1 0 NOV 2004 1 ANTI FUNGAL AND/ OR ANTI BACTERI AL PEPTI DES, PREPARATI ON
METHODS AND COMPOSI TI ONS CONTAI Nl NG SAME The subj ect of the present
invention is new peptides having antibacterial and antlfungaﬂﬂpn@pgmﬂles
The invention also concerns the prepargtion of these peptides and
conpositions containing the same which may be used in 5 agriculture and
for human or animal therapy. In the prior art, numerous substances of
natural origin are descrlbed in partlcular oe%tldes haV|no antim crobi al
properties, afdTis ND{ORy P RLAE : YEBunEREPARAT 1Y

peptides may be use%tﬁéﬁsttﬁ@tcémmﬁewmm nahants and in man
(De Lucca et al., 1999 —AnmtTmcrob. Agents Chenother. 43, 1-11). In human
health, it can be recalled that the frequency of opportunistic fungal
infections has r en S recent ar,s ve coses, are very
serious 15 infec 8n§ gytpﬁnEFeF8§ﬁdlpﬂeﬁﬁﬁﬁpelﬁnﬁ WhPSRtlBEEOne

pat hogeni c |h@tﬂ1'ﬂi@m%'fﬁmféﬁﬂe$@ﬂalper§ﬁms ant TAURGSUPPHESLPRiERY benkhe
result of various causes: corticotherapy, chenotherapy, transplants, HV
infection. lOysetion slis® fapigarnisnftaet PEsPaE@tient (of &besenPepsidgs20 hi gh
nortality r i ) a n i da
fype. or fi FacestBRON fRore SRbsy o SRe SAtE P hden JBY'RY Ghelrad

i Mmunosuppr esgzadudatirentand ffaid MMmanobraahuhﬂngaheta@atnent is frequently
observed on acco nt of its toxicjity, for exanphg reatnent with

Anphot ericin 25 BP of ¢ hé oh¥et 26F < SIS f GHES PGP Sex@ipP@tuiradi st ance

of Candi da @higaans alre azRlkGeyddat ijves pa|ﬂt1du$__atrhelj_:>%fp‘%r1@e\él t abviiagdevel op
new anti fungal nedicinal products derived frominnovative nol ecul es
antimicrobial properties, and more particularly

bactericides and fungicides. Such peptides may be used to
10 treat fungal diseases both in plants and in man (De Lucca
et al., 1999, Antimicrob. Agents Chemother. 43, 1-11). In
human health, it can be recalled that the frequency of
cpportunistic fungal infections has risen sharply in
recent years. Invasive mycoses are very serious
15 infections caused by fungi found in nature and which
become pathogenic in immunocompromised persons.
Immunosuppression may be the result of wvarious causes:
corticotherapy, chemotherapy, transplants, HIV infection.
Opportunistic fungal infections currently account for a
20 high mortality rate in man. They may be caused by yeasts,
mainly of Candida type, or filamentous fungi, chiefly of
Aspergillus type. In immunosuppressed patients, failure
of antifungal treatment is frequently observed on account
of its toxicity, for example treatment with Amphotericin
25 B, or the onset of resistant fungi, for example
resistance of Candida albicans to azole derivatives. It
is therefore vital to develop new antifungal medicinal

products derived from innovative molecules

¥



1 0 NOV 2004 2 The production of antimcrobial peptides, in a |arge
variety of aninmal and plant species, represents an essential nechanismin
i mmuni ty defence against infections. Insects, in particular,?&hov sy
effective 5 resistance against bacteria and fungi. This response is

| argely attributable to the rapid synthesis of several famlies of w de
spectrum anti m crobial peptides (Bulet et al. (1999) Dev. Conp. | mrunol.

23, 329-344). Thi S LS }S.in : . SEPLLGLE QLU Y; Q5 i1y i on of
2710 T ow dove of bast bEpaTtEehnar SHEEHi Y oBLSF e Bty 1if'e AR 75,
To date, thevartieniycrolii abnpapli daadof plensectpehags, espepraséytdhHeam
characterized frominsects _undergoing conplete neta %ghosis durjng their

devel opnent , SBEFPEFEL LePFEBATEPR andCol &BPEBLEYT or “85°BXEnpl 892 g the

anti-m crobi al,rpepgibdes imducad i nint BeseikN38Et S.siwdi $dFPCEEOBCFRYe be
made between the four follow ng groups: - Cationic peptides of 4 kDa
form ng thwo resphitpatki ageimst xesctdhia gndufupgit.i s | yespriiadess 20

cecropins. - . Cationic_peptide ich i rol.ine, havi a_siz f ween 2
kDa and 4 kD&aﬁﬁFgﬁlﬁa {%Péﬁéki%yFSte o~ §ﬁ%hda§yEF§%5 FnéTFpﬁgyﬁg%%ricine
and the | ebogiangsiker o®xaike.spRicttfr HtGas adtsicth 1S Usdpasdaéhe (Bpldaeci nes
and 25 netal ni kowi nes. -- Several separate polypegtides W th a nol ecul ar

t

wei ght of 8 & 271kDal1%H})i ofey -f ofOtihe MBEYINGdrt &Ad I3%oifentl yTRHEh in
O Yot ) SFRLRUES 35 Atkateny W schtisotontts o RUSCLE g0
10 low dose of bacteria (Hoffmal et al. (1999) Science 284,
1313-1318). To date, the antimicrobial peptides of
insects have especially been characterized from insects
undergoing complete metamorphosis during their
development, Diptera, Lepidoptera and Coleoptera for
15 example. Among the anti-microbial peptides induced in
these insects, a distinction may be made between the four
following groups:

- Cationic peptides of 4 kDa, forming two

amphipathic a-helixes. This group particularly includes
20 cecropins.

- Cationic peptides rich in proline, having a size
of between 2 kDa and 4 kDa which may be glycosylated,
such as drosocine, pyrrhocoricine and the lebocines for
example, or non-glycosylated such as the apidaecines and

25 metalnikowines.

- Several separate polypeptides with a molecular
weight of 8 to 27 kDa, cationic for the most part and
frequently rich in glycine residues such as attacines, II
sarcotoxins, diptericines and coleoptericine.

30 - Peptides containing intramolecular disulfide

bridges. This group contains insect defensines (4 kDa, 3

e



bridges. This group contains insect defensines (4 kDa, 3 3 .1 0 NOV 20

di sul fide bridges), drosonycin (4 kDa, 4 disulfide bridges) and thanatine
(2 kDa, 1 disulfide bridge). Anong the above, the present inygnid\onnpakes

5 particular interest in peptides of thrke-dinensional structure o he
type containing one a--helix and one antiparallel P strand joined by three
disul fide bridges, also called a CSaP structure. These peptides have
antifungal adiswlfids habridqgaseful dirosoigstihng (Unf é&dlai,ons! 1M™iiswlifddeand
animal and in flants. The invention particularly copc |'i om ci ne

which is a peptieRs’ i3t atheaPervhet e Aemot lqehglir_%ﬂgﬁopt era

Heliothis virescens. The sequence and properties of heliomcine are
described in international patent application PCT 15 published under No WO
9953053. In the pypmndgle sbguerdmyd,i stidte beboesenhe dmvieotigei ddakes

oPresenied Biet IS OnerleLLst, Sole. BMLCLBRY, epuldalen b dsprgien o
nomencl aturege Ay A @& ¥ nepC % e O 'a%%)}gg‘s@né‘s%@fﬁél%ﬁ%ﬂd Brd U

GQutam c acid 25 F Phe Phenyl al'ani ne ycine HH's Histidine | Ile
| sol euci ne  Kntysatysid8e BOskrbad LRUedE by three disulfide bridges,

also called a CSapf structure. These peptides have
antifungal activity that is useful for testing infections
10 in man and animal and in plants. The invention
particularly concerns heliomicine which 1is a peptide
isolated from the haemolymph of the Lepidoptera Heliothis
virescens. The sequence and properties of heliomicine are
described in international patent application PCT

15 published under N°® WO 9953053.

In the peptide sequences listed below, the amino
acids are represented by their one-letter code, but they
could also be represented by their three-letter code in

20 accordance with the following nomenclature:

A Ala Alanine

Met Methionine

cC Cys Cysteine
D Asp Aspartic acid
E Glu Glutamic acid
25 F Phe Phenylalanine
G Gly Glycine
H His Histidine
I Ile Isoleucine
K Lys Lysine
30 L Leu Leucine
M
N

Asn Asparagine



M Met Met hi onine N Asn Asparagine 1 0 NOV 2004 4 P Pro Proline Qdn
GQutamne R Arg Arginine S Ser Serine 5 T Thr Threonine V Vi I Vallne W
Trp Tryptophan Y Tyr Tyrosine 10 Heliomicine is an anphiphili p@%

having a three-dinension structure of C3a(3 type. The ami no acid sequence
of heliomcine given in the list of sequences under nunber SEQID NO: 1
is the following: 30 31020 DKLI GSCVWOAVNYTSDCNGETCK
RRGY K GG 40p15 EPre GpBoEiAeN VN CWCE T (SEQID NO: .1) The
Appl i cant has now, fromthe haennlynph of imuni zed | arvae of the

Lepi dopt era Arche&pr ep&ta 261 &eﬁﬁﬁﬁéon i sol ated a honol ogue of

hel i om ci ne. ThlsR'pephpge % deArdl, was characterized by sequencing
and rmass neasur enent 0 aC|d sequence of Ardl is shown in the
sequence |ist undér nusSeer SE@1hI NO: 210 2030 VRS40 259 CGS
FANVNCWCEE (SEQ l% NO Th%) Tireon1nehKN’2004
v Val Valine

W Trp Tryptophan
Y

Tyr Tyrosine

10 Heliomicine 1is an amphiphilic peptide having a
three-dimension structure of CSopf type. The amino acid

sequence of heliomicine given in the list of sequences

under number SEQ ID NO : 1 is the following:

2 10 20 30
DELIGS8CYVYUWGSAVNYTSDCNGECKRRGYRCG
40
15 HCGSFANVMNMCWCET (SEQ ID NO : 1)

The Applicant has now, from the haemolymph of
immunized larvae of the Lepidoptera Archeoprepona

20 demophoon, isolated a homologue of heliomicine. This
peptide, called Ardl, was characterized by sequencing

and mass measurement. The amino acid sequence of Ardl is

shown in the sequence list under number SEQ ID NO : 2

1 10 20 30
DXKLIGSCVHWGAVNYTSNCNAECKRRGEGYKGGE
40

25 HCGSFANVNCWCET (SEQ ID NO : 2)

.



The sequence of Ardl differs fromthat of heliomcine at 2 positions: an
aspartic acid (Asp) at position 17 in heliomcine is replaced by an
asparagine 5 (Asn), and a glycine (@y) at position 20 is replaced by an
alanine (Ala) . The correspondi ng codonsSwere nodified in thkleigw 2msi on
vect or pSEA2 of heliom cine and the Ardl peptide was produced and secreted
by the yeast S. cerevisiae. 10 pSEA2 is a yeast expression vector carrying
the MFal pronoter and the pre sequence of BG.2 and pro sequence of Mral
permtting secretlon of the peptide in the culture medium (Lanberty et
al., 1999, J. Biofh eméﬁqume 93£0- Apdd32@adiffgmser HPRIC pdtiati cadf on,

the antifunggleactiiy anbi | bi,ca t | 'u
fum gat es actel Vit 1)%15% Ar dl 2@%%%%% El\S/:lvl P‘% ]ﬁ:&f@ gﬁéﬁ %&J) at 20 The
ant i - Candi da palshitdams ldctiwi hglabmAcdhei 454 deplBicdd mes gmeatsparh@amet hat

of helion.cine. The anti - erg |IIus fum gatus activity of Ardl is 2 tines
great er R%lsﬁ‘lt' Shé i (E,Jrrif’e (GhY T2t ABpFTHEheR %%a?—?séﬁpitﬁ%e‘éh}éﬁ‘ge and

hydr ophobi c. B farield oG ne Fnd eérr_r@@p&ﬁdim]rfe@&agﬁs #hee mﬁQ&@P@@b' city

profile shown in appended flgure 1 was | owm n he nmet hod of Kyte
and Dool ittl| én( 1982, expregsiionB vectont5PSERG5- anZ)lelSOmHethemmmethﬂd its

honol ogue Ardl_Jhav re |ons of t her dro ture se ted by
a region tha’?‘ H F%\TC}\?IS fior & rOd %hlafr?% g{F‘g g Yc % ¥ ng' are

r at her cerevisiae.

10
PSEAZ is a yeast expression vector carrying the MFal
promoter and the pre sequence of BGL2 and pro sequence of
MFal permitting secretion of the peptide in the culture
medium (Lamberty et al., 1999, J. Biol. Chem., 274, 9320-
15 9326).

After HPLC purification, the antifungal activity
{anti-Candida albicans and anti-Aspergillus fumigatus
activity) of Ardl were compared with that of heliomicine.

20 The anti-Candida albicans activity of Ardl is 4 to 8
times greater than that of heliomicine. The anti-
Aspergillus fumigatus activity of Ardl is 2 times greater

than that of heliomicine.

25 The Applicant analysed the charge and hydrophobicity
of heliomicine and of the Ardl peptide. The
hydrophobicity profile shown in appended figure 1 was
made following the method of Kyte and Doolittle (1982, J.
Mol. Biol., 157, 105-132).

30

Heliomicine and its homologue Ardl have two regions

of rather hydrophobic nature separated by a regiocn that



hydrophilic. Also, the central region that is of hydrophilic nature has a
positive net charge. Figure 1 shows the charge of the amno acids in the

heliom cine 5 sequence. The replacenent of aspartic acid in hglﬁ&mﬁmne by
asparagi ne (position 17) in the natural Bonol ogue Ardl increases the
cationic nature of the peptide (+1 relative 10 to heliomcine). O her
mut ati ons intended to increase the positive charge and hydrophobicity were

made in hel iieneine wpdkdgisi THoaD| pRdienAdl by SR senesad edre dihaegd ed
mut agenesis or by cloning synthetic fragments. 15 Research conducted under
the scope of NyRirePhddaRti oftlaher etloee €6REKSLed rebimaki ridatut ats onsf

particularlyyj drgpnﬂb' C har ion o] I ncs e the
charge and/ or yﬁf&%@g%@é city OAT {1%% Saeg%gs e%%vft Sﬁt C%rs%f i%f'yir%ﬁlggq'g:fe b%/
i mprovi ng t hehowanpftophchaegaabodr esheandm20oi Actibiss iranties helpoaducee
pepti des R‘avi ng inproved antifungal and/or antibiotic properties relative

to heliom ci'f&8YPh®s purpose is achieved by neans of a peptide 25 derived

fromheliom cine having the formula SEQ I D NO 1:

DKLI GSCVWGAVNYTSDCNGECKRRGYKGGHCGSFANVNCWCET by substitution of one or nore
am no acids. The péptimasla@nagft tde hapention avdet Frormel dorildine bhi ch
"X" represents__an am.no,aci

XIS X15 "16 KIT2r8*Nev E&F%t;%oilg% gfxrg[g%exs X“g‘z‘g X%I?‘(é&(é‘;éE g‘f‘g%zx)z%g
X29 x3p X31 G32r¥33eXd3the3eatd®nXd/ nad8ire of the peptide (+1 relative
10 to heliomicine). Other mutations intended to increase the
positive charge and hydrophobicity were made in
heliomicine and its homologue Ardl by PCR-generated

directed mutagenesis or by cloning synthetic fragments.

15 Research conducted under the scope of this invention
therefore consisted of making mutations particularly in
the hydrophobic, charged regions so as to increase the
charge and/or hydrophobicity of the peptides without
modifying or by improving their amphophilic nature, and

20 in this manner to produce peptides having improved
antifungal and/or antibiotic properties relative to

heliomicine.

This purpose 1is achieved by means of a peptide

25 derived from heliomicine having the formula SEQ ID NO 1:
DEKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFANVNCWCET
by substitution of one or more amino acids. The peptides

30 of the invention meet formula (I) in which “X” represents

an amino acid :



X39 Coe X4i (€92 X43 X44 (_) in which: - X1, X17, X21, X43 are acidic am no
acids, - X16, X44 are small polar amno acids, 5 - X19 is a large polar
amno acid, - X36 is a small or weakly hydrophobic anm no acidyp-ng@B%m04s a
scarcely hydrophobic or small amno acid;7 said substitutions being such
that: - at least bne of X1, X17, X21, X43 is a basic or 10 pol ar,

advant ageously a large polar, amno acid and/or at |east one of am no

aci ds X16, X44 x.sxa PAHR.Cx, C &, &,| af gexpokaryamgnocackd, xand/ or -
X19 is a bas?‘c amxirjl‘o gm d, gﬁr?d?grglggu- at I%as%J oqulgk“i x"a%ngcac%;I X36, X38
is a strongl fu Bydi2aphthi &saﬁfhn@zﬁdﬁd Xan¥sd HaWthe ¥ the Xtk A Hey aci ds
(X) have the_fallow n ngs: 9 X13, X37, - X6, X15, - X2, X23,
aci ds, X39 r rgsceﬁ"ﬁi |c:g,( g{ﬂ dhi'no aci ds, X36 represent small polar

am no acids, X24, X25, X28 X31 represent baS| c amno - X3, X4, X8, Xl12
represent hycirrppjmbjrp am no acids, X9, Xl14, X27, X35, X41 represent

aromati ¢ 25 hydrophobi ¢ am no aci ds X5, XlO Xll X20, X25, X29, X30,
Xy, Xir, X21, X433 are '‘acidic amino ac:Lds,

~ %16, X44 are small polar amino acids,
5 - Xi9 1s a large polar amino acid,
~ X3¢ 1s a small or weakly hydrophobic amino acid,
— X3 1s a scarcely hydrophobic or small amino acid,
said substitutions being such that:
- at least one of X, Xj7, X5, X4z 1is a basic or
10 polar, advantageously a large polar, amino acid
and/or
- at least one of amino acids Xi6, X443 is a basic
amino acid or a large polar amino acid, and/or
- X159 is a basic amino acid, and/or
i5 - at least one of amino acids Xis, X3 1is a strongly
hydrophobic amino acid,
and 1in which, the other amino acids (X)) have the
following meanings:
— Xi3, X37, X399 represent large polar amino acids,
20 - Xe, Xis, X3s represent small polar amino acids,
- X2, Xa3, Xaa, X5, Xos, X31 represent basic amino
acids,
- X3, X4, X, Xi12 represent hydrophobic amino acids,
- Xq, X14, Xo7s Xxs, Xa represent aromatic
25 hydrophobic amino acids,
- X5, X0, X11, %20, X25,' X9, X30, ¥33 represent small
amino acids,
- Cq, Cig, Csz, Ciz, C4g, C4z represent cysteines.

Therefore, in ,the peptides of the invention of

30 formula (I), when:



X33 represent small amno acids, C7, C18, C22, C32, C40, C42 represent
cysteines. Therefore, in the peptides of the invention of 30 forrmula (1),
when: s 1 0 Nov 2004 - all or part of X1, X17, X21, X43 is no;na ggsw or
pol ar, advantageously a large polar, am®o acid it is or the atN a
acidic amno acid or acids, - all or part of X16i X44 is not or basic or
large 5 polar amno acid, it is or they are a small polar amno acid, -

X19 is not a basic agj po,aci i the &, a karg ol @r. -am [ - is
not a strongly hydr o%%gb?g grgn'rﬁohafc?%,' !xt”' ?{quf8§é3 sl?rgar}rf&oraapsﬁéjzsrlccef%p

hydr ophobi ¢ @¢ilag ,acidiantax@®usd ymat laisie opgl yr hyainbphobiiod abf nbsaerd, it
is a scarcel Y h)g(dr%phobi c ar,.small, acid.. The peptjdes of the invention have
the CSaP st rucPufe of theG S PRE"Si RS S & &€t uti ons do not 15

concern cysteines-C511C48, pad2, dB2;(A%,,C43. nGte dd rsds iy eder 1gdggr oup
of peptides according to the invention is the group in which at |east one
of X1, Xa7, PRA3TN SmEEasaeidr bl 4F, cadvditvagesust ysmalhrgelpbl aningo

am no acid, %r&;i 21 is an acidic amno acid able to set up ion bonds with
at | east one of X23, X24 and X25 which are basic ami no acids. These bonds
are able to take parX;,; iis hbe at Bhisliicsaiion elcitdhe i€S¢4 at Llueter podhrt he
pepti des of tahe i nventjon. 25

mino acid,
- X3¢ is not a strongly hydrophobic amino acid, it
10 is a small or scarcely hydrophobic amino acid,
— X33 is not a strongly hydrophobic amino acid, it
is a scarcely hydrophobic or small acid.
The peptides of the invention have the CSaf
structure of heliomicine since the substitutions do not

15 concern cysteines C,;, Cig, Ciz2, Ciz, Cao, Csz2-

One first preferred group of peptides according to

the invention is the group in which at least one of Xj,

X17, X43 is a basic or polar, advantageously a large polar,

20 amino acid, and X.; is an acidic amino acid able to set
up ion bonds with at least one of X3, X34 and Xzs which

are basic amino acids. These bonds are able to take part
in the stabilisation of the CSapf structure of the

peptides of the invention.

25
A second preferred group of peptides according to
the invention is the group in which at least one of Xj¢
and X33 1s a non-aromatic strongly hydrophobic amino acid.
30 A third preferred group of peptides according to the

invention is the group in which X;7 1s asparagine or

arginine, X;3 is glutamic acid and in which:



A second preferred group of peptides according to the invention is the
group in which at |least one of X36 and X3H is a non-aromatic strongly
hydr ophobi c anmino acid. 30 A third preferred group of peptides? Bck®i dithg to

the invention is the group in which XI-7 is asparagine or arginine, X43
is glutamc acid and in which: 1 0 NOV 2004 9 - X3fi is |eucine or
i sol eucine, and/or - X19 is arginine, and/or - X16 is arginine. A fourth

preferred group of peptides according to 5 the invention is the group in

which X17 is asparti®ssaéisdleuxdej orgligeamneiaei daaddorn which: - X36 is

| euci ne or isoleugjgga andLor ; -+ ,X19 hgéggginine, and/ or - X16 is arginine,
rou

10 Afifth preferre p O peBFVdgs ccording to the invention is the

group in which X43 i%;,gliyt argiein¥l7 is asparagines, and in which: X36 is
| euci ne or isoleucine, and/or - X19 is arginine. 15 A sixth preferred
group of peptides?®ackOrErngPreieneed HAHE offi Latel dFOUPCFIERRENTRAS i s

gl ut am negandpXl4 ndehtdsharid C1aci sgyent ref enred gr 0 ptides
according to théj}nventioﬁj%sk?ﬁéga?ﬁapi11 ?@h§y4§5igsgﬁgggﬁi%g?8X17 20
is aspartic e dianglupamhe cihcid 2disn agparlagi ne, and/or - X36 is | eucine

or isoleucine. The fqll ow ganeaniqg§.ar%_ iven: Ba%Lp ani no aci ds:
= ucine lscleticine, an or

argi nine, lysine or histi'di
- X3¢ is arginine, and/or
- X16 1s arginine,

10 A fifth preferred group of peptides according to the
invention is the group in which X43 is glutamine, X7 is
asparagines, and in which:

- X35 1s leucine or iscleucine, and/or
- X319 1s arginine.

15 A sixth preferred group of peptides according to the
invention is the group in which X43 is glutamine and ¥Xi;
is aspartic acid.

A seventh preferred group of peptides according to
the invention is the group in which X3 is glutamine, X4

20 is aspartic acid and in which:

- X, is asparagine, and/or

- X3¢ is leucine or isoleucine.

The following meanings are given:

— Basic amino acids: arginine, lysine or histidine.

25 - Hydrophobic amino acids:

non—-aromatic: methionine, valine, leucine,
isoleucine, on the understanding that leucine
and isoleucine are strongly hydrophobic amino
acids, and methionine and valine are scarcely
30 hydrophobic amino acids,
aromatic: phenylalanine, tyrosine or tryptophan

which are strongly hydrophobic amino acids,



25 - Hydrophobic am no acids: non-aromatic: nethionine, valine, |eucine,
i sol euci ne, on the understanding that |eucine and isoleucine are strongly

hydr ophobi ¢ am no acids, and methi onine and valine are scarc

0
hydr ophobi ¢ ami no acids, aromatic: phenyl@l ani ne, tyrosine(nfingﬁbgﬁhn
whi ch are strongly hydrophobic am no acids, 10 10 NOV 2W - acidic am no

acids: aspartic acid or glutamc acid, - large polar am no acids,

gl utam ne or asparagifedic- &iEld B%'@% am,g, ek ds: 5 fﬁ"&% 0&1&@&&9@'ne
- pol-ar anino acids: snall and large polar amno acid am no
acids: glycine or alapide. The peptldes of the |nvent|on may be prepared

by chem cal synthesl é gﬁgi%lc engi neeri ng %gég%? 10 techniques well
y

known to persons sm

such as

e &r Three"

preferably |arge pol BPlaBniafyd neci ¥sL 9kt e siedilacerd byl a58si PAMoaménds,
t he nutatlogélgg Asnl3 to Arg, Serl6 to Arg, Asnl7 to Arg (Ardl),
Asnl9 to Arg, Thr44 to Arg. 20 - nutations tending to increase

such as

hydr ophobi city were smh$d gmeiheoadeids sughyasnés her nutaiirons Ayl O to

Ala36 to Leu or lIle an% Val38 to lle

peptides of the invention may be prepared
by chemical synthesis or genetic engineering using
10 techniques well known to persons skilled in the art.
Three types of mutations in particular were
generated:
- acidic amino acids were replaced by polar amino
acids, such as Aspl mutations to Asn, Aspl7 to
15 Asn, Glu4d3 to Gln, and
- polar, preferably large polar, amino acids were
replaced by basic amino acids, such as the
mutations of Asnl3 to Arg, Serlé to Arg, Asnl7 to
Arg (Ardl), Asnl9 to Arg, Thr44 to Axg.
20 - mutations tending to increase hydrophobicity were
also generated, such as the mutations Glyl0 to

Leu, Ala36 to Leu or Ile and Val38 to Ile.

Preferred peptides derived from heliomicine
25 according to the invention have the following amino acid

sequences:

Leu,

5

Mt 10w 9P P i cul ar

were gener at ed: acusmlar@epaﬁcmﬁnweldepl@@eﬂa@yozpmrad’ecmdm aci ds,
pl| mutations_to Asn, Aspl7 to 15 Asn, Ju43 to dn, and - polar



Preferred peptides derived fromheliomcine 25 according to the invention
have the follow ng am no acid sequences; 11 -10 NOV 2004 11i.a

DKLI GSCVWGAVNYTSDCNGEGKRRGYKGGHCGSFANVNCWCET  Ar 10 NOV 2004
DKLI GscV G46AVNYTSNCI\1AECRRRGYKGGI—ICGSFAW/\CET pEMB7 - oV

NRLx C3SCVWCAV' NYTSDCEGECKHRGYKGGHGGSFANVNCWC. ' ET  pEMB S

DKLI (3" CVW/4 %A VNYTSDCNGECSf R. RG YRGGHCGSFANVNCWCET pEMWMA3

oKL, | CSCIEANY TR - ECiob T RO AN IEE S SEf fcassnncicas

L} RLI GSCVW\C- AV14YTSRCROEC GOSGEHORRE cﬁﬂk@iﬁGGHCGSFANVNCWCET
DELI GSCVWGAVNY' | ' SDCNGECKRRGY. Ct GGHCGSFI N\7NC\7YCET pEM23

DRLI GSCVWGAVNY T SDVEEERRRGYHEHGR PSP C NS EPRBREYKGGHCG SFANVNCWCET

DKLI GSCV' WGAVNYTS RRG DEMR4

DRLI GSCVW\GA. VNYTS ¢ RM@%% GYRCGHCGSFANVNCHCET

DKLI GSCVMGAVNYTSDG mm&mﬁmmé%nmﬁmmm

DI KLI GSCVKGAVNYTSDCNGECKRRGY! CGGHCGS! ' ANVXVOWCGT + pEMVBS & |

| OSCVWGA' VNYTSDC' NGEEKRRGY REGECES VREAVINCATE T BCH EMST K CCHCGS FANVNCWCET

NRL 2 GSCVWGAVNY TSDCNGECKRRg Y CGGH468». FLi v- NOACOT _ pENB2

i, 7t h, | GSCVM\GAVNYT CKRREMREER USRS REB P KPR E PR BT IS Eder i ved
from Ardl accordin 9 b q&g{\\ gﬁy.p%%ﬁg@%% d
sequences: hzdl LI GSCN\I\%%Wg %}{IAECK QW%‘

ML XGSCVWGAVNY T SNCNKEURE Amnmmmm@mmcenmmWCET

Dr L1 GSCV[ dGAVNYTRNCI gAECI- GY' KGGHCGSFMVN -WCE' T pE 'i5 6
DKLI GSCVWLAVNYTSN RGPABEHEEENEA VI BRIGNSEE HCGSFLNVNCUCET

DKLI GSCV- WGAVNYT
WLY@WVMSNMQ%%%W%E%FMMM

DKLI GSCVWWGAVI , 4 YT ShiGNAEGK BREYKGGHGERIX £ IMKEMEER G YREEHCGSPANVNCCER
PEMR1 : DKLIGSCYWGAVNYTSDCNGECKRRGYKGGHCGSFANVNCWOQT

PEM3S : NRLIGSCVWGAVNYTSDCNGECKRRGYKRGEHCGESFANVNCNCOT
DEM61 : NXLIGSCVWRAVNYTSDONGECKRRGYRGGECGSFLNVNCWCOT

PEM62 : NRKLIGSCVWGAVNYTSDCNGECKRRGYRGGHCGEFINVNCWCOT

Preferred peptides derived from Ardl according to

5 the invention have the following amino acid sequences:

Ardl  : DELIGSCVWGAVNI TSNCNAECRRRGYKGGHOGSFANVNCWCET
PEMA0 : NELIGSCUWGAVNYTSNCNABCKRRGYKGGHCGSFANVNCWCET



pPEMB3 D-{ LI GSCVWGAVNYTSN' Ci ~AECKRRGYKGMCGSFANTMCWCET  pEM3+4

DKLI 0. SCWMGAVNYTSHCHAECKRRGYKG( 3HCGSE' LNI | dCWCET  pEMBS pKLI GSCVWGAVNY'
SNCNAECKRRGYN: GGHCGSFLNVMCWCET — p8n8I 10 NOV 2004
bKLZGSCVWGAVNYTSNCNAECKRRGYAGGHCGSF~NMCWS, QT pEMB 0

DKLi GSr VAGAVNY' x' SNCNAECKRRGYKGG. HCGSFA33VNCWCSR  pEMAG DKLI GSC WGA |
YTSRCHAECRRRGYKGG/3CGSFLNV' | CWAT  pk 47

DI M GBOVICAVYERNOVAEOIRRG ANGEARTE R Al v EIRAESCVIGAVNY T
NV pEv[4 9

TA, ECMGYKGGH
DKLI GSCVWGAV i SBICN 7 RGERCGSERSUNOELETS 0 SCVWLAVN=

SNCVB+, ECKRRETGGHOGSE M CPICY' 1 pl\/d57
SETRRIREYKE]

DI ?'Y4z GSCVWZ pRI5 & Ny TSSRCN f ARANEREECESFHRNBENCET

DKL: CGSCWALr AVNYTSXCNA. ECXRRGY §§§gg %Qﬁég}ﬁéﬁggégFﬁg al so concerns
f uncti onal e&@“@élen?%L B , exanple, be 5
fragments of the-aboy %@&sﬁ@&hﬁéﬁﬁ&?ﬁi&ﬁd&%‘ﬂﬁh&ﬁcﬁom

post -transl alp“bn processes suc glyco- at1on or “chem cal

nodi ficati ongestgh . aﬁxﬁf@@t&tﬂ@nmmemkmmm;dmmgmwmpl ing with
| i pids or sugars, coupling with nucleotides, etc.. 10 The functi onal
equi val ent s @EM@4c@n%KLE@S@Mﬂﬂ#%ﬁ%?SﬁﬂﬂﬁﬁﬁKRRﬁvﬁﬁﬁﬁgﬁfﬂﬁEMﬁwgﬁTone or nore

conf or mat | on PeFERe  aKHECRa A ERsRES PR Rl i s T 1) e,
di net hyl I'ysi pgaraand s B88éinkcAansitNefagekitcPeatdicdd@iNvcRtart hi ne,

norl eucine, cyclo 1 0 NOV 2004 13 hexyl al ani ne and onega- an1noaC|ds The
i nvention aI3ﬂnﬁﬂbveDKLEGBcww&wn%ﬂﬁﬂﬁﬁﬂﬁcKBRGBKG@WQG%ﬁ@@@&ﬂﬂ@ﬁ The

ends. - conpr | SR oPsrevesanrERRRC iAo oiebiedr o w1 the

structure of wpv47 . DRLIGSCVWGAVNYTSNCNAECKRRGYRKGGHCGSFINVNCHCQT
PEMAS : DELIGSCVWGAVNYTSNCNAECKRRGYRGGHCGSFLNVNCWCER

PEMA S

-

DKLIGSCVWGAVNY TSNCHNAECKRRGYRGEHCGSF INVNCHCER,
DEMS4 : DELIGSCVWLAVNYTSNCNAECKRRGYKGGHCGSFLNVNCWCET
DEM57 : DELIGSCVWLAVNYTSNCNAECKRRGYKGGECGSFANVNCWCOT

DEMSS5 : DKLIGSCVWLAVNYTSNCNAECKRRGYRGGCHCGSFLNVNCWCOT

The invention also concerns functional equivalents

of the above peptides. These may, for example, be

5 fragments of the above peptides or modifications

resulting from post-translation processes such as glyco-

sylation or chemical modifications such as amidation,

acetylation, acylation, coupling with 1lipids or sugars,
coupling with nucleotides, etc..

10 The functional equivalents also comprise peptides of
the invention in which one or more amino acids are
enantiomers, diasteroisomers, natural amino acids of D
conformation, rare amino acids particularly hydroxy-
proline, methyllysine, dimethyllysine, and synthetic

15 amino acids particularly ornithine, norleucine, cyclo-



formula (1). The invention evidently covers peptides having a

t hree-di nensional structure of the type containing one a-helix and one
antiparallel 1 strand joined by three disulfide bridges, suchlal0v 2004

hel iom cine. 10 Table 1 bel ow gives the 13utati ons nmade on the am no acids
at positions 1, 6, 13, 16, 19, 36, 38, 43 and 44 of heliomcine, and the
antifungal activity of the peptides obtained on C. albicans (C a.) and A

fum gates (Auk.)1578Rkgel it 3131 38434 . .
ol ot o neoaREAoLiNifie, 09" \(HREL HHGRAME S e inpenriay also
pEMASRO. 5. <<cbvpENUBEL2OpEME2RBE pEMIARBRZ0opEMEET d0dp B VR3] 12 pEMR5L106
pEMR24ALI 48 pEM/R4- pEM2 10-2 EMB9 4-8 pEMBINL(QB- 103- 6. nEMB2NI (B- 62- 4
15 + relative act&é?t?eP%E%FEIQ%i%ﬁrPBl elq rﬁqﬁﬂugié%iLQf Nﬁﬁﬂfﬁb4”¥hble 2
bel ow gi ves blie tAH At | RAS JrRde- ORekRENAN RAGAC] ASnBti ROSbhEORS Imordd, 16,
17, 19, 36, 38, 43 and 44

5 amino acids which do not interfere with the structure of

formula (I). The invention evidently covers peptides
having a three-dimensional structure of the type
containing one o-helix and one antiparallel p strand
joined by three disulfide bridges, such as heliomicine.
10 Table 1 below gives the mutations made on the amino
acids at positions 1, 6, 13, 16, 19, 36, 38, 43 and 44 of
heliomicine, and the antifungal activity of the peptides

obtained on C. albicans (C.a.) and A. fumigatus (A.f.).

Table 1

Position 1 6 13 |16 |19 |36 |38 |43 |44

Heliomicine |D S N S N A Y E T Activity"’
Mutants C.a A.f.
PEM37 N 2 -
pEM38 T 1 1
pEMA5 R 0.5 | <<<1
pPEM43 T 1 2
pPEM42 R B 1
pEM44 R 8 2
pEM22 I 1-2 4-8
pEM23 I 1 2
pEM25 L 10 6
pEMZ4 L I 4 8
pEM7 R 4-8 1
pEM21 Q 2 10-20
pEM39 N Q 2 4-8
pEM61 N L |0 5-10 | 3-6
PEMG2 N I |0 3-6 |2-4

15 ' relative activity in relation to heliomicine



of the Ardl peptide, and the antifungal activity of the peptides obtained
on C. albicans (C. a.) and A fumgatus 5 (A f.). Table 2

Posi tion11016171936384344 Ardl DGSNNAVETActi vity" MitantsC. a. Aqfg naEMIEN21
pEMBOR1- 21 pEMB6L1-20.5 pEMb2R1-20.5 pEMMLR2-41 pEMB2I 12 pENBBIlf 4L1 44
pEMB5L42- 4 pEMB1(QR4-8 pEM3OR40. 5-1 PEMAGLQ4- 86-8 pEMA7I Q2- 48 pENnBLR6- 121-2
pEMA9I R31- 2 pENB4LL11 pENB?LCﬂS pENBSLLCﬂ 22-7 + relative activity I n
relation to Ardl £ Nt s, vere. roduced in S zevisiae 10
yeast, HPLC purifi eg %ellrgrW 21%‘?% Ungar SerRVETYS (padsy %?c S ARETA.

f umi gat us) wasm:isrrpm:rqnbmittibrh:hal olo, heki, omi7gi r1€9 ,or3g hesgArdiz pepdigde. 1 0

N OV 2004 15 )
of the Ardl peptide, and the antifungal activity of the

peptides obtained on C. albicans (C.a.) and A. fumigatus

5 (A.£.).
Table 2

Position 1 10 (16 |17 |19 (36 |38 |43 |44

Ardl D G S N N A v E T Activity’
Mutants C.a. |A.f.
PEM40Q N 2 1
pEMS0 R 1-2 1
PEMS6 L 1-2 0.5
PEM52 R 1-2 0.5
PEMS1 R 2-4 1
PEM32 I 1 2
PEM33 I 1 1
pEM34 L |1 4 4
pEM35 4 2-4
pEM31 0 2 4~8
pEM30 R 4 0.5-1
PEM46 L Q 4-8 6-8
PEM47 1 0 2-1 8
pEM438 L R [ 6-12 | 1-2
PEM49 I 3 1-2
pEM54 L L 1 1
pPEM57 L 0 1 8
pEMS5 L L 0 1-2 2-7

+ relative activity in relation to Ardl

The different mutants were produced in 5. cerevisiae
10 yeast, HPLC purified and their antifungal activity (C.
albicans and A. fumigatus) was compared with that of

heliomicine or the Ardl peptide.



Tables 1 and 2 above show a gain in activity on at |east one of the two
tested fungi for all mutants with increased positive charge wth the
exception of the Asn 13 nutant to Arg (pEM45). The ot her nut &t §0@r8ial | 5
| ocalized in hydrophilic regions. The ma]®rity of mutants have increased
activity on C. albicans (Serl6 to Arg, Asnl7 to Arg (Ardl), Asnl9 to Arg,
Thr44 to Arg). One single nmutation (Glu43 to G n) provided a significantly

substantial gain irapaekl Vi tyn@n2 Aapb bl gabUS - 1L :ConGer ning, & tagions
wWith increase in hydr ophobi%i ty, crﬂt%e c%angeao?g%,&la% t%é eulg(}’gE(ﬁ%S?1£ gi ves
t he best gai Asastacanai o9 GheC.twd bteansd afdngl for galtlusmutdies nuitlhi ons

AylOto Leu. Val38 to lle have no sigpificant effect on the tifungal
activity of * qCﬁ’eals”le RSN (A?NgeTHég Ak SXGIRF e %s{h%ggﬂ}e

increase in 1ydnaphabi cidy Ay € (pBRASH at ethav Lhnkhe MUtaNES Wreh a1l
increased_charge. Cunul ative effects were hence observed. The subject of
the i nven®i oo ldized tie hyseophitliie regisbove Thepradesity pfewahands treat

a fungal andjQke b i i nf ji-on both in . ani.nmal .and_i | ant s.

The subject o vtehefﬁégée%?%%nracggyﬁgyef%ﬁedai C%Tn%%)gip?iso ,Serrrgr gcopagfgbul arly
an antifungalAsarid/ oro adtrighatiedllgl Aphasmaeceuwical TaeRPOId i Brg) coohai ni ng
as active 25 i.rg%r edi ent at |east one peptide as previously defined,

. d
advant ageous|S P H#dEoTHHL Ih $G1 42 oo orPERYHISH 2a&dgpiabranteni cl e.

The vehicl e isaEheeRn 41N JBIALIOR QiR HPS . OfrundRRlication of the
conposition for pharmaceutical or 30 agronom cal purposes. The invention
particul 8?1y concéenseghdngacedttical mapptiens i onsith mahncaedsani mah of

these peptid%@d?&ghobicity, the change of Ala36 to Leu (pEM35) gives
the best gain in activity on C. albicans and A. fumigatus.
The mutations Glyl0 to Leu and Val38 to Ile have no
significant effect on the antifungal activity of
15 heliomicine and Ardl.

The mutants with the most active increase in
hydrophobicity were associated with the mutants with
increased charge. Cumulative effects were hence observed.

The subject of the invention is also the use of the

20 above peptides to prevent or treat a fungal and/or
bacterial infection both in man and animal and in plants.
The subject of the invention is therefore a composition,
more particularly an antifungal and/or antibacterial
pharmaceutical composition, containing as active
25 ingredient at least one peptide as previously defined,
advantageously associated in said composition with an
acceptable wehicle.

The vehicle 1s chosen in relation to the type of
application of the composition for pharmaceutical or

30 agronomical purposes.
The invention particularly concerns pharmaceutical

applications in man' and animal of these peptides and



16 1 0 NOV 2004 conpositions containing the sanme, but it also concerns
agronom cal applications. The peptides of the invention can be used to
nmeke plants resistant to disease, fungal and bacterial diseasqy Mo \
particular. One first enbodinment 5 of thi& agrononical application i st s
of applying to plants an efficient quantity of peptides or conposition
contai ning the sane. A second enbodi nent of this agronom cal application

consi sts of tdaaqefsdriidig ptantaitehySthe piafd s Whth & nicd®i eodekdns
sequence able to 10 express the peptide of the invention so as to inpart

di sease resi @EHHEEMEHheapphhtatiaher Thay Derageesamt chbe aéngehsipes of

the inventi Wi a e eadi I [,owi e S
concer ni ng t(hHe}mprgeépa]?§§?gﬁoo%ﬁ?e%&ra8ﬂgbe%%Q%tésl@?a% g%ﬁ%%g%és%gﬁgf
hel i om ci ne andl Arediterdrd tdisigasearniin fpangdlcAcin.vicnye, Mirish eebedgnegtt o t he

appended dravgnn S, in_ which: figure 1 shows the hydrophobicity profile of
the Helidni dne t FEECUSMAGR ytaé’P&ﬁ&aEdé’Fli 3 ISt PEhetABYY 119850 J.

Mol . Biol., ¥ihntk05:d3e¥rikigHEe (RasRA e BLhi Y éeér(%%‘éb%g'tﬂagt e
relative to post-infection days) of the peptides Heliomcine and Ardl in
t he infecti ofafddaininia h thi sseainnat ed Caaliatal al dilceaisne?5 -ofi gtihés3

ot L1 e G R BER e A B Lo PRk AL 21,800 O

di ssem nat ed dedndi daralgiiavans; witgure 4ushews theidchieyubhes (syreyivgl rate

in 30 r(fl()at iecz)xr;])rte% Ois:lt'u_ei ngeep?tt:i!doen g%ysgheOf i%br%n?:ﬁgtni ds?c? as to impart
disease resistance to the plants.

Other advantages and characteristics of the
invention will become apparent on reading the following
examples concerning the preparation of the Ardl peptide

15 and analogues of heliomicine and Ardl, and their
antifungal activity, with reference to the appended
drawings in which:

- figure 1 shows the hydrophobicity profile of the

Heliomicine peptide using Kyte and Doolittle’s
20 method (1982, J. Mol. Biol., 157, 105-132);
- figure 2 shows the activities (survival rate
relative to post-infection days) of the peptides
Heliomicine and Ardl in the infection model with
disseminated Candida albicans:
25 - figure 3 shows the activities (morbidity scores
relative to post-infection days) of the
Heliomicine and Ardl peptides in the infection
model with disseminated Candida albicans;

- figure 4 shows the activities (survival rate in

30 relation to post-infection days) of the peptides
pEM24, pEM30, pEM31 and pEM35 in the infection

model with disseminated Candida albicans;



pEM24, pEMBO, pEMB1 and pEM35 in the infection nodel wth di ssem nated
Candi da al bicans; 17 1 0 NOV 2004 - figure 5 shows the activities
(nmorbidity scores in relation to post-infection days) of the peptides
pEMR4, pEMBO, pEMB1 and pEMB5 in the dhzseninated Candi da aI80iNG %2804
infection nodel; 5 - figure 6 shows the activities (survival rate in
relation to post-infection days) of the peptides pEMB1l, pEM35, pEMA6 and
PEMb1 in the dissem nated Candida al bicans infection nodel; - figure 7
shows the activitieSighsebidi $§odeotds agtivitidst iparbdbdpbyt sioefrest i on

days) of the epti des - PE 3 EMBLl inp.th di.sseni nat ed
Ca%d?da albicagspin gctggggﬁégglyq§jfﬁ§%$€ gﬁg %ﬂ%o?heg%%§FviPFes%%%urvival
rate in relation tpepostesnfERMION @ays),of pEhel pEYRD pLE3pepin dehien the
di ssem nat ed Candida_albicans éo infection nodel; - figure 9 shows the
activities (survivaflPaFBLINpEPgt FeRILE2pRLPLIFARECENERCHEYR )M the PEMBS

and PEMBL peptidescigubhe oll e Nahed S2aadasAald UMyl iyl UEgeLnfiget i on
nodel ; - figure 10 shows the activities (norbidity rate relative to
post-infection daysyedétine pEME® Hnd.nisENEbmepaysiesof nthhe pdiptsewsnat ed

Soedospor L LabiR, TRERLOn AR R0 i buSNE i FINB
pepti de; Candida albicans infection model;

- figure 7 shows the activities (morbidity scores

10 in relation to post-infection days) of the
peptides pEM31, pEM35, pEM46¢ an dpEM51 in the
disseminated Candida albicans infection model;

- figure 8 shows the activities (survival rate in

‘relation to post-infection days) of the pEM35

15 peptide in the disseminated Candida albicans
infection model;

- figure 9 shows the activities (survival rate
relative to post-infection days) of the pEM35 and
pEM51 peptides in the disseminated Scedosporium

20 inflatum infection model;

- figure 10 shows the activities (morbidity rate
relative to post-~infection days) of the pEM35 and
PEM51 peptides in the disseminated Scedosporium
inflatum infection model;

25 - figure 11 shows weight changes in relation to
time in healthy mice treated with the pEM51
peptide;

- figure 12 shows weight changes in relation to
time in healthy mice treated with the pEM35 and

30 pEM51 peptides;



- figure 12 shows wei ght changes in relation to time in healthy mce
treated with the pEM35 and 30 pEMbl peptides; 1 0O NOV 2004 18 - figure 13
shows the fungicidal kinetics of the pEM35 and pEMb1 peptlde ﬁ?alnst
Candi da al bicans | HEM 8060. 5 Exanple 1. Isolation of Ardi e #Ek ynph
taken from imunized |larvae of the A défophoon Lepidoptera. 1) | nduced

bi ol ogi cal synthesis of an antifungal substance in the haenol ynph of A
denmophoon. 10 Stage-4 mature | arvae of the A denophoon Lepidoptera were

i mmuni zed with two fmgecbidhs ehof I HBSfaahtitiqal aconicAiidisngof the

gram positive bacterja | uteus_and S. = aureus), gram ative bacteria
(P. aeruginosa), spBFgég grds PEY nP@Q§lﬁ@ﬁg@gﬁ&nqﬁuﬁ%ﬂﬂﬁé% At Gfd@dst s (C.
15 al bi cans). The bagkgrgaewere prepared fromcultures made in

Luri a-Bertani nediumfor 12 hours at 37C. The yeasts were prepared from
cul tures made in Sabouraud nediumfor 12 hours at 30C. The spores of A

fumi gatug were, faken, . from stock frozer f LRl g, Lofested in
this 20 fman

area. Bef or einmemiviay) Imwmlwmtd@oﬁmmméw@p&@aed on ice. 2)
Preparation of the plasma 25 The haenol ynph (approximately 160 | per |arva,
for a total nunber of 81 specinens) was collected by excising an

abdom nal appendu& #RdyRLaced; bodida i 2£#¥Hé99¥|qyﬁ JH(”(HﬁﬁgﬁﬂdéHUQatlon
t ubes cool ed on ice—and contai Mg —aprot (20

g/m final 30 conceptbatiogf andtbhehgbtnblgupbacfisAnmeHanbphdonn

10 Stage-4 mature larvae of the A.demophoon Lepidoptera

were immunized with two injections of 20 ul PBS solution
containing gram-positive bacteria (M. Iuteus and S.
aureus), gram-negative bacteria (P. aeruginosa), spores
of fiiamentous fungi (A. fumigatus) and vyeasts (C.
15 albicans). The bacteria were prepared from cultures made
in Luria-Bertani medium for 12 hours at 37°C. The yeasts
were prepared from cultures made in Sabouraud medium for
12 hours at 30°C. The spores of A. fumigatus were taken
from stock frozen at -90°C. The animals infected in this
20 manner were kept for 24 hours on their host plant, in a
ventilated area. Before removing the haemolymph the

larvae were cooled on ice.

2) Preparation of the plasma

25 The haemolymph (approximately 160 pl per larva, for
a total number of 81l specimens) was collected by excising
an abdominal appendix and placed in 1.5 ml polypropylene
micro-centrifugation tubes cooled on ice and containing
aprotinine as protease inhibitor {20 pg/ml final

30 concentration) and phenylthiocurea as melanization
inhibitor (final concentration of 40 uM). The haemolymph

(13 ml) collected from the immunized larvae was



inhibitor (final concentration of 40 t.M. The haenolynph (13 m)
collected fromthe i muni zed | arvae was 19 1 0 NOV 2004 centrifuged at 8000
rpmfor 1 min at 4C to renove the henocytes. The supernatant from
centrifugation was centrifuged at 120029r pm The haenol ynph fled0%12094 s

bl ood cells was stored at -80C until use” 5 3) Plasnma acidification After
fast thawing, the plasma of A denophoon was acidified to pH3 with a 1%
(vol ume/ vol ume) solution of trifluoroacetic acid containing aprotinine (20
g/m 10 findeEoncetdsdt #bnfP0Andppheksy t hi odneat( f4 Hal tocospener dtheon of

40 M Bt agthaiafs L heneDt e didar., act ¢ SandiLa0s cas. pep orred for

30 m n under s shaki ng over an iced water bat eJextract "6t ai ned
was then cemrifiugeredt a4C 120030 mim arh200080gno Iyonph) Pepki def its

purification a re purification by solid phase extraction A quantity of

ext ract equirl?/]a‘%%cﬁtcet]gl% "AS GttoNRebiAdt yifth (gé?td@pdﬁf-‘t-ed on a 2 g reverse
phase casrier, 20 such as comercially available in cartridge form (Sep
PakTM C18, Waters associates, equilibrated with acidified water (0.05 %

TFA). The hydrophlLi c B¥dsseulees didiicatiemved by sinple washing with
acidified water. i 0 f .peptide was nmade pusi ng 60,% sol ution of
25 acetonitrile f%rl%e%gz;r eﬁa?ﬁ thﬁbﬁgS %%F%alal%a f?gctqi‘o SIPPHFER Widh 60 %
acetonitril ecasi Sizsiutodidied wich egove  (helasef el tmé) esand+TEA ard it

was then reconstituted in sterile acidified water (0.05 % TFA) before
under goi ng trifluorocacetic acid containing aprotinine (20 ng/mi

10 final concentration)) and phenylthiourea {(final
concentration of 40 pM). Extraction of the peptide under
acid conditions was performed for 30 min under slight
shaking over an iced water bath. The extract obtained was

then centrifuged at 4°C for 30 min at 10000g.
15

4) Peptide purification

a) Prepurification by solid phase extraction

A quantity of extract equivalent to 5 ml of
haemolymph was deposited on a 2 g reverse phase carrier,

20 such as commercially available in cartridge form (Sep-
Pak™ C18, Waters associates, equilibrated with acidified
water (0.05 % TFA). The hydrophilic molecules were
removed by simple washing with acidified water. Elution

of the peptide was made using a 60 ¢ solution of

X

25 acetonitrile prepared in the 0.05 % TFA. The fraction
eluted with 60 % acetonitrile was vacuum dried to remove
the acetonitrile and TFA and it was then reconstituted in
sterile acidified water (0.05 % TFA) before undergoing
the first purification step.

30 b) High Performance Liquid Chromatography (HPLC)

purification on reverse phase column.




the first purification step. 30 b) Hi gh Performance Liquid Chronmatography
(HPLC) purification on reverse phase colum. 20 1 0 NOV 2004 - step one:
the fraction containing the peptide was analysed by reverse pp 004
chromat ogr aphy on an Aquapore RP-300 C§,pr epar ation colum (Br ovvn eg 220
x 10 mm 300 A), elution was performed on an acetonitrile gradient in 5
0.05 % TFA, from2%to 10%in 5 mnutes, then from10 to 25%in 30

m nutes, then 25%to 35%in 40 mnutes, then 35%to 60%in 50 mnutes, for
a total dur atl on ofSEQB ORhutes éﬁfa&té@ﬁstc‘&rﬁ‘ttarl@tl@gofth? PerPlt/lﬁenwa'ﬁhe

fractions egtedprpual Ly fQl | Cy¥nVahi at % o% 10 225
n

nm The col I ect ed frac i ons were vacuum dri ed stl t ut ed

ul trapure weREer3EnNdapakpsedtion c@mh}nhuﬂ@&bw@QteleW,t Y2sixng o hen,t e_:,ss)to
descri bed bel ow. - step two: the antifungal fraction eluted at 27%
acetonitril ) orore? Bt 1S t BerRerpedt PHe aRascatonyssd len gregigntAd@apor e

RP-300 OB 1 eyayee, phase 20ahyscel ¢0LUTn GBLONLEE" M 220 ot 4, § g, 300

A), using a di phas hear  gradrent of "acetonitrilé o %in 5 min
and 23 to % i in560mminutel, 03ReTEASAt ta Airstant 40 aménakte8, 8 thdn/ m n.
The fractio I | ect egBmanual ly foll ow n 20 ab or benc vari ation at

225 nm The oﬂl{e%t % rHet PONSINEES / %m"‘d rELehston uPeéd WX h

ul trapure watifutl at hai coarihhengaltact# vty ﬁ\ma}nﬁedm@derrawﬁons
conditions described below - step three: the antifungal fraction

contai ning &g r@lp]efrﬂ’qetﬁa MUl i qeldl qvsl i rafemidiancyorv e redvigms @t phase
Narr oubgpe Bejd avRak 'miPl (A8 GO AIALEI s ASRAR ABRech0 ™

using a dlphase Ilnear gr adi
reconstituted with wultrapure water and analysed for

antifungal activity using the test described below.
- step two: the antifungal fraction eluted at 27%
acetonitrile corresponding to the peptide was analysed on
15 an Aquapore RP-300 Cg reverse phase analytical c¢olumn
(Brownlee™, 220 x 4.6 mm, 300 A), using a diphase linear
gradient of acetonitrile of 2% to 23% in 5 min and 23 to
31% in 50 min in 0.05 % TFA at a constant rate of 0.8
ml/min. The fractions were collected manually following
20 absorbency variation at 225 nm. The collected fractions
were vacuum dried, reconstituted with ultrapure water and
their antifungal activity analysed under the conditions
described below.
- step three: the antifungal fraction containing
25 the peptide was purified to homogeneity on a reverse
rhase Narrowbore Delta-Pak™ HPI Cig column (Waters
Associates, 150 x 2 mm) using a diphase linear gradient
of acetonitrile from 2% to 22% in 5 min and from 22 to 30

% in 50 min in 0.05% TFA at a constant rate of 0.25
30 ml/min at a controlled temperature of 30°C. The

fractions were collected manually following absorbency



of acetonitrile from2%to 22%in 5 mn and from22 to 30 %in 50 mn in
0.05% TFA at a constant rate of 0.25 30 mM/mn at a controlled tenperature
of 30C. The fractions were collected manually followi ng absorbénkgyv 200®@ NOV
2004 21 variation at 225 nm The collected fractions were vacuum dried,
reconstituted with filtered ultrapure water and their antifungal activity
anal ysed. 5 Exarrpl e 2. Structural characterization of the Ardl peptide. 1)
Purity check by MALDI - TOF mass _spectronetry (Matrix Assisted Laser
Desor pti on | Atidh at ¥4 BR- F'ifhamc?llf@tpeﬂr |ftr37‘c6ﬁé’éll‘§| H§ TRy 35E\ ¥ %r med
on NMALDI 'T%larétker reBbhkeX cTRES %Pﬁ&{r@méxeeqmpaﬁy ureBr §9ELy %glwmny)
in positive I'i near node (see section 3 bel ow) erm nation of nunber
of cyst ei nestheaigd ot ichangibl aarutlﬁtlpwlandlej&mdatlon The nunber of cysteine
resi dues was determined on the native peptide by reduction and
S-pyridylethylation. 400 pnoles of native peptide were reduced in 40 | of
0.5M Tri s/ HExdmpfeer , 2 pH Frbuce@pddi NcRgrdaeEPIAr a8 60 2@ hguani@ni um
chloride in the presence of Z gl of dithio- Threitol (2.2ZM. The reaction
nmedi um was ReREES N a ni trogen atm)sphere _After 60 nin incubation in the
dark, 21 of fr th ] action
whi ch was |ncubat ed fqu ﬂ ‘ ITC é&rcﬁ[{g@tn
at nosphere. The pyri dWaaiﬁM ch st pepd | Heswas D’elsempsepar abed zhtdmnt ke

constituents of the rgﬁctl on; Edl LHQ by reverse phase chromatography on a
reverse phase Aquapor :

10 Purity checking was performed on MALDI-TOF Bruker

Biflex mass spectrometry equipment (Bremen, Germany) in

positive linear mode (see section 3 below).

2y Determination cof number of cysteines: reductien

15 and S-pyridylethylation.

The number of cysteine residues was determined on

the native peptide by reduction and S-pyridylethylation.

400 pmoles of native peptide were reduced in 40 pl of
0.5M Tris/HCl buffer, pH 7.5, containing 2mM EDTA and 6 M

20 guanidinium chloride in the presence of 2 pl of dithio-
threitol (2.2M). The reaction medium was placed in a
nitrogen atmosphere. After 60 min incubation in the dark,

2 pl of freshly distilled 4-vinylpyridine were added to

the reaction which was incubated for 10 min at 45°C in

25 the dark and in a nitrogen atmosphere. The
pyridylethylated peptide was then separated from the
constituents of the reaction medium by reverse phase
chromatography on a reverse phase Aquapore RP-300 Cg
analytical column (Brownlee™, 220 x 4.6 mm, 300 A) using

30 a linear gradient of acetonitrile in the presence of

0.05% TFA from 2 to 52% for 70 minutes.



anal ytical colum (Brownlee"', 220 x 4.6 nm 300 A) using 30 a linear

gradi ent of acetonitrile in the presence of 0.05% TFA from2 to 52% for 70
m nutes. 22 1 0 NOV 2004 3) Mass determ nation of the native pgfipht”gggzﬂﬁ
yridylethylated _peptide and proteol yseg,fragments by MALDI-T

spectrometry (Matrix Assisted Laser Desorption ionisation - Tine of
Flight). 5 Mass neasurenents were made on MALDI - TOF Bruker Biflex mass
spectronetry equi_pnment (Brenen, Gernmny) in positive |inear node. The nass
spectra were cal i8r atl2885 e3@eR HBI PRt 4R h O Redapdt B &t RePidd Cdes of
Jhe 18

Xt E el vAYi a . A1 X lh'{.
gin?}M;remZb VASRRA YR/ 9pephbide304fas HDRoansh 4899
a- cyano- 4- - MAMEx\IEiFhnamd €S acispecttystaltsy obtMatneik byAfasstedapdeseiron of a
solution sa erstrdC .ion jacetone. Af t Qr; dryi g, i.n.3a )sl i ght vacuum the sanpl es
were washed G rra—drop—or— 010t i cFeaceticactd before 15 being placed
in the npss speciMa@¥et akashlefegdenciyagebymdanncdegmadat-imor Anroneati ¢
sequenci ng by Edman degradation of the native peptide, S-pyridylethylated
pepti de and ’%ac-r]iedijsma% FPEGHERTS L 5Bt AN dPmeMter (BIRMN £ f ERENANPY ol80] yti
cl eavage op A a ectiqan h |t hy idant ol [is Lyes were
per f or med o?og%t%%’%ﬂggn%g%ugﬁggf 0’;'#%%%%5% |osyst‘g%rjré]eu%\%l§:6?r?%§ Per ki n
El mer). 25 BxtRroteddlywtwitit] eavagedCanf imivetiren of pépet pépsi dé segwance in

wpr & | nouballe i FARE T SEE e B 5 ol S o G b b Ry o Tee

(Acromobact ifferent products to be analysed were deposited on a

thin layer of da~-cyano-4-hydroxycinnamic acid crystals
obtained by fast evaporation of a solution saturated in
acetone. After drying in a slight wvacuum the samples were
washed in a drop of 0.1% trifluoroacetic acid before

15 Dbeing placed in the mass spectrometer,

4) Sequencing by Edman degradation

Automatic sequencing by Edman degradation of the

native peptide, S-pyridylethylated peptide and wvarious

20 fragments obtained after the different proteolytic
cleavage operations and detection of phenylthiochydantoin
derivatives were performed on an ABl473A sequencer

(PEApplied Biosystems Division of Perkin Elmer).

25 5) Proteolytic cleavage

Confirmation of the peptide sequence in the C-

terminal region: 200 pmoles of reduced, 5-
pyridylethylated peptide were incubated in the presence

of 5 pmoles o©of endoproteinase-Lys-C (Acromobacter

30 protease I, specific cleavage of the lysine residues on
the C-terminal side (Takara, Ctsu) following the
conditions recommendea by the supplier (10 mM Tris-HCI1,



30 protease |, specific cleavage of the lysine residues on the Cterm nal
side (Takara, Qtsu) following the conditions reconmmended by the supplier
(10 MM Tris-HC1L, 23 1 0 Nov 2004 pH 9 in the presence of 0.01-9/%TW%0%0.
After stopping the reaction with 1% TFAR3% he peptide fragments were
separated by reverse phase HPLC on a colum of Narrowbore DeltaPakTM

HPI C18 type (Waters Associates, 150 x 2 mm) in 5 a |inear gradient of

acetonitril epfir @mh t 0h60YrieBeBlemdE 0 N0 D 0BfdRALEl afatre Sfofbidgr /min
and a constant tenperature of 37C. The fragments obtai ned were anal ysed

by MALDI - TOEthRaskeaplete® ottty and THR ppti deptdsler efpoamengst ovatfe

Ctermnal fragaent-¥ag,segyepced 1 e fgﬁgi .Ig?(ggm! 3

Pr oducti on of ?he A"reg? _%epti eglgnp§¥seng§€?§ﬁa% géea_s . C%l ns ruo%el on of
the pEM2 vecbheltpesR™ tHET,, 1bygXPrAssEes ARLcseEERLL 0n50f 1 Be ofy)dlianal og
by the yeast S, cerevisiae. Using the helioncine expression vector pSEA2
descri bed® byalLaipeprygsadient (ebogceyonptsile Chepm, 2 274, 609320- BB 26)n

di rect ed mut age (S per.f or.me P 0,20 .nodi fy the_codons |7 to
Asn and GlyZ%lgt (I;t?'iiSaf Wi%Af r%%ngntg%tg%rﬁgr?gét%ew bt gr,c%r?%t%Z and
pro Mal setampeestand bbe33&quenhe €ragflengshebtomhéedngess af&Iyésd t he
Sacll site V\gs anplified by PCRwith the oligonucleotides EM/2 and EMBO.
The nut ation§Yof CoUBASTOBS MA%hd APSMrenaidert e@nthe Ego peptide

oIigonucleothggregﬁoﬁwgné'tSﬁeﬁéTgC%€§E6K3§Tééggﬁgﬁ€mm§§ g@&%énced by

10 Edman degradation.

Example 3 : Production of the Ardl peptide in 8.
cerevisiae yeast.

1) Construction of the pEM2 vector permitting

15 expression and secretion of the Ardl analog by

the yeast S. cerevisiae.

Using the heliomicine expression vector pSEA2
described by Lamberty et al. (1999, J. Biol. Chem., 274,
9320-9326), directed mutagenesis was performed by PCR to

20 modify the codons Aspl7 to Asn and Gly20 to Ala. A

fragment carrying the MFAl promoter, pre BGL2 and pro
MFal sequences and the sequence encoding heliomicine as
far as the SacII site was amplified by PCR with the

oligonucleotides EM72 and EM89. The mutations of codons
25 17 and 20 were inserted the EMB89 oligonucleotide.



10 NOV 2004~ EMB9 5' TTTTTTCC GCO GCG CIT GCA CTC WC GIT GCA GTWAM W = CGC
GAA CGT GAG CCG CAA CGT' CAA TW Arg Arg Lys Cys alu ala Asn Cys | Lon Sex
AGT GTA G'T GAC GGC GC 31 TCA, CAT CAA CTG CCG CG 51) Thr Tyr TABNOVAIDLA a
The PCR-anplified fragment was digested 4#ith the restriction enzymes Sphl
and Sacil and cloned in the 5 pSEA2 plasm d digested with the sanme enzynes
and treated wth al kaline phosphatase. The resulting pEM2 plasm d was
control | ed b§i2esE! | CIAMKTGATFTATAS TAAYCTRRPeddi ng. 2) Transformation of a
yeast strain S. cerevisiae SJa.QIPy the pEM2 12lasmi d. The yeast strain
TGY48.1 (MATa, ura3-A5n his, pral, prbl, prcl, cpsl, Reichhart at al.,
1992, Invert. reprod. Dev. 21, 15-24) was transforned using the PEM

- '—'-_"'-'J-_" - -
plasmi d. The transformants were sel ected on a selective YNBG 15 nedi um

0. 5% suppl enBiii®d 5w TAITETSCOFERsEHT K8 TaBFYCTELARPFE" FCAPEEPAAEL | on of
hel i om ci ne anal ogues, p 2 25%2 PENRO ENBD, PEMBY,
pEMA6 and pEMA8. 20 1) Co S'[Fﬁ%tl onq%”tA F%% %@Egagﬁpp%é&lgectors. A

synthetic fragnent nmade up Ohréherplrygonyel ®nf mdrsasEMRs asd &WP6

previ ously hybridised (heated to 1000C and slow drop in tenperature down
to 250C) was cloned AAT (PR GFOEARC & 6F di'gested with BanH and Sal |

(repl acenent of 25 I,TQAN%/P 4(::[.@90&' C%ng.pf t he sequence codi.ng for
34" as

hel i om ci ne, codon Ser ar as stop codon). This synthetic fragnent
BanHl - Sal | contai ns the Testasncvabrnisi tes Xhol and Nhel. The resulting
PEGOL vector was controlled by restriction

The PCR-amplified fragment was digested with the
restriction enzymes SphlI and SacII and cloned in the

5 PpSEAZ2 plasmid digested with the same enzymes and treated
with alkaline phosphatase. The resulting pEM2 plasmid was

controlled by restriction analysis and sequencing.

2) Transformation of a yeast strain S. cerevisiae

i0 by the pEM2 plasmid.

The yeast strain TGY48.1 (MATa, ura3-A5n his, pral,
prbl, prcl, cpsl, Reichhart at al., 1992, Invert. reprod.
Dev. 21, 15-24) was transformed using the PEM2 plasmid.
The transformants were selected on a selective YNBG

15 medium 0.5% supplemented with 0.5 % casamino acids.

BExample 4: Preparation of heliomicine analoques, pEM22,

pEM24, PEM30, pEM31, pEM34, pEM35, pEM37, pEM46 and pEM48.

20 1) Construction of the pEM22 and pEM24 vectors.

A synthetic fragment made up of the oligonucleotides
EM25 and EM26 previously hybridised {(heated to 100°C and
slow drop in temperature down to 25°C) was cloned in the

PSEAZ vector digested with BamHI and Sall (replacement of



5 anal ysis and sequencing. EM2 5 5 GAT' CCACTCGAGICCT, AGCG Xbol Fez EM2 6
e 5 ' TCGA CCCP' r AGCACTCGAGIQ 3 *  Mel ZbQ A synthetic fragment BanHl - Sail

made up of the previously hybridised oligonucleotides EML19 3afdNgMEBR was
cloned in the pEGOL vector. The |igati on2¥eaction was 10 di gested with Xhol
in order to renove the plasm ds which had not inserted into the synthetic
EML19/ EML20 fragnment. The resulting pEM22 plasm d was controlled by

restriction taealdysiemdand sateseiigncdNcbdenyi €at BEDbROC Sh& At €8¥on WasS
used to constru t pEI\/124 using the oli gonucl eotide 15 pair EML27 and EML28.

EML19 5 ° ITTR8 ASRY) eSQEtNET Tedrad -1 ﬁ'ﬂ-@A'Sm@@et@\c TRR@ent  Sex

Phe Xl e I. Xn BYAL TAR 2GYS TR T ' TTC
ACA CCA ACA ON AAC GIT AAT &%%qu}lé E{%zgt%t%&‘ A R & e
TGT TGG TGT GMeA@@S'Url@An‘ﬁA@EGQSL veSetxoPhead atosno Vadd Asp Oy st Fi & Oys GI u

Thr EAXI %% GACCIATCAGGT T 1aCA CCA 36C.a. CST h& 1
Pz a k ¥52y 68 sCPHUENGA"8F the vectors pEMBO, EMB1, pEMB4,

pEMB5, EM46 and pEMAS. 26EN2H NQE'ZWC@A%@&GC@A@GG&QHEM made up of the
ol i gonucl eoti des EM5 and EM26 previously bridised (heating to 100C and
sl ow tenperature drop down to 25C) was cl o‘ﬂ’éé i e pEMR2 vector digested
with BanH and Sall (replacenent of 5 the 3 end of the sequence encoding
Ardl, Ser34 codon as far as stop codon). This synthetic fragnent

BanHl - Sal | contains the E¥3fr}ctdofCortecradtaTagrbhel. The

Nael  xhol
A synthetic fragment BamHI-Sall made up of the

previously hybridised oligonucleotides EM119 and EM120
was cloned in the pEGOl vector. The ligation reaction was
10 digested with Xhol in order to remove the plasmids which
had not inserted into the synthetic EM119/EM120 fragment.
The resulting pEM22 plasmid was controlled by restriction
analysis and sequencing. An identical cloning strategy

was used to construct pEM24 using the oligonucleotide
15 pair EM127 and EM128.
FM119 5°GA TCC TTC ATT AAC GTT ARC TGT TGG TGT GAA ACC TGA TAG G 3°

Ser Phe Yle Asm Val Asn Cys Trp Cys Glu Thr

EM120 S'TC GAC OTA TCA GET TTC ACR CCA ACK GTT AAC GTT AAT GAA G 3

[FL]

EM127 5'¢A TCC TIC TTG AAC ATT BAC TGT TGG TGT GAA ACC TGA TAG G

Ser Phe Leau Asn Val Asn Cys Trp Cys Glu Thr

PM128 5'7C GAC CTA TCA GGT TIC ACA CCA ACA GTT RAT IT CAR GAM & 3

2) Construction of the vectors pEM30, pEM31, pEM34,
PEM35, pEM46 and pEM48.




resulting pEML6 vector was controlled by restriction analysis and
sequencing. 10 A synthetic fragnent BanHl -Sail nade up of the previously
hybri di sed ol i gonucl eoti des EML35 and EML36 was cloned in thet pEjdiSopn,
vector. The ligation reaction was digegsed with Xhol to renove the

pl asm ds which did not 15 insert into the synthetic fragnent EML35/ EML36.
The resulting pEM30 plasm d was controll ed by restriction anal ysi s and
sequenci ng. An identj cal..cl o ra r. t tions
of PEMBL ( EML17/ %‘N%})é‘)%etciﬁngﬁ%ﬁ%&%}‘%z E%%% FEWSB‘PE%%% eSEme

20 ( EML58/ EMMED) ,arpENSR q IiMkﬁrZ/oEMl@S)hyb&ﬁdﬁls]eH GeEA T TGC BT 0BCT AA@ GAT AM

TGI TGG TGT ACC TGA TAG G 3' Phc . Ala, Agri Val Asa Cye Twp Cys
Isla '. E uifed "VFRPEARIEA ﬁéﬂperﬁfowlﬁretﬂ TEA AGAS GFPIARC B ABE GAA G

3, EM 29 5'%EMZTQ%é%érCBi&@4f¥M3&$%§-Eé&ﬁ&TQEBT§§1TGYr€§16céH§nIGe £TAG a
3" Ser Phe Lou Asp. Val Asa Cvs Trp Cya Qu T_Z TC GnvACc CTA

TCA GOT 5-r Chec B’c GRAGAE OTite AMSIG:Ree CAACCAANG BrEl, 35e¢88A TOQOMTEsSGCT AAC

Corp oye G g ¢ st BT G EpR AR e dei bRk 36T fnc

orr AGC CA- adntdinsEMIFE: 5' r&frfotelod | Gite AACKEMI W &ndGT NhEE. TGThEeAA ACC
TGA TAG G 3 Sex Phe |.au Asu Val AM Cys Txp Cys_tsln Thy . 14159 5" TC G/C
CPA TCA GOT “FF¥3 tACH CBKMAE. AVIFLAAC KAF cpnWelled: b Newtzge4 ion2 &

C. TCC PTC THR1AAG RhPeqlfehcli®g.- ' GT GAA ACA ' PGA TAG G 3 Set Phe T. ei
An Val Asn Cys rP Cys alu Arg . x,1.63 5 TC CAC CTA TCA TCT TPC AM CCA

ACA GITIAAC CTT CM BA G 3 3) Constructl on of the expression vector pEMY7.
From the expreSS%pn Ve%%etlc ?%Lgﬁgk%i“EaBEFégalx made up of the
previously hybridised oligonucleotides EM135 and EM136
was cloned in the pEM16 vector. The ligation reaction was
digested with Xhol to remove the plasmids which did not
15 insert into the synthetic fragment EM135/EM136. The
resulting pEM30 plasmid was controlled by restriction
analysis and sequencing. An identical cloning strategy
was used for the constructions of pEM31 (EM117/EM118),
pEM34 (EM127/EM128}), pPEM35 (EM129/EM130), pEM46
20 (EM158/EML159), pEM48 (EM162/EMI&3).



5 directed nmutagenesis was performed using PCR to nodify the Aspl codon to
Asn. A fragnent carrying the end of the pro sequence of MFal and the
sequence encoding helionicine was anplified by PCR with the 10 NOV 2004
ol i gonucl eoti des EML37 and EMB3. The nutéfion of the Aspl 10 codon to Asn
was inserted in the olignucleotide EMI37. 28 5 1 0 NOV 200', EMb3 5’
CCTGGCAATT IﬁFCTTCCA 3" Hindi | | EML37 5 TTTTTTA AGC TTG GAT AAA AGA
AAC AAG TTG GECEAECE TIC EEF MG RS PR T8¢ GSIAR AGFSTRaMG|§ 8 Ay The
PCR-anplified fragnmentsemas. digest oh Wi Bd RS cfL@br4gt i on enzynmes Hindl ||
and Sail and sinmultaneously cloned with a Sphl-H ndlll fragnment of 1.2 kb
carrying 10 the M~(x1 pronoter, the pre sequence of BA.2 and pro sequence
of MrFal as f ) j j LR, T cior (M chaud et al.,
1996, FEBS Lg%[tlg? %3@“"’_‘%%%1'6)& §F$g§—g% g(c'# \Ié!vl&ktL ﬁ%%%ﬂ@%ﬁclc n%lgt'reat ed with
al kal i ne phosphate. The resulting pEM37 plasm d was controlled by 15
restriction anﬁ%si's and se%g?nci ng. Exanple 5: Screening tests nmade on
hel i omi ci ne &Maf OISR ™C FFC GAP 0BT £ST M TYR 49% TET et FRATBEGY Atd by t he
expression 20 pl asm dsr efe bal haival Be andrid spea@ial ggues were cultured in
selective nmedium (50 mM YNBG + 0.5% casam no acid) for 72 hours under
stirring at 29C. After centrifuging at 4000g for 30 mn at 4C the

super nat ant s evese ¢ ik icefl xch aPlie Wil B0l bt B4 s &3 BUS, Sypernat ant s
were then deposited on a reverse phase 360 ng carrier Sep-Pak TM (Waters

Associ at es)
EMI35 5r@A TCC TTIC GOT ARC GTT ARC TGT TEG TET GAR AGA TEA TAG & 3¢

Ser Phe Ada Asn val A9n Cys Trp Cys Glu arg

EM136 5'TC GAC CTA TCA TCT TTC ACA CCA ACA GPI AAC ©TT AGS GBA § 2

EMIGES 5'ca TCC TIC 2T AAC CTT ARG TQT TEG TGT OAR ACC TGA TAG G 3°

Ser Phe Lau Asa Vol Aev Cys Trp Cyes Glu Thr .

EM159 5'7¢ GAC CTA TCA GAT TTG ACA CCA RCA GTT BAC OPT CAA GAA ( 3'

EM362 S'chA TCC TIC TG AAC GTT ARC TGT TGE TGT GAA AGA TGA TAG G 3

Ser Pne Len: Asm Val asn Cys Typ Cys Glu Rrg
EMLE63 T'TC GAGC CTA TCA YCT TTC ATA CCA ACA GTT AAC GTT CAA GAA G 3°

3) Construction of the expression vector pEM37.

From the expression vector of heliomicine pSEA2,
5 directed mutagenesis was performed using PCR to modify

the Aspl codon to Asn. A fragment carrying the end of the

pro sequence of MFal and the sequence encoding
heliomicine was amplified by PCR with the
oligonucleotides EM137 and EMS3. The mutation of the Aspl

10  codon to Asn was inserted in the olignucleotide EM137.



equilibrated with acidified water (0.05 % TFA). The hydrophilic nol ecul es
were renoved by sinply washing with acidified water. The peptides were
eluted with a 60% 30 acetonitrile sol utiog prepared in the O. mﬁ% The
fraction eluted at 60% acetonitrile was $8cuumdried to 29 1 Bl
renove the acetonitrile and TFA and then reconstituted in 1 m 0.05% TFA
wat er before undergoing purification. 2) Purification by high pressure
liquid 5 chromatography (HPLC) on reverse phase col unm. Dependi ng upon the
production | evel pgbi ais“edc&%rcczﬁ%@mfl{&@]r? e,, the equivalent of 5 to 20 ni
of pre- purified supernatant was analyse Yy  reverse phase chromat ography
on an Aquapore RP-300 C8 semi - prépaddli on 10 col um (Brownl eeTM 220 x 7
mm 300 A), el utEemsmas perfros med ot aRr 20at AN hhd |ec OFRdABN ek Me0305% TFA
from2 %to 22 %in 5 mnutes, tsﬁerktZZ to 40%in 30 mnutes after a
2-minute isocratic at 22% at a COnstants® &8 G 2T &YhileHi He Fhe fractions
el uted between 27% and 38% 15 acetonitrile were collected manual ly

fol l owi ng absorbenpgy Rg i_atign at 225 nm 3) Control of anal ogue mass | Rl
of majority fractions gPULELES (FTRAMEN @ Snatitpeakedi Midd wthR 0. 05%
TFA and anal ysed di-tMRD edfime SrR8SnEREE! AP 5Y 11 THRGT LaR{104 %ggﬁey
measured mass _ corresponds to theoretical nmass was vacuumdri eg an

reconstit ut eFUPesHdY hghode SRAUME I t fapomentabdr 1.¢al kol abedyasg

descri begdyin the Pghllov%ggmg@ég’gr atwe 25 4) Quantification of the anal ogue

for actIVItythFéS pre “sequence of BGLZ and pro
sequence of MFal as far as the HindIII site in the
pTG4812 vector (Michaud et al., 1996, FEBS Lett., 395, 6-
10) digested with SphI and Sall and treated with alkaline
phosphate. The resulting pEM37 plasmid was controlled by

15 restriction analysis and sequencing.

Example 5: Screening tests made on heliomicine analogues.

1) Cultures
The yeast clones transformed by the expression
20 plasmids of heliomicine and its analogues were cultured
in selective medium (50 ml YNBG + 0.5% casamino acid) for
72 hours under stirring at 29°C. After centrifuging at
4000g for 30 min at 4°C the supernatants were acidified
to pH3 with acetic acid.

25 The supernatants were then deposited on a reverse

phase 360 mg carrier Sep-Pak™ (Waters Associates)

N

equilibrated with acidified water (0.05 % TFA)}). The
hydrophilic molecules were removed by simply washing with
acidified water. The peptides were eluted with a 60%
30 acetonitrile solution prepared in the 0.05% TFA. The

fraction eluted at 60% acetonitrile was wvacuum dried to



A calibration curve of the sem -preparati on Aquapore RP-300 C8 colum was
made by injecting 5, 10, 20 and 25 30 ng heliom cine. Integra 'bon,

cal cul ati on of areas and slant were made_using M |1 eni um sof t wa¥ N0\ &0kr s) .
Subsequently, the quantification of the &halogues (in g) 30 1 0 Nov 2004
was cal cul ated by automatic integration of the chromatogram peak
corresponding to the anal ogue, using this software. The take-up vol une of
t he sanpl e aftegrovesaporaatd tom iwas 1ealacid atFed and neleat iretohettibatdd in
qgquantification_so obtai so .as to adjust the peptide concentration to 1
g/l. 5) Anti ﬂcgﬁdiodg) A Bﬁ%ﬁ?%ﬁd%&?ﬂl{%@é’ﬁ%qqlﬁ@ PREdfdsRESO8ct i vity
tests. 10 The anti-Candi da al bicans and anti-Aspergillus fum gatus
activities of the different anal ogues were assessed using a growh
inhibition test if)liqiutifddaimonmadebyn 96hieh| nmipregsuates. Thequadtivity
of the purified peptidgs was tested f fferent dilutions of each 15
pepti de a?ld was corrpar S "’: ) Pt SR8 PARAE GHaRM Rt i ed
under the sane comdigar@ing - upbhi -tTandigddRIdicanNs1best U AGldvi Fyrt est
was made directly on yeasts derived froma stock frozen at -80C, in
Sabour aud me@AGH 95%8&’95# ni Hfe 15Wgrvpdensl .ofhé densiddyy vl tdfe psasts in
the stock wapadidisded dg,ahAnhlcaly 4ensihy1 ghed: 4peD 96,80 Nl ekt er

sl ow t hawi ng at room tenperature, the yeast uspension was Tt édu ed Sy
dilution to ahroptEtegmrdit yorofan 1AqoDpate6®P-3M0i ITSakourpudpaedition and
90 | of igl s 25 dilution were depgsited in the wells of microtitration
plates in’thé& nd8TeWNiee"of 2¢8npre To™e t 88Pedh), elution was

performed on an acetonitrile gradient in 0.05% TFA from 2

aVa: ara A ] )

% to 22 % in 5 minutes, then 22 to 40% in 30 minutes
after a 2-minute isocratic at 22%, at a constant rate of
1.4 ml/min. The fractions eluted between 27% and 38%
15 acetonitrile were collected manually following absorbency

variation at 225 nm.

3) Control of analogue mass

1 pl of majority fractions was diluted 2 times in

20 water acidified with 0.05% TFA and analysed by MALDI-TOF

mass spectrometry. The fraction whose measured mass

corresponds to theoretical mass was vacuum dried and

reconstituted by adding one volume of ultrapure water
calculated as described in the following paragraph.

25

4) Quantification of the analogue for activity

tests
A calibration curve of the semi-preparation Aquapore
RP-300 Cg column was made by injecting 5, 10, 20 and 25
30 mg heliomicine. Integration, calculation of areas and

slant were made wusing Millenium software (Waters).

Subsequently, the quéntifidation of the analogues (in pg)



Control sanples were systematically made in which 10 | of sanple were
replaced by 10 | of sterile water. Media sterility was controlled by
incubating 10 | sterile 30 water in the presence of 90 | of nepfup ? F
sanpl es were incubated at 300C for 40 hQnder sli ght stirring and 3

NOV 2004 the antifungal activity was quantified by neasuring optic den5|ty
at 600 nm - Anti--Aspergillus fumgatus test 5 The spores of Aspergillus
fum gat us wewesder caddulatem a sy ockadtoweni at -18egreaibai ni 89 10the
spores/m in __a 25 @6g§ ce&g& solution. After slow thawi ng at room

t emperat ure, CP58m§589 I §088SPROBALPENSTDONTRA EOB Loger ur'es Fdi um
(12 g Potatothext rasec el h medi umideal, v&@uﬁned%ﬁ neral issqll 1wt ofder 10 |
of each sanple were deposited in the wells of nlcrotltratl n plates in the
presence of QGaPOP@Bl@uItuW@Snedcahtg&ppEdnenued mmehatnenracyallnEh¢100

/m /) t th f | .
ggnce%t?2$|oﬁhgb% ggg %%ngg?es?ﬁgg}ﬁlgkgﬁt ] Egor 38% ;§€§Eﬁ&ﬁlcale
made in mhlggn@gnggaggo§aqgl E@rﬁ replaced by 10 pl1 of sterile water.

Media sterility was control i hcubating 10 Al sterile water in the
presence of 90 gl of nedlun1 The sanpl es were incubated at 37C for 24 h to

20 48 h in a hunlg) sghere nd the antlfungal .ct|V|ty mas quantlfled
by a score of 0t n&ﬁk&gﬁ&ﬂi' 1G22 3un 2

of the hyphs were det @uﬂh@@@u@naefalwﬂeybteg%gl ar nicroscope. The ni ni mal
|nh|b|t|q9 concentration (MTC)y was 4. 25 6) Control of quantification
The anti-Candida albicans and anti-Aspergillus

fumigatus activities of the different analogues were
assessed using a growth inhibition test in liquid medium
made in 96-well microplates. The activity of the purified
peptides was tested for different dilutions of each
15 peptide and was compared with those of heliomicine and
Ardl quantified under the same conditions.
- Anti-Candida albicans test
The activity test was made directly on yeasts
derived from a stock frozen at —-80°C, in Sabouraud medium
20 containing 15% glycerol. The density of the yeasts in the
stock was adjusted to an optical density of 0.4 OD at 600
nm. After slow thawing at room temperature, the yeast
suspension was reduced by dilution to an optic density of
1 mOD at 600 nm in Sabouraud medium, and 90 pl of this

25 dilution were deposited in the wells of microtitration
plates in the presence of 10 pl of sample to be tested.
Control samples were systematically made in which 10 pl
of sample were replaced by 10 pl of sterile water. Media
sterility was controlled by incubating 10 pl sterile

30 water in the presence of 90 pl of medium. The samples

were incubated at 30°C for 40 h under slight stirring and



The sol utions of peptides used for the activity tests were systematically
subjected to quantification control by injecting 10 | under HPLC into a
Nar r owbore 30 Delta-Pack"™ HPI C18 colu previously calibrat¢g m@@?mﬁ, 5,
7.5 and 10 jig heliomcine. The quantit f peptides 32 1 0 NOV 200
effectively deposited in the wells was readjusted whenever necessary for
interpretation of results. Exanple 6 : In vivo efficacy 5 1) Method -

Candi da al bi &&fs anffidenad lmedélivikel Wwesi gusetaddedt byamakoguesgwepeit est ed
for in vivo Iy I tivity in a nodel infected with Candi da

al bi cans, IeF%%%l&&n%?cgﬁ%Tﬁﬁhpathogenic agent Candi da al bicans (1 HEM 8060
strain) was inoculated by intravenous 10 route (i.v.) at a dose of 2.5 x
106 CFU nouse. the peRtides were adm nistered by i.v. route in 4
injections 6 h, Z4 h, 2B81n2sRer92lhuaf fumipafest FeAt Assessnent criteria

for activity werepgual Yghion %ggswﬁgégghlﬁ%g ?Bﬁngkéga%kré dﬁéng%He

norbi dity scores, which take i nt count gener te of

(condition offromr @ sholwl iftygzedny ditati8@f.C,) awerte iddtey Mmoiedpboesgathinouse
w th val ues %aggéng_fr9n10 tﬁ 5 nd,defineg below 0 = dead, 1 = noribund,
2 = very ill2 32 719 4CCERL gitiWF190 1 |, ABterheHidhy thaanguitof TPAB

i ndividual seemperwasrd) GHLW@had fUrLalhdEQUPn 8uSEOREI L PP BB 2
group of 10 mice neaning that all the mce were healthy. 2) Conparison of

the activiti €8160TA dileddmn Hel idrfetiaio i PexheosanBidthasihedimhecped hodel .

25 Fol | oy ng.a standard.protocol, groups.of 10 Swiss OF1 male mce
wei ghingt12 & mgfglfﬁfgéﬁéﬁ i&aﬁsg)'roape Bi t Rfa 8658 ofaBpPheyx vpbe
CFU mouse. Hakpo@litedle BMdtAbdivells of microtitration plates in the

presence of 90 pl PDB culture medium supplemented with

tetracycline (100 pg/ml) and cefotaxime (1 pg/ml)
containing the spores (at a final concentration of 1000

15 spores/well). Control cultures were systematically made

in which 10 pl of sample were replaced by 10 pl of

sterile water. Media sterility was controlled by

incubating 10 pl sterile water in the presence of 90 pl
of medium. The samples were incubated at 37°C for 24 h to

20 48 h in a humid atmosphere, and the antifungal activity
was quantified by a score of 0 to 9 taking germination
account; the size and morphology of the hyphs were
determined wunder the binocular microscope. The minimal
inhibiting concentration (MIC) was 4.

25

6) Control of quantification

The solutions of peptides used for the activity

tests were systematically subjected to gquantification
control by injecting 10 pl under HPLC into a Narrowbore
30 Delta-Pack™ HPI Cj3 column previously calibrated with 2,

5, 7.5 and 10 pg heliomicine. The quantity of peptides



were adm nistered by i.v. route in 4 injections, 6h, 24h, 48h and 72h
after infection. For each peptide, 2 doses 30 were tested: 10 ng/kg and 30
ng/ kg. A placebo group was injected with peptide solvent, 0.7190 %edpom
chloride. 33 1 0 NOV 2004 Appended fi gur 2 and 3 respectively show t he
survival rate and norbidity scores (10 mce) in relation to the nunber of
post-infection days. In this very severe infection nodel, 100% Il ethal at 5
post -i nf ecti ehfgayinelg0%dsfoatiided n ithe phacebeldsoupraser eeadhndstord t he

first day after ipfection, |t s_observed that HeliLonm cipe adm nistered at
10 “and 30" k5eRaE ReCHrgAI I Cant BEFLEEoBALSEPVPhar P AIES even t hough
the curves are always above the relative 10 curve of the placebo group.

Medi an nortality occurred in the g{oups treated with doses of 10 and 30
ng/ kg Hel i oRF8"R&Er Bspedpi VeV eAT128CK and 60 h after infection, and the
mor bi di tys scores yere nd 5LPQ. 1 t g condi tions,
the Ardi peptide mgdniﬁégﬁgged g ﬁ?ﬁgéd%gg¥8%n§0§%%?€§g%e é%%h t he onset of
the first death bie2dohichng candutitefl dflaeqesst ivelre atésteedn fday Fnwith a
norbidity score of 16/50. _Conpari son,of the survival curves (Meier-Kaplan)
using 20 t he U 8G: ARk Z0AEPLT PERA vt 68 thed FedFindPAGCEeEi Yht i cafE:da

di fference betipeernkhe Rl@cebo;ar gUR-Andride gheuBenticealfthM ER AT GL at
30mg/ kg (p<0.001). Ardl administered at the dose of 10 ng/kg did not nake
it possible edbigpnevd IEMviBP40 shdadenewals ipscodateti by dhtraevenpee, 50%

of ”iceigfingoq%gd %iQQY? §%t<g’ EQE%CtéPn'Z.S x 10° CFU/mouse. the

peptides were administered by i1.v. route in 4 injections

© h, 24 h, 48 h and 72 h after infection. Assessment
criteria for activity were evaluation of survival and
morbidity at 7 days. The morbidity scores, which take
15 into account general state of health (condition of fur,
mobility, hydration..) were determined for each mouse
with values ranging from 0 to 5 and defined below: 0 =
dead, 1 = moribund, 2 = very ill, 3 = ill, 4 = slightly
111, 5 = healthy. The sum of the individual scores was
20 calculated for each group, a score of 50 for a group of

10 mice meaning that all the mice were healthy.

2) Comparison of the activities of Ardl and

Heliomicine in the candidiasis infected model.

25 Following a standard protocol, groups of 10 Swiss
OF1 male mice weighing 12 g were infected wvia i.v. route
with a dose of 2.5 x 10° CFU/mouse. Heliomicine and Ardl
were administered by i.v. route in 4 injections, 6h, 24h,
48h and 72h after infection. For each peptide, 2 doses

30 were tested: 10 mg/kg and 30 mg/kg. A placebo group was

injected with peptide solvent, 0.9 %$sodium chloride.



3) Conparison of the activities of Ardl and the anal ogues pEM24, pEMO,
pEMB1 and EMB5 in the candidiasis infected nodel. 30 Appended figures 4
and 5 respectively show the survival rate and norbidity scorgsygyl&pm ce)
inrelation to post-infection days. 34 33 0 NOV 2004 In this experi nment,

i nocul ation of the mce with 2.5.106 CFU nouse was 50% | ethal at day 5 in
the group which received placebo treatnent. The first deaths occurred on
post-infecti on daymR<hdadl MedivaresnDt ahntly 5 oeesie et vl Posidwnf €ski on
day 5. On day,J. i‘SV,a'ce wer e aIive.gnd the norbidity score 15/50. Ardi, at
a dose of 10 nyl Ko S detdys ThE BRERLALFY RECTERr dL00BAFR) byl 5 lakjen 8
mce were stitd tad vaundiePast pddtoci @idiobajayk. The survival curve was
not 10 statistically different however fromthat of the placebo group

(p=0.2516). The fddt gt i ¥REY t eevedeainfhetdosemofielp) i§OkgLethEMRAL( H5),

pEMBO (Al ), &%\43&'-'( ind. pEMBS ,( AB)H. ar nmore .actjive than Ardi: the tine
of onset of the 1%t ecat?hQﬂhSE%ﬁd 4t’h2éon°un%grm&f:en’ildje J%}I“? VBTaﬁeéayg?o\WBre
respectivel y weraalsadanch hd ol faar dahe oraup itneatradiwi th pEM4 (H5), 4

days and 7 mce f(a)l[tr the group treated with pEM30 (Al), 5.5 days and 8 mce
for the group tredtteddd tPPP d(kbyt Hr4iymiayseandmynipteredr athaOgroup

i ntai n the M 1k Joer ener SO DL a8 Or ROLPCR Por Ut 31 RALE days.
t he norbi di t y2¥%or §5opghngtivet weeves?2 aaand ZB/H0 oabday ;heompanedvwi t h ’
22/ 50 foﬁOthQnﬂﬁﬂygafw@ﬁghpigggﬁgegrgﬂg.phg%ggg'mEQ%aigggi%£%Grggdtgg m ce
the groups treated with doses of 10 and 30 mg/ kg
Heliomicine respectively, at 48 h and 60 h after
infection, and the morbidity scores were 0/50 and 5/50 at
day 7.
15 Under these conditions, the Ardl peptide
administered at the dose of 30 mg/kg delayed the onset of
the first death by 24 h. 5 mice out of 10 were still
alive on day 7 with a morbidity score of 16/50.
Comparison of the survival curves (Meier-Kaplan) using
20 the logrank statistical test led to finding a significant
difference between the placebo group and the group
treated with Ardl at 30mg/kg (p<0.001).
Ardl administered at the dose of 10 mg/kg did not
make it possible to improve survival and general
25 condition of the mice, 50% of mice being dead 2 days

after infection.

3) Comparison of the activities of Ardl and the

analogues pEM24, pEM30, pEM31 and pEM35 in the

candidiasis infected model.

30 Appended figures 4 and 5 respectively show the
survival rate and morbidity scores (10 mice) in relation

to post-infection days.



25 declined 24 h after the 4th injection. Only the group treated wth
pEMB1 mai ntained a norbidity score that was higher than 40/50 for 5 days.
The statistical conparison of the survival curves wth the ves for the
pl acebo group shows a significant 30 di6 ference for the gr of?gdtNOé{aZU@’d W th
pEMB5 with p being 0.041. 35 10 NOV 20 Statistical conparison of the
survival curves with those of the placebo group shows a significant
difference for the group treated with pEMB1 on day 8 with p bei ng 0 0195.
5 The rel ative acf} ngiLés ‘?ifpetlﬁé“eﬁbtp'tl élé@céhlétﬁ-ﬁ@ 9%I & rﬂjlc‘?)EWB

PEMBS ~!' pEMBG, ~:0pENEY mouﬁ ;a5 4% 0O MRA 50N O oh esaciﬂ Vthée%_;r%hpArd'
and the anal ogues pEMB1, 2EM35, pEM37, pEMA6 and pEMb1l 10 admi nistered in

5 nm/m in thie dandietteisved | piaceled nbdehthppendﬁueﬂ duires 6dsadhd
respectively shaow the survival .rate and nDr scor.es (10 n
relation to Po: recpnf%%tPSﬁtdéi} C%%Opnd[aﬁl n@ﬁfllapn&?lﬂt&ﬁ %Pf of

Sw ss OFf md‘c&:uﬂ&@cgwngpéétgnoﬂfébtﬁon 1a§yCEU @‘n Gangli W 8l i eanseireduces
50 %m)rtallty_ on 1@% 4 after infection in the group treated with the

pl acebo. Theélfjvestangedihes WudUditys sqgre 1843 i nfection, and 100 % of the

mce were dead on, a2t0a5d%seTroefat1'fP Cg[)’)éoi{h d%fl%Jyhsg’?:gl.e L REVEL ¢ ?’kg does

pEMA6, adnministered’in three 1.v. inje s at t ose of 5

not signifi camdty dardrtedse Jrnﬁ,usmysa).r\ﬂ vidilce rvedrat iste ltlo giliacelom posat-nent .

However, treaﬁggﬂfatlon day 7. The survival curve was not

10 statistically different however from that of the placebo
group (p=0.2516).

The four peptides tested at the dose of 10 mg/kg,
pEM24 (H5), pEM30 (Al), pEM31 (A2) and pEM35 (A6}, are
more actlve than Ardl: the time of onset of the 1° death

15 and the number of mice alive on day 7 were respectively 3
days and 7 mice for the group treated with pEM24 (H5), 4
days and 7 mice for the group treated with pEM30 (Al),
5.5 days and 8 mice for the group treated with pEM31 (A2)
and 7 days and S mice for the group treated with pEM35

20 (A6). With each of these peptides it was possible to
maintain the mice in a good general state of health for
the 3 first days, the morbidity scores lying between 42
and 48/50 on day 3, compared with 22/50 for the group
which received the placebo. The condition of the mice

25 declined 24 h after the 4% injection. Only the group
treated with pEM31 maintained a morbidity score that was
higher than 40/50 for 5 days.

The statistical comparison of the survival curves
with the curves for the placebo group shows a significant

30 difference for the group treated with pEM35 with p being
0.041.



25 pEMAS del ays deterioration in state of health of the mice wth a
norbidity score of 31/50 3 days after infection, conpared with 9/50 for
mce in the placebo group. At this dose, treatnents with pEWﬁszﬁE_NBS
del ayed the onset of the 1'9t death by 1. 5 days; nedian 30 1“r't'y
occurred on post-infection days 5 and 6 fespectively for the groups treated
with pEMbl and pEM35. Statistically, analysis of the survival curves at day
7 36 1 0 NOV 2004, shows a significant difference relative to the pl acebo
group with p bei myad-iFis G0 FHRPYFbIPN t PEattdte wheRY pEMb 1 CUBKES p WBdihng

0. 0004 for t ' RENB a4 ; : | +h of
the mce treﬁz}t%e%r ﬁhﬂ%éé%lgé%ééﬂ% ette%qoﬁg at%gtrb%g#aﬂlt e m%égffv?hr}%%vc\tgre

gi ven the otfmer theeatrpent S raaited avitdr bpdM8Y seorday eéhavbthngpate28050 up
to post-infe{g\dgg% day 5 conpared with a score of 11/50 for the mce who
were given p and a score of 1/50 for the mce who received a placebo.
10 Overabl, in tiire caediadiasi satpiect eds mogel thhepepptiéyngdte agtevity of
pEM35 was greater than that of pEMb1l which itself was greater than the
activity of fsENMBIingdt pEMSIdeseRlSed 20pEN3MyLk gEMRHe>ARdHland pEMB1

nol ecul es are not effective. 15 5) Activity of the pEM35 anal ogue in the
candi di asis infected nodel. Appended figure 8 shows the survival rate (10
mce) inrelation to@agatidaet&on tdaysact fvidiSs e¥Berdf®Nt and2@he

i nocul ation of the mce wih 25106 CFU nouse was b0% 1 et hat at day 5 and
100% at day 8 for mce e pfdbhl  BEHEP 3FirE '

days aftgr infection.

administered in 5 mg/ml in the candidiasis

infected model.

Appended figures 6 and 7 respectively show the
survival rate and morbidity scores (10 mice} in relation
to post-infection days.

15 In this experiment, inoculation of Swiss OFl mice
weighing 15 g with 3.10° CFU of Candida albicans induces
50 % mortality on day 4 after infection in the group
treated with the placebo. The first deaths occur 2.5 days
after infection, and 100 % of the mice were dead on day
20 5.5,

Treatment with Ardl and with pEM31 and pEM46,
administered in three i.v. injections at the dose of 5
mg/kg does not significantly increase mouse survival
relative to placebo treatment. However, treatment with

25 pEM45 delays deterioration in state of health of the mice
with a morbidity score of 31/50 3 days after infection,
compared with 9/50 for mice in the placebo group.

At this dose, treatments with pEM51 and pEM35
delayed the onset of the 1°® death by 1.5 days; median

30 mortality occurred on post-infection days 5 and 6
respectively for the groups treated with pEM51 and pEM35.

Statistically, analysis of the survival curves at day 7



The norbidity score fell rapidly below 30/50 (25/50 at day 2.5). 25 The
PEMBS peptide was adm ni stered at doses of 10 and 30 ng/kg/injection with
3 daily doses for 4 days (lh, 5h and 10h post-infection on p ch); @ 8h,
14h and 20h on days 1, 2 and 3); that L3 to say daily doses org aII2 g 30
and 90 ng/kg. 30 Wth this adm nistration schedul e, pEM35 was able to

del ay the onset of the first death by 4 and a half days for both doses. On

post-infection day 8, a respective, 37 1 0 NOV 204 survival rate of 80% and
90% was obsetiRAP f Br B IRIGEnt: (ShiERrenedn d6desige v ahbeoelagekyl day.
The mce refmigedsith QUL SIS Pfs heal thhaintiduday by Bﬁm idity
score which rendg;?neld a%ve 4(?50. On day 8, ﬁ]e uéﬁjscroeralese g]]tq% 3&?50. No
maj or di f f eraanted iegineeh. 00e4 ween the groups tireedkdd wiithh pEENBS ghet he | ow

dose of 30 [ kg/da nd t st.r.on e of., 90 / kq/ day... . Th rvival
curves in rela eilgdnl t%te{aff% Oqé]glF&sltql g)écg?tz'be W SF pt%%féy%ﬁ%gﬁ%c&lsl y
different frnmmddie th@ncuhea fof the pliacebengr el e Ryivdh 0Bhkef Qfnat h

doses). 6) Method - Scedosporiuminflatuminfected nodel. Swi ss OF1 mice
wei ghi ng 224 WetereHioct et bya i ReFav@hbrisseoateeremaknyng e 28/80hale dose

of 15 Sced i ! ( P79 Iy N ture t r
gel ose for %ﬁg;@g&gﬁg%@y%eﬁgﬁf e%t‘?%ngﬁ%%gg \‘/\\rfggh %{ 1 %gs%grggs 1;)12%%rmuse,
i nj ected in faowdlharenicfe 500 Iwend ayitvesn IpiMGlalartdaid swmime dFeft/isdes oqpEMBS

and pEMb1 re adm ni stered 20 continuouysly using ALZET 1003D osnotic
punps (flow eté[?lceo.‘%‘f’ﬁef*ﬁelx?’cﬁqﬁr‘?ezplg‘?‘é:#?o'i nfusion time: 4 days) and

10 Overall, in this candidiasis infected model, the
antifungal activity of pEM35 was greater than that of
pEM51 which itself was greater than the activity of pEM46.
At the dose used of 5 mg/kg, the Ardl and pEM31 molecules
are not effective.

15

5) Activity of the pEM35 analogue in the

candidiasis infected model.

Appended figure 8 shows the survival rate {10 mice)
in relation to post-infection days. In this experiment,
20 inoculation of the mice with 2.5.10° CFU/mouse was 50%
lethal at day 5 and 100% at day 8 for mice in the placebo
group. The first death occurred 3 days after infection.
The morbidity score fell rapidly below 30/50 (25/50 at
day 2.5)}.
25 The pEM35 peptide was administered at doses of 10
and 30 mg/kg/injection with 3 daily doses for 4 days (1h,
Sh and 10h post-infection on day 0; at 8h, 14h and 20h on
days 1, 2 and 3); that is to say daily doses totalling 30
and 90 mg/kg.
30 With this administration schedule, pEM35 was able to
delay the onset of the first death by 4 and a half days

for both doses. On post-infection day 8, a respective



1007D punps (flow rate: 0.47 Itl/h; volunme: 100 |; infusion tine: 8 and
hal f days) with intraperitoneal insertion 25 Goups of 8 infected m ce
were treated either with: a) a placebo: 0.9% NaC via 1007%@&@5 i th
intra- peritoneal insertion (i.p.); b) pet treated; c) wth i vered
i.p. by 1007D punps at a 30 dose of 30 ng/kg for 8 days, corresponding to
a theoretical equilibriumplasnma concentration of 0.3 g/m; 381 0 NOV
2004 d) with pEMb1 delivered i.p. by 1003D punps at a dose of 60 ng/kg for
4 days, cor r%*sfdlo‘ﬁ’(ﬁlngr?BeaOft@éﬁ”’re%ri“%apoéqmaisi R IFR RAshRE cbRteMif&t i on of
0.6 g/m; e)idiePEMIRrdehbyesedd - Bo bynd00RP RYTRE /8hyE BrdORg Rl 35
ng/ kg for 4 days, corresponding to a theoretical “equili gl’l um pl asna
concentr at i oremgfirEdB5inFigpdd staty Act i heaytbf drhie landapgles wEMBS aand

pEVMb1 10 del iyer under_ cont.Jd nuous i.nfusiqQn in cedosspor i osi

i nfected mod&l* &pplgcrydesd:%egd“??scqb A 1Y Sect i@gfls)s}]’s O aﬁeg's&?\ﬁ val
rate andsmordiohidy seane % n3oghbol.n Nel ahh§8rt adi POSkerdd eGidon sdays. 15
In this nodel of invasive scedosporiosis, 1noculation of a dose of 7.106
spores of SR&FCESIiths FRPRRS ubFoRsed0ws Lt REM38nagoshei Apecdoss &fy 7.

The first dgp /q&c;ggf?a@& tﬁléjas\ﬁdq{(y%dr??)e%g% rgg)gp@gﬁ{g;//gg%_eafter

infection for the control mce group d) and the
pl acebo group (i Afhect edhranidradi t curAtezet ipunplatliGh %tror ttdld t Wrwaps

obser ved Oné¥@$€édlﬂith PEM35 are statistically different from the

10 curve for the placebo group (p < 0.001 for both doses).

6) Method - Scedosporium inflatum infected model.

Swiss OFl mice weighing 22g were infected by
intravenous route {i.v.) with a lethal dose of
15 Scedosporium inflatum (FSSP 7908 strain cultured on Malt
Agar gelose for 7 days at 37°C). The infecting dose was
7.10° spores per mouse, injected in a volume of 100 pnl

via the lateral tail vein.
Peptides pEM35 and PEMS5S1 were administered
20 continuously using ALZET 1003D osmotic pumps {(flow rate:
0.97 pl/h; volume: 93 pl; infusion time: 4 days) and

1007D pumps (flow rate: 0.47 pul/h; volume: 100 pl;
infusion time: 8 and half days) with intraperitoneal
insertion
25 Groups of 8 infected mice were treated either with:
a) a placebo: 0.9% NaCl via 1007D pumps with intra-
peritoneal insertion (i.p.):
b) not treated;
c) with pEM5]1 delivered i.p. by 1007D pumps at a
30 dose of 30 mg/kg for 8 days, corresponding to a

theoretical equilibrium plasma concentration of 0.3 pg/ml;



the control group and 75 % nortality on day 20 for the placebo group. The
state of health of the mce deteriorated rapidly on and after
post-infection day 3 25 with a norbidity score for these two %roups of
28/40 and 34/40 on day 3 and 6/40 and Z£40 on post -i nf ecti o VdAGY 2004 Si gns
of encephalitis occurred on post-infection day 4. Treatnment with pEMbl at a
dose of 30 ng/kg for 8 days nmade it possible to delay the onset of the
first 30 death by 9 days. On day 20, 5 mice out of 8 were still alive. The
morbidity score décWéé@edﬂﬁﬁxbnéeéﬂﬁéﬁeﬁos%-Pint%htl%%3@a?ump§28$M0F
correspondi t opset . 0f 0 00 Si f alitis, and
stabilized g?x%%/iggon@%os?glkﬁfeggggh%daéag%dnt?#ﬁgggp%ﬂﬁﬁggtig% d§y 14.
The state ofthdwealticof é@l@&ﬁmtﬂdﬂaﬁt@hﬁﬂB&Hﬂ% tdrereaf yof/mu;th  a
score of 11/40 on post-infection day 20. The nortality 5 curve is
statistically di ffleréfih Rl hdséiverethel . Rontwol 18%3D ppaseiso & odps
(logrankz p & 0027) . & ea nt ,Wt EMbL at_ a _dose_of 60 / kg for
4 days, Phec%ﬁ%%t 0 t%% gﬁéé%&deggg més ge?%yed38fFESp3§9§pgSO 6 nor ality
was obser vedhorompssicd Inf esdu joni layand 2, p ks rdatcdricen theagwrdeloay ion 35el ati on
to the contra and placebo groups. On day 20, 3 mce out of 8 were stil
alive. The r#1/BHdity score decreased as from post- infection day 5 (30/40),
corresponding to the onset of signs of encephalitis, and gradually fell to
a score of 15 6/40 on post-infection day 14. The nortality curve is
statistically differermctivimy hase fidie t henLlosgued aEM3I P! agrbO pEMBUPS
(logrank; p = 0.0176). gﬂger treatnent wth pEM35 at a dose of 35 ng/ kg for
4 days it was possi bl €85 R1ed, + RRd8RsoCOMEHMOUS [ ginfusion in a

P4

scedosporiosis infected model

Appended figures 9 and 10 respectively show the
survival rate and morbidity score (8 mice) in relation to
post-infection days.

15 In this model of invasive scedosporiosis,
inoculation of a dose of 7.10° spores of Scedosporium
inflatum was 50% lethal on post-infection day 7. The
first death occurred at 5 days and 6 days respectively
after infection for the control mice group ({(infected,

20 non-treated) and the placebo group (infected and with
Alzet pumps). 100 % mortality was observed on day 11 in
the contrel group and 75 % mortality on day 20 for the
placebo group. The state of health of the mice
deteriorated rapidly on and after post-infection day 3

25 with a morbidity score for these two groups of 28/40 and
34/40 on day 3 and 6/40 and 7/40 on post-infection day 7.
Signs of encephalitis occurred on post-infection day 4.

Treatment with pEM51 at a dose of 30 mg/kg for 8
days made it possible to delay the onset of the first

30 death by 9 days. On day 20, 5 mice out of 8 were still
alive. The morbidity score decreased on and after post-

infection day 4 (28/40) corresponding to the onset of



20 death by 5 days. 50% nortality was observed on post infection day 15,
that is an 8-day delay relative to the control and placebo groups. On day
20, 1 nouse out of 8 was still alive. The norbidity score deciﬁa@ﬁp @ an
after post-infection day 5 (28/40) corrggpondlng to the 25 onse g S

of encephalitis, and gradually fell to score of 8/40 on post-infection
day 15. The nortality curve is statistically different fromthose for the
control and placebo groups (_logrank: p = 0.0177). In this nodel, pEM1
adni ni st er e i@Nsa YoseneeprBalisds nyrrg fsgakd ldapsl sHowed/ 4@r 9ngoeat-

th t t f t f d
er apeut i ¢ gnhff ng/(%dl) 5erdHScﬁ Tt Y‘&Iect-m)% %%I’?Ori'zls 3l Q9 ,f %f ose

twce as hi over eriod twce as rt dlstlnctly 0 Nov
2004 40 redUmaeadttl'h@@ftfﬁecau;ceoqut@&ﬁbralﬁmbwadlmﬂhynghteheafﬂtre&t widh

treatment days, the y scor e _of rou ated with the dose of
30 ng/ kg wagsglf&‘:[ean‘fr? ﬂgé o%rpo?ﬁaﬁn%ﬁ‘:?gﬁn BBM reraFgEdH\ﬂrttﬁqfl’ié{ dose
of 60 mybkg.cubhe 5jiadmsRbstcRtibgn19f aidesecpt 691:6?9/ kehd &gdaygnehoul d
therefore further inprove the therapeutic efficacy of pEMbl. pEM35 at the

dose of 35 mprkgclorard dﬁy@@mmm (logmands:f ibcacy - @@25&'!\/51 at the dose
of 60 ng/kg for ctivjt Ln t
%ﬂﬁ@% %%m %ﬂ%l 30 Yok %%hgg/ @ﬁBl. 8)

Scedosporl osi s node ere ore at eas eCIUI va ent (0]

Acute toxici4 ydsgzsldythfe pEl\é?cﬁ:adaﬂ B If A s 1M deatﬁpp@@daibﬁa@u eBylll and 12
show t he wei ght ch ges 15 in treated healthy mce in relation to tine.
Duri ng t her &5&ift-i TdA /L itk @S r?brﬁeé-’éfeqwd’rhélﬂsé? indgciop WaY déserved

:Mntlhnjl NLbavaipis @Qmén %L@%ty Ofe Py REMBPcaREiBEM, dicgeol ¥edei Qndfo Nadl,
placebo groups. On day 20, 3 mice out of 8 were still
alive. The morbidity score decreased as from post-
infection day 5 (30/40), corresponding to the onset of
signs of encephalitis, and gradually fell to a score of

15 6/40 on post-infection day 14. The mortality curve is
statistically different from those for the control and
placebc groups (logrank: p = 0.0176).

Under treatment with pEM35 at a dose of 35 mg/kg for
4 days it was possible to delay the onset of the first

20 death by 5 days. 50% mortality was observed on post-
infection day 15, that is an 8-day delay relative to the
control and placebo groups. On day 20, 1 mouse out of 8
was still alive. The morbidity score decreased on an
after post-infection day 5 (28/40) corresponding to the

25 onset of signs of encephalitis, and gradually fell to a
score of 8/40 on post-infection day 15. The mortality
curve 1is statistically different from those for the
control and placebo groups ( logrank: p = 0.0177).

In this model, pEM51 administered at a dose of 30

30 mg/kg for 8 days showed very good therapeutic efficacy in
terms of survival. The administration of a dose twice as

high (60 mg/kg) over a period twice as short distinctly



30 ng/ kg repeated at 30-mnute intervals given 3 tinmes 20 daily for 3
days. The wei ght changes in healthy mce treated with 3 daily doses of 30
nmy/ kg of pEMb1 for 3 days were similar to those for mce injectgdyw pgg, 0. 9
% NaCl . The acute toxicity of pEMB5 and ?El\/Bl in a single 25 dose by
intravenous route was tested in Sw ss male mce weighing 17-18 g in
doses of 200, 300 and 400 ng/kg. The peptides were solubilised in a 0.9 %
NaCl sol ution; C’g%}g i nj ec%ed vol une was 150 | injected in 45 seconds via
[

the lateral ¥&fY e gt AL Fany cREsRBMed - v ESHEVELr au8A NEs $b& g tni th
prostration.4 Thesdddehtof hgath ehet NRoFLER RSt USABHt O d G NOV Z004, 41

normal 20 to 40 minutes after injection depending upon the dose. The
wei ght chandereatiadsvigiertie diges shbw &nayftg whed sgudes tamdvitad lan lichwe may

after the inj ion, pr oxi nat.el for, the m i ven pEMB5 at
doses of 203&%?{% szgotl%/ %gﬁﬁ %Eﬁ/%ﬁrg twégéeghgf d’?@& Q?d%goglg KQ; fand of
appr oxi mat el adigh frrdthieonoose agidsse pEdbEoaimd ke €osegola4e0 k@ The
wei ght curve then returned to normal for all mce. 10 Exanple 7: Spectrum
of the anti fUiyRIAR i FUEFISE ALBPTO¥Rd e AhSrepess iFEMBAL i ¢pEmB5 O HEMIG,
PEMA8 and 12kl 1) Test to detect activity against filamentous fungi. 15
The antifungal activity was detected by a growh inhibitiontest in a
liquid nmedium THEMI] atentloeisdésmgpt (A5 fgrfkgatfos, 4Adafyisashowand the

same efficacy as pEM51 at the dose of 60 mg/kg for 4 days.
10 The therapeutic activity of pEM35 in this Scedosporiosis
model is therefore at least equivalent to that of pEMb51.

8) Acute toxicity study of pEM35 and pEM51 in mice

Appended figures 11 and 12 show the weight changes
15 in treated healthy mice in relation to time.

During therapeutic efficacy tests in mice, no acute
toxicity was observed with intravenous administration of
PEM35 and pEM51 dissolved in 0.9% NaCl, in injections of
30 mg/kg repeated at 30-minute intervals given 3 times

20 daily for 3 days.

The weight changes in healthy mice treated with 3
daily doses of 30 mg/kg of pEM51 for 3 days were similar
to those for mice injected with 0.9 % NacCl.

The acute toxicity of pEM35 and pEM51 in a single

25 dose by intravenous route was tested in Swiss OF1 male
mice weighing 17-18 g in doses of 200, 300 and 400 mg/kg.
The peptides were solubilised in a 0.9 % NaCl solution;
the injected volume was 150 pl injected in 45 seconds via
the lateral tail vein.

30 All mice showed vasodilatation associated with

prostration. The state of heath of the mice returned to



A. terreus, donated by Dr. H Koenig, Hopital Gvil, Strasbourg; and S.
prolificans and F. solani donated by 20 Drs. J. Meis and J. Mouton,

Uni versity hospital, M crobioolgy Department, N jnmegen, Nethqrg gggsjpwere
seeded on Ml t-Agar sl ant gel ose (Bi oms:%ileux) and incubated 7 days at 37C.
The spores were then collected with 10 YPG nmedi um 25 containing 0.05%
Tween 20 and filtered through a gauze. The spores were centrifuged 10 mn
at 1700 rpm_ the  residue was collected in YPG (1 g Yeast extract, 1 g

Pept one, 3 ¢ @Mcose!pdP 12U) MLFRECE uSHRE ol IRGEE ERUNEBACHAE AT a UBGVer s| i de
and 30 adj ystedid 104 spores/m. 100 | of peptide dilutions
(concentration of 50 with 0.097 g/m peptide) were deposited in 42 1 0 NOV
2004 microtitratilde praiest Xd@ngeni chrted spwmresdnidafs $héenedtighs f ungi,

i.e. 1000 spgores re then added., The, test pl ates.were i.ncuhated 48h at
37C. Deter rﬁpenlé‘}i}feon cf‘fror}ﬁghC it i %ﬂ%i 9% caolﬁceernt ?Eaﬁe} ons" e§%(119lnc) s made
by obsergi ngppidxicemaily ateg Hr MKe mgeee giaensqieMds 5900 wekksceyfering
2) Test to detect anti-yeast activity Candi da yeasts (C. al bicans, C

gl abrata, C200@lAqemI/kg or mRhkat doses 1 00 endkB§demadkg C.

par apsi | osi sy - enj. g, pi 1.V rashaurg).,
fl uconazol e?arne%ftg{]g%] C&Jé t%iz;#]sﬁ?ngggﬁg‘% hﬁggg%\ilﬁf%ﬁ%gégsgn%%n 2,
donat ed by Drsse JoFki40@nugl kg . Milihen weldigihver siitye Hadyeint atetdMdoedbital ogy
Department, 15 Nj en,. .Net herl ands), and Cryptoccocus neof orraans
(donat ed by nﬁrr.ma\-]]f. %erﬁ]gl, "Hopital Givil, Strasbourg)

10

Example 7: Spectrum of the antifungal activity of Ardl

and the analogues pEM31, pEM35, pEM46, pEM48 and pEM51.

1) Test to detect activity against filamentous

fungi.
15 The antifungal activity was detected by a growth

inhibition test in a liguid medium.
The filamentous fungi (A. fumigatus, A. flavus and
A. terreus, donated by Dr. H. Koenig, Ho6pital Civil,
Strasbourg; and S. prolificans and F. solani donated by
20 Drs. J. Meis and J. Mouton, University hospital,
Microbioolgy Department, Nijmegen, Netherlands) were
seeded on Malt-Agar slant gelose (Biomerieux} and
incubated 7 days at 37°C.
The spores were then collected with 10 ml YPG medium
25 containing 0.05% Tween 20 and filtered through a gauze.
The spores were centrifuged 10 min at 1700 xpm, the
residue was collected in YPG (1 g Yeast extract, 1 g
Peptone, 3 g Glucose per 1 1).
The suspension was counted with a Coverslide and

30 adjusted to 10* spores/ml.
100 pl of peptide dilutions (concentration of 50

with 0.097 pg/ml peptide) were deposited in



wer e seeded on Sabour aud- C oranpheni col Agar slant gel ose (Bionerieux) and
|l eft to incubate for 24 h at 30C (Candida sp.) and for 72 h at 37C
(Cryptoccocus 20 neoformans). Some yeast col onies were placed1“p
suspension in liquid Sabouraud nedi um gi onerieux) in order to o@llﬂgi Aoy
final concentration of 0.1 OD at 600 nm<Corresponding to 2.5.106
yeasts/m . 25 The yeast suspension was adjusted to 5.103 yeast/m in
Sabour aud nmedium 100 | of peptide dilutions (concentration of 50 with
0.097 g/ m peiate)t warieordepdsitesd i 100 gdot wtiicht | A* plsicess /Aflt efaddi ng
100 m of yeast_ 30 .suspension with 5 103 yeast/m i.e. 500 yeasts, the test
pl at es \NereelialrS]lcaqueé{teod‘l%fW%’ 30¢€ < én |cfé3°llﬁfderwesqe0\ﬁhe§’h§ﬁq’? ‘or 72 h at
37C (Cryptoccocushhe ktdbtN@I 3Q04 w35 iDrigitidatagen ;@f 3miri.mal inhibiting
concentrations (DM C) was nmde by neasuring absorbency at 600 nmusing a
spect r ophot onet erRaREMIaT AN ofil piiielfEndéphiphEiMIC copmmnd sadsiodst at a
growt h i ghi biy+4/n e 0,9 o] tec (VA agay. ns

phyt opat Eogeer%\}g:(9 Alrﬂtgtgr nrggrcli(g gfas%%%%ﬁig dw%i'l}r oé%g%é \élra;t)sés'a.ﬁigotwfltcl of
pepti de dil wawmrs WaommEntatatien 0 Widdvei@P7 ng/ M peptide) were
deposited in mcrotitration 10 plates. After adding 100 | of frozen spores
with 104 spares/m of A brassicola and N. crassa (donated by Dr. Bullet,

| BMC, Strasbourgh)t he gt ) dle@e el dinghated 48 ikyat 30C,
Candida vyeasts {C. albicans, C. glabrata, C.

10 dubliensis, C. tropicalis, C. kefyr, C. krusei and C.
parapsilosis - donated by Dr. H. Koenig, Hépital Civil,
Strasbourg}, fluconazole-resistant C. albicans (n°245962,
n°2332, n°246335 and n°3552, donated by Drs. J.Meis and J.
Mouton, University Hospital, Microbiology Department,

15 Nijmegen, Netherlands), and Cryptoccocus neoformans
(donated by Dr. H. Koenig, Hoépital Civil, Strasbourg)
were seeded on Sabouraud-Cloramphenicol Agar slant gelose
(Biomerieux) and 1left to incubate for 24 h at 30°C
(Candida sp.} and for 72 h at 37°C (Cryptoccocus

20 neoformans).

Some yeast colonies were placed in suspension in
liquid Sabouraud medium (Biomerieux) in order to obtain a
final concentration of 0.1 OD at 600 nm corresponding to
2.5.10° yeasts/ml.

25 The yeast suspension was adjusted to 5.10° yeast/ml

in Sabouraud medium.
100 pl of peptide dilutions (concentration of 50

with 0.097 Lg/ml peptide) were deposited in
microtitration plates. After adding 100 ml of vyeast
30 suspension with 5.10° yeast/ml i.e. 500 yeasts, the test
plates were incubated 24 h at 30°C {(Candida) under slow

| shaking or 72 h at 37°C (Cryptoccocus).



15 Determ nation of mnimal inhibiting concentrations (MC) was nmade by
observing well cover rate. The MC was set at 50% wel | covering. Taﬁhe 3
bel ow shows the M C scores for Ardl and its anal ogues (g/n1)1gg§wﬁs b
yeasts and filanmentous fungi. 20 Tabl egy4 and 5 bel ow show the respective
M C scores of the anal ogues pEM35 and p &Bl (g/ M) agai nst fluconazol e-

resi stant strains of Candida al bi cans yeast and against filanentous fungi.
25 Table 3 YeastsArd 1pEMB1pEMABpENBIpEMAGPEMBS C. al bi cans3. 125 3. 125
1.561.56 - 1.56 - Lng-ipn go553nig fg@%ﬂ123“&1PF5bP8a|q0§63€25tratlons

6. 253. 1253. 13bi:) 12‘5613 5ad2. ByCredlabl Abazp3Beneizy 28t 269 28 Ring a

C. par apsi |l osi s3. 1251 560. 780. 78 -0.78 X

6. 251. 561. S&EQﬂiKDphnﬁﬂmaﬁﬁﬁfm;Q%Dtlwr@EmMSGpiatﬁ 56€ad3I125UM?8MIC

3.1253.1253. &czS_rle 5v?asc se efE}/r >a 2(;51:>ow255}12 h21ﬁ31t2i50n 2r5ate of 50 %.
5

3) Test to detect activity against phytopathogens:

Alternaria brassicola and Neurospora crassa.

100 pl of peptide dilutions (concentration 50 with

0.097 mg/ml peptide) were deposited in microtitration

10 plates.

After adding 100 pl of frozen spores with 10°

spores/ml of A. brassicola and N.
Bullet, IBMC,
48 h at 30°C.

crassa (donated by Dr.

Strasbourg) the test plates were incubated
15 Determination of minimal 4inhibiting concentrations
(MIC)

set at 50%

was made by observing well cover rate. The MIC was
well covering.

Table 3 below shows the MIC scores for Ardl and its

analogues {pg/ml) against yeasts and filamentous fungi.

20 Tables 4 and 5 below show the respective MIC scores of

the analogues pEM35 and pEMS51 (pg/ml)against fluconazole-
resistant strains of Candida albicans yeast and against

filamentous fungi.

25 Table 3

Yeasts

Ard-1

pEM31

pEM48

pEM51

pEM46

PEM35

C.albicans

3.125
- 6.5

3.125
- 6.25

1.56

1.56 -
3.125

l.56 -
3.125

1.56

C.tropicalis

6.25 -
12.5

6.25

3.125

3.125

3.125

C. glabrata

> 25

> 25

> 25

> 25

> 25

C.parapsilosis

3.125 |

1.56

0.78

0.78 -

0.78 -

0.78 -




C. krusei 3.1253. 1251. 561. 561. 561. 56 C.
1.566. 256. 25 25- 6.25 Filam fungi
3.1256.25 12.512.512.5 A

fl avus6. 25 -

A

neof ormansl12.5 -
fum gatusl2. 56. 25 -
> 256. 25 -
12.512.525 A terreusl.56 - 3.125 3.125 3.1256.256.25 3.125-

6.2512.5 -

12.53. 125
6.25 -

6.25 -

1?”. %@ o5 A

brassi col a> 25> 2512. 5> 2525> 25 N. craésa0.097< 0. 390. 1950. 195< 0. 0480. 048
Tabl e 4 C. al bi canspEMb1pEM35anphof | uconazol ei traconazole B no

640.5 -

t

2459620. 78-3.125-0.125> at 641 - 5 0391 56 no 23321 561.56-0Q. 25> 3
0.25 0.79 - 6.25 1.56 1.56 1.56
C. dubliensis (1.56 —| 6.25 |1.56 —-|1.56 —| 3.125 |0.78 -
3.125 3.125 | 3.125 1.56
C. kefyr > 25 > 25 25 > 25 > 25 > 25
C. krusel 3.125 | 3.125 1.56 1.56 1.56 1.56
C. neoformans |12.5 —-| 12.5 3.125 | 1.56 6.25 6.25
25 - 6.25
Filam. fungi
A. fumigatus 12.5 6.25 —[6.25 —-[6.25 —|3.125 |6.25
12.5 12.5 12.5
A. flavus 6.25 -| > 25 |[6.25 —| 6.25 |12.5 —-| 3.125
12.5 12.5 25
A. terreus 1.56 -| 3.125 | 3.125 | 3.125 6.25 6.25
3.125 |- 6.25[- 6.25
A. brassicola > 25 > 25 12.5 > 25 25 > 25
N. crassa 0.097 < 0.39 {0.195 | 0.195 <
0.048 0.048
Table 4
C.albicans |pEM51 |[pEM35 |ampho fluconazole|itraconazole
B
n° 245962 0.78-}13.125-| 0.125 > at 64 1 - 0.5
0.39 1.56
n® 2332 1.56 | 1.56- 0.25 > at 64 0.5 - 0.25
0.79
n° 246335 1.56-|3.125-| 0.0625 > at 64 0.5 - 0.25
0.78 1.56
n°3552 1.56-[3.125-| 0.125- > at 64 1 - 0.5
0.78 1.56 | 0.0625
Table 5
Filament. fungi Peptide MIC (mg/ml})
FASF 5161 pEM35 6.25 - 3.125
A. fumigatus pEM51 3.125 - 1.56
ampho B 0.5




no 2463351. 56- 3. 125-0. 0625> at 640.5 - 0.25 0.781.56
n35521. 56- 3. 125-0. 125-> at 641 - 0.5 0.781.560. 0625 Table 5 Fil anent.

fungi PeptideM C (ng/ M) FASF 5161pEMB56.25 - 3.125 A. fumni gat Ushm0B1804125 -
1.56 anpho BO.5 1 0 NOV 2004 45 FASF V0§531pEN8512.5 - 6.25 A

fum gat uspEMb112.5 - 6. 25 anpho Bl - FSSP 7902pEMB50.39 - 0.19 S
prolificanspEM10.19 - 0.09 anpho B> 16 FSSP 7908pEM350.19 - 0.09 S

prolificanspEMG10Q.0Q09 - 0.048 appho B> 16 FFUS 859]1pEMRS3. 125 - 1.56 F.
sol a_ni PEMB10. 78 Fas@. $82anpho Bp 16 EX ¥ 8: Fung};i ci dad . Kinhegios of |t he
P roure: 13" shons™t HEFERANES dal | ki net | BEIL 6 ¢he | pENGS: ahd HEVEL pepti des
agai nst Candi da al bi cans__ THEM 8060. aﬂpelct &t was conduc]t ed 0 .r6 accor gance
V(\Znhfa:]mt P\gr, prlglégc%gsgeig?g)e:dl%7E(I1§p§|e uence E)]"A\n: est Cdl’((;?gc gj]t ions ¢n
antifungal |tin®-kbtdltfitgensgesplts: pEM5S1 0.19 - 0.09
ampho B > 16
FSSP 7908 PEM35 0.19 - 0.09
S. prolificans pEM51 0.09 - 0.048
ampho B > 16
FFUS 8591 pEM35 3.125 - 1.56
F. solani pEM51 0.78 - 0.38
ampho B > 16
Example §: Fungicidal kinetics of the peptides pEM35

and pEM51 against Candida albicans IHEM 8060.

Appended figure 13 shows the fungicidal kinetics of
5 the pEM35 and pEM51 peptides against Candida albicans
IHEM 8060.

The test was conducted 1in accordance with the
protocol descried by Klepser et al. {(Antimicrob Agents
Chemother, 1998 May, 42(5):1207-12 “Influence of test

10 conditions on antifungal time-kill <curve results:
proposal for standardized methods”). The strains of
Candida albicans yeasts used were identical to those
previously used for the test to detect anti-yeast
activity (yeasts donated by Dr. Koenig, Hdépital Civil,

15 Strasbourg) .

The yeast strains were seeded on Sabouraud-
Chloramphenicol gelcse and left to incubate for 24 h to
48 h at 30°C. Some yeast colonies were placed in
suspension in 4 ml of liquid Sabouraud medium {(Biomerieux)

20 and then incubated under overnight stirring at 30°C.



proposal for standardi zed nmethods"). The strains of Candi da al bi cans
yeasts used were identical to those previously used for the test to detect
anti-yeast activity (yeasts donated by Dr. Koenig, Hopital 1wdy gp0i5
Strasbourg). The yeast strains were seeggd on Sabour aud- Chl oranpheni col
gel ose and left to incubate for 24 h to "48 h at 30C. Some yeast col onies
were placed in suspension in 4 m of liquid Sabouraud nmedi um (Bi oneri eux)
20 and then incubated under overnight stirring at 30C. 1 0 NOV. 2004 46 The
yeast suspensi onTh&s HE8pESt eduspensios- 5vape adjapdtes) ntoi nlf +@stp -Sdbour aud.

A diution shebeldapes oprepaned iy adding Taaidludins, veasty suppeasion to

9 mM of Sabourau | or anpheni co I OMeri eux) contal ni ng or

cont ai ni ng @Eoeparald ey deddiveg fuant ictfy tdfe pEAMBSC osuspEibilopepdi demlThe
yeast concent a%i on in the initial | noiul um was therefore 1,105-5.105
e

yeasts/ni . ERBBrand - HEMBIAPRPER Heel welfd MediEy ¥dn SN EHHERME r 2Ei on

range extengidig &40 idn OidH (EOnBAoT] 9hMge riHE Fagh i1 dh e BobEMBENG Was
incubated at 35C. At preset tines (0, 1, 2, 3, 4, 6, 8, 10 and 24 h), a
sanpl e of 1@®EMIL opephiHeof T Fekati obenorntraikicn and dibeit ddiitialseri es

10 tinmes in.sterjl ter,. | i quot, @Bf .30,k was_. t hen spread on Sabouraud
gel ose di shé@lo |l$1r%ﬂe\r%|3aés’uxt)heé[r% eo;ide}ro tg'gguﬁe?%tes%&eill'oni es. Wen the

nunber of coloni ghe @EMBStI AAtEdpEMBAS | peptidas 106 yaasdtsddrl .o sanpl e
of 30 | was taken directly fromthe test solution and spread on Sabouraud
gel ose di she@en@®ndmatiiaux)rands avtepding diromt ilortg /e b shés nedid

|ncubatfg f%ﬁé%159 %ﬁe %QH_Q%G%éuwggCincubated at 35°C. At preset
times (0, 1, 2, 3, 4, 6, 8, 10 and 24 h), a sample of 100
nl of each of the solutions was taken and diluted in

series 10 times in sterile water. An aliquot of 30 pl was
then spread on Sabouraud gelose dishes (Biomerieux) in
15 order to count the colonies. When the number of colonies,

as estimated, was less than 1000 yeasts/ml, a sample of

30 pl was taken directly from the test solution and

spread on Sabouraud gelose dishes (Biomerieux) with no

pricr dilution. The dishes were incubated for 24 to 48
20 hours at 35°C.

An Amphotericin B control test {concentration
corresponding to 1 time and 16 times MIC) was made in
parallel following the protocol described by Klepser et
al. (Antimicrob Agents Chemother 1997 June, 41(6):1392-

25 1395, ™Antiiifungal pharmacodynamic characteristics of
fluconazole and Amphotericin B tested against Candida
albicans”) .

The minimum detection threshold of the number of

yeasts/ml was determined by preparing a suspension of
30 Candida albicans yeast in sterile water with the pEM35 or
PEMS1 peptide then adjustment to 0.5 Mc Farland turbidity

standard (concentration 1.10%-5.10° yeasts/ml). Dilutions



An Anphotericin B control test (concentration corresponding to 1 tine and
16 times MC) was nade in parallel follow ng the protocol described by
Klepser et al. (Antimcrob Agents Chenother 1997 June, 41(6) 193?@\, %&,}
1395, "Antiiifungal pharnmacodynam c char?ct eristics of fluconazole and
Anphotericin B tested agai nst Candi da ﬁ bi cans"). The m ni num det ecti on
threshol d of the nunber of yeasts/nm was determ ned by preparing a
suspension of 30 Candi da al bicans yeast in sterile water with the pEMB5 or
PEVE1 pepti dé! tHET dd vtifehiwarse masiavE Faitaid tushisgieny 1 ogsahdaiag
(concentrat i,0n MG 00 #RASHSIY or Bdtl ions s ONY 200947 g

sterile water re made to obtain suspensi‘ons having -respective
concentrati s of ddith SPsEenls B YRass sthken38ndl sphegachnsgsapenghoa were
taken and spread on Sabouraud gel ose dishes (Bionerieux) for colony
counting. Theld®ai sheheger el Bimmagateak)f orf24 tap 148 yhoposingtingsC. Thige

val ues ceount | .0 St re.enter into a.pre-set tinme scale
for eachgof Cﬁ%eh(etseg‘]teg:fy%%ocﬁc%gezdaﬁornsﬁoftCiﬁnceé 5%? &d 3§EE51 peptides. 1 0
NOV 2004 48 CLAI Mel) vRepesdecalariaed (logm helelaerisginlg, wehar agtterezed in
that its am no acid sequence 5 correspaonds to heliom cine sequence in which
the hydrophdi® &hd RIfFfEd rdfionSPisserfioonedsh  Sdvetdie miesticshs and

in that sai dHRRE{deIRGS HN&nOhHins f0ld ﬁwm $RpHaRess © Ardl
DKL GSCVWEAVNYTSNCNAECKRRGYKGGH FANVNCWCE



10 pEMB7 : NKLI GSCVWGAVNYTSDCNGECKRRGYKGGHCGSFANVNCOWCET — pEMA3

DKL GSCVW\GAVNY T TDCNGECKRRGYKGGHCGSFANVNCWCET — pEMA2

DKL GSCVW\GAVNY TRDCNGECKRRGYKGGHCGSFANVNCWCET — pEMA4 10 NOV 2004
DKLI GSCVWGAVNY TSDCRGECKRRGYKGGHOGSFANVNCWCET — pEMR2 '
DKLI GSCVWGAVNY TSDCNGECKRRGYKGGHOGSFI NVNCWCET 15 pEMR3

DKL GSCVW\GAVNY TSDCNGECKRRGYKGGHCGSFANI NGWCET — pEMRS

DKL GSCVW\GAVNY TSDCNGECKRRGYKGGHCGSFLNVNCWCET — pEMR4

DKLI GSCVWGAVNY TSDCNGECKRRGYKGGHOGSFLNINAHES  pEM? -

DKLI GSCVWGAVNY TSDCNGECKRRGYKGGHCOGSFANVNCWCER  pEMRL

DKL GSCVWGAVNY TSDCNGECKRRGYKGGHCGSFANVNOWOQT 20 pEMBY

NKLI GSCVWGAVNY TSDCNGECKRRGYKGGHOBSFANMNCWEE i b 1from  heliomicine,

NKL I GSCVWGAVNY T SDENGECKRRGYKGGHCGSFL PENB2 : .
NKLI GSCVV\GAVNYTS%@@E%R@@@SFI Wsz) PR dP Ut | VEFTPFRRT
hel i om cime, 25 cohaicagbariszedol MéNabnitsnani Sy asick saguepBecror figgponds

to heliom cine sequence in which the hydrophobic and charged regions
present one or S&dacRhopicat iBdsls ARLGIEE hateFIrP papt s TR hee?RE onel  of

DAL GRONGAVRY TORENAECARATRE S PR IGICER pipi) peptide meets one

NKLI GSCVWGAVNY T SNENAREK RRGY KEEHECSEANENCAEET pEMSO
DKLI GSCVWNGAVNYTRN ECKRRGYK FANVNCWCET 1 0 NOV 2004 49 nEMG6
DKL| GRONL AV T SRERAE KRR B P ANVRENERAE C RRB SKG OGS FAN NIRRT

DKLI GSCWMAVNYTS RRGY KOS SR AMNYNOWER EERRNRG YKGGHCGS FANVNCHCET
DKL GSCVWGEAVNY T SNCRAECKRRGYKGGHCGSFANVNCWCET  pEM32

DKLI GSCVWGAVNY TSREMASCKRREYXCEATESAVNVRERCEEES KBRFEEGEHCGS FANVNCWCET

DKL I GBOMEAVNYTSNENARCK R KPR N NP ECR BN K GCHOo FANVNCHCE?

DKLI GSCVWGAVNY T SNENAECKRREYKGSHZESEVNYNCNWCRCECEERBY KGGHCGSFANVNCWCET

DKLIGSCVWGAVNYTSN%N%EFKRRGYKGGHCGSFANVN
pEM ! DRLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSEINVNCWCET

15 pEM23 : DKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFANINCWCET
PEM25 : DKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFLNVNCWCET
pEM24 : DKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFLNINCWCET
pEM7 DKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFANVNCWCEB
PEMZ21 : DKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFANVNCWCQT

20 PEM39 : NKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFANVNCWCQT
pEM61 : NKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFLNVNCWCQT
pEM62 : NKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFINVNCWCQT

2) Peptide derived from heliomicine,
25 characterized 1in that its amino acid sequence
corresponds to heliomicine sequence in which the
hydrophobic and charged regions present one or
several mutations and in that said peptide meets one
of the following sequences
30 Ardl : DKLIGSCVWGAVNYTSNCNAECKRRGYKGGHCGSFANVNCWCET
pEM40 : NKLIGSCVWGAVNYTSNCNAECKRRGYKGGHCGSFANVNCWCET
pPEM50 : DKLIGSCVWGAVNYTRNCNAECKRRGYKGGHCGSEFANVNCWCET



PEMBO : DKLI GSCVWGAVNYTSNCNAECKRRGYKGGHCGSFANVNCWCER 10 pEM46

DKLI GSCVWGAVNYTSNCNAECKRRGYKGGHCOGSFLNVNCWCQT  pEMAT

DKLI GSCVWGAVNYTSNCNAECKRRGYKGGHCGSFI NVNCWCQT — pEMAS 10 NOV 2004
DKL GSCVWGAVNYTSNCNAECKRRGYKGGHCGSFLNVNCWCER pEMAY

DKL GSCVWGAVNYTSNCNAECKRRGYKGGHCGSFI NVNECER  pEMB4

DKLI GSCVW.AVNYTSNCNAECKRRGYKGGHCGSFLNVNCWCET 15 pEMG7

DKLI GSCVW.AVNYTSNCNAECKRRGYKGGHCGSFANVNCOWCQT  pEMBS -

DKLI GSCVWL.AVNY T SRENAECKRREYKEEFICESRY NYRBNEXFTE CKRRAY K¢ EltfefaF FANNGTGICET
antibacteri al gEﬂB%'t'BRL1éﬁgﬁﬁéﬁﬁﬁ&%§QCNH§&QﬁﬁG?ﬁ$@§¢¢§ﬁhﬁ¥hd di ent
it contains at ast one peptide according 0 any o ains 1 or

advant ageousl y agEHﬁ[Lat edKLmGSS‘&WGAUDWDSBCRAD@KRRGhKG(BHG@S:EMﬂVNIVEEI]E‘hl cle.
4) Conposition accorgl ng to

Conposi ti on accoPMA toDEP&%‘ﬁ?&W%VNYﬁéECF%ES@%@EKG%C%FH&‘&W@Y%E%cu d

sequence, 5 char acpefhzed DkﬂIéBéVWGAVN?T§§t§AE@K§§@?K§éH@G@P§ﬁIﬁ@ﬂéﬁ%x"d'ng
to any of clains 1 or 2. 7) Expression vector,

characterized i nPEMBAL :i DKEG%EVWQBVHYTEENCﬁABCHBRGYK@GH@G&EE&M%ET\g to

2ci d sequence aceBrdrng PEEARSTTHCAVRTESNhREkablvkGEREESRER kit * ©
glhglr %cté e; |n éeidnl [IEENB;E.L it DEONRECYREARNIUSNENBEGRRAGYREGHERS EARERCWCTY t O
: DKLIGSCVWGAVNYTSNCNAECKRRGYKGGHCGSFANVNCWCER
10 pEM46 : DKLIGSCVWGAVNYTSNCNAECKRRGYKGGHCGSFLNVNCWCQT
PEM47 : DKLIGSCVWGAVNYTSNCNAECKRRGYKGGHCGSFINVNCWCOQT
PEM48 : DKLIGSCVWGAVNYTSNCNAECKRRGYKGGHCGSFLNVNCWCER
PEM49 : DKLIGSCVWGAVNYTSNCNAECKRRGYKGGHCGSFINVNCWCER
pEM54 : DKLIGSCVWLAVNYTSNCNAECKRRGYKGGHCGSFLNVNCWCET
15 pEM57 : DKLIGSCVWEAVNYTSNCNAECKRRGYKGGHCGSFANVNCWCQT

pPEMS5 : DKLIGSCVWLAVNYTSNCNAECKRRGYKGGHCGSEFLNVNCWCQT

3) Antifungal and/or antibacterial
composition, characterized in that as active
20 ingredient it contains at least one peptide according

to any of claims 1 or 2, advantageously associated in

said composition with an acceptable vehicle.

4) Composition according to claim 3 for

25 use in man or animal.

5} Composition according to claim 3 for

use in plants.

30 6) Nucleic acid sequence, characterized
in that it is able to express a peptide according to

any of claims 1 or 2.



expresses a peptide according to any of clainms 1 or 2.
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7) Expression vector, characterized in
that it comprises a nucleic acid sequence according

to claim 6.

8) Plant cell, characterized in that it

comprises a nucleic acid sequence according to claim
6.

) Disease resistant plant,
characterized in that it comprises a nucleic acid
sequence according to «claim 6 and in that it

expresses a peptide according to any of claims 1 or 2.



