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SUMMARY

The first subject : Isolation of microbial control agents for root-knot

nematodes

Root-knot nematode, Meloidogyne sp. has world-wide distribution and is
a major pest of various crop plants. In recent years, continuing
environmental problems associated with the use of nematicides have
introduced a sense of urgency into the search for alternative methods of
nematode management. Biological control of this pest may be a cheaper and
safer alternative to the use of chemical nematicides. Various Bacillus species
have Been recognized as insecticidal pathogens, with B. thuringiensis being
the most widely used commercially available bacterium for insect control.
Initially, the use of BT pesticides was restricted to a narrow range of
Lepidopteran pests, such as gypsy moth, but recent investigations have
expanded the range of insects controlled by this bacterium.

In this study, we succeeded in isolation of two strains of B.
thuringiensis, which possess the potential as a microbial control agent for
plant-parasitic nematodes. The physiological and biochemical characteristics
of the two isolates of B. thuringiensis, designated Btl7 and Bt79, were
investigated. The biochemical and immunological properties of the toxins
from these two isolates were also investigated. We optimized the culture
condition to produce toxin from the strain. An isolate of Btl7 was evaluated
for efficacy in controlling plant-parasitic nematodes. These results are

summarized as follows.
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1. Two strains of Bacillus thuringiensis possessing nematicidal activity were
isolated and designated Btl7 and Bt 79. The nematicidal activity of Btl7
appeared to be higher than that of Bt79.

2. Nematicidal compound produced by Btl7 was mainly composed of &
-endotoxin and some additional exotoxin.

3. The physicobiochemical and serological characteristics of Btl7 and Bt79
were investigated. Btl7 was determined as B. thuringiensis subsp.
kurstaki which is serotype 3, whereas Bt79 was determined as B.
thuringiensis subsp. navarrensis corresponding to serotype 50, demonstrating
that these two strains are serologically different.

4, Among serotype 50 B. thuringiensis subsp. navarrensis, Bt79 is the first
strain reported to possess nematicidal activity

5. Polyclonal antibody against Btl7 & -endotoxin was raised in rabbit. The
quantification method for d -endotoxin by ELISA using the polyclonal
antibody was developed.

6. The optimum conditions for the production of & -endotoxin by Btl7 was
investigated. The production of & -endotoxin reached a maximum at pH 6-8,
and is proportion to the aeration. In addition, the production of & -endotoxin
by solid culture appeared to be 10 times higher than that of liquid culture.

7. The optimum conditions for the production of & -endotoxin by Btl7 in Jar
fermentor scale (5 litter) was 2 vvm/aeration, 300 rpm/agitation, 30C, and
pH 7.2. Under these conditions, the cell growth reached a maximum in 1
day and the amount of toxin production was maximum after 4 days.

8. The composition of semisolid media was rice bran 9 g, (NH4):SO4 0.05 g,
glucose 0.5 g, diatomous earth 1 g, and H:O 5 ml. When the semisolid
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cuture following 6 day cultivation at 30'C was completely dried, 1 g of the
dried matters appeared to contain 1.6 X 10° spores.

9. Although the solubility of the & -endotoxin crystal was 37 - 50% at pH
115 - 125, the biological activity of the endotoxin deteriorated due to the
instability of the endotoxin. The optimum condition for solubilizing the &
-endotoxin was pH 10.0 - 105 showing 14 - 24% solubility.

10. While B. thuringiensis subsp. kurstaki BtHD1, which is indiscriminated
from Btl7 in the serological characteristics of flagella antigen, did not show
any toxic effect on root-knot nematodes, both Btl and Bt79 did shoW strong
nematicidal activity. The LCs of Btl7 against nematodes was 43 ug/ml and
that of Bt79 was 125 pg/ml, indicating that the toxicity of Btl7 is 3 times
higher than that of Bt79.

11. Bti strain showing a toxic effect on mosquito larvae was able to induce
the lysis of rat erythrocytes at a concentration of 185 ug/ml. However, both
Btl7 and Bt79 as well as BtHDI1 possessing a toxicity to gypsy moth failed
to induce the lysis of rat erythrocytes.

12. The comparison of the electrophoretic patterns of individual endotoxins of
Btl7 and BtHD1 revealed that although they had several common toxin
antigens, only Btl7 endotoxin appered to contain a 130 kDa unique toxin
antigen. In addition, the immunoelectrophoretic pattern of each endotoxin was
not equal. These indicate that the endotoxin of Btl7 is a novel toxin
different from the endotoxin of BtHD1, which is known to be toxic to gypsy
moth.

13. ELISA was successfully developed to quantitate the presence of the Bt
endotoxin in the soils.

14. When the nematicidal effect of Btl7 was investigated using in-door pot
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containing sterilized soils, the oriental melon infected with nematodes became
withered to death. Under the same conditions, when Btl7 was applied to the
soils, the growth of the plant appeared to be 80% of the control plant and
its inhibitory effect on nematodes was approximately 30%.

15. The solubilized product of Btl7 did not show the nematicidal effect when
it was applied to the sterilized soils. .

16. In the pot test using sterilized soils, the suspended product of Btl7
showed better nematicidal effect than that of solubilized product.

17. When the solidified product of Btl7 was applied to the sterilized soils,
the growth of the plant was not changed significantly but its inhibitory
effect on nematodes appeared to be 28%. Taken togetﬁer these results
indicated that both suspended and solidified products have the inhibitory
effect on root-knot nematodes of the oriental melon in the sterilized soils.

18. When the suspended products of Btl7 was applied to the nonsterilized
soils, the number of root-knot appeared to decrease as compared to control.
However, the number of egg sac formed in the root was similar with the
level of control.

19. Since the inhibitory effect of the solidified products of Btl7 was
approximately 79.3% in the pot test using nonsterilized soils, the solidified
products was thought to be effective in the nonsterilized soils as was in the
sterilized soils.

20. The solidified products of Btl7 was effective on nematodes in both
sterilized and nonsterilized soils, whereas the suspended products was
effective only in the sterilized soils. The solubilized products did not show
the nematicidal activity irrespective of sterilization conditions of the soils.

21. Btl7 toxin was stable in the sterilized soils, whereas it is unstable the
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nonsterilized soils.

22. When the effect of the suspended products of Btl7 was investigated
using large-scale pots containing either sterilized soils or nonsterilized soils,
the positive effect in terms of the plant growth and nematicidal activity was
not detectable regardless of using sterilized soils or nonsterilized soils.
However, the decay in the root area of the treated plant was much less
than that of the control.

23. When the effect of the solidified products of Btl7 was investigated using
large-scale pots, it induced better growth of the plant as compared to
control, and it increased the yield 2 ~ 35 folds after 84 day cultivation.
Under the same conditions, its inhibitory effect on the root-knot galling was
approximately 26 ~ 51%. On the other hand, since the increase in the
weight of the root area by the formation of the root-knot by nematodes
appeared to be similar between the plant treated with the solidified products
and the control, it is likely that the direct inhibitory effect of the Bt-toxin

on the root-knot nematodes needs to be determined further.

The second subject- : Isolation of inhibitory substance to Didymella

bryoniae causing gummy stem blight of the oriental melon

Two bacterial strains, Pseudomonas sp. and Streptomyces sp., which
have an inhibitory effect on Didymella bryoniae causing gummy stem
blight of the oriental melon were isolated. The antifungal substance of
Pseudomonas sp. appeared to be a siderophore that can bind tightly with Fe

ion. The antifungal substance produced by Streptomyces sp. was among
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polyene macrolides. These results are summarized as follows.

1. By screening approximately 1000 bacterial 'strains obtained from the soil
samples in the rural area of Kyungpook province, two bacterial strains,
Pseudomonas sp. ADB-2 and Streptomyces sp. 80223 possessing an
inhibitory effect on Didymella bryoniae that causes gummy stem blight
of the oriental melon were isolated.

2. Pseudomonas sp. ADB-2 showed a strong inhibitory activity on various
fungi including D. bryoniae, Botritis cinerea, Rhizoctonia solani, and
Fusarium oxysporium.

3. The antifungal substance of Pseudomonas sp. appeared to be a
siderophore that can bind tightly with Fe ion.

4. The siderophore of Pseudomonas sp. ADB-Z appeared to inhibit the
germination of the fungal spores as well as the formation of germing tube.
5. The optimum condition of the production of antifungal substance by
Streptomyces sp. 80223 was determined.

6. The antifungal substance produced by Streptomyces sp. 80223 was
purified by ethyl acetate extraction, silica gel column chromatography, and
reverse phase HPLC. The purified substance was examined by a seral
instrumental analysis such as NMR, IR, Mass spectrum and UV, and was

determined as a polyene macrolide antibiotics.
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9ol wro) wat B3 Bacillus thuringiensis @3 2% € 3 BaZ A
% 84& Ad Bt toxing AAE7] AF wjFE& #WA= Tryptone Yeast
extract Glucose (TYG) WA & Ar&3tich AAuigel B9 10 mie TYG ®
AE T3 25 mig A7 flaskel Bt #5F& 193] HFstd 28TAA 3%
g Fe Ageigdd (A wig). 2% A gl 1 ml (A9 1%)E 100 ml
o] TYG ujA(tryptone 0.5%, yeast extract 0.5%, glucose 1%, K:HPOs 0.1%,
pH72)E ##% 250 ml§ 47 flaskel HF st 28CoA A2 (130rpm)
o} e gFe] H9E 5 L & Jar fermentor (33 &7 FAZAh 2 L
9 TYG WX & ¥ 121CellA 20 #3F A7 ¥ 59 wjgdd A vjgd &
1% ¥E2 HEF39 300 rpme AEEE wwksty F7iE 2 vwmlE TF



sto] 28°ColA v g3t
a A Fe] AL

FE TYG @dujAo] 4719 A WiFd S 10% =71 HA

ZF E¢sd AAY (Txl4em) Ex slEE HA o) Yol 28TolA widstt.

Table 2-1. The composition of the media for isolation and cultivation of B.

thuringiensis

NA Medium.
Ingredient Composition
Beef extract 3g
Peptone 5¢g
Agar 15 ¢g
Distilled water 1L
pH 7.0
NAAC Medium
Ingredient Composition
Beef extract 3g
Peptone 5g
Na acetate. 3H.0 163 g
Agar 15¢g
Distilled water 1L
pH 7.0
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NAPGCY Medium

Ingredient Composition
Beef extract 3g
Peptone 5g
Penicillin G 1000 IU
CCY salt® 5 ml
Agar 15¢g
Distilled water 1L
pH 7.0

* CCY salt : [MgCl; - 6H0(0.5mM); MnClz - 4H20(0.01mM); FeCls - 6H,0
(0.05mM); Zncl2(0.05mM); CaCls » 6H20(0.2mM); KH2PO4(13mM);
K:HPO2(26mM); glutamine (20mg/L); acid casein hydrolysate(1g/L);
enzymatic casein hydrolysate (1g/L); enzymatic yeast extract(0.4g/L);
glycerol(0.6g/L)]

PYG Medium

Ingredient Composition
Peptone 5¢g
Yeast extract 5¢g
Glucose 10 g
K2HPO4 lg
Distilled water 1L
pH ' , 7.2
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TYG medium

Ingredient Composition
Tryptone 5¢g
Yeast extract bg
KzHPO,4 lg
Glucose 10 g
Distilled water 1L
pH 7.0-74.

O % As 84 759 &3

f

goz2iE BIAY B thuringiensis ¥FE TYG H B oA Ez}7}
FES FHHAES AN F E2FE FFF 1 mlol % 1 X 10 cello] HE
g @¥sta, dr)el 25ToA ®3A 2 PZAF 28 §5& & - 10° v}
E Fo3le Aoz @A E #F3A f59 £F ¥ A
AA7le 58 RIZTHF HAEHo) e A4 #F2 Addsd

2. B ER3F A3 54 A
7h & R 2% Fol @ 54 AY

FAZASA A 54 AD TAAM HF9 ¢g AL ASE 45 9

“

ol Eed 4% & oF 1,0009 7N} B thuringiensis7t 448 S4 2437
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A% cap tubeol ¥ol 25TolA 10 4 E9 vjgstdA HA
Hoz o RHE FuE dvjFez Y HASEY o] W ¢ RN

2% 59 F4e] #EHY F3E ¢ RFEPed, O ojgdE vy o

T AF {FFE AHESE AeE AFe ¢S mE 25TAAA R Az
& B. thringiensis® T#), W=

=
HA AAHer fFe +84S

Fig. 2-1. Morphology of M.incognita on phase contrast microscope magnified
X 100

A; Living larvae in tap water

B; Dead larvae after B. thringiensis cuture broth treatment for 18hrs

at room temp.
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. B. thuringiensis?t BA3le 549 84 =23

B. thringiensis @77t AX &2 EH3= 954 f-exotoxing & AF
242 dsn 2ol FA3AAY. &5 A T FFE TYG WX 28T, 5
Uk A W FA ARG EALS 15000 rpm, 30 B3 94 Bstd v A&
BE X E HEA(6-endotoxin)ZHE B3t 121TolA 20 3 mad
ot AAE AAEL oA dAEEe dtod AAsS 2z AL AY
Aol met AEFFHst] ALt o] & mlEl RA RYE AF S
Foste B[P oR FF9 HAE BEAEFAG

ot B. thuringiensis7t A= WS4 €4 =3
TYP wjx|o|A 28C, 5 Azt wlFA| 7 wldAE QAL o) wjF 4
Y4E AAG dA FAES PBS &5 = FFFE 33 AFsd »=3}
€ YF4LE AASIY. olEANY d& AAES 9A =2 959
A

4 2
EE FR5) W] o) Ao F HF WYL 5

Z]

Hr

3 RYEHEY 34 2

R EESECIE S

2ot F& 119 HEE EFEn o] nYFF20T, 208)F L pot
(010x13cm)dll E¥8 EFS ¥ EvtE Aog BF3H o A48 E
ot E = Lycopersicum pimpinellifolium(ZA 4 F 82 Ao A1&¥ A}t 33 8 ¢
F £ o] 2~3 ¢go] Y2 HEFLS EFY EYel EUE UE pot (@
155x24cm)ell ol 48ttt IF dF Yol UM BYZTMFe ¢L 1 miF
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1000747t =& 3N &4 5 mE 4 EvtE P 72 FFN #a
ENE] do] AFE EvIEE 25TAA 60 9 AKAAT. dwHoR o
£ AZEL HEHoE HEAY FYd 7|22 potE °]E&F €Y F
o Mg xN&HoZ AKFAAN B AYe Pt}

$ioh o] EvtEE A&t F4AIZ pot Y EFolH EvtE R, E
' AFAGY AR @R FoA RYEAF Hist @S AARY @A
o EY 2 Fo9 By MFg EdAAY 4F9 F£RL Cavanessst
Jensendl] ¢]%t Centrifugal sugar floatation (C.S.F) method2 #3833, 70C=

714§ 1A Y (formalin 100 ml, glycerin 10 ml, DW 830 mhHe2 3% ¥
Seinhort’s rapid glycerin method2 E¥E& 750 #FgdnFdeoz HF9 F

B g styletRFE FHLE BT F& T}

EI PHAZTHZTY GAL Zo] FPE FYFYE 1 cmAYEE FEHAM &
g7l ¥ BS A MR gF AL 3 ¥ FA ZobM 50 mAC B3
FEEZ PZ df o)A L A FolM EXNAv|ZLE 4AE ¥
Adg AdEe AL 45% lactic acidol BASHA 1 #tel¥ plasticE
L2AEI PRA2 AF vRE FHAM WLES ZAZHA AAGT F9
g AHgsA dd3 g slide glass 9ol glycering & W€ ¥3 o474 10
/A X perineal patternS ¥ Av|F o2 FAEY F& FAHINAC

oopAEdSe @9 B B 3

fo]
I

M ENZe] Fe FER A PP & 9sh ol YA EnE
Relg +3ee], CSF methodsl Wyol wet ®Jstach 5, 98 Pos
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EGS AASY] 98 32% B0 F23 AT F F 1 com FEY AV=2
Agslt. Add ¥BelE 05% sodium hypochloride (NaOCI 200 ml7t &9
AE 500 miEo] F2 flaskel % 50 gA= ¥ 2FuiHE o} 383 A3t
A EE50A s 43FH Al FEo did(egg sac)ll A do] HAYL
EE28AT. I F ol RYZTAHFY Ul FFE 05% NaOCl&42 500
mesh®| sl 200 mesh& FH3A 2 FHRTFE TH AAA dddd &
¥ NaOCl& AAZATE. st EoJUE flaskes =& AY T3 283
%31, 200 mesh® A= 500 meshe AdA E2lA7132 500 meshe] Ao &
ol L2 MAME B2 2 Mo NaOCIE ¢43 AA & o5, 4434
Y3 % 05 g A9 kaolin® &3l 3,000 rpmol A 483 94 E2EH
F AFdLe AAGT AHE 4928 (s=1.18)& 78] 3,000 rpmAA 2
27 oA AR oW dF o] §FE 4F AL 500 meshe Ao
R 52& BoA Mgl &3 AAE w73 FAF g5 AHY =
ol Ayl A& A ALREA Fe M5 €& 09% salineol ¥
€ &9 ¥ ¥Fn(4T) nAsA
AZF ¢4¢ H3E, 05% NaOCIZ 1083 ER 47 Asxn d47d9E /T
2 FRE FAT &2 BT AAEF THE A &5 ¥ 3, 26T
o] F27loA RIJAA EFAHol AT 2¥HFE SAHELY BHEFA T

A& 5

2

A

4. W52

TYG 4A vz =& 2H vz oA Iz FAHE A7k 28Tl A o)
%3t B. thuringiensisZ% € Cheung®™ Hammock® Wyd] ozl U=54& &
At F, igFd FAY 2R4 HSAE 15000 rpm, 0% A £
o Eoh o FAYG WFALE FHstn U= EF pellet 0.01% Triton
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X-1004 o] FHE HoTol AP ddste] ¥ 2= FHlROE 8500 x
goll A 3083 ARSI W525S =AM EEsidt. 2238 Wsae
Age AAB7] 98 001% Triton X-1008 802 33 M T YA &nl
Ao 1 £52 #FE3:, 10 mM EDTAL N WELRS A=A F)AY,
lyophilizationAl AM -20TCel 52 HEsATH B2 WELx % a9y ¢
22 vyt

5 WELd A3l &4 Az

Aot 2ol EaEd WFad g FA S A2 Cheung¥ Kime| ol
e} Pt F, WSAE 01N NaOHE Ao 2 37T A 2 A 5 &&)dt
F, 839 A ZF32 dol e ALY WEAE 13,000 x gl A 1587 A2
g AAAMNZHT FAo2 AEF Lafdel NG 2FE&HES HIHstod pH 9.0
07 ZASE WA FOF 2 mg/miel Y £A 05 ml® complete freund
adjuvant(Sigma Chem Co.) 0.5mlE Z E&3ld E7|d I FASASG. 1F
d Fo 9A 2 mg/ml &Y incomplete freund adjuvant® Y F¥o= Y
st FAbs L, 159 HF o= 2~33 o FARRIATS #HF booster FAME ¥
ZRE 1 FYo] AUAN E725E USid did FIHS T/ Y& A
Aot AT thE 1,000 x gollA 3080 dAEstY FEH S EAD
F 56ToA vlEsAIAY. v F3AZ F8YL Johnstone®} Thorped] W4
o mat NaSOs - 10H:02 F4AI713, A4E d¥HY FAL 439 20mM
PBS buffer (pH6.8)oll &3jA1A T4 SF Aoz HYP5A 2 DEAE-cellulose
ion exchange column chromatographyS 33t A E HAEFT b -30Tel
BE3l9 ). BER IAsE dss WA EY)H? Ouchterlony  test,

Immuno-electrophoresis, ELISA 2 Western blotting®l A8 3 %1t}
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6. =29 &34

B. thuringiensis subsp. var. kurstaki HD-13 Bacillus thuringiensis
BT17 R BT79 #5225 £2¢ WS o93S pHEZ AE so &3
= % SDS-PAGE pattern® ¥lmstgdth pHY buffer A= acid [2.711 ml
HsPO4(85%) + 2.361 ml CHsCOOH(99%) + 2.47g H3BO3]¢} alkali(0.2N NaOH)
€ AT ¢4 HoA pH7E 85, 9.0, 95, 100, 105, 11.0, 115, 120, 1257} I =
5 &N ALgS Stk ZZel 259 s 9Wde 1 mgd Held
eppendrof tubed]l ¥, & pH ¥ bufferE 150 wA 7}8ted 37CAA 2417 &
dE A F ALoA 94 E8(13,000rpm, 108)E Pt 2 AFAL Hs)
o 99" FF P SDS-PAGEE st WS 9wl wxeo AAL
Lowry method2 33l on], o] wf EF IMAL bhovine serum albuming
AH&-3H o

7. WS4 9 SDS-PAGE

g FAZEEH 2 AT WSL @9EL 10 mM dithiothreitol S &
& 50 mM NaCO; &o] @este], 37ColM 1 Az S &2 &
o 24 (13000rpm, 1082HE BT F L8 UsL: GUde Ag
2 AE3tAnh old SDS-PAGEE Laemmli oz g3yt = 10%
separating gel, 5% stacking gel& *}%3}ﬁi-§f”] A719% F Coomassie

brilliant blue R-2502 30% %¢F g3y},

8. Ouchterlony Test

He

gd s 993 2 mgde 27 0.IN NaOH 440 w& 7bsted 37C
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water batholA] 2 A7t F<t &3 E A F 424 LA E£2(13,000rpm, 10
B)E A5t o FHAE Fdoz AHEEAT. EF 09% NaClish 0.01%
NaNs7t 88 1% agarose gele 1/15 M PB buffer(pH 7.2)d £3Al7]2
slide glassol 38A17] & agarose gel?l F%4ol holed WHEAJT. F49
holeg THLZ TY% AZE F2 FHd diFo] AEE 6719 holeS 1,
Z%2%9 holedle A 20 E FU3tx, U= 6709 holedle Y £ 20
WAL FAAYG o2 F FLI FAS FHE slide glass® &0 F7d
chamberdlo] ¥ F WamelA 48 Azt Ft HAAN F JBANY FAHE
Sgoz #FIAC

9. 3 A9 F

0.1% NaN37} &% 02 M Tris-HCl (pH 8.6) bufferdl 1% agarose gel&
28 A) 7132, slide glassol &3] ¥ agarose gel 4 mlE& HojA F3 g IF
o U@3s| 2749 holeg 331 Z4Ze WS4 dd SH(FA)E 30 ¥ F
AANAYL. 2 F slide glass7t bufferd] &A71x] ¥ E agarose gel ¥ Fd
Whatman filterpaper2 %% FA3o] & buffer tankol] FAAIAA 10 mA=Z
2R3} AZGE S BdUd. A7 Eel B oS agarosed] 2709 holed
FAA hole o] F3 0] HA =2 F2 Al FAE 100 4 FHEE & F
8ol ¥H¥ chambero] WXIFFAA 4TolM 493 AZAY FH4& £
o2 #FHAG

10. Western blotting

243 WEAE Gvtgd f3sta, 15% SDS-polyacrylamide gel’dell A
A719E3% F SDS-PAGEE & UZ=2A & nitrocellulose membraneo) 70 V
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oA 7 A FX electrotransferAl Zth. 2 F Bio-RadAte] (UMl et
blocking solution®l nitrocellulose membraneg 1A]7F ¢ AA A7) 3, ZA8
A IgG 1,0008] 3]z 2417k ¥ES Al Th. ©]o]A] conjugate solutionl] 1
AZb ¥ESA1Z) & color solution &2 WAlE A oW o AlEE FAE
peroxidase antirabbit-antibody7} ¥ immunoblot kit (Bio-Rad product)®
A} antirabbit conjugated peroxidaseZ} A& 5 it

11. £84 A g

d

9%6well9] microplateE ©]-&3ld dAAHoZ NG UEA @lld fd93
T uFe] AIYFLE EFFEY VCAM AT AREG FXE & F ¢
oz 8¥AHE S48 WA Fo YL AFste ddE 085% AN

2 4294 3000 rpmelA 10 BFEX LA EYE B YT E 43 REFA
AFRHATG ARG FE 1% (vv)7l HEE HTE 085% A dsol @
g3ttt 1% 7 494 100 e AR 2v) FME WS4 gy Lo
o] E£°|9 & microplate wellol 713 F E3 F 37CAAA HAE 39 &
Aoz 100% &IAHE vUetde WsA: 9UFe & SAHRAS

12. ELISAS] 93 WE4 gA e =1

BTZF9 WS Aol ual wixel Ax) wjAdM o7t A&AE A
E3tdth &, 944 wi¥E 10ml PYG broth7} £9019lE L-tubed 1%8 HZ s}
of 28CAlA i 1958 697kA g g A olF R A =& 7]
To2 3o FFEE ZE F FT5 2L 80THA 308 dAIE ¢ F ¥
2} 49} toxin Ao Bt ZALE Y. =3, 1A wl¥S PYG plate(3
7 95cm)o] BT &5 AujdAe AA wjgo] HEH I3 $I9F o=z
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HFstar 28ColA ¥ 1YHEE 697t vide stdA #FA 55 A4
HES & TAY FZE AN FYHA LE F TS 2 80ToA 3087
2HUE & F A4 79 toxin QN B3 ZALE o, TA wFz AA
WFA 5L BAFE SAHSAYG. o5 A7) Y& Voller 59 W
Holl ek 0.1 N NaOHoll &3l¥ S2AawWae microplate?] welldl 250 p04
Y3 4TAA s ¢ FFAAAY. 2% welle 33 washing buffer
(pH72)2 AL F AA€ A (1 : 200084 R)E 713t} 25T M 3A12¢ 4
] gk} % YAl well 33 washing buffer (pH7.2)Z A& %=

ol

goat-antirabbit immunoglobulin alkaline phosphatase congugate (1 : 8000)Z
7t8te} 25Co A 341 F<t v Az}, ol 71A & p-nitrophenylphosphate
£ 10% diethanolamine buffer (pH9.8)oll &&ldt1 ELISA (Enzyme linked

immunoassay) Reader® 405 nmol| A =33} 4o},

A 3 H 4R MY DA ReBAF

oy
4t
o
N
]
A
flo
>
i
kmt
2
o
fu
1@
il
1o
oX
4
o
0
1y

z7] F8o] Fsa
TR E4 AEeE A% AWt s 3L AT Aoy Az 4
3 ouge f40 Bow Wel wio]l BE BAL AT Ak ol ype
FolA BT Aol % ek AZe ARolth RAZTHFL Ao ¥

Wl Flgstel qEA 528 A4 V1% DANA 2 A% AXED oo
2 A% 22 YHAA FRY olF F2E %L YRS LHIA 42A9 A
Hol BFAAD N80 FrE BrHFig 2-2). PUATHFL ® 45 o] 5o
Ego] A% date Brhsal e 2 adez 2A4sn Yot 19954
of 7% 300 mi% 300~620vtele] HFoE e e UEE HeZET o
o, 10083 19099 A% el Aulxlel MFYUE W Fig 2-3.9 o]
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THSST Jlon AZHE I 7t dASA FAH] Tdgs 20 2
A S7hste] Feole] Mg o= m gt

Fig. 2-2. Root knot of melon isolated in Sung-ju.

3000
2500
2000
1500
1000

500

427 5.11 6.16.17 7.8 9.29 11.14 11.30 1.131.20
Day

Fig. 2-3. 3] AuiA19] 4% U= ¥3 (1998~1999)
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o] & Al 2o EY H FY Rl RIS RAZAZE 1 FH
H BEATE 2A=2 o A A} FE Meloidogyne arenaria®t M.
incognita?7t ¥ X331 UAR(Fig 2-4, 2-5 2-6) AFol9de xHoM=
Meloidogyne arenaria® F2 3t Meloidogyne incognita, Meloidogyne
hapla 59 A% °] #&F U} (Table 2-2)

BAZHZAE g 7hxg Fol gou, B T EASHE Roz 8
d AL 4F02 37l S M F Meloidogyne. incognita, 3 B4
Q1 Meloidogyne hapla, 3E% &4 %9 Meloidogyne arenaria® A}vpu 7}
B E&AFA  Meloidogyne javanica©lth. olE9 EFE KIFHo], UHe

perenial pattern, 7|F4 &8 5022 FEI}). (Table 2-3, 2-4)

l‘_n..
o i

o

Table 2-2. 23 H59 FEX

A AE race A&
Meloidogyne arenaria race 2 76%
B
Meloidogyne incognita race 1 24%
. ) race 1 3%
Meloidogyne aremaria
race 2 52%
7)€} Meloid ) o race 1 19%
eloidogyne incogni
¢ ol el 13%
Meloidogyne hapla 13%

* AFAGA 2Ad BaEMZF Meloidogyne arenaria race 13
Meloidogyne incognita race 2,345 WZASHA &gk
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Table 2-3. Fef3] EAo 2|3

2elENZY 53

%2 ol (mm) _
3 TR €83 54
Ha | W9
Meloidogyne 0.360 |perineal pattern, female®] excretory pore:= T
CIOREITE 0376 i i
incognita ~0.393 [ A F9 M H §3
Meloidogyne 0.370 0.340 |perineal pattern, female®] excretory pore:= %
Javanica ' ~0.400 |F-oll A FRAAF 2580 ¢x
Meloidogyne 0.470 0.450 |larvae length7} 7} Zt}. female®] excretory
arenaria ' ~0.490 [pore= FHA FRAo] 2.0u)d] ¥
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Table 2-4. Root knot nematode identification according to host plants

Host Plants
Species and race Cotton | Pepper |[Watermelon
pe Tabacco . . . Peanut |Tomato
Deltapine|California} Charleston | _
NC 95 Florrunner|Rutgers
16 Wonder Gray
Meloidogyne
. ] -~ - + + - +
incognita Racel
Meloidogyne
. ] + - + + - +
incognita Race2
Meloidogyne
) . ~ + + + - +
incognita Race3
Meloidogyne
. ] + + + + - +
incognita Raced
Meloidogyne
. + - + + + +
arenaria Racel
Meloidogyne
+ - - + - +
arenaria Race2
Meloidogyne
+ - - + - +
Javanica
Meloidogyne
+ - + - + +
hapla

_50_




Fig. 2-4. Root-knot nematode (Meloidogyne incognita).

A; Second stage larva, B; female adult

A

Fig. 2-5. Perineal pattern shape of Meloidogyne species
A; Meloidogyne arenaria, B; Meloidogyne incognita
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ol A% ¥¢& I (Fig. 2-N22HE st Agd WA £388
SRAE 23 Fo BARYl A 2L =2 B HAoenw 10 4T
oz oF 90% o]l F3EE ¢ £ AN BN Y AFE £92

T oldAA ] AFo] TFE FHZ 2 FEo| ¥V G, o|F
AT 8HES 3T AT AMEEE HAF LS EQAA AH EYgsx gx
oA HI3Y2FEH HAH FAA AHEFAT (Table 2-5).

Fig. 2-7. The egg sac of root knot nematode.
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Table 2-5. Egg hatch of root-knot nematodes ?

Incubation time(day)

Nematode
2 3 4 5 6 7 8 9 |10

Ratio of M. incognita)| 0 |12.4|16.8|19.7(30.0|60.1 [85.186.2|92.1

egg hatchGo) o papia | 0 120157 | 188 | 253|559 847 | 892 | 947

* Nematode Eggs were hatched in PBS buffer(pH7.0) at 25TC.

A 4 8 Bacillus thuringiensis @32] 2] @ A4

1. WiXjell @& Bacillus thuringiensis® 228 &&

AYBY 2AS PWHE MRS Bosy] GHME Be 2o dops
NYES Yoz AYsE o] B nAES B & gt H5o] Eof

AA Aok g & A ol B 9 B thuringiensis® Ao 2
Ts7] A WA 2AE AET "I AL Ao YUY 7Y A
B2 5¥ B thuringiensis #F B8 28302 5337 std 2 7139
Bol AMAIHUL. Travers 5 A EE acetateZ AX 2 8 BacillusE A
9oz FYsts 55 $HS MEsto o] &g on, J. Massie S &
2o acetate® A8+ Bacillus sphaericus® ¥z o g Basts iy
€ 7ledtgeh. E¥ HZolE  Johnson S& B. thuringiensis® 28 3h=1)
enrichment 422 38 Hgitty Rugr)

°l¢t 2 B. thuringiensis #5F EYE 43 2 7lx9 Aawye #Fn
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sty o] AFAME E%AN B. thuringiensis #F9 E2& 4&3A 317)
93l sodium acetate (NAAC) wf=|9t dwka o= A}§3= nutrient (NA)
i X) 2 Johnson T°] 2123 enrichment BIX1¢! NAPGCY HIA & A}&3&A
B. thuringiensis® 3 &8¢ vl AE3 AT

3 A3 Table 2-69A B ube} o] NAPGCY iAol A EaE A A
Fol EF g 48x10° cells2A 744 ®o] ZFAad 0], NAAC =2 NA
W R ol e 2+ 9.2x107 cells, 36x107 cells ©M 2 Fo] F4o] o] Fo{ A},
NAPGCY uizlolA 7} B 9 Aol FAE 22 NAPGCY HiA7}t
enrichment ¥{X| 24 53] CCY salte] H7t7t 22 AT F4E ofF &
AaA FAAZ Azt Jzd

£33 Azt dojAcE AAAN YUE4LE AASE Z2YE A8 E 2
# NAPGCY iAol A 2F149%, NAAC H}x] 2} NA wixlell A z+z} oF 8%<} 7%
g ZzUrz} gAYl o)lE ZzUEe BE UE49) lecitinaseE T Ao A

A8l B, thuringiensis®A lecitinaseE AAA A ¥+ B. thuringiensisit 9]
= wjAE ATt YurH 0 F B cereus= B. thurngiensis®t 1 A3sH &5
o) o}F FANEIH, B. cereust ZAA WE2E AASA @A ¢, lecitinase
= AdTg o g8A 9o
el A lecitinase?t BAstE #FEY WEL g it ZFECl £
2!

He WEZ 4% BEE ANse TR dld o 2u) HF we 22U
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Table 2-6. Effect of medium on the isolation of -Bacillus thuringiensis from

soil.
Items / medium NAPGCY NAAC NA
No. of total bacteria cell . .
o 01 totdl bactena ce 4.8x10° 9.2x10" 36x10"
(colony / g soil)
No. of colony producing 23/ 9% 24 / 139 16 / 97
lecithinase (25.15%6) (17.3%) (16.5%)
No. of colony producing 22/ 95 18 / 139 14 / 97
crystal (23.2%) (13.7%) (17.5%)
No. of col i
© 01 C.Ct’hoizzssrzdzcmg | 1B/ % 11/ 139 7/ 97
eci n sta
: v (13.7%) (7.9%) (7.2%)
simultaneously

Medium NAPGCY was indicated nutrient agar containing pencillin
G(20IU) and CCY salt, medium NAAC was nutrient agar containing
Na-acetate, and medium NA was nutrient agar only. For lecitinase activity,

Bacillus thuringiensis subsp. israelensis was used as positive control.
2. 8 Bel3 X% A Bacillus thuringiensis A3
7b A EAe ofd 3 HTHF FATF Md

09 EY TY NEZYH E8# Bacillus thuringiensis® Ao g
TYG HAEix oA 543H28C, 150 rpm) Gl g AT wjgA L 247
0.05 m¥ H2M FA dF 28 {FFo 7lste] Lo WA 3
FAPF60x)e2 HAFee A @Al Y' TFE 1 A B (Table
2-7), ol € FFE oA e, ug g4 o HHe =9%d 2
(Table 2-8), 3 2} (Table 2-9)A P& ¥HE3l ANALBA ] AP0 Ye FF
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Bt50& HZEHoz By dgrt o= Levinson $°] B1g B -exotoxin® Aut
3§49 232 y4dd (xR *8"%).

Table 2-7. The 1st screen of nematocidal activity from cultured broth of B.

thuringiensis”

Nematocidal Activity Nematocidal Activity
Isolate Isolate

lday 2day 3day lday 2day | 3day
Bt 4 + + + Bt 35 + + +
Bt 9 + + + Bt 36 + + +
Bt 11 + + + Bt 38 + + +
Bt 14 + + + Bt 40 + + +
Bt 17 + + + Bt 48 + + +
Bt 21 + + + Bt 49 + + +
Bt 22 + + + Bt 50 + + +
Bt 25 + + + Bt 51 + + +
Bt 26 + + + Bt 54 + + +
Bt 27 + + + Bt 57 + + +
Bt 28 + + + Bt 59 + + +
Bt 30 + + + Bt 60 + + +
Bt 31 + + + Bt 63 + + +
Bt 34 + + + Bt 67 + + +
[Control - - - Control - - -

*Nematocidal activity was tested in mixture of

05 ml distilled water

containing nematodes and 0.05 ml cultured broth of B. thuringiensis
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Table 2-8. The 2nd screen of nematocidal activity from cultured broth of 1st

screened cells®

Isolate

Nematocidal Activity

Remark
lday 2day 3day
Bt 4 + + +
Bt 17 + + +
Bt 21 + + +
Bt 26 + + +
Bt 48 + + +
Bt 49 + + + Egg destroy
Bt 50 + + +
Bt 54 + + +
Bt 57 + + +
Bt 60 + + + Egg destroy
Bt 63 + + +
Control - = =

%Nematocidal activity was tested in mixture of 1.0 ml distilled water

containing nematodes and 0.1 ml cultured broth.
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Table 2-9. The 3rd screen of nematocidal activity from cultured broth

without cells®

Nematocidal Activity
Isolate Remark
lday 2day 3day

Bt 4 s 1/3 dead
Bt 17 + 1/2 dead
Bt 21 - - -

Bt 26 - - -

Bt 48
Bt 49
Bt 50 + + + 4/5 dead
Bt 54 1/2 dead
Bt 57

Bt 60 - - -

Bt 63 - - -

Control 1 - - -

Control 2 - - -

oM
+

H
H
H

1/3 dead

+
M
H+

% Nematocidal activity was tested in mixture of 1.0 ml distilled water
containing nematodes and 0.1 ml of supernatant of cultured broth from 2nd

screened bacterial strains. Control 1: tap water, Control 2: TYG media.
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g0 AP JA veEtvde FFE 2F B 247 Btl7, Bt792 33
. 298 F FF FAA Btl7 7t Bt79 TFol nls) 4o o ZF A
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Table 2-10. The 1st screen of nematocidal activity from mixture of cells and

8 ~endotoxin®

Nematocidal Activity

Isolate Remark
lday 2day 3day
Bt 7 + _ + +
Bt 17 + + +
Bt 17-1 + + +
Bt 26 - + +
Bt 31 + + *
Bt 46 - + +
Bt 63 * + +
Bt 79 * + +
Bt 82 + - -
Bt 86 + + +
Bt 92 + + + yellow color
Bt 104 + + +
Bt 113 + + + yellow color
Bt 114 + + + yellow color
Bt 118 + + +
Bt 125 + + +
Bt 138 + + +
Bt 166 + + +
Bt 167 + + + yellow color
Bt 169 + + +
Control - - -

%Nematocidal activity was tested in mixture of 1.0ml distilled water

containing nematodes and 0.1ml cultured broth with bacteria cells. Control :

PBS (pH7.0).
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Table 2-11. The 2nd screen of nematocidal activity of mixture of cells and
¢ —endotoxin after washing 3 times with distilled water®

Nematocidal Activity

Isolate Remark
lday 2day 3day

Bt 17 + + +

Bt 79 + + +

Bt 92 - + + yellow color

Bt 114 - - * yellow color

Control - -

*Nematocidal activity was tested in mixture of 1.0ml distilled water
containing nematodes and 0.lml cultured broth with bacteria cells. The
mixture of bacteria cells and & -endotoxin was washed with distilled water
3 times, and then nematocidal activity was detected. Control : PBS(pH7.0).

Table 2-12. The 3rd screen of nematocidal activity of the mixture of cell

and & -endotoxin after washing 3 times with distilled water®

Nematocidal Activity

Isolate : Remark
lday 2day 3day

Bt 17 + + +

Bt 79 + + +

Bt 92 + yellow color

Bt 114 - - * yellow color

Control - - ~

% Nematocidal activity was tested in mixture of 1.0ml D.W. and 0.1ml
cultured broth containing bacteria cells. The mixture of bacteria cells and
8 —endotoxin was washed with distilled water 3 times, and then nematocidal
activity was detected. Control : PBS buffer(pH7.0).
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Btl7 #F7F AAste WEAE dANoR N5 1 =88 AT 2
Table 2-133% 2o EolA 2 & A& AN Btl7 T57 A 5
o]

= 84 wgol Eoldss o) aAHA S WojIE 2 4 9
14
1

2
L
fr

@ HF B4 2E 529 280 8 AU ¥ F Yok E o B

= d

F Q€ ), ol Btl7 #F7t g54E 4% FHL e Aeg B
1Jr 7%} As 849 F4E2 °1 57 Aste W=
o]& EU3}7] Y5t Btl7 # 7t AAMdsE I ¥3
W ZAAS ARkl Table 2-1494 B
BE2E AXE ol EAze USL2EE E%eH, &% ﬂi‘. vtog Fi

E YI54LE AT & 5 UMY I9rH 22 Bacillus thuringiensis %9

TFE dfAAHY WS §-endotoxing ABA3HY of Fol wet JELE

E ARo] @A U Btl7 #FE ol# @y #EAHNY 2% 9525
Eulge 52 4z7dn.
Table 2-13. Nematocidal activity of delta- endotoxin from the strain Bt17*

Samples \ Mortality(%) Remark
Feeding Time(Day) 1 2 3
Delta—endo Toxin
x1 70 100 100 100% %] A}
X2 40 60 60 60%X| A
x4 0 30 30 30% x| A}
x8 .0 20 20 20%%| A
x10 0 0 0 0
x20 0 0 0 0
Complex(Toxin+Cell) after washing 70 80 80 80%%| Ak
Complex(Toxin+Cell) without washing | 100 100 100 100%X| A}
Control(PBS bufter) 0 0 0 0

%Mortality was expressed as protein concentration of & -endotoxin from the
strain Btl7. The protein concentration of native & -endotoxin was 160 ug
/ml, and the 2nd stage larva of Meloidogyne hapla was used
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Table 2-14. Cellular localization of nematocidal toxin from strain Btl7

Cultured Fraction of the strain Btl7 Mortality(%) after 24hr
Supernatant ' © 234
Delta-endotoxin 945

Complex of cells and delta-endotoxin 98.7
Supernatant + Complex of cells and delta-endotoxin 100

Control 55

%The strain Btl7 was cultured in TYG medium at 30C for 5days in
shaking incubator. The 200 ug/ml delta-endotoxin was introduced into the
2nd larva of nematode for toxicity test. PBS buffer was used as control
group.

olH Y EdolA £ A YA AF F USid o RYZHF
H F5ol 40 e F HF 8L /A= Bt17 #F9 gAY
53e AdAEn A o2 248 £ A Fig 2-8014 B wie} o] o
5= A% 528 AAdste 384 Bacillus thuringiensis®
TFYS ¢ F A

Fig. 2-8. Morphology of Bacillus thringiensis strain Btl7 on
phase contrast microscope (Magnification, X 1000).
Symbols: s, endospore; t, endotoxin
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A 5 d FFo e A3H 5
1 #%9 494 54

A d B. thuringiensis Btl7 #5F 9} Bt79 #59 S4& vz 3oz 24
&t} 718 B. thuringiensist vl stEct. & BT HAE FHE YeEyE
& Btl7 59 Bt79 #F ¥ 529 23, FF 3 F& YA, £ B
279 dF A LE AT AT R4 T A BT Y, Y3
549 A T8 ART T4 2 ATAY AEV 2790 ¥ RY3HF @
4€ dUshlls Btl7 ZF¢ Bt79 739 Ay Az gAY Hers
Bergey’s mannual of systematic Bacteriology$} Simbert$} Krige] #hgel] w
% Qagich o) W EF FFE BHDIL A3tk 2 A3} Table 2-15004
B uigl Zo] Btl72 EF TF BtHD1S A2 A3lsts JAo] Fd3ge
o Bt79+ acetoin AN T HolE R|ch
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Table 2-15. Biochemical properties of B. thuringiensis strains

Biochemical Properties

B, thuringiensis strains

BtHD1

BT17

BT79

Morphology

Endospore formation
Motile

Gram stain

Parasporal crystal
Growth at pH5.7(Nutrient broth)
Catalase

Lipase(olive oil)

Nitrate reduced to nitrite
Anaerobic growth
Lecithinase

Arginine dehydrogenase
Lysine decarboxylase
Omnithin decarboxylase
Urease

Tryptophan deaminase
H2S production

Indole production
Acetoin production
Gelatin liquification
Glucose fermentation
Oxidative utilization;

L-mannitol
Sorbitol
Rhamnose
Sucrose
Melibiose
Amygdalin
D-xylose
L-arabinose
D-glucose

Rod-shape Rod-shape Rod-shape

+

+ 4+ + + + + + o+ o+ o+

+

+ + + + + + + o+ + o+

+

+ 4+ + + + + + o+ 4+ o+

+ o+

Note: Referance; B.thuringiensis subsp.

+ positive; - negative
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BF T B.thuringiensis subsp. kurstaki HD13} 3o A& S 71
Bacillus thuringiensis BT17 % BT79 ¥5 59 ©4d o&4d @& 43
d E4E HESAD ot "WAE AF 3 22" (Biolog)e o &%
BiologAte] <tulAol e} z 59 gaddo] dd o]&4L HESYY =
HA 2 #FEL 1% glucose?t -8 BUGM &HH vl A (BiologAH ol A 23] A
W oMFS SRtk 2 F IR 085% APAGFo Al WY & #FE
Z+zt A=Al AA optical density(35-42%; Transmitter by Biolog Co.)& ZA3}
o #A FEE YA sdch 88 FA= GP microplate (Biolog Co.)9
Z} wellol 150 w¥ FY3k3, 28TCTollA 24 AZF S+ 822 A)AA microplate
o ¥2d 82499 o84 me A4Y 2N HAx g FHsPg. 2 2FH
£ Table 169 A3tP o™ o]& 7|22 Mol thd Data BaseollA] tu]3}
o B A7 80% olde FAMN S Z B. thuringiensis® JElGTh A #5F 25
AAM ez dds] fASeH Btl7% BtHDI L-glutamic acid®t adenosine
-5'-monophpsphate ¢l &l ZolE& ® Y ot}
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Table 2-16. Carbone source utilization of Bacillus thuringiensis strain

BT79 & BT17.

carbon_Source——_strain Bt 17 Bt HD-1 Bt 79
1. water - - -
2. a-cyclodextrin - - -
3. B -cyclodextrin v v v
4. dextrin + + : +
5. glycogen v v v
6. inulin - - -
7. mannan A v v
8. tween 40 - - -
9. tween 80 - - -
10. N-acetylglucosamine + + v
11. N-acetylmannosamine v -

12. amygdalin - - -
13. L-arabinose - - -
14. D-arabitol - - -
15. arbutin - - -
16. cellobiose v v

17. D-fructose + +

18. L-fructose - - -
19. D-galactose - - -
20. D-galacturonic acid - - -
21. gentiobiose +
22. D-gluconic acid v
23. a -D-glucose + + +
24. m-inositol - - -
25. a -D-lactose - - -
26. lactulose - - -
27. maltose + + +
28. maltotriose + + +
29. D-mannitol - - -
30. D-mannose + v +
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carbon sou train

Bt HD-1

Bt 79

31. D-merezitose

32. D-melibiose

33. @ -methyl
-D-galactoside

34. B -methyl
-D-galactoside

35. 3-methyl glucose

36. @ -methyl-D-glucoside

37. B -methyl-D-glucoside

38. @ -methyl
-D-mannoside

39. palatinose

40. D-psicose

41. D-raffinose

. L-rhamnose

. D-ribose

. salicin

. sedoheptulosan

EXEEIEE

. D-sorbitol

47. stachyose

48. sucrose

49. D-tagatose -

50. D-trehalose

51. turanose

52. xylitol

53. D-lactic acid

54. acetic acid

55. @ ~hydroxybutyric acid

56. B -hydroxybutyric acid

57. ¥ ~hydroxybutyric acid

58. o ~-hydroxypheny!
acetic acid

59. a -ketoglutaric acid

60. a -ketovaleric acid

61. lactamide

62. D-lactic acid
~methyl ester
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carbon _source ——strain_

Bt 17

63.

L-lactic acid

64.

D-malic acid

65.

L-malic acid

66.

methyl pyrubate

67.

methyl succinate

68.

propionic acid

69.

pyrubic acid

70.

succinamic acid

71.

succinic acid

72.

N-acetyl
-L-glutamic acid

73.

alaninamide

74.

D-alanine

75.

L-alanine

76.

L-alanyl-glycine

77.

L-asparagine

78.

L-glutamic acid

c|d < i< |<

79.

glyeyl
~L-glutamic acid

+

80.

L-pyroglutamic acid

31.

L- serine

82.

80. putrescine

. 2,3-butanediol

. glycerol

<

. adenosine

+

2'-deoxy adenosine

. inosine

+ <

BI]RS[R|B

thymidine

89.

uridine

+ | <

<< | |< <

8

. adenosine

-5'-monophpsphate

i

<

. thymidine

-5'-monophpsphate

S

. uridine

-5’-monophpsphate

. fructose-6-phpsphate

. glucose-1-phpsphate

. glucose-6-phpsphate

RIF B |8

. D-L- a -glycerol

phpsphate
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B. thuringiensist HEZ YA we}

5% ¥} HE dAoE T TFY HE FUho wE F A 9
¥ $AWMS S Paudua 59 %Y 2 De Barjac® Frachon® HHge) o A3l
YAt el BF B thuringiensis #5°) Wd & dAH# Btl7 #F9
Bt79 #F9 AE FA} FHAWZFE A AF Table 2-17414 RE v}
2ol Btl7 #FE ¥EF TFE AHEE BtHDIF Zo] serotype 32 B.
thuringiensis subsp. kurstaki®] HR| i3t A9} FAstA SR ukgo] FA

A 555z BEFHL Ut ol

i

Hioh 3 B Bt79 ¥FE serotype 502 B. thuringiensis subsp. navarrensis
o] Axd g A} SNl IALHUSG. WA Bt 17 €59 Bt79 &
FT ¥3¥el M2 thE subspeciesdl &3S & F dth

EE TFE A4$ BtHDIH Btl7 #5% 5Y3% serotype 39 &3z gt
BtHD1 @5+ wWia digd 4342 Jdoy FZdFd digd &4g0) glon,
Btl7 &= & A% 4<% v, Byl JYetdE 847 @33 AHAY
ABBA YE AL obd Aoz AzYg weN Yoz = 4TL
s & A5 AdAG AQAAZREH ARe] T FF RIYE A
g487t d& e AzZdEnd. Bt 17 ¥5& BtHDL #F7 gl & A% €4,
S LA Aol, 42 A& SHANME 4 ol R MR F
F2 Mzt & Bt79 @5 serotype 500} £3FA gk o} A o] A 3o] AA
e WSad g d7E olFo4A YA &3 3o o] #FE  serotype 509
Fole ToF FAM F AF 242 Udehlls Hx9 52 29, NEL 2
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Table 2-17. H agglutination of strain Btl7 and Bt79 with antisera of
Bacillus thuringiensis serotype

Serdtype Subspecies BtHD1 Bti7- Bt79
1 thuringiensis - - -
2 finitimus - - -
3 kurstaki + + -
4 kenyae - - -
5 galleria - - -
6 entomocidus - - -
7 aizawai - - -
8 morrisont - - -
9 tolworthi - - -
10 darmstadiensis - - -
11 kyushuensis - - -
12 thompsoni - - -
13 parkistani - - -
14 israelensis - - -
15 dakota - - -
16 indiana - - -
17 tohokuensis - - -
18 kumamotoensis - - -
19 tochigiensis - - -
20 yunnanensis - - -
21 colmeri - - -
22 shandongiensis - - -
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Serotype Subspecies BtHD1 Bt17 Bt79
23 japonensis : - - -
24 neoleonensis - - -
25 coreanensis - - -
26 silo - - -
27 mexicanensis - - -
28 jegathesan - - -
29 amagiensis - - -
30 medellin - - -
31 toguchini - - -
32 cameroun - - -
33 leesis - - -
34 konkukiensis - - -
35 seoulensis - - -
36 malaysiensis - - -
37 andaluciensis - - -
38 oswaldocruzi - - -
39 brasiliensis - - -
40 huazhongensis - - -
41 sooncheon - - -
42 jinghongiensis - - -
43 gyiyangiensis - - -
44 higo - - -
45 roskilgiensis - - -
46 chanpaisis - - -
47 wratislaviensis - - -
48 balearica - - -
49 muju - - -
50 navarrensis - - +
51 xiaguangiensis - - -
52 kim - - -
53 asturiensis - - -
4 poloniensis - - -
55 palmanyolensis - - -

Symbols; Referance; B.thuringiensis subsp. kurstaki(type strain), +;positive, -;negative.
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4. g aF9 dA dF Hd HE

3 dF 848 Z+= Bt AAY AME WA Bt 59 APHY X9
Bt toxin®] A€o 2 y¥ro] A4 & St Bt ¥FE AR A&7 HEA
T ZFY EG HdA S45Ee §3 4539 34 I3 F B3 LA
£ 93 AHE8 Aoz dEE A8 Fgd A AR K7 o8 89
9 vz AZdr

714 Bt 259 XA LAY 39 5 {32 vY9 JE L 4XE
W] 7124 AgE FEEY] A, AF AGAA FY AuA F2 AHEH
I e T4 10 g /MANE D&M 3 MF A9 Bacillus thuringiensis
Btl7 #F ¢ F2ld vlX= ¥ 49 Bgtrh(Table 2-18)

TYG 4A wjAld] AEE 2449 %S AHE B4F o dHFS A
7F3ta Bt 17 TF & FFTdA Xy 1 I Fo AXFE FHHAY
g} & serial dilutiondtZ I 4& TYG &H F# v o] =Lsle 24A3
Fo 43l E2Y FE AF3A colony forming unit (CFU)E YERRA
o}
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Table 2~-18. The Effect of agricultural chemicals on the growth of Bt 17

& 7 5 % (mg/ml) M X4 (CFU/ml)
=T 0 9 x 10°
s e 0.25 26 % 10°
#eA EARRS s N | 0.5 9 x 10°
vlo] 3 4= 5} A| 05 <1 x 10°
2l &) o] E 4 3} A) 0.75 <1 x 10°
o2 ol ] 5= 5} Al 2.0 <1 x 10°
2 B} o} 3} A) 0.05 25 % 10°
Cgig A F A 1.0 <1 x 10°
E g £0453}4) 0.5 <1 x 10°
T EUNSEA 2.0 <1 x 10°
EZA5 A 1.0 15 x 10
kel & A 0.04 <1 x 10°

Bt 17 2F& 4% @A #AYe) AAHCEZ 4% AN wE Rez
UERRG T2 Al wal ARA 08 ANAAI 08 2A e
o ol 712¥Q Aol HAW o AFE EU2 AAHH H4S A
S 9w xslAE Bt 239 AR BT 9% 4% SAE o Roz
AZEG Fore AEHA BE §7159 A EFeld 2ol F4%0) B
G ALE Zb5A oBE doz o AEE ojx7t Ye Aol
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Fig. 2-9. Quantitative analysis of delta-endotoxin of B. thuringiensis by
ELISA method.
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2. B2 A viAe dFLre 9F
7h g4 de 9%

Toxin A0l HAY S247 @249 F& ZAE7) Y8l TYGHA 4
HAMEE glucosed] FE ZEl S A9 glucose 7F old thE @i gde=
starch®} o] &2 sucrose®t maltoseE A}8-3F wiz|dlA F2o AS3 spore?
B&E FAsIg .
wAle] A7bEe @499 % 44 01%, 05%, 1%, 2% = 31, 30C, 140
rpmol A 693 MG F 600 nmAlH FREE FH3A 79 ASHEE
Bl i, E£2p= 65CAlA 1583 A8 F TYG H@ujlo] 34 =2sd
Eld colony & ZFA A H(Fig. 2-10, 2-11, 2-12, 2-13).
gAY 2 glucose?t AHEHUS W= glucosed) Fol FHetd 79 £ F
A ou £49 £ Bastd glicosed) %ol 0.1%Y W EA7 7H3 ol
B HAIL, starch7t @290 2 AEHAJYS e 79 AS5H A9 4L
v 3t starch7t BE&FE EA7F 8ol AU ol&F sucrose’t B
P02 ALHAE dE T KL & @il vlg Zasgoy XA
B L AFolE RolA Y9k, maltose’} ALEHUE W glucosest vl &
4& et A A8 g2 Y FAA starch7t 54 A9 BHAQ
A7 8 F YT A YA FT FL& AHE RJyovd MYz &
apol & UehiAlE &3t
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Spore No
;] (x10°me)

Conc. of glucose (%)

Fig. 2-10. Effect of glucose concentration on growth and spore production of
B. thuringiensis. Basal medium was composed of 0.5% tryptone, 0.5% yeast
extract, and 0.196 K:HPO..

Spore No

00
OD6 (x10%me)

4
3
2

=N WA OO N 00 WO

1 2
Conc. of starch (%)

0.1

Fig. 2-11. Effect of starch concentration on growth and spore production of
B. thuringiensis. Basal medium was composed of 0.5% tryptone, 0.5% yeast
extract, and 0.1% KoHPOa.
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Fig. 2-12. Effect of sucrose concentration on growth and spore production of
B. thuringiensis. Basal medium was composed of 0.5% tryptone, 0.5% yeast

extract, and 0.19%6 Kz;HPOa..
v 'ODGOO
"1Spore No.

8

7 3

6 ey

5 Spore No
OD600 - . 2

4 ! (X 10°me)

3 5\; i ) : H 1

2 , , i

0.1 05 1 2

Conc. of maltose (%)

Fig. 2-13. Effect of maltose concentration on growth and spore production of
B. thuringiensis. Basal medium was composed of 05% tryptone, 0.5% yeast
extract, and 0.1% K;HPO..
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o Aade 9%

Aarde EF0 md Bt E4 Aol oA E TS RAE) Yot B
718 2 frlele ALY Algate] Zae] A4 HEEZ FAMIATS TYGH
Ao tryptong WAt 05%< NHs', NOs', peptone, tryptones 718t} Bt
2 wdd A7 NOy Hele) A2Qe e A4 W 7o 453 TR
Aol B5 B39 Aoz vutn ol 498 HE® AE dEig
o (Fig 2-14). ©] oA tryptoned] T=& Gt wId §F ELATE &
3% A3 Fig. 2-159 2o

0OD600
" |Spore No.

7 9

5 4 =1 |8 Spore
OD600 4 ‘ - Log No.

3 - - N7 Jml

1 i 6

(NH4).SO4 NaNO; Peptone Tryptone
Nitrogen sources

Fig. 2-14. Effect of nitrogen sources on the growth and spore production of

B. thuringiensis.
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Fig. 2-15. Effect of tryptone concentration on the growth and spore
production of B. thuringiensis. Basal medium was composed of 1.0% glucose,
0.5% yeast extract, and 0.1% K:HPO,.

t}. Yeast extract®] <3

et o2 #9o] K2 (growth factor) & AR 531 QE yeast extract
7t SAA4) v 9IS XA FH+= Fig. 2-163 o). Yeast extract
o] FE7F ¥e uW 7o AFo] $FPew e YN FEA 2 IFS
WA ket
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Fig. 2-16 Effect of yeast extract concentration on growth and spore
production of B. thuringiensis. Basal medium was composed of 1.09 glucose,
0.5% tryptone, and 0.1% KzHPO.. .

% AudY 9%

ELQAC Bqde QG FFE e YE TYG WX ZH7] o
E 322 KHPOE #HJbsln TR MAE XAME 23 Fig. 2-17% 2o
K:HPO4%o] 05%Y w ol A& X2t o] 7b4 43 Aoz YEy
c}.
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Fig. 2-17. Effect of K2HPOq concentration on growth and spore production of
B. thuringiensis. Basal medium was composed of 1.0% glucose, 0.5%
tryptone, and 0.59% yeast extract.

0 0.1 05

Conc. of KoHPOy (%)

o 2% olee 94

529 Ao BNt Tl 9P 2AEI AW 24 o)L %4z
1 mM $E2 A7H TYG WA 258 A2 I F e
IA5E 244U 69 F WFAol N T2 AHE Co”ol YA A
Aal HQem, Cuol dalA oz FaHAOY, G F& ojeztd: &
ol & & 4 At (Table 2-19).
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Table 2-19. Effect of mineral ion on spore production of B. thuringiensis.

mineral ion ~No. of spore/ml
none 90 x. 10"
Ca" 1.0 x 10°
Co"* 12 x 10°
Cu" 60 x 10°
Mg" 12 x 10°
Mn"' : 1.0 x 10°
Fe'" 1.2 x 10°
Zn" 1.0 x 10°

>

3. a9 A dFS uAE Feey 2
7h. 7] pHY ¥%

Bt S Aol ulX& wixe] x7] pHel Y& ZAss el 01 N
HCl =& NaOHE A43led TYG ®jx|9] pHE ZA3le, 79 482 A7y
2 243 69 ¥ A9 5 24590 pH 5908 E 29 487 TR
Aol F23AL, pH 6914 8 AbolelE 2 o7t Uehvdx &9tt) (Fig.
18, Table 2-20).
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Day

Fig. 2-18. Growth curve of B. thuringiensis 17 at different initial pH. Basal
medium was composed of 1.0% glucose, 0.5% tryptone, 0.5% yeast extract,
and 0.1% KzHPO..

Table 2-20. Effect of the initial pH of medium on the Bt spore production

pH 5 6 7 8
Spore No. [1.2%10%ml| 2.1 X10%ml | 2.3%x10%ml | 2.9% 10%/ml

W B71F Ad 9%

z7e g4 WAFY M2l FHE WA dokn LA Uk Bt 17
RN Axe FFF Eae Y43 BAE ZAbety] 9, 500 mie) 4
2 flaskel 242 25 ml, 50 ml, 100 ml, 200 mi¢l WA & Wol 5A W WP
@ ¥ g T2 58 24
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Bt 17 59 ¥ MAX aeration® FEFS WolA aerationo] ALFF
EzAgol FIhE0lA wiR o] %o] 7t AA £ 2A F aerationo] 7+
29 WFzddA X7 A ol BEIA D wizle o) ulsie T3l
ARt 29X (Fig 2-19).

100000000
8
&

5 10000000
s

1000000

25 50 100 200
Vol. of medium (ni)

Fig. 2-19. The relation between spore production and aeration
4. AA iR} Al o3 54 YA g

AAufz) e} nAR A Fo BEH ¥R toxin B FI BFAE =
Aat7] ¢lel, 10 mle) TYG ®WiA & &% 25 mlg& 4% flasko] Btl7 #5&
1 go]l BF3t BCAAN a2 &< FF oIy, 2F T MY 1
mlE 100 ml9] TYG ¥lA7} $H#¥ 250 ml Erlenmeyer flasko] HE3te 28C
oA AeulF (130 rpm) 3EA FAu %A toxine BAHE ZAEI L, AH)
o FF I 2 mE 20 mi9 TYG &AwiA7 /8 AZH(7 X 14 cm)
of JFatd, 28ColA W F3AA A FNA toxing] 4L ELISAZ A}
A

Axsd ZAYYE, L 54 BAFLE dAY A$ B2 239 F L7t
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ok 10 E& Aoz FHHA}.( Table 2-21, Fig. 2-20) oj= ofv}, A A
Ho 2 440l A BAL /Mo Are AT BAG Z T A
& FRYF] 5L AS 1 AHo ANPoR, FRITo] FUHeT gL
AAMA I ERpst Exo] Ao R RoT HHUY. B Sae B
J QAL AHME A MIRDE 1A WFL sE Aol ¥2 o T
a3 Az,

Table 2-21. The amount of total cell, spore, toxin in the solid agar media

and liquid media

edia Solid agar media Liquid media
No. of No. of toxin No. of No. of toxin
Day total cell spore | (ug/mg)| total cell | spore | (,e/me)
1 56x10° | 6.4%10° 7 | 38%x10° | 6%10 0
2 96x10% | 1.52x10" | 1185 | 47x10° | 52%10° 0
3 1.32x10° | 266x10° | 2478 | 1.6x10" | 95x10° 0
4 2.62x10" | 206x10° | 4206 | 1.77x10° | 1.55%10° | 6
5 203%x10% | 47x10° | 4412 | 275%x10° | 7.1x10° | 274
6 2.37x10"% | 55x10° | 4451 | 69%10° | 1.35%10" | 340
7 236%10”% | 61x10° | 4398 |1.88x10"| 1.78x10" | 861
8 258%10"% | 59x10° | 4428 |1.72x10°| 54x10" | 1027
9 227x10"| 91x10" | 1672
10 35%10"° | 6.7x10" | 1730
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EEEEEEREEE
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Fig. 2-20. The relation between toxin production and growth of B.
thuringiensis in solid agar media and liquid media. The bacteria were
cultivated at 30C in TYG medium which was composed of 1.0% glucose,
0.5% tryptone, 0.5% yeast extract, and 0.1% K:HPO4 (pH 7.2).

5. Jar fermentor Wl <%

7h &1 &5

271 Aol AF wWiFET nH vgo] S Mol EXN FLIYS
gokovt, AA dFe] ELE de e 12X WYL A7 Y7 uidojd
mets iF wYgs HAse dA) vl E AHE-3tE fermentorgE ol & Y
o 81& Aolth. 1A fermentordl A EE&AHQ WIS % AL HESF ]
st 53] i wjgol A 7+ EAF He 7139 3L A e
51 2719 Jar fermentorol 2 18] TYG wiX|E& o] 120ColA 30 3 BF

g F Fujgds 1%HA HEStD AL =TS 300 pme2 nHYsn F7) F
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PFS 1 vwmHt 2 vvme 2 ZZ FSletn 30T A 393 ujgs o F9
AL 2 229 & ZA8Ach #Fo AK/dE F AT/ & AolE Rolx
AT TA F£E 2vvme 77 FYE AS €53 Bol FAH
o} (Fig 2-21)

Il opsoo
L_ jSpore No.

Spore
Log No.

OD600

-

N W e g1
w s O O

Air vvm

Fig. 2-21. Effect of aeration on the growth and spore production of B.
thuringiensis in jar fermentor. The bacteria were cultivated at 30C for 3
days in TYG medium which was composed of 1.0% glucose, 0.5% tryptone,
0.5% yeast extract, and 0.1% K:HPO; (pH 7.2).

1}, Jar fermentor ®j <

Jar fermentoroll A W<} AlZte) @M AS AxE WMslE 2AE] A3
9} 2 27A22 2 vvm, 300 rpm, 30CY FANA Ex 2] Waiel 79
$9 AWE 2AHGHQT. 79 A4S 19 F Host HY9oY Exe] S
24 Zrksted 49 FRE AN o) E2adn (Fig. 2-22).

oz X
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Fig. 2-22 Growth and spore production of Bt 17 in jar fermentor.

The bacteria were cultivated at 30C for 5 days in TYG medium which was
composed of 1.0% glucose, 0.5% tryptone, 05% yeast extract, and 0.1%
KoHPO4 (pH 7.2).

6. WFaA] wigolAe] 22 M

259 S22 A4S A iR 1A FAPG wAdM BN o &
£¥Ye ggtor nA WF A P Wt oo UM A AN
o $¢oz 4§37 ofee Mol Brin AZET Bt #5e AA 484 9

HAE E& Jl4doz BtE AA3} ol & WaAol Yl fermentorE: o] &
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& dF wiFe AL urte] wAE AMEslor stE EAl7E Jeng o8 &)
ds7] A% ez g g d52A dF iG] stsstm I Yo 549
BREEE Hojd Wiy S Folobkd WAt A& Aot YA Bty AlA
e A 2 FFA L wWiAZ TGN QA 7 5 e NBS AE
3t Bt 549 A4S AEdAG

THAZ 3G FXEE o83t o 2oz wxEg nE3 wFT Z
o e AHEE Feele A2doE fUlHY ALE A}EEA ¥ ol
9 ZAE AL EE 49 Al e gt a2ty dgn e
242 71 wtaA WA g AHEse Bt 258 wigEigd & A 9 g
(NH4)2S04 0.05 g, glucose 05 g, #=E 1 g, H:O 5 ml9} ¥ &2 wE wtas)
HAE FBEL 7)o 108 M P FFuUYY 8 miE WFsA 0CAA 6
Uzt wigFstn, o] wWiFAE AN Az ETPEH Bt AAE HEY
o olsh 2 wtmA wixwFe] dstd 1 gF 16 x 10° /He TR 23
Bt AAE TE F AAJ.

- 90 -



A 7 A 3 A2 T Bt Y520 Azery B4
1. pHel @& Bt 549 &34

Bacillus thuringiensis 52 F4°] JggPd wat 245 FAAHE
H o] o U549 delta-endotoxin®] AZ WX EEAde ZAPo=2 AP
th olEe TF9 AUl ozt Ao gvtel FHA JHEEEH 2F
A A4S YeErd o] & ZA4 S £ AHA Fole /st a3}
71 W&ol Btl7, Bt79 ZF7t Bdste U549 &3 §4& 2Aetd 549
E&HQ 2 Bye FYstua sk 2o pH 4o Bt #F7F 2ulst
' WE2 oA 1 mge zH Hrhete] 37TAA 24 §3E Al F A2
AAHE(13,000rpm, 10)E W3t 2 A AL Haod I8y HF H
SDS-PAGEZ #& Z3: Table 2-22, Fig. 2-233% Zth W54 AR 3
T pH7F F7bgd wel 718l pH 115 ~ 125 ApololA < 37 ~ 50%
72 &35y SDS-PAGEYA £ = v RAAY &7t Beo] dojyx 4 E
g3 P o FJAE Aoz v ll=st o 14 ~ 24% A=A pH
100 ~ 105 Alol7h 33 =34 duch

r

X
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Table 2-22. The solubility of delta-endotoxin of Btl7 strain at different
alkaline solution *

pH Solubility (%)
8.5 3.97
9.0 4.56
9.5 7.43
10.0 13.85
10.5 23.5
11.0 28.4
11.5 36.92
12.0 48.52
12.5 49.6

a

1 mg of delta-endotoxin of Btl7 strain was solubulized at each pH
solution for 2 h at 37T

Fig. 2-23. SDS-PAGE pattern of solubilized delta-endotoxin of Btl7 strain
at indicated pH solution.
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2. Bt17 2 Bt79 2571 AAdste WS4 & AF 84 (LCx)

Btl7 #% 2 Bt79 #F7F AA&E WS40 3 MEF FAS Uolry] 9
sted Mo Aol BAZ 2% 3ol Wi & 4% B S Reed® Muench
o wilo] wal 7 49 LCx® ZASAT o] f grFoz vhitel dlE
4¢ Jehdin Btl7 59 §A¢ Ased 54¢ AUz Qe BtHD1 #
z9 27 §%o s 4L JYehlE B #78 @7 2P0 A
2 A3 Table 2-23914 R wke} o] Bti @ Btl73} wl$ ul£d 4L A
Ui gl= BtHDl #F= HalEMZe gate d3 5 A4S Yguln g=
gl us o] AgelA Rl Btl7 #59% Bt79 FFE o]l EA4S vehlY
. o]l F Bt17¢ LCs0& 43 pg/ml= Bt79 ﬁ'—’é?{ 125 pg/miol d] 3] <k 3vj
A% 7FstA etk

Table 2-23. Nematocidal activity of delta-endotoxin from Btl17

Protein LCso LCy

Bt -HD1 none ‘none
Btl7 43+5pg/ml 74+ 6ug/ml
Bt79 125+ 8ug/ml 223t 5ug/ml

Bti none none

LCs of the toxic crystals of the strain Btl7 & Bt79 against the 2nd stage
larva of Meloidogyne h&pla was determined by method of Reed and
Muench(1938).  Mortility was expressed as protein concentration of &
-endotoxin from the strain Btl7 & Bt79.

3. Btl7 € Bt79 #F7 AAdstE WE2e £84 AY

Btl7 2 Bt79 #5771 AMste WEAI EA JEF7E &8ss £884
& UEESE 27 95t rate] AYTFE AL o)S9 SUFHS =A
gk gAHOR A4 UWEL il gz HYTVE T 37T
A ARG RSN HXNE & F gUdoz AP 2H3Y. Table 2-24
N BE ANY 27 fEd =4S YehiE Bt FFE 185 pg/mld) Bt =



2 ¥EH HYTE A SeAE §IVYL Roled Wate] BUTH
B79 #5#E BHDI® #7 $3¥42 UshiA Kok 434 daAw 5
ojfoz £AS UehllE Btl73 Bt79 59 54T o2 "Fo] Ko} dF
oge Aol #8& 2% 5ol aME T4 Yol we BN
AAZ AL 7hsHel ¥& Aoz Azun

Table 2-24. Hemolytic activity of delta-endotoxin from BT17 against red
blood cells of rat.

B. thuringiensis strain Hemolytic activity (ug/ml)
Bti 185
HD1 none
BT17 none
BT79 none

The titer for hemolytic activity was expressed at the lowest protein concentration
showing 100% lysis of red blood cells of rat.

4. Btl7 ¢F 549 SDS-PAGE

Btl7 v} TAZRE 7 AT WE4L d¥AE 10 mM dithiothreitol
2 ¥HE 50 mM NaCO; &fo] @sstel, 37TAN 1 AT Fob 3N
g el QATA3000mm, 108DE BT ¥ 8 US: wuge
N &2 old SDS-PAGEE #33th o] o BtHDl Z#5& Hx=E AH83te g
5 942 BN A3 Bl7 F3E BHDIZ AN FAL ol$ FAbsto]
T =4 dHAL 23 JY&L FEXT 2 9 BtHDIA FEHA &
= o 130 K 2719 gudo] nole 5 529 JE40] 4z Jol@ Reg
Bo} (Fig. 2-24), Btl7 @59 S4¢ 1 $4& & v¥ze F402 Bo}
= A2E B Bt 542 4z o 130 K 99de] ¥ 4% ¥4¢ 4
Bl AYte FoT FHY BAZ AZET
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Fig. 2-24. SDS-PAGE pattern of & ~endotoxin

5 Btl7 #5 W52 dgstsy g4
7b Btl7 #59] iS40 did A A7

Btl7 #59 WS4 A A AL Cheung® Kime] ¥hyo] uhet
PstAck F, W54 E akalin §902 71838 AA E7)d FAste FAS
FEMAT BYd E7ZRE WEAd g FEHL F4F A AHs)
o Aol o} FPFHL Fsdot. FH¥HL Johnstoned Thorped] HH ol
a2} d4], DEAE-cellulose ion exchange column chromatographyS A X & |
g AAS -30To EESFTFAM AHSsch FAT e o)FHAN By A
73¥ QA Ouchterlony testz HAAME A3} (Fig. 2-25), Btl7 #39 W Eio] o
g S0l FAYE & 5 AU o] FHE o] &8to] ELISA, immuno blot
& 7Y% & YUh
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@);n an@

Fig. 2-25. Ouchterlony test of solubilized parasporal inclusions of strain Bti?.

The centre well contained 20xf of a rabbit antisera raised against solubilized
inclusion proteins of strain Btl7. Each surrounded wells are solubilized

inclusion proteins of strain Btl7.

1}, Immunoblot

2 AA Btl7 WEad digt FAE o &3t Btl7 ¥59 BtHDl &
FEHE 44 2 U549 FA4E A7) 98 immuno blot& 53
k. Ao FFRRH ¥ 54 0 9¥dE &% F
SDS-polyacrylamide gel’dollAd Ar7|gd5oz d¥d S £33 nitrocellulose
membrane©] transfer ¥ Btl7 Eol& ¥ag w$ A AF}E Fig. 2-26%
2t} Fig. 26014 B AAY Btl7 459 BtHDl #5F+ 7% 3E8HA &
2 FYE 3 e ReZ dEwoy % 130 K 7] WS4 d A
gAe zelrt delwt. F Btl7 25 o] dd @¥AE ztu Jed H g
o BtHD1 ZFoAe ZotE & AUtk oy & dF 84S 2 Us
Btl7 #F9 Wsa @¥ade 4o @l BtHDI #F9 US54 9ddgs

2 54 gdd 7tsde] gudx & F UE Aotk
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Fig. 2-26. Immunoblot of & -endotoxin of Bt17

t}. Immunoelectrophoresis

Btl7 #5¢ BtHDI ¥ U549 FUA o] 4% & Ay A7 o
THeE ZAGAY & F F9S EF Btl7 FF9 USLE ALRS A
e FHE d9FZA0l FIF F4E Kol JYed HstY (Fig. 2-27), %
#9S Btl7 S29 BtHD19 54E AH839 Fig. 2-28914 2E RAAY

Fdo] EAZA FAA bdE FAd EAR AT AFHY B Apols}
ekttt o] & §3 Btl7 #59 BtHDlI #F % %2 B. thuringiensis subsp.
krustakiol &38R Btl70] AAste S4E vite] dis) 4F84& 713 A
o2 ¢ BtHDI9 S49%E & ME2E 54U ¢ + AU

okl
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Fig. 2-27. Immuno-electrophoresis pattern of solubilized parasporal inclusions
of strain Btl7. Each well contained solubilized parasporal inclusions of strain
Btl7. The throughes contained antisera against solubilized parasporal
inclusions of strain Btl7.

Fig. 2-28. Immuno-electrophoresis pattern of solubilized parasporal inclusions
of strain Btl7 and BtHD-1. Up-well contained solubilized parasporal
inclusions of strain Btl7, down-well contained solubilized parasporal
inclusions of strain BtHD-1. The throughes contained antisera against
solubilized parasporal inclusions of strain Btl7.

6. B¢ T2 Bt WS4 4384 £ AFYe &4

Bt toxin® E% Fo| 2TAL A% EF Weld 27712, A%,
¢ 2450 A4t B9 39 S29 ¥ 3L & Ut PPo) 4
o EF Fe S29 AWEol tAME oby nmE wE gy WEd A=
2 & el 9= ARolth of AWM ELISAHS o8 EF 3o S4

02/\61
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£ APMoz WEY & YEAES GeW 2L PPo P sk ZANA A

%, 9AFe] B SAAZR A2 BT toxin AAFL U 2 L%
A WAFHEN dF  Adeth dFFe] EF L e 50mM carbonate
buffer (pH108)& 37ColA 1A §¢ 54 wide 263, 3% §9 5
9 =4 @WAS ELISAY oz F#Fsgr) ELISAd] & Bt toxin® =H&
Voller 52 ¥¥ol mz} &89 S49GWAL microplate®] welld] 25044 @
T 4CAA sEY ¢ FAANAG. IF welle 33 washing buffer (pH7.2)
2 AL F AAY FA 1:2000 FHME s}ste] 25CAAM 3 Az W g}
3% ttA] well® 33 washing buffer (pH7.2)2Z M & ¥ goat-antirabbit
immunoglobulin alkaline conjugate (1:8000)& 7}8ld 25CeA 3 Alzb =<
Q8- Al 71 c}, olaf 7] -& p-nitrophenylphosphateZ 10% diethanolamine
buffer (pH9.8)l &332 ELISA(Enzyme linked immunoassay) Reader®
405nmeA A ESAET o)A A Z 2 wEoz 23)d A APH ARE
Table 2-259} Fig. 2-29°) JYehiglot

Table 2-25. Assay of Btl7 toxin in soil by ELISA

25T 30C 35T
12} 23} 12} 22} 13} 24}
0 154 | 154 | 154 | 154 | 154 | 154 | 154 | 154 | 154 | 154 | 154 | 154
12 | 153 {157 | 115 | 146 | 135 | 153 | 99 | 121 | 166 | 143 | 105 | 113
24 109 (102 | 99 {114 113|134 | 98 | 90 | 151 | 140 | 105 | 105
36 | 58 63|69 |53 |87 8|8 |71]|9% 84| 66| 64
48 | 50 |49 | 41 | 37 | 54 |48 |51 |51 31|24 17 | 17
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Fate of toxin in soil at 35C

Toxin(ug/mi)

Times(hr)

—e— primary
—o-- secondary

Fig. 2-29. Decrease of Bt toxin in soil at different temperature

o] A%E BW ALY FHo wa} LEHE 54 F ] FiaHE RS B
T el ot F49 AAAFY EAUA FiAF, £&2x9 AR, dHolH
o A AL do v YR Hojo} dA|nh ko2 EY Fo Eie
FE £E%A F2 in situE FAY F Je WHE I F UAdW o=
A= Yol Jhedteg A4d. 2y o] ARe EY T 29 HAFA
de ol Ax VLS B F3 UL B F YUk

o] 2xE A HHHE EY T St Adol ZAHg we 1
Fol Aastn ded ol EF Fo EAste nAESSd o =4 gud
ol BelHEs Rezx B + g& Rolth HE K W 2% FoME
Fa0 A wAE 29 FEL IA Aort UeUA 43 e R
o] BoleH ol "AEARY U¥dE ¥Fsn Ye AT HNE & AU

2 Aol

- 101 -



A 8 A Btl7 &5 & A% T pot AF

1. 1% pot 49 (¥ EP)

A oA el REdsd daf & A% g4 vehde Btl7
TF7F AA ARAME F HF 245 vetd AJAE Lotur] At =
A A GAZ pot 48E FHADL. 15 pot 2PNA = Btl7 259 EF Y
A B4 H7] Ystd EFS dTFstY 23 REZAFH Btl7 25T g
T ZA3A A4S AY3Art

ool &L Walters Tol 71 vpgt 2ol &3 2HE 12 4L E
Fe 2o Astn (120C,%F 20%), pot(#8x9cm)dl BE EF o 300 g2
ol FY(FF TF ME VM-PV-1) AStE BFasct #e 2o £ Yo
2~3 o HUE W M hapla && F& B2 o 5000/ A= HEZ HFA
2 F Btl7 AT FAYTF, £ Q2T RYZHAZF S FIAINA @& o
+9 3 2F2E YrAS

@ Control : ¥ Group (Pot : 207H)
@ Samplel : 29 ¥ Group (Nematode egg?t ¥ g 5000 egg/root)
(Pot : 207H)
@ Sample2 : Btl7x# Group (5,000 egg/root + 0.25g BT17 cells/root)
(Pot : 2071)
(FFLA], 19992 39 269 ; HF LA, 19999 4¥ 69)
ol & potE AWM (F 20~25C) FAE HAFA7IEA @t Wz

il

BEAT. AF ZF 4 4 F (Fig. 2-30)dl€ AlolE BolR ¥Ed &' aF

et

€ 20 o (Fig. 2-31)°} AYBEAN A5 FYT (Sample 1, A)= A5 5
o] ofzte} zto]E YEMNZ] AlRste 30 A (Fig. 2-32), 50 ¥ (Fig. 2-33) &
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Alzbe] AgeE Aolrt FH AR A&t 70 A (Fig. 2-34) 4% & &
A Aolg B HAF FITE A 1AL 4udd vlste Btl7 #F& 4
A% HdPF (Sample 2, B)e A% w94+ dEF (Control, C)o] ¢k
80% A= AS 43S el tH(Table 2-26, Table 2-27). 70 ¢ #A# %
o Bojo] Ue A%E A4Ee AKH vk BFE B Btl7 #F9 A
T FAYF Hete] o] A& Aol UM FzHAT (Fig. 2-35). A

70 I Fo) o] & HEY 2%, ¥y FA € AF & 5, g F, galld
Tk B F9 28 3 8 A5 Z2HE RY Btl7 AETE FE9 A
2 AW 32§ W oF 80% FES A% JHE Holx, ¥ HF AoE

s“v

s
isunmwﬁ [ RURTR T

i

- -~ - ]
RS Y
i | . <23 ‘ & .,“”
f o = i 1

: RS
Ii:m;mmﬁ Nmnnﬂé’fxmé

Fig. 2-30. Oriental melon after 4 days in pots infected with nematode

! nematode infected plants
! infected plants with Btl7 cell treatment
! healthy plants

Ow >
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Fig. 2-31. Oriental melon after 20 days in pots infected with nematode

A : nematode infected plants
B : infected plants with Btl17 cell treatment
C : healthy plants

Fig. 2-32. Oriental melon after 30 days in pots infected with nematode

A : nematode infected plants
B ' infected plants with Btl7 cell treatment
C : healthy plants
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Fig. 2-33. Oriental melon after 50 days in pots infected with nematode

A : nematode infected ﬁlants
B : infected plants with Bt17 cell treatment
C ' healthy plants

Fig. 2-34. Oriental melon after 70 days in pots infected with nematode

A ! nematode infected plants
B ! infected plants with Btl7 cell treatment
C ! healthy plants
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A B C

Fig. 2-35. The root of oriental melon after 70 days in pots infected with
nematode

A : nematode infected plants
B : infected plants with Btl17 cell treatment
C ! healthy plants
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Table 2-26. Nematode infected oriental water melon after 70 days

Pot Height (cm) Weight of root (g) No. of gall
No. S1 S2 C S1 S2 C S1 S2
1 37 51 75 2.16 2.62 2.81 18 11
2 32 46 30 2.11 2.46 2.26 27 12
3 31 93 87 2.03 268 | 247 19 15
4 45 57 73 2.08 2.27 3.40 24 17
5 33 68 77 2.06 2.24 2.67 23 19
6 32 54 68 2.10 249 2.43 25 21
7 29 74 69 2.06 2.78 2.56 24 22
3 41 32 58 211 2.16 2.89 16 18
9 27 9 84 2.14 238 | 267 25 21
10 28 107 59 2.04 2.33 275 17 13
11 21 52 61 2.15 256 | 270 21 11
12 45 5) 68 2.10 2.26 261 26 14
13 21 92 96 2.09 2.57 2.64 23 17
14 24 73 64 2.26 2.64 267 26 18
15 17 91 81 2.21 2.28 2.68 31 8
16 29 48 76 2.29 280 | 259 28 12
17 23 47 77 2.08 2.76 2.89 32 13
18 D 67 34 0 2.59 357 0 9
19 D 59 69 0 2.87 267 15
20 D 71 78 0 2.69 2.58 14
Mean 207 676 742 2.12 2.52 272 23.8 150
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No. of No. of larvae No. of egg
Pot .

egg sac 100g soil per root
No- 175t T se [ ¢ [ st | s2 [ c | st | s2
1 69 46 - 278 208 - 2862 | 2004
2 58 47 - 306 167 - 2314 | 1854
3 49 51 - 265 214 - 2216 | 1746
4 56 39 - 243 240 - 2221 | 1214
5 57 28 - 267 154 - 1927 | 1352
6 64 41 - 367 192 - 1785 |+ 1227
7 82 61 - 242 187 - 2361 | 1326
8 81 58 - 312 209 - 2458 | 1525
9 78 62 - 321 247 - 1957 | 1716
10 69 49 - 189 157 - 2647 | 1925
11 74 52 - 275 187 - 2226 | 1618
12 69 64 - 317 212 - 2048 | 1352
13 59 46 - 296 163 - 2124 | 1427
14 63 42 - 287 117 - 2312 | 1543
15 65 57 - 316 157 - 1947 | 1620
16 74 69 - 318 126 - 1857 | 1842
17 82 53 - 276 141 - 2470 | 1921
18 0 27 - 0 168 - 0 1716
19 0 39 - 0 204 - 0 1519
20 0 43 - 0 196 - 0 1624
Mean 67.6 487 - 2865 183 - 22189 | 16035

S1; infected plants(5,000 eggs/root)

S2; infected plants with Bt 17 cell treatment
C; healthy plants

D; dead plants.
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Table 2-27. Several effects on the oriental melon and M. hapla reproduction
after treated with Bt17

Height [Weight of| No. of No. of [No. of larvae|No. of egg

{cm) root (q) gall egq sac | 100g soil | per root
A 35.0 2.09 22.67 58.8 287.7 2220.8
Sample| B 318 2.1 215 75.5 276 2281.2
1 C 20.8 2.2 28 68.6 298.6 2142
Mean | 29.20 2.13 24.05 67.63 287.43 2214.66
A 63.3 2.5 16.7 447 194.6 1531.7

Treatment

Sample| B | 751 2.4 16 533 1846 1586.6
2 C | 638 2.7 18 48 165.3 1707
Mean| 6740 | 253 | 1483 | 4866 | 18150 | 160843
A | 756 27 - - - -
B | 700 27 - - - -
Control ¢ 775 28 - - - -

Mean | 72.80 2.70 -
L.S.D (5%) 12.03 0.19 5.03 10.90 21.57 131.08

Control effect 877 701 383 98.0 . 368 27.3

(%
Total control
effect

S1; infected plants(5,000 eggs/root)

S2; infected plants with Bt 17 cell treatment
C; healthy plants

D; dead plants.

HAi 92434 (L.S.D); DMRT program ©]€3% 3, DMRTEA A S
A&l Sampled 2098 HFEF HEL&ES ABC 3R oz ZA3Y L.
Sample 1 - Sample 2

1) Control effect of plant height & weight = x 100 (%)
Control — Sample 1

Control effect of gall, egg sac, larvae Sample 1 - Sample 2

2) = x 100 (%)
number & egg number Sample 1
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2. 22 pot AY (Y EY)

Btl7 @59 ¥4 HaA & HEHE Yolurl Asod 4F Ade
DEAE 7Y EFE ALae] 4F FAR AGFAN P AHE e

APz 19993 72 6Y

FEAY]: A3 13 cm EF (FF = 800ml, ¢F 930 g
EFY AF9 4 =620 J2/100 g soil

79 6¥ HEsx ¥ e BEAVNE TE AY A

W 5uLE

Table 2-28. Several effects on the oriental melon and nematode

reproduction after treated with Btl7

Sample Plant wt Root wt. rcl:c?tlrzztlelr/rgf)t
1 572 a 15.4 abc 711 b
2 57.0 a 12.3 bc 4c
3 585 a 189 a 683 b
4 506 a 17.0 ab 1041 a

1;Nematode infected soil

2;Nematode infected soil + nematocidal agent
3;Nematode infected soil + Bt 17 33mg/scill00g
4;Nematode infected soil + Bt 17 66mg/soil100g
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Table 2-28914 BE AN 8% 49 EFL 8¢ 5 w2e 49 ¥E
499l A3 BT 27 & 4% B4 #9492 27) oJduth A0 29
3 A94¥el e 2A9 Fol(Table 2-2902 BAHY Aee Werle of
B, 94 4949 ASE 434 EF AAL 9F EFTY A% A
559 Aol7k glol ¥ A ANe] A A= Aoz AAEH oz
§% o A2d 290 Wey Aoz 4zac

Table 2-29. 2 XTEL YT HATEHL P AolH

ZEAMY
1X&} pot 2%t pot
XtolH
B2 X2l o HjE 7
ME 4N ay &+ (5,000/300 g) 28 %% (1,800 / 300 @)
Ay A ALy Al 2|
Bt H A Aa o oA = 2¢
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3. 3% EST v 27 EgdA Bt AAle GAd wE 3 HdF 84

1, 27 pot AWE Fot WF BF ¥ WF =Y F 4% BAe
A7 golahA UErUA olo] de &as 1 dge] Yue 27 Sate o

£ % 7kx Age syt
7 Bt AA 44

pot 2] A8 Bt AAE HYF o 3 FFE Uy AR
o 11383} A A (Solidified product)

H FBujRd F& HFEA WL O a2 T2 Axsoq £LH
A & 001% AHEAAQ Triton X-1000] st Abg3tQoh
o 44 A A (Suspended product)

HA wizlel] FFsted MG F AA Eeld o FA R W52 E 2o}
a4z @8AA AMEEAY, A 2 WSAE obNELR AHEstd dxEAY
2o gele] AAES 001% Triton X-1000] deated Al&shsich,
o 7F&A AA (Solubilized product)

A AA} vk E A WX HF G A L 5425 94 &
2ol o3 2& F @7l NaCOz &4 71838 A1A A4 2ad o9& 7}
43e 43 4e et pHE A3 A&
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U 33 EGOlA Btl7 AAY & A% &4

D 784 AAe & A5 &ax

EY AT IE ES EF (120C, 20 &)
10 cm
AEd 0 < 6,00070 / pot (1,500 / 100 g soil)

SRR

XeEZAY : FA ER
715 HAE
AT (Z bREE)

1) 2 EY

(2 29 EF A3 79 + A3

(3) Bt A8 -

Table 2-30. Several effects on the oriental melon and nematode reproduction

after treated with solubilized Btl7 product

@S FA7l 2 e B @AY

S , Stem Stem Root No. of Inhibition
ample
P length(cm) | weight(g) | length(cm) | egg sac | ratio(%)
1 37 £ 10 |135 £ 55| 188 = 3 0 100
2 376 = 18129 £ 18| 174 = 3.1 | 574*296 0
3 233 £ 65| 11 £5 162 + 26 | 622+431 - 84

1;Sterilized soil without nematode
2:Nematode infected nonsterilized soil

3;Nematode infected nonsterilized soil treated with Bt 17
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67 U+ Auig Fof Ay A Table 2-30.94 e AAMH Btl79
714 AAE AL HEE AS, 2T EYAE & dF Aol YEA ¢
gkevy ol @ A= 7H83 pHY F3 F EFAM pHY gz A o
HQ #Age] AFHAA & 5 oy 238 AYF AKE 238y e 49
ol Wle] & "ojx= A 2ok

2) A4 AAY F AF &1x

Ay Z
EY A4F 29 EY 897 (1207C, 20 &)
¥EF7 A7 10cm EE
AZEd 0 9F 600070 / pot (1,500 / 100 g soil)
715 AE  AEI}A ¥ NG &H FY BEYEID
AET (& 54HE) ¢
(1) 3¢ &%
(2) 729 EF : A3d A9 + 73449
(3) Bt Mg+ : A3d Y + Btl7 574 005 g9 44 AA / pot
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Table 2-31. Nematocidal activity of suspended-Btl7 products on oriental

melons in sterilized soil

Sample ! 9 3

Plant part
Stem Weight(g) 10.1 3.7 9.2
Weight(g) 15 14 3.2
Number| Galls / root 0 0 35
Root | Of alls| Galls / root / g 0 29 11
Number Egg saccs / root 0 23 11

of egg
saccs |Eg8 saccs/root/g 0 16 3

1;Sterilized soil without nematode,
2;Sterilized soil with nematode,

3;Sterilized soil with nematode & Btl17.

36 A3 Auig Fo Z3E A Table 2-3L14 BE AP Btl179)
AY AAE AHLFAE A 4= 784 AAE AL Ao v G 42
40 YEYE e 8 F Ak okF 1 olfE ¢ F dou Bt AAY
A8 w2 F AF g4 A L PSS ¢+ U

o

3) ¥ AA ¥ 43w

A3 =3
EG:A4F Z9 EY ¥F (120C, 20 2)

¥EA7 : AZ 10cm EE
A o 9k 14,4007% / pot (3,700 / 100 g soil)
715 g . 9% EvlE B
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ANQT (2 5%2) :
() 2 B
(2 79 EY: 459 29 + TA

(3) Bt Ja T+ : A& #g + Btl7 74 005 g9 n¥3} AA / pot

Table 2-32. Several effects on the tomato and nematode reproduction after

treated with solidified Btl7 product in sterilized soil

Stem Stem Root Root No. of |Inhibition

Sample
P length(cm) | weight(g) |length(cm)| weight(g) | egg sac | ratio(%)

1 774%x72 | 724%175 | 198£2.1 | 26.7%6.1 0 100

2 712%+71 | 568+53 | 153*18 | 188+2.8 | 203+150 0

3 736%56 | 59.0£79 | 15426 | 196+76 | 147196 28

1;Sterilized soil without nematode
2;Sterilized soil with nematode
3;Sterilized soil with nematode and Bt17 .

AY AR F9 APez 7F AEE 9 diil EviEZ ARt Btl7
1g3 AA F HNF FAHL Byd 67 43 A Fo ZAE HFYP
Table 2-32014 B RAE Btl79] 133 AAE AE&T B yoe vE FE
o A&olE 2 aolE BolA ggtoy, o 8% A= ¥F HF 4ol yE
Wtk 27 EYlAY AE Fe BA JHEA AAE 3 AF Ao Ko
A groy, 44 2 1¥3 AAE o= AT BAZTHF Ao AAI} &
< o F AR
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o HE T EGOlA Btl7 AAlY 3 AF &4

1) 7484 A ¥ 2% 53

EER

&3

EF 459 249 EY

¥EAY7] 34 10cm E¥

A% 2% % 9 200 kgl / 100 g EF (200 J2 / 100 g soil)
HE3 A @2 487 24 #9 BEYEY)

71F HE

NET (2 598) :
1) 22 =
@ 29 EF: 39 B¢ + £A3

(3) Bt A7 : FQ EY + Btl7 T4 005 g9 7184 AAl / pot

Tablé 2-33. Several effects on the oriental melon and nematode reproduction

after treated with solubilized Btl7 product in nematode infected nonsterilized

soil
Stem Stem Root Root No. of (Inhibition
Sample ) . .
length(cm) | weight(g) |length(cm) {weight(g)| egg sac | ratio(%)
1 480103 | 16738 | 21.8+21 | 52106 0 100
2 456+63 | 11.0+14 | 182+20 | 3.1:06 | 148%=74 0
3 438%x24 | 11.7+13 | 170%t21 | 4413 | 144*15 2.7

1;Sterilized soil without nematode

2;Nematode infected nonsterilized soil

3;Nematode infected nonsterilized soil treated with Btl7
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o WF A% BARNA BT FF 4% AME Astel 61 A A
W o) F3E Table 2-33o Fessich Brel 7184 AAE AL
2%, WE SFolMs 2ol v B EFINE § 4F Ao venA) e
o Btl7 #3e 7144 AAE £ 27 J¥oks JBUl EF Fol T
99e A% B4 UsiA R¥S Fh

2) 44 Az B 4E 57

A4y =7
EY AFAY BE EY
XEF7] : 37 10 cm EZ
Mz 28 F %200 vkgl /100 g E (200 J2 / 100 g soil)
715 2 9% EVIE BF
ANETF (F4 598 ¢
(1) 3¢ EF
2) ZY EG A9 EG + FAH
(3) Bt M2 T : ZIEF + Btl7 T A 005 g9 A4 A / pot
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Table 2-34. Nematocidal activity of suspended-Btl7 products on the

tomatoes in nonsterilized soil |

Plant part e 1 2 3
Diameter(cm) 2.2 2.2 20
Stem Length{cm) 115.0 1285 1335
Weight(g) 375 95.9 91.2

Weight(g) 13.2 12.6 4.2

Number Galls / root 3,904 2,857 0

Root | Of galls | Galls / root / g 300 238 0

Number Egg saccs / root 187 214 0

of egg
saces Egg saccs/root/g 135 169 0

1; Nematode infection in sterilized soil
2; Nematode infection in sterilized soil & Btl7 treatment
3; Sterilized soil without nematode.

EvlEE 7% NBE 39 63 92 AMT ¥ 2HE WY Table
2-34.004 RE AAY BT A4 AAE AEHAS A BT = 2
Az we gasort wde B4 FALTY wxd ooy A3
ue Fvh AARoz W 483 AR wste wlotd FTo mde 3
£ X S AARAE BT 4 gon Qo Be wE Ag¥e o 2

ESfE darl & Aoz A,

—_—

3) 1P AN F AF &H

A¥ =27
£ 4FAY 2 £
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¥EA7 A% 10cm EE
AZEF: 2% F ¢ 270 vkg) /100 g E (270 J2 / 100 g soil)
A% A% A2aA 2L FAYY) L3 239 BE (33
ARF (2 408) : |
1) BF B
@ 49 59 3d EF + 24
(3) AZ% AT B EF + HED Az
(4) Bt AT : 2 EF + BU7 £2H 005 g9l 228 A4 / pot

Table 2-35. Several effects on the oriental melon and nematode reproduction

after treated with solidified Btl7 product in nematode infected nonsterilized

soil
S ) Stem Root No. of all Inhibition
e 0. 0
amp weight(g) weight(g) £ ratio(%)
1 56.1+89 16.1£38 0 100
2 13.5%5.0 40+05 381+196 0
3 19279 50+21 8+%11 98
4 186+7.3 33%1.2 79127 79.3

1;Sterilized soil without nematode

2;Nematode infected nonsterilized soil

3;Nematode infected nonsterilized soil treated with nematocidal agent
4;Nematode infected nonsterilized soil treated with Btl7
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50 9 F IR APTFE TAHT) AFsd 62 Ak ReE A 2
Matgou dide] 93 WA Yol AP FTE By To £z BA
#dch metd Ao HMols ZA AL FE Aoy Bt HFPTFE A
Foll wal o 793%) % A 84 Re] ¥ BF EFNNE 1¥3} A4
T o= AX 4% Jehlie A2 Az dn. (Table 2-35)

47 E%3 v 9F EGINY Btl7 #F9 3 4% ¥4 ARE ¥
B9 Bt AA Aol uet of= AT A Aok Yede & & AU
Bty 138 AAL BF, ¥ 27 EFS F2341 o= JE BYL vehie
A gon A AAE BF EQNNE BTt AE R HoY ¥ IF
EGolNE dasx @on 7488 AdE AZAE g ¥ BF EFE B
g 37 EYIME A BAo) etz gsieh agA o] stes A @
A& in vitoold & W W HA39 BEoy Table 2-36.4 RE RAAY
443 AAE in viedlME F A% Aol AT B I+ Ay @}
A Egolats 87 AT ol ¢ F glou 7183 AulY Bi: ¥ A
Z B4e BAY & AE oz A

J83 AN dF EG Hld v T EFelH Ao PojAE A
2% B EgMe Bt 549 ¢FAHL 492 stk
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Table 2-36. Nematocidal activity of solubilized-Btl7 products in vitro

Time Ohr 7hr 18hr

. Motility| . .. Motility| . Motility
Sample |Alive|Dead (%) Alive|Dead (%) Alive|Dead (%)

Control| 8 1 11 &9 3 3.3 9 | 15 16.0

Bt17 | &7 1 11 5 | 32 | 368 0 | 8 100

Nematocidal tests were done in 16well-microplate, after fresh eggs of M. incognita were

hatched in wells of 96well-microplate. Samples were contained the solution, [50mM

Na-carbonate : {100mM KH,PO, + 100mM Na;HPO, ( pH7.0)] : tap water = 1 : 2 : 3],

4, 97 B4 v 237 EYOA Bt 549 °}7§“

HE EYT b 27 EYAM Bt 529 EY FF, EY WA 4B
5 EY WA AsS getrr] fate EG 2P L vheo] @A 4, &
&4& A,

3ml FAVG EF 2 goeg EY LY TVE F IHF 3 mE FHES
AR, o7lo] dAF] dRA S FAG Y WA s §43, 94 1 ml
9 FFHFR ZPS AHEY Yere §42 Fat DA ¢& 280 nmol
Mo F3=9 Lowryddl o3 AFstn S oA L o] AP &Y
ELISAY o2 AFAct o] o) AT EFS 2, 2 + & (1 : 1), F9
A FHZ Urol 48t

WA Ay =A< ZAE7) 9139 bovine serum albumin GHA L ANE
2 3t} o)e FF §28 ZASNYYG. 1 mg /1 med 293 | mE B 2
Holl Artst] £&5HE FE AE ZF Table 2-3794 2 AAYH =23
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ZANME F 90%7F 2l + F (1 1o £F ZHoAE 8%, & ¢ &
ol N 72%9 o] §&5o Ry, EF EY &9 A2 EFugo
Ecke] A wet F2 £&9 AdiA Aole UAUAT FFH oz dud
o] &3 85%S AT F USE Uy

olF ZHAZ Bt 549 EY U9 ATS £ WYz FHso Ed
WA ztztel £ A8E " (120C, 20 ¥)3 ¥ HEF T2 YFo ZHEE
RED 7HEEE H4 99A S A F 28T FUHA AEE dWAdg
£&3t9] AFSHct Total protein®] §F A¢S B HE U ¥ BEd TS
7teA gn 2e, EFEL, FoAA WA 7|to] ol we} dide] &F
Fol 3 FtEle AFS BHoln Yot ol HAEo FHY £ YE &9
A ZEe Hgoz nAEe FAd o3 AJAE dHT F
2 v 49F ZYo] 4T 9 ¥ AFS Yehn Ut ol )
o] 82 AL U EYFH v 9F EYA 2L Ho|E vz ok F
B NPToME B, EF ES, &9 TR w2 AdAHA §EF9 Aol
t UARAT 5 I Ay T ArIzel FARCl AL 2L I &F
%S Boli gtk 2y H] BF AFTANE 3 A NPT BF HYA
b A Fae £&F0) FAHI ZAdn USS B+ UHFig. 2-36,
2-37, 2-38). ol u] AF EY Fo| TEI Y& EF vAESY I 5
4 guidol Rad An FANS A ELISAZ 54 9ol AEHA

BAE ASHE A2 B 5 A Rolth AA, JiHoz W) Hao)
FRY Aoz 4ZAs: &, Y EY, 2 AT £42 52wy
i A 2 Aoz uehd odd 4z FwHsn don B & Ue
Rolth.

o] A¥dA B 4 & AAY Bt SAE BT EFIME o= A= <&
A4S vdehiiv v B3 ESdAME T EQAY AS B F Ao Bt A
A7b BF EFAAE o= AE § AF A4S BolAT W] 37 EQdAE
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3 240l gAY A9 e AME Hele A2 v 2F EYAM Bt 5

29 PP 31 ¥ of7t & A Aeloh

Table 2-37. Absorption of bovine serum albumin in soil

Outlet Effluent Protein

oz ERE

“lzag Lowry method
Sample |Soil |54 [Protein|F 4 F 22 EXSTCY
(20g) |pH E‘-’J (2mg E‘?ot (mI) Zowlaa
AF | /mD) [AH Axo | pg/ml o @
(ug/ml)
Contel | i il i (195 {015 0]
® 54| 3ml | Iml | Iml | 194 | 0469 | 90432 | goo a0

Sample | 54| 3ml 1ml Iml | 202 | 0462 | 918.72 (90%)
54| 3ml | 1ml | 1ml | 195 | 0.464 | 879.04 °
54| 3ml | Iml | Iml | 205 | 0578 | 14.37

Control e T3 T 1ml | Iml | 205 | 0504 | 1771 | 16:04
%) 54| 3ml | iml | Iml | 195 [0718] 99424 | oo o
Sample |54 3ml | Iml | 1ml | 205 | 0.740 | 809.92 86 (;0/)
54| 3ml | Iml | 1ml | 205 | 0728 | 843.23 6%
54| 3ml | Iml | 1ml | 205 | 0767 | 27.07
Control o T 0 1 1ml | 1m1 | 196 | 0772 2600 | 208
® 54| 3ml | Iml | lml | 190 [ 0.786 | 78048 | 6 o4
Sample [54 | 3ml | Imi | Imi | 190 [0825 [ 76160 | oo,
54! 3ml | Iml | 1ml | 200 | 0.824 | 696.64 °

@; Sand only
®; Sand : Soil = 1:1
®; Soil only
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- -;- - To(ailﬁp;}déin at steriized sand - - -#- - - Total protein at nonsteriized sand!

~—e— Toxin at sterilized sand —«&— Toxin at nonsterilized sand

[

Eluted tota! protein
ug/ul
Eluted toxin ug/ul

|
i 0 1 3 5
j Incubation (Day)

Fig. 2-36. Elution profile of total protein and Bt toxin of Btl7 strain from
sand column at 28C

[ - -o - Total protein at sterilized sand & soil T

i - - -#- - - Total protein at nonsterilized sand & soil

; —e— Toxin at sterilized sand & soil !

' —eo—— Toxin at nonsterilized sand & soil \
240 60

[3.]
[=]

'S
o
Eluted toxin ug/ul

160
120
80
40

w
o

Eluted total protein
ug/ul

[\
o

0 1 3 5
Incubation (Day)

Fig. 2-37. Elution profile of total protein and Bt toxin of Btl7 strain from
sand plus soil column at 28T
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i- -e - Total brotein at sterilized soil .- - @ - - Total protein at nonsterilized soil

i—o—Toxin at steritized soil ——e—— Toxin at nonsterilized soil

200 35
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ug/ul
Eluted toxin ug/ul

0

0 1 3 5
Incubation (Day)

Fig. 2-38. Elution profile of total protein and Bt toxin of Btl7 strain from
soil column at 28C

5 Bt 549 2o ¥IFAY
7ho 1A B EFAY

Bt AAE AA ANA A ] Mgty 9 AeAZ P potE AHE
o AF EYTY b 37 EGTE UFo Bt 44 AAY =49 7 HF
B4 & AP o] WolE AA FrteA AMgEE HA AR giFd HEF
A9 E Mgt AJANE Adsid 2 V9% AT AujeHA oteet 2
L 2702 AYsgd

A Z

EG A 2Y ES

¥EA7] 148X 32X 19cm

Az 28 % %650 val /100 g B (650 J2 / 100 g soil)
A 0 9F 1500 / 100 g soil
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% 4% 59 oBe A5Y LAY L4 B B

AN8TF (4 £71/ pot ; AZF, Z+ 2

1) 27 EY

2 47 29 EY
TET EY - ASE 49+ FAY
(3) Bt X3 W 249 EY
Y A EY + Btl7 574 20 g9 A4 AA / pot

(@) v 22 7Y £
S W B - HEE 2E + FAY

(5) Bt A€ H HF FY EYF
(8 23 #AY EY + Btl7 A 20 g9 A4 AA / pot

ulx

— b

NG, 2 6ura)

Table 2-38. Several effects on the oriental melon after treated with

suspended Bt product

After 23 days After 34 days After 48 days
Sample Stem length | Stem length { Plant | Stem length Plant
weight weight
(cm) (cm) (g) (cm) (g)
1 8.1+14.1 160.0£21.1 2355 224.3%159.6 351.63
2 | 873+272 | 1665%357 | 2241 | 1893+252 |, 6825
wmet M : e 1 (leaf dried)
3 76.3+£20.0 152.2+23.1 2179 2124376 219.05
4 524*17.7 122.0*+42.1 1715 176.3%£52.2 218.34
5 449+11.0 84.4+159 107.1 188.0+30.4 141.35

1;Sterilized soil ,2;Sterilized soil infected with nematode

3;Sterilized soil infected with nematode and treated with Bt

4;Nonsterilized soil infected with nematode

5;Nonsterilized soil infected with nematode and treated with Bt
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O Afer 23 doys W Afer 34 days O Afler 48 days |

Length of stem(c

Samnple ‘

Fig. 2-39. Several effects on the oriental melon after treated with suspended
Bt17 product

1;Sterilized soil ,2;Sterilized soil infected with nematode

3;Sterilized soil infected with nematode and treated with Btl7

4;Nonsterilized soil infected with nematode
5;Nonsterilized soil infected with nematode and treated with Btl7

B Afier 34 days W After 48 days |

400
350
300
250
200
150
100

50

Plant weight(g

Fig. 2-40. Several effects on the oriental melon after treated with suspended
Btl17 product

1;Sterilized soil ,2;Sterilized soil infected with nematode

3;Sterilized soil infected with nematode and treated with Btl7

4;Nonsterilized soil infected with nematode

5;Nonsterilized soil infected with nematode and treated with Btl7
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44 AA Bt H48 AHEs i potol 4 AP 2, 229 A%y
g7 EdoA g A2 us) AT 4SS AR EFsAn wF
ZY EFe AT A4S, Bt 52 AT THaT Abolo] §2HQ xpo]
£ 2 4 d%ed v A7 2Q9ESY ASE Bt AgdTE UFd o= AE
Agol B o F AaFo HE e3a Pgo) oA So] Mgeo
U dAdezE & 3olg B 4 ¢UtHTable 2-38, Fig. 2-39, 2-4033%).
BEz dde A5 AT AR AFTY ®alo] Ry st Y
dolelE @ 4 glol Fas AL uarl @Yoy (Table 2-39, Fig.
2-41, 2-42), 2% pot Rtk AA T o 7H7E Y potE AHEF AYPe)A
' H23% 94 A Bt 54t 3 4% F4& YR Bas AAY 1
gt ohuk Bao) AHS AWMEY (Fig. 2-43) WANOZ Bt 22 X 7o
mal= waTol PHE o] Hgoy Bt £ AT ®ajst AdA e o
Hslel 2 A=t WA 9 sQu

Table 2-39. Several effects on the oriental melon and nematode reproductidn

after treated with suspended Btl7 product

After 34 days After 48 days
No. | E No. E
Sam No. | gall/ 99 R No. | gall/ %
le | Root of | sac /| Root of | sac/
Dl€ lweight| of root ) weigh| of root ¢
T e roo
9) gall |weight ces (?O t (9) gall | weight g8 .
sac |weight sac |weight

1 J2055| 0 | 0 | 0] o |908] 0 0 0| o
2 | 1535|4912 | 320 '|2917| 190 |18.30{9,150| 500 |7686| 420
3 | 249 | 99597 400 |5925| 238 |51.2 [20020| 391 [15894| 310
4 | 230328327 1230 (1842 80 [50.78/19.804| 390 |6601| 130
5 | 21.3 | 7666 | 360 |2075| 97 |29.7 [12218] 411 |6381| 215

1;Sterilized soil ,2;Sterilized soil infected with nematode
3;Sterilized soil infected with nematode and treated with Bt17
4;Nonsterilized soil infected with nematode ‘
5;Nonsterilized soil infected with nematode and treated with Bt17
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Gall /Root weight M Fgg sac/Root weight

Sanple
After 34 days

Fig. 2-41. Nematode reproduction after 34 days in soils treated with
suspended Btl7 product

1;Sterilized soil ,2;Sterilized soil infected with nematode
3:Sterilized soil infected with nematode and treated with Btl7
4;Nonsterilized soil infected with nematode

5;Nonsterilized soil infected with nematode and treated with Btl7

B Gall /Root weight M Egg sac/Root weight

500
400
300
200
100

Sanple
After 48 days

Fig. 2-42. Nematode reproduction after 48 days in socils treated with
suspended Btl17 product

1;Sterilized soil, 2;Sterilized soil infected with nematode
3;Sterilized soil infected with nematode and treated with Bt17
4;Nonsterilized soil infected with nematode .

5;Nonsterilized soil infected with nematode and treated with Btl17
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1

Fig. 2-43. The root of oriental melons after 62 days in nematode infected

soils treated with suspended Bt17
C1;Sterilized soil

C2;Sterilized soil infected with nematode

S1;Sterilized soil infected with nematode and treated with Btl7
C3;Nonsterilized soil infected with nematode

S2Z;Nonsterilized soil infected with nematode and treated with Bt17
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g 2% =) ¥4 A9

9Y potsl 4% FE EFNA Bt 54 nWe AAE As 549
g 1% 84 2ASYD. o °ﬂ~ FUE 9T 4 AT AA AN
T SR N2 GG FAT DIAS LR 2 1T WAT
AR ojls Ze zhez Adsdn.

w

A% =
Eg 8 29 ES
FEZF7] 148X 32X 19 cm
Ae 2% 5 ¢ 400 vHg) / 100 g £ (400 J2 / 100 g soil)
715 g EAE] &H F9 B
AlgT (2 £7)/ pot ; 24 3 8HE) ¢
1) 3¢ EY
(2) Az A+
(3) FAHYTF
(4) Bt 02 g M2+ : FY EZ + Btl7 02 g9 233} AlA / pot
5) Bt 10 g Ha+ : &9 % + Btl7 10 go 3283 A4 / pot
(6) Bt 40 ml H 7 : #¥ EF + Btl7 v1% 40 ml / pot
(7) Bt 200 ml a7 : &9 E% + Btl7 W% 200 ml / pot

AAHez Bt AdFE 719 Zolst 49 #7 F ATl v F& A4S

Ro FRow A7 EGAA & Ad FEFH 2L F= Y§S Hole

ANPTE JAT 53] wjFdE ad2 AL A 237 A #7F AATF B

%° AE&E Role 73—?~E AN 22 84 4 Auid & A9

€ 2Y Bt AYFE F HYF ®lE 2 ~ 35 v A=Y £EFE Y

*1%‘% A2 7ol HAME F2 FHFE Bioen E 79 HxE +8F
Hel AlPgT= AU (Table 2-40, Fig. 2-44, 2-45, 2-46).

Ni°}‘JJﬂ-ﬂ-—ﬂ‘l°
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Table 2-40. Several
suspended Btl7 product and Bt culture broth

effects on the oriental melon after treated with

After 60 days After 70 days After 84 days
St St St Fruit [N
Sam em No. of em No. of em No. of ru.l °
ple | length length length weight|of
node node node .
(cm) (cm) (cm) /plant {fruit
1 | 73.8%92|189£1.7|94.7£104) 21.1*1 |1456+14.8|309*16| 852 7
2 169.6+25.7|17.9+1.6(89.0+16.4|195+19} 1445+19 | 33.0+3 | 245 1
3 | 636+78|180+1.8) 847199 |228+1.7]1123%£99|29.1+23| 576 | 10
4 69.6*£10.1|18.7%£1.3|835+11.8{229+15/103.2+t136(26.1+2.1| 879 3
5 734294 119.3+1.8933%94 (246+1.8] 125181 |320+19| 474 4
6 70.5%£10.7|18.7£5.0) 895+9.7 |21.2+1.8[122.1+10.8/20.3+29| 862 8
7 1 73.71£6.2 120.0£1.1{102.8+65(23.3+1.9(151.1+142(353+35| 688 | 8

1;Sterilized soil
2:Nonsterilized nematode infected soil treated with nematocidal agent
3:Nonsterilized nematode infected soil
4;Nonsterilized nematode infected soil treated with Bt17 100mg
5:Nonsterilized nematode infected soil treated with Btl17 500mg
6;Nonsterilized nematode infected soil treated with Btl7 20ml
7:Nonsterilized nematode infected soil treated with Bt17 100ml
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Fig. 2-44. The fruit of oriental melon in nematode infected soils after treated
with solidified Btl17 product and Btl7 culture broth

1;Sterilized soil

2;Nonsterilized nematode infected soil treated with nematocidal agent
3;Nonsterilized nematode infected soil

4;Nonsterilized nematode infected soil treated with Btl7 100mg
5;Nonsterilized nematode infected soil treated with Btl7 500mg
6;Nonsterilized nematode infected soil treated with Btl7 20ml
7;Nonsterilized nematode infected soil treated with Btl7 100ml

- 134 -



9 Afier 60 cays W After 70 days (] Afier 84 days

160
140
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Length of stem(c

Fig. 2-45. The stem of oriental melon in nematode infected soils after
treated with solidified Btl17 product and Btl7 culture broth

1;Sterilized soil

2;Nonsterilized nematode infected soil treated with nematocidal agent
3;Nonsterilized nematode infected soil

4;Nonsterilized nematode infected soil treated with Bt17 100mg
5;Nonsterilized nematode infected soil treated with Bt17 500mg
6;Nonsterilized nematode infected soil treated with Bt17 20ml
7;Nonsterilized nematode infected soil treated with Bti7 100ml
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m Fruit weight/Plant —e— No. of fruit

100 _ 12

Fruti weight(g)/Plant
Number of fruit

Fig. 2-46. The fruit of oriental melon in nematode infected soils after treated
with solidified Bt17 product and Btl7 culture broth

1;Sterilized soil ,2;Nonsterilized nematode infected soil treated with nematocidal agent
3:Nonsterilized nematode infected soil

4;Nonsterilized nematode infected soil treated with Bt17 100mg
5;Nonsterilized nematode infected soil treated with Btl7 500mg
6;Nonsterilized nematode infected soil treated with Btl7 20m!
7:Nonsterilized nematode infected soil treated with Btl7 100ml

T8 9 +% F 29 JUE BY 9
Aole] 2E RolE B 4 Aou, RS e

Ha 23 gasts BFE B £ AU Bt Sae) 48 RAZ ¥4 Aolg
& BW 26%0A 51%9 BN Ao] KA e

Sg7d 430 Aol N R Aoz A8 Fdl FAs S
AT, B AT BT H2E FE 2] Bt Soo) AFe d@ AHA
A Zze g0 v FESOL ¥ Aoz 4ZUckTable 2-41, Fig
2-47)
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Table 2-41. Several effects on the oriental melon and nematode production
in infected soils after treated with solidified Bt17 product and Btl7 culture

broth
No. of No. of
Sample weri{gok?;(g) No. of gall Ig;cli](i{ e sO:c o eglgozim/
weight(g) weight(g)
1 10.0x£3.6 0 0 0 0
2 127146 0 0 0 0
3 42.0x12.6| 8414+1550 198 3215459 76
4 37556 | 40962175 109 35001050 93
5 51.0£12.6| 5355+945 104 3045987 59
6 380%10.1| 621614284 163 2700+1256 71
7 41.2+6.2 | 5928£552 143 37481892 %

1;Sterilized soil

2;Nonsterilized nematode infected soil treated with nematocidal agent
3:Nonsterilized nematode infected soil
4;Nonsterilized nematode infected soil treated with Btl7 100mg
5;Nonsterilized nematode infected soil treated with Btl7 500mg
6;Nonsterilized nematode infected soil treated with Btl7 20ml
7:Nonsterilized nematode infected soil treated with Bt17 100ml
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= No. of gall m=m No. of egg sac
No. of gall/Root weight - No. of egg sac/Root weight
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Fig. 2-47. Several effects on nematode production in infected soils after
treated with solidified Btl7 product and Btl7 culture broth

1;Sterilized soil

2:Nonsterilized nematode infected soil treated with nematocidal agent

3:Nonsterilized nematode infected soil

4;Nonsterilized nematode infected soil treated with Btl7 100mg

5;Nonsterilized nematode infected soil treated with Bt17 500mg

6;Nonsterilized nematode infected soil treated with Btl7 20ml

T:Nonsterilized nematode infected soil treated with Bt17 100ml
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‘mmm No. of gall ~ g=mINo. of egg sac
; No. of gall/Root weight No. of egg sac/Root weight
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Fig. 2-47. Several effects on nematode production in infected soils after
treated with solidified Btl7 product and Btl7 culture broth

1;Sterilized soil

2;Nonsterilized nematode infected soil treated with nematocidal agent

3;Nonsterilized nematode infected soil

4;Nonsterilized nematode infected soil treated with Bt17 100mg

5;Nonsterilized nematode infected soil treated with Bt17 500mg

6;Nonsterilized nematode infected soil treated with Btl7 20ml

7;Nonsterilized nematode infected soil treated with Bt17 100ml
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A9AdAE

o] AFddAME AA FY Adle Hdig HHE Fu Jv FIAIZHZE
nAAETAQA Wy eR ‘”*ﬂ@ o2 TAYY AMEA  Bacillus
thuringiensis #F& 4oz & RIAZHZF A vAES £z, 1 &
o 4= Astety B4, Bt 4 "3"5‘ W 219 HAs3 Bt 549 e
o A3y 54, 9 BYZAF dig g ”%“ g4 pot ¥, 29 ¥

. E AAA Feje] EY E Fe) R g
BYZA5s 2 g9 5 58 ZAR 9 3 A HAF MG e
Meloidogyne arenarias 2 3t M. incognita 9 A%°] F&HUH
2. Wz e 2 FAHAT Y T&S Z/\}'i‘} A3 NAPGCY =] e
A Aol EF g3 48X10° cells2AH 7HF o] REEQgom NAAC ¥WiA
gt NA iAol E 2zt 92%107 cells, 36X10 cells &4 2 Bage} =
g At driFor AAALR WELE AAHe FRUS A B A
NAPGCY wizlol A °F14%, NAAC #1219 NA s x]olA z+z} < 8% 7%<]
Z24Ys A=A
3. ¥& & Bacillus thuringiensis % Z94 & A3A4 =42 YYse
FFE BIT & Ao, o] B-exotoxinol AY I F4 EFE AZ4d
FeEAFY 28 F5E A2 T AAEAEE ANER 39 F AF &
Aol Jr #FE 25 stz 74 Btl7, Bt7T9R H9sd EeE ¥ FF
FolA Btl7 #5771 Bt79 @5 Hls &40] o A3 Aoz Yehgd.
5. Btl7 571 AAdte & HeEdF &84 29 dEES AX d &4
st g AA WEL9 §-endotoxing S Uow, L% AX oz By
He 548 A4S ¢ F Addh
6. 221¥ Bt 17 5 ¢ Bt79 259 3 °l &4 T A2 AIFHY 54
AR AR olF TFE XAY WSAE AP WIAHY Bacillus

[u—y
oX

N =
2
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o

of¥

o

o

il

A
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thuringiensis® & #F4< ¢ & AU

7. Bt 17 759 Bt79 759 Ay Agsy EHL dds] fARoY, i

o] FAFE XAIE Ay Btl7 ¥t serotype 32 B. thuringiensis subsp.

kurstakiZ, Bt79 T+ serotype 50¢1 B. thuringiensis subsp. navarrensisE.,

F @5 3%l A2 v subspeciesd] £ ¢ 5+ U}

8. Bt79 TFE serotype 500 &34t o137 o] ¥HYPo) QA= 14} Ao

W e olFoAA A &3 3o o] FFE serotype 509 &3 FF F
A & dF #84E& JeEle Fzxo TF2 EHAY Add

9. Bt 17 FFE 43 2TA TAQC AAH2Z A& AHIHE e Ao=

Yetyy o dd 2 AF Al vls AFAld % AsEzst o ZA Jdelwth

kA TS AbEste AW FrtdAE Bt 759 AH AXe o3 HAE: w

A deg Aoz AR F4S AL ¥ 771%9 B¢ dez o

AEY 271 Jd& Feoln.

10. ELISA Bt 54 AFPS MLstd 7€ IAFe] &3, did ¢4

S TFH L2 HHAHQA FHAA JHHeE F4HE 2AHY £ JE S A

Alstsi

11. o] 59 F4& Yo @29 2 JF& "AA gpon, x93

MHE AT gruoteet Frlele BAIH FRoh Yeast extractd FEE

2 9ol ey, KeHPOs= 05%Y o 49 Aol Ftrh. & o] 29

G2 Co'oll A A Asl HUow, Cu''dl d&A gzt FaHJoY,
& 8% o2 & Ao)E ¥ F AU

12. o] #9 52 44 33 pHE= 6°ﬂ/‘1 8 Alo]2 JEIS 3L, aerationo] FSF

£ 32 Q4] F7tEA.

13. AEs F X2 A4E, T2 52 AAFE dAQugyd 3% 2o aAb

& Be7t oF 10v) L oz FAFHJ wEy Fihe BEHA AAE

AlMEe JA MR E X WIS ke Aol &F ¢ Ao 4G

g

14. Jar fermentor& ©l&& F49 AAFL 2 vwwme F7I7F F9€ F$7H 1

vvme] ¥l3] H53 ®ol YAFHEATD 2 vvm, 300 rpm, 30T =AM 9

oﬁ
4
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A5L 19 F 7t Hloy 249 5 234 F718t9 49 F52H H
Al =3t

15. ¥tz A wjxe] 2L w7 9 g, (NHy)2S04 0.05 g, glucose 05 g, TZRE 1
g, H:O 5 mle] ®l &2 wE wix7} Fkon, d7]d FZFE& HF3t 30T
A6 47 MIste Az AAE 1g3 16 x 10° 74 E£A7F LU
16. WS4 Ao $six== pH7F S7Hgel wet F718to pH 115 ~ 125 A
olofl A 2F 37 ~ 50% 74A &HYG E7E Bol dojutn AYEFH AT
o ol Ao Yey &=t F 14 ~ 24% F=Q pH 100 ~ 105 At
ol7} A ZAYE LUt

17. Btl7 #F¢ 22 AR FAAHLS dele B. thuringiensis subsp.
kurstaki BtHD1 #5< R34 3¢ digd 43 5 FE&& Jdehlx Fed
vl 8], Btl7, Bt79 5 tZo] 54& Ueuth °& F Btl79 LCsxe 43
pe/mlE Bt79 #F < 125 pg/miol} w3 < 38 A= ZetA et

18. 27] §% 548 JeUE Bti #F+E 185 ug/ml9 Bt 54 FEAAM A
dTE &3 LIYAINE £YEAHS Holvd usly Btl7# Bt79 #F T
BtHD13% 37 $884& vehlix] Fgoh AFd st Sojxog 54
S YehdlE Btl78 Bt79 #59 S4E o2 ulFo] Hol HF o] Ao
U F8& 2% T dsiAe F549 Al & AETH AR sEd
7FsAel ¥& Roez AZd '

19. Bt17 #F%& BtHD1# AAAHA gL wl$ fAste 359 54 a9
S Zta Y EEOAT 1 9 BtHDIA HEHA &= ¢ 130 K 2719
gl do] Rolg FEA FFFo] &4t Fojg Ao= Hol Btl7 #FE Al
2 By Bt 542 444

20. Btl7 #59 & AF WS U & ¥HE 94, DEAE-cellulose ion
exchange column chromatographyE AA AAsxn, FAG A= olF T4t
HY AU Ouchterlony testZ HAME A3} Btl7 #59 USie id &
o]FQl FAUELE & 4 UYL °] FAE o] &3l ELISA, immuno blot 5&
T8+ AU

21. Btl7 ¥5¢ BtHDl ¥#F%& W&

|
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4 52 g9¢ 23 9

rir

Ao

He
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U

UEb o o 130 K 2719 W54 DA §4949 Ko7t Vet
Btl7 3% o] 3¢ 9¥zd g z3 gled vse BtHDl #FoME %ol
F AR g & AF A4S 21 e Btl7 59 54 uRde
g/4do] gl BtHDI ¥F9 W54 d¥ddes & 52 9idd 7540l
201 & 4 J& Aot £ AV FS F3 Btl7 TF9 BtHDl #F5F
T 32 B thuringiensis subsp. krustakiol 43X Btl70] AA4ste SaE
Uil i 43848 7hzl ez 42z BtHD1Y Siee o N2
2298 ¢ F AAh

22. ELISAE ol &% EF Fo EAsle 49 AFHE FHE &+ A}k
23. Btl7 59 W54e & AF38H& AW B¢ EY potoll Al 43 243
AF ZAE7FE A A AEJQd viste Btl7 #F& @4 A8 APT=
AF g TFd dE2TFY 4 80% A9 A4S 3L deuiz, & d%F &
Fe F 30% A=Y AMARZHI UASE ¢ F AT

24 A% Y EGS AL de XE HY9 AR Btl7 #F9 & HF @
e froAdE 3l oz

25. Bt179] 7}84 AAE AL3AS AF, BT EFAAR 3 HAF Ao
vehtal @ken AAe e we 2% ol YEUE A2E Az
At

26. Btl79] A4 AAE AHEFAE AT M8 AAE AHEF Aol vl
A g dFggdel vdehde AL E F AU

27. Bt179] @3 AAE AHEF B fole HE FEY A{dE & AolE
o]A gkgkont, oF 28% AL & MF Aol vEelg. BE EFNAY
FE T A 78 AAe & AF 840 HolA Fton, 44 £
3 AAc o= Ax RIEHAFY A A7 ALE ¢ F AUt

28. Bt179] 7184 AAE AlLIAAUE AT, @F ELA S o] v] T E
FAME FAF o] el A] gtttk Btl7 #59 7H8A4 AAEe EG
dd dqFge A#AQe] EY T FH=HIAESE AF 84& JEWA] REs
&3kt

29. Bt179] A4 AAE v dF EYo] ALY AL, B2 F

NF!
i, *‘J

o

ky

74

rr
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2ol Wa) ZAFoy dide AL FHYFY H£d ojujd Azg B
o FAch

30. Bt179] @3 AAe F Mol vls] o 793%9 HF A YL B

o ¥ E¥ EFNME 1¥ AAE o= AT A4S JgUE Aoz A7
g}

3. B3 EGH v B¢ EJdAY Btl7 59 & A% 24 272 g3
B Bt AAL Bl met = Hx G4 o7t YElES & + U
Btel n¥3 AA= B, v BT EY S FEFHT o= A FAHL YgUE
A Zow, 44 AAe ¥ EFAdME EH7 e Ao Holy v #HF
Eddae 48A o, 7t AAe Adges g2 ¥ 897 EYS B
2 EHT EYdAME A9 Aol e A &,

2. 27 ESH ¥ B EYAAM Bt 529 dFAHE EY Y AL
ZAEE A3 AlZbo] Ao wet HEd EY Fo 54t #EA A¥HE
Aoz YeY, Bt S4E B EFAAE ol Ax tAAS Yeluiy ¥ 9
T EAME dids] EAAE RS & 5 AU Bt AAZ 27 EFAME
o & 3§ MF %o% Holx|gk H] da EYME 2 84 vgstAY
A gle AXMY Bols AL v BF EFA Bt 529 EUAAAe 1 3
olf7t E 4 A& Aolt}.

33. 4/ AAS Bt S4& AMEs] ¥ potillM AP An, AF #YE EY
R H 3 Y EYA Bt 54 AT FHATF Atoldl Fo9H Ao
E 2 & %o, £ pot Brt AA EFd o 717tE oE potE AL Ay
AAe Hag 449 AA Bt HS2E & AF FHE YA Eie ;—viw
B gzt Bt 52 AT ¥e FEF PA LS @o| HAY2Y Bt #
Ao st AstA AL d vlEe o AxEsE B 9 s

34. ¥ AA Bt 5428 AHEs] tiF potll A AEF A, AP Bt
A gts FA T vl& £ ASS Ho Fon 84 47 AuF F 9

o 4%%¢ B9 Bt AITFE 7 AT Hel 2 ~ 35 W) AES SHBe
BRE, A3 ATl HANE FL SHBL B FUAG E 8 Y 48
F woe] JUE wE Udd A9E AP § AT Aolo] B ol
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g € 7 ey, REEY 4L A7t F AT vd 25 gLde
e € F AU Bt 2o 4% FYE A AojE&es EE 26%clA
51%9 WH A Ao A7 vepdE B 5 oy, BF EFT AFE A
2ol w3 B Zel HHoz A% HE FAY Frke AT, FAHATF B
T Hld BYE B9 Bt 549 AFd A AHAHY #HA aFHe e
tS AESF & Aoz AA4HYG.
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M3d Bl WA Yelaysaol gy
A1 A A&d

Aol M R Wz FFold Didymella bryoniaeo] 9
g gtago] 71FEAYt BT MY 29 49 AW $E7} ¢ we
54 7HA oid AFAY 9 Qe M A4S Fd=z ez o
F@old A% e B4 =X g8 22 dEd ol FAHI HE A
AR E WX oI FAFY AM AuANA S FEASA debdo
gummy stem blight, leaf spot, 28X, black of rotd €999 Didymella
bryonige=, EHI1 ¢ ¥ FL& 7|7tEeH A8+ conidia® ascosporeS A
A3, o] #2 chlamydospore®] HElZ AW ZFgd & FAY T 2
Aol o EE FA WA ALS drh 223td, TAY g Ak
A4 Zgadeld & & Utk FHolo] Foz YA conidia: BhEel @
3 YIAAE WA BAAe 23 FYS @k I F picnidiosporess
gummy substanceo] X FHEH o] Eo] Fo2M pycnidiospore’t FH-E
A BAH=H HA@EA Hol Utk olF XA AT #AILe 59 2
o o3 B g¥ge det olE, v, & AAZREYH Y2 £83 WME
Ezpe] wolo] Aotk FPsted Bad HH LEE 15~25% FE0)
o 53 24dAe e ¥ 7128 oA Ego] A8 UYoE <l F
ol & fdA $FHA "k Y3t olw AFe] YA He Reld.
dole] 29 BF AYel ¢ FAHE FAY 2 2L F38) Yojdr

Gummy stem blight+ F & A3 A EH RE REA dojdr}
g9 T2 FL& =B 2L L& ZHoz A gy Yoz Yehd
o e 49 MR AAEol de] gAl(blade)o B WA FAlE)
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oA Qo] 2 (curling) 2250 M(shriveling) AA o] FAF d1. 2
Hotel Exr2 HAE W G=8 2e FZ(pyenidia)’t B AAREeIA
HAEG. Fdo| T2 ZFEALo|AA u]¢ thgsitt. Winter squash® #HY

w2 HoA dAHer S4S YEE ZFFo] Uk YoM 49 E
et dAE AL JthE 2 wbye] Yo Fo oz APdrt HY
A9 gaE o= TozE BHY 4 Y WA TAY = Yolast &
ZHYL+ pycnidiaZ Eo] & 2m=E REAA ddd. Fxe FF L
A& pycnidiaZ FAAT. YFol 2 L s FARA S e AL 2
AA Fzx= JACIA @9 BT ZEL EXCA dojuA @ZFo) B A
8 g EU17 2AAY 2AUZY AGS oA Hh UM 7)
& 20]9 HLAREY Fie BF VAT HH £ FEAN AFEY. A
e ggan ARe W T YA Fedoz 9o ouF A= B
4] @ wWoz WAN BHUo| ZuANY FA VY D bryonige:
Watennelons, cucumber, cantaloupe® Z71¢ Y& FZH3t3, squashst
pumpkin®] & FHAIT. ZFEo] HAAAN AwjHAd HS T FAAE

< BdsE7 FAH7] W&ol gummy stem blightdl 93 AZstA &4
et 3 # ohde o AWe =X ARANHE u$ 47 NE I
.

o] Fod ojd ¥ 27d F& £ ded ZEE HES AAL F
A A AFAE A2t AARAEE oA Bo] He ¢ Hassford
Z719) o] ¥& FAA Rz FAAHE B A8 FiHo] AEo] AL
tt. ©| D. bryoniaet ‘#Ae ZuotdA bronomyl® Thiothanate-methylel A
g4 #5771 237 eldll $3 JEtdlA X bronomyl¥ Thiothanate-methylol
AZPE dehllz & AdANE AL vetdle Aol ¢z Aot we
A gage gigdd e AMEE F AFAY sfge] A&FHo o)FoH
227k 3o

n!lo

lo
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of dFddME Td¥T vINES WSR2 Didymella bryoniaeE YAF
SR ste HaHE AT F Y WAL dAAES o] 88 HESHH A
He Zneles 5oz ELoZRY Iy r4B8e Este & 9
B MAES BT AEE AH o]Bo] Aaste YAMIES A
A9 2 chemical modificationZtA & @Fol Fol FAo) ¥ ARAF 4

g4ede Adste dF2 F 45] PAEE AEEa oJeg ulF wg)
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A7 Didymella bryoniaed] €3 #¥dch, TYRAE o, 57, 9
E7100A BA Syt E7)o] WAL Fgzrld I} W@ =
SF8A E07HA, E71wFg o Fdol AW ZaA ] Az
do] FEHW, Fr2 242 ZIEVIF WAFe WL Host
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Fig. 3-1. Stem of oriental melon infected with Gummy stem blight

Fig. 3-2. A leaf of oriental melon infected with Gummy stem blight
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2. Ty WA X 54,

BHoge AARY EAE A%e] BAUAU el GEN e Rz
ESEA AT 2 B YoslE F9U Bed AFAYGAN 2B

Ta

Didymella bryoniae®} (Fig. 3-3) AEAE A AL 03 2o},

Fig. 3-3. Microphotography of Didymella bryoniae
A,ascospore; B,small spore

A7 §AANS BHARNA AYEAG 2QEA7 YE o0 (Table
3-1) EA4E pH7b Aold ZAA WA E7l0l AEs] WIF FolE 2
EA7 HYEAZ FHH wol7h Yebstth(Table 3-2). WA EFe} 22
o) WE THANERS B4 Table 3-3) WA EFsh B B2 FHA
HEANN AYEAY 2§EAe] BAIEE ZAY AT Table 3-49 2
o,
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Table 3-1. The character of Didymella bryoniae spore

=7
F 2371 (pm) _— 3721
- o
XA = | 210
FA A A Ao (cm)
a3 xx |185~10.75%2.75~3.75{15~15.75x5~51| 1 6~7
A¥ ¥R 5~6%X25~2.75 15~1575%X5~52| 0 6~7
A hyta
seocty 6~13X3~5 14~18x4~7 | 1 | —
stage in CMI
Table 3-2. 28 F A Ext2] ez o]
ZEAF S vl X] * E71-F
A2 A AT
pH5 pH6 pH7 pH8 | _ -
71 &7]
HE XA oy 0y ] g8 | A8 dig
249 144t
A S AE A8 & &
- OEX} -0 EHag EHaB 20 q‘] [=] EH [=]

* Mg 270Y Fol ZANS RAY
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Table 3-3. F Y4 WAFFA =& FHAHEA

XA

HIAER £2FEA

-

_X.._
;Ov_

N2

22

V8 %]

17

122
36
20

34 4Ag

V8u| %]

ioh-

120
91

—_

_—AL
)

N

i te]
B
A
B

~

_—AL
__O.._

N2l

15

68

a9 49%

V8uj =)

171

127
171
107

V8Hj #]

iop-

11
0.7

713

==
=

=293

[
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;01_
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V8ul X|

A2l
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Table 3-4. FLH WA FFo| B FAHANEA FA

EAYH
FLH L o %] 7
N TR 28¥A}

A . -
d&5EH vauj A + +
M + +
39 gy PN ' "
z V8uj x| + +
AETR 7183 + *
AR ‘ -
2ael g VeuA + -
Exdlic -
39 ¢Ay  FARA ' -
% V8Hj 2] * +
2A94%  zraW + +
2 - -
ohx & V8ujA| + +
g7 93 - +
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3. WA 710 mE Ty Iy

grjel $ye drhel BAYNARE dehdoz, Wy A2 A7)
2ol BAE Fotuy] st ARE AFZ she] FA459) 710 Didymella
bryoniae® WEFE F FEEL 2AE 2% AHAel Bdgol B B R

° 2 ettt (Table 3-5)

Table 3-5. 7H3}A17]o] W& GSutEH o 371724

. i 2de

= 2a wzgag

N3 A 20 18.8a 1.2 93.3

N 3 A 20 14.3b 5.7 71.6

g 3} & 20 10.5¢ 10 53.3
DMRT 5%, €. e veeeeeeeeeeeeeneeneeen e, 5 1o
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Asdol ZFdgol 7% &L Aoz YN FT 3e d4g AR

L0

i
©
o

dE&& ZAHE A3 < Table 3-6 3 o] eyt

Table 3-6. 3}7]A A B & F2vtEH ZEAE

. a5 aag
s zd wazgg W
SEAA 20 14.2b 5.8 70.8
& AA 20 17.2a 28 85.8
A A .20 18.3a 17 91.7
DMRT 5%, C.V. <<+ eeennammsnnneeeneeeaesnns, 818

wuge FYPEE setsr] Ad Aele @, 7, 4F7), LAY
YAYEE %6 ~ %ol AFAY 2} WM ZAY FHE GeH 2
th(Table 3-7, 3-8) ©] AHE =02 43AduUe] 45 H BAN/E ¥
g A% $870, A7 TPetel 68 Se7tA TS 48 AedE 7}
4 WAo) MSHTHTable 3-9). 2ol FARAE A 7)ol WA ehy
1, AgA A 69 SERE Azl A2 ASEIN AN AsE,
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Table 3-7. WZ® 3440 €4 By LAY
94 W A WA
g R
(%) £ 4E7] Z7] Ay
29 0 6.6 0 0
34 1.1 6.7 18.0 0
49 A% 23 30.0 385 0
49 3%+ 09 30.0 115 35
59 15 30.0 0 0 .
64 0 30.0 0 0
74 A& 0 30.0 0 0
Table 3-8. 93 37129 44 Huy TP
4 wad By A
L R
(%) A A7) =7 =
24 48 33 -0 0
39 03 17 05 0
49 4& 16 20.0 37 0
49 3¢ 31 23.3 34 6.0
59 2.0 23.3 0 0
64 0 233 0 0
74 4% 0 . 23.3 0 0
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Table 3-9. AFXQ wuy wAAl 7]

44 Tl S A

SARE
(%) = 4=7] Z7) g of
29 £
3¢ * * *

49 A * * %

49 F3de * * % *oK *k
5% Kok *
64 ]

74 A *

s o BAHA7)

A 3 A AEE ¥ vy FAEAL oM
1. Al 2 9y

b Ag 2F R gy

Zs)el @8 e doIE Didymella bryoniae #5E 948 Botritis

cinerea, Fusarium oxysporum, Rhizoctonia solanic= & A& B4 Aodg £
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gat7] g A #F2 AHEHJY. °]E FFE Potato Dextrese Agar
(PDA, Difco co.) HiAA Al F stAAM AL gsidot. & I &4 AES
sy fstel 458 FYOE UTS ARAY AANH ARG EFS F
4 Nz &d G weE Zsigd. & EFANEE A3 FH&d
Nutriant Agar (NA, Merck co.), Yeast extract Peptone Dextrose Agar
(YPDA), Brain Heart Infusion Agar (BHIA) wiA|o] =23l 25 30, 37TColA
Ztzt v gt Edste AF 225 H Single Colony Isolation®. 2 &5 3
Ao B ATEL APAMAN HF I E F 4T 2A3H AF AHE
R, 983 ¢ -70CAA. glycerol EE3AT. £8d AFEY & AF

i

=]

4 4% A5t PDA WA E AHgstel 0TAA WISt
U % A7 84 Az we

Didymella bryoniae& 30C PDA BH?] oA 3-59 WiYdld JdL ERE
Herate], o] £ e 0.1 ml (10° 71 £A4)E PDA Wixo] =stm, £
4 Ald 78 2 99 gAHated 30CAA HIFE YeEldeE ASHAYE &
A &4 #FE 1a AdsAdn. 13 AdEd 4552 Nutrient Broth (NB,
Difco co.) WA & Ar&3td 30T, 24213 9lg ¥, 94 &2 (5000rpm, 10%)0)
s FAS AASGL I 2F3¥4E 7bY, Ultrafiltration Disk Membrane
(Sigma, MW 10000022 3, & A% F 7149 59 AHE stk ol&
Mele W 4Ade & AF B4 Agar Hole Diffusion 402 2459
o (Fig. 3-4 ). & & A7 84¢ JYetdle #5& JFHoz Adsd 3
0T, NB wiA]dlA 71994 30 Al &< A2 S & A7 45 F33
[t AE FAE 660nmolM FRER FANeH §F AF /42 Agar Hole
Diffusion ¥ o2 43 d}. |
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2XEE BEA0IMS2 SN

l

Centrifuge at 5,000rpm for 10 min

v

HYASY =

l

Boiling for 30min [*

Ultrafiltration

l

Bio—assay

] o

> 10,000 Dalton

< 10,000 Dalton

l

l

Bio—assay Bio—assay
/ l 201 Tt
1,000 - 10,000 Daliton < 10,000 Dalton

l

Bio—assay

l

Bio—assay

Fig. 3-4. Screening method for antifungual substance
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o 3 A7 g4 AT 54

3 AF BAH AT 5AHL | Bergey's Manual of Systematic
Bacteriology®} Bergey's Manual of Determinative Bacteriology? %] &
oA HEEt, A5y, Ay 548 zAeAT ol E7 API 20NE
kits®= H&3tq TS st

g g 2T g4 54
1) Chitinase assay

I i ./‘1]&94 chitinase®] A& #3] 30C, Chitin-Peptone (CP,
0.5% glucose, 0.2% peptone, 0.2% chitin, 0.1% K:HPQs 0.05% MgSQ4 - 7TH:0,
0.05% NaCl, pH 6.8) #j Al A 40 Azt &< Mg RA. W FHES 12000 rpm,
20 £ dAEGA s FAE AANMZ d& wWF AH 49 ammonium
sulfates &4 X3 HA H7F F 4TAA 2% < ZAAZGD. 49 3
< YAEIE B8 212000 rpm, 12 &) F 29 gZdd L3l T4
o] 23 ammonium sulfate® $A3] AAAZ] ¥ chitinase assayE A% &
2908 AL chitinase?] @42 Chitin-Peptone Agar plate Aol A
Agar Hole Diffusion el oz} BAsE §FH&] 272 SHIHT & o]
ot A chitin®] &3] o5 WHH= LI AF22 AH chitinased] &
A& FA3Y9Y. F 03 mlel 1 M sodium acetate buffer (pH 5.3), 0.5 ml
colloidal chitin (0.19 stock solution), 2831 02 ml 4 H& X33+ 1 mle
Hhg oS 37CoA & AEd HEAATD. o] W AAsHE BUTY e

Somogyi-Nelson W o 2 A3 Fr},
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2) Siderophore assay

& A7 84 ¢F9 siderophores®] YL A8 AF FFE Mol 29
Succinate Minimal Medium (SMM, 06% K:HPO; 03% KHyPO,; 0.1%
(NH1)2SO4, 0.02% MgSOs - TH20, 0.4% succinic acid, pH7.0)olA] 30°C, 40 A
g AT. o] wl¥ A Ao Ferric chloride® d713 & 2849 iron
saltst 3000 rpm, 5 ¥ F¢S] AEHE T3 AAs I, AP A FF=ES
spectrophotometerZ ©] &3 435 nmoA &4 g}, |
siderophore®] 7153 assayE® $¢3l Chrome Azurol S Assay(CASA)E Al&
GRS AEY JFFL o &L Ay @&l SMM Ao T medium
(per liter; Nacl 5.8g, KCl 3.7g, CaCl. 0.113g, MgCl; - 6H,0 0.1g, NH,C] 1.1g,
KHPO4 0.272g, Na:SOs 0.142g, Trizma base 12.1g)& AH3l4t A8 #3=
1 g/L FeCls - 6H:08 373 T medium, 30ColA wgstgict. A7 243
CAS assayt 1273 2t o2 ##A3 ). CAS assay: 05 mi9 w9 43
Ho] 0.5 ml CAS €93} 10 £ shuttle solution (0.2M 5-Sulfosalicylic acid)®
THstd 24" FEH9 FEE 630 nmollA EAYh AG3091M FRE
€ 5337 938, Tris-Cl buffer= blankZHX A&3t3, Tris-Cl buffer - CAS
solution - shuttle -solution® mixtureE reference(r) A}&3ttl. Siderephore
units¥ Siderephore unit(%)= [(Ar-As)/Ar} *1002.2 el Qo).

vl siderophore?] £2l¢ A&
3 T A4S YeEllE siderophore AMAMFE 30TCAA 40 A7+ =<
SMMdA wiekdt 3 PAEE (10000 rpm, 20 )2 FAES AAS. v AA

A& ethyl acetate® FZ3 Pt AF 3¢ ¥2 02 F740E HAT A=
£ AL %9 methanold] &38| A Silicagel TLC plate (Merck co. Silicagel
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60 F4)E AF&3F Thin Layer chromatography (TLC)E& 483ttt o] o A
7i= chloroform-acetic acid-ethanol (90:5:25) A7/l &vj& AM&& <}t spot
UV, iodine vapor, ninhydrin, 0.1M FeCl;-HCl €9 S$o2 AHZs4dt. A59
Z} spotE plateZ2%E Z+Zt 2839 methanolZ 2¥ €& A7 3, A3 F4
AxAA CAS assasy 52 339 tH(Fig. 3-5).

Culture (1L)

Centrifugation

7 (10,000rpm , 20min)

!

upernatant Pellet

!

thyl acetate extraction (1 : 1)

!

vaporation

!

esuspention in 1ml of methanol

!

hin Layer Chromatography
(chloroform : acetic acid : ethanol = 90:5:2.5)

v
Lo

pT)tO Splotl Splot2 Sp?t3 Sp!ot4 Sﬁ)otS

CAS assay

Siderophore

Fig. 3-5. Isolation procedure of siderophore produced by ADB 2 strain
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o3 289 9% 49

NEFE 1 mg/ml EDTAS ¥3ate SMM &1 #j=) Ao 10° cells/ml
HEE =%stn 12 9o TLC spot F24S H A3 filter paper disks&
ok o] HdujR|= 30TelA 48 A1+ wigata disk FH &9 F4 o
gstAt

T
L.

o3
TR
=]

T

z
=

AL £ g} A1

AR o] WY FE AL 2L &3 ¥ LY (1 x 107/mh st
o 05% %A PDA wix| ¢} A 5 slides glass® wellsWoll F943ld cover
glass® # WE3te] 30ColAM 3 o b widt & F8 Hu|HF oz I wo}
H] &3 ol A (germ-tube)d] ZHolE BEAIATH

2. 2%
7 & AF 84 AT 29

Egozry RAR o 10004 77 FTAA 14 H¥Y (Fig 3-6& A
A D. bryonigedl ¥ A7 AR L UHedE 14 ¥5& 42 F AU o=
14 Z59 wjg BFAE 714, 43 T - HHE AA 22 AES P A3
WEES 57 7hdol o 1 84& AAse AoE YEY A EFL
gndy g 84 EFAY JtsAel muxn Azdd. o FdA D
bryoniae®® o} e}l Botritis cinerea, Rhizoctonia solani®) el X W23 7
& 84S Utz E o] o digtois e WEARE Zx e Ae=
Hol& #F No 28 HFHez Ads o (Table 3-10), Fig. 3-7¢1 PDA
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dollA o] #F 9 D. bryoniae$}t Botritis cinerea®) W &7 A9 <
E T U 0|3 o] #FE ADB 22 sl

Fig. 3-6. First screening of antifungal bac'geria
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Fig. 3-7. Antifungal effect of the strain ADB2 against phytopathogenic fungi
on the PDA plate. ‘
A © Antifungal activity of the strain ACB2 against Didymella bryoniae.
B : Antifungal activity of the strain ADB2 against Botritis cinerea.
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Table 3-10. Antifungal activity of strains from soil

Sain M. 12 | B| V| BB D] D] 2| B S5{F|D
Al -] - -] - -l -1 -1 -1 -1 -1]-1-1-1-

- Oigmella Bl + | H |+ o |- B+ | B+ ]
iz Cl+| - -1-]-t~1-1-1-1-1-1-1-1-
Dl + |+ H |+ H [ H-]| ]| + | B H |+ +] + | +

Al - - - - +( - - - - + | - - - -

Hritis Bl + | + | H | H | H|H |+ H]| +]|+]| +|H]+]+
cireea Cl - |+ | +| - |+ - - - - - - - - -
Dl H |+ ]| H| | H]|H]|H]H]+]| +] +]| +] +] +

A+ - -1+ - -1+ -1+ -] -]-1-1-

Rizctonia | B| H | H [+ ] H | ] B ] | B ]
ol Cl -+ - | +] - - - - B TS D T -
Dl H+| H |+ | | ] HH ] H | ] | ]+ |

Al -V - -] - N e B

Asrim Bl +| + | +1 +| -] -] -] -]-1-]-1+1+]+
wgoum (CL - | - | - - -}-]-]-1-]-1-}-71-7]-
Dl |+ ]|+ +] -1} -1 - N I o T

3 The diameter was measured after 24 hours incubation

++

A

: Diameter of inhibition zone = 0, + : 0<Diameter< 10pmn,

10mn < Diameter <20pp , +++ : Diameter >20pp

: #Filtered (> 10KDa), boiling for 30min : (+)-Chemical antifungal

activity

B:
C:

D:

Filtered, No boiling : (+)-Proteineous antifungal activity (<10KDa)
No filtered, boiling for 30min : (+)-Chemical antifungal activity
No filtered, No boiling : (+)-Proteineous antifungal activity
(broad range)

*Membrane pore size : 10,000
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1}. ADB 29 #4

¥ AE 24 52 AET ADB 29 FHSAH, A A S48
Table 3-119] AR o™, AAPw 73 A& Fig. 3-844 & 4+ vt ADB
2 dFe 284, €84, 37140l 7 FHE Fsn 3ok E catalase
%A, oxidase %A, arginine decarboxylase A X 7} 3 Qo). oj2§ AxE
Bergey’'s Manual of Systematic Bacteriology® #31Z 3l X API 20NE
kitsE A& Ad ZAAE FHs EW ADB 2% Pseudomonas &
aurecfaciensd ROoE FAEHV FAF FAH AFJE 7I7tA FAHo=R

Pseudomonas sp. ADB 28 #9372 it}

Lo —

5.8 kV. X58. 0K

Fig. 3-8. Scanning electron micrography of the isolated strain

Pseudomonas sp. ADB 2
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Table 3-11. Morphological and physiological characteristics of the isolated
strain ADB 2

Characteristics ADB 2
Gram stain -
Cell shape . rod

Motility +
Spore , -
O requirement aerobic
B -galatosidase +
Arginine decarboxylase +

Lysine decarboxylase -
Ornithine decarboxylase -
Citrate +
H,S production -
Urease -
Tryptophane deaminase -
Indole production -
Voges-Proskauer -
Gelatin hydrolysis +
Acid from D-glucose +
Utilization of carbon sources
Mannitol +
Inositol -
Sorbitol -
Rhamnose -
Sucrose -
Melobiose +
Adipate -
Arabinose
Mannose
N-acetyl-glucosamine
Maltose
Gluconate
Malate
Oxidase
Catalase .
Nitrate reduction -

+ 4+ o+

+ 4+ + +
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o W FAIDe) hE T Y& T AF gAY A

WAl wE Fo A%7 ¥ A7 B4 A4S Fig 3-99 2o 3
AF BHES T AESE A9 wzaA dd A7)0 FAsA 2718
o 18 N Fo Hx 444 Ui ¥ 7o 487 ¥4 2 A7 olFo)
Nk FaASE AL YD o o2 uFo) o AL oF AR ¥
4 24 wohe g FRAY AhsAol B¢ Ao Az

35
110 >
3 s
g 25 & g
£ g
2_ | (4]
2 e
01.5- -m!‘:‘;é
o 41 =
Q
05 122
©
0 i { 0 &

0 2 4 6 10 ¥ 1B 24 2
Tire ()

—e— Gl gonth —s— Relative artifurgdl acthity

Fig. 3-9. Profiles on the growth and antifungal activity in strain ADB 2
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2t ADB 2 #5571 AAste 3 A7 229 28 g

Table 3-10914 & 4 U= AANP ADB 2 ¢F7F A4Aste & AFA &
2L ol 433 EUdAsnE AP FAESH 4% F A7 g4 o
B e ¥4 ¥un & £ o aHA 2 ggez A4 4 e 1
=2 2 9% 84 JteAdes Lolrry]l 98t chitinased BAF}
siderophore 84& A3 4t ADB 2 ¥ 5E Chitin-Peptone Agar #x] A
oM wjFatA et Chitine] £l o3 FH&e] P4 AT 5 e,
o] #39 wjYF JAOZRE chitin] Ealol % VPTG AYE BFHH|
%ol o] #FE chitinase Aol o & Ad BAHL old Aoz Aztdh
(5 A,

o522 siderophore®] Aitel] @ & A A YEUHEAES A7)
H 3l siderophore AT Pseudomonas fluorescens KCTC 17673 H] XA
Bacillus subtilis KCTC 1659¢+ &7 ADB 29 siderophore A4 o%& =ZA}
34ttt Fig. 3-10 oA RE wie} o] B subtilis KCTC 1659 A3
siderophore® A/ 38A & oy, ADB 2% Pseudomonas fluorescens KCTC
17677 vt 7EX 2 siderophore® 44%E £ + Urh @b ADB 29 &
A7 &AL siderophored] Ao EdE Aoz AZT + o 2,
ADB 29 & & AL siderophored Aold oz =37 o £/ 4A4se P
fluorescens KCTC 1767 &5 Bt £A Yed (5 A=), ADB 29 & AF
gAJo] MAH 22 siderophorel Tt 2 &E3t= AL ofd JMsAE AL Aotk

oX

flo
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Absorbance at 435nm

S
(e 2] k.
T

0.6
04

; i 4
0 T ———— o S y ,
ok FES % £

..... B L

0 0.001 0.01 0.1
Add Ferric chloride (M)

P fluorescens KCTC1767

—— !
—>¢— Strain No.2
et Bacillus subtilis KCTC1659

Fig. 3-10. Siderophore production of the strain ADB 2
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ul. siderophored] &4 #HA

4% ADB 2 FFE FF9 & A2 de T viAdMRg 3 2
He T wiAAA Y AZAH=7F A don & A AYY T wiXoNE B
Ao FFHLE AARAT FE FHE T v YFHLE YA3R
Z&t). CAS assay+s iron-dye complex2 *}%?l-"q siderophore} 84 & AA
3= A¥AZ, iron-dye complexBEtt FHel did ¢ & P L JAE
siderophorex iron-dye complexZ2%€ A& AAE = v}, by ML A
Zo] Fozye ANz wasA Ao

ADB 2 258 2 299 T wWiAdA wL3dE @= CAS assayolH 3
Moz RE AFgdoz Mzo WMIE SUC2E, 630nmolH FFE W=
E 22T 5 ANd 2y, L RS T A wgFdel = CAS ¥
o] BAEAAZR ¢go} HMo)l adlg HFAHUHFig. 3-11). WA o=
siderophore A4kl 3 ZY wiAdA o FrtdcE AL duad. F IS
FHat e T wWiXoME #9 A& F718A| 7 siderophore 44 &&=
A F2HAGD 28l d 299 WA AR AN 402 nmolH ERH
spectrum peak”’} YEMEH o] 402 nmolA 2] peaks A i HlR 9 wix ¢
g es AZHA Fddh. olal@d A= siderophore A& Hol| o3
TS T2 USE A Bo F3 Qo
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OD 660nm

E

2 S
N
%
)
3

{ a
W
<
Q

0 1 1 { { 0

0 12 24 36 48 60 72
Time(hr)
—0— TMedium Cell Growth —&— TVHFeCl13 Cell Growth
—6— TM CAS assay —8— TEM CAS assay

Fig. 3-11. Cell growth and CAS reactivity level of the strain ADB 2

in a T medium and in a T medium containing FeCls,
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v}, siderophored] &)

ADB 2 759 ¥ Z4AH AL ethyl acetateZ 3% $%38 o TLC plated
A M7 E=21st siderophoreE & 3dtmzt Fct. TLC plated] Yebd 570
9} spot Tl 0.IM FeCl;-HCl &< o] &4 Aleko] os) AT & Y& spote)
RfA= 2zt 012, 03, 0542 Jelgoh 5719 spotE 242 #3389 1 ml
methancl® &3t 2 FE&LH9 dRE Hs) 10mM Tris-Cl buffer (pH
6.8)%t E3ste] CAS assayg 3t CAS assayold 713 288 gL
Rf#] 0129 spotlA ##Hem ol Pseudomonas sp. ADB 29
siderophored Zojgtx FA €} (Table 3-12).

Table 3-12. Rf values and Siderophore unit(%) of separated spots on TLC

plate

Spot number Rf value Siderophore unit(%)
0 0 3.70
1 0.12 65.53
2 0.3 0.53
3 0.54 9.30
4 0.64 5.70
5 0.86 7.30
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A 2 2g gus

ADB 2 @37} A28l siderophored) E AYd Wi 3 E5S ALY
A3t FHuj|o] ZAeolE Ak EDTAE #H7tatdch. EDTAE A% Agst
of ol go] FAsed Fag Ho oj&Z il vdEL T gAld
t} o]d AL 937 Ferri-siderophores H®x LFEe & o]uto] ojydt =
A1 2eS BAZ 4 ot 22 Ferri-siderophore?] FHZ A
siderophoreE &3 diske FHo A= 79 AL 7tsdA HE A=
o 4Eth SM agar wiA G HFE TELS FAS A =T FH ojg
EDTAC A% € e 3 o]2& FF3E Ao Brlsstnzg F40] dojuy
2 ¢t 23y Ferri-siderophore® #7332 s £A T 482 &9
AE FHY 7oz FFEHI] dE FAo] 7bsstA "o TLCAA 3
spot& A&t A¥E A Fo F4L spot 1 (Rf, 0.12) §4& {3t
AE disk FHAAM BEHAG (Fig. 3-12). o]} 22 A= ADB 2 ¥F
59 siderophore® °©| &3 A APoziyY FEH &+ &S st
At} ol L H ol Y5 FTHL 2T AFd= a3t A ojxg A
T FHo BHo2REH 539 JF M o2 AYE FIY Aoz A
dof. B 7o 4L JAse § 17 G4 S vEdli= Rez B

ko 2

rr
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Fig. 3-12. Reversal of iron starvation in iron-deficient succinate minimal
medium containing EDTA.

The growth of the isolated strains which were only laid in SM agar
medium(A). Filter paper disks were overlaid with the extracted spot
solutions in SM agar medium containing EDTA(B, a : spot number 0, b :
spot number 1, ¢ : Spot number 2, d : spot number 3, e : spot number 4, f :

spot number 5).

o}. siderophore®] ¥} o}l A 3%

A ol2e HFE& 4 9t siderophored Aol AA D. bryoniged A%
2 SAHE EHE YEIEA Yohus] Ashed ADB 29 W 43, TLC
oA &3 siderphore XE ALE3S D. bryoniaed] XA ol 2 2ol
34 49& YA Fig. 3-13014 B wieh o] PDA wixl AelA D
bryoniae 5 & °1E £93 4 30T, 38 F< WIS 2, ¥ FH A7
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A AGd F3ol EA= WobHR] Yk siderophore $ 4 HUF F4E
e ALY ZoidA] FAT wig FA A Hrhe tih 4o ol e
Rk olE FAME AFFE uieh ol ADB 29 ¥ I AL ow
siderophores} @it A&3ts A2 obd Aoz AGdrh Exe] dopst
A Holde] PYAHE FAFHA = Ao Bol ADB 29 siderophores I
b gop B Wop#e] FY A BAFR YL ¢ F AN

Fig. 3-13. Microscopic photograph of D. bryoniae treated with siderophore
(spot no. 1_) of the strain ADB. 2. Spores of D. bryoniae were grown on a

PDA for 3 days.

A; Without culture extract of the strain ADB 2 (10x20)

B; Without culture extract of the strain ADB 2 (10x100)

C; With 10% culture extract of the strain ADB 2 (10x100)

D; With 10% spot no. 1 solution of the strain ADB 2 (10x100)
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wW
k
(L

EG A A2HLdA dE HEH A (biological contro)E £ ¢
Ze AV 874 Fajstttn geA de 33 AFA dd FY3 g o)
g &+ Ao FES TR 2 FEE e AESS HA JAH
Ae EGAA Frtste Aoz ¢8A ded oHd ¥AS Azt 2
v WEEEM Trichoderma, penicillium, Sporidesmium$} & AFFU,
Pseudomonas, Bacillus, Streptomyces$t &< M #F7F %ol ¢4 o 2
3 84L& FZ antibiosis, exploitation(predation, fungal hyphae®} lysis),
competition Goll 93] o]FoAn JE HLZ HAG, H|AEE Alo]dA 9]
o|F o)X= AL FZ carbohydrate, nitrogen, 2181 7)€}l growth factor®}
2L 9%E Aol 9% Aol Bl siderophoreE: AT = YE HAYEZL
At irondl HE FABHE FAsn ol ol FHd & HHEEER I
AdF 2 o2 ZYE doA 1 Ed Ui T4 AR LS JASA .
A ol&e Aoz FRF 820AW F'e FA FH o] pHAME B &
A9l ferric hydroxide2 X FAFHo 2 o AF Ao o]L3E= F8&L vt
A 4eiste] pHelM uncomplexed ferric ion® HNEEE 10 °MET o %3
@t 28 Utk ol ¥ iron stressE FH3V] YEd, g AwEF A
FHEE siderophored WA FHlstd uE2 gd Fefoln) +§49 Fe*
E3dAE 48z Aok B4 9 Pseudomonas®] siderophores= Fe*' 23l
2o tiall £& ISAEE AU Qo] o] #o] Bog 31 YUE F ol F

Aoz FZAAF)=Y ol MAXY AFTA siderophore receptors

e

48 oF

ol siderphoreE ZAFAFHL 2N olFojAT} olgid 1 FgAHY F ol FF
71%E HE WYY 17 E o2 FF VI1FI BAE Aoz AyHY, 1
23 A F4d A4 FjE FE 2 Y #FHo) wEF Aoz 4
g

o

——



DaWE Yode D. bryoniaes AT £ YE £ stz o ATAA
€ D. bryoniaed] tigtd & A#ZE&S Yellle 5 & 29, A FAHU
om o] #+& D. bryomae“" ol &} Botritis cinerea, Fusarium oxysporium}
Rhizoctonia solani o WA= & AF2EE Hetldrh o 49 3 AF
28L& siderphore®l ZH&dl oF AYL BHew 08 £ AAsd 2 54
o] AT XA D. bryonice WAE AT WETH AAHZA 7_}%"3% o
HE ot

A 43 YA Fe 3 gy FREHLY ©A
1. A5 2 Wy
7t AR'

Fgole} uhegjol wid& wiAE Sigma-Aldrich Chemical Co. oA T
ok 2 9 9 ANYER o_ch AP IANZRE EF B d4F A%E 743
o AMg3taATt

Flash column chromatographyt® Merck Kieselgel 60 silica (Germany)&
At BAS 9% TLC(thin layer chromatography)s Z Y ¥ silica gel
plate (aluminium sheet 20X20cm, Silica gel 60 Fass Merck Art. No. 1.05554,
Germany)& ©]-§3te sttt |

EE HPLCE A%& Mercklld TH3Ac. EE #718v= Mercks
Duck-san Chemical companies (Korea)oll Al +<) 3} cl,
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23 black rot T4E 71 4 E71%h AL AT A9 24AA
71¢ ZAERH AT A7 HEAAM & 4 7 £¢
odd Hld BAo Zzt o] Fotd AL HHE APL7A At
z2 9H-E 05% sodium hypochlorite §92 2 30 ~ 60% &<t Astd &
He AE%3% ¥ QPDA (one-quarter-strength potato dextrose agar) B X]o| &
o], AL (22C~25T)olA 12 A|zte] F =& s A wFAzd. =23 &
Aol Aehd D. bryonoged] Z2Z U QPDA HiAol &4 4TAA EESA

rlo

Lo

4z

oo B R W

Egoz Ry MAFS £y Hstd HATY FHE EJge= AL
242 W humic acid® ##% WA Humic acid-Vitamin (HV) ¥Wj2& F=2
£33t Aol wel Edon, B $AFe] BEE Bennet A H|
AE g 2 HHFFEEYH & JEY EFS ANE) st 4
wAdge] AE 100 mle] HA vix]7} £ Q=500 ml Erlenmyer flaskol] &
WmFo] HFste] 30CAAN FEINGOZ 5 U vjFetAct. o o A& A
£ Glucose-Soluble starch-Soybean meal (GSS) ®lA & A3ttt o] & Hj
o] A& Table 3-13, 3-14, 3-15° JeldIAt}.

o] 24t & (scale-up fermentation)= 1 L Erlenmyer flask o Seed v}X]<}
ZY3tA == wjA] 03 Lol 50 mle seed culure (1% glucose, 0.5%
polypeptone, 05% vyeast extract, 0.003% FeSOs-7H0)& HF 33 rotary
shakerZ o]&3]A 180 rpm, 30C, 54 B w3t

>
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Table 3-13. Medium for isolation of Actinomycetes (HV-agar medium)

Ingredient Composition
Humic acid(in 0.2N-NaOH) lg
NaHPO4 05 ¢
KCl 17 ¢
FeSO4 - TH20 001 g
CaCOs3 001 g
Cycloheximide 005 g
Agar 18 g
B-Vitamins" 1 ml
D.W. 1000 ml
pH 72

1) 05 mg of Thiamine-HCl, Riboflavin, Niacin, Pyridoxine-HCl, Inositol

Ca-Pantothenaet, P~ Amino-benzoic acid and 0.2 mg of Biotin in 1 ml

Table 3-14. Medium for preservation of Actinomycetes

(Bennet-agar medium)

Ingredient Composition
Yeast extract lg
Beef extract lg
N.Z amine typeA 2g
~ Glucose 10 g
Agar 15 g
D.W. 1000 ml
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Table 3-15. Medium for test Actinomycetes (GSS medium)

Ingredient Composition
Soluble starch 10 g
Glucose 20 g
Soybean meal 25 g
Beaf extract lg
Yeast extract 4 g
NaCl 2g
CaCOs 2g
K2HPO, 025 g
D.W. 1000 ml
pH 72

2 ¥ 7 284 BT &2

AAAZTE FE 2%8a s BATFE dAd 22 Paper Disc Method
2 3 37 84S JehliE HAE S 13 At

Paper Disc Method= Petri dishol PDA ®jx]o] A w3t TFo] APHF
o TA Y AL 1% agarst F EFA FE3t HA plateZ AHEE A
9719l 30 °CollA 5 Uzt wigd BT wgd 2HFE 8 mme| paper disc
o FFA7In T8 F A plate Aol ¥ 27 °CAA 2 43 wiFAA
As AARE FAHste FATE 1A A8t A4S AN 272 3dF 9
7he Aoz 1 ~ 52 JERT 971N o1& oA Held I doprt
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Adste RE group I, FHEHS PAHsle RS grouwpll 2 FEFAT (Fig.
3-14).

12 AEFARAA 3 xd A4S vedie $AaTy & A7 248 A
A7) A 129 L PyPow 23 HEe Y. 27 ARG Tt
Aug FFE A7 BHA3(G00 mDE AHEse 100 mio] WA o) uf &3k 2L
1

L

=9
(¢}

F A8 {7189 butanol® ethyl acetate® ztzt &3 gt o] WY F& &

tlo

A A] paper disc methodZ EAHA S AAstdg A EHo] ethyl acetate

= butanol 7+A dolo e #FFE AE3)

e
hol

w
2
ox
oX.
124
r [¢]
o
oXx
e
oX
o
mjoh

i

Zoj i jon exchange resin®] 94 & ARG & A7 A 52 HF

Adstdct. o] JMEFEd HAE Fig. 3-159 T A8kt

Group 1 Group 11

Fig. 3-14. Screening method of antifungal Actinomyces.
Group I : Spore Inhibition

Group II : Clear Zone
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g d

l

2600 2=

!

Paper Disk Method

VRN

Group | Group I
81 75
Heat stability
pH stability

BuOH extraction
EtOAc extraction

!

Only BuOH extraction
EtOAc extraction

Fig. 3-15. Antifungal activity screening method.
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N

ol 79 ASE FH

79 FAEE WY 1 ml& 5000 rpmol A 587 94 B8t} packed
cell volume (PCV)& &AH3AY dry cell weight (DCW)E &A3 k. DCW
o A2 dAFY WigAE A4 2t TAE Re F e R FTH
FZ F A AL T AL pelletd 100CANAM 1 AHES 2 08 1 FAS
43

v}, Physico-chemical and Spectral analysis

UV spectrum? methanold] Al&8& XA Hewlett Packard
spectrophtometer& ©] €39 ZA3s At IR spectrume KBr cell2 Al&3)
Jasco International infrared spectrophtometer® °¢]€3td ZAstdct. 'H- |
BC-NMR spectrat A|88& CD;ODo| %JA Broker ARX-400< ©| &3l &
Asdc. BAFE LC-MS %2 FAB-MS spectrophtometerg AM£3te] 2
33rAth

2. 4%
7k @ A 84 a7 £

12 AEFAG A AT o 26009 TF F 156 #F7F A4S dEUA
o, 3% 57 #FE WA 23R 30 #F& A9 0S 33 AEs "’33}‘3
o} 2a AP 4L JEld 30 #F FAA FAHEAY 7180 F
#3& AA ethyl acetate 744 @& 5 @59 butanold] F&HE 6 #F
g sty o] &9 @ UB4, pH ¢4, 84 FFHAF, ion exchange
resing] MEYA 5& HESY HFHo=2 80223 ¥FE AMEstgrl. Table
3-169 2 A9 dRE A=A
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Table 3-16. Screening of antifungal actinomycetes strains

*1 1st | 2nd 3rd1 1 1st | 2nd | 3rd | | 1st | 2nd | 3rd
st.No st.No st.No
71939| - Il 80023 | - 80059 | -
71940] 1 80024 | - 80060 | -
71941 | - 80025 | - 80061 | -
71942 - 80026 - 80062 | -
71943| - 80027 | - 80063 -
71944 | - 800281 - 80064 | -
71945| - 80029 | - 80065 | -
71946 | - 80030 - 80066 | -
71947 | - 80031 | - 80067 | -
71948 | - 80032 | 2 80068 | -
71949 - 80034 | - 80069 | -
71950 | - 80035 - 80070 | -
71951| - 80036 | - 80071 -
80001| - 80037 | 2 80072 -
80002] - 800381 3. 1l 80073| -
800031 -3 39| - 80074 | -
80004 | - - 80075 -
80005 | - - 80076 -
80006 | - - 80077 | -
80007 | - - 80078 | -
80008 | - - 80079 | -
80009 | - - 80080 | -
80010| - c3 e 80081 | -
80011 - 2 80082 | -
80012 - - 80083 | -
80013 | - 1 80084 | -
80014| - - 80085 | -
80015 - 80086 | -
80016| - - 80087 | -
80017 - ~ 80088 -
80018} - - 80089 | -
80019 | - - 80090 | -
80020| - - 80091 | -
80021 | - - 80002 | -
80022 | - - 80093 -
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2nd

ond | 3rd

act.

st.No

80165

80166

30167 -

80168 | -

80169 | -

80170 | -

80171 | -

30172 | -

80173) -

80174} -

80175} -

80176 -

80177 -

801781 -

80179 | -

80180} -

80181 ) -

80182 -

80183 | -

80184) -

80185 -

80186 -

80187) -

80188 | -

80189 | -

80190 -

§8319}§§§5 s i

80192

80193

e n . FER A

80195 -

T
bt

80196 | -

80197 -

80198] -
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2nd

2nd

3rd

act.

st.No

2nd

3rd

80270

{80269

80271

8027

80274

80275

:

80276

80277

4 | BAEr

80278

80279

L+ | BB

80280

19510.51

80281

80282

80283

=

80284

80285

80286

30287

80288

80289

80290

80291

80292

e |BE

80293

80294

80295

80296

80297

30298

80299

80300

80301

80302

l

|

80303
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act.

st.No

2nd

3rd

act.

st.No

1st | 2nd 3rd] ““| 1st | 2nd | 3rd

80304

80339

30305

80340

80306

80341

80307

80342

80308

80343

80309

80344

80310

80345

80311

80346

80312

80347

80313

80314

80315

80316

80317

80318

80319

80320

80321

80322

80323

80324

- 1st : culture broth

80325

- 2nd : tube culture &

80326

- flask culture

80327

3rd : solvent extraction

80328

- B-hutanol

80329

- E-ethyl acetate

80330

80331

80332

80333

80334

80335

80336

80337

80338
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Bow 24 84 23 449 ¥4 22

g 174 84 22 AN mAE gAYy aRXE A A3 V&
WA o] (soybean meal 2.09%, yeast extract 0.4%, beef extract 0.1%, CaCos
NaCl 0.25%, KH:PO4 0.025%) Z}zte] ga29E 1%9 ¥=2 Y3 28T, 180
mpmol A 493 wigstd Fo| FAH 84 EFY YNEE ZAE A
Table 3-173% 2t} dF29 @addA 9 43 84 29 4L o]
Folhey Fo F4& soluble starch® potato starchollA V4 23, &4
2229 WAL xylose, raffinose, glucosedl A WIS L 4L B4
27} raffinoseE A3t glucosedt xylosed FEE WHIANIEAN A B
Fol AiE& AR AF}E Fig. 3-163 2o 4z 3.0% glucosedt 2.0%
xyloseE AH&3le] WMGAE o FF9 FAF 84 E29 Yisol MR =
A detgd. 22y dAH o2 d449 FFY 5 BT & Ao
AU
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Table 3-17. Effect of carbohydrates as carbon sources on the antibiotics

production

) D.CW Relative activity
Carbon source Final pH

(mg/ml) (%)

None 8.2 6.8 25
Dextrin 7.9 9.0 86
Galactose 7.8 6.4 45
Glycerine 7.4 8.4 60
Glucose 79 8.1 90
Potato starch 79 99 70
Raffinose 84 6.8 95
Soluble starch 7.8 10.2 78
Sorbose 8.2 6.4 45
Sucrose 8.2 6.6 70
Xylose 7.5 8.1 100
Fructose 8.0 7.8 60
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N
v
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o

Clear zone size (mm)
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o (1]

30

25

20

15

10

Clear zone size (mm)

Fig. 3-16.

antibiotics

(A)

10

0.00% 0.50% 1.00% 1.50% 2.00% 2.50% 3.00% 3.50%
Concentration of Glucose (%)

[ -8~ clear zone size -+-D.C.W T

(B)

10

0.00% 0.50% 1.00% 1.50% 2.00% 2.50% 3.00%
Concentration of Xylose (%)
L =~@~clear zone size -—D.CW —l

Effect of glucose (A) and xylose (B) concentration on the

production.
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2) 2299 %

g XA g4 B Adel A A4 ERE 2AE] A8 A4 Y
o] fl=(glucose 1%, soluble starch 1%, CaCOs; 0.2%, NaCl 0.25%, KHzPQOj
0.025%) 71&ujxo] Z4zte] AAYE 1% ¥E2 H7H8ka 28C, 180 rpm 4
d B wFEd 7Y FAH 84 EF9 AAEE AR ZIAE Table
3-18% 2ot @4 B2 AL FAHY FF wa 2 Aol A o
7} ¥& B 4 o} casein, soybean meal, polypeptone® Z& B¢ A4
2 A4 o AdPdez & YRS YEHoY urea L 7] Ao
Ae 84 B9 Aide) 33 it ole HAadol FAAE st
AN T2 4 FS RAFd 4 BF 44 AU HAold caseinF
soybean meal®] Fxo WE ZFo FAH 4 £F AIAEE ARG
Hd AAHAQE B9 casein¥ soybean meal® FEE 47 20%9 1.5%°]Ach
(Fig. 3-17).
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Table 3-18. Effect of nitrogen sources on the antifungal antibiotic production

) ) D.C.W Relative activity
Nitrogen source Final pH

(mg/ml) (%)
None 72 44 0
Beef extract 72 8.2 63
Casein 7.3 8.6 100
Soybean meal 7.2 7.5 85
Polypetone 7.6 4.8 80
Yeast extract 72 7.2 65
Malt extract 7.3 53 48
Urea 9.4 43
NHsH2PO4 6.1 5.8
(NH4)2SO4 6.3 4.0 25
NH4NO3 74 3.8
NH4C1 4.3 2.2
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(A)

25 10

19
18
E {7
E
o {6 ©
N
3 . 5
g 5
: 148
2
3 {3
12
11
0
0.00% 0.50% 1.00% 1.50% 2.00% 2.50% 3.00%
Concentration of Casein (%)
[ ~&@~clear zone size ~=D.CW ]
(B)
9
18
17
B
E 16
° ©
N
2 18 §
@
[ o
g 413
o
12
11
0

0.00% 0.50% 1.00% 1.50% 2.00% 2.50% 3.00%
Concentration of Soybean meal (%)

] =@~ clear zone size -=D.CW I

Fig. 3-17. Effect of casein (A) and soybean meal (B) concentration on the

antibiotics production.
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3) #7199 9%

7190 84 €49 At 7= 4FS 2AE AT Table 199 U
B B9} Zo] CuSOs%t CoClhe B4 39 A4S 4dd Adsgo. 84
B9 Ao £HAHo2 Jed CaChd HAH v & A 2 012% ¥
TOE YENEG. £ ol A FYA AL FIHNIE KHPOs o A 5
=€ 0.02% oot (Fig. 3-18).

Table 3-19. Effect of various salt and metal ions on the antifungal antibiotic

production

. DCW Relative activity
Compound Final pH

(mg/ml) (%)
None 6.7 8.1 70
KoHPO4 76 9.7 70
KH2PO4 | 74 95 . 9
MgSO4 94 8.1 &
CuSOq4 7.3 7.3 0
FeSOq4 6.7 6.8 50
CaClz 74 5.3 100
CoClz 7.0 9.7 0
ZnCly 6.8 71 ()
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(A)

185 10
19
18 |
18
£
g 175 | A
8 18 @
® 17} - {5 2
= .
9 O
= 14 a
3 165 :
g 13
12
16 |
11
155 . . : : . 0
0.00% 0.02% 0.04% 0.06% 0.08% 0.10%

Concentration of CaClz (%)

-~ cloar zone size -—DCcwW |
(B)
18.5 8.2
18
18 |
- 178
E
E 175 76
& -, E
@ E
g 17 142
6 )
N
5 {r2@
o 165
© {7
16
168
185 . 4 L 2 L 6.6
0.00% 0.02% 0.04% 0.06% 0.08% 0.10%
Concentration of K2HPOs (%) '
| ~@=clear zone size ~-DCW |

Fig. 3-18. Effect of CaClz (A) and K:HPO; (B) concentration on the

antibiotics production.
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4) 25 9 pH 4%

ol Ee g FAEH] Ao FF 242 WY 9 pHY YIS
ZAEE . IN HCl 3¢ IN NaOHE o143t} wixle] pH7F 3.0~100 HA
Z43%q wIFstgc. 2 27 pH 7.0 T4 ¥4 79 F4 2 84 239
AAol 71 EA Yergth pH 3, 4359 A4 99, pH 109 F &7t8 99
AdAE 4 EAE AMEA At #= T4 Fgth pH 5~990 A&
AdRez Fo AL FRoY pH 594 A AL F2 g (=
= A

g4 Bd AN A% HHLEE 2AE ZAd Q9 A 7o 2
< ZtZ} 15~30ColA Boidez Fgon 30CAAM 7HE FX5E B9FA
oy 40~45T9 LM E 79 FAH 8F Adso] FASA Ao
(RE AY). g oz dA AEE HERH E71A dF 2% stelA At
7] Q& FL& 4] 229 HAAAM FL& A AE AIFE A e
UAgk & A% HAH 2=7F FPERD AL HH 229 bdE B9 FF
£ 4 A wEA 79 A4S d4A A nHE 29 932 44 4
FoiA m okt o APME T A HA 29 FAA AYite
A 2xE A9 Hxayo

AT B4 B A AFL Fig. 3-199 2o WAdF 80223 &
Fo WFYS 8000 rpmoll M 5 U4 Este 4L g FH A FAE
Z+7Z} ethyl acetate® 3W 533}4 ethyl acetateZg& A ZAH A F3H).
o)]F A 3l Y ¥ & DAEL silica gel column chromatographyE 2¥ 3

st WA column(40 X 200nm)& hexane-EtOAce EtOAc-MeOH9] solvent
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system2 2 £% 3]t} chromatography e &% & hexane : EtOAce vl &S
1:594 1:20082 dAHe2 H2 2 Fol EtOAc : MeOH 5 : 12 €%
stFch a8l 5 WHlA column chfomatography (10 X 150 mm)E
CHCl3-MeOH-acetonitrile 5 : 1 : 1 €92 &% 3tded o7]dA &Ado]
£ fractions IS F AU & fractione TLCS UV (265nm)E H &3t Q)

A fractiong Eo} AFFEAA FHFAA =@ Mol EdS dch 1

M

4-& 279 methanold] &381A1A photodiode array detector’t Ue A&
94 HPLC column (20 mm X 250 mm, J'sphere ODS-H80)C 2 A A sl4 ).
o] columng 70% MeOHZ £% 150 mle] H£o2 &2AA oW, 265nm]
UVE AZ3tHrt. 2 23 retention timeo] 26 £< C-1 3}FEL AN
2R PHE £F8A & F AR = ZhZ 408, 48% 9] retention timeS
71 C-2, C-3 g}ES =3 EZFHIE &34 AU
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Culture broth

l Centriguge(8,000rpm, 10min)

y .
Supernatant Cell cake

l ]

Extracted with ethyl acetate (3 time)
Concentrated in vacuo

Crude paste

v

SiO, gel column chromatography

Eluted with EtOAc : Hexane = 10 : 1

Eluted with EtOAc : Hexane = 7 : 1
1 ,
A
Fraction A Fraction B Fraction C
| v

SiO, gel column chromatography
( Acetonitrile : CHCl;: MeOH=1:5:1)

y
v
Red Powder Actove fraction
\ 4
Bio—assay
4
HPLC ( 70% MeOH )

|
v \ 7 L 4

C-1 C-2 C-3

Fig. 3-19. Isolation procedure of antifungal antibiotics.
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% 4 A7 24 249 ety 44

HAE ¥ A2 229 o8 BARYH HAL Table 3-200 FEaoS
B8 itk AAE 229 4842 methanol, ethanol®} acetonol] thajA=
7+-&4, ethyl acetate®} chloroformol A& & 4851, hexane, diethyl ether
g Beole E8440U0 4

C-1 34829 UV spectrat mrthanol €9 3t A 254 nm 23 o A o
¥4 peak® E A3, 320 nmil A shoulder® JeIAc} (Fig. 3-21). C-2 3%
9] UV spectra= methanol £ 9lA 288 305, 320, 344, 358 nmolA
BEE HAn(Fig. 3-23), C-3 3FE2 308, 320, 342, 360 nmolX Hd
F3EE 2J (Fig. 3-28) .

C-1, C-2, C-3 3¢Ed EAFES LC-MS, &  Fab-MS
spectrophotometer& ©] &3l ztz} 3584, 650, 67022 AR At (Fig. 3-20,
3-22, 3-27). - |

g 7tx SuiAE AHg3te WA TLC plate 44 C-1, C-2, C-3 3
HEL 59 Rf N E ZE. DY spotoZ e,

% 'H-NMR %%t '°C-NMR spectra®l ®lo|8l& Fig. 3-25, 3-29, 3-309]

i

ok
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Table 3-20. Physico-chemical properties of C-1, C-2 and C-3

C-1

C-2

C-3

Appearance

UV A ma ™ nm

Molecular

weight

Solubility :
Soluble

Slightly soluble
insoluble

Rf value (TLC)
EtOAc

‘MeOH(4:1)
CHCI5:-MeOH:Ace

tonitrile(5:1:1)

HPLC Rt (min)

Orange crystal

265

358.5

MeOH, EtOH,
BtOH
CHCI3, EtOAc
H;0, Hexane

0.56

0.34

25.8

Yellow powder

288, 305, 320,
344, 358

650

MeOH, EtOH,
BtOH
CHCl3, EtOAc
H20, Hexane

0.61

0.37

40.2

Light yellow
powder

300, 308, 320,
342. 360

670
MeOH, EtOH,
BtOH

CHCI3, EtOAc
H:0, Hexane

0.64

0.39

479
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Al
Al

He

o g AFH BRY T2
1) C-2 #g2Y F=

C-2 3329 2g3sd EAo B3 dolg2RE C-2& flavofungin®
H&d A4S 2 gleS dAEHMDG FLE C-27 flavofungin A ohdA|
AA37] Y9 C-290 NMR spectra®t IR spectra® flavofungin® spectra$}
Bl 2 3ot

AukE 02 polyene AEY FAYEZS NMR 7x XL #2402 F
U3 FEo] wEHo2 ZH3}E polyeneA R FFES] F4F wE oHE
z+e}olt}, Bognarol 2l&lA 8 A flavofungin® 'H-, “C- NMR spectra®] 3}
83 A9(chemical shif)& FIZ 39 P 7tA9 spectral data, =3
'H-NMR (Fig. 3-25), IR (Fig. 3-24) HolH9 2X4& Fad C-2 sFE
flavofungin (Fig. 3-26)7 #& £34S& ¢ F AUk

2) C-3 =9 7=

C-3 sgze =Zsgyed E4d B doHERH C-37
fungichromin &-& filipins®t fFAFE ez Hofd. C-3 2ol AR
fungichromin £ filipins A oFdXE AA7] .98 C-3¢) NMR spectras
IR spectrag fungichromin, filipins®} spectra®} H] @3} %t} ‘

M. E. Bergy 9 T E. Ebled) ¢J8 #83 filipin complex® 'H-, “C-
NMR spectrad] 333 A9 ZA#E Fung sl @ 7Fx19 spectral data, &
W3 'H-NMR (Fig. 3-29) , ®C- NMR (Fig. 3-30) sprctra ¢} wlojg] £4&
E3led C-3 332 o] fungichromin (Fig. 3-31)e2 ZAE U ew gz o

2 filipin complex’t 2% E¢E9 JHZ =51 9L & £ AN
UV 265 nm H2oA H] FF peakE zte C-1 FFEL 2% o &

& F RA4M oHAAA a2 FEE ‘3%541411] a1 de Folth
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Fig. 3-20. Mass spectrum of compound C-1
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Fig. 3-21. UV spectum of compound C
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Fig. 3-22. Mass spectrum of compound C-2
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Fig. 3-23. UV spectum of compound C-2
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Fig. 3-24. IR spectum of compound c-2
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Fig. 3-25. '"H-NMR spectum of compound C-2
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Fig. 3-26. Structure of Flavofungin
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Fig. 3-27. Fab-MS spectum of compound C-3
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Fig. 3-28. UV spectum of compound C-3
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Fig. 3-29. '"H-NMR spectum of compound C-3
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Fig. 3-30. BC-NMR spectum of compound C-3
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OH OH OH OH R R

OH

Filipin 2 : Ry=0OH, R=H
Filipin 3 : Ry=H, R=OH

Fig. 3-31. Structure of fungichromin and filipins
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3 %

Polyene macrolidesdl FAEZAE Z8g 3 A, 3 volgyix A& e
We 8282 J4 3FgEEo] polyene macrolideZ]l &0 &8 . o] Fol
ol & AF QWAZ HFHe2 ALHI Ye AE dHAA Yt o] A
29 EAL sterold EFstn Ye WA FHAAHE d9Hoz AFAA
FgAZES YEhA €

g @Y FAWEAQA fungichromin ZHE& HFA<A filipin pentaene
chromophore F£& 7Hd H& 8 TR P EPA BAHAUT o A
oM fElE: WA 80223 ¥FEHE o IYES AANHE £ F
A At flavofungin, fungichromin, filipin 52 < 2008 ZF 9 3¢ EAe] ¢
24 U= macrocyclic polyened #BEHo] &3, o] E& F2 PAF
Streptomyces 9| & HAHM & JgA, & dATE 4§ Jdgdle A
o] Bt} o] & HYBEL BE FRAOZE macrocyclic lactone?] FATZ
gtell 570¢] conjugated double bond ¢ At&E 7HXE FAlel hydroxyl 182
712 E3td Y= 2 ok o] £ YA ERFTE AE 54 e
M 3 #E ol vl FolHolr EAAE gt dE &W dojy o]
e ofw zAsNA filiping] ABEH FHH UV A §4 527t FA
Aetd HEle A$E 43R Aok B9 olg} A3 methanolo] Y ethanol &
o el 4Co FAEAE FAF £t ojuA drh
oy ol @ 28 FAoly EUdAA, £ e B TR ¥ I &
AE A9 Jjdo = EF3l3 amphotericin BY nystatin 22 polyene#l 2] &4
E2AL olAX Ao AFF AP ANBAA Hue XN2AZ Fol ot £
sterold]l 2#3tE 548 23 YT polyeneAd HFEL 1 ZH2HE XNEA
2, % ¢ EE Y volds ¥Ho2 FAE BE T2 ¥u; Yo 1dx
do 2 cholesterol ol w3l ergosterol, &= FEA X tii JF A X dF

s

nE
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g A" Sol4o] Frtd Fd S¥EY HA 2 FAHS T 4] FF
g 3 AZAY Aol ZlqH ol EANE T A Ade FEHR A
e

A5 AdAE

thgE uBES A2 Didymella bryoniaeE QAT oZ 3= 39
By g FAY F e § w1y UAES AT YHAFL2RY 44 A
d 2. ols ZEd FFESL FAST ojBo] HANE BREA
AAZAE AENAYG. &4 FF7 Qs EHERE 29, A9 & A
Z349 717 F 3 549 4dF = 2AEH LY, dF e FEREUASE AA A
E540Z o]l48 & AT /HeAS ARSI Bdth ol AAE AHsd
oS 2o

1. Egoz2iyg 2 ¢ 100089 #F FoA D. bryoniged] & I3 4%
vetl= M@ Pseudomonas sp. ADB 2 3 & HF Adsch

2. Pseudomonas sp. ADB 2 ¥ F¥E D. bryoniae®® oz} Botritis cinerea,
Rhizoctonia solani, Fusarium oxysporiumel 9iSIAE v|na 3¢ 3 27 &
g Yepage |

3. Pseudomonas sp. ADB 2 #3F9 3 g &84 AL 79 A&z A
o] vix3HA di FA7IN FA3A FUHste 9 18 At Foll Hu AU E
Uetd F 79 A5 84 24 AL o) Fo 4 FAd}e F4S Yl
AUt o2 m|Fo] o] AL o}F AEAY &4 £ Hu: U FFAY
7Vl ¥& Ao AGdH. '

4. Pseudomonas sp. ADB 29 % ¥ ¥4 F2 siderophore®] &4} 9
E3te Aoz Y.
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5. Pseudomonas sp. ADB 2 38 3 #f A QA WiFgeE wE 402 nm
o] A ¢l peake HFHFHA gtoh. ol2l# AIE siderophore TS Hol o3
FIe T2 LS B9 F1 9o
6. Pseudomonas sp. ADB 2 @3¢ & g &4 £4& TLCZ EI39o
CAS assay2 #4< =A38 Rfx 0129 spotl A 713 7283 Ao #3F
5900 ol ADB 29 siderophored Rolzta FAHTh ol & AF}:
ADB 2 #FE IE9 siderophore® °| 8§39 3 AYPo2Rg AHKo] 3EE
F ASE guszn Yk ol B2 A oL FE FYL AFY AHKAE
%Bﬁ} A o]2g AF FHY FHozRE 5 AT H ol HHES
2% Aoz A4, gy AFY FAL A F AF FHE vE
LH% Aoz HQlo
7. ADB 29] siderophoret X2} o} g ol A Asd #Hstn U
< ¢ F AU
8 = WA ¢ 26009 FFE LR I AFAH TF AEE A Edd,
o]Eo] WAsE FHEAY {714 FEAHE AX ethyl acetate 7HA
o]+ 5 FF9 butanoldl FEHE 6 #FE Adstd o] E9 E AAA,
pH <¢tAA, 848 F2 oK jon exchange resin® A4 5& HES S HF
o7 30223 *FE AW
9. HRE ©ardon #eo FAY 4 B AHL oFoey 79
Z 4 & soluble starch$} potato starcholA 7F3 £z, @4 229 YL
xylose, raffinose, glucoseol A ¥l 43S o T2 & B0
10. casein, soybean meal, polypeptone¥ Z& H@32<2 FAYE AL o
AdH oz & AL UeWoY urea € F7] i dolNe 84 EF
o] Aol =3 dirl, ol AAYo] FAAE AAIEH YAAM FoF
AgS T BogFyg 4 2 AAY 5H7F Hold casein? soybean meal
9 3E0 WE #F9 FA% &4 £ A4S AT Jd A4S
B2 casein®} soybean meald] FE& ZtZ 2.0%% 1.5%°1Ath
11. CuS0s% CoCle @A 2R AL %3] Hasda. 84 39 A
Aol g oz YEhd CaChe HZH =& A 47 012% #2282 Y
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EBtwrh £ olg A FAAA NS FUHAIle KHPOs o HA F:e
0.02% ©]34t}.

12. pH 70 $4 F A w9 F4 2 &/ &
™ pH 3, 4 A= A499%, pH 109 2]
AEA ok #x FASHA Rt pH 5~990 A
Foy pH 5914 FAA e BAL £2 gkt
13. 84 23 AT 79 F4L 47 15~30ColA dgize=z E9tem 3
0CoAAM 7HF E%SS BAFUOY 40~45Te] o E #9 F494 24
Aibsol FH3 A AR

14, AT 80223 #59 & Ao 4 EAHAL ethyl acetate &, silica gel
column chromatography, &#|-%& 94 HPLC column®Z A A3}l retention
timeo] 26 ¥¢ C-1 S} ES AN AA Y2 &F5A4 L
T 247} 408, 487 9] retention timeS 713 C-2, C-3 I} ES = 2Ty
HE s34 aUh

15. 'H-NMR, IR d®lo|gle] 248 Esto C-2 L] flavofungin? 2L =
AdE & F YA

16. 'H-NMR, “C- NMR sprctrad dloje] £4& 539 C-3 &0l
polyene macrolided] FAEZAZ macrocyclic lactoned A= Qo] 5719
conjugated double bond ¢ A}&3} hydroxyl ZELZ € filipin pentaene
chromophore 7% & 7}% fungichromin®.2 ZAE y#How 28 x & filipin
complex’7} 2% E¢E9 FHZ EA81 USE ¢ & dud a3 UV
265 nm H#ZNA HU FF peakES ZRE C-1 FFEL 2% o] 98 F ¢l
oM otA7A 1 FxE WA Exn e Folth

o A4l 7HE B e
JholAE B4 2AE A

)J—r,}]z% og ‘E«] /\411-0

=
7}

4
o}
E

N
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A4 g d =

Ot

A S A sobel Bld WalE F3 gl A9 wATAEH 79
wuye HAEHE o WAL BHo2 AdAzyY % 4F ¥4
2 %A B4 AL 2ANAT RASAF) dANE EAYY A7

Bacillus thuringiensis #5& 4o 2 & B3 AEF 84 vAES B39

o

B." thuringiensis subsp. kurstaki®l Btl7 5 B. thuringiensis subsp.
navarrensis?! Bt79 ¥ #FE AE¥ F AU o5 FFY Ay A3
54, Bt 549 £d¢. .3 A B4, 29U EAH S TAEA o] E0]
T A% 84S /1R ARE Bt #FUE @@EY 283 o] ¥F9 Bt 54
A4 Wi 4 23S ZAsn 7o dF WIs T3 dFY 528 F
Bato HYPZHF dig & HAF &4 pot 4, R B9 EF 4 &
T3AT o] 5L BF EYdAXT & AF A4S YeuAT ¥ EF E
Fo M= Bt AlAS] Hgd wet &4 ot et o] 54 HFE EY
ol Hy EGA dFALE B3 v d3F ESAAE Udd] EGBS AS
& F e o7t v B EGAA &40 F YeUA g olf F9 Iy

2 A5 P TEE AHEEtE 2o ¥4 AFdME & HAF 848 F
atA BEE 5 QAT F2Y AKolyd £HoE o= AE aHs v
U stoz AEH] ATE B39 EF st S AW B "eit g Ao
A=A

Didymella bryoniaeE QATL=E 3 #9 Ttudd diaixdEs 3 wn
¥ oA E Aad BdFde=NY Z74 d4d 28ttt Pseudomonasol
£3te AT & N7 ERL siderophorez W Fow 7d d oj29] g
L AYR ANk FHdFo] AA3e F IEAH EFL NMR, IR, Mass
spectrum, UV 314 & %3 polyene macrolideZlol £3l= JAEAZ W

- 219 -



Ak ol4el 27E AAYUR ot ged 2o,

7h A1 ARSA C BYEAF 3A 84 vAEe] g4 3¥E A7 A
W A3

[y

BAF A TALE o] & AHAN F9 EG L F9 RN £
REZHAZFS 2 PO £ 5& ZAR 39 53T A HF RGN
£ Meloidogyne arenaria® T2 39 M. incognita 59 A%ol #FHAG.
2. X o} WE XA PPAT B 2L&E FAE A3 NAPGCY HiA 4
A 7ol EY g2 48x10° cells2A 713 o] Ea¥H9on], NAAC WA
gt NA HiR A E 2 92x107 cells, 36x107 cells €42 2P=HY}. T3
33 duiFdez Z2AAY USAE AAste EFZUE AN 2 23
NAPGCY #ixo]A ¢14%, NAAC #lx)s} NA wj=o)d ztzt ok 8%} 7%
2247 gasgich

3. ¥¥’® Bacillus thuringiensis &5 FoA & AFA I52E PYAs=
TFE 28 F U2, ol B-exotoxin®lAY 1 F4 232 A4 A,
4. $FAF 28 £3 € WAL ¥ AL ARz § AF B4
o] ¥ FFE 25 Edstn ZF Btl17, Bt79E 993 EYE F F
FolA Btl7 TF7F Bt79 #Fo M3 &4 o Ag Aoz JEych

5 Btl7 571 43t ¥ BZHAF 84 EFY gREL AX U &4
e 9 dAdY WEAY d-endotoxing & Egom, &2F AXE ¥oz Ey|
gt 94528 A4 ¢ AN

6. 2& Bt 17 &5 Bt79 &5F9 2 o84 T A AL 54
ZFAG d3 ol dFE EXASY USAE A AFAHA  Bacillus
thuringiensis®] & #59& 4 4 dAdh

7. Bt 17 #5¢ Bt79 259 A8 A3d 4L dad] fAged, 3

S
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o] FAME FAE A Btl7 #5E serotype 3¢ B. thuringiensis subsp.
kurstakiZ., Bt79 &3+t serotype 5091 B. thuringiensis subsp. navarrensisZ.,
T 73 83 ¥go) M2 tE subspeciesdl £3< ¢ F Ith

8. Bt79 #FE serotype 509 &3} o}F o] FAHYPo] YA UF Lo
W A7E o]FolA YA F3L Qo] o] FFE serotype 509 &Ie TF F
AqM & AF E4E& Udedle 29 #F2 2Y-ATL Azd.

9. Bt 17 ¥F & &% ZTAd #Ael AAHez A5 AHE ¥ RAe=
Yetuy QA E dE A va) A A 9% AfETsE o A YErbt
A Fokg Abgste 49 A E Bt 59 AY AR o HAF W
Ae deg Aoz A4HY 4 AHE3HA] & 77159 3y de2 ¢
HEZ AA7F & Rold.

10. ELISA Bt W52 AFYPe NEstd 719 s 53, o9 49
54 T3 22 AL YA APHor S48 FHAT F U 2E A
A8t

11. o] #F9 4 AAd @24 & 4F¢ "AA F%en, xde 3
FHE AT dEYtE g frlee] FAVE FRATH Yeast extractd] FEE
2 9F°] e, KHPO= 05%Y W 549 Aol Fdvh 55 o249
FIFE Cool gailA ZA Al =Y, Cu'oll g3 4t FaHIJoY,
e 55 ol2dde & AolE £ F U

12. o) ¢ 52 A4 HH pHe 6914 8 Ao)Z Ueht:, aerationo] F&%
£ ¥z A4l S

13 Al 7 A A%, 5 54 AAFS dAuL A 2o oA
Fel A7t oF 10W 2 Aoew AAHUT wEA 29 TEAHA YAE
AfHME A4 wMFERTGE 32X WES e Aol dF o ARHoFHn AZF
A=

14. Jar fermentor& ©]& % =49 A4L 2 vwme F717F FYE A9 1

N
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vvmol| #l8] Y453 o] FAHIIT 2 vvm, 300 rpm, 30T ZHAA 9
ALL 1Y F A7t =Jdeyd 249 5 284 F7hste 49 F5E A
Ao =&3tgirt.

15. vkt d wix]ol 242 m7 9 g, (NH)2S04 0.05 g, glucose 05 g, #RE 1
g, H:O 5 mle] &2 TE wiA7 Fken, d7ld FFE HFs 30T
A 6 4z ujgstel AxE AAE 1 g2 16 x 10° 74 EA7 2=
16. WS4 A4 &3f=e pH7t F7HEol wet F71eted pH 115 ~ 125 A}
oldlA o 37 ~ 50% 7tA &MHUL Bt Weo] dojutn AETA HE
o gojx = Aoz ey falxrt o 14 ~ 24% A= pH 100 ~ 105 A}
o7t A =AYL Ekth

17. Btl7 #F¢ 22 HE FUYAE Ye W= B thuringiensis subsp.
kurstaki BtHD1 #F& R Z 4% tiste A8 % 288 e g
Hl8f, Btl7, Bt79 #5F& o Zo] 54& Y. olE F Btl78 LCxo
43 ug/mlE Bt79 59 125 ug/mldl H|3} ¢k 3u] A& 7}3tA el

18. 27] %o E5X4E Jel= Bti ¥ 185 ug/mle] Bt 4 oA 3
TE 4H3 fAAIE £HEAHL Holtd wete Btl7# Bt79 #FE
BtHD13 #74 §3884E& vglix Fgd dFd dsixe Solxez =4
S YellE Btl73 Bt79 #59 E4t o2 pjFo] Rol AF o] o)

U F8 % 5o deide 5549 AN & AEFH AN Aud
FsAel ¥ Ro2 A",

19. Btl7 &5 & BtHD1®} AA A F4L v FAstd 359 54 awd
< Zta &L EEoIXY 1 9 BtHDIYA HEHA &+ oF 130 K #7]9]
glgo] HolE F 549 FFAo] G Aojd Aoz Hol Btl7 #FE M

2§ g9 Bt 542 Az d
20. Bt17 #59 & A% Wi oid 3 IH & 44, DEAE-cellulose ion
exchange column chromatographyE AX AAstxm, AAE A= o|F &4t

- 222 -



)
2

A7 Ouchterlony test2 ZHAtg A Btl7 #59 WExd) dig &

o]F< FAYL & F UYR ©] FAE o] &35 ELISA, immuno blot S&

TP 5 AU

21. Btl7 @5 ¢ BtHDl #5F+ W FEFHY 52 F42 Z3 e A

2 Yetgtey o 130 K 3719 WS4 dldoa FdA e o)zt velyt

Btl7 #5F& o] ¥49 @¥A & 23 =4 wsEte BtHD1 5ol e Fo}

E £ gk gEA g4F 2848 23 e Btl7 759 WSA: dnEe

Z7o] & BtHDI @579 WEa dudses g 54 9uwdd 71549

53 ¥ 4 A& Aol E 99995 B4 Bu7 ZF% BHDI 37
T 2 B. thuringiensis subsp. krustakiol &3}A9t Btl70] AAdE E4E

vitel tis 434S 71X Aoz 4 BtHD1Y S48 & N2

4948 ¢ F Ik

22. ELISAE °]4% EY Fol EAdte 5429 AFHE F3F = Ao

23. Btl7 59 =549 & AF8AH & AUl 97 EF potoll A 28 A3

AT ZAETE A A A HEtd Btl7 @5 & @4 A4 d¥TFE

AF HZ2ETFA A2TY o 80% A= AS A3E Yz, & 4% &

FE o 30% FE AAEZATT S-S ¢ F AUt

24 A% Y EYS AL A9 ¥E A9 Aye Btl7 739 ¥ A &

49 FoAAdE 27 oK

25. Btl7el 7184 AAE AMEsAE A, 27 EGAAE & AF Ao

UEHYR] ke AAl G we g% zolzt et Aoz Azt

Atk

26. Btl79 A4 AAE AHEEHUE A€ 7HEA AAE AL Bl HlE

A & AdFEAC YeldE s B F Ay

27. Bt179] 183 AAE AEF Bl HE A2 A{ole & o8 B

ol @3tot, oF 28% AES ¥ MF FAHol YERT FHF EFIAMY 2

AN
=

fl
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g 298 29 7184 AAE § A 4o Bolx oy, A4 2 1
Q3 AAE o FE We)ZAZ Ao AW} YLe T £+ AN
28, Btl7¢) 7184 AAE ALaUe AS, I BRI} Zo] ¥] FE E
FIME F43% Bl Yehix @sith BT #F9 7HEA AAE 2R
WF GRoE 4ugol EYF Fo FAUYS A BHS Ui 2Ee
gt
29. Bt17¢] 44 AAES ¥ WF EFol ASHYS AL, PeAZY = B
gl Ha gastgoy wde ¥4e A Te v ue ARE B
o F9t.
30. Bt17e] n®st AL T AT wla) o 793%S 4% A& THL B
d H WF EFANE 183 AAE o= AT BHL JEHUE Aoz 47
art.
31, WF ks v W EgelAe Btl7 #F9 3 4% ¥4 2R T
2® Bt AAL A4l W ol AT BAY o7t YEES & & YA
Bt ¥ AAE 27, 8 27 5% HE2an o= AL BHL UYsE
A gow, 944 ANE BF EFINE Zd A= Ao Roly u] BF
EdoliE GAA gon, 183 AAE AZAE @Y v BF gL B
2 97 EQIAE A9 BHo YeuA gt
2. WFE EFH v BF EFM Bt S29) FPYL EF FAL A 83d
ZAg A Azrol Ange] Wl ¥PE EF F9 SA: w2 A¥HE
Aoz U}, Bt 54 97 EQINE o= FE FFYL vehit v 2
Z EFNE dus BT AL B £ AU Bt AAst FF Edol M=
e HE ¥ MF GAE HolAYD -

W WF EdelMNE 2 8ol HokAY A gl ANY mol: AL
0l WF BN Bt S49 B 1 @ olf7t B 4 A Rolth
33, A4 AAL Bt E28 AL8d U8 potold 4¥F s}, AT 7Y EY
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9 ) 2P EGM Bt T4 ATY FAYT Aolol £ He ol
£ 2 & gol, 28 pot B0 A4 EFel o A7 ¥ pot: ST Y
AHE Haw A4 AAY Bt SAE § 43 B4 dehhA) Zae AR
BT g9 Bt 54 AT BP: RPEe YHe @ol sAoy Bt ¥
A2 7o) wayh AaA He o e 1 AES €A @ AR

34 298 AAY Bt E£E A4 Y potold APF A, AAHOZ Bt
AYFE BAYT) v FS 8¢ B FYo, 84 A AN F 29
o) #%2e wW Bt APFE AT us) 2 - 35 W) AEe F¥FL
QT 429 ATl HAME & SRS o] FUTh E 81 Y +8
3 2o 4UE 2W gy FeE AT THAT Alold] 52E Aol
£ 2 4 aqey, Razg Yy ATFs FAT we 23 pase
ARe 2 & A9t Bt Sad &% 2aAS ¥4 A& nY 6%
5199 WelolA Aol w37t Uerde B+ Yo}, BF EFFY 4FT A
g7o] el ReEo PHoE AP el A e AUT, FAYT B
5 ua® AE wol Bt 549 HEd U@ YWY PA EHE Qo=
g% Ao & Aoz ARG

Al 2 ARFA gy dA Ay G4 29 2

1. Ego22g 2d3% ¢ 10009 ZF FAA D. bryoniaed & A7F A&
Uel: MF Pseudomonas sp. ADB 2 38 HAF Adst

2. Pseudomonas sp. ADB 2 ¥Ft D. bryoniae® o}z Botritis cinerea,
Rhizoctonia solani, Fusarium oxysporiumd] disiA = vl2d 73 ¢ A7 &
A& e

3. Pseudomonas sp. ADB 2 #59] & g &4 AP 9 W55E9 A
o HlxaA dg FA7 FESA St % 18 A% Fo A3 AR
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et § 7o A& FA 24 A o] Fe I Faste S HEMZ
At o]& m|Fo] o] BAPL obF AEAY A EFHUE o FTAAY
154l ¥& Aoz Azdr)
4. Pseudomonas sp. ADB 29| & @ &4
E3te Aoz Yentd.
5. Pseudomonas sp. ADB 2 #F& & & ulx]dlA wigdE dH+= 402 nm
ol o] peaks BEEH A gskrh oled AFAE siderophore FAAL Aol 93l
Fgg T UL S B F1 U
6. Pseudomonas sp. ADB 2 #F¢ & A3 &4 £4& TLCE £d3d
CAS assay2 #4-& ZA3d RfA 0129 spotll A 7H 7t @440 #3
gQoew o= ADB 29 siderophored Zolgli FAHHAG. o9} 2 A=
ADB 2 #F & E9 siderophored o] &3t A AYPOZHH AKo] 352
F UASS gustn Yok o9 #L A o] FE FUL WY AFd:
gagh 3 o]2g AT FHY FAHoZRY Y539 AT FH o2 Z¥ES
£ o2 AzZdd wgA AF FAE JAste ¥ AT 42 v
E Aoz Hd

N
oX,

2 siderophored] &4l ¢

N

7. ADB 29| siderophoret= 4 ol 0 wole] ¥4 Aol Hojekn A
< ¢ F AN

8 & WAF ¢ 26000 FFE WAoz §F AFAH FFY HEE A EdY,
o]0l A FAHERY /78 FEAHPLE A ethyl acetate 742
o2& 5 #F9 butanoldl FEHE 6 T¥FE AE3A o] 9 & A,
pH tA34, 848g FHAR jon exchange resin® AdA 5& A& AF
Mo 80223 #F& AEsAh

9. EEe gagiA 7o FAF 4 A AL oFdHeyd #9
Z Al 2 goluble starch®} potato starchollA 7 £9kx, 84 &d9 AL

xylose, raffinose, glucoseol Al w4 E b =& A4 & 240
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10. casein, soybean meal, polypeptone¥, 2 EFZQ ZFAAE ALY
AdHoZ & AAANS UegWoyd urea R 77 FaddAMe 84 82
o} Aol F3] itk ol Aido]l FAAE AlddeEd YAM FLT
g9ge ¥ BoFEd g4 24 A EFHUF Hold casein® soybean meal
9 o wg #F9 FAIY 4 BF NS ZAEEAG Hd ANdE
1B9) casein® soybean meal®] FE& 47 2.0%9 1.5%°] Atk

11. CuSO:8t CoCle 84 Ed9 AL ¢4H3 Azt 84 €29 A
Ao ERAH o2 Vel CaCle] HA $=& AN 234 012% F2o=
bt & ol A FAA AAE FUHANIIE KHPOs 9o HH s
0.02% ©] Atk |

12. pH 7.0 54 F2d4 9 $4 2 24 29 4o /M =4 vexw
ot pH 3, 4 A= A3Yd, pH 109 4 &7l Igdxe &4 E2= A
AEA @kn = FAEA gtk pH 5~9dA = FdHez Fo HFL
Z9tov} pH 594 A e AL A Ftoh

13. 84 3 Az 7o 4L #A7 15~30TAA ddHez Fher 3
0TI 7t Eee RAFYOY 0~45C LA E 79 43 23
RBabsel FASA #AdA

14. AT 80223 #F9 & AT A EFHL ethyl acetate FF, silica gel

L

column chromatography, Z#1-§& 94 HPLC column®2 Z A3t retention
timeo] 26 < C-1 J¥ES 2AAM ZA FHY= &34 42 & UM
E 77} 40%, 48%9) retention timed 7} C-2, C-3 3F&S =3 £23
HE £FaA AT

15. 'H-NMR, IR dlol6le] 42 %3t C-2 & Eo] flavofungint 2& &
F24E& ¢ F AR

16. '"H-NMR, “C-NMR sprctra®l EHlol8 £4& %3t C-3 31¢E°] polyene

macrolide#] 34 & & E macrocyclic lactone®] &A= <toll 5709 conjugated

- 227 -



double bond ¢ A}4 3 hydroxyl 1§22 ¥ filipin pentaene chromophore T
7} fungichromin®.2 Z8 WHew a2l ¢ filipin complex7t A%
E¢EY ¥hz 432 dSS ¢ F AJDG 28y UV 265 nm F29A
HY & peakE ZT C-1 SHEL 2% W €& F QoA ofA7RA 2
725 #UA X3 e Foldh

l

=
£
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