WD 99/ 53053 PCT/ FR99/ 00843 1 GENE ENCODI NG
HELI OM CI NE AND | TS USE The subject of the present invention is a new
cysteine-rich peptide called heliomcine, its use as a nedi canent and the
conpositions containing it, a DNA 5 sequence encoding this peptide, a
vector containing it for the transformati on of a host organi smand the
met hod of tranwboppyB80BBe said organi sm The inventi onPCEV/ERO9 /00843
particularly to the transformation of plant cells and of plants, the 10
hel i om ci ne produced by the transfornmed plants conferring on them

resi stance to di seases, J | ri. gl T Is currently
an increasing need to M%@Lﬂﬁlwlﬁ%@sks Fﬁ’%art I cul ar
fungal 15 diseases, in o r .redu e i lLag to_use
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I n transform ng ants so tha ey produce substances 20 capable o

providing thei pedetaneatagadnehet b8mBodi$2388S cohaliRgnki ¢kd af pheman
heal t h, opportunistic fungal infections exist for which no truly effective

treat ment cugrreegugned sheodifgP@hisCpeptidel)i a vectbe 2ontaseihegr igertain
serious invasive nycoses which affect hospital patients whose i mune system
i s suppressed ffolkl ahengransfarmptdoh, od ahaosthetapyism Bh¥ 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
particuiar 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



2 infection. Conpared with the antim crobial 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 substances of natural origin, in particular peptides, are known

whi ch exhi bit bactericidal or fungicidal properties, in particular against
the fungi responsible for plant diseases. Bowever, a first problemconsists
in finding such 10 substances which not only can be produced by transforned
pl ants, but which can still preserve their bactericidal or fungicidal
properties and infiéetiohenCompahedswithpthatantimicroeiplrpgers of the
present invention, bactericidal or fungicidal is understood to 15 nmean both
the actual bact@arsenahi bhef guyrentarapgepef t artifwngaheagerteridsyeryc or

fungi static progertles Cysteine-rich peptides are al so known whi ch exhi bit
bactericidal orlbattedi cBtaert ae?iivﬂf%gf%ﬁteﬂzesm% goarREtexh i t

fungi cidal or fun tatjc activi Anot ists in finding a
cysteine.rich piBtI SEVBHPRILENNFhREESR PF g FLEEReR aFn%?t?ﬁﬁﬁ?statlc
el om oine Pa. a pepti de 72Dt aPRASRPEHFRRE®raErBROHERT oPELRERT B dopt er on
Hel iothis viresgens: whhgh SXBLPELS, TYPG £h8GL AfiLEYN! Lynagagnst the fungi
bactericidal or fungicidal properties, in particular
against the fungi responsible for plant diseases.
However, a first problem consists in finding such
10 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
15 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
20 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.
25 Heliomicine is a peptide isolated from the
haemolymph of the lepidopteron Heliothis virescens

which exhibits fungicidal activity against the fungi



3 responsi ble for plant diseases and the fungi of human or ani nal
pat hol ogy. After having first synthesized the gene for heliomcine, it was
al so found that it could be inserted into a host organism such as a yeast
or a5 plant, so as to express heliom cine and either produce purified or
nonpurified heliomcine, or confer on the said host organi smproperties of
resi stance to fungal diseases, providing é3particularly advant ageous
solution to the problens set out above. 10 The subj ect of the
invention is therefore_ first heliomcine, its use as a nedicament or in
agrocheni stry FESPOREiRIS: £or Blagt Pdigsmeses: Red SSoduriganSicdwparsing it,

a nucleic acid fragnent encodi,ng hel.iom cine, a ¢hineric ne .conpr.ising
Che 15 sai d f r SSEtt Terkc SMCRT UM o oo RAYIRG! | 128 thSVERes)gas the
regul atory el enents at tk\hﬁ'Sl .and 3' . ositiogs 'o%hdfq__?) ftun%t ic%n in a host
organi sm in p&iccdiCXr HEHAPRISHDSs, 151 X3S a8 4G &9 0rt Tt FRReFor ni ng
t he host organi | i t | Jreri c g ; t r.a r med
host organi sm q%{ﬁéﬂ%%%%g]é?%g %o%é)%&r %r? orlr?gnd %rﬁg:rl?t %(%cejﬁ @%gtr?ttai%?ic (r%g at

| east one nupl ehieAcl ddf LAOTRNGeRLAM B NRKRIH ARl chd BlodiRy Stant

to di seases containing the said cell, in particular which is regenerated

fromthis 25 celiriflited italohpidlidties te1a oMo, 0fort IctHedr @ ants to
make themresi stant to di seases into which a

said host organism properties of resistance to fungal
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



gene encoding heliomcine is inserted by neans of an 4 appropriate
vector. It finally relates to a nethod of preparing heliomcine by
transfornmed host organisns. Heliomcine is understood to nean according to
the invention any peptide conprising essentially the 5 peptide sequence of
formula (1) bel ow, Xaa- Cys- Xab- Cys- Xac- Cys- Xad- Cys- Xae- Cys- Xaf - Cys-Xag (1)
10 in which: Xaa is -NH2 or a peptide restdue conprising from1 to 10 ani no
acids, preferably from1l to 6 am no acids, Xab is a peptide residue
conprising from1 to 15 10 amno acids, preferably 10, Xac is a_peptide
resi due of 3 BRRPRIIAES VeRFIL- dpdpinalely ess it difprad MePI¢ Rt 1 to 9
am no acids, preferably 9, Xae is a _peptide resid conprising froml to 20
7 am no aci ds PYRA IRetiomigineg kgf PR &R gl%s%forlga&?ﬁﬁ%s aci d, and
Xag is -OH or a peptide Jdue conprising froml to 5 amno acids
breferanly 1 or o amno BN GHIOIR HPGer S b MR GRS of ¢ he

ARG Ri s & RN S T LR

conprises at |east orne basi ageo rises 1
2, 3 or 4 basig. MR sequence of formula (I) below,

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 1invention, 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



5_acids. Advantageously, Xad represents the foll ow ng peptide sequence
-Lys-Xad' - Xad"-Ady-H s-, in which Xad' represents a peptide residue of 1
basic am no acid and 5 Xad" represents a peptide residue conprising fromO
to 5 amno acids, preferably 5. Basic am no acids are understood to nean
nore particularly according to the invention the am no acids chosen from
| ysi ne, arginine or honoarginine. 10 5 Preferably, Xad represents
the foll owi ng peptide sequence -Lys-Arg-Arg-dy-Tyr-Lys-@y-Ady-His- or
Leu-Leu-Arg-@y-Tyr-Lys-Ay-Ay-H s-. According to another preferred
enbodi nent of @ER8Si-nventi on, Xac conprises at |east one acidic anmno 15
acid, preferably one. Advanta eOUS|i3 Xac represents the faol |l ow ng peptide
c

sequence_-Asn-Xac'-%ac"Agvﬁﬁt BEHs jXFQpF835ﬁ5§n§SpEB?igeligyfﬂge of 1

apino aci & aggiaa, LepleRgnl o ogPRRll 05 heskie ol L sl dhe cabag, oct o

et on oY AR e RUBEL A e UL U A0S B

0ot oI, 25 Eef o eBRRtE! hepBErdahsabiglS somoriping BRBACIPULY o
5 amino acids, preferably 5.

Basic amino acids are understood to mean more
particularly according to the invention the amino acids
chosen from lysine, arginine or homoarginine.

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
preptide sequence -Asn-Gly-Glu- or Ala-Ala-Glu-.

Advantageously,



Advant ageousl vy, 6 Xaa represents the foll ow ng peptide sequence
Xaa'-Ay- Xaa"- in which Xaa' represents NH2 or a peptide residue
conprising 1 to 9 amno acids, preferably 1 to 5 am no acids, and xaag
represents a peptide residue conprising 5 at | east one am no acid,
preferably chosen fromLeu, Ile, Val, Pro, Ser or Thr, and/or Xab
represents the follow ng peptide sequence® Val- Xab'-Asp-, in which Xab'
represents a peptide residue conprising fromO to 8 am no acids, preferably
8, 10 and/or Xae represents the follow ng peptide sequence -Qd y-Xae'-Asn-,
in which Xae' Kaprerepnesentpephedéoldeving perpifsi AEIRELBAL0XAB ' 5CGANI no
acids, preferably 5, and/or 15 Xaf represents_one of the follow ng. am no
acids - Trp-, PRea"teidn vhachrXeal HRBFEFERAE§ NEprdsehiRERNES YR

pepti de sequence -d u-Xag. in which Xag'_represe@ts CEIor a vgriable

resi due havi ngC9™BE4§eRTelcbRpPi 8MhgOr 6H7E  t BrRLSRPRLYali HS, 228™HP8f er abl v

1 am no acid. Accqrding.tg a, nore preferred _enbodi ment.qf the invention,
Xaa representsaFﬁgsfo?ggwﬁﬁa"pEﬁPFggeggauanggggﬁg?A§5§E@g?LgﬁmPFé§éP§-Ser-
O s T R, oS Sy HB Ry “REBben Bk 10 5
Ile, Val, Pro, Ser or Thr, and/or
Xab represents the following peptide sequence -Val-
Xab'-Asp-, in which Xab' represents a peptide residue
comprising from 0 to 8 amino acids, preferably 8,
10 and/or
Xae represents the following peptide sequence
-Gly-Xae'-Asn-, in which Xae' represents a peptide
residue comprising from 0 to 5 amino acids, preferably
5, and/or
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



Asp-, and/or Xae represents the follow ng peptide sequence

-3 y- Ser - Phe- Al a- Asn- Val - Asn-, and/or Xaf 7 represents the follow ng
amno acid -Trp- and/or Xag represents the foll ow ng peptide sequence
-@u-Thr-0OH or -Arg-Thr-CH According to a nore preferred enbodi nent of 5
the invention, the heliomcine is the peptide represented with its coding
sequence by the sequence identifier No. 27(SEQ ID NO 2). The same sequence
is described, corresponding to amno acids 6 to 49 of the sequence
identifier No. 1 (SEQID NO 1) with a 10 different coding sequence. The
NH2- t er mi nal reeRTRReNES tdahiinklowing amning fdig i-a- fwifacadaon, for
exanpl e an acetylation, likewi se the Cterm pal residue may exhi bit a post-
transl ati onal TRRESISRHS dihe iRl WHRY PeRF1gR RRIUANCe 5 GLu-Thr-0H panij de

sequence conpri si essentjally the peptide sequence of general fornula (1)
i s under st ood ?Q)%ﬁ%ﬁfﬁhﬁ'dﬁ% y the sequences defined above, but al so such

sequences conprising at .gj ..0 ejr d ot h_ends ept i de
resi dues necessary for tphéeéléle%éex%gr.'ea{ssl?o?r}e nrdaqn{eafr?‘lc]g:;eé?ier{ggjx?dr’lin?!lelrhoscfOtt

or gani sm - HpSt 0L GARIGHE 4 ch UNIRS HOOCQ IR ATRhOHAIN 1B COMPI i Sing at

| east one cell, whether mcroorganisns, 1 n particu yeast or a

gggh e;isum or @ddRsdid el ti anls CRldsnPrs R iy e NHERfInE gani sis
identifier No. 2 (SEQ ID NO 2). The 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



25 plants. This may be in particular a "peptide- heliomcine" fusion
pepti de whose cl eavage by the 8 enzymatic systens of the host organism
allows the rel ease of helion cine, heliomcine being defined above. The
peptide fused with heliomcine nay be a signal peptide or a transit peptide
whi ch makes it 5 possible to control and orient the production of
heliomcine in a specific manner in a por?ion of the host organism such as
for exanple the cytoplasm the cell menbrane, or in the case of plants in a
particul ar type of cell conmpartnent or of tissues or in the 10

extracel | ul ar SRAYNBELIAEARY) 2o B Wt RraaRish Rl k9whdiie pept i de may

be a signal for chloro st. or mtochqndrial, hom ng,. which.is then cl eaved
in the chl orop'T%Ps?ass%r‘P’% ﬁ'ée]rﬁqn&ﬁf&ﬁl'r ic}he.dfli%“lune bhing Ai%%’rriﬁ g to anot her
enbodi nent of t.he_ invyention, the signal t.i de. e Nt erm nal si gnal
or "prepepti deCo%ht ir%heall?‘ipﬁlhé]%o%b%%ciﬁ%ﬁpv&ﬁmgﬁ%%n%ﬁ&r%s%%nag bl e for
retaining the in. lnd 1 G, el 3y i for

vacuol ar hom n%{%%&é%lo{)%pﬁlﬁg e&erﬁo%ﬁag%%h%r%i cu umJT'j'Ssa the site
where the opergddons:d ofo REAHESST ehd Nor At ik REslicei oS Ush as for
exanpl e the cl'eavage of the signal peptide, are perforned by the "cellul ar

heliomicine in a specific manner in a portion of the
host organism, such as for example the cytoplasm, the
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



machi nery". 25 The transit peptides nmay be either single, or
double, and in this case optionally separated by an internedi ate sequence,
that is to say conprising, in 9 the direction of transcription, a
sequence encoding a transit peptide of a plant gene encoding a plastid

| ocal i zati on enzyme, a portion of sequence of the N-termnal mature part of
a plant gene encoding a 5 plastid localiz&ion enzyme, and then a sequence
encodi ng a second transit peptide of a plant gene encoding a plastid

| ocal i zation enzyne, as described in application EP 0 508 909. As transit
pepti de useful thecdrupagien ofetIansAyERELION, 2nEPEURRGSHENARALISNRd in
particul ar the signal peptide of the_tobacco PR-1a_gene de cribgd by
Cornel i ssen et tEpNSikcpeRE:AGAEWRAt RIRRE gﬁﬁ?nﬁnggagﬁﬂc@ By2fht%sequence

identifier No. 2, in_ particular when heljonicipe,_i duced | ant cel |
15%0r plants, bPoehbREbel SBEVBF [ AcPoF SHAD F DRGHGHEF: fi Eifie is

produced 0 Y oReLBonllen HSLEPRPEREL Rz NFBLLRR, bERECERECIEEN e e
ha o o o By b SEEMTSLREBH LAty tena o, ossetustee o0t o | o
No. 1 (SEQID ughéhing a second transit peptide of a plant gene
encoding a plastid localization enzyme, as described in
application EP 0 508 9009.
As transit peptide useful according to the
10 invention, there may be mentioned in particular the
signal peptide of the tobacco PR-la gene described by
Cornelissen et al., represented 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-la 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).



corresponding to anmno acids 1 to 49. The "PR-la signal

pepti de-heliom cine" fusion 25 peptide and its coding sequence are al so

part of the present invention, described in particular by the sequence
identifier No. 3 (SEQ ID NO 3). 10 The fusion peptide conprising the
signal peptide of the maize polygal acturonase PGl gene fused with _
hel'i omi ci ne "PGL signal peptide/helionicil" is represented with its coding
sequence by the sequence 5 identifiers Nos. 18 and 20 (SEQ ID NO 18 and SEQ
I D NO 20). According to a preferred enbodi nent of the invention, the
cysteine residues of th&hRefudenPraRirids £quprismg fthe @mr?agneb y

I nt ranol ecul ar dis%%fqgge 10 br,dge, preferably three disul phide bridges.
According to PR %m%tp%YQ%QWQ%,PQJheQ%%Lﬁ%ﬁ%e

bri dges are esv}.atg_lisetiedo bhet.ween, t he c.yste_llsne resjdyes 1 and 4, 2 and 5, and
3 and 6. Heli of©l AT ROMIGHS (.&Wﬁlcq:‘lﬁ PEPLIARY ’aﬁ“llf’é’c,etl\ﬁeg_ag?l nst
fungi and yea Qﬂg|Q§y b sed preventa ivq%i ar_curatively to
protect vari oaée%orr gani sns “gia:gﬂlis fcﬁorégieﬂg At TACKRS. S %tWe SRS H et i OE
therefore rel almdiiald QEL NG Tnd TPUGAHH nd tlsa'a%fs%rgt P Lhe
use of heliomcine 20 forqqtrghe t reat ment oq‘ pl ant s agdai ng} fu all%acfacks,
by applying helgyom cine directly to the said plants.

According to a preferred embodiment of the
invention, the cysteine residues of the peptide of
formula (I) form at least one intramolecular disulphide

10 bridge, preferably three disulphide bridges. According
to a preferred embodiment of the invention, the
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 is not to substantially degrade the heliomicine in the
composition, and not to reduce the bactericidal and

fungicidal properties of the heliomicine. This



The present invention also relates to a conposition conprising heliomcine
and an appropriate vehicle. The first quality of the appropriate vehicle 25
is not to substantially degrade the heliomcine in the conposition, and not
to reduce the bactericidal and fungicidal properties of the heliomcine.
Thi s conposition may be a cosnetic conposition and in this case the
appropriate vehicle is cosnetically acceptlable (suitable in addition for
application to the skin or the exoskeleton), or a pharnmaceuti cal
conposition for a 5 therapeutic use and in this case the appropriate

vehicl e i s phaompesaittiica Imayadse @t aisisme tisp rammiaid ifasy gl St i on of
hel i om cine by the topical route per os or by injection, or alternatively
an agr ocheni cH2s® RS iARRAPRAIG fe Malliclanded eengiksrlivaaccrntiadi® i s 10
agrochem cal | y, accept.abl e, ropriate for appli.cation WH'}(?R/pI ants or in the

Vicinity of pl EHIEARNS Hol B FFthg ThARPIHAE hEs & SR DIl so
| at t | ei id f t, i ticyl.ar .DNA t.yr.al 15
synthet ¢, encdtl [GITREIRATE e FATIRF SHIGVET | SRR 1T Phe o 2

pepti de- heg [ qfﬂ% e g#sb\%bcﬁa% |iq1e fg ykeadsdeag:?}/ee\;\ha}ég]rc%%yi%% according to

the invention a gr}len I's 'Synthesi ze i'sol ated fromthe

op! ot eron BN S b igantionly htelued 20 Lupmrla, S
will be expressfinistration of heliomicine by the topical route per
os or by injection, or alternatively an agrochemical
composition and in this case the appropriate vehicle 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 organism 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.



The nucleic acid fragnent may be obtai ned according to standard isolation
and purification nethods, or alternatively by synthesis according to the
customary 25 met hods of successive hybridizations of synthetic

oligonucl eotides. These techniques are in particular described by Ausubel

et al. 12 According to the present inygntion, "nucleic acid fragnent" is
understood to nean a nucl eoti de sequence which may be of the DNA or RNA
type, preferably of the DNA type, in particular double- 5 stranded.

According to one enmbodi Kee_arein%;h%oi BueNpalenthenpuakebs , athef&agment
encodi ng heliom cine conprises the DNA sequence described by bases 16 to

147 of the segeenceérhgfbhtfi B Werds{SHL td Mkard)a Michyotd{déhe sequence
identifier No. 2 (SEQID NO 2), in particular the coding portion of this

sequence correspaedcagwhochamay bet 6£18Re BNRAOORI ByAUSYPEQUENCE Or a
sequence conplenentary to the said sequence. According to another

enbodi nent of prredetBbilgpveift the, DNAe typel, eiin peirdifundgmedbubideodi ng t he
"peptide-heliom cine" fusion peptide conprises the DNA sequence descri bed
by the seq@ens&randedi.-fier 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 correspondi ng t ACE8%¥8ing te 2p& eppodpment of the invention,

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



descri bed by the sequence identifier No. 18 (SEQ ID NO 18), in particular
the coding portion corresponding to bases 7 to 205, a honpl ogous seguence
or a sequence conplenmentary to the said sequences. 25

"Honol ogue” is understood to nmean according to the invention a nucleic acid
fragment exhibiting one or nore sequenceqgodifications relative to the

nucl eot i de 13 sequence descri bed by t%e sequence identifiers Nos. 1, 2
or 3 and encoding helionm cine or the "peptide- heliomcine" fusion peptide.

These modi fi caLi0B%-ERH88-9BLAI B tRECAHLBACEO iHEﬁ_t‘iE%}éS}EHMSSFTUtl@“ on 5

techni ques, or alternatively by choosing the synthetic oligonucl eotides

used in the ppeparat haa ghcbBengahelseauense by Ruarisbgeiden. In the light
of the multiple conmbinations of nucleic acids which may | ead to the

expressi on of hehgomd@gnaf Ngs Ben dpeptiddi fTieeeaansdildi bet vers mde Bef erence
sequence described by the sequence identifiers Nos. 1, 2 or 3 and the
corr espondi ngobaadheduacraydiagsttbs thet icalstombryt hatanienso since
snmal | -si zed DNA fragnments are involved which can be produced by chenica
synt hesi s. 515 tadharamgsousicy altkendédgred vobyhehwobsdpowthe lsynghetaast 70%
conmpared with the reference sequence, preferably at |east 80% nore
preferably at olégeonugdeptidescugsd finc &heopyeparagdnar gl fheeseddl | that is
to say that they do not affect the primary sequence of the ,
sequence by hybridization. In the light of the multiple
combinations of nucleic acids which may lead to the
expression of the same amino acid, the differences
10 between 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 20%. 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



20 resulting heliom cine or fusion peptide. The present invention also
relates to a chineric gene (or expression cassette) conprising a coding
sequence as well as heterol ogous regulatory elenents at the 5 and 3

posi tions capable of 25 functioning in a host organism in particular plant
cells or plants, the coding sequence conpyi sing at | east one DNA fragnent
encodi ng heliomcine or the 14 "peptide-heliomcine" fusion peptide as
defi ned above. Host organismis understood to nean any | ower or higher,

nono- or pl Uri“‘b"éﬂt‘i'd@—h@lﬁ%ﬁi&wu%?g t u‘gflio%hpte%%&% R ife r4SRe afoydi ng to

the invention fmay be 5 intro or the'pro ion of heliomcine. It

includes in particular BREterdani®m LMPRIRIiEtE ito YRAM Siny Dokt i cul ar
of the genera Saccharomyces or Kl uyveronyces, Pichia, fungi, in particular

Aspergi |l us, aragyhes, wwdnosr opf eflerdlial Ipllant oreland sk iatd piharis. " Pl ant
cell"” is understood to nean according to the invention any cell derived
froma plant aick cypatdrd oofgenen stadortdimy weditiiee ievienatieh magsles such as
calli, differentiated tissues such as enbryos, plant 15 portions, plants or
seeds. " Pl dnt "intrafwtedst dod ttdhenpmodacddiadi iof theltilpmmiiaivent iIdn any
differentiated nmulticellular organi smcapabl e of photosynthesis, in
particul ar includes in particular bacteria, for example E. coli,
yveasts, in particular of the genera Saccharomyces or
Kluyveromyces, Pichia, fungi, in particular
Aspergillus, a baculovirus, or preferably plant cells
10 and plants.
"Plant cell" is understood to mean according
to the invention any cell derived from a plant and
capable of constituting undifferentiated 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



nonocot yl edonous or dicotyl edonous plants, nore 20 particularly crop plants
i ntended or otherwi se as aninmal or human food, such as naize, wheat, rape,
soyabean, rice, sugarcane, beet, tobacco, cotton and the |ike. The

regul atory el enents necessary for the 25 expression of the DNA fragment
encodi ng heliomcine are well known to peifons skilled in the art according
to the host organism They conprise in particular pronoter 15 sequences,
transcription activators, term nator sequences, including start and stop

Clemonts arc vl T RHowA" t O pareorRE Lo rehtBa-ag CERFRlngRp ) T oot 2t ory

el enents are we NoWn't 6 per son e a ;
transfor mati ons@uEhEE89T 9ARL 8BnGUEPaRE YRASLESB' cHAGHE! | Pnelf8ahgoUl atory
iTle R

el enents are well known to persons s In the art, and conprise in

particul ar proghfieheSREGENESS, iHEARSEYIRGT 8RA 10 BELEYRLOERe LT ansit
pepti des, term nator sequences and start and stop codons. To direct the

expressi on andrégelseoret ebamehits herpepél Uekhowhheoypastosy! i e188di um a
DNA fragment encoding heliomcine is integrated into a shuttle 15 vector
whi ch conprbsetnt bhefatrtowi ng el enents: - markers which nmake it possible to
select the transformants. Preferably, the ura-3 gene is used for

For the transformation of microorganisms such
as yeasts or bacteria, the regulatory elements are well
known to persons skilled in the art, and comprise in
particular promoter sequences, transcription

10 activators, transit peptides, terminator sequences and
start and stop codons.

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 wvector which comprises the following elements:

- markers which make it possible to select the
transformants. Preferably, the ura-3 gene is used for
yYeast 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



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 21

plasmd is used, - a nucleic sequence allowng the replication 25
(replication origin) of the plasmd in E.1goli, - an expression cassette
consisting (1) of a pronoter regulatory sequence. Any 16 pronoter

sequence of a gene which is naturally expressed in yeast may be used.

Preferably, thpreneteteseghehbe Sf ae?eﬂéswﬁgch/f 2k ggperhsi1ysed. (2) of a
sequence encoding a signal peptide 5 (or prepeptide) in conbination with a

hom ng pepti deekprepsefdephi gdeirst Thegebeegseas arefesaplyyanthkéor the correct
secretion of the peptide. Preferably, the sequence encoding the

pre- pro- pepti dpromotbe pfethessr obrbadbdaeMifitli genieells (Bed. (3)
of a polyadenylation or term nator regulatory sequence. Preferably, the
term nator of S. cerevisiak phospheghgneeaenckinngea( PAhalspapeidel n t he
expression cassette, the sequence encoding heliomcine is inserted
downstream 8f {R¥ Brerppbide) séguenrbinabiopsvihnfohomhag PPt &dRi nat or .

These el ements have been described in several ,
(or propeptide). These regions are important for the

correct secretion of the peptide. Preferably, the
sequence encoding the pre-pro-peptide of the precursor
of factor Mfal is used.
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
yeasts is carried out by culturing for 24 h to 48 h in

a selective liquid medium.



publications including Reichhart et al., 1992, Invert. Reprod. Dev., 21, pp
15-24 and M chaut et al., 1996, FEBS Letters, 395, pp 6-10. 20

Preferably, yeasts of the S. cerevisiae species are transforned with the
expression plasmd by the lithiumacetate method (Ito et al., 1993, J.
Bacteriol, 153, pp 163-168). The transforywed yeasts are selected on a

sel ective agar nedi um whi ch does not 25 contain uracil. The mass production
of transformed yeasts is carried out by culturing for 24 hto 48 hin a

selective liquid nmediumg rop|t | £ SR GRAE S41B; prakes
It possible to produce he |o€n?1z%r|1-%€ on a %rgr%%rrhg%%?éré%‘rhe pr esent |lnvent|on

therefore al Sﬁaé%%f& to &é@&@g}gﬁl&ﬁ%é%r@u%@f NEcaTONPIHSI Ng the

steps of 5 culturing a tran m croor gani sm conprising a gene encodi ng

hel i oni ci ne aspdgfinedi APoNei bl ERePEPOLPr4Bse £elites v@dh unetiiod| ofved by
t he extractlon and total or partial purification of the heliomcine

obt ai ned. Pref grephyingunéhyombeinss rashpohsdigt tise 18tehe| oHni ci ne produced
by yeasts, the yeasts are renoved by centrifugation and the culture

super nat ant 5i scpl aeiing na condnsformed mhcredrgansshucobpr Whiny aegene a
solution of an inorganic or organic acid, such as for exanple hydrochloric
acid or aceticemcodinghbebikomacinesasofefined aov@ehn cant aPPLgRELAEecol d

tenperature at a .
culture medium, followed by the extraction and total or

partial purification of the heliomicine obtained.
Preferably, during the extraction of the

10 heliomicine produced by yeasts, 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



speed of 4000 to 10,000 rpmat 40C for 30 to 60 mn. The purification of
hel i om ci ne nay be preceded by a step of fractionation of the supernatant
obtained followi ng 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. Thegwashi ng of the nol ecul es which
are soluble in water is carried out with a dilute acidic solution and the
el ution of the hydrophobic 25 nolecules with an appropriate eluant. Good

results are obLabLRed;Wthel §hf hEQh%@CSEhalécbglﬁQ’iohhe washing and an
el uant containing increasing quantities of 18 acetonitrile in dilute

acidic solution. PreferabkgretrBBipyr cheCpuirefiehthohi offi heleomsceaeri ed out
in two stages: a cation-exchange HPLC foll owed by a reversed phase HPLC

with a suitabl @sbcakrtaed whitchnmewobetdgkeker antatiom-exchdage HRLCt 0 t hat
of the preceding phase. The various steps of the purification are nonitored
by a test of i fbilliowednbef af wregalrsgdophhsienHHPLGuiwd tiredi smitBbdeer ably, the
test is carried out with the fungus Neurospora crassa. 10 The
sequence of 5 heluehitowhiichempyobecdd fifgrens framsbor idenydgeds tios thasl ysed
according to the nethod of sequencing by Edman degradation and by nass
spectronetry. Pﬁet§ﬁrﬁgﬁﬁﬁéﬂn§hQP3§FEr|%&tV§ﬁ1P§Sc§F?P§d°§u$h§lrectly on

the peptide prOdrlﬁlcatQOnhare monitored by a test of inhibition of
fungal growth in liquid medium. Preferably, the test is
carried out with the fungus Neurospora crassa.

10 The sequence of the heliomicine produced 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



15 peptide nodified by reduction/alkylation as well as on fragnents of the
pepti de. The peptide sequence and the nol ecul ar mass of the heliomcine
produced were conpared with those of the native helionm cine extracted from
t he haenol ynph of H virescens. The results show 20 that the two nol ecul es
have the same primary structure. The detgpm nation of the position of the
di sul phide bridges indicates that the arrangenent of the disul phide bridges
is identical in both peptides, the native peptide and the one produced by

the transfor mgdgdendeCinoplanicsM 1thes pvestibae kel akesany proabilesul arly
to the transformati on of plants. As pronoter regulatory 19 sequence in

plants, it isseoaghlle ofoalugenanwhichmikehattgddnee esbrasgede inhi ch is
naturally expressed in plants, in particular a pronoter of bacterial, vira
or plant origplaatsh as photiexdap e, proabtelr afgbaetkaial,t kdradnlolkr
subunit of ribul ose-bi scarboxyl ase/ oxygenase (RuBi sCO or of a plant virus
gene such as, pllentewaigiia, sukht asf, e eaambﬂbowﬁhamogii@ geas dor3sS
CAMY), or a pronoter which is inducible b at hogens such as the tobacco
PR-1a, it [Bei s epé@?ﬂ@lé“@@n&§e°§n%1?@1 1§G@F§@B§15ﬁ6%9ﬁ§ﬁenﬁﬁ@ferably,
a pronoter ul at,or ence I's used which pronD s the overexpression of
t he coding se3§€ﬁ6§C£B PGthQI?nﬁrV1HH§c€@nﬁy @R b¥°% pat hogen, such

as for exarrplexample, that of the cauliflower mosaic (19S5 or 35S

CAMV), or a promoter which is inducible by pathogens
such as the tobacco 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

20 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



that conprising at | east one histone pronoter as 15 described in
application EP 0,507,698. According to the invention, it is also possible
to use, in conbination with the pronoter regul atory sequence, other

regul atory sequences which are situated between the pronoter and the coding
20 sequence, such as transcription activatigprs (enhancer), such as for
exanpl e the translation activator of the tobacco nosaic virus (TMV) which
is described in application WO 87/07644, or of the tobacco etch virus (TEV)

which is descrideshbiytéad lih "SR S &8 ho? terminator, & Pol yadenylation

or term nator regul atory sequence, there may be used any correspondi ng

sequence of bagl it DFely of BEhoFiFirexasgdle ddiefor Ahmsrohact eri um
tumefaci ens nos termnator, or alternatively of plant origin, such as for
exanpl e a hi sthoietdres nieratina teor des aledradi bed ajpplametieat idh 0, 633, 317. 5
According to the present invention, the chineric gene may al so be conbi ned
with a sel ect @R OrdkeilBuitable for the transforned host organi sm Such
sel ectabl e markers are well known to persons skilled in the art. They may
include a gene for resi AREAIng 1P Hhe MrAseEt Brventiomatthely a gene

for tolerance to, herbicides for plants. The present invention also relates
to a chimeric gene may also be combined with a selectable

marker suitable for the transformed host organism. Such
selectable markers are well known 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 vector 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



cloning or expression vector for the transformati on of a host organi sm
containing at | east one chineric gene 15 as defined above. This vector
conprises, in addition to the above chinmeric gene, at |east one replication
origin. This vector may consist of a plasmd, a cosmd, a bacteriophage or
a virus, which are transformed by the inj *oduction of the chineric gene
according to the 20 invention. Such transtormation vectors, according to

t he host organismto be transforned, are well known to persons skilled in

the art and aESg%Q?%gﬂeﬁﬁﬁi Qﬁﬂfhgswﬁ 'bESFég%EX Fehel OSF%?”?E?V mat i on

of plant cells ants I nc particu a virus

whi ch may be E%SﬂsEBEmEHS biéﬂEfEEWEE'BE Biaﬂ€¥95998§d@h§nE6 gfd whi ch

contains in addition its own el enents rep I cation and expressmn

Preferably, thaveaetieh igratbgagﬁgan1ng plant ceIIs or plants according to

the invention is a plasm d. The subject of the invention is also a nethod 5
of transform ng host orghei subjeth pértheuliarentaoh del hisbyai meepodti on of
at | east one nucleic acid fragnent or a chineric gene as defined above,

whi ch transf ooffatirensfraymiagohbatnedgbpiang, appr ppriatelanophanteans widely

described in the specialized literature 10 and in particular the references
cited in the peédenbvappkeountdnn obretpiesstubnel pugdeng ahédvect or

fragment or a chimeric gene as defined above, which
transformation may be obtained by any appropriate known
means widely described in the specialized literature

10 and in particular the references cited in the present
application, more particularly using the vector
according to the invention.

A series of methods consists in bombarding
cells, protoplasts or tissues with particles to which

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



according to the invention. A series of nmethods consists in bonbarding
cells, protoplasts or tissues with particles to which 15 DNA sequences are
attached. Another series of methods consists in using, as neans of transfer
into plants, a chineric gene inserted into an Agrobacterium tunmefaciens Ti
or Agrobacteriumrhizogenes R plasmd. gpher nethods may be used, such as
20 mcroinjection or electroporation, or alternatively direct precipitation
by neans of PEG Persons skilled in the art will nake the choice of the

appr opri ate melad 20 89lee b Mad i el ahevtrcatasal om i

particul ar of °t I"ant or of the plant. The subject of the present

i nvention is alsediie HISh LIRSS gdre RVMoraWialy Bl @¥diee s or 22
plants, transfoorned and containing an effective quantity of a chinmeric gene
conprising a GRéjGicEeFerntRliomikancodadinedeboved above. The subject of
the present invention is also 5 the plants containing transfornmed cells, in
particul ar the plants rageneidjedt rcfnthee prreaesfto imeerddldns isTld so
regeneration is obtained by any appropriate neans whi ch depends on the

nature of the tépeqlentsasadsdming fransHemsde dai lishe dab@Pas trictddgnces. 10
For the methods of transformng plant cells
the plants regenerated from the transformed cells. The

regeneration is obtained by any appropriate means which
depends on the nature of the species, as described for
example in the above references.

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, 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 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



and of regenerating plants, there nay be nentioned in particular the
follow ng 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, US 5, 036,006, US 5,100, 792, US 5, 371,014, US
5,478,744, US 5,179,022, US 5,565, 346, U$PH, 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 angh d¥ad%d A8dPBomildn s Me | Vet D¥edlwoe K el i agai® the

transforned plants derived fromthe cultivation and/or crossing of the

above regener aisfedt thé Sof ISro@ldimg phenseefss Ditdrnivnss ofi@dsalants. 25
The plants thus transforned are resistant to certain diseases, in

particul ar to deseases f inghiomicihwetlsimy olf Sastsibse dgaimstesiiiigal he DNA
seqguence 23 encoding heliomcine may be integrated with the main

obj ective of pibsersey Pheintas rehdse avrusedtie Cercosevases; hel i oni ci ne
being effective against fungal diseases such as those caused by Cercospora,
in 5 particll aPaCel¢obporGepeesrera, bet taetpor FidgospPopbiii cil ar
Cladosporiun1herbarun1 Fusari un, in partjcular Fusarium cul norum or

Fusari um gr ami PREFIFNLIF GlagpSRObhER oRer baRRBar FRSaY B PR opht hor a

ci nnamormi . particular 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



10 The chineric gene may al so conprise, and advant ageously, at

| east one sel ectabl e nmarker, such as one or nore genes for tolerance to

her bi ci des. The DNA sequence encodi ng heliom cine may al so be integrated as
a selectable marker during the 15 transformation of plants wi th other
sequences encodi ng other peptides or probgins of interest, such as for
exanpl e genes for tolerance to herbicides. Such genes for tolerance to

her bi ci des are well known to persons skilled in the art and are in 20

particul ar de jhed | e i 2% nJcﬂFg ‘H:]-% EP
337,899, WO 96/ dﬂ '9%‘8‘2}%8]3 té couqSP e transﬁéqlggrgg% ]ns and
plants aCCOfC“ﬂH%t&bﬂéﬁ%ﬂd@”ﬂg'HE%HF@&&EE“&H&%br'dtH@%ﬁéédHéﬂdééihe sequence
encodi ng heliom cine, other heterologous 25 sequences encoding proteins of

interest such edddily prdlidinndoPHdidasndd &b arsdarablsudf sonferring
on the plant resistance to other diseases of bacterial or 24 fungal
origin, and/orcind By reetednred repeadiinglprat eins for tol erance to
her bi ci des and/ or ot her sequences encoding proteins for resistance to
i nsects, such as the Bt Treotohex isequesridesulmeay. He integrated Hye ot her
sequences may be integrated by nmeans of the sanme vector conprising a
chi meri c genemegmiscipic iy istme wefdbogt comprasciaae ic ediimpriad igsmieci ne and at
| east one ot her sequence encodi ng anot her

which comprises a first sequence encoding heliomicine

and at least one other sequence encoding another
peptide or protein of interest.

10 They may also be integrated by means of
another vector comprising at least the said other
sequence, according to the customary techniques defined
above.

The plants according to the invention may

15 also be obtained 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 segquences 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.



peptide or protein of interest. 10 They may al so be integrated
by means of another vector conprising at |east the said other sequence,
according to the customary techni ques defined above. The plants according
to the invention may 15 al so be obtained by crossing parents, one carrying
t he gene according to the invention enco%gm]helionicine, t he ot her
carrying a gene encoding at | east one other peptide or protein of interest.
Anong t he sequences encodi ng ot her antifungal 20 peptides, there nay be

menti oned t hat encodingtﬂgosqg%gég%lw@égﬁ£%§nd@gfiggﬁgfégkéﬁge%g a

application FR 2,725, 992 A aum et al~ nd 1T n unpubl i shed
patent applicatl 7 : | ..encodi ng
andr oct oni n m%%%%%@ﬁﬁ%%#?ﬁt%%ﬁ ﬁﬁ%ﬁpl#@%&%ﬁé%@vﬁ%%4 and in
unpubl i shed pagrat; apeht £ | OEth%n@Ehé@B@@néié@ﬁad@niﬁopf&wﬁsg 199d - 25
The present invention finaily relates to a nethod of cultivating
transformed plgaégs a6€OEKk Ngai@ Ef&aémﬁﬁéaoﬁsuaxgm_mm sOnsfsding in

pl an

pl anting the seeds of the said transfornmed sinaplot of a5 field
appropri at es5f ofiglditapptopgidte BSoi depledwstindg elpel yahg phante, shmd pl ot
of the said field an agrochem cal conposition, wthout substantially
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
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



affecting the said seeds or the said transforned plants, then in harvesting
the cultivated plants when 10 they arrive at the desired maturity and
optionally in separating the seeds fromthe harvested plants. Agrochen cal
conposition is understood to nmean according to the invention any
agrochem cal conposition conprising at le gt one active product 15 having
one of the follow ng activities: herbicide, fungicide, bactericide,
viruci de or insecticide. According to a preferred enbodi nent of the nethod

f I ti [ ' to the.ir ti th hem | ition
corpri ses at | SOEPLERERLaY. 8085V atBECRE g AR Ll 5o FOaREY T Bngi o dal
and] or Pacter! BEdaheRchhY bhyi TR BoPRELELEOLYa EAOLLELRG@NHCL I Vi LY whi cf
is conplenentary to that of the heliomcine produce y e transforned

plants accordi BgntamiAgntBVERLHGR, Bacteria or_vifﬁggg?twﬁ§ghbékénﬂo@n
activity which is conplenentary to that of heliomcine is understood to

mean accordingsbﬁs&Hevényenhémmoﬂie&ﬁequreémtékhABgvélg aZfreguetenentary
activity spectrum that is to say a product which will be active agai nst

attacks by Gonwhoteaatsi{iupgspebactifir coversvthdses¥ WBiebmacenaot
sensitive to heliomcine, or alternatively a product 5 whose activity
spect rum cover somhaetellyheri om pane, endpWbbskydosei fiopaappliodtwbnse dose
for application
will be substantially reduced because of the presence
of the heliomicine produced by the transformed plant.
The examples below make it possible to
10 illustrate the present invention without however
limiting its scope.
Example I: Isolation and characterization of
heliomicine from the haemolymph collected from
immunized larvae of the lepidopteron H. virescens
15 Example I.l: Isolation
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.



wi |l be substantially reduced because of the presence of the heliomcine
produced by the transfornmed plant. The exanples bel ow nmake it possible to
10 illustrate the present invention wi thout however limting its scope.
ExaammDli e |: Isol ation and characterization of heliomcine fromthe

haenol ynph col | ected from i muni zed | arva%% of the | epidopteron H virescens
15 Exanple 1.1: Isolation 1-1 Induction of the biological synthesis of an
antifungal substance in the haenol ynph of H virescens The 5th stage nature

| arvae of the idepteran, H vireasce re inmmuni zed with the aid 20 of a
needl e (30 ga)i%pe&'%ﬁ’f%’s?%&éi%% é}fap%% et of Gampositive (M |uteus)
and Gram negative (E. cqfy rj l oy i) fyaomgul tures
carried out in a Lauri a?%lleer %@o@%ﬁ gf%?(y% :{ubours%fp%%% )'rl'he ani mal s

thus i nfect eduanxgjf’fegwa by bV FLIBbA Yo  Mhr? Sa b dthiRn SO s diy@nard@ar - based

nutrient nedi or 24 hours between 20[err] C and 23[err]C. Before
col | ecting thechepa®tydPin 1 -hBryYEByMEs Sy Lo0é afi @fod&ttri fugd tuldes

Preparation of the plasma The haenol ynph (about 30 il per larva) was
coll ected by exsdBéd@Nowfice i ofdmitd iadxe neksucret fith cad | exdeshse 1. 5- ni
pol ypropyl ene m crocentrifuge tubes 5 cooled on ice and contai ni ng
aprotinin as pimh&aseor (20 ig/ml final concentration) and
phenylthiourea as melanization inhibitor (final
concentration of 20 im). The haemolymph (2 ml) thus
collected from the immunized larvae was centrifuged at
10 14,000 g for 1 min at 4°C in order to remove the
haemocytes. The haemolymph, free of blood cells, was
stored at -20°C up to its use.
1-3 Acidification of the plasma
After rapid thawing, the H. virescens plasma
15 was acidified to pH 3 with a 1% trifluoroacetic 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



inhibitor (20 ig/m final concentration) and phenylthiourea as nel ani zati on
I nhibitor (final concentration of 20 im. The haenolynph (2 m) thus
collected fromthe i muni zed | arvae was centrifuged at 10 14,000 g for 1
mn at 4VC in order to renove the haenocytes. The haenvol ynph, free of bl ood
cells, was stored at -200C up to its useygl-3 Acidification of the plasna
After rapid thawing, the H virescens plasma 15 was acidified to pH 3 with
a 1%trifluoroacetic acid solution. The extraction, under acidic

CO”d't'Onson % b@?d898%§d§a¥?§e§ﬁéﬁhtegﬂt af 2533901 nl%%%ﬁ egentle

stirring, n~ice-co e extract obtained was then centrifuged at

4lerr]C for 3goﬁhﬂléh éQeBQQeQ i800.b5¢4 Pealfirpat kpRceiohhe10eBkl des a)
Prepurification by soliTd phase extraction A quantity of extract equival ent

to 2 nl of haagrl pEpRceasntdep9set REsOArdetevgasedvAbasR &iPROLhe 8%m
marketed in the formof a cartridge (Sep-PakO C18, 25 Waters Associ ates),

equi l i brated wift kemortint edewateton@t@53%TEAN. theeThRRrdaaphthea twl ecul es
were renmoved by a sinple wash with acidified water. The elution of the
28 pepti deSwawasarecedsoitunethia 4@&radet ahktrapueesehtierobefioepared in
0.05% TFA. The fraction eluted at 40% of acetonitrile was dried under
vacuum wi t h t Beinpnsebieekedi bg the fdsstnpurifécatdonhst®PA and then it

b) Purification by high-performance liquid
chromatography (HPLC) on a reversed-phase column
- f£irst 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



5 was reconstituted in sterile ultrapure water before being subjected to
the first purification step. b) Purification by high-performance |liquid
chromat ography (HPLC) on a reversed-phase colum - first step: the fraction
containing the 10 pepti de was anal ysed by reversed- phase chromat ography on
an Aquapore RP-300 C8 sem preparative col¥ﬁn (Brownl eem 220 x 70 nmm 300
A), the elution was carried out using a |Iffhear gradient of acetonitrile
from2 to 60%in 0.05% TFA over 120 mi nutes at a 15 constant flow rate of

1.5 mM/mn. The f ons were coll ected manua ito the variation
of the ghgorbéﬁﬁﬁaggi%25%ﬂﬂ?59ﬁ1?%4thﬁ1V?ﬁéaF?85¥?5n§ﬁ€o?$ ggﬁnﬁﬁré Ldried

. | d f h
! UXSSF“?O 225008, BhifL 984 b ! B4 E}&%%Ségi?saﬁé‘é ¥EEE GPetns  he
anti f ungal aﬁﬁg@p GQEE%pOP%&HHsi;?t\E dp&; 1}9@3?393'%;@&093% C4e

Aquapor e RP-30 rever sed- phase” ana |ca eem

mm 300 A), ushng1§sBiarkasi Ehéifeéﬁtﬂféﬂggﬂta3§19§t§1c§ﬁ88£tEhée from2%to
22% over 10 mn and from22 to 32% over 50 mn in 0.05% TFA wth a constant

flow rate of Oc8ndaltiibAs dBsectipedi BaSowere coll ected 29 manual |y,
nonitoring the variation of the absorbance at 225 nm and 254 nm The

fractions col | ectelirdeseegti eHeuadei fuagalnfraecoont cont&invhghtubt rapure
wat er and

peptide was purified to homogeneity on a Narrowbore
Delta-Pak™ HPIC, reversed-phase column (Waters
Associates, 150 x 2.2 mm) using a biphasic linear

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 variation 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 1injected 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



anal ysed for their antifungal activity under the 5 conditions described
below. - third step: the antifungal fraction containing the peptide was
purified to honbgeneity on a Narrowbore Delta-PakO HPI C[err].

rever sed- phase colum (Waters Associates, 150 x 2.2 mm) using a biphasic

| i near 10 gradient of acetonitrile from2%to 24%over 10 mn and from 24
to 44% over 100 min in 0.05% TFA with a nstant flowrate of 0.25 m/mn
at a controlled tenperature of 30'C. The fractions were collected manually,

nmonitoring the_ variation of, the absorbance at _15.,.2 m__The fractdyons
col | ect ed wer?ltﬁﬁ‘:it&?p@r?(f WFalBfm e tc}lut_%u_taétd 20 ﬁ % i °F ertgl(? t??ltord Spur e
wat er and. ana!t)é)s% f%%\t%%%e{ lf%r}t gfougggll .af%CtB'O\‘bt.yThFxﬁHBLfgt.lLB?f wilgl uct ur al
characterization 0t the peptide Z-1 verification of pufity by zona

capillary 20 gleetiphaLes) purity of the antifungal peptide was
verified by zoﬁ%l C&pl%l&F&R% ectrophoresis on a 270-HT nodel (PEApplied

Bi osystens di Y-9i datdrmBddtidnEloteithe hultibedf oF rstine@sutsi on of purified
peptide was 25 injected with the aid of a vacuuminto a silica capillary

(72 cmx 56 i Beduttidie adidhsy-Pyridiethylatdonit in a 20 mMMcitrate buffer
at pH 2.5. The 30 el ectrophoresis was carried out at 20 kV fromthe
anode to the cathode forThz0 numbeat o30'c@stHimamrgpsdidues was
determined on the native peptide by reduction and
S-pyridylethylation. 100 pmol of native peptide were
reduced in 40 il of 0.5 M Tris-HCl buffer, pH 7.5
10 containing 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



recorded at 200 nm 2-2 Determ nation of the nunber of cysteines : 5
reduction and S-pyridylethylation The nunber of cysteine residues was
determ ned on the native peptide by reduction and S-pyridylethylation. 100
prmol of native peptide were reduced in 40 il of 0.5 MTris-HC buffer, pH
7.5 10 containing 2 mM EDTA and 6 M guan'grd‘li nium chloride in the presence of
211 of 2.2 Mdithiothreitol. The reacti medi um was pl aced under a
nitrogen atnosphere. After incubating for 60 mn in the dark, 2 il of

freshly distilled 4-vi.nyl pyrjdine were added to the 15 reaction i ch was
then i noubat eXSES: A FALAd FbErA LING YA snmrenied Tinge S

at nosphere. The ri dyl et hyl at ed peptid s_then arated fromthe
constituents & t)é‘éje%ggg ikélr?wr?egll/uzm t])rf?s eeverléreegypﬁg'?g'cshtrljgr‘rat ogr aphy usi ng

a |inear gradi;enls of ACGHANIARG0 & 2 .| ‘i"hteh%a&r'%%%gga‘}o%c%soi‘@ g:;%“ 2-3

Determ nati on of the nmass of the native peptide, the S-pyri et hyl at ed

popLi de and olara1g du0\RRl Siebo AL b it Hlay ERF Vel iparfsalst od

Laser Desorption lonization-Tinme of Flight) mass Spectronmetry 2
The mass MeAs WRAFRXT iMRIati@a Eldied cayls tan s wililke i Biobtei L By TOF mass

spectronmeter (Brenmen, Germany) in a positive |inear node. The mass spectra
31 were cali braipdd extagoraltiyrivdih aa ssilantdaid sitiratediwith ethanol.
After drying under a moderate vacuum, the samples were
washed with a drop of 0.1% trifluoroacetic acid before
being introduced into the mass spectrum.
10 2-4 Sequencing by Edman degradation
The automated sequencing by Edman degradation
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%



pepti des of known niz, respectively 2199.5 Da, 3046.4 Da and 4890.5 Da. The
various products to be anal ysed were deposited on a thin |ayer of
a-cyano-4- 5 hydroxycinnanm c acid crystals which is obtained by rapid
evaporation of a solution saturated with ethanol. After drying under a
moder ate vacuum the sanples were washedzaith a drop of 0.1%
trifluoroacetic acid before being |ntroduced into the nmass spectrum 10 2-4
Sequenci ng by Ednman degradati on The autonmated sequenci ng by Ednman

degradation O&thetﬁétbéﬁtPéBtfgé Qﬁtéhﬁeﬁép¥ébg¥£€éHYB9t§9v8§§éade and of
the various fragnents obtai ned af er the various proteolytic cleavages and

the detectionpphskhgrild sheaykhbiehpeaat pentdephkdt iipes W@iﬁecéblhﬁﬂ out on
an ABI 473A sequencer (PEApplied Biosystens division of Perkin Elnmer). 2-5

Proteol ytic cliwavagesass€onatesalbonxod wmhe pepai Ueneefgugnadienttde C 20
term nal region 200 pnol of reduced and S-pyridylethylated peptide were

i ncubat ed i n abetpnisente Hfold Pnbb 60%endepr 80emnasenl §sO&Y ( REAoONMDbact er
protease |, specific cleavage of the |lysine residues on the C-termnal

si de, 25 TakawathCesfijowcrardi a§ Po2t neé/pdndanfoascerebantnded by the
supplier (10 MM Tris-HO, pH 9, in the presence of 0,01% Tween 20). After
st oppi ng t he Fgg@grgﬁuﬁptﬁ 1@g C. 3Phe fragments obtained were

analysed by MALDI-TOF mass spectrometry and the peptide
corresponding to the C-terminal fragment was sequenced
by Edman degradation.

10 - Determination of the arrangement of the disulphide
bridges by proteolysis with thermolysin

The native peptide (8 ig) was incubated for 1

hour in the presence of 4 ig of thermolysin (Boehringer
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



TFA, the peptide fragnents were separated by reversed- phase HPLC on a
Narrowbore Delta-Pak[err] HPIC err] type colum (Waters Associates 150 x 2
nm in a linear gradient of acetonitrile from2 to 60% over 80 mn in 0.05%
TFA 5 with a flowrate of 0.2 mM/mn and a constant tenperature of 370C

The fragnents obtai ned were anal ysed by MALDI - TOF nass spectronetry and the
peptide corresponding to the C-termnal fragnment was sequenced by Edman
degradation. 10 - Determination of the arrangenent of the disul phide

bridges by proteolysis wilihther@Rhysigiebhesed Hea cReRired 8 ta8daga Was
i ncubated for 1 hour in the presence of 4 ig of thernolysin (Boehringer

Mannhei m t heleboyaitorye tkictie itakisq, The2 deyadtieghrotbzolel dhtr) thlesad70C in
0.1 M MES (N-ethyl norpholine) buffer at pH 7 in the presence of 2 mM Cad 2.
The reacti on weshstigwesd hayeatbeien diesciribednia aeirdiandarhdnr aastibend
products were i medi ately separated by reversed-phase chromatography on a
Nar r owbor e DeletaaBak[err] HPIerr]. colum 20 (Waters Associ ates, 150 x
2.2 mm in a linear gradient of acetonitrile from2 to 50% over 100 min in
0.05% TFA & ErremplsIlgdle desemblingniof thesgyathetis geaged by an
isocratic step at 2% acetoréi?%)rli,l e over 10 mn. The fragnents obtai ned were

anal ysed by MALDI - TOF mé§$e¥91dBEc WRASNERTY 18Ad O¥qienddd SopvRhesic
ggggﬁg?gh;gés%ﬁgggbﬁgﬁ%?t§égge%%€% i%L @%E'%E‘%hﬁ%& gc%%% %%ast
heliomicine preceded by the 5 C-terminal amino acids of
the pre-pro sequence of factor al (Mfal) of the yeast.
10 The oligonucleotides represented in Figure 1 were
chosen taking into account the preferential codons used
by 8. 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



33 All the techniques used bel ow are standard | aboratory techni ques. The
detail ed protocols for these techniques have been described in particul ar
in Ausubel et al. 5 Exanple 11-1: Assenbling of the synthetic gene

Assenbl ing was carried out using 6 synthetic oligonucl eotides encoding the
44 am no acids of heliomcine preceded bygthe 5 C-termnal am no acids of
the pre-pro sequence of factor cal (Mal) of the yeast. 10 The

ol i gonucl eotides represented in Figure 1 were chosen taking into account

the preferenti@neOOonsdsedudy Bgler QM@ BT e &SRR 181 d)00krHd ace in
several steps: - oligonucleotides 2 to 5 were phosphorylated 15 at their 5

ends by the actigdtidin el aRld dehddd NSl (teve e Riven Biipdsarit -

ol i gonucl eotides 1 to 6 were m xed, heated to 100C and hybridi zed by slowy
reduci ng the terEelAtDHS teePhs O St tabdrm) S;Sedferal clones wexdie
hybri di zed ol i gonucl eoti des were subjected to a treatnent with T4

bact eri ophage dnajassed Newd et ol Griss Joff dthdde holorsesatwilixclChad t he DNA
unit resulting fromthe hybridization of the oligonucl eotides which is 25
represent e i kR glgsined fsemieureywahead kil IRSEAM. Bgl || restriction

sites, was inserted into the plasm d pBluescript SK+ (Stratagene) digested
with the enzymﬁ?mple II-2: Construction of the vector pSEA2 which

allows the secretion of the heliomicine synthesized
The HinDIII-Sall DNA fragment of the wvector

PSEAl, carrying the sequence encoding heliomicine as

10 well as the SphI-HinDIII fragment of the wvector
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. cerevisiae with the DNA of the plasmid pSEA2 and

25 analysis of the transformants

The yeast strain TGY 48.1 (MATa, ura3-D5,

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



34 HnD Il and BamH (Bglll and BanH are conpatible). The ligation m xture
was then used to transform conpetent E.coli DH5a cells (Stratagene).

Several clones were anal ysed and sequenced. One of these clones which had 5
t he desired sequence was call ed pSEAL. Exanple 11-2: Construction of the

vector pSEA2 which allows the secretion t he heliom cine synthesized The
HnDIl-Sall DNA fragnent of the vector p 1, carrying the sequence
encodi ng heliomcine as 10 well as the Sphl-H nD Il fragnent of the vector

ML3IML32 (M chﬁ%gﬁ .gaFPréa%e&E%;e%#ei§+%§g$&§ggﬁ?{\,§kﬁ¥ﬁw {/pehrted

bet ween the Sp srfes of asm chaut et al.,

1996, FEBS Let Eﬁé3p1§gﬁidpﬁsﬁ1\§9) ThdNer2RBrobhaRt 5! wbt8J8BEcOEqlatt he
vect or ML3JML32 contains the sequence of the pronoter of the M-oxl gene of

the yeast as webbPcasntheseracel¢€ BNBOGhagitme (Pl 67 Pl Ped £€i Ot BbgéRCt OF
MFal . In the resulting plasmd pSEA2, the synthetic gene for heliomcine

therefore findbasksebs ghaeotell, betpptemeheedOwptR- PLBZSefjueasanind factor
Mal and the transcription termnator; this construct should therefore
ensure the batacafsoandndohhaisingenoonratihel Abheri hean&fanpheidh, 3:
Transformation of a strain of S. cerevisiae wwth the DNA of the plasmd
pPSEA2 and 25 aReveshd yeasheclenasf osghactedhfoyebbe uvraai ahFeycigrl (MATa,
ura3-D5, his,pral,prbl,prcl,cpsl; Reichhar{ et al., 1992,
were cultured for 48 h at 29°C in 50 ml of selective
medium. After centrifugation (4000 g, 30 min, 4°C), the
supernatant was acidified to pH 3.5 with acetic acid,
10 before being deposited on a Sep-Pak™ C,, cartridge
(Waters Associates) equilibrated with acidified water
(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.



35 Invert. Reprod. Dev. 21, pp 15-24) was transfornmed with the plasmd
pSEA2. The transformants were selected at 29[ err] C on a sel ective YNBG
medi um (0. 67% yeast nitrogen base, 2% gl ucose), supplenented with 0.5% of
casamno 5 acids and containing no uracil. After transformation, several
yeast clones, selected for the ura+ charagger, were cultured for 48 h at
290C in 50 m of selective medium After centrifugation (4000 g, 30 m n,
4C), the supernatant was acidified to pH 3.5 with acetic acid, 10 before

bei ng deposi t egxaiipleSeR-kekPRodh8t tah! bEdg8coMBighRt Ra2sbRi&ihe on
equilibrated wwth acidified water (0.05% TFA). The various protelns bound

to the cartri dgesemiprepatratdivet Bcadeuti ons of 0. 05% TFA cont ai ni ng

i ncreasi ng percentages of acetonitrile. 15 The 40% fraction,

exhi biting an antifungal Onet o¥i the whsnesabysedahyfblbhédofeastAquapore
RP-300 C[err] reversed-phase anal ytical columm (Brownlee[err], 220 x 4.6
mm 300 A), usenpreskingahegianienheovaacetudhitred| etf 20AC 2861+ 024080 bver 80
mn in 0.05% TFA 20 with a constant flowrate of 0.8 m/mn. The fractions
were col | ecPedlRAnBdl P§ Bolashivermadiume Vhisapromefinrebwasbgher at 225 n=
and 254 nm The fractions collected were dried under vacuum reconstituted
with ul trapurebffeFCanBoshaprleed 1opft Relechiver naganmoandathevity under
the conditions_d gcribed in Eég The structural characterization of

| [1L.
the peptide waS calfFeli@8utaa gBSSPFbtariﬂgEQaﬂBI%9l¢2.The yeasts

were removed by centrifugation (4000 g, 30 min, 4°C).
The supernatant was acidified to pH 3.5 with acetic

10 acid, subjected to a second centrifugation (4000 g,
30 min, 4°C) before being deposited on a C,, 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™,



36 Exanpl e 11-4: Production of reconbi nant heliom cine on a sem preparative
scale One of the clones of transforned yeast expressing heliomcine was
cultured at 290C for 24 h in 5 100 m of selective nmedium This procedure
was then used to inoculate 4 1 of selective nmediumand the culture was
carried out for 48 h at 290C. The yeastswere renoved by centrifugation
(4000 g, 30 mn, 4C). The supernatant was acidified to pH 3.5 with acetic
10 acid, subjected to a second centrifugation (4000 g, 30 min, 4[err] O

bef ore being i?d’@?ilt(?%%@”,pfhsgrg {)4 ’lpiﬁ{&qﬁ%a%ged{%vﬁ Phasg, gren col um

(Waters Assocli at es), ase super nat ant)

equi librated v to@e! shrdst 65 WREETid R HitMon i ek LRb I 31y ol ecul es

were renmoved by a wash with acidified water foll owed by a wash with a 15%
sol ution of agcEiwM tédnEraitePRIRE +ded. HH% i mihe Tt fcoforidle peptide
was carried out using a 40% acetonitrile solution prepared in 0.05% TFA.
The fraction edliested wlle abeie@divnddre PAowas, | yepind t et ahdeiglen
reconstituted in sterile ultrapure water before being subjected to the
first puribicaltxapstepratef iard stalyséd plor filveir emty/fwjaX the purified
fraction containing heliomcine was 25 reconstituted in a 25 nM anmoni um
acet at e sol utd®ri vty indermhike seompdit vers | dgeeridoed feelem. Aquapore Cation

- second step of purification by HPLC: the
heliomicine was purified to homogeneity by
chromatography on an Aguapore RP-300 C, semipreparative

10 reversed-phase column (Brownlee™, 220 x 7 mm, 300 A),
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.



Exchange preparative cation-exchange col um (Brownl eeg&, 37 250 x 10 mm),
using a linear gradient of Nad from0%to 100% over 90 mn in 25 mM
anmoni um acetate, pH 3.4 with a constant flowrate of 2 mM/mn. The
fractions collected were dried under vacuum reconstituted with 5 ultrapure
wat er and anal ysed for their antifungal ggtivity under the conditions
descri bed below. - second step of purification by HPLC. the heliom cine was
purified to honbgeneity by chronmat ography on an Aquapore RP-300 C8

Se”‘preparat'EﬁaﬁBlerQ!QLQQdTQQQSQoﬁohBEBcEEBQMBkeﬁﬁhlaieyx éaﬁﬂbt300 A,
using a linear gradient of acetonitrile from2%to 40% over 80 mn in 0.05%

TFA with a cogshamentbaw Eahgiof 2 nl/mn. ExanDie IIl: Test of activity in
vitro: measurenment of 15 the antifungal activity by m crospectrophotonetry
Thi s nmet hodol ogy was useHet anteéfuntal abeigtityf wagakletekeedl &y during the
various purification steps, for the determ nation of the activity spectrum
of the pepti déeatdfbor inhébdétienmofiagirowtbf inhe @&iguidnm2diumhi Fheory
concentration (MC) at which the peptide was active. The M C was expressed
as the condensbaresnofatye fahgi [h] behsestpd] weae shependedudn a
concentration where the start of growh is observed and [bi the

concent r at i on SHSEUFRI B hngPéwFﬁewé§°GB§@r9éHC°§5"E%aﬁﬁles of the specific

activity of heli e,
y Pre era£9 , 12 g of Potato Dextrose Broth medium

(Difco) were used per 1 1 of demineralized water. Two
antibiotics were 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, Hopital 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



agai nst filanmentous fungi and yeasts, are given in Tables 1 and 2. 38
Exanple I11-1: Test for detection of activity against filanmentous fungi The
antifungal activity was detected by a test for inhibition of growh in a
liquid nmedium The 5 spores of the fungi to be tested were suspended in a
cul ture nedium of the "potato-glucose" type. Preferably, 12 g of Potato
Dextrose Broth nedium (Difco) were used per 1 1 of demneralized water. Two
antibiotics were added to the culture nmedium 10 tetracycline (final

concent r ati ona of; 00y 4G 1n @00 £PLALAKLEE £4001 | 8481 redbntbacineach
fraction to be anal ysed are deposit In mcrotitre plates 1n the presence
of 90 il of cggbyéelngglgwlcontalnlng the spores (at a final concentration
of 104 spores/m). The 15 incubation was carried out in a hum d chanber at
30" C for 48 hours. Furgsle g oOvddt iaStpbsErverl etiteind ddgaristn croscope
after 24 h and quantified after 48 hours by measuring the absorbance at 600
nmwth the aid of a spectrophot didbmentousr dungie pl ate reader. 20

- filamentous fungi tested: Aspergillus flum gatus (gift fromDr H Koenig,
Hopital civil, Strasbourgyngiectria haemyt opgecas hdizbmibiae! TRitym
Tri choder ma v+++fE&{+1ﬂﬁﬁﬁrfﬁﬂ+1ﬁ1&fﬁﬁ++ﬁ++fﬁ+1ﬁ—%+ﬁr+*ﬁﬁﬁﬁﬁ++6—€a%hﬂIique
of Leuven, Bel giun); Neurospora
Neurospora crassa 0.1-0.2
Fusarium culmorum 0.2-0.4
Fusarium oxysporum 1.5-3
Nectria haematococca 0.4-0.8
Trichoderma viride 1.5-3
Aspergillus fumigatus 6-12.5

Example IIXI-2: Test for detection 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,



25 crassa, Fusarium oxysporum (fungus culture collection of Societ6

Cl ause, Paris). The results of the test of heliomcine 39 activity

agai nst filanentous fungi are presented in Table 1 below. Table 1: activity
of heliomcine against filanmentous fungi Fungi M C of

heliom cine (i M Neurospora crassa 40 0.1-0.2 Fusarium

cul norum 0. 2-0.4 Fusarium oxysporum 1.5-3
Nectri a haemat ococca 0.4-0.8 Trichoderma viride

1. 5-3 Asper gi ldeys; SHH 48t US 6-12.5 5 Exanple 111-2: Test for

detection of activity against yeasts The various yeast strains were

I ncubated in a "Sabour aufhe tpHR113H (3F e HE HdER T HiGwWhsiietheat 30' C 10 for
24 h with gentle stirring. The test sanple (10 il) was deposited in
mcrotitre plaictineldys dogaiMitcrddst any prskiatt KD i Tible d IBdlow.east

cul ture whose density was adjusted to OD 600 = 0.001. G owmh was eval uated
by neasuring the absbléalceaati 6Dy nofwhéhidbitheeaagaifisth yeasts

spectrophotonetric mcrotitre plate readef.
Yeasts MIC of heliomicine (iM)
Candida albicans 2.5-5
Candida tropicalis 2.5-5
Candida krusei 10-20
Candida inconspicua 5-10
Cryptococcus neoformans 2.5-5
Cryptococcus albidus 5-10
5
These results show the excellent antifungal
activity of the peptide according to the invention.
Example 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 techniques. The detailed protocols for these

20 techniques are in particular described in Ausubel et



- yeasts tested: Candida albicans, C. glabrata, C tropicalis, C krusei

C. inconspicua, Cryptococcus neoformans, Cryp. al bidus, Saccharonyces 20
cerevisiae (gift fromDr H Koenig, Hopital civil, 40 Strasbourg). The
results of the test of heliomcine activity agai nst yeasts are presented in
Table 2 below. Table 2: activity of heligf cine agai nst yeasts Yeasts

M C of heliomcine (iM Candi da al bi cans 2.5-5 Candi da
tropicalis 2.5-5 Candi da krusei 10- 20
Candi da i ncongpi_cua 5-10 Cryptococcus neof or mans

2.5-5 Cryptococcus al bi dus 5-10 5 These results show t he

excel | ent ant gizdfipale TOLhYi t¥netrubeibapbedenaceniferict gehlde EBYENti ON.
Exanple 1V: Preparation of a transfornmed plant conprising a gene encodi ng

hel i om ci ne 1l8he transformakiencw&npllandsscri bes the preparation of the
sequence encoding heliomcine for its expression in a plant cell, of the
chi neri ¢ genepREA-MDe Pi:nCrer&tiongofcat piasmddoftonteiningstbensdgphant s.
Figures 2 to 6 in the annexe descri be the schematic structures of sone 15
pl asni ds pBepRepyifer ofhsheokobageoi ER-3f g@BEchi neric

The two complementary synthetic
oligonucleotides 0ligo 7 and Oligo 8 below are
hybridized at 65°C for 5 minutes and by slow reduction
of the temperature to 30°C over 30'.

Oligo 7 5' GCGTCGACGC GATGGGTTTC GTGCTTTTCT CTCAGCTTCC

10 ATCTTTCCTT CTTGTGTCTA CTCTTCTTCT 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



genes. In these figures, the various restriction sites are marked in
italics. Al the techni ques used bel ow are standard | aboratory techni ques.
The detailed protocols for these 20 techniques are in particul ar descri bed
i n Ausubel et 41 al. Exanple IV-1: Construction of the chineric genes
for the transformati on of plants DRPA-MDsp: Creation of a plasmd
containing the signal 5 peptide of the tobacco PR-1a gene The two

conpl ementary synthetic oligonucleotides Aigo 7 and Aigo 8 below are

hybri di zed atg@ﬁgqub? Brnd gznutes and by §Iom1reduction of the
tenperature t0 30[err]C over 30[err]. Aigo7: 5" GCGICGACGC GATGGGITTC

GITCCTTTTCT CTEAPAIPSCPRIAIheTS ! EFémtbaTO£CACEdqIdREeTéhEoA3ngl0 A i gos:
5' TCGCCGGCAC GTA AGAGATCACA AGGAAAAGAA GAAGAGTAGA CACAAGAAGG

AAAGATGCGAA CChéliéhiieinbByBusddzaichnthet PReAaCsignal pepgtidegweith o t he
DNA renai ni ng singl e-stranded serves as tenplate for the Kl enow fragnment of
E. coli pol ymant&sankctibadr regdont &ndadrd conditi ons recomended by the
manuf acturer (New Engl and Biol abs)) for the creation of the double-
stranded obi gonucl eot i d&8het &wbi syntheticheldgoanglepbtidesach ol i go. The
doubl e- st randed ol i gonucl eoti de i

complementary to Oligo 9 and Oligo 10 seguences

according to the operating conditions described for

PRPA-MD-P.

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-la-heliomicine fusion protein situated between the



obtained is then digested wth the restriction enzymes Sacll 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-1a 42 gene (SEQ I D NO 4).
PRPA-PS- PRl a-helio: Creation of a sequencgzencoding helionicine fused with
the PR-la signal peptide with no untranscribed region in 3 5

The two synthetic oligonucl eotides conplenentary to Adigo 9 and digo 10

sequences acco g r n | b f p MD- P.
o Toee s o G/g%,\g GE_t?gtt.rhz%t%ﬁ aa»cag aen gkl Rrﬂ%e%&%u %ﬂd 8haP Bﬁé

TTGCAACGGT GAGE@%AGéa@iG@Q@T"B'AnﬁI ersﬁe-l@tlon5 s1@6@GéEC€EE @GACACGT TC
GCCTCGOCGA GCTCTCAAGT CTCGCACCAG CAGTTCACGT TAGCGAAGGA ACCGCAGTGA

CCACCCTTGT AACEeet@aa1CERGCAGEG 3D W0 Aft.er hybridi zati on between Aigo 9
and Adigo 10, the DNA renmai ning single-stranded serves as tenplate for the
Kl enow fr agnmenpRPA-RD-230i: Crieatdoasefla wectwde forhexprassion danditions
recommended by the manufacturer (New England Biol abs)) for the creation of

t he doubl e- $t r Plaad solcogprisiog: the sequence engodimg thec®R-dfi-each ol i go.
Thi s doubl e-stranded
heliomicine fusion protein

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

10 whose schematic structure is represented in Figure 2,
contains the duplicated CaMV 35S promoter isolated from
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 &-glucoronidase gene (GUS Jefferson et al.,
1987) followed by the CaMVv 35S RNA polyadenylation site
(CaMV polyA; Odell 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 Ncol and BamHI
and the small DNA fragment containing the region
encoding the PR-lo-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



ol i gonucl eoti de containing the coding portion of 20 heliomcine (SEQ ID NO
2) is then cloned directly into the plasm d pRPA-MD-P whi ch has been
digested with the restriction enzyne Nael. The correct orientation of the
cl one obtained is checked by sequencing. A clone is then obtained which
conprises the region encoding the 25 PR-4ga-heliomcine fusion protein
situat ed between the 43 Ncol restriction sites at the N-termnal end and
the Scal, Sacll and BanmH restriction sites at the CG termnal end (SEQ ID

NO 3). PRPA- RDrd88inCrfRLI 88h8hafi¥est PlhictQFcCXPr ERSE OQx{fbf‘eési?bﬁnt S
conprising the sequence encoding the PR-la- heliom cine fusion protein The

plasm d pRTL-gda&kScrdeisVvedptesantbs phagigdreUe: 19pruag- obt ai ned from Dr
Jim Carrington (Texas A&M University, not described). This plasmd, 10
whose schemathelsbmicinee reprepersentkd codbhguregZoncHbotathé PRe
duplicated CaW 35S pronoter isolated fromthe cauliflower nosaic virus
(CaMV 2x35S pionsbediomiddihe &tsabn, pt&88ijnwhEchREA+BRE83 9 heTheapr essi on of
an RNA contaihing the tobacco etch virus 5 untranslated 15 sequence (TEV
5 UTR, Cabrihgloamicitneedis toanyporhedEtocthe exgraceirdniduswayshs (GQUS
Jefferson et al., 1987) followed by the CaM/ 35S RNA pol yadenyl ation site
(CaWw pol yA, ©fefhecplant byobhe aghiéop| asnthepRRrle sipnal Bfpeifed with

t he
PRPA-RD-195: Creation of a plasmid containing a

modified multiple cloning site
The plasmid pRPA-RD-195 is a plasmid derived
10 from pUC-19 which contains a modified multiple cloning
site. The complementary synthetic oligonucleotides
0Oligo 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



20 restriction enzymes Ncol and BanmHl and the |arge DNA fragnent is
purified. The plasm d pRPA-PS-PRl a-helio is digested with the restriction
enzymes Ncol and BanH and the snmall DNA fragnent containing the region
encoding the PR-la-heliomcine fusion protein is 25 purified. The two
purified DNA fragnments are then ligated gggether into a cassette for
expression in plants which synthesizes a PR-|a-heliomcine fusion 44
protein. The schenatic structure of this expression cassette is represented

in Figure 3. SPRykgurBebiFOrhesnaulke &%S%@Bﬁihg sEQ@'@Q repkaBeheegt he PR-
| a- heI|0n1C|ne fusion protein of pRPA-RD-239. The 5 heliomcine is

transported tantrggaxkracellular matrix of the plant by the action of the
PR-1a signal peptide. i RPA-RD-195: Creation of a plasmd containing a
nodi fi ed nmul t prRPA~-RDSRKEDG InteodaethbassEdthBPAdaBBettl Eora pl asm d derived
10 from pUC-19 which contains a nodified multiple cloning site. The

conpl enent ar y experregetion offi g@rdo-befllidmicinegfrdm pREACSRDgE392 ibgbow ar e
hybri di zed and nade doubl e-stranded according to the procedure descri bed

f or pRPA- M3 PPRBA-BBFA95 5' AGGGCCCCCT AGGGITTAAA CGOCCAGICA GGCCOAATTC
GAGCTCGGTA CCCGGGGATC CTCTAGAGIC  GACCTGCAGG 15 CATGC 3
Oigo 12: 5 CCCTGAATRR piesmicdcoRPAcRBCZTPAASTRAARALERTWith the

restriction enzyme PstII. The DNA fragment containing
the cassette for expression of PR-la-heliomicine is
purified. The purified fragment is then ligated into

10 pRPA-RP-195 which has been previously digested with the
restriction enzyme PstII and dephosphorylated with calf
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 blunt-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"



GCATGCCTGC AGGTCGACTC TAGAGG 3' The doubl e-stranded ol i gonucl eoti de
obtained is then ligated into pUC 19 whi ch has been previously 20 digested
with the restriction enzymes EcoRl and Hindl Il and rmade bl unt-ended using
the Kl enow fragnent of E. coli DNA polynerase |I. A vector is obtained which
contains nultiple cloning sites in orderygo facilitate the introduction of
the cassettes for expression in an 25 Agrobacterium tunefaci ens vector

pl asm d. The schematic 45 structure of this nmultiple cloning site is

represent ed iQSE%QHéﬁté;tEBPAg?QbZéQérkﬂhfQQHQEEBEeHE hBBagaagette for
expressi on of - | a-heliomcine from pRPA-RD-239 into 5 pRPA-RD- 195 The

pl asni d pRPA- Bpn2BAskSpdilgaabagi vt Bnt Betbesbel:ahi @R gnzymeoRsyll. The DNA
fragnent containing the cassette for expression of PR-la-heliomcine is

purified. Thevmosi bred tepgaesihtksthbeaghbpatedrininotiflefRBAeRE- 195 Which
has been previously digested with the restriction enzynme Pstll and
dephosphoryl ahegdaiihk sghthastepkromnakephdBphahase. apRPAIRB3174"NPirasm d
derived from pRPA-BL-150A (EP 0, 508, 909) contai ning the gene for tol erance
to 15 bronbxyRIl' vEppRPenBE- 2BZ EEPc01308nS08yamlhpogenentomytoher ance to
bromoxynil is isolated from pRPA-BL-237 bﬁ gene anplification by PCR

phosphotransferase gene (Rothstein et al., 1981), ™35S

pro" represents the 35S promoter isolated from 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 0Oligo 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 GCGTTTAARAC 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



The fragnent obtained is blunt-ended and is cloned into the EcCoRl site of
pRPA- BL- 150A whi ch has been nade 20 bl unt-ended by the action of Kl enow
pol ymerase under standard conditions. An Agrobacterium tumefaciens vector

i s obtained which contains the gene for tolerance to bronoxynil near its
right border, a gene for tolerance to kaganycin 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" 46

represents th 1éghQQagh§ALﬂﬁlivﬂeiéch§8ésﬂgﬁa%£9ﬁ sHat haserpetyadenyl ation
site (Bevan et al., 1983), "NOS pro" represents the Agrobacterium

tumef aci ens nepalineexmynt hane EheMhege(BAXaPr&bmaht, 14983 if18RT 5 I
represents the E. coll Tn5 transposon neomyci n phosphotransferase gene

(Rot hstei n etThk. twd9BfIA, £-30hept 8" obeaiRred@naset bReRSHigabeat er i sol ated
fromthe cauliflower nosaic virus (Odell et al., 1985), "BRX" represents
the nitral ase gene isol At pilabmbdh derbraednfecthOpRBRaRRel74tial ., 1988), "RB"
and "LB" represent the right and | eft borders respectively of the sequence
of an Agrobacobtauneduwbighbi compTispbaothdr DRPArROLi6n: spHEsti on of a new
uni que restriction site into pRPA-RD-174 15 The conpl enentary
synt hetic ol i BeRWerBothgegepi §@r130&ﬁ§am=fag§°1hr9@9maieaﬁ9gghai zed and

made .
selectable marker kanamycin gene.

The schematic structure of the plasmid pRPA-

RD-184 is represented in Figure 6 where the terms

10 "nos", "NPT-II", "NOS pro", 35S pro", "BRX gene", "RB"
and "LB" have the same meaning as 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 SfiII and AscI and the DNA fragment
containing the PR-la-heliomicine gene is purified. The
plasmid pRPA-RD-184 is digested with the same
restriction enzymes. The DNA fragment containing the

20 cassette for expression of PR-lao-heliomicine is then
ligated into pRPA-RD-184. An Agrobacterium tumefaciens
vector is thus obtained which contains the sequence
encoding the PR-la-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



bl unt - ended according to the procedure described for pRPA-MD-P. O i gol3:

5" CCGGCCAGIC AGGCCACACT TAATTAAGIT TAAACGCGEC CCCGECGCGC CTAGGTGIGr
GCTCGAGECC CCAACCTCAG TACCTGGITC AGG 3' digol4: 5" CCGGCCTGAA CCAGGTACTG
AGGTTGGEECC CTCGAGCACA CACCTAGGCG CECCGEEECC GCGITTAAAC TTAATTAAGT
GTGGCCTGAC. TGG 3' 20 The hybri di zed doubl ggstranded ol i gonucl eotide (95
base pairs) is purified after separation on an agarose gel (3% Nusieve,
FMO). The 47 plasm d pRPA-RD- 174 is digested with the restriction enzyne
Xmal, and the %8£ﬂ¥n fragnent is purified. The two DNA fragnments _
obtained are then Trgated. A plasm d derived from pRPA-RD- 174 is 5 obtained

uhi ch Compr | SesRPADREAS ELpLELLANGP! Ap1RERIECROREELARAG ERD bELARRNCE O

bronmoxyni | and't sel ecta Kanamycl n gene e sc

structure of tﬁs piasnbe eRE mat¥e 18 é}uégaiseeefsmed 1»§1Fgaﬂée 6 where the
terms 10 "nos "NPT-11", "NOS pro S pro", "BRX gene "RB" and "LB"

have t he sane meaﬂbaﬂkasaeeeEgguﬁené REPéeRP- 241: Creatlon of an

Agrobacterium tunefaci ens vector containing the construct of the gene

encodi ng hebi om ci ne di reheetwbopartsalbe esimbrembhthay swhth&tic
oligonucleotides Oligo 13 and Oligo 14 below are
hybridized at 65°C for 5 minutes and then by slowly

reducing the temperature to 30°C over 30 minutes.
Oligo 15 : 5’ GGTCTAGAAT GGCCTGCACC AACAACGCCA TGAGGGCCCT

CTTCCTCCTC 3’
Oligo 16: 5’ CCGAATTCGG CGCCGTGCAC GATGCAGAAG AGCACGAGGA
GGAAGAGGGC 3’
10
After hybridization between 0Oligo 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 XbaIl 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 SfoI site (SEQ ID NO 15).



15 The plasm d pRPA-RD-240 is digested with the restriction
enzynmes Sfill and Ascl and the DNA fragnent containing the
PR-1a-heliom cine gene is purified. The plasm d pRPA-RD-184 is digested
Wth the sane restriction enzynmes. The DNA fragnment containing the 20
cassette for expression of PR-la-heliomgene is then [igated into
pRPA- RD- 184. An Agrobacterium tunefaci ens vector is thus obtai ned which
cont ai ns the sequence encodi ng the PR-Ia-heliomcine fusion protein which

leads to the gRPACRESEPNCLEabebhOBE CaNBefilehbE ERcolXhfaREliomiEingt ri X of
the plant. Exanple 1V-2: Creation of an expression cassette CsVNV pronoter

- PGl signal pepeddwithh€heosighat pepbide ofi8ther repagenepRPA- NP4:

Creation of a plasm d containing the signal peptide of the naize

pol ygal act ur onase PGl g®he té&ghban&ncaediegshehibdinickbe&c@ay dmplified The
two partially conplenentary synthetic oligonucleotides Aigo 13 and digo
14 bel ow ar e hybPfBi fzdmathes5¢éong @RBA-BSnPRLeebedhd ({HEQ BD ¥Oody

reduci ng the tenperature to 30[err]C over 30 mnutes. digols: 5'
GGTCTAGAAT 3GOELY phermesten] ¥ GREcEnEYmeTBETatagese) REgerding 5

CCGAATTCGG CGCCGTGCAC GATGCAGAAG _AGCACGAGGA GGAAGAGGEC 3! 10
to the standard conditions recommended by the

manufacturer. The synthetic oligonucleotides used for
this amplification are:
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 XhoI and cloned into the vector
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+1). The sequence of
this fragment is indicated (SEQ ID NO 19).

The heliomicine expression vector was



After hybridization between Aigo 13 and Aigo 14, the DNA renai ning

singl e-stranded serves as tenplate for the Kl enow fragnent of E. col

pol ynmerase | (under the standard conditions recormmended by the 15

manuf acturer (New Engl and Biolabs)) for the creation of the double-stranded
oligonucleotide starting fromthe 3' end gf each oligo. The doubl e-stranded
ol i gonucl eoti de obtained is then digested with the restriction enzynes Xbal
and EcoRlI and then cloned into 20 the plasmd pBS Il SK(-) (Stratagene)

digested Wi th bBgasall boSLhbeltelnBZYERS: xBatl RBAT! 2eLbbElcpbLAI NEd which

contains the region encoding the 22 am no

the si ghal “pepti de of

the PGL gene, gpdgitehehorayhbevbdesd prbA-kBS &8ﬁ€hﬂﬂl£?aﬂﬁe0§ g@t her

proteins at the 25 level of the Sfol site (SEQID

49 pRPA- NP5:

Creation of a seégnebcpepbiddi-nglbemioihéei pesivfedntbt Bhehgestgnal peptide
of the PGL gene The region encoding heliomcine was anplified by PCR from
t he cl one pRPAPPETRRI a5hefligesGEQ WDEhIOcBesE waink &heyinbetr mpReabl e Pfu

enzyme (Stratagene
manuf act urep. ¥A8U
are: digo 17: 5

i

according to the standard conditions recommended by the
yhngecienel thenafpret cdetaimedther exhresaiphi fi cation

GATAAGCTTA TCGGITCCTG CGTG 3' 10 digo 18: 5 GGCTCGAGTIC
AAGTCTCGCA CCAERABTTESACSWMV TRECPCRepr Balcsigasldpgetide-hel homheine-

Nos terminator (SEQ ID NO 20).

Example IV-3: Preparation of transformed tobacco

3.1 - Transformation

10 The vectors pRPA-RD-241 and pRPA-NP6 are
introduced into the Agrobacterium tumefaciens EHA10l1l or
EHA105 strain (Hood et al., 1987) carrying the cosmid
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

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 in 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



restriction enzyne 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 frame with the sequence encoding heliomcine (SEQ ID NO
18). pRPA-NP6: Creation of a cassette fogjexpression of heliomcine in a
transformati on vector 20 The expression and transformation
vector plLTAB 357 is derived fromthe binary vector pBinl9. It contains the

CsVW prO”Dte%h@X%Ed%aEﬁbdehu%Engl%%@s BEQBE Mple. tﬁbﬁ'de3éao$éé9f$%39)

fol lowed by a multiple cloning site and the nopaline synthase Nos

transcriptionipeg abgrcﬁﬁtﬂﬁﬁﬁﬁ bh) anThe &@Q&ﬁﬁ@%u@blbﬂéﬁtéﬂaﬁﬁﬁﬂi I's
i ndi cated (SEQ I D 1 The heli om ci ne expression vector was 50

obt ai ned by iB@egvno6fokubhesxb@htKaahtaemhhgchbono&m@g@enNeat t he vector
pRPA- NP5 contai ning the PGL signal peptide-heliomcine fusion into the
vect or pl LTABdeveldpges shdonist hrehesd leatede angdneheyTheeb cudsikbited cl one
therefore contains the expression cassette CsVIW pronoter-PGL signal
pept i de- hel5 owinciane MSNaootdngi meddum SEQteDnNOg2 bl fEthepkcontens: of
Preparation of transfornmed tobacco 3.1 - Transformation 10 The
vect ors pRpA_ﬁ91241vaﬁ@npRpAaNﬂ6s§g§r and containing no hormone.

After about 15 days, the rooted shoots are transferred
into soil.
3.3- Analysis of the expression 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
Bioexpérimentation 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



introduced into the Agrobacterium tunefaci ens EHA101 or EHA105 strain (Hood
et al., 1987) carrying the cosmd pTvkK291 (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

SEI TA France) fromfoliar explants is cagaied out on a Miurashi ge and Skoog
(M5) basic nmediumconprising 30 g/l 20 of sucrose as well as 200 ig/m of
kanamycin. The foliar explants are collected fromplants cultivated in a
greenhouse orcomductéed o8 regenegaits Brawtsli figr t thé heohotrast di sc

techni que (Horsh et al., 1985) in three successive stages: the first

conpri ses t hepRPAtKPS pra®fwebl siawods @& rnwildretdypen copprebherifelwi th 30 g/ |
of sucrose containing 0.05 ng/l of naphthylacetic acid (ANA) and 2 ng/l of
benzyl am nopudével §B3AP) leaveq Soflaysbadde in & lgxéemheuserwere didnelyt his
stage are then devel oped for 10 days by culturing on an M5 nedi um

suppl ement ed SFrewn@0aly/ theftemperaturet o oht @i Nel beoseR noried et |

devel oped shoots are collected_and they are cultivated 5 on an M rooting

medi um con? ai AT AGSHRT f SYHEACHRE eheT of Balt, 4% 13 3¢ BAJTEHE=HChnd
contatning 1o heEgpne; ALyt abgulodSedevss Ao cghed shegtgore L

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



10 transgeni ¢ tobacco a) Production of specific polyclonal antibodies

Pol ycl onal anti bodi es were obtained by i mmunizing a rabbit wth native

hel i om ci ne according 15 to the usual procedures of the Centre de

Bi oexperinmentati on VALBEX (IUT A - Lyon I). The serum obtained (15 m) was
t hen i nmmunopurified on Sepharose 4B col s (Pharnmacia; ref 17-0430-01)
coupled to heliomcine so as to specifically select the 20 i nmunogl obuli ns
whi ch recogni ze this peptide. These antibodies were finally eluted in 6 ni
of glycine (2801sME@EH) 3), neutralized with 1 MTris pH 9.5, dialysed with
0.5x PBS, and stored frozen at -200C up to the time of use. 25

b) I mmunodet ecti on of hehéoresube of thibwsgeperimebhacsihownatysts4of the
expression of heliomcine was 52 conducted on 8 transgenic plants for
the construct tp®Pegéirbc tsbaetd piants astréuglypexpoess chelehicinevel oped
| eaves of tobacco in a greenhouse were finely ground at the tenperature of
liquid nitrogBhe ahanaheln phetether ekranegeri¢ aplanksais48&kno50 nv
Tris-HC buffer, 1% PVP25, 0.05% Triton, X100, pH 7.5 in an amount of 4 n

of buffer Pe rn@Faﬁ%@lﬁlﬂ%éﬁtV\Fé‘i”@lﬁ%‘—'e@f‘n’b\?hc’é]h‘?r‘N*h‘éaY—YBﬂ CeRBrebncent rati on

of protein in
P The signal observed 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/1
-alkali metal dodecylbenzenesulphonate 24 g/l
-oxyethylated nonylphenol containing 10 16 g/1
molecules of ethylene oxide
-cyclohexanone 200 g/1

-aromatic solvent gs 1 litre

Example EC2:

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

polyglycol ether and fatty alcohols
~dimethylformamide 50 g

-xylene 575 g



t he supernatant was determ ned by the Bradford nmethod. 10 Five
m crograns of protein of each of the 9 extracts were deposited on
nitrocel l ul ose nenbrane in a "slot-blot" fornmat, as well as a quantity of
50 ng of pure heliomcine which serves as positive control. The nenbrane
was incubated for 1 h in 1% bl ocki ng buf§&r 15 (Boehringer; ref 1 921 673)
in TBS, and then incubated overnight at 4[err]C with i munopurified

anti bodi es directed agai nst heliomcine, diluted, 1/2000 in TBS buffer with
0. 05% Tween 28xamplervvashfdewdaBES, 0.1 Tween 20 and 0.5% of bl ocki ng
buffer), the menbrane was 20 incubated for 1 h at roomtenperature (TBS

w th 0.5% bl ocki ngekafbee) FWlth a goat anti body (diluted 1/50 000) directed
specifically against rabbit imunogl obulins and coupled to al kal i ne
phosphat ase (S| GVA-Ac868%) sulbktenceashi ng (TBS, 0.1% Tween 20p00t ge 25
detection is made by addi ng a phosphatase substrate (Bi oRad; ref 170-5012),
and the reveal i ng repodieshasylpyefatirdgtaphyrbenpherhgrrhasees0 @dduct on
Amer sham 53 film (ECL). The result_ of this_experinent shows that 4
transgeni ¢ t obacco BPa¥esherydased erkréebenetli onicine. The siPn& in the
ot her transgenic plants is me%k Oé 5 not significant conpared ?fth t he

wi | d-type control . PREIYMGFIFPEEYEAYED for the best plant is &° &he |evel

of the positive COQEEﬁblggg Bgygglhelionicine), whi ch

50 g
-organopolysiloxane oil (antifoam) lg
-polysaccharide 1.5 g
-water 316.5 ¢

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%
-Cl3, 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%



indicates that in this plant, heliom cine represents by weight about 1% of
the total proteins. 10 Exanple V-1. enulsifiable concentrates Exanple EC :
-active substance 400 g/l -alkali netal

dodecyl benzenesul phonate 24 g/l -oxyethyl ated nonyl phenol containing 10 16
g/l nol ecul es of ethylene oxide -cycl ohexgnone

200 g/l -aromatic sol vent gs 1 litre Exanple EC2:
-active substance 250 g -epoxidi zed veget abl e oi
25 g -mxture of ahgﬁggpg:wg ghonat e and 100 g pol ygl ycol ether and
fatty al cohol s -di methylTor mam de 50 g -xyl ene

575 ¢ 54 Exanpl eaé¢tAvd lsumaadexanpl e F 1. -active substanggg
500 g -polyethoxylated tristyryl phenol phosphate 50 g/l -polyethoxyl ated

al kyl phenol -wetting &gfent - sodi um car boxyl at e 1.50%
20 g -ethylene glycol 50 g -organopol ysil oxane
oil (antifoam -disperkigg pgentacchari de 8%
1.5
J -calcium carbonate (inert filler) gs 100%

Example WP 4:

-active substance 90%
-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



-wat er 316.5 g Exanple V-3: wettable
powders (or spraying powders): Exanvle WP 1 -active substance

50% - et hoxyl ated fatty al cohol (wetting agent) 2.5% -ethoxyl ated
phenyl et hyl phenol (dispersing 5% agent) -chalk (inert carrier)

42.5% Exanple WP 2: -active substance gg 10% - C13,
branched type oxo synthetic al cohol 0. 75% et hoxyl ated with 8 to 10

et hyl ene oxide (wetting agnt) -neutral calciumlignosul phonate

1296(d'5per5'BQaQQQQE)haQQh% HMs¢aebgrabec{BAr 1501 khar 2000 microns.ds 100%
55 Exanple WP~ 3: -active substance 75% - wet ti ng

agent Example DG2: 1. 50% - di spersi ng agent
8% - cal ci um car bonat e éinert filler) gs 100% Exanpl e WP 4:
-active substance The following constituents a3@anieddiDXyl af ed xeat:ty

al cohol (wetting agent) 4% -ethoxyl ated phenyl et hyl phenol (dispersing 6%
agent) -active substance 75%
-wetting agent (sodium 2%
alkylnaphthalenesulphonate)
-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



Exampl e WP 5: -active substance 50% - m xture of

ani oni ¢ and noni oni c 2.5% surfactants (wetting agent) -sodium
| i gnosul phonat e (di spersing agent) 5%-kaolinic clay (inert carrier)
42. 5% Exanpl e V-4: dispersible granules Exanole DG 1 5 90% by

wei ght of active substance and 10% of pegjl urea are mxed in a mxer. The
m xture is then ground in a toothed roll grinder. A powder is obtained
which is wetted with about 8% by wei ght of water. The wet powder is
extruded in appephpe@ted roll extruder. 10 G anules are obtained which are
dried and then crushed and sieved so as to retain respectively only the

56 granul es having a size of between 150 and 2000 m crons. Exanple D&X: The
foll owing constituents are mxed in a mxer: -active substance

75% -wet ti ng agent -( pegtitde heliomicine M 2 2% 22.4 mg

al kyl napht hal enesul phonate) -di spersing agent (sodium

8% pol ynapht hal enesudpistaaieyl watert filler insoluble in watgs Rkanmlin)
15% This m xture is granulated on a fluidized bed, in the presence of
water, and then dried, crushed

Example VI. Stability of the activity of heliomicine

5 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 wvol 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,
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



5 and sieved so as to obtain granules having a size of between 0.15 and
0.80 nmm Exanple V-5: pharmaceutical conpositions Exanple A tablets
Tabl ets containing 50 ng doses of active 10 peptide having the follow ng

conposition are prepared according to the usual technique: - peptide
heliom cine M 50 ng -sgtarch
60 ng - | actose 50 ng - nmagnesium stearate

2 ng Exanple B: injectable solution An injectable solution containing 20 ngy

of 15 active peptrdt WavhngnipewhobtpWegeCeHRASAEASA t6 50 57 prepared: -
peptide heliomcine M2 22.4 nmg - distilled water

gs 2 cnferr] mxeppletives Sfahi solytdHbént bE Relivmiyiné khebhbaining b5

The stability of an antim crobial peptide towards plant proteases is an
essential fachbcrbgrambt aasiwgla gsod temerodfwekhoesspeptadd)t herefore of
resi stance to phytopathogens in transgenic plants. This stability is for
exanpl e a crivater. pﬁhﬁsefm;xanreﬁswere1®nanbahedr@bl&O @epenele such as
cecropin B_(Omens and Heutte, 1997, MPM vol 10, No. pﬁ 525- 528) e
exani ned t Be 3LagnrPEt 9EoROnBirBRiefnesanaloected after 0

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 aliguot 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: Production 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



activity on a test phytopathogen (Botrytis cinerea) after incubation with
crude extracts of 8 mgjor crop 15 plants (rmai ze, wheat, barley, rape,
soyabean, sunflower, tonmato and tobacco). The | eaves of these 8 species
were ground at |ow tenperature (liquid nitrogen) in a nortar, and then the
powder was resuspended in the sanme vol um® of water. 20 After centrifugation
(10,000 g for 30 mnutes), the supernatant was recovered and the protein
concentration determ ned. This concentration was adjusted for the 8

extracts to IcHBHed vy skdart i) Mdtvdaiertidmithadiddiese extracts were
filtered sterilely (0.2 mcrons). 25 One hundred mcrolitres of each

extract (as well as a - Hhdlivnidine R48: areplavdnment wef ecHdaeamiatsied to 50
mcrolitres of a solution of heliomcine (containing 15 mcrograns, as well
as a control agiddituéepi dd)e isequearere Ie¥R: ni wikless s ¢ ramudoes ed at
30"C, one 5 aliquot of 20 mcrolitres collected after O h, 1 h, 2 h, 4 h
and 20 h and agafbdi i @srirarkar BN targininestArgd) + v afaloay f ungal
activity was carried out at 25[err]C in mcropl ates by adding each ali quot
to 80 10 n? crotih ridie ctemenes IercRGars i the e Brmigine haweind Spr es

(10, 000 spores/m in a solution of Potato Dextrose Broth (D fco,, 12 g/1)).
Vi sual readi PHERFR: TR NPt &t 1B c(ﬂ%or?@z}g\ SRRRAYHRIGIhet® i s no

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 Oligo 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 sequence 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
IT.

25 Oligo 21: 5’ CTAGTGACTG CAACGGCGAG TGCTTGTTGC GC 3°
Oligo 22: 5’ GCAACAAGCA CTCGCCGTTG CAGTCA 3’

- heliomicine L28L29R48: replacement of the



significant |oss of antifungal activity of heliomcine 15 even for the
sanpl e incubated for 20 h at 30[err]C, linked to the exposure of a crude
extract of mmize, wheat, barley, rape, soyabean, sunflower, tomato or
tobacco. This result indicates a very high stability of heliomcine to

pl ant proteases, and that the antifungal 6B0 activity tested on Botrytis
cinerea is not affected by the presence of crude plant extracts. Exanple
VII: Production of various heliom cine nutants: single, double, triple and
quadr upl e nut amios bd%sic amino aciBize Lyl amics Are) e oz ipiemared saeceodi ng to
t he met hod described in Exanple Il by replacing sone of the

ol i gonucl eot i @S thet aetusnide ADhA0:0l1i dpynueice dieutdne anGSecla@sien i n or der
to introduce the nutations. - heliomcine R48: replacenent of the am no
aci d 4 u48 of relsd deeguemce rieplHOementi of &heagimingniacddaGleds wipahe cul ar
an arginine (Arg48). By analogy 5 with the sequence encoding the

hel i oni ci ne h&EETICIee I@e@@enge:bYSI’é@)el prigo BcitharssadaeciAreddddi ng A u
is replaced by the _codon AGA encoding Arg. The oligonucl eotides 19 and 20
are used a® a W&ploddgammnclratides 19 é@n%@l 8318 JE€E agn@ geprlaceRaste 11.

10 digo 19: 5 GAJCCTTQGC TAACGITAAC TGITGGTGTA GAACCTGATA GG 3' O igo 20:
5" TCGACCTATC fRéGFJ(;@T 9@@&&&&@#%%*&%%@%%9 € Exampie O 'Y

II.

- heliomicine A24A25: replacement of the two
amino acids Asn24 and Gly25 of the sequence ID NO: 1
10 two alanine amino acids (Ala24 and Ala25). By analogy
with the sequence encoding the heliomicine of the
sequence ID NO: 1, the part AAC-GGC encoding the
peptide residue Asn-Gly 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



- heliomcine L28L29: replacenent of two 15 basic am no acids Lys and Arg

at position 28 and 29 of the sequence IDNO 1 with tw hydrophobic am no

acids, in particular two | eucine am no acids (Leu28 and 28). By anal ogy

wi th the sequence encodi ng the heliomcine having the sequence: SEQ ID

NGO 1, the part AAG CGC 20 encoding the peptide residue Lys-Arg is replaced
by the sequence TTG TTG encodi ng the peptide residue Leu-Leu. The

ol i gonucl eotides 21 and 22 are used as a replacenent for the

ol i gonucl eot i dg 313R¥drhiclledeiddy 27 bnd2280kis0@ Zbplaccmbie! @oeT Ghe
CAACGGOGAG TGCTTGITGC GC 3' O igo 22: 5 GCAACAAGCA CTCGCCGITG CAGICA 3' -

hel i om ci ne L23li3R%] doefdldrcanrent of the 60 two basic am no acids Lys
and Arg at position 28 and 29 of the sequence ID NO 1 by two | eucine anm no
aci d resi dues Gdragror @pl:abemMAGCTIGGAITA ANACAGRTIGE AGCASCIGGThe sequence | D
NO 1 by the amno acid arginine (Arg48). 5 The oligonucleotides 19 to 22
are used as aAGSHIGREEHENB 'for the ol i gonucleotides 3 to 6 according to
Exanple Il._ - heliomcine A24A25: repl acenent of the two am no aci ds Asn24

and Ay25 of HeWedbende FEGIEECLCIFCARETACANMe ani no acids (Al a24 and
Sequence | b NG1IEP s it CTAGEBAOT FEbG e e 37 O ¢ e o e
Oligo 28: 5’ AAACACAGCT ACCAGCAGCA GCAGCTCTTT TATCCA 3°
- heliomicine A24A25L28L29: Two

oligonucleotides (sense and antisense) were necessary

10 to compensate for the absence of a restriction site
between the sequence encoding the peptide residue
consisting of the two amino acids Asn24-Gly25 and the
sequence encoding the peptide residue consisting of the
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 yeast 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



peptide residue Asn-A@y is replaced by the sequence GCT- GCT encodi ng

Al a- Al a. The ol igonucl eotides 23 and 15 24 are used as a repl acenent for
the oligonucleotides 3 and 4 of Exanple Il. digo 23: 5 CTAGIGACTG
CCCTGCCTGAG TGCAAGCGEC GC 3' digo 24: 5 GCCGCTTGCA CTCAGCAGCG CAGTCA 3 -
hel i om ci ne A6A7ABA9: repl acenent of theg20 am no acids Asp6-Lys7-Leu8-11e9
of the sequence ID NO 1 by 4 alanine amno acids (Ala). By analogy with

t he sequence encodi ng the heliomcine of the sequence ID NO 1, the part

GAC- AAG TTG Atdreneadbnd the nephi de pescdughlspeh¥ssladrk! eemsveap! aced by
t he sequence 25 GCT- GCT- GCT- GCT encodi ng the peptide residue Al a-Al a-

Al a- Ala. The bl genueli€abadesn2%4800 g6 30emiged4as)a mrhel acenent for the
ol i gonucl eotide 1 of Exanple Il and 61 the oligonucleotides 27 and 28 as
a repl acenent shpernheaonki gasuakédiifded?2toOpbHg8 . 835wikh AGETIGGAEAANAAGAGCTCC
TGCTGCTGGT AGCTGIGITT 3' 5 Adigo 26: 5 GGGEGECGCCG TCAACTACA 3' digo 27: 5
CTAGIGTAGT TGsgbdectedCto3a eecgnd2gensrifngantanCt4AC0AGCABCAMGEAGCTCTTT
TATCCA 3' - heliomcine A24A25L28L29: Two ol i gonucl eoti des (sense and

anti sense) ned8ChebesozeyalfirstcsppaAsRhaspor*tackBoansEed- a restriction

site between the sequence encodi ng the peptide residue
- first solid phase extraction step on a

reversed phase gel: the acidified supernatant is
deposited on a Cl8 reversed phase Sep-Pak Vac 35cc
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



consisting of the two am no acids Asn24-G3 y25 and the sequence encodi ng the
peptide residue consisting of the two am no acids Lys28-Arg29 of the

hel i om ci ne of the 15 sequence ID NO 1. The two oligonucl eoti de sequences
29 and 30 repl ace respectively the two oligonucl eoti de sequences 3 and 4 of
Example 1. Adigo 29: 5 CTAGIGACTG CCCTEXTGAG TCCTTGITGC GC 3' digo 30:

5" GCAACAAGCA CTCAGCAGCG CAGICA 3' 20 Producti on of nutated

hel i om ci ne on the sem preparative scale The various nutants of heliom cine
are prepared apdtpuel,fprd3l. 0.t tRef 0l MONRCOY fRABELonCBEnehihhAgt eAasf or med
yeast clones expressing the nutated 25 heliom cine was cultured at 290C for
48 h in 50 nl motaseliebelyemirednenisThesopered| t dréedaantdbenvasadmt o
inoculate 2 1 of selective nmediumand the culture was 62 carried out for
48 h at 29[ errpConghetypeedt witbr 80r mpoeédabydiénedi blgaapbone(wabeérg, 30
mn, 4[err]C). The supernatant was acidified to pH 3.5 with acetic acid,
subj ected to 41%eZBAd - c®her mubghefoheliondcgnespsnthenspruréfipd) bef ore a
first solid phase extraction step. - first solid phase extraction step on a
reversed pRas&eyeFsefrRhaspdiiflied supernatant is deposited on a Cl18

[eversed Phase, Sep Pak Vg 38ct, £aEL bulge,(UELST B/ R0F. g i atled
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 wusing 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



hydrophilic nol ecul es were renoved by washing with acidified water foll owed
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 sggerile 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 nutated hakteminéhaeivAsocFeenashttitedyi Bpabti¥nasoBheNpapgel ake
solution, pH 3.4. This sanple was deposited on a CM cati on-exchange Sep-Pak
Vac 35cc cartahdgef(\heemsnfmanciahébitdbygcoficehasgatidh (MQOo)l abrated with
25 MM anmoni um acetate, pH 3.4. The nutated heliomcine is eluted using a 1
M sodi um chl owhdeh( b€l hutateatli pappidpaiedachi?®. nthaenMbdi was 63 acetate,
pH 3.4. The 1 M NaC fraction containing the nutated heliomcine is
recovered, dresprgaded gactbem cereentraticadrangd 20l nt 6Pl awherei ed
ultrapure water (1% TFA). The nutated heliomcine is then purified by 5
rever sed- pRaséa2HPyes thepaBinpupms FeREPBRTatApnbyhePECRRt ABSREt 8fed

hel i om cine was purified to honogenei by chr omat ogr aph n a preparative

reversed-phasgreﬁFhnﬁSAﬁBﬁBBV?gD%PB3é%¥CQKFBFBRHFBE @FE?¥ g?ﬁ ngﬁ mm 300

A 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 1l‘'Institut Pasteur), Staphylococcus

aureus (H. Monteil, Institute of bacteriology,



10 wusing a biphasic linear gradient of acetonitrile from2%to 23% over 10
mn and from23%to 33% over 80 mn in 0.05% TFA at constant flow rate of
2.5 mM/mn. The fraction collected is dried under vacuum reconstituted
with ultrapure water and anal ysed by MALDI mass 15 spectronetry in order
to verify the purity and the identity. Tlgg different nutated heliom cines
were anal ysed for their antifungal activity under the conditions described
for the reference heliom cine against the follow ng strains: Neurospora

crassa, 20 FusalddHBu\ TOTABP AL ARC VA8 RARITBGOC Mhfbeiine B Mpe of the
mut ants of heliom cine was al so eval uated agai nst bacteria. The

experiment al G dHddtS ISR It HRHTUMPd Reldwscirati dHilddM tneg n
vitro: measurenment of the 25 antibacterial and antifungal activity by

m cr ospect r ophi@.aneBogult s geeitred doaaghudeadrs et ddirest ,he&Saclas .

determ nation of the activity spectrum of the peptide and of the m ni num

i nhi bitory con@aileatdizoActiv@tyaofisionie mutahedathed iondicides agadmiste. The
M C was expressed as the concentration range [a] - [b] where 5 [a] was the
m ni mum corfcent r ati on wher &idamemtousofupgdvand baskexiged and Eb] the
concentration for which no growth was observed. Exanples of specific
activity of tREGRAAIANIFNS oni ci ne, wWMIE Heypddte MGk

heliomicine {(um)

L28L29 R48 L28L29R48 A6A7A8BA9 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 0.8-1.6 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



and filanmentous fungi, are given in Table 3. 10 The

anti bacterial activity was detected by a test of inhibition of growh in

|l iquid nmedium The bacteria to be tested were suspended in a nutrient
medi um of the "Poor Broth" type. Preferably, a 1% bactotryptone sol ution
suppl emented wth 1% NaC by 15 wei ght/vgkune, prepared in dem neralized
water, is used. 10 4 of each fraction to be analysed are deposited in
mcrotiter plates in the presence of 90 [err]1 of culture medi um cont ai ni ng
the bacteria (at a final concentration equivalent to 1 nmOD at 600 nn). The
20 incubation was carried out at 25[err]C for 12 to 24 hours. The bacterial

growth was neasiampd eDWTTAR SeUARY o aethteceoxicd®y Nnmwith the aid of a
mcrotiter plate reader spectrophotoneter. - bateria tested: Bacillus

megat eri um 25 (col | ecti Grotipsl o<t 4t femBAst aice, weérer dceates byt eus
(collection de I'Institut Pasteur), Staphylococcus aureus (H Monteil,

I nstitute of Hatirevepoogy injectsost odsisolug)onse odc deddomicinga{SEQH.
Monteil, Institute of bacteriol ogy, Strasbourg), and Escherichia coli D22
(P.L. Boquét, IDep0r @)f dn sadlicer sotludiien asadlosps ofaBl endt 1Rcmovikgy of
sonme nutated hel i om ci nes agai_nst 5 o filamentqus fungi and
bacteria M cr 6GFF&FPoRging solutions\o€ pproti@ing &%t $SGRYH¥S oni ci ne (am

control (no effect for the two doses) and mellitin as

positive control (100% mortality at 5 days at 10 mg,

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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L28L29 R48 L28L29R48 A6A7A8A9 Helio Fungi Neurospora 0.8-1.6
0.4-0.8 0.8-1.6 1.6-3.1 0.1-0.2 crassa Fusari um 3.1-6.2
0.4-0.8 0.8-1.6 3.1-6.2 0.2-0.4 cul norum Nectri a 3.1-6.2
0.4-0.8 0.8-1.6 ND 0. 4-0.8 haenmatococca Bacteria Bacill us

50- 100 ND wo 993053 6.2-12.5 ND negaterium M pCcoZPRE98008432. 5- 25
25-50 ND ND ND | ut eusgpt aphyl ococcus ND ND

ND ND ND aur eus Aerococcus ND ND ND
12.5-25 ND viridans Escherichia ND ND ND

ND coli D22 ND: no activity detected —L%Em%xanple VIII: Study of actute

toxicity G oups of 4 feﬂale eég}%ghEPé§g§%g %bgsggg ?T |nJect|on of
'n™s

solutions of heliomcineg (S | PR&“86l ? doses of 1

and 10 ng/kg. gg?giagpgg ggc%ogytrggﬁugg @Esgtlnlne as negative control (no
WO n

effect for th ose

5 Xaa-Cys-Xab-Cys-Xac-Cys-Xad-Cys-Xae-Cys-Xaf-Cys-Xag
(1)

in which:
Xaa is -NH, or a peptide residue comprising
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.
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positive control (100%nortality at 5 days at 10 ng, significant effects at
5 days at 1 ng). No toxicity was 10 denonstrated for the heliomcine
solutions at the two doses injected. RERERENCES Ausubel, F. A et al. (eds.
G eene). Current Protocols 15 in Ml ecul ar Biology. Publ. Wley & Sons.
Bevan, M et al. (1983). Nuc. Acids Res. ggl: 369-385. Carrington and Freed
(1990). J. Virol. 64: 1590-1597. Ehret-Sabatier et al. (1996). The Journal
of Biological Chem stry, 271, 47, 29537-29544. 20 Horsch et al. (1985).

Sci ence 227: 1229-1231. jeffEPéﬁfhdg &cotd DS ) to EMBOAM 26 3901-3907.
Komari et al. (1986). J. Bacteriol. 166: 88-94. Rothstein et al. (1981).

Col d Spring Hatharsyteriftddnin Ehat . X485 cORpADSes 2D, R Al Kesred Basid 1988).
J. Biol. Chem 263: 6310-6314. Cdell, J.T. et al. (1985). Nature 313:
810-812. WS 3963ds . PCT/ FR99/ 00843 67
CLAI M5 1. Peptide conprising essentially the peptide sequence of formula
(1), 5 Xaa- Cys- Xab- Cy4- XacPeyide e ysr kirg Oys - &bfth€y seXaglgijsia which:
Xaa 1 _NHZ or a prtéﬁg}éggégfgégoﬂgréﬁéggthe basic amino acids are
chosen from lysine, arginine or homoarginine.
5. Peptide according to one of claims 1 to
4, characterized in that Xad represents the following
peptide sequence -Lys-Xad'-Xad"-Gly-His-, in which Xad'
10 represents a peptide residue of 1 basic amino acid and
Xad" represents a peptide residue comprising from 0 to
5 amino acids, preferably 5.
6. Peptide according to one of claims 1 to
5, characterized in that Xad represents the following
15 peptide sequence -Lys-Arg-Arg-Gly-Tyr-Lys-Gly-Gly-His-.
7. Peptide according to one of claims 1 to
6, characterized in that Xac comprises at least one
acidic amino acid, preferably 1.
8. Peptide according to one of claims 1 to
20 7, characterized in that 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.
9. Peptide according to either of claims 7

25 and 8, characterized in that the acidic amino acids are

chosen from glutamic acid (Glu) or aspartic acid (Asp).
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10 from1l to 10 amno acids, preferably from1l to 6 amino acids, Xab is a
peptide residue conprising from1 to 10 amno acids, preferably 10, Xac is
a peptide residue of 3 am no acids, 15 Xad is a peptide residue
conprising from1l to 9 amno acids, preferably 9, Xae is a peptide residue
conprising froml to 7 amno acids, prefggably 7, xaf is a peptide residue
of 1 amno acid, and 20 Xag is -OH or a peptide residue
conprising froml1l to 5 amno acids, preferably 1 or 2 am no acids. 2.

Peptide according to clapm lpesHoRacieEbZ@Ond Ntd hahe X0R €DADRESESEEt | east
one basic amno acid, and/or 25 Xad conprises at |east one basic am no

aci d. 68 310, tratadeentzoddingthat ckaenr@préebanast eheézedliowihgt Xad
conprises 1, 2, 3 or 4 basic am no acids. 4. Pepti de according to either
of clainms 2 Speptli@¢e sbquemter+Zsd-Ghyt®at-t he basic am no acids are chosen
fromlysine, arginine or honoarginine. 5. Peptide according to one of
claims 1 to 4, charactetlzedPéptifiataxadrdéngetencretf ¢bainai hgteepti de
sequence -Lys-Xad' -Xad"-G3 y-Hi s-, in which Xad" 10 represents a peptide
resi due of 51 bfsieharrabertzedab@ that

Xaa represents the following peptide sequence Xaa'-Gly-
Xaa"- in which Xaa' represents NH, or a peptide residue
comprising 1 to 9 amino acids, preferably 1 to 5 amino
acids, and Xaa" represents a peptide residue comprising
10 at least one amino acid, preferably chosen from Leu,
Ile, Val, Pro, Ser or Thr, and/or
Xab represents the following peptide sequence -Val-
Xab'-Asp-, in which Xab' represents a peptide residue
comprising from 0 to 8 amino acids, preferably 8,
15 and/or
Xae represents the following peptide sequence
-Gly-Xae'-Asn-, in which Xae' represents a peptide
residue comprising from 0 to 5 amino acids, preferably
5, and/or
20 Xaf represents one of the following amino acids Txrp,
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,
25 preferably 1 amino acid.
12. Peptide according to one of claims 1 to

11, characterized in that
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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 foll owi ng 15 peptide sequence
-Lys-Arg-Arg-Ady-Tyr-Lys-Ay-dy-Hs-. 7. Pepti de according to one of
claims 1 to 6, characterized in that Xac7gonprises at |east one acidic

am no acid, preferably 1. 8. Peptide according to one of clains 1 to 20
7, characterized in that Xac represents the follow ng peptide sequence

- Asn- Xac' - Xackaa r8pyBkeftXaghel EPLESRDLE PepeRledeeg@éhdueNnf-Aspm no
acid, and Xac" represents a peptide residue of 1 acidic amno acid. 9.
Pepti de accorhysgLea-ElthelyeSeetai ard/o25 and 8, characterized in that the
acidic amno acids are chosen fromglutamc acid (Ju) or aspartic acid
(Asp). 69 X8b Pepredenbscthdi igliowdng pépthdensequenceé0-Vehalapteri zed
I n that Xac reEresents the foll ow ng peptide sequence -Asn-@y-du-. 11
Pepti de accor@LlrgAia-Bad-3encTarnBhi-86r5AsD,, cAnfédererized in that Xaa
represents the follow ng peptide sequence Xaa'-G@y- Xaa"- in_which Xaa
repr esent s SNHK8Er ]-’eBFeﬁeBgﬁt the feilawéngorpPtiffgSeauengeantay-86rds,
preferably 1 to 5 gnino acigs nd Xag" represents a peptide residue
conpri si ng 10P3E-PéaspSBRYe Ll iB-acPBY/BFeferabl y chosen from Leu,

Xaf represents the following amino acid -Trp- and/or
Xag represents the following peptide sequence -Glu-Thr-
OH.

10 13. Peptide according to one of claims 1 to
12, characterized in that it is represented by the
identifier No. 2 (SEQ ID NO 2).

14. Peptide according to one of claims 1 to
13, characterized in that it comprises at either of its

15 ends, or at both 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.
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Ile, Val, Pro, Ser or Thr, and/or Xab represents the foll ow ng peptide
sequence -Val - Xab'-Asp-, in which Xab' represents a peptide residue
conprising fromO to 8 am no acids, preferably 8, 15 and/or Xae represents
the foll owi ng peptide sequence -3 y-Xae'-Asn-, in which Xae' represents a
peptide residue conprising fromO to 5 apino acids, preferably 5, and/or 20
Xaf represents one of the followng am no acids Trp, Phe, Leu, Ile or Val
and/ or Xag represents the foll ow ng peptide sequence -3 u-Xag' in which

Xag' represents OH or aigariafkgohepbpfeabaytagraifgquenetacAN®yising from
1 to 4 amno acids, 25 preferably 1 am no acid. 12. Peptide according to

one of cl ai nschatractériebdr int ehazedhenpepside fUSedawritRpresents the
foll ow ng peptide sequence NH2- Asp- Lys-Leu-Ille-dy-Ser-, and/or Xab
represents thbelbobhdwing pepai dégeefjupepeid¥abr Taptransit peptide.
@ y- Al a-Val - Asn-Tyr - Thr - Ser - Asp-, and/or 5 Xae represents the follow ng
pepti de sequence -d y-SéP. PRasiPn-peptvde- acpordand/ be XdéimepBesents the
followng amno acid -Trp- and/or Xag represents the follow ng peptide
sequence - & uShpFaceprized in that the transit peptide is the signal
peptide of the tobacco PR-la gene or the precursor of
factor Mat alpha 1 or the signal peptide of the maize
polygalacturonase PGl gene.
20. Fusion peptide according to claim 19,

10 characterized in that it is represented by the sequence
identifier No. 1 (SEQ ID NO 1), by the sequence
identifier No. 3 (SEQ ID NO 3), or by the seguence
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
peptide 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.
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10 13. Peptide according to one of clains 1 to 12,
characterized in that it is represented by the identifier No. 2 (SEQ I D NO
2). 14. Peptide according to one of clains 1 to 13, characterized in that
i.t conprises at either of its 15 ends, or at both ends, peptide residues
necessary for its expression and targetir@ in a host organism 15. Peptide
according to one of clains 1 to 14, characterized in that the cysteine

resi dues of the peptide of formula (1) format |east one intranol ecular 20
di sul phide bridge. 16. Papti dRicetd Gididl tfraygniint HucoBime ey icledin n t hat
It conprises 3 disul phide bridges established between the cysteine residues
1 and 4, 2 and 4, digrartand fbd 2 that the nuldleot'iRbptsatprdrede af ci ne”
fusion peptide, characterized in that the heliomcine is a peptide defined
according to atee dNX|tahnrs conprilktes the/ DNES.sdaqsimore pigrdmlideatdar ding to
claim17, characterized in that the peptide fused with heliomcine is a

si gnal pepti déages 16 disitdheyft ithe syuanes crdguptfikr Neorli HEQ o0 claim
18, 5 characterized in that the transit peptide is the Si&%&ﬁ:ﬁfptide of

t he tobacc® PRD &Qehe &Y the mrepuanes istertddtinr M- 4 p Nte signal
pepti de of the maize kPOl gal act ur.onase PGL gene. , .
2), by baseg 3 to 224 of the sequence identifier No. 3

(SEQ ID NO 3), or by bases 7 to 205 of the sequence
identifier No. 18 (SEQ ID NO 18), a homologous sequence
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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20. Fusion peptide according to claim19, 10 characterized in that it is
represented by the sequence 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 nedicanent, the peptide according 15 to one of clains 1
to 20. 22. Conposition, characterized in78hat it conprises the peptide
according to one of clains 1 to 20 and an appropriate vehicle. 23. Nucleic
acid fragnment, characterized in 20 that it conprises a nucleic acid
sequence encodi ng a pepBbde @gaasdonmetiohose okgahdems,l to 20. 24. Nucleic
acid fragnment according to claim 23, characterized in that it is a

nucl eoti de seghameetefrizkd DNAthppethey ¢2n2BinNachecédeaci dcfidagnent
according to claim 24, characterized in that the nucl eoti de sequence of the
DNA type conpfiraementie aprarddngetioe cdedosi Beédtby2bases aschdmexicof the
sequence identifier No. 1 (SEQ5_ I D NO 1), by the sequence identifier No.
2 (SEQ | D NO gpneppcpazding tg giaips ?ﬁe‘@eééence identifier No. 3 (SEQID

NO 3), or by bases 7 to_205 of thg sgggggce i dentifier No. #3 SEQ | D NO
18), a honoi ogous sequerde oF FAREEQE O§p PERBRLSMY 2CEOF & NFait

sequence. 10 1aim 30, cAlracEerTBedC i8CNEaE0TR" 1plA%4Rs00d N
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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sequence as well as heterol ogous regulatory elenents at the 5 and 3
positions capable of functioning in a host organism in particular plants,
characterized in that the codi ng sequence conprises at | east one DNA 15
fragnent as defined in clains 23 to 25. 27. Chineric gene according to
claim 26, characterized in that the host 7arganismis a m croorganism 28.
Chimeric gene according to claim 26, 20 characterized in that the host
organismis chosen fromplant cells and plants. 29. C oning or expression

vector for the transform onr@insfdigsdd PRY HBcHBRE IS igein rBd hat it
conprises at |least one replication origin and 25 at |east one chineric gene

as defined i n cilatacscedi e Zth that/ A 830 s eidtaneddaktsea i sns,
characterized in that they contain a nucleic acid fragnent according to
clainms 23 to Zpused dyxllemrispagene iatqamkimplar deraws@rao 28. 5
31. Transformed host organismaccording to claim30, characterized in that
it includes nikebirekdhi Seadosreriwel | @aptignlar 2ladespefdifed host
organi smaccording to claim 30, characterjzed in that it is_a plant 10
cont ai ni ng ? r RRFRAEY cBi§arium, 1in particular Fusarium culmorum or
Fusarium graminearum, oxr by Phytophthora, in particular
Phytophthora cinnamomi.
38. Transformed plant, characterized in that
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 c¢laim 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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33. Host organismaccording to claim32, characterized in that the plant is
regenerated fromtransfornmed cells. 34. Transforned host organi sm accordi ng
to 15 claim 30, characterized in that the mcroorganismis chosen from

bacteria, in particular E. coli, yeasts, in particular of the genera
Saccharonyces or Kl uyveronyces, Pichia, fsngi, in particular Aspergillus,
or bacul oviruses. 20 35. Transfornmed plant cell, characterized

in that it contains a nucleic acid fragnment according to clains 23 to 25 or

a chineric gene accordi gg.toMetR6ABo26chD2Bat By Transterned plants
characterized in that 25 it conprises at |east one transfornmed plant cel

accordi ng to stebsidhg to dhe3df dlapmEoBeedopBant chacactdenyzeéq ¢hai m 36,
characterized in that it is resistant to di seases caused by Cercospora, in
particul ar CethatpbtacbesisvsainCbhdnspngi the saegdardfcuhars&iddospori um5
her barum Fusarium in particular Fusarium cul morum or Fusarium

gram nearum brahgfohpedpblianta, innapaictcafar Pheldparhuenriahaafom . 38.
Transfornmed plant, characterized_ in_ that it is derived fromthe cultivation
and/ or cro8si fglbivabipgetheappidapéantfnginoapPlérgofoctienEasg and 37.

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 omne 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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39. Seeds of transforned plants according to one of clains 36 to 38. 40.
Met hod of transform ng host organisns, in particular plant cells or plants,
characterized i 'wQ39%8388& at | east one nucleic acid fragnment acc@QI/FRPIOOB43
claims 23 to 25 or a chineric gene according to one of clainms 26 to 28 is
inserted into the said host organism 41. N;t/gjd according to claim40, 20
characterized in that the host organismis ant cell or a plant. 42.

Met hod according to claim4l, characterized in that a plant is regenerated

fromthe plant cell or fromthe transforned pl ant 75 43. Met hod of

cul tivating transf ants accor gl ains 36 to 38,
characterized in t&g{mﬁ Sl sts mgiéb‘%#?% e seeds of the ﬁq—j
transforned plants in PP W ' ‘Fﬁﬁrghe
said plants, in applying ro tne sard pl ot o el d' an _ag ﬁemcal

conposi tion, wthout substahCEEATRITST THY CEGTECANAIAAGLCEHE
transforned plants, then i narvestrmg® Prgo ﬁ?&t"@@m
arrive at the desired 10smaturpt K ald DptXKoral Iy Gn Sep@r &t i Wg GheAsakds

fromthe harvested pla S¥fi goflid it i pecarding ta clai m
CTACACTAGTGACTGCAACGGCGAGTGCAAGCGCCGCGGTTACAAGS 1

T T 4 1] ¥ 7 o=} N § y *11— 0
GTTGA GTTGCCGCTCACGTTCGCGGCGCCAATGTICC 0
oligonucleotide 4

N Y T 8§ D¢ N G EBECYX R RG Y X
oligonucleotide$
G CATI‘GNGATCCT‘I‘CGCTMCGMMCTGTIGGTGTGAMCCTGA 1

L l l : **r 5

CACCGGTAACA CTAGGAAGCGATI‘GCAA’I‘IGACAACCACACITI‘GGACT 0
- oligonucleotide 6

G G HCGSF A NV NCWC E Tslb

TAGETCOAG
+ 4 164
xrccasc@
il
stop 5
Fig. 1
5
TEVS'UTR BamHI Xbal  Pstl S‘z‘whl, HindlIll
CaMV 2x35S Promoter | CaMV polyA

Hindlll, Sphi, Pstl, Smal

10 Fig. 2



33, characterized in that the agrochem cal conposition conprises at |east
one active product having at |east 15 one fungicidal and/or bactericidal
activity. 45. Met'WB&%8¥5Tul tivation according to claim44, char adtGIFROeM0S4R
that the active product exhibits an activity which is conplenentary to that
of the peptide according to one of clains 1 to 20. 20 46.

Met hod of preparing heliomcine defined acc0222hg to one of clains 1 to 20,
characterized in that it conprises the steps culturing a transforned
organi sm according to one of clains 30 to 34 in an appropriate culture
medium followed by the extraction 25 and total or partial purification of
t he helionicige obt ai ned.

TEV PR-1a-heliomicine
fl f( CaMV polyA
@SS promoter >
— — 1
Fig. 3
10
Knl Xal — Shi Asc |
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(57) Abstract

The invention concemns heliomicine, 2a DNA sequence coding for heliomicine, a vector containing it for tyansfo.rming a host organism
and the transformation method. The invention concerns heliomicine as medicine in particular for treating fungal mfecngns. M_ore ngmcularly
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Jiseases, in particular diseases of fungal origin.

(87) Abrégé

La présente invention a pour objet I'héliomicine, une s€équence d"ADN cod§nt pour l‘héli?n1§qine:~un vec'teur' la .c?ntcr}an-t pour
ia transformation dun organisme hate et le procédé de transformation. L‘inv;nnon conceme lutllx§at|9n de 1 héhomlm_nc i titre de:
médicament, en particulier pour le traitement des infections fongiques. L'invention concerne plus pa‘n)cullerement la tr:fmsionmmc_)n d'es
sellules végétales et des plantes, "héliomicine produite par les plantes transformées leur conférant une résistance aux maladies, en particulier

J’origine fongique.




