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) La présente invention a pour objet une séquence d'ADN codant pour I’androctonine,
d’un organisme hote et le procédé de_ transformation. L’invention concemne plus particulitrement la transformation des cellules végérales
et des plantes, la drosomycine produite par les plantes transformées leur conférant une résistance aux maladies, en particulier d’origine

(54) Title: GENE CODING FOR ANDROCTONINE, VECTOR CONTAINING SAME AND TRANSFORMED DISEASE-RESISTANT

§ {54) Titre: GENE CODANT POUR L’ANDROCTONINE, VECTEUR LE CONTENANT ET PLANTES TRANSFORMEES OBTENUES

The invention concerns a DNA sequence coding for androctonine, a vector containing same for transforming a host organism and the
transformation method. More particularly the invention concems the transformation of plant

re cells and plants, the drosomycine produced
the transformed plants providing them with resistance to diseases, in particular those of fungal origin. ¢ P >

un vecteur la contenant pour la trasnformation -




2 purposes of the present invention, the terns bactericidal and fungici dal
zare understood to refer both to the actual bactericidal or fungicidal
properties and to the bacteriostat or fungistat 5 properties. Androctonines
are peptides produced by scorpions, in particular fromthe species

Andr oct onus a rggjq?l andr oct oni ne ang its preparaiiﬁgbﬁyh%#;§1§fi
escri be 1ts 1n

synthesis are by Ehret-Sabatier et 10 al., along wt

vitro antifungainenbditd bt elndtodtOReRé | eectlbe aBALACHOALNELIgRES have
now been identified, and it has al so been found that they can be inserted

into a host orjadays-tdsdnt W dnSf Phned , plants €b€einka@ express an
androctoni ne, both for the preparation and isolation of this androctonine

and to give the said host organi smproperties of resistance to fungal
di seases and to di seases of bacterial origin, thereby providing a
particul arly advant ageoudhes @nesent 2intent hen prebdeas oud| anBMAabove. The
subject of the invention is thus, firstly, a nucleic acid fragnent coding
for an androctsegussicea adding i oy adrerpenineg theasaedtdéragnent codi ng
for an androctoni ne and heterol ogous 25 regul ation elenents in positions 5
and 3' which canYaiREnDit far rapsterpatioparfi duhasti argramnss,
and to the process for transforming the said organism.
The invention relates more particularly to
the transformation of plant cells and plants and to the
10 androctonine produced by the transformed plants, giving
them resistance to diseases, in particular diseases of
fungal origin.
There is today an increasing need to make
plants resistant to diseases, in particular fungal
15 diseases, in order to reduce, or even avoid altogether,
the need for treatments with antifungal protection
products, ih order to protect the environment. One
means of increasing this disease-resistance consists in
transforming the plants so that they produce substances
20 capable of defending them against these diseases.
Various substances of natural origin are
known, in particular peptides, which have bactericidal
or fungicidal properties, especially against the fungi
responsible for plant diseases. However, the problem
25 consists in finding such substances which not only can
be produced by transformed plants, but also can

conserve their bactericidal or fungicidal properties

and confer these properties to the said plants. For the



and a vector for transform ng host organi sns containing this chineric gene,
rand the host organi smtransforned. 3 The invention also relates to a
transforned plant cell containing at |east one nucleic acid fragnment coding
for an androctonine, and to a di sease-resistant plant containing the said
cell, in particular a plant 5 regenerated2fromthis cell. Lastly, the

I nvention relates to a process for cultivating transfornmed plants accordi ng
to the invent pe¥pPosesoradi e drgrenthidiemnion hethert®@®Emr oct onine is

understood to refer to any peptide 10 which can be produced by _and isol ated
fron1scorpion§§Q§¢ﬁ&QMQQ%ﬂ%ﬂJfﬁuﬂﬁ#Qﬁg%%mﬁﬁ%ﬁpUQﬁﬁ§%ﬁQ%u%oaﬁ%f?élis, t hese

pepti des conprising at | east 2 m no acids, preferably at |least 25, and 4
cystei ne resi@GEQ'%m<ﬁQQ(ﬁQFQﬂ e Br Qﬁﬁﬂftéi%ﬁigkg%%nselves. 15

Advant ageousl y, the androctpni ne.essentially conmprisgs the peptide sequence
of general fo ﬁﬁﬁsHﬁﬁ?ﬁxﬁQﬁﬂLQQEQQQhé%&ﬁﬁ t c9{3£?3€&EE§E-Xae (1) in

whi ch 20 X%g ?%%E%%g$é ~a peptide residue conprising at least 1 am no acid,
Xab represénts a‘pepti de residue of 5 anmino acids, Xac represents a peptide

residue of 5 amno aci dgyngroctonines are peptides produced by
scorpions, in particular from the species Androctonus
australis. An androctonine and its preparation by
chemical synthesis are described by Ehret-Sabatier et
10 al., along with its in vitro antifungal and
antibacterial properties.

The androctonine genes have now been
identified, and it has also been found that they can be
inserted into a host organism, in particular a plant,

15 in order to express an androctonine, both for the
preparation and isolation of this androctonine and to
give the said host organism properties of resistance to
fungal diseases and to diseases of bacterial origin,
thereby providing a particularly advantageous solution

20 to the problem outlined above.

The subject of the invention is thus,
firstly, a nucleic acid fragment coding for an
androctonine, a chimeric gene comprising the said
fragment coding for an androctonine and heterologous

25 regulation elements in positions 5' and 3' which can
function in a host organism, in particular in plants,
and a vector for transforming host organisms containing

this chimeric gene, and the host organism transformed.



Xad represents a peptide residue of 3 am no acids, and 25 Xae represents a
‘peptide residue conprising at least 1 am no acid. Advantageously, Xab

and/ or Xad and/or Xae conprise at |east one basic am no acid, preferably 1.
4 According to the invention, the termbasic amno acids is understood to
refer to amno acids chosen from|ysine, &sparagi ne and honoaspar agi ne.
Preferably, 5 Xaa represents _the peptide sequence Xaa'-Val, in which Xaa
represents N-Bh8r iBVBBHLPBe2LESi d6datEFpitiosiendransiosed RiAHo R Y,

and/ or Xab represents the peptide sequence -Arg-Xab' -1le, in which Xab
represents a B@BFF‘&IBngsFHuieBFtSQQﬁi pycieisiardd HFWEBRE %sents the
pepti de sequence -Arg-Xac' -G vy-, in Lch Xac' represents a .peptide residue
73 ani no acPRE, JAnAPBFOSEARLEr B8 £9 o DIESATS SERAREARY PATSad: - Lys.
in 15 which Xad! . ese pt resi f 1N i,d, and/or Xae
represents thggﬁgéﬁﬁégasgégeggg%l%ﬁﬁﬁ agif?%¥%€%%€;$%§§E%ﬂgﬁﬂ%esents COCH or

a peptide gesidyg,cPOPELSFREmAtnlig2%k1Y . 2HaRR 1351 Ehe?Qnvention
Pref erably,
relates to a process for cultivating transformed plants
according to the invention.
According to the invention, the term
androctonine is understood to refer to any peptide
10 which can be produced by and isolated from scorpions,
in particular from the species Androctonus australis,
these peptides comprising at least 20 amino acids,
preferably at least 25, and 4 cysteine residues which
form disulphide bridges between themseives.
15 Advantageously, the androctonine essentially comprises
the peptide sequence of general formula (I) below:
Xaa-Cys—-Xab-Cys-Xac-Cys-Xad-Cys-Xae
(I)
in which
20 Xaa represents a peptide residue comprising at least 1

amino acid,

Xab represents

]

peptide residue of 5 amino acids,
Xac represents a peptide residue of 5 amino acids,
Xad represents a peptide residue of 3 amino acids, and
25 Xae represents a peptide residue comprising at least 1
amino acid.
Advantageously, Xab and/or Xad and/or Xae

comprise at least one basic amino acid, preferably 1.



Xaa' represents the peptide sequence Arg-Ser-, and/or Xab' represents the
spepti de sequence -An-1le-Lys-, and/or Xac' represents the peptide sequence
-Arg-Arg-A@y-, 25 and/or Xad' represents the peptide residue -Tyr-, and/or
Xae' represents the peptide sequence -Asn-Arg-Pro-Tyr. According to a
preferred enbodi nent of the 5 inventiod, androctonine is represented by
t he peptide sequence of 25 am no acids descri bed by the sequence identifier
No. 1 (SEQ I DAgFondingdte HehdokBYeubienpephedEesBghagdssamgno acids The
t erm honol ogous pepti de ggguences i s under st ood tgsrefer t o _any equi val ent

sequence conpri$iFRASESTR
t he sequence identifier

t L5596 Fohor 8 g™ P haFhESsEG8ERPe TFEPT esent ed by

understood that the 4 cysteine

No. 1, it_bei
resi dues and thE M SHY A0S RS HAFASE_FaPAPPAg t hem remai n
identical, certain aninopﬁg%g§a ?§ng replaced with different but equival ent
0 Nno

am no acids on sites whicC

anti fungal e@r
Pref erably,

more preferably,at +&38ds&p08 NP H0Ya FUHEMED FBY fald SEShEP] ¥199 %t

honol ogy.

10

15

20

25

1

{ nduce a substantial change in the

P84 Loyl sehd b she BesabtoPOumonss saumich,
least 1 amino acid, and/or
Xab represents the peptide sequenée -Arg-Xab'-Ile, in
which Xab' represents a peptide residue of 3 amino
acids, and/or
Xac represents the peptide sequence -Arg-Xac'-Gly-, in
which Xac' represents a peptide residue of 3 amino
acids, and/or
Xad represents the peptide sequence -Tyr-Xad'-Lys, in
which Xad' represents a peptide residue of 1 amino
acid, and/or
Xae represents the peptide sequence -Thr-Xae', in which
Xae' represents COOH or a peptide residue comprising at
least 1 amino acid.

Preferably,
Xaa' represents the peptide sequence Arg-Ser-, and/or
Xab' represents the peptide sequence ~Gln-Ile-Lys-,
and/or
Xac' represents the peptide sequence -Arg-Arg-Gly-,
and/or
Xad' represents the peptide residue -Tyr-, and/or
Xae' represents the peptide sequence -Asn-Arg-Pro-Tyr.

According to a preferred embodiment of the



The NH2-term nal residue of androctonine can exhibit a post-translational
‘modi fication, for exanple 20 an acetylation, while the Cterm nal residue
can exhibit a post-translational nodification, for exanple an am dati on.
The expression peptide sequence essentially conprising the peptide sequence
of .general fornmula (1) 25 is understood Po refer not only to the sequences
defi ned above, but gl so to such sequences conprisin at one or other of

their ends or 1BBStHTendEImRGHOHES et FRRF IS P¥ orhe REPEEIS essi on
Thi's | n part CERENGEn G o AMGEpAIES HERGLON fov e Seaténee ™ PAM
"andr oct oni ne-,pept.i.ge", vant u - pept. de- roct oni he" . fusion

pepti de mhoselgfg§ﬁ%§§IS%gy gh§g§ﬁ§§#g9Fg gyst Igﬁet %p?iéﬁﬁu%ells al | ows

the release o nqr j.ne defined above. The peptide fused to
andr oct oni ne %gthg%a%gagéﬁy%%éptide or atransit peptide which allows the

product i on gof andrOCtomTHétﬂéﬁM3HHMHﬂd§dﬁ§jﬁHﬁk%ﬁé‘%%é?%ﬁ%@%iiéca||y 10 in
ar o e plant ce

one part of the host organism 1n particu | or plant,

such as, for endERistodd®EHHIAYY @iny hanss)dl ¥ anenas in the case of
plants, in a specific type of cell or tissue conpartnent or in the

extracel l uar @empirising at least 65% homology with the sequence
represented by the sequence identifier No. 1, it being
understood that the 4 cysteine residues and the number
10 of amino acids separating them remain identical,
certain amino acids being replaced with different but
equivalent amino acids on sites which do not induce a
substantial change in the antifungal or antibacterial
activity of the said homologous sequence. Preferably,
15 the homologous sequences comprise at least 75%
homology, more preferably at least 85% homology and
even more preferably 90% homology.
The NHz-terminal residue of androctonine can
exhibit a post-translational modification, for example
20 an acetylation, while the C-~terminal residue can
exhibit a post-translational modification, for example
an amidation.
The expression peptide sequence essentially
comprising the peptide sequence of general formula (I)
25 1is understood to refer not only to the sequences
defined above, but also to such sequences comprising,
at one or other of their ends or at both ends, peptide

residues required for their expression and targeting in



15 According to one enbodiment, the transit peptide can be a
-chloropl ast - addressi ng si'gnal or a m tochondrion-addressing signal, which
is then cleaved off in the chloroplasts or the mtochondria. According to
anot her enbodi ment of the 20 invention, the signal peptide can be an
N-term nal signal or "prepeptide", option@lly in conmbination with a signal
responsible for retaining the protein in _the endoplasmc reticulum or a
vacuol e- addr edshagtpeporaédser 'ipr Pg&piicddar Phelattostdshniar mekdrtd umi s
the site 25 at which maturation operations on the protein produced, such
as, for exanple, cleavad®isf ifh@asitdeailage FAFETE & uRFRYI&H by the
“cell machinery". The trapsit peptides can be sing]eg or double, 7 and,
Cthi o case. BEEPGRAPLpea bt RABIIEy LR IR EeRI R e e equelY one
conprising, i _the.direction.of .transcription sequence coding for a
Cransit pept | QBBFLBeSRRRE ST e e en esnes’ ot TR SRS Ton
enzyne, a RoOri.iL.o f N-terq) riqi f pl ant
gene codi ng f%& gh% gglgggslrgg%alg&zstat{élﬁlgn oﬁzt;ﬂr{eg?lfrrﬁg %eg‘r%%g %lel?l}veérzcteﬁecodi ng

for a second Laassk BEPthie ahrd Rl Hhd . ikl dsddidide
ocal i zation enzyne, as described 10 in patent application EP O, 508, 909. As
transit peptidgsehl €8 bhaweRiwnidecead M@ a signal peptide or a
transit peptide which allows the production of
androctonine to be controlled and oriented specifically
10 in one part of the host organism, in particular of the
plant cell or plant, such as, for example, the
cytoplasm or the cell membrane, or in the case of
plants, in a specific type of cell or tissue
compartment or in the extracelluar matrix.
15 According to one embodiment, the transit
peptide can be a chloroplast—addfessing signal or a
mitochondrion-addressing signal, which is then cleaved
off in the chloroplasts or the mitochondria.
According to another embodiment of the
20 invention, the signal peptide can be an N-terminal
signal or "prepeptide", optionally in combination with
a signal responsible for retaining the protein'in the
endoplasmic reticulum, or a vacuole-addressing peptide
or "propeptide". The endoplasmic reticulum is the site
25 at which maﬁuration operations on the protein produced,
- such as, for exémple, cleavage of the signal peptide,
are undertaken by the "cell machinery".

The transit peptides can be single or double,



to the invention, nmention may be made in particular of the signal peptide

.of -t he tobacco PR-1a gene (WD 95/19443), represented with its coding

sequence by 15 the sequence identifier No. 2 (SEQID NO 2) and fused to

androctoni ne by the sequence identifier No. 3 (SEQID NO 3), in particular

corresponding to the fusion protein corredponding to bases 12 to 176 of

this sequence, in particular when the androctonine is 20 ﬁéoduced by pl ant
t

cell's or planB®drorth k1% SARoPRIF I MAL LY FeRATRLSH Y androctonine is
produced in yeasts. The present invention thus rel aIesIll first] to a
nucl ei ¢ aci d FPEGIEREIEES SIS T DNE™PE FPRet 9 c ot NP or t he

andr oct oni ne defi ned abo%et_Accord%ﬂ%_to t he |nvent%cgbdt i S-.can_be a

fragnment i sol EF TR RS & s Faustald ss,e 1o AIT ef ha |%e¥?/raaderi ved

fragnment, adar&gﬁlsfﬂr pteg)g._til ero\?ﬁ-sls% ?%'eaq{etxp%ee%sgﬁ?{%t@éﬁ &4 the host

organi smin whi the™p e nuclerc acid fragnent

can be obt & ned -aGGQr qiﬂlti%%fﬁ%{’ ethods; 4070+ Sl Gild. ke 30

purification, "or alternatively I _ esi s according to the usua
techni ques of t+$dCqRTSMA MDA igdis: idn YNthelifn®d! Jaanusdentd des.

These techniques are described in particular by Ausubel™ et al.
for a plastid localization enzyme, and then a sequence
coding for a second transit peptide of a plant gene
coding for a plastid localization enzyme, as described
10 in patent application EP 0,508,909.

As transit peptide which is useful according
to the invention, mention may be made in particular of
the signal peptide of the tobacco PR-la gene
(WO 95/19443), represented with its coding sequence by

15 the sequence identifier No. 2 (SEQ ID NO. 2) and fused
to androctonine by the sequence identifier No. 3 (SEQ
ID NO. 3), in particular corresponding to the fusion
protein corresponding to bases 12 to 176 of this
sequence, in particular when the androctonine is

20 produced by plant cells or plants, or the precursor of
Mat al factor when the androctonine is produced in
yeasts.

The present invention thus relates, firstly,
to a nucleic acid fragment, in particular a DNA

25 fragment, coding for the androctonine defined above.
According to the invention, this can be a fragment
isolated from Androctonus australis, or alternatively a

derived fragment, adapted for the expression of



According to the present invention, the 10 expression "nucleic acid
fragnment” is understood to refer to a nucl eoti de sequence which can be of
DNA or RNA type, preferably of DNA type, in particular cDNA especially of
doubl e- stranded type. According to one enbodi nent of the .invention, 15 the
nucl ei ¢ acid fragment coding for androcto®ine is the DNA sequence descri bed
by the sequence identifier No. 1 &?E ID NO., 1),. a homol ogous sequence or a
sequence conpPBRERCAOPING tife tog Qégnﬂﬁﬁﬂ§l§ﬁn¥?[ﬂﬂ¥anﬂ |BRRHEAR 0di ng

portion of this SEQ ID NO 1, 20 _correspondi ng t ases to 75. According
to the invent F”&lJri Sr‘?eetxé’lrr?nssﬁéﬁol'r%@odgl 'es,l%r‘?g"e‘r‘gt RFY 27 ®D a nucleic
aci d fragnent vi,ng one or re.,sequence nodificati.on en conpared with
t he nucl eoti d@ggéd&%ﬁcgcé:&: "Fed%D lf}%és%ogaerd%é%%@? am{¥ier No. 1
codi ng for angr ine. . jfi.cati i according to

t he usual nut gts%g'tr?%gé)c r?'ln%g?%lﬁ%ﬁﬂle%ﬁa%eﬁﬁ%%gﬂ%f%the synt hetic

ol i gonucl e@t i g@%t,'[ﬁ%%qg oY ?gin tgq._@fgg}rﬁ)w af e diis Sl d quence by

hybri di zat i on. regar tiple ¢ I nations of nucleic acids which
can |lead to tRe @eRI8%Y MY diNe Sy YR ymaidhid he differences between

the reference sequence deScribed by 5 the sequence identifier No. 1 and the
honol ogous oligonucleotides. These techniques are described in
particular by Ausubel et al.
According to the present invention, the
10 expression "nucleic acid fragment” is understood to
refer to a nucleotide sequence which can be of DNA or
RNA type, preferably of DNA type, in particular cDNA,
especially of double-stranded type.
According to one embodiment.of the invention,
15 the nucleic acid fragment coding for androctonine is
the DNA sequence described by the sequence identifier
No. 1 (SEQ ID NO. 1), a homologous sequence or a
sequence complementary to the said sequence, more
particularly the coding portion of this SEQ ID NO. 1,
20 corresponding to bases 1 to 75.
According to the invention, the term
"homologous" is understood to refer to a nucleic acid
fragment having one or more sequence modifications when
compared with the nucleotide sequence described by the
25 sequence identifier No. 1 coding for androctonine.
These modifications can be obtained éccording tq the
usual mutation techniques, or alternatively by

selecting the synthetic oligonucleotides used in the



seduence can be considerable, and all the nore so when it concerns a DNA
:fragment | ess than 100 nucleic acids in size, which can be produced by

synt hesi s. Advant-ageously, the degree of honology will be at |east 10 70%
relative to the reference sequence, preferably at |east 80% and nore
preferably at |east 90% These nodificati8ns are generally neutral, i.e.
they do not affect the primary sequence of the resulting androctonine. 15
The present | RFERAGTABSEL dibg s2ib ILTURTRS | RY geveridizakperssiahrh
cassette) conprising . a coding sequence and heterol ogous regul ati on el enents
in positions Bf'egéerigé"O \}%ﬂéﬁ %%W%‘?W\s aoﬂo%‘[‘g]o?b%n? s ¥epshti cul ar
plant cells or plants,, the 20 elenents being functionally lipked 1o the
sai d coding seéip?é"ngﬁaq He® 2‘3}% Wﬁﬁ%%@%c%‘%om‘? s?rﬂjgn%/\ta?% Sttﬁﬁe DNA
fragment codi I r.0Gt Qni def | ne V, i ding 1

"pepti de- andr c@%tfgf%rneg&%gr Cb'eﬁd(ﬁ%glc@rﬁ nrfeé-fg;ee%r?gd%"%éj%él]%{;\éjp%% $xd:2§§d2gy

The term hast t?lreg%qﬁﬁdge (‘%’H%ﬁr{uﬁﬁ%f refelnd %ﬁé‘yhérﬁé!‘f%%%er or

hi gher - or der nonoc | ular organisminto the chineric

gene accor di Ngddri IdMEHd UbriANDRBIYE § aghigesh 1 f Qe thSre s%owﬂéHdUCtion
of androctonine.” Such organisns are, in particular, bacteria, for exanple
E. coli, yeasti% ddhcerns a DNA fragment less than 100 nucleic acids
in size, which can be produced by synthesis.
Advantageously, the degree of homology will be at least
10 70% relative to the reference sequence, preferably at
least 80% and more preferably at least 96%. These
modifications are generally neutral, i.e. they do not
affect the primary sequence of the resulting
androctonine.
15 The present invention also relates to a
chimeric gene (or expression cassette) comprising a
coding sequence and heterologous regulation elements in
positions 5' and 3' which can function in a host
organism, in particular plant cells or plants, these
20 elements being functionally linked to the said coding
sequence, the said coding sequence comprising at least
one DNA fragment coding for androctonine as defined
above (including the "peptide-androctonine" or
"androctonine-peptide" fusion peptide).
25 The term host organism is understood to refer
to any lower-order or higher—order monocellular or
multicellular organism into which the chimeric gene

according to the invention can be introduced, for the



particul ar yeasts of the genera Saccharonyces or Kl uyveronyces, Pichia,
.fungi, in particular 5 Aspergillus, a baculovirus, or, preferably, plant
cells and plants. According to the invention, the term"plant cell"” is
understood to refer to any plant-derived cell which can constitute

undi fferentiated tissues such as 10 callilOdifferentiated tissues such as
enbryos, plant portions, plants or seeds. According to the invention, the
term"plant" PFroNEEisro®d terdraaioninenSurh ferEnisnedc @t tikel | ul ar

or gani sm capabl e of photosynthesis, in 15 particul ar ppnocotyl edons or

di cot yl edons, Pﬁﬁrtécb‘ﬁ-rat‘fi'c aGh8riGroF W aﬁﬁ%ﬂm b et br Xﬁ%@‘rg%t be

I ntended for hunman or. ani nal coqggqg{ion such_as cor wheat, rapeseed,
38t (ot

soybean, riceP d&P%ﬁﬁuXeﬁf & SFRTS %Qﬁ?Qﬁ{g%¥ﬁ?52%F
The e ot o s G £ Lor A DR SXMESER AP O 1o

codi ng for andro Wh in the art as a

function ofg t égyg- rgani GQIPr i i Lyl ar
sequences, > rg;‘;s Cri 5'tl?(§%%2§sarﬂcatc;g\}g¥rolr s, 't r%’sié}%%%%&’ a%%rt?glr)%g%g i on
sequences, inghydiigntisart and stop codons. The means and methods for

i dentifying and sélecting the regulation elenents are well known to those
skilled in the art. According to the invention, the term "plant

cell"” is understood to refer to any plant-derived cell
which can constitﬁte uﬁdifferentiated tissues such as

10 calli, differentiated tissues such as embryos, plant
portions, plants or seeds.

According to the invention, the term "plant"
is understood to refer to any differentiated |
multicellular organism capable of photosynthesis, in

15 particular monocotyledons or dicotyledons, more
particularly crop plants which may or may not be
intended for human or animal consumption, such as corn,
wheat, rapeseed, soybean, rice, sugar cane, beetroot,
tobacco, cotton, etc.

20 The regulation elements required for the
expression of the DNA fragment coding for androctonine
are well known to those skilled in the art as a
function of the host organism. They comprise in
particular promoter sequences, transcription

25 activators, transit peptides and termination sequences,
including start and stop'codons. The means and methods
for identifying and selecting the regulation elements

are well known to those skilled in the art.



For the transformation of m croorgani sns such as yeasts or bacteria, the
:regul ation elenents are well known to those skilled in the art and

conprise, in
transit pepti

particul ar, pronoter sequences, transcription 5 activato
des, term nation sequences and start and stop codons. In

rs,
order

to.direct the expression and secretion ofllt he peptide in the yeast culture
medi um a DNA fragnent coding for heliomycin is incorporated into 10
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Invert. ReprodiaRVand?ktopPcolondt and Mchaut et al., 1996, FEBS Letters,

395, pp. 6-10
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25

. Preferably, 'yeasts fromthe species S.
' In order to direct the expression and

secretion of thé peptide in the yeast culture medium, a
DNA fragment coding for heliomycin is incorporated into
a shuttle vector which comprises the following
elements:

- markers which allow the transformants to be selected,
- a nucleic acid sequence which allows replication
(origin of replication) of the plasmid in the yeast,

- a nucleic acid sequence which allows replication
(origin of replication) of the plasmid in E. coli,

- an expression cassette consisting of

(1) a promoter regulation sequence,

(2) a sequence coding for a signal peptide
(or prepeptide) combined with an addressing peptide (or
propeptide},

(3) a polyadenylation or terminator
regulation sequence.

These elements have been described in several
publications, including Reichhart et al., 1992, Invert.
Reprod. Dev., 21, pp. 15-24 and Michaut et al., 199s,
FEBS Letters, 395, pp. 6-10.

Preferably, yeasts from the species S.



12 cerevisiae are transforned with the expression plasmd by the |ithium
-acetate nethod (lIto et al.;, 1993, J. Bacteriol, 153, pp. 163-168). The
invention relates nore particularly to 5 the transformati on of plants. As
pronoter regul ati on sequence in plants, it is possible to use any pronoter
sequence of a gene which is naturally expiZzessed in plants, in particular a
pronoter of bacterial, viral or plant origin such as, for exanple, that of
a gene for 10cemewisiad agigohmansdonmeash|wisdh Pihe #1566 bl axlarmide
(RuBi sCO or of a plant virus gene such as, for exanple, that of

caul i f | ower nb¥aitbeyildidhiwmpgetraseomemd Ghte of ghbterl 9P chican be

I nduced by pathogens suc s tobacc P?—!a, It being possible to use any 15
suitabl e &Epwﬁafgﬁﬁﬁfgﬂ.qﬁﬁ%f&?ﬁbﬁf&’_ hsfn?ﬁe ofda pronoter regul ation
sequence which favours the averexpressian .o e_coding, sequence,_in a
constitutive manner or H]ﬁ}?u&éﬂ’eﬁﬁoﬁ’er O'lta'atcekS gt [ﬁﬁﬂgbce , %fr‘éht%s, f or

exanpl e that Ghi-sing, 4l dieast, 008 st one, 30 HLATDL et depghi bed 10

patent appl’ica _ : _ / ng to e inventit S al so
T oy SRR B e S s
the coding segéefetices ¥ AYdHARREAHPH LhAG &R P Skpressed in
plants, in particular a promoter of bactérial, viral or
plant origin such as, for example, that of a gene for
10 the small subunit of ribulose biscarboxylase/oxygenase
(RuBisC0O) or of a plant virus gene such as, for
example, that of cauliflower mosaic virus (CAMV 19S or
358), or a promoter which can be induced by pathogens
such as tobacco PR-la, it being possible to use any
15 suitable known promoter. Preferably, use is made of a
promoter regulation sequence which favours the
overexpression of the coding sequence in a constitutive
manner or induced by the attack of a pathogen, such
as, for example, that comprising at least one histone
20 promoter as described in patent application EP
0,507,698.

According to the invention, it is also
possible to use, in combination with the promoter
regulatioh sequence, other regulation sequences which

25 are located between the promoter and the coding
sequence, such as transcription activators
("enhancers"), such as, for example, the tobacco mosaic

virus (TMV) translation activator described in patent



("énhancers"), such as, for exanple, the tobacco nosaic virus (TW)
.translation activator described in patent 13 application WO 87/07644, or

t he tobacco etch vi

rus (TEV) translation activator described by Carrington

& Freed. As polyadenylation or term nator regulation 5 sequence, it is
possi bl e to use any correspondi ng sequende of bacterial origin, such as,
for exanple, the_nos term.nator, K of Agrobacteriumtunefaciens, or

al ternati vel y 20PL3Ca o8y WH B 7/ Qi Lrs,0F FrhexePRRRCO L HFRt BREYS er ni nat or
as described i tent appli.cation .10 EP 0,633,317, AccQording to the
present invenﬂ&gﬁs %ﬁ?Q%iQH%QQ:iﬁ%ﬁ¥Q§ﬂFeﬂ%§F DY n ﬁrﬁigﬂt%nsﬁlection

_mar ker adapteg,to
wel | known t o “tfv

he transformed host organism Such sel ection narkers are
skilled in 15 the art. Such a marker may be an

anti bi otic-resistance gﬁ&g%ﬁhﬁﬁééﬂ§fgéﬁgﬂ3§fi€5¥$&54{§Fiﬁgﬁﬁfggfogene for

pl ants. The present

i nventiton SO rel ates oni n

0Oac XPressi on

esi des t he “above c

ctor f h f s ! .  ©) o t
oo ohi ot i SSARARG! T A sle b1 (WMe O R S8 FORAMALAY 2 ! T

nmeric gene, this

vector conpri $een@dndLaH RGN il g BPld i 108, andhr $hehs1 &PPERET T at e,
a suytable sel ecti on marker.

nos terminator of Agrobacterium tumefaciens, or

alternatively of plant origin, such as, for example, a

histone terminator as described in patent application

10 EP 0,633,317.

According to the present invention, the

chimeric gene can also be combined with a selection

marker adapted to the transformed host organism. Such

selection markers are well known to those skilled in

15 the art. Such a marker may be an antibiotic-resistance

gene or alternatively a herbicide-tolerance gene for

plants.

The present invention also relates to a

cloning or expression vector for the transformation of

20 a host organism containing at least one chimeric gene

as defined above. Besides the above chimeric gene, this

vector comprises at least one origin of replication

and, where appropriate, a suitable selection marker.

This vector can consist of a plasmid, a cosmid, a

25 Dbacteriophage or a virus, which are transformed by

introducing the chimeric gene according to the

invention. Depending on the host organism to be

transformed, such transformation vectors are well known



This vector can consist of a plasmd, a cosmd, a 25 bacteriophage or a
.Virus, which are transfornmed by introducing the chinmeric gene according to
the invention. Depending on the host organismto be transformed, such
transformati on vectors are well known 14 to those skilled in the art and
are widely described in the literature. Fbf the transformation of plant

cells or plants, such a vector S artlc lar, a,victus which 5 can be
used for Fhe t?%h%??ﬁ?mﬁ*bﬁi%ﬁ f%et%?agfg a8 eFBﬁeHlQﬁ YaP8§CEIRES fifng i ts

own replicatio q? ression elenments. Preferably, the vector for
transformng t %ﬁﬁ AR or pl ants according to the invention s a

pl asm d. 10 TRz Stbl ceLa 8L cbia LOANLEOR, b3 2L891g process. for

transformng host organisns, |cu y incofporating at

| east one nuclegj &,agi ds&éﬁ%@?écear%s Cbhgggkgleﬁms as d%&kﬂédwﬁﬁ%e I 1

bei ng possibl e for this transformation’to tal ne by any suitable

known neanss whighhd suse®! Foseské i begnkRothgL$BRCHE tﬁ@d hbhesature, and in
particular the references cited in the present appllcatlon nor e

particularly byexr@mpe@faﬁ@%y%t@dsn'asﬂﬁmgngtgOOWBerépmeht%n 49d
One series of nethods consists in bonbarding
expression elements. Preferably, the vector for
transforming the plant cells or plants according to the
invention is a plasmid.

10 The subject of the invention is also a
process for transforming host organisms, in particular
plant cells, by incorporating at least one nucleic acid
fragment or one chimeric gene as defined above, it
being possible for this transformation to be obtained

15 by any suitable known means, which is amply described
in the specialized literature, and in particular the
references cited in the present application, more
particularly by means of the vector according to the
invention.

20 One series of methods consists in bombarding
cells, protoplasts or tissues with particles to which
the DNA sequences are attached. Another series of
methods consists in using, as a means of transfer into
the plant, a chimeric gene inserted into a Ti plasmid

25 of Agrobacterium tumefacienslor'an Ri.plasmid of
Agrobacterium rhizogenes.

Other methods can be used, such as

microinjection or electroporation, or alternatively



cells, protoplasts or tissues with particles to which the DNA sequences are
.attached. Another series of nethods consists in using, as a neans of
transfer into the plant, a chineric gene inserted into a Ti plasm d 25 of
Agrobacterium tumefaciens or an R plasm d of Agrobacteriumrhizogenes.
Cther nethods can be used, such as microilfj ection or el ectroporation, or
alternatively .. 15 direct prechﬁétatjon using PEG A person skilled in the

art will sel e5a5E BFGFORTEAE FetHPAsFEE function of the nature of the
host [ [ ticul th | , |1 | ant . . Th
subj ect Jof the presant (hVEHIEh SIS 17 % AR HEL SSHaGR BRE, i n

i cul I |1, , L .0l f |
Chi mer ¢ gene TG SRR ad LR Tl b R AR HE 688 P

chineric gene ctoni ne

above. 10 host org bjiq'lf;;pé%ftitélﬁ e&g%‘;%ié%?”ééﬁ‘ Y gi%ﬂtp' ant s

containing tran cell’s, particul ar ts regenerate romthe

transformed cells. The rggengidan 45 QM ghresbby BYeSUibADI S pIggess
whi ch depends on the nature of the species, as described, for 15 exanple,

in the above nefgifeted Myst erqdO0ASSLSi A Oatf 2OSIOF bDanel esl1sel I's and
for regenerating plants, nmention will be nmade
or plants, containing an effective amount of a chimeric
gene comprising a sequence coding for the androctonine
defined above.

10 The subject of the present invention ié also
plants containing transformed cells, in particular
plants regenerated from the transformed cells. The
regeneration is obtained by any suitable process which
depends on the nature of the species, as described, for

15 example, in the above references.

For the processes for transforming plant
cells and for regenerating plants, mention will be made
in particular of the following patents and patent
applications: US 4,459,355,

20 Us 4,536,475, US 5,464,763, US 5,177,010, US 5,187,073,
EP 267,159, EP 604 662, EP 672 752, US 4,945,050, US
5,036,006, US 5,100,792, US.5,371,014, US 5,478,744, US
5,179,022, US 5,565,346, US 5,484,956, US 5,508,468, US
5,538,877, US 5,554,798, US 5,489,520, US 5,510,318, US

25 5,204,253, US 5,405,765, EP 442 174, EP 486 233, EP 486
234, EP 539 563, EP 674 725, WO 91/02071 and WO
95/06128,

The subject of the present invention is also



in particular of the follow ng patents and patent applications: US

.4, 459, 355, 20 US 4,536,475, US 5,464,763, US 5,177,010, US 5,187,073, EP
267,159, EP 604 662, EP 672 752, US 4,945,050, US 5, 036,006, US 5,100, 792,
US 5,371,014, US 5,478,744, US 5,179,022, US 5,565,346, US 5,484,956, US
5,508, 468, US 5,538,877, US 5,554,798, U3%, 489,520, US 5,510,318, US 25
5,204, 253, US 5, 405, 765, EP 442 174, EP 486 233, EP 486 234, EP, 539 563, EP
674 725, WO 9IRS EADSHPIRS DH s obtRing®| BEP™ ofhe hgu bk &¥8RE N¥nvent i on

i I 16 the, t f or,med t bt ai ned f th |tpvati d/

Crossi ng of 't RO ERUGHTE bl AREe dEeqertraboiretenke 6F

t f d pl ts. T | ts th { f d istant to 5 t ai

i seases, i BAT &R And SR T IR OISR TR o soses. oo

Co ly, th i i I d with
nsequently, the DNA segyence, codieg, d ol A00EOGHOAT DFe CAs PEcLaseELEd Wi t

the main aimof producing pl% at are resistant to the sai i seases,
si nce androgct Qing i ffdaddye anaidsti L drngs! cé‘fé&ﬁﬁe%nzgéb 88 those

caused by Cercospora, in particular Cercospora beticola, osporium in
particul ar O agdosRaridimdiesadddn daisaddnnt 1y, PeRé | WA asefld8AEEUM cul NOr um

or Fusarium gram nearum or by Phytophthora, 1n particul ar Phyt opht hora

coding for androctonine can be inserted with the main
aim of producing plants that are resistant to the said
diseases, since androctonine is effective against

10 fungal diseases such as those caused by Cercospora, in
particular Cercospora beticola, Cladosporium, in
particuiar Cladosporium herbarum, Fusarium, in
particular Fusarium culmorum or Fusarium graminearum,
or by Phytophthora, in pérticular Phytophthora

15 cinnamomi.

The chimeric gene may also advantageously be
combined with at least one selection marker, such as
one oOr more herbicide—toleranceIgenes.

The DNA sequence coding for androctonine can

20 also be inserted as a selection marker during the
transformation of plants with other sequences coding
for other peptides or proteins of interest, such as,
for example, herbicide-tolerance genes.

Such herbicide-tolerance genes are well known

25 lto those skilled in the art and are described in
particular in patent applications EP 115,673, WO
87/04181, EP 337,899, WO 96/38567 or WO 97/04103.

Needless to say, the transformed cells and



15 cinnanom . The chineric gene may al so advant ageously be conbined with at
.l east one sel ection marker, such as one or nore herbicide-tol erance genes.
The DNA sequence coding for androctonine can 20 al so be inserted as a

sel ection marker during the transformation of plants with other sequences
coding for other peptides or proteins of ilmterest, such as, for exanple,

her bi ci de-tol erance genes._ Such herbicjde-tol erance genes are well known 25

to those skil Pd@Nt§ @RI FAU T SPT FHurT+3U SOPHL At Bhe
applications EP 115,673, WD 87/04181, EP 337,899, WD 96/ 38567 or WO
97/ 04103. NeedPNENCE SRAING£L ANGTAGHAP IS 1 SR Ne4Sr QIS accor di ng

to the invention can al so conprd se the sequence. coding for._ androctonine,
SHPIISE Shs Ssauene 5

ot her heterol§§83§n§§€Uéﬁbé§ |5ﬂf%%ﬂeﬁﬁ(n(ﬂr%?Eﬁr? erest; %Uch as ot her

i seaces of DERTER GonpieARHR Y sUgt e IRl SEHARTTER: i ng Tor
her bi ci de- 0l gnange RRidive it RAHL WiledlRld nofl hover andl/gr other
sequences coding for i1nsect- resistance proteins, such as the Bt proteins
in 10 particulfingaln@ralfiey, SRAHIKFLHA NQpidiR&dd esbdishgordhe

herbicide-tolerance proteins, in particular defined

above and/or other sequences coding for insect-

resistance proteins, éuch as the Bt proteins in

10 particular.

The other sequences can be inserted using the
same vector comprising the chimeric gene according to
the invention, which comprises a sequence coding for
androctonine, and comprising at least one other gene

15 comprising another sequence coding for another peptide
or protein of interest.

They can also be inserted using another
vector comprising at least the said other sequence,
according to the usual techniques defined above.

20 The plants according to the invention can
also be obtained by crossing parents, one carrying the
gene according to the invention coding for
androctonine, the other carrying a gene coding for at
least one other peptide or protein of interest.

25 Among the sequences coding for other
antifungal peptides, mention may be made of the one
coding for drosomycin, described in patent application

Fr 2,725,992 and by Fehlbaum et al., (1994), and in the



sanme vector conprising the chineric gene according to the invention, which
.conprises a sequence coding for androctonine, and conprising at |east one
ot her gene 15 conpri sing anot her sequence codi ng for another peptide or
protein of interest. They can al so be inserted using another vector
comprising at |least the said other sequedde, according to the usual

t echni ques defi ned above. 20 . The plants,according to the

i nventi on canU8P¥blishsst Rated thPRRdSa P pdint ¥ 00he Eti§E ngPt#2 gene
according to thi iqy; tion coding for androctonine, the other carrying a
gene codi ng f 9Pt 4°24st one ot her peptide or protein of interest. 25

Arona e, seauences, codd By kel AL (N, RERL de HELTL T, Y D
2,722,992 B el UG 8 A0S A o LASRUBN DS,
[oVEon ) S SRS S g M et Pl gy o o
sai d transformRddal ¥H $H R ARGAMY F Skt T M O LT TOREBNEE 4N _
particular a field, which is suitable for cultivating the said plants, in

cultivation environment, in particular a field, which

is suitable for cultivating the said plants, in

applying an agrochemical composition to the said area,

10 without substantially affecting the said transformed
seeds or plants, and then in harvesting the plants
cultivated when they reach the desired maturity, and
optionally in separating the seeds from the harvested
plants.

15 According to the invention, the term
agrochemical composition is understood to refer to any
agrochemical composition comprising at least one active
product having either herbicidal, fungicidal,
bactericidal, wvirucidal or insecticidal activity.

20 According to a preferred embodiment of the
cultivation process according to the invention, the
agrochemical composition_comprises at least one active
product having at least a fungicidal and/or
bactericidal activity, more preferably having an

25 activity comﬁlementary to that of the androctonine
produced by the transformed plants according to the
invention.

According to the invention, the expression



app‘l yi ng an agrochem cal conposition to the said area, 10 w thout
Substantially affecting the said transfornmed seeds or plants, and then in
harvesting the plants cultivated when they reach the desired nmaturity, and
optionally in separating the seeds fromthe harvested plants. 15

According to the invention, the term agrdechenical conposition is understood
to refer to any agrochem cal conposition conprising at | east gne active
product havi n@*Q5Er RAFIRTI L VI FAMRLPICRER TR Fei 8RRt 9Ffruci dal or

i nsecticidal actjvity. 20 . According_.to preferred epbodi nent of
the cul {1 vat i GRIRARRALTIR, At diRRTEEIR TRVEREFENCOt RePEGTBEhoHPEART
conposition caonprises at .l east oanactiygﬁ%éodyEE havi ng at st,a

| e
f ungi ci dal and! SOBATE T 9AI SRRT T AT y? 1-élpre}’ér%albﬁay RRTRYYSH 25

activity conpl farwqt t ggggo | o _
transforned plants gi{:l)golr 3?%1[;}‘6‘%%1 t%eglfanven i%%egg%%o]%i %ggfgc?%%i%}%vent I on,
the express o £ i tpahtys C of

andr oct oni flge pgsfr@r%ﬁﬁno rlerggrm?é(:) gf%é%hh%&tgg?ﬂégagyc%%ﬁgﬁé%f ary
spectrum of agdy Wilterratdivel PrOPEIdWE Ghobd | shecephhVeragat Poir gt t acks

by androctonine- 5 insensitive contam nants (fungi, bacteria or virtuses),
totally or partially covers that of androctonine, and
whose dose of application will be substantially reduced
on account of the presence of the androctonine produced

10 by the transformed plant.

Lastly, cultivation of the transformed host
‘organisms allows the large-scale production of
androctonine. The subject of the present invention is
thus also a process for preparing androctonine,

15 comprising the steps of cultivating the transformed
host organism comprising a gene coding for androctonine
as defined above in an appropriate cultivation
environment, followed by the extraction and total or
partial purification of the androctonine obtained.

20 The examples below make it possible to
illustrate the invention, the preparation of the
sequence coding for androctonine, the chimeric gene,
the integration vector and the transformed plants. The
attached Figures 1 to 5 describe schematic structures

25 of certain plasmids prepared for the construction of
the chimeric genes. In these figures, the various

restriction sites are marked in italics.



or alternatively a product whose spectrumof activity totally or partially
.covers that of androctonine, and whose dose of application wll be
substantially reduced on account of the presence of the androctonine
produced 10 by the transforned plant. Lastly, cultivation of the
transfornmed host organisns allows the | a?fe-scal e production of

andr oct oni ne. _The uquct of the present invention js thus also a process

for preparinggéﬁﬂfiﬁL&nine, ' E&Eﬁﬁiﬁuﬂﬁﬂsﬁing t he

transfornmed host organi C ri.sing .a gene coding for_androctoni ne as

defined above in an appigbrgg%épﬁﬁﬁﬁ St iQ%ﬁﬁﬂﬁﬁfef?ﬁ?Qééiﬁby t he

extraction an ot al_ ar ' xiﬁéhe andr oct oni ne obt ai ned.
|

artial purifd,catjaqn
20 Srarghy Bt Ane dedhdtind Hetfe O e t he
invention, th r.eparaki fo t quen | -1§ﬂ%go .Qﬁzi he
chinmeric genefﬁthfgﬁg ?:r?t eéqr a%tu%c‘?n a\r/%c?%r an tcﬁgqt &%né’?%?rre pJfCIgn S. ie

attached Fisguggs i to 5 describe schematic structures 25 of certain

pl asm ds prepared for the construction of the chineric genes. In these
figures, the various restriction sites are marked in italics. 20 Exanpl e
1: Construction of the chineric genes Al the techniques used bel ow are
standard | abopRPA-MD-ECh Or¢ationl f detplidsaiidromrethiming othe signal

peptide for the tobacco PR-la gene.
The two complementary synﬁhetic
- 10 oligonucleotides 0Oligo 1 and Oligo 2 below are
hybridized at 65°C for 5 minutes and then by slowly

decreasing the temperature to 30°C over 30 min.

Oligo 1: 5' GCGTCGACGC GATGGGTTTC GTGCTTTTCT CTCAGCTTCC
15 ATCTTTCCTT CTTGTGTCTA CTCTTCTTCT TTTCC 3'
Oligo 2: 5' TCGCCGGCAC GGCAAGAGTA AGAGATCACA AGGAAAAGAA

GAAGAGTAGA CACAAGAAGG AAAGATGGAA GC 3'

After hybridization between Oligo 1 and

20 Oligo 2, the remaining single-stranded DNA serves as a
matrix for the klenow fragment of E. coli polymerase 1
(under the standard conditions recommended by the
manufacturer (New England Biolabs)) for the creation of
the double-stranded oligonucleotide starting from the

25 3' end of each oligo. The double-stranded
oligonucleotide obtained is then digested with the
restriction enzymes SacII and NaeI and cloned in the

plasmid pBS II SK(~) (Stratagene) digested with the



t hese techniques are described in particular in Ausubel 5 et al. pRPA-MD P:
.Creation of a plasmd containing the signal peptide for the tobacco PR-1a
gene. The two conplenmentary synthetic 10 oligonucleotides Aigo 1 and digo
2 bel ow are hybridized at 65[err]C for 5 minutes and then by slowy
decreasing the tenperature to 30[err]C o¥dr 30 nin. Oigo 1: 5 GOGTCGACGC
GATGGGITTC GTGCTTTTCT CTCAGCTTCC 15 ATCTTTCCTT CTTGIGICTA
CTCTTCTTCT TTFeRe3 TeghIgstaons erpymesncAhE ISR NPEATEACEC AELAAAAGAA

GAAGAGTAGA CA GAA AAAGATGGAA 3 Af i di zati t adi 1
o 20 Q1 g0 SOURG et o g CRRTIREE 136 SRed PR PR Peget o

) J , d h dar d diti
t he kl enow fr %{%&DO%OE O|lls Wsrvrle(%%%’felanaé under the standard conditions

reconmended b manut act'urer Bi ol abs)) for the creation of
t he doubl e-stranded ol i gonucl eotide starting fromthe 25 3' end of each
ol i go. The doubl e-stranded ol i gonucl eotide obtained is then digested with

the restrigfi 133G@ndrd sl el of Weskddedde EbASRy J£HBS | |
SK(-) (Strata _ M the 21 sane restriction enzynmes. A
cl one conpri siahdridetondgied Fused b fitie tHFS-1d WiYndEpapeidé wiehdé@pacco
PR-1a gene (SEQ ID NO. 2) is thus obtained.
an untranscribed 3' region.
The two complementary synthetic
oligonucleotide sequences Oligo 3 and Oligo 4 are

10 hybridized according to the operating conditions

described for pRPA-MD-P.

Oligo 3: 5' AGGTCCGTGT GCAGGCAGAT CAAGATCTGC AGGAGGAGGG
GTGG 3" |

15 Oligo 4: 5' CCGGATCCGT CGACACGTTC GCCTCGCCGA GCTCAGTATG

GCCTGTTAGT GCACTTGTAG TAGCAACCAC CCCTCCTCCT

GCAGATCTTG ATCTGCC 3'

After hybridization between Oligo 3 and

20 Oligo 4, the remaining single-stranded DNA serves as a
matrix for the klenow fragment of E. coli polymerase 1
(under the standard conditions recommended by the
manufacturer (New England Biolabs)) for the creation of
the double-stranded oligonucleotide starting from the

25 3' end of each oligo. This double-stranded
oligonucleotide containing the portion coding for
androctonine (SEQ ID NO. 1) is then cloned directly in

the plasmid pRPA-MD-P, which was digested with the



5 pRPA-PS- PRl a-andro: Creation of a sequence coding for androctonine fused
to-the PR-|la signal peptide wi thout an untranscribed 3' region. The two
conpl ementary synthetic oligonucl eoti de sequences Adigo 3 and Aigo 4 are
10 hybridi zed according to the operating conditions described for
pRPA-MD-P. Aigo 3: 5 AGGICCGTGI GCAGGCAGAT CAAGATCTGC AGGAGGAGGEG GIGG 3
15 digo 4: 5 CCGGATCCGI CGACACGITC GCCTCGCCGA GCTCAGTATG GCCTGTTAGT
GCACTTGTAG TAGEAACEAE icocraEymeT NaguGaTber canxsicoBtentaeiomypf i Bheat i on
between Aigo 3 and 20 Qigo .4, the rennining single-stranded DNA serves as

a matrix for CHONE ARSRIMSHyehveRiiEetRY JRAYRRI G 1B (THRP the
standard condi tions r.eco nded .by the manuf acturer w Engl and Bi ol abs))
For the cr eat COMESESRE GoRRERA IR TH | in TSR O SIS RGOR B ¢ he
25 3' end of each _oligq. .This doybl e-stranded .ol igonycl eotide containing
the portion pgglisﬁémf grr%%ﬁe rndpﬁgrﬁaﬁgc(eéﬁé%méhﬁ)ﬁ?%ft%eesnt%Jr%%le%_] directly
0 the.pl asm dRRPAMDR WhIGh S URPSIAS d NsAB, sa22rrgsdriction
enzyme Nael. The correct orientation of the clone obtained 1s verified by

sequenci ng. Apghfie LTI NE JLUONHOU N FRind Nee AR { ga@neipoct oni ne

NO. 3), is thus obtained.

pRPA-RD-238: Creation of an expression vector in plants

10 comprising the sequence coding for the PR-la
androctonine fusion protein.

The plasmid pRTL-2 GUS, derived from the
plasmid pUC-19, was obtained from Dr. Jim Carrington
(Texas A&M University, not described). This plasmid,

15 whose schematic structure is represented in Figure 1,
contains the duplicated CaMV 35S promoter isolated from
cauliflower mosaic virus (CaMV 2x35S promoter; Odell et
al., 1985) which directs the expression of an RNA
containing a 5' untranslated sequence of tobacco etch

20 wvirus (TEV 5' UTR; Carrington and Freed, 1990), the E.
coli P-glucuronidase gene (GUS; Jefferson et al., 1987)
followed by the CaMV RNA 35S polyadenylation site (CaMV
polyaA; Odell et al., 1985).

The plasmid pRTL-2 GUS is digested with the

25 restriction enzymes NcoI and BamHI and the main DNA
fragment is purified. The plasmid pRPA-PS-PRla-andro is
digested with the restriction enzymes NcoI and BamHI

and the small DNA fragment containing the region coding



fusion protein, |ocated between the Ncol restriction 5 site at the
.N-term nal end and the Scal, Sacll and BanH restriction sites at the
Cterminal end (SEQID NO 3), is thus obtained. pRPA-RD 238: Creation of
an expression vector in plants 10 conprising the sequence coding for the
PR:-1 a androctonine fusion protein. The pﬁﬁ%nid pPRTL-2 GJS, derived fromthe

plasm d pUC- 19, was obtained fromDr. JimCarrington (Texas A&M University,
not describedfbrTmh$[ﬂ%ﬁ%ﬁTﬁHQE?QMﬂﬂ&P%;%Hﬁ&HW XY tR Ut Pgrggb?%sented

i Fi 1, t ai th i t CaMV 35S t i | ated f

caul | 1 over mig £ A Can SP s £ro e ok aked Soaei iR o

Lobacco etch 38 ot so s R assHh et Ml e Pt AR 00, ST ES Co
- gl j . lef : . t he Caw

o179 veur o dase aens (O IRaAR SR o dPD G pteGLoY (e G

PRTL-2 GUSH s firgashad Wi dhier2Df a8lid ibone $073esa Moot t@nds BanH  and

the main DNA fragnent is purified. The plasnmid pRPA-PS-PRl a-andro is
di gested wi t h Aha-dRHtd Lt P T RAZETES, N - Pech BR#rdE t aftnde smal | DNA

fragnent containing the regi on coding 23 for the PR-1a-androctonine

fusi on protei rdprednitfd athe region coding for the PR-la-androctonine
fusion protein of pRPA-RD-230. The androctonine is
transported to the plant's extracelluar matrix by the

10 action of the PR-la peptide signal.

pPRPA-RD-195: Creation of a plasmid containing a

modified multiple cloning site.
The plasmid pRPA-RD-195 is a plasmid derived
15 from pUC-19 which contains a modified multiple cloning
site. The complementary synthetic oligonucleotides
Oligo 5 and Oligo 6 below are hybridized and made
double-stranded according to the procedure described
for pRPA-MD-P.
20
Oligo 5: 5' AGGGCCCCCT AGGGTTTAAA CGGCCAGTCA GGCCGAATTC
GAGCTCGGTA CCCGGGGATC CTCTAGAGTC GACCTGCAGG
CATGC 3!
Oligo 6: 5' CCCTGAACCA GGCTCGAGGG CGCGCCTTAA TTAAAAGCTT

25 GCATGCCTGC AGGTCGACTC TAGAGG 3!

The double-stranded oligonucleotide obtained

is then inserted into pUC-19, which was predigested



The two purified DNA fragnents are then |inked together in an expression
.cassette in the plants which synthesizes a PR-|a-androctoni ne fusion
protein. The 5 schematic structure of this expression cassette is
represented in Figure 2. "PR-|a-androctoni ne" represents the region coding
for the PR-|a-androctonine fusion protei%f ;ﬂ%ﬁ%FI)ZSO The androctonlne

I's transported t the plant's extracel luar pmatrjx the 10_action 8
PR | o popt | do aigndihe kS S SIS bierhs s acton s gt

ori vea 1511 SHhECTo S AP ML FHb ¢ I?Ri’@'ﬁ%%ﬁ%ésgfoﬁ'rﬁé"lhe The
corml enent ar y ﬁ?ﬁng)%e_l.é)mebﬁcgéeqcinu%ggéaccor%%tgg%r?lﬁdm 99,8 Bebomnar e

hybri di zed an e-strand dlr e descri bed

Lo DI 0 P AL A0 MR AN, PRLSIEA R

CCTCGAGEG LSS 'E%%sTE%%%Nsﬁrhé¥bbacter1um tuméFAGEE5d e OEH CGACTC
TAGAGG 3' The doubl e-stranded ol igonucl eoti de obtained is then inserted

into pUC 19, Wiigdhivhs Prastidiesd®d The Zchematic structure of this

multiple cloning site is represented in Figure 3.

PRPA-RD-233: Introduction of the PR-la-androctonine

10 expression cassette from.pRPA-RD-230 into pRPA-RD-195.
The plasmid pRPA-RD-230 is digested with the
restriction enzyme HindIII. The DNA fragment containing
the PR-la-androctonine expression cassette is purified.
The purified fragment is then inserted into pRPA-RP-
15 195, which was predigested with the restriction enzyme
HindIII and dephosphorylated with calf intestinal

phosphatase.

PRPA-RD-174: Plasmid derived from pRPA-BL-150A (EP

20 0,508,909) containing the bromoxynil-tolerance gene
from pRPA-BL-237 (EP 0,508,909).
The bromoxynil-tolerance gene is isolated
from pRPA-BL-237 by means of a PCR gene amplification.
The fragment obtained has blunt ends, and is cloned in
25 the pRPA-BL-150A EcoORI site, the ends of which were
made blunt by the action of klenow polymerase under
standard conditions. An Agrobacterium tumefaciens

vector which contains the bromoxynil-tolerance gene



with the restriction enzynes EcoRl and Hindl Il and made blunt at the ends

.ustng the klenow fragnent of E. coli DNA polynerase 1. A vector containing

multiple cloning sites to facilitate the introduction of the expression 5

cassettes into an Agrobacterium tunefaciens vector plasmd is obtained. The

3. pRPA-RD- 233:

ndr oct oni he 10. expr essi on

schematic structure of this nmultiple cloﬁﬁm)site is represented in Figure
-a
5

! dyct | f the PRI
cassette fromcﬁﬁﬁgfrﬁ%%l iOn tp‘%}é%‘ﬁg@
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fragment is then_inser i - RP- 9, ich was predigested with
t he restricti%%ﬁ&%%%@ﬁ%#ﬁﬁﬁ%ﬁ)§E§é§§§ﬁ5§%m§§ﬁ%§€d with calf intestinal
phosphat ase. pRPA- RD- 174in Pl it el | 45K MR REPAsa HH0A £ £P) 20

0, 508, 909) contai ni ng the bronoxyni anc
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£, froha PRPA- BL- 237 by

"NOS pro" represents the Agrobacterium tumefaciens
nopaline synthase promoter (Bevan et al., 1983), "NPT
IT" represents the neomycin phosphotransferase gene of
the Tnb5 transposon of E. coli (Rothétein et al., 1981),
"35S pro" represents the 35S promoter isolated from
cauliflower mosaic virus (Odell et al., 1985), "BRX"
represents the nitrilase gene isolated from K. ozaenae
(Stalker et al., 1988), "RB" and "1LB" represent,
respectively, the right-hand and left-hand ends of the

sequence of an Agrobacterium tumefaciens Ti plasmid.

pRPA-RD-184: Addition of a new, unique restriction site

into pRPA-RD-174.

The complementary synthetic oligonucleotides
Oligo 7 and Oligo 8 below are hybridized and made
double-stranded according to the procedure described

for pRPA-MD-P.

Oligo 7: 5' CCGGCCAGTC AGGCCACACT TAATTAAGTT TAAACGCGGC
CCCGGCGCGEC CTAGGTGTGT GCTCGAGGGC CCAACCTCAG

TACCTGGTTC AGG 3°'

An



25 close to its right-hand end, a kananycin-tol erance gene close to its
left-hand end and a nultiple cloning site between these two genes is
obt ai ned. The schematic structure of pRPA-RD- 174 is 5 represented in Figure
4. In this figure, "nos" represents the polyadenylation site of

Agr obact eri um t umef aci ens nopal i ne syntha&%® (Bevan et al., 1983), "NCS pro"
represents the A robacterlun1tunefaC|ens no allne nt hase ronDter Bevan

et al., 1983) OLigerseipoy’|: COREHER LOARE ot %9%%%?%9 gene
Cepresents the 358 pr oot SATERGHE (Resdadie ?#%%ﬁﬁ?%%i TraRrEARG Be |

et al., 1985), "BRX" reprqiﬁ§$@;féxbrﬁéé;éase gene isolated fromK. - ozaenae

15 (Stalker et al., 1988) and represent, respectively, the
right-hand and | eft-hand ends of the sequence of an Agrobacterium
tumefaciens Ti plasm d. pRPA-RD 184: Addition of a new, unique restriction

site 20 intx0 pRPA- RD- 174ph oThR 03! A1 AL SY&E A8t d &%oligonucleotides
Aigo 7 and Adigo 8 below arée hybridi zed and nade doubl e-stranded accordi ng

to the pr ocequmﬁw&@r(wmw Qéegﬂlfﬁedqifi&%@c
AGGCCACACT TAATTAAGIT TAAACGCGEC GIGI' GCTCGAGGEC
CCAACCTCAG TAGCHaTREGoACGm3'agarose gel (3% Nusieve, FMC). The
plasmid pRPA-RD-174 is digested with the restriction
enzyme Xmal and the main DNA fragment is purified. The
10 two DNA fragments obtained are then linked together.
A plasmid derived from pRPA-RD—174 is
. obtained, comprising other restriction sites between
the bromoxynil-tolerance gene and the selection marker
kanamycin gene.
15 The schematic structure of the plasmid pRPA-
RD-184 is represented in Figure 5, in which the terms
"nos", "NPT II", "NOS pro", "35S pro", "BRX gene", "RB"

and "LB" have the same meanings as in Figure 4.

20 PpRPA-RD-236: Creation of an Agrobacterium tumefaciens

vector containing the gene construct coding for
androctonine directed towards the extracellular matrix.
The plasmid pRPA-RD-233 is digested with the
restriction enzymes PmeI and AscI and the DNA fragment
25 containing the PR-la-androctonine gene is purified. The
plasmid pRPA-RD-184 is digested with the samé
restriction enzymes. The DNA fragment containing the

PR-la-androctonine expression cassette is then inserted



26 Adigo 8 5 CCGECCTGAA CCAGGTACTG AGGTTGEECC CTCGAGCACA CACCTAGGECG
.CGCCGGEEECC GCGTTTAAAC TTAATTAAGT GIGGCCTGAC TGG 3' 5 The
hybri di zed doubl e-stranded ol i gonucl eoti de (96 base pairs) is purified
after separation on agarose gel (3% Nusieve, FMC). The plasm d pRPA-RD 174
is.digested with the restriction enzyme Xl and the main DNA fragnent is
purified. The 10 two DNA fragnents obtained are then |inked together. A
pl asni d deri védt AREIRBRREY7 AN ADHRAE G L ¥BnpirefAgL8eHieYSFES¥Eri cti on
sites between the braonoxynil-tol erance gene gd th}i?ﬁsel efti on mar ker
kananyci n gen&Onft®1lning ‘the seguencs, 109 st rXictle eFBTL8Te plasmid pRPA-
RD-184 is repre%Fnt d.i.n Fggyre 5, ié}\Mﬂ ch the terng ?no%;, NPT ", "NOS
pro", "35S pr§t9r THdife LUSIE RRRFS 1BV F HP s ReaiPhgl as in
Figure 4. 20 PA: : i .On i u i ,yect or
cont ai ni ng thglggal?rlseRl%(:ogﬁ-‘s S u(g@&a{:éo%}n%{ fc%%rn %%{dfgc %ﬁﬁ\%ql rec%%iglgﬁ/a%s t he
extracel | ulgr j Iﬁg%g- RPA- RD- 233 is digested with the
restrictioﬁﬁeﬁgﬁﬁégﬁgﬁgp%gﬁ Asé%cgnd the DNA fragnent 25 containing the
PR-1 a- androctonine gene is purified. The plasm d pRPA-RD 184 is digested
with the sanme restriction enzynmes. The DNA fragnent containing the

PR- | a- andr oct @iidipIleX (¥ :€S Tolerbiceitec herbividéesS6f t €fansformed

tobacco plants.

2.1- Transformation

10 The vector pRPA-RD-236 is introduced into the
Agrobacterium tumefaciens strain EHA10l (Hood et al.,
1987) carrying the cosmid pTVK291 (Komari et al.,
1986) . The transformation technique is based on the
procedure by Horsh et alf (1985} .

15 2.2- Regeﬁeration

Regeneration of the tobacco plant PBD6
(obtained from SEITA France) from foliar explants is
carried out on Murashige-Skoog (MS) base medium
comprising 30 g/l of sucrose and 200 pg/ml of

20 kanamycin. The foliar explants are taken from plants
cultivated in a greenhouse or in vitro and regenerated
according to the foliar disc technique (Horsh et al.,
1985) in three successive steps: the first step
comprises induction of the shoots on a medium

25 supplemented with 30 g/l of sucrose containing
0.05 mg/1l of naphthylacgtic acid (NAA) and 2 mg/l of
benzylaminopurine (BAP) for 2 weeks. The shoots formed

during this step are then grown for 10 days by



27 into pRPA-RD-184. An Agrobacterium tumefaci ens vector containing the
.sequence coding for the PR-1a- androctonine fusion protein is thus
obt ai ned, which | eads to the expression of androctonine in the plant's 5
extracellular matrix. Exanple 2: Tol erance to herbicides of transforned
tobacco plants. 2.1- Transformation 10 28 The vector pRPA-RD-236 is
i ntroduced into _the Agrobacteriumtunefaciens strain EHA101 (Hood et al.,
1987) carryi nFUie V@i PriS e dipresyrriengnted gatth 39ed{tafsf or mati on
techni que is based on_the procedure by Horsh et al. 1985%. 5 2.2-
Regenerati on REGEHSSEHYN nttarfé”trlﬂ)a{{%cp‘b’f%‘?ﬂe P%"%bb’f% n&d°PF8m SEI TA

France) fromf rashi ge- Skoo M5) base

l.i | ants | i.ed t
medi um conpr i & &?%6{%% ag%os‘,gtiar%egreg%%% %&fifcg?ﬁl%‘?t ORaRA in. The
foli I . ; i i h E ]
Vitro and' regdugtinsh M AR H e Whg {e e "ol MEERIVRE LT o
1985) i t i t L4t i t I J i f th
Shoots on & Mo mEE e ce e I I R P oy 5ea 28 21 i ng 0. 05
[err] of naphtfadiacetide adstddNVMNoAY & d §61dc in a greenhouse.

2.3- Tolerance to bromoxynil

Twenty transformed plants were regenerated
and placed in a greenhouse for the construction of
10 pRPA-RD-236. These plants were treated in the
greenhouse, at the 5-leaf stage, with aqueous Pardner
suspension corresponding to 0.2 kg of bromoxynil active
material per hectare.
All the plants showing complete tolerance to
15 bromoxynil are then used in various experiments which
show that the expression of androctonine by the
transformed plants makes them resistant to fungal

attack.



benzyl am nopurine (BAP) for 2 weeks. The shoots fornmed during this step are
.then grown for 10 days by =~ 28 cultivating on M5 nedi um suppl enented with
30 g/!1 of sucrose but containing no hornone. Next, the shoots which have
grown are taken and cultivated on an M5 rooting nediumw th half the
content of salts, vitamins 5 and sugar and®containing no hornone. After
about 2 weeks,_the rooted shoots are placed in a greenhouse. 2.3- Tol erance
to bronoxyni l EEEEEEﬂEE%nsforned pl ants were regenerated and placed in a
greenhouse for the construction of 10 pRPA-RD-236. These plants were
treated in the greenhouse, at the 5-leaf stage, w th aqueous Pardner

puspens! on COERGI 9 40 00 29, of BEOTBEXDAL SCHYe IRt BLLgL R,
oo e W MR SLREE PaLsap I Beppteress on of
attack. 29 RRREREWMESt al., (1983). Nuc. Acids Res. 11:369-385.
Carrington and Freed (1990). J. Virol. 64:1590-1597.
Ehret-Sabatier et al., (1996). The Journal of
Biological Chemistry, 271, 47, 29537-29544,
Horsch et al., (1985). Science 227:1229-1231.
10 Jefferson et al., (1987). EMBO J. 6:3901-3907.
Komari et al., (1986). J. Bacteriol. 166:88-94.
Rothstein et al., (1981). Cold Spring Harb. Symp.
Quant. Biol. 45:99-105.
Stalker et al., (1988). J. Biol. Chem. 263:6310-6314.

15 0Odell, J.T. et al., (1985). Nature 313:810-812.
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PCT/ FRO8/ 01814 CLAI M5 1. Nucl ei ¢ acid fragnment, characterized in t
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acid fragnment according to claim1, characterized in th
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i s a sequenceasdrpgkondne. Nucleic acid fragment according to either of

clains 1 and

pepti de whi>ch can be 102prod

particular fr
conpri sing at
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2, characterized in that the androctonine consists of a

(Imt e speci es égdroc onus, australis, the sai dl\?eptide
r e&8ETEG ET TS Rl diterdb|d seduence of DNA.

3. Nucleic acid fragment according to
either of claims-l and 2, characterized in that the
androctonine consists of a peptide which can be
produced by and isoclated from scorpions, in particular

from the species Androctonus australis, the said

- peptide comprising at least 20 amino acids, preferably

15

20

25

at least 25 amino acids, and 4 cysteine residues which
form disulphide bridges between themselves.
4, Nucleic acid fragment according to one

of claims 1 to 3, characterized in that the

deed sF &tdd SHaanant ransardig o, claim

androctonine essentially comprises the peptide sequence

of general formula (I) below
Xaa-Cys-Xab-Cys-Xac-Cys-Xad-Cys—Xae
(I)
in which
Xaa represents a peptide residue comprising at least 1
amino acid,
Xab represents a peptide residue of 5 amino acids,
Xac represents a peptide residue of 5 amino acids,
Xad represents a peptide residue of 3 amino acids, and
Xae represents a peptide residue comprising at least 1

amino acid.



at least 25 anino acids, and 4 cystei ne residues which formdisuiphide

‘ggi:g?gisngez \(I)vegﬂet gfnf:?;?/(ranss' 11t50 3, charact Lel'ri Zel(;lu;:lnej[ ﬁa’?ci ﬂHIHﬂﬁmmmmm l“‘

essentially conprises the peptide sequence of general fornmula (1) bel®ow® *
Xaa- Cys- Xab- Cys- Xac- Cys- Xad- Cys- Xae 20 31 (1) in
whi ch Xaa represents a peptide resjdue conprising at |least 1 am no acid,
Xab represents a peptide Tesi¥feleFc Ba%ﬂ‘l‘iirqgr%‘élf‘%%? 26CKRE1REpEasEAREMa

id id f I NO, i d d ' id f 3
DT h0 act do. b Sear TR < S | r?%é&%%a%%ﬁﬁ%&?a%ei%eiiait 1
I N i d. 31 5. | ej id.f t, ' t ' ,
2?@ch?g?i zed T RHAS )@a“ggﬁa%g%fg%do%%%”g%‘mﬁécg% I Pigs_eoa'f ?Iegqst one basic
amno acid. 6.  Nucleig aci %Jéf@{@”écf&gféé’%&n{ﬁoa&é%&é Scq. laim
S are C el yglﬁ )

characterized in that the basic amno act _ 0Sen Tro _
aspar agi ne nd, h QA i endbiclid 26l d Lnaggeakiggogrding Lo one
of clains to 6, characterized in that Xaa represents the pep I'de seguence
Xaa'-Val, in whidden from lysine, asparagine and homoasparagine.

7. Nucleic acid fragment according to one

of claims 4 to 6, characterized in that
Xaa represents the peptide sequence Xaa'-Val, in which
10 Xaa' represents NH; or a peptide residue comprising at
least 1 amino acid, and/or
Xab represents the peptide sequence -Arg-Xab'-Ile, in
which Xab' répresents a peptide residue of 3 amino
acids, and/or
15 Xac represents the.peptide sequence -Arg-Xac'-Gly-, in
which Xac' represents a peptide residue of 3 amino
acids, and/or
Xad represents the peptide sequence -Tyr-Xad'-Lys, in
which Xad' represents a peptide residue of 1 amino
20 acid, and/or |
Xae represents the peptide sequence -Thr-Xae', in which
Xae' represents COOH or a peptide residue comprising at
least 1 amino acid.
8. Nucleic acid fragment according to claim
25 7, characterized in that
Xaa' represents the peptide sequence -Arg-Ser-, and/or
Xab' represents the peptide sequence -Gln-Ile-Lys-,

and/or



10 Xaa' represents NHA2Z or a peptide residue conprising at least 1 am no

X peptide sequence -Arg-Xab'-1le, in which
tﬁ“ﬂﬁ@ﬂﬁlﬂmmlﬂm e of 3 am no acids, and/or 15 Xac
represents the peptide stquence -Arg-Xac' -G y-, in which Xac' represents a
peptide residue of 3 amino acids, and/or 32ad represents the peptide
sequence -Tyr-Xad'-Lys, in which Xad' represents a peptide residue of 1

ani no 20 aci dXa&ndAEPrRsentEytdee RePifde FeAUMCS ctRRFTRLIThEYXae' , in
presents COOH or a peptide residue conprising at |least 1 am no

.acid, and/or
Xab' represen

whi ch Xae' re
acid. 8. Nu
that Xaa' rep
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pepti de seque
-Tyr-, and/or

angy/

Tacid fragnment according to claim?25 7, characterized in

esents the ti.de sequence -Arg-Ser-, and/or Xab' represents
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9. Nucleigc acid fragment agrEndiing 48 e fmdd @ dBedrd £ SNERGCt eri zed

in that the

10
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of claims 1 to 8, characterized in that the

androctonine is represented by the peptide sequence of

25 amino acids described by the sequence identifier No.

1 (SEQ ID NO. 1) and the homologous peptide sequences.

10. Nucleic acid fragment according to claim

9, characterized in that it is represented by the

sequence identifier No. 1 (SEQ ID NO. 1), a homologous

sequence or a sequence complementary to the said

sequence, more particularly the coding portion of this

SEQ ID NO. 1, corresponding to bases 1 to 75.

that

11. Nucleic acid fragment, characterized in

it comprises a nucleic acid sequence coding for a

"peptide-androctonine” or "androctonine-peptide",

advantageously "peptide-androctonine”, fusion peptide,

the androctonine being defined according to one of

claims 1 to 9.

12. Nucleic acid fragment according to claim

11, characterized in that the peptide fused to

androctonine is a signal peptide or a transit peptide.

13. Nucleic acid fragment according to claim

12, characterized in that the transit peptide is a

chloroplast-addressing signal or a mitochondrion-

addressing signal.



andr oct onine is represented by the peptide sequence of 25 am no acids————

ot ogous pent e Seqvences. 101+ 1 (562 ek, A ENMAN
e § *
a

according to claim9, characterized in that it is represented by t
sequence identifier No. 1 (SEQ ID NO 1),33% honol ogous sequence or

sequence conplenentary to the_said sequence, nore particularly the coding
portion of this 15 SEQ 1’ NoONUCl&ist sidnkf #gment nace’rding ¥g, cigim

Nucl eic acid fragnment, characterized in that jt c rises a, nucleic acid
sequence codi Mg ’f ﬁafa‘:&ﬁftliztféfa’ﬁhrﬂ}ﬁton‘?%"sbqnag%%ﬁ%%i he-PBpti de”,
advantageousl&;iggptid -andr.oct oni ng" usi on peptide. 20.the androctonine

f
bei ng defi ned act Fdity to St cIRAFRERN Sy PBRHRRR %Ycl%cid f ragnent

according to %Io?r{bq‘nja]t’iqqp%;ﬁﬁ Ep{(;iszl é?r%érgé?ﬁgfb?iégfeégggéygfglﬁél the

androctonine is a signal pep or’ a pep 13.

Nucl ei ¢ acigd fragmBl i€ GHd I dhdP L N Jee 1 GRS Ftc%iée\‘i'aé@%iéﬁt t he

transit peptide is a chloropl ast-addressing signal” or a mtochondrion-
addr essi ng sig@@ressiﬁ§§§g@tﬂagﬂd¥(mﬁggﬁgﬁgfa@mnt according to claim12
: .

characterized in that e signal peptide i's an Nterm nal signal or

"prepeptide”, optionallyl5.n Nucleic acid fragment according to claim
14, characterized in that the signal peptide is the
signal peptide of the tobacco PR-la gene.

10 16. Nucleic acid fragment according to claim
15, characterized in that the "peptide-androctonine"
fusion peptide is represented by the sequence
identifier No. 3 (SEQ ID NO. 3).

17. Nucleic acid fragment according to claim

15 16, characterized in that the coding sequence is
represented by the sequence identifier No. 3
(SEQ ID NO. 3), a homologous sequence or a
complementary sequence, more particularly the coding
portion of this SEQ ID NO. 3, corresponding to bases 12

20 to 176 of this sequence.

18. "Peptide—androétonine" or "androctonine-
peptide”, preferably "peptide-androctonine", fusion
protein, characterized in that it is defined according
to claims 11 to 16.

25 19. Chimeric gene comprising a coding
sequence and heterologous regulation elements in
positions 5' and 3' which can function in a host

organism, in particular plant cells or plants, these



conbi nati on MATF‘EfETﬁﬁér‘reSﬁeﬂsible for retaining the 5 protein in the
.endopl asm c retj Hﬂﬁ ol e- addressing peptide or "propeptide”.

15. Nucl ei c aci tF ”gﬂlmﬂning to claim 14, characterized in that the
signal peptide is the 'sidnaF peptide of the tobacco PR-Ia gene. 10

16. Nucleic acid fragnent according to c?4i m 15, characterized in that the

" | de-and t oni ne" fusion_peptjde |s represented by the sequence
onti fier No.cHeRacs o'y apeaienady cFERERATEe, shkonR Lo EPaRA to
laim15 16, erized in that the coding sequence ig.represented by
fhglggquence f?e %ﬁ%ﬁﬁ}%&frifi%iﬁf?%)*&)éhﬁg BﬁﬁoﬁﬁF§QSﬁ§l§8q?enﬁe OEE% -
I t §§ﬁ“§n§§, . tJ i | on t hi,s
KE?pS?nggr?;Zpon I ng té: 5@%9%% %%ui€%%%7%9%f iggggﬁééﬁcg98i§9 for
 beptiide- andr oI diRin e "I UOCLANE oo PERLAGCE, BISLRLAD! Yo 17 .
"peptide-androctoni ne", fusion protein, characterized in that it is defined

according t® clains 11 12p 16.ckfmeric gene addord{hyesi £198[€160MPriSing a
codi ng sequence and heterol ogous regulation elenents in positions 5 and 3

whi ch can funathayadtes destiorigat Sthe i KoParéirGath 86mPL aNEh68Eh SePbmP! ant s,
these 3 bacteria, for example E. coli, yeasts, in particular

yeasts of the genera Saccharomyces or Kluyveromyces,

Pichia, fungi, in particular Aspergillus, a

10 baculovirus, and plant cells and plants.

21. Chimeric gene according to either of
claims 19 and 20, characterized in that it is combined
with a selection marker adapted to the transformed host
organism.

15 22. Cloning or expression vector for the
transformation of a host organism, characterized in
that it comprises at least one chimeric gene as defined
according to claims 19 to 21.

23. Process for transforming host organisms,

20 in particular plant cells, by incorporating at least
one nucleic acid fragment or one chimeric gene as
defined in claims 19 to 21.

24. Process according to claim 23,
characterized in that the chimeric gene is incorporated

25 by means of the vector according to claim 22.

25. Process according to either of claims 23
and 24, characterized in that the host organism is

chosen from bacteria, for example E. coli, yeasts, in



el enents bei ng functionally linked to the said coding sequem

.characterized in that the said coding sequence conprises at mm,!mﬂmm

fragnent coding for androctoni ne as defined according to cl
20. Chineric gene according to claim 19, characterized in that the h8st® *
organismis chosen from bacteria, for exa?‘r?pl e E. coli, yeasts; in

particul ar yeasts .of .the genera ccharonyces or Kl uyveronyces, Pichia,
Pingi - i n par BRCHIAILAG SRERERIST & IR L GPARE cel | 5 and

pl ants. 21. jneric gene according to either of clai 19 and 20,
characterized lr‘l”’t"ﬁéi 9% ?glrgg’llr?gd f\?}n’r{g&’a Jsr}elpeacﬁlb%u TR ker adapted to the
transfornmed h i 1 : i e i vect or
for the transfo r?%rlggglr?%;’n 8 %ggtU1§rvgl§rﬁs§m%c%aPﬁaagﬂep%zf'eji in %ﬁ@?&? S-

conprises at |east one oly mer G gane Asdedided e dhmsto clains 19 to

21. 23. Process for transform ng host organisms, 20 in particul ar plant
cell's, by ishcenR@aitied z3ld |i9Athaana HUHRIC Adthfdmarend ©lappe chineric

gene as defined in clains 19 to 21. 24. Process according to claim 23,
characteri zeddenit.hat the chinmeric gene is incorporated 25 by neans of the
vector according to claim?22. 25. Process according to either of clains 23
and 24, characterized i 27t.hatPrhdeedwsdcarghiniccmo scliasede from bacteri a,
for exanple E. coli, yeasts, in
characterized in that plants are regenerated from
transformed plant cells.

10 28. Transformed host organism, in particular
plant cell or plant, characterized in that it comprises
a chimeric gene defined according to one of claims 19
to 21.

29. Host organism according to claim 28,

15 characterized in that it is'chosen from bacteria, for
example E. coli, yeasts, in particular yeasts of the
genera Saccharomyces or Kluyveromyces, Pichia, fungi,
in particular Aspergillus, a baculovirus, and plant
cells and plants.

20 30. Plants, characterized in that they
comprise transformed plant cells according to claim 29.

31. Plant according to claim 30,
characterized in that it is regenerated from
transformed plant cells.

25 32. Plant, characterized in that it is
obtained from the cultivating and/or crossing of the

regenerated plants according to claim 31.

33. Plant according to one of claims 30 to



35 particul ar yeasts—of—the-genera Saccharonyces or Kl uyveronyces, Pichia,
.fungi, in partic ' a bacul ovirus, and plant cells and
plants. 26. Pr ocﬂ"ﬂ,ﬂmﬁgmﬂmtﬂﬂcl aim 25, 5 characterized in that the host
organismis a plant celd. 'S cess according to claim 26, characterized
in that plants are regenerated fromtransi®rned pl ant fFIIs. %o

28. Transforned hqst organjs In particular plant ce or plant,
characterizedq%TtQQﬁrqqé%%ﬂﬁéas&ﬁ;%P%%ih%r+% cepeeefrABdCaEBording to one
of clainms 19 tq 21. 29. Host organi smaccording to claim?28, 15
charact eri zed ¥1¥& anrQHeﬁ%?Qﬁuéé#L??Qﬂnfkﬁ?er BJa¥ oFaRKanPPETECOE ol i

yeasts, in particularéyqfsts of the genera Saccharomyces or Kl uyveronyces,

Pi chi a, fungi,t?q?%ﬁﬁ¢|an%ﬁt§&§bérgiIIus, a baculovgrus, and plant cells
and plants. 20 30. cler] En at they, conprise
transforned plant cells %ﬁkxwp|%%F1%§%ﬁé§?§§9{83éﬁg gn?igﬁé rgﬁnﬁoto claim

25 A A e e e e Thar ot G I Rl o the
cultivating arfi/¥addPsid) & dH¥se caused by Cercospora, in
particular Cercospora beticola, Cladosporium, in
particular Cladosporium herbarum, Fusarium, in
particular Fusarium culmorum or Fusarium graminearum,
10 or by Phytophthora, in particular Phytophthora
cinnamomi.
35. Plant seeds according to one of claims
30 to 34.
36. Process for cultivating transformed
15 plants according to one of claims 30 to 34, or obtained
by the process according to claim 27, the said process
consisting in planting the seeds of the said
transformed plants in an area of a cultivation
environment, in particular a field, which is suitable
20 for cultivating the said plants, in applying an
agrochemical composition to the said area, without
substantially affecting the said transformed seeds or
plants, and then in harvesting the plants cultivated
when they reach the desired maturity, and optionally in
25 separating the seeds from the harvested plants.
| 37. Process according to claim 36,
characterized in that the agrochemical composition

comprises at least one active product having at least a



regjener ated plants according to claim31l. 33. Plant according to one of
.claims 30 to ~ 36 32, characterized in that it is chosen from corn, wheat;

rapeseed, soybean, rice, sugar cane, beetroot, tobacco atm,mm'm,,m
Plant according to one of clains 30 to 5 33, characterize@ Hlm
resistant to fungal diseases such as thos¥ caused by Oercosp%raﬁ i s =
particul ar Cercospor.a hetico]a, Cadosporium in, particular C adosporium.
herbarum Fus&MPgHCLGR AN/ QH F2EREAT IR AT Uy r Fusari um

gram nearum 10 or by Phytophthora, in particular Phytophthora cinnanmom .
35. Plant seeds accor di %'torgorr?ec?ﬁsa '%‘5%‘&9%0391{2/%‘%. ocess for

cultivating transfaorned 15 plants .according. to one,of. clains_30 to 34, or
obt ai ned by t 5 aﬁ?&&ees“rslzae(gcolrndincrﬁtt oq-ﬁ'%ﬁ a2 F Qlf"loed%%? gh?ﬁ ot®ss consi sti ng

in planting the.,seqq: ;@‘O"H]leegseﬂ%crt&{ %Lﬂ%fi"ﬁ% i%ﬂﬁ%%gﬁ? of a

cul tivation envitonment, _ ar f re 20 for
Sai d area, i PRoor S eRar I Ty AT T LR €5'd t ransforhed seeds or
plants, and then in harvgsti ng-ddes Pl @ ordpd+ M ehe androctonine
defined according to one of claims 1 to 18, comprising
the steps of cultivating the transformed host organism
defined according to either of claims 28 and 29 ih an
lQ' appropriate cultivation.environment, followed by the
extraction and total or partial purification of the

androctonine obtained.



when they reach the desired maturity, and optionally in 25 separating the

. seeds fromthe harvested pl ants.
characterized in that the agrochem cal

conposi ti on cGygw/

37. Process according to claim 36,

ﬁlgf@st one

active prduA9MLA8R at | east a 3 ngi ci dal and/or bactericidal
activity. 38. Process according to claim 37, characterized in that the
active product has an activity conplenentary to that of the androctonine 5

produced by the transforned pl ants.

39. Process for preparing the

andr oct oni ne defined according to one of clains 1 to 18,

conprising the

steps of cultivating the transformed host organi smdefined according to

either of clains 28 and 29 in an 10 appropriate cultivati
foll owed by the extraction and total
andr oct oni ne obt ai ned. TEV 5 UTR
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