;e3e}jjkr6t4 6Y 11 Cctober 2002 1 GENE ENCODI NG HELIOM CI NE AND | TS
USE The \mwmm m@ he present invention is a new cysteine-rich peptide
call ed |ts use as a nedi cament and the conpositions containing
it, a DNA 5:semrrence encoding this peptide, a vector gonpatebeg 2602 0r the
transformati on of a host organi smand the nethod of transform ng the said
organism The invention relates nore particularly to the transformation of
pl ant cells and of plants, the 10 heliom cine produced by the transforned
pl ants conferring on themresistance to di seases, in particular of fungal
origin. There is currently an increasing need to make plants resistant to
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of human heal tth) opportuni ungal “infections exist for which no truly

ef fective trepidiidment r&id | ¥héxtshposhBipakt iconltainitdy Sid,s 4 BNR5 case
for certain serious invasive mycoses which affect hospital patlents whose
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for the transformation of a host organism and the

method of transforming the said organism.

The invention relates more particularly to
the transformation of plant cells and of plants, the

10 heliomicine produced by the transformed plants
conferring on them resistance to diseases, in
particular of fungal origin.

There is currently an increasing need to make
plants resistant to diseases, in particular fungal

15 diseases, in order to reduce or even avoid having to
use treatments with antifungal protection products, in
order to protect the environment. One means of
increasing this resistance to diseases consists in
transforming plants so that they produce substances

20 capable of providing their defence against these
diseases.

In the field of human health, opportunistic
fungal infections exist for which no truly effective
treatment currently exists. In particular, this is the’

25 case for certain serious invasive mycoses which affect

hospital patients whose immune system is suppressed

following a transplant, a chemotherapy or HIV

EAGAMAAT

*166166*



.2 infection. Conpared with the antinicrobial agent arsenal, the current
range of antifungal agents is very limted. A real need therefore exists to
characteri ze and devel op new cl asses of antifungal substances. 5 Various

subst ances

exhi bit bactericidal or fungicidal properties, in particular ! against the
fungi responsible for plant diseases. However, a first problemconsists in
finding such 10 substances which not onlyy can be produced by transforned

pl ants, but
properties

t he act ual

fungi ci dal
cysteine-ri

activity compxi edeveldopthewpepasdes of ahtisuapgelofsublsdaamces.25 Hel i om ci ne
is a peptide isolated fromthe haenol ynph of the | epi dopteron Heliothis

of natural origin, in particular peptides, 1areckssye wbbsh

which can still preserve their bactericidal or fungicida

and confer themon the said plants. For the purposes of the

present invejd¢ i i HACt €omphral A5 thuRteChiRkmierRdanskeeeatt 0 15 mean both
: | bactericidal or fungicidal properties and the bacteriostatic or
fungi static Frapesl] eehe ateene- thibePoB! hAGS fahgadl agentevi g\kiexi, exhi bit
bactericidal or bgcteriostatic activities, but 20 which do not exhibit
arithitgd st At reéadcherdt Yhedefbirer epfisltlseoc ehwirgictaridd ndi ng a

ch peptide which exhibits a high fungicidal or fungistat

virescens® whi ch exhi bYasipuagsubgspngesi ¢t pasyaiedsorigdrf,udg

Oct ober 2002 3 responsible for plant di seases and the_ fungi

ani mal pat h@HGHLCNREPRRYLIAGSH i P KPRWReWRASH E&iddite for helioni cine,

it was al so [found thg%a;t coul d be.,i.ngerted into a host organism such as a
s

yeast or a épiﬁ%ﬁﬁ?:_ a5t Bl f d e .
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substances which not only can be produced by

transformed plants, but which can still preserve their
bactericidal or fungicidal properties and confer them
on the said plants. For the purposes of the present
invention, bactericidal or fungicidal is understood to
mean both the actual bactericidal or fungicidal
properties and the bacteriostatic or fungistatic
properties.

Cysteine-rich peptides are also known which
exhibit bactericidal or bacteriostatic activities, but
which do not exhibit fungicidal or fungistatic
activity. Another problem consists in finding a
cysteine-rich peptide which exhibits a high fungicidal
or fungistatic activity compared with the peptides of
the state of the art.

Heliomicine is a peptide isolated from the
haemolymph of the lepidopteron Heliothis virescens

which exhibits fungicidal activity against the fungi
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,Tirst heliomcine, its use as a nedi canent or in agrochem stry for the
protection of plants) the conpositions conprising it, a nucleic acid
fragnent encoding heliomcine, a chinmeric gene conprising the 15 said
fragnent encoding heliomcine as well as heterologouggqqg%l tor o%benents
at the 5 and 3' positions which can function in a h %ﬁ fsh i
particular in yeasts or plants and a vector for transform ng the host
organi snms containing this 20 chineric geme, and the transfornmed host
organism It also relates to a transfornmed plant cell containing at |east
one nucleic acid fragnent encoding heliomcine and a plant resistant to

di seases contespongibhe Sardptahlt, dikepiidd Aidrtivdi fiings s£denmart ed from

this 25 cell. It finally relates to a method of transform ng plants to nmake
them resi st amt amimdatepaebholoygy .Waftlera Iganmce ntiods ngshethewsd zedethe
I nserted by neans of an i October 2002 4 appropriate vector. It finally

rel ates to agemehborohepieparcing, hdlti odsialsdyf ourdstlapedt hoseldr gani sns.
Hel i om cine is understood to nmean according to the invention any peptide
conpri sing eeeehmsartedt hats peproisde OFEEFD FHUhHraRa Y8IsShHePBuR

Xaa- Cys- Xab- Cys- Xac- Cys- Xad- Cys- Xae- Cys- Xaf - Cys-Xag_(1) 10 in which: Xaa is
-NHz or a peptdfe: r 83i @fetCoRFPEESSy HaldAmi ¢ide Aie ¢btReT dRTOdERer abl vy
from1l to 6 amn

om L {06 SIL0e, a6l 45, AL 3 PR K Lent e SR aLIg {11 Lo 10
Xad i's a peplldg 88t 94eSRURN $GNABS 4P e LLNES' €8 sRhgLEr 2Py 9
; diseases, providing a particularly advantageous
solution to the problems set out above.

10 The subject of the invention is therefore
first heliomicine, its use as a medicament or in
agrochemistry for the protection of plants, the
compositions comprising it, a nucleic acid fragment
encoding heliomicine, a chimeric gene comprising the

15 said fragment encoding heliomicine as well as
heterologous regulatory elements at the 5' and 3°
positions which can function in a host organism, in
particular in yeasts or plants and a vector for
transforming the host organisms containing this

20 chimeric gene, and the transformed host organism. It
also relates to a transformed plant cell containing at
least one nucleic acid fragment encoding heliomicine
and a plant resistant to diseases containing the said
cell, in particular which is regenerated from this

25 cell. It finally relates to a method of transforming
plants to make them resistant to diseases into which a

gene encoding heliomicine is inserted by means of an



. Xae is a peptide residue conprising from1 to 20 7 amino acids, preferably
7, Xaf is a peptide residue of 1 amno acid, and Xag is -OH or a peptide
resi due conprising froml1l to 5 amno acids, preferably 1 or 2 am no acids.
According to a preferred enbodi nent of the 25 inventi @n, oe8bsenphpses at

| east one basic am no acid, and/or Xad conprises at |east one basic am no
aci d. Advant ageously, Xad conprises 1, 2, 3 or 4 basic am no Y 11 Cctober
2002 5 acids. Advantageously, Xad represents the foll ow ng peptide sequence
-Lys-Xad' - Xad"-d y-Hi s-, in which Xad' represents a peptide residue of 1
basic amno acid and 5 Xad" represents a peptide residue conprising from?O
to 5 am no appisoppizterwbtyos. Basifdnadilyo radiadesarto umdeeshoddofo nean
nmore i particularly according to the invention the am no acids chosen from
| ysi ne, argipfepavingonebignithne by prensfoymed habt rearihsest he

foll owi ng peptide sequence -Lys-Arg-Arg-Gy-Tyr-Lys-@y-Ay-H s or

Leu- Leu- Ar g- G y- Tyr - LyBed 9mErjngj 3s. undesishons tt® MRAMACHPERERSed

enbodi ment of the ipvention, Xac conprises at |east one aci di o 15

am
acid, prefert®l YhIntivERTAALagBYuBPPL iR SEREEMS TRSF b1 # Wpﬁﬂﬁepti de
Z%ngnggi%ésééé&a%%ﬁagqaénég \(I)\Af“:ll %Qré%‘ia r &R %seelrg)tv?, a peptide residue of 1
Xaa-Cys-Xab-Cys-Xac-Cys-Xad-Cys-Xae-Cys-Xaf-Cys-Xag
) (I)

10 in which:

Xaa is -NH, or a peptide residue comprising
from 1 to 10 amino acids, preferably from 1 to 6 amino
acids,

Xab is a peptide residue comprising from 1 to

15 10 amino acids, preferably 10,

Xac is a peptide residue of 3 amino acids,

Xad is a peptide residue comprising from 1 to
9 amino acids, preferably 9,

Xae is a peptide residue comprising from 1 to

20 7 amino acids, preferably 7,

Xaf is a peptide residue of 1 amino acid, and

Xag is -OH or a peptide residue comprising
from 1 to 5 amino acids, preferably 1 or 2 amino acids.

According to a preferred embodiment of the

25 invention, Xaa comprises at least one basic amino acid,
and/or Xad comprises at least one basic amino acid.

Advantageously, Xad comprises 1, 2, 3 or 4 basic amino



.représents a peptide residue of 1 acidic amno acid. 20 Acidic amno acid
is understood to nean according to the invention any am no acid conprising
on a side chain an organic acid function, nore particularly a carboxylic
acid preferably chosen fromglutamc acid (G u) or asparbetoBekd204spP). 25
Preferably, Xac represents the follow ng peptide sequence -Asn-dy-d u- or
Al a- Al a-d u-. Advant ageously, 11 October 2002 6 Xaa represents the
fol'l owi ng peptide sequence Xaa'-Ay Xaa'ss in which Xaa' represents NHz or a
peptide residue conprising 1 to 9 amno acids, preferably 1 to 5 am no
acids, and Xaa represents a peptide residue conprising 5 at |east one am no
aci d, preferaaldschosen fromlLeu, Ile, Val, Pro, Ser or Thr, and/or Xab
represents the follow ng peptide sequence -Val e Xab'-Asp-, in which Xab'
represents a peptide rkdvahnicageopsliyi njaflr yep@esengsateo fadildsing ef erably
8, 10 and/or Xae represents the follow ng peptide sequence -dy-Xae'-Asn-,

i n whi ch Xa®eptiiesteaeenceepbydeXadsrdad " corpridpng fnomhd cho X8 no
acids, preferably 5 and/or 15 Xaf represents one of the follow ng am no
aci ds - Trp- roBKesents 3| ReRFidm| rafdfve KR&glr Bpséseamdnphacid B8 ng
peptide sequence -d u-Xag' in which_Xag' represents O4d or a variable

resi due vi’?‘?gffa ’ém%‘gt%om?gl:ﬁaef gSﬁF‘%BFOCQmBﬁF'ﬁEJngcifJQF‘ o0 B ef erabl y
1 am no aci% aAccoordi n19 1o a ngre g efgrred enbodi nent of the invention,
Xaa represernts THE 15 T oM n%r% ﬁf? Y guence NHZ- Asp-Lys-Leu-Ile-Ady-Ser-
or NH2- Al a- Al aAl a- Al a- - Ser-.._an Xab. .r t |.Low 25
pepti de sequence -Val - r%%é émﬁg g/ggais%g‘?yrﬁﬂﬁlﬁ?gggr%gsgg ;n%r?gll \({)Hr ae
represents the-f Qi ONEDY RERLEEEnGCHBERER 1BVENnEEbnPREARRIAY A ¥Blag SN
and/ or Xaf 11 Cctober 2002 7 represents the following amno acid -Trp-
and/ or Xag r&yssentsoh hBysohéovapginenakl de hemdargenigeu- Thr- OH or

-Arg-Thr-OH According to a nore preferred enbodi nent of
10 Preferably, Xad represents the following
peptide sequence -Lys-Arg-Arg-Gly-Tyr-Lys-Gly-Gly-His-
or Leu-Leu-Arg-Gly-Tyr-Lys-Gly-Gly-His-.

According to another preferred embodiment of

the invention, Xac comprises at least one acidic amino
15 acid, preferably one.

Advantageously, Xac represents the following
peptide sequence -Asn-Xac'-Xac"-, in which Xac'
represents a peptide residue of 1 amino acid, and Xac"
represents a peptide residue of 1 acidic amino acid.

20 Acidic amino acid is understood to mean
according to the invention any amino acid comprising on
a side chain an organic acid function, more
particularly a carboxylic acid preferably chosen from
glutamic acid (Glu) or aspartic acid (Asp).

25 Preferably, Xac represents the following
peptide sequence -Asn-Gly-Glu- or Ala-Ala-Glu-.

Advantageously,



5 the invention, the helionicine is the peptide represented with its coding
sequence by the sequence identifier No. 2 (SEQ ID NO 2). The sanme sequence
is described, corresponding to amno acids 6 to 49 of the sequence
identifier No. 1 (SEQID NO 1) with a 10 different cogdingctegadenggo2 The
NH2-term nal residue may exhibit a post translatiaonal nodification, for
exanpl e an acetylation, likewise the Cterm nal residue may exhibit a post
transl ational nodification, for exanple @n anidation. 15 Peptide sequence
conprising essentially the peptide sequence of general fornula (1) is
understood to nean not only the sequences defined above, but al so such
sequences cXyga isepresenest hbe (bliibwingepdpticle stedmrice ey ' s+ de
resi dues necessary for their 20 expression and targeting in a host
organi sm Ha%aa'br gimiehi ¢k Xadér sepyesentsedl, apy arpeptidecsepidveng at
| east one cell, whether mcroorganisns, in particular a yeast or a
bacterium dFoERE¥EPiagi ek Bl aminecprcids, Buedarabllwell 49 ghed™RQYani sns
such as 25 plants. This_may be in particular g "peptide heliomcine" fusion
pepti de whoRFifea Ay %?a%{héeprﬁsf!?téctaoP@Ptéﬂ?z r%%fﬁiﬁrﬁqlﬁp%’ﬁr’t% of
t he host organismallows the release of heliom.cine, heliomcine being
defined a o%e. %%sbe?)??d@“?‘ﬁgeac hPhEl FEﬁ%g}yn ri’r?ﬁifrbeé%?’%icfg%lé'l pepti de
or a transit:ﬂ%pt¢gf mp}gb_gggegriEh _pg%%kghp to control and orient the

a sp ’

producti on 011; elionfciné’in sSpecCifi'c manner in a portion of the host

Or gani sm  SUEky, aSeh PLaEXALPLRe! BBITHAAAHELLIR GRldudIRIDI ARG - O in he

case of plants in"a particular type o conpartnent or of tissues or in

the 10 extraggh! LAgp- MBiAl whifRC REY' NG 2t TR0 B de s {d@dSi t

pepti de may be a signal for chloroplast or mtochondrial homng, which is
then cl eavedcdriptDeigg! erefl asts 6r amiaoNddicongrieteddbAe®y ding to

anot her enbodi nent of the invention, the signal peptide nay be an

N-term nad samdabror "prepeptide”, optionally in conbination with a signal
responsi ble for retaining the protein in the endoplasmc reticulum or a
peptide for Xaeuoéprebentagthe Gollpowdpgpreddideltse@ratogs asmic reticul um
is the site where the operations for processing the protein produced, such
as for exanpt@lyh®aeledshge N whach §aq' papuasentsd & ReRYdRd by the
"cellular machipery". 25 The transit peptides nmay be either single, or
doubl e, and ¥RS1RPE ESRBTHFLPENEFPR Jef2r & @&‘lﬁlga?}?‘iqﬁ'er '%’E%D@équence,

that is to sgy gggpg%sing, in
15 Xaf represents one of the following amino acids -Trp-,
Phe, Leu, Ile or Val and/or
Xag represents the following peptide sequence -Glu-Xag'
in which Xag' represents OH or a variable residue
having a sequence comprising from 1 to 4 amino acids,
20 preferably 1 amino acid.

According to a more preferred embodiment of
the invention, Xaa represents the following peptide
sequence NH,-Asp-Lys-Leu-Ile-Gly-Ser- or NH,-Ala-Ala-
Ala-Ala-Gly-Ser-, and/or Xab represents the following

25 peptide sequence -Val-Trp-Gly-Ala-Val-Asn-Tyr-Thr-Ser-
Asp-, and/or Xae represents the following peptide

sequence -Gly-Ser-Phe-Ala-Asn-Val-Asn-, and/or Xaf



;11 Cctober 2002 9 the direction of transcription, a sequence encoding a
transit peptide of a plant gene encoding a plastid |localization enzyne, a
portion of sequence of the N-terminal mature part of a plant gene encodi ng
a 5 plastid localization enzynme, and then a sequence efncodisger s¢coNd
transit peptide of a plant gene encoding a plastid |ocalization enzyne, as
described in f application EP O 508 909. As transit peptide useful
according to the 10 invention, there nmay be nentioned in particular the
signal peptide of the tobacco PR la gene descri bed by Cornelissen et al.,
represented with its codi ng sequence by the sequence identifier No. 2, in
particul ar wepreassntsritdiemcdoblowbdacaning pradt -Gip-s amgl/or Hamts, or the
precursor of factor Mat al when heliomcine is produced in yeasts. The

f usi on pept FE@PrevERt/shdihonfel hewing: pephddei seauesiceucs lar-Thie-QH opept i de
of factor Mral :Se - Leu- Asp-Lys-Arg), which are situated at the 20
N-term nal S&si TTQﬁﬁPHts codi ng sequence are part of the present

i nvention, described in partjcular by the sequence jdentifier No._1 (SEQ ID
NO 1) Cor respondi ng AFSTAMTACE s moES BT EEEeg b ad g ot

pept | de- el i gl Jusl 022 hept hdecand §Ls ceading,sepuence are al so

part of the present I Aventi on, descri rn—par rlby the sequence
dent 111 MepSRU B o3 SEBLSROL P e dulahe
with heliomigiei i G NOND pPEBdHi €8/ KBl RPN §hee'same sequence is
| described, corresponding to amino acids 6 to 49 of the
sequence identifier No. 1 (SEQ ID NO 1) with a
10 different coding sequence.

The NH,~-terminal residue may exhibit a post-
translational modification, for example an acetylation,
likewise the C-terminal residue may exhibit a post-
translational modification, for example an amidation.

15 Peptide sequence comprising essentially the
peptide sequence of general formula (I) is understood
to mean not only the sequences defined above, but also
such sequences comprising at either of their ends, or
at both ends, peptide residues necessary for their

20 expression and targeting in a host organism. Host
organism is understood to mean any organism comprising
at least one cell, whether microorganisms, in
particular a yeast or a bacterium, or alternatively
plant cells or alternatively higher organisms such as

25 plants.

This may be in particular a "peptide-

heliomicine" fusion peptide whose cleavage by the



represented with its coding sequence by the sequence 5 identifiers Nos. 18
and 20 (SEQ I D NO 18 and SEQ I D NO 20) . According to a preferred

enbodi ment of the invention, the cysteine residues of the peptide of
formula (1) format |east one intranol ecul ar disul phida $@tBbedd2002
preferably three disul phide bridges. According to a preferred enbodi nent of
the invention, the disul phide bridges are established between the cysteine
residues 1 and 4, 2 and 5, and 3 and 6. &elionmicine is a peptide which is
15 particularly active against fungi and yeasts, and may as such be used
preventatively or curatively to protect various organi snms agai nst fungal
attacks. TheSpe¥Bafici sysHemsn Otﬁgéfrhﬁ drasty czgamnsism Hblowsi Ehae as a

medi canent. It _also relates to the use of heljom cine 20 for the treatnent
of plants agiPh8asSeuRfabedicadicingy hajsignigine beirei detimedctiy to the

card plants  Theghr gaenl LRl 20 21 S8 el en Lo, A, composi L an compri sino

i at hi 25 . t ot bstantial ly,d t hel om ci i
cppropri e yellghep el L0 SURANL AU Iadoade Mpebelontcine i
propert es 0foLReyHel LAMLEG o1l ol Tt 2002 diogogposi ti on may be
a cosnetic ¢ nposIi ti on an I'n thli's case rhe appropri a?e Vehicle is

cosneti cal | yh@‘iﬁ%%&%?h% iailel A A AYHAAADN 11972 AOPLLLGL T B2 LRl Ne SKI N

or the exoskeleto or a pharmaceutical conpositi or a erapeutic
use and in thbstCaGYahlBmBPRARIY A Fehidpls Bharspeopiasal | ¥he

accept abl e, appropriate for adm nistration of heliomcine by the topical
roqte per cell membrane, or in the case of plants in a particular
type of cell compartment or of tissues or in the

10 extracellular matrix.

According to one embodiment, the transit
peptide may be a signal for chloroplast or
mitochondrial homing, which is then cleaved in the
chloroplasts or the mitochondria.

15 According to another embodiment of the
invention, the signal peptide may be an N-terminal
signal or "prepeptide", optionally in combination with
a signal responsible for retaining the protein in the
endoplasmic reticulum, or a peptide for wvacuolar homing

20 or "propeptide". The endoplasmic reticulum is the site
where the operations for processing the protein
produced, such as for example the cleavage of the
signal peptide, are performed by the "cellular
machinery".

25 The transit peptides may be either single, or

double, and in this case optionally separated by an

intermediate sequence, that is to say comprising, in



0s or by injection, or alternatively an agrochenical conposition and in
this case the appropriate vehicle is 10 agrochem cally acceptable,
appropriate for application to plants or in the vicinity of plants, wthout
damagi ng them The present invention also relates to ainWwdtdverd@iod?2
fragment, in particular DNA, natural or 15 synthetic, encoding the
hel i om ci ne defi ned above, including the "peptide-heliomcine" fusion
pepti de defined above. It may be accorditg to the invention a fragnent
which is synthesized or which is isolated fromthe | epidepteron Heliothis,
or alternatively a derived 20 fragnent, suitable for the expression of
hel i om ci ne thet Qérkostonr gfnityansariptiitn peptdatpmende drecadjmgssed. The
nucleic acid fragment nay be obtai ned according to standard isolation and
purificationtrenkdtispeptidet effnat ipdent lgersy mrmsslinace @wkaskido t he
customary 25_net hods of successive hybridi zations of synthetic
ol i gonuci eot 16e3liTREden eoiTyMfUeR A GiPhak iSeTuaneR RF i HR® by Ausubel
et al. 11 Qctober 2Q02 12 According to the present invention, "nucleic
gfa Y eﬁﬂfé‘?fi’é"

aci d fragmenttEEMiRAd: BRSYF e Paktar? i R ch may be of
t he DNA oL t¥g , grefera l.y of the DNA t in particular double s
st randed. > AcBofgi § 488 2 TR (3 | t3 FHEHFHE Rucl ei ¢ aci d

fragnment encoding.hel i_onm_cin onpri.ses. the e d i bed by bases
16 C0 147" of SPREALEG anEs ST S e B T B NG 4646, 0 (he
sequence ideghbls@hNa- S%a&%l::i(a 'Rdb}ﬁi@at;ﬂcfh & Al thes cofhng pRrtion
of this sequence co?res onding to bases 1 to , a honol ogous sequence or

anaequence cggghg@g@gwgpod%@@@.sequence. According to anot her
enbodi nent of the 15 invention, the nucleic acid fragnent encoding the

peptide-heliom cine" fuy @Rl gm0 wastihadd¥rsbgyensetlescri bed by
the sequence identifier No. 1 (SEQ ID NO 1) or that described by the
sequencelbdethiveneiohg. therSE@dyD NOntiongdrin @ rtidhba?Othedi ng
portion corresponding to bases 3 to 224, or that described by the sequence
identifier Neigh8l($EQtideN©fl&)he itolpared RR-aka tdene odesicy Poedi by
corresponding to bases 7 to 205, a honol ogous sequence or a sequence

conpl enent ar foroelissen ®tsaghong@presented with its coding

sequence by the sequence identifier No. 2, in
particular when heliomicine is produced by plant cells

15 or plants, or the precursor of factor Mat al when
heliomicine is produced in yeasts.

The fusion peptide "MFal/heliomicine" with
the five residues of the propeptide of factor MFal
(Ser-Leu-Asp-Lys-Arg), which are situated at the

20 N-terminal position, and its coding sequence are part
of the present invention, described in particular by
the sequence identifier No. 1 (SEQ ID NO 1),
corresponding to amino acids 1 to 49.
The "PR-loa signal peptide-heliomicine" fusion
25 peptide and its coding sequence are also part of the
present invention, described in particular by the

sequence identifier No. 3 (SEQ ID NO 3).



:25 "Honol ogue" is understood to mean according to the invention a nucleic
acid fragnent exhibiting one or nore sequence nodifications relative to the
nucl eoti de 11 Cctober 2002 13 sequence described by the sequence
identifiers Nos. 1, 2 or 3 and encodi ng heliom ci ne oLltbeétober 2002
"peptideheli om cine" fusion peptide. These nodifications may be obtai ned
according to the customary nutation 5 techniques, or alternatively by
choosi ng the synthetic oligonucl eotideslQsed in the preparation of the said
sequence by hybridization. In the light of the nmultiple conbinations of

nucl eic acids which may | ead to the expression of the sane am no acid, the
di fferences 10 bet weerThénef usie@m epept $dguenmprdeing dek Bidrhel sequence
identifiers Nos. 1, 2 or 3 and the correspondi ng honol ogue may be

subst ant i al peptiden@ ke s bzaceotvaalastrronbiie FGlgasnes fursed nvol ved
which can be produced by chem cal synthesis. 15 Advantageously, the degree
of honol ogyWiith hed igmicine P61 cehganedPRPthdefbeldmciane sdfience,

preferably at |east 80% re, preferably at | east 90% These nodifications
are gener al FEPF&RSHIS tvfﬂant!t)hi%t? oCeV NI FETRBF U SN N FRELENIR pri mary

et | off SR AT PR cHE PR o2 BonZPor Lol dB o dine it B8 "

conpri si ng gogoding sequence as well as heterol ogous regul atory el enents at
the 5 and 3" ‘positions capable of 25 functioning in a host organism in

particul ar plant cell A0 S ot Repra¢icng geg#&% nﬁgﬂpr' i at | east
one DNA fragnent gnco??%?ﬂ%?‘?%n‘?%i%epor lte%_ee I gito er d2%0 4 .

" pepti de- heliingar® iy, fiisd by PERihderasidabisned RV @ediade YHani smis
understood to nean any | ower or higher, nono- or pluricellular organism
into which tfertiliae(ix Hene fKEcledsigohe Lhe ramedRidudariiA iflphide

i ntroduced, for the production of heliomcine. It includes in particular
bacteri 40 f bricanplprdfexaibly yhrasesdisnlpatiidec Wrdrdges t rec garding
Saccharonyces or Kl uyveronyces, Pichia, fungi, in particular Aspergillus, a
bacul ovi rus toor prdfaabrd ehhodiventsof0 tied ipvemtsiorn,Plhe cell" is

understood to nean according to the invention any cell derived froma pl ant
and disulphide bridges are established between the cysteine

residues 1 and 4, 2 and 5, and 3 and 6.
Heliomicine is a peptide which is
15 particularly active against fungi and yeasts, and may
as such be used preventatively or curatively to protect
various organisms against fungal attacks. The present
invention therefore relates to heliomicine as a
medicament. It also relates to the use of heliomicine
20 for the treatment of plants against fungal attacks, by
applying heliomicine directly to the said plants.

The present invention also relates to a
composition comprising heliomicine and an appropriate
vehicle. The first quality of the appropriate vehicle

25 1is not to substantially degrade the heliomicine in the
composition, and not to reduce the bactericidal and

fungicidal properties of the heliomicine. This



capahl e of constituting undifferentiated tissues such as calli
differentiated tissues such as enbryos, plant 15 portions, plants or seeds.
"Plant"” is understood to nean according to the invention any differentiated
mul ticellular organi smcapable of photosynthesis, in peftdsedsdr 2002
nonocot yl edonous or dicotyl edonous plants, nore 20 particularly crop plants
I ntended or otherw se as ani mal or human food, such as mai ze, wheat, rape,
soyabean, rice, sugarcane, beet, tobacchl cotton and the like. The

regul atory el enents necessary for the 25 expression of the DNA fragnent
encoding heliomcine are well known to persons skilled in the art according
to the host congersismmorT ey doena | cesmat par compbai tpoonmenet in thit ober
2002 15 sequences, transcription activators, term nator sequences,

i ncl udi ng stc@ase dhe apgrapdiohse Tekiadanitsandsweticad Wordarntable ng and
selecting the regulatory el enents are well known to persons skilled 5 in
the art. For{sWdaklgsiraddibirnf Loy crBBLysALiRE $QcHhes Skddstar or

bacteria, the regulatqory elenments are well known_to persans, skilled in the
orts Chna” conh SXaekeldtdnil ot orerERaCENBaRELs CoRBIRILI 19F
activators, transit peptides erm pat or _sequences_and _st.art and stop
codons. To di e@catpﬁlhtglgiﬁ%s%?%nlﬁngﬁfﬁecg %r Eﬂleoﬁp&roﬁ{é' $htide in the

hro a shut (R4 i B S0ETEk E0CR0LE8 B TR A B
whi ch rmake ic?tqnﬁ‘}?i%@aec{&u S&f L1106 ELARSHY' TRR! RogiicaheiRlte pdie ura-3
gene is use or
| 0s or by injection, or alternatively an agrochemical
composition and in this case the appropriate wvehicle is
10 agrochemically acceptable, appropriate for application
to plants or in the vicinity of plants, without
damaging them.
The present invention also relates to a
nucleic acid fragment, in particular DNA, natural or
15 synthetic, encoding the heliomicine defined above,
including the "peptide-heliomicine" fusion peptide
defined above. It may be according to the invention a
fragment which is synthesized or which is isolated from
the lepidepteron Heliothis, or alternatively a derived
20 fragment, suitable for the expression of heliomicine in
the host organiqp where the peptide will be expressed.
The nucleic acid fragment may be obtained according to
standard isolation and purification methods, or
alternatively by synthesis according to the customary
25 methods of successive hybridizations of synthetic
oligonucleotides. These techniques are in particular

described by Ausubel et al.



.yeast and the gene which confers resistance to anpicilline for E. coli, 20
- a nucleic sequence allowing the replication (replication origin) of the
plasmid in yeast. Preferably, the replication origin of the yeast 2
plasmd is used, - a nucleic sequence allow ng the rephi 0cetbBB8r22002
(replication origin) of the plasmd in E. coli, - an expression cassette
consisting (1) of a pronoter regul atoryjgequence. Any 11 Qct ober 2002 16
pronot er sequence of a gene which is naturally expressed in yeast may be
used. Preferably, the pronoter of the S. cerevisiae Mal gene is used. (2)

of & seduence encodi ndpacsL43ak PEPLLLC RdsanePisRAMIA, Iycagcnal | on

with a hom ng peptlde Oor propeép ese regions are inportant for the

correct Secrééian;eaghaﬁtﬂ% '&?def’éeésaaébymeaﬁeaSﬁgeﬁaeela@codl ng the

pre-pro-peptide o e precursor ~ of factor Mal is used. 10 (3) of a
pol yadenyl at seguhct Wi BAt Ry BRULE! @hy DRAUSRCRNAPERS ably, the
termnator of ,. S. cerevisiae phosphogl ycerate kinase (PGK) is used. In

~-" the exprpsefepabagseft ehet DNAS egen)Canepaediintglza idutdsliee is inserted
downstream of the pre-pro 15 sequence and upstream of the PCGK term nator.
These el esrenssrémadedbeen described in several publications including
Rei chhart et al., 1992, Invert. Reprod. Dev 21, pp 15-24 and M chaut et
al ., 1996, FEES Let t erBccgggdingpte- ohe 2obRddmeniblof bheasinyvesitidme S.
cerevisiae the nucleic acid fragment encoding heliomicine
comprises the DNA sequence described by bases 16 to 147
of the sequence identifier No. 1 (SEQ ID NO 1), or by
10 the sequence identifier No. 2 (SEQ ID NO 2), in
particular the coding portion of this sequence
corresponding to bases 1 to 132, a homologous sequence
or a sequence complementary to the said sequence.
According to another embodiment of the
15 invention, the nucleic acid fragment encoding the
‘“peptide-heliomicine” fusion peptide comprises the DNA
sequence described by the sequence identifier No. 1
(SEQ ID NO 1) or that described by the sequence
identifier No. 3 (SEQ ID NO 3), in particular the
20 coding portion corresponding to bases 3 to 224, or that
described by the sequence identifier No. 18 (SEQ ID NO
18), in particular the coding portion corresponding to
bases 7 to 205, a homologous sequence or a seguence
complementary to the said sequences.
25 “Homologue” is understood to mean according to

the invention a nucleic acid fragment exhibiting one or

more sequence modifications relative to the nucleotide



.species are transforned with the expression plasmid by the lithiumacetate
nmethod (lIto et al., 1993, J. Bacteriol, 153, pp 163-168). The transforned
yeasts are selected on a sel ective agar medi um whi ch does not 25 contain
uracil. The mass production of transforned yeasts is gar beedbaut 2002
culturing for 24 h to 48 h in a selective liquid nmedium 11 Oct ober 2002
17 The transformation of m croorgani snsiRBkes it possible to produce '
heliom cine on a | arger scale. The present invention therefore also relates
to a method of preparing heliomcine, conprising the steps of 5 culturing a

transformed JESIO0EHORLSEY £OER! by Rhed sSIRAfRIY GldiE 8l 40N o8¢ 5 defined

above in an appropriate culture medium followed by the extraction and

total or pargict pp&ﬁaiéﬁébaﬂngfhbugohﬁldiem F@rmarbt'geped delr ef erabl y,
during the extraction of the 10 heliom ne produced by yeasts, the yeasts

are renoved Kyl Lol ¢ 1 hehadsiormnsepbedeul tHegeshpai fatamtions magCed i n
contact with an acidic solution which may be a solution of an inorganic or
organi ¢ aci hbtsaixedsadécoréikagpte lther enldtmmsaryaontattiareti ¢ aci d. The
extract 15 obtained is then centrifuged at cold tenperature at a speed of
4000 to 190, Cofrhpiaraes 4Cf oalBerne tdvedivn byTiehquaiind dhe csywthértel ¢ oni ci ne
may be preceded by a step_of fractionation of the supernatant obtained

fol | owi ng t Heligeraeleohlidespuspieisy 49 PLEPAHALIRN tHe heacsadfati on

step, the extract is deposited,on the reversed phase in qrder to, carry out
a solid phas%e@*??%%t]%nhyl?ﬁég\?\ééﬁilﬁﬁ'ofInt té’enﬂi &t M%H“‘éﬂt"élgﬁ? uble in

hyr ophobi ¢ SEReEioRe 8 Healeisprspdm B it Y Terd tasthe are
obtai ned w th briiLugnoggethe ashd LaGAeIREN G WAL EheaDt containing
10 Dbetween the reference sequence described by the
sequence identifiers Nos. 1, 2 or 3 and the
corresponding homologue may be substantial, all the
more so since small-sized DNA fragments are involved
which can be produced by chemical synthesis.
15 Advantageously, the degree of homology will be at least
70% compared with the reference sequence, preferably at
least 80%, more preferably at least 90%. These
modifications are generally neutral, that is to say
that they do not affect the primary sequence of the
20 resulting heliomicine or fusion peptide.
The present invention also relates to a
chimeric gene (or expression cassette) comprising a
coding sequence as well as heterologous regulatory
elements at the 5' and 3' positions capable of
25 functioning in a host organism, in particular plant
cells or plants, the coding sequence comprising at

least one DNA fragment encoding heliomicine or the



.11 COctober 2002 18 acetonitrile in dilute acidic solution. Preferably, the
purification of heliomcine is carried out in tw stages: a cation-exchange
HPLC fol l owed by a reversed phase HPLC with a suitable 5 eluant which may
be different fromor identical to that of the precedi ng phesper Th@oxari ous
steps of the purification are nonitored by a test of inhibition of fungal
growh in liquid nmedium Preferably, theatest is i carried out with the
fungus Neurospora crassa. 10 The sequence of the heliomnm cine produced by
the transfornmed yeasts is anal ysed according to the nethod of sequencing by
Edman degr adapéeptidsdhbyiomsaifpecfugivh peptiristasicdef hhedhabagkeri zati on
is carried out directly on the peptide produced, on the 15 peptide nodified
by reduction/al kyl ati oRcas weghnasmod sf nagterstomi tdengmptany. 1dwerpept i de
sequence and the nol ecul ar nass of the heliomcine produced were conpared
with those ofrtivigheri veoheti oni pilngiseldackest drganise imeoovhiph of H.
virescens. The results show 20 that the two nol ecul es have the sane prinmary
structure. THee deRiper hat geReoRCEREiDG tHoorths imeent kom phavieb®r i dges

i ndi cates_that the arran enen% of the di,sul phide bridges is identical in
both pept? desPt¥H uﬁ%@ivgoﬁeﬁ ?dBrQQHQH%QQMﬂ§;i%ﬁﬁﬂﬁ&F%@ethEttransforned

25 m croorganis The.inveg&Lon relates mare p rticular%% %o t he,
transfornpti%ﬂcg¢dﬁfaﬁ?spa 15P&ﬁﬁt§P 56&%ﬂ(ﬁ§F EXFMP Rt be?°§602 19
Solueee | nc b b, bECERERIRLT o HOP ANCH SRAERa SRS R ° 00

whi ch is nat y' eXpressed rnp S, 11T par

bacterial, vj Obl: gk -SU , s ngygg hat of a gene for 5
thz smal | suﬁﬁﬁ*YQ%?ﬂy?E%rogggﬁggéaggg%éra§§5 xygenaggaéRuBisCI» or of a
plant virus geperguehusds. af Bacftavhlts !t Rat fed IhidQuegempgai ¢ (19S
or 35S CAMV), ‘or a pronoter which is i1nducible by pathogens such as the

t obacco PR landipl&etBY possible to use any 10 known suitable pronoter.
Preferably, a pronoter regul atory sequence is used which pronotes the

over expression of the tpllang seflends umdsrdtdod ey mean naltceddbygat t ack
by a pat hogen, such as for exanple that conprising at | east one histone
pronoter as 16 tkecinbedtionappli c&lilodeERAvEGELB98 Prantdang to the
invention, it is also possible to use, in conbination with the pronoter

regul at ory seepehte, ot penstafurangr prsidifaratiftied tissues such

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

*"Plant”" is understood to mean according to
the invention any differentiated multicellular organism
capable of photosynthesis, in particular
monocotyledonous or dicotyledonous plants, more

20 particularly crop plants intended or otherwise as
animal or human food, such as maize, wheat, rape,
soyabean, rice, sugarcane, beet, tobacco, cotton and
the like.

The regulatory elements necessary for the

25 expression of the DNA fragment encoding heliomicine are
well known to persons skilled in the art according to

the host organism. They comprise in particular promoter



are situated between the pronoter and the coding 20 sequence, such as
transcription activators (enhancer), such as for exanple the translation
activator of the tobacco nosaic virus (TMW) which is described in
application WD 87/07644, or of the tobacco etch virusi1a4To¢tonaircRob2
described by Carrington & Freed. 25 As pol yadenyl ati on or term nator

regul atory sequence, there may be used aBy correspondi ng sequence of
bacterial origin, such as for exanple the 11 Cctober 2002 20
Agrobact erium tumefaciens nos termnator, or alternatively of plant origin,
such as for sxqu@heea, htsanseriptiibnahetigatdescr ickethimatappl i cati on EP
0,633,317. 5 According to the present invention, the chineric gene nay al so
be conbi ned sedqhencee| ethabhdingr kearsuahdbseoporcodoast.r isf onewats host
organi sm Such selectable markers are well known to persons skilled in the
art. They neand meétheda feneiflentiéyingannd selegtdma Kihsti cs, or
alternatively a gene for tolerance to herbicides for plants. Thecfresent

i nventi on al%REVEREPEY edeBeREBNRHE WRldxprews &R Persems dkilie
transformati on of a_host organismcontaining at |east one chineric gene 15
as defingg aoVeRe TRFE - vect or conprises, in addition to the above chineric

, at | t Thi t t of
i acii 4, a cosmd. & DEGTCPRBpRAGRCGPTRAVPHe SO M PO A G by the

|t roduct | or, of Ll hLICELGHBTE 26RY d 1g%o&g-%a%raegfeeg§a{ztoran§Omed)

transformati on ors, accor ost organism

are wel| Ok PS! paPSoAk! %i&@léa e chis 2209 B Wl glesgybed i

g literature. For t e transtormation of plant cells or ants, they

nay 'nC'L"“ipé&ﬁ@%ulﬁﬂlﬁfoﬁo!é%u§eﬁﬁbﬁGe@aytQ%n%%@quﬁkufhe transformat i on
of devel oped plants and which contains in addition its own elenents for

11 Cctobpy 200Rivdtoesl i eabhsitapepeipesssitetmifatiar atgherdds \wed or for
transformng plant cells or plants according to the invention is a plasmd.

The subj ect statbteandvenbpooodsnal.so a nmethod 5 of transform ng host
organi sms, in particular plant
To direct the expression and the secretion of
the peptide in the yeast culture medium, a DNA fragment
encoding heliomicine is integrated into a shuttle
15 vector which comprises the following elements:
- markers which make it possible to select the
transformants. Preferably, the ura-3 gene is used for
' vyeast and the gene which confers resistance to
ampicilline for E. coli,
20 - a nucleic sequence allowing the replication
(replication origin) of the plasmid in yeast.
Preferably, the replication origin of the yeast 2i
plasmid is used,
- a nucleic sequence allowing the replication
25 (replication origin) of the plasmid in E. coli,

- an expression cassette consisting

(1) of a promoter regulatory sequence. Any



cells by integration of at |east one nucleic acid fragnent ox a chineric
gene as defined above, which transformation nmay be obtai ned by any
appropriate known 6 nmeans wi dely described in the specialized literature 10
and in particular the references cited in the presentl1Bpp:tsiés @Q0Or €
particularly using the vector according to the invention. A series of

met hods consists in bonbarding cells, prdfoplasts or tissues with particles
to which 15 DNA sequences are attached. Another series of nmethods consists
in using, as nmeans of transfer into plants, a chineric gene inserted into
an Agrobact epngmatenfseduencdi obr a Agenpavhdchudsr matog@idsy R pl asni d

Ot her met hods may be used, such as 20 microinjection or electroporation, or
al t er nat i vel PrRGasged ridtiyrask i Baybheniged  oPreferahdysotdisskilled in the
art will make the choice qof the appropriate nmethod according to the nature
of the host &FFMALEH 9$iiﬁﬁt$ch§F68Fsﬂﬁ€ MiEQdt g2 S UiShf the pl ant.
The subject of the presgy} inention is also the host.or%ﬁgisnsﬁﬁgg
particul ar plant cells oL 13 BLEUBRFe26550920G &n "I, RERr and

ti cul t cell 13 REROBRFe2602 PRSI
Cequence for W inaaRet et | e mafus BrRE ks rREHG Yt 0 "
sequence f* | v8 f eserft
he pl ants 1 enar Rl V1 EECPEnEPBRoRg ot SrEFIs iy il Mo 1o

obtai ned by g AR QUdAde HRaHS EHECBeEQH@@QSP@bﬂéﬁ%ﬂﬁ?}”éhéﬁ the
species, as described for j exanple in the above references. 10 For the

net hods of t rsaRffedd8 NEhdb@itig CEhbSp2adpeb-pRgRIAAIIMNEHE PHdoutder € may
be mentioned in particular the follow ng patents and patent applications:

US4, 459, 355 0fUFak 536 MAG] 1IS Gsé84, 763, US 5,177,010, US 5,187,073, EP
267,159, EP 604, 662, EP
10 (3) of a polyadenylation or terminator
regulatory sequence. Preferably, the terminator of
S. cerevisiae phosphoglycerate kinase (PGK) is used. In -~
the expression cassette, the sequence encoding
heliomicine is inserted downstream of the pre-pro
15 sequence and upstream of the PGK terminator.

These elements have been described in several
publications including Reichhart et al., 1992, Invert.
Reprod. Dev., 21, pp 15-24 and Michaut et al., 1996,

FEBS Letters, 395, pp 6-10.

20 Preferably, yeasts of the S. cerevisiae
species are transformed with the expression plasmid by
the lithium acetate method (Ito et al., 1993, J.
Bacteriol, 153, pp 163-168). The transformed yeasts are
selected on a selective agar medium which does not

25 contain uracil. The mass production of transformed

veasts is carried out by culturing for 24 h to 48 h in

a selective liquid medium.



.15 672,752, 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 5, 204, 253, US
5,405, 765, EP 442,174, EP 486, 233, EP 486, 234, EP 5391568ct&ber02602, 725,
WO 91/02701 and WD 95/06128. The present invention also relates to the
transfornmed plants derived fromthe culX?vation and/or crossing of the
above regenerated plants, as well as the seeds of transforned plants. 25
The plants thus transforned are resistant to certain diseases, in
particular to certai nThehgadarsfdmndeionl ofli m¢asesrganisnsemdkes tite DNA
sequence 4 11 Qctober 2002 23 encoding heliomcine my be integrated with
t he mai n objpessibd eoftoprachubticey g hivsicineésonna lergesr sxiadeali Weses,

hel i om ci ne being effective agai nst fungal di seases such as those caused by
Cer cospor a, Presengainventdorcaherpbere belseoralatrgdssper mahhdd of

parti cul ar Cladosporlun1herbarun1 Fusarium in ﬁartlcular Fusari um cul norum
or Fusari unPFeREFASS Al %ﬂm%ﬁﬂq#mm?RWE¥kﬁbnglﬁ Baste®s &L pPhyt opht hora |
ci nnanom_. 10 _The .chi neric gene nmay al so conprise, and advant ageously, at
ot ong sEPMELTHG foiEemE AT e S SRDE Sy ERBE A At o GRRR | o

herbicid The .DNA di b d
 Sol oot abi ETREAIER HEHLE I 5T P%%@%?ﬁa?ﬁ'sﬁgo?“‘nﬁegnfa%%%ﬁ% S

sequences er&qﬁgg;}%tgrf r,_mperﬁéﬂﬁo}r,% Oﬁﬁé”é QLEE@E%EF Q_JIL rance to

exanpl e genes Serance enes

her bi ci des I S i rein 20
parti cul ar géggﬁ%% Pﬂﬂ%é%ﬂﬁgﬁggg€l%@%l%%§§%%QEEHQ&$%Ea%£g§$I04181) EP

33% 899, WO 96/ 38567 qirMArAH10A1GRurhg COMESExERACk @RS Iod mak cel I's and
plants according to the invention may conprise, in addition to the sequence
encodi ng ochelhegHiofiiREneOtdiIA e R OF OgeaISts, the yeasts are removed
by centrifugation and the culture supernatant is placed
in contact with an acidic solution which may be a
solution of an inorganic or organic acid, such as for
example hydrochloric ‘acid or acetic acid. The extract
15 obtained is then centrifuged at cold temperature at a
speed of 4000 to 10,000 rpm at 4°C for 30 to 60 min.
The purification of heliomicine may be
preceded by a step of fractionation of the supernatant
obtained following the extraction step. Preferably,
20 during the fractionation step, the extract is deposited
on the reversed phase in order to carry out a solid
phase extraction. The washing of the molecules which
are soluble in water is carried out with a dilute
acidic solution and the elution of the hydrophobic
25 molecules with an appropriate eluant. Good results are

obtained with trifluoroacetic acid for the washing and

an eluant containing increasing quantities of



25 sequences encoding proteins of interest such as other additional

pepti des which are capable of conferring on the plant resistance to other
di seases of bacterial or 11 Cctober 2002 24 fungal origin, and/or other
sequences encodi ng proteins for tolerance to herbici deg a¥¥dHeOtdtR)2
sequences encodi ng proteins for resistangﬁ to insects, such as the Bt
proteins in particular. 5 The ot her sequ&fices nay be integrated by neans of
t he sane vector conprising a chineric gene) which conprises a first

sequence encaogl Lol cine.and at | east one other sequence encodi ng
anot her ) pe%é&%mgﬂ%?g%e%ﬁ gﬁ?ﬁ?e?&%?.lclﬁoih‘éﬁ-oﬁay al so be integrated by
means of another vector LS99 | east -the said qther sequence,
according to the custon%f%ﬁ?%%ﬁ%?qugéedBPFﬁgac§569B. h&edigmisineor di ng
to the inventionedmyid® &hs0iper@ht a by_crossing parents, one carrying
the gene according to the invgn%ﬁgnggﬁggafna ﬁgﬁ?SﬂTE%ﬁ angfe BiLSer

carrying a gefod lasvwsdlihg Dtrdwasied efpr.cPERPLL e Qr .protein of

interest.ﬁﬁnong t he sgﬁﬂences enc%d?ﬁ%gégh%FLgnﬁg%hngaFuigaggﬁtides, t here
may be medt i eledrithathisslc ety b &lr @5eP¥EER: PRLRNGL-S4 .i.bed i n_patent
application FR 2,725,992 and by Fehl baumet al. ?§9b§§§E%ﬁ§Eiﬁ°u 5 i shed

patent appl i &t ithe ERERdNH pHased The 24adibys 188ps0b et Q%E_\ encodi ng
androctonin which is 25 described in patent application FR 2,745,004 and in

unpubl i shed PXFéHicASHIE At MER OFrddI6P 4 tesdt ovf 20nAUBYSE 0A99F- 11

Cct ober 2002 25 EHS resent, invention finally relates to a nethod of
cultivating PR o dft sligeiot dhedium. tPreefewail y pnthé heeget hgd

consi sting ig glan e seeds of the said transformed plants in a plot

ting . th d
of ‘a 5 fiel d appr iog‘tte e ifungyRy Newresporal anassain appl ying to
the saidyglot of the sgid field an agrochem cal conposition, w thout
substantially affectingmﬁh§§§HQT933 e thel ienirinesfodueed by

the transformed yeasts is analysed according to the
method of sequencing by Edman degradation and by mass
spectrometry. The structural characterization is
carried out directly on the peptide produced, on the
15 peptide modified by reduction/alkylation as well as on
fragments of the peptide. The peptide sequence and the
molecular mass of the heliomicine produced were
compared with those of the native heliomicine extracted
from the haemolymph of H. virescens. The results show
20 that the two molecules have the same primary structure.
The determination of the position of the disulphide
bridges indicates that the arrangement of the
disulphide bridges is identical in both peptides, the
native peptide and the one produced by the transformed
25 microorganism.
The invention relates more particularly to

the transformation of plants. As promoter regulatory



. plants, then in harvesting the cultivated plants when 10 they arrive at the
desirted maturity and optionally in separating the seeds fromthe harvested
pl ants. Agrochem cal conposition is understood to nmean according to the
i nvention any agrocheni cal conposition conprising at 1ledxttaler &X02/e
product 15 having one of the follow ng %&;ivities: her bi ci de, fungi ci de,
bactericide, virucide or insecticide. According to a preferred enbodi nent
of the method of cultivation according to the invention, the agrochem cal

iti ' i .at _| t ti 2 t _hayi t | t
Fungi ci dal REPBPPBEetEr PORRTE ‘acts id JPOTOrR by £ VS| TP OREBROERE an
tivity whi ' d |i o ¢l d by th
OLIVILY Wi EohenRaTBCeNAH i} Vs adlfalE)  QELELRERAT gfluced bY the
activity whighah8sGonpl paRRLdM 40 4 Btobedie! bpMmbgtperi a1 ungeraiogd to
mean according to the invention a product exhibiting a 11 Cctober 2002

26 conpl enenpaaptaskiyihy sRECHMEdNAdxafpld, Sead §f 0dugenvhigh will be
active against attacks by contam nants (fungi, bacteria or viruses) which

are not sensthéevemholheubomiti RE bl dSs 1161 s ¥&EYoRy DaSEEkyderhisse
activity spectrum covers that of heliomcine, conpletely or in part, and
whose dose f ¢RuBpplD¢abirowinia Iplemts uhistwantgahde ysueduasd bBecause of the
presence of the heliomcine produced by the transformed plant. The exanpl es
bel ow nake iexpwpiehbl thas oI idHeistawkiefldweprmesaici (@8t bon3BBt hout
however limting its scope. Exanple |s Isolation and characterization of

hel i omi ci ae € ¥ h@Th&e PSIOMeHe AWhiceh ebs f indneiplai Pedrabhogensf the

| epi dopteron H. vireaceas 15 Exanple |I.1: Isplation 1-1 Induction of the
bi ol ogi cal s?HFhegﬁstgﬁ &obacco PR-1la, it being possible to use any

10 known suitable promoter. Preferably, a promoter
regulatory sequence is used which promotes the
overexpression of the coding sequence constitutively or
induced by attack by a pathogen, such as for example
that comprising at least one histone promoter as

15 described in application EP 0,507, 698.

According to the invention, it is also
possible to use, in combination with the promoter
regulatory sequence, other regulatory sequences which
are situated between the promoter and the coding

éO sequence, such as transcription activators (enhancer),
such as for example the translation activator of the
tobacco mosaic virus (TMV) which is described in
application WO 87/07644, or of the tobacco etch virus
(TEV) which is described by Carrington & Freed.

25 As polyadenylation or terminator regulatory
sequence, there may be used any corresponding sequence

of bacterial origin, such as for example the



antifungal substance is the haenol ynph of H viresceas The 5th stage mature
| arvae of the | epidepteron H virescens were immunized with the aid 20 of a
needl e (30 ga) previously stuck into a pellet of Gampositive (M |uteus)
and Gamnegative (E. coli 1106) bacteria which is prapaigetobe@megkt ures
carried out in a Lauria-Bertani nediumfor 12 hours at 37C. The animals
thus infected were kept individually in % t ubes contai ni ng an agar - based
nutrient nmediumfor 24 hours between 20 and 23C. Before collecting the

haenol ynph, the | arvae were cool ed on ice. 11 Cctober 2002 27 1-2

P ti t h I h bout, 30_1i| I

col | oct ed by BRrer BRE B FUTBAGAEA ”Ewp%%o%@mézo?ﬁ%ctiévf% 1.5
I I

Borotinin ac preragesielid HATpIHRS oF EOM £indth £F 20, SRRRRIELAD

phenyl t hi ourﬁfs@énaetéﬂnzﬁsw?l ggpg?st&&ﬂéarﬂ &%‘ffééﬁ%hon of 20 inm.

The haenol ynph (2 m) thus co fromthe 1 mini zed | arvae was
centrifuged mb dpgj§,@@@,g for 1 mn at 4Cin order to renove the
haenocyt es. The haenol ynph, free of blood cells, was stored at -20C up to

its use. 9-3 AcidificaptesraingheopltasprAidsit r ofprént haw, nghet he H
virescens plasma 15 was acidified to pH 3 with a 1%trifluoroacetic acid
sol ution. Thehimérhetgene magenlso Biec cosliriednsitlhfat belpephbde was
carried out for 30 mn, with gentle stirring, on an ice-cold bath. The
extract obt ahamcklenasuihahleefivri thged rEnsfiofmed IPost norgatdsHO0 Sgch20 1-4
Purification of the geptldes a) Prepurlflcatloa by solid phase extraction A
que}nti ty of f:W|ieqkabiquinankens eye2wAllpotknown to persons skilled in

the art. They may include a gene for resistance to
10 antibiotics, or alternatively a gene for tolerance to
herbicides for plants.
The present invention also relates to a
cloning or expression vector for the transformation of
a host organism containing at least one chimeric gene
15 as defined above. This wvector comprises, in addition to
the above chimeric gene, at least one replication
origin. This vector may consist of a plasmid, a cosmid,
a bacteriophage or a virus, which are transformed by
the introduction of the chimeric gene according to the
20 invention. Such transformation vectors, according to
the host organism to be transformed, are well known to
persons skilled in the art and are widely described in
the literature.
For the transformation of plant cells or of
25 plants, they may include in particular a virus which
may be used for the transformation of developed plants

and which contains in addition its own elements for



haenol ynph was deposited on a reversed-phase support, as nmarketed in the
formof a cartridge (Sep-Pak"' Cl18, 25 Waters Associates), equilibrated
with acidified water (0.05 TFA). The hydrophilic nol ecul es were renoved by
a sinple wash with acidified water. The elution of thel1 ddtd¥dobago2002 28
peptide was carried out wth a 40% acetonitrile solution prepared in 0.05
TFA. The fraction eluted at 40~ of acetggitrile was dried under vacuumw th
the aimof renoving the acetonitrile and*the TFA and then it 5 was
reconstituted in sterile ultrapure water before being subjected to the

chr omat ogr aphGP HEPRE) SBreRd, é’%é%éé%ﬁitahzgg%ﬁ%%w{ et e acti o
Co e EEadfs e b P R, RS L RS SRS, SIS G o9rarhy on
A), the 6|Ut%§?ﬁﬁg§8§a%élgd QHET;QR”Q a linear gradient of acetonitrile

from2 to 60 A over m nutes at a 15 constant flow rate of

1.5 m/min. The fracti @fs wEbGeel! bECkEe TREAIbn ML NG héeny@ri ation
of the absorbance at 225 nm and 254 nm The fractions collected were dried

under vacsunpfregQASEbLMiAE WokR BirgaaRee Wakehaaitd Aledy Ssthaner their
antifungal 20 activity using the test described below - second step: the

antifungal featlsopychntegpandongofoathdcpept it AR lagiad yeseid on an
Aquapore RP-300 Ce reversed-phase analytical colum (Brownlee'tm 220 x 4.6
mm 300 A), fisagmentbophaschiimeméar ggnadiasntdefnafd admiwni twhiehfrom 2$ to
22% over 10 min and from 22 to 32%over 50 min in 0.05 TFA with a constant
flow rate oftpaBshprmrpioghsayr het ob¥sinede byolanyt tarprommi ake oeew002 29
manual Iy, nmonitoring _the variation of the absorbance at. 225 nm and 254 nm
The fracti onReRBF| WededywerECHired dRdéhe, #BRFH2 Iiashstd teA e Tft h

| t t d ! df t hei tif I tivit d the 5
condi t10h8 dBRer i BeBABERERLAT Eher eeEEncsse CHGY (TyANT BERFORE
t ai ni th tpd ified tq._.h it wb
cont i ni 0 RepPERLL IS, AR R LEI £ 0 RATPGRNGIL gl ederLowbore
using a b|phgghgfghﬁgaiolghgrggbgﬂki%% acetonitrile from2% to 24% over 10

mn and from % over 1 mnin 0.05 TFAwith a constant flow rate

of 0.25 m/mn at a coptigbied beTRELHIHE RnsiWes T ddmsd @iz ver e
coll ected manually, nmonitoring the variation of the absorbance at 15 225

nm The fractkdns, cpkbeshedswar ordtiiedudderi tIQHIBidEEONSS iwiiied W th
filtered ultrapure water and
15 DNA sequences are attached. Another series of methods
consists in using, as means of transfer into plants, a
chimeric gene inserted into an Agrobacterium
tumefaciens Ti or Agrobacterium rhizogenes Ri plasmid.

Other methods may be used, such as

20 microinjection or electroporation, or alternatively
direct precipitation by means of PEG.

Persons skilled in the art will make the
choice of the appropriate method according to the
nature of the host organism, in particular of the plant

25 <cell or of the plant.

The subject of the present invention is also

the host organisms, in particular plant cells or



.anal ysed for their antifungal activity. Exanple t.2: structural
characterization of the peptide 2-1 Verification of purity by tonal
capillary 20 el ectrophoresis The purity of the antifungal peptide was
verified by tonal capillary electrophoresis on a 270- it oedebetPEépp! i ed
Bi osystens division of Perkin Elnmer). 1 nl of a 50 3Msolution of purified
peptide was 25 injected with the aid of _.a vacuuminto a silica capillary
(72 cmx 50 im and the anal ysis was caffied out in a 20 nMcitrate buffer
at pH 2.5. The 11 Cctober 2002 30 el ectrophoresis was carried out at 20
kV fromthe gnode to the cathode fqor 20 mn at 30C. The migration was
recorded at tin BrangLeuped nardoRoBratReNFUABePEERCEY¥Rei nes ¢ 5

reducti on and §ﬂ§¥riq¥€eth | ati on The nunber of .c steins.residues was
det er mi ned FHAHE WatFY e peptPoEL By IPRGUEPTBRIEABIS2pFPRAP et hyl ati on. 100

nmol of nati.w i reduced i i .5 MTris-HC1L buffer, pH
?.5 10 cont5%%4%?%#$§%%§§§?%§ﬁlél%Fgégggaﬁﬁi%%?gﬁroride in the presencg of
2 il of 2.2 Mdithiot i t : act Lo Ly saced U a
nitrogen at nosphere. 2?$%r§$%%%%gt?ﬁgg%grngg%?gn}ﬁegﬁgkggrEF %q%F of

freshly & stild gsh 4hwd nybpyaiding wehRsederdat eellhe, 15n" pactiieniwhi ch was
then incubated fox 10 mn at 45C in the dark and under a nitrogen

at nosphere. tHe ghdn€ly| pédohetsdeqeptbetnastrhnsroepagaced 1r.ommehe
constituents of the reaction nedium by reversed-phase chromat ography using

a linear gratigstiexdtibe®tdyisbtatnd@ by bhhe ppprepetack MeBhsThAich 3
Determ nation of the nass of the native peptide, of the S pyridylethylated
pepti de and dperids prwt End ysasufeagfiebhe bpebBREB) - 26FdeRetribedAsorst ed
Laser Desorption lonjzation-Tinme of Flight) mass spectronmetry 25 The nass
measur enent £XaRRLe akN | tae oalpove Heferences.

10 For the methods of transforming plant cells
and of regenerating plants, there may be mentioned in
particular the following patents and patent
applications: US 4,459,355, US 4,536,475, US 5,464,763,
us 5,177,010, US 5,187,073, EP 267,159, EP 604,662, EP

15 672,752, us 4,945,050, UsS 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 5,204,253, US 5,405,765, EP
442,174, EP 486,233, EP 486,234, EP 539,563, EP

20 674,725, WO 91/02701 and WO 95/06128.

The present invention also relates to the
transformed plants derived from the cultivation and/or
crossing of the above regenerated plants, as well as
the seeds of transformed plants.

25 The plants thus transformed are resistant to
certain diseases, in particular to certain fungal or

bacterial diseases. As a result, the DNA sequence



Bruker Biflex MALDI - TOF mass spectrometer (Brenen, Germany) in a positive

| i near node. The nmass spectra 11 Cctober 2002 31 were calibrated
externally with a standard m xture of peptides of known niz, respectively
2199.5 Da, 3046.4 Da and 4890.5 Da. The various produq@fs de@odaraBabygsed
were deposited on a thin layer of a-cyano-4 5 hydroxycinnamc acid crystals
whi ch is obtained by rapid evaporation 3%;a solution saturated with

et hanol . After drying under a noderate cuum the sanples were washed with
a drop of 0.1%trifluoroacetic acid before being introduced into the nass

o) aran codr et BRAAR PRV O SOk RSB R 07 0

P Davagen argb1 SSELYBLR BroBRYTRY st Al Wee Al Ehe | DS KRG BHS P! 82;%&? e
’ag Goan o ! ! v

Pt ki e e e gRa e, TRALi SRILINE bt RO S0 RV OAGRERRL EfhBaT D1

sequence in ¢heeds0 LAEA B8] the@L bW Obréedpsed, and

S-pyridylethyl ated peptide were incubated in the presence of 5 pnol of

endopr ot €3 nasertySulat ACeetbbpoirel HEtEEABE, | C18866bbire ul eanage of the
| ysi ne residues on the Ctermnal side, 25 Takara, OQtsu) according to the

condi ti ons rezotienlied bOYatibspeuppint dexXBirudy) TFusabhm, pin9, in the

presence of 0.01 Tween 20). After stopping the reaction with 1% 11

Oct ober 2002»&fticular Fusarium culmorum or Fusarium graminearum,
or by Phytophthora, in particular Phytophthora
cinnamomi.

10 The chimeric gene may also comprise, and
advantageously, at least one selectable marker, such as
one or more genes for tolerance to herbicides.

The DNA sequence encoding heliomicine may
also be integrated as a selectable marker during the

15 transformation of plants with other sequences encoding
other peptides or proteins of interest, such as for
example genes for tolerance to herbicides.

Such genes for tolerance to herbicides are
well known to persons skilled in the art and are in

20 particular described in patent applications EP 115,673,
WO 87/04181, EP 337,899, WO 96/38567 or WO 97/04103.

Of course the transformed cells and plants
according to the invention may comprise, in addition to
the sequence encoding heliomicine, other heterologous

25 sequences encoding proteins of interest such as other

additional peptides which are capable of conferring on

the plant resistance to other diseases of bacterial or



.TFA, .the peptide fragnents were separated by reversedphase HPLC on a
Nar r owbore Delta-Pak' TM HPI C18 type colum (WAaters Associates 150 x 2 mm
in a linear gradient of acetonitrile from2 to 60% over 80 mn in 0.05 TFA
Swith aflowrate of 0.2 m/mn and a constant tenpenat yeroBler3sboalne
fragnents obtai ned were anal ysed by MALDI - TOF mass spectronetry and the
peptide corresponding to the C-term nal _fragnment was sequenced | by Ednman
degradation. 10 - Determ nation of the aﬂrangenent of the disul phide
bri dges by proteolysis with thernolysia The native peptide (8 ig) was
i ncubated for 1 hour jn, the presence,of 4 ig of thernolysin (Boehringer
Mannhei m  t HMEAY ST Pbpt | ¥edfa¥ | thero SERURDCHS SNCRSIIRT JPEILAINS7C i n
0.1 M MES (N ethyl porpholine), buffer . .at pH.7 in the presence of 2 mM Cad 2.
The reacti ohﬁt%sé/%f%b%%ﬂeb?a]a&r +6hdEF TQ‘BP&PG LEF T RPTHEIGRR2ct i on
products were imedi ately sepapated b ever sed- phase . chromat.ography on a
Nar r owbor e Iﬁﬁ%@ﬁéﬁ('%%ﬂésgeﬁl ﬁﬁﬁxfgaf’ﬁgt S‘Psl S5 %t essl‘}c}l%sx 2.2 m
in a linear j tonitr] 2 to 50% over 100 min in 0.05 TFA
SHESEDrSLeRiF PR bpkLERl gl

at the flowra preceded by an isocratic step at 2%

acetonitrdgle over 10 mpRe ggﬁe{.rggaﬁghé abtained wereAnalysas, by MALD - TOF
mass 25 spectronetry and sequence y gnan egradati on. Exanple I
Expression Ghedied | 91 €h@Cshfie! PECYBRSEoRBEERANG WCRTIGRIEVE Shéfe, 11

Oct ober 2002 33 All the techniques used bel ow are standard |aboratory

t echni ques. whiclle¢anbedsesosocorstl sequbase eacvditite hdlidvsniebmedescri bed
in particular in Ausubel et al. 5 Exanple Il1-1s Assenbling of the synthetic
gene Assenblamd) atasleasti edeoathasi sggtienyet eaicodinlg gomtteot i des encodi ng
theé 44 amino acids of helionicine preceded by the 5 C-term nal am no acids
of the pre @eprtede op pueheetnobff apterest.(Mal) of the yeast. 10 The

ol i gonuc] eotides represented in Figure 1 were chosen taking into account
the prefential codonEhggelapyasockpedndiegeatage kysaans Rt ook place in
several steps: - oligonucleotides 2 to 5 were phgosphorylated 15 at their 5

ends by the 2RIFRPT oY eHEPY nGETREL S3BIK Pladeatile NN fRIH R EDbs) ;

sequence, according to the customary techniques defined

above.
The plants according to the invention may
15 also be obtainea by crossing parents, one carrying the
gene according to the invention encoding heliomicine,
the other carrying a gene encoding at least one other
peptide or protein of interest.
Among the sequences encoding other antifungal
20 peptides, there may be mentioned that encoding
drosomycin, which is described in patent application FR
2,725,992 and by Fehlbaum et al. (1994), and in
unpublished patent application FR 97 09115 filed on
24 July 1997, or that encoding androctonin which is
25 described in patent application FR 2,745,004 and in
unpublished patent application FR 97 10362 filed on

20 August 1997.



«- oligonucleotides 1 to 6 were m xed, heated to 100C and hybridi zed by
slowy reducing the tenperature to 25C over 3 hours; 20 - the hybridi zed

ol i gonucl eoti des were subjected to a treatnment with T4 bacteri ophage |igase
(New Engl and Bi ol abs) for 15 hours at 15C, - the DNA ufi bek8BHLt bg2from
the hybridization of the oligonucleotides which is 25 represented in Figure
1, flanked by the HnDI Il and Bglll restriction sites, was inserted into
the plasnid pBluescript SK+ (Stratagenedd digested with the enzynes 11

Oct ober 2002 34 H nDIIl and BanFil (Bglll and BanmH are conpatible). The
ligation mxture was then used to transformconpetent E. coli DHSa cells
(Stratagene). Several ToRzesfite HHEREERN ahitnablivcretate®ntoof t hese

cl ones whi ch e desjred sequence_was cal]ed pSEAl. a~le ==-2s

Const ruct i oﬁ‘egg‘(j’tié’t{;éﬁilﬁlm = EPYHER PHRNERCREEPEALBE ERe
Carrying ¢ né BRI ot PRTHoh: trne seiag bE p1dec e BRI hi bor 1
bp eT0) versen ot Snd ekt Vsl folila T dies B ERERECH o0 00
ggﬁﬁBﬁlzn(BM %Il% ;itéig%;?rﬁ o(%ril thfed:%%%g*ﬁ%%?\ﬂggé%oﬁ?%léhéﬂ%ﬂggg 2aﬁence of

the pronot eppRfivibgy Makena of g1ve voastnassyed! ras14hgnsequence encodi ng
the pre-pro region of factor Mral”. In the resulting plasm d pSEA2, the

syntheti ¢ gewrgdctlentitld 0ddHdes 1 tiedef aiEthowdsshbseahtiaseyt ed bet ween the
20 pre-pro sequences of factor Mal and the transcription termnator; this

construct shdfledtiigy afloy s£id Weeddconbtiue asabd ananshermedr eti on of
hel'i omi ci ne. Exanple I1-3s Transformation of a strain of S. cerevis3ae with
t he DNA of tHendsasrilerpSEAhandke2S5ingatlysi subtivacedrphahbsnwhes The yeast
strain TGY 48.1 (MATa, ura3-D5, his,pral,prbl,prcl,cpsl; Reichhart et al.,
1992, 10 they arrive at the desired maturity and optionally in

separating the seeds from the harvested plants.

Agrochemical composition is understood to

mean according to the invention any agrochemical

composition comprising at least one active product
15 having one of the following activities: herbicide,

fungicide, bactericide, virucide or insecticide.

According to a preferred embodiment of the

method of cultivation according to the invention, the

agrochemical composition comprises at least one active
20 product having at least one fungicidal and/or

bactericidal activity, more preferably exhibiting an

activity which is complementary to that of the

heliomicine produced by the transformed plants

according to the invention.
25 Product exhibiting an activity which is

complementary to that of heliomicine is understood to

mean according to the invention a product exhibiting a



11 October 2002 35 Invert. Reprod. Dev. 21, pp 15-24) was transformed with
the plasm d pSEA2. The transformants were sel ected at 29C on a sel ective
YNBG nedi um (0. 67 yeast nitrogen base, 2~ glucose), supplenented with 0.5~
of casam no 5 acids and containing no uracil. After tnangsic@omalr @@pzsever al
yeast clones, selected for the ura+ character, were cultured for 48 h at
29C in 50 mM of selective nmedium After centrifugation (4000 g, 30 mn,
4C), the supernatant was acidified to pd8.5 with acetic acid, 10 before
bei ng deposited on a Sep-Pak~ C~, cartridge (Waters Associ at es)
equilibrated with acidified water (0.05 TFA). The various proteins bound to
the cartri dgeoweiementesy acth vdSYutSRArt B3I, oAty hs cBAt 8ANi g i ncr easi ng
percent ages of acetonjtrile. .15 The 40~ fractjon, exhibjtipg an antifungal
activity, waBT@REFYsWBiEY Hpdd &F AFUNRRIBIRE: 3BteckFeP¥r sed- phase

anal ytical colum (Browlee~, 220.x 4.6 mm 300, ~ usi ng,a, l i near gradient
of "abet oni t rPPBCRRGHRBES: § o To BackFris 9 BLERSIER UHLGP A8 Boer ant
flowrate of __0.8.pl/mn. The.fractions were collected,manual ly b
nonitoring tﬁ%nﬁég}'gﬁ gﬁ Pﬁ‘iéﬁgl&rcbléhec’e S %elr'lljlrr? g’r‘n‘c’ig§¥4anﬁ\roﬁﬁgxf ractions
col l ected i : %%#9‘"" eCRANStd t £t s 1] / wat er and
anal ysed ?\gf&?ﬁg%rggﬁ?f}?g?{g\g?} activity %nﬁiﬁgtﬁ% g%%%?’?‘?ggé‘éﬂescri bed in

Example 111 -caﬂﬂﬁléi:ém?t Bi-ali nChRAAC! T aindse OdosberaePhpgeivasiear ried out
as described in Exanple I.2. 11 October 2002 36 Exanple I1-4s Production
of reconbi napi1ebeoBubstan®l A 15eHdlenad devgus6abe ERe prekBacel ones of
transforned yeast expressing heliomcine was cultured at 29C for 24 hin 5
100 mM of sebéctheehstdomicibe Provdussiine vielset beansfegmed pblaatl.ate 4 1
of !sel ective nediumand the culture was carried out for 48 h at 29C. The
yeasts were renoved byThenexamplas delctdliake B0 poasible. tThe super nat ant
was acidified to pH 3.5 with acetic 10 acid, subjected to a second
centrifugfti dbhlpsoeete, tde wrese®) infentioriwithepbshoweven a Ci,
preparative reversed-phase open colum (Waters Associates), 125 6 g of
phase per 50biRiténadsdSér §8CRR:) equilibrated with acidified water (0.05

TFA). The hydrophilic¢c 15 | ecul es re renoved, b wash with acidified
wat )er foll O\X&E&lﬁ—ﬁésﬁs\ﬂ jé”iﬁvgcﬁerfﬁ?%‘ﬁtﬁfiﬁg'é?SHi Prile prepared in
0.05 TFA. Th Luti,on_of _the ti,de rj S| a 40~
acetonitril egggﬁ'ﬁﬁiggnﬁr gﬁé’ﬁegﬁf)en %Wﬁéﬁ'ggé?laoﬁggput ed at 40~
acetonitrile i) t Lt yt edyl 41 e ultrapure
wat er. _before_i el nggseé)t;jié‘g‘)ggz%gf %f%&%ﬁ??ﬁ’%aﬁoﬂi#gﬁﬁﬂ first stgp
of purifheal gRRmBie PLY: Widlation

1-1 Induction of the biological synthesis of an

antifungal substance in the haemolymph of H. virescens
The 5th stage mature larvae of the

lepidepteron H. virescens were immunized with the aid

20 of a needle (30 ga) previously stuck into a pellet of
Gram-positive (M. luteus) and Gram-negative (E. coli
1106) bacteria which is prepared from cultures carried
out in a Lauria-Bertani medium for 12 hours at 37°C.
The animals thus infected were kept individually in

25 tubes containing an agar-based nutrient medium for 24
hours between 20°C and 23°C. Before collecting the

haemolymph, the larvae were cooled on ice.



purified fraction containing heliomcine was 25 reconstituted in a 25 mM
anmoni um acetate solution, pH 3.4. This sanple was injected into an
Aquapore Cation Exchange preparative cation-exchange col um (Brownl ee~,

11 Cctober 2002 37 250 x 10 mm), using a linear gradi gt gdeodia@ 2ippe@m 0$ to
100 over 90 min in 25 nM ammoni um acetate, pH 3.4 with a constant flow rate
of 2 M/mn. The fractions collected were dried under vacuum reconstituted
with 5 ultrapure water and anal ysed for2?heir antifungal activity under the
conditions described below. - second step of purification by HPLC. the

hel i om ci ne was purified, to honpbgeneity by chromatography on an Aquapore
RP-300 Cs séhT%wé%EP%E?QEPEOO#e?gPsBaﬂﬁﬁﬁse col um (Brownl ee~, 220 x 7 nm
300 using a |inear grqﬂ%en% of acet nitg le from 2~ to 40~ over 80 mn in
0.05 TFA with a const aht®tPRRPPLYERH; (3PRREPQ g AfF AR AT of

i Vi i i ; .of 1 h i f, I i Vi b
%pler\(;lstpgc!t ?o%m%%% S:’lfj'[fgggﬂ%i"ﬁf}d8?ot e\ﬁg’gtolﬂg'glg’ ac?q%ge%{é/ql‘%%/ ?1%% anti f ungal
I | dur i . e . : . . ;
The act i vi e ebiera B’ P B poaTRL RIS b s dodir LRdE ibene” °
monimum 29 i ahbpld 06% EE’QCﬁH&r 8bheliOVhe) adhr-othigh the ;{lﬁ’éé gVWas active.
The M C was expressed as the concentration range |[a] - ere [a] was

the mi ni nuM GERNOENESAL (20 Y§PRE ERAaT! dohceht@a@Mdh ) smpserved and [b] the
concentration for which no growth was observed. 25 Exanples of the specific

activity of pleénpltiei dere&gasnfblinliag@ioaudnhibgiteand(fdaast:, are given in
Tables 1 and 2. 11 COctober 2002 38 Exanple ==l-is Test for detection of
activity agarmstehtiratbohoof 20ndgm) Th@henhafemedaimpict (2/inly) welsuslet ect ed by
a tlest for inhibition of growth in a liquid nedium The 5 spores of the
fungi to be tebledtedr Eremspberdédmunizedy/liaymv@emdisumaeitrifuged at
"pot at o- gl ucose" type. Preferably, 12 g of Potato Dextrose Broth nmedi um
(Di f co) Werel4s@Q0 parforilomigenindrsl ipe@rdereto FROAvenrithei otics were
added to the culture nedium _ 10 tetracycline (final concentration of 10
ig/n) and cRAemeKYRes(180e; hramplyiph,| fges st Blegd iRl +% p&aSinal ysed
are deposited in gicrot'hgﬁ plates.,in the presence of 90 il of culture
medi um cont & FPREt RE 5ABrestPatCatffnlifconcent rati on of 104 spores/m).

The 15 incubﬁg%ggcﬁgggggé%igﬁdggtghﬁ gﬁggghp chanber at 30C for 48 hours.

Fungal growt m croscope after 24 h and

g?g”g}f;eg after 48 hoﬂEéeWrH@ﬁ&“ﬁ:ﬁa’&%&‘@% %Qéorfpaqﬁfréégé?g Slaghhh the
. pect rophotonmetric mcrotitre plate reader. 20 I I'ament ous fungi
tested: Pspepgél b¥Sdified to pH 3 with a 1% trifluorocacetic acid
solution. The extraction, under acidic conditions, of
the peptide was carried out for 30 min, with gentle
stirring, on an ice-cold bath. The extract obtained was
then centrifuged at 4°C for 30 min at 10,000 g.
20 1-4 Purification of the peptides
a) Prepurification by solid phase extraction
A quantity of extract equivalent to 2 ml of
haemolymph was deposited on a reversed-phase support,
as marketed in the form of a cartridge (Sep-Pak™ C18,
25 Waters Associates), equilibrated with acidified water

(0.05% TFA). The hydrophilic molecules were removed by

a simple wash with acidified water. The elution of the



fumgatus (gift fromDr H Koenig, Hopital civil, Strasbourg); Nectria
haenot ococca, Fusarium cul nrorum Trichoderma viride (fungus culture

coll ection of the Universite Catholique of Leuven, Bel gium; Neurospora 25
crassa, Fusarium oxysporum (fungus culture collecti ompfo&t &ddause,
Paris). The results of the test of heliomcine 11 Cctober 2002 39
activity against filanmentous fungi areﬁﬁ%esented in Table 1 below. Table 1:
activity of heliomcine against filane us fungi Fungi ~ M C of

heliom cine (i M Neurospora crassa Fusarium cul morum;, 1 Fusarium

oxysporum Nectri,a haemat ococca_  Tri choderma yiride Aspergillus fum gatus 5
0.1-0.2 0.2RFPFifdes wag) caryieq eul wikh 3 @%@F@tf’gﬁg‘%ll?est for

?ﬁEEELi SE " el edin bR A Gof SFrk tﬁ%‘iﬁégﬁﬁiaﬁééih@%éz’%{s% 10 for
| ncuba Lk _ & 3¢

orott tre doh Shaddidi vt s dAMBaCuidd ViGUER GERESLhlAIN
cul tur e whos: aghhda Addisiag 01 D 508 £ BB aBHOVLRMgE eval uat od

by neasuring the absorbance at 600 nmwth 15 t ald o

spect r opot QR M dHHQhitd® M adeerEBdenltrapeast Gatest drotandi da
al bicans, C. glabrata, C tropicalis, C krusel, C. inconspicua,

Crypt ococcubgierf Gubsctdd Wo tthdi fusst Spaehaioaveea 2@eperevisiae (gift
fromDr H Koenig, Hopital civil, 11 October 2002 40 Strasbourg). The

results of ®)e hasificdatiicin &y highepeérfotmangai biguidasts are presented in
Table 2 below. Table 2: activity of heliomcine against yeasts Yeasts M:=C
qflhelionichh;qﬁd@ography (HPLC) on a reversed-phase column
- first step: the fraction containing the
10 peptide was analysed by reversed-phase chromatography
on an Aquapore RP-300 C, semipreparative column
(Brownlee™, 220 x 70 mm, 300 A), the elution was
carried out using a linear gradient of acetonitrile
from 2 to 60% in 0.05% TFA over 120 minutes at a
15 constant flow rate of 1.5 ml/min. The fractions were
collected manually, monitoring the variation of the
absorbance at 225 nm and 254 nm. The fractions
collected were dried under vacuum, reconstituted with
ultrapure water and analysed for their antifungal
20 activity using the test described below.
- second step: the antifungal fraction corresponding to
the peptide was analysed on an Aquapore RP-300 C,
reversed-phase analytical column (Brownlee™,
220 x 4.6 mm, 300 A), using a biphasic linear gradient
25 of acetonitrile from 2% to 22% over 10 min and from 22

to 32% over 50 min in 0.05% TFA with a constant flow

rate of 0.8 ml/min. The fractions were collected



.Candi da al bi cans 2.5-5 Candida tropicalis 2.5-5 Candi da krusei 10-20
Candi da i nconspi cua 5-10 Cryptococcus neoformans 2.5-5 Cryptococcus al bi dus
5-10 5 These results show the excellent antifungal activity of the peptide
according to the invention. Exanple IV: Preparation ofiiaoktapatopgsd pl ant
conprising a gene enco8l ng heliomcine 10 This exanpl e describes the
preparation of the sequence encoding heliomcine for its expression in a
plant cell, of the chinmeric gene, of th&% ntegrating vector and of the
transforned plants. Figures 2 to 6 in the annexe describe the schematic
structures of sone 15 plasm ds prepared for the construction of the

chi neri c gemeanuahly hemenitguing, thiee veadiation edft ihe ialvssrbascarat mar ked
initalics. All the techni ques used bel ow are standard | aboratory

t echni ques. 23fe nretandedSpromocthe fractiens zelileshedjwererdried
particul ar described in Ausubel et 11 October. 2002 41 al. Exanple ZV-is
Const r uct i orRAeX HeaguiNer FECGBAES thged md thy AHTTARMAS IR B3 pRRdt s
flRPA-1~-Ps Cre tiq; gf a ﬁlasnid Q%ntainin the signal 5 peptide of the

t obacco PR-12R eFhECF Wbl dFpPBAE Pé’r%?lsy?%ttﬁé‘flité’ I uUdtRot i des Aigo 7
and A igq%B behgm%fre hgbridiéea gthSC for 5 mnutes and by slow reduction
1 of the TenpEtat P oSBT HVEF 36+ igo 7: 5° GOGTCGACGC GATGGGITTC

GIGCTTTTCT CT ) | CTCTTCITCT T ' Adigo8:
5 ToesooauoAC THRAJESR: 2&&+&&“§%&&%&d KR T GG
APAGATGEAA ok 5 46 L GhsNYBEE 8 2al L8N HAHMRAR@Y Wi & %&%45 8, the

DNA renmai ni ng ‘si ngl e-stranded serves as tenplate for the Klenow fragnent of

E. coli pol yseresepdxtundee tbavekaedrithaan@dlwgs (wogsw@ended by the
manuf act urer (New Engl and Bi’ol abs)) for the creation of the doubl estranded

ol i gonucl eotagieosiatésnglboom phe am)endiol 20 Watagdld doindde
doubl e- st randed ol i gonucl eoti de
10 gradient of acetonitrile from 2% to 24% over 10 min and

from 24 to 44% over 100 min in 0.05% TFA with a
constant flow rate of 0.25 ml/min at a controlled
temperature of 30°C. The fractions were collected
manually, monitoring the wvariation of the absorbance at

15 225 nm. The fractions collected were dried under
vacuum, reconstituted with filtered ultrapure water and
analysed for their antifungal activity.
Example I.2: structural characterization of the peptide
2-1 Verification of purity by zonal capillary

20 electrophoresis

The purity of the antifungal peptide was

verified by zonal capillary electrophoresis on a 270-HT
model (PEApplied Biosystems division of Perkin Elmer).
1 nl of a 50 iM solution of purified peptide was

25 injected with the aid of a vacuum into a silica
capillary (72 cm x 50 im) and the analysis was carried

out in a 20 mM citrate buffer at pH 2.5. The



obtained is then digested wwth the restriction enzynmes Sacl2 and Nael and
cloned into the plasmd pBS Il SK(-) (Stratagene) digested with the sane
restriction enzymes. A clone is then obtai ned which conprises the 25 region
encodi ng the signal peptide of the tobacco PR-1la 11 b PP 2 gene
( SEQIDNO4 ) . fIRPA-PS-PRi a-hello: Creation of a sequence enco8i ng

hel i om cine fused ovith the PR-1la sigaal peptide with no untranscri bed
region is 3 5 The two synthetic oligomRl eotides conplementary to Aigo 9
and Aigo 10 sequences according to the operating conditions described for
pRPA-MD-P. digo 9: 5 GATAAGCTTA TCGGITCCTG CGIGTGGGGT GCTGIGAACT
ACACTTCCGA FlechrnonBPresdroHRacs aniaeTya at 20 kY| from thecampdssT
CGACACGITC GCCTCGCCGA . GCTCTCAAGT  CTCGCACCAG, CAGITCACGT TAGCGAAGGA

ACCGCAGTGA teatberrethedecdercel o E - (BrarmigrabhPRdWag i on

between Aigo 9 and 4. 10, the DNA remaining single-stranded serves as
tenpl ate forSFRE Rdw gifent of E. coli polynmerase 15 | (under the

standard cogditions reco nde t he nuf agt ur New Engl and Bi ol abs))

for the cre tIL"oh’e&P‘?'ﬁ‘é’ é’fjfst %cfé‘bur'%ﬂ'g% u‘éygg?i(lﬁgsst’arti ng fromthe

3" end ok e 1390 | S - i gonucl eoti de contai ning the

codi ng pfgrt?%ﬁu%%i%l h%ﬁ (?mf%%eﬁfwggé) is then cloned directly into

the plasm d pRPA-Nm P GRias Qﬁﬁrbﬂ%ﬁén‘?ﬁ@dr%iagégewé striction enzyne
the c

Nael . The correct orientation of one obtalned 1's checked by

sequenci ng. déteraiedd dhathdhial esl pabeNae oBPr keaacthen! egigon encodi ng
the 25 PR-la-heliom cine fusion proteln situated between the 11 Cct ober

2002 43 Ncols-pgstidydtdthylsitiem atl@dhephbl esfi natieadpapdidee wiaad , Sacl |
and BanH restriction sites at the Cterminal end (SEQ ID NO 3).
DRPA- RD- 239 reCuesd dm cf0 a vexff ¥ .5 df Expse¥€lohuiffies, ppaint’s Scon~ri si ng t he
sequence encodi aQ the PR-1a heliom cine fusion protein The plasm d pRTL-2
QUS, dedibvegontevhntimg 2 mM EDTA and 6 M guanidinium chloride in
the presence of 2 il of 2.2 M dithiothreitol. The
reaction medium was placed under a nitrogen atmosphere.
After incubating for 60 min in the dark, 2 il of
freshly distilled 4-vinylpyridine were added to the
15 reaction which was then incubated for 10 min at 45°C in
the dark and under a nitrogen atmosphere. The
pyridylethylated peptide was then separated from the
constituents of the reaction medium by reversed-phase
chromatography using a linear gradient of acetonitrile
20 in the presence of 0.05% TFA.
2~3 Determination of the mass of the native peptide, of
the S-pyridylethylated peptide and of the proteolysis
fragments by MALDI-TOF (Matrix Assisted Laser
Desorption Ionization-Time of Flight) mass spectrometry
25 The mass measurements were carried out on a

Bruker Biflex MALDI-TOF mass spectrometer (Bremen,

Germany) in a positive linear mode. The mass spectra



.plasmid pUC-19, was obtained fromDr Jim Carrington (Texas A&M University,
not described). This plasm d, 10 whose schematic structure is represented
in Figure 2, contains the duplicated CaMv 35S pronoter isolated fromthe
caul i fl ower nosaic virus (CaW 2x35S pronoter; Cdell B &dtobd®FHgoavhi ch
directs the expression of an RNA containing the tobacco etch virus 5'
untransl ated 15 sequence (TEV 5 UTR, Carrington & Freed, 1990), the E.
coli a-glucoroni dase gene (GUS Jeffersohtet al., 1987) followed by the Caw
35S RNA pol yadenyl ation site (CaW polyA;, Qdell et al., 1985). The plasmd
pPRTL-2 GUS is digested with the 20 restriction enzynes Ncol and BanH and
the | arge DURYS Rpetrrated prierraliyewpFhshi §taRPArSsIPRtRXSeOlo i s
digested with the. restriction enzynes Nco|,and B nd the smal | DNA
fragment comSHY tch‘é %W%coﬂ?%@e?ﬁévﬁgylggﬁérgo ¢i ne fusion

protein is rjfied. JTh rifi.ed DNA.fragnents are . then |igated
t oget her i n@%‘cas‘isaét?%gfﬁég%%%m% ei%aﬁf‘gﬁfspﬁ/ﬁfigﬁ%fyﬁfjhg) i zes a
PR- 1a- hel i org,&] ' er. 2002, 4 [ h epati c
tructure of ket dddockiarrint0niA EOLE Br GIEYBRIT
"PR- 1 ahelq o 'Ir@'q' , t e i r &gk r : a i om ci ne
fusion prgot 3’? of péR%EA}E%R%f@ZfQ?i&rh%fgg%glgisoﬁ‘lﬂgieﬂegigso%)lf'grlisggérngg to the
extracel | ul afagied révapgbrdteom! éfta byolhei 8at aBushtbbewPRnlathiaial.
pepti de. yRPA-RD-195: Creation of a plaam d contaiaing a nodified nmultiple
cl oai nQ si t eafideer pdsing RS RD-Mé8erate phaatingd daei vampless wemepUC- 19
whi ch contains a nodified multiple cloning site. The conpl enentary
synt heti ¢ olwagimert [vedth desdtbp gof 10. dhdtEi £jootdabekdw arddhpefiodiezed and
tratle doubl e-stranded according to the procedure described f or pRPA-Nm P
.0 igoll: 5hEEECCOTIIERETT TIMACCIBEATASA spectrum.
GGCCGAAT TCGAGCT CGGTACCCGGGGATCCTCTAGAGTC GACCTGCAGGL5CATGC 3' A i gol 2:

v AR ey ThRémay FEEARGOCT GCAGGTCGACTCTAGAGG 3!
The doubl e-stranded ol i gonucl eotide obtained is then ligated intq pUC 19
whi ch has been previ ous!§ PeEMyeetcBSFHERCLIAE PESERMER IRIERZAEETECOR
and Hi ndl ||

of the native peptide, of the S-pyridylethylated
peptide and of the various fragments obtained after the
various proteolytic cleavages and the detection of the
15 phenylthiohydantoin derivatives were carried out on an
ABI473A sequencer (PEApplied Biosystems division of
Perkin Elmer).
2-5 Proteolytic cleavages
- Confirmation of the peptide sequence in the C-
20 terminal region
200 pmol of reduced and S-pyridylethylated
peptide were incubated in the presence of 5 pmol of
endoproteinase-Lys-C (Acromobacter protease I, specific
cleavage of the lysine residues on the C-terminal side,
25 Takara, Otsu) according to the conditions recommended
by the supplier (10 mM Tris-HCl, pH 9, in the presence

of 0.01% Tween 20). After stopping the reaction with 1%



and made bl unt-ended using the Kl enow fragment of E. coli DNA pol ynerase |.
A vector is obtained which contains multiple cloning sites in order to
facilitate the introduction of the cassettes for expression in an 25

Agr obact er zum tunmef aci ens vector plasm d. The schematiia ockbbest @agr 2002
45 structure of this nmultiple cloning site is represented in Figure 4.
aRPA- RD- 240: =atroductioa of the casset tag for expression of

PR-1a-heliom cine from pRPA-RD 239 into pRPA- RD-195 The plasmd

pRPA-RD- 239 is digested with the restriction enzyne Pstll. The DNA fragnent

containing t C t e I -1 | Q4G | ified.
The puri }‘i ed rh%ﬁt#fgt:?ﬁgn)fﬁagg%g&% ﬁ{egpe?ﬁ%%s%ﬁn%ﬁﬁ%}w%s bfae? 4
previously eNaeShitid e PAVAL: oY n Ryl ate
with calf i g‘%lgf%énaf,ﬂ%hogp a%qgse. ~RPAe\?%§-q174: Pl asauI.@a" de}fki%v)ed from

PRPA- BL- 150A((&fePs 5A8s809h £eaNt1FRIx2Q Wi dene fAmdsy efrtbiedtd db
bromoxyni | of pRPA-BL-237 (EP 0,508, 909) The gene for tolerance to

bromoxyni | igcésohdtedltr 6ropRRARL 6037 dnerg@e miplid icaasvmrsry PCR The
fragnent obtained is blunt-ended and is cloned into the EcoRl site of
pPRPA- BL- 150Avirtihch Baswbearnenade 2@ nlu/mtirerdetl bycdrieetact i on of Kl enow
pol ynerase under standard conditions. An Agrobacterium tumefaci ens vector
i's obtai ned wepéraburei nf BAECgeMbef dragplemtsnodtadngdbmeami|l near its
right border, a gene for tolerance to kananycin near its |eft border and a
25 mul ti pl e ndRYAGAsPYeMAEDIERR Mase SREYerrmetmhand Heratrersidect ure
of pRPA-RD-174 is represented in Fiqure 5. In this figure, "nos" 11

Oct ober 2002°9%* #8BPBLERTS ton&hgy S aim FRREReRY pELEREEynt hase
pollyadenyl atj on_site (Bevan et, al., 1983), "NOS pro" represents the

Agr obact er i ulﬁé’tﬁa’@?ﬁc 8ﬁ§aﬁ &9e synthase pronoter (Bevan et al., 1983),

"NPT 5 I]X ts_t ) l . T i .
phosphoti%ngggﬁggggﬂgﬁgggﬁg‘t ﬁ?’?et:hne &S‘rzla{n %%P%C%r oul?%lp?eesent s the
35S i f i Itquq._r i i Qdel | [ .,
1985I)o,r ogg}?)e('r'b#_gg#gég% 55?%5% r aLHa!ste:l genehl soi gse%&; lrjzm( K. eozagtnafa1 10

(Stalker et al., 1988) pneRBatdR: PJtiRPresary) thies ridiivanss | gb+ porders
respectively of the sequence 'of an Agrobacteriumtumefaciens Ti plasmd.
aRPA- RD- 184sh4déi 1hoahel prel@ndeict-ue Iealf itidAtoBydin i (BoemRfo&D- 174
Mannheim, thermolysin/peptide ratio, 1/2 by weight :
15 weight) at 37°C in 0.1 M MES (N-ethylmorpholine) buffer
at pH 7 in the presence of 2 mM CaCl,. The reaction was
stopped by addition of formic acid and the reaction
products were immediately separated by reversed-phase
chromatography on a Narrowbore Delta-Pak™ HPIC,, column
20 (Waters Associates, 150 x 2.2 mm) in a linear gradient
of acetonitrile from 2 to 50% over 100 min in 0.05% TFA
at the flow rate of 0.2 ml/min at 30°C preceded by an
isocratic step at 2% acetonitrile over 10 min. The
fragments obtained were analysed by MALDI-TOF mass
25 spectrometry and sequenced by Edman degradation.
Example II: Expression of heliomicine in the yeast

Saccharomyces cerevisiae



‘15 The conpl ementary synthetic oligonucleotides Aigo 13 and Aigo 14 bel ow
are hybridi zed and nmade bl unt-ended according to the procedure descri bed
for pRPA-MD-P. Adigo 13: 5 r CCGGCCAGIC AGGCCACACT TAATTAAGIT TAAACGCGCEC
CCCGECGCCC CTAGGTGIGT GCTCGAGGEC CCAACCTCAG TACCTGGTT@1AGet3dbed R00214: 5
CCGGCCTGAA CCAGGTACTG AGGTTGEECC CTCGAGCACA CACCTAGGCG CECccaEEEace
GCGTTTAAAC TTAATTAAGT GIGECCTGAC. TGG 3' 329 The hybridi zed doubl e-stranded

ol i'gonucl eotide (95 base pairs) is purified after separati on on an agarose
gel (3~ Nusieve, FMC). The 11 Cctober 2002 47 plasmd pRPA-RD- 174 is

digested with the restpaiqt ichie SECHE Qe used batolahnge BY¥ANGaa@™eNt is
purified. The two DNA fragnents obtained are then ligated. A plasmd

derived fronlaBBAaRbri74echniqudsl etk vdetdi Todpproescolleforethdsad i on
sites between the gene for tolerance to bronoxynil and the sel ectable

mar ker kananpechngaues Tawesdeematdesatibed uir partheuphas dind ApRRbeRD- 184
is represented in Figure 6 where the terns 10 "nos", "NPT-I1", "NOS pro",
35S pro", "HRXK gdnme") "RB" and "LB" have the sane neaning as in Figure 5.
pRPA-RD-241: Creati on_of an Agrobaaterfum tunefac~ens vector containing the
const r uct dof ExpEPden & Iadd o Aspembh ingiof fehei sXrthatic aeae t he
extracellular matrix 15 The_pl.asm d pRPA-RD-240 is digested with the
restriction enzynmes SfPFEeHd iRGE Wahh £ SRCFE AT Bofrathietda ne
PR- 1a- hel i om. cine _gene is purified,, The plasmd pRPA-RD.184 is digested
with the sangltESPPCAERST ISR, FRSOIAR B T4 sgbRC B6ALH Ring the 20
cassette for Is PR-13s i,qm cd i | d_int

oRPA D 154, "R S, BrecaqiR ti b oS Mot Ephifid, hARHE Al 9 cn

corttai st he.aeqUeace &NSad A PG bE| LPMAERE) BT RAPLAElN Whi ch

| eads to the expression of heliomcine in the 25 extracel
the planto E@EEDBQi@Mn&blGB%%dé§1ﬁ&pﬁé?éﬁ%%&sﬁhoﬁi§a§ée&t%e@%VNV pronot er
S

- PGl signal peptide - heliomcine -
chosen taking into account the preferential codons used
by S. cerevisiae.

The assembling took place in several steps:

- oligonucleotides 2 to 5 were phosphorylated

15 at their 5' ends by the action of polynucleotide kinase
(New England Biolabs);

- oligonucleotides 1 to 6 were mixed, heated
to 100.C and hybridized by slowly reducing the
temperature to 25.C over 3 hours;

20 - the hybridized oligonucleotides were
subjected to a treatment with T4 bacteriophage ligase
(New England Biolabs) for 15 hours at 15-C;

- the DNA unit resulting from the
hybridization of the oligonucleotides which is

25 represented in Figure 1, flanked by the HinDIII and

BglII restriction sites, was inserted into the plasmid

pBluescript SK+ (Stratagene) digested with the enzymes



11 Cctober 2002 48 term nator pRPA-NP4: Creation of a plasm d containing
the signal peptide of the naize pol ygal acturonase PGL gene (CGeabaak,
accession No. X57627) 5 The two partially conplenentary synthetic

ol i gonucl eotides Aigo 13 and Aigo 14 below are hybrifi Zedkee5FodPOr 5

m nutes and then by slowy reducing the tenperature to 30C over 30 m nutes.
Adigo 15 : 5 GGICTAGAAT GGCCTGCACC AAGAACGCCA TGAGGGECCCT CTTCCTCCTC 3
Aigol 6: 5 CCGAATTCGG CGCCGTGCAC GATGCAGAAG AGCACGAGGA GGAAGAGEEC 3' 10
After hybridization between Aigo 13 and Aigo 14, the DNA renai ni ng

singl e st1 apdaAreer uae ARrERIRNTY Ond ifaflenoNe feaauEpinel) E gl

pol ynerase | (under the standard conditions recommended by the

manuf act ur enigaleWOEnﬂ\&m@r%i Wadbtherd Usdd &S resdnoroph Ebmpdeshte- stranded

ol i gonucl eotide starting fromthe 3 end of each oligo. The doubl e-stranded
ol i gonucl eogi de1dbbasacdelld st NSt rditgRfEmy Widdvéhel rekdnestwaeneenzynmes Xbal
and EcoRlI and then cloned into 20 the plasmd pBS Il SK(-) (Stratagene)

di gest ed w dhaljireedamadr ssgueridesh @rey reS. thesd ormkomness t hieiichbhadned whi ch
contains the region encoding the 22 am no acids of the signal peptide of

t he PGL §entheafg@sitiiech seayrepse wosd ablled meSEALdi ng frane of ot her
proteins at _the 25 level of the Sfol site (SEQ ID NO 15). 11 Cctober 2002
49 pRPA- NP5Exarpie; &§Z-3f 5@@@%%&%@2@? e PEEAR Yhieh with the

e 05 R R, PSRRI S S GRREE LAY Lont RO 1%, 1 e
; ﬁiiéﬁ'éhgegeby the manBEn SRt etk C P T eobe b oRicr 86t FaEE heed f O

[ - Qjge 17: 5 GAT TCCTG. 3 10 Ai
EL8|:55grrpGGICT ggnﬂgﬁg&%m&%%%ﬁgﬁh%ﬁﬁgﬁc %55 di gestlegO

Wth theg ywell as the SphI-HinDIII fragment of the vector

M13JM132 (Michaut et al., 1985, FEBS Letters, 395, pp
6-10) were inserted between the Sphl and Sall sites of
the plasmid pTG4812 (Michaut et al., 1996, FEBS
Letters, 395, pp 6-10). The SphI-HinDIII fragment of

15 the vector M13JM132 contains the sequence of the
promoter of the MFal gene of the yeast as well as the
sequence encoding the pre-pro region of factor MFal. In
the resulting plasmid pSEA2, the synthetic gene for
heliomicine therefore finds itself inserted between the

20 pre-pro sequences of factor Mfal and the transcription
terminator; this construct should therefore ensure the
maturation and the secretion of heliomicine.
Example II-3: Transformation of a strain of
S. cerevigiae with the DNA of the plasmid pSEA2 and

25 analysis of the transformants

The yeast strain TGY 48.1 (MATa, ura3-DS5,

his,pral,prbl,prcl,cpsl; Reichhart et al., 1992,



.restriction enzyme Xhol and cloned into the vector pRPA-NP4 digested with
the restriction enzynes Sfol and Xhol. The resulting clone therefore
conprises the 15 regi on encoding the signal peptide of the PGL gene fused
in the sane reading frane with the sequence encodi ng 1TeloetdrsdhedddE=Q | D NO
18). pRPA-NP6: Creatioa of a cassette for expression of heliomciae is a
transformation vector 20 The expressionggnd transformation vector plLTAB
357 is derived fromthe binary vector pBinl9. It contains the CsVW
pronoter (Verdaguer et al. 1996, Plant M. Biol. 31, 1129-1139) foll owed
by a nul tipl in I apd,,t hg+no IMRE »GKN Gl ption
ﬁa&éi’ﬂ.ﬁﬁ#&@h Bdyt hgqn Bng 18€ 2% W&@%ﬂ%%ﬁ%g@g{

t er m nat or I gure e sequence this ' fragment 1s 1n (SEQ I D

NO 19). The ﬂ%i;?ﬂasma BYRAOSSTAR LeEhEoMRmintsl hePd MAeUY RO obt ai ned
by insertion of the Xbal-Kpnl restriction fragnent of the vector pRPA-NP5

cont ai ni ng t7e°®@n Sa 98&l e@EPVE deNBE! @bl ainn € Of, 69R0P B0 nlite-olret or pl LTAB
357 digested with these sane enzynes. The 5 resulting clone therefore
contai ns t heozxer e3%8i ghucasad] t euPpVenteidiwdthPGl 5% @falcasamino

pepti de-heliom cineNos term nator (SEQ ID NO 20). Exanple iV-3: Preparation
of transf®rmecidsbasdoc8ntainIngnaboumatcidn AF tEre trecisficermeRAARD- 241 and
pRPA- NP6 are introduced into the Agrobacterium tunefaci ens EHA101 or EHA105
strai n (Hoodsevexr#l K vyeas?) cianegi ngellestesk fiod Fhek2ra+ Kdemactar al . |
1986). The transformation technique is based on the procedure of Horsh et
al. 15 (1983yers. ouliugedefari 48 Phatr @feReist PONMEf OfhE&eRRIOE ivsbacco
(origin SEITA EFrance) fromfoliar explants is carried qut on a Mirashige
and Skoog (N’E?gb‘é@i'c fE8F uRPRSRBERSRNG %0 (élof%@'oﬁ%sﬁl?ﬁbseé&gs? wdifi® as 200

col 11 vat ed | RCBCBPAERRBLYB=ORCAR LT S gendrite AU AR o & he

fol iar djec erlpLaye; HoLRAE raly orl B8R bl g SHGGESSIye Stages: Lhe

first conpri’ses errn n sShoot's on a nedi um sup mented with 30

O oonayy ooy TP BRI 0 20 TR S 8 B i 2 03
(0.05% TFA). The various proteins bound to the
cartridge were eluted with solutions of 0.05% TFA
containing increasing percentages of acetonitrile.

15 The 40% fraction, exhibiting an antifungal
activity, was analysed by HPLC on an Aquapore RP-300 C,
reversed-phase analytical column (Brownlee™,

220 x 4.6 mm, 300 A), using a linear gradient of
acetonitrile from 2% to 40% over 80 min in 0.05% TFA

20 with a constant flow rate of 0.8 ml/min. The fractions
were collected manually by monitoring the variation in
absorbance at 225 nm and 254 nm. The fractions
collected were dried under vacuum, reconstituted with
ultrapure water and analysed for their antifungal

25 activity under the conditions described in Example III.

The structural characterization of the peptide was

carried out as described in Example I.2.



‘shoots formed during this stage are then devel oped for 10 days by cul turing
on an MS nedi um suppl enented with 30 g/1 of sucrose but containing no

hor mone. Next, devel oped shoots are collected and they are cultivated 5 on
an M5 rooting nmediumcontaining half the content of sai ,octobad 29 oand
sugar and contai ning no hornone. After about 15 days, the rooted shoots are
transferred into soil. 3.3- Analysis of §he e~ressioa of heliomcine in 10
transgeai ¢ tobacco a) Production of specific polyclonal antibodies

Pol ycl onal anti bodi es were obtai ned by inmmunizing a rabbit with native

hel i om ci ne LN+l .t %§#ﬁé§§§¥ o t Qe
Bi oexperi nentat | %%bvilfBE)z ?I A - yoﬂflfsglliﬁgi?g%&m%%%t al néﬁ'%fnml) was
then i munopyr Ehing flrepas@tiard edte col um (Pharmaci a; ref 17-0430-01)

coupled to heliomcine so as to specifically select the 20 i nmunogl obulins

whi ch recogni ze this pepld ¢F tHesel@nesbefi egansreriedllaast uted in 6 n
of glycine (200 MM pH 3), neutralized with 1 MTris pH 9.5, dialysed with

0. 5x PBS, andxptresednigr tizdn cai e wips teul beredmatol9icefo252d) h in

| n~nunodet ecti on of heliomcine in transgenic tobacco Anal ysis of the

expr essi oh ol ORemlowifcised awdsive MediumbeTh260Rr62edumguctead tdrers8
transgeni c plants for the construct pRPA-NP6, as well as on a wld-type
control . Wl ngedetepdaacadhpds & 1obgd@%leﬂtévgr@@ﬁﬁyusénﬂﬂﬂhqiner ground
at the tenperature of liquid nitrogen, and the 5 prqoteins extracted for 1 h
at 4C in 50 FNLFMFE Mes Eﬂﬁﬁ%ﬁd19u¢ﬁﬁ95,4§.b5a¢rgﬁoﬁ-XTbG,Y&HS¥§5 in an

amount of 4 m of buffer, per grampof fresh ight. After centrifugation,
h T ¢ $4B0Ra

the concent r ¥8F&n *&6MGyES SRRl UIREL R g:déleMied 5y -t he

Bt or 3 TEL AR GAREIYR AN R 8] £ PLAL o pooudh Wit 20t3
o5 ) ety B0 ety AT RHOLESRIER QR VS
(Boehringer; 3pefih,94Lch7Befidtel Boimdidhssi tBQUBAL 8dc, preparative
reversed-phase open column (Waters Associates), 125 A,
6 g of phase per 500 ml of supernatant) equilibrated
with acidified water (0.05% TFA). The hydrophilic
15 molecules were removed by a wash with acidified water
followed by a wash with a 15% solution of acetonitrile
prepared in 0.05% TFA. The elution of the peptide was
carried out using a 40% acetonitrile solution prepared
in 0.05% TFA. The fraction eluted at 40% acetonitrile
20 was lyophilized and then reconstituted in sterile
ultrapure water before being subjected to the first
purification step.
- first step of purification by HPLC: the
purified fraction containing heliomicine was
25 reconstituted in a 25 mM ammonium acetate solution, pH

3.4. This sample was injected into an Aquapore Cation

Exchange preparative cation-exchange column (Brownlee™,



.overnight at 4C with i munopurified antibodies directed agai nst

heliom cine, diluted, 1/2000 in TBS buffer with 0.05 Tween 20. After
washing (TBS, 0.1 Tween 20 and 0.5~ of bl ocking buffer), the nenbrane was
20 incubated for 1 h at roomtenperature (TBS with 0.Hr ddbeskdpdyd fer)
with a goat antibody (diluted 1/50 000) directed specifically against
rabbit imunogl obulins and coupled to alkaline phosphatase (Sl GVA A-3687).
After washing (TBS, 0.1~ Tween 20), the 25 detection is made by adding a
phosphat ase substrate (Bi oRad; ref 170-5012), and the revealing is obtained

by radiOQraE§¥thlbh§F1 g?ggﬁgpg:ﬂyﬁggg: oms t% ic%lfggﬁpg gr 2002 53

film(ECL) e res S experlne ransgeni ¢ tobacco

plants stroggl yo@4poees BR kAR G195 He aﬁh%ﬁ‘iuxhnaﬁgé\a,lm{?%he?}l Bagsgeni ¢

plants is weak or 5 not significant conpared Wt ype control.

The signal qhsar wedon@ianite f%ﬁ R tdlof  ahl fien | O¥RE 9£a&ia§oags' tive
control (50 ng of heliomcine), which indicates that in this plant,

hel i oni ci necoepeesed wede WRiigl AhiuE dacwint heeéohstipuebal #schl0 Exanpl e
V-1s enul sifiable concentrates Exanple ECl: -active substance 400 g/1

-al kal i Bet all tdagecy barzenesid Erailatse@ £ o 1thekyeahyl ftindatonyl pheno
containing 10 16 g/ 1 nol ecul es of ethylene oxide -cycl ohexanone -aromatic
sol vent ExaAptdviECy: ungeri \thes wssidituicons pdas o eedvegéowbl e oi | -m xture
of al kyl aryl sul phonat e and polyglycol ether and fatty al cohols

-di met hyl f or mami de - xyl &@somsh sj7ep gf PuFification gz HPiGo §hso g 575 g

heliomicine was purified to homogeneity by
chromatography on an Aquapore RP-300 C, semipreparative
10 reversed-phase column (Brownlee™, 220 x 7 mm, 300 &),
using a linear gradient of acetonitrile from 2% to 40%
over 80 min in 0.05% TFA with a constant flow rate of 2
ml/min.
Example III: Test of activity in vitro: measurement of
15 the antifungal activity by microspectrophotometry
This methodology was used to test for the
antifungal molecules during the various purification
steps, for the determination of the activity spectrum
of the peptide and for the determination of the minimum
20 inhibitory concentration (MIC) at which the peptide was
active. The MIC was expressed as the concentration
range [a] - [b] where [a] was the minimum concentration
where the start of growth is observed and [b] the
concentration for which no growth was observed.
25 Examples of the specific activity of heliomicine,
against filamentous fungi and yeasts, are given in

Tables 1 and 2.



11 Cctober 2002 54 die v-2s fiowable Exanple F 1. -active substance 500 g

- pol yet hoxyl ated tristyryl phenol phosphate 50 g/ 1 - pol yet hoxyl at ed

al kyl phenol 50 g -sodi um carboxylate 20 g -ethylene glycol 50 g

- organopol ysi |l oxane oil (antifoan) 1 g -polysacchari de1lobtgbenate02316.5 g
Exaat~l e V-3: wettable powders (or sprayiag powders): Exant~le WP 1 -active
substance 50~ -ethoxylated fatty al cohogg(wetting agent) 2.5~ -ethoxyl ated
phenyl et hyl phenol (dispersing 5~ agent) -chalk (inert carrier) 42.5%
Exanple WP 2: -active substance 10~ -Cl13, branched type oxo synthetic

al cohol 0. 75eghg¥y! 2k9dayl ek %ﬁﬁ;}ﬁggiw X ol S0y | if B )

-neutral calciumlignosul phonate 12~ ersing agent) -calcium carbonate
(inert fillegllamenfBus £angitober 2002 55 Exanple WP 3: -active substance
-wetting agent -dispersing agent -calciumcarbonate (inert filler) 75~ 1.50

8~ (s 100 Exanpl e WP 4rheaghti€usighadt ared Wiy weish@edetitst fmt tay al cohol
(wetting agent) 4~ -ethoxyl ated phenyl et hyl phenol (dispersing 6% agent )
Exanpl e WP Stesticforeinhbhbtigdon 9~ growthurien @& lampuad eneahichmnorflomi ¢ 2. 5~
surfactants (wetting agent) -sodiumlignosul phonate (dispersing agent) 5~
- kaol i ni c5cl sgotenecef ther fungiq2.obbex agsited/weralissispenidad igr anul es
Exanple DG 1 5 90~ by weight of active substance and 10~ of pearl urea are
m xed in a nFRéEurghmedinmypé the Heetgtoneduaese't domeed rol |l grinder. A
powder is obtained which_ is wetted with_about 8~ by weight of water. The
wet powder iBYBkEFaReN.i A2a9plif SotREP DHHtrOaS th P Yhul es are
obt ai ned whi g. re.dried and .then ¢rysh nd sieved sp as to retain
respecti vel y (BhEGO! nBeTe: SEHk BE: Lodo St S GPARRUS 768 (TRFSF 51D of
Betiween 150 SHQi%QQQiQEC% D3 added to the culture medium:

10 tetracycline (final concentration of 10 ig/ml) and
cefotaxime (100 ig/ml). 10 il of each fraction to be
analysed are deposited in microtitre plates in the
presence of 90 il of culture medium containing the
spores (at a final concentration of 104 spores/ml). The

15 incubation was carried out in a humid chamber at 30°C
for 48 hours. Fungal growth was observed under a light
microscope after 24 h and quantified after 48 hours by
measuring the absorbance at 600 nm with the aid of a
spectrophotometric microtitre plate reader.

20 - filamentous fungi tested: Aspergillus
fumigatus (gift from Dr H. Koenig, Hépital civil,
Strasbourg); Nectria haemotococca, Fusarium culmorum,
Trichoderma viride (fungus culture collection of the
Université Catholique of Leuven, Belgium); Neurospora

25 crassa, Fusarium oxysporum, (fungus culture collection

of Société Clause, Paris).

The results of the test of heliomicine



. Exanmul e D&: The follow ng constituents are mxed in a mxer: -active
substance 75% -wetting agent (sodium 2$ al kyl napht hal enesul phonat e)

-di spersing agent (sodi um 8~ pol ynapht hal enesul phonate) -inert filler
insoluble in water (kaolin) 15% This mixture is granuiatedtéwen 602 di zed
bed, in the presence of water, and then dried, crushed 5 and sieved so as
to obtain granules having a size of betygen 0.15 and 0.80 nm Exanple v-5:
pharmaceuti cal co~positioas Exanple A: tablets Tablets containing 50 ny
doses of active 10 peptide having the follow ng conposition are prepared
accor di ng t Qe usHalgd SV fifamen AL ¢6nBe 298 Prisdle &P s - Starch
60 ng - lactose 50 ng - nagnesium stearate 2 ng Exanple B: injectable

sol uti on Anqagnyiectialler sl ution containing 20 ng of 15 active peptide
having the follow ng conposition is 11 Cctober 2002 57 prepared: -
peptide heliom cineTdRA A4 adgeivitgt ofl Rdlweinteine Againdtxanpl e vi.
stability of the activity of heliomcine 5 The stability of an
antimcrobial peptide towards plEddamenttcassdiingi an essential factor for
obtaining a good | evel of expression and therefore of resistance to
phyt opat hogens in transggaiyg pl ants.
critical porr or—af—hset O—artrt-+ .
(Onens and Heutte, 1997, MPM vol 10, Na. 4, pp 525-528). W exam ned the
stability of hel i BRREPRROKAICERSISEs actilvity on a t&st-®hdt opat hogen
(Botrytis cinerea) after inc%bation W th crude extr&a%s of 8 magjor crop 15
pl ants (nmaize, wheBFaThEM Y- MPENE  soydbean, sunfl 70-¢omat o and

t obacco). The | egves of these 8 species Wwer e ground at_Ilow t enperature

(¢! i qui d nitrogen?ﬁﬁ?E%QWN?§¥§p%ﬁﬁpthen t he powder wgss?%suspended in the
sanme vol une of\Ngégfiéuhggﬁégogggégifugation (10,Q@p4gofgr 30 m nutes),

t he

Trichoderma wviride 1.5-3

Aspergillus fumigatus 6-12.5

Example III-2: Test for detectlion of activity against
yeasts
The various yeast strains were incubated in a
"Sabouraud" type culture medium and incubated at 30°C
10 for 24 h with gentle stirring. The test sample (10 il)
was deposited in microtitre plate wells to which there
were added 90 il of a dilute yeast culture whose
density was adjusted to OD 600 = 0.001. Growth was
evaluated by measuring the absorbance at 600 nm with
15 the aid of a spectrophotometric microtitre plate
reader.
- yeasts tested: Candida albicans,
C. glabrata, C. tropicalis, C. krusei, C. inconspicua,
Cryptococcus neoformans, Cryp. albidus, Saccharomyces

20 cerevisiae (gift from Dr H. Koenig, Hépital civil,



supernat ant was recovered and the protein concentration determ ned. This
concentration was adjusted for the 8 extracts to 1 ng/m by dilution with
wat er and then these extracts were filtered sterilely (0.2 mcrons). 25 One
hundred mcrolitres of each extract (as well as a 131108388 er2984258
control with only water) were then added to 50 microlitres of a solution of
heliom cine (containing 15 mcrogranms, ag Wwell as a control wthout
peptide) in water. These m xtures were incubated at 30C, one 5 aliquot of
20 mcrolitres collected after O h, 1 h, 2 h, 4 h and 20 h and inmediately
frozen up tostheshbesig)The test of antifungal activity was carried out at
25C in mcroplates by adding each aliquot to 80 10 mcrolitres of a fresh
suspensi on of BotrytisThengegalsBob&s thil td¥t JFONRSY idmi Fifesol ution of
Potat o Dextrose Broth (Difco, 12 g/1)). Visual reading of the results after
12 h and 24 a&ckheisyt aghihber gehstBo agiegpirfdseaied dss MbPat 2 f HEYSH .
activity of heliomcine 15 even for the sanple incubated for 20 h at 30C,
linked to the exPebdee20f agtdmidy ext reel i i chne eagadnst, yeagkgy, rape,
soyabean, sunflower, tomato or tobacco. [This result indicates a very high
stability of heliom cingeage®! ant proteasegyyr@nse théq 1 dhecfAb] f( ngal 20
activity te Bott+-yt+s—ct+retrea—ts—hpt—afeected—by—the—presence—of
crude plant extracts. Exude V==s Productj on of various heliom cine nutantss
single, double, trfPLdAPERLERRBI e nutpats 25 The Bahts bel ow are
prepared accor di to. the nethod, described in Exanple |1 _by replacing sone
of the oligonucl er%fr?cg’e 8 1EXCPECHM LR ot hef ol i gonucl edtPT®s 11 Oct ober
2002 59 chosen in . introduce the nmutations. -_heliomciae R48:
repl acement of the%%?%%é‘gc]fﬁufﬁh% of tjhe sequence 14 1 with a basic
amno acid, in peghhgu%ann%%ﬂ% idfgma(‘rg48?. By angLR%y 5 wth the

e ;

sequence encodi ng the i'omcrne having the seguenc EQ ID NO: 1, the

codon GAA enCOéE?%t@chE%sr%@d%&%%éﬁgt e codon AGA .encading Arg. The
a

ol i gonucl eotides 19 and 20 are used as & replacenment” Tor”the

ol i gonucl eot i dexyrtsedc@ls EXxaWPhgs! |- |10 Aigo 19: 5547 ¢GATCCTTCGC
TAACGTTAAC TGITGGTGTA GAACCTGATA GG 3' digo 20: 5 ? CCTATC AGGTTCTACA
CCAACAGT A ACGTTAGCGA AG 3' - heliomciae L28L29: replacenment of two

These results show the excellent antifungal
activity of the peptide according to the invention.
lExggnle IV: Preparation of a transformed plant
comprising a gene encoding heliomicine
10 This example describes the preparation of the
sequence encoding heliomicine for its expression in a
plant cell, of the chimeric gene, of the integrating
vector and of the transformed plants. Figures 2 to 6 in
the annexe describe the schematic structures of some
15 plasmids prepared for the construction of the chimeric
genes. In these figures, the various restriction sites
are marked in italics.
All the techniques used below are standard
laboratory technigues. The detailed protocols for these

20 techniques are in particular described in Ausubel et



15 basic amino acids Lys and Arg at position 28 and 29 of ' the sequence ID
NO: 1 with two hydrophobic amno acids, in particular tw | eucine am no
acids (Leu28 and 28). By analogy with the sequence encodi ng the helion cine
havi ng the sequence: SEQ ID NO: 1, the part AAG CGCC 201Encetioler t 2@0depti de
residue Lys-Arg is replaced by the sequence TTG TTG encodi ng the peptide
resi due Leu-Leu. The oligonucl eotides 2}jand 22 are used as a repl acenent
for the oligonucleotides 3 and 4 of Exanple Il1. 25 Aigo 21: 5 CTAGIGACTG
CAACGECGAG TGCTTGITGC GC 3" A igo 22: 5 GCAACAAGCA CTCGCCGITG CAGTCA 3 -
hel i om ci ne Rh38L29R48: replacenment of the 60 11 Cctober 2002 two basic
am no acids Lys and Arg at position 28 and 29 of the sequence ID NO: 1 by
two | euci ne BRRaf®lacTV-19S Cdnt ittt i) F e/ tcimdaEc ayénés afdE Glu48 of
t he sequence ID NO: 1 by the amino acid arginine (Arg48). 5 The

ol i gonucl eot tHes transfo2hazieon ofl plantg epl acenent for the

ol i gonucleotides 3 to 6 according to Exanple I1. - heliomciae A24A25:

repl acement DRPARNDEE3 Cre@tdomefac dulawmidl contadmyixg the heigmalience | D
NO 1 10 two al anine am no acids (Ala24 and Ala25). By analogy with the
sequence EncpephddenhethsheotiotiancnPRHS Fapence | D NO: 1, the part

AAC- GCC encodi ng the peptide residue Asn-Gy is replaced by the sequence
GCT- GCT encodi ng Al a- AT&e TWe SFHARIERATH YT 15 24 are used as a

repl acenent for the qligqnucleqtides 3 and 4, of anple I1. digo 23:. 5
CTAGTGACTG c%%%@@#’é&%e?%@%&éc@% hrang Q998 e GCA CTCAGCAGCG
CAGTCA 3' - heliom.ci ae A6 . replacenent of, the 20 amn ci ds

Asp6- Lys7- Leg‘g- FrEg 2 % Fﬁe%gégﬁ%ﬁfe% B‘ll%.r?ef Wd4tb¥ it %#Ih%t]a?ﬁ ds
(Alla). By analco tepng eacﬁag; j the heliomcine of the
sequence |1 D :%ﬁe\t’mﬁe %:}t%téi?% %jf}#}gr?cdc}di ng the peptide residue
Asp- Lys- Leu- | Dligb9g: r epl gceacorcorecte GAatee e CCeraesh1aeh Grimitaaticng t he

pepti de residue Ala-Ala Al a-Ala. The ol i_Ig;(r)rnucl eotides 25 and 26 are used as
a replacggent for the ol i gBREGETEECTTe CRTHT OB R CTANTERRFT TTTCC 3°

Oligo 8: 5' TCGCCGGCAC GGCAAGAGTA AGAGATCACA AGGAAAAGAA
GAAGAGTAGA CACAAGAAGG AAAGATGGAA GC 3!

After hybridization between Oligo 7 and Oligo

15 8, the DNA remaining single-stranded serves as template
for the Klenow fragment of E. coli polymerase I (under
the standard conditions recommended by the manufacturer
(New England Biolabs)) for the creation of the double-
stranded oligonucleotide starting from the 3' end of

20 each oligo. The double-stranded oligonucleotide
obtained is then digested with the restriction enzymes
SacII and Nael and cloned into the plasmid pBS II SK(-)
(Stratagene) digested with the same restriction
enzymes. A clone is then obtained which comprises the

25 region encoding the signal peptide of the tobacco PR-1la



61 |1 October 2002 the oligonucleotides 27 and 28 as a replacenent for the
ol i gonucleotide 2. Aigo 25: 5 AGCTTGGATA AAAGAGCTGC TGCTGCTGGT AGCTGTIGITT
3" 5 digo 26: 5 GEGEECECCG TCAACTACA 3" 0ligo 27: 5 CTAGIGTAGT TGACGGECGECC
CC 3" , Oligo 28: 5 AAACACAGCT ACCAGCAGCA GCACCTCTTT1iTIAd&EE4p8r 2002

hel i om ci ne A24A25L28L29: Two ol i gonucl eoti des (sense and anti sense) were
necessary 10 to conpensate for the absegge of a restriction site between

t he sequence encodi ng the peptide residue consisting of the two am no aci ds
Asn24-61y25 and the sequence encoding the peptide residue consisting of the
two am no aglefhe LosHt3-7s g of . the heliom cine of the 15 sequence ID NO 1.
The two ol i gonucl eoti de sequences 29 and 30 repl ace respectively the two

ol i gonucl eoipRbA -SEIIHIEhel B¢l dreatEsanpiEcal beqllerg® Micdding AGTCACTG
CGCTGCTGAG TCGCTTGITGC GC 3" 0ligo 30: 5 GCAACAAGCA CTCAGCAGCG CAGICA 3' 20
Producti on telhdnticihd ciussd arihothehPRsani pdgnalapiept isien vel thhenevar i ous
mut ants of heliomcine are prepared and purified in the follow ng manner.
One of the umkranmamEkbedaxghbdmwnts 2%Xpressing the nutated 25 heliom cine
was cultured at 29C for 48 h in 50 ml of selective medium This preculture
was thenSused to i nocliha eewo Isyhthetdet pldoppdicheodidashe culture was 62

11 Cctober 2002 .
complementary to Oligo 9 and Oligo 10 sequences

according to the operating conditions described for
PRPA-MD-P.

cd Oligo 9: 5' GATAAGCTTA TCGGTTCCTG CGTGTGGGGT GCTGTGAACT
ACACTTCCGA TTGCAACGGT GAGTGCAAGA GGAGGGGTTA 3'

Oligo 10: 5' CCGGATCCGT CGACACGTTC GCCTCGCCGA GCTCTCAAGT

CTCGCACCAG CAGTTCACGT TAGCGAAGGA ACCGCAGTGA

10 CCACCCTTGT AACCCCTCCT CTTGCACTC 3!

After hybridization between Oligo 9 and 0Oligo

10, the DNA remaining single-stranded serves as
template for the Klenow fragment of E. coli polymerase

15 I (under the standard conditions recommended by the
manufacturer (New England Biolabs)) for the creation of
the double-stranded oligonucleotide starting from the
3' end of each oligo. This double-stranded
oligonucleotide containing the coding portion of

20 heliomicine (SEQ ID NO 2) is then cloned directly into
the plasmid pRPA-MD-P which has been digested with the
restriction enzyme NaeI. The correct orientation of the
clone obtained is checked by sequencing. A clone is
then obtained which comprises the region encoding the

25 PR-lo-heliomicine fusion protein situated between the



carried out for 48 h at 29C. The yeasts were renoved by centrifugation
(4000 g, 30 mn, 4C). The supernatant was acidified to pH 3.5 with acetic
acid, subjected to a second centrifugation (4000 g, 30 mn, 5 4C) before a
first solid phase extraction step. - first solid phasaieyictagkrofogbep on a
reversed phase gel: the acidified supernatant is deposited on a C18
reversed phase Sep-Pak Vac 35cc ~ cartri,dge (Waters Associ ates, 10 g of
phase) 10 equilibrated with acidified er (0.05 TFA). The hydrophilic

nol ecul es were renoved by washing with acidified water foll owed by washing

ith 15~ tonitril | uti din 0.05 TFA T lut i f th
bepti de was SPHi BESSELoRPH 51868 AL 4otk g (3 TTPSh EPROAR EB8red in
0.058 TFA Theatraghieh shil adopirt 10 Acelaniirile ypschrepze- dried and

en reconstrtutéd rn sterile ultrapure water before béi ng slbjected to the

first purifieg}ﬁgﬂ?itgﬁg ggiff%&ﬂﬁﬁphbd phase extraction step on a 20

cati on- exchange ge ~>prepurifi'ed fraction containing the nutated

hel'i om ci ne YREALRBANIbI! Bradtibn’ oY AFEBX Y+ ESF CébPeaBibhi 28 PH 3. 4.

Thi s sanpl e was deposited on a CM cati on-exchange Sep-Pak Vac 35cc

cartridges(\jg1antsAconpribing thel siiquitide)erdodity! theaprdini-t h 25 mv
ammoni um acetate, pH 3.4. The nutated heliomcine is eluted using a 1 M

sodi um chl orhedkiéimd€ihes Euatiionn patetedred i n 25 nM ammoni um 63 11 Cct ober
2002 acetate, pH 3.4. The 1 M Nad fraction containing the nutated '
heliom cine is recover &g pliasthidh@RTIrk (GHT, rédeviwedt ren wheh 20 ml  of
acidified ultrapure water (1~ TFA). The nutated heliomcine is then
purified by BlaeméAspHCpR8sewaBLobtained fHremiPEa¥i®nCarspnpyolPLC: the
nut'at ed helionicine was purified to honogeneity by chromatography on a
preparative (E¢ERScANhHed vERSdHY AqRID Q%F¢$b%@%-C%thrB%ﬁF@é@%, 220 x 10
mm 300 =) ,.10 usi a hiphasic |linear gradient of _acetonitrile from 2~
to 23- oflr WBOREnSERRTALIM SATUGHURE. 1R CORRERPACES SROBLERASaL const ant

flow rate of 2.5 sim g, The i aSidPbaR) 558 ebiollled Hadena 2uum
the cauliflower mosaic virus (CaMV 2x35S promoter;
Odell et al., 1985) which directs the expression of an
RNA containing the tobacco etch virus 5' untranslated
15 sequence (TEV 5' UTR; Carrington & Freed, 1990), the
E. coli d-glucoronidase gene (GUS Jefferson et al.,
1987) followed by the CaMV 35S RNA polyadenylation site
(CaMV polyA; 0dell et al., 1985).
The plasmid pRTL-2 GUS is digested with the
20 restriction enzymes NcoI and BamHI and the large DNA
fragment is purified. The plasmid pRPA-PS-PRla-helio is
digested with the restriction enzymes NcoIlI and BamHI
and the small DNA fragment containing the region
encoding the PR-loa-heliomicine fusion protein is
25 purified. The two purified DNA fragments are then

ligated together into a cassette for expression in

plants which synthesizes a PR-lo-heliomicine fusion



with ultrapure water and anal ysed by MALDI mass 15 spectrometry in order to
verify the purity and the identity. The different nutated heliom cines were
anal ysed for their antifungal activity under the conditions described for
the reference heliomcine against the foll ow ng straing; o) rassa,
20 Fusarium cul rorum and Nectri a haemat ococca. The act?%i?%yéggfhéﬁ%%tants
of heliomcine was al so eval uated agai ngf bacteria. The experi nental
conditions used are described below. Test of activity is vitro: mneasurenent
of the 25 antibacterial and antifuagal activity by mcrospectrophotonetry

Thi s met hodglpe 18S M€ dsdémdPec sbhuddutbl 8BeEn280xdebesAbpati on of the
activity spectrumof the peptide and of the m ninmuminhibitory

concentr at i @adddte ais Weshesbor 8at dhedigepei de rsrachi-ve. The M C was
expressed as the concentration range [a] - [b] where 5 [a] was the m ni num
concentr at i drelitmanic ame brsepresegtowthei sodbsgr vediand£pb] thee PR~
concentration for which no gromh was observed. Exanples of specific
activity of lohrdreddcnicime fepionerobein ecEspBEA-RD-B38telhe and
filamentous fungi, are given in Table_ 3. 10 The antibacterial activity was
det ect ed Sy helionigine nks pixanrsrortgdowphthe PrEurEekddlam MassiBacteri a
to be tested were suspended in a nutrient nediumof the "Poor Broth" type.
Preferably, of £heRtant By oree saFbiPBnoEubPeeRBnigdshonalireriddepy 15

wei ght/ vol une repared in denjneralized_water, is useqd. 10 ~, 1 of each
fraction to‘gg¥§#3£§g%£‘d?%??ﬁ&ﬁ%i?%d‘iﬁlﬁfﬂigtF?EFangPgsain t he presence
concent f at | ACIRARCE AR LS “RhErLpST88 Ry " The 20 ncubation vas carried
out’at 25C for 12 t0 2fh09Yf Ssmid pRPA-RD-195 is a plasmid derived
10 from pUC-19 which contains a modified multiple cloning

site. The complementary synthetic oligonucleotides

Oligo 11 and Oligo 12 below are hybridized and made

double-stranded according to the procedure described

for pRPA-MD-P.

Oligo 11: 5' AGGGCCCCCT AGGGTTTAAA CGGCCAGTCA GGCCGAATTC

GAGCTCGGTA CCCGGGGATC CTCTAGAGTC GACCTGCAGG
15 CATGC 3

Oligo 12: 5' CCCTGAACCA GGCTCGAGGG CGCGCCTTAA TTAAAAGCTT
GCATGCCTGC AGGTCGACTC TAGAGG 3¢

The double-stranded oligonucleotide obtained
is then ligated into pUC-19 which has been previously
20 digested with the restriction enzymes EcoRI and HindIII
and made blunt-ended using the Klenow fragment of
E. coli DNA polymerase I. A vector is obtained which
contains multiple cloning sites in order to facilitate
the introduction of the cassettes for expression in an

25 Agrobacterium tumefaciens vector plasmid. The schematic



‘The bacterial growth was measured by nonitoring absorbance at 600 nmwith
the aid of a mcrotiter plate reader spectrophotoneter. - bateria tested:
Bacillus negater.ium 25 (collection de Institut Pasteur), M crococcus

| uteus (collection de 1' Tnstitut Pasteur), Staphyl 0coqau®ckebayss 202
Monteil, Institute of bacteriol ogy, 65 11 Cctober 2002 Strasbourg),
Aerococcus viridans (H Mnteil, Institus of bacteriology, Strasbourg),
and Escherichia coli D22 (P. L. Boquet, Centre for nuclear studies,

Sacl ay). Table 3: Activity of sonme nutated heliomcines against 5
filanmentous supgctape FCieriisa Mo gadisntnd! §iter isheepubashseaf
heliom cine (~, m L28L29 R48 L28L29R48 AGA7A8A9 Helio ~

Fungi Neur ospona@igutre6@..4- 0. 80. 8- 1. 61. 6- 3. 10. 1- 0. 2cr assaFusari unB. 1- 6. 20. 4-
0.80.8-1.63.1-6.20. 2-0. 4cul norumNectri a3. 1- 6. 20. 4- 0. 80. 8- 1. 6NDO. 4- b. 8haenat
ococcaBact er PRBAcRD-24%90- oG toidr . f\rhhgacassaette for

i M crococcus12. 5- 2525- 50NDNDNDI ut eus St aphyl ococcus NDNDNDNDNDaur eusAer ococcu
sNDNDND12. 5- emwsﬁmgss%ﬁmm&dmmmﬁm PRPAFRDRE38cintpt y

detect ed 11 Cctober 2002 66 Exsm~le VIII: Study of actute toxicity G oups
of 4 fenaPe BREB-ROrdSS eated by intravenous injection of solutions of
heliomcine (SEQ5 ID 2) .in saline solutj at doses of, 1,apnd 10 ng/ kg.
Cor r espondi ng sol uti ond 7§t BIATH i?ﬁ?%@?%é%§§i§§ 8l€8ﬁFF3Iw%ﬁg E%Fect for
the two doses nd nellitin.as sitive.,co | (100 rtality_at 5 days at
10 g o) oREPLEARELa arin LY RO D) tRgRell bipbaiathes
denonstrat ed r | 4U.Ci LONScatbnt : Lhjiect ed.
RERERENCES Aﬁi’%bg?*?%f@é %regtrcaéfgp‘?%#s%’& (gfen% Eﬁ:ufr‘%gﬁ{mg?% eCiPs 15 in

Mollecul ar B + JRUD Iy ML, B ) 5 ai; 3 uc. Acids
hos 110560, BRETELeRY r?ghteoréﬁlfi SR ?@8%%?.% tfbn2hioptsaiiattic,

Ehr et - Sahat | grpAl rR®L1 96198 6)ch Hies Joeehabr 861 Bu8l90acgbsEBaMvERY £thé71l, 47,
29537-29544. 20 Horsch et al. (1985). Science 227: 1229-1231. Jefferson et

al. (1987). EMBOrdctfor3¥hk\a@d PstdresndefephosphoBflatéd Baeheendlf. 166:
88-94. Rothstein et al. (1981). Cold Spring Harb. Synp. Quant. Biol. 45:
99- 105. intestinal phosphatase.
PRPA-RD-174: Plasmid derived from pRPA-BL~150A
(EP 0,508,909) containing the gene for tolerance to
15 bromoxynil of pRPA-BL-237 (EP 0,508,909)
The gene for tolerance to bromoxynil is
isolated from pRPA-BL-237 by gene amplification by PCR.
The fragment obtained is blunt-ended and is cloned into
the EcoRI site of pRPA-BL-150A which has been made
20 Dblunt-ended by the action of Klenow polymerase under
standard conditions. An Agrobacterium tumefaciens
vector is obtained which contains the gene for
tolerance to bromoxynil near its right border, a gene
for tolerance to kanamycin near its left border and a
25 multiple cloning site between these two genes.

The schematic structure of pRPA-RD-174 is

represented in Figure 5. In this figure, "nos"



25 Stal ker et al. (1988). J. Biol. Chem 263: 6310-6314. Cdell, J.T. et al.
(1985). Nature 313: 810-812. 11 Cctober 2002 67 cr~=Ms 1. Peptide
conprising essentially the peptide sequence of formula (1), 5

Xaa- Cys- Xab- Cys- Xac- Cys- Xad- Cys- Xae- Cys- Xaf - Cys- Xag (hh obetWBeghzogaa i s
-NH2 or a peptide residue conprising 10 from1 to 10 am no acids,
preferably from1l to 6 am no acids, Xab,is a peptide residue conprising
from1l to 10 am no acids, preferably 10, Xac is a peptide residue of 3
am no acids, 15 Xad is a peptide residue conprising from1l to 9 am no

acids, pref LS i [ QSH% | Si 1to 7 amno
aci ds, pref g%%s%}tég&léslqgrggght ZIFZ"; ue o 1&%%1?}%;)%%? , and 20 Xag

is -CH or a papindige rzﬁéjﬁ}dé'ﬁeﬁQTHEE%thiftreomBjeJéh AR, a£ods) , preferably
1 or 2 amino acids. 2. Peptide according to claim1l, characterized in that

Xaa conprisesNGd pLastr@pfebafits @HeNAChctadioh SmPdcEeABr i ses at
| east one basic am no acid. 11 Qctober 2002 68 3. Peptide according to

claim2, chaigsdkineesynthabet pXafioterpr(Beranl . e2,aB. or198Ppsi eNami no
acids. 4. Peptide according to either of clains 2 5 and 3, characterized in
that the Hasil" arepoesentds the Fhosedif MTmb |tysimeposoyi meomyoin
hormoar gi nine. 5. Peptide according to one of claims 1 to 4, characterized
in that Xad pkysrherransferssel gengy (Porhsdeiseiert., 1981), "35S
-Lys-Xad' - Xad"-3@ y-H s-, in which Xad'" 10 represents a peptide residue of 1
basi ¢ anmi no B9 U Efiresents the 35S promoter isolated rrom the
cauliflower mosaic virus (Odell et al., 1985), "BRX"
represents the nitralase gene isolated from K. ozaenae
10 (Stalker et al., 1988), "RB" and "LB" represent the
right and left borders respectively of the sequence of
an Agrobacterium tumefaciens Ti plasmid.
PRPA-RD-184: Addition of a new unique restriction site
into pRPA-RD-174
15 The complementary synthetic oligonucleotides
Oligo 13 and Oligo 14 below are hybridized and made
blunt-ended according to the procedure described for
PRPA-MD-P.
Oligo 13: 5' CCGGCCAGTC AGGCCACACT TAATTAAGTT TAAACGCGGC

CCCGGCGCGC CTAGGTGTGT GCTCGAGGGC CCAACCTCAG
TACCTGGTTC AGG 3°'

Oligo 14: 5' CCGGCCTGAA CCAGGTACTG AGGTTGGGCC CTCGAGCACA

CACCTAGGCG CGCCGGGGCC GCGTTTAAAC TTAATTAAGT

20 GTGGCCTGAC.TGG 3

The hybridized double-stranded
oligonucleotide (95 base pairs) is purified after

separation on an agarose gel (3% Nusieve, FMC). The



Xad" represents a peptide residue conprising fromO to 5 am no aci ds,
preferably 5. 6. Peptide according to one of clains 1 to 5, characterized
in that Xad represents the follow ng' 15 peptide sequence
-Lys-Arg-Arg-@y-Tyr-Lys-Ay-Ay-Hs-. 7. Peptide accondi 8gtbBePN80H%
claims 1 to 6, characterized in that Xac conprises at |east one acidic

am no acid, preferably 1. 8. Peptide acgprding to one of clains 1 to 20 7,
characterized in that Xac represents the foll owi ng pepti de sequence
-Asn- Xac' - Xac"-, in which Xac' represents a peptide residue of 1 am no

acid, and Xgl'asneld QFPR-RH-PEPtigedigstdue with epediresapibeiag d. 9.
Peptide according to either of clains 7 25 and 8, characterized in that the
aci di ¢ am nerasints Xl Chas®ncii¢ olaphet BNACEaabflent Uy puragped.ic acid
(Asp). 69 il COctober 2002 10. Peptide according to one of clains 1 to 10,
char act eri z&the rn-wd DINXafr agpeese ndlst ¢ imefloakewkhgnpépgadedsequence
-Asn-Gly-G u-. 11. Peptide according to one of clains 1 to 5 10,
characterized in that Xalaspids@exsvedefron pRPAgRPepVAdéssequence
Xaa' -.d yXaa"- in which Xaa' represents NHZ or a,peptide residue conprising
1 to 9 am n®RfAIREd prhukeh LAYPHi$eS SOBRPROTBEFPECEARR Ra&eSrepresents a
peptide residue conpr.ising 10_at | east one am po acid, ,preferably chosen
from Leu, | RETWEEN the, gene %ﬁrTﬂ?féﬁﬁBFSrt%agr9@33¥§éﬁt§n§h§hﬁblIomﬁng
pepti de seque in which Xab' represents a peptide residue

-Val Xab' - Asp-
conpri si ng £ Cec(f'al\%l% fg%ﬁ]ﬁ%r g&?‘&%’f‘y‘ﬁ}%fg?ﬁﬁry 8, 15 and/or Xae represents
the follow ng peptideiﬁggue Q§w§€i¥'g€§lé@ﬁgé’okntﬂ@iﬁﬁ xae's esents a
o5 4 REMA) PREA

peptide residue conprlsmgf5 Fo m o aclids, pre ,and/or 20

Xaf represens e of g%é?%%%+gg@ngnaglgﬁﬁgcgd§hggg,tg%f&?kgg: Ile or Val

and/ or Xag represents t ol 'ow ng pep e sequence - in which
Xag' represesy OH Qipp-¥ai | aby@s resbdle3hgvppga seAKCReRc0QNPREY Ng from

1to 4 amno acids, 25 preferably 1 amno acid. 12. Peptide according to
one of clai End tKB'lhaedaflest €am@edeainfabs in Figure 5.
PRPA~RD~241: Creation of an Agrobacterium tumefaciens
vector containing the construct of the gene encoding
heliomicine directed towards the extracellular matrix
15 The plasmid pRPA-RD-240 is digested with the
restriction enzymes SfiIIl and AscI and the DNA fragment
containing the PR-la-heliomicine gene is purifiéd. The
plasmid pRPA-RD-184 is digested with the same
restriction enzymes. The DNA fragment containing the
20 cassette for expression of PR-loa-heliomicine is then
ligated into pRPA-RD-184. An Agrobacterium tumefaciens
vector is thus obtained which contains the sequence
encoding the PR-lo-heliomicine fusion protein which
leads to the expression of heliomicine in the
25 extracellular matrix of the plant.

Example IV-2: Creation of an expression cassette CsVMV

promoter - PGl signal peptide - heliomicine - Nos



70 11 Cctober 2002 Xaa represents the follow ng peptide sequence

NHz- AspLys- Leu-1le-d y-Ser-, and/or Xab represents the follow ng peptide
sequence -Val - Trpd y-Al a-Val - Asn- Tyr-Thr-Ser-Asp-, and/or 5 Xae represents
the follow ng peptide sequence -d y-Ser Phe-Al a- Asn- Valr Adtobed @@z Xaf
represents the following amno acid -Trp- and/or Xag represents the
foll ow ng peptide sequence -d u-Thr OH 48) 13. Peptide according to one of
claims 1 to 12, characterized in that it is represented by the identifier
No. 2 (SEQID NO 2). . 14. Peptide according to one of clainms 1 to 13,
characteri zegermibBebrit conprises at either of its 15 ends, or at both
ends, peptide residues necessary for its expression and targeting in a host

organi sm 15prPAPNPAG Tseardiciy df o plaimid adomtdining 4chehsighakri zed in
that the cysteine residues of the i peptide of fornula (1) format | east
one intranol peptdde2ofdithe maicke pollgmlakiturendsa cPGLcgenleng to cl ai m 15,
characterized in that it conprises 3 disul phide bridges established between
the cystei ne(Gepbdnks acsession? Nond X576 3 and 6. 25 17.
"Peptide-heliomcine~ fusion peptide, characterized in that the heliom cine
is a peptPde defined a&d6r gy bas tord 1of Qe tamentary esynthatia ot ober
2002 18. Fusi tide agccordiing to claim17, characterized in that the

pepti de fuseﬂgﬂxﬂpﬁ‘ élelo(’irhd@isn@lll@% 13 gind %’e‘pﬂ ? et pelowrargit pepti de.
19. Fusi | 18, h t d t th
transiutSI ggpfﬁ% ' J'lzl’lz’ % tcogc ?g’gwlitﬁegc Bt gtegerrlb eYL Ig‘é“r‘gor tﬁe
precur sor . of (fge ag&m U 4 Ny SRR PSP B o L i ze

poI ygal act uronase usion CS& de according 1o ¢l ai m 19, 10

char act er i zed Qligot}fat t5'| SCTETRET BECRTGORECs AAGARCECCAe TEARGELCRT. 1
(SEQ ID NO 1), by the sequ%?@ggrq%qﬁoflfer No 3 (SEQID NO 3), or by the

sequence identifier No. 18 a nedi canent, the peptide
accordi ng Oligo 16 : 5’ CCGAATTCGG CGCCGTGCAC GATGCAGAAG AGCACGAGGA

GGAAGAGGGC 3’
10
After hybridization between Oligo 13 and
Oligo 14, the DNA remaining single-stranded serves as
" template for the Klenow fragment of E. coli polymerase
I (under the standard conditions recommended by the
15 manufacturer (New England Biolabs)) for the creation of
the double-stranded oligonucleotide starting from the
3' end of each oligo. The double-stranded
oligonucleotide obtained is then digested with the
restriction enzymes Xbal and EcoRI and then cloned into
20 the plasmid pBS II SK(-) (Stratagene) digested with the
same restriction enzymes. A clone is then obtained
which contains the region encoding the 22 amino acids
of the signal peptide of the PGl gene, and which may be
fused with the reading frame of other proteins at the

25 level of the Sfol site (SEQ ID NO 15).



‘15 tQ one of clainms 1 to 20. 22. Conposition, characterized in that it
conpri ses the peptide according to one of clains 1 to 20 and an appropriate
vehicle. 23. Nucleic acid fragnent, characterized in 20 that it conprises a
nucl ei ¢ acid sequence encoding a peptide accordi ng to 1aN®Hordraidfpzl tO
20. 24. Nucleic acid fragnent according to claim 23, characterized in that
it is a nucleotide sequence of the DNA #gpe. 72 11 Cctober 2002 25.
Nucl ei ¢ acid fragment according to claim 24, characterized in that the
nucl eoti de sequence of the DNA type conprises the DNA sequence described by
bases 16 to ¥RFAeNP5hkheCreqtdone afientsdquandéd. ercdding SheDidimléineby t he
sequence identifier No. 2 (SEQID NO 2), by bases 3 to 224 of the sequence
identifier Noused(with| theOsipnadr peptifde off the BBl ofende sequence
identifier No. 18 (SEQ D NO 18), a honpl ogous sequence or a sequence
conpl enentary to the sahg ¥egiemcencoyiing rpieigeneasonppilifigda
codi ng sequence_as gell as het er ol ogous regééator enents_at the 5 and
rgm 1@%

|
3' positi onsP¥apeRl EbRc CLORE PR FHoR 14T %f%nfsgg bBr ¥Pcdilar
| ts, ter] (o J th i i t | t
NS, B elar AgS, ot i LA SAOTER SO B SRR o
fo ol aim 20 oh ! . L - U . CeX
26, Sci mer 1 <=5 oEhBLRERRERRS Rondflnidi Yo hEMed by Sulle™. ! ot Srne. host

or gani sm i s GasedoLLOTLD! A SEhlchAN WA SnudPeo QUL NGl BRI eSSi on

vector for t ranstormation o ost organism characterized in that it
conpri ses attheashmpNerieplicoal s 0rigin and 25 at |east one chimeric gene

askdefined inclainms 26 to 28. 11 11 Cctober 2002 73
Oligo 17: 5' GATAAGCTTA TCGGTTCCTG CGTG 3

10 Oligo 18: 5' GGCTCGAGTC AAGTCTCGCA CCAGCAGTTC AC 3°

The PCR product was digested with the

restriction enzyme Xhol and cloned into the wvector
PRPA-NP4 digested with the restriction enzymes Sfol and
XhoI. The resulting clone therefore comprises the

15 region encoding the signal peptide of the PGl gene
fused in the same reading frame with the sequence
encoding heliomicine (SEQ ID NO 18).
PRPA-NP6: Creation of a cassette for expression of
heliomicine in a transformation vector

20 The expression and transformation vector
pILTAB 357 is derived from the binary vector pBinl9. It
contains the CsVMV promoter (Verdaguer et al. 1996,
Plant Mol. Biol. 31, 1129-1139) followed by a multiple
cloning site and the nopaline synthase Nos

25 transcription terminator (Figure X+1l). The sequence of
this fragment is indicated (SEQ ID NO 19).

The heliomicine expression vector was



'80. Transforned host organisns, characterized in that they contain a

nucl eic acid fragnment according to clains 23 to 25, or a chineric gene
according to clainms 26 to 28. 5 31. Transformed host organi smaccording to
claim 30, characterized in that it includes . m croorganiog®ebep 20bh2cell s
or plants. 32. Transforned host organismaccording to claim 30,
characterized in that it is a plant 10 ggtai ning transformed cells. 33.
Host organi sm according to claim 32, characterized in that the plant is
regenerated fromtransforned cells. 34. Transfornmed host organi sm according
to 15 clai m 3BraGhadherinsdtiond ot the XHETorRpEantestksceronen from
bacteria, in particular E. coli, yeasts, in particular of the genera
Sacchar onycefragménity o ahee atsctdr PRPAINPYI contapaihgcuher p&ipergil | us,

or bacul oviruses. 20 35. Transformed plant cell, characterized in that it
contai ns a nedomiad PeEpt ifdeadradntomiccionei figstonciatostB@ vvecRbror a chineric
gene according to clains 26 to 28. 36. Transforned plant, characterized in
that 25 it cOFpMARe35dt disesteshavithantheseesapeatnzyepE.afberding to claim
35. r, _,.: 11 _Cctober 2002 74 37. Transformed plant according to claim
36, char act eFesEd HiRG [Fone q@??%%ﬁ%%aﬁ@n?%ﬂﬂﬁSE§§e§x858§§&°By Cer cospor a,
in particular

Cercospaora_beticola, C sppriu in rtjcuylar ,Cl adosporium
5 herbarum E#SES 'Waﬁ’?q{ﬂﬂta?rﬂ?éﬁrgh?ﬁ‘?:g} %PEQ&SF BodaPMrGhne-
gr am nearum ,.Or Phyt opht h i rticul ar Phytophthora cinnanom . 38.
Tr ansf or ned H(Ig’gnt : r&%\‘%’p er% #IE h?@aébf' it is derived fromthe
cul tivation gggég[ CIRSS] N ﬂﬁ p. LRY ither of clains
36 and 37. 39. él(?s Igsjt’r g’rfgpoaglonaeé P a%?gég%%ggﬁ?‘%at Bsgﬁgc%f claims 36 to
38.) 40. Met hgd q0f_ t: A dpst organisnms, in particular plant cells or
pl ants, characterized 1n 15 that at |east one nucleic acid fragnent
accordi ngoto clai ms 23ﬂﬂé3¥éé¥of%(ﬁﬁﬁﬁﬁﬁﬁ~Q@DeaﬁacgﬁﬂhnﬁPBOaQﬁe of claims
26 to 28 is inserted into the said host organism 41. Method according to
cl ai m 40, 20 iehaoahiced dertd rtidadgtdbabpet i omganmefacd easpEaRl odellr or a

plant. 42. Method according to claim41l, characterized in that a plant is
regener at ed BEHNhOGhestadnt ((Rddd oet fadm the87) anatoyimg phantosmidh

PTVK291 (Komari et al., 1986). The transformation
technique is based on the procedure of Horsh et al.
15 (1985).
3.2- Regeneration
The regeneration of the PBD6 tobacco (origin
i SEITA France) from foliar explants is carried out on a
Murashige and Skoog (MS) basic medium comprising 30 g/l
20 of sucrose as well as 200 ig/ml of kanamycin. The
foliar explants are collected from plants cultivated in
a greenhouse or Iin vitro and regenerated according to
the foliar disc technique (Horsh et al., 1985) in three
successive stages: the first comprises the induction of
25 shoots on a medium supplemented with 30 g/l of sucrose
containing 0.05 mg/l of naphthylacetic acid (ANA) and

2 mg/l of benzylaminopurine (BAP) for 15 days. The



31 Cctober 2002 43. Method of cultivating transfornmed plants according to
one of clains 36 to 38, characterized in that it consists in planting the
seeds of the said transformed plants in a plot of a field appropriate for 5
cultivating the said plants, in applying to the said piotogtohde sgbs field
an agrochem cal conposition,. wthout substantially affecting the sard
seeds or the said transfornmed plants, tkn in harvesting the cultivated

pl ants when they arrive at the desired 10 maturity and optionally in
separating the seeds fromthe harvested plants. 44. Method of cultivation
accor di ng t sholodism 3medh adhacing | tets | stadat araethgnodheailopkde foposi ti on
conprises at |east one active product having at |east 15 one fungi ci dal
and/ or bact &0 Sa¥s actewl tyring onpamdds onedibm suppdamgateddwaght o cl ai m
44, characterized in that the active product exhibits an activity which is
conpl ement ady 19/ k i SHCAPRE Joipk | GeNbREBEAINEOt Bosmensgs ¥edtns 1 to 20. 20
46. Method of preparing heliomcine defined a c0£din to ope,of clains 1 to
20, char act SaVAIPRSA 1$hRCES RERAFPLECCERE aRepEhBY 86Pt GRLAdVARteSanst or ned

[ di . of claj 30 [0,34 i i at | t
redi um Fol 15wt B CHR BiF BT 2200HA1 §609) DBPE phfei RPABSRLT St on of

the heliom ¢ %,OQ}ﬂaﬂ%‘.jrls ard Zs&&apcégaeéogggznﬁ@Dngslﬂlofmbné.

ol i gonucl eot1'de” 7 _
ACCTATTTTCTGRY, TRATICTAJ 1 4XF = TCG, d CAG UL a7 LRGOCROREEA Dbk gepaeleot i de2 S
LDICRDI~T1 GC8 VW ?A'Vo%igonuc?eotideS a &

CTl | CACTAGT Gz e o3 ACGGCGAGT GCAAGCGCCCCGGTTACAAGG 1 0 GITGA

TGACC~I ' TGCCGCTCACC-TCECGECGCCAJITGTTCC 0 - ~ -ol igonucleotide 4 NY T S D

C 1~1 G 8 C3x R Rdalvsis 0bf 0PReCeRP+e881bn of heliomicine in

10 transgenic tobacco

a) Production of specific polyclonal
antibodies
Polyclonal antibodies were obtained by
immunizing a rabbit with native heliomicine according
15 to the usual procedures of the Centre de
Biocexpérimentation VALBEX (IUT A - Lyon I). The serum
obtained (15 ml) was then immunopurified on Sepharose
4B column (Pharmacia; ref 17-0430-01) coupled to
heliomicine so as to specifically select the
20 immunoglobulins which recognize this peptide. These
antibodies were finally eluted in 6 ml of glycine (200
mM; pH 3), neutralized with 1 M Tris pH 9.5, dialysed
with 0.5x PBS, and stored frozen at -20°C up to the
time of use.
25 b) Immunodetection of heliomicine in
transgenic tobacco

Analysis of the expression of heliomicine was



'V1~~H~jjyIVVIII~rViiVVVi/'ii~VViiJ1114iViim7|7iVIli7,ff\rvi~ifI 5
CACCGGTAACA C~' AGGAAGCGATTGCAI | TTG~I CAACCACXCTTTGGACT p ol i gonucl eotide 6
-- GGHCGSFAHVNCWCBT Stop TA TCGA . . ~..... f 164 ATCCAGC T
~nr stab Fig. 1 sio TEV 5 UIR Fig. 2 Xbal Pstl, Sphli)il dotddegrdl2olo2 Sphl,
Pstl, Smal 11 October 2002 212 5 TEV pR-1 a-heliom cine CaW pol yA 2X
3';S nmter Fig. 3tof~a ~l ~1 ~hl Asc5R A~ 11 ~I ! ~I ~rH f3f ! Pacl
EFMNl Pre | ~I gel ~I! Hndlll ~I 21 1 I I I 1 pRPA-RD-195 133 base pairs
UicNe Sues Fig. 4 is LB RB nos NPT Il NOS pro 35S pro RX gene nos lindlll
~hl, P$t ~ Sxdhdudted, onndl tXensgenikpmlar®s-Godcdhkd, cahstratt20 ~ Fig. 5
LB nos NPT Il NOS pro 35S pro gene ~ nos Hirxilll, Sphl) Pst I, Sall, dal
BanH . E~oN-PRPATNPEo| s Avell, assom a midid-tyne|gorgyrel poWelkirg. 6 RE

developed leaves of tobacco in a greenhouse were finely

ground at the temperature of liquid nitrogen, and the
5 proteins extracted for 1 h at 4°C in 50 mM Tris-HC1l

buffer, 1% PVP25, 0.05% Triton X100, pH 7.5 in an

amount of 4 ml of buffer per gram of fresh weight.

After centrifugation, the concentration of protein in

the supernatant was determined by the Bradford method.

10 Five micrograms of protein of each of the 9
extracts were deposited on nitrocellulose membrane in a
“slot-blot” format, as well as a quantity of 50 ng of
pure heliomicine which serves as positive control. The
membrane was incubated for 1 h in 1% blocking buffer

15 (Boehringer; ref 1 921 673) in TBS, and then incubated
overnight at 4°C with immunopurified antibodies
directed against heliomicine, diluted, 1/2000 in TBS

, buffer with 0.05% Tween 20. After washing (TBS, 0.1

Tween 20 and 0.5% of blocking buffer), the membrane was
20 incubated for 1 h at room temperature (TBS with 0.5%

blocking buffer) with a goat antibody (diluted

1/50 000) directed specifically against rabbit

immunoglobulins and coupled to alkaline phosphatase

(SIGMA A-3687). After washing (TBS, 0.1% Tween 20), the
25 detection is made by adding a phosphatase substrate

(BioRad; ref 170-5012), and the revealing is obtained

by radiography of the luminescent product on Amersham



11 COctober 2002 1 SEQUENCE LTSTING (1) GENERAL | NFORMATION: ( i ) APPL7 (A
(B) (O (E) (F) CANT NAME : RHONE- POULENC AGROCHI M E STREET: 14-20 Rue
Pierre BAIZET CITY: LYON COUNTRY: Fance POSTAL CODE: 69009 (ii) TITLE OF

| NVENTI ON: Gene encodi ng helionicine, protein obtainedi1vestekesond@ ni ng
it, transformed organi sns obtained and nethod of preparation (iii) NUVBER
OF SEQUENCES: 20 (iv) COVPUTER READABLE3FORM (A) MEDI UM TYPE: Fl oppy di sk
(B) COWPUTER: | BM PC compatible (C) OPERATI NG SYSTEM PC- DOS/ Ms- DCS ( D)
SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO (2) | NFORVATI ON FOR
SEQ I D NO filmj YESEQUENCE CHARACTERI STI CS: 2 (A) LENGTH: 147 base pairs
(B) TYPE: nucl eotide &F) STRANDEDNESS single (D TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (i ¥RerE&BuRt: of )h%v@w n@é‘—(ﬁﬂ) wocdrRoNE 1., 147 11

Qct ober 2002 EQUENCE DESCRI PTI ON: SE 1: AGC TTG GAT AAA AGA
GAC AAG TTGK #S%E EJGE&?G?CGT? lpassest %Be’gé‘?ei%dlﬁ%’pmﬂygl%g Asp Lys

Lot 10 yosg aeLohoT (RS A 42005 GIC SAC TUC KT dT O T
G0 O K)cnisadt Bally 2000 45 O, FRANIPTGSRREHES, 10,001,
Asn Cys Trprf4Ss$hHa3oof8etved for the best plant is at the level
of the positive control (50 ng of heliomicine), which
indicates that in this plant, heliomicine represents by
weight about 1% of the total proteins.
10 Example V-1: emulsifiable concentrates
Example EC1:
-active substance 400 g/l
-alkali metal dodecylbenzenesulphonate 24 g/l
-oxyethylated nonylphenol containing 10 16 g/l
molecules of ethylene oxide
-cyclohexanone 200 g/l

~aromatic solvent gs 1 litre

Example EC2:

-active substance 250 g
-epoxidized vegetable oil 25 g
-mixture of alkylarylsulphonate and 100 ¢

polyglycol ether and fatty alcohols
-dimethylformamide 50 g

-Xylene 575 g



ACC .47 Thr 49 (2) | NFORMATION FOR SEQ ID NO 2: (i) SEQUENCE

CHARACTERI STICS: (A) LENGTH. 169 base pairs (B) TYPE: nucleotide (O
STRANDEDNESS: single (D) TOPOLOGY: |inear 3 11 Cctober 2002 (ii) MOLECULE
TYPE: DNA (ix) FEATURE: (A) NAME/ KEY: CDS (B) LOCATI OY1 betbd®ar( %iob2
SEQUENCE DESCRI PTION: SEQ ID NO 2: GAT AAG CIT ATC GGT TCC TGC GIG TGG GGT
GCT GIG AAC TAC ACT TCC 48 Asp Lys Leu iS4a Ay Ser Cys Val Trp Ay A a Val
Asn Tyr Thr Ser 1 5 10 15 GAT TGC AAC GGI GAG TGC AAG AGG AGG GGTI TAC AAG
GGT GGT CAC TGC 96 Asp Cys Asn Ay Gu Cys Lys Arg Arg Gy Tyr Lys Ay Ay
H s Cys 20 2Bx88pLETVFRE FIowabLeAAC GTG AAC TGC TGG TGC GAG ACT TGAGAGCTCG
142 Ay Ser Phe Ala Asn Val Asn Cys Trp Cys G u Thr 35 40 GCGAC3GCGAA
CGTGTCGACG GATCCGExagmple)F |INFORMATI ON FOR SEQ I D NO. 3: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH, 261 base pairs (B) TYPE: nucleotide (O
STRANDEDNESS: si ngé€tdne Folgtamee | i near (ii) MOLECULE TYPE: 5BRAZ(i x)
FEATURE: (A) NAME/ KE CDS (B LOCATICN 3. 4 11 Qctober 2002 (xi)
SEQUENCE DESCRI PTI'@Q\-{ tlt%c,swi@’%é‘feﬁerlc @1@%# teT80TE  1caf | CTT
CCA TCT TTC CTIT CT 7 t Ley Phe Ber d h Ley.Pro Sar Pha
Leu Leu Val 1 5 mpfgryﬁ‘éi‘ A%%"’éﬁ‘%/ élil]qéﬁa“ CTT GTG ATC TCTO8AB TCT TGl
SSGF])' GCC GAT 95 Ser S'I(;ta'l&he% r%%xyelatpé]e Leu Val Ile Ser Isis Sﬁr0 9/5 Arg Al a

-~ethylene glycol 50 g
-organopolysiloxane oil (antifoam) lg

) -polysaccharide 1.5 ¢g
-water 316.5 g

Example V-3: wettable powders (or spraying powders):
Example WP 1
-active substance 50%
-ethoxylated fatty alcohol (wetting agent) 2.5%
-ethoxylated phenylethylphenol (dispersing 5%
agent)

-chalk (inert carrier) 42 .5%

Example WP 2:

-active substance 10%
~Cl1l3, branched type oxo synthetic alcohol 0.75%
ethoxylated with 8 to 10 ethylene oxide

(wetting agnt)

-neutral calcium lignosulphonate 12%
(dispersing agent)

-calcium carbonate (inert filler) gs 100%



20 25 30 AAG CTT ATC GGI' TCC TGC GIG TOG GGI GCT GIG AAC TAC ACT TCC GAT
143 Lys Leu Ile Ay Ser Cys Val Trp Ay Ala Val Aen Tyr Thr Sex Asp 35 40
45 TGC AAC GGI GAG TGC AAG AGG AGG GGT TAC AAG GGT GGT CAC TGC GGT 191 Cys
Asn Gy GQu Cys Lys Arg Arg Gy Tyr Lys Ay Ay H's Cu3 OGcitob@r52068 i f
TCC TTC GCT AAC GIG AAC TGC TGG TGC GAG ACT TGAGAGCTCG GCGAGGCGRA 244 Ser
Phe Ala Asn Val Asn Cys Trp Cys G u Thr585 70 CGTGTCGACG GATCCGG 261 (2)

| NFORVATI ON FOR SEQ ID NO 4: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 120
base pairs (B) TYPE: nucleotide (C) STRANDEDNESS: single (D TOPOLOGY
l'inear (ii) MOLE@kdmdNPEAP DA (i x) FEATURE: (A) NAME KEY: CDS (B)
LOCATI ON: 12..101 (xi) SEQUENCE DESCRI PTION: SEQ I D NO: 4: 5 11 Cct ober
2002 GCGTCGACGC G GSsumer&neCTT TTC TCT CAG CTT CCA TCT 7BRC CTT 50
Met Gy Phe Val Leu Phe Ser G n Leu Pro Ser Phe Leu 1 5 10 CTT GIG TCT ACT
CTT CTT CIT TTC CWEeERQRIGEF CAC TCT TGC CGT 98 Leu Val SerlFf% Leu Leu
Leu Phe Leu Val Ile Ser H's Ser s Arg 15 20 25 GCT GGAGACGCCA ATTCACACA
129 Ala 30 (2)IIW§3$@9#%}P¢CF9§E ID NO: 5: (i) SEQUENCE CHARRCTERI STI CS

~ (A) LENGTH: 75 bas airs (B) TYPE: .nucl eqt.i.de (\C) STRANDEDNESS: . singl e
(D) TOPOLGLY: |1 LR i) GRTBRREECTYBRORS, (i JRI) bi o aci d (45 100%
DESCRI PTI ON: /desc = "synthetic ol igonucleotide 7"

Example WP 4:

-active substance 20%
-ethoxylated fatty alcohol (wetting agent) 4%
-ethoxylated phenylethylphenol (dispersing 6%
agent)

Example WP 5:

-active substance 50%
-mixture of anionic and nonionic 2.5%
surfactants (wetting agent)

-sodium lignosulphonate (dispersing agent) 5%

~kaolinic clay (inert carrier) 42.5%

Example V-4: dispersible granules
Example DG 1
5 90% by weight of active substance and 10% of
pearl urea are mixed in a mixer. The mixture is then
ground in a toothed roll grinder. A powder is obtained
which is wetted with about 8% by weight of water. The
wet powder is extruded in a perforated roll extruder.
10 Granules are obtained which are dried and then crushed

and sieved so as to retain respectively only the



(xi) . SEQUENCE DESCRI PTION: SEQ ID NO 5: GCGICGACGC GATGGGITTC GIGCTTTTCT
CTCAGCTTCC ATCTTTCCTT CTTGIGICTA 60 CTCTTCTTCT TTTCC (2) | NFORVATI ON FOR
SEQ ID NO: 6: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 72 base pairs (B)
TYPE: nucleotide (C) STR ANDEDNESS: single (D) TOPOLOZY: ocitdar 2002
Oct ober 2002 6 (ii) MOLECULE TYPE: Qther nucleic acid (A) DESCRI PTI ON:
/desc = "synthetic oligonucleotide 8" (%f) SEQUENCE DESCRI PTI ON: SEQ I D NO
6: . TCGCCGGCAC GGCAAGAGTA AGAGATCACA AGGAAAAGAA GAAGAGTAGA CACAAGAAGG 60
AAAGATGGAA GC (2) | NFORMATION FOR SEQ ID NO 7: (i) SEQUENCE
CHARACTERI SEeSu)e¥y HENGTH: a 891ibeasef phetweeB) 1F9PENG 20 M midzrong C)
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: O her nucleic
acid (A) DESCR PTExXampleeB@2:= "synthetic ol i gonucl eotide 9" (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NO: _7: GATAAGCTTA TCGGITCCTG CGTGIGGGGT GCTGTGAACT
ACACTTCCGA TTGCAAERSTE 81 eErecaans tEEnentsST A B8 d | NECGRVRFFeR: FOR SEQ
ID NO 8: (i) SEQUENCE CHARQCTERI STICS: (A) LENGTH: 109 base pa| $ (B)
TYPE: nucl eoti de ~2%%+¥Et 5BRPT2HES 7 (C) STRANDEDNESS: singl e ?'5 TOPOLOGY:
i near (ii) MOLECULE, TYPE: l.eic acid (A) DESCRI PTI ON: esc =

[

Ot her nu
"synthetic oli gonﬁ‘ﬁ?tégﬁlaeagﬁng, (FQ%)“"@EQJENCE DESCRI PTI ON: SEé’?D NO  8:
CCGGATCCGT CGACA N;OS’:%? CTCGCACCAG CAGITCACGT 60 ~
TAGCGAAGCGA ACCGCX@@% CoT e%Egégﬁégg)CTTGCACTC 109

-dispersing agent (sodium 8%

polynaphthalenesulphonate)

} -inert filler insoluble in water (kaolin) 15%

This mixture is granulated on a fluidized
bed, in the presence of water, and then dried, crushed
5 and sieved so as to obtain granules having a size of
between 0.15 and 0.80 mm.
Example V-5: pharmaceutical compositions
Example A: tablets
Tablets containing 50 mg doses of active
10 peptide having the following composition are prepared

according to the usual technique:

- peptide heliomicine Ml 50 mg
- starch 60 mg
- lactose 50 mg
- magnesium stearate 2 mg

Example B: injectable solution
An injectable solution containing 20 mg of

15 active peptide having the following composition is



{2) ILNFORVATION FOR SEQ ID NO: 9: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH
85 base pairs (B) TYPE: nucleotide (C) STRANDEDNESS: single (D) TOPOLOGY
linear (ii) MOLECULE TYPE: Ot her nucleic acid (A DESCRI PTION:. /desc =
"synthetic oligonucleotide 11" (xi) SEQUENCE DESCRI PTIi@N.oc¥eBd:D 22 9
AGGGCCCCCT AGGGTTTAAA CGGCCAGICA GGCCGAATTC GAGCTCGGTA CCCGGGEGATC 60
CTCTAGAGTC GACCTGCAGG CATGC 85 (2) | NFBRVATI ON FOR SEQ I D NO: 10: (i)
SEQUENCE CHARACTERI STI CS: 11 October 2002 (A) LENGTH. 66 base pairs (B)
TYPE: nucl eotide (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPEep&x®@dr nucleic acid (A) DESCRIPTION: /desc = "synthetic

ol i gonucl eotide 12" (xi) SEQUENCE DESCRI PTION: SEQ I D NO 10: CCCTGAACCA
GCCTCGAGGG CGCGCCTTAA TTAAAAGCTT GCATGCCTGC AGGTCGACTC 60 66 TAGAGG (12)

| NFORMVATI ON FOR SE SE CE CHARACTERI STI :n (A). LENGTH: 93
Fase pairs (B) TYPSEPW&Eﬁ%5¥#¥HAY i DNESS. single (02 OGY:

inear (ii) MOLECU YR nucl eic acid (A) DESCRI PTI /[ desc =
"synt heti c oIigoﬁubE?}ﬁ 5@ é"a i ) SEQUENCE DESCRI PTI ON: s‘%% i
CCGGCCAGTC AGCI CCACACT TAATTAAGIT TAAACGCGGEC CCCGECECEC CTAGGIGIGr 60
GCTCGAGEEC CCAACCTCAG TACCTGGITC AGG 93 (2) | NFORVATI ON FOR SEQ I D NG 12:

o e S AR M S e e (0
The stability of an antimicrobial peptide

towards plant proteases is an essential factor for
obtaining a good level of expression and therefore of
resistance to phytopathogens in transgenic plants. This
stability is for example a critical point for an insect

10 antimicrobial peptide such as cecropin B (Owens and
Heutte, 1997, MPMI vol 10, No. 4, pp 525-528). We
examined the stability of heliomicine and of its
activity on a test phytopathogen (Botrytis cinerea)
after incubation with crude extracts of 8 major crop

15 plants (maize, wheat, barley, rape, soyabean,

j sunflower, tomato and tobacco).

The leaves of these 8 species were ground at
low temperature (liquid nitrogen) in a mortar, and then
the powder was resuspended in the same volume of water.

20 After centrifugation (10,000 g for 30 minutes), the
supernatant was recovered and the protein concentration
determined. This concentration was adjusted for the 8
extracts to 1 mg/ml by dilution with water and then
these extracts were filtered sterilely (0.2 microns).

25 One hundred microlitres of each extract (as well as a



(ii).MOLECULE TYPE: Qther nucleic acid (A DESCR PTION: /desc = "synthetic
ol i gonucl eotide 14" (xi) SEQUENCE DESCRI PTION: SEQ I D NO: 12: CCGGCCTGAA
CCAGOTACTG AGGTTGGEECC CTCGAGCACA CACCTAGGCG CGCCGEGEEECC 6: p GCGTTTAAAC
TTAATTAAGT GTOGCCTGAC TGG 93 (2) | NFORVATI ON FOR SEQ LD bexohdr £bd2
SEQUENCE CHARACTERI STICS: (A) LENGTH 50 base pairs (B) TYPE: nucleotide
(C) STRANDEDNESS: single (D) TOPOLOGY: B#near (ii) MOLECULE TYPE: O her
nucleic acid (A) DESCRI PTION. /desc = "synthetic oligonucleotide 15" (xi)
SEQUENCE DESCRI PTI ON:  SEQ I D NO 13: GGTCTAGAAT GGCCTGCACC AACAACGCCA
TGAGGGCCCT CPIETCTW By only water) omarexddrern Bddedarpi? ON FOR SEQ I D
NO: 14: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH. 50 base pairs (B) TYPE
nucl eoti de” EOCEOFANEEEINEER §PAYLé orpPiTdEFionv cing etfontainime ECRILE
TYPE: Qther nucleic acid %A SCRI PTI ON:. /desc, = "s nthetji ,

ol i gonucl eot e AB=3P%1 )2 EQBEECESDéséﬁﬂﬁﬁ WidheUD REPt %) CHEAATTCGG

Vo 15 (1) NG e KRRy 671 C8R S TORHESY G0 [l 5 (B) TVPE
?%::eoa\l%e(fﬁ%l@&”%%{?iﬁlﬁ%@?k%@é%% 11 Yif}é%_é&zdnlg\fzi b 7§CULE

2 h, 4 h and 20 h and immediately frozen up to the

test.
The test of antifungal activity was carried
out at 25°C in microplates by adding each aliquot to 80
10 microlitres of a fresh suspension of Botrytis cinerea
spores (10,000 spores/ml in a solution of Potato
Dextrose Broth (Difco, 12 g/l)). Visual reading of the
results after 12 h and 24 h shows that there is no
significant loss of antifungal activity of heliomicine
15 even for the sample incubated for 20 h at 30°C, linked
to the exposure of a crude extract of maize, wheat,
barley, rape, soyabean, sunflower, tomato or tobacco.
This result indicates a very high stability of
heliomicine to plant proteases, and that the antifungal
20 activity tested on Botrytis cinerea is not affected by

the presence of crude plant extracts.

Example VII: Productlion of various heliomicine mutants:
single, double, triple and quadruple mutants

25 The mutants below are prepared according to
the method described in Example II by replacing some of

the oligonucleotides 1 to 6 with other oligonucleotides



il October 2002 (xi) SEQUENCE DESCRI PTION: SEQ I D NO: 15: TCTAGA ATG GCC
TGC ACC AAC AAC GCC ATG AGG GCC CTC TTC CTC CTC, 48 Met Ala Cys Thr Asn
Asa Ala Met Arg Ala Leu Phe Cys 21e 1 5 10 CTG CTC TTC TGC ATC GIG CAC G&C
GCCGAATTC 81 Val Leu Phe Cys Ile Val Hs Ay 15 20 (211l beoehAEl SHloBEOR SEQ
ID NO 16: (i) SEQUENCE CHARACTERI STICS: ¢\ LENGIH 24 base pairs (B)
TYPE: nucl eotide (C) STRANDEDNESS:. single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: Ot her nucleic acid (A) DESCRI PTION: /desc = "synthetic

i | eot i " (xd : I ON: : 16: GATAAGCTTA
TCoRTTOCT, GOt A 1N G PG TR PO FEoRh SEQUENCE
CHARACTERI STI CS: (A) LENGRH i ; ide. (:
STRANDEDNESS:  si nél )e (D) %Cwﬁﬁ %ér's £%l%%g@?gg§%e2882%ﬁ]%?
MOLECULE TYPE:a Qdigs1 Ie| o Gl dblnBESER 81 QI wi d856 Bazsunbhitis
ol i gonucl eotide 18" (xi) SEQUENCE DESCRI PTION: SEQ I'D NO: 17: GGCTCGAGTC

AAGTCTCGCA CCABAGT T ASa s + NpORMAFL SN & D NG 1oh) SEQUENCE
CHARACTERI STI CS: (A)l Léﬁ@l—t&%ﬂl% base pairs (g)(—h%g%b ngg g%t%ilggy( O

STRANDEDNESS: wail titgl tthd ReduIXdO@ficodear théei he MbCoihe THREI ngNAHE X)
FEATURE: ' (A) NAME/ KEY: CDS (B) LOCATION:. 7..205 (xi) SEQUENCE
DESCRI PTI ON:  SE@nidndd): SED ITETHOA ATGEIEECddon ACEAAAGSCcAACNGCCIATGsAGG GCC
CTC TTC CTC CTC 48
replaced by the codon AGA encoding Arg. The
oligonucleotides 19 and 20 are used as a replacement
) for the oligonucleotides 5 and 6 of Example II.
10 O0Oligo 19: 5’ GATCCTTCGC TAACGTTAAC TGTTGGTGTA
GAACCTGATA GG 3'
Oligo 20: 5’ TCGACCTATC AGGTTCTACA CCAACAGTTA
ACGTTAGCGA AG 3’
- heliomicine L28L29: replacement of two
15 basic amino acids Lys and Arg at position 28 and 29 of
the sequence ID NO: 1 with two hydrophobic amino acids,
in particular two leucine amino acids (Leu28 and 28).
By analogy with the seqguence encoding the heliomicine
having the sequence: SEQ ID NO:1, the part AAG-CGC
20 encoding the peptide residue Lys-Arg is replaced by the
sequence TTG-TTG encoding the peptide residue Leu-Leu.
The oligonucleotides 21 and 22 are used as a
replacement for the oligonucleotides 3 and 4 of Example
II.
25 Oligo 21: 5’ CTAGTGACTG CAACGGCGAG TGCTTGTTGC GC 3
Oligo 22: 5’ GCAACAAGCA CTCGCCGTTG CAGTCA 3

- heliomicine L28L29R48: replacement of the



11. Cct ober 2002 13 Met Ala Cys Thr Asn Aan Ala Met Arg Ala Leu Phe Cys lle
1 S 10 CTG CTC TTC TGC ATC GIG CAC GGC GAT AAG CTT ATC GGT TCC TGC GTG 96
Val Leu Phe Cyo Ile Val Ha Ay Asp Lys Leu Ile Ay Ser Cys Val 15 2D 25 30
TGG GGT GCT GIG AAC TAC ACT TCC GAT TGC AAC GGT GAG T déto¥ét ddd2Trp Ay
Ala Val Asn Tyr Thr Ser Asp Cys Asn Gy Ggg Cys Lys Arg 35 40 45 AGG GGT
TAC AAG GGI' GGT CAC TGC GGI' TCC TTC GCT RAC GIG AAC TGC 192 Arg Ay Tyr Lys
Gy Gy His Cys Ay Ser Phe Ala Aen Val Asn Cys 50 55 60 TGG TGC GAG ACT

TGACTCGAG 213 ¢ 5 F
SEQUENCE G ARACTEA o T BB Y B hner T £ 0 b riiedt) de

() STRANDEDNESS: citoubl @ubiibe TEPOROSYL bhinaio (lde M Rtk THEE DNA (1)
FEATURE: (A) NAMVE/ KEY: CsVMW/ pronoter (B) LOCATION 7..532 (ix) FEATURE (A)
NAVE/ KEY: mul tigl fhd ®rang BbbEatBichE€CAE Qe S3@nd6ie{d Q1 TEATORELheld 11
Oct ober 2002 (A) NAME/ KEY: term nator(B) LOCATION: 569..832(xi) SEQUENCE
DESCRI PTI ON:  SEQnidh N I8 INAAGCTHECABe AAGGHAA BEA I GGANGATNE ACEATENAGA
ATCCAATGTT TACGGGAAAAGOACTATGGAAG TATTATGTGA GCTCAGCAAG AAGCAGATCA
ATATGOGGCA CATARSCALRIGHCTIFCETAAA AAATGARCAA rEGTACATATA LAAGATECTAent
TACTGCCAGA ATACGAAGRALSOGAATACGTAG AAATTGAAAA AGAAGAACCA GGCGAAGAAA
AGAATCTTGA RGAREBTAAGE 6 RUOMTTCPECACAeACAATERAA R CPNENAGA TS ABGTASEEGA
TTGTGRAAGR GACATAGAGG300ACACATGTAA GGTGGAAAAT GTAAGGGCGG AAAGTAACCT
TATCACAAAG GAAIGTTATC360CCCCACTACT TATCCTTTTA TATTTTTCCG TGTCATTTTT
GCCCTTGAGT TTTCCTATAT420AAGGAACCAA GTTCGGCATT TGTGAAAACA AGAAAAAATT
TGGTGTAAGC TATTTTCTTT480GAReHheméaine \h2AARST HerEayomen 1o ARy TEWo

TTCAMCATT TGEPHTAGBIOBTHCE FARGAFFEART &ET &%%QMWJ
GITATTTATG MARGE AR TR TABH AT CRA A SPAAPRITT A A
ACTAGATCGG ik SF T ECRRRTT B\ o SESTE R 27 1) SEQUENCE

CHARACTERI STI (i il cd ENG TR ; 1936 tRaspapa! h%d-@GJYé’:Eco@ eghide (C)
STRANDEDNESS: double (D) TCPO_OGY I'inear (11) MOLECULE TYPE: DNA (iXx)

FEATURE: (A) N X&' rE8VANePRADESY is replaced by the sequence

GCT-GCT encoding Ala-Ala. The oligonucleotides 23 and

15 24 are used as a replacement for the oligonucleotides 3
and 4 of Example II.
Oligo 23: 5’ CTAGTGACTG CGCTGCTGAG TGCAAGCGGC GC 3°
Oligo 24: 5' GCCGCTTGCA CTCAGCAGCG CAGTCA 3!
- heliomicine A6A7A8A9: replacement of the
20 amino acids Asp6-Lys7-LeuB8-Ile9 of the sequence ID
NO: 1 by 4 alanine amino acids (Ala). By analogy with
the sequence encoding the heliomicine of the sequence
ID NO:1, the part GAC-AAG-TTG-ATT encoding the peptide
residue Asp-Lys-Leu-Ile is replaced by the sequence
25 GCT-GCT-GCT-GCT encoding the peptide residue Ala-Ala-
Ala-Ala. The oligonucleotides 25 and 26 are used as a

replacement for the oligonucleotide 1 of Example II and



15 ('B) LOCATION: 7..532 (ix) FEATURE (A) NAME/ KEY: CDS (B) LOCATI ON:
539..736 11 Cctober 2002 (ix) FEATURE (A) NAME/ KEY: nos term nator (B)
LOCATI ON: 767..1030 (xi) SEQUENCE DESCRI PTION: SEQ I D NO: 20: AAGCTTCCAG
AAGGTAATTA TCCAAGATGT AGCATCAAGA ATCCAATGIT TACGGGAAAAGOACEABGALG02
TATTATGTGA GCTCAGCAAG AAGCAGATCA ATATGCGGgA CATATGCAACL20CTATGTITCAA
AAATGAAGAA TGTACAGATA CAAGATCCTA TACTGCCAGA ATACGAAGAALBOGAATACGTAG
AAATTGAAAA AGAAGAACCA GGCGAACAAA AGAATCTTGA AGACGTAAQCC240ACTGACGACA
ACAATGAAA AN GT (s AT OBGTCA BT GHOMACH A TAGARERIONAGATT AL, he
GGTGGAAAAT GTAA AAAGTAACCT TATCACAAAG GAATCTTATC360CCCCACTACT
TATCCTTTTA TA'diigSﬁEﬁI@E@éﬁﬁTET GCCCTTGAGT TTTCCTATAT420AAGGAACCAA
GITCGGCATT TGT CA AGAAAAAATT TGGTGTRAGC TATTTTCTTT480GAAGTACTGA
GGATACAACT TCAGNAAAT5 TTE6TAAGETTGERABA RERCAGETHLT AR Tedd Cct ober 2002
16 | ATG GCC TGC ACC AAC AAC GCC ATG AGG GCC CTC TTCCTC CTC GIG CTC586Met

Al aCys Thr AsnadsmGAGATIYEB’'Arg Ala Leu PhelLeu Leu Val Leul5 1015TTC TGCATC
GIG CAC GGC GAT AAG CTT ATC GGI TCCTGC GTIG TGG GGT634Phe Cyslle Val His Ay
Asp Lys LeuSllelyg BerChs GSGCTGECE TRRATIFFECT ‘GTGAAC TAC ACT TCC GAT TdC
AAC GGI GAG TGCAAG AGG AGG GGT682AI a Val Aan Tyr Thr Ser Asp Cys Asn Ay GQu
COysLys Arg ArgOtige524045TACTARGSERARIGTGAAS GEOIC TTC TTC GCT AAC GIGRAC

TGC TGC TCGC . 730Tyr Lyaly Gy H's s Gy Ser Phe Ala Asn Val Asn Cé/s Trp
Cys5055 60GAG Q@@%e@@@ﬁé@@é@@%%@@c@%ﬁ@%ﬂmcw ’
CGTTCAAACA' 786G u Thr 65 TTWT,A AAGTTTCTTA AGATTGAATC CTGTTGCCGG
TCTTGCGATG ATTATCATAT 846 PR CREREGARPIRCERE LNGCAWS AA TAATTAACAT

GTAATGCATG ACGITATTTA 906 TGAGATGGGT TTTTATGATT AGAGTOOOGC AATTATACAT
TTAATACGCG ATA PRCEES Af&é@é%&%&ﬁ&&% WeLS RESRETLRNT

Hpcniegs ci e SR eI et I
ot et e (O pSIREERESSAlae e PO whipem fillipLEaLe

1" (xi) SEQUENCENRESERhETLENt heEQ@WD dfin?lacidd add2 £XEDPes £2082the
AGCTTGGATA AAAGAGACAA GITGATTGEC AGCTGIGITT GGGGECGCCGT CA 52 (2) .

| NFORVATI ON FOBegE@nkR MicodBnd itheSHAFNGEGe GENER &I$ G5 144) oEEMRH: 56
base pairs (B) TYPE: nucleotide (C) STRANDEDNESS: single (D TOPOLOGY

| i near two amino acids Lys28-Arg29 of the heliomicine of the

15 sequence ID NO: 1. The two oligonucleotide sequences 29
and 30 replace respectively the two oligonucleotide
sequences 3 and 4 of Example II.

Oligo 29: 5’ CTAGTGACTG CGCTGCTGAG TGCTTGTTGC GC 3’
Oligo 30: 5’ GCAACAAGCA CTCAGCAGCG CAGTCA 3

20 Production of mutated heliomicine on the

semipreparative scale

The various mutants of heliomicine are
prepared and purified in the following manner. One of
the transformed veast clones expressing the mutated

25 heliomicine was cultured at 29°C for 48 h in 50 ml of
selective medium. This preculture was then used to

inoculate 2 1 of selective medium and the culture was



(ii-)", MOLECULE TYPE: Qther nucleic acid (A DESCRI PTION:/desc = "synthetic
ol i gonucl eotide 2" (xi) SEQUENCE DESCRI PTION: SEQ ID NO 22: AGIGTAGITG

ACGGCGCCCC AAACACAGCT GCCAATCAAC TTGICTCTTT TATCCA 56 (2)

| NFORMATI ON FOR

SEQ I D NO 23: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH: o220Basezpabrs (B)
TYPE: nucl eotide (C) STRANDEDNESS: singleggD) TOPOLOGY: linear (ii)

MOLECULE TYPE: Other nucleic acid 18 11 Cctober 2002 (A

DESCRI PTI ON: / desc = "synt hetic oligonucl eotide 3" (xi) SEQUENCE

DESCRI PTI ON: %&f&&'@u@foﬁcﬂ\%%é@ g %CTﬁ%Agi

EAAGEEEA R
TTACAAGGGT GG 52 (2) | NFORMATI ON FOR SEQ D NO© 24: (1) SEQUENCE

CHARACTERI STI Gy &t LENGTAE152 paseoPgi r50(RinTYEED) nugheot i de (O) ,
STRANDEDNESS: single (D) TOPOLOGY: l'i near (ii) MOLECULE TYPE: O her nucleic

acid (A) DESCRhPF&MN:{&escwas " sypabetéqe obiganscheqttHeadetfisi hcSEQUENCE
DESCRI PTI ON: SEQ I D NO: 24: CACAATGGCC ACCCTTGTAA CCGCGGCGCT TGCACTCGCC
GITGCAGICA CT $Zb{@¢téNFERMATEEDOROR-SITEX 1 Budex idh: (A0POSEQUBNCHin,
CHARACTERI STICS: (A) LENGTH: 56 base pairs 1g 11 Cctober 2002 (B) TYPE
nucl eoti de % C)4 STRADBEDNESS: f$ragl sol D phRSeOSXtrbchéan Eitiep . MOLECULE
TYPE: Qther nucleic acid (A) DESCRI PTION:/desc = "synthetic oligonucleotide
5" (xi) SEQUENCE DESCRI PTI EhrssEspl DANPhagg: extraction step on a .

reversed phase gel: the acidified supernatant is

deposited on a Cl8 reversed phase Sep-Pak Vac 35cc

Do cartridge (Waters Associates, 10 g of phase)

10 equilibrated with acidified water (0.05% TFA). The

hydrophilic molecules were removed by washing with

acidified water followed by washing with a 15%

acetonitrile solution prepared in 0.05% TFA. The

elution of the peptide was carried out with a 60%

15 acetonitrile solution prepared in 0.05% TFA. The

fraction eluted with 60% acetonitrile was freeze-dried

and then reconstituted in sterile ultrapure water

before being subjected to the first purification step.

- second solid phase extraction step on a

20 cation-exchange gel: the 60% prepurified fraction

containing the mutated heliomicine was reconstituted in

25 mM ammonium acetate solution, pH 3.4. This sample

was deposited on a CM cation-exchange Sep-Pak Vac 35cc

cartridge (Waters Associates, 10 g of phase)

25 equilibrated with 25 mM ammonium acetate, pH 3.4. The

mutated heliomicine is eluted using a 1 M sodium

chloride (NaCl) solution prepared in 25 mM ammonium



CCATTGTGGA TCCTTCGCTA ACGTTAACTG TTGGTGTGAA ACCTGATAGG TCGACA 56 (2)

| NFORVATI ON FOR SEQ ID NO 26: (i) SEQUENCE Cl 3ARACTERI STICS: (A) LENGTH:
52 base pairs (B) TYPE: nucl eotide (C) STRANDEDNESS: single (D TOPOLOGY:
dinear (ii) MOLECULE TYPE: Qther nucleic acid (A) DESCR &dtébetdeso2 =
"synthetic oligonucleotide 6" (xi) SEQUEMGE DESCRI PTION: SEQ I D NO: 26:
GATCTGTCGA CCTATCAGGT TTCACACCAA CAGTTAACGT TAGCGAAGGA TC 52 20 11

Cct ober 2002 (2) | NFORMATION FOR SEQ ID NO: 27: (i) SEQUENCE

CHARACTERI STl fSeth R, LgﬁGiH«; Adrkase waldel (Hadtbéa BHﬁESthQg _
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: her nucleic

aci d (A) DESGRhPItEN: hdesoms ciswntiRetide Bl gedcideoeadandi8y (raiciiuiEQUENCE
DESCRI PTION: SEQ ID NO 27: GATCCTTCGC TAACGTTAAC TGTITGGIGTA GAACCTGATA GG

42 (2) | NFORMAGEEHE EDRUBER] WRENO228i1 (0f HIHAENCEd GHRRAGDHERESTRESY (A)
LENGTH: 42 base pairs (B) TYPE: nucl eotide (C) STRANDEDNESS: single (D)
TOPOLOGY: |1 néh% TFA) MChECULE abPéeE heX ivemiaimeé eis fhed pAyified by
DESCRI PTI ON: / desc = "synthetic r 21 11 Cctober 2002 ol igonucl eoti de 20"
(xi) SEQUEBICEreFSCReETPBRSeSHBLD NO 28: TCGACCTATC AGGTTCTACA CCAACAGTTA
ACGITAGCGA AG 42 (2) | NFORVATI ON FOR SEQ I D NO: 29:

- last purification step by HPLC: the mutated
heliomicine was purified to homogeneity by
chromatography on a preparative reversed-phase column

| Aquapo re RP-300 C8 (Brownlee™, 220 x 10 mm, 300 A),

10 using a biphasic linear gradient of acetonitrile from
2% to 23% over 10 min and from 23% to 33% over 80 min
in 0.05% TFA at constant flow rate of 2.5 ml/min. The
fraction collected is dried under vacuum, reconstituted :
with ultrapure water and analysed by MALDI mass

. 15 spectrometry in order to verify the purity and the
identity. The different mutated heliomicines were
analysed for their antifungal activity under the
conditions described for the reference heliomicine
against the following strains: Neurospora crassa,

20 Fusarium culmorum and Nectria haematococca. The
activity of the mutants of heliomicine was also
evaluated against bacteria. The experimental conditions
used are described below.

Test of activity in vitro: measurement of the

25 antibacterial and antifungal activity by
microspectrophotometry

This methodology was used for the



(i) 'SEQUENCE CHARACTERI STICS: (A) LENGTH: 32 base pairs (B) TYPE:
nucl eotide (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE
TYPE: Qther nucleic acid (A) DESCRI PTION:/desc = "synthetic ol igonucl eotide
21" (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO: 29: CTAGTGALT GoeReeCad\ee
TGCTTGITGC GC 32 (2) | NFORVATI ON FOR SEQ 6B NO 30: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH. 26 base pairs (B) TYPE: nucl eotide 22 11
Cct ober 2002 (C) STRANDEDNESS: single (D) TOPOLOGY: |inear (ii) MOLECULE
TYPE: Qther nuidiadEmieh €idh) o DEBRRI RETLNiLge spee tiaiidiettite ghdmoids| eot i de
22" , (xi) SEQUENCE DESCRI PTION: SEQ I D NO 30: GCAACAAGCA CTCGCCCGITG
CAGICA (2) | NE@RMAIT GhhéGRiSERuUNDiNEI b3toryl onc@dihGEE iIGMARMIERI &1 CS: 26
(A) LENGTH 32 base pairs (B) TYPE: nucleotide (C) STRANDEDNESS: single (D)
TOPOLOGY: | i nedtidh i fhé/GhEChEed T¥PRtiGehds mudtlisiec &tied MIK) was ’
DESCRI PTI ON: / desc = "synthetic oligonucl eotide 23" (xi) SEQUENCE
DESCRI PTI ON: SEQ@réesded 8% tFACPGAENGreGIPECrane el dRAAGCHR] Gthare 23 11
Cct ober 2002 (2)_ | NFORVATI ON FOR SEQ I D NO: 32: (i) SEQUENCE
CHARACTER! $TI 0] (w9s LERNSTRLN2BUR, SONFENtT atRONT WRX & &1 etsele 90
STRANDEDNESS: single (D TOPOL : Iinigr , ,
growth 1s’ observed and [b] the concentration for which
no growth was observed. Examples of specific activity
of the mutated heliomicine, with respect to bacteria
} and filamentous fungi, are given in Table 3.
10 The antibacterial activity was detected by a
test of inhibition of growth in liquid medium. The
bacteria to be tested were suspended in a nutrient
medium of the “Poor Broth” type. Preferably, a 1%
bactotryptone solution supplemented with 1% NaCl by
15 weight/volume, prepared in demineralized water, is
used. 10 ul of each fraction to be analysed are
deposited in microtiter plates in the presence of 90 ul
of culture medium containing the bacteria (at a final
concentration equivalent to 1 mOD at 600 nm). The
20 incubation was carried out at 25°C for 12 to 24 hours.
The bacterial growth was measured by monitoring
absorbance at 600 nm with the aid of a microtiter plate
reader spectrophotometer.
- bateria tested: Bacillus megaterium
25 (collection de Institut Pasteur), Micrococcus luteus

(collection de 1'Institut Pasteur), Staphylococcus

aureus (H. Monteil, Institute of bacteriology,



! (i'i} MOLECULE TYPE: Other nucleic acid (A) DESCRI PTION:/desc = "synthetic
ol i gonucl eoti de 24" (xi) SEQUENCE DESCRI PTION: SEQ I D NO 32: GCCGCTTGCA
CTCAGCAGCG CAGTICA (2) | NFORVATION FOR SEQ I D NO: 33: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 40 base pairs (B) TYPE: mucbeebbde £602
STRANDEDNESS: single (D) TOPOLOGY: |inearg®6 (ii) MOLECULE TYPE: O her
nucleic acid ° (A) DESCRI PTION:./desc = "synthetic oligonucl eotide 25" 24
11 October 2002 (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO: 33: AGCTTGGATA

AAACACCTGC T h(Hle xgﬂ A&Fddob8us 2vi FNEERYATHONMBERSEQ RN eutd (i)
SEQUENCE CHARACTERI STI ~ (A) LENGTH. 18 base pairs (B) TYPE:

nucl eoti de ( CofSTHRANGINGSgy 5| gt &shOhrd OPCREGYEslcheedich(ial od¥E@ B2AL E
TYPE: Qther nucleic acid (A) DESCRI PTION:/desc = "synthetic ol igonucl eotide
26" (Xi) SEQUENCH, DESSEN&ET) QenSER £ox NBucBéar CEEEATEEET SEAAGTACA (2)

| NFORMATI ON FOR SEQ I D NGO 35: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 22
base pairs (B) Thtfle Iwdaniviky (¢f SHANDEDAESS: helaghéciges agains®ct ober
2002 (D) TOPOLOGY: linear (ii) MOLECULE TYPE: Ot her nucleic acid (A

DESCRI PTI ON6 / desc - "synt heffianentens cfengi dand7hacteria

Microorganisms MIC for the mutants of

heliomicine (um)

L28L29 R48 L.28L29R48 A6AT7A8A9 Helio

} Fungi
Neurospora 0.8-1.6 0.4-0.8 0.8-1.6 1.6-3.1 0.1-0.2
crassa
Fusarium 3.1-6.2 0.4-0.8 10.8-1.6 3.1-6.2 0.2-0.4
culmorum ’
Nectria 3.1-6.2 0.4-0.8 0.8-1.6 ND 0.4-0.8
haematococca
Bacteria
Bacillus 50-100 ND ND 6.2-12.5 ND

‘ megaterium

| Micrococcus 12.5-25 25-50 ND ND ND
luteus
Staphylococcus ND ND ND ND ND
aureus
Aerococcus ND ND ND 12.5-25 ND
viridans
Escherichia ND ND ND ND ND
coli D22

ND: no activity detected



(xi) . SEQUENCE DESCRI PTION: SEQ I D NO: 35: CTAGTGIAGT TGACGGCGCC CC (2)

| NFORVATI ON FOR SEQ I D NO: 36: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 36
base pairs (B) TYPE: nucleotide (C) STRANDEDNESS: single (D) TOPOLOGY

I"i near (ii) MOLECULE TYPE: O her nucleic acid (A DESGR BEkoNekd®902=
"synthetic oligonucl eotide 28" (xi) SEQUEREE DESCRI PTION: SEQ ID NO 36: 22
AAACACAGCT ACCAGCAGCA GCAGCTCTTT TATCCA 36 (2) | NFORVATI ON FOR SEQ | D NO
37: S' a 26 (i) SEQUENCE CHARACTERI STICS: 11 COctober 2002 (A) LENGTH 32
base pairs (B) TYPE: nucleotide (C) STRANDEDNESS: single (D TOPOLOGY
l'inear (ii) MOLECULE TYPE: O her nucleic acid (A) DESCRI PTI ON:/desc =
"synthetic i dxappilel €BITdeSody( oF) asEegueNte3rEM™ PTI O\ SEQ | D NO: 37:
CTAGTGACTG CGCTGCTGAG TGCTTGITGC GC 32 (2) | NFORMATI ON FOR SE&%ED NO: 38:
(i) SEQUENCE CHARACTER Sirewps(af Aefemaleraisssaveng rirgad)ed

nucl eoti de (C), STRANDEDNESS: single (D) TOPO,LOGY: I|near (1j), MOLECULE
TYPE: Ot her nubPMefRVERPYS (ARI BESERPP‘?FO‘%OIIGI‘@SI@“S ofy fiest el R ohBEReot i de

30" L .
—5 1ID NO 2) in saline solution at doses of 1 and 10 mg/kg.

Corresponding solutions of aprotinine as negative
control (no effect for the two doses) and mellitin as
positive control (100% mortality at 5 days at 10 mg,
D significant effects at 5 days at 1 mg). No toxicity was
10 demonstrated for the heliomicine solutions at the two

doses injected.
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~i_ ', a 2~ 11 Cctober 2002 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 38:

GCAACAAGCA CTCAGCAGCG CAGTCA 26

. Aal . A Au. A(% Au. A9Y% A% ANO. AN% A&3% ALNY9. A&uY. AL A; . A, uF. A32. AF

. A3Fl . A3u3. AN. A; . Ar. AN. Aar . AL. AaL. AaL. ALNY. AuY% A@ 9. A& Ybe DB A2 002 A ;

Y. AF. A" (F. AY. A, 3. AF. AuF. A93. AY. A"l r. A. AONE, A9Yr. AY. ALY9. A" ;

Y.AQF. As( | . Af NF. A(F. A I . A(F. AQuY2. Af (1. AQIFE. A{3. A F. AF. A@ . AF. AGAF. A, Y. A

, hY . A nY. AUY. As3R A{. AF .A{F2 . Al .A'{ .A9F .A& .A .AnF. A F

. A, F. A@\Y. A 53. As! FE. AF. AnF2. A95Y. A" Ye. ALATIMSY F2. A9Y. AY2. A

HY. A@-. A, 3?. AL3?. AYR. A e. AYy. A . AVYe. AFR. Aay. AE . AFy5: ~1 045 ~C

Lol o(o! #. #. ?2pp???7>~~>?>Sb2x>7Paptide>8pRAfrising> eserti e3P X209 ?~4: | , 45 C

ca (L #OH. 2222222757~~~ ~2?2XXXX?| >>| ?2><?| ~??~| ~X~?X>?X??2<?2<<>?~?2?2?2?27| | ~~?

~?2???| ~~>?>08 2 AR8s "sapien?@@?at” £2202agXI4238378p? | ~?0° 09???7<?| ??| ??| ?

| 2| =?~| ?| 22| ?| ?| ?| ?| ?| ?| > 8] 8?2??~9?7x<??2<????| ????| ???| ?| ~??7?| ?~| ?>?| ~c<| ?~|

~<| P2X~<~X| | | ?2?xX| p~8?7?x| = ?????x| ???X]| ??Xx<| ???| ?x| ???| ?| ???x| ??7?| ~?| ~?| 87| ?7?|

x?~?|?|>?x>?|||?>x?<~?~<g?>???~x??<x?>??? P?2<X>???| | ??7<?2<>227~| ??27?p| >?x<>?

><<?~| >?| <$??7><-Xp39Q¥9938bgGysrXac; =LY S-Nae20v S 98a£9Cy92Kag>272222

?| ?>?2?227?7?7?| >??7?| >???87?| >>??2?20>00>?2<>>>>| 2>7>>| ?7>?~>7| ??>~| ?7>7~?| ?2?7~?~?| ???

~??>yq|0???~?0p‘|?~?~?>?~<????<009‘?~8???c5b~?~??$@@glnPh(EsJ}xsnfd_ZLﬂca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c

aU] caU caU cal] cal ca]cRa! J! "24VWO0] gr( s t

)*3LY|wwnhcAYh_a] ] ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calc

a] ca] ca] ca] ca]ca] caUca] ca] cRa] ca] ca] ca] ca! YZdpt u9: bcpqg

Promt a0 o cavl cal cal cakgal g8l cplie g eal bsel aal rebeahebeabeakaakral cal ca
al tal -

] ca] ca] ca] ca] ca] ca] ca]caJca]ca]c
10 from 1 to 10 amino acids, preferably from 1 to 6 amino

acids,
Xab is a peptide residue comprising from 1 to
10 amino acids, preferably 10,
Xac is a peptide residue of 3 amino acids,
15 Xad is a peptide residue comprising from 1 to
9 amino acids, preferably 9,
Xae is a peptide residue comprising from 1 to
7 amino acids, preferably 7,
Xaf is a peptide residue of 1 amino acid, and
20 Xag is -OH or a peptide residue comprising
from 1 to 5 amino acids, preferably 1 or 2 amino acids.
2. Peptide according to claim 1,
characterized in that
Xaa comprises at least one basic amino acid, and/or

25 Xad comprises at least one basic amino acid.



.- RSce @cy?lz{

6X{ vqgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] caV] ca! Xygno-23e:r*9<_ef | wmhc”Y]c]]ca]ca]c
a] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj capeedisat cadea] cal cal
ca] ca] ca] ca] ca] ca! 68

$1] Da@&(/\!'{vql gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ! OCpTRShi z} xsni d*Y] c] ] cal]
ca] ca] ca] ca] ca] ca] ca] ca] za] capepttakcateakaahgakealkqaligalxal cal cal caj cal caj
ca] ca] ca] ca] ca] ca] ca! 4" #56%%

ITAIBI Dz T dHa¥dd¢venhzéd] £h] chhcakad] cahnpalicalscal,ca), ca] G:ﬂ:] chlw=ed Al caj c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca] ca]ca]ca!" " HHHA2H#3HOH M S HL
###HH S SV REDERRP &&BLdE&| vl gb] X] c] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caI cal Q}gaca' & "+ ((9(X(
Y(j (k(((%9&)))))))))))))3}+0+k@Bride} asaprdvng] koa ]Qﬂaﬁmﬁ ca] ca] ca
] ca] ca] ca] ca] ca] caica] ca] calca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! B,

t,,,,*-g-h-3--an FRlprasteryzed in thak thesbasibes @iy @qien]aks ca] ca]
ca] calca]ca] calca]ca]c %@ ica] cal ca] ca] ¢a] ca ca] ca] ca].ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca! actfeeae00bH 3y1P112191E2P8| 2 2??2@?)’-’9*131713}% mhc~Y] c]] ca] ca]

cal cal cal cal EZMC??L?%\C%]A 83954 BR A SR A P67 SEe) SISO Yy S ey

cl] oal al cal capl caleal seleel sal oal eabeksd %@p%@se%l Plsal @l ealgalgal cal ca

] ca] ca] ca] ca] ca] ca

Tp777778! 81 8~ 9 T :
cg ca\/j caV] ca% ?%J? f%a?%gf ?gg] ggiica]xcad] Eii%a}ﬁ\gs} gg} g‘g}‘@g ca] cg%gg} gg}
Ca] calt::1q resents a peptide residue of sic amino acid and
108 4 7 <0<W: <==>>>qg@ @OoNAABBZz upk f a\ V\]] cal calca]calcalca]ca]ca]c

a] caU ca] ca] caksat cabsabsahea] sabeakeakcakeadhealeny:calon) cpdaal sadsal cal o
a! BBCCCCCCc Dd D~DDDDDDEEEEEE' FUFr FsFFFFFFFF#GE wr mhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca
1 ca] ca] ca] ca] ca] amtheahecnfisp] pakeakapllgabcal cal cal ca] ca] ca] ca] ca] ca] cajcalc
a] ca! #G3Q%5) G G, GVERGIF GG GaGpGqGuGEEEEEEEEEH HeHi Hf HHHH~yt oj e [ V| wr mheY]
] ca] ca] ca] ca] ca] ca] ca] cabca] cagpajdeVhcavrdivioc doc aviec M calfived/|tadh ca] caVv
] caV] caV] ca] ca] ca] caV] caV] caV] caH
| 1 G bldlw I 1 J)&)vakagagReY kagRKLDL bhatl HRpMrepheasrty |Wle dieckbl@alna] ca] ca]
TG4 b | MrRRMRREREREE RENRNG RIS &8 St BOBhORARPLrAD) 1M cal ca

ca] ca] cal] ca] ca] caV] caV}ca ca ca] ca] ca] ca] calcal ca cajcalc
!31] c!at] c!at] cg% ca} ca} ca}qca' I\_%NP‘I\ﬂPgﬁkgfb % é‘?@%’l’é}&é}@&ﬁ}% l ]fa‘l' Jeal
RORVRWRRR z
Joa] oa] oa] oa] caT oaT ALt SopETFed) B8] ERRE PRl ST AR B LR PG TLe5esS
SSS&T( TcTpTr TTIdTZTzupkt avVihlLgal c cla] caj] ca] ca] ca] ca] ca] ca] ca] caV]
caV] caV] ca] ca] ca] ca] ca] ca] ca] caIcg}rca] caI cda] ca] ca] ca] ca! TTUOUHUMJg UUUUULWVW@
VXVWWWWWWYWWVWINAKOXg Xh XBwr mheexk i heabherlrdlier] add Headcadradmal catgal cajc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca! hXvXXXYY
Z27$787: 7| 22BaZ7777REXEEERkikapRI R\ tUhalt Kaw |deptrdmdnfd | 0 € alid TeMyLay] ca] cal
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca] ca peptide sequence -Asn-Xac'-Xac"-, in which Xac'

Ne\ VNN ] ] ] -2 AIARATA ANApAN - 2 e aa~xsni d_ZU] ca] ca] ca] ca] ca] ca] caU
] ca] ca] ca] ca] cEPREYFERVECaVPERESSFc arsdaE da]ael ) aad @a] 2ad c¥gel] cal ca
] caV] ca! aGa{ aaaaabNbPb bzbbbbcgckcccdddddddde>eneoeee} xsni d*Y] ca] cal] ca] ca]
ca] ca] ca] ca] caF€BF EﬁFF}gFCQ] E&P@&F@a]r@ﬂ el aged e anieaqesteal cal cal

! fIfOFPff hh hhhhh dn
C] Ca] bl Ca] ba] ca] cal ca] Al ca] ERPESTES o L% Tt TATeR 2l cal

ﬁ]nﬁ?i(r:ﬂ geé\?] céﬁléa- %}Fgg%]l%kkkkkl N l l l iy c%i%gﬁ%%’g%ﬂ‘%ﬁ%%] 2a}48) 85Fca] ca
D b Tapbal r oo CPEREArERRRCBY %]%ca%?ca%]c %Cg;agl“ e L G BYRE ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] caV] ca\/] cal suu u#u2u4uuuuuuuuuvvvv
vvvv! vev/ vavbv<v@AvHv| wgke [ V~yt 0j e [ V] ] ca] ca] caV] caV] caV] ca] ca] caV] caV] ca
V] ca] ca] ca] caV] caV] caV] ca] ca] caV] caV] caV] ca] ca] ca] ca] ca] ca] caU] cal] c

a] caHvl vSvavbvgvkvl vpvuvw| v~vvvvvvvvvvvvvvvv* wywxwzw vgl gb] XSj e] ca] ca] ca]
cal] ca] ca] ca] caV] caV] caV] ca] caV] caV] caV] ca] ca] ca] caV] caV] caV] ca] ca] ca] caV] ca
V] caV] ca] ca] ca] ca] ca] ca

WX QX ~XXX" YMYyyyyyyy+zezf zvzyzz{{{{ G P}}}}}~| wmhc”Yca] ] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca! ~~Y~Z~d~e~~~abr u?w=v4j 3S| w mhc”Yca] ] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c




..U c”aU] ca] cal] caV] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca

U] cMa] ca¥%shp”a-\ Dkp{| ~ytoje ZU f " []] caU] ca] ca] ca] ca] ca] ca] caV]ca] ca]ca]ca]c

aU] caU] caU] ca] ca] ca] ca] ca] calU] ca U] c”a] cal] caU] ca]ca]ca] caljcaljcaljca k

Av+My/ 22ju |wke ZU f []]ca]cal] cal ca 11 October 2002

U] c”*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c®%ka] caV] ca] ca] ca] ca] ca] ca] cal] cal
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'([:;B]] ga][ \Cﬂau 2]3‘8%‘] C]:] 5]: %b] a ﬂ % Rk [?n %]“Enf%af‘ég] Egjlé’m cayl
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a] ca] c’\aU] ca] %%laﬂ&a] GHE Kh3 PrdBer®ts a peptide res:Ldue comprising
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FFFOG=GVGIGn H<HWHb H HUHHAHHHH T DT W ~1 J3] vakf " [V ga\ Vj d_ZU] ] ca] cal] ¢
a] cal] ca] caV] el o] i)\ £ath ca Vi 6 ab cai 68] aavhea) @:&\é]f@a]aaﬂ‘zﬂ cal caVv
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%r8 ()-(EsjiK-/10%m& ()--10%m& ()-y& 10%r& ()-$,

EO(}/%?T?) ( ) 1§wf?’&?% )lrﬁ?l%%éz)lﬁ- tlﬂgm?-lé-pwaw PeptitI/@qquesie NH,-Asp-

10%m&' ()-& 9z10%m& ()-7.! 10%r& g) - &5310%r&' () - &310%&' () - 110%& () -

| "240~" B Y:zlé%‘%e rtier$ly-Ser-, and/or

o%r& () -1 10%8 () -1 @0%r& (): 10%n&. () -31010100] ( _
g}l &-/g&%wép(/ 2 g@ﬁ%ﬁ?%ﬁg%wﬁégﬂﬁlﬁr@(&;ﬁi B?W éjl\éa/ilrgrﬁk()-f

%r& () - " F710%18 { ) z [ 10918 () -Sl- 10%1& () - +10%r8' () - @ 10%1& () -
: g(/ Qoo ??P f l%éf‘%fﬁ%%“ ‘é@'ﬁ%g"éer-éspl- , /and(/or |
i ‘ 0, ! _ 0 ! - 0 ! - m 0_ ! -

Liovarg: () - N IO o ey 7 -)Kﬁa%%%ﬂ%% ieg‘%l‘@% deddence ~G1y-ser-

7R _ve® QUL i 0@&_]- = 1097 &' -
igfﬁg 8-5213%&' (@én%%@i k- K&%‘L(Sﬁ?z&'/%f@g%’fow&' () -Y(gLO%E ()-y@A0%ZE ()-L
'$ 109%&' () - 1004E5& dpr ST & fd - £81 1 byl glﬁ?@& L LA0Z: A08Fs O -9
10928 ()~ 7, 1092& ()-/ 109& ()-L-- T0%& (j-* IKKy10%& ()="7°%
109%&’ () - S10%&'Xdg Fridife4dnBs 10A& £01YSHOUE Deptd%¥ QequbHdd< Ky g IA%E () -
109 ()-, 109& ()-L o . .

%€ () - Z10%&0H - 9y 10% () - y@O%& () - Dai K- K’ - 810% () - S+10% () -) 10% () - @
%8(% 8 - émoweg'@( ) - y9$310t(y«)&' {) - @ 10% () - @i K-K: 310% () - 8@ 0% () - s6! 10%&
() - SAMLOY& Q) - 310%&' () - SBALMLORAED ¢ } d6SAEOEAG &b\ idkie3 HIY& 1(9imE10%E () - @
; igég 8 : Y@ 0%z& hanamagi 194 10 0t t OL K- KS10%p&egent.adb HPaMd ) - L10%ZE (
) - S109Z& () -z ,109%&& _)-SlO‘VZ&'(i-@FlO‘VZ&' () - Opi K- K&

10928 () - SL$139tER YL Her Npmee (JSEQ ID NO 2) . | . .
1092&' ()-f109@& () - S109 '()-&100/]%" (2 J2L K KyBLO%ZE: () - 96109@& () -1 F/ 10928
() - & MLO9Z& () - f +100&Z& (3 - f )HRPikele ) 2QCP9ERI( FoarrRes PdoEdaimsK 1 to

. - ' = 0wZ& ()-L.: W& () - ~W4i K! @®!
1006 (1006 ) AT LGP REEMDRE (L e Qs 0 @
zZXI<Kl @ 19510 @l 'WO% Psth ends, peptide residues necessary for
its expression and targeting in a host organism.
15. Peptide according to one of claims 1 to
14, characterized in that the cysteine residues of the
peptide of formula (I) form at least one intramolecular
20 disulphide bridge.
16. Peptide according to claim 15,
characterized in that it comprises 3 disulphide bridges
established between the cysteine residues 1 and 4, 2
and 5, and 3 and 6.
25 17. "Peptide-heliomicine" fusion peptide,
characterized in that the heliomicine is a peptide

defined according to one of claims 1 to 16.



BLFL 109666 ()-Z @/ 109%& ()-!; 9! 109%&' ()-!19! 109%& () - 11Dl z! 1 uV7K!
210%8: () -, 10%r&’ () -, 10%& () - L0%& () - Y- 10%&’ () - 10%m&: () -

101 11" P " " aB7K! , @10%m8 ()-! L$S10% [& ()- @®LO%E () -, YL0%T&' ()-y10%r& ()-
-10%m8 () - " " #OHMHHHAETK! , & 10%& () - SF" " 10%& () - Sf DSt 4DeSIDWE () -
10%r&' () - 10%r&' () - #$$WBORELKIE: / 10m 71

10n6: Y10%r&' () - SMLO%TE () - 610%1&' () - @/ F10%1&' () - s- 10%r&' () - @&310%& () - S&&
8$8&&& (rP// L$10% & ()-! @L$L0%&' ()-! DL$10%& ()-9s10%& () -1 @O%r& ()-!10%
& ()- 10m9(())*, +-+}[ 8. 1Cusi®m HxR ide HbsHdigsto claim 17,

;& ()-9s! 10%rB8&' ()-! 65! 109XX& ()-!(s! 109%&' ()- @O%& ()--+. +/ +0+@B+, B, gH
10! | sS/ | 1109%Z&harapthrd¥@d (n S0l peptliodafysed ovdzgh () - 10

10B,t,,,, *--dEH _

10| | sS109Z6& helivmiogre Ls@ROFEETAL PIAUER 93 -2 n0BFRi ¢ ) PERDIRE: ()--*. M

./ dEH 10!1sSs-y
00/<z& ()-+: 10%2& ()-) 10928 ( FSigReRYides RRaRr ¢3ng 080 1684&m (384 3/ w // 050

ggtl;/gz&l((); | ;g ii/%%f@%i@@f&lﬁ PEHIRE (558 H0RER 18985 05 BS0§6988bb 00! | 1

EOOA)OZ&l(()Z’/z&l(()()%; BEbkR) P ra S IR SR 11 B0k e (PTeFiBaRE: Of.
\1(253/0&&(%)1 0019?0/ /gﬁq:%’)" &(‘fd)@%&&%’) 11L%%%%§;&E’%‘?§%%Egﬁd%%ﬁﬁ 1-°110%
00/52& (@§’ Edwd &E%E?aé%ét%@qa% %@fg%é‘%‘ 1098 E&)() @10% & () - S&310% & () -

F110% & () - SS/ 10%& ()23055551@553265‘&3%15.&%@05&&:}&&9%0(Mam 19,
10%&'()-Y@ﬂ0%&'()- 10" 10" 10"f: 10%' & () -
7p7778aBb@@'|SLQ%&cﬁkrh%HE%id)tH@ﬂWﬁt(ﬁs'iepﬂéﬁ@htéd by the sequence
109 ()- Y109 ()- 8! 81 8~8889dEbCO! | S' s10%&' () - SYA0%& () - &BL10%&' () - @™ 10%&' ()
identifier No. 1 (SEQ ID NO 1), by the sequence
identifier No. 3 (SEQ ID NO 3), or by the sequence
identifier No. 18 (SEQ ID NO 18).
21. As a medicament, the peptide according
15 to one of claims 1 to 20.
22. Composition, characterized in that it
comprises the peptide according to one of claims 1 to
20 and an appropriate vehicle.
23. Nucleic acid fragment, characterized in
20 that it comprises a nucleic acid sequence encoding a
reptide according to one of claims 1 to 20.
24. Nucleic acid fragment according to claim

23, characterized in that it is a nucleotide sequence

of the DNA type.



Ly 109 () - @O%& ()-9U9995: e: : dELCO! | S510%& () - f &310%&' () - SS/
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LIT10%"& ()-& 6L. 1109 ()-&9#! 10% & ()- ! DO#! 10%88& () -
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Y@ 0%&' () - Bl CRD~DD<EEE{ Y75 . 1(weDaDeRA ¢} d Zf Fagne0 %R ac)oZ dingl 0% qlaim

$LOUMKKE ()-'!" $10%x& ()-!" $10%né& () - EEEEEE FUFgH

10! X&01010%&' (4 KX 4t 1D8R’ {1 - ¥ha ©vgh¢) neod@otide B@ILEURRFRIG GGIBH

10! X& H, F$10%&' ()-ff109%& ()-y: 109& ()-10%& ()-yS10%&' ()-f 10%& (3 - GGG HeHHHd

EH the DNA type comprises the DNA sequence described by -

10! X& LSH10%&' () -y! 109& ()-yl1l0%&' ( -10%&f()-SFlO%&f()19810%&f9?-HHIGJmAIIaB

H 10! X& 10%&' (hages 1oogrq)l ?I@@@p%? sgguence identifier No. (SEQ

109%&' ()-"109& ()-f3%0%& ()-1JIGEIJIJIIIIAE; /[ 10, _,

109109%& () -710%: N9 -to1 100&ERS - TBI4E08S (I8P 1H58SF) N0 160 SER FFRIKLDLXY: /
/R’ - /R’ - /R’ - /R’ - /R’ - /R’ -

igg_ﬁgﬁ ﬁ/,)va //,& l:gy) }éLa(l)s/é&s(g tség"v&&{&oé)tgelge/gug}lclé@i%é%t(i)fier No. 3

10fs! 100 () - (G036 Ind O3, (de o L)~ # 187606) SRl LU nIMENI NN

B:/ 10& 109%& (

10%& () -1 s(F100gr o £5 M ONE (16Y38R00YE f1d #8771 A o g0 ddgdehdE 10

a or a sequence complementary to the said sequence.

10 26. Chimeric gene comprising a coding
sequence as well as heterologous regulatory elements at
the 5' and 3' positions capable of functioning in a
host organism, in particular plants, characterized in
that the coding sequence comprises at least one DNA

15 fragment as defined in claims 23 to 25.

27. Chimeric gene according to claim 26,
characterized in that the host organism is a
microorganism.

28. Chimeric gene according to claim 26,

20 characterized in that the host organism is chosen from
plant cells and plants.

29. Cloning or expression vector for the
transformation of a host organism, characterized in
that it comprises at least one replication origin and

25 at least one chimeric gene as defined in claims 26 to

28.
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10 10% & ()-10% & ()- 10% & ()-,310% & ()-L10% & ()-110% & ()-QQ
‘RORRRRaBYNC 11 October 2002
10$10% & () - #s10% & ()-9!310% & () - Yz10%78 ()-!C!, $10% /& () - GLO% & ()-RSI S
eSScTTaBYNC 105 10% & ()-F. 10% & ()-f, 10% & ()-*10% & ()-! | (#10%/ 0/ & () -
&10% & () - TTTTTTTTUbC 10y& 109%& () - F@0%& ()-F 109 ()- 10/ 10/

10/ 910% & ()-7 10% & () 300Ug Mevi@ftzined host organisms,

10109& () - SM 109& ()-z109%& ()- 109%& () - 3109%& ()- &LOY%& () - @/X\WMWAKaBbC 10S#
109 () - 10%& ¢hasnrtevdzed g timt £Hey rrornosen (§- nuodeic) agddy XXXYYaBbC
10. 10%& ()-, ! 109%& ()-, *- 109& ()-! (#10%}é& ()- o

' 109 () -, 3% DYRIMPNYS 2EERX AR RN GOl (71 AU/ %)tQF%O/&OF)a chgmegic

10, 9109& ()- @ 109%& ()- 6L! 109& ().- ZZZZ[[ 4\ e\ *=bC 10

$sYL0W & () - | PRESL BGELENT dvaiRgme (2£6 EQAO3RL ()-F 109 () -

10%&f()-e\%d]s““__zXQbC3l. Transformed host organism according to
claim 30, characterized in that it includes
microorganisms, plant cells or plants.

32. Transformed host organism according to
claim 30, characterized in that it is a plant

10 containing transformed cells.

33. Host organism according to claim 32,
characterized in that the plant is regenerated from
transformed cells.

34. Transformed host organism according to

15 claim 30, characterized in that the microorganism is
chosen from bacteria, in particular E. coli, yeasts, in
particular of the genera Saccharomyces or
Kluyveromyces, Pichia, fungi, in particular
Aspergillus, or baculoviruses.

20 35. Transformed plant cell, characterized in
that it contains a nucleic acid fragment according to
claims 23 to 25 or a chimeric gene according to claims
26 to 28.

36. Transformed plant, characterized in that

25 it comprises at least one transformed plant cell

according to claim 35.
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| it is derived from the cultivation and/or crossing of
10 the plants according to either of claims 36 and 37.
39. Seeds of transformed plants according to
one of claims 36 to 38.
40. Method of transforming host organisms,
in particular plant cells or plants, characterized in
15 that at least one nucleic acid fragment according to
claims 23 to 25 or a chimeric gene according to one of
claims 26 to 28 is inserted into the said host
organism.
41. Method according to claim 40,
20 characterized in that the host organism is a plant cell
or a plant.
42. Method according to claim 41,

characterized in that a plant is regenerated from the

plant cell or from the transformed plant.
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10! D&L-! 109&' () -1 +10%r& () - &$10%r&' () - ! @GSI09NN& () -! &$10% & ()-!;
&$10%& () - ~~_tawmafrrmesl whant g )iy a st (9 aabiekd (arpoopriake fom m
10mm 10m m ! X&L-! 10%n . ) . .
5 cultivating the said plants, in applying to the said
plot of the said field an agrochemical composition,.
without substantially affecting the said seeds or the
said transformed plants, then in harvesting the
cultivated plants when they arrive at the desired
10 maturity and optionally in separating the seeds from
the harvested plants.
44. Method of cultivation according to claim
33, characterized in that the agrochemical composition
comprises at least one active product having at least
15 one fungicidal and/or bactericidal activity.
45. Method of cultivation according to claim
44, characterized in that the active product exhibits
an activity which is complementary to that of the
peptide according to one of claims 1 to 20.
20 46. Method of preparing heliomicine defined
according to one of claims 1 to 20, characterized in
that it comprises the steps of culturing a transformed
organism according to one of claims 30 to 34 in an
appropriate culture medium, followed by the extraction

25 and total or partial purification of the heliomicine

obtained.
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"Y10%&' () -sy10%&' ()-10%m& () - % dEbC
10@) 109&' ()-' 10%&' () -, %d0%&' ()-$! 109& ()-109%& ()- 10%&' ()-[dE:/ 10
10@ 109%&' () - @10%& ()-6 10%& ()-, @ 10%& ()-s-10%&' ()-,+ 10%& ()- 037xY:/
10@BF10% & ()-S: 10% & () - @10YB& () - D10% & ()-10% & ()1- Y&kohes fho2
10-[5dE:/ 10@&$! 10% & ()-S "10% & () - S@
mMo% & ()-fs 10% & ()-10% & () - F10% & ()-SF‘xaB:/ 10, ,/10% & () - &L-
10% & ()-fl+ 10% & ()-!'@S) 0% "& ()- f'10% & ()-S%0% & ()-5nMNdE: / 10"
10"y: Z10% & () SEQUENCE DISTEINDY & ()-f4F10% & ()-f3m0% & ()-S
1-10% & ()-NO b=%rQ/ | @Y 0% () -
&@Y0YR ()-!t @ULOYR ()-! BY0%R ()-10%& ()-Y@O0%& ()- 10"] 7qDy~<//
I @!1L.110%&' ()-: LI 10%&' ()- !'1L!109%& ()- !'(L!10%& ()- :
, 109& () - f 310%&1() - GENERAL OEORMATIONOYR' () - 109%& ()-Y-10%& ()- 10 10
10! NL. ! 109 ()-:=u| BdEuV7
Lyl 1098 ()-y' 109& (O, 1REYTICANTR' ()-: 109& ()- 10%& ()-BQ " Auv7
| @O%&' ()-y10%&' ()-10%&' ()-L,t10%& ()-!L:$10%#4& ()- | L:$10%& ()-*X(aBuVv7
1 *109& ()-1(s)10%& ()-S& nifBdg NAMEsRFAMEEOULENCG AEROCEHIMBB () - ( R<dEUV7
(B) STREET: 14-20 Rue Pierre BAIZET
(C) CITY: LYON
(E) COUNTRY: Fance

(F) POSTAL CODE: 69009

(ii) TITLE OF INVENTION: Gene encoding
heliomicine, protein obtained, vector containing it,
transformed organisms obtained and method of

preparation
(iii) NUMBER OF SEQUENCES: 20

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0,

Version #1.30 (EPO)
(2) INFORMATION FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:



1 *9610%& ()- Y4109%&' ()-fy210%& ()-0" 10%&' ()-.10%& ()-L, 109%& ()-<sbC

1" 10%& ()-sS 10%& ()- Y@O% ()- 10 10 10: GLO%& ()-8GLO%& ()-*aBbC

!1_0%&'()-t,10%&'()-!‘"10%«&'() @O0%: ()-10%& ()-",10%& ()-<hdEbC !.

109%& ()-. 10%4& ()-. 109%& ()-,:!10%& ()- YOLO%& ()- M10¥Roé}ebeb(2002

1096& () - FS1096& ()- 10 10 10° 109 ()- ,BSLO0% ()-96109%& ()-.f OEZX9bC !9

109% ()-S'19  109%6565& ()-S! &X$10%& ()-! NeX$10% 5: 5& () - ! NX$10% h:

h& ()-psc1096& ()-EIwi [MC !9 10% 106565 106565

106565! | L. ! 1096565& () -:! () | 16BHCTB UW bxg% PEG¥E ()-,!S9% ! 10%@BB& () -
rdEMC 19 109 ()-S  10%& ()-y@& 10%&' 2100/&' ()-

109% () - F@OY%& ()-rydEVC (B)° #¥ YPE: nuc e° ide

109%&' ()-10%&' ()-109%&' () 109, s10% 109%&' ()-:gdEMC 19

| 410%& ()-2109%& () - OF 10/@ MEPS“E%S%%II X WlO%&'()-I\/g"‘VdOC ly

10% & ()-Y-10% & ()- 10 19D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

(ix) FEATURE:
(A) NAME/KEY: CDS

(B) LOCATION: 1..147

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

AGC TTG GAT AAA AGA GAC AAG TTG ATT GGC AGC TGT GTT TGG GGC GCC 48
Ser Leu Asp Lys Arg Asp Lys Leu Ile Gly Ser Cys Val Trp Gly Ala
1 5 10 15
GTC AAC TAC ACT AGT GAC TGC AAC GGC GAG TGC AAG CGC CGC GGT TAC 96
Val Asn Tyr Thr Ser Asp Cys Asn Gly Glu Cys Lys Arg Arg Gly Tyr
20 25 30
AAG GGT GGC CAT TGT GGA TCC TTC GCT AAC GTT AAC TGT TGG TGT GAA 144
Lys Gly Gly His Cys Gly Ser Phe Ala Asn Val Asn Cys Trp Cys Glu
35 40 45
ACC 147

Thr
49

(2) INFORMATION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 169 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear



"10910%&' ()- , 810%&' ()-sL6! 10%&' ()-%}[9bC !! @ 10%&' ()- ! 6! 10%\ I\ & () -
| @109AT& ()- 10% & ()-ss 10% ()-3 !ss 10%\& ()-3 -PQRS}[MP1 | 10X5X5
10X5X5 10X5X5! D. ! 1095X58& ()-!,.! 10%4@ @& ()-L' 1 10% & ()-!16L' ! 10%J& ()-
040% & ()-ScfA=MP1 | 10X5X5 Q "10%84& ()-M Z 10%z& @)L- Bckobd@YEES2() - 3
fL: 109 ()-s 10% ()-3@LO%& ()-?KEz[ 9M?1 P 10X DL.' ! 10%&' ()-Z
LY9% 109& ()-S! 1LY% 109& ()- SL! 109& ()--!,L! 109& ()--!,"10%& ()- M+ _@'!

| 0 ! -0 0 ! - 0 ' - . /R’ | | oA "' &' -
%af(é%gl(éﬁ!!& ()7 1Q%& [} -F@O0% & () 10 10 10S: 10% ()-!SL."110% & ()-2Z

(ix) FEATURE:
(A) NAME/KEY: CDS

(B) LOCATION: 1..132

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

GAT AAG CTT ATC GGT TCC TGC GTG TGG GGT GCT GTG AAC TAC ACT TCC 48
Asp Lys Leu Ile Gly Ser Cys Val Trp Gly Ala Val Asn Tyr Thr Ser
1 5 10 15
. GAT TGC AAC GGT GAG TGC AAG AGG AGG GGT TAC AAG GGT GGT CAC TGC 96
Asp Cys Asn Gly Glu Cys Lys Arg Arg Gly Tyr Lys Gly Gly Eis Cys
20 25 30
GGT TCC TTC GCT AAC GTG AAC TGC TGG TGC GAG ACT TGAGAGCTCG 142
Gly Ser Phe Ala Asn Val Asn Cys Trp Cys Glu Thr
35 40
GCGAGGCGAA CGTGTCGACG GATCCGG 169

(2) INFORMATION FOR SEQ ID NO: 3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 261 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

(ix) FEATURE:

(A) NAME/KEY: CDS

(B) LOCATION: 3..224



10X3510% & ()-!-10%/& ()-3 ! N-109%/5/ & ()-3 19-10%k k& ()-3 ,10% & ()-

I rLgl0%iu& ()-, 7~ @! 10X$!109%& ()-!;$!'10%"& ()-'k$! 109/ R & () -,

109 & ()-L10% & ()- L10% & ()- rS4 ! 1s 10% U& ()-F@O0% U& ()- 10// 10//
10/ /15591 10% / & ()-!59! 109& ()-S310% & ()- QXpdBrS4 | 13 oeteMde&20h2@ 10%
U& ()- fSs10% U& ()- , 10% U& ()- ,10% U&A()- @ 10% U& ()- 7k} 2rS4 |
1@f10% U& ()- @, 10% U& ()-!10% U& ()-310% U& ()-! 109JU& ()-!10%

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

CC ATG GGT TTC GTG CTT TTC TCT CAG CTT CCA TCT TTC CTT CTT GTG 47
Met Gly Phe Val Leu Phe S8er Gln Leu Pro Ser Phe Leu Leu Val
1 5 0 15
TCT ACT CTT CTT CTT TTC CTT GTG ATC TCT CAC TCT TGC CGT GCC GAT 95
Ser Thr Leu Leu Leu Phe Leu val Ile Ser His Ser Cys Arg Ala Asp
20 25 30
AAG CTT ATC GGT TCC TGC GTG TGG GGT GCT GTG AAC TAC ACT TCC GAT 143
Lys Leu lle Gly Ser Cys Val Trp Gly Ala Val Asn Tyr Thr Sexr Asp
a5 40 45
TGC AAC GGT GAG TGC AAG AGG AGG GGT TAC AAG GGT GGT CAC TGC GGT 191
Cys Asn Gly Glu Cys Lys Arg Arg Gly Tyr Lys Gly Gly His Cys Gly
50 55 60
¢!
TCC TTC GCT AAC GTG AAC TGC TGG TGC GAG ACT TGAGAGCTCG GCGAGGCGAR 244
Ser Phe Ala Asn Val Asn Cys Trp Cys Glu Thr
€5 70

CGTGTCGACG GATCCGG 261
(2) INFORMATION FOR SEQ ID NO: 4:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 120 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA
(ix) FEATURE:

(A) NAME/KEY: CDS

(B) LOCATION: 12..101

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:



U U& ()-RdErS4 | 17MLO% U& ()-S3 10% U&' () - 1M 10% U&' () -f/10% U& () - @* 10%
& ()-(110% U& ()-}YbC ! 1yL1098& ()-" 10%& ()-3@0% ()- 10 U 10 U 10 US; @

10% U& () -fs910% U& () - Y; bdEbC !

1994.0% & () -yl 109%& () - @O% ()- @O% ()-z10%& ()-yL1OYE 63tbB@®h}206L !

1° 0109 ()-) YLO0%& ()- & ! 109 ()- SYVL0%& 6)-! FF10% & ()-f!+99%40% () - pbC !

1°10%& ()-  109%4& ()- Y@0%4& ()- 10

GCGTCGACGC G ATG GGT TTC GTG CTT TTC TCT CAG CTT CCA TCT TTC CTT 50
Met Gly Phe val Leu Phe Ser Gln Leu Pro Ser Phe Leu
1 5 10
CTT GTG TCT ACT CIT CTT CTT TTC CTT GTG ATC TCT CAC TCT TGC CGT 98
Leu Val Ser Thr Leu Leu Leu Phe Leu Val Ile Ser His Ser Cys Arg
1§ 20 25
GCT GGAGACGCGA ATTCACACA 128
Ala
30

(2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:
) (A) LENGTH: 75 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION: /desc = "synthetic

oligonucleotide 7"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
GCGTCGACGC GATGGGTTTC GTGCTTTTCT CTCAGCTTCC ATCTTTCCTT CTTGTGTCTA 60

CTCTTCTTCT TTITCC 75

(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 72 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear



10°10s: 1 109%&' ()-f2310%&' ()-a-\b@C ! 1! 10%H& ()- X
10%%' ()-g10%H&' ()-' 10%4&' ()-s10%H&' ()-  10%4& ()-\D{aBbC !
111 (10%H&' () - @10%H&' () - @10%H&' () - "10%4& ()-110%4&' ()-!h10%HhH& () - | xnbC
I 111 @O0% ()- 10H 10H 10HS; 10%4& ()- @10%& ()- 1! 1A% cltobed* 2OURE () -
dEnMbC | 1!, 10%&' ()-f10%&' ()-, 109%& ()-f10% ()-f10%& ()- 10%& ()- AvdEmbC !
11 %409 ()-"# 10%& ()-10%& ()-"L 10%& ()-10%& ()-ygl0%& ()-+M/aBnbC !
11 6s109&' ()-/109%& ()-L9- @ 109%& ()- @+109&' ()-'f y)109%& ()-' 10%& ()-/2bC !
11, :10%& ()-s’ 1098& ()- @L0%& ()- 10S 10S 10SF: 10%48&' ()- 810%& () - 2j
dEbC ! 1!,110%& ()-. L 1096& L(JE-,I-lO%S&' g)-,10%&g()-,4_10%&' ()-z
109%6& ()- Si 06C ! (ii) MOLECULE TYPE: Other nucleic acid

(A) DESCRIPTION: /desc = "synthetic

oligonucleotide 8"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: )
TCOCCGGCAC GGCAAGAGTA AGAGATCACA AGGAAAAGAA GAAGAGTAGA CACAAGARGG 60

AAAGATGGAA GC 72

(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 80 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION: /desc = "synthetic

oligonucleotide 9"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:
GATAAGCTTA TCGGTTCCTG CGTGTGGGGT GCTGTGAACT ACACTTCCGA TTGCAACGGT 60

GAGTGCAAGA GGAGGGGTTA 80

(2) INFORMATION FOR SEQ ID NO: 8:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 109 base pairs

(B) TYPE: nucleotide



AT I09B& () -1 " 10968 ()-! " 10968 ()-!"1096& ()- @0%& ()- @0%& ()-SmM0Y%e& ()
- “<5C | 1#3. 7b~"1"109%& ()-!"109%& ()-!"109%& ()-!"109%%& ()-#3. 7b~" 178;
DdJ+Cl "109%6&' ()-!"109%6& () - #3.

7b~"1"109%& ()-!"109%& ()-!"109%& ()-!"109%& ()- DEFGStii da€bbd0%BEHS) - ! " 10%
5& ()-!1"109%& ()-!"109%& ()-#3. 7b~"1"1098& ()-!"109%& ()-eA+Cl " 10%b#3.
7b~"1"109%& ()-!"109%& ()-!"109%& ()-!"109%& ()-#3. 7b~"AsbA+C "10%
SL31098" & ()- SL3109B& ()- & 1!1098"& ()- f/:1098"& ()- -

1098" & ()-.!"109%6& () - QRSTEYv USTRAVREINESS f sUmmd&' ()-f & 10%8& () -
F@L0%/& ()-108"108"108" & !109B"& ()-Jt|[:vU4 L]9$10% & ()- 09$10%66& ()-
y9$10%@@& ()- k09$109RJ#2@)() -TP (dinex310%& ()-,0|[: vU4
y7z1099& ()- sl. 10% & ()-z Nsl. 109& ()-z s'!1090#& ()-s Is'110%& ()-s f
%10%9& ()-0_"abruDyvU4 10%& ()- S 10%t& ()- s 10%& () -

Y@L0%&’ () - 1094.094.0% 9@.09%0& () -y L[ :vUs vl %10%& ()-. 9# ! 1008& ()- f
e 1 sioue ) DIboRdy Shwedidten | o
& ()- fL 109%& ()-KLWavdﬁ’&lWT{@“‘loéfg{a% (3 - ?Yn@‘é%ic

Y@LO%C" & () - ( 1004.0%4.0% L - z1Q084& () - 8Z10%4& ()-"U [:vU4 ,ylo%u<" & ()-
10%("&'()91(()0 %OC{‘?M%%%M?% MLOYK" & ()- , 109" & ()-EE|[: vU4

, 3040 & ()- F# 109K & ()- , 109" & ()-° 109" & ()- ,9 10%K"& ()- Y
109" & () - OBy| [ NA410K" 10K" 10K" @109%K" & ()- @L0UK" & ()- &BLOUWK" & () -
@L0%C" & () - , 10%R () sEPbEndEBRASOREFIYENY Sud' (b nWLYRRAO0% & () -
910%#& ()-G 9 1e8knbcdsr( donencdtrd Wllfectdcn IRLOUBET (robdittls MOacar 60

\ )1 10%#& ()-S "F'110%& ()-s \"F'110% $& ()-s @ 1098& ()- 1098& ()-

OLYy M 0%&' () - TaddbArRdDYSRCCACTCN @LBEMErdT) AXREOKOT SEBEARYE. () - f 109
Ds&3! 109$& ()-f )!11098& ()-S/]|[:vUs y 10%8& ()- s!1098& ()- S 10%& ()-

, 1098& ()- f 1006& i ( I : y10%8& ()- , 109%8& () -
9mlO%B&'(%)- #‘%ﬁ/&@#?gqlﬁhy&%’io%/%}i' %#b ?%189/&5&9()-<n.|[:vu4 f (10988 () -
y&10%B& ()- %410%$& ()- L@L10%B& ()- y !'3109%B& ()- f10%& ()-.UQ[:-410%
SO 109%8& ()- 710%& ()- L6 1109%& ()- yl.10%& ()- L, 109%& ()-
y*10%& () - ChA410$ ({PYISHBEYENCE CHARACTERISTICS:

(A) LENGTH: 85 base pairs

(B) TYPE: nucleotide

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION: /desc = "synthetic

oligonucleotide 11"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
AGGGCCCCCT AGGGTTTAAA CGGCCAGTCA GGCCGAATTC GAGCTCGGTA CCCGGGGATC 60

CTCTAGAGTC GACCTGCAGG CATGC 85

(2) INFORMATION FOR SEQ ID NO: 10:

(i) SEQUENCE CHARACTERISTICS:



"0 & ()- | MPUOU &< & ()- | @UOU 2#< & ()- &L 10%R&' () -

F@O0%R& ()-10$10$B| [: A410$ 0 ($10% c% & ()- y' GLOYR&' ()- W10%& ()- !109%
& ()- 11109% & ()- "~ @UWOWR#& ()-BWUAL0 ,10%8& ()- 1098& ()- |

[-109%& ()-10Lr%.10Lr %.10Lr % " ($10%.r %.& () " ($10%C8E&0E obbiVEK A
@O%& ()- 109& ()- 10%& ()- s10% & ()8 s109%8& ()- z

1098& ()-3i2|[:vU410 s(S 109%& ()- @10%&'() @9% 1098& ()- @

1098& ()- @' L109B&' () - 10%&'3@, . -410% 910%&'() f72 10%& () -
&61098& ()- @.10%& ()-t QH : @ bp&R P3irs pA410$ f° FLOWE ()-

1098& ()- f1098& ()- 1098& ()- 0988 () 10$ 19| [ : A410$ L@M 1098& () -
y1098& ()- 9 109&' ()- 40f\B3 10% )-ffHCf %ﬁ yS10%8& ()- F vy

| [: A410$ yl.10%& ()- L, - 09 "1098& ()- y&LO0W& () -
yod0%8& ()- VWKYilvUu410 S (% %ﬁ%/&\%ﬁéf‘} 10%10%10% 9109%84& () -

7°10%& ()- L6109%8& () - | 1098V VE,

hL:!lO%‘gi')()-' L: |10f(V3&' {)]d’[ %Wﬁ}( r&%"ﬁ‘/ﬂw& ()- ]e8|E)vU410

s- 1090ME' () - ) 109 M&' () - &LO%M M& () - $10%M M& ()- Y1098 M& () -

| y1098' M& () - 8] [ NA41O1OMVLOMMLOMM ! $1090VMVE: () - ! $1098 M& () - ! $1098 M () -

, 5109 M& () - s- 109 M MOLECTLAAMERRD 08k nucleic acid
(A) DESCRIPTION: /desc = "synthetic

oligonucleotide 12"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
CCCTGAACCA GGCTCGAGGG CGCGCCTTAR TTAAAAGCTT GCATGCCTGC AGGETCGACTC 60

TAGAGG 66

(2) INFORMATION FOR SEQ ID NO: 11:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 93 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION: /desc = "synthetic

oligonucleotide 13"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:
CCGGCCAGTC AGGCCACACT TAATTAAGTT TAAACGCGGC CCCGGCGCGC CTAGGTGTGT €0

GCTCGAGGGC CCAACCTCAG TACCTGGTTC AGG 93

(2) INFORMATION FOR SEQ ID NO: 12:



'$_ & ()- ,&10% $Z & ()- ,&10% s% & ()- w, &LOY%K tK & ()- 109%&& ()-
| @OY%&&' ()-L|[ NAA1010| 9%40| %40| % , 1099 %&' () -+ , 10%#& () -+ , 109D%& () -+
*810%R& () - ,&10% h & ()-&29|[: NAMA1010 "$10%W & ()- ~$10% & ()-m
&l0YB" & ()-S &10% & ()-S &109B" & ()- FAOYB" & ()-9G vil: deddRd? 2002
109 () - f310%u & ()- f310% & ()- f 316 & ()- f310% & ()- f310%
& ()--0hvU410 Xl 109%&' ()- 10%&' ()- Y, 109%& ()-10;8";10;8";10;8"; N !10%
8";& ()- 1c* 11098" & ()-huX FozY8vU410 #10% "{ & ()-S H#10% v & ()-S
| #109%#& ()-S #10%#& ()-S '9 $10% $ & ()- -!,9 $10%, ,& ()- 0"Al obU4l0
0, ! - 0, 0, 0, 0, ! - 0, ! - 0,

| @O (- 10WOAQLS 000 - oAb BobcsT10% ©

(A) LENGTH: 93 base pairs

(B) TYPE: nucleotide

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid

(A) DESCRIPTION: /desc = "synthetic

oligonucleotide 14"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:
CCGGCCTGAA CCAGGTACTG AGGTTGGGCC CTCGAGCACA CACCTAGGCG CGCCGGGGCC 60

GCGTTTAARAC TTAATTAAGT GTGGCCTGAC TGG 93

(2) INFORMATION FOR SEQ ID NO: 13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 50 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid

(A) DESCRIPTION: /desc = "synthetic

oligonucleotide 15"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

GGTCTAGAAT GGCCTGCACC ARCAACGCCA TGAGGGCCCT CTTCCTCCTC 50



& () S #1094 ()-S4|[:bU410 L10%A& ()- "f31008& ()- 1094 ()- 10%& ()-
1000& ()- f 1099& ()-4 9p|[:bU410 Z109%& ()- , GLOYG& ()- GLOY& ()-

“f @10%%& ()- 1098& ()- |, 1098& ()-p<nt |[:bU410 @. 1098& ()-

@, FLOW& ()- *10%W& ()- ( 10 % & ()- &I0%W& ()- 1150% & Her 2002
olrisitiulI1vU410 10%8& ()- FGLO%E& () - 1050%40% 9y L1098&: ()- B0 () -
ROZ1008@ ()| V" "b#4$?94 [ VW10  SSL0MOE ()-  SSIOMOE! ()-

0@ %09%R& ()-: 109&& ( g T™M 10%#& ()- M 109%K&K&' () - ?290@818&8&8&| 0bU410
3@0% % & () - 1@&10@ RMATIRR EQR D 1DDGMO¢ ) 14¢ &2!1 109R&' () -
s$10%R&' () - 8&&& F' z' . bU410 Z10% %&' ()- s-10% 9% & ()- s910% % & ()-

10% 9% & () - sfl\/IlO% %&()- £10% % & ()-'1(y(((((|[:bUsl0 s10% %&()

Sé‘l(();’/b(_:gfi)gl;*lsl[_lgv %%éﬁ%@}% 0% 0@%&%@%@%0%2{&(93 s10% $

CLF( 940963V () -5 VL" nPAd0%. 23] Q. 28 (). 9 10% % & ()-*
F+HEU+++++| [ NAL010' 9 10° ’ %E&G%lg& BT (Ba ll%10% % & ()-

FS53109% _9% & ()- 310% _% & % & | [: NAATI010 109%&&' () -
1098& ()- ! 109R& ()- sSlo}a(&E)é ()1‘%6% ‘%‘3

109%8&' ()--0-j--p...|[: NA41LOQ vl )- S91098& () -

1098 ()- , yZUd0%R& () - z‘%ﬁm%i?y’@‘“fﬂ?ﬁ%%mé% §11010 Yf5 109&& ()

s- Y1008& ()- Y, 109%& ()-  &9l0@dbrioay FIFLARE () -

f &@L0%&&' ()-00111111alvU410 SS109%R&&" ()-s F@LOWR&S ()- S

109R&& () - 10&10&10& &9109R& ()- F7109%&& ()-allll&2F2|2|[:vU410
yod0%28z& ()- ~109R&& ()- Fl0%R&&L ()- 109R&& ()- 109R&& ()- SS10%

& ()-s|222S3333| [ : vU4lD) MoNBeGsE TYPEY' OtRRSAuEleic: 2RI ()- @
10938 ()- & 109R8&&' ()- YYZ109R&S&' ()-34MAzA4444|[:vU410 ~/10%R&& () -
-109R8&' ()- Y+109R&&' ()- * (FVRSEIORIBIIONRKI¢3e = "synthetic

S& 109R&& () - 45M6555555] [ NA4101028102&1028& 9L109R&&E ()- 7109%R&& ()- | @
109288 () - s3@ubksenygleqtider®s” ()-5566707a7|[: NAA1010 : 10%8& () -
91098 ()- 109&& ()- SS&L0%&& ()- | @OY&& ()- f10%&& ()-a777788' 9| [: NA41010
$109%8& () - |"9100/&& ()- 9MLOYR& ()-s YYL0UR& ()- @ 109R& ()-

Z10%@& ()-' 9Y9999: : | |- NA41010 L Sog 109@& ()= - Z109& (%j@ | +109%8&' () -
L*T109%&& ()- 3(109%&&F3L $RIPBYGE (PESCRAPTION;. §EQ. iR, N9+ 1Aroos & () -
FAQO0% & ()- S 16&6.:&1@::31@&3:@&1:@&@%&%6()GCABMEQWC(AFGEQC<<<<*—c | [: vEZ10
F 10% & ()- @10%' & ()-F 10% & ()- L10% & ()- 10% & () -

| 109% & ()-c===>6>| >>| [: vU410 &s$310% & ()- &'"10% & ()- 10% & ()- 0&s
10984 ()-3 &s10% & ()- &10% & () - >>?429???|[: vU410 & 10% & () -

& &10% & () - +SIH 8{1@0121&7\1&@&’0150{1) SE? CH0%ps @

@10% & ()-2?@@@ @ @@ [ NA41010"10" 10" 9 10%& ‘O- 710% & () -
,5Z10% & ()- "310% & ()- & 1@ 0% & () - @@ AAAB| [ : NA41010  109884& () -
10900& ()- 10988& ()- L, 109960& ()- FE@LOWAR ()- , 10988& ()-B;
BhBBACCC] [ : NA41010 s{#10Y8BGUENCESCHABMEERIFTICE0% $& () - 33M 10%88& () -
_&@L0YRYEME! () - F s  10988& () - CD: Dl DDDE [ : NA41010 / 109984 ()- - &L0%6&: () -
3+91 10908& ()- )310900& ()-(AS10UB8@TH)-81 base pairs

s, &109004& () - E( ECEEEEEEE]| [ NA41010986 09940996 8S10900& () - 710984 ()- F5@
10900& ()- 93 10996& ()- | (B10YE¥EE [ )nerbrotied | ; NA41010 (10% 6% & ()-

@10% 6% & ()- r@109%&' ()- 100/ - Y@ 0YR&
10%&? ()-"G G GaGhCc GG DNA! blo%%%?ﬁé%ﬁ 6$S&‘(‘? , (10% 6%

(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA

(ix) FEATURE:

(A) NAME/KEY: CDS



& ()-",(10%6$ & ()-",(10% 6% & ()-", (10% 6$ & ()-"dGoGNGEEEG ?NA41010, (10%
6% & ()-",(10%6% & ()-", (10% 6% &'() " (10% 6% & ()-",(10% 6% & ()-", (10%
6% & ()-"GGGEGGE " DNA41010, (10% 6% & ()-", (10% 6% & ()-"), (10% 6%

& ()-",(10%6$ & ()-"6, (10% 6$ & ()-"% K! #(GGGGGGGT4M4&>G::(>EQ% 6602

& ()-",(10% 6$

(B) LOCATION: 7..73

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

TCTAGA ATG GCC TGC ACC AAC AAC GCC ATG AGG GCC CTC TTC CTC CTC 48
Met Ala Cys Thr Asn Asn Ala Met Arg Ala Leu Phe Cys Ile
l 5 10
CTG CTC TTC TGC ATC GTG CAC GGC GCCGAARTTC 81
val Leu Phe Cys Ile Val His Gly
15 20

(2) INFORMATION FOR SEQ ID NO: 16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION: /desc = "synthetic

oligonucleotide 17"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

GATARGCTTA TCGGTTCCTG CGTG 24

(2) INFORMATION FOR SEQ ID NO: 17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear



& ()-",(10% 6% & ()-", (10% 6% & ()-"/Kl #(, (10% 6$ & ()-" GEEEEEEW

NA410, (10% 6$ & ()-", (10% 6% & ()-",(10% 6% & ()-"/K #(,(10% 6% & ()-", (10%
6$ & ()-"GEECGEEEH \ <NA410, (10% 6% & ()-", (10% 6% & ()-"/ K #(, (10% 6%

& ()-",(10% 6% & ()-", (10% 6% & ()-" GGHHHHHOZNA410, ( 1% &b tebe)- Dbl (, (10%
65 & ()-", (10% 6% 12

{ii) MOLECULE TYPE: Other nucleic acid
(Aa) DESCRIPTION: /desc = "synthetic

oligonucleotide 18"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:

GGCTCGAGTC AAGTCTCGCA CCAGCAGTTC AC 32

(2) INFORMATION FOR SEQ ID NO: 18:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 213 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA
(ix) FEATURE:

(A) NAME/KEY: CDS

(B) LOCATION: 7..205

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18:

TCTAGA ATG GCC TGC ACC AAC AAC GCC ATG AGG GCC CTC TTC CTC CTC 48



& ()", (10% 6% & ()-",(10% 6% & ()-"H H H' HHSHY%H DNAA10, ( 10% 6%/ K! #(, ( 10%
65 & ()-"% (10% 6% & ()-", (10% 6% & ()-", (10% 6% & ()-", (10% 6%

& () -" % H HOHLH2H3HOSNAA10, ( 10% 6%/ K! #, (10% 6% & ()-", (10% 6% & ()-"(, (10%
6 & ()-"(, (10%6S & ()-"(, (10%6$ & ()-"(,(10%6$ 11 October 2002

& () - " 3H4HEHDHGHI HSHPPONA4 L, ( 10% 63 & ()-%3(10% 6$

Met Ala Cys Thr Asn Asn Ala Met Arg Ala Leu Phe Cys Ile
1 5 10

CTG CTC TTC TGC ATC GTG CAC GGC GAT ARG CTT ATC GGT TCC TGC GTG 26
val Leu Phe Cys Ile Val His Gly Asp Lys Leu Ile Gly Ser Cys Val
15 20 25 30

TGG GGT GCT GTG AAC TAC ACT TCC GAT TGC AAC GGT GAG TGC AAG AGG 144
Trp Gly Ala Val Asn Tyr Thr Ser Asp Cys Asn Gly Glu Cys Lys Arg
35 40 45

AGG GGT TAC AAG GGT GGT CAC TGC GGT TCC TTC GCT AAC GTG AAC TGC 192
Arg Gly Tyr Lys Gly Gly His Cys Gly Ser Phe Ala Asn Val Asn Cys
50 55 60

TGG TGC GAG ACT TGACTCGAG 213
Trp Cys Glu Thr
65

} (2) INFORMATION FOR SEQ ID NO: 19:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 838 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: double

(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA
(ix) FEATURE:
(A) NAME/KEY: CsVMV promoter
(B) LOCATION: 7..532
(ix) FEATURE
(A) NAME/KEY: multiple cloning site

(B) LOCATION: 533..568

(ix) FEATURE



& ()", (10% 6$ & ()-",(10% 6$ & ()-", (10% 6$ & ()-"/ K! #( SHVHWHoHdHe Hf Hs W
NA4L, , (10% 6$ & ()-", (10% 6$ & ()-", (10% 6$ & ()-", (10% 6$ & ()-"/ K #(, (10%
6% & ()-"fHgHhH H HvH-H \ <NA41, , (10% 6% & ()-", (10% 6% & ()-"/ K #(, (10% 6$
& ()-",(10% 6% & ()-", (10% 6$ & () -" ~HHHHHHHOBNAAL, ( 1% &% t&bek- 2o§b#(, (10%
63 & ()-", (10% 6% 14

(A) NAME/KEY: terminator
(B) LOCATION: 569..832

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

AAGCTTCCAG AAGGTAATTA TCCAAGATGT AGCATCAAGA ATCCAATGTT TACGGGAAAA 60
ACTATGGAARG TATTATGTGA GCTCAGCAAG AAGCAGATCA ATATGCGGCA CATATGCAAC 120
CTATGTTCAA AAATGAAGAR TGTACAGATA CAAGATCCTA TACTGCCAGA ATACGAAGAA 180
GAATACGTAG AAATTGAAAR AGAAGAACCA GGCGAAGAAA AGAATCTTGA AGACGTAAGC - 240
ACTGACGACAR ACARTGAAAR GAAGAAGATA AGGTCGGTGA TTGTGAAAGA GACATAGAGG 300
ACACATATAA GGTGGAAAAT GTAAGGGCGG AAAGTAACCT TATCACAAAG GAATCTTATC 360
3 CCCCACTACT TATCCTTTTA TATTTTICCG TGTCATTTIT GCCCTTGAGT TTTCCTATAT 420
/ ARGGAACCAA GTTCGGCATT TGTGAAAACA AGAAAAAATT TGGTGTAAGC TATTITCTTIT 480
GAAGTACTGA GGATACAACT TCAGAGAAAT TTGTAAGTTT GTAGATCTCG ATTCTAGAAG 540
GCCTGAATTC GAGCTCGGTA CCGGATCCAA TTCCCGATCG TTCAAACATT TGGCARTAAA 600
GTTTCTTAAG ATTGAATCCT GTTGCCGGTC TTGCGATGAT TATCATATAA TTTCTGTTGA 660
ATTACGTTAA GCATGTAATA ATTAACATGT AATGCATGAC GTTATTTATG AGATGGGTTT 720
TTATGATTAG AGTCCCGCAA TTATACATTT AATACGCGAT AGAAAACAAR ATATAGCGCG 780
CAAACTAGGA TAAATTATCG CGCGCGGTGT CATCTATGTT ACTAGATCGG GGATCGAT 83s

(2) INFORMATION FOR SEQ ID NO: 20:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1036 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: double

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

(ix) FEATURE:

(A) NAME/KEY: CsVMV promoter



& ()5, (10% 6% & ()-",(10% 6$ & ()-" HHHHHHHE DNA4L, ( 10% 6%/ K! #(, ( 10% 6%

& ()-"% (10%6$ & ()-", (10%6$ & ()-", (10% 6% & ()-", (10% 6%

& () - " HHHHHHH_?NA41, (10, (10% 6$ & ()-", (10% 6$ & ()-",(10% 6$ & ()-", (10%
6% & ()-",(10% 6% & ()-",(10% 6% & ()-"HHHHHHH| ~ DNA411410ct58%x6$ 002

& ()-",(10%6$ & ()-"), (10% 15

(B) LOCATION: 7..532
(ix) FEATURE

(A) NAME/KEY: CDS

(B) LOCATION: 539..736
(ix) FEATURE
(A) NAME/KEY: nos terminator

(B) LOCATION: 767..1030

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:

AAGCTTCCAG AAGGTAATTA TCCAAGATGT AGCATCAAGA ATCCAATGTT TACGGGAAAA 60
ACTATGGAAG TATTATGTGA GCTCAGCAAG AAGCAGATCA ATATGCGGCA CATATGCAAC 120
CTATGTTCAA AAATGAAGAA TGTACAGATA CAAGATCCTA TACTGCCAGA ATACGAAGAA 180
GAATACGTAG AAATTGARAR AGAAGAACCA GGCGAAGAAA AGARATCTTGA AGACGTAAGC 240
ACTGACGACA ACAATGAAAA GAAGAAGATA AGGTCGGTGA TTGTGAAAGA GACATAGAGG 300
ACAC&\TGTAA GGTGGAAAAT GTAAGGGCGG AAAGTAACCT TATCACARAG GAATCTTATC 360
CCCCACTACT TATCCTTTTA TATTTTTCCG TGTCATTTTIT GCCCTTGAGT TTTCCTATAT 420
i ARGGAACCAR GTTCGGCATT TGTGAAAACA AGAAAAAATT TGGTGTAAGC TATTTITCTIT 480

GAAGTACTGA GGATACAACT TCAGAGAAAT TTGTAAGTTT GTAGATCTCG ATTCTAGA 538



6$ &ﬂ()-",(lO%)6$ & ()-"6,(10% 6% & ()- "96K'#(HHHHHHHtT4NA41 (10% 6%

& ()-",(10%6$ & ()-", (10% 6$ & ()-
& () - " HHHHHHHS W NA41, (10% 6$ & () -

", (10% 6% & ()-
' (10% 6% & () -

6$ & () " (10% 6% & () - " HHHHHI | | \ <NA41, (10% 6$ &
& ()-" K'#( (10% 6% & ()-", (10% 16

K #(, (10% 6%

", (10% 6% & ()-
()- "1010¢t6ber 2002

"I KI#(, (10%

ATG GCC TGC ACC AAC ARC GCC ATG AGG GCC CTC TTC CTIC CTC GTG CTC 586
Met Ala Cys Thr Asn Asn Ala Met Arg Ala Leu Phe Leu Leu Val Leu
1 5 10 15
TTC TGC ATC GTG CAC GGC GAT ARG CTT ATC GGT TCC TGC GTG TGG GGT 634
Phe Cys Ile Val His Gly Asp Lys Leu Ile Gly Ser Cys Val Trp Gly )
20 25 30
GCT GTG AAC TAC ACT TCC GAT TGC AAC GGT GAG TGC AAG AGG AGG GGT 682
Ala Val Asn Tyr Thr Ser Asp Cys Asn Gly Glu Cys Lys Arg Arg Gly
35 40 45
TAC AAG GGT GGT CAC TGC GGT TCC TTC GCT ARC GTG ARC TGC TGG TGC 730
Tyr Lys Gly Gly His Cys Gly Ser Phe Ala Asn Val Asn Cys Trp Cys
50 55 60
GAG ACT TGACTCGAGG GGGGGCCCGSG TACCGGATCC AATTCCCGAT CGTTCAAACA 786
Glu Thr
Py 65
N 7
TTTGGCAATA AAGTTTCTTA AGATTGAATC CTGTTGCCGG TCTTGCGATG ATTATCATAT 846
AATTTCTGTT GAATTACGTT AAGCATGTAA TAATTAACAT GTAATGCATG ACGTTATTTA 906
TGAGATGGGT TTTTATGATT AGAGTCCCGC AATTATACAT TTAATACGCG ATAGAARRACA 266

AAATATAGCG CGCAAACTAG GATAAATTAT CGCGCGCGGT GTCATCTATG TTACTAGATC 1026

GGGGATCGAT

(2) INFORMATION FOR SEQ ID NO: 21:

(1)

SEQUENCE CHARACTERISTICS:

(A)
(B)
(C)

(D)

LENGTH:

TYPE: nucleotide

STRANDEDNESS :

TOPOLOGY: linear

52 base pairs

single

{(ii) MOLECULE TYPE: Other nucleic acid

(A)

DESCRIPTION:/desc = “synthetic

oligonucleotide 1~

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

1036



6% & ()-",(10% 6% & ()-"111111108NALL, (10% 6$ & ()-"/ K #(, (10% 6%

& ()-",(10%6$ & ()-",(10%6$ & ()-",(10%6$ & ()-"I1111 I!1tDNA4L, (10%
6/ K #(, (10% 6% & ()-"% (10%6$ & ()-", (10%6$ & ()-", (10% 6% & ()-", (10%
65 & ()-"11:1:1<l=I> 71 0SNA4L, (10% 6%/ K'# (10% 6% & (11" 0&E6Be532002

& ()-"(,(10% 6% & ()-"(,(10%

AGCTTGGATA AAAGAGACAA GTTGATTGGC AGCTGTGTTT GGGGCGCCGT CA 52

(2) INFORMATION FOR SEQ ID NO: 22:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 56 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

C) (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION:/desc = “synthetic

oligonucleotide 2"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22:
AGTGTAGTTG ACGGCGCCCC AAACACAGCT GCCAATCAAC TTGTCTCTTT TATCCA 56
(2) INFORMATION FOR SEQ ID NO: 23:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 52 base pairs
(B) TYPE: nucleotide

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid



6% & ()-"(,(10% 6% & ()-"(,(10% 6% & ()-"?1 @Al BI Cl DI W ~I nL41, (10% 6%/ K

1 109& ()-- ,Y&L0% & ()-Z10 6% 10 6$ 10 6$ , (10% 6$

& ()-"1 K #(~I JI(K8KzKK| [: L4L, ,YY'1109%A & ()-° ,s 10% & ()- ,f10%& ()-

1, &10%(1& ()- ,sys10% & ()- , T! 10% & () - KILKLLL3VEM 11 Léddtobed 0266 () -

LS/ MLOY#& ()- ,s- @O% & ()- ,Y+10% & ()- ®s,)910% & ()-m

XYY"'110% "', & ()-> EM-MWMVWMWU4L |, @O%& ()- , 109%¢& () -

,Y@O%#&' ()-10(10(10( ,610% & ()- , Y4z 10% & () - MNHNLNVNNN]| [ : vU41 |
“910%#& ()-, , @!10% & ((A), DESTHEREION: /dE094:8 ($ynthet@es& () -

9 10%t& () - NO, COChPP| [ : vUAl , , 9/ mlO%t&' ()-, , "10% & ()-, z "109%&" Z& ()-

7 "10%" Z& () oligomwkeptide 3'10%{' & () - PPPQOOOOQVUAL |, , 10% & () -
,Y10% & () - 10#10#10# , 510%t& ()- , L3y10%t& ()- _

" sl 18109%#& () - qQ-QQORARR| [ vUAl , (@A0%W W& () - 10%&' ()- ,10%& ()- ,y

10% & ()- ,L 10% & () 10% &é) R7SS3TTTTU| [ ;v - 10%¢& () -

1 110% & ()- pl - Pe0SERYENCE | PEECRE BRI @&59' %@0@‘%&'2@)&@

@40% & () - UTUUUUUUUU| obWl , 10%' & ()-10' 10' 10' , 6F10% & () -

15110% & ()- ,s93 10% & ()- , Y110% & () - UKV [ bUAL , , y! 109B% () - g

Iy o 5 St bl ot S o 0 sto0si (-

| 10%' & ()- ,9-10%" & ()- , 9-10%& () - TYYYZdZZZZZ| [ NA4110>' 10> 10>
"610%' & ()- , D3 10%' & ()- LS/rrfLO%> & ()- ,Ls-t10%" & ()-

+100/(> & Z S 1096 (s&

, S llO%;(gz& ()4[23)[ : [11[(5\£/s(s& ()ﬁg&\l 910%; ?sgpggm 2gh&1owgy& 8 [ 7\;
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24:

CACAATGGCC ACCCTTGTAA CCGCGGCGCT TGCACTCGCC GTTGCAGTCA CT 52

(2) INFORMATION FOR SEQ ID NO: 25:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 56 base pairs
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J (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25:

CCATTGTGGA TCCTTCGCTA ACGTTAACTG TTGGTGTGAA ACCTGATAGG TCGACA 56
(2) INFORMATION FOR SEQ ID NO: 26:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 52 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION:/desc = “synthetic
oligonucleotide 6~

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:

GATCTGTCGA CCTATCAGGT TTCACACCAA CAGTTAACGT TAGCGARAGGA TC 52



- e

V& ()- , @FWO0%E ()- @ FWO0%& ()- , @FWOY& ()- ,P@FWO0%& ()- @
FOLOYR ()-zzzzzzz{{vU4l , 10% Y& ()- , F-10% Y& ()-10*10*10* ,y, +10% & () -
"f,, #L0WDVE ()- ., #109%& () - {{-{M{{T||[: VU1 , , &@ 10%CY& ()-*, dC
1008 ()-* LC 10% y& ()-* ( <1094 1& ()-* , 10% & ddtobetl @962

Y& ()-T|r|||)}Kitj}|[:-410Y Y, ,810% Y&Y)-, , 5310% Y& ()- ,' 10%f
Y& ()-3 8 10%he& ()-3 W109%& ()-3 ,L$10% Y& ()-j}k}1}In}}}}}bA410Y Y,
=,910% & ()- ,9y10% & ()- , 10%' & ()- ,10% & ()- ,Ss109% & ()-10Y Y10Y
Y} ~) ~R-~~c| [: A410Y Y, ,!10% & ()-6 2 109%"& ()- , 2 10%& ()- 2 109% & ()-

 F@L0% & 0%.& & ().-cl *| Z9A410Y +3109% & ()-! F(- &L0%&' () - -

RF( - &1(((3%&&& (%J’- &gﬁﬁf&%?go(‘% %OA’%;S%@%&RE‘%%#M&@& §) 6*Hxv8110 ,
10% & ()-( , F10%& ()- ' 10R 10R 10R "f/310%R & ()-S "/ 310% & ()-S-
,f1310% && () - SIA| [ ; VU410 , " 10% & ()- 10%{&()-‘ 0, 1094 & () -

h,' 10% 1< & 098! . s$ 10% & ()--, S$
10% & () - - 53§5) 10%%&@ E%%‘&émﬁ%’%% > love: ()QVU413
. Y@L0%( & 0% ( & 10 1 o8 0
L0 & ()2l w0 r%léggq(g%%%ms Ry il ,() MLO%g(& () - . (
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid
() DESCRIPTION:/desc = “synthetic

oligonucleotide 19~

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 27:
GATCCTTCGC TAACGTTAAC TGTTGGTGTA GAACCTGATA GG 42
(2) INFORMATION FOR SEQ ID NO: 28:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 42 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid

(A) DESCRIPTION:/desc = “synthetic
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(ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION:/desc = “synthetic

oligonucleotide 21~

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29:
CTAGTGACTG CAACGGCGAG TGCTTGTITGC GC 32
(2) INFORMATION FOR SEQ ID NO: 30:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 26 base pairs

(B) TYPE: nucleotide
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(2) INFORMATION FOR SEQ ID NO: 31:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid

(A) DESCRIPTION:/desc = “synthetic

oligonucleotide 23”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31:

CTAGTGACTG CGCTGCTGAG TGCAAGCGGC GC 32
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(2) INFORMATION FOR SEQ ID NO: 32:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

) (ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION:/desc = “synthetic

oligonucleotide 24~

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32:
GCCGCTTGCA CTCAGCAGCG CAGTCA 26
(2) INFORMATION FOR SEQ ID NO: 33:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 40 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION:/desc = “synthetic

oligonucleotide 25”
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1 O 1 1 Yl O 1 1 _3
Y109 [ & ( Olq(if%(gEQUENCE DESCRIPTION: SEQ ID NO: 33:
AGCTTGGATA AAAGAGCTGC TGCTGCTGGT AGCTGTGTTT 40
(2) INFORMATION FOR SEQ ID NO: 34:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION:/desc = “synthetic
oligonucleotide 26"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34:
GGGGCGCCGT CAACTACA 18
(2) INFORMATION FOR SEQ ID NO: 35:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 22 base pairs

(B) TYPE: nucleotide

(C) STRANDEDNESS: single
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(ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION:/desc = “synthetic

oligonucleotide 27~

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35:

CTAGTGTAGT TGACGGCGCC CC 22

(2) INFORMATION FOR SEQ ID NO: 36:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 36 base pairs

({B) TYPE: nucleotide

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid

(A) DESCRIPTION:/desc = “synthetic

oligonucleotide 28~*

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36:

AAACACAGCT ACCAGCAGCA GCAGCTCTTT TATCCA 36

(2) INFORMATION FOR SEQ ID NO: 37:
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(i) SEQUENCE CHARACTERISTICS:
[ (A) LENGTH: 26 base pairs
(B) TYPE: nucleotide
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Other nucleic acid
(A) DESCRIPTION:/desc = “synthetic

oligonucleotide 30"
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