al. (Nucl. Acids Res. 18, p. 3987, September 1990).

We have moreover found that expression, in plants, of the

gene which codes for the polypeptide claimed in the main

patent application cited above strongly inhibits the
. growth of ﬁhytopathogenic fungi on the plant.

30 The invention thus reiates to:
A polypeptide with the amino acid sequence

Ala-Thr-Tyr-Asn-Gly-Lys-Cys-Tyr-Lys-Lys -Asﬁ-Asn- Ile-



-2- Cys-Lys-Tyr-Lys-Ala-d@n-Ser-Ady-Lys-Thr-Al a-11e-Cys-

Lys- Cys-Tyr-Val -Lys- Lys- Cys-Pro- Arg- Asp-d y- Al a-Lys -

Cys- d u- Phe- Asp- Ser - Tyr - Lys-d y-Lys- Cys- Tyr-Cys. A process for the
production of the pol ypeptide 5 characteyi zed under 1), which is
characterized in that Aspergillus giganteu$ Ts cultivated and the

pol ypeptide is 4,s0late J ) P M g[S oTe] (e[ S Al _2RLI agent A
pl ant cel |l whi (?N%ek‘gseg?ers k?ga&éngl% sﬁ%gﬁalh’??’fy%ﬁagﬁh %3}8 f&é%?i from
Asper gi | | us gi Gane-6s- TXTpVad-Ioarlatarons -Ruid-drg-depdGly -Adackyism 1. A
plant, plant ticeBlene- PHeR AP Yd ryiRirg/d A1 WigWl dysQty2 Ryt cel |

according to daiml. A proCess for the production “of “"the plant
~cell, 15 characterized in that the gene of the antifungal

pol ypepti de fram Asfsdess | USogi J&hleeUprcautlicRsSasE | nthde pbagpepelide The

I nvention is described i.n tail Dbelow, cial l w in its.preferre

enbodi nent sss Tﬁzlgirr?vz:r?tﬁigr?%?s ‘%ﬁ:t‘ h%éf' ZUgig et:L r%ﬁ&%‘fﬁ%@’:{co Y‘egf‘a&‘ t he
clai ms. The poAgpergiddusc giginteus imecculvivated and sye hpolypeptide
Aspergi |l us gi gantieidyaMddl aerobic cultivation. Assiml|able carbohydrates

and sugar al cohols such as fructose, |actose or mannitol, and natural
products 25 cont ai ni ng carbohydrate, are suitable as preferred carbon

sources. The f gdedWHNEhY PdISFFegiiRieias i antddudigaloageats nutrients:
am no acids, peptides and proteins, as well as degradation products

t hereof, such as peptones or tryptones, and al so neat extracts, ground 30
seeds, for examplpdasft mellk whicktexpresses sthe gené hef ctheéoantpEungal

digtjIatihen RYEWRS £l RepgtlxeiiAus giganteus.
‘A plant containing cells according to Claim 1.

A plant, plant tissue or reproductive material grown from
a plant cell according to Claim 1. '

A process for .the production of the plant cell,

15 characterized in that the gene of the antifungal
polypept:ide from Aspergillus giganteus is expressed in
the plant cell.

The invention is described in detail below, especially in
its preferred embodiments. The invention is further
20 determined by the content of the claims.

The polypeptide according to the invention is synthesized
from Aspergillus giganteus with aerobic cultivation. |
Assimilable carbohydrates and sugar alcohols such as
fructose, lactose or mannitol, and natural products
25 containing carbohydrate, are suitable as preferred carbon
sources. The following are possible as preferred
nitrogenous nutrients: .amino acids, peptides and
proteins, as well as degradation products thereof, such
as peptones of tryptones, and also meat extracts, ground
30 seeds, for example of maize, wheat, beans, soya or the
cotton plant, distillation residues from alcochol
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-3- production, neat neals or yeast extracts, or else ammonium salts and
nitrates: The nutrient solution can also contain for exanple chlorides,
carbonates, sulfates or phosphates of the alkali netals or alkaline earth 5
netals, iron, zinc and nmanganese, as additional inorganic salts. The
formati on of the conpound of the pol ypept Pd& accor di ng to the invention

proceeds parti L well | nutry ent_sol utiqn containing 0.5 tqQ 2% of
meat 10  ext %@é%%ﬁ‘t 0 ’ﬁgzéf PEPDONST 0. ¥°A5F 4SS Hch Shd B8R to 1%
of\.sodi um chl Gimtmivmseadlta eandh nidwates.t Fhevaybtiaitt Boluetish ™ i ent
sol ution. The fEidreidald ﬂ%cee rQhi I npl ner sed
w t h shaki ng orﬂsti rri n%:ﬂi]nfﬁg%:er as%fsiog'irid%?' ¥’P§§’%ﬁ?§%§, s%%j °fr or
oxygen being 9%tPbagpbateps o pkber iakkali metalpeoraralkaline eaxth

tenperature rangaly, diwld, kncOaldmangRhése) as AaBAYnadd ihorddndld 1 C.
The m croorganieaé_r@ s cultivated under said conditions until the Stationary
phase is reac 8- 6. 20 for about 70 to 80 hours. The cultivation is
advant ageously carried out in several stages, i.e. one or nore initial

cultures are st fL SR [ | Lqyi d l.eat di and then _inacul at ed
into the actua 1{e;rofd)ftsjct | oﬁ&rreg?ﬁm {-:ﬂghe_cgrr%#’éﬁﬁégl tBre EHIES p°ﬁ‘3?°?)‘5&%;cﬁ ein
a vol une rati @sfording to&heyjinvantden proceedshpartdculer lyxwedlle iy

i nocul ati.ng a & peiutralet MgcldtiBd Nddritdidinge Nl . 50! i OQ%anQB‘.l eﬁ\%'h'lg R
to grow f.qr a%gé‘%% to 7 houg%l.s Tge spor ul at’ed cel i um can be obtal ned
by I eavi H‘g) th : # @ gt oFP oF oPeRboRe. 70 hiyeo bt aofopEaTsh mRgui d
cul ture nedi uM.if dro ddanpt esodium aghloride, Chaded® Di éh6hf @asBNbal itk can
be\npni tored Qe MBANS P ledd' &t nd s Gt 91563l e Vol ume of the
nmycel i um T |
The fermentation takes place aerobically, for example
submersed with shaking or stirring in shaker flasks or
15 fermenters, with air or oxygen being introduced if
appropriate. It can be carried out over a temperature
range of about 18 to 35°C, preferably at about 25 to
30°C. The microorganism is cultivated under said
conditions until the stationary phase is reached, i.e.
20 for about 70 to 80 hours.

The cultivation is advantageously carried out Iin several
stages, i.e. one or more initial cultures are first
prepared in a liquid nutrient medium and then inoculated
into the actual production medium - the main culture -

25 for example in a volume ratio of 1:10. The initial
. culture is obtained for example by inoculating a
sporulated mycelium'into a nutrient solution and leaving
it to grow for about 48 to 72 hours. The sporulated
mycelium can be obtained by leaving the strain to grow

30 for about 7 days on a solid or liquid culture medium, for
example malt agar.

The course of the fermentation can be monitored by means

of the pH of the culture or the volume of the mycelium,

by thin layer chromatography, by testing the biological
35 activity or by an immunological method.
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by thin layer chronatography, by testing the biological 35 activity or by
ah | mmunol ogi,cal net hod. -4- The isolation of the pol ypeptide fromthe
culture nediumis effected by known nethods, taking into account the
chenical, physical and biol ogical propertées of the products. The

pol ypeptlde IS present |n the culture 5"broth. The broth is freed from
mycel i um and en chro d on changer. After i s and
concentration,” gel ﬁmﬁ quogé)m ﬁyé’(f %lj'%e & f &ﬁué'ﬁ me % ¥m

agay ose/ acryl am defﬁeqabéérrby lﬁtmmehhqénz thkﬁ.nggrim apoouhtcadieon of

the pol ypept' E Q:%&ar &ﬁorbggfo 9&&?““;&“: é’féé océ‘n %
carried out- b u5| n I near ] en unmm wt
hydr ophobi ¢ i ll’tré%d&'tﬁ‘?ﬂm Eﬁ%m?: degi g@tpsﬁseptt hienpéihﬁ dgufl(;:,ure

el uci dati gn ofpxrben. the amino acid sequence is carried out by nethods known
per se and results in the am no acid sequence given above. Heat stability
Is a characteristic of the enzyne. It shows no | oss of activity after

heat i ng at 100115 b tioisa fpeedofiroh @yceliun end Then ¢hromatogeriaphedan be

used as ' t % ungi .
The i nvent | on Ehet SHiEbn, SlHnadih 2ty ¥iR33615 SR LORBRARRRIDE.
destroying ph)aﬂipatﬁbbbm%i@nngﬁ-soncpﬂ'm% whitoh ipreferaklyriond @R t hat

it cont ai NS Prafa pol rlnmat ifibsequdntty | @RRRRGHNS
can successfu cont Ied in f $r ot ecfive and a curative
capaci ty 10me ‘r %eo?w ¥ReRFy ?red“]&bﬁ}boﬁﬁanHEPﬁﬂeé’ F9%ar ge

nunber of di fftﬂrearaecpkgﬁweém:mnﬂ.s, f e i bof ce&eribedi eut nper HRLCE nsd gy
P'W”' arta ory Zafingggt urdr%dient 'on a column with hydrophobic
interaction.

The enzymatic digestion of the peptide for elucidation of

15 Ithe amino acid sequence is carried out by methods known
per se and results in the amino acid sequence given
above. Heat stability is a characteristic of the enzyme.
It shows no loss of activity after heating at 100°C for
a period of 20 minutes. '

20 The protein can be used as an antifungal agent,
especially against phytopathogenic fungli. The invention
therefore also relates to a composition for inhibiting or
destroying phytopathogenic fungi on plants, which is
characterized in that it contains protein according to

25 the invention. Phytopathogens can be successfully
controlled in both a protective and a curative capacity.
The spectrum of action of the claimed compound includes
a large number of different phytopathogenic fungi of
economic importance, e.g. Piricularia oryzae, Venturia

30 inaequalis, Cercospora beticola, powdery mildew species,
Fusarium species, Plasmopora viticola, Pseudoperonospora
cubensis, various rust fungi and Pseudocercosporella
herpotrichoides. Benzimidazole- and dicarboximide-
sensitive and resistant Botrytis cinerea strains are

35 included in particular.



Ed (¥

30 i naequal i s, Cercospora beticola, powdery nildew species, Fusarium
speci es, - Pl asmopora viticola, Pseudoperonospora cubensis, various rust

fungi and Pseudocer cosporel | a herpotrichoi des. Benzi m dazol e- and
di;car boxi m de- sensitive and resistant Botyytis cinerea strains are 35
i ncl uded in particul ar. The conmpound according to the invention is al so

' f
Thdustral progac SoRRGURM sBecPRIRG Bo 86 FEOURLFA%AE RIFS eV Ebekle
rebat es to conpe¥it USes dant dndusFnied amectormt | daxl cexeouphel asaddition

to suitabl e fopgebaiivativedEor NEndusit Vil abrbiREes O tﬁorm&ﬂé\gﬁéf&k“om
to those sklllsd Wy the art and are descri bed for exanpl e 1 n:

W nnacker - K[ er FR8fPar ,* " Chemi sche . Technol ogi e” (" Cheni cal Technol ogy"),
volune 7, C. Hanser Verlag Minich, 4th edition 1986; van Fal kenberg,

"Pesti ci de ¥ 2nd edjtjon, 1972-

Mar t ens, %p &%thgﬂgéb gﬁghege e%F?? o'ﬁé qFRes J(f 1008 (FPRE gninit d.
London. The neéb?sa?@OY%Tm%ﬁ-qimdaw@mpmdh ig jadsdittiod etbal suitable
surfactants, sebymaiatabd Qilgr, additives, are also known and are descri bed

for exarrpl e in: Watkins, "Handbook of | nsecti ci de Dust Di I uents and
Carriers", 2nd edition, 20 Dar| and Books, Caldwell N.J.; Hv. d phen,

"I'ntroduct i on 'll.‘heC]imy‘li@detﬂld e Sédf ygoﬁﬂdlsﬂiéhoareJ é:ln%%& LN%6'§e
150 Nocut onishERedl B Pl are g chre  daalned, B6r " SRmede itnrp.
Ri dgevvoole J. Wiaaasksreﬁuah&embd“(!hﬁniqchepe!thehmél&gliéace('Rmeﬁiacal
Agenis”, Chem pechHBhiogy"$?: voldlte: 7, M&.Y- Han&ggA"VerI%;é]SﬁLgllgL, 4th
edition 1986; van Falkenberg, "Pesticides Formulations",
Marcel Dekker N.Y., 2nd edition, 1972-73; K. Martens,
"Spray Drying Handbook", 3rd edition, 1979, G. Goodwin
15 Ltd. London.

The necessary formulation aids, such as inert materials,
surfactants, solvents and other additives, are also known
and are described for example in: Watkins, "Handbook of
Insecticide Dust Diluents and Carriers", 2nd edition,
20 Darland Books, Caldwell N.J.; H.v. Olphen, "Introduction
to Clay Colloid Chemistry, 2nd edition, J. Wiley & Sons,
N.Y.; Marschen, "Solvents Guide", 2nd edition; Inter-
sciende, N.Y. 1950; McCutcheon’s "Detergents and
Emulsifiers Annual®, MC Publ. Corp., Ridgewood N.J.;
25 Sisley and Wood, "Encyclopedia of Surface Active Agents",
Chemn. Publ. Co. Inc., N.Y. 1964; Schonfeldt,
"Grenzflichenaktive Athylenoxidaddukte" ("Surface-Active
Ethylene Oxide Adducts"), Wiss. Verlagsgesell., Stuttgart
1976; Winnacker-Kiichler, "Chemische Technologie®
30 ("Chemical Technology"), volume 7, C. Hanser Verlag
Munich, 4th edition 1986. '

On the basis of these formulations, it is also possible

to prepare combinations with other pesticidally active

substances, fertilizers and/or growth regulators, e.g. in
35 the form of a finished formulation or as a tank mix.



"Grenz fl Achenaktive [err]thyl enoxi daddukten (" Surface-Active Ethylene
Oki de Adducts"), Wss. Verlagagesell., Stuttgart 1976;

W nnacker-K[err]chler, "Chem sche Technol ogi e" 30 (" Chem cal
Technol ogy"), volune 7, C. Hanser VerL%lg Muni ch, 4th edition 1986. On
the basis of these forrrul ations, it is dl possible to prepare

nmbi nat t d | | ti b fertil d/
o owt -t egui ai 898, Se ot Sodhads ny Bes MABHIERER A tramFief Ploc

tapk m x. - fun@ieices wowy #nothnthtmmmkﬂm@ambeegminedof
fungi ci des kno lyi t o e CR@r t he
| nvgnt I on, \ﬁ%t he co%p&ﬁ]gh% E"!*"lor mJF' @gﬁlﬂ Egggbﬂggﬁgﬁaég Ebgg gani |,

benomyl , bi napéér?P-"-lﬁz n&:tbppahwlrbhenpéaml: benemyd)  birapagnryl,
car bendazi g C ®4 R@rtanoIGD- Qéeﬂﬂofatphléﬁ;ﬂ’gﬂam AZeaptas!) OchbBbAAALIm,

G o1 bt r a0 - cRFEERIRn et I hiehentilafins noPhlSEEbRLeRYor ph,
di ni conazol e, cytioxandl, 1@ypréiddnaewie, chnamn!\m“am dodichlofRdahtdf os,
ol U pdetAtnenin | &1G1 (B razo) | letidBencark 8L EL Bbhazole,

fenpropldln enpr opl nor gh, ace I OXI
fl uaziram Aimetdhinimode, dimetbeomorph, f| GQN-GQBEGOIGH utéﬁ-am!ap,

flutriafohe f@liRflianchQSeidddedrptd! U IHe, &4PEEAEGEO! eethz.riﬂéﬁ' axyl,
furmecycl ox, guazatjne, hexaconazol e, jmazal il |probenfo |pro |one

i sopr ot hi ol aneetr ’ conp?ﬁﬁ‘l%ﬁim°§uch fenfugady ox topper
oxi ne and copp@Eenptiopddinyanchatiropitsdph TEpEentin n&tcﬁéiﬁ«;& :Eentin

ni t?oflﬁ;r ?gggfoﬁ&w Sgﬁlmrr%f‘? %%%%Icgbutg?%&beq Lq%‘)%%g]ar boﬂu? %’é‘%gghazol ,
pencycuron, PPfQ-wllpﬂ@Bmaz6ﬂ-BtOQaubﬂ-nebf1pl:vshfolaz folpeyni dEasetyl
15 aluminum, fuberidazole, furalaxyl, furmecyclox,
guazatine, hexaconazole, imazalil, iprobenfos, iprodiocne,
iéoprothiolane, copper compounds such as copper
oxychloride, copper oxine and copper oxides, mancozeb,
maneb, mepronil, metalaxyl, methasulfocarb, methfuroxam,
20 myclobutanil, nabam, nitrothalidopropyl, nuarimol,
ofurace, oxadixyl, oxycarboxin, penconazol, pencycuron,
PP 969, probenazole, probineb, prochloraz, procymidon, ‘
propamocarb, propiconazol, prothiocarb, pyracarbolid,
pyrifenox, pyroquilon, rabenzazole, sulfur, tebuconazole,
25 thiabendazole, thiofanate-methyl, thiram, tolclofos-methyl,
tolylfluanid, triadimefon, triadimenol, tricyclazole,
tridemorph, triflumizol, triforine, wvinchlozolin, zineb,
sodium dodecylsulfonate, sodium dodecylsulfate, sodium
C,3/C 5-alkylether-sulfonate, sodium cetostearylphosphate
30 ester, sodium dioctylsulfosuccinate, sodium
isopropylnaphthalenesulfonate, sodium methylenebis-
naphthalenesulfonate, cetyltrimethylammonium chloride,
salts of long-chain primary, secondary or tertiary
amines, alkylpropyleneamines, laurylpyrimidinium bromide,
35 ethoxylated quaternized fatty amines, alkyldimethyl-
benzylammonium chloride and 1l-hydroxyethyl-2-alkyl-
imidazoline.

The above-mentioned combination partners are known active
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propanocar b, propiconazol, prothiocarb, pyracarbolid, pyrifenox,

pyroqui |l en, rabenzazol e, sulfur, tebuconazole, 25 t hi abendazol e,

t hi of anate-nmethyl, thiram tolclofos-nethyl, tolylfluanid, triadimefon,
triadinenol, tricyclazole, tridenmorph, triflumzol, triforine,

vi nchl ozol in, zineb, sodi um dodecyl sul f ondt €, sodi um dodecyl sul fate, sodium
[err]-al kyl et heg 4 e, Mok u e tgar hogphat e, 3 . ester '
sodi um di oc%?gg{iéggg%f:i nat e, @fs(ﬁﬁﬁ% [ é(%%r ﬁ%ﬁﬁ%ﬁ?ﬁm WesnH dhat e,
sodibum  net hyWerkehing aaghtthe? dhesWalbazi e Theet PesticikdayMammadi urith

chloride, salt&agtibRNg168%) N BriePsN, cS65OPHSEY eebi am nes,
al kyl propyl eneam nes, |auryl pyrim dini ungﬁom' de,cg{?o}l g%%(%ét ed
guaterni zed fatty am nes, alkyldinethyl- benzyl ammoni um chl ori de and

| - hydroxyet hyL Firshéyhoré i dﬂfe;l iamivﬂcleiaae&aisa&t i fﬁaaﬁ_raﬁﬁ?i r@aa | he bed
partners e v - 7-_Lhgredi,ents, nost o ich are describe
in CHR rt%l?%nglrci U.gg.n B.b%mg‘,i FiFooRther jackiXea inorediants . on
(1983), Briti s#uchopsPrigaesttiizidesuncattréctanes fosterilldzdnti \egyenty,edi ent
according t0 1A€aPicidy Nt | RlmgefcPgeldl XCGrW ¢ ﬁeQ-thi%rj_d%%t | ve sihgredients,
such as insecticides,, attractants, sterilizing agents, acarici Jes,

nematici des ofMmereially psmilable formulahhensiag weldvag|imlthe use

formul ations aSowas | pPépaied Frois CHENdE ¥R b OiHd 495 dodi/Biladld ons.
The msec._{dmde ]1._0 kncl ude for exa hg hosphgrlc acid esters,

car bamat €50 catBoRyTfc 3’éiﬁ*§’§?g?s? PgB ﬁgﬂi RE3 EEkeXSrp SRFPEMAL ATt ances
produced by nicachogylicnmeidt estBref|cr fermanidigepar tHi S coimpouhdsh OM
e roup of 1Rehesaler UeoRiERa K’ mitroodgRRIRhE, 4807 Mkiirea

azi nphos-et hyl, azinp
mixing partners ‘are:

1. From the group of the phosphorus compounds:

15 acephate, azamethiphos, azinphos-ethyl, azinphos-me thyl,
bromophos, bromophos-ethyl, chlorfenvinphos, chlormephos,
chlorpyrifos, chlorpyrifos-methyl, demeton, demeton-S-
methyl, demeton-S-methyl sulfphone, dialifos, diazinon,
dichlorvos, dicrotophos, 0,0-1,2,2,2- tetrachloroethyl-

20 phosphorthicate (SD 208 304), dimethoate, disulfoton,
EPN, ethion, ethoprophos, etrimfos, famphur, .f enaminphos,
fenitriothion, fensulfothion, fenthion, fonofos,
formothion, heptenophos, isozophos, isothioate,
isoxathion, malathion, methacrifos, methamidophos,

25 methidation, salithion, mevinphos, monocrotophos, naled,
omethoate » Oxydemeton-methyl, parathion, parathion-
methyl, phenthoate, phorate, phosalone, phosfolan,
phosmet, phosphamidon, phoxim, pirimiphos-ethyl,
pirimiphos -methyl, profenofos, propaphos, proetamphos,

30 prothiofos, pyraclofos, pyridapenthion, quinalphos,
sulprofos, - temephos, terbufos, tetrachlorvinphos,
thiometon, triazophos, trichlorphon and vamidothion;

2. From the group of the carbamates:

aldicarb, 2-sec-butylphenyl methylcarbamate (BPMC),



br omophos, bronophos-ethyl, chlorfenvinphos, chlornmephos, chlorpyrifos,
chl orpyri.fos-pet hyl, deneton, deneton-S- nethyl, deneton-S-nethyl
sul f phone, dialifos, diazinon, dichlorvos, dicrotophos,
0,0-1,2,2,2-tetrachl oroethyl - 20 phosphorthioate (SD 208 304),

di et hoat e, disul foton, EPN, ethion, etﬁbdidbhos, etrinfos, fanphur,

f enam nphos, fepniiriothion, f ensul f ot hi on nt hi on, f onof os,

f or not hi on, S%%%?Ex%phos,carb?ggfﬁﬁhos, cafkgﬁ?%gﬁﬁte, | SRt eRTD,
malat hi on, neehfuracarb, ethiaferdcarks, Xurattetddaidi, oniscproddnv),
mevi nphos, non 0S & .. ﬁ¥3g4¥yg€? - DAt

par at hi on, p%rag%q%iﬂg%f r?e?‘hﬂ;%,%p ent hoat ,l p%\%\?%%%%h ogn%%baﬁao%?bl an,
phosnet,  phoSHREWLd@rimicarhy Ropoxys » ithiieddsasbhythiofanak prethyikt hy| |
pr of enof 0s5 prapapbotriRzacidaRdingyl 36, 10 PASMaItdHAS- 8 - o PYLRCHRERS, 11 -

pyri dapent hi ong, hQU|$ah8$osénsuL§rofR§ tegﬁphos, t er buf gs, ]

t et r achl or vi npASER R AP oAREBRERPRFE 2 0p KT, t H38AI or BRsh arkrmefhxiihion: 2.
From t he group(ethyhidenesmimoks: Nimethybh-N- (Rossitohitigtilwvdrbamate

net hyl car banmat gy giﬁ%ﬁi’ -8- carbaryl, car bof ur an, car bosul fan

cl oet hocarb, benfuracarb, ethiofencarb, furathiocarb, isoprocarb, nethonyl,
5-met hyl - m cu-nenyl butyryl (nethyl)carbamate, oxanyl, primcarb, propoxur

thi odi carb, thsofapex. tRéh¥top of the carboxyli id :
4,6,9-triaza-4-benzyJ-6,18¥di§%thyl-8-0xa-7-§§o-%,?ﬁ- d?? ?gfé-dodecenoate

(K 135) and | - met hyl t hi o- (et hyli deneam no)
N- et hyl -8 ( noaphethnim hi oatphameehein,/C 5lbeAzylFurylc¥-madehg1oup(®)i- t he

cakoXyl 1o 201 uRPLELS. 2l Adas Y 19 o APBIEHUATY 11 1 dememetny) -
( 2- oxot hi ol an-¥gloproparersgrhoxylyte opgripalbethbiny kxkanllnttatiret (8)i,

bi oal | et hrin (@cl_opentyl isomer), bioresmethrin, biphenate, (RS)-1-

cyano-1- (6-phenoxypyrid-2-yl)methyl (1RS) -trans-3- (4-

15 tert-butylphenyl)-2,2-dimethylcyclopropanecarboxylate

(NCI 85193), cycloprothrin, cyfluthrin, ‘cyhalothrin,

cypermethrin, cyphenothrin, deltamethrin, empenthrin,

8

j@)

esfenvalerate, fenfluthrin, fenpropathrin, fenvalerate,
flucythrinate, flumethrin, fluvalinate (D isomer),

20 permethrin, pheothrin ((R) isomer), d-pralethrin,
pyrethrins (natural products), resmethrin, tefluthrin,
tetramethrin and tralomethrin;

4. From the group of the amidines:

amitraz and chlordimeform;
25 5. From the group of the tin compounds:

cyhexatin and fenbutatin oxide;
6_.= Miscellaneous:

abamectin, Bacillus thuringiensis, bensultap, binapacyl,
bromopropylate, bi:.prof ezin, camphechlor, ca.rtiap,
30 chlorbenzialate, chlorfluazuron, 2-(4- chlorphenyl) -4,5-~
diphenylthiophene (UBI-T 93 0), chlofentezine, naphthyl-
2-methyl cyclopropanecarboxylate (Ro 12-0470), cyromazin,
ethyl N-(3,5-dichloro-4-(1,1,2,3,3,3-hexafluoro-1-



cycl opentyl isoner), bioresnethrin, biphenate, (RS)-I-

cyano- | - ( 6- phenoxypyri d- 2-yl ) net hyl (IRS) -trans-3- (4- 15
tert-butyl phenyl)-2, 2-di net hyl cycl opropanecar boxyl ate (NCI 85193),
cycloprothrin, cyfluthrin, cyhal othrin, ernmet hrin, cyphenothrin,

del ttamet hrin, enpenthrin, esfenvalerate,” erTfI ut hrin, fenpropat hrin,

fenval erate, flucythr at f L. unet val i nat.e | sorre 20
permet hrin, 3% H}‘ enyl}gaz ‘?%@1’ 'E'ch&° 53?%?%"? éﬁﬂ
(Qatural pr odudi.e):ﬁoﬂ.esrret v ¢N- t3aa‘$udi:chhprbeﬂrdnmlhm, -mnaﬁlmhrl n;
4. Fromthe gr Eﬂo % g Ta SﬂSﬁca@Eb 3 -3ng. EEEQﬁQwBLBE z&é (XrpFrom

the group of t et| cyhexattn and f utatin ox

M scel | aneous: 435&%5@%#9%5“1‘ h%ur$r@ib¥@#‘%‘3mw3&‘ab3‘b¢m%

br onopr opykat ez-yuaaaa@f-ez uﬂxylidiﬁﬁphaiﬂbﬂﬁton afhdedp %hdosulfan

chl or benzi al ate gl orfl uazuron - -4, 5- g#]p en th| o hene

(UBI-T 930), cRFBPERPRZIPHe, nabﬁfﬁ & !Prﬁ‘%b XY (Ro

12-0470), cyrﬁphényl)ptbpyl)sMéﬁﬁ di cM%ﬂzéb:;éﬂhéxéﬂB(S- Bihehﬁéi-dfuo:se 1-

-9- propox m da | cof ol ,
propoxy) p Or Oﬁi'ﬁ?%ﬁ?i l’igP%thb Qﬁﬁgﬁﬂ%’iéi?%la enoRgharil,Cof 0

N- (N (3, 5-di ok
et hoxy) pheny| aftROFexSrdify 94-2e®mh9nnbbr&mw1@mmmv diphenyl

di f I ubenzypon, eNhef:Z &!l'flihw& 3- Sﬁaﬁiﬁlbéig tiﬁdizﬂjucléar gol hedrosis
2-yli dene) 2, 4- X%HI di ne, |no ton moci en O§u en I ox,

(4- et hoxyphenyP}EHPREr hy| FERER °ﬁﬁ§ oXy- R | )s# ugxel oxuron,
(4- et hoxyphenyElu#endxhicuar o- thw&wmeﬁ.dl My diyashie tIRyEn

(apoveart, a4 oy Ll QU Lo -1 Sl obery! 10
thiazine (8D 52618), -nitromethyl 3 4 -dihydrothiazole
15 (SD 35651), z?nitromethylene-l,2-thiazinan-3-y1carba_ma1-
dehyde (WL 108 477), propargite, teflubenzuron, tetra-
difon, tetrasul, thicyclam and triflumaron.

Unless indicated otherwise, all gene t:ech:;ology work on

the expression of the gene in plants was carried out in
20 accordance with the methods described in "Molecular

Cloning” (Maniatis et al., Cold Spring Harbour, 1982).

Unless indicated otherwise, all the enzymes used were
obtained from Boehringer Mannheim. The chemicals orig-
inate from Merck (Darmstadt).

25 For cloning in the wvector, the ¢DNA sequence of the
antifungal peptide is provided with ends which can be
ligated at BamHl1 and Sall restriction cleavage sites.

The cloning vector used was pDHE 51 (Pietrzak et al.,
Nucl. Acids Res. 14, p. 5857, 1986).

30 Vector pDH 51 is opened with the restriction enzymes
BamHI and SalIl between promoter and terminator. Vector
PDH 51 is a pUC 18 derivative which contains promoter and
terminator sequences of the 358 transcript £from
cauliflower mosaic virus. These sequences are recognized
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Vi ruses, f ent hi ocar b, fl ubenzi m ne, fl ucycl oxuron, fl ufenoxuron,
gamma- HCH, hexyt hi azox, hydranet hyl non (AC 217 300), ivernmectin,
2-ni tronet hyl'- 4, 5-di hydr o-6H thi azi ne (SD 52618),
2-nitronethyl - 3., 4-di hydrothiazple 15 (SD 35651),

2-ni tronet hyl ene- 1, 2-t hi azi nan- 3-yl car bakll - dehyde (W 108 477),
propargite, teflubenzuron, tetra- difon, tetrasul, thicyclam and

triflunmaron. bl dshe | RARBE! 8d BraRgG¥intion | apparatushrdgyesvdit okt he

expr essi on of gthengeeensliRudive Wpredsicdd cRithdirass et NGéndi th
t he met hods descre|r,Ir ed in "Mlecular Coning" (Maniatis et al., | d Spring

Har bour, 1982}® BARBEE-i ndi cated otherwise, all the enzynes used were
obt ai ned from Boehri nger Mannheim The chemicals orig- inate from Merck

(Dar st adt ) . F | QRING,d or, .t uenc f
anti f ungal peg‘?r”‘ﬁé %O%‘r ?\%edgsddé\;vi#ﬁ%géém%ghggaﬁ%iﬁﬁ%agéd% e éé.ntiﬂ and
Sal | rest Bi ct pbheg| promgteri whichThe effechdvecdnoplanté.was pDH 51

(Pietrzak et al., Nucl. Acids Res. 14, p. 5857, 1986). 30 Vect or pDH 51

is opened with the restriction enzynes BanHl_and Sall between, pronpter and
termnator. VEBEoPNACPEthe ant Rentide & fheanclonRedi HREp Bhdt er
and term nat okrecteguetiac8heOBamiiilcandSSallr ebéavagé sites sauthit oume

nosai c virus. _T eguences _are tecogni,zed -10-_by. .t he plant'
ranscr | pt| onPEOBRFSE BeaneePech, IPRREPR RE Rt sa¢) VS CxBriliatir o
their associ asedugore dowpb&imesm.Apart fromthe 35S pronoter, it is
possible to use any 5 ot her pronoter which is effective in plants. The

A of the antifungal peptide is then cloned into the vector via the_ BanH
and” Sal | 18| ea¥hge TFanscxiptipn it comprising promoter, gene and

terminator is cut out of the vector with the restriction
enzyme EcoRI and ‘¢loned into a plant transformation
vector.

The following vectors and derivatives thereof are
- 15 examples of plant transformation vectors which can be
used:

- pOCA 18 (Olszewski et al., Nucl. Acids Res. 16, p.
10765, 1988) and
- pPCV 310 (Koncz and Schell, MGG 204, p. 383, 1986).

20 It is also possible to use any other plant transformation
vector possessing the border sequence of the Ti plasmid
of Agrobacterium tumefaciens, which is important for an
insertion into the genome of plants.

After the transcription unit and vector have been ligated

25 via the EcoRI cleavage site, the construct is conjugated
into the Agrobacterium strain MPS0RK (Koncz and Schell,
MGG 204, p. 383, 1986) or EHA 101 (Hood et al., J.
Bacteriol. 168, p. 1291, 1986).

The method of conjugation is described in "Plant
30 Molecular Biology/Manual®" (Kluwer Academic Publisher,
Dordrecht, 1988). ‘
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pronot er sequence is |ocated upstream and the tenrinator sequence
downstream 10  The transcription unit conprising pronoter, gene and
termnator is cut out of the vector with the restriction enzyme EcoRl and
cloned into a plant transformation vector. The follow ng vectors and
derivatives thereof are 15 exanpl es of Plant transformation vectors which
can be used: - pOCA 18 (O szewski et al., Nucl. Acids Res. 16, p. 10765,
1988) and - pﬁ@b%@(ﬂeﬁcztwoscnéwtmeeezdarwfmd 119!36}=he2013a# t is

also possible &Qs&'sﬂeﬂﬂddotﬁ@fs@haét axansé&&éméé oFRVECi2d9 PAES] N t he
border sequence of t f? ﬁQI ﬁmd of %rob teriumtunefaci ens, whi ch S

i nportant for BRPASR 2h8og dianFEansfomr ppy other
transcri pti on dhcdtphedomncusr phm.b@adsﬂg,mﬂ 2ads varet Belbetldd adreavage

it th
o1, e SN e SRR Sl 0 BRASKST L) TR
Bacteriol . 16gkapamyein. mb’?ssine afetthrl antifwnggligprebain; §-n deheri bed
:D(r)]r d'r'glcﬁ?t 388tr%b%%aac€.gsgegumn?ﬂnfgg{% rec%(rginoﬂrﬁrred b the | eaf
D ea et hog ( rhbeurhers BioCufie) « B anbnyays Th8sthers Hiqtaingh and | o
al so possi bl e ppotetmsf analgsysot kdithdi epedidfienoumyibodieslr afwdatai buds
are sel ec%gd °ﬂ1§tt1&£§xbas' s of the transferred resistance to the

anti bi otiT kananycCrn pression of the antifungal protein in the
transfornmed production plants is checked by DNA anal ysis (Southern

bl Ct/ ting), RN\AygnabyeyfeddRbhbCpLiNEdid}s 2BEnsformed by means of

direct gene transfer into protoplasts. These protoplasts
are then regenerated into intact plants (Gene Transfer in
Cerials, Potrykus I., Biotechnology 8, p. 535, 1990).

15 Plants which express the protein are transferred to the
greenhouse and inoculated with pytophatogenic fungi.
Inoculation is effected with a suspension of hyphae or
conidiospores, depending on the species of fungi. The
leaf stage of the plant which is to be used for

20 inoculation, and the incubation time, depend on the plant
and the pythopathogenic fungus.

The invention is illustrated in greater detail below with
the aid of Examples.

Examples
25 1. Cultivation of Aspergillus giganteus

a) Preparation of a spore suspension of the producer
strain:
100 ml of nutrient solution (0.75% of meat extract, 1% of
peptone, 2% of soluble starch and 0.5% of NaCl) in a 500
30 ml Erlenmeyer flask are inoculated with the strain and
incubated on a rotary shaker for 72 hours at 25°C and 120
rpm. Then 20 ml of culture £fluid in a 500 ml Erlenmeyer
flask containing the culture medium of the abovementioned



protein analysis with specific antibodies (Wstern 10. blotting).

Monocot y| edonous plants are transformed by neans of direct gene transfer
into protoplasts. These protoplasts are then regenerated into intact plants

(Gene Transfer in Cerials, Potrykus I., Biotechnology 8, p. 535, 1990). 15
Pl ants which express the protein are trafd# erred to the greenhouse and
I nocul ated with pytophatogenic fungi. Inoculation is effected with a

suspensi on of GRFReR oot Wieh 20 gepEnagay/dnhave bperi added tegngi .
The | eaf st aglidify ehe|médiwh CArel GividelcupUsfitlo &ghal0portions

[ | ation, d, t ' t ti d d t h | gnt h

oyt hopat hogen T} (AGGEREAte. ThGe AHTRETSH | FFocdPERBACPH gedarkd Be: 44

bel ow wi t h t helaated af WPl Tse &panpscwh2&h haveClbrmedt innonk Adpaakygi | | us
i gant e Pﬁ_grg_r |+ a_Spo ' | f r i 100

?ﬂl gof nﬂfrsﬁ)enta{ SO utacltﬂc%(ny]fg#s%ggf E%é‘%tgagﬁ??gﬁ?eﬂ% h% aﬁg%%&g%é%g

sol ubl e st ar cleaakpining smendgop pf a Srexcially Rvaddabler npoadleondce

i nocul at ed Wi tdhdfietsddtd) M) Gréuetd altedih fe X icY YetdiaEat W22/ hours at
25[err]C and 120 rpm Then 20 ml of culture fluid in a 500 m Erl enneyer

flask containing the culture nmedium of the abovenentioned - 12 -
conposi tion, th) whrepaZ@tionf ofgat / cubeture boen iadddall culturxk f g£t lvhe

Mmcubat ed for BAPSe AR B el i e ERRAN T TE0 O ored
one flaskl® ZfS00 mlhErlenmeyerc flnakcdontaingog 190 ¢il ¢fi ennuddismter
containing ongdifiicH S CEHECABLPbLKeA¥ELhER! BollBBs1£1bA (pH 6.5) is
% inoculated with a culture grown on a slant tube or with
0.2 ml of spore suspension and incubated on a shaker at
120 rpm and 25°C. The production maximum is reached after
15 apprbx. 80 hours (pH = 5.3). The yields are approx. 1 to
2 mg/l. ‘

2. Isolation and purification of the polypeptide

The polypeptide is worked up according to (Olson, B.M. &
Goerner, G.L. (1965) Appl. Microbiol. 13, 314-321). The

20 subsequent thorough purification is carried out by means
of HPLC at a flow rate of 2 ml/min on an ODS-120T column
(0.46 x 25 cm) with a linear gradient of 5 to 20% of
acetonitrile (v/v) to which 0.1% of trifluorocacetic acid
has been added.

25 3. Characterization of the polypeptide

a) Enzymatic cleavage:
For enzymatic cleavage, the polypeptide is incubated at
37°C for a period of 2 hours in 1 M Tris-HCL buffer (pH
8) to which 6 M guanidine and 2 mM EDTA have been added,
30 and reduced at 37°C over a period of 12 hours by the
addition of 0.1 M dithiotritol. The reduced protein is
then treated with 0.15 M iodoacetamide at 37°C for 20
minutes. The S-carboxyamidomethylated protein is
- separated from impurities by HPLC as described above and
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surfactant, and reused i Mmedi ately or stored at -22[err]C. b) Preparation
of a culture or initial culture of the producer strain in an Erlenneyer
flask: 10 A 500 M Erlennmeyer flask containing 100 mM of a nutrient

sol ution of the above-nmentioned conposition (pH 6.5) is inoculated with a
culture grown on a slant tube or with 0-218 -of spore suspensi on and

I ncubat ed on a shaker at 120 rEm and 25[err]C Thee:?roducti on maxi numis
reached after then Xypated gwikbychymetrypsin) (Ethe3 y4 e2Uslhr dnaghrbxM 1 to

2\l/l. 2. |sohmbaaumdbmuarbbaat:bonbeff&be asﬁynﬁpt lage §|‘7@d00k€lsli}ep§bde i s
wor ked up accordi ng to (A'son, B.M & Goerner, G L. (1965) Ap M crobi ol .
13, 314-321). §s- subsequent t hor ough purlflcatlon S carrl ed out by
means of HPLC at a flow rate of 2 m/mn on an ODS-120T colum (0.46 x 25

cm with a linggp 9r of acef oni V) V. whi ch 0. 1%
of trifl UOI’OG.CS?IC cld @ as bge%ntc%é‘%q'étg‘fg %’é) Cﬁfgpact’éqlﬁ)atl Tof e

pol ypept i dé a) eEﬁY?ﬁﬁFPbB(?Fé&?agetlpopfeizﬁﬁat(wéwtI-eavage t he pol ypepti de
is incubated at 37[err]C for a perlod of 2 hours in 1 MTris-HCL buffer (pH
8) to which 6 M guani,di ne and mV] EDTA have been added, 30 and reduced
at 37[er]C oveplgeﬁgf"PBd "Ei‘ftllstBBPglﬂW?ﬁBs a@¥rensn %f 80 profiesseni 6EF t ol .
The reduced prBteéi2li.35)hes carpied out hnﬂ oli M bodarbenatedBustes [HRR| C

for 20 mnutes Sy Q ated rote .S se at ed
frominpuriti 82 byfq}(gL:bs b escrixgmaq Sve whd®® 13 S"E’Fﬁé‘ g’é{PV\n th
chynot rypsin (2@39412101)("/“)@ 1 M ammoni um bi car bonate buffer (pH 8) at
37[ERR] C for 30 m nutes.

_\/‘ 10 Treatment of the native or S-carboxymethylated protein
with lysyl endopeptidase (EC 3.4.21.50) is effected by
incubation for 30 minutes at 37°C in 8 M urea to which
0.1 M Tris-HC1 (pH 9) has been added, followed by
digestion in 0.1 M Tris-HCl (pH 8) for 12 hours at 37°C

15 with an enzyme:substrate ratio of 1:100 (w/w).

Digestion of the S-carboxyamidomethylated protein with
carboxypeptidase Y (EC 3.4.16.1) is carried out in 25 mM
phosphate buffer (pH 6.5) at 37°C for up to 4 hours, the
enzyme:substrate ratio being 1:3 (w/w).

20 b) Amino_ acid analysis and sequence determination:
The protein and the fragments are hydrolyzed in 6 N HC1
for 22 hours at 110°C. The amino acid sequence analysis
is <carried out with an Applied Biosystems .Protein
Sequencer (model 470 a). |

25 Phenylhydantois amino acid derivatives are identified by
HPLC (ODS-120T, 0.46 x 25 cm) according to Tsunasawa, S.
et al., (1985) J. Biochem. (Tokyo) 97, 701-704.
Phenylhydantoin Cam-Cys is determined as described in

Theerasilp, S. et al., (1989) J. Biol. Chem. 264, 6655-
30 6659.

c) Determination of cystine and cysteine fragments:
The analysis is performed by reaction with Ellman’s
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The protein concentration is 150 [ERR]/m for an 5 :

enzyme: substrate ratio of 1:50 (ww). Digestion with Staphyl ococcus aureus
V 8 protease (EC 3.4.21.15) is carried out in 0.1 M bicarbonate buffer (pH
8) for 18 hours at 37[ERR]C, the enzyne: substrate ratio being 1:30 (ww).
10 Treatnment of the native or S-car b0'xy1ﬂet11yl ated protein with |ysyl
endopept i dase (EC 3.4.21.50) is effected i ncubation for 30 m_nutes at
37LERR|C in 8 h#ageRtio Wh?chdetk’-ﬂ’*ﬁ(? HéFr?BFPE?’-ﬁa§°E€én'ad&&F,°re

f Q) owed by dl&ﬁstaﬂfbr rx@atnldnt Wi tHChodtin Dot sliydeide} dccdr Bty

ith ; {rat t, f. t.h
S car boxyar AGRRTORRE P br CHEM) 1% AEife et de prisedil rigroy |
carried out i rscjuentehisahysisbiWitimaphi- B;ébohd, SBLERB]aG:nb.dnomp d.0 &
hours, thege Zﬂ%wstgahe raédﬁcj:}_eg) éi% oWa 520 jdlgtg rrents
¢

anal ysis and sequence’ det'er i nation: rotein and t
hydrol yzed in BeRti®i Fhe proheirsiat im ERR]‘CinTWét&m #@%adi é‘%&qtﬁbﬁ'ﬂce

anal ysis is cagtedifUthdl phesBnlBPbircdbBeAsKSbEMR . BROE BoAe B&¥o{ Model

470 A). 25 Phe 0lS a no aci d derivatiyves | denti f.i ed by HPLC
(ODS- 120T, 0. &8 cﬁ‘}} &% S s‘fﬁﬁ%‘éﬁﬁa‘ off ‘tng % hfﬁg‘%)al
Bi ochem (Tol@p)tréﬁtmeﬂﬂhi?ﬁm O.Bhehm:nyﬂentmo rmﬁaméys tbedﬁm:henhsj as
descri be 9;]?; ) | lq_”]?m
6659. d"Ddet erm nati on O;osr §%uq4elmaer?£im%§tel %%Ef(rgg Eman S %’ aafé‘?yy S is
perforrred by r‘éﬁ%llérpbﬂwphﬁﬂiﬂhf%er (PH 1%1)-r§3¥ﬁambsorptl°n is then
5, 5" -di t hi obi {Lagnt&@PgPzP1E wri d) - before and after treatnment with
sc@/-um bor ohydri de, according to.

‘-Result: _

The protein according to the invention has the following

15 amino acid sequence:

Ala-Thr-Tyr-Asn-Gly-Lys-Cys-Tyr-Lys-Lys-Asp-Asn-Ile-
Cys-Lys-Tyr-Lys-Ala-Gln-Ser-Gly-Lys-Thr-Ala-Ile-~Cys-
Lys-Cys-Tyr-Val-Lys-Lys-Cys-Pro-Arg-Asp-Gly-Ala-Lys-
Cys-Glu-Phe-Asp-Ser-Tyr-Lys-Gly-Lys-Cys-Tyr-Cys.

20 The sum of the molecular weights of the analyzed amino
acids is 5788 Daltoms.

4 disulfide bridges can be identified as follows:

Cys 7-Cys 33, Cys 14-Cys 40, Cys 26-Cys 28 and Cys 49-Cys
51

25 7 9
L4 Cys-Tyr-Lys
Cys-Pro-Arg-Asp-Gly-Ala-Lys
33 39
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Henschen, A (1986) in Advanced Method in Protein Mcro- sequence Analysis
("W ttmann-Li ebold, B., Salnikow, J. &5 Erdmann, V. A, editors), pp.

244- 255, Springer-Verlag, Berlin. The protein is incubated in water for 1
hour at 50[err]Cin the presence or absence of 2.5% of sodium boro-

hydri de. After subsequent destruction Of 1Bhe bor ohydride by treatnment with
0.3 NHCO for 30 mnuytes, the sanple_s 10 i ncubated for 5 mnutes with
0.11% of Ellman's ré&agent in 0.04 M fgHosphate buffer (pH 8.1). The

alsor pti on ismehen masnled Hlte-Cya-tiys Result: The protein according to the
invention has the follow ng 15 gt _%%ig.qhi?quence:

Al a- Thr-Tyr-Asn-d y- Lys- Cys- Tyr-Ltys-Eys-ASp-Asn-1| | e-

Cys-Lys-Tyr-Lys-Al a-d n-Ser-d y2a8ys- Thr - Al a3/ e- Cys-

Lys- Cys- Tyr-Val - Lys- Lys- Cys- Pro- Arg- Asp- d y- Al a- Lys-

Cys- 3 u- Phe- Asp- Ser - Tyr - Lys-d y- Lys-gls-Tyr-Q/s. 20 The sum of the

nol ecul ar Swei ghts oftkt he anal yzed afPno acids is 5788 Daltons. 4 disul fide
bri dges can baliodentnisp-abaI Yedldy@wtysCys 7- Cys 33, Cys 14-Cys 40, Cys

26- Cys 28 and Cys 49-Cys 51 25 cya_Glu_PhL_Asp_Seg__Lé’g_Lys_(ys-Tyr-Lys

Cys-Pro-Arg-Asp-d y-Al a-Lys 33 15 - 23
27 L9 Thr-Al a-11e-Cys-Lys Cy40Tyr-Val -Lys 28 4631 5 11
15 '
49 51
. 10 L8 Cys-Tyr-Cys
o

4. Antifungal activity

The antifungal activity is assessed according to Roether
W. et al., Mykosen 27 (1), 14-28 (1984). The results are
listed in Table 1 below. '



L10  Asp-Asn-1le-Cys-Lys Cys-d u- Phe- Asp- Ser-Tyr-Lys 40

46 49 . 51.10 L8 Cys-Tyr-Cys 4. Antifungal activity The antifungal
activity is assessed according to Roether W et al., Mykosen 27 (1), 14-28
(1984). The results are listed in Table 1 Eel OW. - 16 - Table 1: M ninmum
inhibitory concentration of the ant rf & gal pol ypeptide according to the
I nvention towa gl in vitro (efrr]/m) 5 Tri chophyt on nent agr ophyt es
125. Tri chophyt dn rubrum- 62.5 M crosporum cani s

182 Candi da al bi cans ' >>125 Aspergi’l | us niger

7.81 10  Aspej@dinlilmhen ! Sriibit 7 r gi hgat us
7.3 Aspergillus ildul an. Teory concentr?fifn%p%fgﬁﬁﬁgs é%’ég%}"éggh
7.8 Penicilli uﬁpﬂaaﬂp&am jaffording to the inventiion Ftewards fwngdudnum

7.2 Fusarium oxiitpe Wg/ml) 7.3 5. Formul ati on Exanpl es a)
A dust is obtained by mxing 10 parts by weight of active ingredient and 90
parts by weight of talc as an 20 I nert material and conm nuting the
m xture i n5an MCrjebophyitear meatagrpphytest abl e powdaeswhi ch is readily
di spersibl e inprjchophyton rubrum 62.5
Microsporum canis 15.2
Candida albicans >>125
Aspergillus niger 7.81
| 10 Aspergillus tereus 7.5
\J Aspergillus fumigatus . 7.3
Aspergillus nidulans ' 7.4
Aspergillus giganteus 7.8
Penicillium carylophilium 7.9
15 IFusarium aquaductum ' 7.2
Fusarium oxisporum 7.3

5. Formulation Examples

a) A dust is obtained by mixing 10 parts by weight of
active ingredient and 90 parts by weight of talc as an

20 inert material and comminuting the mixture in an impact
pulverizer.

b) A wettable powder which is readily dispersible in
water is obtained by mixing 25 parts by weight of active
ingredient, 65 parts by weight of kaolin-containing

25 quartz as an inert material, 10 parts by weight of
potassium lignosulfonate and 1 part by _wéight of sodium
oleoylmethyltaurate as a wetting agent and dispersant and
grinding the mixture in a pinned disc mill.

¢) Granules can be prepared from 2 to 15 parts by weight
30 of active ingredient and an inert granule carrier such as
attapulgite, granulated pumice and/ or quartz sand. It is
convenient to use a suspension of the wettable powder
from Example b) with a solids contenﬁ of 30% and to spray



water is obtained by mxing 25 parts by weight of active ingredient, 65
parts by .weight of kaolin-containing 25 quartz as an inert material, 10
parts by weight of potassiumlignosul fonate and 1 part by wei ght of sodium
ol eoyl methyltaurate as a wetting agent and_di spersant and grinding the
mxture in a pinned disc mll. c) GanuFe$’can be prepared from2 to 15
parts by weigh of active ingredient and an ipnert granule carrier such
as attapul gi tetthd‘rsamﬁ'%ﬁ%?}’ﬁﬁﬁ ce®AndFCor gﬁar {81 |9Fi sITBRYLALER to
usg/a suspensi mtabuﬂga.t\set twlclah phndelr:fed)naﬂaiplt&nh):eluyt mixed) | Yhe

content of 30% [ h rfa e of
granul ated att gﬁ’g’gl te, whi cﬁwell?%} ‘%aé(; %enwg'%%égn#gre% ET pBF fbrt I on
by wei ght of wSf &k thakicef hthe inenppraxrisy dmd approxnd 95k ofiethe
carrier isSsapprdnished Qfrandea.fi Ni shed granul es. 6. Biol ogi cal Exanples
Appr ox. 1l1l4-day-old broad beans of the "Herz Freya" or "Frank's Ackerperle"
variety were wetted uniformly with the pol ypeptide according to the
i nvention. 10 6.ABimldgiealp®Examples ng had dried on, the plants were
i noculated with a spore suspension (1.5 mllion spores/ m) of Botrytis
cinerea (BCM and di carboxi m de-sensitive strain = Table 2, BCM and
di car boxi m de- Pepresantl4tdayrold Thibdad3peatfise qff abhe WEierzgrExeyadh on a
climatic 15 @ t | Y I

kg @A%z%%&qu Qﬁ‘l@tz}ﬁﬂ{%& werbdé! ghi &gﬁig‘diw

I nfection of the plants manifests itself formation o Spots on
| eaves and st efB® PRIYPepide,acgordipgated thgpioventigBak after

I nocul ati on. The. efficacy of the test substances was assessed as a 20
pwnt ag‘ior el itflt\é% tt(?net hsepgar‘ll'grggta :.ngntha% e&]r ttr)(n).l, %%e plants were
inoculated with a spore suspension (1.5 million spores/
ml) of Botrytis cinerea (BCM- and dicarboximide-sensitive
strain = Table 2, BCM- and dicarboximide-resistant

| strain = Table 3). The plants were grown on in a climatic

15 chamber at 20-22°C and approx. 99% relative humidity.

Infection of the plants manifests itself in the formation

of black spots on leaves and stems. The trials were
evaluated approx. 1 week after inoculation.

The efficacy of the test substances was assessed as a
20 percentage relative to the untreated infested control and
is reproduced in Table 2.
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‘is reproduced in Table 2. -18- Table 2 Conpound of Efficacy in %

ffor ng of act,ve Exanple I ngredi ent (pol ypeptide) per liter of
Spraying mxture 5 500 250 125 60 30
pol ypepti de 100 100 100 99 85 untreated infested

pl ant s 0 10 Tabl €& g‘aodrrpound of Efficacy in %
for ng of act h,\'ég, Ex%rrpl e I ngr edi ent (poI ypeptide) per liter of

sprayi ng m xt 1% 250 125 30 15 pol ypepti de

1Q0 100 100 98 85 untreat ed infested plants

0 7. Inocul at Hgglp geni c t oggeq Rl ci nerea

Wl d-type tomato %Ifugnt ;%'?:'an tranageni c p a%'t%sw ggg?r?ei\%%vgty wer e

i nocul ated at tAxagpley 6-| eaf ingxredigmtn meﬁﬁ-dﬁésm#‘ Bdtext iof ci nerea
and then kept for 3-4 days at 20[err]C a%ﬁg"ﬁgeﬁgtyﬁ.etwm dity. The trial
was 25 then evaluated by vis asse srrent the | eaf area |nf ested

w t h Bot r)st Is cinerea (olive- 9%5939 spot? Ohd wi |11%5ng sym§t°om;) oP% he

t ranageni ¢ pl art-s—was—eval-dat-ed—-r—corpar+senr—wt-h—that—of—the—wi-td-t ype

pl ants. The d%%&%e% iid!%f est at i:l.%'ﬁ of tti%ool ant smios showggi n TabIS% 1

untreated _
infested plants 0
-/
10 Table 3
Compound of Efficacy in % for mg of active
Example ingredient (polypeptide) per liter of
spraying mixture
500 250 125 60 30
15
polypeptide 100 100 100 98 85
untreated
infested plants 0
; 7. Inoculation of transgemic tomato plants with Botrytis
o/

20 cinerea

Wild-type tomato plants and transgenic plants of the same
variety were inoculated at the 5- to 6-leaf stage with
conidiospores of Botrytis cinerea and then kept for 3-4
days at 20°C and 99% relative humidity. The trial was
25 then evaluated by visual assessment; the leaf area
infested with Botrytis cinerea (olive-gray spots and
wilting symptoms) of the transgenic plants was evaluated
in comparison with that of the wild-type plants. The
degree of infestation of the plants is shown in Table 1.
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Table 4 Tomato plants Infestation with Botrytis cinerea in %
tnfested, | eaf area 5 wld-type plants 90 - 100 transgenic
plants 30 - 60 8. Inoculation of transgenic tobacco
Flants with Sclerotinia sclerotiorumW|I d-type tobacco plants and
ransgeni ¢ plants of the 10 same varfrely mere inoculated at the 4-1eaf
stage with hyphae (suspension) of Sclerotinia sclerotiorumand kept at
appr ox. 25[er$fb%ﬁd4>90@6relative hum dity for approx. 3 days. The | eaf
aLea infested wth Sclerotinia sclerotiorum(glassy spots, |eaf rot,

nycel i um depogits) 1 f the tra ni xperj.pen t hen
evaluated in @8ﬂ5§?i§3ﬁn%Fth t hat gﬁggﬁggﬁ$P§:9§g§ %ﬁgﬁ?&igT %ngﬁ%be of
infestation of the plants is shown i n TabReinfes&iedeclbafobzeao pl ants
Infestation with Sclerotinia 20 sclerotiorumin %infested |eaf area

w |l d-type plants 100 25 transgenic plants
30 - 55 5 . whld-type plants 0535060 PaPént &PQinms: 1. A
pol ypepti de Wekhnbfenad praatisd sequence 30 - 60

Al a- Thr- Tyr- Asn- Q3 y- Lys- Cys- Tyr - Lys- Lys- Asp- Asn- | | e-
Cys-Lys-Tyr-Lys-Ala-A@ n-Ser-d y-Lys-Thr-Ala-11e-Cys- 5
Lys- Cys- Tyr - Val. - Lyndopd-abdonPr cof\r gthapsgenidl atiopacco plants with
Cys-d U‘Phe'A§Q1§§EEI¥$EL?%1§E$Eﬁ$§hgyS‘Tyr‘CVS' 2. A plant cell which
expresses the gene o0 e
: wWild-type tobacco plants and transgenic plants of the
\/ 10 same variety were inoculated at the 4-leaf stage with
hyphae (suspension) of Sclerotinia sclerotiorum and kept
at approx. 25°C and >50% relative humidity for approx. 3
days. The leaf area infested with Sclerotinia
sclerotiorum {(glassy spots, leaf rot, mycelium deposits)
15 of the transgenic experimental plants was then evaluated
in comparison with that of the wild-type plants. The
degree of infestation of the plants is shown in Table 2.

Table 5
Tobacco plants Infestation with Sclerotinia
; 20
o/ . .
: sclerotiorum in % infested
leaf area
wild-type plants 100

25 transgenic plants _ 30 - 55
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antifungal peptide from Aspergillus giganteus fromCaim1. 10 - 3. A

pl ant caontaining cells according to Claim?2. 4. A plant, plant tissue or

reproductive naterial expressing the polypeptide fromdCaim21l and grown

froma plant cell according to aim?2. 5. A process for the production

of the pl ant cell, 15 characteriz&® i-n that the gene of 0535060

anti fungal pol e tid rom Aspergillus giganteus is expressed in the plant

cell. 6. 5}’ %% production of the pol ypepti de according to
im1, char acteri zed in that 20 Aspergil | us giganteus is

cultlvat ed, prefer r f t d t he
pol ypept i de | s i so?&g%dﬂpﬁéfﬁ)%ﬁfmﬁﬁot% ﬁ#uo%th ng or

dest royi ng phyt opat hogeni ¢ fungi on plants, char act er| zed in 25 t hat

it contains the polaRaRid gy - Cbar;rﬂ.r | | i f

appropriate, another fungi cide or another active 1'hgredi ent fromthe gr oup |

conprising i nsectG¥d deeE -TyenliyerAlarCin- Sexr 81y hyrr Byerftla - HenSy&-des,
nemati ci d&gs or 30 Lys- wémﬂm-wﬂe&.ysu%la:irilpﬁa%,ﬂﬂépl &= C

IfEOrrpog/: ti oﬁ accordlcﬁ’g ta%htﬂ% mAFp%rarg%fS jﬁfo;’eﬁ Ifat %T%’pt I de

according to aim1lis incorporated into a suitable forrrul ation, either by

tself or 5 2.  AOGAGHA Wehl ' RB1GHNCExbHESkES I Gendt Y A Ve
g ' antifungal peptide £rom Aspergillus giganteus from

Claim 1.
10 3. A plant containing cells according to Claim 2.

4, A plant, plant tissue or reproductive material
expressing the polypeptide from Claim 1 and grown
from a plant cell according to Claim 2.

5. A process for the production of the plant cell,
15 characterized in that the gene of the antifungal
polypeptide from Aspergillus giganteus is expressed

in the plant cell.

6. A process for the production of the polypeptide
accérding to Claim 1, characterized in that
20 Aspergillus giganteus is cultivated, preferably at
a temperature of 18 to 35°C, and the polypeptide is

isolated.

7. A composition for inhibiting or destroying
phytopathogenic fungi on plants, characterized in
25 that it contains the polypeptide according to Claim
1 and additionally, if appropriate, another
fungicide or another active ingredient from the
group comprising insecticides, attractants,
sterilizing agents, acaricides, nematicides or

30 herbicides.

R
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9. A nmet hod of protecting plants from phytopathogenic fungi,
characterized in that the plant, the plant seed or the cultivated areas are
treated with an 10 active anount of the pol ypeptide according to
Claim 1, preferably before, after or at the same tine as treatnent with
anot her fungicide or an insecticide, at't Péct‘ant sterilizing agent,
acaricide, nenmticide or herbicide, Use of the pol ypeptide

according to @-ai mi H§°§ﬁs§ntq%n§HP é{f@ﬁ“ctffn RE Jihe h§°BBP?b§ﬁPPde
qhyor ding to d ai mal:ddrdinyat bod cleniad d7 g dhardtieBi%eit f#A agedt @bei NSt
y

topat hogeni ¢ fur;‘%l ]tl]él'ellg'%é%%&%z%'ll]élljaf%ll is incorporated

into a suitable formulation, either by itself or

5 together with the other fungicide or the other
active ingredient. ’

9. A method of protecting plants from phytopathogenic
fungi, characterized in that the plant, the plant
seed or the cultivated areas are treated with an

10 - active amount of the polypeptide according to Claim

’ 1, preferably before, after or at the same time as
— treatment with another fungicide or an insecticide,
attractant, sterilizing agent, acaricide, nematicide

or herbicide.

15 10. Use of the polypeptide according to Claim 1 as an
antifungal agent.

11. Use of the polypeptide according to Claim 1 in a
method according to Claim 9 as an agent against

phytopathogenic fungi.

A



