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ABSTRACT

Antibiotics are microbial toxing that can, at Jow concentrations, poison or kill other
microcrganisms. Most microbes produce and secrete one or more compounds with
antibiotic activity. In some ingtances, antibiotics produced by microorganisms have been
shown to be particularly effective at suppressing plant pathogens and the diseases they
cause. Some examples of antibiotics reported to be irwvolved in plart  pathogen
suppression. In all cases, the antibiotics have been shown to be paricularly effective at
suppressing growth of the target pathogen i wifro and/or in sifu. To be effective,
ardibiotics must be produced in suffident quantities near the pathogen to result in a
biocondrol effect [n sife production of antibiotics by several different biccontrol agerts
has been measured; however, the effective quantifies are difficult to estimate because of
the small quantities produced relative to the other, less toxic, organic compounds pregent
i the phytosphere. And while tnethods have been developed to ascertain when and
where biocontrol agents may produce antibictics, detecting expression in the infection
court 5 difficult because of the heterogenous distribution of plant-associated microbes
and the potential sites of infection In a few cases, the relative impertance of antibiotic
production by biccontro]l bacteria has been demonstrated.

Bacillus straing produce many knds of bicactive peptides as secondary metabolites.
Some of them are syrthesized nonnbogomally by a large multifunctional enzyme
complex.

We isolated F. subtilis, B Polymyos and Streptomnyses spp, which suppresses the
growth of phytopathogenic fungt in vitro. The suppressive effect of strain YBS is
mainly due to production of the antifungal materials.

we have wually grown the three isolates in potato-dextrosetnutrient broth (FDNB),
which may not have been an optimal growth medium for producton of ardifungal
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materials. The medium composition modified to produce enough antifungal metabolites
and The defited medium cortaing mannito] as a carbon source, and glutamic acid as a
nitrogen source, along with inorganic salts. We have conducted studies with both the
broth and agar-solidified form of this medium, finding that the bacteria grow wedl in
both. In field test the metabolites inhibited diverse fungal plant-pathogens and they can
be useable substituable for chermical fungicides.
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0] [FEH (Spheerothers filiginen) & A4 F 3FARE Lda] Azkard A9 goR
Mkl A& AolEYTh ErE rtEHe 4% -9 4% £37)Re Wyto] BAHT
AAAREI A ME 99 Fame] wadsh] 108T 357 747 Bgdo] AAHYTHAD 1),

Sphaerotheca fildigivea Erysiphe cichoraceariom
2% 1> d7FHEF - 20], & - EntE)

TS AH (Glomerella cingulai) & 84 st offt2x7} WolAn duAtrl Ael =}
Hek 2@Eg0] FobA|d, FEE Te 27| £IAMALE F5HY FAHEL BEola He] A
Hel wiet APdatd del S5 A Beolu Te= Do Eo AT A IF= £H F A
Z7|el = Wyte] FAEY HAFHE HATHIR 2.

Glomerella cingulai
=3 2» JTFEEAH
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2 o= FH (Psedoperonospora cubersis) & Fopd H] 2 —‘T— Mg Ald2=rt 5335 &5
7H AT el whAlsioh Fmirle] AR =W e AR B4 dY A=
&dE T B M AgHLzE 2 sk WA s T'ﬂ HeF2 HI 3tk 7REE %
FTrlel= o HAe A2 wivie] FAHHSD HAA L=+ gutsitiad )

Psedoperoncspore cubensis

<3 3> g o] FH

QBT (Flvin fulon)& 4B 71ol Hol wilsted A% Wulo] ARHE WO 7@
ZERAAETL TEhARE el wadsid FAAY Felr} ¢ Zoh olMe wH 27
ol £ E71Lk ol Wure WA ot AsARE} AFsT WA A Wzl £27} we
29 FEEFAL AP BYATOE TAWATOl FHHT BHY TAE ¥ Yol
me HAUIE R aEs] olMAe AR AL U Rl ko] 2 2=
= 298 aATHIT 4).

2
H

Fulvia fulta
<7 4> WFFold
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Ayl g Fold (Fobytis cinerea) & X, 3 3, E7] AT ZE 9ol M Az w24
Al 4 ol EAmAZ|9d 44 = - Fael 2 Hst dEA Ugdn RREAc=s
Al 2E7E 20T olabe|a, Thent BREC M HEd Axr daio dHEr] qEE 3H
slated Eabd] MRS H4glEiar, @21 FEF ot FFEEE 2A fFlsta FEel

Eofrytis cinered
a9 5> Ay EHoly

oW (Physphthon infstans) & 7MARBAL 49, B AL ey BRAM UE vl
HOgHESE gug fe dedd £33AL Holm, 9 Rdel sEEUY FAER}
7 #3dg B4R BAE ATAE Aol v FAET WAl Faped Br\hy
of We dad Hslg S0 wwar] BE RAE TEAX @A ¥l Sel 9ol A A%
I A8oAE 4~59 FF22 27 A= MEakd HAVTHIT 6)

Phytophthora infestans

=3 fx Gl
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27| Qe B (Allrmaric sp)e STEI)IL T olF) oftr Lol Weld AmATL A
AT AMfeld AT 22 Dol A W) sl AT WEs} 2oEE T

8 24P YoM FA5te €028 o o FBE 22D 7).

Alfernaria sp.

<% 7> Z7|dUetEH

A= (Pyfium apharidermatun) & 245 - Shoof| A4 w24 AW 57t A A&,
g FARE FA & 10~15¢ ol 27 AARr o JAlzich oldle EdAy
Moz FAT Foal HEYAE Ho RAEH2D )

Pythium apharidermatim

<29 §> n@=y
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Agwagel LAl P NdBL Belas) 9l AR EFe AR 9 ¥
=GRl $L& F ice boxel Hpald QB Aol 7 40 YA RPN EelAge
]

O Racillus &

Facillus: AoRE £BE 57 Yal BEFy EE 2533 S36s] dPA 42 24
e ARy =8 Witk dzd EUL J5E Joop ) B2 FHel] B4 03m2
Wol EH| 3 15m A-dE] e @& TS fest tube mixer2 TF Ho] EYHG AL FH]
stdch 2HE EddE"g e j0T sz 10ER9 E3E]ED, Peplore-yeast edract
dextrose agar(PYEDA; 25 peptone, yeast extract 2g, dextrose 5g, agar 155 DW. 14 )Hi7]¢f
=aEZFeng ESdEgAe AE: dAE SF2d @300 297 Wi dsia, gA4E
HYHFL22RE TF5 38 E@dstdn B F9 TFc gram-staining, endospore
staining® A4S Facills £ £33l FH95EE Filstgoh

o HHFR

Edh) HAFFE Edsr] 38 EEEd Ede 25T #UR)EAel A 10473 A=
AA FAEHS AR FAE ZAYNHE A fEsigch dzA3 EYNEE 5g
Fated 250mt AHAEThaZel Wi 4t o] WET ATIS0rpm)sid EYdASAL
FHlslg o 2H g EUdHSHE Foe albumin agar plate(EAA; Dextrose 1g, KoHPOs 0.5g,
Mg50y - PHoO 0.2g, FeaSO4): 0.01g egg albumin 025g, agar 15z, cycloheximide 40ng,
DW. 1219 Chitin agar plate(CA; colloidal chitin 1g, FoHPOy 0.7g, KHaPOy 0.5g MgSiy
0.5g, FeS04 0.01g, ZnS0s 0.001g)el 0me4d AE3 T bead® AW =od@Esgch FE3
Flatet 28T ®l %7l M 1527 wi¥sids ZAHAR/E, chiin®E sl & F9&90h

o AFH2AH A W FHE)

BB = F¢9 FFEL PDAHMAS Nuthent agardlZZ TIZ2 o] 2493 a4
(FDNAJel A 41 A% et 4 BE&g T80 disie dAEEY] Hdded ds
T RYL e el PDASH VB juice agarel wWiU3t W AT FAE cak borer2
=4 #2H doid o2 PDNAHAS] B2&g3ed 2487 768 T3 Bl JEF3S £
7ol sdads HA4E AAES A= E ZAlEtgnh

@ Zdd 5%

= Hf A HdTe ds d5-E gAse AAEE 345 75 gram stainT FA A4
Hul7 FRE Fe]d AL FUET, catalase test, oxidase testE M THA7](Biolog) S
o5l FEE dAEgnh
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ZzhFo] gatetes FEAY whkA z2nE ZAME] 38 E2F9 Badllws spp=
Nufrient brothel REste] 30T A %7)130rpmjel A 24470 M %sim, HAFRE
P-FDA plates] FFald 25 wiYrel A 15¢ w¥ste H49% ZAE el AFL2
2 Algstdrt S ER2 AT ZAE 35 CPM-Cads| vl =]ef =3t HEFHE FFsk
2T 307 MYataTh WY E ALEEE,000pm, 15min)ste] FAES A Asba A
Zolg Dol 6N HCE pH7l 257 EE 2 Z43 & 4422)10,000mpm, Dmin)sts AHS
42 mof WA ZIE ZAbalelTh

3. 2z 3 =

7t A HYR

AldAda] FAHAT F HrREATS =OHE A8 IFER U3HiA e A el
7testd 23T EY aFaAsT TelM A ZTE HolatA AWE ¢ 3k g
(P. ingstans) = 19T ol A 434 g &3 Fon petri dish Fobe] BZE:st 713AE 7
7 AEe 7|0 Hdeld A8 ET fFabd BAe 202 ol 2adth mEbd g
8 AEA FECF= Y 2o 45T 5 jlen AN gEAY B WA 9%
o= WY Fikg g £l Ao=m A¥T AgFge|H AT F. cinerea) & PDAH
Al M ZAFEAe] Bt di%s] #2] wge] =4 SEaldn ASHATE apharidernaing &
A= olifel M ARe] Gdsta Bel FFSE 124 3elfel 2 81 Zeo] FHoy AL
e B E4E =

L Edrd=Ee

E%e] BTt Facilluse A3 EY 1g8 100~100u2 MASLEII) 2hon B
THE %o BEZ4E Bt B2 Facillus TFEL 24T 22 malachite green
22 Az A I YRel endospored® FAHET 322 FAE 4 gl 9.

=3% 9= Racilus sp.
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o gY=zAL

Bacillus subfils+= A-2(190 el M Aghe P oinfestansTt T230T el M AATe A solan
2T M ZEAHE Heola, AAdE FFel et 2 AelE EolA #FtHad 10).

HATRE A solani8l P.oinfestanse]l H3F Za=E o] 2191} F ovysporumTt P spinpstmel]
felMe getA Ao 11). B poymimas 2413 7717 HAT e el A= ol
ZakA Uebden tiE ek HET s dAbEe o3 A dabe] AY it
(23 12).

Fusaritin 0xysporim Glomerella cingulate

<% 10> Facillus subfilis®] WAdo tg TAMS YA =

202 ¢ I, A|[2HE7E 3



3. FE=gd+ w293



=28 12> Racillus polymize WAT TAF A& 44

2t e AL AT A=Y LY

Edad FaASHATEYN 9, v =zd, A5H dFf 3g=e] sl g3dgdA
2= & Facillus= CPMH]A] e A B HF & Soybean meald] 7ol A G434 44dstd ok
i & dH Wizl M FAERAR FPE BFEHA AR dFEgen MiY=dn HF
A st=Wze ® 1m Zeich
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E 1 ¥FEZ T FHE WA=

T F H H = HHd2= gy | W pH
Bacillus stubfilis CPM 2% &2 6.8
B. polynixa CPM 32% 5¢ 6.8
Strepfonmices sp. Soybean meal 28 49 8.2

TAH A M W Yste FAAZAF £ & frjzde nE YFEL FEAEE A
ATt Speptomyces sp.7} A S EE L HFGErel M F&0] folsigen dFHz
AE 2E2HEZE Methanole] 5441371 T Paper disce] T343 4= o2 PDAHIA 2
HawFale HAAE 34 #FEE Adg="EES FAHHE F2F E2 F Chloroform
Methanol(207) #rjZAel M g =o] =& Fd0] FEHATHE 2).

E 2 ETAE S grisews 7] 3T EZ HrtEA

2z g pjzA HA A T2 (eg /i)
Fusaritim Phytophthora Rhizoctonin Pythium
(chlorofor m:Methanol) DEYSH OV Capsisi solani tilfimiim
1001 =1000 =100 =50 =1000
0.1 #1000 =50 =100 #1000
A1 =100 =100 =5 =5{)

A o Pefl A Aty FFEZDE silica gl 0]83 column chromatography 2 £ 2] &)
HUHEZEE S 2 =2 =Ate A3 WHlF Fof i gL Aoz} 3ot
Strepfomyces sp. o] Adabet Fpe g HOIER] @ghtHE 3).

E 3 Z3AF A8 222" AATFEEMIO

2 o
Bacillus subfilis B. polymixa Strepfonuges sp.
Fuisaritim oxsporiim 100 100 500
Bhizoctowia solaw 5i) 100 -
Pythitm ulfimiom 200 100 ¢
Phytophthore ingstans 500 500 :
P, capici S0 (0 -

718, Silica gel(column250ms), Chloroform: Me-OHIB0:1)
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At mH ez A & 23T FESY FEZL sEHE 0 DMSO=
#EA R A EE U TS A=A s L000H HYHER Be =9 oE FoRARE
Ao mEt 427G BpE e

Hue Wz ATse FH Ho=R HelEt #HutpE ZANEY WA BT E A4t
tgon Hn|FEEA WS FARE frabde M2 FYEA ga g ¥ B

AEFolE £ 1~2¢e] Wyto] WAHE Al AEF5] Aatsl 5ETFHLARE 23] A=
T FEEAA He AAEEE ZAlel BAZTE ZAMEIEL AEF FTARGE Zad
ol E AL PSR @eron} dute] AolBAte] HED B polymixadl Shrepiomyses grisers 7}
Aty BFFEAEo] 80%HEY M anE HOTHE 4).

E 4 T dAME B8A mo=zA

z a3 ew A 37 1 = 5 uhA] 2 TH %)
= A | 3 73.2
A= E ol 4.4
i qaAs == ¥ ° °
FRacillus subfilis Aul FH ey Ba.7
= Eiy H 65.4
=3 a A i
1 R s
= A | 3 523
E E ol 7R2
i gy o v °
B. polympa Awl F ol 947
= H 7.
2 o] A A4 A B o9
S 4.3
= =1 = H Bn.7
E o E o 2 oz o B7A
5 A A A
g o i Agggoly |  ow
i H 56.7
2 ol A A A
g 7 F # 57.4

D Y B2 o]l g3 TEEAYE HANEE 104 e £ osgARSASE B9
Abg A Flel mEl &HgobA o oA sl IFEAEE FEHEC) 643%E =A4 LY
atglon, B subfilis 2 Fpolymizat] %] d o goka o v s vhA a8 B QHE 5).
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£ 5 Zargdldedd maeAs WAt a o F)

A& B Wl o] Bl Thg-( %) A = (%)
Pacillus subfilis 104 173" 73.1
F. polymixa 10+ 157" 756
Strepfongces sp. 1044 204" 68.3
o F B 10004 116° 812
£ F 9 1,000 9.5 B4.7
i = F - 64.3° s

Pabmerd] - g E 7] 1093 38, =447 - A2EE F 5y DMET 0405

SolfztFHe iz Zag WFq g BADH ¥siMs EWAFE} FaHont
oA A o] el Hla] die] FALHNDG A8 FRAU S2HA T FadEFH 0]

ozttt ALRE T

6 2T Y d EmE, eoldrEHwA "

) ) I (%) HhA 2T %)

Al AT e [ 2 9 | =AE | 2 o
Bacillus subfilis 100 383" 4a. 7 54,7 43.0
E. polymixa 100+ 281" 54,47 66.7 8.7
Strepfomyces sp. 100H 20 4P 47, 6Y 73,5 45.3
¥ A 4,000H0 95" 18.3" 88.5 73,4
W oz T - 4.5° 887 e 5

PAEAF] - ERES, 0Y F 28, HAED - oA F 7Y, 4Gl RERT

Sgrepforyres spoll M B3 SFEZ L SlppmAEEAAM iR da Az}
o2t B subtilisth B, pelymixas 500ppm olite] A WA o} ZALATHE 7).

E 7 pidad dEEE EctEdrIRE WA AaD

A
2 % 7
Sppm 100ppm SQ0ppm 1000 ppm
Bacillus stubfilis - = ck +
B, polymixa - = + +
Sreptongices sp. ¥ & 3 3
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4 H 9
7h ZEmlAdEARE 8] B BT nldEE dAHYEE oliEte ZAMAT
P Fol HUE ZIFEL sHPEFSD, ol5e] A ZE 253 dAMEE
shrEE ZEtr] 99 oA E AAT s e 2rEle W= 43 £ I3 A
Egbel A3k Ao ebAB A ZTTL 683~756% 2 EGTH
L ErtE, golsf wllsts fdArbEEE g3 A dx e RAE T HlE A
HH Ad£E7 AR B B as 54%elE=E Wkt
ot AR =riE0ctE 2 A3 E2ES MICEAET Bacdlus subfilis= Fusarium oeysporimTt
Rhizectomia solamiell B polymizat F. oxsporum, B solawi, Pyffoum ulfimwens] ZTF7)
Ao} Spepionmres spol e Y54 gtk
gt EnlEf7I S8 SAAFAME Shrepforres sp. HEE2 Sppmel A B AL A 5t
=g WA ESE EYck
vl Z3kH e FAE A A v Y 4E Bthylacetate 2 FE31 SH| 3 A EEL 4
oE A 758 B¢k
vl B, subfilis= AulFFe], f71FHel B polymyrars Al FFole 5 griseus= W, o
%%O]Héaﬂ T CE]TJM?EE I—T—ﬁ:, = 2'“51-‘?1' E%ﬁﬂ l:':_?'& Hﬁl—;{-“ E-’-}"E’ Eﬁq
Ah ST dFghold WA bl 22 5 grisssE A W2 2elEast=E B 2] Methand
ko] g FHR7|EzAe M E2E EEEo] P ocapswiel P ulfimume]| o 5
20,0006 B MMz HEAF HAETSGE Egch
5 21 8=+
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