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SYNERGISTIC COMBINATIONS OF
POLYENE FUNGICIDES AND NON-RIBOSOMAL PEPTIDES
AND RELATED METHODS OF USE

FIELD OF INVENTION
Fo061] The present invention relates to synevgistic combinations of polyene fungicides
with antsbiotic non-ribosomal peptides, such as amphiphitic cyelic Hpopeptides. {0 improve the

Fangicidal activity of both components,
£ 3 5

BACKGROUND OF INVENTION

{0002} Fungicides have myriad uses, inclading for crop protection: as food, feed, and
cosmelics preservatives; and as pharmacenticals for both human and vetesinary applications. Crop
yield reduction, food-borne diseases and fungal infections of both lumans aud animals ave a
problem in both developed and developing coutries. Therefore, mprovements to the ellicacy of
existing fungicides, especially those that are enviropmentally friendly and are not susceptible w0
development of fungal resistance are highly desirable.

{0003} Polyene fungicides arg antithngal angibiotics that have been used in all ol the
aforementioned fields. They may be obtained through fermentation of Sreptomypcey species, such
as Serepiomyces natalensty, which s commonly found in soil. Activity of polyene fungicides
derives, i part, from their ability to damage cell membranes by forming compiexes with
ergosterol. Numerous studies have confinmed that the potentiad for development of fungi resistant
to natamye 13 very o, Fasther, polyene fungicides have negligible toxicity, as they do not aflect
the cholesterol presemt in manymakian cells.

{004] Nou-ribosomal peptides, inchuding cyelic amphiphilic popeptides such as
surfacting, turing and fengveins, are well-recognized for thelr antimicrobial properties and have
been used i the field of crop protection, Because of their mode of action, they alse have potential
uses i biopharmaceutical and other notechnology applications, Lipopepdides may be ohiained
through fenmentation of various soil bactesia, ncluding Bacilluy suliifts and Bociffus
aavloliqueracions, Lipopeptides, similarly to polyene fungicides, kil fingd by disrupting cell
membrangs. The potential for the development of fungal resistance o these compounds 18 expected
o be very fow since they act divectly vpon menbrane lipids and noton a single site profan targel.
Further, Hpopeptides are envirommentally friendly and of fow risk to workers and conswmers; in
fact, crops freated with hpopeptide-conlaining Saciffus strains may be harvested on the day of
treatmens. Applicants have discovered that combinanons of polyene fungicides and lipopeptides

cause a synergistic, rather than simply an additive, increase in efficacy against microorganisms
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such as fungi. Without wishing to be bound by any theory, Applicants hypothesize that
the lipopeptides and polyene fungicides of the present invention act in a synergistic
fungicidal manner because each type of compound disrupts fungal cell membranes via a

distinct mode of action,

SUMMARY OF INVENTION

[0004a] A first aspect of the invention provides a composition comprising a
synergistic fungicidal combination of a polyene fungicide selected from the group
consisting of natamycin and nystatin and at least one iturin-type compound, wherein the
weight to weight ratio of the polyene fungicide and the at least one iturin-type compound
is from 100:1 to 1:100.

[0004b] A second aspect of the invention provides a method for controlling
fungal pathogens comprising applying to a locus in need of treatment an effective amount
of a composition comprising a synergistic combination of a polyene fungicide selected
from the group consisting of natamycin and nystatin and at least one iturin-type
compound, wherein the weight to weight ratio of the polyene fungicide and the at least
one iturin-type compound is from 100:1 to 1:100.

[0004c] A third aspect of the invention provides a method of treating or
preventing a fungal infection in a subject, the method comprising administering to the
subject a composition comprising a synergistic combination of a polyene fungicide
selected from the group consisting of natamycin and nystatin and at least one iturin-type
compound, wherein the weight to weight ratio of the polyene fungicide and the at least
one iturin-type compound is from 100:1 to 1:100.

[0004d] A fourth aspect of the invention provides use of a synergistic
combination of a polyene fungicide selected from the group consisting of natamycin and
nystatin and at least one iturin-type compound, wherein the weight to weight ratio of the
polyene fungicide and the at least one iturin-type compound is from 100:1 to 1:100 in the
manufacture of a medicament for treating or preventing a fungal infection in a subject.

[0004e] A fifth aspect of the invention provides use of a synergistic combination
of a polyene fungicide selected from the group consisting of natamycin and nystatin and
at least one iturin-type compound, wherein the weight to weight ratio of the polyene
fungicide and the at least one iturin-type compound is from 100:1 to 1:100 in the

manufacture of a medicament for controlling fungal pathogens.

(11438505_1):KZA



2012258776 22 Jun 2016

10

15

20

25

30

2a

[0005] The present invention provides a low-tox, low resistance-inducing,
increased efficacy fungicidal composition that comprises components that me less toxic
than many traditional synthetic fungicides and that are applied at rates lower than either
compound individually. This fungicidal composition is comprised of a synergistic
fungicidal combination or one or more polyene fungicides and at least one lipopeptide. In
one embodiment the polyene fungicide is one or more of natamycin, nystatin,
amphotericin B, aureofungin, filipin and lucenosomycin and/or derivatives of each of
these polyene fungicides. In another embodiment, the composition includes more than
one polyene fungicide.

[0006] The lipopeptide component of this synergistic fungicidal combination
may be part of a fermentation product produced by a lipopeptide-producing
microorganism, may be a crude extract of such fungicidal fermentation product, or may
be purified or semi-purified from such fermentation product. In other embodiments the
lipopeptides are synthetic or semi-synthetic (i.e., a parent lipopeptide is obtained from a
microorganism and is derivatized). In some embodiments, the lipopeptide-producing
microorganism is a Bacillus species bacteria. In others it is a Streptomycete. In still
others it is a Paenibacillus species bacteria.

[0007] In a particular instance, the lipopeptide-producing bacteria is Bacillus
subilis, Bacillus amyloliquefaciens or any other Bacillus species that produces one or
more lipopeptides. In yet another instance, the lipopeptides produced by such Bacillus
species axe from one or more of the following families: surfactin-type compounds, iturin-
type compounds and fengycin-type compounds. Some Bacillus species that produce
lipopeptides are described in the Detailed Description of Invention
(e.g., amyloliquefaciens, cereus, thuringiensis, coagulants, pumilus, licheniformis); others
will be known to those of skill in the art. In a particular instance, the lipopeptide-
producing bacteria is Bacillus subtilis QST713. In one embodiment, the composition is
comprised of a polyene fungicide component and a Epopeptide-containing fermentation
product. In one instance the lipopeptide-containing fermentation product is from a
Bacillus species bacteria, such as those mentioned above.

[0008] In some embodiments the lipopeptide component of the compositions of
the present invention is comprised of one more of the following compounds: surfactant-
type compounds, fengycin-type compounds, iturin-type compounds and fusaricidins.

Iturin-type

(11438505_1):KZA
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compounds that are suitable R the present invention molude one or more of the following
eounpounds; bectlomyoin 1, baciliveswvein ¥, bacillonivein L, bacillomyoin LO (alse knovwn as
bacitfopeptind, mycosabtilin, iturin A, farin Ap, and murn © Owvith die laster three compoands
referred o Berein, collectively, as Hunins). Fengyain-type compounds that are sttable for the
present nvention are fengyvein A, fengyein B, phipastatin A, phipastanin B, the plipastatins and
agrastating, as described in ULS. Patent No. 6,291 426 {with the latter four Ustings refared 10
herein, collectively, gs plipastating). Surfactin-tvpe compounds that are suitable for the present
wvention are ssperiy, Hchenysin, punikcidhn and surfactin. To a particular embodiment, the
lipopeptide componand inchudes one or more of Hurin-type compounnds, such as o As,
mycosubi lin anddfor bacillomysin, fengvein-type compounds and sarfactin, In vet another
embodiment the lipopeptide component inchides at keast two of the fellowing compounds: lturins,
fugyein-type compounds and surfacting,

[0089]  in some embodiments the synergistic fungicidal combination is comprised of &
polyvene fimgicids and one or mywe Hpopeptidss. In another enbodiment the synergistic fungicidal
combination is comprised of # polvene fungicide and two or muwe lipopeptides. The lipopeptides
may be one of more conponnds from one or more of the followmg families of compounds:
surfactin-type compounds, Hurin-type compounds andior fengycin-type compounds. In one
inslance, the lipopeptides are comprised of one or more itarins and/or one oy more fengyein-type
compounds and/or surfactin. In one embodiment, the polyene fungicide component of the
composifion is natamycin or nystatin and the hipopeptide component is comprised of iturins (A, B
andfor O, bacillomyein, surfactin, fusaricidin, andfor fengyein-type compouands, exther individually
or i combination. In one particular instance, the lipopepides are sepu-purified or purilied fioma
fermentation product of a Hpopeptide-producing Bacifis species bactenia. In still snother instance
of this embodiment, the polvene fungicide is natamyein or a derivative thergof or nvstatin or 8
denivative thereof.

LR The weight to weight vatio of the polvene fimgicide component of the
composition 1o the Ipopeptide component (e.g., ¢ popepude-comaining fermentation broth, a
crude extract containing hpopephides; a purifiad or seni-puarified lipopeptide exiract; or chenucally
syithesized or derpvatized pure lipopeplide(s)) is fTom sbout 31 o 1300, in one embodiment,
the weight to weight ratio of natwmyein o a devivative thereol oy nystatin o g derivative thereoio
a lipopeptide conponent comprised of one or more compounds fotm ane or o of the following
families of compounds, surfachin-type compounds, Hurin-iype compounds, fengyein-type
compounds, and/or fusariciding is about 300:1 so sbout 1:300. In ove particular embodiment the

weight to weight ratio of natamycin or a derivative theveol or nystatin or a derivative thereofo 8
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hipopeptide component that includes a combination of itarin-type compounds, surfactin-type
counponnds andfor fengvein-type compounds i abo 3001 w sbout 1300, Tn some embodiments,
the weight to weight ratio of natamycin or & derivative thergol of nystatin or a derivative thereof io
a hpopeptide component contabmng one or suwe Hurin-type compounds, such as iturin As andiy
hacillomycin is about 36001 to sbout 1:500; in others, the weight (0 weight ralio of nsiamyom or a
dertvative theveo!l or nystatin or & dertvative thereof 10 3 Hpopepiide component containing
fengyein-type compounds i about 30011 to aboat 1:300; o still others the weight to weight ratio of
natamvein or i dertvative thereod or nvstatin or a dervative thersot to a lipopeptide component
comaining surfactm-type compounds, such as surfaciin, s abowt 300:1 {0 about 1300, In one
ambodiment, the waight W weight ratio of natamyein ov a derbvative thereof or nystatn or 8
derivative thergof to & crude extract of Lipopeptides From formentation broth, including
fermentation broth contgining fenpvein-tvpe compounds, iturin-type conwpounds andior surfactine
type compounds, s about 1500 to about 30001, Tn some embodiments the weight to weight ratio of
anty of the above-described combinations of polyene fangicide and a Lipopeptide conmponent is
about 100:1 to abowt 1:100; in others 1t 18 about 101 w abowt 110 i siill other 3 ig about 5:1
about 1:3; in vet others is it about 211 to about 1:2; and in vet others #tis 101

LHIE RS In one embodiment, the pobvene fungicide component 1S natamyein or 8
derivative thereof or nvatatin or a derivative thersof and the Hipopeptids component includes one or
more of the following: 1) urin, (1) bacillomyeln, () mysosubtiliy, (v esperin, (V) lichenysig,
{vi} pumilacichn, {vit) surfactn, (vii) fengyom A, (ix) fengycin B, (x) phipastatin &, (xi) phpastaun
B, andfor (xit) agrastalin, In another nsiance of the aforementioned embodiment, surfaotin is
exclnded from the composition. In vel another embadimens, the polvene fungicide component is
natanwve or o dertvative thereof or aystatin or a derivative thereof and the hpopeptide component
includes one ov more of the following: (1 urln, (i surfactn, (1) fengvein andfor (v} plipastatin.
at another instance of this embodiment, the dertvative of natamycin or nystatin has egual or better
fungicidal activity compared to the parent compomd,

[0012]  Compositions of the present invention are useful in various fungal contrel
applications. The above~-described compositions may be used to control fungal phyvtopathogens,
post-harvest fungal pathogens, fungal pathogens of food or feed and human fungal pathogens.

{013} Tn one embodiment, any of the above-described compositions are used o control
tarest pathogens sach as FPusaron sprotes, Boereris spectes, Fesricilinm species, Ridzootosic
species, Trichaderma species and Pyehiup species by applying the composition o plants, the arez
surrouuding plangs, or edible cultivated mushrooms, mushroom spawn or mushroom compost, In

one embodiment. the polvene fungicide component of compositions of the present invention used
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to comtrol such pathogens is natamyein or 2 denvative theveof. In another it s nystatinor a
derivative thereof

CHTEES In another embodiment, compositions of the present invention are usad 1o
control post-hatvest pathogens such as Fendcillium, Geotrichum, Aspergitlus miger, and
Colfetoirichur species. In one embodiment, the polyene fungicide component of compositions
ased 10 conirol such pathopens 18 natamyein or g derbvative thereof. T another B is nystatin or a
derivative thereofl

{015} In vei another embodunent, compositions of the present wmvention are used 1o
gontrol fungal pathogens that cectr i {food or feed, such as Penivéflian species, Aspergiiiag species
and Fusorium species. In one entbodiment, the polvene fungicide component of compositions used
to control such pathogens is patamycin of a denivative thereofl In another it s nystatin ot a
derivative thereof. In vet another, the lipopepuide component is g punified exiract of pue or more
Hpopeptides.

{80196} In still angther embodiment, the compositions of the present inveniion are used
to reat or prevent a fungal infection n a subject by administering to the subject a composition
comprising a polvene fungicide and st least one polypeplide. In one embodinient the fungsl
nfection is caused by Condide and the polvene fungicide used in the composition is nvstatin oy g
derivative thereof. In another the fungal infection i3 caused by Candido and the polyvene fungicide
used in the compaosition is natiunycin or a derivative thereof. In another the fungal infechon is
caused by Fusaraun ov Aspergiling and may be a corneal infection. In such instance, the polvene
fangicide component used in the composition is patamycin of a derivative thereofl, In another
mstance where the composition is used o freat a corneal infection the polyvene fungicide compongat
18 wystatin or a derivative thereoll In vet another mnstance the hpopeptide component of the
composition is a purified extract of one or more Hpopeptides.

{6017}  The present invention also inclodes a method for producing a fungicidal
composition by making a combination of one of move polvene fungicides with one or more
lipopeptides, testing the combination {or synergisuic efficacy against target fungl and producing o
fongcidal composition comprising the combination and a carmier. In one embodiment, the one or
maove Hpopeptidss are part of or are an extract of a fermentation product from a Bociliug species
bacteria, such as those described above and in the Detailed Deseription of Tavention. In another
wstance of this embodiment, poor 1o making the combination, & lipopeptide-prodacing bacteria is
selected, such a5 a Secilluy species strain or Foenrbacilivy species strain, mnd a fermentation
product contatning Hpopeptides is produced using this lipopeptide-producing bacteria, and such

fermentation product or an extract thereof is used o make the combination. In one instance, such

LA
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fermentation product would nclude one or more of the followng lipopeptides: surfactin-type
componnds, fenpyein-type compeunds, Hurin-type compounds andior fusaricidin, In 2 move
pagticular instance, such fermentation product would include one or more of the following
hipopeptides: surfactin, plipastatin, feagyoin, itunin anddor bacilfomyain. In another embodument,
each of the polvene fangicide cotaponent and the hpopeptide component would be screeped for
fangicidal activity aeainst the tavget pathogen prior to makine the combination and only the
polvene fimgicide and Hpopeptide components with at least some fangicidal activity would be used
fo make the combmation. In other embodiments, fargey fung ars phviopathogens, soch as
Fsgrium, Botrvtiy and Veryiciflinm, post-harvest pathogens, such as Pendcillion and Geotrichum,
fungal pathogens of food or feed, such as Aspargifhus, Fusorigm and Pesicifiinm; and human

fungal pathogens, such as Condida, Apsergifiuy and Fasarian, Saccharomyces cerevisioe may also

he used as g tarpet pathopen in the gbove method as g model for Candida.  In one ngtance, the
paivene fungicide component of the tested combination is natamycin or a derjvative thereof or
nystatin and a derivative thereof In another instance, the tested lipopeptides are one oy more of

surfactin-type compounds, iturin-type compounds, fengyein-typs compounds and/or fusariciding.

BRIEF DESCRIPTION OF THE DRAWINGS

{6018} Figure | shows pereent growth of Specharomyoey cerevisive compared to a
negative control {receiving no treament’ in the presence of (3) crode extract of hpopeptides from
Bacilfus subtilis QSTT13 and natanyyein, (#) lipopeptides alone, or (i) natanyycin alone,

{0619]  Figwe 2 shows percent growth of Pewici/lium expansum compared 1o a negalive
comirol in the presence of (1) 3 orude extract of Epopepiides, (il) natamycin, and (i} ipopepudes
and natamycin,

R R Figure 3 shows percent growth of Penidcilibon exporvum compared 1o 4 negative
control in the presence of {1} natamycin, (it} a crude Lipopeptide extract, {il) vadous semi-purified
or purilied hpopeptides (iv) combinations of natamyvein and a crade Hpopeptide extract and (v)
combinations of natamyein and each semi~purified or pwrilied Hpopeptide or all semi-purified or
purified lipopeptides. As used 1 the figure, "N refers to natamycein; “crade hipo” refers lo the
crude fipopeptide extract; 17 refers to the senu-purified turm-type compounds; “F refers to the
seni-purified fengycin-type compounds; and “97 vefers o the purified surfactin-type compounds.

{0021} Figare 4 shows percent growth of Geerrickum candichen comparad 1o a negative
controd in the presence of (1) natamycin, (it} a crude Hpopeptide extract, (i) various semi-purified
or purified lipepeptides, {iv) combinations of natamycin and a crude hpopeptide exiract, and (v)

combinations of natamvein and each send-purified or purified lipopeptide. As used in the figure,

G
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“N7 refers to natamyein; “L7 refers to the crude hipopeptide extract, “T7 refers to the semi-purilied
win-type compoinds “F refers to the semi-parified Fengycin-type compounds; and "8 refers
the purified suriactin-type compounds.

{6022} Frgure § shows pereent growth of Geotrichum candidum compared 1o 8 negative
conirol in the presence of (1) nystatin, (11} a crode Hpopepude extract, (61 various semi-purified or
puritied lipopeptides, (v) combinations of nvstatin and a crode hipopeptide exiract, and {v)
combinations of nystatin and cach semi-purified or porified lipopeptide. As used in the figere,
"Ny refers to pysiating "L refers 1o the crude Bpopeptide extract; 77 refers 1o the semi-punified
turnin-type compounds; ¥ refers (o the semi-purified fengyain-type compmmds; and “8” refers {o
the punified swwiactin-type compounds.

16023 Figure 6 shows percent growth of Geotrichum citri-curantii cornpared to a
negative control in the presence of (1) natamyein, (t) 8 crude Hpopeptide extract, (i) various semi-
purified ov purified Hpopeptides, (iv) combinations of natanyvain and a crude Hpopeptide extract;
and (v) combinations of natamycin and each semi-purified or parified hpopeptide. As used in the
fnwre, “N™ refers to natamychy, “L7 refers to the crude lipopeptide extract; *1” refers 1o the senu-
purified iturin-tvpe compounds; “F™ refers to the semi-purified fengyein-type compounds; and “§”
refers o the purified sarfactin-type compounds.

{0024} Figure 7 shows pereent growth of Geotvichum citré-auraniii compared 1o 2
negative control in the presence of (1) nystatin, (i) a crude lipopepide extract, (I1f) vanous semi-
purified or purified lipopeptides, (iv) combinations of nystatin and a crude lipopeptide extract, and
{v}combinations of nystatin and each semi-purified or punfied lipopeptide. As used i the figure,
"Ny refers 1o nystating L7 refers 1o the crude Hpopeptide extract; “T7 refers to the semi-purified
Hurn-type compounds; “F” refers to the semi-purified fengyvain-tvpe compounds; and "5 refers (o
the purified suwrfactin-type compounds.

{6028)  Figure 8 shows percent growth of Suecharomyces cerevisiae compared 0 a
negative control in the presence of (1) naamyomn, (1) 2 crude lipopeplide extract, () various semi-
purified or purified lipopeptides, {iv) combinations of natamycin and a crude lipopeptide extract,
and (v) combinations of natanyvein and each sem-purified or purified hpopeptide. As used 1 the
figure, "N refsys to natamyeny "L refers to the crude lipopeptide extract; ©17 refers to the senu-

gycin-type compounnds; and “§7

purified iturin-type compounds; “F" refers to the seni-punified fen
vefers o the purified sorfactin-type compoards.

{6026}  Figure 9 shows percent growth of Seccharemyces cerevisive compared fo a
negative condrol in the presence of (1) nystatin, (if) a crude Hpopeptide extract, (1) various semi-

purified or pwrified lipopeptides. (iv) combinations of nystatin and a crude lipopeptide extract, and

3
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{v}combinations of nystatin and each semi-punfied or purified hpopeptide. As used in the figure,
"Ny refors to mystating “L reliers to the crade Bpopeptide exivact; “T7 refers 1o the semi-purified
nrin-type compounds: “F refers to the semi-purified fengvoin-tvpe compoungs; and “S™ refers to

the punfied surfactin-type compounds.

DETAILED BESCRIPTION OF INVENTION

{8027}  All publications, patents and palent applications, including any drawings and
appendices therein, are ncorporaied by reference fo the same extent as if each mdividual
publicaiion or patent application was specifically and individually indicated to be incorporated by
reference.

{0028 The following description inchudes information that may be useful m
understanding the present invention. 1 ig not go adnussion that any of the information provided
herein is prior ant or relevant o the presently claimed inventions, or that any publication
specifically or implicitly referenced is prior art.

{0029}  The present invention encompasses synergistic combinations of polyene
fungicides with antibiotic non-ribosomal peptides, nther than enzyvmes, for conrol of microbial
pathogens, such as fungl, somycetes andéor bactenia,

{6030} Bolvene fungicides of the present mvention are antifengal antibiotics with a
macrocyelic lncione ring having (1) a rigid lipophilic polvene portion and a flexible, hvdrophilic
hydroxylated portion and (i} the ability to bind fo a sterol in the cell membrane of most fungt,
principaliy erposterol. The macrocvelic lactone ring mav have 12-44 carbons, 6-14 hvdroxyl
groups andt may or may not be linked 1o 3 carbohydrate. The ring naay be linked 10 one of mors
sugars such as a simple sugar with five or more carbon units, a deoxy sugar, amino sugars and the
like, wvhich contaiy substituent groups attached to the ring including oxypenated linkages. Polyene
fungicides of the present invention may be oblained from a species of Sirepronvces bacteriy. Such
fimgicides mclude natamycia, nystatin, amphotericin B, auwweofungm, filipin and lucensonyein as
well as derivatives thereof. Examples of derivatives include the amphotericin B derivatives
described in LLS. Patent No. 5,606,038, for example, or the systatin derpvatives/analogues such as
S44HP, NYSTI06%, and the octaens nyvsiatin described m Breheim et al., ANTIMICROBIAL
AGENTS AND CHEMOTHERAPY  Nov. 2004, pp. 4120-4129. Derivatives are natwrally
socwrring malogs of & parent molecule or svathetic or semi=synthetio compounds dertvatized Bom
a parest molecale that retain at least some fungieidal activity compared (o the parent molecude. In

some embodiments, the derivatives have at least the same or greater fungicdal activity compared to
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the parent molecule. Dertvatives include salts and solvates and other modified fonms that have
enhanced solubility contpdred 1o the parent wolecule.

{6031} Antibtotic non-ribosomal peptides (NRPs) of the present ivention are cell
membrane or cell wall disrupting non-ribosomal peptides, exclading shrvmes. Such antibiotic
NRPs are svothesized by large enzyniatic complexes called nomnibosomal peptide synthetases,
rather than by ribpsomes. The fevm “antibionc.” a8 used herein, refers 1o the abiliy to kil or slow
the growth of microbial pathogens, such as fungi, comycetes and/or bacteria. A dalabase of
nonribosomal pepnides called Norinpe 13 provided on the internet and desenbed in Caboche, 5, ot

al., "NORINE: A Database of Nenribosoma! Peplides,” Nucleic Acids Research, 36:D326-D33 1,

{20083, Anubiotic NRPs of the present imvention disvupt cell membranes, including organelle
membranes, or cell walls, Membranes or walls may be disrapted through various meass, mcluding
inhibition of synthesis of components of cell membranes or walls; physical disvuption of the
components of the cell membrane, such as through permeabibization of phospholipid membranes,
etther by membrane solubilization or ostmotie perturbation; or binding to small molecoles in the cell
membrane,

{8032} Cell-will disrupting antifungal NRPs of the present invention include
echinocanding, which are semi-synthetic amphiphitic Hpopeptides composed of a cycelic
hexapeptide core linked to a variably configured lipid side cham. Echinoeanding indubit synthesis
of 1 3-B-shucan, a predominait polyvsaccharide componens of the ascomycete cell wall that
maintains the osmotic integrity of the cell and is involved in cell division and growth.
Echinocandims include caspofmgin, micatungin and antdulafangin.

{0033}  Cell-membrane disrupting antifongal NRPs of the present invention also include
hipopeptides, such as anphiphatic eyelic peptides obtamable from various bacteria, including
Haciiiug sp., Paenibacitlug sp., and Mrepsonnpces sp. As used heredy the teem “lipopeptides”™ refers
to amphiphilic evelic peptides.

[BU34] i some embodimenis, these amphiphilic cyelic peplides are composed of six to
ten g-amine acids linked to g B-anuno or Bhydroxy faity acid, such as the lengvein-type
compounds, the itann-lype compounds, the surfactin-type compounds and the fusariciding. The
urin-type compounds are composed of seven aming acids and are linked to a B-amino fatty acid.

The lenuth of the fatty

e v ucld chaln may vary from C14 @ C17. These compounds are obtainable
from vagtous species of Sovifhe, oleding sudsdlls mad amvloliguefocions, The itarins wd their
variants ars deseribed in Ongena, M., et b, "Bacillus Lipopeptides: Versatile Weapons for Plant

{Hscase Biocowirol,” Trends in Microbiolopy, 163 115-125, (2007). hurta-type compounds of

the present invention include oue or maore of the following compounds: bacilomycin D,



WO 2012/162412 PCT/US2012/039178

bacitlyomycin F, bacillomycin L, bactllonyyarn LU (also known as bacillopepting, mycosubtilin,
Pt &, b Ay and Boris O {with the lstter dhree compomds veferred to bereln, collectively, ss
WS

j0035] Fengyamn-type compounds are composed of ten amino acids limked to a -
hedroxy faity aoid with a chain that varies in Jength frone T4 to TR, These compounds are
obtaiable fom various species of Bociffus, nchiding sudalls, mmplcfiguetivciony, cersey and
shuringiensiy and from Strepiomyees sp. The fengyvein-tvpe componnds are described in Ongena,
suprg. Fengyom-type ermapounds sustable for the compositions deseribed heven mctude fengyon
A, fengvein B, plipastatin A, plipastatn B, the phipastatims from a Srepiosyeas sp. described in
Kinngra, e ab., "SNA 60-367 — New Pepude Enzvme Inlubitors against Avomatase,” Jourad of
Antibiglics, 3046} 529-531, {1997}, and agrastaling, as described w U8, Patent No. 6,291 426
{sith the latter four hstings referred o herein, collectively, gs plipastatingy,

{6036} Surfactin-type compounds are composed of seven anino actds linked w a -
hydroxy fatty acid with a chain that vagies in lngth from U135 1o €16, These compounds are
obtainable from vartous species of Rocilfus, including sufuilis, emmifoliquefocivns, coaguions,
pumiius and Gehendormiy, The swriactin Gty of compounds 8 desenbed i Ongens, sawa,
Surfactin-type compounds of the present nvention include ong or move of the [ollowing
compounds: esperin, Hchenysin, pumilacidin and swriactin,

{0037y Fusaricidins are composead of six aning acids linked toog 15-guaniding-3~
hydvoxypentadecanoe actd. Fusancidins are obtainable from Paenibaciliis sp, including
pedymyxa, The fusarizidin fanuly of compounds 1s described m Choi, S-K| et al, “ldentification

and Functional Analysis of the Fusaricidin Biosvithetic Geng of Pagnibacillus polymixg EGRL

Biochemicnl and Biophvaical Rescarch Communications, 363:89-05, (2008), Pusariciding of the

presemt invention inclade one or mose of the following compounds: Tusaviciding A-D and
fusariciding LI-FO3, LI-FO4, L1-F05, LI-FO6, LI-FO7 and LI-FOR.

{8038} Certain bacteria produce one or more lipopepiides, and combinations of various
lipopeptides are known 1o have synergiste fungicidad activity. In one embodiment, the lipopeptide
component of the composition contains a combination of ipopeptides from at teast two of the
following hpopsptide classes: surfactn-iype conpounds, Hurin-type compounds, and fengycin-
type compounds. Tn another embodiment, the combinntion contains two or more of the followmg
compounds; turin As, plipastating A and B, fengyeing A and B and swefactin. In yvet another
embodiment, the combination contains one or more of the following componnds: Hurin As,

plipastatins A and B, fengycins A and B, surfactin and agrastatin,
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{0039}  Lipopeptides of the present izvention are produced by one or more bacteria, such
as those deseribed abovs, orare chemicalty synthesized. The terny “ermentation broth,” as nsed
herein, refers w the colture medium resulting alter fermentation of & microorgamism and
sncompasses the mucroorganism and its component pants, unused raw substrates, and metabolites
produced by the pucroorganism during fermentation, anong other things. The term “lermentation
sobid” as used herein, refers to concentrated and/or dried fermentation broth. The term
“fermentation product.” as used herein, refers to fermentation broth and/or fermentation solids,
The term “Hpopepiides,” as used herem, refers (o bipopeptides that are part of a fermentation
product and o ipopeptides that are purtiied to ol least some exiend, whether chemically synthesized
or bologically produced.

16040]  Methods of culturing bacteria are well known in the arl. Conventional farge-
scale microbial culture processes include submerged fermentanion, solid state fermentation, or
Hauid surface culture. For Booillus, towards the end of fermentation, as nutrients are depleted, cells
begin the transttion Fom growth phase to sporelation phase, such that the final product of
fermeniation is largely spores, metabolites and residual fermentation medium. Sporulation is part
of the natural hife cycle of many Hacilli and 15 generally initiated by the cell in response 1o autrient
fimitation. For this invention, fermentation is configured 1o obtain high levels of Hipopeptides and
to promote sporulation.

{0041} The bacterial cells, spores and metabolites by culture media resulling fom
fermentation (e, fermentation broth) may be used direcily or concentrated {10 make a
fermenintion solid} by conventional mdustnial methods, such ay centrifugation, tangential-How
filiration, depth filtration, and evaporation. In some embodiments, the concenirated fermentation
solid is washed, for example, via o dialiltration process, to remove residoal fermentation broth and
metabuolites,

[6042]  The fermentation brothvor fermentation solids can be dried with or without the
addition of carrtars using conventional dryving processes or mathods such as spray drying, freeze
drying, tray dryving, hadized-bed dryving, drum drying, or evaporation, The resulting dry
fermeniation sohds may be firther processed, sach as by milling or granudation, to achieve a
specific particle size or phvsical format. Carriers, desernibed below, may also be added post-drying,
as appropriate for the desired method of use.

{0043} Bactenially prodoced bpopeptides may be separated from bacterial cells or
further purified from other bacierial components and, in some smbodiments, from each other. The
term “cell-froe preparation” refers to fermentation broth from which celis have been removed or

substantially removed throagh means well known o those of skill in the art. Some methods of
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ereating celi-free preparations are described below. Cell-free preparations of fermentation broth
e be obtained by any méans kuoten o the wt, such as sxtraction, centrifisgation andior Mitration
of fermentation broth. Those of skill in the art will appreciate that so-called celi-lree preparations
may not be devoid of cells but rather are largely cell-free or substantisly celi-free, dopending on
the technigue used (2.1, speed of centrifuganon} 1o remove the cells. The resulting cell-free
preparation may be dried anddor formulated with components that axd in s particular apphication,
Concentration methods and drying techniques deseribed above for fermentation broth are also
appheable fo cell-free prepawations.

j0044] In some embodiments, after a cell-free preparation is made by centrifugation of
fermentation broth, the metabolites may be purified by size exclusion Glivation such as the
Sephadex resins inchuding LH-20, G106, and G5 and G235 that grovp metabolites into different
fractions based on molecular weight cut-ofT, such as molecular weight of tess than about 2000
daltons, less than about 1500 dabtons, less than about 1000 dalions and so on, as the lipopeptides
are between 8GO daltons and 1600 daltons.

{30458}  The term “crude extract,” as used harein, refers (o organic extracts of
fermentation broth, such as ethyl acelate exivacts, in which the exiract is enniched for lipopeptides,
One method 1o obtain a crude extract of lipopeptides from a bacterial culture is descrtbed in
Example 1.

{0045} The term “semi-purified,” as used heren, refers to popeptides isolated from
fermentation broth that are about 30% to about $0% pore. The term “purified,” s used herein,
refery to fipopeptides that are isolated from fermentation broih thal are about 91% to about 10N
pure. Lipopeptides of the present mveution may be eiher purified or semi-purified.

0047] In one embaodmment, Tipopeptides of the present mvention are obtained from
Hocilfus sebirfic QRTTLS or a fermentation product of Bociliug sudbnlic Q81713 is used as the
lipopeptide-containing comporent of the composttion.  Beciffus suhilix QSTTLY, Bs nptants, s
superpatants, and iz ipopeptide metabolites, and methods for their use to control plant pathogens
and msects are fully described in US. Patent MNos. 6,060,051; 6,103,228, 6,291 426; 6 417,163 and
6,038 210, In these palents, the strain is referred to as AQTI3. Bacilhus subfilts QSTT13 has been
deposiigd with the NRRL on May 7. 1997, under the provisions of the Budapest Treaty on the
International Recognition of the Deposit of Microorgmmisms for the Purpose of Patent Procedure
wnder Accession Number BRI661 Awy references in this specification 1o QST713 refer to Bacdfhe
subiilis QSTT13. Particular varians of Sociffus subitlis QSTT13 (e.g., Baciflus subitfis AQ3HG2
and AQ3IGOM, deposited as Accession Numbers NRRL B-50421 and NRRL B-30455) that would

also be sustable for the present invention wre deseribed in LS, Patent Application No. 13/330,576.
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{00481 In other smbodiments, other Baviflny strains capable of producing Lipopeptides
are used ag 8 source of ipopeptides for the present invention, As described above, formentation
broth or extracts from fevmentation broth may be used as the lipopeptide-containing component of
the synermistic fungieidal combanation of the present mvention. Methods for obtaining hipopeptides
from a fermentation broth of QST713 are described in the examples. Obtaining hpopepuides fFrom
fermeniation broth of Boc#he bactena, in general, and anabyzing fermentation broths fov presence
of lipopeptides is well known 1o those of skill in the art, such that other bacterial strains suitable for
the present ipvention conld be readily wdentfied by the skilled attisan. Bacillus strions that produce

various hipopeptides are desenibed in the Ongena review articke (Trends in Microbiology (2007}

Vol 16, No. 3) cited above. Myriad other arucles describe hpopeptide-producing Baciling strans
and methods for extracting lipopeptides from fermentation broths of such strains; seel e.z.,
Alvarer, ¥, et al. “The plant-associated Bacillox appvloliguefociens strains MER, 18 and ARP3
capable of producing the cvelic Hpopeptides iturin or surfactin and fengvein are effechive in

biocontrol of sclerotinia stem ot disease™ Journal of Applied Microbindogy (2011 112: 159174,

Ongena, M. et al. “Involvement of fengycin-type hipopeptides m the mulufaceted biocontrol

potential of Bacilfus subtilis,” Applied Microhiology Biotechnology (2005} 69; 29-38; Wang, Y., et

al., “Separation and extraction of antinncrobial lipopeptides produced by Hacifluy

amyioliquefociens ES-2 with macroporous resin” Eur, Food Res. Technol (20103 231 188-196.

{0049] Compositions of the present invention wmayv include carriers, which arg inert
formulation mgredients added to compositions comprising a lipopeptide~containing fermentation
product, cell-free preparations of lipopeptides or purified, senu-purifisd or crude extracts of
lipopeptides o improve recovery, efficacy, or physical propersies andfor (0 aid in packaging and
administration. Such carners may be added mdividually or in combination.

RHEIH The compositions of the present invention may be wsed for variogs prposes,
includig protection of crops and of post-harvest fruits, vepetables and plants: as preservatives for
cosmetics, processed foods, animal feed, or timber; and for pharmacentical and veterinary
applications. Depending on the particolar application, the compositivns will be formaulated with
appropriate carriers (o aid i their application or adminisiration. In some embodiments, the carriers
arg anti-caking geents, anti-oxidation agenis, bulking agents, and/or profectants. Examplas of
useful carders wclude polysaccharides (starches, maltodextring, methylesllnloses, proteins, such as
whay protein, peptides, surs), sugars (actose, trehalose, sucrosed; Hiprds (lecithin, vegetable oils,
mineral gils), salis {sodium chloride, calcin carbonate, sodium cirate), silicates (clays,

amarphous silica, fumed/precipitated silicas, silicate salts), waxes, oils, alcohol and surfactants,
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{0051]  Switable carmers For anmal feed additives are set forth in the American Feed
Control Officials, Ine. s Official Peblcation, wivch publishes snmuatly. See, for exasople Official
Publication of American Feed Control Officials, Sharon Krebs, editor, 2006 adition, ISBN 1-
R78341-18-9,

{B052]  Compositions used for pharpaceutical or veterinary apphicstions are condbined
with pharmacentically accepteble carriers that vary based on the mode of administration.

HHIRR]] Compositions of the present invention may be applied 10 a locus in need of
treatmend 1 an arpount effective to contrnl a pathogen. The term “contvol,” as used herein, means
to kil or inhibit the growth of the pathogen. In one embodiment the pathogen 1s a fungus. In
another the pathogen is an comycets.

{8054} [n one embodiment, the polyene fimgicide and the lipopeplide-contaiming
component (e.g. purified or semi-purified popeptides, crude extracts, fermentation products o
chemically synthesized or derbvatized productsy are applied at a 121 ratio (wi/w). Tn another, the
polvene fimyicide 1o lipopeptide-contaning component ratio is about 2:1, abowt 3.1, about 4.1,
about 3:1, about 111, abouwt 15:1, abeout 21, or about 53:1. b3 another, the polyvene funpicide to
lipopeptide-containing component 1a1io is about 12, about 1.3, about 1:4, about 1.5, about 1:16,
about 1:13, abowt 1:20, or about 1:50.

{0055] In a specitic embodiment, the polvene fungicide and a lipopeptide-containing
component including one or morg Lipopeptides may be provided at various weight (o weight {(wiw)
ratios in the composition. In ene embodinment, the weight to weight ratio of the polyene fungicide
and the Hpopeptide-containing component is from about 360:1 to about 113060, In another
entbodiment, the weight o weight ratio of the polyvens fungicide and the lipopeptide-coniaining
componeni s front about [00:1 1o about 1108, In another embodiment, the welght to weight ratio
of the polyvene Hungicide and the lipopeptide~containing component 1s From abont H&T to aboul
1:10. In another embodiment, the weight 1 weight ratie of the polyens fungicide and the
Hpopeptide-containing component is from about 5:1 {o aboul 15, In another embodiment, the
weight to weight ratio of the polyene lungicide and the Hipopeptide-coniaining component is from
aboul 2:1 {0 about 1:2. i another embodiment, the weight to weight ratio of the polyene fungicide
anc the lipopepiude-containing component i1s about 1:1.

{00561 In one embodiment, the composition is applied o 8 plant or to an edible
coltivated moshroom. In plant applications, compositons may be applied to any part of a plast,
including #s root, foltage, or fruit, or fo the ares surroumding the plant, inclading the soil
surroyuding the plant. In nushroom applications, compositions may he applicd to mushroonm or to

mushroon spawn o1 to puhroom compost. Application may oceur before, at andfor post-planting.
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Exemplary tarpet pathogens are Fuvarfum sp., Bofryiiy sp., Fertieiliium sp., Rhizocionis sp.,
Feiehoderme sp. Coveen miokd), Pothiny spo and Phytophithora sp. Determining applicstion rates for
the present composttions is well known to those of skill in the art. A composition of the presesnt
wmvention will generally constitute D005 oL to 100 g/L each of the polvene fungicide and the non-
ribosonzal proteinds), such as a lipopeptide. Tn one eyobodiment in which the synergistic
composition 1s applied o a plant, plant part o o the ares surrounding the plant or to an edible
cultivated myshroom, mushroom spawn or mushroom compost, the polvene fumgicide component
18 natamyem of a denvative thereof

{80587] In another embodiment the locus is post-harvest food and post-harvest non-
edible plant materials, such as feedstock for biofuel. Post-harvest food, as used harein, refers to
fruit, vegelables, grains, ollseeds, and any other edible plants and rats atter harvest from the feld
but before packaping. Exemplary post-harvest pathopens include, but are not limited to: Borrysis
cinersa {gray mold), pathogenic Colletorrichum species such as Colletorrichum acuratus,
Collerotrichum coceoedes, Colleotvichm musa, and Colletotrichum capyici, Erwinig carorovord
subsp. carptavora, Geolrichum candidim, Geotrichum citri-anrantii (sour rot), Helminthosporium
soland (sibver seurf of potato), Monilinia fructicola (brown vot), Penicilitm sp., inclading Jdigitatum
{arean mold of citrus) and exparssn (blue mold of pome fruite), Rhizopmey sp. {Rbizopus rot or
leak}, dspergiling niger {black mold), Thicloviopziz hasicola {black root 1ot of carret), mucor rof of
froit (e 2., Mueor piriformiy on pear), and Alternaria rots (mostly atfecting carrats, brogceli,
patatoes, peppers, apples, kiwis, pears, quinces and tomatoes). Determining application raies for
the present compositions for post-harvest food and post-harvest non-edible plant matenials is well
known to those of skill in the ant. in one embodiment where the composition is applisd 1o post-
harvest food and post-harvest non~edible plant materials, such as feedstock for biofuel, the polyene
fingicide component is natamyein or a derivative thereofl

[6058]  In yel another embodiment the locas is food or feed. . The tenm food, as used
havein includes processed foods, such as dawry products, breads, tortiflns, deli meats, and bakery
products; semi-processed or minimally processed foods, such as meat and cut fruit and vegetables;
and packaged foods, such as packaged lettuce, spmnach and other vegetables. The term fead
nchudes processed animal feedstufls and silage. In such applications the taryet pathogens are
spotlage-inducing and mycotoxin~-producing pathogens. Exemplary pathogens are dspergilius sp.,
Pegictilivn sp, and Fysaraan sp. Deternining application rates for the present compuositions is
wetl known i those of skill in the art. Dose levels and reconunended methods of application are
described i detail in numerous reforences, moluding Davidson, P Michagl, et al., eds..

Antimicrobials in Food, 3% ed. CRC Press 2005, Ch. 8, pp. 275-289. In one embodiment in which
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the synergistic composition of the present invention 15 applied to food or feed, the polyene
fimgicide component I matanyein or g dertvative thereof,

{6039] In another embodiment the locus i o buman or asimal. Tn human and veterinary
applications, the compositions are apphied lopically o the skin and mucosal membranes to control
Candida afbicany andior Fusarisn sp. In one embodiment, the compositions are used 1o prevent or
treat vaginal infections, especially those caused by Candida aibicony but also those caused by
glabrata, . parapsilosis, C. guiltiermonddi, and C gropicalis. In one embodiment in which the
synergistic composiion s apphed to reat Candida the polyene fongicide component s nysiatin. In
humans, the compositions of the present invention may also be apphed to nails, scalp and skin to
control devmatophyies, such as Trichophyton, Epidermophyion and Microsporum, which are
responsible for a variety of diseass mantfestations that localize to keratinizad stroctares of the body
{skin, natl and hair). In hbumans, the compositions may be administered as lozenges, o treat oral
candidiasis or orally to treat or prevent intestinal candidiasts. Compositions of the present
invention may alse be wsed 1o treat Agpergifius and Fusarinm corneal imfections. In one
embediment wherzin the compositions are used to ireal corneal miections, the polvene fungicide
component of the composition is natamyvein or g derivalive thereof. Determiniong appropriate
adsministration rates for the present composttions would be well within the knowledge of one of
skitl in the art.

{0060] In some embodimenis @ focus in need of treatimend 1§ identified before the
compositions are applied or adoinistered.

18061} In one embodiment, the compositions may include one or more pharmacentioally
acceplable carriers. The pharmaceutically acceptable carriers may vary depending on their
suitability for various dosage forms. In one embodiment, the compesitions may include one or
morg pharptaceutically acceptable carviers as a topieal composition. Topical composition can be in
the form of a cream, gel, ofl, spray, powder, pasie, clay or any other form, way or method kaown in
the art for administering the compastiton o the sk or a subject whether buman or gounal, The
acceplable curmier contained 1o the topical composition may be varied depending oun the tvpe of the
formulation. For example, the formulation of ointment, pastes, creams or gels may comprise
amimal aundt vegetable fats, waxes, paraffing, starcly, fragacanth, cellulose derivatives, polysthylens
ghveols, silicones, bentonifes, silica, tale, zine oxide or mixtures of these substances.

jo062} Tn-one embodiment, the compositions may netade one or more pharmacentically
accepiable carriers as an oral composition. The oral dosage forms may be in the form of a solid
powder, caplets, tablets, lozenges, pills, capsules, sofi-gel or a liquid, and which may be

administerad slone or in suitable combination with other components. For examiple, the
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composition of the present vention may be adnunistered 1 one or more caplets o lovenges as
practical for ase of admimstration. T preparing the compasition i oral dosags form, any of the
usial media may be wtilived. For liquid preparations (e, suspensions, elixirs, and solutions),
media conlaming, for example water, oils, alcohols, flavorimg agents, preservatives, coloring agents
and the ke may be used. Pharmaceutical acceptable carriers sach ay starches, sugars, diluents,
granulating agents, hbricants, binders, disintegrating agents and the like may be used 1o prepare
oral solids {e.g., powders, caplets, pills, tablets, capseles, and lozenges). Controlied release forms
may also be used. Because of their ease m adounistration, caplets, iablets, pills, and capsules
represent the most advandtageous oral dosage unit formy, in which case solid carriers are emploved.
I desired, tablets may be sugar coated or enderic coated by standard wohmgaes, Al of these
pharmaceutical carriers and formulations are well known to those of ordinary skill i the art. See,
2.2, WADE & WALLER, HANDBOOK OF PHARMACEUTICAL EXCIFIENTS (2od od. 1994),

{8063} in a specific embodiment of the present invention may comprise compositions in
the dosage form of a soft-gel, A soft-gel is a ong-plece, sealed, sofl gelatin shell that contains a
solution, a suspension, or a semi-solid paste. Sofi-gels are predominantly used to contain liquids
wherein the active ingredients are present i the dissalved or suspended state, Soft-gels bave heen
widely known and used for many vears and for a variety of purposes. Because soft-gals have
properties that are quite different from two-piece, hard shell capsules, the soft-gels are capable of
retaining g Howid G material, Soft-gels are oflen used 1o encapsulate conswmable materials,
including vitmmins, dietary supplements, pharmaceuticals, and the like, in a Tupuid vehicle or
carrier, Sofi-gals arc a wugue dosage form that can provide distined advantages over more
traditional dosage forms such as tablets, hard-shell capsules, and liguids. These advantages include
patient cosmpliance and consumer prefevence, maproved bioavatlability, speed of product
development in many cases, shortened manefacturing time, evhanced drug stability due o less
exposure of the active ingredient o oxygen, excellent dose uniformity, and produoct differentiation.

[BU6$] i one embodiment, the compositions and methods of the present inveation may
have a pleasani or palatable flavor. Palatable favors may be achieved by including sweetening
agents andfor flavorants. Sweetening agents that may be inctaded m the compositions of the
present wvention include, by way of example and withowt limitation, sucrose, fructose, high
fructose cor syrup, dextrose, saccharin sodivm, maltodexivin, aspartame, potassinm acesolfame,
neohesperidin didpedrochaloone, suoralose, moncammaonium ghvoverhizinate, and others known to
those of ordinary skill in the art.

[0065]  Disintegrants also may be meluded m the compesitions of the present invention

in order to facilnate digsoloton. Disintegrants, including permeabilising and wicking agents, are
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capable of drawing water or saliva up into the compositions which pronnotes dissolation from the
mstde as well as the outside of the composiitons. Such disinteprants, permeabilisipg andéor
wicking agents that may be wsed in the praseat invention include, by way of gxample and withowt
hirntation, sarches, such as corn starch, potalo starch, pre-gelatinized and modified starches
thereof, cellulosic agents, such as Ac-di-sol, montmorrilonite clays, cross-linked PVP, sweeteners,
bentonite, microcrysiatiing cellulose, croscarmellose sodium, algmates, sodinm starch glyeolate,
guons, suck as agar, guar, locust bean, karaya, pectin, Arabic, xanthan and tragacanth, silica with e
high affinity for agueoos solvenis, such as colloidad silica, precpitated silica, maltodextrins, beta-
evclodenxtrins, polymers, such as carbopol, and cellulosic agents, such as hvdroxymethyleeliulos
hvdroxypropylcelislose and hydroxyvopropvhmethviceltulose.

j6066] I addition to those described above, any appropriate fillers and excipients may
be utilized in preparing the compositions of the present invention s¢ long as they are consistent
with the objectives described herein. For example, binders are sabstances used to cause adhesion
of powder particles i grasudations. Such compounds appropriate for gse in the present invention
mchude, by way of exaniple and without linutation, acacia, conyessible sugar, gelatin, sucrose and
s dervatives, malodextrin, cellulosic polymers, such as ethylcellulose, bydroxvpropyicetiulose,
hydroxypropyimethyl cellulose, carhoxymethyviceHulose sodium and methvicellulose, acrvlic
polyiners, such as insoluble acrylaie ammoniomethacrylate copolymer, polyacrylate or
pabvmethacrylic copolvmer, povidones, copovidones, pobyvinvlaleohols, alginic acid, sodhnn
alginate, starch, pregelatinized starch, guar gum, peolyethyvlene glycol and others known w those of
ordmary skill m the ant.

{0067} Diluents also mav be included in the compositions of the present inyvention in
order to enhance the granulation of the compositions. Dluenis can melude, by way of example and
withouwt limitation, microcryvstalhine celhlose, sucrose, dicalchun phosphate, starches, lactose and
potyols of less than 13 carbon atoras, such as mannitol, xylitol, sorbitol, malite! and
pharmaceutically scceptable amine acids, such as glyem, and their mixtures.

{0068} Lubricants ave substances used iu composition foromilations that reduce friction
during composition compression. Lubricants thal may be used i the present invertion include, by
way of example and without limuitation, stearic acid, calcium stearate, magnesin stearate, zine

stearate, tale, mineral and vegetable oifs, benzoic acid, poly(ethvlene ghyeol), glycery] behenate,
stearvt fumarate, and others known to those of osdinary skill in the ant

{0069  Ghidants improve the fow of powder blends daring manufacturing and minimize

composition weight variation. Glidants that niay be used in the present invention include, by way
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of example and withowt hinutation, silicon dioxide, collowdal or funmed silica, magnesium stearate,
csdeium stearate, stearke acid, covastareh, tale and sthers known to those of crdinary skill in the ant.

{6078} Colorants also may be inchuded in the compositions of the present ivention. As
used herein. the {orm “volorant™ includes compounds usad o mmpart color to pharmaceatical
prepavations. Such compounds include, by way of example and without limitanion, FD&C Red No.
3. FD&C Rad No. 20, FD&C Yellow No. 6, FD&C Blae No. 2, D& Green Ne. 3, FD&CT Orange
Ne. §, B&C Red No. 8, caramel, and ferric oxide, red and others known 1o those of ordinary skill in
the art. Colormyg agents also can mclude prgments, dyves, tmis, ttanum dinxide, natural coloring
agemis, such as grape skin extract, beet red powder, beta carotene, annaio, carmine, lurmeric,
papriks and others kaown to those of ordinary skall in the ant

16071} Aguecus fnzection suspensions may costain sebstances which incresse the
viscosity of the suspension, such as sodiwn carboxymethyl cellulose, sorbiiol, or dextran,
Additionally, suspensions of the active compounds may be prepared as appropriste oily injection
suspensions. Suttabile lipophilic sodvents or vehicles include fatty oifs such as sesame oil, or
synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes. Non-lipid
polveatiomc arming polymers may also be used lor delivery,

{1172} The compositions can inchsde a solubilizer 1o ensure gead solubihization andfor
dissotution of the active ingredients such as the fungicide andfor Hipopeptide. A solubilirer can also
be added to increase the solubility of the fungieide andéor lipopeptide and/or other components,
such as surfactants, or to mainiain the composition as a stable or homogeneous solution or
dispersion.

0073 Examples of suifable solubilizers inchude, but are not Honlted to, the following:
alcahols and polvols, such as ethanol, isopropanol, bulanel, beney! aleohdl, ethvlene glveol,
propylene glveal, butanediols and isomess thereof, glveerol, pentasrvituitod, sorbitol, manaitol,
transculol, divmethyl isosorbide, polyethylene glveal, polypropylene glyeol, polvvmvlalcohol,
hydroxypropyl methyiceliulose and other celivlose derivatives, eyclodextring and evelodextrin
derivatives; ethers of polyethylene glycols having an average molecular weight of about 200 1o
aboul 600G, such as tetrehydrofarfinyi aloohol PEG ether (glycolarol) or methoxy PEG; amides
anct other mirogen-canaining compounds such as 2-pyrrolidone, 2-pipendone, E-caprolactam, N-
alkyipyrrolidone, N-hydroxyatkvlpyrolidone, Nealkyipiperidone, Nealkylcaprotactam,
dimathyvlacetmmide and polvvinvipyrolidone; esters such as ethyl propionate, tributylotirate, acetyl
trigthyleitrate, acetyl tribulyl cifrate, friethyiciirate, ethyl oleate, sthyl caprylate, ethyl butviate,
tragetin, propylene glycol moncacetate, propylene glycol diacetate, .epsilon.~caprolactone and

b= P

isamers thereof, d-valerolactone and isomers thereof, f-butyrolactone and isomers thereof; and
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other snlubilizers known in the art, such as dimetye! acetamide, dimethy! isosorbide, N-
wethvlpyrralidones, mobooctanom, diethylend glveol monoethvl ether, and water.

{007 4] Mixtures of solubibizers can also be used. Examples inchude, but not mited to,
trinoetin, trethylowraie, ethyl oleate, ethyt caprylate, dimethylocetamde, N-methyipyrrolidone, N-
hedroxyethyipyrrohidone, pelvvinylpyrolidone, hydroxypropyl metbyicellulose, hivdroxypropyt
cvelodexirins, ethanol, pobvethviene ghveed 208-100, elveofinel, transcutol, propvlene glveol. and
dimethyl isosorbide. In some embodiments, solubilizers include sorbitol, ghycerol, triacetin, athyl
alcohol, PEG-400, glycolurol and propylene gheol.

{BO7S] The amouni of selubilizer that can be included is not particularly imited. The
amount of 4 given solubilizer can be Hndted 1o a boscceptable amount, which can be readily
deternvined by one of skill in the art. In some clrcumstances, 1 can be advantageous to mchude
amounts of solubtlizers far in excess of bioacceptable amounts, for example, to maximize the
conceniration of the drug, with excess solubiliver removed prior 1o providing the | composition to a
subject using conventional techniques, sach as distillation or evaporation. Thus, 1f present, the
solubilizer can be 1 a weight ratio of about 1%, 25%, 50%, 1609, or up to about 200% by
weight, based on the combined weight of the drag, and other excipients. H desired, very small
amounts of solubiliver can also be used, such as about 3%, 2%, 1% or even less. Typically, the
solubilizer can be present in an amount of about 1% to about 104%, more typically about 3% {0
about 25% by weight.

[0076]  The following examples are given for purely illustrative and non-limiting

purposes of the present mvention.
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EXAMPLES
Example 1 Synergistic Effect of Lipopeptides and Natapsyein against Saccharomyces
cerevizite
{6077} A combmation of lipopeptides and natamyoin was fesied for effivacy agamst
Naccharemyces cerevisioe, which 1s generally recognized as o model ovgamism for teshing activity

against fimgt and which is closely related to Candida. See Swmits, G, et al, “Siress Tolevance in

Fungi - To Kill a Spoilage Yeast,” Current Opin Bictechnol., 16423 225-30, (20035) and Castrillo,
31, etal, “Yeast as a Touchstone w Posi-Genomie Research: Strategies for Integrative Analvsis i

Functional Genomics,” I Binchem Mol Biol., 3701y 93-106, (2004},

{6078 The lipopeptides used were a complex mixtare of iturin-type conpounds,
plipastatin-type compounds, and surfacting partially purified from the fermentation broth of
Baciltus subritis QST713. Seed Hasks contgining Loria Broth {LB)Y were inoculated with the
QST713 strain, and these flasks were grown overmght at 30 °C. The next day, aliguots from the
seed flask were inoculated into a sov-based medivn and grown uniil sporelation. The B subsifis
ST713 fermentation broth was acidified to pH 2 and cenirifuped o sepavate the solid material
from the supernatant, The lipopeptides concenirated in the peliel. The supernatant was decanted
and the peliet was extracted with an aqueous organic solvent mixtare (prefevably RO20
aceiomitrileswater). The lipopeptides concentrated in the agueous organic fraction. The mixtare
was centrifiiged and the supernatant remtoved. The cell pellet was re-exttracied two additiona! thmes
with an agueous organic solvent nuxture (preferably 80720 acetomtrile/water). The supernatants
from each extraction were contbined and the solvent removed en vaeno. The dried extract
comtained an enriched form of all diee classes of lipopeptides found in 5. audiills GSTTES. urin-
type compounds, mchuding torm A2, lturm A3, A4, or AS, Hurin A6, iturin A7; fengyvomn-type
compounds, mcluding pilpastatin A1, plipastatin A2, plipasiatin B1, plipastatin B2, agrastatin A,
agrastatin B, fengvoin A, fengyvein By surfactin AL A2, or A3, sarfactin Bl or B2 asd surfactin C3
ar (2. The dried extract can be resuspended m an agueous orpanic solvent mixture {preferably
K020 acetoninie/water),

{0079]  Saccharemvees cerevisige wild-type straim BY4742 was grown m hquid YPD in
the presence ofr (1) natanyvein (Haorut Pharma-Chem Ing), {2) the sbove-described hipopeptide
extract, {3} natamycin + hpopeptide extract, and 4} no lipopeptides or natamycin {control). The
witkal concentration of natamycin before beiny added (o the hgwmd coltuge was | ppo and the initial
concentration of hpopeptude extract was 15 ppm. Final concentration of patanyvein in the Hguid
culture was .08 ppm and final concentration of lipopeptide extract was 1,12 ppm, such that the

weight to weight ratio of natamycin to lipopeptide in the sample containing both wag 1114,

e
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{00807  The optical densitizs (0D of ligind cultores containing natanvein andfor
lipopeptides were compared to those of conto! cultures after 16 hours of groswth at 30 °C. For
comparison, the QD of the untreated control cultures was set at 100% and the weated cultwes were
normalized fo this value,

[B081]  Gowing's Equation was applied, as follows, to determine synergism of
lipopeptides with natamycin,

Gowing's Equation: Eg, = X + [Y *{100 - X3}/ 100
I E g > By, then synergy exists
NOTE: Eu By Xand Y in the above eguation represent growth miubilion. Thus, X and Y are
caeudated by subtracting the amount of prowth on a weated plate from 100, as shown below.
Xo= 1007789 = 22,11, ¥ = 100 - 93,87 = 6.13
Eap =100 851 =9149
Eyp = 2211+ [6.13% (300 - 22.11))100 = 26.88

Ep > rlp

Resunits are also shown m Figure 1

Example 2: Synergistic Effect of Notamycin angd Lipopepiides Against 8. cerevisine Using
Lipopeptides Gbtained fram Commerciadly Available Proinet

[0082]  This study, which is similar to that desenbed in Example 1, s conducied using 6
crude extract of Hipopeptides obtained from SERENADE™ MAX fungicide or SERENADEY ASO
fungicide as a starting point {rather than fron: unformulated fermentation broth of Bacilius subiils
QST713). The SERENADE® products are commercially available, and thetr sctive ingredient is
Bactilus subifis QSTTLII. A crude extract of Hpopeptides is obtained by acidifying SERENADE®
ASO {or SERENADE" MAX, dissolved in water) to pH 2, contrifiging and extracting the resulting
petlet with an orgame solvent nuxture. The fesuiting hpopeptides ate combined with natamycin as
described above and (s mixture tested for activity against 8. cerevisice. The same resulis as

obtained above are expecied.

Example 3: Synergistic Effect of Natamycin and v Crade Extract of Lipopeptides agafnse
Peaicillivm expansum

{0083 The effect of (1) natamvein Faorwd Pharma-Chem Inc.), (it} a crude extyact of
Lipopeptides from Bacillus subiiis QST713 (prepared as desoribed i Example 1), and (1) a

combination of natamyein and a crude extract of tipopeptides on Penicilifon expansum was

2
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mvestigated. A hiquid fungal growth assay was performed 1 96-well plates tp determine whether
the combingtion of popeptides and nmiamycin I8 synergietic o inhibitng fongad growth. Al
procedures were conducted aseptically.

{0084} For each 96 well plaie, three separate addiions were sade 1o each well, First,
1006 gl of potaio dextrose broth w/100ppm chloramphenicol was added. Then 25 i of each sample
{ ipopepiides, natamyein, or combo from dilution plate) was supplemented. Finally, 50 yl of DI
H-0 was added to the blank plate (the plate intended to be feft blank for an OD reference) OR 30
ul of 15 fimgal inoculum was added to each well in its respective plate(s). Thus, the final
concentration of lipepeptide in each well was 1.1 ppm and the final concentration of natanivcin in
each well was 1.1 ppm. The plates were then coverad with hids and placed at 20 °C for 3 days of

incubation.

Rating Plates and Interpreting Data

{8085} After the incubation period, the growtl of each well m euch plate was tated by
optical density at 600 nin using a PerkinElmer Victor plate-reader using the setting "MIC Settings
i 600 (0, 15)” that can be found in the Wallac™ Victor” software. The results were also roughly
agsessed visually as cloady wells (pariiad growth) appearing in the dilntion series where the sample
fell off in activity.

{0086} After an QD was obtained for each well, the relative growth was determined by
the following calcolation: [{Treannent wiBactérial-{ Treatment wio Racteray(Diluent Control
wiBacteria)-( Diluent Control wio Bacteria)] X 100, The positive control wells for bacterial growth
were considered accepiable if the gverage and standard deviation of the QD readings at 600 nm
were well above the range of the non~-inoculated OD reference wells. {There mast be a large
difference between the un-inoculated diloemt control and the noculated dilwent conmol wells”
readings to ensare that good growth was obiained).

[BUR7] This percent growth was then graphed apamst the sample for the ditutions tested
and the last dilution providing at least R0% of growth inhibition was taken as the minimum
mfabitory concentration {MIC).

IR Svnergy was then determined by Gowing’s Equation, set fwth above,

{089} Tn this exanple, the Percent Grovth of 1.1 ppm Lipopeptides was 113%. The
Peroent Growth of L1 ppan Natamvoin was 102%. The Percent Growth of 1.1 ppre Lipopeptide +
b1 ppm Natamycin was 20.4%.

{0099] X =10-102.1

Y o= [00-112.9

=
e
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Exp=-21 +-12901R.10/100

Exp=-153

Afternoiively, for Percent Growth that is over JOO, round deven do 100, i our example, this
would make Exp o 0

Eob = 100.20.4

Eob=7495
706 > 153

Eoh > Exp: therefore, synargy is observed, as depicted in Figure 2.

Example 4: Synergistic Effect of Nemi-Purified and Purified Plipastatins, Hnvins and Surfacting
and Natarycin against Penicilliun expansum

[0091]  Experimentis similar to those described above, using Pewicilliun expansun as
the target pathogen, were conducted with combinations of {1) nataroycin and crude extracts of
Hipopeptides from Bacilins subtilts Q8T713 {obtained as described above) and (1) natamyein and
seme-purified and parified hpopeptides obtained from Hociffux subiifis QSTT13, as follows. lturin-
type compounds, mcluding iturin As, gnd fengycin-type compounds, including plipastatins (A, B
and agrastasing and fengyeins, were precipitated and extracted from 8. subiilis QSTT13
fermentation broth waing acidification followed by extraction with an organic solvent. These
Hpopeptides were further purified and separated twough reversed-phase chromatography to obiain
fengycmn~type compounds that were about 83% pure and iturins that weve about 88% pure.
Surfacting were extracted using an orgamc solvent and then frther purified using swee exclusion
colums chromatography 1o 953% purity. Purity of each lipopeptide class was determined nsing g
high performance lquid chromatography trace.

{0092} Final concentration of natamsvedn ineach test well wan 2.23 ppm; final
concentration of the crude bBpopeptide exiract n each well was 2.23 ppm; final concentration of
each semi-purified or purificd hpopeptide extract of fturin-type compounds, surfactin or fengyein-
type compounds in each well was 2.23 ppra. Thus, the weight 1o weight ratio of each component in
the wells containing combinations was 1:1.

{6093} Results, which show synergy betwesn the various combinations, are shown in
Frgure 3 and in Table 1. Table 1 shows the syaergy caleulation nsing Gowing's equation, as

deseribed above,
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Tabile §
e of Groweth of the Given Compound(s) af 233 ppm Gowing™s equation
Crude , ) . _ ‘ _ \ N
- ' Najamyein | Natamyein + Lipopeptide Exp Eob | Synerpy? |
Lipopeptides 3
12594 3838 .96 3544 8% 04 Yes
funn Natmmyein Natamvcin + Harin Exp Fob | Synergy? |
11039 3538 R YRS D062 Yes
Fengycin | Natamyein {| Natamycin + Fengycin Exp Eob | Synergy? |
163.04 3338 213 41.6 87.83 Yes
Surfactin | Natamyvain | Natamyein + Swfactin Exp Eob | Synergy? |
0T 3538 .64 174 Q836 Yes

Example 5 Synergistic Effect of Somi-Purified aud Purificd Barins, Fengyeins, and Surfucting
and Natamycin against Geotriehun candidam

{6094} Experiments similar 10 those described shove, using Creairichum candidiom as
the target pathogen, were conducted with (1) natamycm, {113 orude extracts of hpopeptides from
Reacilius subiilis QSYTT13 (obtained as described above in Example 1), (1) combinaiions of
natamyem and the orode extracts, and (v combinations of natamycein and semi-purified and
pustfied lipopeptides (i.e., itarin-type compounds, fengyoin-type compounds, and surfactin-typs
commpoundsy from Bacillus subrifis QSTTE

RS Iturin-iype compomds and sarfacting were extracted and punfied from A,
subrilis Q8T713 as explained above. Fengvcin-type compounds were extracted in the save mamer
as that lor Burm-type compounds but further purified using low pressure reverse phase
chromatography to al least 90% purity.

[B096]  Final concentration of natamvein in each test well was 2.23 ppm; final
concentration of the crude lipopeptide extract in each well was 2.23 ppry: final concentration of
each semi-purified or purified lipopeptide extract of Hurin-type compounds, surfacting or fengyein-
type compounds i each well was 2.23 ppor. Thus, the weight to weight ratio of each component in

the wells containing combinations wag 1L

i
L
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{B0uT] Results showing synergy betwesn varions combinations ave deseribed in Figure

A 2

4 and Table 2

Table 2
%% of Growth of the Given Compownd{s) at 2.23 ppn Gowimng's eguation
Crude ) N
) ) Natagyenn | Natamyvin + Lipopeptide Exp Eob § Synergy? |
Lipopeptides f
1hL.3 1104 327 -329 673 Yes
ftarin Natanyein Natsrmvein + Hurin Exp Fob | Synergy? |
1173 1104 4.2 295 254 Yes
Fengvein | Natamycin | Natamycin + Fengycin Exp Bob | Symergy? |
1164 1104 843 ~28.4 157 Yes
Surfactin | Natemyeit | Natamycin + Surfactin Exp Eob | Svnergy? |
tiad 116.4 3.8 -28.4 96.2 Yes

Exumple 6: Synergistic Effect of Semi-Purified and Puvified Rurins, Fengyelns, and Nurfacting
and Nystatin against Geotrichnum candidum

{6098} Experiments simlar to those desoribed above, using Geatrichm candidhe as
the target pathogen, were conducted with (1) nystatin {another sxample of a polvene fungicidel, (31
crude exwacts of lipopeptides from Bacillus subiilis QST713 (obtined as described above in
Example 1}, {iii) combinations of nystatin and the crude extracty, and (Iv} combinations of nystatin
atd sern-purified and purified hpopeptides (e, Ttemns, fengvoins, and surfacting) from Socillss
subiilic QST

00991 vin-type compounds, surfactin-type compounds, and fengycin-tvpe
compounds were extracted and purified from B sedbirfiy QST713 as explained above. Final
coucentration of nystatin i each testwell was 112 ppin; feal concentration of the crude
lipopeptide exmact in each well was 1.12 ppiy; fing! concentration of each semi-purified or purified
lipopeptide extract of itarin-type compoands, surfacting or fengyein-type compounds in each well
was .12 ppm. Thus, the weight to weiglt ratio of each component in the wells contaiaing

combingtions was 101,
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{00100} Results showing synergy between variouns combinations are described in Figure
5 and Table 3. Applicants bote thtt synergy was not esperiénced between surfactin and nystatin at
the concentrations used in this experhment. It is expected that if final concentrations were varied

synergy would result. See conunents on a sximilar sttuation af the end of Example 9.

Table 3
Ciowing's eqirtion
% of Growth of the Given Compound(s) at L 12 ppm
Crude , . , ] ) N } ;
) ‘ Nystatin Nystatin -+ Lipopeptide Exp Eob | Synergy? |
Lipopeptides 1
[ RLER 962 76.9 6.6 23.1 Yes
frarin Nysiatin Nystatin + i Exp Eob | Svnergy? |
1104 96,2 37.3 6,2 42.5 ¥es
Fengvem Nystatin Nysiatin + Feagyein Exp Hob | Svnergy
e 3 962 71.4 -8 EERE Yes
Surfactin Nystatin Nystatin + Surfactin Bxp Eob | Synergy? |
P25 963 Ga 2 No

Example 7: Synergistic Effect of Semi-Purified aud Purified Huring, Fengyeins, and Surfactins
and Natamycin against Geotricham ciivi-aurantii

{e0IDE]  Pxperiments similar o those described above, using Geotrichum citri-cowantii as
the target pathoges, were conducted with (1 natinycin, G orude extracts of Hpopeptides from
Baciling subiifie QSTT13 {oblained as described above in Exanple 1), (i) combinations of
natamyein and the orpde extracts, and (v combinations of natamyein snd semi-purified and
purified lpopeptides {i.e, itarin-tvpe compounds, fengyein-type compounds, and serfactin-type
corpoundsy fom Bacifius yubiilis QSTTIR,

(001021 Turin-ivpe compounds, surfacting, and fengyein-type compounds were extracied
and purified from B spbelic QRT713 as explained above, Final concentration of natamyein in each
test well was 2.23 ppm; final concentration of the crude Bpopeptide extract tn each well was 2.23

prm; final concentration of each semi-purified or pwrified ipopeptide extract of iturin-tvpe

ez
~~4
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compounds, surfactin or fengven-type compounds w cach well was 2.23 ppm. Thus, the weight to
weight ratio of each component in the wells containing combinations was 111

& and Tabkle 4.

{60103} Results showing synetgy betwesn various combinations ave described in Figure

Tahle d
Y of Growth of the Given Compound(s) at 2.23 ppm Gowing's eguation
Crude ) A o . § g
o ) Natamyein | Natamyomn + Lipopepude Exp Eeb | Synergy? |
Lipopeptides ‘
1163 5§74 17 332 82 Yes
ftarin Natamyein Natamycin + Itorim Exp Eob | Synergy? |
2o 7.4 2.2 354 7.4 Yeou
Fengvein | Natamyvoin | Natamyein + Fengyoin Exp Foh | Synergy? |
Q81 374 37 437 96.3 Yes
Swrfactin | Natamyein {| Natamyein + Sudactin Exp Fob Svnergy?
1196 574 26 313 97 4 Yes

Example 8 Syaergistic Effect of Semi-Porified and Purified Hurins, Fengyeoins, and Sarfacting
and Nystain wgaiast Geotrichum cltvi-auranti

{60104} Experimends similar to those described abave, vsing Geowricinum citri-aurantii as
the target pathogen, were conducted with () nystatin (anothey example of a polvene fungicide), (11)
srade exiracts of ipopeptides from Bacilivy subtiiin QSTT13 (obtained 45 described above
and semi-parified and purified Hpopeptides (e, dari-type compounds, fongycin-type compintds,
snd surfactin-type compounds) from Baeiliny subrilis QSYT13.

001057  luwin-type compounds, surfacting, and fengycin-type compounds were extracted
and purified from 8. subtilis Q8T713 as explained sbove. Final concentration of nystatin i each
test well was 2.23 ppim; final concentration of the crude lipopeptide extract in each well was 2.23
promy; ol concentration of each senu-parifisd or puwilied Bpopepiide extract of vunin-tvpe
compounds, surfaetin or fengyein-typs compounds in sach well was 2.23 ppm. Thay, the weight

weight ratio of each component 1 the wells contatming combmations was L1

R
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{00106]  Results showing synergy between various combinations ave shown in Figure 7

i o

and Table 5.

Tahle 5§

% of Growth of the Given Compownd(s) at 2.23 ppm Gowing's equation
Crude i , . ) N N
) . Nystatin Nystatin -+ Lipopeptide Exp Eob | Synergy? |
Lipopeptudes f
HIRY 305 &8 637 91.2 Yes
ftarin Nysiatin Nystatin + lurin Exp fob | Synergy? |
1213 3035 251 &3 740 Yas
Fengyein Nystatin Nystatin + Fengyein Exp Eob | Swvnergy? |
1198 305 i3.9 63.4 86.1 Yes
Surfactin Nystatin Nystatin + Surfactin Exp Fob | Svnerey? |
F14.3 303 26 651 74 Yes

Example 90 Synergistic Effect of Semi-Purified and Purified Farins, Fengyeins, and Surfacting
and Natamycin agafnst Saccharomyees cerevisiae

[00107] Bxperiments simnilar o those described above, using Saocharompces cerevisiae
as the target pathogen, were condacted with (1) natainyein, () crade extracts of lipopeptides from
Backtus spbrifis QSTT13 (obtained as described above 1in Example 1), (1if) combinations of
nagumyes and the crude extracts, aad {iv) combinations of natamycin and semi-purified and
pustfied lipopeptides {l.e., iturin-tvpe compounds. fengyvein-type compounds, and surfactin-type
conpounds) from Bacillus subtiiis QSTTI3,

{00108]  As before, haquid fungal growth assays were performed in 90-well plates to
determine whether the combination of lpopeptides and natamycin is synergistic in inhibiting fungal
growth, Each well of the plate had three separste additions, Fiest, yeast peplone dexirose media
{YPDY was used. Then, 2§ b of each savople (whether lpopeptide, natamycin, or combination of
the two from dilotion plate) was added. Finalby, 30 uL. of veast inoculum or 30 ul of DI HO was
added {the latter option 1s ased when constructing the blank). Yeast inoouhum was prepared by
moceiating a single colony m 3 mL ¥PD and incubated at 38 °C overnaght with shaking. In the
morning, 200 uk of the overnight inoculum was subcultured into 5 mL YPD and incubated at 30

M
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*C shaking for 4 to § hours. This was dihated 0 an opiical density of 6.015. Aller all three
additions, the plates were then coverad with lids and noubated 8t 30 °C overnight 1o be analyzed
the next day.

00199} Iturm-lvpe compoands, surfacting, and fengyein-type compounds were extracted
and purified from & oebrilic Q8T713 as explained above. Final concentration of nataniyein in each
test well was 1.12 ppor finad concentration of the crade lipopeptide extract in each well was 112
ppay;, fmal concentration of each semi-purified or purified lipopeptide extract of iturin-type
cownpounds, surfactin or fengvan-type compounds m each well was 112 ppm. Thas, the weight o
weight rapio of each component in the wells confaining combinations was 1.1,

[00118]  Results showing synergy betwesn various combisations e desenbed in Figure
# and Table 6. Applicants conducted additional expariments to mvestigate the lack of synergy
between natamycin and surfactin against 8 cerevisioe at final concentrations of 1. 12ppm each,
expecting to find syvaergy at a higher concentration. Final concenration of surfactin was increased
while final concentration of natmmyein was held 28 112 ppm. As expected, synerpy was

experienced with a higher concentration of surfactin; namely, 17 86ppm.

Table &
"5 of Growth of the Given Compound(a) ot 112 ppm Gowing's equation
Crude ol S _ _ A ) §
- ) Natamychs | Natamycem + Lipopepude Exp Eob | Synergy? |
Lipopeptides s
1039 97 4 £1.2 -13 888 Yes
HET Natamyeni Natanryein + [turin Exp Eob  § Synergy? |
171 974 9.8 ~4.4 9.2 Yes
Fengyein | Natamyvem | Natamyen + Feogyoin Exp Eob | Synergy? |
102 974 39.7 0.6 60.3 Yes
Surfactin  { Natamycin | Nalamyvein + Swriactin Exp Eob | Synergy? |
107.7 97 4 1082 No
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Example 16: Synergistic Effect of Semi-Purified and Purified Hurins, Fengycins, and
Surfoctiss and Nyestattn against Savcharpniyees covevisiae

{60111} Experiments similar 1o that describad above, ming Seccharomyices cerevisiae as
the target pathogen, were conducted with (1) nysigbin, (1) crade exiracts of hpopepiides from
Raciltus subrifis QST713 {obtained as deseribed above in Example 1), () combinations of nystatin
and the crude extracts, and (1v) combinations of nvstatin and semi-purified and purified
tipopeptides (¢, urin-type compounds, fengycin-type compounds, and surfactin-type
cownpounds) from Haciflus subeilis QST

{60112}  lturm-type compounds, surfacting, and fengyein-ivpe compounds were extracted
and purified from 8. subeilic QST713 as explaimed above., Final concentration of natamyein w gach
test well was .56 ppm; final concentration of the crude lipopeptide extract i cach well was 0.56
ppm; fnal concentration of each semi-purified or purified lipopepiide extract of iturin-type
compounds, surfacting or fengyein~type compounds in each well was 0.56 ppm. Thus, the weight
to weight tatio of each component in the wells containing combinations was b1

{00113} Results showing synergy bebween various combinations are described in Figure

9 and Table 7.

Tahle 7
% of Growtl of the Given Compoundis) &t .56 ppm Cowing's equation
Crude o ) , ) ) i
) N Nysiatn Nystatin + Lipopeptide Exp Eob Synergy? |
Lipopeplides 1
Hi 96.5 1.4 -3 35 286 Yex
Harin Nystatin Nystatin + {awin Exp Foh
1021 6.5 44 1.5 54
Fengyoimn Nystatin Nystatin + Fengyein Exp Fob | Synergy? |
1067 965 62.8 -2.8 37z Yes
Surfactin Nysiatin Nystatin + Surfactin Exp Eob | Synergy? |
129 6.5 8349 0.7 161 Yes

Lad
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Example 172 Synergy Effect of Natamycin and Crude Extract of Lipopeptides against
Penicilfium expansuny ot Different Welpht o Welght Ratios

[00114] Studies were conductad (o determine whether synergy was observed with
vagious weight {0 weight ratios of natamyem to orude exiract of lipopeptides. Lipopeptides were
extracied froms Bacilus subiifis QST713 as described in Example 1, above. Elficacy of various
combinations were tesied agrinst Perdoliinm expansem using the molti-well plate assay described
in Example 3. Weight to weight ratios of natamyein 1o the crude Hpopeptide extract were varied
from 1506 to 300} and synergy observed i all cases, as supymarized in Table B Concentrntions

m Table 8 represent final concentration of eack component per well.

Table 8§

Concentration of Concentration of Weight to Weight S

- A . ; ; . R Synergy
Natamyoin {ppny) Lipopeptides (ppmy Ratio e

i12 112 1 Yes

P2 (.224 S:1 Yes

HE {.00224 300:1 Yes

008 08 i1 Yes

{1.016 008 [P Yeg

£.0008 0,08 1:100 Yes

0.032 416 1:3 Yes

416 .18 1:4 Yes

(.016 316 110 Yes

0.0016 {3 16 11060 Yes

{.00032 .16 1500 Yes

0.224 112 1:3 Yes

0112 1.12 1100 Yes
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Claims:

1. A composition comprising a synergistic fungicidal combination of a polyene
fungicide selected from the group consisting of natamycin and nystatin and at least one
iturin-type compound, wherein the weight to weight ratio of the polyene fungicide and the

at least one iturin-type compound is from 100:1 to 1:100.

2. The composition of Claim 1, further comprising one or more fengycin-type

compounds.

3. The composition of Claim 1, or Claim 2, further comprising one or more

surfactins.

4. The composition of any one of Claims 1 to 3, wherein the iturin-type compound

is an iturin A.

5. The composition of any one of Claims 1 to 4, wherein the iturin-type compound

is a bacillomycin.

6. The composition of any one of Claims 1 to 5, wherein the at least one iturin-type

compound is part of or an extract of a lipopeptide-containing fermentation product.

7. The composition of Claim 6, wherein the lipopeptide-containing fermentation

product is from a Bacillus species bacteria.

8. The composition of Claim 7, wherein the Bacillus species bacteria is selected

from the group consisting of Bacillus subtilis or Bacillus amyloliquefaciens.

9. The composition of Claim 8, wherein the Bacillus subtilis is selected from the

group consisting of Bacillus subtilis QST713 and its variants.

10. The composition of any one of Claims 1 to 9, wherein the polyene fungicide is
natamycin.
11. The composition of any one of Claims 1 to 9, wherein the polyene fungicide is

nystatin.

(11438505_1):KZA
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12. The composition of any one of Claims 1 to 11, wherein the weight to weight
ratio of the polyene fungicide and the at least one iturin-type compound is from about

10:1 to about 1:10.

13. The composition of any one of Claims 1 to 12, wherein the weight to weight
ratio of the polyene fungicide and the at least one iturin-type compound is from about 5:1

to about 1:5.

14. The composition of any one of Claims 1 to 13, wherein the weight to weight
ratio of the polyene fungicide and the at least one iturin-type compound is from about 2:1

to about 1:2.

15. The composition of any one of Claims 1 to 14, wherein the weight to weight

ratio of the polyene fungicide and the at least one iturin-type compound is about 1:1.

16. A method for controlling fungal pathogens comprising applying to a locus in
need of treatment an effective amount of a composition comprising a synergistic
combination of a polyene fungicide selected from the group consisting of natamycin and
nystatin and at least one iturin-type compound, wherein the weight to weight ratio of the

polyene fungicide and the at least one iturin-type compound is from 100:1 to 1:100.

17. The method of Claim 16, wherein the composition further comprises one or more
surfactins.
18. The method of Claim 16 or Claim 17, wherein the composition further comprises

one or more fengycin-type compounds.

19. The method of any one of Claims 16 to 18, wherein the polyene fungicide is

natamycin.

20. The method of any one of Claims 16 to 18, wherein the polyene fungicide is

nystatin.

21. The method of any one of Claims 16 to 20, wherein the weight to weight ratio of
the polyene fungicide and the at least one iturin-type compound is from about 10:1 to

about 1:10.

(11438505_1):KZA



2012258776 22 Jun 2016

35

22. The method of any one of Claims 16 to 21, wherein the weight to weight ratio of
the polyene fungicide and the at least one iturin-type compound is from about 5:1 to

about 1:5.

23. The method of any one of Claims 16 to 22, wherein the weight to weight ratio of
the polyene fungicide and the at least one iturin-type compound is from about 2:1 to

about 1:2.

24. The method of any one of Claims 16 to 23, wherein the weight to weight ratio of

the polyene fungicide and the at least one iturin-type compound is from about 1:1.

25. The method of any one of Claims 16 to 24, wherein the at least one iturin-type

compound is part of or an extract of a lipopeptide-containing fermentation product.

26. The method of Claim 25, wherein the lipopeptide-containing fermentation

product is from a Bacillus species bacteria.

27. The method of Claim 26, wherein the Bacillus is Bacillus subtilis QST713 or its

variants.

28. The method of any one of Claims 16 to 27, wherein the locus is post-harvest

food and the fungal pathogen is a post-harvest pathogen.

29. The method of Claim 28, wherein the post-harvest pathogen is Penicillium

species or Geotrichum species.

30. The method of any one of Claims 16 to 29, wherein the locus is a plant, root,

seed or soil surrounding the plant and the fungal pathogen is a fungal phytopathogen.

31. The method of any one of Claims 16 to 30, wherein the locus is food or feed and

the polyene fungicide is natamycin.

32. The method of any one of Claims 16 to 31, wherein the locus is a human or an

animal and wherein the fungal pathogen is Candida.

33. The method of any one of Claims 16 to 19 or 21 to 32, wherein the locus is a
human or an animal and wherein the fungal pathogen is Aspergillus species or Fusarium

species and wherein the polyene fungicide is natamycin.

(11438505_1):KZA
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34. A method of treating or preventing a fungal infection in a subject, the method
comprising administering to the subject a composition comprising a synergistic
combination of a polyene fungicide selected from the group consisting of natamycin and
nystatin and at least one iturin-type compound, wherein the weight to weight ratio of the

polyene fungicide and the at least one iturin-type compound is from 100:1 to 1:100.

35. The method of Claim 34, wherein the subject is a human or animal and the

fungal infection is caused by Candida.
36. The method of Claim 34 or Claim 35, wherein the polyene fungicide is nystatin.

37. The method of any one of Claims 34 to 36, wherein the fungal infection is

caused by Fusarium species or Aspergillus species.

38. The method of any one of Claims 34 to 37, wherein the polyene fungicide is
natamycin.
39. Use of a synergistic combination of a polyene fungicide selected from the group

consisting of natamycin and nystatin and at least one iturin-type compound, wherein the
weight to weight ratio of the polyene fungicide and the at least one iturin-type compound
is from 100:1 to 1:100, in the manufacture of a medicament for treating or preventing a

fungal infection in a subject.

40. Use of a synergistic combination of a polyene fungicide selected from the group
consisting of natamycin and nystatin and at least one iturin-type compound, wherein the
weight to weight ratio of the polyene fungicide and the at least one iturin-type compound
is from 100:1 to 1:100, in the manufacture of a medicament for controlling fungal

pathogens.

Bayer CropScience LP

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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