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SUMMARY

Title: Development of an Environmentally-Friendly Biopestide with Antifungal

Bacteria Producing Chitinase to Control Tomato Leaf Mold Disease

Project I. Molecular Breeding of Chitinase Producing Biocontrol Bactenia.

1. Aim

The specific aim of Project I was to producebiocontrol bacteria with improvedof
biocontrol activity by introducing the chitinase gene. The resultantrecombinant biocontrol
strain may effectively control the tomato leaf mold. This study was conducted to generate a
chitinase producing recombinant biocontrol strain, which already expresses antifungal activity,

but not chitinase activity.

2. Methodology and Results

The target biocontrol strain Bacillus amyloliquefaciens A-2 produces antifungal
compounds but not chitinase. The control strain to confirm the transformation and expression
of chitinase gene in Bacillus sp was B. subtilis 168. The subject chitinase genes were originated
from other biocontrol strains B. licheniformis N1 and Cellulosimicrobium cellulans CH-10.
Deduced amino acids sequence analysis of clone chitinase gene from N1 strain revealed an
89-96% consistency with those from other B. licheniformis strains. All the conserved domains
of chitinases were identified. The chitinase genes from the CH-10 strain were cloned by
internal PCR and inverted PCR to isolate full length genes. However, compared to the chitinase
activity from culture supernatantof the CH-10 strain, the isolated clone did not exhibited
chitinase activity. Thus, the gene was not fit to be transformed into the A-2 strain. In contrast,

the N1 chitinase gene was expressed in Escherichia colias a fusion protein and the enzyme
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showed the expected activity against colloidal chitin and fluorescent substrates. The N1
chitinase was subsequently used for generating chitinase producing recombinant biocontrol
strain A-2. The expressed protein in E. coli showed that the enzyme was endo-type chitinase.

A recombinant plasmid pBex WH 1-4 was generated by cloning the N1 chitinase gene into
pWH1520. The recombinant plasmid was successfully transformed into B. amyloliquefaciens
A-2 and B. subtilis 168. The transformation was confirmed by PCR and Southern blot.
Expression of the chitinase gene in the transformants was confirmed by RT-PCR and analysis
of chitinase activity using fluorescent substrates. The expressed enzyme in Bacillus spp.
showed the same endo-type chitinase activity.

Finally, the antifungal effect of N1 chitinase expressed in B. subitlis 168 was examined
by investigating the spore germination inhibition of Fulvia fulva by the transformant B. subtilis
168/pBex WH 1-4. The chitinase proved to have the activity to inhibit the spore germination of
F. fulva. Therefore, biocontrol activity of recombinant B. amyloliquefaciens A-2 strain was

investigated by generating effective formulations.

Project 1l. Formulation of Chitinase Producing Biocontrol Bacteria to Control

Tomato Leaf Mold

1. Aim

The specific aims of Project II wereto select effective biocontrol strains suppressing
tomato leaf mold and to generate effective formulations of the selected biocontrol strains. The
selected formulations would be applied to generate effective formulations of the recombinant

biocontrol strain of B. amyloliquefaciens A-2, producing active chitinase.
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2. Methodology and Results.

The frequency of tomato leaf mold occurrence in Busan between February and March of
2005 was between 28.8% and 16.7%. The causative fungi Fulvia fulva TF-13 was isolated
from the diseased plants and identified to be used as the pathogen inoculum to investigate
disease control value. The strain TF-13 maintained good virulence on tomato plants and
produced the large amounts of conidia as inoculum. The PDB (Potato dextrose broth) was
finally selected as the optimum media to prepare fungal inoculum. Antagonistic bacteria
against F. fulva were isolated from tomato rhizosphere and phyllosphere and tested for
biocontrol activity both in vitro and in vivo. Through electron microscopy, 16S rRNA gene
analysis and gyrA comparison, the antagonistic bacteria A-2, CH-9, CH-10 and CH-67 were
identified as Bacillus amyloliquefaciens, Paenibacillus pabuli, Cellulosimicrobium cellulans,
and Burkholderia cepacia, respectively. Biocontrol activity of the four candidates
wasinvestigated by the antifungal activity in vitro and in vivo again.

Finally, A-2 and CH-67 were selected for further studies. In order to identify effective
formulations of the two strains, basal medium, carbon source, nitrogen source and carriers for
mass cultivation and formulations were selected through small scale flask cultivation and mass
cultivation of antagonistic individual bacteria.

The mass cultivation medium for A-2 was rice oil, containing 3% rice oil and 0.5% yeast
extract in the basal medium (K;HPO4 0.05%, MgSO47H,O 0.05%, MnCl,4H,0, 0.0005%,
CaCl,2H,0 0.0005%, FeSO4 0.0025%). The mass cultivation medium for CH-67 contained 3%
rice oil and 0.5% (NH4)2SO4 in the basal medium (K,HPO, 0.125%, MgSO4+7H,O 0.001%,
KH,PO4 0.038%). Various types of wettable powder type formulations and emulsified liquid
formulations for both strains were generated by using various carriers. The respective
formulations were selected to examine the disease control activity in project III along with the

formulation of recombinant biocontrol strain A-2/pBex WH 1-4.

- 12 -



Project I11. Biocontrol Activity of Formulation Products against Tomato Leaf Mold

and Its Field Test

1. Aim

The specific aims of Project III include the investigation of biocontrol activity of various
formulations against tomato leaf mold using antagonistic bacteria A-2, CH-67, and
recombinant A-2 strain in growth chamber rooms, greenhouses and commercial production

conditions of tomatoes. This study identifiedeffective formulations to control tomato leaf mold

in the field.

2. Methodology and Results

Formulations tested in this study include wettable powder type and emulsified liquid
type. The A2-A, A2-B, A2-E, A2-F, A2-G, A2-H, A2-1, A2-J, A2-K, A2-L, A2-M, A2-MP,
A2-0O, CH67-A, CH67-B, CH67-C, CH67-D, CH67-E, CH67-F were wettable powder types
and A2-C, A2-D were emulsified liquid type. Chemical fungicide Triflumizole was used as a
control. The biocontrol activity of the formulations were investigated both in growth chamber
rooms and in greenhouses on tomato plants inoculated with F. fulva. The most effective
formulations from A-2 and CH-67 strain were A2-MP and CH67-C, respectively. Disease
control value of A2-MP by 100-fold dilution treatment showed 89% which is not significantly
different from that of chemical fungicide with 88.8%. Similarly, disease control value of
CH67-C with100-fold dilution treatment exhibited 92.6% which is also not significantly
different from that of chemical fungicide with 89.5%. The mixed application of A2-MP and
CH67-C was not recommended.

On the other hand, the recombinant biocontrol strain A-2.5 (A-2/pBex WH 1-4) was
subjected to generate formulation A2.5-MP and investigated biocontrol activity. A2-MP and

A2.5-MP showed a disease control value of 78.4% and 80.1% at 100-fold dilution,
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respectively, which are not significantly different from each other. The in vivo biocontrol
activity of introduced chitinase in the recombinant strain was not recognized in a growth
chamber experiment.

In a similar manner to the greenhouse experiments, the biocontrol activity of the
formulations A2-MP, CH67-C, A2.5-MP was compared in tomato production conditions in
Kimhae from January through March, 2007. Disease control values of 100 fold diluted
CH67-C, A2-MP, A2.5-MP and 3,000 fold diluted chemical fungicide exhibited 84.1%, 60%,
79.1%, and 81.6%, respectively. Treatments showed no significant differences in disease
control values. Alternative treatment of chemical fungicide with different formulations showed
enhanced disease control activity compared to the single treatment of biocontrol formulations.
The viability of the A-2 strain, both on tomato leaf surfaces and during storage, maintained for
5 days,and 11 months, respectively. While the plant growth promotion activity was not
recognized from CH-67 treatment, the activity was apparent from A-2 treatment by comparing
both the fresh weight and dry weight of roots and adult plants. The biocontrol activity of some
soil-borne disease was recognized from both formulations. The CH67-C formulations were
prepared as natural product-based formulations since the bacteria Burkholderia cepaciaCH-67
were all lethal during formulation process. In all cases, both A2-MP and CH67-C retained

biocontrol activity for a certain time period when they were stored at 4 C.
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Streptomyces thermoviolaceus OPC-520 thermostable 7]E]i}o}A] Tsujibo, H.

2 71E]ytolA] genes

Chlorella virus PBCV-1 .
1 chitosanase gene

Liangwu Sun

proteobacteria 7] Elt}o} A genes Cottrell, M. T
Serratia marcescens 2170 chiC Suzuki, K
marine microorganism Z1E]UolAls Cottrell, M. T
Aeromonas sp. No. 10S-24. pCA8 ORF Ueda, M.
Xanthomonas sp. AK ChiA Sakka, K
Bacillus licheniformis TP-1 7 Elt}ol A gene Srisurang, T.
Candida albicans CHT1 McCreath, K. J
Bacillus circulans WL-12 chiC Mustafa Alam
Aeromonas caviae chiA gene Sitrit, Y.
Rhizopus oligosporus two 7]E]t}olAls Yanai, K.
Streptomyces lividans 66 7)E]L}obA| genes Miyashita, K.
Vibrio alginolyticus H-8 71ElytolA] gene Ohishi, Kazuo
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O Harris 5(1993)2 Serratia marcescens® 7|ElYolA] 4 AE 35S constitutive promoter

ol %38l 7. harzianum®) = ZdAsFAT}

O Zeilinger S(In submit)> 7. harzianum® ZJE/tfolx] FAXAZEE dF4xE &ds 4

2)= promoterE 7iHatglth.

O Sitrit 5(1995)& <&y B S M #Ql  Rhizobium meliotidl =% XA  Rhizoctonia
solanie QA= FAAE 75 AAh

O 7ZIElvobAl Fate] mAEfolA el & AT

+ T3 & T H Z1ElYolAl f-2 A} Az}
Aeromonas sp. No. 10S-24 E. coli pCA 8 ORF Sutrisno, A.
Saccharomyces cerevisiae Aspergillus awamori. endo?] E] L}o}A| Murphy, R. A.
Streptomyces olivaceoviridis Heterologous chi92 Haiming Li
ATCC 11238 expression

- Bacillus thuringiensis. 71El 3o}l A gene Lertcana. M.
Xanthomonas sp. E. coli 71E] }olA] gene Hwang C. W.
Janthinobacterium Ilividum Saccharg@yces 7] UolA] gene Molloy, C

cerevisiae
Enterobacter agglomerans E. coli Chernin, L. S
Aeromonas sp. No. 10S-24 E. coli 7]l Yo}lA]| 111 gene Ueda, M
Trichoderma harzianum Trichoderma reesei endo7]Ely}olA] | Margolles—-Clark
Streptomyces . o .
thermoviolaceus OPC-520 £ coll ZIEIerAl gene Tsuiibo, H
Alteromonas sp. strain 0-7. E. coli 71l elAl gene Tsujibo, H
Streptomyces plicatus E. coli 7]EJt}olA] gene | Robbins, P. W.
Aeromonas hydrophila E. coli 71Elt}olA] gene Chen, J. P
Bacillus thuringrensis E. coli chiA74 Barboza-Corona
, J. Eleazar
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O AAE(1997, 1998, AFH 11A) & Xanthomonas malthophilia®l 71ElUolA] FdA=
siderophore 44 #5921 P. fluorescens GL20°| broad-host range plasmidE tho =z =<

W3 Eto] ANEZRT Fusarium oxysporiums A&t}

O X4 (1998, AFHIAN) T2 25718 WUAA Metarhizium anisopliae®y Beauveria

brassiana®z ¥ %A E4S YEldE 71ElolAl9} proteased EEISt A FFoldol
A =) Esksith
O AHAF2002, ATFHIAM)E T, harzianum™ Pseudomonas putida® 71EJUolA] §4AAE =

Q) sk ey, fAdoR s Ratel AgFATE neHA gt

O wlel el FAAE ol &8 tREe Fu ArnuAel st Bele el &
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2 A=dded dal 259 S4S AANTIAY, VI AY, 8-S 2
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gall BAlg Aesks 7MY G140 B AFeRe 4F Fw TolAME

Fl

|

5] thd
A EER g wAE Q= BElE A (Crown galDoll AAw A=< Agrobacterium
radiacter strain 84 % K10263F% ©]§% Galltrol, Dygall, Nogall, Bakuterozu #l|3&°] )t}.
Ao FrIFAd ool e Awwel adrt Axsh 53 HYE AT fU19dEF &
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% 1. e gAE nAEATA A8 AEFef
(x99 #84)
u| A= o] & i F ol A 9 sl A E TE=0A)
Agrobacterium Galltrol USA('79)
radiobacter strain Crown gall Bakuterozu Japan('89)
84 Dygall Canada
A. radiobacter .
K1026 Crown gall Nogall Australia
Seedling root
. .. diseases Quantum 4000 USA
Bacillus subtilis Infection GUS 2000 USA
Al o seed-born
Pseudomonas Seedling root Blue circle USA
cepacia
Pseudomonas
fluorescens Damping—off Dagger G USA('88)
EG-1053
Streptom Damping—-off(Fusar
'ep 0. %/CES ium, Alternaria Mycostop USA
griseovirides
etc.)
Gllo‘claa’mm Dampmt—gff WRC-GL-21-W |
virens (Rhizoctonia, RC-AP-1 USA('90)
GL-21 Pythium)
Pythium ligandam Sugar beet Polygandron Czechoslovaki
disease a
T harzianum Dampine—off
Rifaistrain P Izhiim) F-Stop USA
KRL-AG 2 Y
3o : _ :
o] 7. harzianum Wood—-decaying BinabTM T USA
/polysporum fungus
Southern blight )
T. lignorum Sore Tr1(csh(;cii§ma Japan('62)
shin(Tobacco) P
N Verticillium in BINAB T France
7. viridae mushroom
Plum silver leal | cpppie pivaR UK
disease
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(USDA,2000)

WA ) A = T o 7
A
Agrobacterium radiobacter Galltrol-A%] 3% ey
Bacillus subtilis Kodiak®] 4% BEASH AESY
Burkholderia cepacia Intercept 7% BEYH
Pseudomonas flurescens BlightBAN A5062] 3% AL - WU S
Pseudomonas flurescens Conquer®] 2% SOl AT AT Y
Pseudomonas syringae Bio-save 1008 1% A Fgoly, FEHFo|H
Streptomyces griseoviridis Mycostop 74 EYH
=]
Ampelomyces quisqualis AQI0 7+E 37 FY
Candida oleophilia Aspire A Fgoly FEFFo|H
Coniothyrium minitans Contans 9J1%# T3y
Fusarium oxysporum Biofox C¥ 1% ANESY
Gliocladium virens SoilGard RaEy, oAy, A3
Gliocladium catenulatum PreStop9] 1% BAEY R A
Pythium oligandrum Polygandron 2AEy gy sy
Talaromyces flavus Protus A SH AIESH
Trichoderma harzianum Binab T 12% T A R S A 55

H(E 3). 98 INEH G472 ESU wo] #xsta = WAHF(Actinomycetes)Z
Streptomyces? T Z5FH B2 Edo] dHA Ak AA Hx9 48 INEEL 19584 =

gy WA8 IJAEAR LA ¥ Blasticidin S& AF2  Kasugamycin, Polyoxin,
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B g = g N T EH fe] o( E) (@—&'7_)

. Streptomyces . ‘o
Blasticidin—-S ) Blast(Rice) 58('66)
griseochsomogenes
Kasugamycin St kasugae@slrs Blast(Rice) '64('69)
St. kasugapinus
Validamycin | ©F fyeroscopicus Sheath blight(Rice) '"70('76)

var./imoneus

Sheath blight(Rice)
Alternaria leaf spot(Apple)
Powdery mildew
(Apple, Pear, Cucumber)

Black rot(Pear) '64('71)
Brown spot(Tobacco)
Gray mold(Red pepper)
Scab(Pump)
Canker(Apple)
Canker(Citrus)
Streptomycin St. griseus Bacteria shot hole(Peach) '44('81)
Late blight(Potato)

St. cacaor var.

Polyoxin .
asoensis

2. Tl Ad d&

I AATE ZEAA AA] FE e o A&stEa = AFS TE A Frh
2ol AAARD AT ksl o8 e wHel wep At Abel Ml AT
FEo] £ ARTE o|FoA AL dnt. MAEAAE o] &ste] WA &R AT
1985 HH =7kd77id 2 tete] Wegats FHos Juje] watolad (TMV), Alddvts
W (Bacterial wilt), 2°] A& (Fusarium wilt), 225 %3 (Phytophthora blight), 7] A|&<&

1 =& (Rhizoctonia bud rot), AFEF-$- 2= (Damping-off), W =<dH, dFHvE" W
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dEedy HAee MEy FRe 4% AR wAsn s AFuwd AAse A

E 4. el e m Azl o3 2 2 WAl A

4 2 o 4 NAE R e
TMV Virulence virus '85
Tobacco Bacterial wilt Non pathogenic 85
P. solanacearum
Fusarium wilt Rhixosphere antagonists '87
P. gladioli 92
Non pathogenic strain of
Cucumber Fusarium oxysporum f. sp. '93
cucumerinum
Gliocladium virens 95
P. putida
Phytophthora blight Bacillus sp.(AC-1) '86
P. cepacia '88
Red pepper Trichoderma harzianum 89
Enterobacter agglomerans
Non pathogenic strain of 9
Phytophthora capsici
Fusarium wilt Trichoderma sp. '88
Strawberry T. harzianym '95
P. gladioli 90
Rhizoctonia bud rot Antagonistic microorganisms '94
Sugar beet Damping-off Pseudomonas sp. '88
Rice Blast, sheath blight Pseudomonas sp. '90
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H A Ao| e 199943 B, licheniformis N1 52 A X3 SoyA|A|e E7 AL Lo

a35 dFsklaL, olE ol&ate] 1999dellA 2002d7kA= 5kA1% N1EA]
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shAlE NIKAA FA] 78] 2zola Aulagolol] g 2 WAladsE vol Aze vAE

S5 Btk 2004l 2005 ol AT U e A& o2 34

@ BW-13AAAe] WAEdE AAl AN HASeqla, A8F o3 WAgon N4tsst

Al AT-2AA e} F3HAl AT-T A A QA WA EATE ZAAREAE EFol A LA &7 Holv 535
A=At

1%

4 o{n
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F 5. Ul Az A TR vAE #5 JitE vAE AFE

g A &5 T T AT A5
. . P
o1 A2 13 Bacillus, Arthroba?ter, Sl A 2 A4 Hpo] =L 1, 2
Pseudomonas 5 E3TF | Fdulolofd 4 (1987)

. , _ I 5
AFy Bacillus AC-1 Ko aei o ] (1994) °
ey = Paenibbaciluus polymyxa A 3dA LAY

Pseudomonas fluorecens (1995)
3dx ¥44g
I EVAR =SR] Paenibbaciluus koreensis 734l
JaAEe e (1998)
Hl| = 5 ApaL 7] v Bacillus sp. Hj A, F5FstE (2000)

Hl 23k o| ¥
A F o] v A .

o Z 3ol Trichoderma harzianum

- AQ1 (2000)
ATEFHH

bbac gy =

Abey pEey Paenibbaciluus polymyxa 2lvbo] 0 B A
AC-1 (2003)
A Fgol sy, e e

°oe Bacillus subtilis GB413 “12 o] 9 €l

By (2004)
: ; e
s7h=m Ampelomyces quisqualis “elnbol o @ FIHE
AQ94013 (2004)

3. IU9 S5ad TF

D sl ARl B8 71% e o3 we) 3-4dwe] 7% ARt ot Agisel
@ 53t 8749 BT o] daAzwgon 3 Z90] oot 9adel Fufolels wuldg

SHrohe wholel = WAA Y] 5387F EdE Ak 20029 59744 = F 190w vid AR S

H

2) =Wl MAEEFE F 8/ FHol SEHA=, ol = AFAAIQ] a™nte] e o] 2002
39 Il AFer 13 AW dFAet Aulwgol s oAl T 3F] dA 53 "yEo] 2004
A

mo s=3latl olo] 200590
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3) 2003 Al A Aejet =T wyEgo] NIN(E A8 74)eh S5 Mad dA554 5 7
& e

4) FR3538e BTAQ ‘B thurringiensis 2%A 5 10 o1& o|Ato] nAEFLS /I S
gom Al 57 Fol 5 HAxE Y Fo Ak FHZSA A xAQ] DBH-129, Hd8 2%

Al DBI-3204, "A=dwAl AC-1, Wi WAl 2 &85 “vho] H"s A3kl

5) HAN(PHFAATR) HARS A BTA vgREre] okEE 108] oY ool A%AY)E
# AzFA) AR 26703 55 HAs L, AYRAT Avrre] 2 3Ake AaE Fa

<ol 3

6) efrtol e AT A&, dupel oA, ghantol @ Alety], g A g, nlofol ] o] upe] WA Y]
Aot A, Faerd e, dArlEd Sk ATt ] st gl

7R Avdel A, 20066 @A s E Tl dis gAadE e vhde s FA e~
#AFE o] &3 MAE AeAG 0458765 )¢k vpdE s gAY ER A N1 R oS Edtshs 4
=894 A A vAAE AAG 0506721 =) T 2] vAEEoke] AP 53] 55
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H 1 MF2A - &4 JEILIOHH &4 732 RSN |F

AFAYR 1 o] 9§ 3

Chitin 7% A=A 2ot 53] Ao Alxy F47-o= defx dom A3k 100
o2 tgor @ol AMNEI Sl Aotk FH<T chitin H
chitin XAl AFAS, Ak, 59 2 EEoF 5o v AEofol A o] &5 itk
AEYA T F2712F2 el chitinase chitin®] B-1,4-glucosidic 23S 7FE8 3=
g o)y, 2872t wet chiting® B-1,4-glucosidicS F&AY=E AddtE endo-E 3} chitin A}
=9 vty BHoRRE ddshs exo-% Tol Uk
QAMAFE FFo], A, AEANAL chitinase etol] #3 AFEo] FHEHUA o]E

Afolo] A 2 Jmzgol chitinse7t T8/ #olstal vk dlell & wAle ZHA E9

A dHA FEERn B seo) Holy FRE e Aol WAEAA ALl oA 4
23 7ERokR 0T,

T, 79 B o e AgAY AgelNE Aol Ralisol FAHNeS
gorstgont, ol § olgste] MATEGOR AU o 9T ANRFA AME A9 ut:

AR, S oA A mAgTseks Auste] AA Taeld 1 %Al 5 selste] 4§
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sheh o= FAZRA Bag wprh gla wEkbd, & Aol s e A

chitinase®] FAAYE niHstn FFEAL 9o}, chitinase
amyloliquefacines A-2 w59l chitinase FAAE AFQlsle] o|E59 =

shalt.
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A 2 A thkdk Chitinase 84 w39 Al chitinase T332} £

1 A7y

7}. Colloidal chitin A&

Chitin H]F&A ol AW Ao Qlsto] w9 wekgh 25 7HAaL 917] &<l
Abojul @40l oA HA BEalE A Eorm R chiting R HAE Eoll EAFA]A chitinase’} ZHg
3k 4 Q)& colloidal chitine A|Z3Fo] ARE3FSItt. WA Crude chitin (Practical grade from
Crab shells, Sigma) 100 gol ZFSAHHCD 2,000 mlE 7Fste] 4TolA 24A|7HsQF nHHA] 7] 4L
glass woolZ o] #3}lch. & 4T et & 7hate] wukal71WA 24 colloidal chitin®]
A H A0 A colloidal chitine] 7FeFeks wizbA]) WA sta A5 He Bt} o]E 7,000 rpm
oA 1683 AT F A2 A SFFl 2440 F 10 N NaOH=Z F38hr]7]aL, Al
Ao A AAHE NaCle] AAE el 3~43] SHTE AHE & dAdgstar JAHdES 3],
colloidal chiting A|z3}3l T}

w7387 23] AL8E #F 2 plasmids

Aol plasmid 75 9 %S A% SFAEEE E coli DH5a (supE44 hsdR17
recAl gyrA96 thi-1 relAD® ToplO'(F, mcrd, D(nrr-hsdRMS-meBC), {80/acZDM15
D/acX74, deoR, recAl, araD139 D(ara-lew)7697, galK, rpsL(StrR), endAl, nupGE A3}
o, By SFAXRE BL21DE3) F, dem, ompT, hsdS(s ms ), gal(DE3)E A3t}
PCR product?] clonings 9% vectorZ% pGEM-T vector (promega)E, d-8 plasmid
vectors pET22b (Novagen)E AF&3t9 Tt Bacillus 238§ vector2E E. coli-Bacillus shuttle
vector$l pWH1520 (MoBiTec)S A&t on, &L Bacillus SF2E Bacillus subtilis 168
£ AH&Skalth

A w A Nl B licheniformis N13 chitinase @A w3¢ B, licheniformis CH-19]
Chromosomal DNAE £3g]3}lo] template® A3}t B licheniformiso 4] chitinase gene?]
A1 doe]l WA B licheniformis TP-1%3 ¢ TP-chitinase 9|7|MEE& 7|22 primers
tjzpelste] Chi-F,Rejgtar WH 3} tHTable 1). £$ta4+ 7ag DNA polymerase® Ex fag
(Takara, Korea)s TYstel AR&sIgith. ¢, PCR S W& Mygenie 32 thermal block
(Bioneer, Korea)& AME3hil, &% X1& 94T(GR), 94TAR), 51CAR), 72CTAE 3022
303] wkEskal, wiAu @AR 72 CeollA 5E3F AAlslth o] xHow FEFE eSS QA



quick PCR purification kit (Qiagen Inc., Germany)Z ©]-&3sled A3 & pGEM-T vector 9l
ligation 8 & £ coli top 10" °| transformation 3 & LB X-gal ®jA|°|A white colony &
Aslgct, e FAASA 7F £3E 5 mle LB broth (ampicilline 50ug/ml) % Z3}o] HkAj
HoF & plasmid 3% ¥ CH-1% N1 ¥F9 chitinase gene & X33 Ao 2 At = A A3k
AN zxStplasmidE SESIAT A2 Sohav=e] Agtas Ao el 7|zt SukE xS
clones AMste] Al59] 47] A4 #4& Genotech corp. (Daejeon, Korea) © <] s}3lt}.
AAEDNAS U7tee] A7IMES &d3] BAE o] & o] DNA 974 ¥S National Center

for Biotechnology Information (NCBI) ol4] BLASTNS £3&}o] #4134t}
o, AZ% plasmid AZ £ FAAE
E. col®l 9+ plasmid DNAE plasmid purification kit (Nucleogen)S AM-&3to] FZ38}9
o, FHAx % AFairdH DNAY cloning® £ coli &3S Maniatis 59 WHHo=z 43
Ea=

2}, Chitinase 4=A

1) Plate agar assay

0.5% colloidal chitin®] ¥3%r%¥l LB agar plate®] A oA & 2 FZASAZS vfdsf
o colloidal chitin®] 3o 23t FH3tS #aste] ddS AAsYh. Fysho] YEld plate=

ZH 2 bacteria colonyE Aol tFS 0.5% congo red solution®® 37TCoA 3087 A3k

$ 1M NaCl & Aojujo] vkg-& A A Z T,

2) SDS-PAGE$} Zymogram

SDS-PAGE+=  Laemmli(1970)¢] ®WHo=  dsiglem, 1 mm F7A9 12%Ww/v)
polyacrylamide gel © 0.7 mg CM-chitin-RBV/mlE 7}ste] AL83k9ich 120Ve] A4 #t
o2 oA dgstgler, @A bandi 0.25% Coomassie blue R-2502.2 A5t 215191
t} In situ zymogram techniques ©]83}9] chitinase 4L 22137 Y3t polyacrylamide
gel A=Al . @A sample sample buffer (2% (w/v) SDS, 10% (v/v) glycerol, 1.25% (w/v)
B-mercaptoethanol, 62.5 mM Tris-HCl, pH 6.8)& 7}t & 587 #o] A4 Agc}. A
71950l B F geld THFNM 1584E FAFR o, 0.1% Triton X-100°] EgHE 50

mM sodium acetate bufferol] A 24A]7F ¥ 3}SI T}, Chitinase A4S 74+ bandolA FHES
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32
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2. 75 A%

7}. Cellulosimicrobium cellulans CH-109] chitinase &4 zymogram
C. cellulans CH-10 #F25E 24507 = chitinase® A % aA2434S 9
3] SDS-PAGEJolA pN-NAG:E 7|8 =& 34 colloidal chitine] 3 iAol A chitinase &4
S ZAbeRGlT 2 A, wFdT e Rk ofyet 1ES] chitindl k= &de] UERY chitinases
chitin®l] binding¥o] 91& Ao & ATH oM, o]§ chitinel binding¥ o] 91 chitinaseE 7
2 AA 7] st vl A colloidal chiting £#]3+ the guanidine chlorideE AR5}

oA oF 2AIZbEeE @M E S &A=, 1 AY, C cellulans CH-109] #3359, &5

w
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o
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o
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o)
w
(@)
o
o
=
[oR
N
N
4
(]
i)

Q
£
&2
wQ
z

of, gl 71 H7F Aol BF F

35.3

28.7

Fig. 1. Chitinase activity determination on SDS-PAGE of Cellulosimicrobium cellulans
CH-10 and Paenibacillus pabuli CH-9 culture supernatant. A 12% acrylamide gel was
supplemented with 0.25 mg/ml CM-chitin-RBV for the in-gel chitinase assay: Lane A, the
culture supernatant (CH-10 strain); lane B, 70% ammonium sulfate precipitate of the
supernatant (CH-10); lane C, protein eluted from colloidal chitin remained in the CH-10
culture (elution by 2M guanidine chloride); lane D, 10-fold concentrate of the Paenibacillus

pabuli CH-9 supernatant. Lane M indicates molecular weight standards.
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Y. Chitinase 33X} cloning

1) Bacillus Ilicheniformis N1 25 H 9] chitinase gene? cloning

2 AFHAY APAFANAM B licheniformis N1 159 chitinased FHAE Ed59<1
N1 #7 =5 724 F4o] =2 FE8uAE G824 02 chitinase B4 STHAAA WA 7]
Zho]l BE trlsA T gHet T ol o83 AMER HAE FoF o] o]&starxt
&tk N1 #5°9] chitinase gene @714 &4 23, Au7kA4 21 540 44 A &2 B.
licheniformis DSM13 chitinase®} 96%¢] protein sequence identityS 7FA 2 JdPon, 29
A EY AEQ chitine] &40 2 283} insecticidal activity® 7FAE= Aoz 4yA B
licheniformis TP-1 chitinase®}%= 89%¢] protein sequence identityS YERWATH T3 DNA
A7 oM E 98%2] o}F =L sequence identityE YEFN A HFig .6). o] DNA 97] A4
Aol Al 3719 domaingoll A4 catalytic domain(44-435 amino acid)ollA] FEZH o2 3sh}e A7)
7} deletion® insertion®] &8k @#d M go] W3/l F- 25U chitin binding domaino| A=
deletiono] Aoz A duid Mdor DNA H7IM D= D2l w2 homologys B3l A
o2 AR AvH(Fig. 2).
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1 l:ATGGTTTGTCAAAAAAATTGGATGAAAAGGAG@AEATE GTGTTGGTCAACAAAAGT
1 REBS K N I ¥ L ¥ N K 5
0l AAAAAGTTITTTICGTTTITTTC TTTCATTTTTGTCATG TTGL TGAGE TTGTCATTTGTAAAT
10 K K F F Y F § F I F ¥ M L L 5 L 5 F Y HN
11 GEGGAAGTIGUAAAGGLCGATTICCGEAAAAAACTATAAAATCATCGGCTACTATCCATCA
30 G E ¥ A K A D 5 ¢ K N ¥ K 1 1 ¢ Y ¥ F 3
1] TGGGGTGCTTAL GEAAGGAATTTTCAAGTTTEGEATATGGAC GTTTCAAAAGTCAGCL AL

% W & A Y & R N F 0O VvV W D M D ¥ § K Vv § H

il GACGAATGGAAAGAGACGAACGCATACACGGGLGGAGAGLCGGETIGUATTTAATGAAAA

550

1741

570 E W W T K & E F D g 5 - E W ©G&
1801  GTATGGL GGCTGETC GEA GG TECHFAATAA

500 YW R L V & C E *

Fig. 2. The nucleotide and deduced amino acid sequences of the chitinase from the NI

The start codon of ATG is boxed, the termination codon is asterisked, the chitin—biding

domain is Aighlighted and SD sequences is underlined.
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2) Bacillus Ilicheniformis CH-12.2%5-¥] chitinase gene9 cloning

B. licheniformis N1 ©]9]dl chitin &35 °] Holt B licheniformis CH-1 #FZ5EE
chitinase geneS &HW3s}7| Y& B licheniformis TP-1 chitinase gene® N1 chitinase gene?]
DNA 471449e Ed& primers A2 §, PCRS AAEGTh 2 A3 oF 1.8 Kbo] PCR
product® &RX39 1, CH-1 chitinase gene® DNA 7|4 dg EALS pGEM-T vectordl]
ligationdtl, E. coli ToplOF' ol transformation ¥+ ¥ plasmid & F=3}9] DNA sequecing <
a3ty 2 A3, CH-1 chitinase ¢ @714 €2 N1 chitinasest o] TP-13 2 FAMS
Boon, dMAMIS N1 chitinase®t 96%°] "¢ %2 identity & YERHRATH LT, TP-1
chitinase2}2] MM A = 86%2] identity & H At (Fig. 3, 4). o]&} o] E AfAA &Hsh
F5F9 B lichenitormis?| A cloning® chitinase gene> ©@Wld M M2 =& He4S W
@ o TP-1 strain® catalytic domain®} chitin binding domain®]A homology”7} Y& HOo =

e maae] & 540l oA Aoliol gle Al AeEAtH(Fig. 4).
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1 GITTCATAGCTT GCCAAAAAATT GCTTGTAAAGGA @AAAT CGTGTIT GAT CAACAAA

1 M KEI Vv L I N K
61 AGCAAAAACTTTTTCGTITITTTCTTT CATTTTIT GTITAT GAT GCT GAGCCT CCCATTTGCT &
* & K K F F ¥ F §§ F I F v M M L 5§ L P F ¥
121 AATGGCCGAAGTTGCAAAAGCCGATT COGGAAAAAACTATAAAAT CAT CGGCTACTAT CCA
®» N ¢ E YV A K A D 5 ¢ K N Y K I I ¢ ¥ Y P
181 T CAT GGGGET GCTTAT GCAACCCATTIT CAACTTTCCGATAT GCACCTIT CCAAACT CAGC
# 5§ W ¢ A Y ¢ KR D F Q ¥V W D M D V 5§ K ¥ &

K _E A ¥ T ¢ G E R V & F N
T4l AAACT CTATGAAGCGAAAT GCT GEACCGAAACCCCACCCGUCT GAT CAATCCCCTCAAT GG
560 D EPD QS G E W
Bl CGCCTATCGECCECT CATCCCACGCT CCGAATAY

B ¢ ¥V W R L I & ¢ ¢ E -

Fig. 3. The nucleotide and deduced amino acid sequences of the chitinase from the

CH-1. The start codon of ATG is boxed, the termination codon is asterisked and the

chitin-biding domain is Aighlighted.
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071214, 5 = (VSHINYAFADICWEGRHGEEEM
¥-1 €L = 1= HINYAFRDICHWEGRHCEESTS
CH-T €HI" = 13- FVNGEVAKRD SGENYKI IGYYPSWGAYGRDEQV -34.
071214. 2
N-1 CHI =
CH-1 CHT =

{ENYTLLLOEVEKFLORRERKDGHKEYLLTIAS

U71214.
} CHI
CHI

KENYTLLL

U71214. 3253
N-1 CHI 3253

CH-1 CHI :253-

+337- LGLVVNPLATENTRSACREE q:’t«}:'-sEE%I:Bﬁ —420.
;337- GWSGCESGEHEEYOKCGE 7 ; -420
CH-1 CHI :337- GWSGCErGGHCEYOKCGPAREETWEXGVED —420

771214
N-1 CHI

CH-1. CHI

U71214. -

F-1 CHI SAETGILZ=GURYS DADGALHIGETVIV ACSYDEWKETWAYTGGER

CH-1 CHI AETG] VBT TNSDOACSY DEWKET SAYTGEERVAFNGKY
U71214. 15371~ ﬁ‘ W SERANNRESNG

N-1 CHL :587- WGELE—--

CH-1 CHI :527- E[IEVWRLIGGCE-——-

Chitin biding

44-435 460-541 551-580

Fig. 4. Amino acid alignments for chitinases from Bacillus licheniformis N1, CH-1, TP-1

and structure of functional domains

3) Cellulosimicrobium celluans CH-1022%-H chitinase gene9] cloning

C. cellulans |~ 23 chitinase gene sequencesE 7]%ZZE primerE design 3l
conserved ¢ §-9]& PCRE F¥3elo] A7IAYE A#4E A A3 342bp @S AAcHTable.
1). o] &HE 7|% = inverse PCR &l C cellulans CH-1091A4 chitinase full sequences@}il

JSE = 79 1.2kb F=YeATHFig. 5-7)
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Table 1. Primers used in this study

Primer Name sequences H] a1
Chi F 5'-TCAATCTCATTTATGTAAGCGTTT-3'
Chi R 5'-AAATCTCTCTTTATCGTTTTCTA-3’
Hind chi F 5'-AAAGCTTTGGATGAAAAGGAG-3'
Chi F2 5'-CGGAGTGATCGACGCGCCAAATG-3'
Chi F3 5'-GCGCCCATAATGCGCTGTT-3'
RTR1 5'-TGTATGCGTTCGTCTCTTTCCATTCG-3' N1 chi
RTR2 5'-TATGGAGTTCTCCATCGGCGATCCTT-3’
Bex F1 5'-GGACTAGTTCCCTTGTTGACTTCTGTGC- 3’
Bex F2 5'-AAAGACTAGTAACATCGTGTTGG-3'
Bex F3 5'-GGACTAGTATGAACATCGTGTTGG-3'
Bex R1 5"-CCGGATCCCTATTCGCAGCCTCCGACCAG- 3’
CH10-F2 5-GCAGGTGAGCCACGAGAC-3
partial chi
CH10-R2 5-GGACCGGATGGTCTCGGCGAAGCC-3
iF-1 5'-GCGGGCCGCGGCCGTAGTAGGCGTCCTG-3
iR-1 5'-AGCAGGACCCGACCGTCGCGTGGCAGACCG-3’
iF-2 5-GTTCACCTCGACCACGTGCACCAGCCCGTG-3
iR-2 5'-CCGGTACCGCGTCGATGACGTGCCACGACG-3 inverse
iF-3 5-GACCACGTGCACCAGCCCGTGCGTCTCGTG-3 PCR
iR-3 5-GTCGGCGAGCACGGCTTCGCCGAGACCATC-3
RAGE-R 5-GGTCCTCCATGGGGACAAGGATTCCCCAGG-3
RAGE-F2 5-CTACGTCGCCGGGTACACGAGCGGCGCCGT-3
UF-1 5-CGGCAACGCCTCGTTCGACCAGT-3 full length
UR-1 5-GGAAGCTTGCAGGTGAGGTGGTCGCCCGT-3 chi
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1 TGCAGGIGAG CCACGAGACG CACOGRCTGG TGCACGTGAT CGAGGTGAAC
ACGICCACTC GGTGCTCTGC GTGCCOGACC ACGTGCACCA GCTCCACTIG iF-2

iF-3
91 ACCGCCAACT ACCCCCACTA CTGCGACCCC GLCCAGOCGT TOGGGTGOCC
TGGROGGTTGA TGGGAGTGAT GACGCTGGGG OGGGTCARCA AGCCCACGEG

101 CGCOGGGCAG GACGOCTACT ACGRCCRCGG CCCGCTCCAG CTCTCCTOGA
GCGACOCGTC CTGOMGATGA TRCOGHORCE GRGCGAGTC GAGAGGACCT iF-1

191 ACGTCAACTA COGGOCGGCC GGCGAGRCGC TGGGGATCGA CCTCCTCACC
TGCAGTTGAT GGCCOGCCGG CCGCTCCGCG ACCCCTARCT GGAGGAGTGG

201 GACOCGTGGC TCGTOGAGCA GGACCUBACC GTCGCRTGGC AGACCGULLT IR-1

CTGAGCACCG AGCAGCTCGT CCTGGRCTGG CAGCGCACCG TCTGGOGOGA

231 CTGGTACTGG AACACGCAGC CCGGTACCGC GICGATGACG T[II}A[IEHI.E; IR-2
GACCATGACC TTGTGCGTCG GGCCATGGCG CAGCTACTGC ACGGTGCTGC

301 CGATCGTCGG CGAGCACGGC TTCGCOGAGA OCATCCGGIC C

iR-3 GCTAGCAGCC GCTCGTGOCG AAGCGACTCT GRTAGGOCAG G

Fig. 5. Pairwise alignment of partial chitinase gene from C. cellulans CH-10 with chitinase

gene from C. uda. iF-1,2,3 primer is underlined and iR-1,2,3 primer is uplined
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Chromosomal DNA
P PP p

l Enzymatic cleavage with Pst |

w= B Lm
— E,P
P p P P
fr—— 5! |3!
DNA fragments with Pst | ends
B

-

=

circular dsDNA vector

\Pst |

P
© linerized dsDNA vector
T /

Y

~00O b6

Recombinant molecules containing DNA inserts

Fig. 6. Schematic diagram of genomic DNA library construction of C. cellulans

CH-10
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1.3 kb 8 kb

‘_
RAGE-R

Partial gene of the chitinase

orr ¥

GTA

Hin dIIT Neol

Fig. 7. The strategy to obtain full-length chitinase gene by inverse PCR The UF-1 and
UR-1 primers were used to amplify the full-length chitinase gene from C. cellulans CH-10

chromosome.
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Al 3 A Chitinase F+3A+Y cloning, expression @ &4 AA

1 A7y

7}. pET-42a vectorE ©]€3% Cloning

ok A 2 do N1¥ CH-10 #5258 £33 chitinase F4AE pET-42a vectorol

cloning st =4, o] 98 start codon & -25 ~ -15 B¢ A}lolo] PCR &£Z 22 point
mutatione oA AFTFar FHE FAA AL o] W PCR =ZL 93] Tag DNA polymerase

+ Ex taq (Takara, Korea)E& T-93to] AFE3}%aL, PCR 53982 Mygenie 32 thermal block
(Bioneer, Korea)ollA 94 C pre—denature 5%, 94°C denaturation 1%, 52 T annealing 1%,
72C elongation 1% 30x% % 3t o|& 303 WHEsla, mpxjwro g 72T A 587 Z=Z314 .
o] S0 E ZZ¥ PCR AHES QIA quick PCR purification kit (Qiagen Inc., Germany)Z °]-&
3ol AA & pGEM-T vectorel ligationdtx £E.coli top 10’ transformation 3 3 LB
X-gal ®lA||A]  white colonyE AEH3sHT AEE FFAHSAEES 5 mle LB broth
(ampicilline 50ug/mDol Este] WA W & A% plasmids SR AxF Zekan|
co] Agtas A Fde 7zt &nutE AZXT clones A¥Ete] 4714 4E E4E Genotech

corp. (Daejeon, Korea)oll 22|53t} o] & &9lH insertE pET-42a vectord| ligation 3+ 3,

O?L

E. coli top 10’9 transformationstil LB X-gal B Aol A white colonyES AW3 . AE=

AAEA= 5 mle LB broth(kannamycin 50ug/mDoll 4E3sle] WA vl & plasmid F=3}
1

o Az ZTav=e] Adas dd Fdel 71xske] SnkE A2 clones A3

382

2| Z 8¢

ot

DNA & pET-42-chi & WwWsla, E coli BL21(DE3) ©l transformation 3}t

. Expression of chitinase gene in pET system

olx HAASE E coli BL21 (DE3)S 5 ml LB broth(kannamycin 50ug/ul) o j<Fst
T o471 3 mle sl N-S 500-ml flaske] 100 ml LB broth(kannamycin 50ug/ul)ol] HZ&3sla,
AFEEO.D 600)7F 0.4-0.5 =2 w7k wl@E7°C, 200 rpm)3tet. T §  isopropyl
thiogalactoside IPTQ)E 1 mM T E=ZE 7}l pET-42-chidl £¢] 4= N1 9 chitinase
gene®] over—expression ¥ =% FE3IS L o] 4417 F<F 30 °CollA v ¥AIZl t}2 4 °C 9
A1 10,000g = 103t f4&estar, Fatdh 5§ wiFdsa Jds w2 Felste] 4 °Coll H st
At} A B+ protein sample buffer®} &3513te] 587 o, AWM AL 12% SDS-PAGEY]



A719 %3k 0.1% Coomassie brilliant blue R-250091 < 245}t

t}. Fluorogenic 4-methylumbelliferone & ©]&3 chitinase assay
chitinase ZAAAEL ¢35l 71A2A, 4-Methylumbelliferyl = N-acetyl- B
-D-glucosaminide, 4-methylumbelliferyl-B-D-/N,N-diacetylchitobioside, 4-methylumbellife
ryl-B-D-N,N,N’-triacetylchitotriosidee Z+Z} DMSO9] =4 HFTEEE 1 mM=z FH| 5
t}. Chitinase &4 96 well micro plated] 200 mM sodium phosphate buffer (pH 7.0)&
150 ul2 Az 7, 20 ul®] 71d& Ya L 7 37 °C ol 1533F Aukg AJ7]al chitinase
AlRE 30 ul ¥o] 37 °C oA 1683 &4ankgs stqlth o] %, 3 M sodium carbonateE 50

ul  #rketel ®ma WS FAA7IAL, 390 nmollAl 485 nmAbele] Tl A

it

2. AdT+4d3

7}. N1 2 CH-10 chitinase® pET systemol A4 ¢ o3&

1) B. licheniformis N1 chitinase® pET systemol Ao &

B. licheniformis N1 9] chitinase?] @z EA 2 452 I HAS 930

¢

T 0]

pET42a expression vector system< =93} chitinase®

lo
ol
B
e
=
i
tio
2
ra
>,
S
£
E)
&
*
H

A

A3}, 98kDa A% T bandoll A over—expression® = AS #AAFA =], o]= oF 36 kDad =

GST fusion protein®] N1 chitinase®} Z23g+dle] 23l = 9t .(Fig. 9).
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B. licheniformis N1 Chitinase gene

fl ori

, pET -42a —Chi
Kan®

(7.7kb)
LacI
I Lac
T7 promoter | N1 chitinase gene GST*Tag
Not1l HindITT

Fig. 8. Schematic diagram of the constructed recombinant plasmids, pET-42a-Chi, for

overexpression of chitinase from B. licheniformis N1
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8kDa

Fig. 9. SDS-PAGE analysis of the over—expressed chitinase gene from B. /icheniformis N1
in £. coli cells.

Lane M, Molecular weight marker; lane 1, 4 hrs induction of BL21(DE3)/ pET-42a lysate;
lane 2, 1 hr induction of BL21(DE3)/ pET-42-Chi lysate; lane 3, 1 hr 30 min induction
of BL21(DE3)/ pET-42-Chi lysate; lane 4, 2 hr induction of BL21(DE3)/ pET-42-Chi
lysate; lane 5, 2 hrs 30 min induction of BL21(DE3)/ pET-42-Chi lysate; lane 6, 3 hr
induction of BL21(DE3)/ pET-42-Chi lysate; lane 7, 4 hr induction of BL21(DE3)/
pET-42-Chi lysate.

2) C. cellulans CH-10 29 chitinase & 2+¢] pET-42a(+) systemo] A o] &&
UF-1/UR-12.% PCR3&}le] €2 product® pGEM-T easy vectorel cloningdltal ©]¢]
recombinant DNAZE pUFR#}1 BRIt o] Ax3 DNAE Neo 13 Hind M= 8™
pET-42a(+) vector®l] cloningd}$th. & vectordl] cloning® CH-10 3¢ chitinase FAA}
o] kS thekdt induction ZAEZ 12% SDS-PAGE A ZAME A=, =2 23} 37T =1
oA 57.5kDa &9 $dH = Wes #F T 5 dArHFig. 10).
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[0S

37.5kDa

+—36.5kDa

Fig. 10. SDS-PAGE analysis of the expressed CH-10 chitinase in £ coli.

Lane M, broad range marker; lane 1,2,3, represents 1 hr, 2 hr, 3 hr induction of
BL21(DE3)/ pET-42a(control), respectively.

lane 4,5,6 represents 1 hr, 2 hr, 3 hr induction of pET-42-4-1, respectively. lane 7,8,9

represents 1 hr, 2 hr, 3 hr induction of pET-42-4-4, respectively.
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1}, Fluorogenic N-acetylglucosamine2 ©]£3} chitinase 7|13 Eo]A FA}

1) N1 chitinased] 718 Eo]A FA}
@ ¥ N1 chitinase-GST fusion @M AS X338t £ coli®] lysate?t 37|45 o]
43k chitinase A4S #HASSY. 2 A3, 4MDG(4-methylumbelliferyl N-acetyl- 3
-D-glucosaminide)”7] @ e A+ chitinase Aol YeYA &d+=d], ©]= exo-chitinase (B
-1,4-hexosaminidase) &4 Aol Aoz dFaEHAY. ¥ ymH 4MDD
(4-methylumbelliferyl- B -D-N,N -diacetylchitobioside)®} 4MDT(4-methylumbelliferyl-8-D
N,N’ N -triacetylchitotrioside)o| = &4 o] &&= =H], ©]i= N1 chitinase”} °o]E& 7|&ol] &

Aah= F ) e 2 ol 3YS Endo-splittingdte] 48 YehllE ZAow ddEAch 7t

4 EE& 248 4MDDOIA dEbEEU, ol N1 fra#le chitinase oA 7HE Fa3 715
chitinl 4] diacetylchitobioses <128t #3llsh= Aol7] wwolgta Alsdrt i dixzT=

chitinase® WdSA| &+ E coli 9 lysate®] FF7]de] dist &4 Ay, J3 4o A ¢l
ATk welA, kAol 37179 7148 olgate] /1A Sol4e EAG AT NI # chitinaset:

endo-type? chitinase ¢l Ao = ZAFEATHFig. 11).

AMu-NAG

| Mu-Tri

Cont2

Fig. 11. Chitinase activity and substrate specificity of £ coli cells carrying the
chitinase gene from B. licheniformis N1 using fluorogenic —methlumbelliferine linked
N-acetylglucosamine and its oligomers.

Cont 1 is £ coli BL21(DE3)/pET-42a lysate, Sample is E. coli
BL21(DE3)/pET-42-Chi lysate and Cont 2 is reaction with HO.
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2) CH-10 chitinase®] 7]3d Eo]A XA}

CH-10 chitinase®] 712 Eo]A & <kx 9] N1 chitinased] 714 EolA FAle =

e

§l—l:l

O+

MAISH Ay, gagddo]l ds] BEEA k7]l AlEE soluble?} insoluble typel.

i

o,

o7 4 =
23t t}8, soluble type$! -9+ Fluorogenic N-acetylglucosamine 7]2 ¥ ¥F-2A1#A §A%
S AAsG o As] wEgo] gl

CH-10 chitinase sequence® A7} family 199 &3te] o]|Eo] JHEHdIdAdLS AYE=

o

chitinase®} ##Ho] dul= BIo wil Streptomyces sp. §#¢ chitinase amino acid
sequences®| clustal®} #H]A&] HAT} o]w], start codonolA < 100 7He] amino acid
sequences”’} family 199 ##FH chitinase sequence®] Wl ofu|=il A do] t}= Ho=w 3

Qo] wdol ¥4 g AN 5T 5 AATHFig. 12).
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BACSTeS1

= IREIME 7
= FREIMG
= FRRVLS
= YRRVMS
- TRELLS
- TASTTRQ =
= =
= VSERRISR 8
= RRRISA 8
= PRERT SR 8
- TERRPTC =
- EXSRSIRATVC a1z
B PSDERPPNE =
: MVRELLIVVIVIGTVELYSLTADGALAT FTLNVSASSEMONLSHNGI SGATEY DI YRNGNH Y RHVSTTSTADTELSNGTAYTY ==
= ] so
- F————————————————TTAVAADCAAAWNNS S —————— SUETCEQSASHNGHNWT AXWH &7
- CR R 2 N T =TT 50
- QT ASYNCRNYTANWW so
: LIVALGARIVARLIVLEAT —— ——————————————————TACQRAT CATAWNISS—————— SUETNEETVSENERNYTARWH o0
= T EECRNYTARWH 61
= QRAT) VRGS as
: —HSPHRST-————EVESGLA-————————————————————ATVIALSAATMTIARP——————. AGAATESITECLDCXCLDVAGE 53
- A a1
- a1
- &3
- &3
= &3
: BIHRRI LTLS —AALALVGISVLAP-—ATTASA 55
: ITASACUCLIANQAHAQAATGAPT = CNEQREDIVLEQANCQY FRLY 7=
cH-10 . AEHDME EPTATEMSC RACCUVCVERRNC PUCEELRRVPHEPRRVSAAAT sz
BADSZO016 : TUANEQNANVSEIDTSEQSASRTCT IAAPTIN: TCSLEWMAVSCATGYDVERNGSWYRRTNGLSTVDSG : 166
BaCSTeE1 ¢ 132
ARTZTEEC : 1a1
BRCSS074 ¢ 138
ARQE4E34 - 134
BAAZ3TES : 13z
BAC45252 - 134
SRERssssEs - 107
= =2as
- 134
- 134
- 134
= 108
= 1es
cH-10 = 132
EaDSzZo1E =52

BACSTSS1
RATZ7430
BACSSO07 4

Fig. 12. Alignment of chitinase amino acid sequences of C. cellulans and other
Streptomyces sp. BAC5793:chitinase IS [Streptomyces sp. AJ94631, AAT2743chitinase IS

[ Streptomyces sp. MG3], BAC9907:chitinase [Streptomyces sp. J-13-31, AAQ2463:chitinase [Streptomyces
griseobrunneus], BAA23739: chitinase C [Streptomyces griseus], BAC4525:family19 chitinase [Nocardiopsis
prasinal BAA88834:chi25 [Streptomyces thermoviolaceus], BAA88833:chi35 [Streptomyces
thermoviolaceus], CAD5544:secreted chitinase [Streptomyces coelicolor A3(2)], BAA7564:ChiG
[Streptomyces coelicolor], BAAT564:ChiF [Streptomyces coelicolor], CAB4295:chitinase [Streptomyces
coelicolor A3(2)], CAB3732:30 kDa chitinase [Streptomyces olivaceoviridis], AAD3275:MmcY [Streptomyces
lavendulael, BAA9225:chitinase B [Burkholderia gladiolil BAD9201:chitinase 1 [Bacillus circulans]
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Al 4 A Bacillus sp.o| A9 &L Vector system T3

7}. pWH1520 vectorZ ©]-£3 cloning

Bacillus sp.olA W& =2 98lM Bacillus-E.coli shuttle vector$! pWH1520(Mobi
tec, USA)S 43} AFE3L ). olu, N1 chitinase geneS pWH1520 vector®l cloning 3}7]
A& start codon & -25 ~ -15 {9 Alole] PCR £Z 2= point mutation = Lo FAA A3k
&4 Spe 13 Bam HI 39& A A7]1(Table 1), PCR £%2 73g DNA polymerase® Ex
tag (Takara, Korea)& AF&3t3tt. PCR FZHH2S Mygenie 32 thermal block (Bioneer,
Korea)S ©]&3te] 94 T pre-denature 5%, 94 Cdenaturation 1%, 52 C annealing 1%, 72
C elongation 1% 30%=% 303] ¥tEsta mlA 2 @Al A] 72 C 587F ZZs19 T}

o] xAow ZFEZy AES QIA quick PCR purification kit (Qiagen Inc., Germany)Z
o] &3] AA3F = pGEM-T vector ©l ligationdtil E.coli DH 50 ©l transformation 3 & LB
X-galuj Aol A white colonyE AHsIH T A HZAASAES 5 mle LB broth (ampicilline
50ug/mhell AFste] WAl i dstal xS plasmidE SRSAT. Az SThav =9 AFdas
A Fdel 7lxste] &ntE A X3 cloned AW & A5 17]AE 242 Genotech corp.

(Daejeon, Korea)oll &3t th. o] & 3<ld insertE 4|3 pWH1520 vectordl] ligationd+ 2,

T YAl £ coli top ba © transformationd}til LB (ampicilline 50ug/mDBA| oA  colonyE
Adsioirt,. A FAASA = dAet s WHoeR wld $ plasmidE FESHL &HME

ANz% plasmid & A@slSlt).

Y. Transformation to Bacillus sp.

Bacillus 443+ Gang S5(1999) <3+ wWrwlol 98 Bacillus electro-competent
celld WA AFsd=wl, oW Bacilus cell M¥NE 0.5 M sorbitol ©] FHr¥ LB wi=of
1/20 volume .2 HF3tal 37CAA Ma-s%7F 600 nmolAl OD 0.85-0.957} 2 wj7}A] Hlj s
W oolE AgolA 10E3F W7he H, Al (4T, 5000 X g, 5)35ke] cells E53sdith 95
H cell& EP buffer (LB containing 0.5 M sorbitol, 0.5 M mannitol and 10% glycerol)Z 43|
washing 3 % TUTA] EP buffer2 @Eele] Alds %7 1X 107 cfu/m(1/40% 3ADEHE=
competent cellS A|Z3 5, -80To| HstHA e AL}

33 Electroporatione &, 60 w9 competent cell® 1 (50 ng/ul)e] recombinant
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plasmid DNAE Z &3%5taz, 1.6kV o AYS 718t A7) 42 & FH, 1 mle recovery
medium (LB containing 0.5 M sorbitol and 0.38 M mannitol)S H7}slx 3A1HE<F v oF3dt
t}. A A3kA (transformants)s selection medium (containing 20 ppm tetracycline)ol| A 1wk

= At

t}. RT-PCR

Bacillus amyloliquefaciens A-2, A-2 transformants, B, /icheniformis N1, B,

licheniformis CH-1, B. subtilis 168 X B. subtilis 168 transformantsel] A total RNAS %
233 1.0 g RNASF 542} Eo] primer(CHI-F3, RTR1)E Al&3lo] AAAE AA ST o
AAE IdAALE A M-MLV Reverse—transcriptase & ©]-83}e] 42 CollA 1A17F ¥H-&-313t. o

HAAF AHES template & PCR & 339 =4, PCR AL Mygenie 32 thermal block
(Bioneer, Korea)& ©o]&3}le] 94 T pre-denature 3%, 94 TCdenaturation 30%, 53 T
annealing 30%, 72 C elongation 30%®% 303] ¥H53le] RT-PCRS F33t3itt. A3+ 1.5%

agarose gelo| 77|95 3sFo] &2lsl3it).

2}, B. subtilis 168, B. amyloliquefaciens A-2°) chitinase §-Ax &&
Bacillus sp.ol~4] N1 chitinase?] ¥3d-2 Fluorogenic 4-methylumbelliferones 7| @&
o] &3}t chitinase assay WS AMRSIUT. B subtilis 168, B. amyloliquefaciens A-25 &
= 3}al chitinase AT B subtiis 168, B. amyloliquefaciens A-2°| pBex WH1-47} &3

A3ty WHolAo A EHS F=3U}. v T 30827 24A17F o] UV  illuminatoroll A &4 &

7}. Bacillus sp.°l~ Z@-§ vector cloning
N1 @9l chitinase geneS Bacillus oA 2&37]98] N1 chitinase®] promoter %
Y7 A EeeE FHAE pWH1520 #E e cloningdtR tHFig. 12). olwl, N12] chitinase®= CH-1
chitinase®} holomolgy”} frAtste] 2 W&A§ vector system 54 N1 chitinase ¥H& AF&-3}

Att.
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Stop
: Nde | (1780 L
Spe | gacll 550) e | 1780) The blue arrow indicates

L | the N1 chitinase ORF

Pst | (85 BamH | (1970)

(Expression construct pBex WH 1-4 with N1
chitinase gene )

: The chitinase gene will be expressed by
pWH1520 - - e s
7929 bp o xylose addition in Bacillus spp.

(Electroporation and selection
with tetracyclin resistance)

] (Transformants)

B. amyloliquefaciens A-2 B. subtilis 168

Fig. 12.Schematic diagram of the constructed recombinant plasmids, pBEX WHI1-4,
expression of N1 chitinase gene in B. amyloliquefaciens A-2 and B. subtilis 168

Y. Bacillus sp.2] 32AS

¥Fw 5% B subtilis 168 = Bacillus strain °4] N1 chitinase oAl @& A8 ¥z
st 4= = vhE host EA B amyloliquefaciens A-2 o dZ& AFlo] oA AAEIHTE B,
subtilis ° pBex WH 1-4 ¢} pWH1520 & #Z#A3} dlo] A Tetracycline BiA| oA selection 3}
G}, WolA #ele PCR 7[HES o] &a)A WHolAE A3 ¥t B amyloliquefaciens A-2 ©l
= pBex WH 1-4 % &2H& g & H3o] PCR 7| oz Fels3lth(Fig 13). lane 1914 °F
1.3kb, lane 3 ©lA 0.8kb lane 694+ 450 bp 7F Ut} lane 7 & control & £ coli DH5a
/pBex WH 1-4 & template & SZ3le] &921st A3} oF 830bpol Al band 7} dAo] Ut} o]
22X B amyloliquefaciens A-2 °l pBex W -49] FAHAZo] HFOoR o]Fof ),
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Fig. 13. PCR detection of N1 chitinase gene from recombinant B. amyloliquefaciens A-2

Lane 1~6 using A-2 wild type and the recombinant as template, lane 7, using £. coli DH5
a/pBex WH 1-4 as a control; lane 1, PCR result wiyh the primer Chi-F2 and RTR2; lane 2,
PCR result with the primer Chi—,F2 and RTRI; lane 3, PCR result with the primer Chi-F3
and RTRI; lane 4, PCR result with the primer Chi-F3 and Chi-R2; lane 5, PCR result with the
primer RTF1 and Chi-R1; lane 6, PCR result with the primer RTF1 and Chi-R2; lane 7, PCR
result with the primer RTF1 and Chi-R1. Note the 834 bp PCR product amplified from control

PCR (lane 7) and the same band from lane 3.

. RT-PCR € °o]&% 2@

B. subtilis 168%} B. amyloliquefaciens A-2°14 total RNA & E#]3le] o]= template

¢} specific primer(Table 1)& =Z3%3le] RT-PCRE AAEGTt. B subtiis 1687 B
amyloliquefaciens A-2914<= band7} A HA &%l pBex WH 1-4 & 3=
ol Mt A7 Il E o] RT-PCR 4AbEo] AAEAT Hg A-2¢4 xylose & F7tsHA|
=y

A

ofl

27

ol

rlo

52

o

Al B A% band’} AAE = Ao 2 Hol N1 chitinase® xylose inducerd} = H%

& 4 AN (Fig. 14).

it
ftlo
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(RT-PCR)

(RNA)

Fig. 14. Expression analysis of N1 chitinase by RT-PCR in Bacillus subtilis 168/pBex WH

1-4, B. subtilis 168, B. amyloliquefaciens A-2, B. amyloliquefaciens A-2/pBex WH 1-4
1, B. subtilis 168; 2, B. subtilis 168/pBex WH 1-4; 3, B. amyloliquefaciens A-2; 4, B.
amyloliquetaciens A-2/pBex WH 1-4 (supplement of xylose); 5, B. amyloliquefaciens

A-2/pBex WH 1-4(no supplement of xylose)

2}. Bacillus strain (168, A-2) 9|49 N1 chitinase assay
Fluorogenic 4-methylumbelliferones 7|2 o] g3slo] w3 ¥ & & Az RT-PCR
A3t mZ7A 2 inducer Q1 xylose & F7FsHAl ol o] HAIRE e =gl A el
Aoy, 1 F= v Zropx 24A7ke] X UokA] B, amyloliquefaciens A-2 transformant ©l 4]
N1 chitinase 7} A&5 At =3 B subtilis 168 transformantol Al xylose 712 %7} Al 30+
S AMDD(4-methylumbelliferyl- 8-D-N,N —diacetylchitobioside)2} 4MDT(4-methylumbelliferyl
-G-D-N, N’ N’~ triacetylchitotrioside)o| 4] EA]ol] wFSo] Yojutx|ut xylose 7]&S A7} 1A

&S wol=  4AMDT(4-methylumbelliferyl-8-D NN’ N’ -triacetylchitotrioside)ol] A 7+ ¥F-g-9]

]

A ojytt), o]= N1 chitinase prompter”} ZH&3}A % pWH15209] xylose promoter X.t} AF

ol
AA o] Fr¥e oz o] Hrt. T1Este] 24 Agto] Ak Jofjof 1 &Ado] 2w
3}

o

=
I el Aotk ey B oamyloliquefaciens A-2 transformant oA e 714 H7telE A
o] 24 A|zFo] At Fojlok 4-methylumbelliferyl-G8-D N, N’ N’ -triacetylchitotrioside ol 4%t

o] HAth H3F host ¢ FFoll wet chitinase Wd ol ofgF S A= Zlo] AFHAT

X

¥

=
olo

- 77 -



\ Reaction
for 30 min

Reaction
for 1 day

Fig. 15. Chitinase activity using Fluorogenic 4-methlumbelliferine substrates

1, 2 : Supernatant of B. amyloliquefaciens A-2 transformant
3, 4 ! Supernatant of B. subtilis 168 transformant

5, B. amyloliquefaciens A-2;

6, B. subtilis 168;

7, D.W

2,4, 6 : 0.5% xylose induction
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Al 58 FAAS FF(Bacillus subtilis 168)2] A5 ZA}

7t FAASGA A 3 AdFFo|y EA Bol JAIT XA}

Chitinasedll 2]3+ & & 224 (antifungal activity)S Z£A}sH7] 918l chitinase # &7+
Bacillus subtilis 16875 pBexWH1-47} 2 AsE Ao g5 NS o] &3, =+
2A 16830l pWH1520% ASlel PAdA o] Mt dedS ol &stqlrh. oju] dwFo] ¥
Q) Fulvia fulva®] conidia suspension (1x10° conidia/m¢)& A Z3}3 o]e], M3t
A 200 woF WUFEZATFA 10 w1 x 10° conidia)E E§H3le], 37T wlFatglizul 7 A
27+ 10708 3 wrE oz Agstgrt. 1 & A7k M2 samplingste] ZAF Wol&S #2359
o}, E2TE M-S wokstA] &8 wiA] 9 tetracycline (20 ul/mDES H7Fs AL =
t}.

=
o2
o
=
lo
~
%
ol

1 4723

B. subtilis 168/pBex WH-14 #2]7-& chitinaseE #4]3}x] & otz ol H]a)] 6417+
o] F- B A} Wolfo] A zto] yr] AFERlom, 12 A A §F HEE tiEgheh 2]
7W7bg ol o] ztolE YERNATH o= Bacillus subtilis 168/pBex WH-14 327 kAo A
Eol¥ = N1 #2819 chitinase 7} XA} wolgo] d8kS F= Ao Z AlRH M, o= family 18
9 chitinasex= T2 &4 F37F a2, family 19 FaoAqt adido] doietsE K
of wel, A7 § Ad@sojof & Ao w Atg e vk(Fig. 16).
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Fig. 16. Inhibition of spore germiation by N1 chitinase expressed in B. subtilis 168
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i=]
=2 g A2 2728 5.25% sodium hypochloriteo] ¢k 1827F T 23 & AH4=E 2~3
gar)®} streptomycin
71 A 7LZE wleFst

AAsta, A2 715 AASS TR R (PDA, Potato Dextrose

o >

50 ppmo] H7FE E3HBIX] (WA, Water agar)ol]l &8 22T, dxA9
i1, PDA HjA|el] 33] Bk Althejeste] & E8stith. E8¥E #F5S PDA AFHEX] ] Al
3to] 22ColA 7L Wk 3 4T A2 Yaro] BastHA Aglo] A3t}

W) W7y ARG A
Bt A Al FAEAY adAQ AR AdS 9E ouAadoR 24well
culture plateE ©]&3%t WHI} Y Eo B HFslo] oW AE&S AL St WA 24 well
platedl A= PDB, B+ (D.W) 30% tomato juice (AFEH:7Fop) g9 EvlE AHL o]
gate] AL (Fig. 2). 2+ welld A8 72 mloll SA#F2 20 w(1x10* conidia/m)S FF
stol A FAFS ST £, BEE 45 #FE 47 PDA, OMA, V-8AHIAE & A5+
22CollA 1647 wWigs & A% x5 S48t AP B PDAMAIE WAt Wl

hul

R RERRE e

3) BYY AR

7H A EFF

EvtEs @A bl Mo AREstal Sl MBCEETE: FolA 102)%FF

tlo

Alstel A5 dish 4 Wl EE A4 2 &4 £ A6l Agshark

b Hed A3
BAd dA A EoRA PAEAY ERHQ ZATF AL 9ste] 30%

tomato juice(*EFH:7Fope] PDBHIA|¢} D.W. & 3FFY FAXA BHFAS FASF L, 24

well culture plated ©|&3le] FAEA FfFd AdbAgo] At 4547 T HHPAdo] 43t
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Ao oy EnlE AFFo|Wd Fulvia fulva T
Fo] Aytd WEoR Fojual 479 AyE AZE #AE Aol ¥AFFAS THEQIT

=

J_:']_
G| H7 e BAEZAS] 5= HemocytometerE ©]83k0] 1.0x10° conidia/ml® ZA351T).

- 83 -



EntEs 25 Y axEd 33 § 3~4%00] HAS W, xE] o]
L= o] 13he] FAHY] A TR A=AE AR

ol A 24413 Bk Foll 9lo] st TG B XA Ffredio] Qo Hd A 5 HFTI

F e zae A%l nasdn EiEL 2 A2l 9 574 swEon e, 1% 484
B Fol Zhay G9an 57 AR 2AS WAgel g 2E FRE Aed T
A5,

U FEEE 84T 2 JEYolA 2479

g2 dw

He

1) 2284879 &7
AR AT Ol A 259 EvlE A u] oA Wt A
Eo By E Y3 <8 EY 1gd B 10m=E AE3 & warning blender®2 %7+ 35}

Al Hig AdaeE o83t dAEE 3)A3k 5, NAWNutrient agar, Difco)d Ao 0.1ml*

(

b sEe AUs 8 A

[e)

Edste] 30TColA 153 ket G Ao Yehd #F& 3ld 23 &5 EE8u. 7%
& A7 RELS Y 20% glycerol Mo AELA|A deep freezer(-70C)ol] R ASHHA 23

7D $FEAZA T 12 A
In vitrool A FdEA AL PDAWI Ao A BHYATFQ Fulvia fulva TF139] dAFEH
I i x st FA] Al WU Aloldl A E = AAY AVE FARSIY ddEAde] =2 9

= 1= Agsidlon, ol Axt ARt 2 HFE 22 IdEEEH4dom HF A &

O:

EvtE ole] o sl % HEetal 24M3 § WAt Fulvia fulva TF13 59 SAZA
FrH(1x10° conidia/m)& Aeldte] 22T, FHHE 90%eld Al 543 By F, Eehxd
H-2R2 &7 29 AR oAE(D)e FAMSHe] WAIZEE Eatkslith
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) FAEAEYT A-27F] FHEZ AT IR A
AibE A-2 #FolA B HR = FHAELEATA B 250 Ug JF 4 &
AzAL RS AES7] fste] W TF13 #5¢ 49 (1x10° conidia/ml PDA)E PDAC]
A E Z2AE00 daEASdHA BE NS A-2 #75 NB A6 ] 297 vk
(35T, 180 rpm)3+ th 45 qe Y xAZ A5 1004 8438k, 7H2F 10, 20, 40, 80 ul
o= &g dEste] Wt EATF x2FE wjHo] "ojme] 25THA 443 wjde F A ¢

o] A1 P4 == Inhibition zoned FA sl

2) 5 FTEEINT A-28F9 A

o]
ST

UH

Foly WAE fr¥ddeddddor HF A 9 A-24F5 API test, TEM< 9

ofo
r$L'

]
dHe] #2 2 16S rDNA gene sequence analysis &+ gy7rA sequwnce analysisE ©]-& 3}
PS

A& A,

off

7} TEM(Transmission electronic microscopy)< ©]&3 & #Z
A-2FFE 197 NA #lX oA mjge & Al d8de 3% FHF 1/2, 1/4, 1/16,
1/329] o7 3|4 slar, gridE Z+zF dErolo] £33 %5 1% aqueous uranyl acetate® "ol
1~28 L3 So Mo et HRE #E3 T oW, negative staining® 2 grid Yol 1%

aqueous uranyl acetate® g3t A

mlo
~
)
oo
ol
ol
2

}) 16S rDNA gene sequence analysis

A-2 #59 AZ3 A4S fsto], LBuiAClA 143t wjFgk 2 Al 2] chromosomal
DNA promega genomic DNA purification kit (Promega., U.S.A.)E A}83}9] genomic DNAES
FH]3t 2 (Chun, 1995), ©|E universal primer setZ AF&3] 16S rDNAE PCR amplicationd}$i
t}. PCR productE QIAquick PCR purification Kit (QIAGEN Inc,. German)E& AF&3te] A )3k
% pGEM-T wvector (Promega., U.S.A)°l| cloning 3}¢], ABI 100 automated DNA
sequence(Takara Korea, Korea)®Z £33, o] 7| dS 7|2 NCBI © Blast 3t A 3}
At

H) gryA sequence analysis

Bacillus %3t E3shst= A-2 d459 A3k

dpx

A4S 93] gyrase subunit A

sequence ¥4& AA] s} th.Wizard genomic DNA extraction kit (Promega., U.S.A)E ©]&
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gted 7 #FE9] genomic DNAE Universal primer(p-gyrA-F 5CAG TCA GGA AAT GCG
TAC GTC CTT3, p-gyrA-r 5CAA GGT AAT GCT CCA GGC ATT GCT3)E °¢]&3te] PCR
amplication 3} 2™, ©]PCR productE Qia Quick spin column (Qiagen Inc, German)< ©]-&
ste] Al AASE & pGEM-T vector (Promega Inc., U.S.A)°l| ligation® £ coli? FZ31%
plasmid extraction kit(Atman bio, Korea)E €3] F=3 grvA gene?] sequenceE NCBIE]

blaste &3l 57433t}
t}. FIElYolAl EA4HS BE L FF

1 Z1EvelA] &4+ CH-9¢F CH-10¢ #3
71El oAl &gde] ek 75 BEsty] 984 wlEl chitin 8-S A EYS EvE
Al B2 Bt abdol] BHFET} wol A9l Eke] EojFal 1~2
chitin ©] ¥ wiA|olA] FJE|YolAl A #FE5 st FHyste] A #7E 509 F
< w4 st Mg o] e #FE oF TEETh 15 0.5% colloidal chitin Bi#A]

oAlM thA] Aldiatel 1 dAde] AxF A A

2) 71ElelAl 84+ CH-67 £
dujdgol A MAue FHBAF A-2 #59 e YobA A CH-10 #59] A&
ghau ol Ao Aol Al FAFAZE 100%1H Hls) ol59] wAEAA] A2-H}
CH-10GAIAIE A 45 WA tha Az ds dFstar Fa2d3) 71EvobA 4%

2 B M 959 NAES ASdon Besgit ou, FY5Y T chitnel ¥

J

e Edkol A AFH3 EY 200 g& AAARE A9 EYANEE SAsta 1094 HA3 AW
° 2 2% colloidal chitin®] ¥23%% MG agar (Manitol 10 g, L-glutamic acid 2 g, KH2PO4
05 g NaCl 0.2 g MgSO4 0.2g, Agar 15 g, 1L D.W, pH 7.00dxe] =uale] 25T
incubatorol] #lFelAA THES UellE #5FE Aot

3) 7IElyobA] &4+ (CH-9, CH-10 & CH-67)9 A
olgel WAlE ZIEvolAl E¥led 5 Fd=ddddse] CH-9, CH-10+%
CH-67#FE API test, TEMS o] &3k g8 ## 2 16S rDNA gene sequence analysisE ©]
ste] &7 FSiet.

ofo
o
ol

A4
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7} TEM(Transmission electronic microscopy)< ©|&3% 3dH &2
CH-9, CH-10%} CH-67+F& 197k NA wjAollA wjFe & At @S 33 &5
o 1/2, 1/4, 1/16, 1/329) o2 3|Asta, gride Z+7z dedo] 231 3 1% aqueous
uranyl acetate® Hojre] 1~2% WA|g o Ao FEje} WEE #FEATt. o]wl, negative
=

staining 2.2 grid ¥ 1% aqueous uranyl acetateZ *|

1}) 16S rDNA gene sequence analysis
CH-9, CH-10% CH-67wF2 Aest $4S flsto], LBulAA 193 wjdst 7}
Al chromosomal DNA promega genomic DNA purification kit (Promega., U.S.A)E A}
3] genomic DNAE <#H|3F3(Chun, 1995), ©]& universal primer set® AF&3| 16S rDNAE
PCR amplicationd}9it}. PCR product® QIAquick PCR purification Kit (QIAGEN Inc,.
German)E AMg3slo] AAe & pGEM-T vector (Promega., U.S.A.)°l cloning 3+, ABI 100
automated DNA sequence(Takara Korea, Korea)2 ¥213}i1, o] 94714 4S& 7|22 NCBI 9

Blast 34 &A 3}
g ALgd 9 JElyola] A FFo| Q3 HAdF ASA &3 HAA

D Sgr=au 244
22k Addel = ZIE oAl 2447 oR Awd CH-9, CH-10 #59 A-2 #55 &5 &
T EgAYsta, AF 3d F HdF] AFFE 2Aete] Hdd A anE AAgssieh 1

Aol dAFE SAHL dry weight(AF)S AHE3ste] F74351th Dry weight™ w1 S filter

f
O
3

2

W

e

paper(Whatman No.1)Z ©]&3}o] 7+ ==
A geFel @ wizkx] Azxste dFgE FAsISh £A9] FEE haemacytometers ©] 8314

At

2) AP FAdAT B2
500 m¢ Eebxol 200 meE ¥ WAFS FEAL FEBAel ¥e A-2 #Fs)
chitinase ZAFFE @5 2% EFAAT F, 25C, 150 rpm AN 24417 W] Fr e
g SEolA BAE, F FFe 05 we EHAel o9 wune] 4% oAEss 3

S 4ol A 1A ST,



3) FEEZEAET A-278F 9 JlElyelA 847 CH-10TF9 FA gl 2% L+
CERR

2FE el BAFH Beal B
go) A5aat ol¥es A4Stk 4 500

BAZAR B (1x10" conidia/ml)S 5mA HE3S

%4,

T, 150rpmZEZAdA 24H ¥k 3 &MU A-208FE Ago=4.0 =4 10mS HF
st o, ZlE|vtolAl EdA e A9 JIHuolAl &de] & Aem geld CH-10 #5°
Hj kA=l 400mS BF35t0] 0.2% L2 H7Eetoth 397 AEujes HATe] A SS

tol W BFAA a3E A A3 A-2 @A o] Hste] A-2¢F JEvolA]l Z3
ol ga 2 AdAEdE et

lo

e

o
off
_N_'

F:H

vt ASHAN TEALAA Y FA AT}

1) A-2, CH-9, CH-107F¢] @5 R A 93 AEY
Hold IoEAIAHS Hols A-2¢F9 £2 JlEueld @48 Hole CH-9%
CH-105% 77, NBHIA| ¢} colloidal chitine] 3% X3 LBujA|e] 20417 wlH(30T, 200
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ol
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off
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ofo
>
et
>

2(23.5C, AEE 90% o] h)ollA a7 St
of mwe} 3.00qofh Aate] s om A 24AF $ K fulva TF13 @59 AR ZH-f
S Ass0=0.4Z HATY XET 10 My EvtEo] HFFstal AFHo] 747 BistuA =
WA ZFR FHakeod Tt

2) CH-67¢F @5 o3 A&7
Aol = ddAdH chitin Eallso] Holuv AdE CH-67#FE WA, NBujAel 20

AlZE v (30TC, 200 rpm)star thEFul kg iR 24 Pseudomonas Bl -8 7] Zujx]o] 3% &
1] &(Rice o0iD9 0.5%9 (NH2S0,5 H71e wiAe] 397F v]E(30°C, 350rpm, 1.5 atm)d %
Fd s A MFgsdes Yol 304 H AAAEC 50 m¥ ZauF AEsa AFA
(23.5C, AulFE 90% ool RH¥skdth. olw], Triflumizoler FFAMEA| Aol e}
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Aoxo=04% WA LEF 10 mA ErtEe] AFsha A%ae] 797 RyEUA WHES

A ST,
2. 47 A3}

. ERLE 9 F@old B4 e, $ € 9A4 1%

Al Frrel A B EwlE Qlasgolel
& AR 23, 20059 293 3Y9 Wi ol¥AES A 28.8%, 16.7%% AL
(Table 1), 27l WAL o Fwel A AFH 28 AFH7F vepyrprl AV 353 <

o] Azt StjE ik o] W2 ofH T E &t

Aoz wAsty] HAZE AsiAE o dAE &t o] 2ekEAvk(Fig. 1).
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Table 1. Occurrence of leaf mold caused by Fulvia fulva on the tomato leaves at plastic

house in Taejeo, Pusan.

Disease incidence (%)°

Plastic house

Feb! March
AP 32.0 21.1
B 29.7 14.1
C 24.4 19.4
D 29.2 12.3
Average(%) 28.8 16.7

4 2005 Year
> Tested total of Tomato ; A, 2600 ; B, 2700 ; C, 2700 ; D, 2700

¢ Disease incidence (%) was made by estimating the number of tomato leaves infected by

Fulvia fulva.
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Fig. 1. Symptoms of leaf mold of tomato caused by Fulvia fulva at Taejeo, Busan in 2005.
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2) TAHAT 2 EAFFY A
AA EvtEe] ojydol A 1ak= FE|dk 45 b T ov] AHS F3 WAAe] A
%

TF13 & 6¢E Alwste] wjxe] Ao me TAEA 3

vl #], tomato juice 30% (FF#H:7toh), EvtEA S, AtaE Ao 7 Wddo] SAXEAN
NS Az HE BAILA =522 1x10" conidia/mo2 ZA3t 24-well culture?] ZF well
g2 meH ZFstel vid EAGAFS dEssY. o Ay, F 6 #5 EF PDB wiA|¢ 30%
tomato juice o EAZAF-G Mo A 1.1x10° conidia/ml ]S BAE2 FAFS HET), o

Abt4=o] 1.1x10* conidia/miet EvtEAZFS] 6.0x10°conidia/mETHE $-F3}9)th
(Table 2). ®3F, PDB9} tomato juice 30%°] A XA Aol A 212 TF49F TF13 #57F &4

EAYP ATl §-ete] 1AR AR th(Fig. 2).

c

= Zn

L -

X

fed

°

Table 2. Selection of suitable inoculum medium for the pathogenicity by various Fulvia

fulva strains.

3days
moculum PDB b01le<lieetl(;mato 30% tomato juice  sterile water
TF3 1.1x10° 2.5%10° 2.6x10° 1.0x10*
TF4 2.1x10° 2.5%10° 2.6x10° 1.0x10*
TF6 1.4x10" 1.0x10* 1.8x10" 1.0x10*
TF10 1.6x10° 2.5%10° 4.1x10° 1.0x10*
TF11 1.3x10° 6.0x10° 3.0x10° 1.0x10*
TF13 5.0<10° 1.3x10° 2.7x10° 1.0x10*
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30% tomato juice

boiled tomato leaf

Potato destrose broth

Distilled water

Fig. 2. Experiment for selection of suitable inoculum medium for Fulvia fulva.

T o] EE AU XE AAES & A EvfEe] 482 aizd FAEA
BHdS HF AWstel=dl], tomato juice 30%(3E™:7ok), PDB, A4 59 EAXEAHEFA
S 1x10* conidia/m¢ 352 EntEe] g3l o|Hd&S 2Ae A7, TF13 759 %9 PDB

Kol

A Aol A 2d A o] FHE el BAEy] AlFste] A 4dA ol 81.5% THWE

s}91a1, PDBUIA S b3 E9ha Q) BAEAT R gz 4%
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Table 3. The disease incidence of leaf mold caused by F. fulva strains isolated on tomato

in growth chamber

Disease incidence (%)

4 days 6 days 8 days

Isolates tomato tomato tomato
PDB juice D.W. PDB juice D.W. PDB juice D.W.

30% 30% 30%

TF3 34.2% 100% 0% 45.6% 100% 0% 46.0% 100% 0%
TF4 80.4% 95.6% 0% 81.0% 97.0% 0% 81.5% 97.0% 0%
TF6 80.5% 90.7% 0% 81.3% 92.5% 0% 82.0% 92.8% 0%
TF10 70.8% 100% 0% 72.3% 100% 0% 72.3% 100% 0%
TF11 55.6% 100% 0% 57.5% 100% 0% 58.2% 100% 0%

TF13 81.5% 100% 0% 82.4% 100% 0% 82.6% 100% 0%

3) ¥ed 43
$AM 24-well culturecl ] Ael TF4d 5o} TFI3HFE ©]83 PDB A ZAH-f

5 7t XEY 30mY BT HTHow WA S AAS Ay, 5AA ] TF4¢} TF13
o] W=7} 742y 84.4%, 97.0%= =2 WIS UeN A, TF13¢w 57} TR4F TR Ay
o2 WYMol o} FA HUFoT HEF HANErHTable 4, Fig. 3).

Table 4. Disease incidence of leaf mold caused by Fulvia fulva strains on tomato in a

growth chamber

a

Disease incidence (%)

Isolates
1 days 3 days 5 days 7 days
TF4 24.7% 77.9% 84.4% 90%
TF13 24.5% 80.1% 97.0% 100%
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Fig. 3. Fulvia fulva TF13 isolated from diseased tomato at Taejeo, Busan in 2005
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Y. I8 oF AT 2 T4

D 5 daEREET £

) FFEARHTY 1% A%
EolE A sh9s0 29 29 ¥ AW Bk QoRyE Peld 6009 #FE 9

¢

TFolat ke A3t 9 75 F 1A A o2 A e 2SR o5
TAMIF A A @35 PDA F3ul Aol Al AT A-29F A-7 #57F ZH2F 8.4 mm, 6.7
mmz 7P =& AX S Jeld Atk (Table 5, Fig. 4).

Table 5. Inhibition of 9 bacterial isolates against the mycelial growth of Fulvia fulva TF13

on PDA medium

[solates Inhibition zone(mm)®
KT25 5.5¢
RH-1 6.2b
LY11 5.9b
N1 4.3c
A-2 8.4a
A-7 6.7b
pro—EB-15 4.7¢
CT11 5.1c
CT13 5.8b

* Antibiotic production was determined by inhibition zone on PDA after 14 days incubaton
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Fig. 4. Growth inhibition of Fulvia fulva TF 13 by antagonistic bacterium A-2 on PDA

medium

b AFAW ARG H2A % HT A
oA 1AF Al 9w o] AlERRAS EE FA4F § 1099 EvkE Qe Agstal

el 2447 BAE F, TFI3 P97 RAZALRNS PFohe] Erhe AFFolHel o

3 WAENE AASEY. 1 A3, A-2 #F7F 78.6%= WAETHst MY =g ggogEs
7 w57 66.2% ©|Utl Wk, A-2 TFE EnlE Qisgoll WA 9 JHEASAAFO

A_
2 #F A2t (Table 6).
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Table 6. Disease control effect of 9 isolates of antagonistic bacteria against Fulvia fulva

TF13

9 days after

Isolates 5 .
Disease incidence (%) Control value (%)*

KT25 + Pa" 58.3 41.7d
RH-1 + Pa 51.0 49.0d
LY11l + Pa 56.6 43.4d
N1 + Pa 49.3 50.7¢
A-2 + Pa 21.4 78.6a
A-7 + Pa 33.8 66.2b
pro-EB-15 + Pa 47.2 52.8¢
CT11 + Pa 63.3 36.4e
CT13 + Pa 61.9 38.1e
Pathogen only 100 0.0f
Control 0.0 100a

? Means followed by the same letter are not significantly different according to Duncan's
multiple range (P=0.05%)
> Pa = pathogen (F. fulva TF13)

o) FHERAEHAT A-2 dF 4T EATolAA

HE Ay A-2 FFolA A EHAR = Al EHo wWdd ¥Adol AT S %
1x10° conidia/ml EEZ 1 A3}o]

AFEH7) 98 WA, HY9d TF13 #59 BAZAR NS
PDAM| A Aol =2ala, o 7)o HjksZol A 82 H5H(10, 20, 40, 80 )& Zalste] ardd
o zlofl K e & 25CoA 7L wjFetsith oluwl, AlEE del didk ekHAS 8] 100°TC ol A

o4 @it o] Ao, el FE} o}
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Fig. 5. A plate assay showing fungal growth inhibition by culture supernatant concentrate
of the A-2 isolate. the A-2 culture supernatant was 100-fold concentraed by freeze-dry

method. (A) 10 ul; (B) 20 pl; (C) 40 ul; (D) 80 pl.

FAEZEAT A-2 759 A

)
4o
B

FHEABATE A-2 #Fo BAL 95k WA Qushy 24l A, 499 kel ¥
BE ngon, 54 A AR/l BREACKFg. 6). T, A-2 FF G E42 9

16s rRNA EBAS 539  PBacillus sp.?¢ 99%, Bacillus subtilis®+ 99% ~1¥al B
amyloliquefaciens®t= 98%°] frAHdel A&s FAsAHFig. 7). skAR, Bacillus&®l 735 &
o] st EAd mE ERWHoeR JIsiA eV ol Aem dEA 9, 16S
2R FellA e AV fAHE(99.2~99.6% A7IAM G FAE)7E A9
Hzete] ghaeh 485 U 77 gl 28y, H2dE 52 344 Bol&s VM E wiA
FHAAE B2 5 o] Al ERo 5838k WHEC /I (Ash 5, 1991; Nakamura, 1999)% 9],
ol WH T gyrase A FAAE] AVIMDEA N 3 BacillusESl 8 ERHS ol&dto] 4
3tz A tHChun & Bae (2000). gyrase A 22 SF& 98 p-gyrA-f(5'-CAG TCA GGA
AAT GCG TAC GTC CTT-399} p-gyrA-r(5'-CAA GGT AAT GCT CCA GGC ATT GCT-3")
o] Zeto]lM S ARESte] gyrase A XS PCR=E <
& GeneBankell4] BLASTE o] &3te] Ak A7}
AoHFig. 8). ABHoz A-2 #59 4L 94

Z3l & PCR fragmentE partial sequence
amyloliquefaciens®t 95%2] FAIE=EE H

, B
HAEHA o7 B amyloliqguefaciens® 5=



o B FFE B amyloliquefaciens A-2° %2 "7} T}.

A 7kA] B. amyloliquefaciens®] 3ol that W aro] oJshH 2 EH o] MEH A EF
Sl chiting A O =A & AHES st J|EyotA] s AR BE Bt 9
o (& 5, 2001; Wang &, 2002). Lejuf B ApellA E2E A2 ¢F0] AT JIE VoAl 24

ol gl Ao FelEo] TR BAVORE Be AP Wik Ao Amd

10 microns
HV=80kV

Dirsct Mag: 1000x
AMT Camera System

Fig. 6. Transmission electron microscope (TEM) image of antagonistic bacteria A-2.
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goos— A-2

Bacillus amyloliguefaciens (AY651023)
Bacillus subtilis (AY920508)

3 Bacillus mojavensis (AY436360)

oons Bacillus vallismortis (AB021198)

| Bacillus subtilis (AY553004)

R AR IWBQCHEM mojavensis (AY030339)

A 7055 Bacillus licheniformis (ATB80762)
—uis Bacillus pumilus (AY919667)
e 5aar— Bacillus cereus (AYB42872)
T‘T—G Bacillus anthracis (AT880766)
. ——ms——— Bacillus luciferensis (AJ419629)
i ] Bacilhus megaterium (AT880767)
3075 Bacillus asakil (AB109209)
T Bacilhis halodurans (AY856453)
T g 0073 Bacillus preudafirmus (AB201799)
0.035 Bacilius clausi (AB201794)
0016 Bacillus fortiy (AY443038)
wﬁ Bacillus farraginis (AY443036)
0036 Bacillus coagulans (AT563373)
0,043 Barillius pallidus (AY373321)

Fig. 7. Phylogenetic analysis of 16S rDNA sequence of the strain A-2 with other Bacillus
species. The relative branch length of this dendrogram indicates the distance between the

different strains.
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014 A'2

B ; gzzBacillus amploliquefaciens (AJ586406)
0062

oo1eBacillus amyloliguefuciens (AJ822026)

=]

i EfoaBaciHus majavensis (AY613439)
012
o0 Bacillus mojavensis (AY599914)

0.066

TS 55ar Bacillus atrophaeus (AF272016)

odof Bacilfus cereus (AF291533)

0.145
0 gggBac.illm mithracis (AY291534)

02 0,02

o dozDacillus sonorensis (AT586404)

0.008

o.oosBacitlus licheniformis (AJ586403)

—soer Bacilins vallismontis (AF272025)
0,096 OEBacillm subtifis subsp. spizizenii (AF272020)

0 59 obacillus subtilis subsp. subtifis (AF272024)
oloo Bacillussubiis (AJ586408)

odot Bacillus subtilis (A1586407)
o 62 Bacillus subiilis (AT38639)

Fig. 8. Phylogenetic analysis of gyrA gene sequence of the strain A-2 with other Bacillus

species. The relative branch length of this dendrogram indicates the distance between the

different strains.
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o ZIEyelAl 2479 28 R T4

1) ZIElYolA] 8A4F CH-9¢ CH-109] 2
EvlE Au] k-0 dHg 2 BEYo Ry A EF sampled B TR 845
0.5% colloidal chitin®] ¥ NB wjx]elA] 7]EjrfolA] 0] MliE fEelakith 72417t il
G Aol A ZIEGelAl E4E Hols TS A

O
ol

= wres 1A Adsiglen, o Ay
CH-9 ¢} CH-10 w57k 7H¢ 52 @45 dehdlo] ZIEvolAl walse] -8 452 13 A
2 ek (Fig. 9).

ot

Fig. 9. Chitinase activity shown on colloidal chitin agar plate by the strain CH-9 and the

strain CH-10. The photograph was taken after 72 hrs culture at 35C.
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2) 71EelvolAl &4+ CH-679 £
Chiting #7132 % enrichment?d EA 222 ¢F 50 #FE &3 T 7)gy

A zAbg A, B FolA CH-67 #7014 714 £qdte] am dggodadze] AT
Fojo] wurgl || E FFEA S tehio] FE el Bale} F#BAS FA 7

Fig. 10. Chtinase activity shown on 0.1% colloidal chitin agar plate and growth inhibition
of F. fulva on PDA by the strain CH-67
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3) FIElUobAl &7 T4

7 CH-9 ¥#F
71 vpotAl S5 CH-9 59 485 fste] W4 F3 AW B (TEM)< ©
4% JHA 5A4E A A%, CH-9 #5% M43 JaE Blor(Fig. 11), 883 A
S 98] 16s rRNA 999 |7IMES B4 A3}, Paenibacillus pabuli (AB056094)2] 16s

rDNA 971523 99%9] =2 FedS yet

w2 W

<

3L, Paenibacillus amylolyticus (AY509233)%}t

Paenibacillus xylanilyticus (AY427832)9 % & FA#AAE et A tH(Fig. 12).

it

Fig. 11. Transmission electron microscope (TEM) image of the strain CH-9.
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Sirain Accession No.

100 Paenibacillus validus (AF353697)

Paenibacillus sp. (AY116665)
100

Faenibacillus sp. SSL2 (AY556416)

Paenibacillus borealis (AJ011322)

89

Faenibacillus xylanilyticus (AY427832)

100

CH-9

100

Paenibacillus pabuli (AB073191)

Paenibacitlus pabuli (AB045094)

0.01 Paenibacillus amylofyticus (AY509233)

Fig. 12. Phylogenetic tree by 16S rRNA gene analysis of Paenibacillus pabuli CH-9.

indicates soil clones. Bootstrap values are shown for each node that had 50% support in a

bootstrap analysis of 1,000 replicates. The scale bar indicates 0.1 change per nucleotide.

) CH-10 ¥+
CH-10 #F9] 545 93 TEM Al & A3, @1kt e S4S AR
o, AE A I7]= 0.34 X 0.65 ymRAHF(Fig. 13). ZA}E= Table 73
Zom ofgfe} FrH(Table 7). T3, Ktk Agst A4S 915t 16s rDNA G99 A7IMEES &
Ael Ay, CH-10 #F%5 Cellulosimicrobium cellulans DSM438799 16s rDNA 7)< 3
9% =& XS Yetl e, Cellulosimicrobium funkei®t B]nl% #L
A (Fig. 25.). ey, A3t EAZXALANAM  Cellulosimicrobium cellulans®t <73 3lo] o] &

Cellulosimicrobium cellulans CH-102.2 HZ 53 493}t

e
rt:(
o
i)
o
ot
%
)
[
oX,
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LIGH-1§  —

i
1.0k X6k [8Ee=

Fig. 13. Transmission electron microscope (TEM) image of the strain CH-10.
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Table 7. Analysis of physiological and biochemical characteristics of Cellulosimicrobium
cellulans and the CH-10 strain

Chacteristic Cellulosimicrobium cellulans the CH-10 strain
colony type circular, cinvex circular, cinvex
color yellow—whitish yellow—whitish
Utilization of:
Glucose + +
mannose + +
maltose + +
sucrose + +
D-xylose + +
L-arabinose + +
D-ribose + +
m-inositol + -
glycerol + +
cellobiose + +
lactose + +
gluconate + +
mannitol + -
pyruvate + +
raffinose - -
Starch hydrolysis + +
Gelatin liquefy slowly slowly
Catalase produced + +
Nitrate reduction + +
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Sirain Accession No.
82 ———Janibacter limosus (Y08539)

90 I intrasporangium calvum (AJ566282)

- - — Terrabacter tumescens (X83812)

Sanguibacter suareZii (X79452)
Rarobacter faecitabidus (Y17870)
Bogoriella caseolytica (Y09911)
Beutenbergia cavernosa (Y18378)

Promicromonospora citrea (X83808)
66 rCeIquasimicmbium cellulans DSM 43879 (X79455)
CH-10
Cellulosimicrobium funkei CDC#JB40830t (AY3523789)

100 ————Ceitulomonas uda (X79457)

Cellulomonas gelida (AB166884)
Cellulomonas septica (AY635733)
Cellulomonas terrae (AY884570)
65 — Cellulononas xylanilytica (AY303668)
Cellulomonas fermentans (AY167843)
29 ) Celtulomonas parahominis (AY655732)

— Cellulomonas denverensis (AY655727)

94

0.01

Fig. 14. Phylogenetic tree by 16S rRNA gene analysis of Cellulosimicrobium cellulans
CH-10. indicates soil clones. Bootstrap values are shown for each node that had 50%
support in a bootstrap analysis of 1,000 replicates. The scale bar indicates 0.1 change per

nucleotide.

) CH-679 A
CH-10 ¥#59] 745 918 16s rDNA dd9] A7AES +4s 43, CH-67
5 Burkholderia cepacia complex group ¢ G714 <E3 99%9 =& A5AS vEehfo] o]

£ Burkholderia cepacia CH-67 2.2 FZ A #4359 tHFig. 15).
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Neisseria gonorrhoeae , AF146369
Ralstonia solanacearum , BSU27986

08 Pandorasa sputorum , AY677092

| Pandoraea pulmonicola, AY268173

Pandorgea apista , AY268172
Pandoraea norimbergensis , AM048885

Burkholderia kururiensis, AB024310
Burkholderia phenazinium , AY154373
73 Burkholderia caribensis , BCY17011
9 o1 E Burkholderia carvophylli , BCU91570
98 Burkholderia caledonica , AY949197

Burkholderia glathei , AY154371
ﬂi‘%rkkokieria thailandensis , AY268183

98

Burkholderia pseudomallei, BPS131790
100" Burkholderia mallei , AY305760
Burkholderia gladioli ,D)355168
&4 Burkholderia plantarit , U96932
Burkholderia glumae ,DQ355166
Burkholderia muitivorans , DQ103700
Burkholderia pyrrocinia , AY949201
gg Burkholderia ambifaria , AY028444
Burkholderia vietnamiensis , AY789926
TBurkhoideria cepacia, AY 741362

CHe67

Burkholderia stabilis, AY616143
Burkholderia pyrrocinia, 196930
80 Burkholderia cepacia , AY741343
Alealigenes faecalis , DQ435021

|97
100 Bordetella pertussis , AF366576

Achromobacter xvlosoxidans , AXY14908

9

100

B. cepacia
complex

0.01

Fig. 15. Phylogenetic tree by 16S rRNA gene analysis of Burkholderia cepacia CH-67.
indicates soil clones. Bootstrap values are shown for each node that had 50% support in a

bootstrap analysis of 1,000 replicates. The scale bar indicates 0.1 change per nucleotide.
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gt AL IAEZE 4 R JEyolAl 84 Ao A3 BdT ASAAaT FA

D E&2=3 v A
500m¢ Zek2=e] PDB 200mb-s Alxste] Wi Sla-gol st £ Fulva TF13 45&
AEea of7le It dFA A-2 #5 R JJElvolA] &4 #F<l CH-9¢ CH-10 #5%
= e 29 HEete] 25T, 150 rpm 2AACNA wjdehA] 3d T AFHS AMSte] M A
AAAZHE A EHTable 8). 1 Ay, A-2 @A g e HAFe] AFTHo] 1.06 mge
H-99} CH-10 &5l 93 1.95 mge} 1.35 mgit} @A FAE A=A S5
A-27} Z1ElvfetA] @45l CH-9 ¢ CH-10#FRt HYdwd=xe 72 2.6 mgol Bla oF
50% Axe WA dAEES] AA&S B tHTable 8). 34, &3 A2+ A-2+CH-99] 7
% 1.00 mg¥} A-2+CH-109] A$-olE 0.87 mgo & dExg ey 27t Autz o 74
o}t wEbA B. amyloliquefaciens A-27F9 C. cellulans CH-10179] @53 Bu=

A A 7P Hdd #AEES] dAladt 22 Ae® SdE AT (Table 8).

h
)
)
O

rfot
et

Table 8. Inhibition effects of mycelial growth of Fulvia fulva TF13 by inoculating with
antifungal strian A-2 isolate and/or with 7]E]Yo}A] producing strain CH-9. CH-10 in PDB

media

mycelial dry weight of Fulvia fulva TF13

Isolates
(mg, 10 days after)

A-2 +Pa 1.06 d
CH-9 +Pa 1.95 b
CH-10 +Pa 1.35 ¢
A-2+CH-9 +Pa 1.00 d
A-2+CH-10 +Pa 0.87 e
Pathogen (Pa) only 2.60 a
Control 0.00 f
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How AEAAO A-2 AYTNAE W A2 A PAT] TN GAA O ol
BABA Haa AgslelNs A4 BEY /b AUKFg. 15). @, CH-102F 5 47
T 4 A&

Fol= A-2 ATk G dAke] AlEHe] FejEo] AlE =] SEHAAE
A = AATh webA ojedk @42 CH-10 oA Aabs= 71 vfelAlol] o gk Al xu <)
w3l oF Aow AekHoTk(Fig. 16).

(A) B

Fig. 15. Microscopy of the mycelium of Fulvia fulva TF13 co-cultured with Z5.
amyloliquefaciens A-2 strain for 2 days at 25C. A 200 ml PDB media was inoculated with
1x10" conidia/ml. After incubation for 1 day, the A-2 culture (OD550=2.0) 10 ml was
inoculated in mycelim culture. This photograph was taken at 2 days after the A-2

inoculation. (A) pathogen only; (B) pathogen co-cultured with the A-2 isolate.
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A) (B)

Fig. 16. Microscopy of the mycelium of Fulvia fulva TF13 co-cultured with C. cellulans
CH-10 strain for 2 days at 25C. A 200 ml PDB media was inoculated with 1x10*
conidia/ml. After incubation for 1 day, the CH-10 -culture (0OD550=2.0) 10 ml was
inoculated in mycelium culture. This photograph was taken at 2 days after the CH-10

inoculation. (A) pathogen only; (B) pathogen co-cultured with the CH-10 isolate.

3) A-2 @59 CH-10"F9] FA MGl 2% HAdde] B5AAas
7IElyobAl &dS 3k colloidal chitino] ¥ LB#IA 400 mlel CH-10 59
Wl deds 40T ARE Hrlstar o7l d3dAld A-2 55 Bl sAHE
AEA I 71EdobAl @Al o3k wAYZ A FesadEsE FAstaa &lvh. olw, CH-10
TFE o T sAAZs ] A-2 w59 I AT wFhol HFAMA dARA L] AEY
Aag #AFsGlr. 1 A3, A-2 @5 AT HlEfA CH-10 w59 w$dsd A7t 317t
H A el A o ga3A Q) dAR A ] YEbeh(Fig. 17).
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Pathogen only A-2 A-2 + chitinase

Fig. 17. Synergic effect of B amyloliquefaciens A-2 and the crude 7|EJYolA] of C
cellulans CH-10 against the mycelium growth of Fulvia fulva TF13. The fungus Fulvia
fulva was co-cultured with the A-2 strain and the CH-10 crude enzyme for 2 days at 2
5C. A 200 ml PDB media was inoculated with 1x10* conidia/ml. After incubation for 1
day, the A-2 culture (OD550=2.0) 10 ml and the CH-10 crude enzyme were inoculated in
mycelim culture. This photograph was taken at 2 days after the inoculation. The CH-10

crude enzyme was prepared by lyophilized 400 ml of the LB broth culture with colloidal
chitin of CH-10.
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vt ASHAN TEAAA S HA T}

1) A-2 CH-9, CH-10 #F¢ @5 3 Z3A g &3 HAE}

WA AAEN}t 3w FAEDASYH B amyloliquetaciens A-2 591 7€}
olAl FAHF P pabuli CH-9, C. cellulans CH-10 #FE o] &35l TEW WA gHdE AAS}
Atk L A, A-2 tFe] s Ao A AR 50 ml AT 30 mIA Y TR
gL Yot 83.7%= WAZFF Ekem, A-2 ¥ @ A HEt CH-9, CH-10 ¥59] &
3 Aglet Mol WAV 242 90.3, 86.6% % ERUO] fedel gilth. wEkA, St
I 7IE Lol Al &g o] Aol ol gk WAl adtel] gt dsadrt &l A ekt (Table 9).

Table 9. Disease control of antifungal and 7]E]1}o}A| activity bacterial isolates against leaf

mold caused by Fulvia fulva TF 13 on tomato at pots in a growth chamber

Isolates 9 days after
of antiagonistic bacteria Disease incidence (%) Control value (%)
A-2 (30me?) 28.8 71.2b
A-2 (50ml) 16.3 83.7ab
CH-9 37.4 62.6¢
CH-10 35.9 64.1c
A-2 (30m¢)+ CH-9 26.0 74.0b
A-2 (30m¢)+ CH-10 26.9 73.1b
A-2 (50m¢)+ CH-9 9.7 90.3a
A-2 (50m¢)+ CH-10 13.4 86.6a
Pathogen only 100 0.0de
Control 0.0 100a

@ 50m¢, 30ml ; quality of treated bacterial suspension

2) CH-67 @5 @=A g & WAaH
F7k2 Ag g)ElyelA] SAA T CH67 o535 AHaZeaa 2 g rlo) A njgalo]
BA%A] 3~47FE EntEd Adte] EntE QleFolHdte] iy WAEINE AS5HY EE
A AARsG ek 2 A3, Zefaaukol e Al (cell culture, FAE A+ Al), W SAS N
(supernatant, A EZ), MFHEN(cell suspension, AMEH-FN) A&+ 22 98.7%, 98.0%,
93.5%°] WAZI7F ZAME oM ARIEE] frojak= AAvh g, BaEIIY g A = Al

H(cell culture, FAYEA+ A7), vlEAEN(supernatant, 3FFEA), MTFA A (cell suspension,

=
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A9 Aol A Z2t2E 91.3%, 96.7%, 95.0%% Zeh~Am gy} v A 2w FE WA
7Fe Webi Stk (Table 10, Fig. 18)

ol el AdAF}. EnE  do|dyo]  diste  AaEADAAOS $ele B
amyloliquefaciens A-2 5 in vitro & in vivo AdoA $-
3k Chitinase &4 o2 &d%¥ CH-9, CH-10 ¢ CH-67

T Ao r HF AT Holrh

o

Table 10. Disease control effects of culture, cell, supernatant of B. cepacia CH-67 and
chemical fungicide against leaf mold caused by /. fulva on treated tomato plants in a

growth chamber

Culture Treatment 2 days
conditions featments Disease severity (%)a  Control value (%)b
cultures+Pa 1.1 1.1 0.4 98.7 (£1.3) ab
flask culture supernatant+Pa 1.1 0.4 1.8 98.0 (£3.6) ab
cell+Pa 3.2 4.0 3.6 93.5 (+0.7) ab
cultures+Pa 7.9 4.0 2.5 913 (£5.1) b
fermenter
supernatant+Pa 1.8 2.2 1.4 96.7 (+0.8) ab
culture
cell+Pa 2.5 4.0 1.8 95.0 (£2.8) ab
Triflumizole 3.6 6.5 2.5 92.4 (£3.8) ab
Pathogen(Pa) only 61.5 58.3 45.7 0.0(x0.0) ¢
Control 0.0 0.0 0.0 100 (+0.0) a

@ ¢ Disease severity index (%) was made by estimating the percent (%) of infected leaf
area on each plant by F fulva TF13
> : Control value (%) = [(Disease severity index in control plants - Disease severity

index in treated plants) / Disease severity index in control plants] x 100
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Pathogen

Fig. 18. Disease control effects of bacterial cultures from a flask culture, cell-free
culture supernatant from a fermentation and chemical fungicide against the leaf

mold caused by F. fulva TF13 on tomato plants in a growth chamber.
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A3 A Fded AT RIS

7Y. B. amyloliquefaciens A-2 @2 A u|¥zA
1) Az F2h23 WY

7 #AA Wi F Az, A= pHY I3

egol et (TF 13)ell dhiste] -3 A3dES Bl A-2 w59 HA wjeF Az
A5 3 pHE ZASAT FHA wid Axhe] AW S NBuj Aol A 24413 S v gt
A-20F9 AEFFY 5 me 500 me] AztEet=ae] NBujA|dl A8t 35TA 160 rpm
o= 24AZF X" wjgste]l wf 2A17twitk SAAHLEE RAMSIITE 2 AR 109 3]A sk
spectrophotometer (550 nm)oll 4] OD#S =4S T}

UM ol ASFAbe Aol FUI WHOR AF2 E

5C HH o2 20~45CA el A AAEFA a1, pHel J&gFFAN= pH 4~
ZAME Y. 24413 WS 7 AlE = 10W] EAlEte]  E3F=Al (spectrophotometer,

Pharmacia, Biotech, UK)ollA OD#S AT}

-7 AIAEQ A-2 #5] A FaEd DA Ga3HR1 MAE AEst] flsk,
HAA9 vyeast extract 0.5%7F E£8¥ 71Z=wl#A] (0.05% KHPO4, 0.05% MgSO47H20, 0.0005%
MnClge4H:0, 0.0005% CaCls-2H20, 0.0025% FeSO47H:0)o AEA @A 45F (glucose,
fructose, lactose, sucrose)®} ilEAF B4 4FF (corn starch, rice oil, rice flour, molasse,
o] gAad 3.0%5 FHER AUt TA AFAEE AF § 393 A8 (35T, 180 rpm)
skl olw], FF9] TAFXANE 98l 24, 36, 4841 Al HAE 3)Ete] 109A] 84y
o7 AHFE FAHSAL HETEE NBUIAE AFE3l .

o A4

A-2wto AFe mA= dide IS AR 98 71zl kM o] Aol

SAAlA S A BAYg o R FElE 3% rice oil (FEH L AIRAMDE HUbstal A4
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2% (yeast extract, NH,NO3)S 77} 0.5%= H7bste] AdHGN (As50=1.0) 1 m-S HZE3k
A" (35T, 180 rpm)3t 5 30 AIRF A FAE 3|ste] 109 S|Pty o= At

2) 2a7] WY
wa7] (7 L jar fermenter)d] AZFEZgfAg A oA 489 W rice oil (AEdAwW])I}
yeast extract® 4 Lo 7|ZwjAlel 22} 3%, 0.5%% FH7bstar NBulA|ol F+t wig® ZAdA
A-2E 400 mAHF3 & 35T, 350 rpm, 1.5 atmollA] 72 A|ZF wjFslit). g vt A= &9t
71Nl BaFE 2443 HA o ® 7243 744 SAste] Tar] widel e AudneE HA
skttt

L JElgobAl 2AFF9 A gz

1) ¥3 wjg=9 pH
orx o] AEFALSE U WHo R 3t 2= 5T HHo R 25~40TAoldl A =
Abtal, pHE pH 19 HAoR 57 8AFelolA  AMESIT ZF Algs 10W) 8Asta
spectrophotometer& A}-&3}4] chitinase activity (mU/m)E FASA T 2t A2 5+9 585, 33]

A AT

2) &a¢
AgA A-2 5] S s v A Ao et 2 U il
), g2724 LBujA| 9} 0.5% colloidal chitino] X3¥ LBHIAIE F7tste] 71EjvobA] S4d5FS
ZAFs T

~
il
Z

L)

t}. B, cepacia CH-67 #59 HHwd=zA ¢

D AAESET g

7hH &4d

200 m¢ Pseudomonas Pl%F-8& 7]Zuix] (KoHPOs 0.125%, MgSO4 - 7H20 0.001%,
KHsPO, 0.038%)° ¥rA<U(Glucose, Lactose, Fructose, Ethanol, Sucrose, Glycero)S 27+
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3% Hx=% 500 m¢ & AHAEetIe] Horeksinh o 7]el NBuiA| oA 24417 &b HAuikek Al
TN (As50=1.0) 1 m& HFstaL 65A1%F &<k A&aeF (30T, 180 rpm)ste] wigR S 3]+
sto] 33 =7 (650 nm)E O.D #= AT ol tixy2e 7| 2mAE A&t B3t
182 &4 (Rice oil, Rice bran, Wheat bran, Sun cremy, Corn starch, Yeast food)S 7] %Hj
Aol 3% %% F7Fete] NBujA|ell A 24A1%F &b AujeFet Al F-7o (As50=1.0) 1 m= HZE

3Fal 78417 EoF Mk (30T, 180 rpm)3te] 24417 HA o2 #AE 3|4Ete] 1094 34

CH-67x79 A& "A= dade ds A7l f8] 7| zuAd gadez
] ((NH9)2S04, NH4Cl, KNO3)S z+zF 0.5%=2 A7}
3ol AR (As50=1.0) 1 mS HE3 T 64A7F T 2ok (30T, 180 rpm)3 5 Hi<E

g 85t BYYEA (G50m)NM FASA olu) WETRA 72 E A

)
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2) 2&7] W%

Pseudomonas W98 7]xwA| 4 Lo AZ-Eet=Indola Aod dAY (NHy)2SOy4

0.5%¢ 1EA E2Z<Ql Rice oil, Wheat bran, Rice bran & Z7F 3%=2 H7}ste] 7 L 2a 7]
deo & d wdE CH-677F 579 (As50=1.0) 400 m& FHE3staz 300 rpm, 1.5 atm, 30T
$h7d st A w et 12413 Ao R 96AIZM A wlkell pHeE D.OZLe WEtE S7gstal
TAE g5ste] 1094 SAPAR S Tt AdTE dAste] Az s ATHow g9
I

2. 472

7}. B. amyloliquefaciens A-2 459 A wF =74 Y

) FAEZGEET A-27F9 Wl¥H 54 ZA

) e E etz
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(1) #iFAIZE, AS2E 2 7] pHY 9F

4 Aot or XNEE B oamyloliquefaciens A-2 w9 HAw|Yd 2HAS FA
3 A3, A-2 #FE % 14 A A JAY gl =gedom 2443 o] Foll= A AE i
T S BHTFig. 19). A-23tF9 FAd A3e %= 35TAA Ass=0.8% AlitE=7F
7HE ol Agslglen, 1 tgo® 30T, 40T olAar, 25T o]ate} 45To = AldE:
| Skth(Fig. 20). A, wjekole]l %7] pH7E 4.09 W= Al AFo] i AAH= AL
glstolar, pH 59 pH 8elM = A=Y Fwstdl o, pH 63 pH 7oA Al E =7 7H
= (Fig. 21).
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Fig. 19. Growth curve of B. amyloliquefaciens A-2 strain in NB medium at 35C for 24

hours.
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Fig. 20. Effect of temperature (C) for the growth of B amyloliguefaciens A-2 strain in
NB medium for 24 hours.
" The same letter indicates the means are not significantly different (P< 0.05) based on

Duncan's multiple range test.
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Fig. 21. Effect of pH for the growth of B. amyloliquefaciens A-2 strain in NB medium for
24 hours.
" The same letter indicates the means are not significantly different (P< 0.05) based on

Duncan's multiple range test.
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© Bad
Fepra wgeld wade]l Al MA: G 2ASI] 98 Axd

(yeast extract)e] 0.5% E&¥ 7|Zujx|o] #AEx}e} uE=} €

[
{0,
o
s
N

N
w
o
R
X
k0
N
)
o,
ol

7)

A-27F20 ATFEGN (1.0x10° cfu/m)E HEsta 397 Agu|gste] #39 =24 AxE %

Aetltl, o1 A, AEA BAYL lactose$t sucrose’t 24A17F vk Al ZFzF 5,010 cfu/md,

1.0x10" cfu/mE =9tom(Table 11), ILEA} BFAYo s &u| g7} 2447 vl A] 7HA =2

AFEES 51x10" cfu/mE YEPHJTHTable 12). #nlfE 724178 Wi 7hA= AJ7ke] Ao

geh WEs} tha Sl S melu, the AT noke B AwuEsg dehjo] vl
5 A-2¢F9o A 73 gador AdE.

Table 11. Effect of low molecular weight of carbon sources on the growth of Bacillus

amyloliquefaciens A-2 at 35C, 180 rpm in a flask culture

Cell density (cfu/mé)?

Carbon sources

24 hrs 36 hrs 48 hrs
glucose 1.0x10° 1.2x10° 9.0x10°
fructose 2.0x10° 4.8%10° 2.6x10°
lactose 5.0x<10" 7.5x10" 1.5x10%
sucrose 1.0x10% 1.0x10' 1.1x10"
control (NB) 7.5x107 1.4x10° 3.4x107

? The number of cells was counted by a number of colony on a NA media with 10-fold

dillution methods
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Table 12. Effect of high molecular weight of carbon sources on the growth of Bacillus

amyloliquefaciens A-2 at 35C, 180 rpm in a flask culture

Cell density (cfu/mé)?

Carbon sources
24 hrs 36 hrs 48 hrs

corn starch 3.7x10° 6.0<10° 3.8%10°
rice oil 5.1x10" 7.5%x10" 2.9x10"
rice flour 4.5x10" 1.8x10" 7.6x107
molasse 9.0x10" 6.9x10" 1.0x10?
dough conditioner 1.6x10* 3.0x10? 6.7x10°
control (NB) 7.5%10° 1.4x10" 3.4x10°

? The number of cells was counted by a number of colony on a NA media with 10-fold

dillution methods

(3) 244
A-27tF9] FAd g gAY dAvfol HAYO=E yeast extract HiE
NHiNO3Z H7}eto] Alds2lel avs zAsldt. 2499 yeast extractE v|ol 3 7}8}o]
3041 7t wjekdt A9 AFsrt 5.9x10" cfu/mE 7HE EcH(Table 13).
webA, 71 &8 (KoHPOs 0.05%, MgSO47H20 0.05%, MnCle4H.O. 0.0005%,

CaCl»2H20 0.0005%, FeSO4 0.0025%)° &Av]f 3.0%, yeast extract 0.5%5 H7}3t 2AS

A-2 g0 g s Az HE Adsiglen, o8 dAnaiAz Prgsklth

Table 13. Effect of nitrogen sources on the growth of B. amyloliquefaciens A-2 at 35T,

180 rpm in a flask culture

Carbon source (3%)+ Nitrogen sources (0.5%) 30 hrs (cfu/me)*

rice oil + yeast extract 5.9x10"
rice oil + NH;NOj 2.6x10"
rice oil only 4.8%107
control (NB) 3.2x107

# The number of cells was counted by a number of colony on a NA media with 10-fold

dillution methods
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W) @& 7|(Jar fermenter)ol A 2] wj%¥
A7t Eeaa wjgdol s thE S wixz AdE duf wjxE a7 (35T, 350
rpm, 1.5 atm, pH 6~7)olA A-2¢F5 72213t diEFagste] A S48 A3, 27] A+t
4 1x10° cfu/meell A 7.0x10" cfu/mb= Z7}E A cH(Table 14).

Table 14. Population increase of B. amyloliquefaciens A-2 in rice oil medium using 7 L jar

fermenter at 35C and 350 rpm and 1.5 atm

Culture time Cell density (cfu/ml)?
0 hr 1.0x10°
24 hrs 1.4x10"
48 hrs 2.0x10"
72 hrs 7.0x10"

? The number of cells was counted by a number of colony on a nutrient agar plate with

10-fold dillution methods
. Z1ElyolA] &7 CH-109] diZul g v =] Mgt

D A&§2%, 7] pH 1
71ElvfolAl A CH-109 HA AH52=2 A 23, 25T wjk Ao 7 &L
A2FAS Yeiglon, dubdor o] e gids 2 WEE Holx itk AT
A& 36417 o] Foll= Aol A3 FhrasE FFS Helon, 4847t o] FollE aATde
As] FAasHATHFig. 22).
HA z7] pH ZAPAA= pH 6914 36A1%F wlsl™ 7HE & GATA4S HYoH 484

B F aAgET AAaER e, ¥ pH Told= b A madAdol wEEAT. ol W

AvhFig. 23). web ePgAel Eae BHS FED 5+ i E2dow pH 79 MPNAE AF

Aqsen.
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Fig. 22. Effect of temperature on the extracellular chitinase production of Cel/lulosimicrobium
cellulans CH-10, using p—nitrophenyl-B-D-N,N'-diacetylchitobiose as the substrate. The

CH-10 strain was grown in LB medium supplemented with 0.2% colloidal chitin.

30
pH B
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Fig. 23. Effect of pH on the extracellular chitinase production of Cellulosimicrobium cellulans
CH-10, using p-nitrophenyl-B-D-N,N'-diacetylchitobiose as the substrate. The CH-10 strain

was grown in LB medium supplemented with 0.2% colloidal chitin.
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2) 329
AEA SFAY 45 282 g§A2Y 5F L FA5] ALYl yeast extract 0.5%E #

7bek 71 zuj Ao CH-10+F

N
il
i)
of\
L"lﬂ
El
2k
)
il
)
[>
u
K
>
w
e
)
N,

Ag F AR FAAYES

ZAFe A3 AEA 829 Fructoseol A 24A17F wleE A 2.0x10' cfu/ml, 48A17F <k

>

)
7.9%10" cfu/mZ AEHA o7 Z7es PSS wodon, mEA BALd s AMFA T 3647

wF7A 9.2x10" cfu/meE LBHiA ol chitin 0.5% F7}8F AwTh %3¢tk CH-109F2 S0l
S A2 dardoz= A (dough conditioner)7} A= AtH(Table 15).

whebA], 7] %2 #(0.05% KsHPOs, 0.05% MgSOs+7H,0, 0.0005% MnCly4H.0, 0.0005%
CaCly»2H20, 0.0025% FeSOueol MZFAl 3.0%5 FH7Fet MFAwIA 7} CH-10779] o gu] &

A = A Rl
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Table 15. Effect of various carbon sources on cell growth of Cellulosimicrobium cellulans

CH-10 at 35T, 180 rpm in a flask culture

Cell density (cfu/mé)?

Carbon sources

20 hrs 30 hrs 45 hrs
glucose 5.7x10" 2.9x10" 1.0x10"
fructose 2.0x10" 5.7x10" 7.9x10"
lactose 8.8x10°% 4.0x10° 1.2x10"
sucrose 6.3x10° 4.0x10° 9.0x10"
corn starch 4.5x10° 3.0x10" 1.3x10°
rice oil 8.1x10° 6.0x<10" 2.2x10"
rice flour 3.0x10° 3.2x10% 6.0x<10"
molasses 4.4x10" 1.8x10° 9.2x10"
dough conditioner 6.3x10" 9.2x10" 3.4x10'
LB+ Chitin 1.5% 1.5x10% 1.7x10% 2.3x10"
control (LB) 4.1x10° 5.4x10" 2.6x10"

a

The number of cells was counted by a number of colony on a LB agar plate with

10-fold dillution methods
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t}. B. cepacia CH-67 @59 HAu|I=A Y

D AdESEan s

7 Bagl

P

Pseudomonas W& 7]

WAL e 2AE As, AR% i

’

{o

iAo €49 3%S FFEE Hrbeta, CH-67dF9 A
5ol ] o] A& A Sucrose®t Glucose’} 65 Al7F Aol
22h As50=2.78, As50=2.760.2 7 FdtHFig 23). ey, A &2 A= A

=

¢

2749  W7]¢ (Wheat bran), 7|7 (Rice bran)olA 78 Azt Ao z+zb 1.7x10" cfu/md,
1.5%107 cfu/mZE 71 =& AHE57 2AE90H, tZ2T2 Glucose? 7.4x10° cfu/meol] W]3)
A 3] E=AdHFig 24). webA, CH-67 #5929 A5 7H4 &

X

Z o

_\3

-

P BAYS 1Ko

RS

2]
23k v (Rice oi)E #H7}st

W g} vgow e, tel Agol st dFo] ¥
of W WMPAYS Ba ATAow HA wEA gags Aueng vk

3.0
— - — Glucose I __ﬁ_ﬁl
— A — Ethanol i seesemn i TR T
25 4| — = — Sucrose T R
— - —  Fructose P T
— — — Glycerol o - /}’
.r. -
50 - o lactose e 5/
i
.i e

1.5 - ﬁ//;f

1.0 - 7, o

0.5 / = e 2 5
//é = i"” = % £
0'0 = %é :"“4_"- s — 1 — T — l_i_l_ _.I_ _I_._ — _*

Time (hr)

Optical dencity (550 mm)

Fig. 23. Population increase of Burkholderia cepacia CH-67 in the basal medium with 3%

of various carbon sources at 30C, 180 rpm in flask culture for 65 hr
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Fig. 24. Population increase of B. cepacia CH-67 in the basal medium with 3% of high

molecular weight carbon sources and 0.5% of (NH4)2SO4

W) 2449
CH-67 w59 5ol wAl= Aade d3Fs A7) A8l Glucose (3%)7F 371
Pseudomonas #i%F8 7| ZuiA|o] AAPoZ (NHy2S04, NH4Cl, KNOsS 217} 0.5% H7Fst A
wWdkE CH-677FE AEete] 64275 0DHS =4 A3 Z2b As=2.4, As50=2.3,
As50=2.2% (NHu2SO47F 7Hd =7 Webtvh(Fig 25). o)) &b 43 A3 CH-67

o e dadorm (NH)2S0s,7F A 2l
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Fig. 25. Effect of nitrogen sources on the cell growth of B. cepacia CH-67 in the basal

medium

2) a7 v
g xS HF3Ader] Q8 ZEkaaud Ao 53 Arder Hdud
(NH)2S04 0.5%7F A7Fgl 71w A 4 12 (Wheat bran), 7|7 (Rice bran),
#Anl (Rice oil) 3%E 27+ H7bgk 5 o7]o Fuldsd CH-67 o] 400 me= 3E3sfo]

96417 Bk AZPE R AT UEE A 2 A3 AU AdEA A7) wel Zhz 1) E

fah

Lol aEAEael o

N

2]
el e AEFE 4.0<107 cfu/ml, 1.3%10° cfu/m& ZAFE AL, #v]fol s 1.7x10" cfu/
Mz e Zekam wigA R ArE =4 UERETH(Fig 26-28).

ol el Zetxaz @ wray] g Az s ZuiAel 3%2 FulH (Rice oiD$F 0.5%2
(NH9):S04& 7het wiAE CH-67¢79 u=kdg AR g Al
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Fig. 26. Population growth of B. cepacra CH-67 in rice bran media using 7-L jar

fermenter at 30C and 300 rpm and 1.5 atm.

105

1
—eo— Wheat bran
10.0 10 'y L o o 0 010
° )
> J
9.5 ° °
E
; 8 8
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S s 7
B’ 8.5 4
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D.O

D.O

Fig.

3. Fig. 27. Population growth of B. cepacia CH-67 in wheat bran media using 7-L jar

fermenter at 30C and 300 rpm and 1.5 atm.
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Fig. 28. Population growth of B. cepacra CH-67 in rice oil media wusing 7-L jar fermenter

at 30C and 300 rpm and 1.5 atm.
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Al 4 2 dEsgoly BAG GHAEA TS AT =SH

7k A-2 FFE ol &% TIAFE 2 AFTIHAY Y AP

1) 12+ A3} (A2-A~A2-L $3}A)

7 L @arlel dvulA 4 L¥al B amyloliquefaciens A-2 w5 T2A17F v &
7)ol &4 AR, Byost AR, AAAE, Hadn], HAatol=, MFuA wzeA Fo Ad
A S Egste] F=EAE 105 (A2-A, A2-B, A2-E, A2-F, A2-G, A2-H, A2-1, A2-], A2-K,
A2-L), B3 AE 2F(A2-C, A2-D)9] M A&k A3k

2) 22+ AY3 (A2-M, A2-MP, A2-0 $3}A)

7 L 2avlel dAvlfuix 4 LE Yil B amyloliquefaciens A-2 755 JF3 ko] 724
HjF(30C, 350 rpm, 1.5 atm, pH 6~7)3}aL o] v 7]E2] +£&3(Bead type) EFI] 2.7}
Al g o Qs olE FolAU He-rP e B w5 AMEStY o] & HEmiAlR A
7betar &gt 3 AE 3% (A2-M, A2-MP, A2-0)& F7F Azt

™

. CH-102F& |83 F3AY vAEF5fe AFs)

7 L odaEvlel oAl MEAMA 4 LE ¥a JlEvobA] Eo] -5 Jlow el
C. cellulans CH-10 #5F& HE3ste] 72X 35 g atlt. of mjgodel gtu o vt i, W
BAE, ZYBF T AguAlE Hrbstal EgFetel FEAE vAEweF 5% (CHI0-G,

CH10-H, CH10-I, CH10-J, CH10-K)& #|x3}9l ).

il

o CH-67 ¥FE ol 8% T3AY vAEF 4] AYs

1) 13 A|¥ 3} (CH67-A, CH67-B, CH67-C 4314))
7 L garle dnfulR 4 LE 93 B cepacia CH67 52 HAZEste] 72A1%F v
(30T, 350 rpm, 1.5 atm, pH 6~7)3}aL o] vjYHe] Beads type® EF¥] 27} A&, Sun creamy,
Dextrin, Sugar &¢ A2vizE H7hstar E5tste] 3kAg CH67-A, CH67-B, CH67-CE Al
Z3F3 tH(Table 20).
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2) 22+ A|¥d3} (CH67-D, CH67-F +3}A))
7 L av)d dusulx] 4 LE 93 B cepacia CH67 o+FE HZEsto] 72A417F vk
(30C, 350 rpm, 1.5 atm, pH 6~7)s}aL o] uj%dle] Powder type Tapioca, Sun creamy,

Sucroses ] ABviAE EF3ste] =544 CH67-D, CH67-F& Al=330tt,
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2. AdT+4d3

7t A-2@FE ol & F3HA

oflt
WE,
12
0¥,
¥
ot
2
ofk
o
2
oflt
oty

1) AgaiA A

APz M-S 93 AGmjA 24 Beads type? EM Q7 HE, &45 AR WHAAR
RAEm], Aafelz=, Ao, fAxed 55 Abgete] FtAlgor Azxsgith. 12y Beads
type®] EFF 7} HiEo] Eo gk &afdo] "Wolxa Zxr|e] §j7E e 5 ourkA vl
Ae] o5 Hsty] 98] Eell dig & E w3 FFAC &% A Powder typed EFFQ
7hel MAEm], AR~ (Sucrose) & EFste] APsE AAESATE & Aol A Al
A3} Ve HAARAET B et AR o2 7HA WHelME At A A=Ee] lom, &
oA A Bl RAAEel FEARA ] VTR o] olE AuAR Al

AL

2) A3t

7)) A2-A~A2-L 5=3}A]

4 L9131 B amyloliquefaciens A-2 w52 72A17F ok &,

o 7)ol S5 AR, By oIt AR, HAAE, Hadn), WAlol=, MpwA Mz Fo Ad

A4S Z3sle] 348 10F (A2-A, A2-B, A2-E, A2-F, A2-G, A2-H, A2-1, A2-], A2-K,
A2-L), NF58AE 2% (A2-C, A2-D)9] P E-5FS #2383 tH(Table 16, 17).

Table 16. Composition of wettable powder—type and suspension concentrate wettable

powder-type formulations using commercial additive, carrier and B. amyloliquefaciens A-2

Type Formulation Composition per liter of bacterial culture broth

A2-A corn starch 400 g , modified starch 100 g

Wettable powder ] )
A2-B corn starch 400 g , olive oil 50 g , sucrose 25 g
A2-C sun creamy 80 g

Soluble concentrate )

A2-D sun size 80 g
A2-E sun supersel 80 g

Wettable powder
A2-F sun fregel 400 g
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Table 17. Composition of wettable powder—type formulations using commercial additive,

carrier and B. amyloliquefaciens A-2

Type Formulation Composition per liter of bacterial culture broth
A2-G bead typed tapioca starch 400 g , modified starch 100 g
AZ2-H bead typed tapioca starch 400 g , olive oil 50 g , sucrose 25 g
Wettable A2-1 bead typed tapioca starch 400 g , sun fregel 400 g
powder A2-] bead typed tapioca starch 400 g , sucrose 100 g
A2-K bead typed tapioca starch 400 g
A2-L corn starch 400 g

) A2-M, A2-MP, A2-0 =3}4)]
7 L @ar)el dulguiR 4 LE Yal B amyloliqguefaciens A-2 45 JE35te] 724
2 wi%F(B0TC, 350 rpm, 1.5 atm, pH 6~7)3taL o] HjFNol] 7]Ee] 53 (Bead type) B} 2.7}
= oAU F-H o BT 58 AFESte] olE HumiAE A
of 3 3F= F7F A xS tH(Table 18).

__Oé
o
it
it

O

Table 18. Composition of wettable power-type formulations using commercial additives,

carriers and B. amyloliquefaciens A-2 cultures

Type Formulation Composition per liter of bacterial culture broth
A2-M boiled tapioca starch 400 g, olive oil 50 g, sucrose 25 g
Wettable . ) .
A2-MP powder typed tapioca starch 400 g, olive oil 50 g, sucrose 25 g
powder

A2-0 Sun creamy 80 g

. CH-10@FE ol &% F3AE v=5te AFst

7 L Zarled oiEuiAQl AZAuA 4 LE ar J]EyolA] Aol -3 Aow el
C. cellulans CH-10 55 FHFate] 724138t thaui sl o] vt eyt A&, 3
AR, SYBF S AemAE Hrbeta Edste] 3k mAdE

(Table 19).

OH
O
w1
of\
to
N
BN
=)
38
)
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Table 19. Composition of wettable powder—type formulations using commercial additive,

carrier and C. cellulans CH-10

Type Formulation Composition per liter of bacterial culture broth

CH10-G tapioca starch 400 g , modified starch 100 g

CH10-H tapioca starch 400 g , olive oil 50 g , sucrose 25 g
CH10-1 tapioca starch 400 g , sun cap 100 g

CH10-J tapioca starch 400 g

CH10-K corn starch 400 g

Wettable

powder

th. CH-67 #FE ol &% F3AF vAEF4] APt

1) CH67-A, CH67-B, CH67-C <341 ¥
7 L waziel dufulx] 4 LE Y3 B cepacia CH-67 {55 HE3ste] 72413 wl<d
(30T, 300 rpm, 1.5 atm, pH 6~7)3}aL o] vjgFNo] Beads typee] EM] 27} AE, Sun reamy,
Dextrin, Sugar ¢ AEwAlE H7bstal Edste] 34419 CH67-A, CH67-B, CH67-CE Al
Z3}tH(Table 20)

Table 20. Composition of wettable power-type formulations using commercial additives,

carriers and B. cepacia CH-67 cultures

Type Formulation Composition per liter of bacterial culture broth

CH67-A Sun creamy 70 g + Dextrin 10 g
Wettable

_ . .
powder CH67-B Beads type Tapioca 400 g + Sugar 25 g

CH67-C Sun creamy 80 g

2) CH67-D, CH67-F 3A¥
7 L Ear)d dvlulA 4 LE Y1 B cepacia CH67 o455 HE£slo] 72417 v
(30C, 300 rpm, 1.5 atm, pH 6~7)3FxL ©] uj%Mo] Powder type Tapioca, Sun creamy,
Sucrose’s®] AEMAE Este] 54219 CH67-D, CH67-F& Al=3t3 th(Table 21).
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Table 21. Composition of wettable power-type formulations using commercial additives,

carriers and B. cepacia CH-67 cultures

Type Formulation Composition per liter of bacterial culture broth

CH67-D Powder type of Tapioca 400 g
Wettable

powder Powder type of Tapioca 400 g + Sun creamy 80 g +

CH67-F
Sucrose 100 g
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EntEo A= wotrle]l 7kl MF-adA el Qb2 Aol m AR #F, o Fole
2 Bg|o} Ao A FE ofAlFo]l HAHET 1647 £ olgEol®E i o] f7 AR
HAUE 174716 o2 Sofzton 27)de B30 =2 A=tz 184 7] o] &efofelA]
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A 7E dwkstE A 1] oA k. @Al ThEE oAl ALl o] 277HA] vFdt T
e ol AAA 7 ol AuiHar e AiaFE st sevddAs F2 A48
= A gloy FHTolle BRrb il wrle] RI WREwES FaoFket Aiaw FEo
F4% Ul Auia o] ZA sofutar = FAolt
EntEd ASHE Wale FAoFe] delA dou, §-7 yeke] A, A Aol A Fa
AW, XvkE, A=
oA AGY, REA TS Aol dol whep =
o7 WAste] 7+ & 7Pt olF Botrytis cineread 93k A FZo|Wl Fulvia fulva
o 93 olFFo|Ho] 7MY FQFt tfSorE O AG3 AW Alternaria spp. ool 93
AFYY, Stemphilium spp. ool 23 AFHHo| &3 WASt=H|, Leveillula spp.o 23 317}

FW 3} Sclerotinia spp.©l °¢t AW A gHow M5 WSt IElE T vk o 2

YA PN EnkEe] 44 ARE WA AFe 2n 53 L4F6] do} Qi ol
AR Aesh G W PEaL i 2P JAFE] AE Te ARGAE fEsE

CEERES
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A2 A ANE nBEAAY AR} FAH ' $FAD AL

7. 3 HERADA T Bacillus amyloliquefaciens A-27FZ o]-€3 JUHATA Y HAEH AR

AR A

A2 #FE ol &3t Axg 1xF WABEAA (F3AF A2-A, A2-B, A2-F / 43}

A& A2-C, A2-D), 22 P BEAA (5323 A2-G~A2-L), 32+ W AEAA (5348 A2-H,

A2-M), 42 v ABEAA (53418 A2-MP, A2-0)2] FFoly WAl a3E A4 LEA o] A

Akt WA, MBE AA 1008 AN sehEof Eg$u]E (Triflumizole) F5H: E
71 shAl) 30000 S|ANE EFVE AMESEY XE Auje 75E EvtE 9o oF W =

of o FFol¥t F, fulva TF13 dF9 dAI2ZEH

2

g 5, A5 (BdEE 90%,

_6’:

F 747F 30 meA Abxahal, AFE 2443F F
T (As50=0.4) 10 mes Sl &, ¥l =L

22+£27C)° BAsAY. HF 4L F &

6EE. Wt ow 33 zALERlOMN o]F Witate]

YA R SAakeelt

WA 7H %) = A X 100

Ar FAD T oHAE, B AT o]

APZZE e 300 me] PDB (Potato Dextrose broth)u]#]ell PDAuJA| A A w3t

=y
Y

TF13 #9 #AHEHE (A4 1 mm) 12701 AFsk 443 90 (25T, 150 rpm)eE &
X
o

fiju

AFE Aedlel MH F, ol& #3471 (Warning, USA)®E 10x%F AN #h & &

Asso=0.40] HES gF g0 2gstel ol gt

o

2) ¥ WAEAAY Nejd FA A

Enlg o Fgoly w807 HE MuE 53148 A2-MPAAIS A5 EE A 6|

N

Aol WAFEHNE AAsIATE. A8 A2-MPAAES Z+2F 100, 500, 1000¥) 2, 3}85F Egls

B SahAlE 3,000M SAste] XE AM@ 73R ErbE oe] o Sivel 179 30 mA Fa
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A ATt 24 A7 F AdFgFolEd TF13 oF dAFERZREFN (As50=0.4) 10 mS 38}
o] 22427T, AUEE 90%2 Ao 547 B3 F o|HAE (%) At WAz}
3ot FAFRZFE-G NS okx| o] ASA L EZ | A Y oZFolw WAy A Y

sk,

S

f

Y. J1ElUolAl 4+ CH-10 #F & ©| &3 GUuATAY BAaY HA
CH-10¢tF5 ol&3te] Az F3Ad mAEAA (CHI0-G~CH10-K)9] Slw3e]H
WA asE ASE LEAAA HAgsiadh vAEAA 1008 AN} 8}e-goF Triflumizole
3,000 S| Ns BRI FEAME 7 8 EvtE Qo] oF Hdd] FaF 7b7h 30 mH A2
&tal, AFE 24A7F Fol| AFBolMHd F fulva TF13 #F9 #AZ2Z F-Fd HEYD (As50=0.4)
10 mS Qo] o S| ZuF AXdle], AL FUEE 90%, €% 22+27C)q] B3]

WE EARI PALD BAAAL. FARATFAL BAe] HEA

1) CH-677F9] Zgtxa= vjgFAS o433 WA ay AA
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3) CH-67 ¥5& °|-&% qHLxEA ] LARES] HA

h AP AE

CH-67 #F5 o]&ato] Az 1xk 7/ v AEAA (CH67T-A~CH67-C)2 22t i
2w AEAA (CH67T-D~CHE7-F)°] & w#Zol WALHRE AFH XEA A Ags3tt
WA v AEAA 1008 3 N3} 3}sHsoF Triflumizole 3,0008] A g BRE7|Z EEA )3l
7 39 EvtE 9] oF v ZuF zZ47F 30 mA AXsta, AF 24A43F Fo| QFgolHd A
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AL (FHHFE 90%, &% 22+£2TC)d BAsgh HE 54 F oHAE (WE AL HA
712 ghakeiolth. FAERZIE- N b A X EA el dFFoly wAaY AR F
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(b +5 WBEAAL ANuFE BAEA A
ErlE o Bgold WASCR AT AwE FAAY CHET-CAAE A% LEA

ol Aol WAEaE HAsAY. AT CHE7T-CAAE 22+ 100, 500, 10001 =, 33hgek &
ZFW Al 3,000 2 SMste] £E Aulgh 75 EvkE <le] o sl 159 30 meH
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2. A+43

7V, A EAZEH T B amlyloligiefaciens A-2 #FZ o] &3 nAEZAAY 54
EE| A TA &

1 12+ AAl (343 A2-A, A2-B, A2-E, A2-F / 4345343 A2-C, A2-D)
-2 W ZE e Evte o] 6F9 12 Az vAEAAY} 3esors Bl
E Qo EFAFskL 24417 & BHAdE HET F 109 Foll o|EPGES At WAIVLRE $
a , A-2AAAI 9L A-2BAIA Q] WA 7Y 247 63.2%, T72.2%2A AE 227t ¢l
o] wtow, stehEof Egjgnle] 68.9%% frAlakaint. W, A2-C, A2-D, A2-E, A2-F, A2-F
AAE 60%01ate] vt WAZEE Bo]l A2-A, A2-BAIAIZF 12 $-FAAE AEE A vHTable 1,
Fig. 1).

Table 1. Dissease control effects of 6 formulations using B. amyloliquefaciens A-2 and
chemical fungicide against leaf mold caused F. fulva TF13 on tomato plants at pots in a

growth chamber

Disease severity® (Control value®, %)

Formulations

10 days

A2-A + Pa 36.8 (63.2) a
A2-B + Pa 27.8 (72.2) a
A2-C + Pa 79.4 (20.6) cd
A2-D + Pa 39.2 (60.8) ab
AZ2-E + Pa 84.9 (15.1) cd
A2-F + Pa 61.2 (38.8) bc
Triflumizole + Pa 31.1 (68.9) a
Pathogen(Pa) only 100 (0.0) d

Control 0.0 (100) a

% Disease severity index (%) was made by estimating the percentage (%) of infected leaf area on
each plant by 7 fulva TF13.
P Control value (%)=[(Disease severity in control plants-Disease severity in treated plants) /

(Disease severity in control plants)] x 100
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Fig. 1. Disease occurred on tomato plants treated with formulations using 5.
amyloliquefaciens A-2 and chemical fungicide against leaf mold caused by F. fulva TF13
on tomato plants at pots in a growth chamber.

A, A-2A formulation ; B, A-2B ; C, chemical fungicide, Triflumizole ; D, Pathogen . E,

Control

2) 2x AA (3418 A2-G~A2-L)
22 Alzd 6% vAEFFY hEors EvtE Qe Alsta wAaRE A5
A AAstanh. 2 23, A-HAAS WA 82.6%% -3 BAZIE dEhhled, g
A2-GAIA = 73.3%°] WAZFE Bol fFoxF i v A2-I~A2-LAAl = 55% o]ake] W
HAZFS BT webd, A2-G, A2-HA A7} 232 AwEJcH(Table 2, Fig. 2).

- 146 -



Table 2. Disease control effects of 6 formulations using B amyloliquefaciens A-2 and
chemical fungicide against leaf mold caused F. fulva TF13 on tomato plants at pots in a

growth chamber

Disease severity® (Control value®, %)

Formulations
10 days

A2-G + Pa 26.7 (73.3) ab
AZ2-H + Pa 17.4 (82.6) a
A2-1 + Pa 61.6 (38.4) ¢
A2-]J + Pa 74.7 (25.3) d
AZ2-K + Pa 44.4 (55.6) be
AZ2-L + Pa 70.5 (29.5) d
Triflumizole + Pa 32.7 (67.3) bc
Pathogen(Pa) only 100 (0.0) e
Control 0.0 (100) a

? Disease severity index (%) was made by estimating the percentage (%) of infected leaf area on

each plant by £ fulva TF13.
> Control value (%)=[(Disease severity in control plants-Disease severity in treated plants) /

(Disease severity in control plants)] x 100
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Fig. 2. Disease control effects of 6 formulations using B. amyloliquefaciens A-2 and
chemical fungicide against leaf mold caused by F. fulva TF13 on tomato plants at pots in
a growth chamber.

A, A2-G formulation ; B, A2-H ; C, chemical fungicide, Triflumizole ; D, Pathogen ; E,

Control

B

12F9} 222 Adke 4590 8kAlE wAEFA2-A, A2-B, A2-G, A2-H AA)E
E Aujgr EvtE Qo] Aelste] sielwofd wAlanE AFAdA v, HAAsAT. 1 A
A2-HAA o] WAIZI7F 81.6%= 7Hd $Faklem, A2-A, A2-B, A2-GAIAI9] WAI7b= 747
55.2%, 65.3%, 62.2%= AZ wtekomn, stehwoke 53.8%% 7Hd wol, A2-HAAE §-FA1A
2 A93 vk (Table 3, Fig. 3).

—
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Table 3. Disease control effects of 4 formulations using B. amyloliquefaciens A-2 and
chemical fungicide against leaf mold caused F. fulva TF13 on tomato plants at pots in a

growth chamber

Disease severity® (Control value®, %)

Formulations
10 days

AZ2-A + Pa 44.8 (55.2) be
A2-B + Pa 34.7 (65.3) ab
A2-G + Pa 37.8 (62.2) abc
AZ2-H + Pa 18.4 (81.6) a
Triflumizole + Pa 46.2 (53.8) ¢
Pathogen only 100 (0.0) d
Control 0.0 (100) a

? Disease severity index (%) was made by estimating the percentage (%) of infected leaf
area on each plant by F. fulva TF13.
> Control value (%)=[(Disease severity in control plants-Disease severity in treated plants)

/ (Disease severity in control plants)] x 100
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Fig. 3. Disease occurrence on tomato plants treated with 4 formulations using 5.
amyloliquefaciens A-2 and chemical fungicide against leaf mold caused by F. fulva TF13
on tomato plants at pots in a growth chamber.

A, A2-A formulation ; B, A2-B ; C, A2-G ; D, A2-H ; E, chemical fungicide, Triflumizole
; F, Pathogen ; G, Control

3) 3x+ AIA (£3HAIF A2-H, A2-M)
A 1, 22HA A A e A2H AAE 80%9] F& WANE RO, AA] B

ER7le] vyl Ao ® sl AZ-HAAS] FARY EIIE #o A2-MAAIE AP s}staL
oln] FFAAR AAEAT A2-HAAE 3pshsofel Egsny} wAlavss v AAs 1
Az, A2-H AAL A2-M AA Q] WA 7= 242 80.1%, 77.8% = F2xk§le] Egkon, glehs
°Fe] 70.2% %= oAk vk (Table 4, Fig. 4).
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Table 4. Disease control effects of formulation and chemical fungicide against leaf mold

caused by F. fulvum TF13 on treated tomato plants in a growth chamber

5 days
Treatment Control value (%) (Disease severity (%))
I il means (%)

A2-H 84.8(15.3) 75.4(24.7) 80.1(20.0) £3.8 bc
AZ2-M 80.5(19.5) 75.1(24.9) 77.8(22.2) £2.2 be
Triflumizole 71.6(28.5) 68.7(31.3) 70.2(29.9) 1.2 ¢
Pathogen only (Pa) 0.0(100.0) 0.0(100.0) 0.0(100.0) £0.0 d
Control 100.0(0.0) 100.0(0.0) 100.0(0.0) £0.0 a

? Disease severity (%) was made by estimating the percentage (%) of infected leaf area
on each plant by F.fulva
> Control value (%) =[(Disease severity in control plant-Disease severity in treated

plant) / (Disease severity in control plants)] X 100
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Fig. 4. Disease symptoms on tomato leaves treated with microbial formulations and
chemical fungicide against leaf mold caused by F. fulva TF13 on treated tomato plants in
a growth chamber. A, A2-H formulation ; B, A2-M formulation ; C, Triflumizole ; D,

Control ; E, Pathogen.

4) 42 AA (F3AF A2-MP, A2-0)
37 AFst AAQL A2-MAAIS] AxA] H7tEE 71E9 #4539 €9 27 (Tapioca)
Hal e Ege e ey ogts o]&dtd AxTF A-MPAAE A2-MAA 2 A2-0A A<}
WAl EdE vastde. o Ak, A2-MI A2-MPAAS] WAl7l= Zh 88.4%9 89.0%%
M2 Foatglo]l $43l5on 53], A2-MPAIAlE 3}esore] 88.8%9% Fox7t %l
A2-0AIAe] 67.6%HTt H53] sttt ARAox dx el shehwoky frolatgle]
WAZLE =3 APt 84S nEste A2-MPAAE HE SFAAZ gl (Table

5, Fig. 5).
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Table 5. Disease control effects of 4 formulations using B. amyloliquefaciens A-2 and
chemical fungicide against leaf mold caused by F. fulva on treated tomato plants in a

growth chamber

3 days
Treatments
Disease severity (%)? Control value (%)°

AZ2-M 7.9 11.2 7.9 85.4(£3.1) b
AZ2-MP 4.7 4.7 10.4 88.0(*+4.6) ab
A2-0 23.2 17.2 19.7 67.6(*£4.9) ¢
Triflumizole 4.3 8.6 7.9 88.8(+3.7) ab
Pathogen (Pa) only 65.0 58.6 61.8 0.0(%£0.0) d
Control 0.0 0.0 0.0 100(£0.0) a

? Disease severity (%) was made by estimating the percentage (%) of infected leaf area
on each plant by F.fulva
> Control value (%) =[(Disease severity in control plant-Disease severity in treated

plant) / (Disease severity in control plants)] X 100
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Fig. 5. Disease control effects of 4 formulations using B. amyloliquefaciens A-2 and
chemical fungicide against leaf mold caused by F. fu/va on treated tomato plants in a
growth chamber. A, A2-M formulation ; B, A2-MP formulation ; C, A2-0 ; D, Eg 3=

(Triflumizole) ; E, Control ; F, Pathogen

5 HF A" v AEAA A2-MPAA S 3Aus=d wAES AA

ob WAlEI I} 7pE S-grste] HE MY A2-MPAAIE FMujdER Aelste] 74
3 AElsERg Adstaxt ek 1 Ay 1004, 5008, 1000864 ZH2F 84.3%, 79.4%,
72.0%% Mt FolAS WAZIE tha Al ov AR frejake gldlon, 53,
100 e} 5008 AgTelHE eEoF 90.8%9% FoA7E glo] Wi &It $FEidh
webd, AA4E uds] B u 50009 FEE AEHE AFT Aoz FALEI T (Table 6).

)
S

L0
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Table 6. Disease control effects of formulations and chemical fungicide against leaf mold

caused by F. fulva TF13 on treated tomato plants in a growth chamber.

5 days
Treatment Disease severity (%)? Control value(%)"
I I m mean (%)
A2-MP
(100—foi] o iaving) 884 (7.5)  89.0 (83) 754 (8.8) 843 (8.2)+45 be
A2-MP
(500—fold woraying) 780 (14.3) 880 (9.1) 721 (10.0) 79.4 (11.1)%4.6 be
A2-MP
(1000—to1d spraying 09:9 (19.6) 784 (16.3) 67.8 (11.6) 72.0 (15.8)%3.2 ¢
Triflumizole 96.1 (2.5) 88.5 (8.7) 87.7 (4.4) 90.8 (5.2) £2.7 ab

Pathogen(Pa) only 0.0 (65.0) 0.0 (75.8) 0.0 (35.9) 0.0 (68.9) £0.0 d
Control 100.0 (0.0)  100.0 (0.0) 100.0 (0.0) 100.0 (0.0)*0.0 a

? Disease severity (%) was made by estimating the percentage (%) of infected leaf area

on each plant by F.fulva

> Control value (%) =[(Disease severity in control plant-Disease severity in treated

plant) / (Disease severity in control plants)] X 100
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Y. 7IElvetA &4+ CH-10& °|&% HAayd HAA

1) CH-107F& °]-&8 v AEAA
Vel GolAl EAo] 58 C. cellulans CH-107F5 ©]&3te] v 559 $3A43F n
AEAAE FAs] EvfE Aol et FAETNE A5 143 An, CHI0-GAA
of WAL 70.8%= 7V wokow, dehsef Ao 51.3%KE Y x> adE el vt
W, CH10-H, I, J, K& E%F 55% o|&te] & WA7kE ®Hlvh waba], 7]ejvfolA] 2Ado] $-5

g v gEAAL] e 8 MR dFe] gAo] AHHor JPEJAH(Table 7, Fig. 6).

Table 7. Disease control effects of 5 formulations using Celluosimicrobium cellulans CH-10
and chemical fungicide against leaf mold caused /. ful/va TF13 on tomato plants at pots in

a growth chamber

Disease severity index® (Control value®, %)

Formulations
10 days

CH10-G + Pa 28.2 (71.8) a
CH10-H + Pa 44.2 (55.8) ¢
CH10-1 + Pa 60.2 (39.8) b
CH10-J + Pa 56.9 (43.1) bc
CH10-K + Pa 63.2 (36.8) ¢
Triflumizole + Pa 48.7 (51.3) bc
Pathogen (Pa) only 100 (0.0) d
Control 0.0 (100) a

? Disease severity index (%) was made by estimating the percentage (%) of infected leaf

area on each plant by F. fulva TF13.
> Control value (%)=[(Disease severity in control plants-Disease severity in treated plants)

/ (Disease severity in control plants)] x 100
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Fig. 6. Disease on tomato plants treated with 5 formulations using Celluosimicrobium
cellulans CH-10 and chemical fungicide against leaf mold caused by F. fulva TF13 on
tomato plants at pots in a growth chamber.

A, CH10-G formulation ; B, CH10-H ; C, CH10-1 ; D, CH10-J ; E, CH10-K ; F, chemical

fungicide, Triflumizole ; G, Pathogen ; H, Control
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. 7oAl @4 CH-67259) A5 A7 WwAEH A=A

1) CH-67 #F wj¥de HAsw A
FVEIobA]l &Ado] wig- e CH-673 CH-74 @59 wj¥aS Evte Qo] s}
24N Hell BAds HEst HAEAE A4 A3 CH-67 #7571 79.0%°] WAZ=E 7}
Fostow shebsoke] 71.4%1R T BAZPE Eokow Fexbrt At (Table 9). whebs, CH-67
g G4 2 FEdolal 4L Bl st U Tor ARe s ngEAA A

‘_,Z_
P35 LAart 71 E A

=

0>4

4l

7

-

Table 9. Disease control effects of mixture of formulation, culture solution and chemical

fungicide against leaf mold caused by F. fulva on treated tomato plants in a growth

chamber
Isolates Disease severity (%) Control value (%)"
CH-67 + Pa 8.3+£2.93 79.0b
CH-74 + Pa 17.8+8.46 54.9¢
Triflumizole + Pa 71.4+2.14 71.4b
Pathogen (Pa) only 39.515.44 0.0d
Control 0 100a

? Disease severity index (%) was made by estimating the percentage (%) of infected leaf
area on each plant by F. fulva TF13.
> Control value (%)=[(Disease severity in control plants-Disease severity in treated plants)

/ (Disease severity in control plants)] x 100
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Table 9. Disease control effects of cell suspension, supernatant and culture solution

against leaf mold caused by F. fulva on tomato plants in a growth chamber

Treatments Disease severity (%)"  Control value(%)"
CH-67 cell + Pa 3.3 (£5.7) 92.4 (£13.2) a
CH-67 supernatant + Pa 21.9 (£7.3) 50.1 (£16.6) bc
CH-67 cell + supernatant + Pa 10.2 (£7.8) 76.6 (£17.8) ab
Triflumizole + Pa 27.3 (£4.5) 37.9 (£10.2) ¢
Pathogen (Pa) only 43.9 (£23.5) 0
Control 0 100 a

¢ Disease severity index (%) was made by estimating the percentage (%) of infected leaf

area on each plant by F fulva TF13.

> Control value (%)=[(Disease severity in control plants-Disease severity in treated plants)

/ (Disease severity in control plants)] x 100

3) CH-67 #FE o] &3 duid¥Ae AsAY FEAA

7b) 12+ A A (CH67-A, CH67-B, CH67-C)

B. cepacia CH-67 d5& ©| &3 359 vAEAAE 15 Axste] ErtE Q33 o|y
of 3 WATHNE 3FF Eg]Fu|Z (Triflumizole) 3 ¥l HA&H k. 2 A3}, CH67-C Al
Aol WAZIY 97.0% = 33hsoFe] 94.1%9F FAFSIGITE whEbA, CHE7T-CAAlE ¢FAAR 1
2} AHHkgltH(Table 11, Fig. 8)
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Table 11. Disease control effects of formulations and chemical fungicide against leaf

mold caused by F. fulva on treated tomato plants in a growth chamber

4 days
Treatments
Disease severity (%)? Control value (%)°

CH67-A +Pa 16.3 16.1 10.8 72.2 (£0.8) d
CH67-B +Pa 7.3 6.3 6.5 88.5(£0.8) ¢
CH67-C +Pa 2.7 0.3 2.1 97.0(£1.3) a
Triflumizole +Pa 3.7 2.3 4.3 94.1 (£1.1) b
Pathogen (Pa) only 55.5 60.6 59.3 0.0 (£0.0) e
Control 0.0 0.0 0.0 100 (£0.0) a

? 1 Disease severity index (%) was made by estimating the percent (%) of infected leaf
area on each plant by /. fulva TF13
> . Control value (%) = [(Disease severity index in control plants - Disease severity

index in treated plants) / Disease severity index in control plants] x 100
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Fig. 8. Tomato leaf mold symptom on tomato treated with wvarios formulations and
chemical fungicide in a growth chamber.
A, CH67-B formulation ; B, CH67-C formulation ; C, Triflumizole ; D, Contol ;

E, Pathogen

W) 22 AA (CH67-D, CH67-F)
12} AAel A Adkg CHE7-C AAE EFste] 22 AAl 2Fol dg EntE o 3o
ol o3 WA &32 3}esoF EgF 0 (Triflumizole) ¥ ¥lal AASAT. 2 A3}, 3419
CH67-C, CH67-D¢} CHE7-FAIA o] WAI7}= 2442 92.6%, 86.3%<F 92.5%= FoJzt3le] =2
o gehEoke] 89.5%¢ % FoA7 gllth. 1yt CH67-DoF CH67-F AlA= 12 A AA
Ql CH67-CAHIAIL 97.0%< WAZIRG @i AAE EvfEd Az d3e w of&o] LA x|o
v gt FAl o] HAEe] 13t AutE CHE7-CAAE Evte o 3ol WhAg Ui

o] &FAPor HE A stk (Table 12. Fig. 9)
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Table 12. Disease control effects of formulations and chemical fungicide against

mold caused by F. fulva on treated tomato plants in a growth chamber

4 days
Treatments
Disease severity (%)? Control value (%)°

CH67-C +Pa 92.8 89.8 95.2 92.6 (£1.6) a
CH67-D +Pa 78.2 94.4 79.4 86.3 (£6.6) a
CH67-F +Pa 88.5 96.3 92.7 92.5 (£2.3) a
Triflumizole +Pa 81.2 91.2 96.1 89.5 (£4.4) a
Pathogen (Pa) only 20.4 20.4 75.8 0.0 (£0.0) b
Control 0.0 0.0 0.0 100 (£0.0) a

a

area on each plant by /. fulva TF13

> Control value (%) =

index in treated plants) / Disease severity index in control plants] x 100
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Fig. 9. Tomato disease symptoms on tomato leaves treated with microbial formulations

and chemical fungicide against the leaf mold caused by F. fu/lva TF13 on tomato plants in
a growth chamber.

A, CH67-C formulation ; B, CH67-D formulation ; C, CH67-F formulation ;

D, Triflumizole ; E, Contol ; F, Pathogen
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4) HF ATd CH67-CAA L 3| Aujd WA gt
HE AdE CHE7-CAAIE gAw4H= 100, 500, 10008 2 3]A st EntE Sl

ol i3t HA &S 38t HoF Eg]$n|Z(Triflumizole) ¥ ®Hlx AAS Az 100, 500, 1000
wloll Al Zt2; 97.7%, 84.3%, 78.2%°] WA|7}= slahEoke] 83.5%9 HluwsldE §ox7t §lo]

Table 13. Disease control effects of formulations and chemical fungicide against leaf

mold caused by F. fulva on treated tomato plants in a growth chamber

4 days
Treatments
Disease severity (%)? Control value (%)"
CH67-C + Pa
CH67-C + Pa
(500 fold—spraying) 8.4 7.1 5.6 84.3 (£2.8) a
CH67-C + Pa
Triflumizole + Pa 14.7 6.2 4.4 83.5 (£2.1) a
Pathogen (Pa) only 20.3 34.3 35.9 0.0 (£0.0) b
Control 0.0 0.0 0.0 100 (£0.0) a

@ 1 Disease severity index (%) was made by estimating the percent (%) of infected leaf

area on each plant by F fulva TF13

> : Control value (%) = [(Disease severity index in control plants - Disease severity

index in treated plants) / Disease severity index in control plants] x 100
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Fig. 10. disease symptoms on tomato leaves treated Withormulations and chemical
fungicide against the leaf mold caused by F. fulva TF13 on tomato plants in a growth
chamber.

A, CH67-C 100—fold spaying ; B, CH67-C 500—fold spaying ; C, CH67-C 1000 fold

spaying ; D, Triflumizole ; E, Contol ; F, Pathogen

2 FHEZEA AA(A-2MP) ¢} 71ElvtolAl &4 AlA| (CH-67C) 9 3 4Aast AA

A2 w5 CH-67¢F9 uidxg 3Ad AA= HF Add A2-MPAIAS
CHE7-CAIAE ErtE < F3o] W v T A sty gtshsofzt 1 WAl a7E vl
AARsdek. 21 Ay, axHAe]  CHE7T-CAA7F 93.6%= A2-MPAAS]  78.4%K.t}
e 2k Al -k, EFAY(A2-MP+CH67-O)Alol= 87.5%%  CH67-CAHA <]
gEAEETE 93 glo] oy A2MPO wEAEUE FIAUA =k Nb,
sekyoke 81.5%2M  CH67-CHRUF  wokou  A2-MPAAIS  #AF skdch wiebA,
CH67-CAIA 9] dEAele Sladoly WAl vlg 53 oz ZAHJOM, AUAEH}E
93 A2-MPAIAIS CHE7-CAAIS] &A= CHE7-CAAS dExe7t 453 $
T¢AEE @ 7 ey, A2-MPAAIEGRE $-gstER CHE7-CAAS] w@sie] He
A2-MPAA 2k CH67-Co] E@A 2 7F G340 Aoz A= k(Table 14).

1
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Table 14. Disease contorl effects of 2 formulations against F. fulva on tomato plant at

pots in a growth chamber.

4 days
Treatments

Disease severity (%)? Control value (%)°
A2-MP + Pa 9.0 7.9 11.1 78.4 (£ 3.8) ¢
CH67-C + Pa 2.5 2.9 2.9 93.6 (£ 0.5) ab
AZ2-MP+CH67-C + Pa 4.0 9.0 3.2 87.5 (£ 7.3) bc
Triflumizole + Pa 4.3 8.6 7.9 81.5 (£ 2.6) ¢
Pathogen (Pa) only 65.0 58.6 61.8 0.0 (£ 0.0) d
Control 0.0 0.0 0.0 100 (£ 0.0) a

? Disease severity index (%) was made by estimating the percent (%) of infected leaf

area on each plant by F. fulva TF13

> Control value (%) = [(Disease severity index in control plants - Disease severity index

in treated plants) / Disease severity index in control plants] x 100
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Fig. 11. Disease control effects of formulations and chemical fungicide against the leaf
mold caused by F. fulva TF13 on tomato plants in a growth chamber.

A, A2-MP ; B, CH67-C ; C, A2-MP+CH67-C ; D, E&] %" & (Triflumizole) ; E, Contol ;
F, Pathogen

v AZF A-2.5 dFE o8 MASAAY LAETY

FEAD 4% JlEvelA] @4S FAd MRS AxFE A25:FE o] &35
A2.5-MP AAIE Alxstal ol& CHE7-CAAI 3shsef Eg$u|ZE (Triflumizole) o ¢
AdFFol¥ WAE v FGASHC. 2 Ay, dAEAEAYF A-29] N19 chitinase genes
Aeletel Az ¥® A-259dFE  ol&ste Az A25-MPAAIY  WA|ZFE 80.1%%
ANt 7 A-2d TR AF"E A2-MP AAe FAI7F 78.4%HTPE fFoAHoRE £

Folr] AzF ol o3k WA 7te] TS A gdth(Table 14, Fig 11).
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Table 14. Disease control effects of 2 formulations against /. fu/va on tomato plant at

pots in a growth chamber.

4 days
Treatments

Disease severity (%)? Control value (%)°
AZ2-MP + Pa 9.0 7.9 11.1 78.4 (£ 3.8) ¢
A2.5—MP + Pa 7.9 4.7 13.2 80.1 (£ 10.0) b
CH67—-C + Pa 2.5 2.9 2.9 93.6 (£ 0.5) ab
A2.5-MP+CH67-C + Pa 3.6 7.2 3.2 89.2 (£ 5.1) ab
Triflumizole + Pa 4.3 8.6 7.9 81.5 (£ 2.6) b
Pathogen(Pa) only 65.0 58.6 61.8 0.0 (£ 0.0) ¢
Control 0.0 0.0 0.0 100 (£ 0.0) a

? ¢ Disease severity index (%) was made by estimating the percent (%) of infected leaf
area on each plant by /. fulva TF13
> . Control value (%) = [(Disease severity index in control plants - Disease severity

index in treated plants) / Disease severity index in control plants] x 100
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Fig. 5. Disease symptoms on tomato leaves treated with formulations and chemical
fungicide against the leaf mold caused by F. fulva TF13 on tomato plants in a growth
chamber.

A, A2.5-MP ; B, CH67-C ; C, A2.5-MP+CH67-C ; D, Triflumizole ; E, Contol ; F,

Pathogen

- 169 -



2
w
()
(i
Au)
[>
v}
plg

S ERAM S BAETH AA

EutE 9l o)y WAgoR HF A FAY A-2MPAA S CH67CAAE 3 A8t
of Zetrg §h9-2 Ul EACA Al EntEA o FFo)o] dig WAavs Ak
ZYaxEd dFste] 4F @ FEHE 32 ol A 1558 EvlE o] oF, v nA
= 5o%S 1009 & 3Aste] 200 me A =aLF A stQlvh 24A13F F ERtE Q) dolH Lt
TF13 759 #4127 79 A5 (As50=0.4) 60 mt & A o &, Fde] FuF 24X HF
sttt ol kA=A FEEoF Edwl (FEY: Eg$u|Z (Triflumizole) F34)E 3000
v 3] ste] Abgstlom, Wl TF13 9] dAPZRZHfF4-2 PDAu|A ] o] 2 gh TF13 i
5 @271 273 g (h250) % F, dFHE vAEA(HAE 1 ecm)S PDBUIACl 100 m¢ T 4
WA Eal 4~5U 7 (251 A2 o] PDBE ©]-&3}4]

a
—
(@]
(@)
=
o
2
rot
o
o
jas)
==
O
rtLJ
>
f

227] (warning, U.S.A)E 1027 #AS Zol = A 2 ZA

g o & AS 20 cm®E sk §F A gl 125 A, 3HkE ) S oui A o7 A A

ATk kAAE = 1FY (HFHoRE F 33 AP st on, wpA|u okAl M F 17d9 H dHgE
=

& zAbste] A}

2. d7+23
74 N R AEFFY] 2N AL WA A

e XE AAA HEFXE H B amyloliguefaciens A-2 w59 F3AE A2-MPA A
¢} B cepacia CH-67 9 4348 CHE7-CAAZ FAste] 828 3+~ W EZ At
EntEo A ol wgoldol Wigh WAanE AASA. 1 A3, A2-MPAIAISE CHE7-C A €]
1008} 314 AHel7-7F 242 79.4%% 76.6%=A el & F glol -eklvh. vk, 5000 34 A
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Table 15. Disease control effects of formulations and chemical fungicide against leaf

mold caused by F. fulva on treated tomato plants in the field

Total 3 weeks spray at every 1 week

Treatments -
Disease severity (%)®  Control value (%)

A2-MP (100—fold spraying) +Pa 12.5 17.4 12.5 79.4 (£4.1) a
A2-MP (500—fold spraying) +Pa 22.4 20.2 14.0 72.6 (£6.4) a
CH67-C (100—fold spraying)+Pa  18.5 16.0 13.8 76.6 (£3.4) a
CH67-C (500—fold spraying) +Pa 13.9 29.8 21.9 68.2 (£11.6) a

Triflumizole+Pa 15.9 11.8 14.3 79.6 (£3.0) a

Pathogen (Pa) only 65.7 77.5 63.1 0.0 (£0.0) b

? Disease severity (%) was made by estimating the percentage (%) of infected leaf area
on each plant by F.fulva
> Control value (%) =[(Disease severity in control plant-Disease severity in treated

plant) / (Disease severity in control plants)] X 100
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Fig 12. Disease control effects of 2 formulations using B amyloliquefaciens A-2 and B.
cepacia against leaf mold caused F. fulva TF13 on tomato plants at soil in the plastic

house in Dae-jeo, Kim-Hae, Gyeongsangnam-Do on February, 2007.
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Table 16. Disease control effects of 3 formulations against leaf mold caused by Fulvia

fulva TF13 Three treatments with one week interval on tomato plants in the plastic

house
Total 3 weeks spray
formulati
? .mu arons Disease severity (%)” Control value (%)
(spray times/3 weeks)
I II il MEAN I I il MEAN

CH67-C (1time) 41.7 50.1 47.6 46.5 (£4.3)ab 33.0 19.4 23.4 25.3 (£7.0)c
CH67-C (2times) 28.7 13.6 29.7 24.0 (£9.0cd 53.8 78.0 52.2 61.3 (£14.5)ab
CH67-C (3times) 18.8 3.8 7.0 9.9 (£7.9)d  69.7 93.9 88.7 84.1 (£12.7)a

A2-MP (1time) 40.5 45.6 53.6 46.6 (£6.6)ab 34.9 26.6 13.9 25.1 (£10.6)c
A2-MP (2times) 43.6 54.3 46.2 48.0 (£5.6)a 29.9 12.7 25.7 22.8 (£9.0)c
A2-MP (3times) 25.5 17.6 31.5 37.2 (£7.0)bed 59.0 71.6 49.4 60.0 (£11.1)ab

A2.5-MP (1time) 52.3 50.0 36.0 46.1 (£8.8)abc 15.9 19.6 42.2 25.9 (£14.2)c
A2.5-MP (2times)  48.1 52.7 33.6 44.8 (£10.0)abc 22.6 15.2 46.0 27.9 (+£16.0)bc
A2.5-MP (3times) 8.6 14.8 17.6 13.7 (£4.6)d 86.2 79.5 71.6 79.1 (£7.3)a

Triflumizole 6.9 3.0 6.0 5.3 (£2.0)d 88.8 65.2 90.8 81.6 (£14.2)a
control 76.3 52.4 579 62.2 (£12.5c 0.0 0.0 0.0 0.0 (£0.0)c

? Disease severity index (%) was made by estimating the percentage (%) of infected leaf
area on each plant by F. fulva.
> Control value (%) =[(Disease severity in control plant-Disease severity in treated plant) /

(Disease severity in control plants)] X 100
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Fig. 13. Disease control effects of 3 formulations against leaf mold caused by Fulvia fulva
TF13 Three treatments with one week interval on tomato plants in the plastic house.

A, CH67-C (3 times) ; B, A2-MP (3 times) ; C, A2.5-MP (3 times) ; D, Triflumizole ; E,

Control

- 176 -



N mBEAAY] & R aFA e o3 Al A

T3AY A2-MP, A2.5-MP, CH67-C AAE o]&ste] &3 9 uwsAzle] <3t
WAEIE vlaste] HA A, EFASR] CHE67-C+ Triflumizole®} A2-MP+ CH67-C9]
WA 7= 27F 93.0%, 88.5%% desof E$u E(Triflumizole) A9l 81.6%< <z}
glol wokom, wa Aol A e shehw ok wE e A2-MP/Triflumizole/A2-MP2] WA 7}7F
91.4%=  7¢  H%kow, tgo2E  CH67-C/Triflumizole/CH67-C2 90.0% 9}
A2-MP/CH67-C+ Triflumizole®] 88.1%< A7l o=z Eodrh. &, gwefs 13%

N

o]

HAYstx] @ AATS wasHF3 A2-MP/CH67-C/CH67-CAH g9 WA|7}7F 85.5%%
3t EgSnE 33 AEHE T 81.6%HET ta oy A7t glitH(Table 17. Fig
14). oA, sEsers wsste]  Axse Flo] AANS A¥se AR ga

o =] S SNk = 3T =] [e) S 0. O 3 =]
saons sebsol £¢ ik AR AL AFT 5 S A,
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Table 17. Disease control effect of mixture of formulation and chemical fungicide against

leaf mold caused by Fulvia fulva TF13 on treated tomato plants in the plastic house.

Total 3 weeks spray

Disease severity (%)* Control value (%)
I il I MEAN I I I MEAN
A2-MP+ CH67-CP 6.6 4.9 10.0 7.2 (£2.6)c 89.592.1 83.9 88.5 (*4.2)a

CH67-C+ Triflumizole 20 7.1 4.1 4.4 (£2.6)c 96.9 88.7 93.5 93.0 (£4.1)a

A2-MP/CH67-C/A2-MP®  43.1 46.7 34.8 41.5 (£6.1)b 30.7 24.9 44.0 33.2 (£9.8)b

A2.5-MP/CH67-C/A2.5-MP 48.9 45.3 50.2 48.1 (£2.5)b 21.4 27.2 19.2 22.6 (£4.1)b

A2-MP/Triflumizole/A2-MP 5.3 5.4 54 54 (£0.Dc 91.591.3 91.4 91.4 (£0.Da

CH67-C/Triflumizole/CH67-C 6.7 2.9 9.0 6.2 (£3.1)c 89.2 95.3 85.6 90.0 (£4.9)a

A2-MP/CH67-C/Triflumizole 8.2 9.5 4.6 7.4 (£2.5c 86.8 84.7 92.7 88.1 (£4.2)a

A2-MP/CH67-C/CH67-C  11.2 7.4 7.9 8.8 (£2.1)c 82.0 88.0 87.3 85.8 (£3.3)a

Triflumizole 6.9 3.0 6.0 5.3 (£2.0)c 88.8 65.2 90.8 81.6 (£3.3)a

CONTROL 76.3 52.4 579 62.2 (£12.5)a 0.0 0.0 0.0 0.0 (£0.0)c

? Disease severity index (%) was made by estimating the percentage (%) of infected leaf
area on each plant by F.fulva.
> were equally mixed (1:1, v/v) and sprayed on the whole tomato plants for three weeks

¢ Each formulation sprayed on the whole tomato plants for three weeks by turns
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Fig. 14. Disease control effect of mixture of formulation and chemical fungicide against
leaf mold caused by Fulvia fulva TF13 on treated tomato plants in a growth chamber

A, A2-MP/CH67-C ; B, A2-MP+ CH67-C+A2-MP ; C, A2-MP+ CH67-C+ CH67-C ;

D, A2.5-MP+ CH67-C+ A2.5-MP ; E, Triflumizole ; F, CH67-C/Triflumizole ;

G, CH67-C+ Triflumizole+ CH67-C ; H, AZ-MP+ Triflumizole+ AZ-MP ;

[, AZ-MP+ CH67-C+ Triflumizole ; J, Control
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7 AgAN Y AT-2 AAS FAARY A

T HAEAAQ] HdTstAE A2-MPAAS] dugaE HAAS A8, ZHaEee-2u
XEA 8 EvtE(E F 7~8F) A-2MP AAE 13 A & 104704 o F-9E 1g 7
lem® ®ol EA8V= B amyloliquefaciens A-27F9] RAAFE ZAL 3ttt olu], A #
A2-MP AAE A-2 ¥FE rifampicin(100 gg/mDeo] E3 F Nutrient agar(NA)YHIA] o] 153+ A
o) wjFste] 53 rifampicin A FFA-2R)ZE A F3HA(A2-RMP)AIA = Al %28t 2T
A3 oleol o Mo FRE 13 AE v A-2 #F9 A4 rifampicin 100 pg/ml ©] E
g NA wixolA BAgabgor 2AF Hom, AlAle] 27] s 1.4 X 107 o]

e

bt R e ) e s

Aatgl mAEAAR] F3AE AT-A% HNFFIAY AT-2AHAE A2 4TColA 72 B
stA Wi Fde daol] AlAle] EFE ] hE A-THEF AuFE NAsA A A Fady o
2 ZAbsle] nAEA A9 <A A (storage stability) S ZAFEFA TR EE 4ToA MLy /1Y B
oF B¥so] el AAGsAl AT-2414E PDAWIA ol A et g et on, 133k
Bt A7-2A4A1 9] =™ 100, 500, 1000w) sANS AW AT dixu]gste] AA )
(inhibition zone)& ZAMFFO.®A o] 59 A7t Bt A9 PSS AT

o AT v AEAAY FEdM BE5SY 23 FA

Ak @ mAEQ A-2, CH-67 #59 AFEHH AAS 98], NB vix|ol A 24417 Fu) <t
3 A-2, CH-677F¢ AdHEH4 5 mlS 1,000 ml & AzFZet~=9 500 ml NBHlAd] HZF
Faz 30T A 160rpmoZ 72hr ZNGHjFst & ZefpxE a9~ Ul XE st EnfE(TE &
ol 1X2E 100 ml A # a3y @5 & 159 5 A 22 &S 279 X E A @
shaith. 23] ¥ Ay & 55 FH 7] Ay FHEE Y 9 AAANEY AFE W ATHS
g3kttt

F

_1)1 >~ o

Ay
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o BEEe EYH Wg JlEYolA &4 259 A=Ay AA
AduFoly wAlgor HF HAd ®© A2 FF9 CH67 #5 g Az #F
w5 wFNS ol &sto] Ao EvtE, AFFed Agstn BB AL Rhizoctonia solani
AeAEHdds AT § A4S A adivh. SeaxEd 3Fete] 458 fFHA A2,
CH-67, A-25 9 AltH-fFde fTH & 5 3 m¥ S5 FsaL 2443 Fo] B JF
F 79 FA 50%e wHES Helw wEe FU Ase=0.8% 1 mle] dARZ FRdE
AEah WAV 53 2ol ket
A-B
WA 7H %) = A X 100
At FAE T ol &, B Ao olWdE
2t A8 HA
Aubgl mAEAA] S A2-MP9 CH67-C AAE A3 4CollH 2zt Bastda oj
Aol AAC] TeE ] = A-2 #F9 CH-67 52 A4S NAHX A 344
& 2AF FQITh T3 4T A2oA Bt Fold A2-MP
of ek WAE AAS HAASHAT

AR
FHo 2] T YA <
o F ol

AA S EnE EEA A

iy
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2. A+43

7t E2t2Y 32 W ZEX G EvtEA Y A-2AA19] GAFEY HA

Rifampicin A3 B amyloliquefaciens A-2R dFZ o]&sto] A %3t N34
A2-RMP AAE ErtE <o) 13] At § 745 A-2 59 AAFE o oA FA4 33
o 2 A3 AA Ag A3 oMo 7] HESE 2.3x10%cfu/g, 2.1x10'cfu/cm® o]em 7
AHoz ok s ot Ay 5Ll o Bl 1.1x10%cfu/g2A A-27F2 Jd84=
o] 5UA] A= Ao R EArHTable 18).

Table 18. Survival of Bacillus amyloliquefaciens A-2, rifampicin resistance isolate of A-2R

formulation on tomato leaves during 1 week in plastic house.

Oday ‘ ldays 3days 5days‘ 7days
cfu/g 2.3x10° 9.0x10" 3.9x10° 1.1x10° 0
cfu/cm® 2.1x10" 4.2x10" 1.5x107 0 0

ZepaEsheadl XEANMGE EviEdxel A&HZ adt HAS A A-2¢F

CH-67¢55 o]&ste] BEvtE 1¥xEY Ay 100 ml ¥ @53 5 555 247+ A7

F 9 ATFS S48 2 23, A-2 59 AR AT A
S, Qe A AFHS 77t 64.4 g8 83 go® FAYTY 416 g 64 g ¥
Hyponex# 2] 7-¢] 47.0 g¥ 5.5 g®Htt FoxF Al =kv}h. ey ejo) ASFd AdsFS 7
7} 59 g, 1.8 go 2 FAH 49 2.9g3 1.9 ¥ Hyponexx & 79 AZ#Hy AFFH 3.7 g, 1.3
g¥ HlaEtls W AR fojak= glAth AANAE AA AREA ] A EFo] Fdsgith. 3§t
ARk, CH-67 52 Ad5-fA3 CH67-CAlAl] %ol FA2+ oL
frejabgle]l sdstaint wEkA, A-2 dFE ddolwe] ek g Wk ofye, 2o A
=30 %= o < ¢ 4= dtK(Table 19, Fig 16).
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Table 19. Plant growth promotion effects of cell cultures and formulations of Bacillus

amyloliquefaciens A-2 and Burkholderia cepacia CH-67 on fresh weight and dry weight

Fresh weight (g)

Dry weight (g)

treatments
leaves root leaves root
cell A-2 64.4 (£9.99a 5.9 (£2.2)a 8.3 (£1.2)a 1.8 (£0.4)a
suspension CH-67 47.4 (£9.4)ab 3.8 (£1.9)a 5.6 (£0.9)a 1.4 (£0.4)a
A2-MP 49.8 (£6.1)ab 4.5 (£x2.4)a 8.0 (£1.5a 1.6 (x0.4)a
formulations

CH67-C 54.8 (£13.9ab 2.9 (£1.4)a 6.4 (£1.4)a 1.3 (*x0.3)a
Control(NB) 47.4 (£11.1)ab 3.5 (£0.6)a 6.9 (£0.9)a 1.3 (x0.4)a
Hyponex 47.0 (£8.4)ab 3.7 (£2.9)a 5.5 (£0.9)a 1.3 (£0.5)a
Control 41.6 (£11.3)b 2.9 (£1.4)a 6.4 (£2.1)a 1.3 (x0.4)a
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Fig 16. Growth Promotion effects of cultures and formulations wusing Bacillus
amyloliquefaciens. A-2 and Burkholderia cepacia. CH-67. A, Control; B, Hyponex; C, NB;
D, CH67-C; E, CH-67; F, A2-MP; G, A-2

ot B35 ESH A HAE 3A

Jaedgdyd 9 FEvtolAdl @A el CH-67, IHZddAT A2 oF g
e WA #F9 A25T #F9 AdFEFd T vAEAA(CHE7-C, A2-MP)Z
H

dF B EvtEe] AYste] o5 WeH Wl Wi @AasE HAAstaa st 1

A
A2 58 A25 #FY AT s A2, 63.5%9 68.8%% A EIES] FYAF7E Rlo]
CH-67 TR+ itk s, CHE7-C3¥ A2-MP AAldA+ EF v wA7bE
B3tk (Table 20, Fig 17). E3h, EvtE Wad g gt WA g7E sshsof(3Ate] &) 7
Hlal HJAg Ay, CH67 779 Adi-F9 AgTolAs 95.6%=2 w2 BAZE B, A-2
T A-2.5 #F= Z+7E, 38.5%% 18.7%= wi-¢- stkrh. whA, CH67-C3 A2—MPAA| A=

- 184 -



N

2 80.1%, 14.6%% AFolH WAEo= MAuite CH-67 ¥ Hi CH67-C AlA] <

o

o] Bl tisi e -3 Al et s Ao A G (Table 20, Fig 18).

Table 20. Disease control effect of 2 formulations and 3 cell suspension against X. solani

on crisphead lettuce and tomato plant at plugpots in a growth chamber.

Head lettuce Tomato

Disease severity (%) Control value Disease severity (%) Control value

I O I Mean (%) I 1 I Mean (%)
38.9 (£13.3)
bc
A-25T 225 27.5 25.0 25.0 68.8 (£3.2) bc 64.2 80.9 72.5 72.5 18.7 (£9.4) b

CH-67 27.5 5.0 10.0 14.2 82.3 (£14.8) ab 5.0 3.4 34 39 956 (£1.0) a
CH67-C  32.5 30.0 45.0 35.8 55.2 (£10.0) ¢ 15.0 20.0 18.3 17.8 80.1 (£2.9) a
A2-MP  47.5 37.5 35.0 40.0 50.0 (£8.3) ¢ 71.7 89.2 67.5 76.1 14.6 (£12.9) ¢
Pencycuron 5.0 5.0 50 50 93.8 (£x0.0) a 109 59 108 9.2 89.7 (£3.2) a
Pathogen 82.5 80.0 77.5 80.0 0.0 (£0.0) d 88.4 92.5 86.7 89.2 0.0 (£0.0) d
Control 0.0 0.0 00 0.0 100.0 (£0.0)a 0.0 0.0 0.0 0.0 100.0 (£0.0) a

? 1 Disease severity index (%) was made by estimating the percent (%) of infected leaf

A-2 20.0 30.0 37.5 29.2 63.5 (£11.0) bc 65.0 56.7 41.7 54.5

area on each plant by K. solani AG-1
> : Control value (%) = [(Disease severity index in control plants - Disease severity

index in treated plants) / Disease severity index in control plants] x 100
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Fig 17 . Disease control effects of bacterial culture against K. solani AG-1 on crisphead
lettuce at pots in growth chamber. A, A-2; B, A-2.5; C, CH-67; D, Chemical fungicide,

Pencycuron; E, Control; F, Pathogen.

Fig 18. Disease control effects of bacterial culture against /. solani AG-1 on crisphead
lettuce at pots in growth chamber. A, A-2; B, A-2.5; C, CH-67; D, Chemical fungicide,

Pencycuron; E, Control; F, Pathogen.
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& AL A BEAA AGAAHE HA

Aabgl v AEAA =84 A2-MP9F CHE7-CAIAE A% D A7) g oA
e A A3t A2-MPAIAIS] 20061 699 27] AlgsE 1.6 X 10° cfu/ml o19lem, 11714
Tl 2007 499 4TS A2 AFEE=E 2+2 60 x 10° cfu/ml ¢F 1.4 x 10° cfu/ml ©] %)
th ol 2719 AiFRte sl oy oHE] H& WEo Al fFAHIL gidlon, od
AL 4T Bate] e Ao dEAelE gllth(Table 21). 18y, CHE7-CAlA 4 5-, Al
2 Az 5o QyEsrst AFA Ausrt BFHA Fokrh o] Hol CHE7-CAAlE CH-67dF

>

Table 21. Cell density in A2-MP formulation according to storage periods at various

temperature condition(C)

Cell density (CFU/g)
2006/06 | 2006/07 | 2006/08 | 2006/09 | 2006/10 | 2006/11 | 2006/12
4C 16 X 10°] 1 X 10* | 3 x 10" |40 x 10"|2.0 x 10"|1.8 x 10"|1.2 x 10
22~25C 13 x 10°] 1 x 10° | 6 x 10° |7.0 x 10°[3.4 x 10°|3.0 x 10°|2.8 x 10°

Periods(Date)

. Cell density (CFU/g)
Periods(Date)
2007/01 2007/02 2007/03 2007/04
4C 35 x 107 72 x 10° 80 x 10° 6.0 x 10°
22~95C 42 x 10° 15 x 10° 2.2 x 10° 14 x 10°

ob AL A AEAA F7I BAF AAETH FA

4Cet A2oA REFold A2-MP AAE AFFolHo] gt EntE ZEA A A
E AR 23, 4T ARy AA 4249 BAlZkE 83.0%% 83.1%% FA vskow, A
Tk etk WA, AAE V) Basdn rgAel wlg =S AR Felskgl
tH(Table 22).
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Table 22. Storage stability of A2-MP formulations against F. fu/va on tomato plant at pots

in a growth chamber.

4 days
Treatment

Disease severity (%) Control value (%)

A2-MP*+Pa 6.1 6.5 4.0 83.0(* 4.1) b
A2-MP"+Pa 6.1 4.7 5.7 83.1(+ 2.2) b
Triflumizole+Pa 5.0 7.5 4.3 82.8(* 5.2) b

Pathogen (Pa only) 33.6 40.7 23.2 0.0(£ 0.0) ¢
Control 0.0 0.0 0.0 100(= 0.0) a

@ : Stored at room temperature.

> Stored at 4C
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A5 A ATANE Ao B4A

&3 3 =% 9%

1. Cloning and expression of two chitinase genes from Bacillus licheniformis N-1 and
Bacillus licheniformis CH-1. Han-Woo Kim, Kwang Youll Lee, Kwang-Ryool Heo, Young

Byoung Yi, jae sung—nam, Seon-Woo Lee, Byung—Ju Moon.

2. Chitinolytic  Activity from two  bacterial strains paenibacillus pabuli and
Cellulosimicrobium cellulans. Han-Woo Kim, Kwang Youll Lee, Ok-Ju Chun, Eu-Jin Chung,

Young-Byoung Yi, Seon-Woo Lee, Byung-Ju Moon,

3. Isolation of an antagonistic bacterium active against Fulvia fulva, causing leaf mold on
tomato. Ok Ju Chun, Han Woo Kim, Kwang Youll Lee, Ki Hyuck Choi, Hyun Young Jang,

Seon Woo Lee and Byung Ju Moon.

4. Isolation of a chitin—degrading bacterium, Cellulosimicrobium cellulans CH-10 and its
antifungal activity. Kwang Youll Lee, Han Woo Kim, Ok Ju Chun, Young Byung Yi, Soon Je

Jung, Seon Woo Lee and Byung Ju Moon.

5. Selection of optimum media for mass culture of an antifungal bacteria ZBacillus
amyloliquefaciens A-2 against tomato leaf mold pathogen, Fulvia fulva. Ok-Ju Chun,
Hyun-Young Chang, Ki-Hyuck Choi, Hyean-Gi Kong, Hyun-Ju Kim, Soon-Je Jung,

Seon-Woo Lee, Byung-Ju Moon.

6. Biological control of tomato leaf mold caused by Fulvia fulva using wettable powder
formulations of PBacillus amyloliquefaciens A-2 strain. Ok-Ju Chun, Hyun-Young Chang,
Ki-Hyuck Choi, Hyean-Gi Kong, Hyun-Ju Kim, Soon-Je Jung, Seon-Woo Lee, Byung-Ju

Moon.
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7. Isolation of a potential biocontrol bacterium Burkholderia cepacia CH-67 to control
tomato leaf mold. Ki—-Hyuck Choi, Hyun-Gi Kong, Kwang-Youll Lee, Dae-Wook Kim,

Kwang—Ryool Heo, Hyun—-Ju Kim, Soon-Je Jung, Seon-Woo Lee, and Byung—Ju Moon.

8. Biological control of tomato leaf mold using the wettable powder formulation of Bacillus
amyloliquefaciens A-2 Cellulosimicrobium cellulans CH-10. Ki-Hyuck Choi, Hyun-Gi Kong,
Dae-Wook Kim, Hyun-Young Chang, Hyun-Ju Kim, Soon-Je Jung, Seon-Woo Lee, and

Byung-Ju Moon.

9. Biological control of tomato leaf mold by Fulvia fulva using wettable powder
formulations of Burkholderia cepacia CH-67. Ki-Hyuck Choi, Hyun-Gi Kong, Dae-Wook
Kim, Kwang—-Ryool Heo, Kwang-Youll Lee, Hyun—-Ju Kim, Soon-Je Jung, Seon-Woo Lee,

and Byung-Ju Moon.

10. Effects of mixed treatment of Bacillus amyloliquefaciens A-2 and Burkholderia cepacia
CH-67 formulations to control tomato leaf mold. Ki-Hyuck Choi, Hyun-Gi Kong, Dae-Wook
Kim, Kwang—Ryool Heo, Kwang-Youll Lee, Hyun-Ju Kim, Young-Byung Yi, Seon-Woo Lee,

and Byung-Ju Moon.

11. Biological activity of two formulations using Bacillus amyloliquefaciens A-2 and
Burkholderia cepacia CH-67 against tomato leaf mold. Ki—Hyuck Choi, Hyun-Gi Kong,
Dae-Wook Kim, Kwang-Ryool Heo, Kwang-Youll Lee, Hyun-Ju Kim, Soon-Je Jung,

Seon-Woo Lee, and Byung-Ju Moon.

12. Mass culture condition of Burkholderia cepacra CH-67, the biocontrol agent against
tomato leaf mold. Hyun-Gi Kong, Ki-Hyuck Choi, Dae-Wook Kim, Kwang—-Ryool Heo,
Kwang-Youll Lee, Hyun-Ju Kim, Soon-Je Jung, Seon-Woo Lee, and Byung—Ju Moon.

13. Characterization of chitinase from ZBacillus licheniformis N1 and its transformation into

other Bacillus species. Kwang-Youll Lee, Kwang—-Ryool Heo, Ki-Hyuck Choi, Hyun-Gi
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Kong, Dae-Wook Kim, Hyun-Ju Kim, Young-Byung Yi, Seon-Woo Lee, and Byung-Ju

Moon.

14. Isolation and Characterization of a Chitinolytic and Antifungal Bacterium Burkholderia
cepacia CH-67. Kwang-Youll Lee, Ki—-Hyuck Choi, Hyun-Gi Kong, Dae-Wook Kim,
Kwang—-Ryool Heo, Hyun-Ju Kim, Hyun-Young Chang, Seon-Woo Lee, Young-Byung Vi,

and Byung-Ju Moon.
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Al 6% ATNERAANA A sl AR

AEEFe w25 %, HUAE 2 FxE WA fste] AA Ao wHEld WY
oF 2 HHL AFII Aoer I A= 188849 Californiadl
g oAl x| Ee & EFAE vtk ol T H(Vedalia beetle) = WAFste] WhAl|o] A3k o]
¥, 1920dd g=ellA EvtE 2AVERolE: 2AVEFolFHRE wAEla, 1960d el =
European spruce sawfly(Jd®¥F)E virus®2, W5 Bacillus thuringiensisZ Aol 433431
o 19919 o= AEATA FrevdesR nAdE FAAYAE Mdete] Adde] fFrd A&
222 W WS JAEES SFITE 1998 & dA wFol A= 18041F e fFaAdwel HEE
oo FEREHAM, AF Fu oF 7000 Foll Gttt A AAF R FESIEO] Hiw A=s
=

Eo Astetsol, Aewf, 14 2 78R FE6te] naly

1987dell= QA S WAE 98] vrelzubrh e o7k Sk 1 $1994del= AW
WAL AC-1& /MEsts 5 o8 TF9 AT wAESe] MAHo AEAT.  HTole=
A EAA AL Bt A At @b okl gEA s AFEC] 34MIAIRYE 72 FHe]
Aol z27hEe] gl ol FAow TEE B vAEAAE 19999 A & 577 EEo
o AEA 6FE, AdAl 27FE, I foE AAAY FEUAE AAE Ho] k. $ve
= 20009 % 649° MAE Foke 5 VEH UH

2 A A IAEE AFEE AR Fofe] MFo S0l nE A A wilo] niAE A
BAHG Q& FoF A HolEth AL 1996UNE AR ow ATE AZsle] ofz 4
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F1.1998d71A] JiEE AlgF BeseF ¢ ' N A

(Biopesticide Manual, 1998)

T s ey Rty A % 7
Al 10 9 (2) 1 20
gl 11 6 1 2 20
A= Gk - 7 1 - 8
dYEE - 1 - - 1
njo] 2] 2~ - 11 - - 11
¥ 2 & - 45 - - 45
27 - 40 - - 40
7l 21 119 2 3 145

2. AA AE S AP FR

gd=ro] CPL AFoll Al Z2AMSE AlAl AEFF AL 20000 0] oF 195 E HAx2 o5

a2 FollA BT7F 19dER diF-iEs AAGa glom mAdE sk 4dntER Hiw o] gth
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