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PCT/ KRO8/ Py NGAL
Bl mﬁ@?\ﬁ'y ‘A PROCESS FOR PREPARI NG AND TREAﬁ%%hEK

FI ELD OF THE | NVENTION 5° The present invention relates to
antifungal biocontrol agents, and to a 1 process for preparing and
treating the sane. In particular, the present invention relates to

two antifungal biocontrol strains of Streptonyces sp., WYE 20 and

_Sﬁﬁpfiis.ﬁgp?&'ag T e e S

and the o) dappl i cat | on met hodt her eof
BACKGROUND @%%@8@ gmﬁ g i's well known that soilborne

fungal phyt opat hogens cause enor nous L econonic | osses in t he
agricultural and horticultural |ndustr|es In particular

Rhi zoctoni a solani is one of th& %h?é? T lﬁﬂ K@gathogens exhlbltlng
strong

vl |95 foPi ar " di SooCReBERE *hvenk%naféfa%%e@ﬁ?ﬁ“éroﬁﬂ*f%‘“%ﬁ%%a AN

leaf and st emyrgdesdforBreyarlgdiid FoRTIgHe 30Me. In particudt] tieipessent aﬁmhmmg in
enor nous econoni ¢ | osses. For exanple, Rhizoctonia solani AG 1l (1B

causes plant delkatesstostwn antifspgal shiotongre!l strainsiodrStrepiarages sp-2WYEBAG sad L)

and pepper ( annuy as wel | as br t

G cenoF oep! naMaEnUgra SO PG BTRETE Rafomevit b 3o T e Band Mtentes o 1
fairway turfg rs%??re@ﬂné Rirpal pdtReens tolefizEd GO Z8here SoilstfMgst pla@s ndnhes
econom c osses. In addition, Phytophthora capsici is a w despread
and hi ghl BAOdesnrpppgm%method and; applisatiens matkeshthersafit opat hogen that causes
root and crown rot as well as the aerial 25 blight of |eaves, fruit,

and the stens of peppers (CapsicumannuumL.). It is very ~di fficult

to suppress Phytophthora bl iRRCKIGREOEREEORPTERINVENTIOY are infected by a
Phyt opht hor a capsi ci . topht hora capsici is a particularly destructive

phyt opat hogen respods uﬂ)m?/flmowml thghsoiliforpee fipngal phytnpathegens r@umcnmuhum d

rai ny seasons esu i 11.i,ng.of t | ant.s
consaquent |y ORI Sssduin U aficlGraf snd oSl oEHERY. o Bp BBy
Rhi zoct oni®® SORRBocréwiel sBhivk @Pbhd6f the major fungal phytopathogens exhibiting strong

pathogenicity; it is associated with seedling diseases as well as foliar diseases such

;.1

as seed rot, root rot, damping-off, leaf and stem rot of many plant species and
varieties, resulting in 'ehonhoué economic losses. For example, Rhizoctonia
solani AG 1 (IB) causes plant diseases in crops such as cucumber (Cucumis

20 . sativus L.)I and pepper (Capsicum anmaum L.} as well as b;own patches of golf
green creeping Bentgrass, Rhizoctonia solani AG 2-2 'éauses large patches in
fairway turfgrass-on large areas of golf courses resulting in enormous economic
losses. In addition, Phyfophthora capsici is a widespread and highly destructive

- soilborne fungal phytopathogen that causes root and crown rot as well as the aerial .

25 . bhght of leaves, fruit, and the stems of peppers (Capsicum annuum'L.). It is very .
dlfﬁcult to suppress Phytophthora blight in pepper plants if they are infected by a
Phytophthora capsici. Phytophthora capsici is a particularly destructive
phytopathogen responsible for blight of pepper plants during hot and humid rainy
seasons resulting in the killing of the pepper plants and consequently enorrhous

30  economic losses. As mentioned above, both Rhizoctonia solani and Phytophthora
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capsi ci -arWOAS36017 ungal phyt o'pat hogens whi ch exhi bit stronBCHERISOHS ci ty

and produce spores which survive for -a long time in harsh conditions.
Thus, they - - repeatedly cause pl ant dgseases in |large areas when
conditions for incidence of the di s€ase are optimal. 5

Therefore, growers generally apply a m xture of fungicides to plants on a_
regul ar basis to control plant diseases caused by both Rhizoctonia sol ani

and’ . Phyt aphicheranepr Susial phgamﬁmﬁbgenistwhiSh elsibitistigng pathepaiicighsnd -~ -+

difficult to control . Phyt opht hor a bI.i(tlht' of pepper_p
Rhi zoct oni a br PRAuGRasRITes Whichcyuseiye (for a long timeningharsk cprdiionse dhug.ribey

119 al 0 boosReiiany e IRR P 0P P B ATty 1o iRl o

due to the w déisgiseatk opighalence of Rhi zoctonia solani resistant to
fungicides in . - golf_ courses .and the proliferation of Phyt o,ght hor a
capsici resulting frowrefae, growers genesallyapply & mixiuieaeh BREGIACHEHPBRIS At 5.
| ntensive use Qf .agr ' : r hesd: | QLA : 15
envi ronment al % 5 (a})%gﬁe@u%%h@% %%?’é%%g?egc%\e{‘ éﬁﬁg sb%zﬂr g&?grc]}so?l e?%%% M -

ineffective  PhytophtheRntdmldii Mbvwiedet, BOlsechmaip izﬂfd&@iﬁFQSdiﬁﬁ@Ittm oBa%vI out
and the lack of an efficient anI i cation which allows effective
penet ration i nPhytephtherdnieht of peppst plants andaRkigoctonia brossn paighes olcerpeping

Fungi ci des. ThePRPBRLocbftf e Podfbilon tt el B30aaed BbirBRebecps, esisilf ol

20 agent1@anipfuagictiesnol: ioalksy beRmeing if@edsingty aifcac R ehtohthes¢ distdsees f or
the control of plant di seases such as Phyt o%&hor_a bl i ght caused by
Phyt opht hor a c8siactheayigespread ingislence: of | Rasoerarizpofars resisfanidedfungigides ipy

RN t oni ; al . q on.
It has been snBok CREE B 8r MARARRRR.SS P BRieko MR b e EORR T e e
25 way to copiccedsieubgélvativat 6Pgper flath, Ph. D. Dissertation. University
of . I daho, | daho, USA, 1992; Crawford et al, pl . Environ.

M crobi ol . 59: 3899- Jotepsive use of agoghemjcals Tyt alsquprovekerfhPsiigal) toxiphy and

et o, 5ol BoREOE! Aok proar L A TpeERb SRy
deli very nedi uin comabing soflbp@s pldi dieaseate toxgtht, e ahe lack of Aceffieieht ng 30
m xture/soil or hy coating plant seeds with sodium__ al gi nate_containing the
application which allows effective penetration into rhizosphere soils. It is also
very difficult to expect long term protection of plants with an application of
chemical fungicides. Therefore. using certain rhizosphere bacteria as a biocontrol
20 agent can provide not only more effective and economical practices for the control
of plant diseases such as Phytophthora blight caused by Phytophthora capsici and |
golf course turfgrass diseases caused by Rhizoctonia solani, but also increased
environmental conservation. | | |
| * It has been shown that use of antagonistic microorganisms 1s an 'attractive
25 way to control fungal pathogens (Suh, Ph.D. Dissertation. University of Idaho,
Idaho, USA, 1992; Crawford e al, Appl. Environ. Microbiol. 59:3899-3905,
1993; U.S. Pat. No. 5,403,584). The inventors disclosed in the prior art that .
certain Strepfomyces species strains can be used to control plant pathogens by
using a delivery medium containing peat moss, éand, and cornmeal, in the potﬁng

30  mixture/soil or by coating .plant seeds with sodium alginate containing- the

lantg and. — -
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bi ocontrﬁggé’gﬁt“ resul ti ng in the col onizing of the roots %E!@”’P‘!P&s

No. 5, 403, 584) . I't has al so been disclosed in the prior art that peat
cont ai ning a benefici al - biocontrol ggent,” can be used to control plant
pat hogens (U. S. Pat. No. 4,595, 589) The delivery medium nethods in the

prior arts are suitable for the application of 5 seedl i ngs/ potti ng -

m xtures, but are not quite suitable for direct application to a ZE
seeds or pl artiocanditod agenta@ﬂﬂen&meﬂlﬁ icologiringmighe sttt dghstnlio- 7.404abs).

phyt opat hoge bect of t t e
provi de - noverfssttatsa?lﬁ% Byen disclose t’r"e gggrtsgg&pggts%takﬁﬁg % E%%a‘lg e of

control I'ing fMBQ&Htm‘PQ% RPSnRARRS tcp?z’ontrol planfibitESéer@gU'S Pat. ) 44395989t

seeds or plant roots |Z|ng speci al I'y” desi gned formul ati ons

conpri si ng deThe/éelyvenpmedlmm methiauls iy the priier astyi arestijabbe far therppifastion of
sel ected f

P her. 8 CTaeediogiiing SPcpies bl b Sl skl BerrPRESIeRe pltnga
bi ocont rO' ag@e@&%@ﬂ%ﬂ%ﬁ% Qeneteeemmemeprbecm@r@%st Reh lmttepatmehs

I nfections sed by soil borne fungal phytopathogens
SUMVARY. OF THE | NVERNGE ©bject of the present invemsiqur 6% dat pnomﬂennomi m%@@n
achi eved throggh the isolatio E..20 an

Str
324 which are %FH%’W%“&P%F%WS% “HE] cﬁ?‘%?}ﬁ 3% co tmﬂ[%g%“ﬁét PRARAESRS ysol ani
and Phyt opht hgige Captichtion -'t@ lﬁﬁtr IErr[a?nPtx‘BB%éCﬁﬁlxz%Qg sp%&ally\mfes?@eénd VWE

324, are effective’n prevent ng t e |nc dence of fungal di seases in
plants antD i nfoemluhnmnmg,opipmshlggdeiweiy mredgzr eanfiningea dnalogigaliy puteu calture

field trials ore, one, as resent i nvention is microbially
pur e cu?et[ ?5§£8’F‘ the P%‘ﬁ]tydﬁg sg?,ms %OWS\/W EC184. - Y

- The present inventimpaalsg 1§%P8H€&58§ﬂ{ehﬁre¥é}{t'xﬁb§1tﬁﬁ| ioV?foX/ﬁEEQﬁtﬁ'
suitable for the treatment of plant seeds, seedling beds/pots, or potting

m xt ur es/ soi | biscottrdit agauionpd alesgibe el 2@ anqummplantshﬁomehnfe@rqns

mediumis very us or c Str ptorryces sp.- WE 20 and WE 324 to
i nhibit the pg%tﬁ‘?‘?g}'%‘ gﬁ‘ﬁglégl%’ athO8EES  phyt opat hogens.
In a partigul ar enbodi nent accordi ng to the present invention, the 30

del i very nmedi um consi sts of wood sawdust, wheat bran, chitin, chitosan, and
WD 98/ 35017 ' : SUMMARY OF THE INVENTION |

PCT/ KR9_8/ 00015 The present invention has been achieved through the ig'olation o.f-
Streptomyces sp. WYE 20 and WYE 324 which -are. capable of protecting plants SRR
against Rhizoctonia. solani and Phytophthora capsici. The strains, Streptontyces
- 20 sp. WYE 20 and WYE 324, are effective in preventing the incidence of fungal
diseases in plants and in enhancing plant growth in greenhouse and agricultural
field trials. Therefore, one aspect of the present invention is microbially pure
- cultures of Streptomyces sp. WYE 20 and WYE 324. |
- The . present invention also encompasses the various dellvery media
.25 sultable for the treatment of plant seeds, seedling beds/pots or potting
mlxtureslsoﬂ with Streptomyces sp. WYE 20 and WYE 324. The delivery
- medium is very useful for carrying Streptomyces sp. WYE 20 and WYE 324 to
' inhibit the plant diseases caused by fungal phytopathogens. | _ _
In a particular embodiment according to the present invention, the

30  delivery medium - consists of wood sawdust, wheat bran, chitin, chitosan, and



Phar marmedi a (trade name, nmade by The Budkeye Q| seed Products Conpany,
Texas, "USA) together with Streptonyces sp. WE 20 or "WE 324. I n“anot her -
parti cul aWOSM7ment , the delivery medi um consists of pecPEHKRIFOWIS | oi dal

chitin and water together with Streptomyces sp. WE 20 or WE 324. In
the preferred 5 enbodi ment, the delivery nedium-conprises at | east
10[err] colony formng units of Stﬁéptonyces sp. WE 20 or WYE 324
per gram of delivery nedium _ ' The present invention al so _
enconpasses mnet hods for reducing fungal i nfection in seeds, seedlings

and/ or ~gr ow Ngh ARt P (thLde Raond? matier by THe BvdkgyeDiiseed ProdyeswWamgpayasons
through the treat nent” of” Pl ant ‘seeds, seedl'i %5;’663"/ pots 5) t'ting 'élhO o
m xt ur e/.soi.l.s Texasy Bpifggogethernwithy Strepionmyedsi Pat R 20 or WYE 324, In another
DETAI LED DESCRI PTI.ON HE ENT. ON . L or.di

present i nvenP?{Hﬁ?la_é?%ﬁ%&ﬁ){:% ‘g%l.v GWEC‘QBma%?&SWIgf_p é&&l Jngi%ﬂ grdgl %?@Q/i ded
“that are effeghd ¥@tel fodelfel Hithl Seeptomaal sl WEESRSoreWYE 5240 et prefedbd t he

growt h of plants such as pepper, cucunber, and turfgsras,sess al t hough their
scope i s not kinhbdigwent,dhe Heliveremedpinesomprises at least 10° cofony formingdnis gfent i on

enconpasses the various dell I afhat are . Ul for carrying

Strept onyces SEEPARREEY0Ran %fzr{g%%tﬁﬁﬁ' gram %%ehme%rflgélmn. di seases
caused by fungal PphyhORRBRIRRENtiAD also encompasské nfetR&dst fof Wediciggifosarent of
the present invention, 'the delivery medium consists of 40 to 65 w w%

of wheat branijnféction i ssedsserfdlings anemgrosdng plasts prior to ondwiag sowissa@nd
sawdust, 1 to 3 wwhchiti,n nd 1 to 3 w.w% of Pharmanedi. n . the
basi 5 of the EUVHREERGA UBpuathiDe dienui ST REE o oRE Posar Bgne o
enbodi mengg mixturé/gtﬁlsgﬁ‘ﬂr%ﬁéﬁr R é%ﬁlit:}étﬁfn.cons' sts of 0.2 to 3.5 ww
of sporul ati on nmedi um as an addi ti'onal conponent on the basis of the

total weight of the delivery medium . The preferred sporul ation nedi um
is selected from ATCC #5 ' '

extract - gl ucose-niner al i@ﬁ%@@?ﬁgﬁWB@éﬁfﬁﬁoﬁ*‘%@ﬁ& ~excl ude
ot her sporul ation nReécding to the present inveﬁt'ibrﬁﬂ%%ﬁ‘dm)%f tsF.CW\EE 20 ABOWYENT

the delivery nmediumconsists of° 1.0 to 30 3.0 ww¥bof pectin and 0.1 to
0.6 W wWoo of cOR#@relptovidedtthat dare effeative.in inhibitingdggl diseases and in enhancing

P_CT/ KR8/ -9g01§he growth of plants such as pepper, cucumber, and turfgrasses, aﬁhough their

* scope is not limited to these examples.

The present invention encompasses the various delivery media that are
 useful for carrying Streptomyces sp. WYE 20 and WYE 324 to inhibit the plant
diseases caused by fungal phytopathogens.

20 ' In a particular embodiment of the present invention, the delivery medium-
consists of 40 to 65 w/w% of wheat bran, 1 to 5 w/w% of chitosan, 30 to 55
w/w% of wood sawdust, 1 te 3 wiw% chiﬁh, and 1 to 3 w/w% _of Pharmamedia on
the basis of the total weight of.the delivery medium. In the preferred embodiment.
the' delivery medium further consists of 0.2 to 3.5 w/w% of sporulation medium as

25  an additional component on the basis of the total weight of the delivery medium,

 The preferred  sporulation medium is seleeted from ATCC #5 sporulation

' medium or yeast | eﬁﬁtraei¥glﬁeese¥;ﬁinera] .salts, but the presentation does not
exclude other sporulation media.

| In another particular embodiment, the delivery medium consists of 1.0 to

30 3.0 w/wY% of pectin and 0.1 to 0.6 w/w% of colloidal chitin in water.



In the preferred enbodi ment, the delivery nmedium conprises 10[err] to
10[ert]; " wa ssndteferably—10[ err] to 10[err}, colony form %ﬁﬁh&

Strept dny’c:v%ggss%ﬁﬁin 20 or WYE . 324 per gram of delivery rred’?%oﬁﬂis

The present invention includes a process for the production of mycelium 5
and spore inocula of Streptonyces sp. WE20 and WE 324. Viable cells of
Streptonyces sp. WE 20 and WE 324 are produced by incubating vegetative
cells in the yeast extract-glucose-mneral salts or nodified bennett |iqud
medi um under the proper  conditions . . A .pr ss .hRer
preparing an -anti f ubfyHic BF E’SQFF’E’Pd’&Eé‘ﬁtthﬁéﬁlbm&e‘iﬁgn--f@nppg?slogﬁs‘? 1%, |
Streptonyces sp.cVKE 28 101 (VK539 4o kiSe RRADSE SHlem)ides WA PE Mtor WYE 130
rpm.to ___30_0___r'p%??fg%_%g’_f@r}gépﬁu_roe?o?&é@g?grrffC t%'p:sn?[e?gr?)]ac for 3 to 7 days.
After harvest i32¢ peegtam of defivesphediones sp. WE 20 or WYE 324, the cells

are lyophilized or mxed directly into a deli ve;}y

dium . 15 .
Further, according t8ePrseH; p¥ention; includes 3 process Pf)ggs&rog]‘bcrnoﬁrq;d&w%&man
ant i fungal gbi | - i the lv@wy i : fok
ol 1very 5 WTRbE inBAR or SHTRIoRER SRV TR A RONYEE PR, VIAEERIOT, ok
of chitosan, ¥rdpfomyces sp.SWYVE Bcanld WAEI3Zumeysoduced tby iBcubaitg ofegetativé n and

1 to 3 w w¥ of ) Phar mai nedi a on the basis of tge total weight of the
del i very {rpdi (fells ipthe yeast axﬁact-glagasggml?iﬁéﬁgligﬁfé% g4 P?{&?ﬁéﬁ; ?W%i um
i ncorporating r . or : rept omyces
sp. WYE 324 ( f@%}%&?;%%@dgn? e delivery nmedium '

i ncubat i ng i ncor por aAestocsk | fer pfepSﬁngphnramiﬁmgabbid&(ﬂrﬂOagehﬁC'Eﬁnprises as
0341BP) or StrePtowces sp. WE 324 (KCTC 0342BP) at 25 [err]Cto 33 [err]C
for 5- 230 iellaw§s; and aseptically drying the resulting.product

to obtain an antifun hi ng.I - . ., o1 he
process further corrpg?éspé@h)g%gpﬁ glei y EF%%},%gﬁf"haée preParedﬁ@g{Jﬁ%?‘?ﬁg%dra% ed
product. 130 rpm to 300Irpmi, ba Rhpeaate@f 25 L td bR CedrivierAdaysdi um i s
optionally pelletized and 30 then coated with Q.2 to 3, W of -
sporul ation nedi um dMigrharysaiEngscells of ferepigimres sp- WYE!\@ﬁ %f@ggﬂlﬁ“’ the cells

T 69910001 gyt ity oS PV . v 20 or e
324 i s inddrpor at ed Fusther, aocardingr @t thenpresent inwvehtidf)[ & prdcedsOfarr preparpigeduer abl y
_10[ err]-10ler rinti%cl)rlxg%?%igc%;l{rn&lngge%tn icgm%?igesgtrhgr?oﬁgwgg sitgl:?sr; %reriaeagilngna} delivery
medium containing 40 to 65 w/w% of wheat bran, | to 5 w/w% of chitosan, 30 to
55 w/w% of wood sawdust, 1 to 3 w/w% of chitin and 1 to 3 w/w% of
Pharmamedia on the basis of the total weight of the delivery medium;
20 autdclaving_ the resulting delivery medium; o |
' incorporating Streptomyces sp.- WYE 20 (KCTC 0341BP) or
Streptomyces sp. WYE 324 (KCTC 0342BP) into the delivery medium;
- incubating incorporated cells of Strepromyces sp. WYE 20 (KCTC |
0341BP) or Streptomyces sp. WYE 324 (KCTC 0342BP) at 25T 033 C for 5-
25 14 days; and _ | | D : | |
'asep'ticaily drying the resulting product to obtain an antifungal biocontrol agent.
~ Preferably, the procéss further comprises' aseptically -blending the
resulting dried product. o - |
| In the above process, the delivery medium is optionally pelletized and

30 then coated with 0.2 to 3.5 w/w% of sporulation medium on the basis of the total .



Autoclavi 'ng of the delivery mediumis carried out at 121 [err]C for 30 to

40 .5 " mnutes. I n anot her enbodi nent of the present ;

i nvent i onWQIRBess is provided for preparing an anPCT&RISMNO01S

bi ocontrol agent which conprises: preparing a delivery nmedium
consisting of 1.0 to 3.0 w w of pectin d 0.1 to 0.6 w w3 of .
colloidal chitin in water; 10 autocl aving the resulting delivery
medi um and i ncor porating Streptonyces sp. WYE 20 (KCTC
0341BP) or Streptorryces sp. WYE 324 (KCTC 0342BP) into the delivery
medi um - ht of theldalivére nedddue. embodi ment of the present inventi on
Streptorryces W(Ig - 20 or WE_324 is_added to the deljivery nedi um

final concentrati onSterienpessisp- WDEE 20 opPerE p24 bripsrpagsfed t?@[cé"r‘?ejntrﬁ)?’érr]
colony formn i {1 f_18€ |'1H§1 afedidher,
present inven |g(§: lﬁoel’ {ef&ra lg) rrgt dlé{dﬁ{%r %e&%pr?r graﬁn ofdehveryantel fungal
bi ocontrol agent whiswod®uiig iof e Mﬁbiyrlgedlmmsnmedpuaynlﬂg ‘Crfor B0 to 40
furrow applicating the.agent to plant seeds, potting m xture, plants, or
soi | s t her&of minutes. The present |nvent'i on also relates to an

~antifungal biocontr i &h 0. -o ' | at ed
strains of Strept on&é’g&gﬁr e’\{?@i& ?fdthg Jeh@@%exgtgﬁx zflliﬁér g?sgfr%\gérxwdég _
appreci ated t fgprépar @ta!nfa%ﬂﬁ.&xlgalmx@@dhlﬂb[ Sdenb@Aith comprisescont ai ni ng

m cr oor gani snms haV| ng an antifungal property, equal to thatoof th

strains together wi prepariag adlivasy yadewn apasistions ofil fhtor 30 Wﬁ\é‘/w%@éﬂtl and

invention is b rit and scope of the present
i nvention. 250“?&(\’,“‘6'?‘8? %f:ct%ﬁo %@IE \5v 5 be further described in the

foll ow ngl@xarrpl es. autoclavxﬂé%@ieb@ﬁlhnﬁh@hﬁ?ﬁﬁﬁﬂium Rv@nt i on | s not limted to
the foll ow ng exanples. Mat eri al s and Meth

1. Cul ture Medi um ofnagrparatingyandsentomyces  sp. WYEA 20 H&le 834180t ¢F e

Tee, AT “bact SYPAPPRSHEE IR PG B i el Mo B O 1

98/ 35017 | In the above embodiment of the present invention, Streptomyces WYE
PCT/ KRO8/ 00015

| aborat ory t e@Rrd¥¥E 324 wsﬂﬁdsétmﬂ}smwgry medjum to a final COH%“@W Pf:é@am no .

(D fooe - oltg) 1™ iyelBHE 371 RRl FophghER B AR of detiverd BRG 1V
K[ err] HPq err] (2. O0@ubthet the 2préseht  inMitlioadselatésl 89/d Jmdthodlifet ittdatifly Water .

2) WYE (wat er/yeast extract/agar) nmedium nodified from Reddi
and antifungal biocontrol agent which comprises” coating, mlxmg, spraying or in-

furrow applicating the agent to plant seeds, potting mixture, plants, or soils thereof.
The present invention also relates to an antifungal biocontrol agent which
20 comprises one of the newly isolated strains of Streptomyces sp. WYE 20 and
WYE 324, Therefore, it is appreciated that an antifungal biocontro} agént_
cdntaining microorganisms having an aﬁtifungal 'property equal to that of the
strains together with the delivery medium according to the present invention is
within the true spirit and scope of the present invention. '
25 The present invention will be further described in the following examples.
However, the present invention is not limited to the following examples.
Materials and Methods
1. Culture Medium of Microorganism
All .bacterial culture media used distilled water and were sterilized by

30 autoclaving prior to use. All bacterial samples were treated by standard aseptic



Rao (1971) contains yeast extract (0.25g/1), Klerr]HPQ err] (2.09/1; pH
7.2-7:4) 8o P (18g/1) in distilled water.

(yeast extract/glucose/ m neral salts) nediumconprises 0.6
yeast extract (Difco Laboratories, Detroit, M, US A), 1.0%wv) glucose,
10 and phosphate mneral salt sol ution (5739 of Na[err]HP( err], 1 .98g of
KH err]PQ err]. 0.2g of ' MSH 7H err] O, 0.2g of Nad, 0.05g of
CaCl[err] 2Herr]O, plus 1.0 n of trace elenents (Pridham and -
CGottlieb, J. Bacteriology 56:107-114, 1948) per liter of deionized

H20; pH 7.1 t bP@?“Yf?P@“%‘EHSGQWtE‘F‘H%e el enents consi st s—of ~0.64g of ~-- =
CusSd err] ' 1 1 r]O T
0. 15g of Znsq err] %21[ e??] agﬁmgx 05‘?:%&5?% ?tfhg%@ se?zfgggﬂqv%{dg%ﬁ co‘ﬂ'z’[u?sr

4) CM (chiti ﬂ/cﬁkaihﬁhmac%l(Difcagﬁﬁ);ll)fr%léastrﬁmmﬂ)lﬁms 0(BeA), D tghudds6 (0.6 v@/N))

col | oi dal chit.i nppregare %t e_previously thod (Hsu and Lockwood,
Appl i ed M cr oBr5F8y2.08dppt 77 4),5md pgar @W%l(\\ﬂrw)ﬂggmferr] Y[err] SO err]
and 2.0% (W v) oH %\ggﬁo(vgﬁé‘@éa EExilovRER mgag@] ThidAie fBhi Readi

descr.i bed above Lam nari n agar I um

conprises 0. 254c((WH7)) dontdinaydast exiracl(0, 29/, K.HPO, (200 pHr 7. 2-[76¢)r3113@gmf rl,

and 2. 0% (w v) agar, per liter of phosphate mneral salt solution
descri bed abO\KéSE/BI-mT&l@lnFéWPM 6) Modified Bennett |iquid

(gl 1) olucose {108) ?)Gl\gﬁ(ggﬁ,%géggéﬂ,elflfr%ge/gyr}ﬁral s P8 28k lics 68O

distilled wat gwv) yeast extract (Difco Labord¥bets m@foﬁemeuts Agan mdwwrgrﬁmte@l ned

yeast extract (Zg/I) beef extract %} 2{ pept one &bg/ 1), Iucose
(10g/ 1), APst zndphosphaty minerglisals sgluriog)(S 3am§ a:HPO., 11988 of K&GPO). G.

?ISE} 'nuj?gm"‘gqu%SQé g—IvO 0.2g of \%(3’89 bg% fﬂbﬂ@ﬁ% %Hsf 1X) )ml offhce elements | %)

PCT/ KR98/ 00015Pridham and Gottlieb, J. Bacteriology 56 107-114, 1948) per liter & deionized
10) ISP medium #4 (Difco 11) Spor ul ati on medi um (ATCC

medi um #5) corfddPneH 7yb&)s? 23 {Thg selution of tyage elgments aonsistseftl-eda of Qudy | ) ,

(561 ) (17t n B SR EAESE POSt e PP MR IO B Paer pasor ARG

2. | denti fiscatmpsrf diktilidrweqgonyces sp. WE 20 and WYE 324

Strains WE 20 and WE 324 were identified as_Streptonyces speci es ' on
the basis of the nofpkdf &ehitrimingnlsaitstassy) mediuna pemptisasikh o th@p¥ctwr) sti cs

of colloidal chitin prepared by the prev1ously known method (Hsu and Lockwood,

Applied Microbiology, p422-426, 1975), 0.6% (w/v). (NH)2S04, and 2.0% (W/v)
agar per liter of phosphate mineral salt soluﬁon described above; pH 7.0 to 7.2. |
20 . 5) Laminarin agar medium comprises 0.25% (w/v) laminarin, 0.6% (w/v)
(NH4).804, and 2.0% (w/v) agar per liter of phosphate mineral salt solution
descnbed above;pH7.2t074. ' - |
6) Modified Bennett hquxd medmm contains yeast extract (2g/l). beef
| extract (2g/1), peptone (2g/1), glucose (10g/1), and nystatm (5 ug/ml; pH 6.5-7.5) in
, 25 distilled water. L o
_ ' 7) Modified Bennett Agar medlum contained yeast extract (2g/1) beef
extract (2g/1), peptone (2g/1), glucose ( 10g/1), nystatin G ug/mi; pH 6.5-7.5). and
agar (20g/]) in distilled water.
8) ISP medium #2 (Difco). _
30 9) ISP medium #3 (Difco). - :

(;CTMSIW?QS/ Y)GM o



t he genus Streptonyces, as defined in Bergey's Manual of Systematic
Bacteriol ogy (1989); ‘the I'nternational -Streptonyces:Projrect (I SP) (1974)):-
and 10- WWOI98/380%9, et al. (1983). The sunmmarized results oPCTHKRSOWS ai ns
in the respects of nor phol ogi cal , physi ol ogi cal, and cheni cal
characteristics are reported in Tables | to V. 3.
Preparation of seed culture and storage cﬁ‘ Streptonyces sp. WE 20

and WE 324 15 Spores froma CYD agar sl ant were inoculated with an

i nocul ation .loop into 500m f1 asks contai ning 50mM of nodified
bennett |iquid medi }Uﬁlépﬁéﬁnﬁn%@m{m - TFhe -medt um was steritized: b-y -
aut ocl avi ng” for "I5 m'nutes at 121" [err] C prior to: - i'noculation. The

i nocul at ed_f asks. weheSpéralationcneditsd (ATER slediim#Shiconsmst pyeagextract 1 pm

For “shor - or R-E8) Beft EnrhyLaEn: binve GuBth RSP b o, =2

i.ncubated on g@a%‘ag %1)6(9‘% ﬁhﬁ’dﬂA?Cc?éitﬁbgﬁecom&cténa%arsﬂcmgh .then

~stored at until used. The cultures were transferred every 4
weeks. Spobes suspeib.ddchuﬁcatxonofﬂtagntmymepi WECHY and WYE94280%) (121[err]C

15 m nutes) were us d.fo stor

4. Harvesting and p E@B&Wkﬁ%%@ﬁaﬂéﬁﬁﬂs ﬁaﬁsls?'%ﬂ Elygfﬁf ies -

One liter fl a%hsthé %Hix@bf' kﬁwmggﬁx ogﬁfal B siol abemAahkmidat uhﬂaéﬁﬂstitmo@ r

200 mM of YGM (pH iumwere inoculated with 8n of each seed

culture for thke pgamd&cﬁ'rmptomycam atd edefimed sirof Bengeys | Maanal S}forsé@tea’fatlc

‘Strept nd WWE Th l.at e .
Cheubar ed v t Bacicsieldey AO8ne Dispptironad repimses Sher et LA ¢ ¢ o
I?; CEI';) K7Rgg?g§0 Ol‘swﬁmxﬁs Geh. 31983) MRELhANRAGd results IMh8/s8a4 Tn the respects of

ores
produced t hr omgrphdiegiatiophyslogieds andwhemica ebam@mxswcs mwgm@dn "Ible

centrifugation %t 4,000 rpmfor 10 m nutes. 5. Production of
viable cells & nycelia and spores with delivery nmedi um and '
preparation of _ant i ﬁ.UPﬁ?haﬁb@%P@Eédoéulﬁtg@Eﬁd sto?age of Streptomﬁ@.} sp.r RPEE abi on
of anti fungal - bi ocontr agent in the formof powd conprising
CS}Itlr_eptorry.ces slde\YEﬁG or WYE 324 a?d a deli \éery med![ u2|n o t The
eliver r i nvention Lonsisted of wheat

br an of 4851 o e B L1 e Er wedF i uipind R CAs SBHORAO G 55
W W cfsomnm fRbkslcdntaiging/ Yol BP %{d&?ﬁ@idbé}méﬂau@ﬁ%@m QH ger1ls).

Pr oducts Conpany,
The medium was sterilized by autoclaving for 15 minutes at 121 ‘C prior to

| 1noculat10n. The inoculated flasks were then incubated with shakmg at 130 to 300 |
rpm at 25T to 33 C for 1-4 days to provide a standard inoculum.
20 For short-term use, Streptomyce& sp-. WYE 20 and WYE 324 were
incubated on CYD or WYE agar slant at 25 C until sporulated and then stored at
4 C until used. The cultures were transferred every 4 week§ Spores suspended
in autoclaved glycerol (15%~30%) (121 C, 15 minutes) were used for Iong-term
storage at -70 C. '
25 - 4. Harvesting and production of mycelia and spbres in liquid culture
| One liter flasks containing 200ml of modified bennett liquid medium or
1200 ml of YGM (pH 6.5-7.5) medium were inoculated with 8ml of each seed
- culture for_the production of viable cells of mycelia and spores of Strepromyces
sp. WYE 20 and WYE 324. The inoculated ﬂaské'were incubated with shaking at
30 130 to 300 rpm at 25 C to 33 C for 3 to 7 days. Viable cells of mycelia and



10 - Fortworth, Texas, U.S.A ) of | to 3 wwon the basis of the total

wei ght " of (the .~ ‘medi um-was thoroughly mxed. The resul ] LMErY
medi um’ m@;@%ﬁ zed and spray-coated with sporul at ?ggﬂgnggjlo%g(ATCC
#5 or YGM nediunm) of 0.2 to 3.5 ww¥ and then autocl aved at
121[err]C for 30 to 40 m nutes. There wa® no effect on cellular
grow h when the sporul ati on nedi um was added below 0.2 15 = w w¥% whereas
the initial cellular growth was retarded when the sporulation medi am -

" was added over 3.5 w w -One hundred to,tﬁp undr e%) %Of
~ St rept onyces". sgoresprodzoed fronghe the--above ToqesH Ve | aSERI @Y &Eﬂ’ i re
inoculated into,the resul i iRe cociaved.delivery ~  medi'um and then
i hcubat ed  at. %%’fr &gf@%#agagﬁir}a@é&%rept onyces sp..WE 20 20. . and
WYE 324 in the del iy @ryduskgh wwmreece@s%mg&aﬁé yndgoresstvith dalivkrg mieeidhim n

Ir

U. V.- sterilized |am nar flow bench. The i ed product was aseptically
bl ended to .and proparation &4 anifungaitdedontipbagsatrol agent conpri sing

St t . WYE. . . , 324 d th i. -
(2; elgrgggr f i 3ﬁ of é%@?ﬁ%ﬂ%ﬂn b?fo%%&w%ﬁ? bggcé)ﬁ%mgggr%t:l}s{ieén]é rlept or%’/dceés sp.
25  WE 20 OEoﬁqﬂfsil%gS’tr@ﬂer@césisﬁUW{Ein bYSVYE n24lbtda delivery medium

Preparation of the antifungal biocontrel agent was carried out be/ ,
i ncor por ating vi abl &he deliverpimedjuralaf sheapresens dnvention veiiche ponsigiedeal wheatwe 20

or - WE 324 ined ip, t abo i nt.o, aut ocl i joxim of
1.0 to 3.0 aa__n ‘\%%38 55 “%{M’i"ﬁﬁaﬁ?& %ﬁlto[gow, /uG Vﬁc\’/@%agﬁuco%fll?gﬁééﬂgﬂwﬁ nin
‘Ig’ac'fl_? rKi?QS?SOOlghiﬁn of 1 £ 3 WHRYAIPLERAIRERS Y The Budk¥¥e @ﬁé&ﬁqﬂradxicés Company,

f ol | owi ngl® un§attwprthhBexassUvieAd afslets 3 svwiomths basisefl the éesal weighhofite
ul tinum t hi um . gramnical a izctoni a,sol ani, .Rhi zoctopi.a sol ani
a1 (1e), medinpyergndiohehiv. it X 5ERheliclReShmenioh S8 wiltked
Fusari um sanmbygd B&hilbated with PRI MEGLAATED S QR MEIrRediany o€ 0.2 to

Phyt opht hora parasitica, Sclefotinia 5 sclerotiorum Sclerotium

cepi vorum and-Svertweciahd ithen aitbelpead. an1R1 SE forn 3@ tovdP aninutes. Thesasmopot at o

dextrose agar i fco) or, corn al agar (Difco) at,.25 [err '
stored at 4] _eF f‘é 6 ceffular gromgewl?t_:n éé%ﬂﬁg\?‘; &edb?mc_%ﬁ a%{ﬁe%@%oyvnOl
Delivery Medi Wiy, whereas the inifi¥lCcelfufdh Sowdlehia¥ SretardBadivien aRe isporuldlidn

Streptonyces sp. _\7\7(E 20 or 10 WYE 324 was added to 9m of sterile _
distilled wat excdiuml wakeddedyney 3 wirdowi t h vortexTM  The resulting

RTINS R PR

324 (10°-10" cfu/ml) were inoculated into the resulting autoclaved delivery

The

medium and then incubated at 30 C for 5 to 14 days. Streptomyces sp. WYE 20
20 and WYE 324 in the delivery medium were aseptically harvested and dried in
- U.V.- sterilized laminar flow bench. The dried product was aseptically blended to
obtain an antifungal biocontrol agent comprising Streptomyces sp. WYE 20 or
WYE 324 and the delivery medium. |
(2) Preparation of antifungal b'i'oc_ontrol agent comprising Streptomyces sp.
25 WYE 20 or WYE 324 and a liquid delivery medium. |
- Preparation of the antifungal biocontrol agent was carried out by
incorporating viable cells of mycelia and sj:ores of Streptomyces sp. WYE 20 or
WYE 324 obtained in the above ihfo autoclaved delivery medium of 1.0 to 3.0
w/w% of pectin and 0.1 to 0.6 w/w% of éolloidal chitin in water. _
30 6. Fungal Pathogens ' o ' -



at 30[err]C and colony formati on was observed. The sanme nethod was used to

determne cfu/m of delivery mediumin the formof liquid.. 15 . 8.

In Vivo BWBEWIH o Deternine Antifungal Activity of StrepPERERISOS

WYE 20 and WE 324 ° "+ The activity of Streptomyces sp. WYE 20 or

~ WYE 324 to enhance pl ant growt h anq to reduce plant di seases caused
by fungal pathogens was determ ned By treating cucunber, pepper, or

gol f course turfgrasses with Streptonyces sp. 20 WE 20 or WE 324 in_a

delivery nmedium and then planting treated and untreated seeds in a

sutt abl e gr owiThg felbsivingf@igabgathegent wesed udell dbicm anfifingattesty Pyshium ultimoh, -

Strept onyces sp.. WE 20 or WE 324 in a delivery nmedium ﬁé;a g;ioc&%gol' S

agent was neadutdéEni gransinieeiar Reisaelgaidc solagiyt ShEasianisr seliegi (8L ol .

pl ant- . hegj;dht DRI i Ofp di S : 0 22D o ;

P aveLe | Reront SoIfiRRRG 3.5 (K Pl ﬁ#’i’%ﬁg’%’? ik pjj.: s sgmbucinclum. .o

Soi | sanpl es \mieripht silamd Frophtions shipkicsr Phitopithaas phedsiticas sSriiratinid

soils in Goesan, .Chungbuk Province, Korea. 1solation of strains was carried

out 30 by seleratioran Selexnsivapeeivnrpmaeed teginiliguedeliopy Al GHRING Welss. The

obt-ai ned g -V\D.98/-3§017 . ' if - 1 (Di t 25 C and

PCT/ KR98/ 0001 £FoWn 0f potato dextrose agar (Difco) or corn meal agar ( lffff) a and . o

were tested wgdied €St t0 antagoni stic activity agai nst Rhizoctonia

sol ani . and Phytophthora capsici; enzyne activities exhibiting fungal

cell wall - degr ddReterninatienoel Cell Number indPelivgioMadivm a | ow tenperature

(4[err]C, 8[err]O; ~and 1 he . POSSk.RII ] -0f | I 2 ction
to isolate two -hov_ep%g'%’ érlnnosf_ de*lﬁ%&t%&ggl J:&Xn%glé‘fg %{e?’gqnﬁge}v\eés e _namggdrH
Streptonyqaes SpYREWIZ vds addbdWSBnAZt, sterRs BRE1IEd Qlajer and thorodhly iged with of
Streptonyces sp. - WE 20 and WYE 324 was carried out b I ncubating the

strai ns on Wopests dhe asjulling euspemsion was :sgri@jbydilm@g and gpreadeors GMAns

to sporul at e, d then. their,colonies were.isol at ed ' 8 ' new
e o A PPtk Lol BilbiER i GrRBE EhPe T RAH S8Rl
Streptonyces .30WEamD cdidny fonthtidiEwa? by, t TaL ShRkr aethbe wakDusgato
slants, incubated at 25 [err]C -:30 [err]C until sporul ated, and
stored at 4[ erdejeominerrfuisyl of debveryanedivmdn dhecform @f Biguidy 4 weeks. |
EXAVPLE | |15

. 8. In Vivo Bioassay to Determine Antifungal Activity of Streptomyces. sp.

WYE 20 and WYE 324 . | |
The activity of Strepfomyces sp. WYE 20 or WYE 324 to enhance plant
- growth and to reduce plant diseases caused by fungal pathogens was determined
by treating cucumber, pepper, or golf course turfgrasses with Streptomyces’ sp.
20 WYE 20 or WYE 324 in a delivery medium, and then planting treated and
untreated seeds in a suitable growing'mec'ii_um or agricultural fields. The activity
. of Streptomyces sp. WYE 20 oi WYE 324 in a delivery medium as a biocontrol
agent was measured in terms of emergence, outgrowth of emerged plants, plant

height, and capability of disease control.
25 : |
| EXAMPLEI .
- Isolation of Streptomyces sp. WYE 20 and WYE 324
Soil samples were obtained frbm four different rhizosphere-associated
soils in Goesan, Chungbuk Province, Korea. Isolation of strains was carried out

- 30 by serial-dilution/sp_read-plate technique on WYE agar plates. The obtained



Identification and Characterization of Streptomyces sp. WE 20 and 15

WYE 324 17 The norphol ogi cal, physiol ogical, and E,J[i‘

character gt ggoof m croorganl sns obtained in Exanpl e I were

i nvestigated on the basis of Bergey's Manual of Systematic

Bact eri ol ogy (1989). The results are showh in Tables | to V. 20

Tabl e | Cel I ul ar Aeri al . Substrate Col or
of Spore I\/Edl um G owt h Mycel i um Mycel Fum

Ma E WE WE WE. WE W, 20
3228- 20 3§t4a.ms pigre teste W1 gspect gbantagomsgg 4'1ctlvnEy agamst ngfgo%tQma %%nd 00 d L

Apun Abun L gg{tf‘el f‘)g%ﬁfgh ofd %X}»g& Qyhin activities | exhibiting fungal cell “waljant -

-dant Yel |l ow Good od Abun Abun

Pale Pal e de@witﬁlh T@Ta)picﬂilzatxon growth at a low temperature 4 Ear& C)d&‘hﬂt thee | OW' U

Yello Pi nk’ Pi.nk | SP" #4 0 Abun_ Ab Pal e Pal e

G ayi \évh Glr ayl §ﬁsszklnl1ty of large cell mass product%)n to 1so?ate a\gﬁtnovaf;%{al%l ITgsvtw?el | ow
EIC[I]'}( KR9 8}:.'0 01 govel strifs ke ﬁ%@d Streptomyces sp. WYE 20 and WYE 324, respectively.

Table Ila  Purification om&é}a‘bfnwmﬁp GWYE 20 and WYF&BMV\%S g@ried out &yr ai n

WYE 324 Spor e chai n nor phgl
Spi ral es 1@;5‘5?@1&: W@WM%P‘% at25 C for 4 to %ﬁltp allow the strainsg ot

Spore shape to sporulate, and, then therllr COI%H DA {sGRted and stre%(lad ader x'xéb@'WYE

D ffusible pig uction

+ agar plates to obtain pure cu}tures Prrbrcolbres af l&'triepﬂrmy)ces( tspoWIYE abk

br own Antlmcroblal acti Vi |II e
o+ ) 10 and WYE 324 werggansf relgc?/quQth p.garl\%p dI 25 C - 30T

* Str ePLARY ﬁa%?ul%ﬁl AMPstored at 4 'C. The cultures were transfe'n'ed every 4 weels.
~Candi da al hi cans - :

EXAMPLE Il |
Identification and Characterization of Streptomyces sp. WYE 20 and

18 WYE324 _
The morphological, physiological, and chemical characteristics of
| microorganisms obtained in Example I were investigated on the basis of Bergey's

'Manual of Systematic Bacteriology (1989). The results are shown in Tables Ito '

_ V. _
20 Table I
Cellular Aerial Substrate Color of Spore
Medium _ . '
- {Growth Myceliuom  |Mycelium Mass

WYE {WYE |WYE |WYE |WYE |WYE |WYE |WYE
20 {324 {20 324 (20 324 |20 |34
ISP#2 |Good |Good |Abun |Abun |Light |[Light |Grayish{Grayish
C ~-dant |-dant |Yellow |Yellow |Pink Pink
ISP#3 |Good |Good |{Abun [Abun [Pale |Pale |Grayish|Grayish
{-dant |-dant |Yellow |Yellow {Pink  |Pink
ISP#4 |Good {Good |Abun Abun {Pale Pale Grayish | Grayish
|-dant |-dant |Yellow |Yellow [Pink |Pink




Saccharonyce ¢

+

CBS 1172

erevi si ae

M crococcus 1uteus NCtB-196-

~Lecithi-nase” - ~ -

growt h
i nhi bition zone

i nhibition zone " (brown-dark brown)

(brown-dark brown)

activity_wo 98/35017 + + Pectrmmm;%l S

Skimm | k hydrolysis + Starch

hydr ol ysi s + + N| trate

reduction + 12 , + Herr]S

producti on +4[ err] WO 98/ 35017 _

PCT/ KR98/ 00015 o 13

Table. Il a(cont| nue) - - Charactert Sl?a{b@‘esﬂa e e e e oG N WPE

20 Strain Anttbi-ottcreststance(ferrigim, O eandonycin

(100)  Characteristitstm gi.z . | ... Straim¥ 3 20 StraisoWid 324 50)

+ R Tanpi Ci iN 50) e _ . 2mm

gi z L q@@mhﬁxr(mewbology Spirales . Spirales +

Novobi ocin (1 (1 00) ' 2mm gi z

3mm gi z %%ﬁ{)lcémla ng %gﬂ%&érp ~ Smooth +Smoo’ch

+ Str epftS?meoghapé 100) - Cylinderi@im g| z Cylindericdrm @i z

Kasugomnyci n . ({100 ¥ - - _I'mmgiz
“Tetracycline ﬁ)g§1ble pigments + - “+ _

Chl or anpheni C?\’Hgmnﬁ%owgwh + _3mm gi z

(giz) >4 mnm

Antimicrobial activity:

HS production

Aspergillus niger +
Bacillus subtilis NCIB 3610 + +
Streptomyces murinus o+
Candidua albicans - -
Saccharomyce - cerevisiae CBS - -
1172 - + +
Micrococcus luteus NCIB 196 |
| Lecithinase activity + +
Pectin hydrolysis - -
Skim milk hydrolysis + -
Starch hydrolysis + +
Nitrate reduction + +
- dwesk -




WO 98/ 35017 :
PCT/ KR9B/ Qp94tssor7,

Characteristics

St ral n’ﬁ}%"’%“

(giz)> 4 mm

inhibition zone

Table.l1b”
Strain WE 324 Degradati on acti vi ty Xant hi ne El astin
+ : : + Arbutin - Xyl3an
+ L-tyrosine ' + . Allantoin
+ + Gowmh at 45 [err]C . Gowh at pH 4.3
Gowmh in the presence of 'che bi ors (% w/v) : NaC1
(7 0) - Sadirum azide: (0:071) ?ﬁﬁk&é&%{ t) S
| “Potaspym ekl te (0.001) Strai WYE*20 Strain WYE 324+|
Crysta.l.. Vi. ole*tj&a” ) th in —Neotrrmr—{06-5—
+ . Antfd‘xonc remstﬁiﬁfé'(ﬂﬂﬁﬁ)l 0) +H o
+ TV\Ben 20 ( 5 I riz Lo giz +-
Tyween 20 (1.0) Oleandomycin (100) -t e
Ri zorax[ err] + + '
Ri zorax[ erre] % %‘Wcm (50) + * Gochft an[ er?] (0. 1)
+ R1f$mplcm (5()Em rax[err] (0.1 2mipit dom | M3 ere] (0. 125)
+ dom | MJerr] (O.25) Angcol [err] (0.1)
meomycm (100) - . + ' +
Novobiocin (100) - -
Gananiycin (]00) ©_2mm giz _3mm piz’
Ampicilin (100) + +
Str ept omy cin ( i 00) dmmgiz - _2mm giz
Kasugomycin (100) - + fom giz
Tetracycline (100) + +
Chloramphenicol (100) - A gz
- 'growth +: po growth
inhibition zone




WO 98/ 35017 ~ PCT/ KR98/ 00015

15 Table 11 b(conti nue)
Char act er i-WOBSGET ain WE 20 Strain WE 324 Ni t rogencmmsmmmn
(0.1% W V) : L- aspar agi ne +
DL- a -am no-n-butyric acid L-cystei ng o
+ L-val i ne + + :
L- phenyl al ani ne - + . . L-histidine
+ + L- hydr oxypr oline + .
+7 7 'L-argi ni'“n'e' T Table IIb + L- met hi oni ne
+ T potasstumnitrate serjne+
+: wbL-threo rglhaéactenstlcs - Stra,m 20 Stram WYE 324
[err] Trade mark WO-98+-3504-+ : S -
PCT/ KR98/ 00015 D%(I]'adanon activity: | | 16 P
Table 1lc aracteristics _ Strain WE 20 Stfain
WYE 324 Carasdrnat i | i zation(1. 0% W v):! - Sucrose -
+ ' ' Meso-inositol - ‘Manni_t ol L- Rhgmmose
+ Raf f i noséglas'tm S B _ * |-
2 Arbutin _ ' : . -

Xylan - + +

- L-tyrosine + +

Allantoin -+ +

Growth at 45 C - -

{GrowthatpH 4.3 | ' - -

Growth in the presence of
chemical inhibitors (%, wiv): -
NaCl (7.0) |
Sodium azide (0.01)

Phenol (0.1) -

PotasSiu:ﬁ .tellurite (0.00] ).
Crystal violet (0.0001) -
‘Neolin (0.5)

Neolin (1.0)

Tween 20 (0.5)
| Tween 20 (1.0)

Rizorax™ (0.1)
Rizorax™ (1.0)

Gochutan™ (0.1) |
Smirax™ (0.1) S . -
Lidomil MG™ (0.125) . + o
Lidomil MG™ (0.25) S | -
Angcol™ (0.1) - | - N

I O S S
.o+ 1

+ + + 4+ o+ o+ o+

H




™ Trade mark

tose =

D- Mel ezi t ose o + Adoni t ol
D- Mel i bi 0S6es orrxent = + " Dextran '
; 9?/35017 . TKRI8/
+ - Xy?bl?(t)o + "L Arabi nose 00013
+ . + D- Fruct ose ' , + .
+ D- Gal actose ' 15 + D- d ucose
+ _ + D-Salicin : +
+ D Xyl ose + _ + -
Sor bose ' ' + . + D- Lact ose
Tl POs . 5. M Eable Ib(continue) . s
Trehal ose | eparacteristics o F Strain WYE 20 | Strain WYE 38/
+. —— + Cel | obi ose : +
+ -~ I nul 1., 4. 50di ymyacetate (0.1 +
T sodi {Mizoeen gilzon 6w € 1 .
Sodi um el onatl q géhatdgine o+ + ia + Sodijum
propi onate (0}1) X i _ + Sodi um pyryvate
(0.1) DL- 2 -amsino-p-butyricacid =~ + ~ -Di ani nppi el k¢ aciq
LL o PCT/ KROB/ 00013 17 lerr]
L-valine + +
L-phenylalanine - +
L-histidine + +
L-hydroxyproline + +
L—argihine. + -+
L-methionine + +
Potassium nitrate - -
L-serine +
L-threonine +



PCT/ KR8/ 0001 5 18
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e able e e e e e

[Characterisfies | SwanWYE20 | Swain WYE324

Carbon utilization(1.0% w/v): _
| Sucrose - _ | + Y 4
Meso-inositol 1 - o -
Mannito} S .
L-Rhamnose N S -
Raffinose ' | - - .
D-Melezitose - ' ' | '
Adonitol
D-Melibiose
Dextran
Xylitol
L-Arabinose

+
+

D-Fructose
D-Galactose

D-Glucose

D-Salicin

D-Xylose

Sorbose

D-Lactose

| D-Mannose

Trehalose

Maltose

Cellobiose

Inulin

Sodium acetafe (O.l)
Sod_imn citrate (0.1)
Sodium malonate (0.1)
Sodium propionate (0.1)
Sodium pyruvate (O.I). :

T T
++{L+++++|+u

]
v+ o+ o+

+ + +
+ + +

+ +
+  +

Diaminopimelic acid

=
r—‘
™
™
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Ber gey' s Manual
St rept onyces
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| nt er nati onal

[err]

The two sWOI¥$08bt ai ned in Exanple | were identified as t RET/KRARA001S

St reptonyces,

(enunuoo)A 9jqej,




Project (ISP) (1974)); and Wlliamet al- (1983). 5 ' The two
strai.ns Wyigogase®d as WE 20 and WYE 324, respectively. Thect/kresobd
WYE 20 "might belong to the species Streptonyces col onbiensis or a closely
rel ated species in cluster 61 on the basis of the norphol ogical,

physi ol ogi cal, and - chenical charac®éristics of the genus .
Streptonyces, but the strain was identified as a noble strain of the
genus Streptonyces. Strain WE 324 mi ght belong to the 10 species -
Strept onyces goshi kiensis or a closely related species in cluster 61 on the

basi s of the morphol ogi cal, physiol ogical; and chemical " characteristics of =

t he genus. STFEptonyFes] DAT fnefstrarf was iden as[ a jnoble
strain of the gehus 2 ~ Stfeptonyces.. | .| -t |- gtrajnsf-WE-20" - -
and WE 324 were o@p@i t;gd ih the Kor¢anjCulituje 15 ‘Col | ection
(KCTC), Korea Regsedred lpstifute of -Bjosgiencetand - ijotechnol ogy,
Taej on,” Korea on J§rne§1 1997 under {hejBudapgst |Tre the |-
| nternational Rectwni?ai of |t he Deposgit {of |M ¢roarggni for| t he Purpose
of ' Pat ent Procedurel agsi Enpi wilthithe Adcessid KCTIC. 0i341BP and
KCTC 0342BpP, gr &§pecti velyl 20 | : :
EXAMPLE |11 §\ 8 Opti mum Teh‘der,a}t une fior-{Thd | ar{ Griowt h of
Streptonyces sp.| & > WE 2D apd:YWEj324 ] | +| invest i gate the
effect of tenperpt®re>on fhefgrowth of the $trépt o}rryd spl WE 20 and
WYE 324, spores pf&stgaing WE PO and |WE 324 Jere reak-iphocul at ed
on nodi fi ed benngtt—agar—ptatesT—Hhe—st+eakdd—tates € —tncubat ed
at predet erm ned| tgnpgr akpir ep of 4ferq]C) 8[lerq]C} 2%4[erir]q 37{err] C, and
45[err] C for 93 geé}i;. The|{growth was rjecqrded gt 7, 14, jandl 21 days.
The results are ghdwn2 N ,8s good growth'c.ﬂ'; §_I owlgrgwtht ()} .npb growth
(-) in Table VI. |38 § 84/\0 98/ 35017 I
PCT/ KR98/ 00015 ~] £ 2 & | 27
Tabl e VI %r'ﬁi n° <4 t| 8lierr] C - A7[drr]lC {37[err]C
45[err]C 2 . 21 7 14 7 k17 7 14
7 14 8 § K days| days|.ddys.| days | days days | days | days
days days S VEEm + + 1 1+ | 4 4 J [ err]
+ 20 Ll S 'S 1 ) ’ +] + ) T ) ) T -+
- 2 8% | |
=l & &
E ’\; 3 S = ;.. E ~ = z
< | B8 3 5 5582
S a2 ol el e B XY
1321812 82 gl 8 o S8
=S| Bl 2| Bl 21 Bl 2 S 8 =
2| 8l = gl ¢l 3 8 é e 2
NEIEI IR I gl Bl 2| B
& = g g 2l & 81 5| €| ©
sl 2l B AL El Bl Al E 5 &l 83
@ L0 _a- 5 Qf E{ 8 A| | & & & ©
-2 n| B B & Sl S| | s3] x| ) ] ]
> | Z| 3| 8l o] o] o] of o] .o} o] ©of ©
<5 §| §| s ®| 8| §| §| §| §| 8| §| §| §
= =l St 2l 81 8| 2| 2| g 2| S
£ gl g1 g8l el Sl Bl 2| Bl 8| 8|88 T
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WYE : [err] [err] + + [err] +
As “shown in Tabt e Vi, strain WE 20 represented sl ow growh after a .
week of i(WOSBAMAn at 4[err]C and good growth after 3 weeKECTAKRMRMIS on,
whereas 5 strain WE 324 represented stow grom h after 3 weeks

I ncubation at 4[err]C. Strain WYE represented good growth at both
8[err]C and 27[err]C. However, strain 324 represented sl ow growh
after a week of incubation at 8[err]C and represented good growth _

after 2 weeks' incubation at 8 C In addition, strain WE 324
Tepresent ed-good grihat’ hwatstrﬂxﬁeubi@iﬁbdﬁhr&darrmlWENﬁ@ dentifiwdEag 2ke rgspuesent ed
10 sl ow growt h af ter a week of i ncupation, at” {%ﬁ f Pf res nted good

pf Eablgyf t e9‘§)

growth after. Streptomycefpdkd, r?ﬁ#@&fa&“iab’ﬁm&tthgﬂa@r ?‘F& brow at
45[err] G
Enzyme Acti Vi ?ergg%d I%\nrfuéa%;gg SYematc Bairgnology (1989, } Q% nzﬂa}rigtrﬁ Pyt SS/ Assay

To assay. the ﬁwwsagtlmb)ymmv\hmnsetraa(msyw 20 and W(E 324, both
chitinase and [err] -1, 3-gl ucanase were used whi ﬂ{ﬁ g known a e,?ﬁglmas
capable D of parhedivo SaHgeEnnamed syWiihda ang é‘hsrespecﬂvey

e enon ot rArbSYB05Hich GRS GTHL ckits e PhA AT MIDIARiAS R0

324, each straln was stre at’es |ch cont ai

chitin fefated spBciesdnichrr 0 wnahe basiglof the mdrphelbgitadplysidbgicalf and 14
days. Col ony formation and growth. were observed. The s{rai né WYE 20
and WE 324 m@re@mcal charagiepisiaes o @WS&"QPFPW%SSE“‘&%% siaip yap F‘iﬁWf B a%bove.

\é\g_l_?%?gg? (1)(7) 018 noble strain of the genus Streptomyces. Strain WYE 324 might bglé)ng to the

To deternine sﬂeeres].s‘treﬁvta%ggbygma@ma@rlanléselyofeldtétBs;&treaumslu\i%Esmnahd WYE
324, each strain was streaked on | am narin_agar plates which contained
| ami narin basis of dhe gparphelesisH. @@mwe@gwahopqdh@lwmlﬁ%lu%f@épr&fwszPf dh¢]C for

R L e R
above. . Streptomyce(fZ) Ant agoni sm Assay
. _ The strains WYE 20 and WYE 324 were deposited in the Korean Culture
15 | Type Collection (KCTC), Korea Research Institute of Bioscience and
Biotechnology, Taejon, Korea on June 18, 1997 under the Budapest Treaty on the
International Recognition of the Deposit of Microorgaﬁisms. for the. Purpose of
“Patent Procedure, assigned with the Accession No. KCTC 0341BP and KCTC

0342BP, respectively.
20 |
EXAMPLE III
Optimum Temperature for The Cellular Growth of Streptomyces 'sp.
WYE 20 and WYE 324

| . To investiga_te the effect of temperature on the growth of the Streptomyces
25  sp. WYE 20 and WYE 324, spores of strains WYE 20 and WYE 324 were
- streak-inoculated on modified bennett agar plates. The streaked plates were
' incubated at predetermined temperatures of 4 T, 8 C, 27 C, 37 T, and 45 C for
3 weeks. The growth. was recorded at 7, 14, and 21 days. The results are shown
~ as good growth (+); slow grovﬁh (£); no growth (-) in Table V1. _ _
30 - - | )



Anin vitro plate assay was performed to test t he antagonistic activity of

stTains Wik 9358
phyt opat hogens.
i ncubated 10 at 30 [err]C for 6 to 10 days.

bl ock cont ai ni
aseptically pl

25[err]C for 24 to 192 hours.

"~ CMA pl at es not

i WE 324 i'n ternms of growth inhibition ofpdifedioso1s
Each strain was streak-inocul ated on CVA pl ates an

ng actively grow ng 27ungal myceli'a was then _
aced in the center of the plate and I ncubat ed at

cont ai ni ng stral n W(E Zq. .\\/Y(E 324 and used

The above PDA bl ock was inocul ated into
as a contr

A PDA (Potato Dextrose Agar)

-

ol .

SC' erotinia sclerotiARrdhdwn in Table VI, strain "WYE 20 represented sloWJgrowth after a

week of incubation at 4 T and good growth after 3 weeks’ incubation, whereas

strain WYE 324 represented slow growth after 3 weeks incubation at 4 C. Strain

-~ WYE 20 represented good growth at both 8 C and 27 C. However, strain WYE

324 represented slow growth after a week of incubation at 8 C and represented

good growth after 2 weeks' incubation at 8 C.

| represented good growth at 27 C. Strains WYE 20 and WYE 324 represented

10

slow growth after a week of incubation at 37 C and represented good growth after

2 weeks incubation at 37 C, but they did not grow at 45 C.

15

| EXAMPLEIV
Enzyme Activity and Antagonism Assay
(1) Enzyme Acnvxty Assay ’
To assay the enzyme activity of the strains WYE 20 and WYE 324, both

chitinase and A4 - -1,3-glucanase were used which were known as enzymes capable

of parasitizing/inhibiting fungal pathogens.

In order to determine the chitinase activity of strains WYE 20 and WYE
324, each strain was streaked on CM agar plates which contained colloidal chitin
as a sole carbon source, and then incubated at 30 T for 14 days.
formation and growth were observed. The strains WYE 20 and WYE 324 were

proved to have a chitinase activity from the above.

“The bioassay was replicated gn ahtagon-sm-was—ecorded as
a 15 degree ofiginhi bit igop of jnyced al growph f fungal pat hpgems @s shown
Jin Table V110 0 han 08/35017 - ,
PCT/ KR98/ 00018 7 f2t | 7 147 [ 1a) 7 |2 7 | 14
Table VII.. - o - _ Ant agpni stic
activity thtu_v/al ®atshiodmyss| days | days | days | dajAy Edm days YWEyYS3P4
Pyt hi um ul ti mym T BB - Pyt-hi um
gr afii ni col af er WYE| & + i +F +  Fugar| ufh okydpot um - -
++ A & Rusarijum sapbuci hct uni ++
nt Fus df-tHrtset-adi : ++ !
Rhi zoct.oni a sqiavE - + + + o4 + |+ + + - -
Rhi zoct oni a sql ani JAG 1 |(I B) ++ S+
Rhi zot oni a sol{@& AG 2-2 (1 ++ +4

- Phyt opht hora capsi ci ++ ++
Phyt opht hora parasitica ++ ++

In addition, strain WYE 324 -

Coloﬂy |



Sci eroti um cepivorunferr] ++ _ ++

Verlicilliumdahliae[err] ++ nt -~ o LT T
[err] 24 h¥$@93™Tbation [err] 36 hour incubation, [err]192 RELKRIBBWERt i on.
Remmant: 96 hour incubation 5 - ++: Strong inhibition with zone of

inhibition [err] 1.0 cm +. Gowh definitely retarded, w th obvious

zone of inhibition near col ony . Not antagonistic, or very weakly

ant agoni sti c. .n.t.:"'not tested. 10 'As shown in Table VII,
strains WE 20 and WYE 324 showed an . obvi ous zone of inhibition

agai nst Pyt hi um ul tTordeterntine af nl fughic@tasshaotieity of the mmy\’@qz&mws\m e o
agal nst Py L) LT 0.5 8 oo R I SRR a5 ¥higg 1) 3507
sanbuci nct um ,EHSAE ciboa Abare, R HRGLANIAI ONTC 13T &86! Qélany Rration

AG 1 (1B), RhIaZOCt'OI’li a- sol anie’ AG 2-2 (I'V), Phytopht h%)ér%g capsi}zi .

Phyt opht hor a and growthreere tobsexyedScThe straing 3V XE [28ramdi BrY{Erp2486tess pravednto

cepivorum _and Vertjcillium ..dahliae.,In addition, strain WE 324 al so
showed st r%ngﬂﬁYﬁaaé i%&LP%QFW‘VItS%O“P&PﬁP%Yﬁ'gr ammi col a, Fusarium '
oxysporum Fusari umagal.ani. .. Rhi oni a ‘sol ani, ~ “Rhizoctonia solani AG
1 (IB), Rhizoctoni gﬂzz%ng%onﬁimgsgﬂ( V), Phytophthora _capsici, :

Phyt opht hor a par asi tArcia,vitBe piatecdssay wassperformed tor tesh thamstaginlisticoadtivity of
cepi vorum 10

y : . : XANPLE V
Preparation of Anfireinh$AYEBOsRE WYE 324w trrms Hfg;q?é"tEH?}’t‘rl?lBPn pbfiner! .
A delivery med Bgdts® FAL 5 ¥ O - W08 e LA OMA Hid OS5 ; tbd
sawdust, chi t:yrtlly%%% %ﬁ%r mﬁ%ﬁﬁﬁ%ng to t%'agﬁg: Vi :yll Tﬁg 13‘\3?Hi%v~_er.y
medi um 10 atd3® Cebt 6to 1@ dayssiABPDANPektts Derirose | Apathisloglt contsiningfactively
elletizing, the degree of llet 15 formation was, determ ned and recorded -
gs good i ngt he@@&’é_ gﬁg@m@ﬁg wag'{henl asep‘uca_.l y placed 1n the center of the plate and -
incubated at 25 C for 24 to 192 hours. The above PDA block was inoculated into
- .. CMA plates not containing strain WYE 20 or WYE 324 and used as a control.
The bioassay was replicated on three plates. The antagonism was recorded as a

15 degree of inhibition of mycelial growth of fungal pathogens as shown in Table VII.



/

formati on without debris and disruption; whereas recorded as poor in the
case-of woosssapr pellet formation. The results are Sho‘%éw /I 11
It was al so deternined as poor, noderate, and good according to the
air penetration and cellular growth of the delivery nedium The
results are shown in Table VII1. 20 29 One hundred fifty m of the =
culture of Streptonmyces sp. WE 20 or WE 324 (10[err]-10[err]. .
cfu/m) obtained in "Materials and Methods" were inoculated into the -
.resulting autoclaved delivery nedi um an _t?eeo II ncubat ed at 30[err] C for 5

to 14 days. ———Fhe—cultures—of—St+ep] “ine oo
each delivery nmedium were aseptically harmg@qisﬁ@ngbﬁiyﬁﬂyed in’a U. /A
sterilized | gm ngy a% ewiengh. The 25 deied product—was—aseptieay. . ...
bl ended t o ot ai ﬁﬁn Elllgntl E%Er;sgal bi ocont fol FgeRt20 corwygtgzag of '
'St r ept onmyces tsp—WE- 200+ WE 324 and -t he deH-very—Apdi H t he:
form of powderpyhium ultimum' The nunbef of cells of W(E 20 ar WYE 3P4 in
t he de] | Very nrnrll RS grh ust erl =¥ 1nJ’ aF r} _:IL_{)[ —|—FC} \"ﬁu_lg dcl Very
medi um The rmzymngr@,ﬁhgcbw%l 'bi ocontrol 3Q+ agent whi ch+gonsi st ¢d of
WYE 20 .or WYE—S24—armt—a detT very medr umwas —Kept WO 9835017 '
PCT/ KR98/ 00015F usarium oxysporum _ + 31++ . at
4] err] C and F5ferriCfor—8)ynomnths—Thetvrabirtity amdigrom—of—WER0 or
WE 324 |ifusetigmdsimieeinctaredi um was | det er iitned at| intervats of ope
nont h and TEecorded—at—3 ot s onegramof—detivety
medi um cont ai rﬁ'usngESoZGnior WYE 324 was| 5 ddded to} 9m of+sterile
distilled watfer_amd thoroughty miXed byjvortax. The cfo . er—gram of
t he resul tingd Buzsemi¢ galamds det er mi ned{ by sertital -di | ution atll spreag-
‘pl ate techni qUe and snown 1 n_rtapl es VTl and X WO 987/ 35017
PCT/ KRO8/ 000 15Rhizoctonia solani AG 1 (IB) B2 ++ ++

Rhizoctonia solani AG 2-2 (IV)- ++ o+

Phytophthora capsici | -+ ++

Phyrophthora parasitica ++ ++

Sclerotinia sclerotiorum ++ ++

Sclerotium cepivorum’ S+ ++

Verticillium dahliae® +H nt

124 hour 1ncubatxon, 236 hour mcuba‘aon, 192 hour mcubatmn

Remnant: 96 hour 1ncubat10n _ )
5 ++: Strong inhibition with zone of inhibition > 1.0cm
+: Growth definitely retarded, with obvmus zone of inhibition near colony -

- Not antagomstxc or very weakly antagomsuc

n.t.:not tested

10 As shown in Table VII, strains WYE 20 and WYE 324 showed an
obvious zone of inhibition against Pythium ultimum. Strain WYE 20 showed

strong antagonism against Pythium graminicola, Fusarium oxysporum, F usarium .
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sambucrnctum Fu.sarzum solam ha,..Of'toma solam hazoctorza solani

AG 1 (IB) hazoctoma solani AG 2-2 (IV), Phytophthora capszcz Phytophrhora

parasitica, Sclerotinia sclerotiorum, ' Sclerotium cepivorum and Verticillium

dahliae. In addition, strain WYE 324 also sho_wéd strong antagonism against

- Pythium graminicola, Fusarium oxysporum, Fusarium solani, Rhizoctonia solani,

- Rhizoctonia solani AG 1 (IB), Rhizoctonia solani AG 2-2 (IV), Phytophthora

capsici, Phylophthora parasitica,” Sclerotinia sclerotiorum, and Sclerotium

_cepivorum.

EXAMPLE V _
Preparation of Antifungal Bioc_:ontroll Ageht in the Form of Powder
A delivery medium was prepared by mixiﬁg wheat bran, chitosaﬁ, wood
sawdust, chitin, and Pharmamedia according to Table VIII.. The delivery medium
was pelletized using an extruder. In the procesé of pelletizing, the degree of pellet
formation was determined and recorded as good in the case of good pellet
formation without debris and disruption; whereas recorded as poor in the case of

poor pellet formation. The results are shown in Table VII It was also

determined as poor, moderate, and good according to the air penetration and

cellular growth of the delivery medium. The results are shown in Table VIII.

- One hundred fifty ml of the culture of Strepfomyces -sp. WYE 20 or WYE
324 (10°-107 cfu/ml) obtained in "Materials and Methods" weie inoculated into the
resulting autoclaved delivery medium and then incubated at 30 C for 5 to 14 days.
The culturés of Streptomyces sp. WYE 20 or WYE 324 in each delivery medium
were aseptically harvested and dried in a U.V - sterilized laminar flow bench. The
dried product was aseptically’ blended to obtain an antif\ingal biocontrol agent
consxstmg of Streptomyces Sp WYB 20 or WYE 324 and the delivery medium,

" in the form of powder.

The number of cells of WYE 20 or WYE 324 in the delivery medium was
adjusted to 10°-10" cfu/g delivery medium. The resulting antifungal biocontrol
agent which consisted of WYE 20 or WYE 324 and a delivery medium was kept |
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_at .4 C and 25 C for 3 months. The viability and growth of WYE 20 or WYE
" 324 in the delivery medlum was determmed at 1nt'=wais of one month and
o Tr»corded at 3 months '_ _
One gram of delivery medium contaxnmg WYE 20 or WYE 324 was
5 added to 9ml of sterile dlstilled water and thoroughly mixed by vortax The cfu
: 3-per gram of the resulting suspension was determined by serial-dilution and spread-

plate technique and shown in Tables VIII and IX.
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As -showi i n Tables ViIl and 1X, DM | to 13 were good and noderate in

pel let formation, air penetration, and cellular growth, whereas Controls 1
to 6 with a different range of cordfonents were poor in pellet
formation, air penetration, or cell'ular growmth. 5 I n

addition, DDM 1 to 13 pellets were coated with sporulation nediumof -
YGM and det erni ned t he effects on cel |l ul ar growm h and vi ab|I|ty The

resul t1s are~ "'S'|‘I'GWI"|'| = |aun ey —O-9 /35017
“'PCTI KR98/ 00015 ~ "-E : 1037y .
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As shown in Tables VIII and IX, D.M. 1 to 13 were good and moderate in
pellet fbrmatiqn, air penetration, and cellular growth, whereas Controls 1 to 6 with
é'&ifférent'rang'e of components were poor in p_ellét fbrrhatidn, air penetraﬁon, or
cél_lulér growth. - ' | | " - -
5 ~ In addition, D.M. 1 to 13 pellefs were coated with sporulation medium of

YGM and determined the effects on cellular growth and viéb_ility. The result's-are_
shown in Table X. | "
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As- showWOW3H| e | X-and X, the cell's of WE 20 and WHE %QW@”“
stabilized in DDM 1 to 26 for a long period of time (>3 nonths). The cells

of WYE 20 and WE 324 in DM 1 t4 26 were shown > 10[err] cfu/g.which
was ‘required for the biocontrol activity after 3 nonths storage. In
particular, when 5 DM 14 to 26 coated with the nmedium of YGM were_
used, the stability of the cells of WE 20 and WYE 324 was i nproved.
EXAMPLE VI o “Preparatijormrpf—8 ocontrol - Agent's “in the-Form of - -
Suspension. 10 " - '_o_‘a_" ‘= CATdeliggry edi um conpri si'ng 20g of pectinand 2g
of colloidal chitig g and|t8d .eme@nj ng water .on .the_basis.of the total . .
volume of 1.0 litled5d |‘n§t| Iled|atleP | © | was autocl aved at 121[err]C for
15 m nutes. Prepgration—of-—a-biodontfael—ngent in the form-of
suspensi on was acht?ev&j by Lﬁa:(sggpoga teggf Streptonyces sp. WYE 20 or
WYE 324 as descritb @1 " Natet iglissapdzMet hods”; into the resulting
aut ocl aved 15 del|i ger y* medi G (2. |25 Rprr] cfu/n). . The
resul ting product was?lkem at {4ldr F1 €. The form of -bi ocontr ol agent was
suitable for the tr°eaﬂrelﬁ of {pl aﬁnl beeds and seedling beds by in-furrow
application, or sp@y&g?’aff—ér il @idd Wth water. '
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20 , _ EXAMPLE VI | ' Ant i f ungal

Activity Avedgasery =~ i vo-birotontrol - assays Wer EpEiiiRoGibhogs!t to
determ ne the efficacy of - bi ocontrol agents prepared in Exanple V and
Exanpl e VI. The bi ocontrol agents were tested for their ability to

reduce fungal diseases and enhance plant 3owh by 25 treating plants,
pl ant seeds, plant roots, seedling beds, pots, potting m xtures, or
soi | . (D) Bi ocontrol Acti vi ty to Rhizoctoni a Danpi ng-off of-

Cucunber ( QJC[{{”snglm%ﬁ{ LY S0k I%( WEX’ZT(?e cells 0&8\1‘?‘5@00&@ 333 Shkfe yvas _

carried out to test cacy 0 brocont rol-agent -

I nhi bi't i'ng Rhi #RxGligeH th DALl g -28f for afloﬁglpamax tiie (>3 meﬁtm/ :malczus of
PCT/ KH98/ 00015 -

Cucunber seedkuéE &0t mﬁ’@ﬂEw%mnzb MH 1de ’A\WE’CEOSme 3(@’0[3@/& ]WIIWUN*W)

prepared in Exa ng. seed erein for three t hen
being - setd ’&64 }ul"r @gsbm@é’éraL vrlté{ aﬁﬁ’e? tﬁ%ﬁoﬁ??eel &Eﬁ%lfrh%gn

sterilized gli shijsl ¢4 t&%eéoated wnhé}Héjnﬁ:dﬁﬁz‘x onqrméﬂeumedr%gwmyedmwach
resulting seed was used as a control. - Hortus (England) was

used as a pot t cally afiWXEr20 anth¥ Y324 wgs imiprovade was aut-ocl aved at -
121[err]C for 60 m nutes, and placed for 12 hours at 25[err]C, and then
autocl aved at 121[err]C for 60 ni nut es ‘agai n.. This autoclaving cycle was
repeated - three tines. EXAMPLERNI zoctoni a sol ani was

cul tured on PDB (Potato dextrose broth: D fco) at 10 25[err]C for 14
days, harvested and H‘mpa'dtlmDf'BmuommlaA,gmtspinltheiFrgmﬁ&uspmsm as to

obtai n an pr oxi 60% di sease inci.dence. .The, cucy S S
Created 8P O A deiiont Moy CrPPAHGE S08ivt PO 1S S8 RICHSLEULR | ¢
pots contai ni ngné & remammg wEtQI' Bﬁﬂﬁ HEs oY iR dofl Qol\ﬁﬂ'leccﬂ l@h’?e?ﬁisﬁﬂb@“%@ram

had been artificrally 1 nocul at Di sposabl'e paper cups
(di aneter of Yesmy amechved eﬁlﬁstsﬁ:edﬁlrmgqut Brep&tation of 4 biocontrpbageohinathai ng

three seeds pe are ach test.
e e P bt e P sehicvaa IR e atatind e BLRP e SSS. WO 2B veen
40% ARy £ A% 30 Gie8d bl i RiateMRlsSind MiSthBEPP It thedRsilffig! ShtocldVRd
tenperature was
15 delivery medium (1.2 X 10’ cfu/ml)
The resulting product was kept at 4 C. The form of biocontrol agent was
suitable for the treatment of plant seeds and seedling beds by in-furrow

-application, or spraying after -dilution- with- water. - -

20 _ _ EXAMPLE VII
Anufungal Actlvxty Assay .
In vivo biocontrol assays were carried out to determine the efficacy of
“biocontrol agents prepare'd-in' Example‘ V and Example VI. The biocontrél agents.
were tested for their ability to reduce fungal diseases and enhance .plant growth by
25 treating plants, plant seeds, plan’; roots, seedling beds, pots, potting mixtures, or
soil. - | _
| (1) Biocontrol “Activity to .Rhizocton'ia Damping-off of Cucumber
(Cucumis sativus L.). ' _ . |
A biocontrol aséay was.cax_'ried out to tést the eﬂicécy of WYE 20 as a .
30  biocontrol agent in inhibiting Rhizoctonia damping-off of éucumber. ' S



mai nt ai ned bet ween 2 .
results of enErgence5[eré]C and 30[err]C in daylight."

e i O] %,L hads and occurrence of danpi ng-of f wer ~ The
08/ 35 5 sb1 ed. The final results are shown in .F%{KRSSIO&QS

'PCT/ KR98/ 0015 |
-Ilz-?glsﬁ .i/(\léi ght ' . © Er’rerged41 Heal
é?%ﬁgove © Treatnents | mcunbNgr O CQucunber Seeds P?at”{z (%
';'":‘18 days " uBgaef] (s;beg% were treatecﬁeﬁﬂtls?.() ml of Wﬁéﬁ(l 2 %107 cf%l/ml)
(720(()) 39).. Bre,g&%eﬁ [‘ﬁgﬁhﬂple Vi bly‘"lrmmmmseed% therein £ Zocmﬁfgwng igb[ er r]
:r Iéia‘?ﬁ{egt Dsddded in p_ots f@eds were711nr§gse(d thre® Bbfu@'m stenhzedQﬂxS’QB@A WAL sol ani
(100) _ gg@a@ggg%r}’mtd%gh gfﬁgkﬁwly e\?\?(h resghhgqgﬁddwg ‘iqed 3§ ac:o&m}8 L8h
tC(r)]Lugn 8| l)gwlegve rﬁ%@%ﬂ@i\%}g:\;&swd za;raepqﬁé{;g g)ingH]i‘e TherPOttmg ﬁxﬁﬁ@ﬁﬂiﬁ?gri n a
gfiglce. i(_l ; Caneasidved agéa@g;tfp%gé \éﬁﬁ es, 2ed5flol;]1%|hlours at 25 C, and &8in fﬂt at
addi ;)in_ornol agent d %{CS QWO%hﬁ{éﬁayairﬁ ’Hasrputpgliw:n\éec{g le WS JER, &?&ll' umas a. -
rom control seeds showed severe gr owt h I

'retardatlon esultln
g fromRhi zo
_tcgﬁﬁgf'l seeﬁ’s cfna o e 10 res céonl a sg{lﬁam, whereas plants from
i ng Rhi zakhigovirenie 69 lgn W%‘H‘%“ﬁ a G Chr:haﬁe%:(llng segrr?tm Of)esbt 've in
r ot
0

harvested and mixed with autoclaved pottmg mixture so a
disease incidence. The cucumber seeds were treated
d in pots containing the

10 25 C for 14 days,
obtam an approximately 60%

biocontrol agent and each control seed was seede

w1th
d been artificially inoculated.

potting mixture into which hazoctama solani ha

Dlsposable paper cups (diameter of 9¢m) were used as seedling pots. Six

15 cups containing three seeds per cup were pre pared in each test. The cups were

placed in a random block design in a glasshouse.
was supplied as needed. The temperature was

Moisture was kept between 40%

and 60% and additional water

mamtalned between 25 C and 30 C in daylight.

s of emergence and occurrence of dampmg—off were

The  result

20 periodically recorded. The final results are shown m Table XI
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m 1 dew of ' cuc

(di aneter of 9cn) were used as seedling pots.

unber plants in pots.

Activity Agai.nst Powdery M | dew of Cucunber (Cucum s

A biocontrol assay was carried pgtpdd
10[err] cfu/m) 2 F/o

Di sposabl e paper cups

One

seeded i n each cup containing potting TabieMie consisting of

soik the
in'the biocontrol agent
WD 98/ 35017
42

cucunber seed was

10

15

-agrlcultural eHd—sortang—For Tus U:ngl ana) (21 VIV I’atl(é The cupswer'e'
placed 5 ur—ra gl asshous . Addi ti dnal E was saesthy resheight lang
the tenperat P 30 in .
dayl i ght . - Twent y ﬁp (%?WV'\%FB%??% o# k]agtsgﬂq k%%dr%gﬁg WE .
324 were spr aygehiRRnts oneumjﬁw’rer plm} (14 day- oI d) ept fghsundegi|nni ng
of the assay jand sprayed on - noretThe At weekPrantsspriayed -
with the sane|l anobunts of walerS e {used7 @iys as cthdays| . {Thi&dayucUnber
pl ants .(one cucunber plant jper cup) |of each:treafed group and tjhe
control - gr oupi-were—preparedr+h—the—assay Fotrettrat-ty-ii nduce
powdery mil deL/N@ atﬁy%dmb causkd by 1sb‘(mmb|aer ouwc(aoﬂ)ul i gi P@éab* t hr ee
cups per group and three diseased cycunber plants (ofde plant pdr cup)
vere used and|seantioh a randbm bl ock larrangenent iln a 15 cI asshouse
Moi st ure was . D% 901% ang itiogna was
suppl i-ed as n?@@@ﬁ?gnf‘ﬁé‘%ﬂhpera re \/\/asnpr?sgiaﬁSai néd tae 25[&‘??TC and
30[err]Cin +cont1%19| asshopse. The i nci-dence of cucunber povvdery m |j[dew
was i nvesti gafed—The EXPeETTITETtwWas ot Tued—for—2weeksand-it he
assay was repa’éﬂzﬂnbton‘r&aealnezsul ts are shown ifn Table Xijl. 20
Tabl e Xl | . incpdence qf Powdery M | dew
o iber |+ Liquid DMy ront s 18 8a ( 44) bSERA pYggry
Experiment 1 | geatment EXPEri pent 2 Cont r gl
+ : ~+ WE—S24—Freatga-

Rhizoctonia solani

+ Liquid D.M. of 18 18b (100) 18b (100) 2.51b

WYE 20 | L

*Means in. a column followed by the same letter are not Signiﬁcahtly
different at the P =0.05 level. D.M.: Delivery Medium.

As shown in Table XI, cucumber seeds treated with WYE 20 in delxvcry'

medmm as a biocontrol agent did not show Rhizoctonia dampmg-off of cucumber.

In addition, cucumber plants from control seeds showed severe growth retardation

resulting from Rhizoctonia solani, whereas plants from treated seeds did not. The

results showed that WYE 20 was effective in controlling Rhizoctonia solani and in

eriha'ncing_ plant growth.

(2) Biocontrol Activity Against PQWdery_MildeW of Cucumber (Cucumis

sativus L.).

A biocontrol assay was carried out to test the efficacy of WYE 324 (1.2 x

107 cfu/ml) in the biocontrof agent prepared:-in Example VI in inhibiting powdery



-

As shown in Table Xl I, powdery m | dew was not detected in cucunber
pl ants sprayed with the biocontrol agent contai ning WE"324; "Wher eas. the "

25 di QAYBSIEL observed in control plants. The resul t s PERARISOPME: \WE
324 was WO 98/ 35017 o

PCT/ KR98/ 00015 43

effective in controlling powdery m |l devs of cucunmber (Cucumis sativus L.).
(3) Biocontrol Activity of Streptonyces sp. WE 20 or WE 324 to _
Rhi zoct oni a Brown Patches of Golf G een Creeping Bentgrass A

bi ocont r ol %ﬁﬁ@é&v@ﬁ@ac@ﬁf&tﬁl@n@lﬂﬁp@t@ testthe-ef ficacy of Streptorryces sp. .
5 WE 20 and WE 324 i n1'nhibiting Rhizoctoni'a. brown patch of If green ™ 7

creepi ng bent gr asBisposable paper cups (diamsigrPEE] WFE USRREAS E‘EPdéiﬁl POWE

produced by | t g,hg% ,chods"
above were L?éle\%nt% %ﬁl S asss?g&d l?heeac?:gﬁﬁ e haﬁgn%ﬁ%%ly? i R%‘Q ces sp.
- WYE 20 or Wé%n@&ﬁxrﬂﬁﬁ..l&%bﬂ%h&@!idr@s zEﬁ)%]IXndl)Qhﬂwﬂr rdtib). Ttk ehps wefEl’;ﬂac&ﬂS ay was
.carried out on each block treated with  WE.20 or WE 324, or control.

Four bl o8ks ita ghasshomsen)ﬁddmo@alcwater avs suppliesuas aeeded @nd the temperatuggr oup
wer e prepared on a ree A rried out in a random bl ock
desi gn. St r avds KPRt dobrgW@ 2§ 2&)&@ lﬁyagl@%ery 7 - 10 days in the -
experimental bl ocmefni;omlwﬂe@éeonﬁﬁ dn® conEiugly WXE 390 GrerelspRay@dna hal f

liters 15 of WYE 20 or WYE 324 per bl ock were used each tinme; whereas the '

" control onetyuguinber plapt ﬂﬂodayd@d) o the heginningnef MW a1d sprexed, ongo

chem cal fungici des sed |

i nci dence of‘g |%%?%?1r|aawﬁ¥%ﬁan¥s Spfayega’t’@té‘gégéé a‘g“épb & %%r%r%g%?{ded and
shown i noTakise ofntrol. ( Bhice chiurdbd plakd @n&lccumber pldnBipbecip) of &th treated As
shown in Table XIilIl (Site 1) and TabIe XIV (Site 2), thé incidence of

Rhi zoct oni a gmmmcbﬁne@natgohmumwam«ﬁmdgnthe@ﬂsesed in blocks treated with
E 20 .and WYE .324 were

WYE 20 or he results hat
trective -0 " TS el b RRE SRe RS BUOR oht endnaR RS Hhen
cr eepl ng be r&ﬂ:&é‘ﬁﬁheca Jfudiginea, three cups per group and three diseased cucumber plants

(one plant per cup) were used and ‘set in a random block arrangement in a
15 glasshouse. Moisture was kept between 70% and 90% and_ additional water was
supplied as needed. The temperature was meintained between 25 C and 30 C in
a glasshouse. The incidence of cucumber powdery mildew was investigated. The

~ experiment was continued for 2 weeks and the -aséay was feﬁéatEd. ‘The results are

o shown in Table XII.
20 - '
‘Table X11 _
_  Incidence of Powdery Mildew of Cucumber
" | Treatments : ' S BEEEEmmmn
: Experiment 1 Experiment 2
Control ' + ) S
WYE324 Treated | - | -
As shown in Table XII, powdery mildew was not detected in cucumber
plants sprayed' with the biocontrol agent containing WYE 324; whereas the -

25  disease was observed in contro} plants; The results showed that WYE 324 was
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X I I (Sl'“?&ew%o” - nC| ‘dence o{%ljozoglcst oni a

Brown Pat ches (% Treatments

7/ 25/ 96 - 8/'6/ 96 : 8/ 23/ 96 43 Cont roI

| 0. 18a[err] 14. 6af err] 59af err] WYE 20treated -

8 ggb 2b 24b WYE 324 treated -
o

col um fol | oﬁgaab‘f WHBHE%H-PBg Pg}ufigrly Iﬁ\l%e%gﬁcuscuglr?e? g%ygﬁwiﬁa&ﬁ%qgff :‘ grgnt at -

~the P = 0.05 I evel 3y. Biocontrol Activity of Streptomyces’ sp. WYE 20 FEWEEXM (0Si te 2)
| nci dence of - Rhi zoctonl a Brown Paf ches. (p - Treatnents . . .

7/25/96 Rhizoc8iéd Beown Patches f/Galf Geeen Creeping Bg@tgtass)| :

% . ?}?[ err] G%Q%conn]ol assay was ga@%d 38 t%rtégt thcw{fgcaﬁ/ fft@‘fgg?o%&;ce? @L ed

0.0b XE 26288 WYE 324 in ifhibfting Rhizoctonia brown [patshedVeaiireeh a
colum fol'lowed by the sane l[etter are not S|gn|f|cantly dlfferent at

‘the P = 0. 05 creepixg berﬂtgrass
' " Streptomyces sp. WYE 20 and WYE 324 produced by liquid-cﬁlture as

déscribed in "Materials and Methods" above were used in this assay. The cell
number of Streptomyce.s sp. WYE 20 or WYE 324 was adjusted to 2.0 x 10°

10 | cfu/ml. The assay was carried out on each block treated with WYE 20 or WYE
324, or _co_ntrol Four blocks (1.5m X 1.5m) of each treated group and control
grdup‘ were prepared on a golf green. The assay was carried out in a random block
d‘esign.' Strain WYE 20 or WYE 324 was sprayed every 7 - 10 days in the
experimental blocks from June 25, 1996 to August 23, 1996. Two and a half liters '

15 of WYE 20 or WYE 324 per block were used each time; whereas the control
blocks were provided with the same amount of water. No chemical fungicides
were used in the experimental period. The incidence of Rhizoctonia brown
patches was penodlcally recorded and shown in Table XIII-(Site 1) and Table XV
(Site 2). . . _ .

20 -~ Asshown in Table XIII (Site 1) and Table XIV (Site 2), the incidénce of
Rhizoctonia brown patcﬁgs was dramatically reduced in blocks treated with WYE
20 or WYE 324. The results showed that WYE 20 and WYE 324 were effective

in inhibiting Rhizoctonia brown patches of goif greén creeping bentgrass.



(4) Biocontrol Activity to Rhizoctonia Large Patches of a Fairway

“Turfgrass (Zoysiajaponica). - WD 98/ 35017 : .
PCT/ KRI¥! i‘{!” ' o : PCT/KRISIMO15
A bi ocontrol assay was carried out-to test the efficacy of biocontrol
agents i ncl udi ng Streptorryces44sp WYE 20 or strain |IBT 678
prepared in Exanple VI in i nh1'bi ti ng Rhi zoctonia | arge patches of
fairway turfgrass (Zoysia japonica). The . cell nunber of
Streptonyces sp. WE 20 or strain IBT 678 in a biocontrol agent 5 was
--adjusted-to-2.0-x-10[ err]- cfu/ m TabieXIII(Sxtel) . Soils |nf est ed with
"Rhi'zoct oni @—solrani AG Z2-Z Werfe 1 nocul at eq_| srway turfgrass
- (Zoysi a. j_.aqoni ca) .and then pljant é@@eﬁl%Gfg-m@ﬂﬂa%tBé'PWBfPa@QEM/") Two

hundred m-|of t hereatrR&nat r ol fagent—were—treated—once—per—week—for—two weeks
and three Wweeks in 1996 and 1997, 7/288pectijel W6/P6ts {reaBl3/96i th |t he same
10  anmounts—of—wat-er—were—uged—as—a—controbl—group—Three—pets—per group
wer e used and set ir a random bl ock arrangengnt. To naturfally

i nduce di sgease, the pots werqg - placed near the fairway of ja golf
cour se fromGdangrobegi nni ng of Septb(hb&f to fhe 1462 | pbegPhaling o
Cct ober, 1996 as well as from the beginning of March {o the end of
June; 1997, respectively. Thg incidence of| Rhizoctoni & | arge patches was

—h

15 investijogyedookar@g patches weyggpot detecipeg in pots tygated mith the
bi ocontr ol ~agent corjtaining WE 2D; whereas {he disease S
observed i'n control and | BT . 678 tyeated potsjas shown in jTabl e XV.
Tabl e XV : _ - o dence} of Large
pat ches of |280y&)3¢4 treated Treath®fts 5.2¢ b aponl ca
Fal | 1996 Spri ng 1997 . : ~ Pal hogen + Contr ol

Co+ ' : Pathogemr—+—WE20—Treated

~ Pat hogen + | BT 678 Treat ed - Not tested. -+

*Means in a column followed by the same letter are not significantly
different at the P = 0.05 level.

5
Table XTIV (Site 2) _
Incidence of Rhizoctonia Brown Patches (%)
Treatments — : '
' “7125/96 8/6/96 8/19/96
Control ' ' 56a° 933" 2832
|'WYE 20 treated 0.0b 08 |- 53
WYE 324 treated 006 | 00b 0.7c
_ *Means in a column followed by the same lc_etter are not _signiﬁcantly
different at the P = 0.05 level. -
10 | .

(4) Biocontrol Actmty to Rhlzoctoma Large Patches of a Fairway
Turfgrass (Zoysza Japomca)



20 ' As shown in Table XV. the results showed that WE 20
Was 'ef-f'e%ﬁ%% -~~~ controlling Rhizoctonia |arge pag&figRofifoots
grass (Zoysi aj

fai rway tur aponi ca) . WO 98/ 35017

PCT/ K98/ 00015 - _ ' 46

(5) Biocontrol Activity Against Phytopht4fora Blight of Pepper

Pl ant (Capsi cum annuum L.) A bi ocontrol assay was carried out
to test the efficacy of WYE 20 or "WYE 324 in the biocontrol agent of

- Exanple VI in inhibiting Phytophthora. hlight 5 epper seedlings in
poten & I T el by wes cartisinb et theeBicall Bl SeeoiA BB o
“daysand treg A j o NI ' ] egent of
- Exanpl e . VI b?ﬁgu%ﬁg%ﬁeg}éﬁn‘iﬂ %tvﬁgn%(}owéli%ﬁﬁgﬁ 27 % ? feggt[eiﬁgg'%{aglgp) ) IEThe cell
numbers of StinkipitogyReizostpnia\Wige patches 8D farwhyWiiffgihdd (fmuvir jagpmstediho 1.2 x
10[err] cfu/m _and 1.7 x 10[err] cfu/m, -10 respectiyvel ryﬁ}ii;‘?FPepper seeds
ver e submner ge@llimmbesof Sir BWSeFP-fWXEZZ(H%ﬁr%_ T 678 1n gibigropgpl agsnhoyr s.
- They wer e zus . 3., t ' fi%m[ On the ot her hand, pepper seeds
subner ged 5i ne‘g?sgar%ﬂ‘%tegée)tgz\ri\g%elrg or l2 days were replaced in the delivery
medi um of Exanpl e Bbilk dnfedd hwitli RhiZdemyiavsoknl 263l 253 wdre inddutated dmtbr ol
gr oup. o As described in _the assaly wi t:h cucumber above, :
Phyt opht hor a faiipay durfamss &epsiqyaepnies)ang thempliantsd depoisddiamaten of 215Mco) at
25 C for 14-2 : j ] ) ld Z€d
pot i ng. mixt uf %5 EEIEE T of e oid KT h ke ARtk G0 AL S LBUPLF b Bleekd
m xture wth gddiipeasecknii 4096 andf1WGYadbectively. Plowt opdttdavith id gdihe f or
control pepper seedlings. The resulting oEott-i ng_mxture - infested with
Phyt opht hér a aegiuite P water weeeiused ase eoniioh@rqupe Bree pelsypen grompeverpised 20 or
pepper seed! 1 B9 i FlpaSEY AR drfhab bt o) BRILTB5 8 O s Bere
(di aneter of Raddrjeaneieciaitvag ofa gelf dburbe fipai the beginningFelUSdpremnberUp The
cont ai ning three seeds per CUB wer e Br epared in each test. -
Experi ment's wesgdmpes pbPgioker, 4980 g welias fram the begimvipgpbMarch torthespdpfic to
32[err]Cin | i : t hey, gl: S ( t.J dom
bl ock arr angeﬁnlglﬁ’t .@%elr&g&“‘)e%i 2@ ﬁ%é@%ﬁaﬁt@%@?@; q@%&) %ér;tgmegd 1't.i onal

wat er wasl5priayegigatedt Heargopatolies were not Hete@ied $n pots teerddvith the biocontrol ~ The

energence and incidence of_ Phytophthora blight of pepper. plants wer e
recorded as sHSRhCOHAMEEZ Wﬂﬁ/ﬁ{); whereas the disease was observed in control and IBT

.- 678 treated pots as shown.in Table XV.

Table XV

Incidence of Large patches of Zoysia
| Treatments ~ |japonica
' - Fall 1996 _ Spring 1997
Pathogen + Control : B D o+
Pathogen + WYE 20 Treated - -
Pathogen + IBT 678 Treated " Not tested +

20 _ .
As shown in Table XV. the résults showed that WYE 20 was effective in

controlling Rhizoctonia large patches of a fairway turfgrass (Zoysia japonica).
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(5) Biocontrol Actlvxty ~ Against thtophthora ‘Blight of Pepper_‘_""_‘"."'.‘_ R

Plant(Capszcum annuumL.) . e
A biocontrol assay was camed out to test the efﬁcacy of WYE 20 or
WYE 324 in the blocontrol agent of Example VI in inhibiting Phytophthora blight
. §  of pepper seedlings in pots. |
Pepper seeds were submerged in stenhzed water for 2 days and treated
with WYE 20 or WYE 324 in the biocontrol agent-of Example VI by submerging
them for 18 hours (treating group). The cell numbers of Streptomyces  sp. WYE
20 and WYE 324 were adjusted to 1.2 x 10’ cfu/ml and 1.7 x 10" cfu/ml,
10 respectively. Pepper seeds were submerged in sterilized water for 2 days and
then for 18 hours. They were used as a control group. On.the other hand, pepper
seeds submerged in ste_rilized' water for 2 days were replaced in the delivery
. medium of Ekample VI for 18 hours. They were used as the other control group.
As described in the assay with c_ucutnber above, Phﬂophtkora capsici
15 cultured in PDB (Potato dextrose broth: Difco) at 25 T for 1421 days was
‘harvested and inoculated into a sterilized potting mixture (Hortus, England) to
obtain an infested potting mixture with a disease inci-dence' of 80% of
Phytophthora blight for control pepper seedlings. The resulting potting" mixture
- infested with Phytophthora capsici was used to determine the efficacy of WYE
20 20 or WYE 324 in the dehvery medmm in inhibiting phytophthora blight of
. pepper seedlings in the assay.
Disposable paper cups (diar_heter of 9.0_t:m) were used.aé seedling pots.
Fourteen cups containing three seeds per cup were prepared in each test.
Experiments were performed in a glasshouse at a temperature of 25 C t0 32 T in
- 25 déylight. In the glasshouse, pots were set irt a random block arrangement. __The' N
moisture was maintained at 80% and additional water was sprayed on the top of
thepotsasneeded | B o
The emergence and incidence of Phytophthora blight of pepper plants

were recorded as shown in Table XVI.



'
[err] WO 98/ 35017

PCT/ K%S‘&BP&;M shown~
in Tabl e }“lere was a signifi cant reduction in Phyt opl‘rﬂﬁ. 8!00@1% bl i ght

of pepper plants in the seeds treated with WE 20 or WYE 324 as .
conpared to the control group. The resul4g showed that WE 20 and WE 324 of -
the present invention were effective in controlling Phytophthora blight of
pepper 5 pl ant s. (6) An Assay to Determine Plant G owth-
Enhancenent Using Pepper Seedl i ngs A seedling assay was

carri'ed out to determmne the efficacy of WE-20- —and WYE 824-in-a - -

bi ocontrol agent of the present™inventionin enhanCI'ng"th'e"'lo' growth of -
pepper plants. : ... . Pepper.seeds subnerged in.sterilized water for
2 days were trepl@d W ih VWE 40 or. WE 324 1n albiocontrol agent as
prepared in Exanpge V (DM 23). t (10qQo seegs per .}4g bi dcontrol agent).
The cell nunberﬁmf Streptgnyges. sp.} ~ O0-and W& 324 prior to seed
treatment were pdgusted jogl. 4 & 10[lefY] f@m & an§ 1.7 x 1Qerr]
cfu/m, respectjvely. Pea@r se%d-s weﬁ,‘e S b@rgedgn dtgrilijzed 4 wat er
and used as a cor‘?t‘rot grpup (Qontroll . Negmwhijl 8 pgpper seedscvvere '
treated with the gel"l very nedijum (10J00 sedds per}.4g D.{M 22) |not q,ont ai ni ng
WYE 20 or WYE 3p4zand used as |t he otjher cdntrol {group |(Contrlol 2k '

The ‘pl anting of | tBe Pepper sedqds wag carrijed out] in tHe sang way_%ls the 20
cucunber seedli 1g§ S ovvn aboveg. Dilsposahbl e paper C%Ds
(diameter of 9. b used jas seqdl i ng pots. ' One hundr ed and
twenty one cups (‘zgntﬁl n| 1g">°one €eed p& cuperd @epar& in g each
test. Experinenisgwege pereor nﬁe@i n la Ia§s®use a [t &hperfatur & of 25
[err]C tp 327 in|daylijght. he gﬁ‘assho%e, p&ls were et in a
random bl ock 25 & aggrangenent|. The:jmoi sture wag mai ntjai ned jin a=ange of .
40%to 60% and | & .2

as needed. FiftpdH
obtained in "
seedl i ng pot
cultivation. .
‘The

Q
(e}

li ti onal watler was| sprayed on jthe top of & he pots

cell culture brdth of MyeE 24 or WE 324

nd Metjhods” re i noculfated ijnto tge

h the bi.Qconi r ol qigent af ter 4 weeks| of ’G

bum o}fggvaterﬂ/vas agpligd g o th@con rol ‘groups.
oo

3 ¥

i
.

XTI~
U TQ)TCD
rakFe
o
s —
E w

Pepper Sead
(Emergengp:f@_
37(8
34(8
36(

Tal
INo. of Em

No. of Planted
2
by
42
42
42

Pepper Seeds

Treatments
'Phytbphthora_ capsici
Phytophthora cap&ici
+ liqhid D.M. Treate_d
+ WYE 20 Treated
Phytophthora capsici
+ WYE 324 Treated

+ Control
+ Control

“Means in a column followed by the same letter are

| No pathogen -
‘Phytophthora capsici




30 experlnents wer e contlnued for 9 meeks and the results were shomn I n
- Table - —-WD-98/-35017- -

PCT/ KROWOSBG5®7 | - PCT/KRBI00015
Tabl e XVI| ' Treat ment s Pepper Seedlings Plant
" Height (cm (average) Contié)l' 1 - ' : 121
23. 7aferr] Control 2 _ 121
24. 5a WYE 20 Treated o 121 -
27. 4b WYE 324 Treat ed _ 121 )
28, 6bC- -5 Agshown ihlableEWNhrd vas eaignificahbtedootémh inyPhytaphtwst | etter
-~ -are not--signi ficantly - - - ~“different at the B =0 .
~As shown i nbifgtil ef Eepper s dnihe sgeds &ﬁ’f"‘f?ﬁi caith WXEad e?feﬁ%@# P1he

~growth of the s.from the pe oyt YWE 324
as 10 6‘?&3&?8@%9 thecRBLY %P%ﬁtp‘gﬁe ’@?ﬁ‘? &w%’tom co%??xyzf(ws?egc?gn Thi s

i ndi cates t hat i, mventron woft EffecWVE i 2ntedlling Phyroplstaota bligheof pepper s hi ghl y

effective in e%hanm ng the growt h of pepper plants.

(7) A Bidcoplansl Assay Using Pepper Seedlings in- Agricultural Fiel ds
A biocontrol assa s carried, out b 15
- bi ocontrol agent @%‘Préé‘sﬁ?yeé%ﬁ%e efrm}‘é%ﬁa%??or C(l):&]pr o‘fétr{ ng of) thora
. blight and Seedhngs for enhancing plant. growh in agricultur aI fields.
Pepper seeds subrierged in sterilized water for 2 days Cﬁ#ye ﬁmgg
in a biocontrol ag’emedhng@aﬂaydwam@t@dmufeto\ﬁeﬁffwn%m‘? 1gacy wer e
H :Sg?gd i naed a\NylEeg%ﬁ in a%ggc}nru% f t@xe pres g)m@%ﬂ@@rp i SRk the9)

10 growth of pepper plants

Pepper seeds submerged in sterilized water for 2 days were treated with
WYE 20 or WYE 324 in a biocontrol agent as prepared in Example V (D.M. 22)
(1000 seeds per 4g biocontrol agent). The cell numbers -of Strepfomyces sp.
WYE 20 and WYE 324 prior to seed treatment were adjusted to 1.2 x 107 cfu/ml
15 and 1.7 x 107 cf/ml, respectively. Pepper seeds were submerged in sterilized
water and used as a control group (Control 1). Meanwhile, pepper seeds were
treated with the delivery medium (1000 seeds per. 4g I?.M.22) not. containing
" WYE 20 or WYE 324 and used as the other control group (Control 2).
| The planting of the pepper seeds was carried out in the same way as the
20  cucumber seedlrngs shown above. .
Drsposable paper cups {(diameter of 9.0cm) were used as seedhng pots.
One hundred and twenty one cups containing one seed per cup were prepared in
each test. Experiments were perfonned'in a glasshouse at a temperature of 25 C
‘to 32 C in daylight. In the glasshouse, pots were set in a random block '
- 25 .-_arrarrrgement.' The moisture was mai_rrtained in a range of 40% to 60% and
additional water was sprayed on the fop of the pots as needed. Fifteen .ml of cell -
' meu'ltrire broth of WYE 20 or WYE 324 obtai_ned in "Materials and Methods” were
. inoculated into the seedling pot treated with the biocontrol agent after 4 weeks of
cultivation. The sarne amount of water was applied to the control groups. The

30 - experiments- were continued for 9 weeks and the results were shown in Table



v : :
20° The cell nunbers of Streptonyces sp. WE 20 and WYE 324 prior to seed

T treat I'T'E%Mgﬁ‘fidj usted to 1.2 x 10[err] cfu/m and 1.7 3, cfu/m,
respecttvely. Pepper seeds were subnerged in sterllfi zed
water for 2 days and 3 hours WD 98/ 35017
PCT/ KR98/ 00015 - 49 50 agai n.

Thus the pepper seeds were treated with the sanme delivery nedi um not
contai ning WE 20 or WYE 324 and used as a control group. Each seed was
planted in gﬁﬁfl ing beds. Water was sprayed as needed and a tenperature of
~between '20[ Cand 35[err] C was ‘mai nt ai ned. Wien seedlings were growmn to
1°5to” 5 2.0cm i'n " height, the pepper seedlings were transplanted into a
.seedling tray.. .- consisting .of 25 seedling holes (5cm x 5cm 6c¢cm depth)
containing a mxture of fine sdnblg X00Ht i ng soiI and WE 20 or. WE 324
in the delijvery medrum (0.Tg per seedling hol e Cont rg pepﬁar
“seedlings were tré%%ﬁfsed i nt  Rspnen Josglings sPl"mt eighi{em) faveireehd sane:
amount of shndy potting soil ang the same anount of deli very 10 nedi um
onl'y. Thesp—seed-rg—pots—werer-hetbated—i-r—p—greenrhouse—at—a '
t enper at ur e| ofodtfold t o 35 er r']C and agpitional water ve&7supplied ds
needed. In the . greenhouse, {pots were set|in a random bl ock
arrangementf{ After 11 weeks of growth Tnithe greenpnouse, each pl ant

was transpl pr€@@ agricultural fieldd! -~ |Before a2tk of

t ranspl ant apH-er— - 20—eo+—WE—-324--15—(1-241. 7 X
10[ err] cf u/ M wyerm pdaed per se¢edlingzhol e of treatingjgpoup. The [same
amount of water was supplied tojcontrol seedl{ng pots. The
di sease i nc t.he, growmt h of the transpl anted ppers were
observed pefi ma&% the rr%an wa%g} ecorded as sh *h Tabl e ){VI I
(Field _.L.)__a.nd_XI_X_(_El_el d-2) =0 98135017

PCT/ KR98/ 00015 : _ : 51

5 *Means in a column followed by the same letter are not significantly
different at the P = 0.05 level. |

As shown in Table XVII, there was a significant enhancement in the
growth of the planfs from the pepper seeds treated with WYE 20 or WYE 324 as
10"'" compared to fhose plants germinated from control seeds. This indicates that WYE
20 or WYE 324 of the present invention is hlghly effective in enhancing the
growth of pepper plants. '
- (7) A Biocontrol Assay Using Pepper Seedlings in Agricultural Fields
| A Dbiocontrol assay was éarried out to determine the efficacy of a
15  biocontrol agent of the present invention for controllihg Phytophthora blight and
for enhancmg plant growth in agricultural fields.
Pepper seeds submerged in sterilized water for 2 days were immersed
in a biocontrol agent prepared in Example VI for 3 hours. The seeds were treated
| with a biocontrol agent (D.M. 22) (1, 000 seeds per 4g) prepared in Example V.
20 The cell numbers of Strepfomyces sp. WYE 20 and WYE 324 prior to seed
_ treatment were adjusted to 1.2 x 107 cf/ml and 1.7 x 107 cfw/ml, respectively.

Pepper seeds were submerged in sterilized water for 2 days and 3 hours



10

15 (1.2-1.7 x 10°cfu/ml) were added per seedling hole of treating group. The same

. WO 98/35017 ' PCT/KRIS/00015

50

'agam Thus the pepper seeds were treated with the same dehvery medium not Co
contalmng WYE 20 or WYE 324 and used as a control group. . Each seed was

planted in seedhng beds. Water was sprayed as ‘needed and a temperature of
._ between 20 °C and 35 C was maintained. When seedlings were grown to 1.5 to
.2.0.cr_n_._in height,. the pepper seedlings were transplanted 'intq a seedling tray

'_ _consisting 'o_f 25 seedling holes (5cm x Scm, 6em depth) containing a mixture of

fine 'sandy potting soil and WYE 20 or WYE 324 in the deliﬁery medium (0. 1g

- per seedling hole). - Control pepper seedlings were transplanted mto seedlmg holes

contalmng the same amount of sandy pottmg soil and the same amount of delivery

medium only. These seedling pots were incubated in a greenhouse at a

3 temperature of 18 C to 35 C and additional water was supplied as needed. In the
' _g'reenhonse, pots were set in a random block arrangement. After 11 weeks of

~ growth in the greenhouse, each plant was transplanted to agricultufal fields.

Before a week of transplantation, 10 ml culture broth of WYEIZO or WYE 324

amount of water was supplied to control seedling pots.

The disease incidence and the growth of the transplanted peppers were

observed periodically and the mean was recorded as shown in Table XVII (Field

1) and XIX (Field 2).



= [err] WO 98/ 35017

. PC_I_/ K W 0 . L. ) . . e e e . - © e e e eim e mseemims me e i mmenmg i te e s e § e emmmnas s oma s s
Tabl e X' d 2) ' PCT/KRSBI0I1S R
I nci dence of Phytopht hora Bl | ght (% : : No. of
Treat ment s Transpl ant ed . 51 ; ' '
82 days after 101 days after ' . Pepper
Pl ant s o h transpl antati on
transpl antation . Cont r.oI 860 : '
26al err] : 42. 4a err] o o WYE20" Treated 7 78600 T
o : - T7.6b - 7 T WYE 324 Treated = 860
Gb B 2.Cc o ‘[ err]Means . i-n- a col.um .
foll owed by the sgme—tetter—argnot—srygrmfitanmtty o different at
the P =0.05 level{ & e & - As shown in| Table XVI1I and Xl X,
there was a signiffisgant {eghagenent : in the growth and reducti on.
of Phytophthora bj i¥ht ijn3 h%pl antis frorﬁt he pepper seeds

- treated with WE R®& or \/b(%“B | as cﬁrrpared to tdslose pl args ger m nat ed
fromcontrol seeds.&Thig End@at es ©hat WE 20 and MYE @4 of the present
10 " invention are I%ghl W &fgtive in contral li ng. Phyt op}ht hora blight and

-in enhanci ng = pl ant | growt h of. pepper in-pgri @I tural fields.

Havi ng provi ded ek | esof —empodiments—of  the present .ijpvention and ‘
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St r ept ony cesbiggpntipl/RESS SFEAIGISED N “ém%pf&e '%ﬂ@gg&%ﬁ%ﬁhéﬁﬁﬁyces -
- sp. WYE 324. 1 ??) lep}%Eé)' ogical ly pure culture of Claim1l or an antifungal

bi ocontr ol a(gg% 0 ‘claim 2 wherein the culture or agent inhibits growth
of the fungal " plvhapad N RIgsisldgidah iatdnautagonistic agtjtitiesuof §ireptomiycdes, _
Rhi zoctonia  solani, Rhizoctonia solani AG il%), % z%gﬁni a solani AG
2-2 (1V),  inrhizosphere of some plants," Egypt. J. Phytopathol. 14:121-128 ( . _ |

10 Sardi et al., "Isolation of endophytic Streptomyces strains from surface-
| sterilized roots,” Appl. Environ. Microbiol. 58:2961-2963 (1992).
Sneh et al., "Parasitism of oospores of Phytophthora megasperma var
- sojae P. cactorum, Pythium sp., .and Aphariomyces euteiches in soil by oomycetes,
_ | chytridiomycetes, hyphomycefes’,- actinomycetes, and bacteria," Phytopathology
15 67:622-628 (1977). | | |
Yuan and Crawford, "Characterization of Streptdniyces _lydicus WYEC
108 as a potential biocontrol agent against fungal root and seed rois,"‘ Appl.
 Environ. Microbiol. 61:3119-3128 (1995).
Fravel, "Role of antibiosis in the biocontrol of plant disease," Annu. Rev.
20 Phytopathol. 26:75-91 (1988). - |
' evalier, "Actinomycetes in agriculture and forestry," P.327-358. In M
Goodfellow, S.T. Wiliams, and MMordarski (ed.), Actinomycetes in
biotechnology. Academic Press, New York (1989).
| Merriman et al,, "The effect of inoculation of seed with antagonists of
25 Rhizoctonia solani on the growth of Wheat,"' Austr, J. Agr. Res. 25:213-218
(1974, - |
Merriman et al,, “Effect of seed inoculation with Bacillus subtilis and
Streptomyces griseus on the growth of cereals and carrots," Austr. J. Agr. Res.
25:219-226 (1974). - -

30 : Sivasithamﬁaram and Parker, "Effects of certain isolates of bacteria and



Fusarium oxysporum - Fusarium solani, Phytophthora capsici,

Phyt ophg. o%sgﬁr asitica, Sclerotinia sclerotiorum Scl erot| um ceﬁ‘h\éorum or '
Vertici hl i ae. 4. The culture or agent of d ai n® the - "
culture or agent is used to treat seed-rot, danping- off root rot,
powdery m | dew of - cucunber,: Phyt ophgdnor a _bI i ght of pepper, or

Rhi zoct oni a brown/| arge pat ches of turfgrasses. 5. An antifungal -
bi ocontrol -agent- of Claim 2 wherein the biocontrol agent conprises a

delivery nmedium and a biologically pure, culture of Streptonyces sp. W(E

20. or \WE 3Momys¢tes\nn£naumnga-nyags gromirisovanduitiel a1d tekerath of ein the - -
--dellveryrre m to 65 w vikb of whéat bran,”1°to6 5 W Woof =
chi‘t osan, %tﬁj Bog)%%vs\?/épﬁ&f%%dggd sawdust, 1 to 3 wwwof chitin, and 1.to. ..
3 Wwhof _  Phar gmieeli >Rl t b 5881 SolBhizt ebta@t%ﬁh we 6ﬂaﬁt Ofrotkte dgl i very

medi um- ~ 7. An-antifungal biocontrol agenf of Claim6 wherein the delivery
medi um PhytopathogeninsProkaryofes() e2. MSSI\/EM,\@/HOLaSderLﬂ7a2233rLdeGn am 8.

An anti fsunggf: E oc%nt r:a ent of Claim6 or 7 wherein the biologically
pure nyces sp. WYE 20 or “WYE 324 conprises 10[err]-
10 col ony form.pa & tThBﬁx"asW”“@frreﬂ?'cth% ed"8¢liigdducing beneficial

SG - - .9 An antifungal biocontrol ' agent of Claim5 wherein the :
del i very nedncrm)rgamsmsmnhaﬁnzos;iﬁerd,“@pﬂe)l&a(l%)zv/ w% of pectl nand 0.1 to 0.6

w wWoo of [ 1 dal
b1 cont ol agent. neeraa Sepash CRMRERHE S 65 AUl icptipus altelfs Sebdling

dampmg-off with a disease-suppressive strain of Strepfomyces,” Biological
10 Control 7:196-204 (1996). |
_ | Lee and Rho, "Characteristics of spores- formed bj surface and
_ subﬁicrggd cultures of Streptomyces albidoflavus SMF301," J. of Gen. Microbiol. '
£ 139:3131-3137 (1993). | | |



culture of Strepto s sp. WE 20 or WYE 324 conprises 10[err][err]
10[ err] col g}ﬁi’“ﬁ" lm”1 er--gram of ~delivery mwedium -~ 1X. A
met hodywaf oghsptH act ur ly H IR | .biocontrol agent eermRes0ESt he
st eps of (@) incubating the cel'l s of Streptonyces sp. WE 20 or WYE 324
wth - shaking at 130 rpmto 300 rpmat 25[err]Cto 33[err]C (b)
harvesting the cells; (c) Iyophilit®i ng the pure culture of Streptonyces
sp. WYE 20 or WYE 324; - and - (d) mixing the product of step(c)
into a delivery medium 12. A nethod of claim 11 wherein the process
conpri ses- i-_-n-cub.-a-b( O-Q;_-ati 13010 - ¢ 300 rpmat-25[err]Cto 33"C for 3'to
- 7 days. .- 137 e HBEdY - ai m 11 wherein the process conprises .

tyophilization ofj. A bioldgk@llygﬁ.&@dullaﬁé of QUics e gafismitofefitaprompess sp. WE 20
or WYE 324. 14. A method of claim 11 wherein the deli Ve,r% r%di umis .
40 to 65 WWNEGO and Streptomnpces shr WIYE 324, bagingtheidentifyng G8mstersics § 55 w woe'

of wood sa , ' oof chitin, and 1 to 3.w wl% of .

Phar ranedi ﬁ?@ﬁﬁtqqélgg@g@fq ﬁéﬂgﬁ{mgpeﬂ)‘fe&f‘ wei ght of the delivery nedium
15, A mgthod of mENUSAGHAYAL NBioBontAlt hEsRORchiiGE N ' Blicroggahisgongfr iasi ng t he
st eps g?: (a) prepa‘?ri&%g aodel i ver% medi um%%nsi sti?;% of 40 to 65 W w%
of wheat Dbridolpgitally pure cultte of Siepsmicescsp. NO¥ERO 288 WYESZ4w w6 of wood

sawdust; 1 to 3 pof . . _chi.t4n, and t.0 3 dia on
‘the basis of the%‘\(l)\%%? I grogreanism _Ofrdl_alm %ﬂ%%@ﬁ%%%%’%%mgﬁaw(b)

aut ocl-avin 4 & el | : | infectide) M Xing at | east one

bi ol ogi cal %@%@rﬂéﬁgg{n%a g%ggréskﬂrégfp%éganglgﬂegﬂgﬁm \?\(f;(tllf 20 (KCTC 0341 BP)
or Streptonyces sh. Th¥miGadrgaehofCldiaBPwhaieimprotastion is conferepd| 42g®Yy nmedi um

925 5 25 et b S 4 T AR e 20
(T o120 0 00 b B8 oy el i g
- lami nar f| oblight of peppehem®hizoctonizobrovaripige paishes of turfgrasses.
5. Antifungal bibcontrol agent of Claim 2 wherein the biocontrol agent
comprises a biologically pure culture of Streptomyces sp. WYE 20 or WYE 324;
15 and a delivery medium. |
' 6. Antifungal biocontrol agent of Claim 5 wherein the delivery medium
Eonsists of 40 to 65 W/w%'of ‘wheat bran, 1 to 5 wiw of chitosan, 30 to 55
wiw% of wood sawdust, 1 to 3 w/w% of chitin, and 1 to 3 W/w% of Pharmamedia
on the basis of the total weight of thé délivery medium.
: 20 o 7. Antifungal biocontrol agent of Claim 6 wherein the delivery medium
further consists of 0.2 to 3.5 w/w% 6f sporulation medium. - | ' '
8. Antifungal biocontrol agent of Claim 6 and 7 wherein the biological_ly
pure culture of Streptomyces sp. WYE 20 or WYE 324 comprises 10°-10"
‘colony forfning unit per gram of delivery medium. |
25 .- 7.+ 9. Antifungal bioéontrol'agent: of Claim 5 wherein the delivery medium
* consists of 1.0 10 3.0 w/w% of pgéti_ri and 0.1 to 0.6 w/w% of colloidal chitin in
o o |
10. Antifungal biocontrol agent of Claim 9 wherein the biologically pure
- culture of Streptomyces ‘sp.- WYE 20 or WYE 324 comprises 10°-10'° colony

30  forming umit per gram of delivery medium.
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61 N 16 cturl ng an antifungal biocontrol agent
accardi-ng -t o l“!i ﬂ Hmir Ep( e)- conprises aseptical |y blending the

resul ti @9813@(17ed pr oduc Is7. *A ret hod of manuf act ur i GT/ERIYMOLS ungal
bi ocontrol agent accordi ng to claim 15 wherein the delivery nedium
described in step(a) is pelletized apd the resulting pellets are coated
wth 0.2 to 3.5 w w of sporul ation diumon the basis of the total

wei ght of the delivery medium 18. A met hod of "manufacturing an -
antifungal biocontrol agent according to cl aim15 wherein Streptonyces

sp. WE 20 or WE P24 sR{fdicTsankflefirlrly antifu %El%idcbnﬁ'@ﬂ apeit dodjriseganini t s
~per- gram of ~del i'very nmedi um 19. A nethod of manufacturing an antlfungal

bi ocont r ol _dgeuhatianc pragissg fow the nmémﬁons Oﬁh%r!@phg&agb( bputeo FpkISe §F ot
121[ err] Cf 30 to 4 hod -of manufacturing an

ant i f ungal WéWYQfF Sgwgﬁﬁﬁr"t’@ﬁ steps of (a) preparing a
del i very medlumcog t@gﬂp‘é Qto30vv/w%of pectin and 0.1to 0.6
w W% of ‘col'l oi dal- ﬁltln i n rotesr (b) autoclaving the resulting delivery

medi um d@hd (c) m K2.ribheainchisation pmezsblo«ﬁl(ligncéﬂ Ivthwne;h@ araskess efmprises -
ChCTE O34 Erpeah 430 1o 30D Rabiont fPeb I BT 2t ep(b). 21 The
method of O ai m 203 WEfeSddivnsirb &R HRE8EES 81 ERimWEwRG RN th¥¥Foc28¢tcomprises
. Iyophilization of harvested pure culture of . Streptomyces sp. WYE 20 or WYE
324, | : - |
10 _ 14. The downstream process of Claim 11 ‘wherein the proce_ss. comprises
' incorporation of harvested pufe culture to a proper delivery medium. -
15. A method of manufactunng antxfungal biocontrol agent wherein the
method comprises the steps of:
_ preparanon of delivery medmm consxstmg of -

15 40 to 65 w/w% of wheat bran, 1 to 5 w/w% of chitosan, 30 to 55 w/w% of wood
sawdust, 1 to 3 w/w% of chitin, and 1 to 3 w/w% of Pharmamedia on the basis of
the total weight of the dehvery medium,; |

_ autoclavmg the resultmg dehvery medxum
_ incorporation - of Streptomyces  sp. WYE 20 (KCTC 0341BP) or

20  Streptomyces sp. WYE 324 (KCTC 0342BP) into th‘e delivery medium;

o incubating incorporated cells of Streptomyces sp. WYE 20 (KCTC
0341BP) or Streptomyces sp. WYE 324 (KCTC 0342BP) at25 T t0 33 C for 5
to 14 days; and ' ' '
aseptically drymg the resulting product. _ o _

25 - . -16. A method of manufactiiring antifungal biocontrol agent of Claim 15
wherem the method compnses aseptlcally blending the resultmg dried product.

17. The preparation of delivery medium of Claim 15 wherein the
preparation comprises palletizing the dehvery medium; and

coating the resulting pellet with 0.2 to 3.5 w/w% of sporulation medlum

30 18. The incorporation of Claim 15 wherein Streptomyces sp. WYE 20 or
\* ..
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added in step(c) 10[ err] -10[err] colony formng units per gram
-of .. deI i very rregm,ﬁu' u&,ﬁﬁl f an antifungal biocontrol agent~of -

cl ai ms_yg conpri ses coating, nMPCERRSNO0ES/i ng, oOr

I n- furrow appl | cation to pl ant seeds potting m xture, grow ng plants,

or soil.
62

" WYE 324 comprises 10°-10" colony forming unit per gram of delivery medium.
" 19. The autoclaving of Claim 15 wherein the autoclaving compris_es at
121 T for 30 o 40 minutes. | - |
20. A method of manufactunng antifungal blocontrol agent wherein the
5 metfxod compnses the steps of:
preparation of delivery medium consisting of 1.0 to 3.0 w/w% of pec_tin,
0.1 to 0.6 w/w% of colloidal f:hiﬁn, and the remaining water; and B
autoclaving the resﬁlting delivery medium; and | .
incorporation of Streptomyces sp. WYE 20 (KCTC 0341BP) or
10  Streptomyces sp. WYE 3.24 (KCTC 0342BP) into the delivery medium.
' 21. The incorporation of Claim 20'Wher_ein Streptomyces sp. WYE. 20
“or WYE 324 comprises 10°-10' colony forming unit per gram of delivery
medium. | | |
22. A method of use of antifungal biocontrol agent of Clalm 2 to Claim .
15 10 wherein the use comprises coating, mixing, spraying or in-furrow application

to plant seeds, potting mixtures, growing plants, or soils.

This Sheet Has Bee

Hllllll | IIII I ﬁl!



