WD 00/ 58442 PCT/ US00/ 07454 A STRAIN OF BACI LLUS PUM LUS FOR CONTROLLI NG
PLANT DI SEASES CROSS- REFERENCE TO RELATED APPLI CATIONS 5 This application
is a cont{jHRlskpl-in-part of U S Serial No. 09/281, 360, f] h 30,
1999, and a c%%%?nuation-in-part of U S. Serial No. 09/461%#§ﬂ?m%$%%d
Decenber 14, 1999, the contents of which are hereby incorporated by
reference into the present disclosure. 10 FIELD OF THE | NVENTI ON The
present invention is in the field of biopesticides. Mre particularly, this
i nvention rel at eyRADN toregAdIndinguinas eoreuetRoBL N RLANT Bagidskys pum | us,
NRRL Accession Nunber B-30087, can inhibit a broad range of fungal plant
di seases in vivo. The 15 invention also relates to fungicidal conpositions
conprising this novel Bacillus strain, and the antibiotics and purified
and non-purified fractions of this strain either alone, or in conbination
with other chenical and d}OSQHMAIRINGSE TR Hes ATHIS AFPIGORITIONKUT t her
relates to the synergistic fungicidal effect of using NRRL Accessi on No.

B- 300875 t oget heFhisapiichiRil is Acoassuationii-pa-oZ 168.1Ser(aCSRA0D 281, 86), fil&D

BACKGROUND _ It i enerally known that various nicroorgani sns_exhi bit
bi ol ogi cal Match 3y 89%%1 a ey atign,n-pagt %Iﬁt%r gFﬂ%l%t@%@e@Qe@kéN t hough
progress h ¢ | f 1l i Jvi I
D1 ol ogi cal serie: B9 Int B Fhfier akehlly SHEAgoRR HRLRBRC o te
agronom ¢ gmekehodikdlostré.ur al i nportance, nost of the pesticides in use are
still synthetic conpounds. Many of these chem cal fungicides are
classified as carcinogens by the Environnental Protection Agency (EPA),
are to&%c to wldlife and otheiggggggiﬁggigégﬂiggéf. I n addition, pathogens
may devel op resistance to ched rCi : , €e.0g., Schwinn et al.
in: Advances In Plant Pathol ogy: . Phyt opat hora i nfestans, The 30 Cause of
Late Blight of Pdiedqresenpinvention iniphe fickd eitieuestigdes. pvegroparicgilaty, thig991) . WO
00158442 PR AGEYATAH nPihiog!ifRla 508 &idbn 6f BEIRuHnithl RRRL Recession
alternative to synthetic chem€a

Number B-30087, can inhibit a broad range of fungal plant diseases in vivo. The

15 invention also relates to fungicidal compositions comprising this novel Bacillus strain,
and the antibiotics and purified and non-purified fractions of this strain either alone, or
in combination with other chemical and biological pesticides. The invention further
relates to the synergistic fungicidal effect of using NRRL Accession No. B-30087
together with NRRL Accession No. B-21661, (CCRC 910106).

20

BACKGROUND

It is generally known that various microorganisms exhibit biological activity that
are useful to control plant diseases. Although progress has been made in the field of
identifying and developing biological pesticides for controlling various plant diseases of

25 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
Environmental Protection Agency (EPA), are toxic to wildlife and other non-target
species. In addition, pathogens may develop resistance to chemical pesticides. See,
e.g., Schwinn et al., in: Advances In Plant Pathology: Phytopathora infestans, The

30 Cause of Late Blight of Potato, p. 244, Academic Press, San Diego, Calif. (1991).



fungi ci des. Biopesticides (living organisns and the naturally produced
conpounds produced by these organisns) can be safer, nore bi odegradabl e,

and Iess‘gégﬁgﬁhye to develop. 5 One commonly used biOPG%Q}Q#Qﬁmk§4the
gram positive cteriumBacillus thuringiensis. Pesticidal B.

thuringiensis strains are known to produce crystal proteins during

sporul ation, which are specifically toxic to certain orders and species of
insects and nematodes (See, e.g., U S. Patent No. 4,999,192 and U S.

Pat ent No. 5, 208i8lbgical control efféraar atisicendgitepxdtive 1@ st Rcthbiyidal
thuringiensis also act as insecticidal agents 10 agginst corn rootworm and
ot her beet fengiqigesy Biopgstcidpytlving grgamyme and e npgnpdoprodyced cogpounds  (1993)
J. Econ. Entoml 6: 330- 333), .B., thuringi ensjs t oxins have. been
ahown to brarpeLby BRI el vepleb an e BiRleRudRie; B APYRT
expressed ge@iigp.ns. Warren et al. WO 96/10083, disclose non-endotoxin
proteins produced during the vegetative stage of Bacillus cereus and B.
thuringfensis. Thesemnegdy nsadieonesiaeidé rssthe B poditect bacistiuemBadiblp? have
potent activity.against.corn rootworm (northern and wesitern). . See, Estruch
o ol (st BEuRLB Har s 1SS i Khogiido Brod gl B

t her most ablgriAPLAPALYiLS wHE! SR IpREAAIIEHEXS Berllf? ol UndRFE RSO Nave
pesti ci dal pr%% rtieé.’gﬁﬁgferoﬂ aﬁ%i iaéhe (1979?, EnPOWEpﬁ%ga ©

11: 279- 284 and eqpostbdes (Bet, a2 X01SoRatent Nat4,999, Hix anddJ 8gRatastt N, 20813 ).pot at o

beetl e 20 (Lepti notarsa decenlineata). |In addition, the known B.
t huri ngi enSreipatequp sstofRipsProduged hytB. dtingsasisialio rbay ingsigidabegents ty, not

only Kih I 00, A URLERvoriin Wi tobA&Te ¢, 3 EVMRLS il BSmadBh £ 1. o

r oot wor m gma exot oxli n has a struc rrto béeta- éexotoxin, and is

active agarns$19939) DER6R MRémbIQ 88E330L333).SBEhulngRnas etdotédins {al3Dedn J.
Entonol . Sci. 26: 206-213. Al pha-exotoxin is toxic to |arvae of Misca
donest i ca sSPWIohasfiectivae) puriElsrydtals, otAsbed cqlknalletsgand expresepsrpratensot oxi ns

are variou roteolyhi s...chitinases. and. proteases.. The .toxic
i fects of TGP GhoY SN L Eoest o AR HERRE] cunrney

bet a- exot oxkgrtaivedtigt df BREMOXbrdus IRIER. thinhSBRNQ, THese veddfivk pibieins,
thuringiensis: Its effects on Environmental Quality"” Nationa Resear ch

Counci II5 of caitada\inl aRlBip2day¢ petefoactiNROEzAiBS 861 optw@m (h0gh¢rn9nd wes2m).
See, Estruch et al. (1997), Nature-Biotechnology 15:137-141.

One B. thuringiensis thermostable metabolite, termed beta-exotoxin has also
been shown to have pesticidal properties. Burgjeron and Biache (1979), Entomophaga
11:279-284, report a beta-exotoxin that is active against Colorado potato beetle

20  (Leptinotarsa decemlineata). In addition, the known B. thuringiensis beta-exotoxins
exhibit non-specific pesticidal activity, not only killing nematodes, but also flies,
armyworm, mites, and corn rootworm. Sigma exotoxin has a structure similar to beta-
exotoxin, and is active against Colorado potato beetle. See, Argauer et al. (1991), J.
Entomol. Sci. 26: 206-213. Alpha-exotoxin is toxic to larvae of Musca domestica

25  (Cluthy (1980), FEMS Microbiol. Lett. 8:1-7). Gamma-exotoxins are various
proteolytic enzymes, chitinases and proteases. The toxic effects of gamma-exotoxins
are only expressed in combination with beta-exotoxin or delta-endotoxin. See,
Forsberg, C., “Bacillus thuringiensis: Its effects on Environmental Quality” National

Research Council of Canada, Publication No. NRCC 15385, pp. 91-109 (1976).



WO 00/ 58442 PCT/ US00/ 07454 Stonard et al. (1994), ACS Synposium Series
551: 25, report a water-soluble secondary netabolite active against corn

r oot wor m (@E&ﬁupernat ant of a Bacillus cereus strain. Z%{;/bg:({o&g“n Ais
a water soluble, "acid stable |inear am nopol yol nolecul e (see, et al.

(1994), Tetrahedron Lett. 35(16):2499-2502) with broad-spectrumactivity 5
agai nst many fungal and bacterial plant pathogens. Zwittermcin Ais also
known to enhance the activity of B. thuringiensis. Manker et al. (WO

96/ 39037) \sesreard benlf (1094), UCS SFedpesitinnSerich 85825 thapert b GiaeirSbhbédeacedang
abilities and properties of zwittermcin A  Subsequently, Schnepf et al.
al s0 r epor meaiaholiig ackNe LEARsHCOMIOANETIACEE SEYCrnatan of AGuaies serews Siraimat ent
5,702,703). 10 ?ac'ttl L. argg. knOV\ﬁ% tog ]E]]reodlijézet eréthj fun all aorcidolar%lig ¢ %ri al
secondary metabdlltes “lSed d REFLIHERI™ E1C & RREI BIOTH €8 i Sofat ed Tt om
the genus Backl. ysodbarildirarmsler:. 59(162):2\4199—,@5@)'vﬁﬁ1 bro&d-bghchumMREivitg and
Properties, Anerican Society for Mcrobiology, Wshington, D.C. Vol. Il
(1978) , SancdgBestdyanydRazdiand bacérial fplah pathbgersc Zvdverpocingds is algsl known gl V, CRC
Press, Inc.,. Boca Rat.on, 1980- 87) . oun ed b um | us
ol e m ERBEGE Srarchvs 0B iR M R AL DR Bivere fhe TysBS
Patent No. ¢ 280: 1408 jiSAhabRds-EnAYRl RERS a5@bihbSics BRLRicBhicn At oM

Baci | | us Widtke acti Vél)t y aga‘?l%sts gnlgdr oag ar angeao?bg?anﬁesbos?‘??\?e acnd gram
negati ve b&ubsiguentlySSalepée: @l alsq depdfipd Appkwaenhicui Acnharded Bobi ol .

60: 4404- 4412, have identified certain Bacillus spp. (Bacillus spp. include
B. subtili $urmeigspdsS. RatengyJ82d83)- 20 B. thuringi ensis) strains that

oL et St TAR 306 AYER JPNB B 8l g

M crob. 62: 306K SeAssk( 4296)AntibitRe iRvlRedfibintho getusanenls (Bhdllachae) ehf ective
agai nst the soil borne disease danping off, caused by Phytopathora
medi cagi ni éAntibiotigs c Srigam dkaturp and BpinsriiaseAmerioan decigy [fer Midrabialagynor ( See,

3200 < SRRt U o R b s B 1L ©
35(16) : 249¢0aRfddndd, Vola3-aN0 @R (SPRSS, THEN BEE4 NAthY, FI0AIOBSIZ 7B mpbti@al and
bacterial plant pathogens. Kanosanmne (Mlner et al., 1996) also inhibits a
br oad nangerafucédingll pphidmtingadhmgansocandP puiglin padttetpinal speci es.
Kawaguchi et al., in U.S. Patent No. 4,250,170, isolated a novel water-soluble
antibiotic from Bacillus with activity against a broad range of gram positive and gram
negative bacteria. Stabb et al. (1990) Applied Environ. Microbiol. 60:4404-4412, have
identified certain Bacillus spp. (Bacillus spp. include B. subtilis, B. cereus, B. mycoides,
20  B. thuringiensis) strains that exhibit antifungal activity. These strains have been shown
to produce zwittermicin A and/or kanosamine. See, Milner et al., Appl. Environ.
Microb.62:3061-3066 (1996). These are antibiotic agents that are effective against the
soil borne disease damping off, caused by Phytopathora medicaginis, P. nicotianae, P.
aphanidermatum or Sclerotinia minor (See, Stabb et al., supra). Zwittermicin-A is a
25  water soluble, acid stable linear aminopolyol molecule. See, He et al., (1994)
Tetrahedron Lett. 35(16):2499-2502. It has broad spectrum activity against many
fungal and bacterial plant pathogens. Kanosamine (Milner et al., 1996) also inhibits a
broad range of fungal plant pathogens and a few bacterial species.

Handelsman et al., in U.S. Patent No. 5,049,379, describe how Zwittermicin A-

30  producing B. cereus controls damping off in alfalfa and soybeans. When the seed was



Handel sman et al., in U S Patent No. 5,049,379, describe how Zwittermcin
A- 30 produci ng B. cereus controls danping off in alfalfa and soybeans.

Wien the 3 WD 00/58442 PCT/USOQ 07454 coated w us ATCC
53522, the pat %\ﬁgeni c activity of root rot fungus was |nh1|t(gr/§30g%%5§
Simlarly, application of spore-based fornulations of certain B. cereus
strains to soybean seeds or the soil surrounding the seeds has been shown
to inprove soybean vyield at field sites. See, Osburne et al. (1995) Am
Phyt opat hoIcoatSdmith?&(c@)euSB\IP(HS&SﬁZ Mt redlotszenic aatpity ofugpobtad pergdus siades ar e
wel |l known in the art and include, for exanple, wettable powders, dry

f1 owabl es, lmléﬂ%r%aﬁ@dmnpeﬁanw PPEhAECG lagieny C%ﬁalrtﬁece’%sé?r@ﬁé

uhol e, b1 ot g O PR SR {Y QTS SAPh &b g SeF sy U S,
et al. Tsungel@tat Atld s{td) ek, Osbunié du/01095) AP (dNarASI080c1 09%):56B66t on a
new am no 10 sugar antibiotic from B. ‘pum lus with activity against a

br oad réngé\/lethoqifa@fta@plyang biopesticisles arghyrd] knownan the argjand 1r{°119b&5§0rrehare@e,1817875

e
Bacteriol. nf@rodé; &Q&eﬁai‘&ﬁé} antitfiOE fradtidfs RoBstbRRultiredNBke, BOIUNL I S and

anti-Alternaria antibiotics by two Bacillus strains, B. subtilis CL27 and
B. 15 pumi [RasenCNo45,06THSS5 whRdssaband B.SidtaneNo- § Oé%?ﬁ? ta Handsdsnaanectabt i ve

agai nst Botrytis_ and inin d are active agai nst
Botrytis in in viSVge§ 15%%£"1”€§1”§5 Bﬁ&lﬁﬂf -1QV2; FeBPTt 0Bta ngw amingg7)

U S. Papentg i

pol yny?g t haggéarn gbggrzfﬁl% c ??11%\7[ el?%(it@elpta?&}lﬁhai tgoa?%gg%gg?acﬁ%b\%s%{tmdl sease

causing fungi, KélimarhAretaﬂ b(l@@S)mSi@ll&l"E&’Yd dBetdsy hinovel shaireal Badéy al so
di scl ose the presence of 20 antibiotics produced in the cell-free culture

filtrate amamikeV rKl‘ééEWﬁ%IQ whichji Pfeﬂéﬁﬁorﬁwl fyngal;plytopathogens gndibactest
identify these GomRAUNGS. JA?E ?’Ir%%g% l?99 upy gb{t te fér%ﬁﬁcuo% tf'a}{ﬁty at
pum s extr

| ow pH, while the activi't curso

val ues bel ®uthti6 and entl ﬁvttarr@haadnub{oheesy twb Bacilaé fdind)@. s%tﬂﬁmm&ndlﬂscl ose
cabbages that can be treated with B subtilis, B punilus, and B. polynyxa

strai ng5t o AumiupCL 4. t Erervaola broths angd eellsfres Glitatesarriatiyeragaingt Barrsis and

Alternaria in in vitro tests and are active against Botrytis in in vivo small plant tests on
Astilbe. Leifert et al. (1997) U.S. Patent No. 5,597,565 disclose B. subtilis, B. pumilus,
and B. polymyxa that are particularly effective at inhibiting post harvest disease causing
fungi, Aiternaria brassicicola and Botrytis cinerea. They also disclose the presence of
20 antibiotics produced in the cell-free culture filtrate and their activity at different pH
values, but they do not identify these compounds. The compounds from B. subtilis lose
activity at low pH, while the activity from the B. pumilus extracts occurs only at pH
values below 5.6. Leifert et al. (1998) U.S. Patent No. 5,780,080 disclose cabbages that
can be treated with B subtilis, B pumilus, and B. polymyxa strains to inhibit Alternaria
25  brassicicola and Botrytis cinerea.
Loeffler et al. (1986) J. Phytopathology 115:204-213, disclose B. subtilis, B.
pumilus, B. licheniformis, and B. coagulans strains that produce various antibiotics with
antifungal and antibacterial activity. B. pumilus produced bacilysin and iturin A.

Bacilysin is a very small compound with a molecular weight of 270 that inhibits only



Loeffler et al. (1986) J. Phytopathol ogy 115:204-213, disclose B. subtilis,
B. pum lus, B. licheniforms, and B. coagul ans strains that produce

vari ous aﬁ Js@fshCS W th antifungal and antibacterial aCt]%é‘l‘/B%ﬂ/o% pum | us
pr oduced aC|IyS| nand iturin A. Bacilysin is a very smal oun with a
nmol ecul ar wei ght of 270 that inhibits only 4 WO 00/ 58442 PCT/ USOO’ 07454
yeast. The iturins, which are soluble in polar solvents, have broad
antifungal and antibacterial activity. In U S. Patent No. 5, 344, 647,

Rossal | di spdasts heBagink] wikich afetsohibse iitpoddrizsivehtshhavierboeud atifinghlagial
activity. Addition U S. Patent No. 5,061,495 to Rossall, provides 5 a
novel anti bﬂl’éﬂbﬁ‘éeﬁl@ﬁ%’wy subtilis that is 63, 500 dal t ons, preci pi tates at a

pH bel ow 5 and has;achlylf Pasiy ofl B ﬁ% By E‘M B g
(Botrytis and Erysiphe). fiol erg é g

41: 247- 252, broud MRUR aPictialt (Alialzﬁhaﬂ-}‘ QDS Pat&itiNo. 5M6310195 t§R@)ssaﬁ5 12)14&6217
Si ngh and Deveral |, (1984) %’r ans. Mycol . Soc. 83:487-490, Ferreira et

al . (1991) aamwebmtm@th@@m swﬂwztaat 18,63, 568 Kaltonst pl@plpltetzs)@:@pli@elow 5

Phyt opat hol o 73:1148-1152. Al di ose th e of Bac and

Dot | s <thnaf AR GsRBRb R oSt B oRe Shr AU (Bl SRALASUIRL Pusey e
al . (1988) ﬂo@t;lérg@tél. g19§3) €8RS #hecrobib3 em . £47- @52 SwihRmER LN 978 Trén@47 239,
and McKeen et al. (1986) ° Phytopathol ogy 76:136-139 discl ose control of

post har veskrif Mycbl Sot. djs’llrngIB Smghtanﬂ DeveraNcHO84) BtanalBr, Myl Soc. have shown

h bi | ecyl
Lof‘typZBi | e 4t Borete o k19 A Hgreredhalot | A Ly LA PIRSEBE Y (951 u e

and o mStnad TG ERIDTS PP AREL IR gt kich e A S

| sl am and Nabiis aq Bi88mtrol agdritast fubk# pldie pat@cgens I Pas)y 624l RIEB) Alirsdiase a
Bacillus sp. with antagonismto Drechslera oryzae, the causal agent of

rice br ovvn BeA2-62h Euseihgt ahut/ o Pateny @PM%%@%@NMGG@}?Q%Q%@ Plant Dis.
Protect. 1g pa?l?oloZ 4076 %GS R?S? %115 Clloé)esceonh th ;;osf hzg'vésggﬁ_lu'rgmls?n %M | us_sp.

agai nst Drec ‘fera yzae, nari a a er na sarl U roseum They

di scuss t hrgeKesRQUIE Rilysial vk RRowl tHatl ititibtidssthRar tdige IWShoREkIbVReight
antibiotic was highly soluble in water and nmethanol with a UV peak at 255
nm and ¥ shwingscligpolygeptides contribute to this fungicidal activity of B. subtilis.

Liu et al., in U.S. Patent No. 5,403,583 disclose a Bacillus sp., (ATCC 55000)

and a method to control the fungal plant pathogen, Rhizoctonia solani. Islam and Nandi
(1985) J. Plant Dis. Protect. 92(3):241-246, disclose a Bacillus sp. with antagonism to
Drechslera oryzae, the causal agent of rice brown spot. The same authors, Islam and
20 Nandi (1985) J. Plant Dis. Protect. 92(3):233-240, also disclose in-vitro antagonism of
Bacillus sp. against Drechslera oryzae, Alternaria alternata and Fusarium roseum.
They discuss three components in the culture filtrate. The most active antibiotic was
highly soluble in water and methanol with a UV peak at 255 nm and a shoulder at 260
nm that proved to be a polyoxin-like lipopeptide. Cook et al. (1987) Beltwide Cotton
25 Production Research Conferences, Dallas, TX, pp. 43-45, disclose the use of a
suspension of Bacillus sp. to reduce the number of cotton plants killed by
Phymatotrichum omnivorum, a cause of cotton root rot.
B'Chir and Namouchi (1988) Revue Nématologique 11(2):263-266, report on a
Bacillus pumilus that stimulates nematode trapping fungi to increase their ability to trap

30 nematodes. B'Chir and Belkadhi (1986) Med. Fac. Landbouww. Rijksuniv. Gent



nm that proved to be a polyoxin-like |ipopeptide. Cook et al. (1987)

Bel twi de Cotton 25 Production Research Conferences, Dallas, TX pp. 43-45,
di scl ose of a suspension of Bacillus sp. to redu er of
cotton pl‘gﬁﬁsgﬁ‘ﬁfl ed by Phymatotrichum omivorum a causgl?co']w%)ot ltf‘{(;gg r oot
rot. B Chir and Nanouchi (1988) Revue Nematol ogi que 11(2):263-266, report
on a Bacillus pumlus that stinulates nematode trapping fungi to increase
their ability to trap 30 nenmatodes. B' Chir and Bel kadhi (1986) Med. Fac.
Landbouww. Smabk&%iw1OGHMussmmaeDﬁWaSBMZCtMIODSMgW45a4sar1521179 3hd 1295- 1310,

di scuss the cellul i nter ctlons of a Fusar.i u ne des
that cause TFRIRIRET B Faise ifscen nTﬁlémPuf{éag s B%I%IF& '%r)%dwuﬁlﬂgh Y us
(they occ faingus is
tore sever el UEHAGS Ind Mt MERemAR BB HRrL T DRI B Odies.
CGokte and pwadilup aﬁﬁ&&&bbEpmddlag fdod Nemf&txcdmatd(&éZI}oBﬂeBanﬂSSvamlepmSB) on B.
pum lus that are nematicidal, but they do not report any antifun

activity. @@5@4&@@@3&&8@0 343- 31(3,11@921} omli(pawrlm thzhare mie@@slmdslﬂ:@)tg%d@z
cdiff ) lity t
Comar e b okl ges B BRG b Ehr SERPLOR B BT PR RY T

pum | us  prsg qes-ziw@ohpmsﬁan@mlﬂfe@ﬁtssadzmeirﬁ;lucmg Brﬁwnzﬁl;s fai their h88#%y toPl ant
and Soil 173(2):337 10 342, did a survey of the many types of bacteria,

i ncl udi ng m@pcaahntmaa@s,mdleB repartmé agfivityreatplant@athwgehyiihes. wiriliun pl ant

St 7l ne. ar GRNER PTG BN vl MOy 08) (RSP LEAr Gaibl T 421 Found a

Baci | | yg pumb| Mg a sharega@ﬁlea}nm &Qﬁ%&t&ﬁh%ﬁ%@fﬁw BARSndRRSL AL
(e.g., Xanthononas seudononias, Erwinia) and fungi "t hat cause pl ant

di sease. Fehatate @ldopiyged WwlBih)plakit atztnisaamd\mmts S Havever, thepcshd)w an eBidepemthhtus
ol ani . DI SRISDEHEETEH TR FVENTLOKA GISTSN chil 159t ?eﬁvéh °%c‘?vB;2. 1 us
Speci 16 pradfs bidhug JRQ*’”&S%%%W@%@%@&@@%@%W YRR o8 T a1 s a
met hod of tWeedion@as rPsBﬁden&ﬁzbb,Wiaﬁmﬁi fuhgithat cunse plant dsdas® n‘n?e‘ylmgal

15 (1991) Akad Landwirts Kart, report on B. pumilus strains that provide seed potatoes

some protection from Rhizoctonia solani.

DISCLOSURE OF THE INVENTION

A novel antibiotic-producing Bacillus sp. is provided that exhibits antifungal
20  activity only on certain specific plant pathogens and no antibacterial activity. Also
provided is a method of treating or protecting plants, fruit and roots from fungal
infections comprising the step of applying an effective amount of an antibiotic-
producing Bacillus sp. The antibiotic-producing Bacillus sp. can be provided as a
suspension in a whole broth culture or as a partially-purified antibiotic-containing
25  supernatant obtained from a whole broth culture of an antibiotic-producing Bacillus sp.
Also provided is a novel water-soluble antibiotic that exhibits specific antifungal
activity and no antibacterial activity.
The present invention also provides a novel compound that enhances the
insecticidal activity of B. thuringiensis. The compound is isolated from whole broth

30  culture or supernatant of B. pumilus, that when combined with B. thuringiensis,



i nfections conprising the step of applying an effective anmount of an

anti biotic- producing Bacillus sp. The anti biotic-producing Bacillus sp.
can be prQw S a suspension in a whole broth culture

parti al l y%"u@? ‘IMZd anti biotic-containing 25 supernat ant ob’?&/ﬁg%?%ﬁsé‘m a
whol e broth culture of an antibiotic-producing Bacillus sp. Al so provided
is a novel water-soluble antibiotic that exhibits specific antifungal
activity and no antibacterial activity. The present invention al so provides
a novel corpbamds ithaseativhlahawyityhd'he imeaton alsdaiclaies meithods of trBating plants

t huringi ensis. The con&c;und is isoal atled from whol e broth 3% culture or
super nat ant© ¢nte! MsgekIPigstationsqn QRE plabhitha baciFtis SBSPanRigRohgibeRadius or 6 WO
00/ 58442 P m . ' ' i Ci Y tnvention
al so incl ugel;'é‘étjrret tegé(iﬁ% m?% Qggﬁ%n{pé%ndtus%?{%fac%%t?)rl%éla&itdr?}sﬁg%fx % g)gl{%ti ons on
or in plants w tThe@rdsantiavéntion Sushe pssvadesabnidiBag birdit B-8008 7awith strain B-

met abol i te-contai ning supernatant of a culture of a Bacillus or purified

net abol §t e210GheAQRré useascpgisides. orharethe yse of e straiapingstheg provides g

B- 30087 wit [k = 5.21661 (AQ 7 for use as fungicides, where the
use of theggﬁa?egiegﬁscgfgtghg ﬁe?lglﬁ%v\(/alre Sg&?ona'r eater efficacy than if either
were used al one. BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Figure 1 is an NMWR
spectrumrecorded at 400 Mdz in D(err)O, of a partially- purified

fungi cidal fraction of B2 FONOF & PR
30087. Figure 2 shows the 'H NVR spectrumof zwittermcin A recorded at 400

Mz inoD20 15Fiiuget @SarSNMHREgteeim¥ecaried a0/ MHAE Yn Eﬁ%ﬂ@pﬁ?ﬁﬂ%gr ams_of
supernatant isolated fromBacillus as described in Exanple 9. ndi ti ons

for the el eurifigphivgiwsdas fragtion effinsalius$pséeponitasiapider HRRInAscessien Nat B40C,
30kV, posi épgg polarity, 100 Awith pH5.8 sodi um phosphate buffer, W/
detection 00 nm Figure 3Ais the capillary electropherogram of whol e

broth of Bacill pgupsidishdies fRe3AABVIR Age&%ﬁ oBBwit®rhittn AQeCBtd At200Y MHz.
el ectropherogram of whol e broth of Bacillus pum | us B-30087 spiked with

in D,0.

15 Figures 3A through 3C are capillary electropherograms of supernatant isolated
from Bacillus as described in Example 9. Conditions for the electrophoresis: an
uncoated 56 cm capillary was used at 40C, 30kV, positive polarity, 100 pA with pH5.8
sodium phosphate buffer, UV detection at 200 nm. Figure 3A is the capillary
electropherogram of whole broth of Bacillus pumilus B-30087. Figure 3B is the

20 capillary electropherogram of whole broth of Bacillus pumilus B-30087 spiked with
zwittermicin A standard. The zwittermicin A peak shows up at around a run time of
3.25 minutes; not co-eluting with any peak in the whole broth. Figure 3C shows
zwittermicin A standard at a run time of about 3.28 minutes.

Figure 4 compares three electropherograms from a capillary electrophoresis

25 (CE) analysis of a partially-purified fraction of NRRL Accession No. B-30087 alone
(Figure 4A), a partially-purified fraction of NRRL No. B-30087 with zwittermicin A
(Figure 4B), and zwittermicin A alone (Figure 4C).

Figure 5 shows the '"H NMR spectrum of the partially purified active fraction
with activity as a B+ enhancer isolated from B-30087 recorded at 400 MHz in D,O.



zwittermcin A standard. The zwittermicin A peak shows up at around a run
time of 3.25 mnutes; not co-eluting with any peak in the whol e broth.
Figure 3 BQR@QM zwittermcin A standard at a run tinme of ﬁgfwgoﬁmég

m nutes. Firgure ﬁ conpares three el ectropherograns froma capl(ﬁary

el ectrophoresis 25 (CE) analysis of a partially-purified fraction of NRRL
Accession No. B-30087 alone (Figure 4A), a partially-purified fraction of
NRRL No. B-30087 with zwittermcin A (Figure 4B), and zwitterm cin A al one
(Figure 4C). Figure 5 shows the 'H NVR spectrum of the partially purified
active fraction wth actL%gt as g_§+!enQ9ncer i§olatedn£{on18-30087

recorded at 400 MHz inMf OR\G AJRR XS A ESYENAEON NMODES FOR
CARRYI NG OQUT TH T : j ' ' ' i cal l
pure cul ture of HedVRTHISU G R RE} ploe M BNR SR Bl RufL 6 o,

novel str aitRe fenBBfrd EHaactdtistiddek AmuvaN§tEaiR bf BaEl/aNS ahd hW@r@Pdr variahtd
antifungal activity only on specific plant pathogens such as rusts, powdery

m | dews Sandhefoelhyithiant&wgal aotivey eolyedn speeificplast pBhogensishelsasvaistsdepalery ed on
Januar 14,..1999, with the, Agri |tural, Re rch Culture Call.ection
Ry 16 e and oy oG AR i PER! et e oA EF ey

accor ded AqQe36d¢Riine MgRlufiraR0Bdch Cile CoMfecBbAYNRRE)S1S Ndtn Budapest

Treaty on the International Recognition of 10 the Depos of M croorgani snms
for the Purjrosasity SPedtcPdoriay Bt 6d604 USHendtacairded AesisgomNed NRRRLBB- 21661

was deposited with the sane instjtution on March 7. 1997. |t was,
subsequent W%ba@r«& ﬁhsar%ﬁ@ascqﬁ%éu%%ﬁ Treatyop the Intomatienal Reeggniion aft yr e

Col | ecton ek F\Tickabt B AR AP IRl iR, P PO LY ThE BYER! [ NY and

treating fungal” di seases Irn plants, 1 ncluding roots, using such
bacteri al slesighsisd NRREANBHIG61 iwaxs dopdsited wigh the sged imatimkibs oaM4adl &, 1997.
anti biotics obtained fromsuch bacterial strains. The invention also
i ncl udes a liweesubsequepile identified,pyBecibim s87i6t by the Amercanol wedPdiuraei ght  of
50 L i heers, oLoncly, heat Tabiie, poet tively ehar ged. and ar
nm The anti bi otTie ih$enfioh also includes methods of preventing and treating fungal diseases
15  in plants, including plant roots, using such bacterial strains or antibiotic-containing
supernatants or pure antibiotics obtained from such bacterial strains. The invention also
includes a water-soluble antifungal antibiotic with a molecular weight of less than
10,000 daltons, slightly heat labile, positively charged, and an HPLC peak with UV
absorbance at a maximum of 280 nm and a shoulder at 230 nm. The antibiotic is not
20 zwittermicin A.
Further aspects of the invention include a whole broth culture or supernatant of
B. pumilus that when combined with B. thuringiensis enhances the insecticidal activity
of B. thuringiensis. The invention also includes methods of treating plants to control
insect infestations on or in plants with a bacterial suspension of a Bacillus or a
25  metabolite-containing supernatant of a culture of a Bacillus or purified metabolites.
A further aspect of the invention is unexpected synergistic effect of using the
combination of a strain of B. pumilus (NRRL B-30087) with B. subtilis (NRRL B-
21661) as a fungicide. The invention includes the compositions and methods of using

them as fungicides.
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20 zwittermcin A Further aspects of the invention include a whole broth
culture or supernatant of B. pumlus that when conbined with B.

t huri ngi efg) sysehpances the insecticidal activity of B thy&*/{}g&%g“s. The
invention also 1 ncludes nmethods of treating plants to contro I'nsect
infestations on or in plants wth a bacterial suspension of a Bacillus or a
25 metabolite-containing supernatant of a culture of a Bacillus or purified
netabolites. A further aspect of the invention is unexpected synergistic
effect of using the conbination of aDefinitions of B. pum | us (NRRL B-30087)
with B. subtilis (NRRL B- 21661) as a fungicide. The invention includes the
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conposi ti ons andAfebtbadhespegaicaion aKkciRgs, thergesiadem 3978 apd 200/ 142
PCT/ US00/ 07 L. ' AN ' LB, 4t.he
cingular § of og PRrhReiaBiogs (ipdifEctloh saRp Bt BHERNE Hor Bl v
context cl erfrhy aliellt dlhi@SdetalihinaliSaof cERY, igolading enixfub® théresfm " a cel | "
includes a plurality of cells, including mxtures thereof. 5 As used
herein, %he term\sgseddigranmye tarm ‘icampndag” tsontpaded toraean that the aproBesiianss

d net hods_jnclude 1h it ! ts, but not. di thers.
"Gonsr st ngHBei gt B s IR Suu bt ERluRiBar: ReRine: nods,
shal I mean gxeluaflyRe whkdidedab QR Sontfosohs 8 fdtHoak, shhlMeah €RA16AnEO the

conbi nati on. Thus, a conposition consisting essentially of the el enents as
def i ned herether eleménis nbanyessséniidbsignificance@o tlevtoamhinatnns Thusm ¢omgpossiohat i on

and purification nmethod an har maceuti cal | acce ble carriers, such as
phosphat e beRTFISHRY el O%E%éswatﬁ ia%e%f?neéry{@rqlﬁévq%5<ﬁ%9t_e’<61&6%gﬁf§t ing of"
shal | MRAN GtAALMG HE e i 0id A B hENRMMeMbd Shd phartiBhAdLEN! o and
substantial nethod steps for admnistering the conpoSitions of this

i nventi on. a&aﬂ&aﬂbmie&,dmfﬂasqxﬂokpha&aﬁﬁfeeéd dahies erégeanisives, and therlike. ar e
within the scope of this 15 invention. The term"isolated" i s used

(3

i nt er changedbApisting KT el mesgp cxenging imere thandrase ghegnents of other ingredients and

substantial method steps for administering the compositions of this invention.

Embodiments defined by each of these transition terms are within the scope of this

15  invention.

The term “isolated” is used interchangeably with “biologically pure” and means
separated from constituents, cellular and otherwise, in which the strain or metabolite is
normally associated with in nature.

As used herein, “biological control” is defined as control of a pathogen or insect

20 by the use of a second organism. Known mechanisms of biological control include
enteric bacteria that control root rot by out-competing fungi for space on the surface of
the root. Bacterial toxins, such as antibiotics, have been used to control pathogens. The
toxin can be isolated and applied directly to the plant or the bacterial species may be
administered so it produces the toxin in situ.

25 The term “fungus” or “fungi” includes a wide variety of nucleated spore-bearing
organisms that are devoid of chlorophyll. Examples of fungi include yeast, molds,
mildews, rusts, and mushrooms.

The term “bacteria” includes any prokaryotic organism that does not have a

distinct nucieus.



separated fromconstituents, cellular and otherwi se, in which the strain or
netabolite is nornmally associated with in nature. As used herein,

"bi ol ogi ol" is defined as control of a pathogen of i 20 by

t he use gﬁba&gg%%nd organi sm Known nechani sns of bi ol ogi c%?f/g%ﬁ)@&%ﬁ“
include enteric bacteria that control root rot by out-conpeting fungi for
space on the surface of the root. Bacterial toxins, such as antibiotics,
have been used to control pathogens. The toxin can be isolated and applied
directly to the {Famiciddl” iteendthe tikilityabf & pécianse tayicibase mchmliy st mhédt the it
produces the toxin in situ. 25 The term"fungus" or "fungi" includes a w de
vari ety of &ovthrteal 898k e- bearing organisns that are devoid of

chl orophyl 1. Exa%t%ﬁgf?é” ik&ﬂgés 4n&gs}.1§%g%c3é§ﬁ§[ti% a It(QI%i’ll or%ﬂigl?\és.’ rusts, and

mushroons. The term “bacteri rokaryoti1 ¢ organi smthat does

not have a miir6érghsitmualtBitsics haMBcGRé&R44 By RElickdoP@mikidbriby 4 kyiiBétid dal "
means the ability of a substance to increase nortality or inhibit the
growt h riat epioress ongemi-synthatigipsedess: Thecteuaidbergfoye.gndudesrcubstaage that able to
kill or inhjbit a 1 Cr oargani s Ant i bi ot.i cs be .produced by a

ni cr oor gani ?ﬁ'}bd‘is %%fﬂlf @9%@%?’%%&% Zﬁ‘?t&ec,rgg%m& Or_rsﬁg%’l%w Phetic process. The
term therefore, «ApGhHEAS iR1R4D 81 PAMRLahBRhat RARI thki1P6r #hibitthé SRSk th ber
exanple, zwittermcin or kanosam ne. "Antifungal" includes any substance

that is ablfmgo kill or inhibit the growth of fungi. The term "cul turing"

i nisns on or in rtlgdi a. of 10.vari,ous. ki nds.

refers to the prgpagation of qr
"Whol e broth cu|fﬁ?g°nnr Syltyring 69 1) 1P 4RF RFCBRFAIGR &F QLRSS IORPT BB R IRAL s and

medi a. H;' Supeiiatanss’ refers to the liquid broth renaining when cells grown
in broth are renoved by centrifugation, filtration, sedinentation, or
ot her neans wel | “Wholsrbroth cultare” agfers to a liquid culture containing both cells and media.

“Supernatant” refers to the liquid broth remaining when cells grown in broth are
removed by centrifugation, filtration, sedimentation, or other means well known in the
art.

15 As used herein, the term "insects" includes all organisms in the class “Insecta.”
“Pre-adult” insects refers to any form of an organism prior to the adult stage, including,
for example, eggs, larvae, and nymphs. “Insecticidal” refers to the ability of a substance
to increase mortality or inhibit growth rate of insects. ‘“Nematicidal” refers to the ability
of a substance to increase mortality or inhibit the growth rate of nematodes.

20  “Pesticidal” refers to the ability of a substance to increase mortality or inhibit the
growth rate of insects, nematodes and mites.

“Positive control” means a compound known to have pesticidal activity.
“Positive controls” include, but are not limited to, commercially available chemical
pesticides. The term “negative control” means a compound known not to have

25  pesticidal activity. Examples of negative controls are water or ethyl acetate.

The term “solvent” includes any liquid that holds another substance in solution.
“Solvent extractable” refers to any compound that dissolves in a solvent and which then
may be isolated from the solvent. Examples of solvents include, but are not limited to,

organic solvents like ethyl acetate.
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15 As used herein, the term"insects" includes all organisns in the class
"Insecta.” "Pre-adult" insects refers to any formof an organismoprior to

t he adult“g; i ncluding, for exanple, eggs, |arvae, ang .

"I nsecticida zrmezfers to the ability of a substance to in Fgﬁg@%ﬁality
or inhibit growmth rate of insects. "Nematicidal" refers to the ability of
a substance to increase nortality or inhibit the growmh rate of nematodes.

20 "Pesticidal" refers to the ability of a substance to increase nortality
or inhibit the dhottim ‘mmtd)odite”lmﬁaes:tosanyrcempunthsummcmor byprodraoifti ve

control™ means a Gco und known to_have pestjcidal actiyity. "Posjtive
~controls” | Femgbitionpt o @ﬂ%o?r@ﬁmﬁmﬁht@&spSS,tlcef%lﬁﬁw&yaMl\{wéa gs&lsfiBeCheni cal
pesti ci des-gg&%igs;ﬁ&ab@ﬁ%xas% ORIk 2o RN R GREREUR known not Lo have

25 pesticid activity. es ‘of negdtive controls are water or ethyl
acetate. The ter A “conlpesitibni” ishintehdiStoanyanla @uibdndtioatof ot viSagafidrdetother
substance in solution. "Solvent extractable" refers to any conpound that
di ssol ves i porapawBidyas somangtiomilaet (e exanke, asetqetableagsat onlahsh) preactisevent .
Exanpl es of s@c%la\é%ﬂtaﬁ' include, but are not Iimted to, organic solvents

| i ke ethyl acetate. 14 00/ 58442 PCT/ USOQ 07454 The term "metabolite"
refers to any compaiitlon’siRgtaitdao dcal R aBgutfrddh a Frab@sHHBOh AkdagRus&f tod

m croorgani smthat has pesticidal activity. Antibiotic as defined above is
a net abol i t ecpspsdeihinecledwesadithessipgyatant by aizei polaydy gaeliasge. A " conposi tion”
is intended to an a. conbi.nati.on.of,.active. agent and, anat.her .5 conpound
or composi ti on, | TdEialy Tl BrucT 2 qht BEWRAT R SeRER R g QPR T ve,
such asj@n Qéih%ﬂf%f‘{s-ab& tofifla6i @ inh&or ﬁhta%lg&‘é!a} &r dindhc B ﬁétiﬂt&oigafnﬁpm a
fractionation assay used to Separate the nol ecul es of the supernatant by
si ze, pol arliepwleplawsharge. A "partially-purified fraction" is one of the

aliquots collected jn the fractjionation 10 assay that is_able to inhibit
gernmination in a’Pi (?g@%l‘ﬂﬁ’ ghoumth iruearpauiy syffigient fogitechheneficiabordespedus.  An

"effective ANRMN! An bffedie ANRYA cabHeldpplicfin it o WikE bpRRARLAS Bhers ofesi T ed

treatment and protection, an ““ effective amount” is an amount sufficient to ameliorate,

15  stabilize, reverse, slow or delay progression of insect infestation.

We describe a biologically pure culture of a strain having all the identifying
characteristics of a novel antibiotic-producing strain of Bacillus sp. deposited under
NRRL Accession No. B-30087, and mutants thereof, that have antifungal activity only
on specific plant pathogens and no antibacterial activity. In one aspect, the strain is

20  Bacillus pumilus deposited under NRRL Accession No. B-30087, and mutants of the
strain.

In other aspects, the strain is a mutant or variant of NRRL Accession No. B-
30087 that has all the identifying characteristics (as provided below) of the strain
deposited under NRRL Accession No. B-30087. Mutant or variant are used

25  interchangeably throughout this disclosure and further, may be identified as having a
genome that hybridizes under conditions of high stringency to the genome of NRRL
Accession No. B-30087. “Hybridization” refers to a reaction in which one or more
polynucleotides react to form a complex that is stabilized via hydrogen bonding
between the bases of the nucleotide residues. The hydrogen bonding may occur by

30 Watson-Crick base pairing, Hoogstein binding, or in any other sequence-specific

11



results. An effective anobunt can be applied in one or nore applications. In
ternms of treatnent and protection, an " effective anount” is an anount

suffi ci en@vpﬁloﬁ/ég{zgl iorate, 15 stabilize, reverse, slow or ﬁlgg%@ggsgressi on

of insect tion. W describe a biologically pure cul strain
having all the identifying characteristics of a novel antibiotic-producing
strain of Bacillus sp. deposited under NRRL Accession No. B-30087, and

nmut ants thereof, that have antifungal activity only on specific plant

pat hogens amshnero Tretdolbgdtemap comptisevivoysirahds fonmimespéuptiex sthetst,thicaor s 20

Baci |l us pum | us deposited under NRRL Accessi on No,. B-30087, and nutants of
the strai MOTFHrgIdsdermagacputi-sippdedicomplex, 8 el sehntyboidiag SERE FrankRRL
Accessi on - | i thif {:st1 (as
or ovi ded berBaaspt Bhbely Ay btRfzRich rtdifigh e n i BRAELBRRMAST (500
Mut ant or différamt“s@ingent3ed [2 periefdil e Rhasigegdkcy hiybridiughnalcadtionds cirfied ostur e
and further, may boe identified as having a graln_ome t hat hybridi zes under
condi t i &ns abibayi A Gy F hYSHEyor apsolionpd eguivalent QR strepghdsmperaturg . AB- 30087.
"Hybridization" refers t peacti.on I.n.whic ne_ .ok .nol | eof i des
renct to 1ot S Buo PR i ul pelont i bR RS BRY SFe itk cn
the bases @fhi%}hﬁriﬂg&k?fla%ﬁ&zétﬁﬁﬂ@&@i%n i B P ReePAm B Rckibadt 60RC jaacxr by 30

Wat son- Cri ck base pairing, Hoogstein binding, or in any other
sequence-spPp&6i.fic 11 WO 00/ 58442 PCT/ USOQ 07454 manner. The conpl ex nmay

conprise two strands formng, a ex structure, ee o no st rands
forming a nmul ti %WPQHH%"W&?M é"rcﬁiﬁl@l 1581 g-%?@%? Fti'?/z”ﬁ%? esf{eﬁaﬁij?%r any
combi nghi onuah HHHRS & geldild hadtct At ISAELEOMRS 839, RRrPprchRLuTR drddnd e
condi tions 5f di f erggnt "s%blﬁngency.sgﬁ?n gen%rg?’,’ arlg{v?/ stﬂ;[ly%éency an
hybri di zat 96% creaatipoeteiablycaraterettianfi%Seqienab alehtiOC thargddmé SSRRE a

sol ution of equjvalent _ionic st reﬁat h/tenperature. A poderate strjngency

hybri di zat SRESONNHIR-APIS/ - b PPiyRREgotide oxipglinusigetideregion (egEpolypeptids " hi gh
S LISETEY P Sl 950l B LT o, e 07 1
defi ned as ofi“sequence identity” to another sequence means that, when aligned, that percentage of
15 bases (or amino acids) are the same in comparing the two sequences. This alignment
and the percent homology or sequence identity can be determined using software
programs known in the art, for example, those described in CURRENT PROTOCOLS IN
MOLECULAR BIOLOGY (F.M. Ausubel et al., eds., 1987) Supplement 30, section 7.7.18,
Table 7.7.1. Preferably, default parameters are used for alignment. A preferred
20  alignment program is BLAST, using default parameters. In particular, preferred
programs are BLASTN and BLASTP, using the following default parameters: Genetic
code = standard; filter = none; strand = both; cutoff = 60; expect = 10; Matrix =
BLOSUMG62; Descriptions = 50 sequences; sort by =HIGH SCORE; Databases = non-
redundant, GenBank + EMBL + DDBJ + PDB +GenBank CDS translations +
25  SwissProtein + SPupdate + PIR. Details of these programs can be found at the
following Internet address: http://www.ncbi.nlm.nih.gov/cgi-bin/BLAST.
This invention further provides the supernatants obtained from the above noted

cultures. The supernatant may be obtained by methods well known in the art including:

centrifugation; filtration; sedimentation; and the like.
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10 strain having a genom c sequence that is greater than 85% nore
preferably greater than 90% or nore preferably greater than 95% sequence

identity enone of NRRL Accession No. B-30087. A i de or
pol ynucl e‘&@i‘)@fg&r“ggi on (or a polypeptide or polypeptide r%&%ﬂ#’g}ﬁz“gaa

certain percentage (for exanple, 80% 85% 90% or 95% of "sequence
identity" to another sequence neans that, when aligned, that percentage of
15 bases (or ami no acids) are the sanme in conparing the two sequences. This
al i gnment and ﬂhanmhempécthhMV@gyomenwﬁqmssesen iséandd mytabalite et deed er m ned
usi ng software glrograms known in the art, for exanple, those descrl bed in

CURRENT PROREIOCSIRentingabentiro . ¢ saweiekolie isse 5 rasm th straing ¢4 this 1 9g7)
Suppl ement 11%peh i3 ﬁltléi 8%0%%1 éb%’ve ﬂg@g % mzl'cal Eﬁeﬁ&%ﬁs@ ¥ of g&ﬁ%tk'&%t}ﬂﬁr amet ers

are used for a I gnire eferr |gnrre programis usi ng

defaul t panamebefaions, m\passbtpmhqtfeak R X80atm efld shvuldsr ats3 airg, RidASkdNbasd
BLASTP, using the follow ng default paraneters: Genetic code = standard;
filter & netble, sluglalydleat l@bt thover 30YE fand pesitivelyrberged with ackimity pr specifsy OSUVB2:

De t zH GH E
BoNANL A R R A e R e T
SwWi SSPr ot elpfychssfd Bﬁﬂﬁ@mg tigk Rletz@%h?é hfe rﬁéthb@ 8SEpREAY EANRiEa st dOHRd at

the follow ng Internet address: htfp://ww.ncbi.nlmnih. gov/cgi-bi n/ BLAST.
Thi s i nventnwentibuabdsplapng thedesve inetabopterusatgahe siethndaidesstibéd betowhe above

'he art I ncl udt iy TR APEPIG TFGF 1 PR AN PO AR %Sca‘ﬁ'rel%!&}@ﬁnm "
like. 1g V‘Qc@@!sﬁﬁﬂ%@ ﬁ’?f)%‘éﬁ?ﬁ‘lﬁ% f]thl %g@&?e*f?é@&%tfr fn&?ls'ﬂ”&/

enconpasses an 1solated netabolite er-sol ubl e anti nga

anti bi oti cto Zhttermicabal ite is isolated fromthe strains of this invention
and descri bed above. It has the chem cal characteristics, of being |less than
10, 000 dal t ons, Fu¢ %@Y‘&Pﬁi B, e HR eRiionge cAmpasiHory rommIsingany 2 theahovaci d

a_nd b ase 5. ﬁ&ﬁp hﬁcluﬁ n qthlP{ts Pg ﬁ%ﬂ %El%oﬁvﬁfpbgtoa s?ﬁ%tpo(?ﬁ' Exh %‘Fek%oﬁ&@r ged

with activi fic no actrvity on
bacteri a. Emn& drlih/&ﬂhblﬂﬁtlcfm\ﬁfitlhezﬁchm’tﬁ)éﬂ @lﬁisa Garrify. OKIRSS cdrfositiodd uedyt@ t hi s

nmet abolite, the nethod conprising culturing a strain of this
15  further supplemented by the addition of at least one chemical or biological pesticide.
These compositions may take the form of various formulations, which include, but are
not limited to, a wettable powder, a granule formulation, an aqueous suspension, an
emulsifiable concentrate or microencapsulation.
In order to achieve good dispersion and adhesion of compositions within the
20  present invention, it may be advantageous to formulate the whole broth culture,
supernatant, fraction and/or metabolite/antibiotic with components that aid dispersion
and adhesion. Accordingly, suitable formulations will be known to those skilled in the
art (wettable powders, granules and the like, or can be microencapsulated in a suitable
medium and the like, liquids such as aqueous flowables and aqueous suspensions, and
25  emulsifiable concentrates). Other suitable formulations will be known to those skilled
in the art.
Any of the above noted strains, metabolites, fractions, supernatants and
compositions containing these active ingredients, may be used to provide a method of

treating or protecting plants, roots or fruit from fungal infections. The method

30  comprises applying an effective amount of a strain, metabolite, fraction, supernatant or
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invention and isolating the active netabolite using the nethods descri bed
below. A further aspect of the invention is a partially-purified active
fraction 10 Accession No. B-30087 that has fungi gf} jvity.
The acti vvglbfdrhl}ag(%qlzon is not identical to zwittermcin A IC:l:'Jr ﬁse(@%gj#s\évi ded
by this invention are conpositions conprising any of the above strains
(including nmutants or variants thereof), supernatants, fractions and
netabolites, alone or in conbination with each other, and a carrier. These
conposi t i orrempmyitibas d&itfining ieyse scipys iegeedicats, blpne heinadibtinagienofitha¢acheast one

cheni cal or biol ogi cal sticide.., These conpositi.ons t ake the form of
vari ous foror?%ré‘fl H%?Otb\%ﬁ’éﬂoglﬁ(ﬂr Ghgmicgh gestel ’tﬂ(tj}fe. W?er‘ffegg%%&anh%fi‘t“f'abl e
powder, a %%ﬂb@a&@ﬁ%b@%f@cqm@bsﬁ%@%ﬁ cﬁﬁ'ﬁ%lgtﬁieﬁ% aPhnt, 58 &idhial e
concentrate or m croencapsulation. In order to achieve good di spersion and

adhesi on ofprewmpashtinfestation.t hin the 20 present invention, it may be
advant aggous to formul ate the whole broth culture, supernatant, fraction

and/ or fet abol i HeadRitheagRech the IWeRtinpRcampassehametiod fitispdnspigrotegiee
adhesi on. i ngl S | e i L.ons.: W . skill ed
in the ar ﬁﬁ%ﬁ%? {;cﬁ%@éﬁg@%ﬁn %lr(g%u éesgctog %’gﬁ{n\lé‘ealpb}}}%gg, é&{;é}‘ﬁégg%@%ét}ﬂﬁ%f

m cr oencapshi¢ adtffibotidprodisdet bl srainyeelvarand fiérdofichavirgeall the tdendsyisgich as
aqueous flowabl es and aqueous suspensions, and 25 enul sifiable

concent r at efpracteripfegs of thet nayekstraon fa¢idus on NRRE AceessiondVih B-809&oda ogki | | ed

in the art. Any. of t b d jng, netabol i fractions,
cuper nat ani T RN BAERE oA s NE G A RRes S0 U200y odh ents. may be

used tqoprovi de ydRkBRtbnAirthér 184iB0a VatcpsOluBlidoffpoRh@ MHab enHaBBdsth@r fruit
fromfungal infections. The nethod 30 conprises applying an effective

anount of ansscticidal,actretyabbBadilys thuringiensis, veepan teet@ntpound hdgthyGrd@&iulg 442
PCT/ USOQO 0745 sitiao containj t hese active . ngr.edi s, al one or
" combi natt SILAL TR B O DD HBROBRINIRS SHBbEI BAE) BHHE B e b a
pesticide, Jfhrbiifd isﬁo@ﬁétggx&gﬂtn’org:ﬂ?c??agfllug Wrﬂrfnﬁtien@;sfggs&dc\ég F%{Byﬂt s of

t hese conpositions also can be applied to a pla t or fruirt to
prevent such i nfEstcatiponnd is isolated by anion exchange resin, acetonitrile precipitation and

15  size exclusion chromatography (SEC). This invention also provides a partially purified
fraction of the supernatant of a Bacillus that contains the novel compound. The novel
compound and active fraction can be isolated from a Bacillus selected from the group of
Bacillus spp., including but not limited to B. subtilis, B. cereus, B. mycoides, and B.
pumilus.

20 The partially purified active fraction can be identified by its "HNMR (or proton
NMR) spectrum which allows a chemist skilled in the art to determine if a compound
has been fully purified. When a compound is pure, a peak representing one proton will
integrate for an arbitrary value of one. Peaks representing two protons, for example a
methylene group, will then integrate for a value of two. Peaks representing three

25  protons, for example a methyl group, will then integrate for three. This is the case for
Figure 3, pure zwittermicin A standard. However, the 'H NMR spectrum of the active
partially purified Bacillus thuringiensis enhancer has a group of peaks that integrate for
less than one and therefore belong to a separate compound from the larger peaks in the

spectrum.
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5 1n a further aspect, the invention enconpasses a nethod of treating or
protecting plants, roots or fruit fromfungal diseases conprising applying
an effecty nt of the antibiotic produced by a strai ant

t her eof h’@"ﬁg}?‘gl | the identifying characteristics of thpmr“{g ““X’%éf‘r ain
Bacillus sp. NRRL Accession No. B-30087. In one enbodinent, the strainis
Baci | lus sp. NRRL Accession No. B-30087. 10 This invention further provides
a wat er-sol ubl e conmpound t hat enhances the insecticidal activity of

Baci | | us t huri ngineissiation, Whresoeipbuhll doenmp exhidlitimsectididairmtieity | Gombimeiight  of

| ess than 10,000 daltons and the conpound i s not zwittermcin A The
conpound i sSWHbBapdus g reisysia cahanseh ipsgetiqidal etied afifagi e g insigtticed

exotoxin. = TR TR Bflphiis 38 pEIboRY ARiAR tﬁmg%g,g? Jggaenn dREBRALTT ] e

preCIpltatlon lonc omato I's 1nvention
al so provi dﬁscran@ladtﬁairalalcysmmmm Hedudty @CnghRReRl pldie, SuUpsIcHaidany a@fvea

Baci | lus that contains the novel conpound. The novel conpound and active
fracti ors cametabolitsoineineastitidety aCtB@zcﬁileStaneqréicdeétd end@pxinhe group of

Baci |l lus spp., i but not mted.to B, B.

mycoi des, and B. Eacdﬂ t?’grs’”g’%”sl’ ke %ﬁ‘m PaFitiye. BWF#?@H%E’??V@“’Pr’:h%r?ftgﬂzegan be
i denti f i ed BY pdrhspordihBtlife }HBféﬁrPﬁclum FREFotHR é’&ﬂ'%hn?h#'%ﬁcﬁ) FRRM St
skilled in he art to'determine if a corrpound has been ly purified.
When a corrpmmlmpemﬁcpmﬁe;r texipeetivitye phessedin thy odaims pelomo themietth “Buaillegr at e f or
an arbitrary val ue qf. g Pea S re resentin aiwo rotons, .for le a
met hyl ene gﬁ'ﬁﬂﬁg’e(ﬁ’f ImPIH & n pltrains pommer g} Br cﬁs\ﬁﬁma}ﬁﬁ%ﬁmﬁéggg%enti ng
t hree 25 pr qrate for

thr oo, Thy 0 s oY 19@555? blfgh obF e olded RER hOMERRE 2 o
However, t hgenetitdWyRnsdified bumgﬁxieetdalq)mﬁt thaeexppesstal geht ynquding Bedl/®Baci | | us

t huri ngi ensi s enhancer has a group of peaks that integrate for, |ess than
one and theqhefzagtén%w%wtd@l BrOSIp AF gene Rodysd anha delfsndorin. o FordR 8pResks i n

t he SpECt r ar\rzle been M@a?%./a?nﬁ 4 uelI:l)((;H 91? Cg % %.n A-ﬁz?éea a9 uSS‘ ?é%pl?und
?1 tBl h @am un%

does not exhiBit 1l nS&cticl fon W
t huri ngi enspisdenpneasech bﬁ)dwé‘tﬁzﬁidl efppﬂﬁf|ed e&ﬁg@t GehetRo@iginedfing faehhiqgésemgi S

15  new approaches for delivering these Bacillus thuringiensis endotoxins to agricultural

environments are under development and commercial production. This includes the use
of plants genetically engineered with endotoxin genes for pest resistance and the use of
stabilized intact microbial cells as Bacillus thuringiensis endotoxin delivery vehicles
(Gaertner, et al. (1988) TIBTECH 6:S4-S7). Bacillus thuringiensis can be made

20  available to the target pest by exposing the target pest to wild-type Bacillus
thuringiensis which naturally express the toxin. Alternatively, a gene encoding a
desired toxin can be transformed into and expressed in a suitable recombinant host.
Fragments of the Bacillus thuringiensis toxins that retain insecticidal activity can also
be used.

25 The following United States Patents disclose pesticidal Bacillus thuringiensis
isolates or recombinant microbes which express a Bacillus thuringiensis toxin: U.S.
Patent Nos. 5,006,335; 5,106,620; 5,045,469; 5,135,867; 4,990,332; 5,164,180;
5,126,133; 5,093,119; 5,208,017; 5,186,934, 5,185,148; 5,211,946, 4,948,734
4,849,217; 4,996,155; 4,999,192; 4,966,765; 5,073,632; 5,196,342; 5,063,055;

30 5,080,897; 5,024,837, 5,147,640; 5,173,409; and 5,186,934.
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when applied to plants and plant roots. Bacillus thuringiensis can be in
the formof a mcrobial strain, a commercial product, an engi neered pl ant,
an i nsecty.i active 5 netabolite, an insecticidally i

super nat a\l)r\l/ 0grgg‘{é%del ta endotoxin. Bacillus thuringiensis ilgézlta{bg/‘)%m“s4

Gram positive, spore-form ng bacterium characterized by parasporal
crystalline protein inclusions. The proteins can be highly toxic to pests
and specific in their toxic activity. As used in the clainms below, the term
"Baci | | us t hur iPngpaenti®ins 6f ihecpoide snderystabicdlBast/haiting jngtomivesnbipakugstakduct s
contai ning such strains 10 or isolates containing active netabolites or
fractions hauRgeBdsed rmany Ysats 5 feMmegdpldpsectsidss ﬁs&pﬁ WFTeh PeSHyilivter ed

pl ants tha rLess.: J i,.0g | {4rHs i.nal i spknsegtiici dal
Dot n or “YEHRE o bR D GORAT BOGREI IS phtd W B ey le Sl

i sol at ed asfdsegHeviiedis taxid té #eaihdani niherddsepiddpacrhn insscts.haddinghsinsi s
products have been produced and approved for use. CGenetic engineering

t echni qlies spesiesf Basilfus pisr widnsts mReelyisraelgasis aad tangareorpabave hgsn used

t huri ngi ensi s endqﬁ?ﬁéi ns. Lo a%ri cultural environments are under

devel oprmenf SR C8REONEP WrSiict i on. This includes the use of plants

genetical Iy engimgeiopthgMddexRASILA B B BABINRS hPIngResh chRed prAdia GeRdid t he use
of stabilized intact mcrobial cells as Bacillus thuringiensis endotoxin

dﬁl ivery vébeidriegia c(oaatezfonm desetibeal igl'S(cm@@ﬁ)I;TétBTEE@BB:McSVth ABadidcl.us
Ve ) 0 ; : h
tar get _pes U it e (ScrRPaeNG it pgienal S iR el 4 BB pr eso

the toxjn. t . i i et
Xb 31%!&0@& fR e'éiﬁf'elséion B gg%aieg&%ih ngg.laceozg Y ig&acg{fus‘,}ggf?&lp'%;sag rent s

transforned 1nto and expressed’in suita
of the Bacihistadptdeinigaggsdrase bednoconsisudidththat e@dhibinincreassel togicdpbhnddisplayt y can
al so be used. 25 The followng United States Patents discl ose pesticidal

Baci || us { RUFKREFEALDS ran2sdp ALTESISt SisBriion BAETTAEY Jokls: viRicer Sdoprdds a

o0 USSR AR0LL 1A% P S8 B R S0P

5, 208, 017; DhedoB@.kO3B. 1. ndBBerkd k.2 MI3 Wi cath, RABed BAcontrd]l 8l€opdérdn pests

4,996, 155; 4,999, 192; 4,966, 765; 5,073,632; 5,196, 342; 5,063, 055; 30

5, 080, 897: iGVagmRs gBVirornentsy, B4 PawnuNe, 49LR.000rdiscoses Bagiblys thurimgiensis
having activity against dipterans. U.S. Patent No. 4,849,217 discloses Bacillus
thuringiensis isolates that have activity against the alfalfa weevil. U.S. Patent No.
5,151,363 and U.S. Patent No. 4,948,734 disclose certain isolates of Bacillus
thuringiensis which have activity against nematodes.

20 Bacillus thuringiensis cultures also are available from the United States
Department of Agriculture (USDA) in Brownsville, Tex. Requests should be made to
USDA, ARS, Cotton Insects Research Unit, P.O. Box 1033, Brownsville, Tex. 78520
USA,; or at the Northern Research Laboratory, U.S. Department of Agriculture, 1815
North University Street, Peoﬁa, I1l., USA.

25 Therefore, the compound and the active fraction enhance the insecticidal activity
of Bacillus thuringiensis against insects, which include but are not limited to
nematodes, flies, armyworm, mites, Colorado potato beetle and corn rootworm.

As is well known to those of skill in the art, the active compound can be applied

in the form of a composition. Accordingly, this invention also provides a composition

30  comprising the novel compound and a carrier, such as a solvent or agriculturally
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WO 00/ 58442 PCT/ USOQO 07454 Preparations of the spores and crystals of
Baci | l us thuringiensis subsp. kurstaki have been used for many years as

COoMmer Ci i icides for |epidopteran pests. For exanp illus
t huri ngi 2#3@%\%%{2 kurstaki HD-1 produces a crystal call edL@/pS@ﬂ7§4

endotoxin which is toxic to the |arvae of a nunber of | epidopteran insects.
Addi tional 5 species of Bacillus thuringiensis nanely israelensis and

tenebrionis have been used conmercially to control insects The cloning and
expr essi on saitabde @awél. |Ins futtberientodingéng, the pemposipperofieihar gelides an efifsstier i chi a

coli has been descrjbed in Schnepf, H t al. _ (1981 r oc. tl. Acad. Sci.
USA 78: 2898988 Bacgjlis tgwaf%mszmgd%pﬁﬁgf ey eaﬁ‘éaw.@'é?““g%ﬁ%ﬂa%?m&h%?z 036
both 10 di %&hﬁéﬁti&bﬁcﬁf&% %éés@ﬂn@éheéhi&e{%%“o?cho@%%l@gbtibi&é‘asﬁs cGRlehtio 9“ d

Bacillus thuringiensis <crystal protein genes been constructed t hat
exhi bit i noasebiaehe droxicortiyr taradhidves goalydispansiex padaldidsion of corapesitidms a t ar get
pest. See, U.S. Patent Nos.. 5,128,130 and 5, 055,294. U.S. Patent Nos.
4,797, 276 Zidinythgpresentinyeniionod mage;ady yyagaeys inranefeths vhelebraty D ego

(a.k.a. B Lo @NGBLLQNNSundhotn dandihd hichoflbofials e HASALRIGORY O

col eopt eran pest SB%%}QI n various environmen , 918, 006

di scl oses Baifdsldnu Folr BaNei oTGpSaLISN tdElwhtd @r plant Moty tiRgBimslhtichsagbans. U. S.
Patent No. 4,849,217 discloses Bacillus thuringiensis isolates that have
activity agedcassed iie agdpimaylationstogtad fram the gave penshbing of a pRtaldle powder, U. S.
Patent No. 4 948h734 di scl ose ¢ r%ag)l n_isol ates (?f Baci | | us 1 tt@uri ngi ensi s
whi ch have “A8H1) f@“sga‘éﬁl?%tanﬁgwg? U OB GIELE APY  TUEREDERYIHRLS i s cul tures
al so ang ayYgidudilog. fromthe United States Departnent of Agricul ture (USDA)
in Brownsville, Tex. Requests should be made to USDA, ARS, Cotton Insects
Research Unit, Ph®©noBdxotPadnd, Betoverfsadtioher cdimposii@s20ntauiig them en tehe

Nort hern Research Laboratory,. U S.. Departnent of Agriculture, 1815  North
Uni ver si ty Ue§¢ 1@ &PhansE dhs asecfipidal aciiuhy ObBactls 31"6’1”5,96”f’|’re1r @Mameaw t he
active fragi ' Wex - I, Vi § b s

t huri ngi enggsg 9§£§€§3%§R§§§%ﬁ%mﬁ tgﬁ hlgg%:tf‘ﬁ%g agﬂﬂ‘zlwa?t?aﬁg?& It}il%y't%eeg’ S%Soby

nemat odes, céhbming ar ¢ffestvereniantiag amcoahiosfale npad abmpowel, betiverfehcton or
rootworm As is well known to those of skill in the art, the active

conpound ¢ awngglté%q:q%mng them with Bacillus thuringiensis. In a further aspect, an

effective amount of at least one biopesticide or chemical pesticide is added to the
formulation.
The invention further comprises using the novel compound, NRRL Accession

No. B-30087 in combination with NRRL Accession No. B-21661, applied as whole

20  broth culture on a plant, root or fruit, for use as a fungicide, said fungicide having a
more potent effect as a result of the unexpected synergistic effect of the combination of
compounds. More preferably, the combination is applied in a ratio of 1:2 (B-21661:B-
30087) to Botrytis cinerea or Peronospora parasitica. Even more preferably, the
combination is applied to Botrytis cinerea or Peronospora parasitica in a 1:4 ratio. In a

25 yet further embodiment, the composition includes at least one chemical or biological
pesticide as is conventionally used in the art. In order to achieve good dispersion and
adhesion of compositions within the present invention, it may be advantageous to
formulate the whole broth culture, supernatant and/or metabolite with components that
aid dispersion and adhesion. For ease of application to plants or plant roots, the

30  formulations can be processed into a formulation selected from the group consisting of a
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in the formof a conposition. Accordingly, this invention also provides a
conposition 30 conprising the novel conpound and a carrier, such as a

sol vent iculturally 16 WD 00/ 58442 PCT/ US00/ 07454 i I rrier.
In a fur %h(e)?’g/rgér?’ggdi ment, the conposition further incl udessﬂéa /@f)&%{s?ve
amount Bacillus thuringiensis, as described above. In a yet further

enbodi nent, the conposition includes at |east one chem cal or biol ogical
pesticide as is conventionally wused in the art. In order to achi eve good
di sper si onwattdblaghwdeman afueousipusyensiern en Smplsifdble ednsepiraicend 2i nvention, it
may be advant ageous .to . formul ate the whole broth culture, supernatant
and/ or net gﬁ‘brlog‘t‘cé‘pwl?tﬁdéw ©fts that aid dispersion and adhesion. For
ease of appl i catihpfhohBuiRhRMiR IRy AMusRBliSatiohfl HatcdfsBtliFubARiRdGaRnPE
processed into a fornulation selected fromthe group consisting of a

wet t abl e pepetéficatioanaragefeeusedshyspeidsntifyingantatom| Theé diatlbsureoofttbeder at e and a
m cr oencapsul ated 10 fornul atjion. The novel. conpound, active fraction or

conposi T i oRYPHGHERS. RAHISPAE RIlhed Batepiswacfigations AFrcerene NP R s al
activity o i L0j: I , B S b i hdes a
met hod to gen aﬁ%:éel ﬁtg% ?%1%%@311%?%2% tgg{}%i@ly%%cggééﬁ@}stagy?aﬁrg ?ﬁég:@ﬁhs by
conbi ni ng &is &fvesidd peetagshanci ng anount of the novel conpound, active
fraction or 15 conposition containing themw th Bacillus thuringiensis. In
a further aspect, an effective anount of at |east one biopesticide or
chem cal pesticide is added to the ion. The invention further
conpri ses using the novel conpound, w@essi on No. B-30087 in

conmbi nggion with NRRL Accession No. B-21661, applied as whole 20 broth
culture on a plant, root or fruit, for use as a fungicide, said fungicide
havi ng a nore pdhedellafingexangyesnancentahdeddb iliustraignbwpmt liout thy mmegtien.i ¢

ef fect of hhe Cf)gi nati on of conpounds. Mre preferably, the conbination
is applied= Satio of 1:2 (B-2 1661:B- 30087) to Botrytis cinerea or

Per onospor gLRAkRFizAtidnor FRASINRRI CABIREi6R ]| B.300B¢. combi nation is applied
to Botrytis cinerea or Peronospora parasitica in a 1:4 ratio. In a 25 yet

f urt he r enbodi MNRRL tAkieessionNas iB-3 @08 7i wasl idelgdiedtbabeelast whole-ceH ealilidat fatly

bi ol ogllg: al acids, derivatized to methyl esters - FAMEs (Miller, L.T. (1982) “Single derivatization

method for routine analysis of bacterial whole cell wall fatty acid methyl esters,

including hydroxy acids” J. Clin. Microbiol. 16:584-586) and analyzed by gas

chromatography using the MIDI system (Microbial Identification System, Inc., Newark,

DE). The procedure and protocols used for growing the bacterial cultures and

20  instrument specifications are described by MIDI (identification of bacteria by gas
chromatography of cellular fatty acids. Technical Note #101. MIDI, Inc., 115
Barksdale Professional Center, Newark, DE). Isolates were grown on TSA (BBL)
plates at 28°C for 24 hours and cells harvested. One ml of a methanolic NaOH (15%
[wt/vol] NaOH in 50% [vol/vol] methanol) was added and cells were saponified at

25 100°C for 30 minutes. Esterification of fatty acids was performed with 2 mls of 3.25 N
HCl in 46% (vol/vol) methanol at 80°C for 10 minutes. The FAMEs were extracted
into 1.25 ml of 1:1 (vol/vol) methyl-tert-butyl ether-hexane, and the organic extract
washed with 3 ml of 1.2% (wt/vol) NaOH before analysis by gas chromatography. The
gas chromatograph (Hewlett-Packard 5890A) was equipped with a flame ionization

30 detector and capillary column (Hewlett-Packard 19091B-102, Cross-linked 5% phenyl-

18



pesticide as is conventionally used in the art. In order to achi eve good
di spersion and adhesion of conpositions within the present invention, it

may be ad pus to fornulate the whole broth culture, nt
and/ or ooﬁﬁte wi th conponents that aid dispersion andPéﬁ‘ﬁS@?@%ﬁ For

ease of appl ication to plants or plant roots, the 30 formnul ati ons can be
processed into a formul ati on sel ected fromthe group consi sting of a 17 WO
00/ 58442 PCT/ USOQ 07454 wettabl e powder, an aqueous suspensi on,

emul si fi abl medshibernead ImAFH22mm Bofilenthigkaassaf3a limi phasaratiorof 1139} wlghout

this discl b bljsh t ent
speci 1 oat | DESrat Rty APl RRpR R o0 AR s ORSHeRR S0l osur es
of these 5 ﬁkﬁgjrdté@FAMEpeﬂﬁfaﬁﬂ‘B&t&m it [hed Recant MIPENckdbadli ons are

hereby incorporated by reference into the present disclosure to nore fully
descri be t hidestifadabonSoftivereaShertlockiFSBA Libtaisversior ﬁt&()&)nTb@FAMElproﬁE@ﬂVPL ES

10 The foll exanpl.es d to illustrate, not t the

i nventi on. ’%E%g‘?%ﬁ ngs kg @gﬁﬁgﬁ}é i? nvesrused P%ﬁﬁermchﬁ g)gél?"oMlﬂ)
B-30087. NRRkefigARELON No. B-30087 was identified based on whol e-cell
cellular fatty 15 acids, derivatized to nethyl esters - FAMEs (M| er,
L.T. (1982) "Si riglheeresiﬂtslofa]hé thadd separatertiioel the MIDJd profile idenaifigd NRRIE
bacterial whole cell wall fatty acid nmethyl esters, . including hydroxy

aci ds" J. chegessign NeoBi3087 ﬁsaéga lyssymdﬁawghaw&%altwm&asscor@mf&%&?ogr aphy
using the MDI system (Mcrobial Identification System Inc., Newark, DE).
The procedure and protocols used for grow ng the bacteri al cultures and 20
instrunent Epeeilépcations are described by MDl (identification of bacteria
by gas chromatography of cellular fatty acids. Technical Note #101. MDI,
Inc., 115 MetikeydHl dfcessiando. B8A0%! aganshalart patigens solnaties cwlgire gr own
on TSA (BBL) %ﬂaat s at 28C for 24 hours and cells harvested. One nl of a
met hanol i c %

To determine if NRRL Accession No. B-30087 is effective against a wide range
of plant pathogenic fungi, the following experiment was performed using these plant
15 pathogens: Botrytis cinerea, Alternaria brassicicola Colletotrichum acutatum,
Cladosporium carophylum, Monilinia fructicola, Venturia inaequalis, Rhizoctonia
solani, Sclerotinia sclerotiorum, Fusarium oxysporum, Taphrina deformans, and
Verticillium dahliae.
To determine the activity of NRRL Accession No. B-30087 in an agar diffusion
20  (zone) assay, plant pathogen spores (spores were scraped from the surface of petri plates
and diluted to approximately 1 X 10° spores/ml (depending on the pathogen)) were
spread over the surface of potato dextrose agar in 10 cm petri dishes. For Rhizoctonia
solani and Sclerotinia sclerotiorum, mycelial fragments instead of spores were spread
onto the plates. Circular wells, approximately 7.0 mm were removed from the agar and
25 a 125 1sample of the supernatant of NRRL Accession No. B-30087 grown in a soy,
yeast extract medium in 250 ml shake flasks for 72 hours was placed in the well.
Supernatant was prepared by centrifuging at 12,000 rpm for 10 minutes. Typical
results can consist of a zone of no growth and/or reduced growth of the pathogen around
the well or no zone at all. The zone size in millimeters was measured and recorded if

30  there was a zone. The results are shown in Table 1, below.
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No Zone
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Phytophthora capsici

No Zone

Didimella bryonia

No Zone

10

NRRL Accession No. B-30087 supernatant showed no activity against most

fungal plant pathogens in zone tests.

Example 3
Activity of NRRL Accession No. B-30087

A standard agar diffusion assay was

against bacterial plant pathogens.

set up as in Example 2. A lawn of each

bacterial pathogen was spread over the surface of potato dextrose agar. A 125 1sample

of NRRL Accession No. B-30087 supernatant was placed in each well as described

previously. The presence of a zone or size of the zone was measured in millimeters.
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spread over the surface of potato dextrose agar in 10 cm petri dishes. For

Rhi zoctonia solani and Sclerotinia sclerotiorum nmycelial fragnents

i nst ead were spread onto the plates. Crcul ar v%[l

appr oxi ma 8]5"3}33‘&3 nm were renoved fromthe agar and 25 a 1 ! sosog)%%e of

t he supernatant of NRRL Accession No. B-30087 grown in a soy, Yyeast

extract nmediumin 250 m shake flasks for 72 hours was placed in the well.

Super nat ant was prepared by centrifugil,nger(;%J 12,000 rpmfor 10 m nutes.

Typical results can consist of a zone apl grow h and/ or reduced growth of

t he pat hogen aroun 3 el kye in

mllinmeters was rreggﬁtgogngﬁi)dilnpgco(gr géﬁlﬂﬁ %nﬁdé?%gé\/iﬁs(zgﬂggggf The results

are shown INRREMNeeB13008¢ISupernathft: WO 00/ 5844RitiBLVoblS@am) 7454 Table 1. In

vitro test of NRRL Accession No. B-30087_agai nst fungal plant pathogens

Al t er nar i aPspusdosionpe syrigRpPY.orEnatet r yt | s NOT4@Cea No Zone C adosporium

car pohi [ um amhzoorb%a a():ﬂol Il(-;}sotvr 'Eﬁ%uggtpcut a&\#r% Zone Fusari um oxysporum No

Zone Moni MR AF FUCtY dota * Z6HB® Rhi zoctoni'a sol ani No Zone Scl erotinia

scl er ot i or ErviRa aBRVorkaRBE). TArsievdth MNS NYZetene Venturia inaequalis No

Zone Verticilliumdahliae No Zone Pythium sp. No Zone Phytophthora

i nfestans Weak activity (small, hazy zone) Phytophthora capsici No Zone

L3 o YO D RSN 665 %ot AR a LA AbleasiP o O
plant pathogens tested in vitro.

Example 4
Activity of NRRL Accession No. B-30087 against plant pathogens in plant tests.

The activity of NRRL Accession No. B-30087 was tested against bean rust,

Uromyces phaseoli on snap bean, and gray mold, Botrytis cinerea on pepper plants,

10 Alternaria solani on tomato plants, and downy mildew of lettuce, Bremia lactucae;
downy mildew of Brassica, Peronospora parasitica, late blight of tomato,

Phytophthora infestans, and grape powdery mildew, Uncinula necator.

Alternaria solani

15 The pathogen, Alternaria solani, was grown on standard petri plate (10 cm) with
PDA. Fungal colonies are cut from the plate and placed on sporulation medium (20 g
sucrose, 30 g calcium carbonate, and 20 g agar per liter of sterile water). Sterile water is
added to the plate to partially cover the mycelial blocks and plates are incubated at 22-
26°C with a 14 hour photoperiod for two days. Spores are harvested by scraping the

20  mycelial blocks into a beaker of sterile water. The spore suspension is adjusted to 2 X
10° spores/ml).

Tomato seedlings (UC82-B) at the 3-4 leaf stage planted in two inch pots and

placed in flats, were sprayed with an artists air brush to runoff with NRRL Accession
No. B-30087 whole broth grown in a soy flour, yeast extract medium for 72 hours in

25 250 ml shake flasks. After spraying, the seedlings were allowed to dry a minimum of
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fungal plant pathogens in zone tests. 5 Exanple 3 Activity of NRRL
Accession No. B-30087 agai nst bacterial plant pathogens. A standard agar

di f f usi on s set up as in Exanple 2. A lawn of each I 3l
pat hogen agiﬁg%?égd over the surface of potato dextrose agg?Bﬁgyﬁg?ﬁl

sanple 10 of NRRL Accession No. B-30087 supernatant was placed in each
wel | as described previously. The presence of a zone or size of the zone
was nmeasured in millimeters. 20 WO 00/58442 PCT/USOQ 07454 Tahle 2. In
vitro Inhi bVPi ew_so_kn?éa ehsegdlings e %?@@@ﬁ%@%liﬁ&f@%@ﬂdﬁﬂ NRRL it B2 30087
Super nat antuhiafid for A 3N AL, TRSFHIRTRBAR BARAIAR R wilRHBIBuO0 Zone
Xant hononacanpestri s pv. npestris one Erwi nia carotovora subsp.

Car ot ovor a dbmezad&eptRR20-2206@ $&i 48 hd\ds inBh3 P8R Wahaisubatdr et idMeuagai nst  any
speci es of bacterial glant pat hogens tested in vitro. 5 Exanple 4 Activity
of NRRL Ac®Beiepgirdnoater yabet I‘J%—Bgn%‘iceﬁﬁl%hNop%ﬂQ%éﬁ’élth dyvbeuisperesof  The

activity Oﬁhels\ég?hgeé‘%g?lg doz% a@egag%eggogl?rg)glx}@% é?s%tg\ge? Qa@l?o?gigzg%gntpglgr}\lgou%t ’

Ur omyceS pha on snd% ean, cl'nerea on “pepper

pl ants, 10 chéhRhNRhEiBidek.gNIAZeRyRIBRE, AHRLATD Pwadid Fomstynpiriseiet rafes| et t uce,
Brem a | actucae; downy m | dew of Brassica, Peronospora parasitica, late
bl i ght of tfwonallg to 26hppwpHithelants wersstened onarsdalg feppe0 podoehsre Aiis HRWo

ar oun on SEHRGS EbR oS BREr G e SRR FORBLIOT BBl S o o ot
from the phaifemdRdioRs 86&%11aR: RACEMMthOPotIRAbMWEréAefiched and severely
10  infected (rating of 5 = complete infection, no control). NRRL Accession No. B-30087
treated plants looked no different from the water control. There was no control of the
pathogen by NRRL Accession No. B-30087 (also a rating of 5). The negative control

was not infected. The chemically treated plants had a score between 0 and 1.

15  Botrytis cinerea
The pathogen, Botrytis cinerea, was grown on standard petri plate (10 cm) with
PDA and spores were collected using potato dextrose broth (PDB) supplemented with
malt (0.5 g/L) and yeast extract (0.5 g/L) and adjusted to 1 X 106 spores/ml. The plants
used were peppers (Yolo Wonder) grown in two inch pots to the 3-5 true leaf stage.

20  The application of NRRL Accession No. B-30087 and the pathogen were the same as
above. Flats with pots were incubated at a constant 20°C with no illumination. They
were covered with plastic domes and left for 2.5 days (60 to 65 hours) until scoring.

A chemical fungicide (e.g., Iprodione, Rovral®) was used for comparison at
rates from 20 to 100 ppm. The plants were scored on a scale from 0 to 5, where 5 is

25 100% infected and 0 has no symptoms present. On the water B. cinerea control, there
were uniform lesions over all the leaves (rating of 5 = complete infection, no control).
NRRL Accession No. B-30087 treated plants looked no different from the water
control. There was no control of the pathogen by NRRL Accession No. B-30087 (also a
rating of 5). The negative control was not infected. The chemically treated plants had a

30  score between O and 1.
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sucrose, 30 g calciumcarbonate, and 20 g agar per liter of sterile water).
Sterile water is added to the plate to partially cover the nmycelial bl ocks
and pl at cubated at 22- 26C with a 14 hour photop

days. Spgvrilggorgr“egharvested by scraping the 20 mycelial bl gﬁ(t(ﬁHSJO@z"a beaker
of sterile water. The spore suspension is adjusted to 2 X 104 spores/m).
Tomat 0 seedlings (UC82-B) at the 3-4 |eaf stage planted in two inch pots
and placed in flats, were sprayed with an artists air brush to runoff with
NRRL Accession No. B-30087 whole broth grown in a soy flour, yeast extract
medi um f or 25 250 m shake flasks. After spraying, the

seedl i ngs m%rg’é’p“ ;#F’Z‘\ﬁ;é% to dry a mininumof 21 WD 00/58442 PCT/USOQ 07454
two hours. | nocoatiedpensdldst)ggnisesedphacesiantad s PRIver vdtertlod pbaimger at
22C with no illumnation for the first 40 hours. The plants in each flat
wer e cover emxwpnwrangyp%@é,mechte dodrecrmeulite pt staall dgarysticadant §oxesupersiming he

Per ci val 4. ho hot.operi.od Accessi on
o, B 3608004 Frnsf<hs BB R spuPEcOR Stk per i ioge e e SR ag” o
negative CQRirE Qhra@iCwAh BRIVRRY.SARBINGIRS, E@Obgpbmt%ﬁﬁpeﬁxataﬁh%;qal The
fungicide (e.g., Azoxystrobin, Abound(r)) was used for conparison at rates
from 100 tcplEﬁﬁtOWptpmHoWhé tcpﬁla{remd ther edownyr middew sporssaspengion gpllectal Somwhere 5

cont ol ¢ NFEe @295%1? S e el s Fpied P RSB SHEBIH edons
were det achelyand cerenelor Al HERGLEH, (AR IARAm Ty ANRIEHS SRFESL| O

no control) Acces ion treated nts” | ookeﬁ) di fferent

from t he walmvevenniieg BblatcldfBremisblactuoaLoset imwthesd tetsth@vas@m\hmwl by NRRL
Accession No. B-30087 (also a rating of 5). The negative control was not

i nf ect ed. ﬁﬁ@oeﬁé%%@meyn%qn@&f@ép g qh&au%l sapdadpbatesnsed and 1. 15
Botrytis ci 8%%%3? P@%ﬁ%%%%é dwe%téo%ex%h %{he@%qt%%%%@%dq{}c@ta%gggr d

petri plate spores were using po
dextrose brigts°CREB)Pesdiva hlwmaatbefbr%tﬁbursrmﬂtﬁmﬁ Dbnigation. aPIdsticaces wster act
(0.5 g/L) and adjusted to 1 X 106 spores/nl. The plants wused were peppers

( Yol o Wondéhon pjacegrst ropm mlnemiurep(a@%%@ unider Bglgs farsix dayss Seedlings were

15  uncovered, sprayed with water, recovered, and returned to the incubator at 15-16°C for

sporulation to occur overnight. The effect of NRRL Accession No. B-30087 against a

chemically-resistant strain of lettuce downy mildew is shown below in Table 3.

Table 3.
Score
Repl Rep2 Rep3
NRRL No. B-30087 Sample 1 0.0 1.0 1.0
NRRL No. B-30087 Sample 2 1.0 1.0 0.0

Aliette 240 ppm 5.0 3.0 --
Ridomil 125 ppm 3.0 3.0 --
Water check 5.0 5.0 5.0

20
NRRL Accession No. B-30087 had excellent activity against lettuce downy

mildew with little to none sporulation of the pathogen on the seedlings, whereas the
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20 The application of NRRL Accession No. B-30087 and the pathogen were the
sane as above. Flats with pots were incubated at a constant 20C with no

i 11 um natygnosdflgy were covered with plastic donmes and | days
(60 to 65 ﬁoa/rss until scoring. A chem cal fungicide (e.gégéﬁ/ﬁpér}{g&;“osge,

Rovral (err)) was used for conparison at rates from20 to 100 ppm The
pl ants were scored on a scale fromO to 5, where 5is 25 100%infected and
0 has no synptons present. On the water B. cinerea control, there were

uni f or m | e§PRFY (BgsF chgok) plaats|veaig eampletaly spprolated wath-doypmemddewit dB¢ i on, no
trol). ' - ts | ooked di f f t
From the vl eaERRRI UG N o0 bold A M PR S P oo by NRRL

Accession No. B-30087 (also a rating of 5). The negative control was not
infected. The chemically treated plants had a 30 score between 0 and 1. 22
WD 00/ 5844 PeprmipsR@amuomd%® Brem a | actucae For the Brem a test, |ettuce

seeds re plantgd..in a | f sterili tin m x cont.aining peat,
or 1t e and vr A sBan MEEL AecSisBano 530 Wl Bl abSiRA bR, S
about 8 ceghdk¥Ela8ksS THOPhABGriR @S e a2 sEBh dfak SpraPbPiMith BHe webi€oldet t uce
seedlings were sprayed with the NRRL Accession No. B-30087 broth or

super nat ancag#nwes or Bhussel spmnt plams methalfhib vetyladon diage siidh anteetst'a aotdwshh mi | dew
spore suspension.collected, fro i nfected ce seedlings (2 X 104

spor es/ il ) PRASTCE Y £PBRTEHEbAIE h hr§_%éfaﬂ?1i°ﬁt§%9} Brenseafinedp ?éﬁéwrpﬁsu ng
of Aliett etx(eﬁtﬁ?fe‘ﬁf.yksﬁb%e s%&l%nﬁ'oﬂ%%&wﬁﬁﬁﬂle@x)ﬁé)on ora ﬁ%lﬁﬁittacgm 180 140

However, the isolate of Brem a |actucae used in these'tests was previously
denonstio at epbregmbevak sapsd oty thet Rrakdies plahwsafiehfirst applys alndNRBS. Advebsian e

used comercial IO)é. The plastic boxes were covered with tight fitting lids
and i ncubat¥¥dBat00815 Chemiqap stangagdsgopsisting ety (foesitylsd) %@fhléowlt hout

il hum [ [ . . 20-26C
undor. 1 ghiReplr I gie 208 ST, Mo HEE AR RGER ind: SR SRFATHA Gt Bt ot

recovered, tieRéltesBivspRelib@ly Bemomerdteati® be isedsitivdto theve twdRREHicat | on to
occur overnight. The effect of NRRL Accession No. B-30087 against a
chemi cal | ystaaddrds tat ars uped ¢prghercidlyuce downy nildew i s shown bel ow in Tabl e

3. 15 The plants were held at 15-17°C for 16 hours for infection, then the seedlings

were incubated at 20-24°C for six days. The pots were returned to 15-17°C overnight
for sporulation of the pathogen to occur. Each plant was evaluated by estimating the
percent disease control based on a scale from 0 to 5. A zero rating is a plant with no
sporulating lesions. The results averaged across replicate pots are shown below in

20 Table 4.

Table 4.
Score
Repl Rep2 Rep3
NRRL No. B-30087 Sample 1 0.5 1.0 0.5
NRRL No. B-30087 Sample 2 0.5 0.5 1.0

Aliette 240 ppm 5.0 3.0 -
Ridomil 125 ppm 4.0 4.0 4.0
Water check 5.0 3.0 5.0
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Table 3. Score Rep 1 Rep 2 Rep 3 NRRL No. B-30087 Sanmple 1 0.0 1.0 1.0
NRRL No. B-30087 Sanple 2 1.0 1.0 0.0 Aliette 240 ppm5.0 3.0 -- Ridom |

125 ppm - Water check 5.0 5.0 5.0 20 NRRL Accessj - 30087
had excel enoéﬁlsg“é‘tzi vity against lettuce downy mldew with #%F%W?“none

sporul ati on of the pathogen on the seedlings, whereas the 23 WD 00/58442
PCT/ USOQ' 07454 control (water check) plants were conpletely sporul ated

with downy m | dew,__The chem cal standards did not effectively control the
pat hogen. ~ Per onos pO¥BL peeessioniNe Bs3 @ qontrelled theifrangga doxpyaaiden mase

B 30087 S Q1 oW AR APRE il 280 oy Shalie Lhialhne TEn IOk AL 1 cul ture

at 1X strength was spraye 0 one wee I"ower russel sprout
plants at the full cotyledon stage with an artist's air brush powered by
conpressed air. Three replicates of 15-25 seedlings/pot were sprayed per
treat nent. Wngpdraeeiigpensi on of downy mi | dew, Peronospora parasitica at

1-5 X 1Q4 10 spores/ni S rayed anto the Brassi.c | ant f first
appl ving ¢ he NRRERECalPEHChEenRadugs rh s 58 B pARe e [ Bg o
Aliette (f Q§ﬁts‘{z{|§'ea|The%ﬂﬁurB'o@ B lery DBl %Y InhindBh&l &1 SpeRRulifgh atbovever,

t he isol ate of Peronospora para5|rty| ca used in these tests was previously
denonst r at e$°Cainder 4 i bowgiphpiopetiod.t AHdat thegoohgest 24l leawss aredamdsed. hBlie ar e

d pally. 15 T | hel . 15-17 h f
" ect fon. WRBk Asre Sl Ag0ot heb A v atiedt BUDA eyl 8455, The
poLS Wer & rghiy et QaiScHdoRYRTIN! runkBras RO R QG paliRgeRALRGgeN 10

occur. Eac ant was eval uate y estimtl ng
10  Four to five replications are used for each treatment. To inoculate with powdery

mildew, leaves with mildew on maintenance seedlings are removed with scissors and
each plant is inoculated individually. The surface of the maintenance seedling is gently
brushed with a paintbrush so that sporés are deposited onto the upper surface of the test
plants. The procedure is performed using a 3X lighted magnification lens to assure all
15  plants are getting equivalent inoculum. Flats with pots are placed in the dark for 16-24
hours at 20-24°C. Flats are kept at 22-26°C with a 14 hour photoperiod for an
additional 9-11 days until the test is read. As above, the plants are given a score of 0 to

5. The result using NRRL Accession No. B-30087 is shown below in Table 5.

20 Table S.
Score
Repl Rep2 Rep3 Rep4
NRRL No. B-30087 0.5 0.0 1.0 1.0
Rally 25 ppm 0.0 0.0 0.0 0.0
Water check 5.0 5.0 3.0 4.0

NRRL Accession No. B-30087 controlled the Uncinula powdery mildew
effectively compared to the untreated check and almost as well as the chemical
standard, Rally.

25
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percent disease control based on a scale fromO to 5. A zero rating is a
plant with no sporulating | esions. The results averaged across replicate
pots are low in 20 Table 4. Table 4. Score Rep 1 3 NRRL
No. B-300 ?)Q)\Qé?r%?e 10.51.0 0.5 NRRL No. B-30087 Sanple FRugofBal
Aliette 240 ppm5.0 3.0 -- Ridom | 125 ppm4.0 4.0 4.0 Water check 5.0 3.0
5.0 24 WD 00/58442 PCT/USOQ 07454 NRRL Accession No. B-30087 controlled

t he Brassi %ﬂ@do m | dew nore effectively as conpared to the untreated
check and t toé’ﬁg%i%éﬁfesé‘f”éndar ds. Uncinula necator 5 Grape seedlings

(Char donnay) Wer@egiWhtonihid WPe bINSH, POhBsHRL ivhs LR al hYRe 1dr2ath St age.
The cul ture of poe ery m éeww?/\gg@ﬂ;a?nt%ftned osn grgpg geeﬂﬁ%ngs at 22- 26C
under a 14 sballingp1oC8DB) avithe 44 trubleaf sthge yrouwnge swo-2nch dqearegdasat @otsenoved.
The NRRL Accession No. B-30087, the chem cal fungicide (Rally(r),

mycl obut aniAppdications of BRIa Ageespien i &-3Q4Fdgeown as pysyiqusly descriisdoPereas above
for the_ot t . .10 r~50. five ] I ed for
[or e 40! NEIAcRBYNBRAR HERLSL PAERUE: Ll U LRPLERELPAF ifpiized 10
mai nt enancgp&%ﬂi_hg REBNREOWILIRWREME hfar 26l S8/0tngaMRE indRalin Pbritehtratfon to

i nocul ated I ndi vi dual léj' The surface of the maintenance seedli ng i's gg,)ent Iy
brushed wi tiatveeep & hiobl.iXhl 05 sperhngiaspodeeruiated steplndstveate phiced mite flatspa

f f .the test lants... T dure i . d usi 3X li.ghted
mgni 11 cat FOoREexoy At oad Forth A sl d ol SGAPET St DRiB 3 Kool um
Flats wth s%&.sggécﬁis_@ ﬁ%gﬂrlsgrﬂlﬁih@%agﬁ%ﬂ foPEomPartn al WS 0£62.8% Pppnt | at s

are kept at 22-26C wit our photoperiod for an additional 9-11 days
until tihe tThstresult usedVRRE Axtoességn Nb.eB 3008381 B shoen pelwenindlabbof.e of 0 to

Table 6.
Score
Repl Rep2 Rep3 Rep4 RepS
NRRL No. B-30087 2.0 1.5 1.5 0.5 2.0
Quadris 125ppm 0.0 0.0 0.0 0.0 0.0
Quadris 62.5ppm 0.0 0.5 0.0 0.5 0.0
Water check 5.0 5.0 4.0 4.0 5.0

NRRL Accession No. B-30087 controlled late blight nearly as well as the

15  chemical standard, Quadris, after four days of incubation.

Uromyces phaseoli
The test of bean rust, U. phaseoli was conducted using snap bean seedlings
(Provider variety) until the first primary leaves were 3/4 expanded. Applications of
20 NRRL Accession No. B-30087 were made as previously described for the other
host/pathogen combinations. Inoculum of the rust pathogen was stored as dried rust
spores 1n vials at -20°C. Inoculum was prepared by adding dried rust spores to water
with 0.01% Tween 20 and stirred vigorously on a magnetic stirrer for at least one hour.

Inoculum is adjusted to 2-4 X 10° spores/ml. The primary leaves are inoculated and
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5. The result using NRRL Accession No. B-30087 is shown below in Table 5.
20 Table 5. Score Rep 1 Rep 2 Rep 3 Rep 4 NRRL No. B-30087 0.5 0.0 1.0
1.0 Rall 0.0 0.0 0.0 0.0 Wwater check 5.0 5.0 3.0

Accessi on%@’sgg?oom controlled the Uncinula powdery m | d%®/83®5§§4i vel y
conpared to the untreated check and al nost as well as the chem cal
standard, Rally. 25 25 WO 00/ 58442 PCT/ US00/ 07454 Phyt opht hora i nf est ans
The test of tomato late bli P. infestans was_ conducted as using tomato

seedl i ngs (exdpespregqlagegdn ﬂa@ apfi dreupatsd oxeratedt gt Wk N3 Rergvalslew hawhere

pl astic pot \Q o 8
previ ousl y S%Iéﬁgggédﬁ%véﬁgg m%o%gﬁﬁj 5%(%965 ecgcﬁ i %g%ddgt o%‘é@%ﬁg r%a%sf P.
i nf est ans \SredipigedrcRttdnh S0 fAPkiide Bases pAthY iatidegecnl @oyerly 6VEpoRilatinge Seed

agar and adjusting the inoculumconcentration to between 0.7 to 1.0 X 104
spor angi a/ rﬂlstpllﬁ@ PEase’t- seedl i ngs were placed into flats and i ncubated

exactly _as descr r.the. A est re eval uated on a
0.5 sedle. REPP Pl B B AR R b b LSRR SRt oo
62.5 to 1255&%&040 iangmq]err@swd UsitSNRRINSRles £ Ko SBHDORR whBte388his kifowr1OWn
below in Table 6. Table 6. Score Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 NRRL No.
B- 30087 2. GelbvoinlT#bl)75 2.0 Quadris 125ppm 0.0 0.0 0.0 0.0 0.0 Quadris
62.5ppm 0.0 0.5 0.0 0.5 0.0

Table 7.
Score
Rep! Rep2 Rep3
NRRL No. B-30087 0.5 0.5 0.0
Break® 40ppm 0.0 0.0 0.5
Water check 5.0 5.0 5.0

10
NRRL Accession No. B-30087 controlled bean rust nearly as well as the

chemical standard, Break®.

Example 5
15 Antifungal metabolite produced by NRRL Accession No. B-30087.

The whole broth of NRRL Accession No. B-30087 was partitioned into ethyl
acetate, butanol and aqueous fractions. Each fraction was tested against snapdragon rust
in a spore germination assay. Snapdragon rust spores were germinated in the presence
of each sample in a depression microscope slides containing 40 1 of sample and 20 1 of

20  pathogen spores. Approximately 16 hours later the spores are observed under a
microscope to see if they have germinated. No germination (score of 0) compared to
the water control (100% germination and growth = score of 5) indicates activity of the
sample being tested. Results of the rust germination assay with different NRRL
Accession No. B-30087 fractions are shown below (score on a 0 to 5 rating as above) in

25  Table 8.
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Water check 5.0 5.0 4.0 4.0 5.0 NRRL Accession No. B-30087 controlled | ate
blight nearly as well as the 15 chem cal standard, Quadris, after four

days of i i on. Uronyces phaseoli The test of bean ru eol
was conng ggg%%?ng snap bean seedlings (Provider variet?%j%égwﬁggae first

primary | eaves were 3/4 expanded. Applications of 20 NRRL Accession No.

B- 30087 were made as previously described for the other host/ pathogen
conbi nati ons. | noculum of the rust pathogen was stored as dried rust
spores in vials at -20C. Inoculumwas prepared by adding dried rust spores
to water wth 0.01% Tween 20 and stiggggiyigorously on a magnetic stirrer
for at |least one hour. Inoculumis adjusteéd to 2-4 X 10" spores/m . The
primary | eaves are inocul ated and 26 WO 00/ 58442 RhtdJSOO' 07454 seedl i ngs
are placed in flats and i ncubated overnight at 20C in a Percival dew
chanber. Seedlings are then incubated at rBepnlt edfeprlat ukep 3 20-26C) for an
addi tional 8-10 days Eeeg%ings are rated op,a O Q)S sgfhe based on the
i nci dence and severi EYYbFW%r ul ating  rust gﬁstul s’ present. 5 The

chem cal fungicide, Bigakér) (propiconazole)syas usgd forzgonparison at a
rate of 40 ppm The result using NRRL Accession No. B-30087 whole broth is

shown bel ow i n Tabl Aqieouabl e 7. Score Rep0.0 Rep (0D Rep B0 NRRL No.
B-30087 0.5 0.5 0.0 _Break(r) 40ppm 0.0 0.0 0.5 Witer check 5.0 5.0 5.0
10 NRRL Accessi on NoWhsle3ge#7 control | ed beaQOrustOﬁbarIJl%s wel | as the

chenical standard, Bpgak(hick 4.0 5.0 5.0

The metabolite is clearly in the water soluble fraction and is not readily
5 extractable in butanol or ethyl acetate.

Other characteristics of the metabolite were determined. The molecule was
shown to pass through a 10,000 molecular weight cut off filter indicating the metabolite
is smaller than 10,000 daltons. The activity was not lost after treatment with proteases
nor when treated with acid or base. The activity was slightly lost upon heating to 80°C

10  for one hour (the score against snapdragon rust increased from 0 to 1.5). The activity
was absorbed on cation resin, but not on anion resin (the metabolite is positively

charged).

Example 6
15 Partial purification of the fungicidal fraction of NRRL Accession No. B-30087.

The whole broth culture from NRRL Accession No. B-30087 (850 ml) was
centrifuged at 4200 rpm for 15 minutes and the supernatant collected. Activated carbon
(30 g) was added to the supernatant and it was shaken well before centrifuging for 20
minutes at 11,500 rpm. The supernatant was dried on a rotary evaporator then
20 redissolved in 15 ml water. The sample was then further purified by size exclusion
chromatography (SEC), to separate the components by molecular weight.
P-2 resin (130 g, BioRad) was swelled with milliQ deionized water to pack a

column 2.5 cm x 80 cm. The 15 ml concentrate was loaded onto the P-2 column, the
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Exanple 5 15 Antifungal netabolite produced by NRRL Accession No. B-30087.
The whol e broth of NRRL Accession No. B-30087 was partitioned into ethyl
acetate, W RRlspand aqueous fractions. Each fraction was ﬁgﬁpgamggﬁinst
snapdragon rust in a spore germnation assay. Snapdragon rust spores were
germnated in the presence of each sanple in a depression mcroscope
slides containing 40 1 of sanple and 20 1 of 20 pathogen spores.

Approxi mately 16 hours |ater the spores are observed under a m croscope to

see if theycohapa ehdihvihpater bgraydynddOmd Arapuensreere pollactade fssaneriens dor t he
wat er contr@%égéggzzggégLQa&hqu 9% h = score of 5) indicates activity

of the sanp Sted. Results’ of the rust germ nation assay with

di fferent NRRL Ariedbied frabl@onsBrvet0Qskhyéd aihg m@%n%ﬂ?agiiﬂqm gﬁhﬁ%&s@@a@ on a
O to 5 rating as above) in 25 Table 8. 27 WD 00/ 58442 PCT/ USOQ 07454

Tabl e 8. Scdsseribeddp Exampls 2 Hagiians 18ty wergdennt to complerely ighibit gernpnatmmol 3. 0
5.0 3.0_ Agpeous 0.0 0.0 0.0 . Wiole. . broth 0.0 0.0 0.0 Mater. check. 4 0 5.0
510 The ‘et HU0F PRI PR Sompine S TEL RUgY PR PE R sin
readily 5 @xivaRehaPiRerkd RO AMIRENYhis3RR1S®Rd offdElecsRPP ARihSt | CS
of the nmetabolite were determ ned. The nol ecule was shown to pass through
a 10, 000 nudndguh as deweribgit abowe, veith thieiexteptionribiitdan] figctiohe weet albiettede i s

smal | er than 10,000 daltons. The acti.viiy was not |ost after treatnment with
proteases nor &éﬁl%é@r@d’f%&ﬁ?%@épmﬁﬁ BERRNANHENARE PPAISFY nABSS| i ght | y
lost upon W‘?z?c'tibggwkfé cﬂ%@ d%% [0 PG HAIVEd RGO L sAER bAGIot FARFRARON T ust
I ncreased fromO to 1.5). e activity
10  further separated by HPLC using an amino column (4.6 mm x 15 cm, 5 m, 100
angstrom). The column was equilibrated in 0.01 M KH,PO, and a gradient was run
from 4% to 44% acetonitrile/0.01 M KH,PO, for 30 minutes, 1 ml/min detected by UV
at 200nm.
Three peaks were collected and peak 1 was desalted on a size exclusion HPLC
15 column (Toso Haas, G1000 PW, 7.5mm x 30 cm, 10 m), eluted with water at 1 ml/min
detected by UV at 200 nm. One peak was collected from the size exclusion column and
found to be active on the germination assay. A 'H-NMR spectrum was recorded at 400

MHz in D,0O of this semi-pure active material as shown in Figure 1.

20  Example 7

Chemical characteristics of the fungicidal component are different than zwittermicin A.
The fungicidal active fraction of this invention was shown to be different than
zwittermicin A on capillary electrophoresis. NRRL Accession No. B-30087 whole
broth was grown in a Bacillus culture media containing soy flour, dextrose, yeast
25  extract, KH,PO,, K,HPO,, NaCl and MgSO, x 7H,0. Streaked cultures were used to
inoculate 250 ml shake flasks. Flasks were shaken at 210 rpm at 30°C for 4 days.
NRRL Accession No. B-30087 whole broth was spiked with purified
zwittermicin A and run on capillary electrophoresis (CE). 30 pl of NRRL Accession
No. B-30087 whole broth was spiked with 10 pl zwittermicin A. One sample each of
30 NRRL Accession No. B-30087 whole broth, NRRL Accession No. B-30087 whole
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was absorbed on cation resin, but not on anion resin (the netabolite is
positively charged). Exanple 6 15 Partial purification of the fungicidal

fraction Accession No. B-30087. The whole broth c f r.am NRRL
Accessi on&hodﬂggzéoow (850 mM) was centrifuged at 4200 rp#*/c%&)iog&?ﬁ nut es

and the supernatant collected. Activated carbon (30 g) was added to the
supernatant and it was shaken well before centrifuging for 20 m nutes at
11,500 rpm_ The supernatant was dried on a rotary evaporator then 20

r edi ssol vedtPih With gvitiggmisin Apnd z3atigimacifes alope vere Famhet the Gl vsiegisqjums ze

i gt P PR (RSB RLK S el BRI R e TR P e B el er

to pack a ¢elwMRFZuPe $M x 80 cm The 15 m concentrate was | oaded onto the
P-2 colum, the 28 WO 00/58442 PCT/US00/ 07454 colum eluted with water by
gravity and 10nm THepectidlyrpurfeeddrastibhewergdherPenmapasedioszwWitermipm2A geihgm:

range = 2, nm.= 226 nm 16 m/ . The. eluted fractjons were assayed ysing the
Shapar adon PHUBrGEPHTIREPTeSH (GELapet Sl e Bt as SENE el 16 54
wer e found 4fe@ T &LighdcohibohBitlof BRBM0 T Yartial §-pRRRA ASAGHAISMPORER
conbined and dried on a rotary evaporator, then'redissolved in 8 mMl water

and filt er exf B-BO@RYOdpilEdAvitin2§ jul tettterritivirs Avead zivitsatmdcindt @lose.second P- 2

colum and run as_descri bed _above, with the exception that 7 m fractions
were col | ected. TFNAR PRATY2 2575 BIHBIAN AGBRYTIB FIgES Bi %ndgg? RATIANY-BHF 6 ¢ ho

bi . These. o' ' : t ' I [ ter. A
rart | quarEr KR REGRAN pUBE B S AT R 1 e AP AP TR0 SO

(4.6 mmox IMHeMThS spériralidkhoands Figuds 1 42, alehiofmtravehae chel fuhgicidaed in 0. 01
MKH(err)PO(err) and a gradient was run from4%to 44% acetonitrile/0.01 M
KH( er r ) PO( épgtpbglige fram AecessionNonBr3 0§87 escdiéfgrepy from zvgtterpgoid. Thr ee

Col um - ( Toso. Haatte gt pRR u T SRR RCoq et ¥ B e nRR s e 1
m/mn distinguished from -exotoxin by 'H-NMR. The 'H-NMR spectrum of -exotoxin has
seven resonances above 5 ppm as shown in Analytical Chemistry of Bacillus
15 thuringiensis, L.A. Hickle and W.L. Fitch, eds., ACS Symposium Series 432, p. 131
(1990). In contrast, Figure 1 shows that for the NRRL Accession No. B-30087 sample,

no proton resonance appears above 5 ppm.

Example 8

20  Purification of the enhancer
The enhancer was semi purified from B-30087 whole broth as follows. It was

semi-purified by treatment of 435 mL whole broth with anion exchange resin,
acetonitrile precipitation and size exclusion chromatography. The whole broth was
centrifuged to remove cells, and 14.5 g anion resin (AG 1-X8, 100-200 mesh, acetate

25  form) was added to the supernatent and the mixture was shaken one minute. This was
centrifuged at 5000 rpm, 20 minutes and the supernatant was decanted and used in the
next step. Acetonitrile was added to the supernatant to give a 50% solution and it was
shaken one minute and centrifuged 5000 rpm for 20 minutes. The lower dark brown

layer contained the Bacillus thuringiensis enhancer.
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detected by Uv at 200 nm One peak was collected fromthe size exclusion
colum and found to be active on the germ nation assay. A(err)H NWVR

spectrum yas et rded at 400 MHz in D(err)O of this sem %‘ﬁﬁ?@%@ée .
of the

mat eri al as sho in Figure 1. 20 Exanple 7 Chem cal chara

fungi ci dal conponent are different than zwittermcin A.  The fungicidal
active fraction of this invention was shown to be different than
zwittermcin A on capillary el ectrophoresis. NRRL Accession No. B-30087
whol e br oth wasTlgarbnmnilayeaﬁBacdtHdvasvastﬁdlmhnr@ur'rﬁekihyei@nt:a'rlmimg soy flour,

dextrose, ast 25 extract, KH( Ké err), d. and
My SO( err) YhRIDEP SRR I et & rof %eeral WF%%‘W%OWH shake
fLasks, Tl aRROURIRIRNINAL Bba a%&e)célﬁﬁh%ts 0% §(P%n4"[ﬁ@$?own By fecessi on

No. B-30087 | e broth was dwthpurified zmttermcin A and run on

capi | | ary daoacéntampdarsasy ﬂo@dﬁﬁ):vapfb@atéﬂpp}dmﬁnﬁteﬂj%aﬁkbtfeﬁﬂ iobthe chiacenBaf20087
whol e broth was spiked with 10 | zwittermcin A One sanple each of 30
NRRL AcdesshaPulignioshaBagelugn| Eresobimn WRRRcdcorids M@ ajgs underaseaty apol e 29

S e T ey e M

generated ahR€d?. o,plh)erwgraﬁﬁhér%nﬁa@ttbnswﬁdcﬁo@d% 28%%am@d6ugwe 3. The
partially-purified fractions were then conpared to zwittermcin A using 5

capillary eqog@wr@ph@t@sfr@n@@ao 3xnlsgm=eroﬂars lspaporatheand anplying thenoigrthers of t he

partially- ur|f u |daI nt. of rtlal urlfled
f ungi ci dal :ﬁgr‘f? “B? 'E’ E‘éed\/ﬁ“tﬂﬁ% %:fthtePél?‘ |f'f"i‘° %%n

ZW tt erqgi C'd&ll@ct&h fF€he fifsh N)/Bxﬁd%@scrtl{e% DthirAid FARIONS Gefe OIRRRW o1 the REAYWHE 2,
and the partially-purified fungicidal metabolite of B-30087, shown in
Figure 1, eues. rBediadlsithibiernts ehbenckd advitity clited spfradtioas 1620sf0Wn i n

Fi gures 1 and 2, deponstrate that the fungigcidal netabolite from NRRL
Accessi on I\‘l??.tecgg’%é g }P%}CEFﬁngFEé}nlfQ&h!Vgterm cin A The fungicidal

met abolite from NRRL AcceSS| on No. B-30087 can al so be distinguished from
-exotoxin by' HNVR The' H-NVR spectrum of -exotoxin has

Example 9

15 Chemical characteristics of the enhancer are different than zwittermicin A
The enhancer of this invention was shown to be different than zwittermicin A on
capillary electrophoresis. B-30087 whole broth was grown in a Bacillus culture media
containing soy flour, dextrose, yeast extract, KH,PO,, K,HPO,, NaCl and MgSO, x
7H,0. Streaked cultures were used to inoculate 250 ml shake flasks. Flasks were
20  shaken at 210 rpm at 30°C for 4 days. Bacillus thuringiensis B-30087 whole broth was
spiked with purified zwittermicin A and run on capiliary electrophoresis (CE). 30 pL of
B-30087 whole broth were spiked with 10 pL zwittermicin A. B-30087 whole broth
(Figure 3A), B-30087 whole broth plus zwittermicin A (Figure 3B) and zwittermicin A
alone (Figure 3C) were run on the CE using sodium phésphate buffer at pH 5.8.
25 Electropherograms of the CE are shown in Figure 4.
'H-NMR spectra of zwittermicin A and B-30087 semi-purified enhancer were
recorded in D,O at 400 MHz. The spectra indicate that the enhancer is different from

Zwittermicin A.
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seven resonances above 5 ppm as shown in Analytical Chem stry of Bacillus
15 thuringiensis, L.A Hckle and WL. Fitch, eds., ACS Synposium Seri es
432, p. 0). In contrast, Figure 1 shows that for

Accessi onl%o".“;sé‘?“goom sanple, no proton resonance appear ségﬁgy@%@ﬁﬁpm
Exanple 8 20 Purification of the enhancer The enhancer was sem purified
fromB-30087 whole broth as follows. It was sem -purified by treatnent of
435 nL whole broth with ani on exchange resin, acetonitrile precipitation
and si ze extlangilehl chr omat ogr aphy. The whole broth was centrifuged to
renove cells, and 14.5 .9 aniqQn resin (AG 1-X8, 100-200 nesh, acetate 25
form was @3}1{1@}1 wlgﬁﬁﬁ?lﬁﬁt@ﬁﬁncﬁﬂ'&nﬁwghﬁaﬂléf dufEgie¥ssken one ni nut e.
This was centrigygsd, %?)Lns?’so aﬁo%men?@i\éfhé}ﬂ&f‘s%ra?eﬁqls &he g@l{%%%tﬂ% pas
decanted and used in the next step. Acetonitrile s added to the

super nat antpuino/ugi NRRA. Af¥ssiod Numbbr BBO0BT bwasst irsthalbest apme wartSgodupeera
centrifuged 5000 rpmfor 20 m nutes. The | ower dark brown |ayer contained
the Bacil | (S &UALSYISEREHSYs AAYWae pedorgd w5l migorlatgsobagywsd  The
brown | ayer boy: s.. f.urthe rieb hze exclusion .

chr omat _ogracﬁh{f?l!{grﬁlabgs%ﬁs?m%psgwﬁaﬁ?’s OB#L%%BI 2(?)82_ Orleeglfo W@? %ﬁgg)m%aas swel | ed
with mlliconffdreinl grepardBéress B.Qriddkeriss PN (8.25-1C50 Xo/RRIIF M thd BRalROWN

| ayer was concentrated using a rotary evaporator approximately 4x and 15
m of the dosr@hdilatien of thadavyslin comtentrathiensplonsovasmn aTwellcol unm was el ut ed

with MQ water under gravity.and . ten m nut ractions we ol | ect for 12
hours (UWV det ect]®H® .mﬁ%‘é%}?ﬁra%‘ryé%’r%’aarﬁ?ésu Lfﬁi‘}ewaf.%?paﬁ{‘ﬁf/)%.e ﬁﬁt‘ﬁgﬁ‘e
purificgti qRicRipldi€ 86k @RS tZRrafkBndBaIC@DRSET. BMn. Blionk@eERé6-a93 NG t he
fractions to 3x using a fotary evaporator and applying themto the

ori gi nal PDaalmhwatthwasadednms awagatdlewbattoi o Mplivateof a (Estrsampieudre
fractions were 10 col |l ected for thg first go m nutes, then 2 mnute

fractions wePEolgee dsedipr cagh aspay- fdates weks themplaged mypdumgdopd tsfor

t huri ngi en f : Yy eluted in fractions 16-20. (UV detection
at 220nm Z‘B@%’?gg%g%ejr %%8%"8%*? [3}5' 10MV) .

One to three Spodoptera exigua first instar larvae was added to each well. The

15 microplate was sealed with an airtight substance such as Mylar®, and each well
ventilated with a pin press. The plates were incubated at 27°C for up to 7 days.

After incubation, wells were scored by noting neonate mortality or the degree of
larval development. The number of dead larvae was recorded. Stunted larvae were
scored with a rating from 1 to 4. Stunt score is as follows: 4=control size; 3=75% of

20  control size; 2=50% of control size; 1=25% of control size. Results are summarized in

Table 9, below.
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Exanple 9 15 Chem cal characteristics of the enhancer are different than
zwittermcin A The enhancer of this invention was shown to be different
than zwi ttern.cin A on capillary electrophoresis. B-30087 th was
grown in ‘gglgz%lg‘{"?us culture nedia containing soy flour, apewﬁ%@@?‘{sgeast
extract, KH2PO4, K2HPO4, NaC and MgSO4 x 7H(err)O. Streaked cultures were
used to inoculate 250 mM shake fl asks. Flasks were 20 shaken at 210 rpm at
30C for 4 days. Bacillus thuringiensis B-30087 whole broth was spiked with
purified zwittermicin A and run on capidbla®9y el ectrophoresis (CE). 30 L of
B- 30087 whole broth were spiked with 10 L zwitterm cin A B-30087 whol e
broth (Figure 32mPleR 30087 whol e broth pl ulozdgad/tetali i Stant goxer e 3B) and
zwittermcin A 03ppgdaydtingure 3C) were run on tH8 CE using sddi um phosphat e
buf fer at pH 5.85025 Jevant r opher ograns of the CGE8are shown i#@ Figure 4.

' H- NVR spectra o0f75zgilateinm cin A and B-30087 seng-purified ephancer were
recorded in D207 gt, AQQeiHz. The spectra indicatggthat the enhbancer is
different fromzyi %tjg Jicin A 31 WO 00/58442 pET/ USCQ 07454 Exanpl e 10
Det er mi nati on o%’ I nsecticidal enhancenent with Bacillus thuringiensis B.

t huringi ensi s enhancenent was denonstrated using the whole broth of B.

punm | us, NRRL AE@(QQ&S&%%&WBU%OS? by test }q/ﬁ the beet afnmy worm
(Spodoptera 5 Bx30§84) &itheg favelissay. Assays we/@ performed Bn 96-wel |

m cropl at es. EaBOABY I+ Icopg davelld a sol id agar sUBstrate. 20 R of B-30087
whol e broth wasBi3ge8®d W( fig Paveionmer ci al prepag/ati on of B. ghuringiensis,
Javelin (0.25-1g5dog7¥Rlyl ) 1 n the bioassay. Aggrial dilutign of the

Javel in concentm&érgggckal one was run as well. Tggassay insecyicidal
activity, an agar substrate was prepared for the wells of the 10

m cropl ate according to Marrone et al. (1985), J. Econ. Entonol. 78:
290-293.  Dei oni g gsbon@teRf wieminURaf} B8 aBoveaa8sdduresC AL k&its 1MQuirdi-cat es of
a test sanmple or control were used for each assay. Plates were then placed
in a fune hebuv inoT4bde 10.

5

Table 10.
Sample No. dead/total Stunt score
0.0625 pg Javelin 0/8 4
0.125 pg Javelin 0/8 4
0.187 pg Javelin 0/8 4
0.250 pg Javelin 0/8 3
0.375 pg Javelin 1/8 2
B-30087 + 0.0625 pg Javelin 1/8 3
B-30087 + 0.125 pg Javelin 2/8 3
B-30087 + 0.187 pug Javelin 5/8 2
B-30087 + 0.250 pg Javelin 8/8 1
B-30087 + 0.375 pg Javelin 8/8 1
B-30087 only 0/8 4
Water check 0/8 4

To determine the insecticidal enhancing properties of the semi-purified fraction,
the sample was tested as above using 0.1 pg/well Javelin and 40ul/well of fractions

10  tested. The results are shown in Table 11, below.
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approximately 2-3 hours to dry. One to three Spodoptera exigua first instar
| arvae was added to each well. The 15 microplate was sealed with an
airtight ﬂrﬁtlﬁ e such as Mylar(r), and each well ventil i a pin
press. The p %?Je)‘g were incubated at 27C for up to 7 days. %f@?“ﬁ%ﬁbati on,
wel |'s were scored by noting neonate nortality or the degree of |arval

devel opnent. The nunber of dead | arvae was recorded. Stunted | arvae were
scored with arating from1 to 4. Stunt score is as foll ows: 4=control

size; 3=75% of 20 control size; 2=50%TablecHdntrol size; 1=25% of control
size. Results are sunmmarized in Table 9, below 32 WO 00/ 58442

PCT/ USOQ 07454 Spasple 9. Sanpl e No. dead/t Soadeagl/tptal scoSguntgeore g javel in
1/8 4 0.50 g Ja\@e}%!t% 8 4 0.75 g Javelin 1/8 o 1.09 Javeiin 1/8 2 1.50
g Javelin 1/8 2 30 227 + 0.25 g Javelin 3/81%1 B- 30087 + 0,50 g Javelin
0/8 3 B-30087 +7H97d%avelin 778 2 B 30087 ¥ 50 g Javelln 8/8 1

B- 30087 only 0/ é:r@f’t} Ber check 0/8 4 A second’fldst was run bsi ng the above
procedures. The Fregiont2 are summari zed bel owl#fl4Tabl e 10. 5! Tabl e 10.

Sanpl e No. dead/Fratt@h 28t unt score 1/10 2
Fraction 30 3/11 2
Fraction 35 1/12 3
Javelin, 0.1 pg/well - 0/8 3
Water check 0/14 4
Example 11
B. pumilus (B-30087) and B. subtilis (B-21661) used together as a fungicide.
5 A strain of B. pumilus, NRRL B-30087 was tested with B. subtilis, NRRL B-

21661, to determine if the fungicidal effect was greater if used together, than if each
strain were used alone. Each strain was grown in a 10 liter or 5,000 liter fermenter, in a
soy flour-based medium for approximately 50 hours. Each strain was tested as a whole
broth culture against Botrytis cinerea gray mold on pepper, and Peronospora parasitica
10  downy mildew on Brassica. The whole broths were tested at 1X, 1/2X and 1/8X. The
two strains were then tested in various combinations with each other at 1/2X, 1/4X and
1/8X. A water check (control) and a chemical fungicide (BREAK® at 20 ppm) were
also tested for comparison. The plants were scored based on a 0 to 5 scale (where 5 =
100% disease, no control; and 0 = 100% control, no disease). The results are shown in

15  Table 12, below.

34



0.0625 g Javelin 0/8 4 0.125 g Javelin 0/8 4 0.187 g Javelin 0/8 4 0.250
g Javelin 0/8 3 0.375 g Javelin 1/8 2 B-30087 + 0.0625 g Javelin 1/8 3

B- 30087 +_ Q. Javelin 2/8 3 B-30087 + 0.187 g Javeli - 30087 +
0.250 g Jvélgeo?”i%%“gIB 1 B-30087 + 0.375 g Javelin 8/8 1 B[]Pég’g%%“%@ﬁ 0/8 4
Water check 0/8 4 To determ ne the insecticidal enhancing properties of the
sem-purified fraction, the sanple was tested as above using 0.1 g/ well
Javelin and 401/ well of fractions 10 tested. The results are shown in Table
11, below. 33 WD 00/58442 PCT/USOQ 0T4bke 12Tabl e 11. Sanple No. dead/tota
Stunt score Fraction 10 0/9 2 Fraction 16 16/16 1 Fraction 18 17/17 1

Fraction 20 14/14 1 Fraction 25 1/10 Z,,5#a6héRR 30 3bltdndpofd Athtinl, 35
/12 3 Javelin, 0.1 g/well 0/8 3 Vﬁ%&ﬁg&&?&ﬁe?ﬁtﬂn@ 4 A'G%(I%gphﬁeajsérating

(4 plants) (4 plants)

B-21661 1X 0.3 Not tested
1/2X 0.3 0.5
1/4X 1.2 1.0
1/8X 1.7 2.0

B-30087 1X 1.7 Not tested
1/2X 2.3 1.3
1/4X Not tested 3.7
1/8X Not tested 4.3
B-21661 1/4X and B-30087 1/2X 0.7 1.0
B-21661 1/8X and B-30087 1/2X 1.4 0.3
B-21661 1/4X and B-30087 1/4X N/A 0.5
B-21661 1/2X and B-30087 1/2X N/A 0.3
B-21661 1/2X and B-30087 1/4X N/A 0.3
B-21661 1/2X and B-30087 1/8X N/A 0.5

BREAK® at 20 ppm 0.2 Not tested
Water check 4.6 5.0

The Botrytis cinerea test results show statistical differences when the strains are
5  used in combination compared to when they are used alone. For example, the score of
0.7 for B-21661 1/4X and B-30087 1/2X is statistically different than the score of 1.2
for B-21661 1/4X used alone. Also, the score of 1.4 for B-21661 1/8X and B-30087
1/2X is statistically different than the score of 1.7 for B-21661 1/8X alone or 2.3 for B-
30087 1/2X alone, and the score together is lower than the expected average for each
10  strain used alone. This shows the synergistic effect of using the strains together for

increased efficacy as a fungicide.

The Peronospora parasitica test results show the score for the combination of
B-21661 1/8X and B-30087 1/2X was far better than would be expected from an

additive effect. A score of 2.05 would be expected if there were only an additive effect
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B. pumlus (B-30087) and B. subtilis (B-21661) used together as a
fungicide. 5 A strain of B. pumilus, NRRL B-30087 was tested with B.

subtili S’WN% hgﬁz 21661, to determne if the fungicidal ef;(ﬁlc§§q\3@§ﬁgreat er

if used toget than if each strain were used al one.

grown in a 10 liter or 5,000 liter fernmenter, in a soy flour-based nmedium
for approximately 50 hours. Each strain was tested as a whole broth
culture against Botrytis cinerea gray nold on pepper, and Peronospora

par asi ti ca fian ewenbmdtigewf simaiBs. adeverer, thhacivhbicerdowas hi3, sheweng tbgt thereat 1

X 1/ 2X d 1/.8 th 1 t.ed t
(h oach"Ss APt DRegitR el ARG B H A0 SR Gy ers g o 0"

chem cal fuRghHefsr tﬁﬁﬁééyéé{ehr@smtg%p Sawrtﬁe Bal 1981 128t 85k BYpogP TR | son.
The plants were scored based on a scale (where 5 = 100% di sease, no

cont rol ; arkds 8 scort 00965¢c whicha$ munlo behtesehaa:-m)/oulaﬂbe expemt&d ﬁOIHI'Oﬂl)SihDaﬂdlth 15
Tabl e 12, b 00/ 58442 PCT/ USOQ 07454 | e 12. Botrytis cinerea
Per onospor & %&tr(ﬁgtirfl?té scopg et 2 de) ofitheindavidupl |Sﬁﬁn%vgﬁ’ééém89§‘€é®élsraéi"l ng (4

pl ants) (4 % : 2?@%13133- gg 1953 !
1/8X 1.7 z.sgbgﬂ% 3 %‘g?g’%a‘?&ﬁfﬁt egﬁzd; 1 3.6 ?1< % (f?%go y 351>f3 ég&dl 3.7
1/ 8X Not t e¢1xdnd B3B8Z 1684 (storedfas), Hhd3BQ2866 112X &hd/B-B0087 BLSXJ(@&SIre b£8X and
B- 30087 1/ 2X 1.4 0.3 B-21661 1/4X and B-30087 1/4X NNA 0.5
0.5). These tests prove there is a synergistic effect when using the strains in
combination, and is an unexpected result.
10 It is to be understood that while the invention has been described in conjunction
with the above embodiments, that the foregoing description and the examples are
intended to 1llustrate and not limit the scope of the invention. Other aspects, advantages
and modifications within the scope of the invention will be apparent to those skilled in

the art to which the invention pertains.

15

36



B- 21661 1/2X and B-30087 1/2X NA 0.3 B-21661 1/2X and B-30087 1/4X N A
0.3 B-21661 1/2X and B-30087 1/8X NNA 0.5 BREAK(r) at 20 ppm 0.2 Not

tested ck 4.6 5.0 The Botrytis cinerea test res
statistiggb%§?§ggrences when the strains are 5 used in c§k§%ﬁ§@@£%4

conpared to when they are used al one. For exanple, the score of 0.7 for
B-21661 1/4X and B-30087 1/2X is statistically different than the score of
1.2 for B-21661 1/4X used alone. Also, the score of 1.4 for B-21661 1/8X
and B-30087 1/2X is statistically di€eAIM$ than the score of 1.7 for
B-21661 1/8X alone or 2.3 for B- 30087 1/2X alone, and the score together
is lower than the expected average for each 10 strain used alone. This
shows the symghgdlsihied ief fect of using the strains together for increased
efficacy as a fungicide. The Peronospora parasitica test results show the
score for the conbination of B-21661 1/8X and B-30087 1/2X was far better

e Y08l S, Do\ SRSGLAT AP e S U5y a5 © O

PCT/ USOQ 0745, cififsQpnkilie sﬁﬁmeaghatealmmak%osmﬁﬂlﬁam? tifedtChi@l score

was 0.3, showing that there is”a definite synergi’stic effect by using the
strai ns i n cdmye fiatgiadal aCtivier. scores al so show better than expected
results, for exanple, the B-21661 1/4X and B-30087 1/4X has a score of
0.5, which is nuch better than woul d be expected fromonly an additive 5

Syner gy | o al S0 UIRREAN Rt etuitobe Binat s bl GH9) (BRI ASREL N 3505, 1) ox
(scorei1of 0. 3008B-21661 1/2X and B-30087 1/4X (score of 0.3), and B-21661

1/ 2X and B-30087 1/8X (score of 0.5). These tests prove there is a
synergistic effect when using the strains in conbination, and is an

unexpect ed,re t 1s.to be.understood that i{e the,invention has
been descr |3 b elg %%%pg%ﬁ?%%oc@?%sﬁng V\nctbllloq?%l 8§1§3Yb%1§/r8 ‘e rg\év? ﬁfgﬁ? tsl ,anfl Raf ™t %e
foregoi ng description and the exanples are

4. The composition of claim 1, wherein the composition is formulated from the group
15 consisting of a wettable powder, a granule, an aqueous suspension, and emulsifiable

concentrate and a microencapsulated formulation.

5. An isolated metabolite separated from the biologically pure culture of a strain
having all the identifying characteristics of a Bacillus pumilus strain designated

20 NRRL Accession No. B-30087, or mutants thereof, that have fungicidal activity.

6. A supernatant separated from the biologically pure culture of a strain having all the
identifying characteristics of a Bacillus pumilus strain designated NRRL Accession
No. B-30087, or mutants thereof, that have fungicidal activity.
25

7. A partially-purified fraction separated from the supernatant of claim 6.

8. A composition comprising the metabolite of claim 5 and a carrier.

30 9. A composition comprising the supernatant of claim 6 and a carrier.
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intended to illustrate and not Iimt the scope of the invention. O her
aspects, advantages and nodifications within the scope of the invention

will be to those skilled in the art to which the_j [

pert ai ns.%@"gg% 00/ 58442 PCT/ USOQ 07454 CLAIMS \Mhat i%é@?ﬁgw?é‘gﬂis: 5
1. Abiologically pure culture of a strain having all the identifying
characteristics of a Bacillus pumlus strain designated NRRL No. B-30087,
or nutants thereof, that have fungicidal activity. 2. A biologically pure

culture of a Bacillus pumlus strain designated NRRL No. B- 10 30087. 3. A
conposi tion, conpri si t he bi ol ogi cal | ur. | ture %BC| iml and a
cartier. a4 10etempmsitinaomprismedta paRsy RHEReT freqies QftaiRsT eheaacr

formul ated fromthe group 15 consisting of a wettable powder, a granul e,
an aqueous suspension, and enulsifiable concentrate and a

m cr oencapslll. dhedompositibradf daim 8, whereinghe edmepbsietnab dbrintidatsé framathegrdupom t he

biologically pure culture of a strain having all the identifying
char act eri st i €9n%fing Oéae*rqtﬁa{ake Imﬁiera FZr8 SR 3gBequy SHIEESIOD Eg St ighle s i on

No. B-30087, ggn&%&%%5§?%%g%ﬁgﬁgw%@g&dQ&%ﬁﬂ&ﬂggicidal activity. 6. A

super nat ant separate oglically pure culture of a strain having
all the identifying characteristics of a Bacillus pumlus strain
designated NRRL Accession No. B-30087, or nutants thereof, that have

f ungi ci dal Beflibgicegaposiioryof laignf.t whgreiptheeqrapaesticnrig derppmated famdhe groupom t he
super nat ant of chi

m &. , conposi tion conprising the metaboli. of
oloTe Ay o cafidtind ot a bl OIS drifile SR TBILGt Iedc AN IR RR
claim 6and ace@ehir@ and 38 mi¥¥oeRpeR4rtd fiiahiiAiRfY 07454

13. The composition of claim 10, wherein the composition is formulated from the group
consisting of a wettable powder, a granule, an aqueous suspension, an emulsifiable
concentrate and a microencapsulated formulation.

15
14. A method for preventing or treating a plant, root or fruit from a fungal infection

comprising applying an effective amount of the metabolite of claim 1.

15. A method for preventing or treating a plant, root or fruit from a fungal infection

20 comprising applying an effective amount of the supernatant of claim 6.

16. A method for preventing or treating a plant, root or fruit from a fungal infection

comprising applying an effective amount of the partially-purified fraction of claim

7.
25
17. A method for preventing or treating a plant, root or fruit from a fungal infection
comprising applying an effective amount of the composition of claim 8.
18. A method for preventing or treating a plant, root or fruit from a fungal infection
30 comprising applying an effective amount of the composition of claim 9.
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10. A conposition conprising the partially-purified fraction of claim7 and
a carrier. 11. The conposition of claim8, wherein the conposition is

f or mul at f he group 5 consisting of a wettable powd l e, an
aqueous g‘ggﬁ)gﬁg‘%n, an enmul sifiable concentrate and a m g‘f%%ﬁ%@’%i‘@#at ed

formul ation. 12. The conposition of claim9, wherein the conposition is
formul ated fromthe group consisting of a wettable powder, a granule, an
aqueous suspension, an emulsifiable 10 concentrate and a mcro

encapsul ated formul ation. 13. The conposition of claim 10, wherein the

conposition s fo ated fromthe grou consi sti.ng of t.t abl. e powder,
a gr;nr) anul e, qgnzéﬁ‘?}ég%t"?ﬂ"svﬁ%%g %rnt,reagﬁg érPEqJ‘é’irf’Pta‘Eﬂ fléult 88%‘%??%"&%&5‘1‘31 a

m cr oencapsul -sfiﬁ)gépﬁﬁhgggefféé-vl@oﬁnﬂ@ﬁthé)eo& bsiftbiPYflhin fo.or T eating a
pl ant, root or fruit om unga]I Infection cohprising applylng an

effective anount of the netabolite of claim1. 15. A nethod for preventing
or treati n%Oa plant, root or fruit froma fungal infection 20 conprising

appl yi n§ arOehmacthod, for preyRtinger treating aplanhdeaiar it fpm adupgal fefectionret hod
f . - ! SIS _ et
compri o ng. apgrirsE AR B B8Ry shidth &pl E¥bbos G AHIR. NPT 00,

of claim 7. 25 17. A nethod for preventing or treating a plant, root or
fruit froma fungal infection conprising applying an effective anount of
t he conposi2di dmeshodfogipraventingsor treating Rotant.gpotprrdmhirpmg fongal iefgetiong a

plant, root or fruit froma fupgal infecti 30 conprigsi.n pl yi ng an
of fect i ve anotMePng HETEneanEtetys ol of e ommoies ok el
PCT/ USGgY 07454 19. A method for preventing or treating a plant, root or

fruit froma fungal infection conprising applying an effective anmount of
t he conposi22i Amethodfoaipnavetingorteatidg mplanbdodioor fpriefremta fuggadinfectaat i ng a

plant, root or fruit froma fupggal infecti conpr.i.si ng .app].yi ng an
ef fective amURtPIHINE ?Pé’?ﬁ%ﬁ‘bgﬁgqtlé’ﬁ agougy %fﬁﬂ‘? ggmposition ofclaihd {3)/

23. The method of claim 17, wherein the fungal infection is caused by at least one
15 microorganism selected from the group consisting of Bremia lactucae; Peronospora

parasitica; Phytophthora infestans; Uncinula necator, and Uromyces phaseoli.

24. The method of claim 18, wherein the fungal infection is caused by at least one
microorganism selected from the group consisting of Bremia lactucae; Peronospora

20 parasitica; Phytophthora infestans; Uncinula necator, and Uromyces phaseoli.

25. The method of claim 19, wherein the fungal infection is caused by at least one
microorganism selected from the group consisting of Bremia lactucae; Peronospora
parasitica;, Phytophthora infestans; Uncinula necator, and Uromyces phaseoli.

25

26. The method of claim 20, wherein the fungal infection is caused by at least one

microorganism selected from the group consisting of Bremia lactucae; Peronospora

parasitica; Phytophthora infestans; Uncinula necator, and Uromyces phaseoli.
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21. A nethod for preventing or treating a plant, root or fruit froma
fungal infection conprising applying an effective anount of the

conposi ti aim12. 10 22. A nethod for preventing or i a

pl ant, ro‘g{)og/%s"% uit froma fungal infection conprising Jﬁ%‘?@?%h)ap‘%ﬁ
effective anmount of the conposition of claim13. 23. The nethod of claim
17, wherein the fungal infection is caused by at |east one 15 m croorgani sm
selected fromthe group consisting of Brem a | actucae; Peronospora

par asi t i ca;27Phiht optitddorfaldimf2d sir@3s wheieoi thalfangab odeation isceséd oyrytdeasphaseol i .

24. The nmethod .of clajm 12% erein the fungal i%ect_i nis g?uged l%y at
| east one i BROBPFARISEACLSIcE Ty herBaTR FUSEIBE 0T Bowdr daqitreot csratnoze

| act ucae; Per RRLAP 9!2@‘?'?’%@%’?@ I?M’ﬁzﬂﬁ'%&{? ﬁg{x&‘i}%&ﬂd}? Lagpnul a

necat or, and Uronyces he nmethod o al m 19, ereln the
fungal infection is caused by at |east one mcroorganismselected fromthe
group consisting of Brem a | actucae; Peronospora parasitica; Phytophthora
i nf est afis; Agn&heaeapeEben ofclaignl fitkahrerwrismast kapt ongshegicalprdbiplogikall of

cl ai m 20, wherg il'aidtehe fungal infection is caused by at |east one

i
m cr oor gani snpssé ected fromthe group consisting of Brem a | actucae;

Peronospora parasitica; Phytophthora infestans; Uncinula necator, and
Uronyces phaseoli. 39 WO 00/58442 PCT/USOQ 07454 27. The nmethod of claim
21 or 22, \Medbe pompesifiemefadlaiiT,duttheysoimprismgse teapyongichémivst ordrielogical

m croorgani sm sel ected fromthe group consisting of Brem a | actucae;
Peronospora B lﬁéq%ti ca; Phytophthora infestans; Uncinula necator, and
Uronyceg phaseoli. 5 28. The conposition of claim11, further conprising at
| east one chemical or biological pesticide. 29. The conposition of claim
7, further 3oiFpe canpgsiadn dfadam & ferticdreninpalsingrat keastl apgicberhicapardiiologdel 10
30. The conposition of claim@8, further conprising at |east one chem cal or
bi ol ogi cal pesticide.

31. The method of claim 14, further comprising applying an effective amount of at least

15 one chemical or biological pesticide.

32. The method of claim 15, further comprising applying an effective amount of at least

one chemical or biological pesticide.

20 33. The method of claim 17, further comprising applying an effective amount of at least

one chemical or biological pesticide.

34. A process for producing an antifungal supernatant, comprising growing the
biologically pure culture of NRRL Accession No. B-30087, and isolating the

25 antifungal metabolite from the supernatant.

35. A process for partially-purifying the supernatant of claim 34, comprising
fractionating the supernatant and performing bioassays on the fractions to identify
the antifungal fractions.

30
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pesticide. 31. The method of claim 14, further conprising applying an
effective anount of at |east 15 one chem cal or biological pesticide. 32.
The nmeth f im15, further conprising applying an eff j unt of
at | east O‘Q’gﬁlgﬂ%%m cal or biological pesticide. 20 33. The‘gﬁépﬁoﬁéﬁgﬁ claim
17, further conprising applying an effective anount of at |east one

chem cal or biological pesticide. 34. A process for producing an antifungal
supernatant, conprising growing the biologically pure culture of NRRL
Accessi on N§: The 3p@gRtansawdy ‘a)tihﬁ@’r%@égozéalmﬁ‘{fungal metabolite fromthe
supernatant. 35. A process for partially-purifying the supernatant of claim
34, conprising fractionating the supernatant and perform ng bi oassays on
the fracti gysThe ér@i@l%y plr¥fied e tdAbif t1nad, wheRet the fisicticPexHIbiWRE0IHHp 8442

PCT/ USOQ 07454 %6. he supernatant produced by the process of claim 34.

37. The parti agdinst plant pateegehicafongiors gﬁﬂ@irdhwqgeom&a@tiqn, isdightlnbedton

exhibits actiyity . agajnst plant pa enic.fungi, is found in the aqueous
Fraction, s bhiie A Ohastad alsrfeatetie Sohckin il phbie adolefda - °Fs
positively ch%%ggof@&qhg@% @O(EBQIREH.' ar weight of less than 10,000
daltons. 38. The€ Isol ated nétabolite of claim5, wherein the netabolite

exhibits activity against plant pathogenic fungi, is found in the aqueous
fraction, is slightly heat |abile, is . 10 acid/ base and _protease stable, is
posi ti vel y 38nah¢alatedinetabalitg ohglpwe & whergis; the mepolifesxbibity 2atVity, agmst

dal tons. 39. - S0 DR S:. L | Gl ckal
activity of B@g}lqﬁfaﬁﬂsog% ﬁlﬁﬁ]!lﬁ’gll%gnm s?q%%]%ﬂ}v?ﬂggr}g%ﬁg he Srrgﬁ1 %E&g?%\%’gﬁght of

the conpound addbasant pasteast 3tabll, REbstiplelyodttirgeddaridiens aanplecular weightadf
zwittermcin A 40. The conpound of claim 39, further conprising Bacillus
t huri ngi ensi sless than 10,000 daltons.

39. A water-soluble compound that enhances the insecticidal activity of Bacillus
thuringiensis, and wherein the molecular weight of the compound is less than
15 10,000 daltons and the compound is not zwittermicin A.

40. The compound of claim 39, further comprising Bacillus thuringiensis.

41. A composition comprising the compound of claim 39 and a carrier.

20
42. A composition comprising the composition of claim 40 and a carrier.
43. The composition of claim 40, wherein the Bacillus thuringiensis is in the form of a
microbial strain, commercial product, engineered plant or delta endotoxin.
25

44. The composition of any one of claims 40 to 43, further comprising at least one

chemical or biological pesticide.
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41. A conposition conprising the conpound of claim39 and a carrier. 20 42.
A conposition conprising the conposition of claim40 and a carrier. 43. The
conposi ti aim 40, wherein the Bacillus thuringiensig. is. e form
of a mecr ‘ét rain, commercial product, engineered pla qf@@o@ééga

endot oxi n. 25 44 The conp05|t|on of any one of clainms 40 to 43, further
conprising at |east one chem cal or biological pesticide. 41 WO 00/58442
PCT/ USOCQ' 07454 45. The conposition of claim44, wherein the conposition is
a for mul at i‘On The reapesition pigigithds, gﬂ@m@n &@@mﬁmnwa@%@%@m@e%dﬂer an

aqueous suspensio e Slf centrate and a nlcroenca sul at ed
fornul ation. 5° 1ﬂé§(ngcgﬂ %ﬁ lﬁ%T raé?imlm%$ous%ﬁﬁﬁnm BtBth culture

of a Bacillus eﬁlhﬁlﬁa‘bw@iﬁ@&ﬁrﬁ@@ndAﬂﬁ&@éﬂcﬁpéﬂlﬁtecﬁ%‘ﬁla&ﬂénm Baci | | us
thuringiensis and that is not zwittermcin A or exotoxin. 47. The partially

purified fractlon of claim 46, wherein the Bacillus is a Bacillus 10

pum | us. he tlal ur. fi d fr i f c erein the

Baci 1143 poifr Pehabeniined Bickion of e ieofdurt ol Bt Rebiages d§ on

No. NRRL B- 30Q8:ticidal ﬁcgcwn? &@Hﬂgﬁlstthd%hg% g i i§ 1% AViRGHian Qb @ny one

of clainms 46 to 48 and a Carrier he fraction of any one of clains 46
to 49, furtheexatotiprising a Bacillus thuringiensis. 20 51. The fraction of

claim50, wherein the Bacillus thuringiensis is in the formof a mcrobial
strain, commercial product, engineered plant or delta endotoxin. 52. A

Chur i ngi ency'e e BTAPpleifed BARRR of LB 36, ChAe 12 B DEIAIAE (i tner

conpri siong at pheagad one chem cal or biological pesticide. 54. The
conposition of claim49, wherein the conposition is a fornulation selected
fromthe group consisting of a wettable powder, an aqueous suspension, an

48. The partially purified fraction of claim 47, wherein the Bacillus pumilus is the
Bacillus pumilus deposited under NRRL Accession No. NRRL B-30087.

15 49. A composition comprising the fraction of any one of claims 46 to 48 and a carrier.

50. The fraction of any one of claims 46 to 49, further comprising a Bacillus

thuringiensis.

20  51. The fraction of claim 50, wherein the Bacillus thuringiensis is in the form of a

microbial strain, commercial product, engineered plant or delta endotoxin.
52. A composition comprising the composition of claim 49 and a Bacillus thuringiensis.

25 53. The fraction of any one of claims 46 to 48, further comprising at least one chemical

or biological pesticide.

54. The composition of claim 49, wherein the composition is a formulation selected
from the group consisting of a wettable powder, an aqueous suspension, an

30 emulsifiable concentrate and a microencapsulated formulation.
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30 enmul sifiable concentrate and a mi croencapsul ated fornulation. 42 WO
00/ 58442 PCT/ USQQO 07454 55. The conposition of claimb52, wherein the

conposi ti i formul ation selected fromthe group consjst ] a

wet t abl e ‘8@\/&9@?‘?‘2% aqueous suspension, an enul sifiable co%@téh{bgé??‘re“and a
m croencapsul ated formulation. 5 56. The conposition of claim53, wherein
the conposition is a fornmulation selected fromthe group consisting of a

wett abl e powder, an aqueous suspension, an emnulsifiable concentrate and a
m croencapsul ated fornulation. 10 57. A nethod for enhancing the

i nsecticid tivity . Bacillus ur,i ngi ensi s, conpr.i si.n applying.to a
pl ant or r??Jét %gﬁ CHFP E‘?’b‘é‘lﬂ?fﬁh% _WT%%&GCCSH%)Sﬁﬁ@d? aé‘?"gﬁuﬁﬁtgg sﬁ’?&%gn
effective anougt, @t gﬁﬁ%‘éo&xkﬁ%ﬁﬂ _ d@&'ta%'i@fg&w&é?, ﬁrhfqulébl?snstus?énsfoﬂpﬁn 58. A
met hod for enhancing the insecticidal activity Bacillus thuringiensis,
conprising lBmapffiapiexcpricenteatehmid minrocrwapsudaicd fdrmotatioe. anount of the

fraction of claim46 and an effective anmount of Bacillus thuringiensis to
the pladt or root. 59. A nethod for protecting or treating a plant or root

frominsectcd el | &4 ' ef f ' t he
conpound of5 6I(': :ﬂa{? %@B&sﬁ@or% ﬁtg%ﬁa%jt’ @91585918 &H@r%%%@gléﬁl 1%& ?rder%{ﬁ%) g ?lte%t?%t ecting
or treating afiphotht gesuprdakistinodn d wetetble powds] @i dq@Bouscausens®nigh appl yi ng an
effective amount of the conposition of claim44 to the plant or root. 25
61. A method foulsgiableeancerjras and amiqrogpeapsylaied fosmulagien. from i nsect
infestation conprising applying an effective anmobunt of the fraction of
claim50 to the plant or root. 43 WO 00/58442 PCT/ US00/ 07454 62. A nethod

for profpectymng MEthbd etdnAshcindthe Mseticid QAktidityPBudiNSEMbrihfeRSS, *binHsing
applying to a plant or root an effective amount of the compound of claim 39 and an

effective amount of Bacillus thuringiensis to the plant or root.

58. A method for enhancing the insecticidal activity Bacillus thuringiensis, comprising
15 applying to a plant or root an effective amount of the fraction of claim 46 and an

effective amount of Bacillus thuringiensis to the plant or root.

59. A method for protecting or treating a plant or root from insect infestation
comprising applying an effective amount of the compound of claim 40 to the plant

20 or root.

60. A method for protecting or treating a plant or root from insect infestation
comprising applying an effective amount of the composition of claim 44 to the plant
or root.

25

61. A method for protecting or treating a plant or root from insect infestation

comprising applying an effective amount of the fraction of claim 50 to the plant or

root.
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conprising applying an effective anount of the conposition of claim52 to
the plant or root. 5 63. A nethod for protecting or treating a plant or
root from,j infestation conprising applying an effecyj t of

t he frac??%ﬂﬁo Ji3Iairr153 to the plant or root. 64. The ne gﬁgsgﬂgggain151
further conprising at |east one chem cal or biological 10 pesticide. 65.
The nmethod of claim49 or 50, further conprising at | east one chem cal or
bi ol ogi cal pesticide. 15 66. A conposition conprising a) a whole broth
cul ture of 6&2.sA maithodiavpretecting ot reatingeamlifityir mootdham aseennistaten of a
Bacillus pum lus strain designated NRRL Accessi on No. B-30087,. or tants
Cher cof . and. PTG BPBTE I D P EnORIE! dis CTPIRTTY CAT T8 the plart
identifying charggteristics of a 20 Bacillus subtilis strain designated
NRRL Accession No. B-21661, or nutants thereof, said strains having
synergistic fungicidal activity. 67. The conposition of claim®66, wherein
the fungicidal activity is against Botrytis 25 cinerea.and Peronospora
par asi t i ta. 058 MehoddEhpotscHNg AT BEatBRs My er roftdram seHdniestatiohs ar e

conmbined in a i Q.. of 1 r i . - - 87. 44
00 00/ oau> prRernRTe Aol abbaaIT Rl hRn dPerbiSh Gt Sl 40!
strains are cagbined in a ratio of 1:4 for NRRL Accession Nos. B-21661 and

B- 30087. 70. The conposition of claim66, wherein the strains are conbined
inaratio of 1:2 for 5 NRRL Accession Nos. B-21661 and B-30087 agai nst

AR E T IR RN

10 pesticide.

65. The method of claim 49 or 50, further comprising at least one chemical or biological

pesticide.

15  66. A composition comprising
a) a whole broth culture of a strain having all the identifying characteristics of a
Bacillus pumilus strain designated NRRL Accession No. B-30087, or mutants
thereof; and
b) a whole broth culture of a strain having all the identifying characteristics of a
20 Bacillus subtilis strain designated NRRL Accession No. B-21661, or mutants
thereof,

said strains having synergistic fungicidal activity.

67. The composition of claim 66, wherein the fungicidal activity is against Botrytis

25 cinerea and Peronospora parasitica.

68. The composition of claim 66, wherein the strains are combined in a ratio of 1:2 for

NRRL Accession Nos. B-21661 and B-30087.
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NRRL Accession Nos. B-21661 and B-30087, against Botrytis cinerea or 10
Per onospora parasitica. 72. A nethod for preventing or treating a plant,
root or fygui m a fungal infection conprising applyin Ay f ive
anount ofﬁlph&g/sg‘%r?rposi tion of claim#66. 15 73. A nethod fo?P pr estré)ﬁ)tggﬁg or
treating a plant, root or fruit froma fungal infection conprising
applying an effective anount of the conposition of claim®67. 74. A method
for preventing or treating a plant, root or fruit froma fungal infection
conpri si ng apPpllyd segnpmsitiohfod claimébawbensin e stréias srsrepobinadon aghticphl Migs. 20
75. A nethod f reventi or ti nt, root or fruit froma
fungal i nf ectideﬂ‘ﬁﬁl%‘}nﬁas'%%F&?ﬂnadl%g?f%g%?gcti ve anount of the
conposition of claim69. 76. A nmethod for preventing or treating a plant,
root or fruit froma fungal infection 25 conprising applying an effective
amount of t fi6. Tlenpagidsition oftlach onpwherein/tie siaine dfeedmbaredpn evaind only2 dor
treating a plant, root or fruit froma fungal infection conprising

appl yi ng’an ef NRRE Agsessionies-&+-216fd %r%‘égaﬂ HRISE Selrwisingeash 78. A
super nat ant separ the culture of claim66. 45 WD 00/ 58442

PCT/ USOO 074541987@%55%{%%%?% on conprising the supernatant of claim 78
and a carrier. 80. The conposition of claim 79, wherein the conposition is
fornmulated fromthe group 5 consisting of a wettable powder, a granule, an
aqueous suspénEicowmnesitiomef sleim 6} wherebribe sirains arcgambincdiie ot abkdifer ed

formul ati on. he . cor i.ti ¢l al further conprising at | east
one bi ol ogi cal cjﬁgﬁfsﬁ}%oﬁg?}ﬁéla@daﬁgbgg a%ﬁ’emrc%)rtwggl‘svlc’ﬁ%eﬁz Of claim 79,

further jgonprigdpRospbrd paakiiene biol ogi cal or chem cal pesticide. 83. The
conposition of claim8Il, wherein the conposition is formulated fromthe
group 15 consisting of a wettable powder, a granule, an aqueous

suspensi on n.emyl sjfiable . . . . .
P ' 7% .Ame od ffor preventing or treating a plant, root or fruit from a fungal infection

comprising applying an effective amount of the composition of claim 66.

15 73. A method for preventing or treating a plant, root or fruit from a fungal infection

comprising applying an effective amount of the composition of claim 67.

74. A method for preventing or treating a plant, root or fruit from a fungal infection

comprising applying an effective amount of the composition of claim 68.

20
75. A method for preventing or treating a plant, root or fruit from a fungal infection
comprising applying an effective amount of the composition of claim 69.
76. A method for preventing or treating a plant, root or fruit from a fungal infection
25 comprising applying an effective amount of the composition of claim 70.

77. A method for preventing or treating a plant, root or fruit from a fungal infection

comprising applying an effective amount of the composition of claim 71.

30  78. A supernatant separated from the culture of claim 66.
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concentrate and a m croencapsul ated fornul ati on 84. The conposition of
claim82, wherein the conposition is formulated fromthe group consisting

of a wetgggbdﬁgagder, a granul e, an aqueous suspensi on, aqwggvgﬁkkggble 20

concentrate m croencapsul ated fornul ati on 85. A netho venti ng
or treating a plant, root or fruit froma fungal infection conprising
applying an effective anount of the conposition of claim&69. 46

79. A composition comprising the supernatant of claim 78 and a carrier.

80. The composition of claim 79, wherein the composition is formulated from the group
5 consisting of a wettable powder, a granule, an aqueous suspension, an emulsifiable

concentrate and a microencapsulated formulation.

81. The composition of claim 66, further comprising at least one biological or chemical
pesticide.
10
82. The composition of claim 79, further comprising at least one biological or chemical

pesticide.

83. The composition of claim 81, wherein the composition is formulated from the group
15 consisting of a wettable powder, a granule, an aqueous suspension, an emulsifiable

concentrate and a microencapsulated formulation
84. The composition of claim 82, wherein the composition is formulated from the group
consisting of a wettable powder, a granule, an aqueous suspension, an emulsifiable

20 concentrate and a microencapsulated formulation

85. A method for preventing or treating a plant, root or fruit from a fungal infection

comprising applying an effective amount of the composition of claim 69.
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