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PCT/ US98/ 09471 5 - 1 A NOVEL STRAI N OF BACI LLUS -
FOR CONTROLLI NG PLANT DI SEASES AND CORN
ROOTWORM 10 Field of the |Invention The

present inverition is in the field of biopesticides. Mre particularly,
this invention relates to the finding that a novel strain of Bacillus

subtilis, AQr13, can inhibit a broad range of fungal and
bacterial plant diseases and al so have activity against corn
rootworm ™ The invention also relates to fungicidal, 15 '
bactericidal, and insecticidal conpositions conprising this novel Bacillus
strains - and the antibiotics and nmetabolites produced by this
strain either alone, or in conmbi nation with other chem cal and
bi ol ogi cal pestici des. Cross Reference to Related Applications
20 ' This application is a continuation-in-part of Serial No.
08/ 853, 753, filed May 9, 1997. Background of the

| nventi on For a nunber -of years, it has been known that

vari ous ni cr oor gANOWMERSTRAIN OF.84GIELYS HOR CONTROLLING RRANT t 0 be

useful to control plant di SPESEASES ANDUOORN ROOTWORMOQress has been
made in the field of identifying and devel opi ng bi ol ogi cal

pesticides for controlling various plant diseases of agrononm c and
horti cul tural | nportance, nost of the pesticides in use are

still_synthetic conpounds. Many of t hese chem cal fungicides are
cl assl9i ed aMEMthe EPA, are toxic to 30 wildlife and
other non-target SPhE i:reessé:ntl ixr{veaaniointiis cl)nnﬂle%w 8pﬁg§esg%%&egef\//ﬁ)|rg Ip)articularly,
this invention relates to the finding that a novel strain of Bacillus subtilis, AQ713,
can inhibit 2 broad range of fungal and bacterial plant diseases and also-have
activity against corn rootworm. The invention also relates to fungicidal,
15 bactericidal, and insecticidal compositions comprising this novel Bacillus strain
_ and the antibiotics and metabolites produced by this strain either alone, or in

combination with other chemical and biological pesticides.

Cross Reference to Related Applications _
20 . This application is a continuation-in-part of Serial No. 08/853,753, filed
May 9, 1997.

Background of the Invention

For a number of years, it has been known that various microorganisms
25 exhibit biological activity so as to be useful to control plant diseases. Although
progress 'has been made in the field of identifying and developing biolegical
pesticides for controlling various plant diseases of agronomic and horticultural
importance, most of the pesticides in use are still synthetic compounds. Many of
these chemical fungicides are classified as carcinogens by the EPA, are toxic to
30 wildlife and other non-target species. In addition, pathogens may develop




2 WO 98/50422 osj st ance to chenical pesticides (see, e.BCINUSoBOS4IN et

al ., p.. 244, ADVANCES | N PLANj] PATHOLOGY: PHYTOPHTHORA -
| NFESTANS, THE CAUSE OF LATE BLI GHT OF POTATO (Academ c Press,~—
San Di ego 1991). Every year 250-300 mllion dollars of
chem cal pesticides are used to control corn rootworminfestations. Mny
of these chem cal pesticides are toxic to humans, wildlife and

ot her nontarget species. Also some have been found in t he ground

water. New chgy %ﬁl e@é}f&ﬁlbwﬂé@ﬁma&%e&%gtsehwa 419 pieus! ABVANCES

Bi ol ogi cal contr fers an-attractlve ernative to synthetic chenical
fungi ci des. BIMBEM'EPAHH(DLOGYIQ%SYE@HMMMFEWM WHEICAYSEdEed 10
conmpounds produced ani sns) . can_be safer nDre bi odegr adabl e,

t hese_or
and &H@r@ﬂ? OTATQ é&@@gﬂc?ress, San Diego 1991). ¢ eeni ng

progr ans have |den K S

I ncl udes B. subtil g@ﬂy‘é%aggé(%égﬁln:@ﬁ) mhﬁh%“%%%ﬁ%ussfdé?rai ns
that exhi bit control corn rooﬁﬁérkﬂ uﬂ&@duo%st Mﬁns:xbftﬁeﬁeeh Txhﬁsﬁaﬂeﬁf&re%xic( 1990)
Applied Environ. M crobi ol 60: 4404-4412). ese strains have

been shown t otodnmnhnsewxldhfet mdmthcnnoﬁtagﬂ species. Also some hiwnbesarfousd M | ner

t al 1996 I b,.62:,3 1 306 ,

gnt ?bl o'g i c aé@% Yn’gtlﬁ; Oﬂé’?"f C{nicl)%“ﬁﬁ%ﬂ iq‘ﬁlmjﬂf‘i?edeﬂf"lé’ease danpi ng
ff Y, ' P.

gphanl der mat um or Bﬁﬁggﬁ A f%?ﬁ%%% %Fté%%\r%%ﬁéﬂﬂiﬁve @t‘%@%‘%ﬂ% Emmsupr a).

Zwi tt erm ci n- figcides\VaBiopestiolded (léving Organisms anditke sdtakllg prédikad ami nopol yol
nol ecul e (see, He et al, (1994) Tetra. Lett. 35 (16) 2499- 2502.

U.S. PAtent NeomBowule paRbiced byishnse pramnisms) can be gafers mose biodegradable, and
Zzwitterm cin- f\groduc.estdﬁn‘%llnlg off in alfalfa and soybeans. Wen the seed
was RO VRIYE ASB*Rer eus ATCC 53522, the pat hogenic activity of
root rot fungus '5Sgl%emnéproérﬂﬁ's%@@iﬁen@ﬁéﬂé&faﬁﬂBé&Hb&ﬁff)t'(Bﬁc%swre based
formul ati ons of certain cereus strains to soybean seeds or
the soil surrinchdesd. shbtibediscenas, BeoryceidesyB. t thuringiensis) strainisithatexbitioy bean

Soe. 75 ey 5ol ackiath aSs g Sym e LDk Lopled R Mirebiehoun i n
the 60-2%4i04304 n%ék@%ggfn%aeéaé@'sﬁwwg{s bARhe AR R I dndor

flowables, m croencapsu atiron ve agents, [1qui

formul ati ons kdnoamhirei (Milreerfer ak t(1996 AppdnEnviron. Microb. 62: 3061-3066), two
3

antibiotic agents that are effective against the soil borne disease damping off,
caused by Phytophthora medicaginis, P. nicotianae, P. aphanidermatum or
Sclerotinia minor (See Stabb et al., supra). Zwittermicin-A is a water soluble,

20 acid stable linear aminopolyol molecule (see, He et al, (1994) Tetra. Lett. 35 (16)
2499-2502.

U.S. Patent No. 5,049,379 to Handelsman et al. describes how
zwittermicin-A produces damping off in alfalfa and soybeans. When the seed was
coated with B. cereus ATCC 53522, the pathogenic activity of root rot fungus is

25 inhibited. Similarly application of spore-based formulations of certain B. cereus
strains to soybean seeds or the soil surrounding the seeds has been shown to
improve soybean yield at field sites. (See, Osburne et al (1995) Am. Phytopathol.
Soc. 79(6): 551-556). Methods of applying biopesticides are well known in the
art and include, for example, wettable powders, dry flowables, microencapsulation

30 of effective agents, liquid or solid formulations of antibiotic fractions from




sui tabl e gﬁ%slljsrogsz_ (See e.g., U S Patent No. 5,061,495 to RSILP3 U, s,
Pat ent . - No. 5,049,379 to Handd snan). Smth et_-
al. (1993) Plant Disease 77(2) 139-142 report that the activity of

t he soil-borne fungus, Pythium aphani dermatum that causes cottony cucunber

5 | eak can be suppressed using zw tterm cin-producing B. cereus
strain UWB5. Leifert et al. (1995) J. Appl. Bacteriol. 78:
97-108 report that the production of anti-Botrytis and

anti - Al t er nashitablaciloresi (Seebg/g s WeS. Batsnt Nos 5961 405 so Ressall astlj.S; Batent
CL27 and B. m | 4 |l e broth and cell-free filtrates were
active %0 6‘@?@%%% SHﬁféfPe?W@g and Alternaria in in vitro tests and
were active. agal NS fill ¥ fadd) i Disease (N 190- T BhorPlidDinlaByty oF

Astil be. Leifert et a 5,597, 56

di scl ose B. &H@Edll-bSmeﬁunWWﬁ TiumapHamderpiitymythat ddnsés cottenpautimbdrar | y
effective at inhibiting post harvest disease causing fungi. They also

di scl dse t he leak can be supppessedbusing wmxm—atqd@smsrﬂa@msmnt ell-free

hey do not a&%“dﬁé@i‘é@gluh@ Sl 78: 97-108 rept At i lribI %S ()’

Patent No. 5,3 ?%7 %ﬁh'abﬂ&oﬁ%& {wwa&m% Bﬁams B. subtilis W th
broad anti -funga ctivity. S ol berg etal. (71995) . Mcrobiol. 41:
247- 252, Swi r¢i2hendB. pumilis GL3ST Bhesvhdle btoth M;ahoell-ﬁﬁeﬁltraiés werelacivg, Si ngh
and Deveral |l (1984) Trans, Br. Mcol, Soc. 83: 487-490, and

Ferreira, et agpinstBotyyys and Alternaria IPH}/Y%éF%%VC@lmZBSgWB%K’é@et al .

1983),, Ph hol 8- f Bacill
Conl 10,0 o RRVAES S pling I o Afnd hcitertor o 269508 HndtitRicp], BECT 05,
pat hogens. Bak$97,665 aisclosé B8 Iubihy 1B Qainkils, @8 B Jolybhd- thdtate phrsioularly

report on an antlfungal Bacillus subtilis for use Onéﬁl ant pat hogens. Pusey

et al. effectiv¢ ma;blﬁngpostmas/esﬂmseasmmm fupgis chhey atsordisalose the) S,

P No. 5,047,23 MK 8 |
o a3 rEGE ot b debw@mﬁseceﬁeﬁ sl ool 4 S ORB R
subtilis. m'@ﬁﬂ@{)e\?lvrtﬁg{valﬁ Qy?‘ﬂ@nﬁﬁﬁﬂm fy#fidse compounds. antibiotics

simlar to the ecular weight Tturin cyclic polypeptldes
contri%ute to thi sRbssatli(@De) UScPatent Yo.of,341,641disclbses. Bacillus subtilis strains
Liu et al. (1995

megat eri um e )bm P%’:!‘%gltﬁﬁl\!‘t?’%gsb%‘% it I(?%rsgséﬂ’ﬁg}aﬁi'l o u§ ﬂ&t hogen,
30 R ZoctPH'ﬁffkf@mLa&%mmlwmg%ﬁ)uywpsg@' 9fzﬁlmt hapangs and

11
Protection 920a@)erall (19823 Grahs Brobpcdl, Swcigst nsmsg,ammmm éttul. a(m99g)om smto

Drechsl era oryzae, the causal agent of rice brown spot. sane aut hors,
| sl am Phytopathology 81:283-287. Baker et al. (1983) Phytopathology 73:1148-1152
20 disclose the use of Bacillus spp. and Bacillus subtilis as biocontrol agents of
. fungal plant pathogens. Baker et al. (1983) Phytopathology 73: 1148-1152 also
report on an antifungal Bacillus subtilis for use on plant pathogens. Pusey et al.
(1988) Plant Dis. 72: 622-626, Pusey and Robins (U.S. Patent No. 5,047,239),
and McKeen et al. (1986) Phytopathology 76: 136-139 disclose control of post

25 harvest fruit rot using B. subtilis. McKeen et al, supra, have shown that

antibiotics similar to the low molecular weight iturin cyclic polypeptides
contribute to this fungicidal activity of B. subtilis.
Liu et al. (1995) U.S. P.atent No. 5,403,583 disclose a Bacillus
megaterium, ATCC 55000 and a method to control the fungal plant pathogen,
30 Rhizoctonia solani. 1slam and Nandi (1985) Journal of Plant Diseases and




and Nandi WA8¥8323 5, nal of Plant Diseases and Protecti on 9RGYUSISH0

al so - disclose in-vitro antaggoni smof B. negaterium agai nst )
Drechsl era oryzae, 5 Alternaria alternata and Fusariumroseun. Thgey
di scuss three conponents in the culture filtrate. The nost
active antibiotic was highly soluble in water and met hanol with

a WV peak at 255 nm and a shoul der at 260 nm which proved to be

a polyoxin-like |ipopeptide. Cook ((1987) Proceedings Beltw de Cotton
Producti on - Pypgdefinh 9a(3)024 IRR46 disclosé @ Bheillp aregalepiimwitbattagohismMophi s, p.
10 43-45) discloses the use of a suspension of Bacillus nmegaterium
to reduce t hdrechslera oryzae,themapsal pgensiof sice browm spati (The gawg apthorn dejami chum
omivorum a ¢ e .0 t.on ., root rof. .

At b ot 1 ¢ peBREREE SR et Rl Pisrat? pad FroecimBeL 33324 piecre
Handbook of AclANeGhiVirCRABRUIER of Y0 egahertin aghiSKDIZcRfIEna driiae, Boca Raton,

15 FL 1980-87) who reports proddction of |ow nmammalian toxic peptide
anti bisoti cs Alternaria alternatthawbtFesasiwm toyeim.- Phsy Qisctssdhreetcomponents dgeathen,
pent apepti de, honopepti des. Bacilli are known to produce

antifungal aylturefilgate cbheamogtactveiantibiotic was highly spluble in wates apor zybski et

e onon ) e Sl Py MR 785 Bofi AR o1 200 oy et 3680 0 °
produced by Basolydaif-1ike li Pg:tgirebggglég(l99’9‘))P%Eéaﬁnéseﬂéltwi35@ﬁbh2499' 2502). A

second fungi ci'dal netaboli by the sanme strain was recently

i dentified Production - Mechamizdtion Research Confevence, Cotters€oumail, Methphis, pt al .
1996 | . Enyiron M craob. - 3061- 3065),

Aottt OF oud 3o lessa tiesg.afe shmenoRa ot Baet v aieRatr o Tshuea e cyol i ¢

25 1T PoRGHel g?Eot‘PJn B1Bfs \d By Phincton il r%ni%}lufrﬂ aafisP¥ coton

fungi ci dal agents. ese adents consist of a cyclic octapeptide

with seven arestroq aci ds and one ,-am no acid with an aliphatic

side chain. There are several groups of iturins that differ in

gr Fler and cont ent dutibiptic HYﬁdh‘étl%? sfé?ﬂfé?fté’é" has becn f&?‘fﬂ%hﬂﬁﬁ@ ﬁ%@de 1 i
A . . t
o f e ences HedkadEBEARHbibricTontbouiad VAL IR, ERCPHEIokpRESRUGR]

aci d yesi due FDN980-8 PSwR6!repdits Pedduction of low-mammalian toXie peprid@antitistics
cerevesi ae, nycosubtilin was found to be the nost active aalent

(LC50 = 10 [ sreh a9 aspmitocinoReN-By bacimethrinjmegdcipspdntapsmidé, homopeptideshavi ng

LC50 = 30. /) (B et al. (1979) . J. Anti bi,ot |
22(8):828- 833). T a‘iﬁ’{%‘%ﬁ&w“)“’f’ ‘e“g%)?‘%% ."%‘arlapﬁ@@%b%?&afgeﬁ'°rlb%g'egf i des has
been report egndtbdlReSdorkPoskEAAI 21[7 . University OWQOPHH%H CBRAQI anes

creating transnenbrane channel s t ermt rélease o vital ions
(Lat oud et alreseffich8fs)haBe adantified Binopelyfangididabc@bpotids z@RErmidiniA,i i n-C i s

e ORI 0 i £ Tbbd) . LR IS 21

Tabl e |

second fungicidal metabolite produced by the same strain was recently identified
as the known amino-sugar, kanosamine (Milner et al. (1996) Appl. Environ.
Microb. 62:3061-3065).
Another group of previously described Bacillus metabolites are the cyclic
25 lipopeptides of the iturin class, some of which are potent fungicidal agents. These
agents consist of a cyclic octapeptide with seven a-amino acids and one $-amino
acid with an aliphatic side chain. There are several groups of iturins that differ in
order and content of the amino acid sequence. These are shown in Table 1 below.
Generally, a suite of related molecules is produced with differences in the length
30 and branching of the aliphatic amino acid residue. When tested against
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10 Structures of the iturin fanily of ahtFHPEYI%Y
Antibiotic L-Asz(X) X4 X5 5 X6 X7 -
lturin A L- Asn L-An L-Pro D- Asn L- Ser -
l[turin C L- Asp L-dn L-Pro D- Asn L- Ser

Baci || o- L- Asn’ L-Pro L-Gu D Ser L- Thr

mycin D Baci | | o- L- Asp L- Ser L-A@n D Ser

If)_ 12:, - ﬁqrrc}ézclzrrzmlz_yces _cmqq{aq?%zjlrclolsgbtilin wla_q\éilgd to be thléﬁgé] Active agelﬁ]:_ ?E;O n
L-Pro

[err] D S50 = 10 it} followed by iturift'Ahdd batillomycin L (both havingan [ ©7']

A research gropygset W@d EPNAS9P9 L Hriridoties Bz@mslsag).i Thé thode
relationship of the iturins. synt hesi zi n% a nunber of anal ogs differing

in the of actigniofi theseicyrchit lipopeptides has reposied tebedue todpteractiont hat
the activity of the iturins . I ncreased wth the | ength of {he
oty abid i duithiSnen HRmoRees PAine e AT Aol At pertittelbast pfior

So>nor mal >ant Gl s ABedr ! 198 8PBBMGE Biop Bl BSRA0R-ASGUih R0is -+ -

Soc. Am 22nd: ey also’state that anounts o urins

obt ai ned

comercially viable" based on their
produci ng st r afefeahsdrand4ilil§4-1152).

inactive dgfabiist fiaxigi indluding Pericillinmodteysogeniag (Réypoidehd. (1978) ,
work with a nunber of iturin
Anot her groups of cyclic

| i popeptides isolated fromB. cereus are tt]e 10 pl i pastatins. These
conpounds are a famly of acyl ated decap'gﬁlf F‘&es, t he structures
of whigh are shown in Fi gur estiuchiles bf the GhukinFhm@ly of hldPbics)- Anti biotics
39(6):755-761). These conpounds were originally isolated as inhibitors of
por ci ne pancrjedAntibigliosjpheAsz{Xdy (A2 (X4ezaa eX%al. [(1988p J. [AntiXFoti¢s
Iturin A L-Ashn L-GIn L-Pro D-Asn L-Ser
Iturin C L-Asp L-Gin L-Pro D-Asn L-Ser
Bacillo- L-Asn L-Pro L-Glu D-Ser L-Thr.
'mycinD
Bacillo- L-Asp L-Ser L-Gln D-Ser L-Thr
mycin L
Bacillo- L-Asn L-Gln L-Pro D-Asn L-Thr
mycin F .
Myco- L-Asn L-GiIn L-Pro D-Ser L-Asn
" subtilin

15

R{CHy)g~1,CHCH,C O— X,—>D-Tyr —D-Asn

NH <= Xy<— Xge— X5 =—— X,

R= CH3, CH(CHa)a. CHaCHzCI)H
CHs



39(6): 737- AD)*®Bt% were later found to inhibit some plant paPEBYEMR4TLNg
15 including Botrytis, Pyricularia gnd Alternaria (Yamada et al.

(1990) Ni ppon Noyaku Gakkai shi 15(1):95-96). Yanmada al so -
reported a synergistic effect observed between iturin A and the
pli pastatins, both produced by the sanme B. subtilis strain.

Work has been carried out on fernentation inprovenents to increase 20
production of the iturins in both liquid (Phae and Shoda (1991) J. Fernent.
Bi oeng. 71:118- 121)A1@eanc}egroap at (he3I8I)A has ﬁwesﬁgﬂtedihiec&ngme?’ﬁctm 465) and

solid state ferpentat,ons, (Chno et al.. (1992 ot ;L4( 9). 817 822,
oo relagionghip §f TSI by rissingss GURbE O antloEs &

areport of syn ShEb t hat
are thensel ves rac |(¥/%ham}élg?£e | u%%%%ggﬁé&m&%g%%%g&?%%@%ﬁe B.

subtilis straiihctdabdd@ith the leffth dfl@@ﬁhy%cx@dbcméndthetermmal braddhén@iH oL.
38: 635-640). The nucl eoti de sequence for theé&ﬁne that co-regul ates

bi osynt fiesi s oﬁelmllm%mdl@utd@dﬂmdmgl I )Wbbl@h&kﬁ(ﬂﬂf&r@gdlatmn
(39?3)n grod ci Y- M%Eﬁrgnﬁgim%l Cﬁ“"gal ﬂ’gﬁ%eé}?g%uﬁg"glb%p?’ t&mﬁﬁlent for
ituri uci

| of Rh
(7:ontro 0 '%@1@3%’3]&?%? Ehvi rx@r?g fe to e cqmmersially viablg B?s 403 el ar

field appli catwetiswith a number ofmxrm;:fodnamgamm@fﬂaeﬁlﬁsr eport ed.
Anot her cyclic |ipopeptide corrpound produced by B. subtilis is surfactin,
whi ch possesses an éﬁe&wmogeywdmpptybsnsnlatwmrﬁfweme (1969)

090 W ey Pz CIBBStnd B R 54 AR B R OB " ©°
hept apept i de nghired\bf Whithlde&shddn MEFipGRC lshkan etal. ((4\98655.1! Sfntidlotick 968)

Bi ochem Bi ophys. Res. Commun. 31:488-494. Sandrin et . ((1990)
Bi ot echnol . Ap3(6):B65HT6é)n Thede 3ompaTtds Ware origidally udmlated as whitdtarsof hat

produced both surfactin and tu bacill o | E L.and
mycosubt i | i n. REFcIne pancreatic p °SPL?£@sﬁév26m%‘V%6tr‘gy §9g§ﬁ&ﬁ'§"ﬂ7"§covered by
the i nventors, | 1 us
megat eri um and %&V?Zgﬁwh %eslataergcitdrﬂg‘{gm}xﬁi?s&ﬁeﬁlaﬁ&ﬁ%h@gﬁ li,lbtl lis,

producés A it uinchalingBoppes @rmmammnsmkmrmamﬁdadwm I(D99(l)fN1ppon
this conbinati on of Li Bopept L des tbﬂ%%fl m cr oor gani sm_has nog n previously

r_epgr ted. In BN Kamadyalse sxported atswaergﬁe? esd so
15 '
DTEHEES 15 s e 8 A PSR

conpounds W t hg}Hais &R, agrastatins is also novel.

One comonly used bi opesticide is the gram positive bacterium Bacillus
t huri ngi ensis. Pest Wonkdias Been ¢auriehoutomdennentatidmismpreeementswe ingregsarduce
crysta

to cer?gl n ord@ﬁ"g Otelpé’e?t%{"hgglé‘ggi‘ﬂ@@t(gﬁa‘f ?&@ZL@Q%&P%&? I()éeteOXI ‘

e.g., US. Patgps Nﬂsllﬁlﬁﬁﬁda% e?Bld(1993?J FermenﬁB?&%gOﬁ 4631468} gdraceous

endot oxi ns produc by B ringiensrs also act
solid state fermentations (Ohno ef al. (1992) Bzotech Lett. 14(9):817-822; Obno

et al. (1995) J. Ferment. Bioeng. 5:517-519). There is a report of synergy

between the closely related surfactins, that are themselves inactive, and the iturins
25 produced by the same B. subtilis strain (Hiraoka et al. (1992) J. Gen. Appl.
Microbiol. 38:635-640). The nucleotide sequence for the gene that co-regulates
biosynthesis of iturin A and surfactin has been published (Huang et al. (1993) J.
Ferment. Bioeng. 76(6):445-450). Field work on iturin-producing strains has
concentrated on soil treatment for control of Rhizoctonia (Asaka and Shoda
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I nsecticidal agents against corn rootworm and ot her beetles (e.g., US
Pat ent - No. ‘ 5,187,091; Johnson/ T.J. et al. (1993), J. Economc--°
Ent onol ogy 86: 330-333). B. 25 t huringi ensi s endot oxi ns have been shown
to be effective as purified crystals, washed cell pellets, and
expressed proteins. Warren et al . (WD 96/10083), di scl oses

non- endot oxi n proteins produced during the vegetative stage of Bacill us

cereus and B. ringiensis.,These v I N &I Qt.Li. N . and
Vip2 nave. (1998 dnpt i Mieraprarl BE0R 080 Plidnss BrRBeshede "an
west ern) (Est;

8 Hﬁﬂﬁgbﬁgeg%t:bee trerogteéil, ot echnol ogy 15:137-141 .and Mullins et al.
(1997), Appl Another &rlic lipopeptidercoipoiund pRoduced by Besatilis is surfactin,

One B. thuringiensis thernostable netabolites, terned bet a-?ﬁﬁéﬁm n has

al so been shovhich possasses ga skeentigapl W@S@FE?@%’!W%&W’% Agic. 1979)
5 E : 284 [ ' [+
2gai ndd col ortih Chem. 33:973976%, shiilin edhuetfl SAB RSB hiBony BAfAGS | |

addition. tNgdBawy Hactone ring to a heptlpiptelRbistySwitk hLIDILDK) sRguéeh bi { o
non-speci fic pesti Ci a(f activity, kiTling not onl y nemat odes,
but al so fli g#rina enalofl968) Bidchem. Biophp Res.rCopmen.31:488-49% Sandrin et al.

Chorads 1o (1590 Bttt beks Bt cor 0681 Tomia Ao e "
20t 219 A o A b RO BB W Rt
Gammap@xot oXi NS ar Phe/Rdved wiiciobsimiNny Q7 18rdistovered by the inventors; prévioasigs and

proteases. The toxic effects of gamma exotoxins are on{%d .
expressed in thowglittabe arstrainof Basilusanegassrinm end vewtidersifiedias:a Sairef sber g et

al. 15 (197 "Bacillus thuringiensis: Its effects inr _Envi.ro nt al
Qual iy, NatBesilts suontss, producea ikt Dl s susfitins. PepdiekbReRy o
(1994) ACs Qﬁﬁ% abfoin! miprbgvlptides by a microo %i%ﬁﬁﬁ%hoﬁbé&tﬁéviﬁﬁélﬁm e
secondary netabolite active agalinst Corn roofwormin t he

super nat ant afepertéhclinl ddditione the inveritorsihave discovered that AQ713 alstrprpduces@ no

docunented strains of Bacillus_w th bqth. fungicidal and cgqrn 20
r oot wb? m act i ReWly desqsibed gzoup mgﬁgfsdgﬂﬂ??‘f s agrastatinsg Baci | | us

subtilis 2. ot h Of ¢ - 0 %& o jght and are
extractabl e .i%or%b%th%np%ﬁt%f&?ee éfthggﬁm}eg%{&%‘n? i tﬂén&‘g scl osure of
t he Inventi onagistatins is alsonovel. A novel antibiotic-producing and

nmet abol i t e- produci ng strain of Bacillus subtilis, previgusly

i dentified as Baci Onesomopniensehiopestipideis the@ram posisive bastegum Bacillus

1 aad A e S5 e B i
acti vity. S 1 n e . u I11S
with 29 protedid dﬂiﬂ%sgéﬁﬂﬁﬁ’éﬁl WK ¥RIspecifib AR PkRMbdedainorderiahdod of .

treating or protecting plants from fungal and bacterial infections
conpri si ng t hepesies pf ifsectp phd nematades (See, e.g., U.S. Patents Nos. 4,999,192 and

5,208,017). Proteinaceous endotoxins produced by B. thuringiensis also act as

insecticidal agents against corn rootworm and other beetles (e.g., U.S. Patent No.
5,187,091; Johnson, T.J. et al. (1993), J. Economic Entomology 86:330-333). B.
25 thuringiensis endotoxins have been shown to be effective as purified crystals,
washed cell pellets, and expressed proteins. Warren et al (WO 96/10083),
discloses non-endotoxin proteins produced during the vegetative stage of Bacillus
cereus and B. thuringiensis. These vegetative proteins, called Vipl and Vip2 have

potent activity against corn rootworm (northern and western) (Estruch ez al.
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9 &ffective anount of the antibiotic-produci n§CBXEPF4
subtilis. The -anti biotic- pragluci ng Bacillus subtilis can be
provided as a suspension in a whol e broth culture or as an

anti bi oti c-contai ning supernatant obtained froma whole broth

culture of the antibiotic-producing strain of Bacillus. Also provided is a
nmet hod 5 of treating or protecting pI ant roots fromcorn rootworm

i nfestations conprising the step appl yi an _effective anmount
of the novel r%aoNameeﬁmenhwwls :137-141 andEM llnﬁafsag(ﬂcﬁWD’i@PlThe novel
met abol i te-prqduci ng,Baci,l.l.u ubt|I s can be provi ded as a
suspensi on | nﬁ"’mm é;ﬁ"r"&’t’?{ {rhprg %’r as a netabolite-containing
supernatant of a Pusid e @ngmem i1 BEcaligl A, RriBR bR ORI b T @ Of
t he 10 m cr oor gani sm so prow are nov corrpounds, agrastatins,
produced by t lakso been shown to lmeqiesmlddlpnoﬁbﬁmﬁ Burgjezomand:Biache(1978),i on of
conpounds corrprl Si nghl nt ur a plipastatin, a surfactin and

an agr ast at i n£Entomophaga 11 279828”‘3‘16P%§&eﬁﬁ thaf fsachve agaigst Gojorado

Figure 1 shows

i oure 2 showgotie biesedeliioriiog sPlaineahdy, ThRufdh oft Bhthi 2

Modes of Carr v pgndibiisis hia-eRyi8Rink @Rhibits non-specific pesticidall AtivitySRRlihg hétvent i on
provi des a novel strain, AQ713, of Bacillus subtilis, 20 previ ously

identified as oalm:itbdes b‘ew:saeﬂxea,ramnrwoums,amtes,anécmfromdrmshéhgmmad

antifungal and ant|bacterial acti, and t he, novel canbi nation .of
anti f ungal an&xotoxm a strugfyr ?S%ﬁﬁtgh?}?\%PW’éb?P‘gﬁﬁwv?ﬁg pradprain i s

desi d A h 7,
1057 Uiter ¢ nEvE BB rmmer o al (| 99ATIClohioL %ch 26 ALY, Apn

| nt er nati onal ekoaimnisttoxio agﬁmmmpbumcmﬂom&maqmmmmWEM&e 25
Purpose of Patent Procedure under Accession No. B21661. The invention also

i ncl udes et hddimhwlpLet&e&iﬂagGamna-Pw@mgwgaus proteaiylie enzymesdi seases
| ant h ; t
supbr nat ant s SPiRgres i phéteRlS TR ] bttt bf Bl SroBRigs ACR 201 et ) "

strains. The icRpRBI<dIN combihatiof WiflSeta-exotoxin or deﬁ%ﬂ&ﬁéxﬁf Forébtg sxdaip! ant
roots or soil to control corn rootworm |l arvae with a bact eri al

suspenkS on of (MYE) Bacillas Weiritgidrisise Itsoffegtsrin nglva'upmpnlal Qualitys” Nationial ur e
10 Research Council of Canada. Stonard et al. (1994) ACS Symposium Series 551:

25 report a water-soluble secondary metabolite active against com rootworm in
the supernatant of a Bacillus cereus strain.
There are no documented strains of Bacillus with both fungicidal and corn
20 rootworm activity. There are no known metabolites produced by Bacillus subtilis
that are of less than 10,000 molecular weight and are extractable in a non-polar

solvent.

Disclosure of the Invention

25 A novel antibiotic-producing and metabolite-producing strain of Bacillus
subtilis, previously identified as Bacillus megaterium, is provided that exhibits
broad fungicidal and bactericidal activity and also exhibits corn rootworm
activity. Also provided is a novel metabolite from the novel B. subtilis with
activity on comn rootworm. Also provided is a method of treatihg or protecting

30 plants from fungal and bacterial infections comprising the step of applying an




of AQ713 of Spuri 3 ed metabolites fromstrain AQ713. The i nveRGTHSOM04I!

i ncl udes g a solvent-extractabl® netabolite with activity on corn_-
rootwormwi th a nol ecul ar wei ght of | ess than 10,000 daltons.

The invention further includes novel conpounds, agrastatins,
produced by the novel mcroorganism Also included is a 5 novel

conbi nation conprising an A-type iturin, a plipastatin, a surfactin and an
agrastatin. Definitions As used herein,

"bi ol ogi cal efiectivé ampuntddithe antibietic:prodncing dacilus subilgs nThe ankibiotic- | nsect
by the use of a,second .arga 'szm Known chani sns _of hi ol ogical control
i ncl ude entemdmgf’?lgu‘?ﬁ'%n E‘cﬁ?f‘%lpr?vd ?S&s‘ﬁ?‘“&tﬂnmgﬂeﬁfﬁ° ngi for
space on culture or ds'3f aﬁ'ﬁgfdt?i%?coﬁ{aiﬁiﬂg sﬁ&?fé%uh@foo%{tﬁﬁé@ﬁoﬁl%wﬁé bib@h as

anti bi otics, have been use pathogens. The toxin can

be isol at ed aatturyflthe dntibiotic-producing! shairpdfaBicillis. Also provided isheméthoder i al
speci es may admi nistered so it produces the toxin in situ. 15 .
The t é m " f uef teeating or protestingiplant verts framgarn reafworminfestations eomprsingor e-

D100 oo e i Ak ARl B AR Mo AR, | 1
"bacteria’ i rgdcHARSuBRNs. PIHRKVEPKeabOR B4R ML BhcifliE Subifis AR'YE

a distinct nLF(ﬂ eus. 20 s v & @angl?gél?%a%qgneans tr?e ability of a
subst ance t o providedasa suspeasion yn awhole broth culturé ortusts metabelitgromntdiningt e of
fungi . ' I ncl udes any, substance that is able

i | 0L Dioti e
to kill or i #HPgmatagtor a purified metaoplitsmbtpingdsizom avhoele broth sultuse ofdher oduced

by a 4f croor ' - RY . ' r . Or ' tic
roackls: " The MRt s provided srpadveTbiRbbind RRSRH pREeY PYRR, T
or Kills fungovebitra®X AQH1S, and\d idvel éorbiRatforOéf doRijRwAls ddnprising inturin A,
"Antifungal " includes any substance that is able to kill or inhibit the
growt h of f umgplipastatin, a surfactin and an agtastatior m "cul t uri ng" refers to the
propagation of organisns on or in nedia of various kinds. "Wole
broth culture" refers to a liquid culture containing both 30 cells
and medi-a. " $RFTREAPon HEME Dralvihgshe | i quid broth remaining when cells

11 growr 1 protim are renoved by centrifugation, filtration,
sedi nEént at i on, or Righrerl shows the structureanfshe\plipastatin\antibiotithie art .

Figure 2 shows the HPLC chromatogram of AQ713 metabolites.

Modes of Carrying Out the Invention

The present invention provides a novel strain, AQ713, of Bacillus subtilis,
20 previously identified as a Bacillus megaterium, or mutants thereof with the broad
antifungal and antibacterial activity and the novel combination of antifungal and
anti-corn rootworm activity. This novel strain is designated AQ713 and was
deposited with the NRRL on March 7, 1997 under the provisions of the Budapest
Treaty on the International Recognition of the Deposit of Microorganisms for the
25 Purpose of Patent Procedure under Accession No. B21661. The invention also
includes methods of preventing and treating fungal and bacterial diseases in plants
using such bacterial strains or antibiotic-containing supernatants or pure
antibiotics obtained from such bacterial strains. The invention also includes
methods of treating plant roots or soil to control corn rootworm larvae with a

30 bacterial suspension of AQ713 or a metabolite-containing supernatant of a culture




An "effect NPEMA Nt is an anount sufficient to effect bencRGSHUSISAATI

desired results. An effective anount canQbe adm nistered in one or nore 5 .
adm nistrations. In terns of treatnent and protection, an "effective -
amount” is that amount sufficient to aneliorate, stabilize,
reverse, slow or delay progression of the fungal or bacteria

di sease states. As used herein, the term"insects"

i ncludes all organisns in the class "I nsecta." "Pre-adult”

i nsects ref er f AQ7a8)r bafiffedmetibolifed fidhbstraih AQ7180 THednvetitioh aldd includes

stage, including, for exanple, eqgs, |arvae, and nynphs. "Insecticidal"
refers to a solvent-emaetabnfﬂ metabolite withagtivity e somgoptweranwith gagpelgrulay or

inhibit growth rate.pof j.nseqt .. "Ne Lcidal";refers to the
ability of a Wetst 6 s {3 1HPD deltons, The ‘PY?I‘“&W?‘HP‘E‘“““ novel " ° |
growmh rate o &ﬁ{cﬁdé‘%gsta" RShiodhdtdl b %ﬁgy,l tance
to E?‘E@r ease rttgtsl’ l;?qgéraibr? htlhglilt6 {'?r%%&r"g h raﬁéboi?aiugggg)i
nenat odes andnovdl eambirfation comprising an A-typEdtirin  plipastating b ‘Susfectivsaral awonpound
known to have pesticidal activity. - "Positive controls" include,
but are not | pgfstadt o commercial ly avail abl e cheni cal
pesticides. The term "negative control" neans a conpound known not to

have pesticidal activity. Exanples of negative controls are water or ethyl
acet ate. Definitions The term "sol vent” includes any liquid that

hol ds anot her ~subStance in 20 solution. "Sol vent extractable" refers
to any conpound t has uied beteing biotngical oontendt is defined as controd of ampathiogemen may

be isqlated fromthe,  sol vept. Ex | es of _sol vents i.nclude,, . but
are nd0 1 i+ BORDY 15 s pLa sespUd pREamISTY, AR Peghupt st ological control

The term "net APV . %Eﬂjd _&ﬁ%gﬁqﬁl . of

a fernentati oﬁﬁo d"a&‘ﬁ?’gﬁ‘%ﬁ"g‘gtﬁﬁaﬁgﬁ% aspg%gtﬁfljm ﬁ%%@gﬁgﬁ;&lﬁbl otic
as 25 defel sneficabbthe roct. Baotetabokinscsuthas ahtitsiatitsy hawd beea wedtost a

m croor gani sm erm"agrastatins” refers to a group

. The te t 1 Ns
of novel conpeenitn] pathpigers. t The toxin can be isolgted andanplied dirgetly tocthe plant or
12 . . L] - I - e .
d x- Om Tyr - Th&e&a\g{e_r% fpreggeérr)x(a_g.lasir'ix{l%}gﬁe% St Sfodllce%e toxin in situ. |
| 15 _ The term “fungus” or “fungi” includes a wide variety of nucRiatdd spore-
where Rlerr] is a branched or straignt aliphatic side chain, C8-C20; Xis
either 5 beariig-organivab thaRarei deveid of cblozophydl: Examplasenf fumgiiivelndee; and

Ax is dn or d ounds have anti bacterial and

. T .
anti f ungal ac??ﬁfh?‘%&ss’\?%fqeﬁsnﬁﬁt@d%g}m iroorms. rootworm activity.
W describe a nove}l‘h@?@rﬁp%dcie?iaamaﬁ%&hﬁﬁkﬂcﬁfﬁﬁ@@%ﬁ{d&&tR)fthgﬁé:' I'lus

subtilis, previously identified as Baci s negaterium that has broad
anti fungal 10adistinct mrdewsnti bacterial activity and that also kills or

stunts_corn rootworm | arva I n anot her aspect, the present
S eidal? e ortaflt}P

i nventlon provi des “E%Pﬂéh-%?m?@aﬁbﬂ% of 2 SHPHANCEP Hprease m Oh| ant s
from fungal a%ﬁg&};&&%}&g‘%&ps conprising applying an effective

“Antibiotic” includes any substance that is able to kill or inhibit a

microorganism. Antibiotics may be produced by a microorganism or by a
synthetic process or semisynthetic process. The term, therefore, includes a
25 substance that inhibits or kills fungi for example, zwittermicin-A or kanosamine.
“Antifungal” includes any substance that is able to kill or inhibit the
growth of fungi.
The term “culturing” refers to the propagation of organisms on or in media
of various kinds. “Whole broth culture” refers to a liquid culture containing both

30 cells and media. “Supernatant” refers to the liquid broth remaining when cells
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amount of a supernatant obtained froma whole broth culture ofP Bi(l:JISﬁ/({?S‘m

subtilis: : AQ713 within the preséht invention. The supernatant may _ -
be obtained well 15 known in the art including centrifugation,
filtration, sedinmentation and the I|ike. I n anot her

aspect, the invention enconpasses a nethod of treating or
protecting plants fromfungal and bacterial infections conprising applying

an effective anount of the whole broth of the novel strain
Baci | | us subf i 18rewn in broth are removed by centsifugationefiltuatipacsedinentation, op PHhh

enconpasses a nethod treati r 20 protecting plants from fungal
and bacteri al &éﬁ%@f@b%ﬁ?ﬁ appl ying an_ . ef fecti ve anount

of the antibiotic pragduefectié dnlbunPOisthn aidubt SufficieRof éffets bénbficidl bs -

I n anot her aspect, the present invention provides a nethod of treating or
prot ecti ng pl andesiredtesults.cAn effectiveantonnt can bef abniaisteved inconeporineéneg appl yi ng
an effective anmpunt of .a supernatant obtained.froma whgle broth

cul ture ¥f Baci3dmigistrations. In terms of freatmeny and protectian, ane cfegdivs, ampwate is theh
The super nat ant , ' . oy ' ' | ng
centrifugation, mﬂ@'ﬁt lr‘g’gﬁf %?rl\l? lt(g g@#r‘r%ﬁ?éf?‘%ﬁ%”%ﬁ%%ﬁ% sfotot &'elé;hﬁrq%ﬁggi_oﬂ%ﬂﬂé

I n anot her aspefuhgaltdi®batieriadiséile sagnpasses a method of treating or
protecting plants fromcorn rootworminfestations conprising applying an 30
effective amount of Alasedhdreinpthettermyfinséots rinclptessall eriganiBms in thesclassbt i | i s.
13 ' n,fyrther aspect, i nvention engo

w e | the i assesg a
rothod of treat gl “Pro-acuit infiEis SRS o py. 1Pim oF A SrEsBImL RGBS S8or m

i nfestagpons ¢ | Sl | Iy e > e
et avol 16 pr o) iR TRE PR oges lavep nd RS (EsRURUP B F,
I n order to achthewbiligpofia siilsspaics toincioase mohaltycst inkibit @rgwth ratecsfinydctsdi n

the present invention, it may be advantageous to formulate the whole broth
cul ture, super navematicadal] mfersde thembility|of arsnbstancedo jporepse sastaligy exinhihit aj d

di spersi on and |on. it e f L ationg Wl L, be.kno hos
skilled in _t%g @F"s‘*"?‘t‘ﬁt&%fﬂeﬁgk‘t?es'%°‘&a’ reters t‘tg’r%ag’élul‘(‘?i% SuBsthel N, |
present inventiaBreast mbfality orhbR the'Sroweh fAObLinsects, nematoded Aidifites.
granul es and the like, or can be mcroencapsulated in a suitable medium
and thelfike. Exanpl @ositiveconirol’f meanslasgompound koownl &g hanet pesticidalactivityi t ed
to soluble

SR OV\d]e,S ttabl e granul es, dry fl owabl agueous
fl owabl es, wett dimsHive controls" mch\égaes b‘éﬁ'?? Bg%ﬁr&iﬁ‘ﬁfﬂ ‘é’é’“},‘ iaf"f"jﬁ‘?ls AHeot
trat . ! . ! .
concentrates ange %ﬂ;?&ﬁ%ﬁggﬂ?%&?ﬁge rt%l‘_%rcoﬁﬁol means 4icoPofind IR%%?:BE s

will be known to t

further aspect ldvetpestiqidal aetivity. Exantplesrof nagatbreaiongolsape whter or ethyl acetate.
conpounds designated "agrastatins” are provided. These conpounds exhi bit
antibacterial and anThe tergalsolyent™inglydesany diguid bat holdyapother suhstangstinor m

activit S i1b a1 her ' . r.
I nventi %(r)\ a nos\?(la‘fmé1 0 n’ms)?lﬁ'g’fﬁ eg:# ag%bfe reaferst:{éWﬁ@ﬁ%&%&%{?&%@#ﬁﬁ?%ﬁkeﬁt
plipastatin, a fidWwkich kienanty BOisaltaSfrémithe sdivent. Examples of solvents include,

but are not limited to, organic solvents like ethyl acetate.

The term “metabolite” refers to any compound, substance or byproduct of
a fermentation of a microorganism that has pesticidal activity. Antibiotic as
25 defined above is a metabolite specifically active against a microorganism.
The term “agrastatins” refers to a group of novel compounds having the

following structures:




provi ded. WO 98/50422 I n anot her aspect of the presentpcfwgwqgéﬂ,

nmet hods. of treating or prot eqri ng plants from fungal and o
bacterial diseases conprising applying an effective anount of a
novel comnbi nation of conpounds conprising an A-type 25 iturin, a

plipastatin, a surfactin and an agrastatin are provided.
Al'l patents and publications cited herein are hereby incorporated by

reference in their entirety.. The foll owi ng exanples are (s‘réolyl d\? to
illustrate the R1-CH-WO®GIX-OIB§'?'TM%P<€§({F@' T Xréjﬁe const r ued
as limting.

EXAMPLES OR. O Exanpl e 1
Characterization of Strain AQ/13 - The isol ate was

i dentified based on utilization of the Biolog mcroplate 5 . panel
(Biolog, Inc., Wh@emm%ﬂtwghtﬂllaﬂgﬁﬁ&em%‘mﬁiﬁgﬂgt

Hay
157-158, The Biplog,mgroplate is conprised of preflill.ed,and. dried panel
wells 2 %gYﬂl 351 gegtale,or %‘;@[5’6% Yf’gig?’raé’ﬁe@xd? étlrégrd(j&hifléeg e for
gram positive ibacteriaEdahtiAf o PRttty 8 willes irfRbain® -Was gr own
in liquid nmedium (%Hn g‘r’erT%l gﬁgngfte%hggﬁg ¥ty Whrs a wa‘zl%]ed cel |
suspensi on (0.fRotwerat activitynas i nocul ated i nto each panel well 10 of a
GP Mcroplate (Biol og, Inc,) After 24 hrs at 28[err]C carbon utilization

reactions were asse Sc@b%)%f‘%ﬁ_lé‘}%hqﬁﬁ%ldi apfbiofigmredug ‘Pfé?ﬂ@ﬁ%ar ed
(00 R AR BB RS T =0 2

to closest sirl gre ve a sim I ndex

of 0.888 to Bagid dnfibadiesial ftivitinand that also kills or stunts cofh fdotvorelagwiel IR
characterization of AQ7/13 was conducted by the 15 Aneri can Type

Cul ture Col | ecariofirer agpret.\the presenftinvention provides a method of u'_eatin_g or protecting
15 | sol at&axsitlé %‘ngng edg and ar.]cléer}l(‘?a}(\/?n;fcc%to;ﬁ'i Lgméx(gigglgpplying an effective
amount of a supernatant obtained from a whole broth culture of Bacillus subtilis

AQ713 within the present invention. The supernatant may be obtained well
15 known in the art including centrifugation, filtration, sedimentation and the like.
In another aspect, the invention encompasses a method of treating or
' _ protecting plants from fungal and bacterial infections comprising applying an
effective amount of the whole broth of the novel strain Bacillus subtilis.
In further aspect, the invention encompasses a method of treating or
20 protecting plants from fungal and bacterial diseases comprising applying an
effective amouht of the antibiotic produced by the novel strain of Bacillus subtilis.
In another aspect, the present invention provides a method of treating or
protecting plant roots from corn rootworm infestations comprising applying an
effective amount of a supernatant obtained from a whole broth culture of Bacillus
25 subtilis AQ713 within the present invention. The supernatant may be obtained
well known in the art including centrifugation, filtration, sedimentation and the
like.
In another aspect, the invention encompasses a method of treating or
protecting plants from corn rootworm infestations comprisiﬁg applying an
30 effective amount of the whole broth of the novel strain Bacillus subtilis.




| 4
| sol ate i den‘"?9 50 2 as: Using the avail abl e physi ol ogi cal and PGS

data, this strai n nost closely resenbl eslBacillus subtilis. Cellular

mor phol ogy: The notile cells are found in singly, with one endospore f or med
in the central or subtermnal region. The cells are uniformy stained G am
positive. Colonial norphol ogy: The col onies are opaque and irregular with
convex el evation, a rough, dull surface and an erose nargin.
Characterization Data of Strain AQ 713: Rods

+ Col ony opadndurther aspect, the invention encompasses a method-ofRveltingtarai ght

+ Col ony entire Rods curved

Col ony erose protecting plant roots from corn rootworm infestatiops Fomprsing ppplying an

Jéol ony CIC(rjlc(Jln%ftl Obatsaex{x C"EG}‘le&he r%etagghte produced by the novel strain of Bacillus
i rregul ar subtilis. + Ends rounded

+ Col ony rhi zoi d Ends squar ed

- Col ony§ | ow convex Ixddesto achiéve goad dispersion and adhesion of compositions withinCol ony
hi gh convex por ang%~ um swol | en

- Col Om’t,hq p@er@@/egggp,é; may be advantageous to Tormulate the whole hroth Col ony

rai sed gm r
Col ony gl i st enl i S?)u reléna(t:aqtamypr me abohte/ fctic Wgomponentsthat aid Col ony

dul | dlsgersmn and adhesion. Suxtable formulaffeRy wilPhé@known to those skilled in
+ Col ony dry Spore central Col ony
smoot h Spore the art.nal ' Col ony rough Spore

:? gf ﬁr nal Compositions within the present mvg&lgqlfrg%nebl begfg\géglo I %gqmnent tt?bﬁam

G am posi ti I L gnent
& am nogat i é‘awders granules and thé like, or can be nu'EroencapsuP?é&‘iP %reo%vm ip‘)‘?‘gn”ent

_ Gram vari ablaad the like. Examples of other formulations include, bhmehublhmtbdl fcsoliblg ment
~ Vacuol es present I nsol ubl e_yel | ow pi gnent
Col ony t r anPPWdess; wettable granules, dry flowables, aqueous flownbles, Wastableor ange

pi gment~ Col 0 MYidpefibio 3fniles, emulsifiable concentrates and aqueous suspeiSihd Befief €7

pi gnent
SUBSTI{RUTE SHihitati&¥dsmulditons will be known to those skilled in the art.

In yet a further aspect of the present invention, a novel group of

Col ony "

compounds designated *“agrastatins™ are provided. These compounds exhibit
antibacterial and antifungal activity in addition to anti-corn rootworm activity.

In still a further aspect of the present invention, a novel combination

20 comprising an A-type iturin, a plipastatin, a surfactin and an agrastatin is
provided.

In another aspect of the present invention, methods of treating or
protecting plants from fungal and bacterial diseases comprising applying an
effective amount of a novel combination of compounds comprising an A-type

25 iturin, a plipastatin, a surfactin and an agrastatin are provided.
' All patents and publications cited herein are hereby incorporated by
reference in their entirety. The following examples are provided to illustrate the

invention. These examplés are not to be construed as limiting.
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| actose Gowmh at 15[err]C 14 + Gas from -

| act ose Gowm h at 20C ' + Acid from ™"
mannitol G owmh at 26[err]C + Gas from
mannitol G owmh at 30[err]C + Acid from
mannose Gow h at 37[err]C + Gas from
mannose Gcowth at 45[err]C + Acid from
sucrose _ . EXAMPRESG owt h at 500C

weak Aci d del ayed >14 days weak G owt h at
55[err]C -Example 1 Gas from sucrose G ow h at
60[err] C g tlgmtrehalose

_ Gowh at 65[err]C Characterization of Straln Q71 Gas fromtrehal ose
O i(:g;glaas € The isolate was identified based on utlh'z.':\’uoﬁr of the Bl&dgr*xﬁr(;r#l%ﬁ/‘l )(; ZLOS e

Casei 5 hydro r*)‘éﬁ&:ls(Blolog, Inc., Hayward, CA) asdescnbed in"Bochner (1989) Marse3B8i i n
liquificatio Facul ati ve Hi ppurate

hydrol ysis 157-158. The Biolog microplate is compnsed ofprefitled ang Hried panel wells

+ Leci t hi nase deg % tion ilable f Anaer,obe Starch
hydr ol ysi s 5 erent carbon substrates platgs available ?Jragalinrmtg é}ng@rﬂpt rat e

Tween 80 hydrgl h acteria. The isolate was grown in liquid'medium at 289 ahd 2fitr3%e! ed
gl ucose Tyr05| econposi I ndol e

G owt h in 2%HWa&washed cell suspension (0.85% saline) was moculated mtblleaclapmel wellitrite
+ Gowh in 5% NaCl Nitrate to gas
GowmHin 7%afiagsP Microplate (Biolog, Inc.) After 24 hrs at 28°C carbonmglxg@qlghe bl ue
reducti on

+ Met ﬁﬁ@?@s BrerR2esd-SesEae &EBG Ovﬁﬁpﬁoﬁ} 5@% S coppared to the

v Li t B8 GlanfPositive M&"Bﬁe (Ra'léaﬁe 3.50) and isolated to closest similar +
Li t mus | k coagul ated G- owm h at +

Li t mus k adpkeiks.nBiolog results gave a snmlanty index of 0.883 to aBaqdlt@ meagorariumbi nose

m

m |
Litmus m | k reduced ar abi nose
Litmus M Ik pept onf\7agre extensive characterization of AQ713 was °9n ‘f%fj‘i F’Y@fﬁ cel | obi ose

weak ' + Acid
torayls > 14 %&éﬁ%hﬁ%tﬁftwé Collection, Roclevill, Md. ooy ¥ AL
+ Gas fron1ce||ob|ose pH VP 5198 6.0 or
| ess Acid from fructose + pH VP 5198 6.5
- 7.5 + Acid del ayed > 14 days

- pH VP 5198 8.0 or nore Gas from fructose

+ Citrate utilization + Acid from
gl ucose : + Propionate utilization Acid
del ayed > 14 days Propionate utilization
Gas from gl ucose -
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17 . Comments: Using the avail abl e pfiysi ol ogi cal and bi ochemi cal data,
this strain nost closely resenbl es Bacillus subtilis.

Key Characterization Results Characterization Tests Strain
AQ 713 Bacillus subtilis Swol | en sporangi um

Anaer obi ¢ growt h m croaerophilic m croaerophilic
VP 1 e§&diafe3ubmitted as: Unknown; StrainAQ 713 + _ pH
of VP 7.0 5.0 - 8.0 Maxinmum

;EAWDN:@H it g&%t?ﬁ\éd] as: Using the availabR [p%&gi]oﬁggical and biochemical data,‘ltﬁis'strgﬁl[ err]C

Aci d ™Ma§ lgpq}x gesgmbles Bacillus subtilis. + .\

Aci d from ar abi nose . .. ) - t
Aci d GeBmlarymgrphology: The motile cells are found in singly, with one endospore formed in

Aci d theocentrahot subterminal region. The cells are uniformly stained Gram positive. +

Casei n deconposition + +

Tyr osiCuvlosiaL mupphologen The colonies are opaque and irregular with convex elevation, a
rough, dull surface and an erose margin.

Characterization Data of Strain AQ 713:

Rods Colony opaque

Rods straight + Colony entire

Rods curved - Colony erose

Cells single + Colony lobate

Cells chained - Colony circular

Ends tapered - Colony irregular

Ends rounded + Colony rhizoid

Ends squared - Colony low convex
Endospore formed + Colony high convex
Sporangium swollen - Colony flat

One spore/cell + Colony raised

Spore round - Colony glistening

Spore cylindrical + Colony dull

Spore oval Colony dry

Spore central Colony smooth

Spore terminal - Colony rough

Spore subterminal + Soluble brown pigment
Gram stained + Soluble black pigment
Gram positive + Soluble yellow pigment
Gram negative - Insoluble brown pigment
Gram variable - Insoluble black pigment
Vacuoles present - Insoluble yellow pigment
Colony translucent - Insoluble orange pigment
Colony transparent - Insoluble red pigrhcnt

SUBSTITUTE SHEET (RULE 26)
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Propionate utilization Ref er ence: 1 Gordon, R E., WC. Haynes and -
C.H. N. Pang. 1973. The Genus Bacillus. Handbook No. 427. U.S.
Department of Agriculture, Washington, D.C.
SUaSTHTUTE—SHEET (RUEE—26)
18 Cells motile + Acid from lactose Examl e 2 -
Act i Vickowmnat 15860713 Agai nst Corn [Root WOT Ghs from lactose Baci | | us |sanpl es
wer e %romi a BaciTTus culturle negi & dium .2 cont ai ned 5%
pept GREMIEELIL - +ose—3%-yeast—extis c{-Acidfpmmanpitol, ¢ 2ot 1 5% 5 .
pr of || Graptitat 26°C seed extract (59% ptofe ﬁasﬁﬁmﬂﬁ%tdlat 6. 73% ash, 3.19%{i ber
and | growthat3goec trace anmounts of| gpss$y )QL,“,%;QEE hal ance is water), 10% so
flouf; 5 9% VoS T HP O '
i ngr 37° pt—with 2004 + Gasfommaniescand 3 4% KHPPOA and 4= 3%
[ err] Geawnhatldyc ol d st reaked cul tjur€s | WeRned from sucrose used to inocul dtyab0
nL baltl ed ke tlasks. FlI asks| vere¢ shak . 200 Tpmat 10
at daria T ccocon W.e 1 \Rﬂd\seﬁxeg?]“\ﬂiax \: p’.)l: M aof ol t 1 r%eak'\ t h
29[ el I"Ul J ua_yo rno—dassay } Mo CC | T oo o€ T Tt —CcJ O
wer e Growth at 55°C centrifuged at 5. 200 [ Qmffowsuc®e mni nut es and t he sugersnat ant
used | ighbwi sfdoassay describ =qc,pgg,,m%a,ose Agsays
werefperTorjied 1 n 96- Wel I i cropr at es Wett—Tontar ned—a
sol i ﬂ@i‘“géﬁast rate—a testor g_a_h_j_;;m_gﬁ_&_@ﬂ? ¥ a positive controll =
negaf Cataasd 5 control or sluper paj asd fraxblyliened as described in Examal e
1 fro@ulie novel Bacillus 5 GhsHol xylose To gssay
| nse,uuuw actTvi Ty agar—sunst r ¢
of t MdF‘?fXF_léj eaccording to [MAYronpAeebes]  (1985), J Fcon Entongl .- 78:
290- | Gelatin liquification 293. To assay nemat|c| gahim@et i vity, plain agar (1.3%. was
used hﬂ)p&rncehy%wiss - Microaerophile +
Lecithinase degradation - Anaerobe -
Starch hydrolysis Gas from sealed nitrate -
Tween 80 hydrolysis + Gas from sealed glucose -
Tyrosine decomposition - Indole -
Growth in 2% NaCl + Nitrate to nitrite +
Growth in 5% NaCl + Nitrate to gas -
Growth in 7% NaCl + Methylene blue reduction +
Growth in 10% NaCl + Methylene blue reoxidation -
Growth in 0.2% Na azide \4 Litmus milk acid -
Growth at pH 4.5 + Litmus milk coagulated -
Growth at pH 6.0 + Litmus milk alkaline +
Acid from arabinose - Litmus milk reduced +
Gas from arabinose - Litmus Milk peptonized +
Acid from cellobiose weak VP (5198) positive +
Acid delayed > 14 days weak VP (5331) positive +
Gas from cellobiose - pH VP 5198 6.0 or less -
Acid from fructose + pH VP 5198 6.5 - 7.5 +
Acid delayed > 14 days - pH VP 5198 8.0 or more -
Gas from fructose + Citrate utilization +
Acid from glucose + Propionate utilization -
Acid delayed > 14 days - Propionate utilization -
Gas from glucose -

SUBSTITUTE SHEET (RULE 26)
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was used as a positive control.
negative control

used for

grown in

t hen 25

until the agar solution

A 1 ppmsolution of Avid (ggypﬁﬁ%?%“'ﬂ

17Dei oni zed water was used as a
Two replicates of test sanple or

control

each assay. 40 uL of supernatant sanple or whole broth
medium 1, 2 or 3 were dispensed into each sanple well.

pl aced in a funme hood to dry for approximately 2-3 hours

was dri ed.

Test

organi snms were either pre-adult corn rootworns (Diabrotica _
undeci MggmhrRhé) - URhE taAVailablephyHablogieallah BlodRsmit4tdataSihisatgin migsntiestly

were

Pl ates were

1%

-

Gordon, R.E., W.C. Haynes and C.H.N. Pang. 1973. The Genus Bacillus. Handbook
No. 427. U.S. Department of Agriculture, Washington, D.C.

SUBSTITUTE SHEET (RULE 26)

pre-adul t resemBIE&SRac A NynRE (Spodoptera exigua), pre-adult flies
(Drosophi | a nel anogaster), 30 or the N2 strain of the nematode
Caenor habditis el egans. Test organi sns were
19 diluted i'n 0. 1%&8qHardcferidation ®eSiMsr at i on of approxi mately 5
organi sns per 25 ulL of agar dispensed into each well. The
m croplate was sealed with an airtight substance such as
Ml ar [ ef TS —anmd—each wett—venfratedwth—a pirm pregs. 1he prates
wer e inLUbﬂlﬁd-aaﬁ‘erﬁZﬁ‘oﬁqTestsp [0 7 d&tpain £Q 713 Bacitlusisnbtiliet | on
wel | s weTe—scored Dy noting Ngonate norvartty or the degree of
| arval HevelSwpoltenispofimgiie we| | s containi-ng al | deafl or stunted | arvae
were giVen a score ol I, Wellf contai ning sone dead|and Ot her Severelry
stunt ed AnaeroHiagrozehwer e| gi ven msicaerophilfic 2, || ve butmistaastophilicar vae
were scpred as 3 and sanple WelTs contalrnlng no dead [arvae wer
gi ven a} score oVP4eacBonres wefe averaged+0 pnong replicates wthi
each sapple. Results are sunmprized 1 n Tables 2 andj 3. '
Tabl e 2} Score RHo0NYPof AQr1B Agai nst |h8ect Pests|Wol e br 50 8.0
C Corn Beet Frpirt Positive Negati Ve
el egans| Masimymtemperafne giowtht| v Conbd¥  Contrpl 45 - 55°Qedi um 2
NT 1.0 4.0 4.0 1.0 4.p 15 Medi um 3
NT 7%NaC1 growth 4§ 4.0%+ 1.0 4.0 + NT =
not tesred . Taple 3: Score Rating of | AQ7r13 Agai nst I|nsect
Pests Super nAGid from glucose ¢ chrn Bedt  Fruit
German | Posi ji.e Negative el egang rootworm, armyworm
‘Fly Co krna‘%ﬂ\éﬁfm{?gﬁ mesBtrol 20 - _Medi ngz 4.0 3 v
‘4.0 4. 0 A4'da=r 1.0 4.0 Medigtm?2 4.0 4.0
40 L0 o from xylose ;" 4 a - +

Acid from mannitol - +

Casein decomposition + +

Tyrosine decomposition - -

Citrate utilization + +
Propionate utilization - -
Reference:
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These tests show that AQ713 was active in both nmedia as a whole broth

cul ture; with the best activi t]yg I n medium 2. The supernatant was-
only active when AQr13 was grown in nmedium 2.

Exanpl e 3 Chem cal Properties of the AQri3

Met abolite Active Agai nst Corn Rootworm

50 nL of AQ713 was grown in nedia 2. To each culture was added 50 5
m. ethyl acetate and the m xture was sha[i‘f‘gﬁimr} 2 separatory funnel for 2
m nut es. The aqueous | ayer was 84 and the organic |ayer was

collected in a bottle cmiggpgmgi%iﬂami%o okt €. The organic

filtrate was then filtered i tomflask and the

sol vent renoved on BdellisQafiptes- were grown in a Bacillus culfire lediabiMediamy2 t he
dried -organic extract was redissolved in 2.5 nL 10 acetone. A 40 uL

alhi_ quot was remdéﬂ’dpwtbm,f&% dextgse, 3% yeastiextrast, 3% malt Txtrachdei%ne/ wat er .
Thia 10X . Rt . - ace
were o3 i ed BURER Sty see cxitint (286 GrOtRBo 255 BB RT178 M 1VHABH H8h con

nortality rec | {od fI5LE Rk ot pl ate as
prepar ed %Q@ng o‘gg?gg%s?géf’a? aay@e%aeré@’st?%gogre r’ggglrﬂd%zo in Tabl e
4. 15 TaMgS@;x 7di0.v Mediwh idontaineticthe sdme ingredienits; eréepb@ithR0%gai nst
Corn Rootworm Sanpl e

Por cent Mor t apeRigne and 3.4% KEAPP; gad 4.3% K,HPO,. One day plésteeakad pulsures pxre

gg 20 used to inoculate 250 mL baﬂ@ 3&%@@%&.&3@6 ?ére shaken at 200 rpm at

65 10 29°C for 5 days. To assay insedfieidal &tiit), 35 mL of culture broth were

100 70% acet one/ wat er

27 centrifuged at 5,200 rpm for 2@\nitinutes and the supernatant used in microassay

59 25 The T, Sf“ ts show that AQ713 produces a sol vent-extractable
metabol i te thg6s %ﬁig’e ow. corn rootwor ns. To

determ ne the nol e%gs?s We%}fohg&gﬁx ﬁ'&g?ﬁ%ﬁ’ ia\égsbgg%}g‘ggﬁ bbftaindd 30- M

culture of AQ713 was dgrown in ned a 2. Into a m crofuge
t ube and spunseiid agar@ibstratenaltest otganisnm ahdsithef Agositipe comttald negative enoved.

500 30 m croliters of supernatant was, pl aced on tor].% of a 10, 000
dal t or3mol ecuFeRtroler gHpernatant obtained as described in Example 1 from the novel Bacillus
strain.

To assay insecticidal activity, an agar substrate was prepared for the wells
of the microplate according to Marrone et al. (1985), J. Econ. Entomol. 78: 290-
293. To assay nematicidal activity, plain agar (1.5%) was used in the wells
20 instead.
A 1 ppm solution of Avid® (avermectin) was used as a positive control.
Deionized water was used as a negative control. Two replicates of test sample or
control were used for each assay. 40 uL of supernatant sample or whole broth
grown in medium 1, 2 or 3 were dispensed into each sample well. Plates were then
25 placed in a fume hood to dry for approximately 2-3 hours until the agar solution
was dried.
Test organisms were either pre-adult corn rootworms (Diabrotica
undecimpunctata), pre-adult German cockroaches (Blatella germanica), pre-adult
beet armyworms (Spodoptera exigua), pre-adult flies (Drosophila melanogaster),

30 or the N2 strain of the nematode Caenorhapditis elegans. Test organisms were
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21 _ centricon filter. Thesl? were centrifuged according to the
manuf acturer's I nstructions ("12,000 rpmfor 35 mnutes). The --
filtrate was coll ected and the retentate recovered by

centrifugati on and washing of the filter. Sanples of the

supernatant, filtrate and retentate were tested agai nst neonate corn
rootworm 5 | arvae (96 well-plate with insect diet, Marrone et al.,
supra as abovg; . : ; ch
sanpl e 11 ariyE8 1% pgar o 2 conoentRARPLE ity Sepahil, b8 IHL BF
Tabl e 5. agar dispensed into each well. Thd alitreplate Whd sealddawithéan girtiglitut of f  of
AQ713 10 . Percent Mortality

Agai nst Cor n sehstanee sich as Mylar®, and/gagh well ventilated with a pin press. The plates

?:leteigfl;ant werehcubatedatZTCforupto7daysgg 15

retentgte After incubation, wells were scokéd by noting neonate H8rtilft§ o ke Show
that the supernatant and filtrate were active, thus the nol ecul ar

wei ght of thedegreadPlarvat developnentt Sampldwelldcadinimgsall dead ®r stunted larvae
Exanpl e 4 ] Chem cal pr(i)perti_e,s of the AQrl13 netabolite active
agai nst pl ant Wges 8ivejea score of 1, wells containing:some;dead ther sgyerely sgated, edi a

2. To each cul ture . e 0 . Ak hxture
was shaken i ﬁiaé#%e‘%‘\’ﬁ?f‘g&% %Sgen?eqz’fh oF bﬁ“?n nufl Z%&Xé es%g{.e% #%&Mé
llayer was renpeRs catbininpencddd lntrat Qs gives a @odrk 0€ HeSkores WeRGivetdpedS
cont ai ni ng- magnesi um sultate. The organic filtrate was then filtered into a

round10 amohg tephicates adthimeathisamplso Reswlts are sumpariged inhBables 2ouad3.
For the bioassay, .t red ani c ¢t was,redi gsol in 2.5 n
acetone. A 40 uL ;F‘P’Eﬁ.gt hﬁﬂ?%%xmg d‘r%’fé&"ﬁﬁ gﬁﬁsﬁﬁﬂﬁh o5
acetonetwater. This is a | OX concentration of the organic extract. A
96-wel | plate C. Corn Beet Fruit Positive Negative

elegans rootworm armyworm  Fly Control Control

Medium 2 NT 1.0 4.0 4.0 1.0 4.0
15 Medium 3 NT 2.0 4.0 4.0 1.0 4.0
NT = not tested

Table 3: Score Rating of AQ713 Against Insect Pests Supernatant

C. - Com Beet Fruit German Positive Negative
elegans rootworm armyworm Fly Cockroach Control Control

20 Medium2 40 3.0 40 40 40 10 40
Medium2 40 4.0 4.0 40 40 10 4.0

These tests show that AQ713 was active in both media as a whole broth culture,
with the best activity in medium 2. The supernatant was only active when AQ713
was grown in medium 2. '
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assay (described below) plant pathogen g,fsay wi th Pythiumultinm and

Bot byti s ci nerea was conducte o determne activity of the -
organi c extract. The whole broth gave 100% control (score of 1),
but the 10X organi c extract gave no control of the two pl ant

pat hogens (score of 4). This indicates that the active antibiotics, 5

unli ke the corn rootworm acti ve netabolites produced by AQr13 are not
extractabl e in an organic solvent such §§m§h{yl acet at e.

Further testing provided for the isolation*oi” a novel conmpound, agrastatin
A. A butanol extract was Qhmiedl PrepeftidsoftheAiQT13Vietdbolive f i rst extracting
t he broth two times with an equal volune of ethyl acetate and
separating the layers. 10 ActiveAgainst ConReptvorm was t hen extract ed

whr e condi ned and <8 Pt AUETH Srsemem pmedia 2. T0%ach clifg el Baf 30 ocr * o

powder S obt gy %ﬁﬁhﬁ‘& Clihtal I
The pov%vgr vvats[ﬁal%s (l)%%%&%ﬁaglb acet 3&1#1?5 Ihlal e/ mg%gatgﬁyggm%g?ezﬂ nﬂgees.
sol ution was dfhel dqadmisdagerGvas rBmdotd shdithe deganid lagert wascd]lsbell in abbttledge t hat

had 15 been activated with nethanol_ and equilibrated with 80%
acet oni t ri | e/ wentainingmagnesium sulfatesPhe erganiciftyateweas thenfiterediints agoypd

ACN wat er and,thi s gl uent s ,col | ected, an t he sol vents rem)Ved.
The. ef uent v boram Feik 3 F Sl pipT Serptoyan. o ¢ | 5O VNS, Lo
cm X 25 cm) was Useehrlthd/bRbaY! Mo dridd ofghlid ¥Rrald Wik RBisSOIPEAT 2 5IhE +

0.05% TFA/ water + 0.05% TFA sol vent gradi ent as follows: 0-20 m nutes, 33%
20 10 ACNacen8(A Adnlt alizjuotl 048 refiddved @nd Qiluted o 860 uB5ViHLETO%UCN, and 45- 63

m nut es, 55% ACN. .. An HPLC romat ggr am of _AQr13 shows the
presence of t fASetong/water. Thisis a 10X @P?WHWP& °@6&%%%¥%-p$?‘bﬂéﬁl&f‘f’% and

agrast atins) , j SO : | A3, A4, A7
and A6 were i?g% ?’%@%@c’%‘(ﬁﬁ%l nat | gﬁa%}pnﬁmo%lal;[ogtvgé] %eé%nt LC mass
spectronetry dadmalitydecoadgipof eonate darvad @rper well ix almiefotitéiplate e iphepared e

identified by conparison to purchased surfactin standards by HPLC and by LC
nmass spect r omibpye) after 7 days. The results arerregorded in Fablee conpounds were

dete M0, o R HAT o B A e 0407 AL Gl

spectronmetry. "EXTensi VE NVR data was al so collTected ror one of the novel
WO 98150422

PCT/ US98/ Cp47£2xple Peregnt Mortality
conpounds (HPLAQPERK 20), desDggaicsktagt BpXatin A Agrastatin Aggas found
to contain the followng amno acids: Thr; 3 Gu; Pro; Aa; Val;
2 Tyr; and Om Thi sOngdnic exragt $Xers from plipastatin A3y the
prese of Val and the loss of lle. The ol ecul ar wei ght of
agrast4tin A was determ ned tg)rg?é“cl%%\%ch 63
: Whole broth 100
70% acetone/water 27
Water 59
25 The results show that AQ713 produces a solvent-extractable metabolite that kills

corn roofworms.
To determine the molecular weight range of the active metabolite, a 50-mL
culture of AQ713 was grown in media 2. One mL was placed into a microfuge
tube and spun at 12,000 rpm for 15 minutes. The supernatant was removed. 500
30 microliters of supernatant was placed on top of a 10,000 dalton molecular weight




5 0&9&1{5’8%5 to the follow ng structure: PCTIUSSB(0SHH2)
12-CI—|-CI—|2-COGIu-OmTyr-Thr-GIu-AIa-Prol%n-Tyr-Vaj -

oH - 1 0 e straight chain nature of the -—
fatty acid portion was confirmed by "H 10 NVR. The position of the
amno acids in the cyclic peptide was determ ned by detail ed

anal ysis of the TOCSY and RCESY dat asets. Mass

spectronetry and am no acid anal ysis of agrastatin B (HBPLC peak
26) suggest t bentricos filter. Jhese werescentrifuped adonrdihg pethieahanuf&uner’sh t he

substitution of ) t he a_resjdue with_Val. The structuyre i s shown
bel ow 15 ?ns&uc@oxp%@zmglqpm or 35 minutes). The filtrate was collected and the

(CH2)] 0- Ot Cripaeitald o/ by ddfrfdgdfidft hind Wath of e ifér. Samples of the

Exanpl e 5 20 supernatats filteité indfetdMOltIvedd edstsd aghinathedniaid Vo ASotdra & Vi t O
Culture (96-well plate) To determne if AQ/13 is effective

agai ns® t he f laryae (96hyelbplatewith insect diet, Mariroriesat ighn supFayasabove1 40 ilof
Botrytis einereai, Rhizqctqnja solani, Akternaria ol ani, the
fol | owi ng expSAPRISHEE Wﬁgraé‘ﬁgé\”?& W@M@F’I %F‘Q[ﬂgﬂk— flihg xe Pg est

400 mcroliteps ASwoth!TabldwnC brand) were filled with an agar nmedi um

(potato 25 dextrose agar) (PDA, Difco). Phytophthora infestans

cul tures were grown for Table5: Mélkeeslar $Wyight Cuteffiof AQAG 1 medium (0.4 g
yeast, 0.1% KH2PQ,_ 0. 5% MySO4 X H20, 1.5 % glucose). For the

ot her fungi, spores were scraped fromthe surface c petri plates
and O. h-o. 2 nmL aliquots of deioni zed: vvateé an&, Spore suspensi on

(concé tration approximtely 2 X 10 of pat hogen were spread
orito 30 t he agar. : 24
AQ713 was grown for 72 hours in t#&.ﬁglrrnes&gg;nn%g%%s described in

Exanpl e 2. To obtain supernatants, the whole broth culture was centrifuged
at- 5,200 rpmfor 20 m nutes. The fungal plant pathogens were

pi petted ont oAQ¥396- wel | pl #upeama@nie| | s/ pat hogen). The @Besence
or absence of fungal growth was 5 trrecorded for each of 8 wel l6§'
Approxi mately 40 uL of AQ713 supernat arﬁl 20 uL of whole™roth
was added to each well. A score of " 1'eteg@fess conplete I nhifhi tion

of fungal growh. A score of "4" neans no inhibition of fungal growh.

The results show that the supernatant and filtrate were active, thus the molecular
weight of the metabolite is less than 10,000 daltons.

20 | Example 4
éhemical properties of the AQ713 metabolite active against plant pathogens
50 mL of AQ713 was grown in media 2. To each culture was added 50
mL ethyl acetate and the mixture was shaken in a separatory funnel for 2 minutes.
The aqueous layer was removed and the organic layer was collected in a bottle
25 containing magnesium sulfate. The organic filtrate was then filtered into a round
_ bottom flask and the solvent removed on the rotovap.
For the bioassay, the dried organic extract was redissolved in 2.5 mL
acetone. A 40 uL aliquot was removed and diluted to 800 uL with 70%
acetone/water. This is a 10X concentration of the organic extract. A 96-well plate




Results arwosdsmse2 n Tabl e 6. 10 Tabl e 6: | nPWBTIUSYS/09471

I nhibition of Fungal G owth (96-well pl aif) AQ713 Super nat ant
Media 2 Media 3 -
Scor e Scor e Phyt opht hora i nf est ans

I 1 15 Pyt hi um ul ti mum

1 1 Botrytis cinerea

1 1 Rhi zoct oni a sol ani

4 i ) km and j

1 assay (described below) pilant B%mogen as@ik‘ Q?Iltg @*%lgzluz(ﬂg?fgttﬁ Botrytis

Col | et ot ri chuwirzeemdras conducted to determint activity of the organic extract. The wholeNT

Alternaria brassjcicola | . NT
Botrytis cine gave 100% control (score of 1), but the 10X organic extract gave no confygl

Sbﬁ??ls ﬁ?;} ‘rJLnC t%?glgq[@vtd BHAR pathogens (scbre of #). This indicates that the active antibiqﬁ%; 25

Vent ur isapyr i N@nlike the corn rootworm active m%tabolites produced by AQ713 are not $

Rhi zoct oni a sol ani

Al t er nari a solextractable in an organic solvent such as ethyl acetate. ~  NT 30
NT Not tested The.resul ts show that. AQ713 has broad fungici.dal
spectrumin-vitro fmﬁéﬁmﬂ%f’wv‘&d orthe ‘§°§ IQHrQR;—Ilaet‘QYF MBI & HRant

are highly actqv Sb‘%{}l?ﬂ %g?%ée%gﬁrﬁdf"@ih@ﬁ%&ﬂa@& broth by first BRtr&GfrgQ8E 2

solani in nedium

25 broth two times with an equal volume of ethyl acetate dndaepdratifig the layers.
Activity of AQr13 Against Plant Pathogens in in-vitro Culture (zone assay)

To det¥} ni ne tlhe aqueousifraction wagthen exiragied sya timgstvithamequal yalumeefsay |

pl ant pat hoge 0 re spread over t rface of potato dextrose agar
P10 P50 bubligl ot Bl diaRat W contBnid SR P BB Br i S
and a 100 ulL saap} @valporator. A poRidet Ws SBtRIRED BY KRbzeryighhe rébultiy dxifrabEdi UM 2
was placed in the well. Super nat ant was prepared by centrifuging

at 4200 rpm for 40 Hiepaveder waisdissolved in 80%agetonitiilieiwateranst soneatesly (Fheagai n
at 4200 rpmfor ot her 4 1 nuj.e Y.pLcal . resul.ts _copsisted of
a zone of no GPURCR V¥AIFPBHe @d"h@ﬁ @Imeoqxqaﬁgorbgﬁﬂ@d:@wdge that had

15 been activated with methanol and equilibrated with 80% acetonitrile/water. The

—

SPE cartridge was eluted with 80% ACN/water and this eluent was collected and
‘the solvents removed. The eluent was further purified by HPLC. A C-18 HPLC
column (1 cm X 25 cm) was used (UV detection at 210 nm) with an acetonitrile +
0.05% TFA/water + 0.05% TFA solvent gradient as follows: 0-20 minutes, 33%
20 ACN; 20-30 minutes, 40% ACN; 30-45 minutes, 45-55% ACN; and 45-63
minutes, 55% ACN. "
An HPLC chromatogram of AQ713 shows the presence of the iturins,
iturin-like compounds (plipastatins and agrastatins) and surfactins, see Figure 1.
Tturins A2, A3, A4, A7 and A6 were identified by a combination of NMR data and
25 LC mass spectrometry data and comparison to literature vélues. Surfactins were
identified by comparison to purchased surfactin standards by HPLC and by LC
mass spectromefry. |
The iturin-like compounds were determined to be a mixture of plipastatins
and the novel agrastatins by a combination of amino acid analysis and LC mass

30 spectrometry. Extensive NMR data was also collected for one of the novel




10 i around t RO MINM22 The zone size in nillineters was neasured BnUS98/09471
recorded. The . results are shown in Tabpg 7. Tabl e

7: In-Vitro Inhibition of Fungal Plant Pathogen G owth (Zone Test)

Alternaria Botrytis Moni linia 15 AQ713 super nat ant

brassi ci col a ci nerea fructicol a Zone size (M

16 23 14 AQ713 Whol ebroth

22 , 15 (ég 20 , ) .

Exanpl é 7 compounds (HELC paal 29), desjanated ggrastatio dirc AgFastatingh yyas found to

Pat hogens . ﬁ:ﬂﬂ . t di:hf Upi SAN.. . @At aS 4l
exanpl ¢ 6. A | awn of. contaifi thé eac%%@?%‘%%é@ﬁ%’&%&zﬁ% %\k}.&{’aatiﬁe@n'
surface of a petri pl at’Phislanﬁ(elﬂpdiffersﬁompﬁpastéﬁﬂﬁg"ﬂﬂ'ﬂ?esbﬂﬁbf‘@ﬂmmﬂossOflle.
medi umy2 was placed in each well. The size of the 2 . .zone was = .
measur éd i n m | | i net er sThe molecular weight of agrastatim A was determined to e 1448 which

. . 26

Tabie & In-Vitrd Inhi farresRonds tpshe fplloyyingstpeturs: hogens (Zone Test)

CH3(CHy)yz- C'H'CHg‘CO'G Iu-Om-Tyr-Thr-Glu-Ala-Pro-Gin-Tyr-Val

- OH 4 |

The straight chain nature of the fatty acid portion was confirmed by 'H
10 NMR. The position of the amino acids in the cyclic peptide was determined by
detailed analysis of the TOCSY and ROESY datasets.
Mass spectrometry and amino acid analysis of agrastatin B (HPLC peak
26) suggest that its structure is similar to plipastatin B2 with the substitution of
the Ala residue with Val. The structure is shown below:

15
CHZCH,CH (CHé),o-C')H -CH2-CO-Glu-Om-T)l'r-Thr-Glu—Val-Pro-Gln-Tyr—Va}!
CH, OH 0 |
Example §
20 Activity of AQ713 Against Plant Pathogens in in-vitro Culture (96-well plate)

To determine if AQ713 is effective against the fungi, Phytophthora
infestans, Pythium ultimum, Botrytis cinerea, Rhizoctonia solani, Alternaria
solani, the following experiments were performed. 96-well plates (flat-bottomed,

| 400 microliters per well, Nunc brand) were filled with an agar medium (potato
25 dextrose agar) (PDA, Difco). Phytophthora infestans cultures were grown for
three days in liquid YPG-1 medium (0.4 g yeast, 0.1% KH,PO, 0.5% MgSO, X~
H,0, 1.5 % glucose). For the other fungi, spores were scraped from the surface ¢
petri plates and 0.1-0.2 mL aliquots of deionized water and spore suspension
(ooncentatfon approximately 2 X 10°spores/mL) of pathogen were spread onto

30 the agar.
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(nmm . Aci dovorax avenae subsp. ggxtrulli 18
Pseudononas syringae pv. tomato 115 --
Xant honmonas canpestris pv. canpestris ' 18

Erw ni a carotovora subsp. carotovora- 11

Cl avi bacter m chi ganense subsp. m chi ganense 22

AQ713 was active against all species of bacterial plant pathogens tested
in-vitro. 10  AQ713 was grown for 72 hours in the medium 2 or 3 as desgrihgd in g

Activity of 13 Lnst. Pl ant  Pat hogens. i,n, Pl.an .

The acti vi ty%ﬂﬁ%?@@&&é’&a%@ i twslml%gmﬁbf'g&%%{agﬁwglf%eﬁeﬂ;ea, on
beans and gekap, i e ' ' GRbeOni s d downy
i L dew of | ot Paganin {8720 ninfler CTRE Rirgal lhd Yarkpehd GRichIpAR it e 96 rat 0
seedl i ngs at weliglateS(8 walls/pathggen)! Firet preiseinoe 6r glisehee of fungal growtlewas spr ayed

to runoff wth AQr13 whole broth (nmediia 2). After s i ng, the
seedl ings mr@oséqdéaéaqlwf&velé%mfoweﬁbﬁf? E;*.Ofﬂ{g]gé‘é‘ﬂmtﬂéz‘é t hen

sprayed bk °£¥J¥&E‘%§P§%§Vﬁ§a&9&%%ﬁg§’rﬁ@%%ﬁe%@P"megl% efeovered with

a plastic n a Perciva ncubat or .
Vater W th nenhibifiba of fmgal growwtii AReote of PA? eanl na@nhibiﬁonofmgapgfdwﬂﬁen was
used as a negative control and a positive pathogen control. Four -

days | ater t Resultssare sbown ém@abled. t he water A. solani control, there were
uni form | esions over all the | eaves and the cotyl edons were

det ached and severely infected (rating of 5 = conplete infection,

no c rol). AQr13 £g, ph ; g i ons
scat ? erbtr ed on the tr'lfjagﬁflghé'eg.' ﬁ@&@’?@&)ﬁ"e‘fﬂyga\}\grgwé? t(%%hgg&géféiw th 25
sonme small lesrons (ratrng of 1).” The negatrve control was not 1 nfected.
A second tesmsi ng det achedyf.afg 0 seedlings (stenspprfkgn
off at the g | aced in Mas T T < filled with water —under
dones P 2%d st?'ed as above. T ants were sprayed as.%ve and
the synptoms @t?ﬂ_t ora in, estans 1

27 IS FPythivm ultiggirmni were recorded flour days later. There weke no
synpt onms on Ba@ytieginereae contdol. On the positive conttol,

t here wer e uRhizoctomicesilamis over the seedl éngs. The AQ/3

treat ment wagdlfe@iazth sbidiew or no lesions) i Two days |later, the plants
in the positive control were destroyed, but the AQ713 treated seedlings

wereoq 5 : 5971@%3@!!1. thCl ean and | ooked the sane as the negative
controls (wa

Colletotrichum cocodes 1 NT
Alternaria brassicicola 1 NT
Botrytis cinerea 1 NT
Cladosporium cucumerinum 1 NT
25 Monilinia fructicola 1 NT
Venturia pyrina 1 NT
Rhizoctonia solani 1 NT
Alternaria solani 1 NT
30 NT Not tested

The results show that AQ713 has broad fungicidal spectrum in-vitro and that both
the whole broth and supernatant are highly active. The supernatant was active on

Rhizoctonia solani in medium 3 but not medium 2.
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true | eaves of a bean plant were 25 wounded by pressing the nouth
of a 13 X 100 culture tube onto each | eaf. Each | eaf received

two wounds/ |l eaf. The | eaves were sprayed with AQ713 whol e broth 10

(media 2) or water alone or the pathogen alone. Wien dry, they were again
sprayed with B. cinerea spores (0.8 X 10[err] sporeslinl). The | eaves were

pl aced in flats covered with plastic domes and stored at
18-20[err]C in a Percival incubator. Example6 Five days later, the
positive control (pathogen alone) was rotted in an area about

25 mm i n di amret eActivieohAQ13 \AgainstiRlant Pathiogensincinenitra {culture (@one aspaynQ713

15 showed no infegtions on 7 of 8 ci es where . he.l eaves were
wounded. The one n'}°8°temn°t£%§&n‘ﬂl\ﬁ§fi4éi AN AgT (T °‘¥‘1a?98étqsﬁy’at t wo
| ocati ons arou i rcl BT ;

| ettuce seeds \Cﬁ?%ttbgflgd%egaﬁ?rﬁs évereaﬁpé?adogveg%erﬂrfagggfp biifo @aéﬁg)g%tllong

M X contgi ni ng ik petri dickdsl 7.0 mRCWE Werebinbeed frofitié hgdradda 100aSLL kampleant
condom ni uns about 8 centineters high and wide. After the lettuce

germnated  20of the supegmatantof AQ713% growndn meshium 2onay plgeeddartbe wgHayed with
t he AQ713 broth,or ernatant s e. The pl ants re all owed
to dry and the Waqhwgmparedsgypcenm g‘%ﬂ%@ﬁ%‘ﬂiﬁ%f@%‘ftﬁfﬂ 45 ect ed

| ettuce seedli : mp{}; . 3 | astic
covers were pl a@?%@gfp{aﬁgﬁglsg%gg%ﬁ??ncu atggag?thféftggu% g’rr CcaFn a
Per ci val i ncubadesults donsistedaif al zohe vf nd grovwthaindiva seducad gravett of Aig7pathogeth not

25 prevent downy mi|dew from Brem a on |lettuce seedli ggs.
v * . 10 5 _ around the well. The zone size in millimeters was measured and recorded. The
28 Exanpl e 9

_Efficacy of AQ?T?PIKgaé?ﬁg?%F%F?blﬁ7Seases (G eenhouse Test)

Table 7: In-Vitro Inhibition of Fungal Plant Pathogen Growth (Zone Test)

. Alternaria Botrytis Monilinia
15 AQ713 supernatant brassicicola cinerea fructicola
Zone size (mm) 16 23 14
" AQ713 Whole broth 22 15 18
20 ) Example 7

Activity of AQ713 Against Bacterial Plant Pathogens
A standard agar diffusion assay was set up as in example 6. A lawn of
each bacterial pathogen was spread over the surface of a petri plate. 100 uL of
AQ713 whole broth grown in medium 2 was placed in each well. The size of the

25 zone was measured in millimeters.




G ape Dowwo 98/50d22v AQ713 was grown in a segThse®94ardi um
ina 400 liter fernmenter for 48 5 6 hours. G ape plants (cultivar
Chardonnay) were sprayed with a hand- he%d sprayer to run-off with
whol e broth fromthe 400 liter fermentation run diluted with sterile

water to 0.5X and 0.25 X concentrations. Wen the foliage dried, the plants
wer e - sprayed a second tine. After drying, the plants were

i nocul ated with the pat hogen causi ng grape downy m | dew,

Pl asnmopara viticola._ Thr s.werge. treat f dose.
Each pl ant was %\?ﬁ%&ﬁﬁﬁ’ﬁ t&ﬁ&’m ’{‘ﬁ?"ﬂ:ﬂé&ﬁ?“é’?’gé‘éss Zaone 1e

W aVaYaVi L

based on a seele—from-G—to—1009comtTorT—100%  COoNMtTOor 15 a plant W iLh no

visible -ﬁ%ﬂ,f’ @ﬁﬂeo&&th chem cal fungicide, mnet ahﬂﬁyilﬁonmel(ﬁ% for
e S

conpari son. were as foll ows:

AQ713 0. 5X WoelRvérdidvenadsibsemadli rol 15 18 AQr13
0. 25X whol e broth 100% control Met al axyl 30
ppm 1 Peétidomoinas syringae pv. tomato Met al axyl 10 ppm

98. 3% cont r ol ) . Met al axyl 1 ppm 80%
contr &l Xanthompigs <GuReEs BEMPEFE e that AQT13 ef f ect el control of
grape downy m the chem cal fungici¢g.

Exanpl e 10 M%Wcﬁﬁotg%rasubsp.c%}a:\é?ﬁcacy of AQr13 Agai nst Squash Powdery
M| dew °  Clavibacter michigddéhst subsp. grichipanens@ soy- based medi2¥nin a 400
liter fermenter for 48 25 hours. Squash plants (Crookneck and Acorn)

were sprayed with a hand-hel d . sprayer to run-off with whole broth
from the 400AQTE wasactivetageinstalk spacienof bacterial plant pathegens testad ind#o.ni t h
sterile water to 0.5X concentration. After drying, the plants

were i.nocul ated with the squash powdery m | dew pat hogen, Sphaerot heca
fuliginea. Two plants were treated for each dose. Spray dried powder of the
30 10 whol e broth was al so testedgxalifle400 liter fernmentation broth was
spray dried to 29

renove the water. 10Aetivity 8f AQ733 Agpinst PlantRathegensdn PlandnEesgier e sprayed on

rated on a score THAGGVIT SBACHIA e v AEanet SO RO B A eI The 0
rating is  peansand gedhitnIEARS; ARBRaFiGSbldn® o fdindi6 QWEHIAGS, BddIdowhgD! € ©.
mildew of lettuce, Bremia lactucae.
15 . For A. solani, tomato seedlings at the 2-3 leaf stage planted in 6-packs
were sprayed to runoff with AQ713 whole broth (media 2). After spraying, the
seedlings were allowed to dry (about 1.5 hours). The seedlings were then sprayed
with 5.0 X 10% spores/mL. Seedlings were covered with a plastic dome and kept at
28°C in a Percival incubator. Water with no AQ713, with and without spores of
20 the pathogen was used as a negative control and a positive pathogen control. Four
days later the test was read. On the water 4. solani control, there were uniform
lesions over all the leaves and the cotyledons were detached and severely infected
(rating of 5 = complete infection, no control). AQ713 treated plants had a few
light lesions scattered on the true leaves. The cotyledons were attached but with
25 some small lesions (rating of 1). The negative control was not infected.
A second test was set up using detached tomato seedlings (stems broken
off at the ground level) placed in mason jars filled with water put under domes

and stored as above. The plants were sprayed as above and the symptoms of 4.

B . e S N LT PR T
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Tabl e 9 PCHSI809471
Acorn Squash -Acorn Squash Crookneck 27 Crookneck Suspensi on’
Plant 1 Pl ant 2 Squash Squash o
Pl ant | Pl ant 2 AQ713 1X 0 0
0 0 whol e broth AQ713 0.5X O
0 0 0 whol e broth AQ713 10%
0 0 _ 0 0 'spray dried
IiOWder solani wAﬁBﬁ;bBcarﬂe& four days later. '\I‘Ahdere were no symptoms on the negatives

spray dried _, owder . AQr13 I
and spray dr icentrelo@iehe 99891"%16@‘??&&?‘%‘; weFynifprn wmqsave)ghe secdlings. o g;nash :

wd i | dew. .
Bt eany Tor - e AQTF tsptment wanated ] (o gsmg legions), Tygo days later R s 11
Cer eal Powdery ¢ é}&ﬁ?&e conadt Weld degﬁéy@ Hutthe A Q¥ 13streaited sdedlifgewakouse

AQ713 was grown I'n a soy-based nmediumfor 72 hours in a 250 nL shake

fl ask.5 The divirtaally, cleazmt lookedthe sage as thecegative cantrols (yater sPrRyedbl e 10
bel ow. This 15 whol e broth culture was tested on the plants as
shown. i n Tabiriants). pe| ow.

For the test on Botrytis cinerea, the first true leaves of a bean plant were
‘wounded by pressing the mouth of a 13 X 100 culture tube onto each leaf. Each
leaf received two wounds/leaf. The leaves were sprayed with AQ713 whole broth
10 (media 2) or water alone or the pathogen alone. When dry, they were again
sprayed with B. cinerea spores (0.8 X 10° spores/mL). The leaves were placed in
flats covered with plastic domes and stored at 18-20°C in a Percival incubator.
Five days later, the positive control (pathogen alone) was rotted in an area about
25 mm in diameter. The negative control (water alone) had no rotting. AQ713
15 showed no infections on 7 of 8 circles where the leaves were wounded. The one
that was infected had light infection at two locations around the circle.

For the Bremia test, lettuce seeds were planted in a layer of sterilized
potting mix containing peat, perlite and vermiculite in small clear plastic plant
condominiums about 8 centimeters high and wide. After the lettuce germinated

20 ~ (one week), the lettuce seedlings were sprayed with the AQ713 broth or
supernatant sample. The plants were allowed to dry and then downy mildew
spore suspension from infected lettuce seedlings was sprayed onto the seedlings.
The plastic covers were placed over the plants and incubated at 18-20 20°C in a

‘Percival incubator. One week later, the test was evaluated. AQ713 did not

25 prevent downy mildew from Bremia on lettuce seedlings.




Adz b WO 98/50422 6i iCA ijiNCT/BSS8/09471

.o : al ~ ~ .. - ..
30 28 Tabl e 10 ==
D sease Pl ant Pat hogen Host

Late Blight Phyt opht hora i nf est ans Tomat o G ay
Mol d Botrytis cinerea Pepper Sheat h
Bl i ght Rhi zoct oni a sol ani Ri ce Ri ce Bl ast
Pyricularia oryzae Ri c Powdery M | dew

Unci nul a necator . G a eq')xample9 Powdery M | dew

Drysi phe gram ni s fEfficacy of AQ713\emainst Plant Diseases (Greenhouse Test)

gramni s ... Each broth was sprayed to run-off at 1X
concent r at i ofSrape Pawny Mildew ant s with a hand held sprayer, allowed

for each di sease A FS o A 4 o besfd o du iy 2 490 Jitbt AftBrbPick dg” 41 o
i noculsat ed wiplirst fmaﬁ%taﬁ&qeﬁlﬁvﬁaeﬁm@éﬁﬁy) Were s fa?é&lam(h Iahdelsdld BBlaya0 t he

percent disease control based on a scale Trom 0 100% control 100%

cont rol to run-offfveitls wholecbrpthrom thet400riserfesnditatidnauh dilutedGrighvstesile
fungi ci des were used for conpari gon. Di sease .i.ndex is the severity
of the di seaé@tgﬁommp@ét%ﬂoﬁ%ﬁﬁ%n?' entﬁ]efso?xage drie ,tﬁe pIsantswere

31 : : : :
“nfestans BPEYELEgeoond time, Aflr drvige, the plants wiig Tafualed with e patbpger!

causing grape downy mildew, Plasmopara viticola. Three plants were treated for
10 each dose. Each plant was evaluated by estimating the percent disease control
based on a scale from 0 to 100% control. 100% control is a plant with no visible
lesions. A chemical fungicide, metalaxyl, was used for comparison. The results
were as follows: |
AQ713 0.5X whole broth  97.7% control

15 _ AQ713 0.25X whole broth  100% control
Metalaxyl 30 ppm 100% control
Metalaxyl 10 ppm 98.3% control

Metalaxyl 1 ppm 80% control

The results demonstrate that AQ713 effected control of grape downy mildew as
20 well as the chemical fungicide.

Example 10
Efficacy of AQ713 Against Squash Powdery Mildew
AQ713 was grown in a soy-based medium in a 400 liter fermenter for 48
25 hours. Squash plants (Crookneck and Acorn) were sprayed with a hand-held
sprayer to run-off with whole broth from the 400 liter fermentation run and a
sample diluted with sterile water to 0.5X concentration. After drying, the plants -
were inoculated with the squash powdery mildew pathogen, Sphaerotheca
Juliginea. Two plants were treated for each dose. Spray dried powder of the
30 whole broth was also tested. The 400 liter fermentation broth was spray dried to
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nazol e 10 ppm Propi co-
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Mycl o-

100 but ani |

100 50 ppm Pencycuron _
10 ppm Benonylremove the water. 10% and 2.5% spray dried powder solutions were sprayed on

100 100 ppm Beno
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57 nazole 5 ppm Propi co-

54 nazole 0.2 ppm

100 butanil 30 ppm Mycl o-

pat hogens t estgfigisease. The results are shown below in Table 9.

| | .
g}/ants tgaun-off as above.gEhe incidence offpowdery mildewyljsease was

ater Ay seppe From L 0.5, The,S matingis LR disease WHRSPL S 02 BRE R | ne

5 Table 9
Test Acomn Squash | Acorn Squash | Crookneck Crookneck
Suspension Plant 1 Plant 2 Squash Squash
Plant 1 Plant 2
AQ713 1X 0 0 0 0
whole broth
AQ713 05X |0 ' 0 0 0
whole broth
AQ713 10% |0 0 0 0
spray dried
powder
AQ713 25% |0 0 0.5 1
spray dried
powder
AQ713 whole broth and spray dried powder provided nearly complete control of
squash powdery mildew.
10 Example 11

Efficacy of AQ713 on Late Blight, Gray Mdld, Grape Powdery Mildew,
Cereal Powdery Mildew, Sheath Blight and Rice Blast in the Greenhouse
AQ713 was grown in a soy-based medium for 72 hours in a 250 mL shake
flask. The disease, causative pathogen and host are listed in Table 10 below. This

15 whole broth culture was tested on the plants as shown in Table 11 below.




M | dew
fermenter in a soy-based

Ef fi cacy of AQ713 Agai nst PEGFES28/a971DowWny
Bacillus strai 3ggAQ713 was grown in a ten liter

medi um for 48 hours. The whole broth
culture at 1X strength was sprayed onto t hree week-ol d
caul i fl ower and brussel sprouts plants at the full cotyl edon stage
wth an artist's air brush powered by conpressed air. Three replicates of
15-25 10 seedl i ngs/ pot were sprayed per treatnent. Quadris[err], an
azoxystrobin fungicide fron1%gagqa was al so sprayed on plants
(three per treatnent) at rates of 250 ppm and 125 ppm A spore

suspensi on of doWnyDsda§6¢W, Per ¢nospPlaaiPdthégen! Ca, |at Host 1-5 X
10[err] sporps/nl was sprayved onto the Brassica plants after the AQri3f and
Quadri s sprays drlbalteBIighth ant $ ﬁbytephtbbmw'eswslﬂerr]chmatM hour s| f or
infection, 1k =Ya P4 f or
si x days. Thpe

al | ow sporul B o Fs—ratetd ach
pl ant was ev di sease caont r%'l based on| a
scale from OT__EW[HS{ ol . UU/OEQFLM&&ab@z@e prant W th RigeSporaratrf ng

| esi ons. The results averaged acroSs repllicate pots are shown
bel ow i n Tab| e 1Powaé&y Mildew Uncinula necator Grape Tapl e
12 - Beadi ng t aken Readi ng taken

Readi ng takeh  Powdery Mildew Drysiphe graminis f. spederber 2Wheat  pecepber
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90 75 Quadr FEEE hom 100 NT
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suspensi on of
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spores/ nL was sprayed onto the pepper plants after
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Benomyl

100 ppm

100

Benomyl

40 ppm

77

Disease

80

Index (%)

95

70

50

60

80

the test was rated. The incidence of gray nold di sease was rated on a
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35 WhaWVa /39822 ned is: 1. A biologically pure cul ture oPCT/US98/09471
Bacil lussubtilis strain AQ713, NRRL Acces®i onNo. B-21661 and nut ants

t hereof having all the identifying characteristics of said strain. 2. A™
nmet abolite produced by the Bacillus subtilis strain of claim1 that

exhi bits activity agai nst corn rootwormm, is-solvent extractable and has
a nol ecul ar wei ght of |ess than 10,000 dal tons. 3. A supernatant obtained
froma culture of Bacillus subtilis strain AQ713 of claim1 that

exhi bi ts antiAQnERshowtd RAVitP et Wb Shuitsdbdtth CHaAR ngicided onadi@erm 4. A
conposition conprising the ole broth culture of the Bacillus subrilis

strai n AQ713 pathogenstesteda | and a chem cal fungicide. 5. A conposition
conprising the whole broth culture of the Bacillus subrilis strain AQri13 of
claiml and a biological or chem cal pesticide. 6. The conposition of
claim5 further conprising a chem ca a&ﬂﬁé‘i de. 7 A conposition
conprising the netabolite of claim2™and®a Chem cal fungicide. 8. A

conmposg tion conpri si ngElﬁéhWﬂt@iSRgﬂﬁstCBﬁsﬁcimfﬁ\ﬁini cal or
chem cal pesticide. 9. The conposition of claim@8 further conprising a
chemi cal fungi ci deBacillusGstraim AQ’?EES\MS goowr ivgptenditerdfermnenteniparsoythased of clai m
3 and a che mrﬁ?chm&x%? hg hg\?rs The whole broth culture at 1X strength was sprayed onto
three week-old cauliflower and brussel sprouts plants at the full cotyledon stage
with an artist’s air brush powered by compressed air. Three replicates of 15-25
10 seedlings/pot were sprayed per treatment. Quadris™, an azoxystrobin fungicide
from Zeneca, was also sprayed on plants (three per treatment) at rates of 250 ppm
and 125 ppm. A spore suspension of downy mildew, Peronospora parasitica, at
1-5 X 10* spores/mL was sprayed onto the Brassica plants after the AQ713 and
Quadris sprays dried. The plants were held at 15-17°C for 24 hours for infection,
15 then the seedlings were incubated at 20-24°C for six days. The pots were returned
to 15-17°C overnight to allow sporulation of the pathogen until the test was rated.
Each plant was evaluated by estimating the percent disease control based on a
scale from 0 to 100% control. 100% control is a plant with no sporulating lesions.

The results averaged across replicate pots are shown below in Table 12.

20
Table 12
Reading taken Reading taken Reading taken
December 23 December 30 January 6
AQ713 whole broth 100 90 75
Quadris 250 ppm 100 NT NT
Quadris 125 ppm NT ~ 100 100
Water Control 0 0 0

NT =Not Tested
AQ?713 controlled downy mildew effectively for three weeks in duration.




11. A compos tVomtonprising the supematant of claim 3 and aPGTBISSBPMIE o
chem cal pesticide. 12. The conpositio¥ of claim 1l further conprising a_
chem cal pesticide. :

REPLAEMENT SHE :

20 ALP 200 | 13. A method for protecting or treating
plants and fruit fromfungal and bacterial infections and corn rootworm
i nfestations conprising applying an effective anmount of the Bacill us
subtilis strain of claiml. 14. RxamipbeolB f or protecting or treating

plants and fruit from fyngal ,and cierial infectio and , corn rootworm
i nfestations conpri si nggﬁgﬁg}qlﬁgfggﬁésf@a? G@Wﬁfﬁqh‘lngfﬂ@e met abol i te of
claim 2. 15 I RN ' ' .t from
fungal and baét(@rllf;%?%?{ggﬁ % rtlés?& an df%eg{gf %?gﬁ'%?%@%@ ?(Ea}?II %I’é]%{ir&

conpri si ng apPhy baderddl chlthfowas/dhAeDWith stekild Wates B 5N aind'0.25X claim3.
16. A nethod for protecting or treating plants and fruit from fungal and

bact er bal i nf eencentmaticnsd The coliure atd % d-9.28X gonesntrationsowvasssprayebpl vi ng
an effective ampynt of the conposition for . claim4,56, 7.8 9, 10, 11, or
1. o TheoBihiss tnekcald PRPRES Panle With BBaristf ot e VHRELEY ons o e

caused by at &g[ﬁ?!tr?rsgeya]eair. %{sgg&ﬁﬁ;a?gdsgﬁgﬁe?nﬁ%{rguﬂ&gnom consi sting

of Phyl ophr hor sl ans, zoctoni a multrimum
Borrytis ci neagxystfobififmgitide fontZenechobvasdlsy sprayedrongsiamtsl ¢three perAf t ernari a
brassi si col a, Cd adosporium cucunerinum Moniliniaftucticola, Venturia -
pyrina, treatment) at concentrations of 500 ppm, 250 ppm and 125 ppm. In addition,

10 combinations of Quadris plus the whole broth culture of AQ713 in a 1:1 ratio

were sprayed onto pepper plants (three per treatment). The treatments with and
without Quadris are outlined in Table 13 below. A spore suspension of Botrytis
cinerea, gray mold, at 1 X 10° spores/mL was sprayed onto the pepper plants after
the AQ713 and Quadris sprays dried. The plants were held at 20-22°C for 3 days
I5 until the test was rated. The incidence of gray mold disease was rated on a score
from O to 5. The 5 rating indicates 100% disease whereas the 0 rating indicates no

disease. The results are shown in Table 13 below.

AN )




Aci dovor aVQE8594%2 Pseudononas syri ngae,

car ot ovor a,

Sphaer ot hecajtligi nea, Uncinula necator,
18. The method of claim 16 wherein the i nf ections are caused by at

one ni croor
i nf est ans,

Airernaria sol ani,

d avi bac

gani sm
Rhi zoct oni a

rer

sol ani ,

Pyt hi urn
Col |l erorri chum cocodes,

Xanr hononas canpesPEFUSHM | a
m chi ganense34 Pl asnopara viticola,

and Peronospora parasiri ca.

| east

selected fromthe group consisting of Phytophthora
ul rimum Borryris cinerea,

Alrernaria

| br assi si col a,
Cl adospori um cucuneri num Moni lini af r qabjeck® a, Venturia pyrina, Acidovoracx

avenae, Pseudornonas syringae, Xanrhomonas canpestris Frwinia carotayora,
Cl avi bacr er | Treatment Rating Rating - Rating Rating 37
m chi ganensg, Pl asnoporj _vi [‘I co] a, hec i a, cinul a ne¢at or,
and Per ohospor a par asReplicgte 3 19 ﬁjei’ﬁ%a t ho ?)‘Ph‘g#egfm J%‘(/ﬁ’iﬁgeei n the
Baci | | us subtigzisy i S/ - redas o o e pr@g curtare
20. The net hod of cl ai n (l wher ei n |tTie Bacil | SL Subtilis dtrain AQr13]is
appl i ed as FTAQ7I®OBRI Naf 20t - 217 e nethod p2.oclaim 19 pg@rein the
Bacillus sulptilis strain AQr13 is dpplied as ftable fowders, graful es,
fl owabl es of AGTEI Gk appalat i ons. | 322. The netBOd of cl ai|®-20 wherei h the
Bacillus sulptilis straih AQz 13 igﬁ_@%we ncggcrs,
granul es, fl SHadEes or #Or oencapsyl’at i ons. Y The matrgsd of clainmg 13,
14 or 15 Wh(‘l‘saiﬂm{ he ropts of pl antj]s or the so]Jl around tHe roots are
treat ed. ’.L_.Ihe_ncet—h-;g o m136 e e 5‘." Foots—of—prants—or—i he
soi | around|Qrisoot s af 5treat ed. 525 A conpoltnd havi nd “the formnul &:

250 ppm

AQ713 IX + 0.5. 1.0 1.0 0.8

Quadris 500 ppm

AQ7131X + 1.0 1.0 0.5 10.8

Quadris 250 ppm

AQ71305X+ 105 1.0 1.0 0.8

Quadris 250 ppm

AQ7130.25X+ 10.5 1.0 2.5 1.3

Quadris 250 ppm

Water control 4.0 5.0 5.0 4.7

Water control2 | 5.0 5.0 5.0 5.0

The results clearly show that combinations of Quadris and AQ713 control gray

mold disease significantly better than either Quadris or AQ713 alone.




Rl err] - o+ YA%2FM*2co @ x- O n- Tyr - Thr- @ x- Al a- Pro- @ x- Tyr - Val PCT/US98/09471
[er[] wherein Rerr] is a bran@jd or straight aliphatic side -
chain of [err]is .an_acetate-or—an ester derivative; and Ax is G@n

or 4 u. 26. A conpound he formul a:
CI-l[err](CI—l[err])JMﬂ mm Om Tyr-Thr-d u- Al a- Pro-d n-Tyr-V
27. cancel ed conprising an A-type iturin, a plipastatin

and a surfactin. 9 A conmposition conprising an A-type iturin, a
plipastatin, a surfactin and an agrastatin. 30. cancel ed 31. cancel ed
32. A nethod for protecting or treatih& s or fruit fromcorn rootworm
I nfestations conprising applying a I ve anmount of any of clains
25, 26, 28 orgRdikudinedss:of plants or to soil around the roots.

1. An isolated, pure culture of Bacillus subtilis strain AQ713, NRRL
5 Accession No. B21661 and its mutants.

2 A metabolite produced by the Bacillus subtilis strain of claim 1
that exhibits activity against corn rootworm, is solvent extractable ar'ld hasa
molecular weight of less than 10,000 daltons.

3. A supernatant obtained from a culture of the Bacillus subtilis strain

10 AQ713 of claim 1 that exhibits antifungal and antibacterial activity and activity
against corn rootworm.

4. A composition comprising the whole broth culture of the Bacillus
subtilis strain AQ713 of claim 1 and a chemical fungicide.

5. A composition comprising the whole broth culture of the Bacillus
15 subtilis strain AQ713 of claim 1 and a biological or chemical pesticide.
6. The composition of claim 5 further comprising a chemical
 fungicide.
7. A composition comprising the metabolite of claim 2 and a
chemical fungicide.
20 - 8. A composition comprising the metabolite of claim 2 and a

biological or chemical pesticide.
9. The composition of claim 8 further comprising chemical fungicide.
10. A composition comprising the supernatant of claim 3 and a
chemical fungicide.
25 11. A composition comprising the supernatant of claim 3 and a
. biological or chemical pesticide.

12. The composition of claim 11 further comprising a chemical

pesticide.
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33. The cH@¥H¥%I2on con])___sLng_Lhe conmpound of cl ai m 25 andPGTAEPEP4Y1
34. The corrpos rtion conprising the conp®gind of claim26 and a carrer. 35.

cancel ed m“mq‘m‘nm claim 33, further conprising a biol ogical
or chem cal pest \ma conposition of claim34, further

conpri sing a biologitcal of chenical pesticide. 38. cancel ed

REPLACEMVENT SHEET

Il 09 ND' 2

REPLACEMENT SHEET13. A method for protecting or treating plants and fruit from fungal a®d ~ 39.
The conposition of claim33 or 36, wherein the corrp05|t|on is formul ated as
wett abl e bqsmﬂﬁﬁc@mmdegm robtvert infestations eQrBRTUAR 3PP Iying®s.  40. The

conposi tion o 34 f I d
wet t abl ¢ e adiouy S Beclthl siblinst s bR kncapsul ac 1 ons. 4 1.
canceled 42, A ygt ho%fxfrﬂ{hoﬁrﬁfﬁr‘é%écﬁﬂg efuédtﬁ@tplms PP fm fifright ardd om

fungal and bacteri al ect1ons ‘an corn rootworm infestations
conpr§si ng abavtetial infectiorisfand icosteroatwarnt infdstations comprising applym‘g an
effective amount of the metabolite of claim 2.

15. A method for protecting or treating plants and fruit from fungal and

bacterial infections and corn rootworm infestations comprising applying an
effective amount of the supernatant of claim 3.

10 16.. A method for protecting or treating plants and fruit from fungal and
bacterial infections and corn rootworm infestations comprising applying an
effective amount of the composition of claim 4, 5, 6, 7, 8, 9, 10, 11, or 12.

17.  The method of claim 13, 14 or 15 wherein the infections are caused

by at least one microorganism selected from the group consisting of Phytophthora
15 infestans, Rhizoctonia solani, Pythium uItimum; Botrytis cinerea, Alternaria
solani, Colletotrichum cocodes, Alternaria brassicicola, Cladosporium
' cucumerinum, Monilinia fructicola, Venturia pyrina, Acidovorax avenae,
Pseudomonas syringae, Xanthomonas campestris, Erwinia carotovora,
Clavibacter michiganense, Plasmopara viticola, Sphaerotheca fuliginea,
20 Uncinula necator, and Peronospora parasitica.

18.  The method of claim 16 wherein the infections are caused by at
least one microorganism selected from the group consisting of Phyfophthora
infestans, Rhizoctonia solani, Pythium ultimum, Botrytis cinerea, Alternaria
solani, Colletotrichum cocodes, Alternaria brassicicola, Cladosporium

25 cucumerinum, Monilinia fructicola, Venturia pyrina; Acidovorax avenae,
Pseudomonas syringae, Xanthomonas campestris, Erwinia carotovora,
Clavibacter michiganense, Plasmopara viticola, Sphaerotheca fuliginea,
Uncinula necator, and Peronospora parasitica.

19. The method of claim 13 wherein the Bacillus subtilis strain AQ713

30 is applied as a whole broth culture.
cen Replaced

i [ e
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any of claVVP%8%2%3 38 to the plant or fruit. 43. A nethod PETUSPHIMEL i ng

or treating-—ptants or fruit fromcorn r@jJt worminfestations conpri si ng
appl yi ng an e { f the conposition of any of claim33, 34, 36
or 37 to #Mts or to soil around the roots. 44. A
surfactin |ipopeptide i'olated-fromstrain AQr13 with insecticidal
activity. 45. A nethod for protecting or treating plants and fruit from
i nsect infestations conprisin applying an effective anpunt of a

conpound havi ng t hé0 or nlihgmethod of claim 13, wherein the Bacillus subtilis strain

Rlerr]-CHCH egrt1-.CO G x- Tyr-Thr-Gd x- X- Pro- Q3 x- Tyr - Val OR2
wher ei n R[err?\(éil3a‘slﬁp3ﬁ8(ﬁ3%a§?pem ght aliphatic side chain of [err] is
an acetate or an 21 PRé RletHddf RO wherbih tht BadilluyMbrilaRtatd XQ733 G N
or G u. 46. A nethod for protecting or treating plants and fruit from

i nsect i nf est & applied @as wettableppwders; granylesgflewabiés eronicvecneapsutations. a
conpound havi ng the fornul a:

20 [arr] 97 9. et Racimetiod of slaim 20, wherein the Racillys sHBRKSSIER 1 1 ui 1

frominsect inf [ LSt p ' ; ctive anount of. a
conposition cmt@%ﬁnge‘?%@&?%Wdﬁiﬁ%%%g?%ﬁéﬁ “surfactin.
48. The net hogﬁefoeﬁb@smaﬁznsj urther conprising applying an effective anount

of an agrastatin.
23.  The method of claims 13, 14 orl5 wherein the roots of plants or the

soil around the roots are treated.
10 24.  The method of claim 16 wherein the roots of plants or the soil
around the roots are treated.

25. A compound having the formula

R,-?H-QHz-CO-Glx-Orn-Trr-Thr-Glx»X-Pro-Glx-Tyr-Val
OR, O- |

15
wherein R, is a branched or straight aliphatic side chain of C8-C20; X is
_either Ala or Val, R, is an acetate or an ester derivative and Gix is Gln or Glu.
26. A compound having the formula
C H3(CH,,_),2—CH-CH2-CO—Glu-Om-Tyr-Thr-Glu-Ala-Pro-Gln—Tyr-Val

20 | | ]
OH O

27. A compound having the formula

C H3C HZCH (CHz) 10” (l)H -C HZ-CO-Glu-Om-T)"r-Thr—GIU-VaI-PrO-GIn-Tyr-Va!
25 | CHs OH - O— |

28. A composition comprising an A-type iturin, a plipastatin, and a
surfactant. o
29.  The composition of claim 28 further comprising an agrastatin.
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49/ A 1i pop¥W¥82%xtract isolated fromstrain AQ713 with i nEELUSYHUMI
activity. 50--A-surfactin |ipopeptide B8olated fromstrain AQ713 with

i msecticidal acplyd Mrret hod for treating or protecting plants or"
fﬁui.t fromi nSﬂ!\!‘@m&mm‘)w onpri si ng adni ni stering an effective
armount of a co ct1on conpri*sing the extract of claim50. 52. A nethod
for treating or protecting plants or fruit frominsect infestations

conpri si ng adm ni stering an effective amount of a conposition conprising

the surfactin of cl38 m 54 methdbfor protectinglor dreafing planty and fruitfromi fangdlend
conposition is applied to the soil around the roots of , t he, pl ant or the
roots are trehbpegrial infegtionsand gormemet gror infestations GaraprEsing aPRIYEA%osi tion i s

applied to the b r e roots. of .t r Ze roots are
treated. 559%%6@{?%?{4&3 %ﬁ@ngfgm%a?é’a{g’ ﬁg\%? " insecticidal
activity conprisi ng1gr oWHeméthed of claith B0 WheRlin Hefinfactiond fbeicafsedBy t he
supernatant fromthe cul ture.

5 least one microorganism selected from the group consisting of Phytophthora
infestans, Rhizoctonia solani, Pythium ultimum, Botrytis cinerea, Alternaria
solani, Colletotrichum cocodes, Alternaria brassicicola, Cladosporium
cucumerinum, Monilinia fructicola, Venturia pyrina, Acidovorax avenae,
Pseudomonas syringae, Xanthomonas campestris, Erwinia carotovora,

10 Clavibacter michiganense, Plasmopara viticola, Sphaerotheca fuliginea,
Uncinula necator, and Peronospora parasitica.
30. A method for protecting or treating plants corn rootworm
infestations comprising applying an effective amount of the composition of claim

23, 24, 25, or 26 to roots of plants or to soil around the roots.
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