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A bacterium strain that can inhibit the disease of potato was isolated
from the soil. This strain was also found to be able to promote the
growth of potato, and thus was studied for the development of
biological control agent.

P A further developed bacterium strain, named sunhua, was isolated
from the field with low infection rate of common scab disease after the
finding of MJMO002. This bacterium was identified as a Bacillus species
by 16S rRNA gene sequence analysis and was designated Bacillus sp.
sunhua. The antibiotics that it produced were identified as iturin A and
macrolactin A. This strain decreased the infection rate by 40% in pot
assay. These results are going to be published in Journal of Applied
Microbiology.

P Plant-growth promoting compounds produced by Bacillus sp. sunhua
were identified as two compounds by GC/MS. Another active compound
produced by two other microbes which also promoted the plant growth
was identified as giberellin(GAs). These strains can be used as
plant-growth promotion agents together with Bacillus sp. sunhua.

P Fifteen strains that can degrade higher than 30% thaxtomin A were
isolated from the soil, and were identified by 16S rRNA analysis.
Plasmids containing the genes encoding the enzymes that can degrade
the thaxtomin A was isolated from the Bacillus strain that can degrade
the thaxtomin A.

B Five endogeneous GAs (GAS3, GAl19, GA20, GA4 and GAl) were
found in the stem and leaves of potato plant. The tuber growth has
close relationship with biosynthesis of self-resistant GAs in our study.
Inhibition of growth was found to be caused by GAl. The gene for
34-hydroxylase that can change G20 to GAl were isolated and
transformed to E. coli and the transformant’s production of GAl was
identified by GC/MS.

SOIB/OE/2T 1418 F Y

NBEX: 2N ZINMEEZXD AMESS LIEHE A7 0|4 E Bacillus sp. MIM-0022] 83 &1/ ...




CONTENTS

(2 2= %)

1. Introduction

2. The present state of the technology

3. Result

4. Achievement and contribution

5. Application plan

6. Information of overseas science and technology

7. References

2015/02/27 143162 XI§/ 2 WL 25
AEBEH 22 ZISBEAY AKMESS LIEHNE A7 014 Bacillus sp. MIM-0022] &l E3H &A1 /...



2 R

A1A ATFMNLTR L TN Roeeeeierieeseseeressessenes 1
L W71 E Y LB A st srssnss s smsresassessssnisans 1
A2 FUY Z)NEMDE T isiiinmsissississasssssissasassass 7
A3 AFMNEFE WL E AT 9
AlA 1A9E AT F3E 2L AT 10
A28 2:49% AF 8L H L BF i 27
A3E 39 AF FIEH L BT s 42
A4 2HGAHAE 9 FHAEFY A X, 73
A5 AFNL AR LA e, 75

A6 AT NLEHR AN FHT

G e R A A o I IO 76
AT ZETLE B et ss s 78

POTB/02/27 14 16§ 2 XL/ 2 LI o)
NEESH: 2R ZNLFEMD AMESS UEILE &7 0|42 Bacillus sp. MUM-0022 A &8t A7/ ...



H A A7 nA el Jie

1 d7/hEgAe 224

UN-EAl olatd @A AlA] 7okl 5~10 ™ol &atn A7
20035l 100¢] = S

o7 FAEE AA &
v A A AL 80%01d ] 5Tt 8 E = vl ol & s Ak 9
A= AE IS o] & AFES] AN o E FEAL AE]
T3 B9 AlsH
A AN A= I A= oA A =FEE F, s 9F 1309 7ol A
A=, i A7E 29 SHRE(R)oZ AAHoRE S, d
Fo2 49, Au] HHo2= 8¢9 A sk g FoAE . wel
A RIFe AFgEAE At gd A4 54
2 Hol 1 AujHAe] AA Eold F v AY AEHo=A, 11 T
A O ol AEHULE A7 &Kol = Flo|th AT FY7]
of wjg- Fefgh et ofxi&eA, At FAAAH S Y 3
ato] A=z wlws) 2w Aol E 50~60% ool Ak =
BT 80% ooz g v

i B Agem AREY T4
golth. o olrt Hae 2 Qe pAEAE Yo g
AAANAA L Bjatel Fgo)e A

=
R
o O
o

=
to
=

oX,

%

)

% T o
o oM M RUoax ooy 42 R S fo

2

oop
BuAC
o
B

g b ol AAE WA &

ob AR, aa AR anle Sk AV wey we dE 5
Holl ejEskar L o] FANFS A W] gl AAolth A
o AFd, vy FE R AMIES MY BadorA gk =
AZAHE FEANA AATdS diAlstel dAgds7te] A5 B
= wEHs V)gofof @



)

Ae AEAES AsAIE FTE AW fEdoez= FEY(Erwinia
cartovora) ¥} Evt5Y (Ralstonia  solanacearum) oL ool
(Streptomyces spp.) &< Aol ok W3 wpolg 2o} FFolo] ot
Weol Aok 2% AT AAAY A AR ol A A st ZhAte]
AZA A 53] Agk Aom dejA i, H FuddA s FF wet
ol 7b Q7= AR, Hit 30~40%2] Al ol &o] el Agk
WA g0l 60~70%0 ol2T MEAS ASA7|L FIF 254 =
S Y43aL o], B FTA A H FEHAAE 2Hske HAE F

= 7

ok oolo] W& F7IFAEEHAEY TR FH AL
9

oo 2 o
i

o g ¥ & oox

A
MaHg oA sie g8& LIElWE D842 &

st AYIEAEAY AT 2L Vee F4H5 A SF Tl &
o, Qg FEA TS dehie Ay F2S PAede 24
woArete §7184 woF Agor A AsE BN F e AE
wop e AEAS A7) A STk

2. 714 &4

b gy E Aol 9@ 23 A3 FHE AT AT
- araRe, ErbEelAds ARu s2Re 4G4 BA44
AL WHA AZAN A% Aol AmH T 9

- AL ARRAE 23 % AFRE A 2§

1o,
i
o
:\_l‘
)
L
o F
g
=
o
i
Jo
N
ofr
1o,
o
Lo
o,
it
X,
oZ
r>~
g to



P m =] e B 4P QA
- e 2718 FS fREE o] gk AFs AZeA wmow
ol MAENME A= YL
- Ve YU AR 278 A0 s ERE AR deHe
= A7 Al FAo] =4 7 s

o

=]

_|_‘
ofr |
ofr
o
&
)
X
ox
[
oft

P A AEE % 2 E28 JAGE AR 2 F349 Fu
Axpe] AEAAE AsZIe FE AYaddoRs Y5 (Erwinia
arotovora)® Y5 (Ralstonia  solanacearum) ‘3% ool
(Streptomyces spp.) &2 AwHo] d#x Jom, LI nlo] e}
w3ol7k 1 dRle]l H7|E g 53] Aol dov)e= fdleolHE

AAA ] AL A A ol Al A s o] ARFA| oA 53] 4] g

Aoz deld k.

- e AT Yol AFTEL ol FF WS HPAAA $5F 7
Foh EANA ARE ot BHOR s AR WY 5, A%
W Sne FES Y A7/t BaF

ZS
- 22 MTd 9AEA 9 A EY 54 (thaxtomin)2] F53}e] djsh

7l F4 aA 71elstA 2

A,
- =} ol L& 4 (thaxtomin) & 4-nitrotryptophan}
phenylalanine®. &2 o] Fo{ % cyclic dipeptide®] TZo|™, o] toj

B A4 NAE old gemA S urh A wEe
=98 5 9

[e)
= .
- Thaxtoming ®©Aadoly HAALfor o]l&3e HAEES Aws)



i,
Br
BR
ﬁo
aﬁ
!

ARB| A = o AL

ol

o)
Gl

b

<

=
125 7

A
=

tel s Ad Jidel 714

°

483t

=

A A QoA g me B

o] 7] Sal The

E

o
24

=
<]

1$€ F9sta, ol
I
=

ST

o

o]

NI
)

o

ol

g obu) 2}

RLN

D\ioﬂ /q HH

=
=

2]
S

WMo rA, 7la

ki3

71 9l

°

ol oA

R

¢

H L

A

ol

=

g
wf

A

AT,
- dA gAY

ol
oF

]

olo

<0

\

A

o BFE7} u A

S Aoz U}

<
T

il
il
o

el
Gt

=0

-AE FF A8 Ve Y

Nika
T dAe] ATelM =

3l

gl

>

A
el

Ay

ee

o

o)

—

alil

olo
ok

A&

Ho

s}
=

ol A 7]

T e AtRE



T
.ZTI

N

e

A

)

P A gAY &HTIMR hEE A

b 72 vl

S

< A

o]
H

A2

kel =A%

255 719 5 Ak

1t 30~40%

4
8¢ Aol 60~70%cl

A, %

of wak zkel7k 7]+

L= 3L —Z
T o

ENER
o A ATH ol Eel tenin

e

>

i

A7 oo wel 5t a5

5|

Al
pi ]

—_—

o

R
mjp
3

=y
[l

A

[e}
Ry

ol

CI

)

goltt.

b A Al

SERER

ul
=

h=]
=

] A

GRS

Al

=0

H

,WO
i

= 7l

s dgst AP A7y

il

Nlo

o o= T

]

o

2=
-

[si3
=

&l 7]

601:

ot N&zA w7k AAee)

= A e

s A

o] gl &

5~10

b A A slokaTE

S

P UNEA <

gl

g 92

A
FT7F 8+

ol &

e abare) 80%0] el

HH= Ax

9l

7]

ol

TR

ol



AT A A

o2 Aledth

P GRUlH] 2 OECD =374 x

P GRo] A3d ul $-2 v gl v

X
T

3= A9l

=
=

A A )

=1
=

AAT A TFA PO A% A7

&

A
Ny
=
iy

W

el

ol

T FU EA4 E
Aol ),

D5 AN A

g
J

p=h

it
K

ﬁo
)



Uk

H 2% U2 ZIs7/iE ¢

r

—
Hl
=
i
(e
N
1Ny
['19‘_'4
ot
>
to
Sl
Lot
)
AN
(.

P FUelAE el AAFY W oudel e A ATAR Ba
= oglont, B8, 4SS 2 A ARSH A us

P oSdlelE HAE % AR okl g AT AR} A A4
oA maseld whs Qo At Fae] ek wash 45 1
u 5 el ct.

b 8 IE AL el D J)se) B AT MFOR Fho] B4
A% 7H1 FEF HAG 2 BAALO) B T3 e A
ez ge AYI A7l FA7 AFE gol

b Zoh AT B e 57149 AT AP E BFEI o]
9% 3% A7 AAZ vkl

b oAt BAY AR Agsels Be AR At aewy) W
wol el ATEAS ]9 sn o Agelt

b oG8 TAE Ao B 2 3PSl U@ el e FHe



A Fx7F A7) wlFEolty. o ZAIE A polyoxin, kasugamycin
7} validamycin ©] 1960 W& Fubo] 7ds o] sbdslEglon,
ok Hup AAAola AE bdE woFe] el B AT =¥
Folstar 9l

Y AR w=el A9 Bacillus, Pseudomonas, Streptomyces,

Trichoderma % 3 20 oF9 vAE A7} 2E 2AH WA &

O

=R oln 5o glon, ofF diie] 1990 dxe HFHo=
ool Atk Aol A woke] JEs f1% o] & Al A7 B L

)

AgeE AT $8H9 U AFs BwE AR Yk,
Aol A Aol Wy 14 olslska ofo] 7lzstke] o]l A
Fstad e A7k 79 AT gae] o

[e)
'é‘ -
AXaL 9l AAely ofAE Fof AARM S



=l
[l

oK

0f0

=X
110

4

il

T

o

H 3%

> 72 Ald¥ toxin

D> #72 27]

%o
o

N
s

o
H

il

ol

=

=i

N
s

)

pu
o

*7F 9

=z

it

=

=

ste] o4 el

S

£ AgAo] Fel

=}

s

g A Al

2 A
oIt At AT Ae

1

El

1

L

=
=3

Wy A uEde] F4

4]

A
pu
K

B

[e

%3
A

Aol £
bl 3]

> Bacillus sp. sunhua’} A5k
[

D A4 A 9 A

> 2

O
N

o)
X

o

‘mo
i

D> 22 Al

I Amads] A4

¥

> 2 AlTHY toxin

~

D> 7ol vt Aol Ao 4y 2 o

A 1A -3 A

A2A 37} A]

A 3A| -2} A
A3 & A

AN 1A -3 A

A 24 -3} ]
A 3| -2} A

H

(2001)

(2002)

2l A

EL

A=}

SERE

S

A

T

B
A B R AlTTA

T

ikl

gl

> %A A

>

A1E 5 A




A 1A -3 A

D> 2k Al oA Ax 2@ 2k AlFH toxin 2
2 AAee FAZe] Fn 2 o2 o] gF YF
A2A A | AwA A
S > 22 A toxin Bal B FAAS 7R AT
(2003) WA Zxk 22 A GAadoen 8754 el
D> A 27144 SR Al A AP =
A2 72 AAAAZY 7S
A 34 - 7} A cen -
> 750 BEz SAAE o g nAFAY Ay %
A9 A e 9% 7w 7% SRt
> wde FA 22 4835 9T AA s A
_ A=y
A1E % A )
> EF NSRS Ed @4 A AAEFe A A7)
AE

Ald 13 bME A7 988 2 5925

@ 2 shale] AF A Bacillus sp. MJMO02E Relake] 7tk 44 %7
kel Aty A8 BA7F e dH] Ad A3E ddHh
@ A A48 5 AEHAQA gdloly Al 455 A 7}
43 Bacillus sp. MJMO02E.t} 28fy} o] Wz g3 71
o]

Bacillus sp. sunhuag 8 ste], o] & A3S HA|stAHh

L A1AF-FAA: mBE] Baste A 4 FAA4 AL



ol w gk}, ofH] 2 6

A MgAs HFste] 1 AFadsE A

A ol Al F714F o] F

1. 238y AlEd dtEA A ujgel x

AL AdAdo] Holx] gt o] AHARE A

WS o] &3le] in vitrodl A A AFEA |
sl AEAAS AESHATE WA A 4TolA 271d o

Fole]l A FH T8 T gAY AS 25T FaelA 1-3573F A

oy
2 =

o

o
[
5
1r
E
=
%
oy
N
o
i i

-
Qo K
o,
o|N
ol
o)
¥ T

=43
AR wFAs Agg 77 FAHF Ao

EvEANE AR5E dF wjgof
ATk ol 2o AW EWEX
Z 70% EtOHol| A3l al o] Z autoclavedt 2] plateo] 3071
Hstdth. 28] growth chamber (2100 lux, %: 28°C, w:237C)
datA Hobst EvtE A E 7FA AL magentad] &7 wigdS
2 At At AR R A S Aol A g
11% B4dasdE ‘JrEhH Ath (1§2). ol#fgt AdES Ko}
ol MgFds Al F717F AAF
A= vkl o giet EgF
o oste] dAIA R FEHAA AHH
A3t @AM A JFS

=
ol
-

> o
e

of

(

b1

-
ol ofN I

!
of

[e

o2
=2
2
e
o
5
ol
ol
rir
ﬂi
2L
L

dheoox SLoox MO oof 2 x o lo
™o oo
HUE-E
> o
- i
R
A )
o
Y
rr
H 2
%rlmg
N
S
N
off
o
lo
rua

_0|L
e
f

o]
2
)
oz
i

O
o

_11_



HH 2Fey

=J| 20[(Cm)
w

control (HiX]) HjUOHR = |

a9 2 WA A Y EntE Z7]9) A4 ET

_12_



= A

ol
= —_ -

i

L R AT
R A g

o
>
2
EY

A2 A AADNAE 2] fdste] WA A
oz AW S scabieidt YHEolH e UgE
¢l Thaxtomin AE FHel=t] T3k wekA] Thaxtomin A
g sk = S scabiei% R R R ?‘ﬂzﬁb Thaxtomin AE
Ko™ toxinol wheh Ea &3 AP 7‘“’3 < M‘jr.
" AEZHE Thaxtomin AE 97] $3] oat meal broth
T5S 939t Thaxtomin AMAF o F-3<218 9& HPLC
T Ay 29 49 A, BolA A4kE Thaxtomin AE #1383
o}, 18 49 A¥E control® ¥ HFe £=4 Thaxtomin A% A =Zn}
Eadolil BE S scabieiZF-H A4t¥E Thaxtomin A 89 A=
ntEIRS vYERdT (2" 3). o2l ARE ntgow Ao A
W AARJIAE 22k W] FEElstax}t st}

o
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ﬂ
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W) A2 Al dAlets rAdEs sl EGOETE e

ATFE AAEFRCZXE B2 Bacillus sp. sunhua®t Bacillus
sp. 87N, F=FEU Ao mAE 5//= Screening sto] A AT H
toxing &3leH=A & bioassay A TE ZF7be]l HIAEES 30TelA
wjekel & A5 dS IR 1A paper discE 2 ES GYM agar
plated] loading 3tdth. = A Bacillus sp. sunhua’t
Streptomyces scabiei 23S Flst o L A} AT H  toxin
¢l Thaxtomin AE FaF=AE &1 Fofl Aot (19 4). 13 U&=
of AAlg Alitw Ayt E= Thaxtomin AE Edsts At
Bacillus sp. sunhua®] o= ittt @A ol & ¢sir7]+= Ao
2 oAAE = 29709 Alatel W3 BioassayE M stal

off,

1. Bacillus sp. sunhua, 2. DB 202, 3. WB 700

a9 4. AlFHE 2 ASE= Bacillus sp. sunhua®] Z 3 test

) Al EAls WA AMLAGAS) FARA of4 FFAA @
o QY A2 T
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Aa ARGAS wEeke] A AR A gF WA GAsO
dug wey] A BAN AYY ARE FHSAT 94 A3
Tl AgozHE HPLC, GC/MSE &3t 571(GAss, GAz, GAl,

GA4, GAD® GAsE A4 1d F 4% GAse A 4
22 FA8 & 43 a5 HEolA @A dirHem oAAAI g
= d®st #Zo] 13-OHSt 13-He + ¥4 d=7F 22ke] 44l
M= E2AQFRTE s ﬁ“jéﬁ}"ir% (1" 5). 13-H A= 443¥
T2 ool Agoltt (& D).

W oW
Ay RRdE
ot R e

.

e m;;u H_;“:“ s | G40

a9 5 Al AuEd AR 93 F=
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1L AARNTEH AuMLA(GAs) 4

- :
GA HP!_C KRI® lon m/Z° (relative
fractions abundance)
448(64), 419(15), 416(20),
GAS3 35-36 2505 386(35), 251(25)
~ 418(100), 403(19),
GA20 28-30 2490 1 g75(75), 350(25), 301(25)
462(8), 434(100), 402(33),
GAI19 S1733 2598 375(50), 374(55)
- 418(15), 386(20), 328(25),
GA4 35-36 2510 289(40), 284(100)
506(100), 448(12), 376(15),
GAT 20-21 2679 313(12), 235(5)
MeTMSi, methylester trimetylsilylether "KRI, Kovats Restention Index “my/z,

mass/charge

o
[e

SAE 5M(GAss, GAxn, GA, GAs GAD GAse] 374 FAe old
FEFE FEA ey A F4E 57 GAsS AF A E Fofs)
of Y74 FAho W GHdEE FAAUY. 1 A% AW P4 A3
= GAlel 7F =9kal, 71 v5ol GAw, GAw o2 A4
Y EE YEYT o]=GAY AF C-3o FA7IE 7
= J o
%k

o =
o

u
w
A
®
=
=
X
s
o
>
=2
=
Q‘L
2
i)
o,
ot
oX
)
:IOL_"
e
O>~
[,

1
1
Ashe C-292) £} dojud v FYPow

ot

A7 wWEow FAAG g g AAIAHS Adfsts
7Hx A - e C-3¢ FA4F 717F e AWE-E] o m A
o AFAE HAHYg dF(ent - Kaurene 4t )

Uniconazol#} 2] &<& 3dlol A9 GAxnZ GA1Z°] 3

o] & Zo® Hol GAy ¥ GAIE W Fo A4S
W Ao=w AL Prohexadioned & 3loll A% GAyp ©] Wz
H|Aste] A &S HeEfl= A AYA7IeF e 4, &
Prohexadione®] GAxnZF-El GAolle] W3S 43| Blockst#
bl oA 7]Qlgh Aow AlmETh o]4te] AMEEFH Ao A7
FAol= WA GAse] Aol zo] #olsty, A4 P4 Adfst

oox

o
)
il
22
gg
P,L
o0 oox rff ¥ do o

>~
=z

5}
)

Ui
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F 2. AR A(GAs) I A AslAl Aol o3 AP P&
el NZELE

Con 96.7+3.3

Uni 96.7+3.3

Uni+GA20 40.0+5.8

Uni+GAT1 36.7+3.3

Pro 96.7+3.3

Pro+GA20 76.7£5.8

Pro+GA1 43.3+3.3

con : control, Uni : uniconazole, Pro : prohexadione

b |
7o wFety 54 % 3% vk Nutrient 3 3 vl =]
g:iy_’ Ao A Mo|gon T

. Nutrient A sf Aol A A2 A
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¥ 3. Bacillus sp. sunhua®] dejs+#e &4

Factor Characteristic
Shape Rod
Cell size 1.4um x 2.3um
Motility Motile
Flagella Positive
Spore stain Positive
Gram stain Positive

=
%‘;E] T+ Aglstd EAS

A0S AES A= ¥ 49 2 ASew WY
H ¥+ pH 5-10010tk £3 o F=7}

= 20C~50T o9, A% p
6% 7FA Aol 7hsslgl o, catalase ¥/4d R starch, casein, cellulose,
esculin ®3lzo] AATE o)A e FeE wFo FHsty A, wkst
4 54 2 Qs 54 HES A3 Bacillus $0.2 A5 &
2] #5% Bacillus sp. sunhua® H 33t

_18_



¥ 4. Bacillus sp. sunhua®] Agg#e 4
Factor Characteristics

Temperature range for growth 20~50

pH range for growth 5~10

NaCl tolerance for growth <6%
Catalase +
Oxidase +
Urease +
Lipase (Tween 80 hydrolysis) +
[i-Galactosidase +
Arginine dihydrolase +
Phenylalanine deaminase +
Hydrolysis of ; Starch +
Casein +
Cellulose +
Esculin -
Indole production +
H>S Production on TSI agar +
Levan formation from sucrose +
NHs production from arginine +
NHs production from peptone -
Gelatin liguefaction +
Utilization of citrate +
Methyl red test +
Nitrate reduction +
Denitrification +
Action on milk ; Coagulation -
Peptonization +

O-F test Fermentation

Degradation of tyrosine
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— O
TSBHHX] ] 1 v kAl 7ol w2 Bacillus sp. sunhua 59 A53}
B3 Ayt % 59 b Ao AsS 29 9
gatnt. 18 FAEL A TA e Kol
Q1 2ol A HolE YErlar 39 o] Fell= A
7‘*'} TJr @3}1 o] F9o AgoA=, FA=A AikS g wd

3E 5 Az mE wEAle] A B 24 HE

) Clear zone( mm)
HY 2EA| ZH DW(g/ml) o 2k pH
Streptomyces scabiei
2442t 0.03 6.95 12.4
48A[ 2t 0.05 6.95 224
72A 24 0.05 6.84 21.3
96A| 2t 0.03 6.85 20.0

* TSB: Tryptic soy broth(Difco. Co.)

(2) Wik e] g
ek o] W& PBacillus sp. sunhua 59 A5 JAEAD A
be HAES ARE R 69 YEWAT. o] AR Al AFS
30CelA 7bd Fkoy FAEAS Ak 37CAA Hojrt =

oh. wElA Bacillus sp. sunhua w59 A&y dAAEA AL
i 2w we g2 AE o A AT}

rlo

+
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T 6 "Wz wE #4 DW =4 9 334
3o DW Clear zone (mm)
Hj 22 5 () n
(g/mi) Streptomyces scabiei
0C 8
25T 0.01 18.4
30T 0.04 20.1
37C 0.03 225
57T 0.01 20.2
(3) 7] pHe 43
FAEZ A nz= x7] pHe AFS E 7o YA %7
pHE 4-10 7hA] WA 7|HA FAEH AAS HES 23 pH 79

A b B,

¥ 7. %7) pH W3] w2 #Ae] 4% 3 #4374
Clear zone (mm)
%7 DW(g/ml) Hi &= pH Streptomyces
pH scabiel
3 8
4 8
5 0.02 6.75 18.4
6 0.03 6.97 20.2
7 0.04 7.04 22.8
8 0.02 6.95 20.1
9 0.02 6.91 18.0
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FAE 2 S 93 glucose FEES FHES

=5 15%(w/v) #7lstdle ol 7HE F9ken,
z

Inhibition zone size (mm)
Carbon source
Streptomyces scabiei

Control 20.1
Dextrin 18.4
Glucose 24.8
Mannitol 18.2
Sucrose 22.1
Fructose 21.0
Lactose 21.1
Raffinose 18.0
Cellulose 14.0
Galactose 15.0
Maltose 18.0
Soluble starch 23.2
Xylose 19.0
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(5) Az9e 9

2% A mE IS ALk
At} Beef extract® ¥ 33k BE
=

T Z%E ved v KNOsE =38 & Frdads2 34

3 AR PAS 93 yeast extracte] FEE WIIA|A B
A, ® 11 EAIE vkel 2ol 0.8%(w/v)E H7Fsta s o 3
A AAbo] 7+ FUdTE whEkA o] o AP oA = wjH e A
2 A yeast extractE 05 %(w/v) 3 7}sto] sttt

E 9. Zadd g dAEE YA a3

4

B>

Inhibition zone size (mm)

Nitrogen source Streptomyces scabiei
Control 24.5
Beef extract 18.4
Malt extract 19.8
Peptone 18.2
Soybean meal 21.1
Yeast extract 258
KNOs 8.0
NaNO; 8.0
NHsCO; 8.0
(NH4)2SO4 8.0
NH,ClI 8.0
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¥ 10. Yeast extract Fxo] W& Y&z PALg}

Clear zone (mm)

=2 (%) DW(g/ml) Hj 2k pH -

S. scabiei
0.5 0.01 6.64 268
1.0 0.02 6.70 250
1.5 0.02 6.75 24.8
2.0 0.03 6.97 24.2
2.5 0.04 7.04 233
3.0 0.02 6.95 234

6) F71d7el 9%
Soluble starch 1.5%(w/v), yeast extract 0.5%(w/v)E 7} v =9
ZrEol F71ARE dEste AL Al vA = dFS HES
Ay % 120] debd whe} o] KClo] 7Fg Aakel Egkth MgSO,
TH.0, CaCl, ¥ NaCl 52 FAEA Aitel] ®©OgE2 JFS mAA
5353, ZnSO, 7TH.O, MnCl, 4H-O, FeCls 6H.O 2 CoCl; 6H.0O
o TE59ol oot AAsHA AU FAEL NS 9%
KCl9 98-S #HES Ay % 130 veRd vkl ko] 0.02%(w/v)oll
A S kol THE = dEbRaL 1 ol wolA = A
At} o)A o] wiUdEALE HAESY Bacillus sp. MJM-002
T FAEA S AT HA MARALES ® 149 HERRA AL o]

AE YMH A = g sk el
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¥ 11. 7195 o

i
ot

g R

A &3

Inorganic source

Inhibition zone size (mm)

Strepfomyces scabiel

Control 24.5
BaCl, - 2H,0 13.5
NaCl 20.5
ZnSQO;4 - 7H0 8.0
KCl 26.5
MgSQy4 - 7H0 25.2
KoHPO4 24.3
CaCl, 20.2
FeCls - 6H0 184
% 12. KCl s%d & JAEL g
_ Clear zone (mm)
=T (%) bwigm e e Streptomyces scabiei
0.01 0.01 6.64 25.2
0.02 0.03 6.70 26.8
0.03 0.02 6.75 25.1
0.04 0.01 6.97 24.2
0.05 0.01 7.04 23.3
0.06 0.01 6.95 234
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F 18 FASEAAT H A A (YMHA])

Ingredient Concentration (w/v, % )
Glucose 1.5
Yeast extract 0.5
KCl 0.02
pH 7..0, Temperature 37C

(7) FY=4de e Yt

19 69+ Bacillus sp. sunhua o 9]¢ FAED] YIS 7]
LA -TSB wiA ¢} HAojA-YM wjA& Atgste] vl HES 2
#E YT YM ®iAE AFEste]  37°CollA Bacillus — sp.
sunhua 75 MFFAS o FA AFS I 3Y o] Fo
A7Vl Eatgon, A=A ik wAe] ggF2 vl 2Y

o] A 5 344 Hdirh =HA

LE A= 2:TSB #i~]
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yE
jih)
"

A 24 229 = S

1A 1 A5A

7h) g
1) olu] @83 Bacillus sp. sunhua T2 5H A 271484 &
4e Fi
- I E%oA 8% Bacillus sp. sunhua® 37T, 39 %<k 180rpm
o] wjFzolA wYgete] dojzl wgAS HHE TS A AT
1

glal g 271498 Eede Sdst7] AsA oy 7HA #7
of & opAl gl ]E(E‘LOAC)E /\]"Q‘O]'})\_L Hj

2 347 e & 8000rpme.2 YA W23k Oé% %—Hoﬂ o g
olAlEIO| EE AFE3l 3W FE3IATE FEH FFHL 30TAlA
S silica gel columnol] =R 3sla o]F

Az AY. w5 24
4e MeOH= st 8 ottt ol& thA] &wujo] =] reverse
phase HPLCE o]&3lo] #gstslem, o] W Cis columns A&
33l o] F AL acetonitrile : water(60 : 40)E AFEEFA AL, 75

2.0ml/min®] 1 t}.

b A7
b ulgEo] Aste
DA 2148 fE 2

2HEH ¢

o,
=
)
B
ol
o
8.
=
<
105}
w0
o
w0
c
)
=
o
Q
&Y
X

- Bacillus sp. sunhua’l A2bsle #A2F Z714% = E2S &Y
st7] sl A AH Horste EntEHN O Aglste] A AT
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160
140
120
ﬁ 00
:_.g 80
I 60
40
20

a8

dDolA RefFE A2 controlq! o] Az} of 2 7}A]
H = Hexane. BuOH, EtOAcE A-&35to] F=&3}
3 ]

ol

j=|

2

FEAS AGPEAA 44 E4ES
olA A FUBHA Loty EvtEM ] e
719 % EtOAc %% 9ol 7}x¥ et Zggm},

2+ Bacillus sp. sunhua W&ol S pH 2, 7, 1022 =
oA dudgoez MHel® EtOAcZ FE3F9 pHel w& Z
718w 259 48 AT 1 A3 pHT #7771

[e)
oAAM A 2718 fFreede] &S 49T F AAHTH2).

O3zt 160 BEOACE B2t
140 O== &9
120 | IR
100
| 80
M I 60
] 40
M 20
control BuOH Hexan EtOAc control pH2 pH7 pH10
Samples
HEXN XINLEE FESE EZ2E Ast oS O82) 2X X)L S22 52

o o s5d %@% silica gel columnoﬂ Z23& 311 MeOHS ©]
o2 gt FA sttt ol & oA &vlel = prep HPLCE 3

o] oj2] peakES AS F UATHZHI). A4 57 peakES 9
= + Told EvtEXC At 1 A3
wsklS o 2 AAE 24z prep HPLCO & &0 A5
of mleFst FHE HATE old AIe ¥ AASE FHANA

e

o] vlota e

o A% 2L AAEARAS0] 247 Ba® Qo AR 7
7ol 457 BAES B¥Hon AgAtY 4FEAENE 0
A Aow ARHY AgFarlds AR & Aew Ardoi
(2%4)
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L]

Ex

=]

% E2S prep HPLC

Bl

;iﬁ

_

B
Samples

control A
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2. A 2 AFA

7h

gy

D #Z& Aty oA =2 9

- A& M JA EAES Y87l 98 A Bacillus sp. sunhua®]
FAED AAzA g FAEAD ERAE U o] s}

oﬂ]jr

- Bacillus sp. sunhua®] FAEZ A2z

Bacillus sp. sunhua®l 82 TSBH{A] (Triptic Soy Broth) 3ml
S Y AgH 2% HFS F 37ColA 150rpm o2 3UTF Y
Fehanh. 1elal GYM Aol A G oWl Streptomyces
scabieis =23 ¥ A7 8mm discol Bacillus sp. sunhua®l “
ZHEe HAs deollT S scabieid AL AASE clear
zone2| FHE AL FAEAL
Bacillus sp. sunhua’} A2teh= A& 2
Bacillus sp. sunhua’b Aitste IAAEZD S pHel e GtHdAdS
HESL7] 9l8ke] Al HHO]“’“% 0.IN HCl # 0.IN NaoHZ pH 1
~ pH 13 7h#] A& F 4TolA 20A7F &<t dA st thA|
pH 72 ZA3 & S scabieis A5tE &3S #3539k 1g
a2 g P2 40T ~ 12()C77}XH Lol A 30%

(&, 121C9] A%+ 208)A- g g & discH mgi a3 &4

£ ZASFA T

=
=3

o_>L

ZA}

(& off
B2

2) A AlitH toxinE e FFo B A FH

- GYMHJA| & o] &3l 28Tl A ulYdE o] oatmeal broth

500mlell 3% = HEF3dla 5U7F vf%3te] Thaxtomin AS AJAFSH
HPLCE o] &3} &elsl3dt}l. Thaxtomin Aol HdAAES %
S A BHsle] dAE AAZ T oml A AT EF3)

o S AR g, Lo ntE FA #RE 4 ARl 4
i =
Thaxtomin A ®3EAFS Kol Al 2 Wads Adste] wjdet

=
oANS & Ethyl acetate® + ¥ FE3 § HPLCE °]835}<]
Thaxtomin A°] +a| &S FA3 T AF-E columne Cig column
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)

1)

S Abgsla fvlE=  acetonitrile:  water(30:70)S  Ab

A=
Iml/minZ A7jstE o, UV249nmE o]-&ste] A&Estuct A #+
5 16S tDNA A71AES #43 & BLASTE o] &3le] 5A43
=]
AA

oo
QL
£
¥ o

SEEE!

A Mg oA B

A2 A dA S24E& F7] fste] WA AR AHE o)
= oo ® d#R Streptomyces scabiei?t TiWolw ol el
=]

&

A9l Thaxtomin AE &Ral=d F2357] 984 Thaxtomin
=2 o% A sE S scabieis FHREJT. g
Thaxtomin AS o ZFA4sle] el EUdo 2FE Thaxtomin
AS RstE #FS &8kl 9o Thaxtomin Al g &
f T AHAFIS AP Tl Uk dAA R PAZEFE
Thaxtomin AE 7] 938l oat meal brothE A3}
Thaxtomin A4S HPLC® &1g A3 17 49 A, BollA]
Thaxtomin A peakE Q1A 1™ 49 A& control2 %
Whe <=4 Thaxtomin A9 I ZuwlE1dIo|al BE S scabiei
7} A4telE Thaxtomin A peakES YeETtH I 5). o]zf3k 2
HE vgo R 7Aare] AldH AAELS 3AdE 223 3o

o}

>
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2% 5. HPLCZ %3 Thaxtomin A A4F o5 ko)
( peak 2 : Thaxtomin A )

A2 A s JAsE MAES Tl ESOSERE g
- AFE AAEG o 2RE 223 Bacillus sp. sunhua®}t Bacillus
sp. 8N, THEGAA e HAES screeningstd] A MTH
3l =& bioassay atth 2ol wMAEES 30TlA
Hj okl & Abs oS HA paper discE Streptomyces scabiei’}
loading¥/°] = GYM E3dujA] fjelA mjFstdet. 1 A

—

Bacillus sp. sunhua”}  Streptomyces scabiei 23S 221349
om w3 Ak MW toxin®! Thaxtomin AE & st=X 2 &
ol o) At} (18 6). 2xpd To] AT AT AdjAF T
o]
H

Thaxtomin AE E3&3t= A2 Bacillus sp. MJM002%] ol = $1
Ak dA gRlolHE AT = AR A== 29709 Al

o] )3 Bioassays 3star qlt}.

AN
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1. Bacillus sp. sunhua, 2. DB 202, 3. WB 700

a9 6. ATHES oA = Bacillus sp. sunhua®l 23 test

3) AR Aty oA

- Bacillus sp. sunhua®] FAEZ iz 9 FAEZD EAJFA
FAZAPA Z2AS 98l TSB (Triptic soy broth: Casein, Soy
peptone, Sodium chloride, Dipotassim phosphate, Dextrose) B *]
3mlE ¥ Test tubedl &% HEst] 84 &<t A wiY 3t
o 2wt 100ml 22 500ml AFZFE ek~ A oujeked 10040
= HE3 5 37CoA 150rpm o2 343 vjekatdt. Ao S
< 1243kl A HoE YER AL 2447 $5E F A} Asdnh
g FAEAS 24N o BAS Hd @l st ASs &
AR o™ 24X 7 o] FHE = FAAastAvH" 7). 19 A=A
EzA M= Bacillus sp. sunhua’} A4Hst= EAEZ S 01N
HCI¥ 0.IN NaOH £9& AMg38te] pH 1-142 XA 4
24A7F HdAE ¥ F tAl pH 702 Fshgk H o zkEst &
paper disc'dH o2 43 A3 (LH) A K viep Zo] B &
AEAE A 230 A = Bt o aze]d oA = v
S okgelAd. dorg oA = 40T, 60T, 80T, 100T Al 30%
a8 121 CAAM = 1657 €328 $ & Bacillus sp. sunhua®l| o
& A4S paper disc’IWH o2 ARG A FEl1ol vEbd npel 2



o] Aol HluLA A3l 80TAA 308 FoF A s
qol @4E& AR EnRE & AL

S 7R AR wEA o] AE uvl'g SR Bacillus sp.
sunhua’} AAFshE FAEA] 2 AdH S AT 389

r""-.\ ‘,!
y el

Cell growth (OD 600nm)

Antibiotic activity(mm)

J
/
.I

Time(s)

18 7. Bacillus sp. sunhua A &4 AAxA

120

100 |

60

a0

Relative remaining activity(%)

1 2 3 4 5 6 7 8 9 10111213 14
pH

19 8. Bacillus sp. sunhuaZ 458 Aisl=

Fy =] pHAAA
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¥ 1. Bacillus sp. sunhuaZ 58 ALt =

FAEA AU

Temperature(T)

Relative remaining
activity (%)

40 94.1
60 82.3
80 58.8
100 45.0
121 [}
Control 100

2ol
ool ®aBy Bl AeE F Atk

(a)
FZ£3

hul

4

19 9. Standard Thaxtomin A(a)9} 7} = 73k vl o g2 B

Thaxtomin A(b)

_35_



%

2t A RE Y e Ald 2 de 5000 #FE o]
o] 7H2F o iL(Streptomyces scabiei)®] A= HAEZA
Thaxtomin A®] Fa &S FAgt A3 AFLE FApdo A
WA (KJO-as2) 3 E A #(B170)2 Thaxtomin Aol g &
Gd4(19d 100 HERES HPLCE ol &3te] ettt Taldd s
ol wWhAMyF, KJO-as29 16S rDNA 7|4 4de #3 Ay}
Streptomyces mashuense®} 98.05%9 4sd& R S mashuensest
W b FE Aew AtREY. T3 EGA(BIS0, B164)
Thaxtomin A°l] tigt #3|7F old & WP (ad 11)S EAth
o]=  Thaxtomin A¢] phenylalanine 7% 2] -OH Zg7]
glucosylation®} 2 Hbgo] dojy} s Zloz dFHr) 99 ZAis
vtgro 2 33d Lo & Thaxtomin A—4 tﬂo] AE LC/MSE o] &3}
gelstar Faf % WA Ao 54 H

mutatione &3 A BHAS 6‘}11}?}‘3}.

Hﬂ

[o

£

r ok

fLonh o O ofp dil

i)
N
S
1o
o
X,
(o
PEE

4.7

1- 118
" 14 1. 8

3184
ﬁil”'”";pu""

1]

L

a3 10, WA, KJO-as2(a) 2 Aol 23 Thaxtomin A<
3ol HPLC A Z(b)
| * Thaxtomin A, %: Thaxtomin A%l af o4 Ho] A
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(b)

(a)

a9 11, EAIT, B150(a), B164(b)oll €]

g]

\

o] Ms}ek

pul

% Thaxtomin A

Ny

s

HPLC
| © Thaxtomin A, %: Thaxtomin A¢] #7}ldA ol

3) A 3AFFHA

=0

3

o

7 %

Z7(18L-6D)ol A 159 7F

Z7(16D-8L) 2 #7 A5}

A ¥ A

)

)

—_—
o

2,3 59 Wz 2a 23

, o Fefol i

ol GC/SIMHE o ®E i

S|

1]

S

80%MeOHN A %, o3}

KN
=

o A o 10g

P

A7t

GAE

7

oy
N B
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2) A7) v A xudh e A 2 2 AT 73
- AWEd AGS gkl w487 s E db] A sk
A ARvtEIHIAE AMESte] A GARE S HolxWeow
W&zt 3 3 N-Methyl-N-trimethylsilyl-trifluoroacetimide
(MSTFA, PIERCE)Z 80Teol4 3083 #F=A=Z WA
GC/MSEA (ZH: J&W Scientific DB-1, 0.26mm X 15m, film
thickness 0.25um, 7]2]o]7F2: He, Iml/&, A8 E=YF 2% 250
C, 225 183 0CTE AT F, 245T7HA 30C/Eo=2 &
5 =9 F oAl 300C7HA] 5C/AEo = Eolal, o] 23 EL ©]
Y 70eV, ol &3tk 200C)S AT Azt FAo
2 23-30dml ARSI AE FUstY ARt s
Retention time® Z4-E] Kovat2] Retention time*]4=(Ref.)& At&

et

rlo ki

o
2

W) A2

D 9Fzxded e A7 FAA F3H AwPde] A B s
- GC/SIME ol &3t Ao wE WAGAES FA8AT o=
1597 ASS AABE FIdx2A7 ddx=71(16D-8L)E 8 A
ST UE2T AlRE 9dzd AgHdd AFsida, d
Ay 1, 2, 3, 5¢ HE g A 2 BRESAY. 4
Azx3 Ztzke]l AR oF 10gS 80%MeOHON A F2%, of}pslo] o

H
=

—

Ao WHEFEDZAN FTFAHEY GAE H7Mste GC/SIM

3 EA% GA, GAw, GAITl GApS ZFol 4%
we AHog Vet 283 GApd GA%e W
A dFdAgd wep & WsE JEigA FaAvr 843
A F 1-29 Abolo] ofufAE e RS Ho

Aol GAY WAZHS 4t e AS AASEATHE 2).

_38_



E 2 Azl mE Audad 4w

Gy GiAy
LD b{ B LI b1
S4402 = i.5 02 : L1 a2
2B ] | ZEELT | 32T | L1207 | 11303 | 08200

2O 0% | 20203 [ 17E0E | 12403 | 13202 |03 200

31 H0E | 29204 | L4203 | 15204 | 1.2 3401 |02 00

anldl—*::-"%'/
5

£
=]

3503 | 3XH0Z | L0017 | 13203 | 14303 | 03 200

LD long —daw, S0 short-danw

2) A7 vt A A A 2 I g

- Ao B A AuEde] Aol diel] dotr ] s 7L
b ARk A=A GC/MSE 43 13-OH GAss Folshe]
GAsel W3 273 AN &S 2=ASAT GAIA 9748 F4A
slgo] 7 A dEwa 1 AT GAx GApel A= 773
PSS A AT 2, GASl C-290° Fakstrh Aol GAgel
M= GArel Blgte]l AAFY Asf&ol wig skt daHoew
el A @GN WA GAse gl o] #ofstH GAs A
e FH dAE Adstd ol FdxAANE AFIS
FETE A AR 27 AM GAs AFAAAAS F5he]
A8 WA GAsEol 4P dFE A= A A }EHTJ-

3).

O

¥ 3 GAsol w2 #7434 A ast

GAs AL
Con 96.7+3.3
GAI9 53.3+3.3
GAZ0 46.7+3.3
GAl 33.3£3.3
GA8 90.0£5.8
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4) A 185 3A)

7H

Ay

D 72 At As) 22 &

= Bacillus sp. sunhua®5-E 37ColA 193F 150rpm A4tE 343

EAS dFew #g, AAs st wigd 15LE 4T,
8,000rpmell A 30&-7F YAEY3 T g5 AL A A5 do
%Y EtOAce #H7bete @4E4HS EtOAcTo®E o] dAZl
rotary vacuum evaporator® &3t th. 18]al X3 B3
methanol® 9] A silica gel 60RP-18( Merck Co., 40763um)
B A A reverse phase flash chromatographyS 3]s} t}.
g4 9l = fraction 8-S prep HPLC(watersAh) & A& 3sle] =4
548 3 Y. prep HPLCA] Symmetry prepTM  C18
coumnl. Z o)A 60% aqueous acetonitriled A}-&3}
15ml/mingd £EE £EFAA 254nmolA] peakE: HES)

Q1 refractive index dectector® 7} peakE <
gto] 553k ths, methanoldl]l %o oA disc¥H o= 24

2 o o

=34

&

{1
K

m
o
O

.

=

AA FAFARA O At 2 AF 54 Gt AAs A1E
Bacillus sp. sunhua’} A2atsleE dAEHo AFAS T+x24A
< Fote gt weA =3 548 D-MeOHel =

A& gt 7] Z s A T 571714l o] ¥ 5}
S AT 1Ela AA ElA
A2 WAt wAHS gl AAS} AFS A F
add(F)oA At JdE FEES AL AR o

ol & potdl  HE GYMEAOlA  wjggt
Streptomyces scabieiE 3|3t HETS T, of7]d W

Bacillus sp. sunhuaZ = &3t}

fo o
=TT

s

2
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W) A4

D) 72 At st As £

lo
S
AC)

)
i
ot
o
il
i)
tlo
=
ol
o

- Bacillus sp. sunhua@ ¥ A4t 2 e AAs
7] $lste]l 15Lwfgels dAlEelste] 42 Ao {718 vl  ethyl
acetate® 7t} ojul 4 EZS ethyl acetated o= o] A 7]
FZ3Fe] o]Z silica gel 60RP-18( Merck Co., 40763mm)ol &2
reverse phase flash chromatographyS <3 sttt &Aool = 2 F
prep  HPLC(waters’hH)&  AF&3te] &5 TS9N dE 12-a).
prep~HPLCA] Symmetry prepTM Cl18 ZAHE Algddx &w= 60%
aqueous acetonitrileZ AF&§3}¢] 1.5ml/mine] £E=2 §EA|A 254nmel A
p%k‘ﬂg4Lxmww+ﬂ 9l refractive index dectector® Zt peak®
3 slo] H=3% )2, methanold] =¢] oA discHo=z A7 I
@ETZ A A A dds Adlste A 1 5 AT (2F
12).

mlo

a9 12 AAAT BdEs A

],

o
rlr
odt
o
i
i)
S
Ak
e
_I {0
o,

T a
Antibilatics
sunhua
L3

¥ " " ol 14

L ia €z 4

12 - 1

a b
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A 34

¥
)
—"‘—]‘

3HEE AT S

1. A 1 AEIFA

Edo E3tdy. By nAES 25T, 5959 150rpm <]
WGz A wjkste] do] A wjtdS FdEH=E TS AAG
o a8z ARV FEEdS BYshr] f8A o8 gF

il
Auj
A
=2
I
&
o
o
AL
it
ofN
i3
>
ETR S S

fhzke] 2%} g F%0
o cela 2zt BASS 30 Wl wolA A
Qs ol metEse] A st

EEAE AR w3 el oF EriEE] 7 EE

ASsATE Fvle] o] AYEwEANE WA 70% EtOH
APl o] autoclavedt 2] plateo] 30704 =48] 8FA T
283 growth chamber (2100 lux, % 28T, w:23T)oA <
gt olgt EwtE X E 7FA Il magentad] &7 W FHE F

A AFEN fr Bdo 2 A 2 54

2AE AFEN = EEE 28 AAs] f8iA 25T, 150rpm

o7 597k wjokd & 8000rpme E YA EYslL AL AL
EE AgetY 3W FEIAT FEA 55

£ 30CeA rotary vacuum evaporator® F83 it =& %
=3 &4 silica gel columnel] 33l o] 54 MeOHZ A
MAIA FE839h o]E YAl &wlddl o] reverse phase
HPLCE o] &3t o ojuf AFE3t columne Ciscolumnl 2

7l & vl & acetonitril:water, < 2.0ml/ mindl A 3 slo] &=
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A BAS B, AASAT 1 dR8E EvtEel Aol 4

T’]i_ 7{% AR
a 44 E—QOH A= tolzu e o
2 WA 3 F N-Methyl-N-trimethylsilyl-trifluoroacetimide
(MSTFA, PIERCE) = 80CelA 30%7F F=A= WIAA
GC/MS=E A3t A5t Ao &4 23-309 A4 ests
25 Fdste] Almel &34 49 Retetion time® ZF-H Kovat

9] Retention timeA| & At&3to] 22 & A ATH
A -4 3}
NEQAEZH T8
A Bl AFo] 72 XA 2 AE B2y AP 2 HE
=2 7FE 2%5F E9sdd

- 283 27}A Penicillium? E4v A Eo] Eu|sls A2
2 =4E 437 kA nAE v S Egste] 1A
S EvtEd AYedet. 2 A3 80%ol] Aol EtOAc fraction
HEHAJT. o] fractionS %%ﬂ S HPLCE A Alsto] 7}

o] AR5 EntE At A F4dES SAHsAH 1
Retention time 20-21+(A fractlon)JJr 35-36+(B fraction)ell

e AEAS Ry 35 GC/MSZE 43 A3 GAL,

GA3% A fractionl A GA4¢} GA9L B fractionol A & H S

th wA4E 4F7e AWMEHS FEFE Ay on #F 4HA

Gibberella fujikuroi®.th ¢ 5-10M A= @2 Aoz dhelydn

aHy AEEoFe] A83 dAAE A ASe] o3y 7

e A S of7]eke Aol " g Jorn®m otk AAAEFA

297F frEe SHE kil Al E T

_1[}1
Y He

o e
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¥]l 223 EGUAZ wjgARE EAd 5 9 A
(&4 : ng/ml
GA9
GA1 GA3 GA4 B
(A fraction)| (A fraction) | (B fraction) .
fraction)
Penicillium A 0.27 1.88 2.43 1.96
Penicillium B 0.60 4.00 6.44 3.48
AEAZEF BHS A7) 934 HPLCE 3t E2S B34
o 2Ed 2EE 77 Bol AEdd AHE s 1 FolA AE A
A= 237 YeElYE  fractiond AEEte] FREAHS AAGHS
o 2 Ay AwEY o)t EEE 54U
2. A 2 AFIA
7h sy
1) ESG AZE A
- 72 Qe A 2 FE of7|st= y oMYA (Streptomyces
scabiei)°] AAA3t= HAEAQ Thaxtomin A w3 w9 A
S Qe Ak A EgoRRY EY AES AFHSAC
AaAdoz 7 AmA A, s Ao, sikA o, HokA]
d)e} guoly AKX FHoZ EY MES AMFI}NLH, F
6470 A4 142712 sampleS FH3FATHE 2).
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2) AR o] Wit (Streptomyces scabier)
- 2 Ay A8E A gdo] ¥y FAAWTEATY

R R4
2 EG AE A3

o

o

A1 A < A3 samples™
i 26 38
IR 15 37
3l $F#] 18 56
H oA < 5 11

Al 64 142

nAEREANE (KACCO)A HEFQ Streptomyces — scabiei
KACC20267E5 AF-g3sth. £ ¥+ thaxtomin AE o] A=
TFolth, FA #FZ GYM agar®t TSA vix|o| A 29T A 577
St wFstATh 79 ek wigE #FE GYM broth siA| el Al H
Fato] 29T A, 6~8Y &<t & (200rpm)3FS Tt

4 B B e
(1) GYM Hj=A] Z=A]
Glucose 4g/ ¢
Yeast extract 4g/ #
Malt extract 10g/ /¢
pH 7.2
autoclave 121°C 15min
(2) TSA w=] Z=A|
Casein 17g/ ¢
Soybean Meal 3g/ ¢
Dextrose 2.5g/ ¢
Sodium chloride 5g/ ¢
Dipotassium phosphate 2.5g/ ¢
Agar 15g/ ¢
autoclave (121°C 15min)
3) EGAEE FE oF £ ¥ thaxtomin A 3T A
- 3 EYAE 5g¥ S FE tubeo] Wi 1A 7=k
A

ARk A=A IwE HiE tube

offt iz}
o Ml
-
o
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ol &7 ¥AE2(6000rpm, 1min)dt . A5 50, 100, 200 wl
= Thaxtomin A (TXT A) agar wWjA|o] =3 F 29T A
A~T7L st wjatdtt. TXT A agar iAol A A& colonyZ
TSA HjAo] HEsto] 29TolA 2739 Fek w%s 5 TSB H|
Ao HEFsE 2~3d <t G wjFstArh. vigES thAl TXT
A broth ¥lX] 5mlel 100t HZF 3 F 29CoIA 10~15¢ &

ksl & thaxtomin A A oARE =AUt thaxtomin

A9l ZAAFEE HPLCE o] 43ty 43 thaxtomin A +
3 =2 AWtE = thaxtomin A9l FFAEo] FH A3 30%
o]l FFE Ut o R T

7h wiA] 2 A

1) oat bran broth(OBB) #l#] Z x|
oat bran 40g//¢ & 20=3%F &< 5, 1587 94&2(10,000g)
g AEdd FRTE HUEY 102 e = Har (121C,
15min) &}t 31 ot

2) TXT 9 z=A
TXT wiAE ZAs7] $38te] thaxtomin A A TF
KACC2026752 GYM brothell Al wjatadetk. GYM  wi<k
5%(volume)& OBBoll HZE3lo] 29Tl A 8~10¢ &<t &)
& (200rpm) sFATh. cell& A 71871 184 OBB "<
7 A4 (10,000g) 8 §F s Ao FEds 105
T
O

[UO
—
(@)

, 10min ‘813 ¥ thaxtomin AY A %= HPLCE &

A3kA T 2 wixlE TXT broth wiA|&2 o] &3ttt TXT
agar HHX]~ ZA3F7] ¢13) TXT broth BjA|o|A agar 15g/ ¢
S #H7Fs & YA 105T 20min B3}

4) thaxtomin 2 %& FA37] 91 HPLC =7
- thaxtomin A Z4&#HS =74317] 98] HPLC (Shimadzu 6A)E

o] &3¢tk TXT brotheld ®lFE wldA@GmDE LAE

(13000rpm, 5min)%F ¥ celle A AR Y. A5 A3} ehtyl acetate
2mlS 1A1ZHset E5e & 3083 WA FEsdes EEs
t}. Column<e Waters pBondapak C18 3.9 x 300mm< A}&3FS3
t}. eluent= 30% acetonitrile (Tedia HPLC grade)E o] &35t}
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UV detector (249nm)E ©]83}% 3L, injection volumes 139 2

WUz Ao F45E Inl/mino] L B A 7HE 208 FoF AAE
Ak 2 AP AE o 33 vHE A

5) Thaxtomin A £3] &5 A% 2 16S rDNA E7|A4 4 £4

- HPLC &4 A2 5B¥ 15759 thaxtomin A 3 55 A
skt ol w el uigk EwsA 54 ErbE 918 16S rDNA
AL E B4 16S rDNAS 97144 £4& 9 58§
¥ & primer (fD1 & rP2)E °o]&3to] 7+ A9 16S rDNAS
TETSE, PCR 9HS AHAT tF £ AdFHoA A

_IH~1 rir
sk

il

-sequencing primer(p510r, p357f, p783f, plO371)(E3)E A&
ate] 16S rDNA A 71 4& 4]k th

L—f-

direc

3 3 Primer list

Primer Sequence positions
fD1 AGA GTT TGA TCC TGG CTC AG
rP2 ACG GCT ACC TTG TTA CGA CTT
po10r TAT TAC CGC GGC TGC TGG CA
p357f CTA CGG GRS GCA GCA G
p783f TAG ATA CCC TGG TAG TCC AC
pl037f TCG TCA GCT CGT GTC GTG AG

6) A 59 FAA AFAH 49
= ArE ] diste] A AFA ARE APt A
o] &% A A = 6714 (Ampicillin, Carbenicillin,
Chloramphenicol, Kanamycin, Streptomycin, Tetracycline) $2.™,
Ao AlgE XA F== 22 0.05mg/ml, 0.05mg/mlé, 0.034mg/
mf¢, 0.01mg/ml, 0.01mg/ml, 0.005mg/m¢ ©]A Tt TSB broth vjX|o]
Fote] 29T, 2~3Y &t &Y (200rpm) 33T,
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7) plasmid #2 % AA|, E. coli transformation

- QIAGEN Large-Construct Kit&  ©]&€ste]  ha7-2-3-1
(Stenotrophomonas maltophilia)2} k18-3-5-1(Stenotrophomonas.
sp)& HE plasmidE 32 334 E2 ¥ plasmidi=  Heat
shock WHO=Z E coliol ¥4 Ag=Aom, Jd4d Adstd E
coli= 3} A Al (Ampicillin, Carbenicillin, Kanamycin,
Streptomycin)?}  F7Fd LB agar HiR|olA  AdE Q)
QIAGEN Large-Construct KitZ o]-&3 a4 WAEdL z2t= &
AAZ E coliz HH plasmidE #2333t}

8) WA A A 2] E. coli BAAEANY A L FAA AFH 43
- JAASH E coli & TXT ujx|oA e AFFFE #&E3s7] 9
gl TXT broth oA 37C, 1594 &<t &8 (200rpm) 3T
FEHSE E colis A AFA RS At A
o]-&4 FAA = 67HA (Ampicillin, ~ Carbenicillin,
Chloramphenicol, Kanamycin, Streptomycin, Tetracycline) $12
o AFo| AL8E FAA FrE 242 0.05mg/ml, 0.05mg/ml,
0.034mg/m¢, 0.01mg/m¢, 0.01mg/ml, 0.005mg/ml ©]2At}t. LB broth

Hj Aol HFake] 37T, 2~39 st i (200rpm) kAt

W A4

D EZF AZE AF

A2 AR EGomRE ES AES AFASAT ALdE FA4,
B, T, A4 AY, AgEE ¥ F4AY9e] A= T2 A
A Yol MEGAA HAE AT olE A9s AdE o
FE7 A5 FFe giolw el Aol Al Aew Jeiwta, 7
5 oGdA g Ao dao]l He Heldth THE Y, o7,
A, STAY A= 1™, Y, LA E F2 A TR )
LA E ol &3 74AF Aujrt o] Fo] A YTt sFH Eg
Al goly Aol Hlw A Agk Ao R el FHEE FEAl,
Age 4%, 45, 24, AFE FAFd FAFAGL s
wal xS Aujste Agow FEAECG giRrEe YA O
ool WA WEtE A, A% AdAl= HopA o



2)

3)

= 85 9150 A oo A3 Jgem, olE F i
o]y wHo] A% RIS FAow AZL AAIAT. 647) A
o A pAw Bkl A 142709 EF AEL 57 ssich

E% sampleZ2 5 ¥ #F9 £

14271¢] B AZ2HEH 2000995 o] mAES 2T F
TXT wiA] oA thaxtomin A 3] 55 A3} thaxtomin
AZ 30% o4 Balsts #F 159 Fnsyic At FFE
of el Aos Ay A e A A EFelA 107
8 AR E oA St A E gl

Ak o] BFsky 54
Aubato] BREA A E 371 913sle] 16S rDNA 9714
g8 23 5 GenBankel BLAST search 3Fith
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3% 4. BLAST search result

Strain No. Blast Search homology (%)
Baci . 1
h31-1-3-1 aczllu§ thuringiensis 00
Bacillus cereus 99
h31-1-3-2 Bacillus pumilus 99
h31-7-3-1 Pseudomonas putida 99
Bacillus mycoides 100
h31-7-3-2 -
Bacillus cereus 99
h31-7-4-2 Pseuomonas fluorescens 99
ha7-2-3-1 Stenotrophomonas maltophilia 99
ha7-2-3-3 Stenotrophomonas maltophilia 99
hal0-3-2-1 Serratia plymuthica 99
hal0-3-2-9 B.aczllus m.ycolzes . 99
Bacillus thuringiensis 99
hal0-3-2-3 pantoea agglomerans 99
Baci
K7-3-5-1-2 'aClllus c'ere'us . 99
Bacillus thuringiensis 99
K18-3-2-3 Mycopla'm(? bullata 99
B. diminuta 98
K18-3-5-1 Stenotrophomonas nitritireducens 98
Stenotrophomonas maltophilia 98
5 b . ;
K24-1-3-1-1 nterobacter mmzpr.essuralzs 99
Enterobacter amnigenus 98
K24-1-3-1-9 Enterobac-ter mmz%oress.%trahs 99
Buttiauxella izardii 98
thaxtomin AE ®3d35t= T+ Bacillus %, Stenotrophomonas <,
Pseudomonas % S99 TFA Aoz HIHAHY o5 F
Stenotrophomonas <°| <3 ha7-2-3-1, k18-3-5-1 ¥+ %
Bacillus == hal0-3-2-2°] o gk AdSs 18y A1 F o
Stenotrophomonas maltophilia= A EWe| plasmids 332 A=
Aoz B v o, $f3 plasmid7t HEEg EF W

of FH e e Aow deid drh




4) HPLC &4 23}
- ha7-2-3-1, K18-3-5-1 ¥ hal0-3-2-2 3i 5ol st
thaxtomin A ¥3]l &= A5 ok}

HPLC(%)
HPLC(%)
120
100 |
80
60
20 | —e—negative STD
—=—hal0-3-2-2
20 —&— k18-3-5-1
—e—ha7-2-3-1
0 . . . . .
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17DAY

L. O

-
T 148, AN
L 0. fhg T

—

e, _..'-H_M q_._-'.____.-l. ;‘-““-*:..... | AL ) 1l -"‘*-....;-"'.:I-
oy 2. HPLC 23 (WS 174)

A) negative standard B) hal0-3-2-2 C) ha7-2-3-1 D)
k18-3-5-1
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5) ha7-2-3-1 & k18-3-5-1 #59] FAA Ay 23
- 3 AA WA Ad A3 ha7-2-3-1+= ChloramphenicolS A £] 3+ o}
E FgAgANA WS BHPgoer, kl1l-3-5-1+ Chloramphenicol ¥
Tetracyclines A& gk o2 A ANA WS HATHIHD).

A) 1 2 B) 1 2 G 1 2

133, Negative standard antibiotic test 1) ha7-2-3-1 2) k18-3-5-1

A) Ampicillin antibiotic test B) Carbenicillin antibiotic test
C) Kanamycin antibiotic test D) Streptomycin antibiotic test
E) Tetracycline antibiotic test ) Chloramphenicol antibiotic test

6) Plasmid isolation
- Stenotrophomonas maltophilia’= 3 A # &4 o}t
Aol Hajo #HEYE= FdA7F plasmidel 9 A 3o}
o wEgka, 2 AF A thaxtomin A &3 )
Stenotrophomonas %9 T ¥ (ha7-2-3-1, K18-3-5-1)2 &H
plasmidE & 8FATH 18 4).
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19 4. Genomic DNA of ha7-2-3-1, 2. genomic DNA of k18-3-5-1, 3.
plasmid DNA of ha7-2-3-1, 4. plasmid DNA of k18-3-5-1

oL

7) Plasmid®] E. coli Transformation @ A=) #3kx

28 % plasmidE E coli DHoaF 2 F 2 A3 a9tk d2 438
HA @S E coliv A A AP Ay, dAddTet 2o

ha7-2-3-19] plasmidE A A3 E colix Chloramphenicol<
ALlgk o FAANA WS HAeH, k18-3-5-12] plasmid
2 FAALI E colix Chloramphenicol® TetracyclineS A€
g OE Al A 141“3 HATH(1"E 5). thA] TXT broth )
Aol HFatdt. AAE HA4 42 E. coliv= TXT broth ¥jA]
oA AGEA e H&‘?i FAAE E colit= ¥ 694 TXT
iAol A st o s UbEET (19 6-A). o5 FE A
s Avt= 29 6-Boll YERHATH

A)l 2 3 B 1 2 3 O1 2 3

2H plasmidE F=
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195, 1. non-transformed E. coli, 2. E. coli transformed with plasmid
of ha7-2-3-1, 3. E. coli transformed with plasmid of k18-3-5-1

A) Ampicillin antibiotic test B) Carbenicillin antibiotic test
C) Kanamycin antibiotic test D) Streptomycin antibiotic test
E) Tetracycline antibiotic test F) Chloramphenicol antibiotic test

9 6. A) 1. Non-transformed E. coli,
2. E. coli transformed with plasmid of ha7-2-3-1,
3. E. coli transformed with plasmid of k18-3-5-1
B) 1. plasmid isolated from non-transformed E. coli,
2. plasmid isolated from E. coli transformed with plasmid of
ha7-2-3-1,
3. plasmid isolated from E. coli transformed with plasmid of
k18-3-5-1

8) AA YAt
- & plasmid transformation® E. coliS ©]-&3}o] thaxtomin A

sl et AFE AP 5
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3. A 3AF3A)

D

ofo
m

GA A

]

g faAe 2

(1) total RNA &2 % cDNA 4

(2)

- AR g= g2 A AT SFARS] ¢

3)

A Ad Aol s dojuhs AE FHE5FEH RNA F
Z3alt}, Aa= AHAAS  HArbste] mpAs S RNA
extraction buffer ¢} phenol/chloroforms ©]-& 3} total
RNAE EFg 3ttt mRNAA A= Promega®l poly A Tract
systems ©]-&3te] AFo] FAWHe wel mRNAE F=3
o}, cDNAZA 2 StratageneArle] cDNA Synthesis KitS o] &
gk,

PCRE ©] &% #4174 ¢

—r—‘

71w E S ©] &3

o primers 2443t PCRS &3 Fd# dAS sy &

A2 full length= CLONTECHAFS] rapid amphflcatlon

of ¢cDNA ends(RACE) kits ©]&3tt}. cDNAeo| Marathon

adaptorS A& A#A, adaptor primer$} PCR Wo =z 33} 5
7

2yzy ¥3ksk = F7{ 9] fragment & overlaping 3t

[‘M ﬂ.u.,

= s
S AEAE Al ligationg ¥ cloningdte] 5-, 3'-
S ¥33 47449 full lengths I+

in vitro A& &3 AP AR 7] EEA

At F-A 2] full-length cDNAS whulz g wEo] 2

gtk FAA7MEYE " WEE Ecoliol transformationdte] 600

nmel A O.D7} 055 =5 wiFettt. wjdd Ecolis A4t st

o HAAZ F AL vlg i lysis buffers 3 7}slo] A 2o A
S S22 14000 rpme 2 YAED I F A
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WAL A A 7]7F AdAE HPLCE AM&3hd, A Eo tish
x 242 GC/MSE A&ttt
2) in vitro A E°] GC/MS +4]
olako] o o3le] Ao GAEF ol s = tolxugtoz
wWdst 3 % N-Methyl-N-trimethylsilyl-trifluoroacetimide
(MSTFA, PIERCE)® 80TCelA 30&3t #F=A=z WHAA
GC/MSHEA S Fath. Azt FAld 'ag 23-309 Adests
25 Fdst A5t &35 49 Retetion time2Z5FE Kovat9]

Retention time*| & AF&3hc}.

) -2

1) AWM AY {7 =} alignment
- 7HA} cDNAZ5H 5-3 RACEH S o] &3t 7hAte] AeAd 3
- hydrosylase®] FdxE AT} 3i- hydrosylase 1065bp 2
2 7AHe] 9Jen 355 amino acid® TAEO QUth o] AL
g2 Adad A Fd2k<} allignment 3] 2k

dare] Ady A ket 2 JHA#R] EnfES A HAd
AFAE Fdxte] s A A3, EvtE] AwAY g #3
2718 = 815 %, RSt EvtEe] AWEA AR FAA7EE
9.4 %°] olF T FEAHS Bt

2) 3fi-hydroxylase?| 7% #4

— 3fi-hydroxylase®] 7]5< 43171 $18td GC/MSE ©]&3t GAx
7} 3f-hydroxylase Wr&9 AAES EA& Hdkt wA A=
9l GA19 standard sample Retention time(RT)< 9.102.% &<ls}
o}, 3fi-hydroxylase¢t 71&dS FH7Fste] 120 & Wb dbg- A4
B oA RT# 910914 standardet 5L 3 picks &<l
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(1) EviEe] 2w &AY 3-wE}l hydroxylase 2,
(2) Z+AFe] 3-HlE} hydroxylase,
(3) EviE <] xwAY 3-wE} hydroxylase 1
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GAy GA,
: 'g (Substrate) (Product)
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Retention Time (min)

a3 8. GA»¥ 3fi-hydroxylase %9 AAES HPLCE %3
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4) A 185 3A

7H Gy
1) gdols AEWATY SAEE AHA L F2 4
- gdol¥ ME WA Bacillus sp. sunhuaZ 37C, 150rpmol A

1 e kst & AL 601'}@%@3 AAs7] flake] wjFed 151
E 4Tl A 8000rpmoll A 30&E7F A EZ st A5 dqS I}
A5 HS ethyl acetate(EtOAC) 2 butanol(BuOH) %5 <] F7] &)
2 F% % silica gel 60 RP-18 chromatographyS A% %
preparative HPLCe®l| 2]3}o] A A&} t}. chromatographyol ©|
449 silica gel(40~63 mesh)2 MerckAte] AEFS AFE3S S
w22 50%, 40%, 30%, 20%, 10% aqueous MeOH,
100%MeOH, 100%Aceton, 100%EtOAc, 100% Hexanes ©| &3}
o] dAKHom LEH3A. olw] 30% aqueous MeOHel A
Streptomyces scabieis A& sti= A o] 7} A3HA e
o] H318 preparative HPLCE o]&3lo] FEEslgdon, o|u
columne Symmetry prep' ™ Cig columns AF&3F9om 60%

aqueous acetonitrile2 ©]&4 2 23t RI detector® #HZ3FA

[e )N}
t}. 183 HPLCE AR %’:2’ z}72v& Streptomyces scabiei 3
AL =t nA Ao FAEHAS FHAIZ] 8mm discE 2
_]

=5 wekate] discr 9ol A B4 FEe seleal.

Scanning Electron Microscope (SEM) # 9

GYM A wjAo A 543 AF3 S scabieidl Bacillus sp.
sunhua A =4S Agatds vl A dAFE A A=
43S FAFsE7] $18F9] Scanning Electron microscope® 2
stk AAE  HAHLS 2% paraformaldehyde®} 2%
glutaraldehyde in 0.0oM sodium cacohylate buffer(pH 7.2)& 4
CTolA 44 7H&9r primary fixation @tk =22l 0.05M sodium
cacodylate buffer (pH7.2)E ©]-&3l] 4TolA 102 Al H Al
23tk Post fixation &2 1% osmium tetroxide in 0.05M
sodium cacodylate buffer (pH7.2)E AF-g&3lo] 4TColA 247F =
b AYstAnt. A2ellM FHRFE oud A2F EtOH 30%,
50%, 70%, 80%, 90%, 10095, 100%, 100%E HolAl E4=3t},
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283 100% hexamethyldisilazane2 2 15% A7 ¥ metal
stub ¥ o mounting o] gold coating 3FFth. T&E wj&& HE
FH F3E & g0 T JdeE 5000 = #FFsd o™ JEOL
Abel 2 JSM 5410LV (Tokyo, Japan) Scanning Electron
Microscope AlM&3}31t}.

3) AEWA T assay
- AA B oA dAdte 43 75 Bacillus sp. sunhua’l S.
@%LTS‘}O% ol A 2 gdoly S oA oFE XA

o ]3}»\4. 729 31 sample cultureZ 300rpmoll 4] 10min
%<t centrifuge 3t A& FAAZ 30ml B¥FE SHAE
resuspended 3to] FH|EAT A= AFE DAE AFESEY]
it SRR o] oy W O AS F 28T A A
A2 go] 125ecm A= Ak dAg A7]o] v=g FHY =
FEO T olES AHAl EUdA S scabiei®t Bacillus sp.
sunhuas 7 A gsto] 39 &<+ 710

i

Jat

) dgely WA £YUE
- dgelde] ol WAFHE I
Z

Bacillus sp. sunhuarbs+2] 24

=
25

o

A Ew

=4

AT e F
& zAEGY. g8

b osEA 12 A E)eh A,
stk 2Eln 33 APE 3
w 9E=3 309 Ho A=

oN

}ol|

©
w2

2]
KA

K

o] Bacillus sp. sunhua Bj %<l
22 A= AA4o] A o A
Aol Asste 71gkel A skl
Fest e ® 9).

SE o o of

10

l
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A2 digely Az wAlvto]l Aitsts FA=H FEEA

ztzte]l &4 30% aqueous MeOH, 20% aqueous MeOHE HPLC
£ EA EEste] 9L HFT AAEEY FEREHS f8A
'H-NMR, “C-NMR, HMBC, HMQC¥ Mass& =43}t 1 4
3} sunhua-A°l A A 10439] iturin A 52 & gl o, o]
Edo] S scabiei®] EZAPALE A= AS FdstAnt. ES
sunhua-BellA]  &EAF2 o] CoHzOs, T AF=Fo] 425 (M+Na) ¢l
macrolactin A 545 gl om, o] d& ZHo] #AF A

EAZHE ANFS FA o9

™
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¥ 5 sunhua-B ¢} macrolactin A2 'H and ®C-NMR data
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L-5ees BT, Copoe L-Asne D-Tyi—s D-Asn—s L-GIn—s L-Fro—sD-Azn
t |

sunhua-A (iturin A)

> .
HO N [ CHy
" -hd_____-ﬂa_xhx

sunhua-B (macrolactin A)
1916, sunhua-A (iturin A) ¢} sunhua-B (macrolactin A)9] +%

2) Scanning Electron Microscope &%

- Bacillus sp. sunhua’} AAtslE dAEAo] A fllo|H AT S.
scabiei®] FE|E3to] v A= FTFS HAAFHAW G S o] &5l XAlS
Atk GYM #H#wjA o S. scabieis =3T3 & B AAEH 3
30% aqueous MeOH ##9] sunhua-A ¥ sunhua-BS #g]ste] S.
scabiei®] A H-291E lem AV|E2 ZE dAxEAvHd oz ##=s 4
5 217 HErY. FAELDS AHYstA @S S scabiei
TAReE EAE FEle Al A skeith 12y sunhua-BS A2l % S
scabiei &= FEA7F Qlo] A FAE dALE HFEAT 2
S. scabieidll sunhua-BEZ S A zglste] vx]+= x=
o| A= S. scabiei®] sporeE AT £ IS ¥RE ofy
dHEe] AE U EZo] FEHvE BEES
< WAl Bacillus sp. sunhua® &4 7 EHlo| 23

S &2 Trichoderma% #3%°lE°|lvt Pseudomonas s°| &t

Rulstel AEME ot 2Y AR OE AOE A

bl

o o
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2% 17. Bacillus sp. sunhua’l A4Fste RS- 23t S scabiei®] &
S (SEM) (a)F A2+ (bhFAEZ sunhua-AZ A3 4L () &

A& Asunhua-Bo2 2|8 45

3) tdo| AEWATY AEWAY 53
- Ay 233+ Bacillus sp. sunhua”t S, scabieid] 7€ E
Wel A 2 A3 o] I3 Ho] A HdolHE oA T U=
AT 28C Ao A Al A Fo] 125em HE A
AdA3 A7]e] FuR e duE EYo] 91 TEJ &AM 25T
ol A w3t AT}t. Bacillus sp. sunhua® A@st#A &L A, S

oJ

A .
scabiei®t 2 2]3+ A, Bacillus sp. sunhua$t S. scabieis & =

o

=

Z

Al

(¢}

g3 S 3 F miket & Aagans s 1 A3 3
A ol &0l S scabieitt A A A&l 75%°] %
o} Bacillus sp. sunhua®lt S. scabieis FA)o A3 Foa=

o] B%E UEYT wEpA gilolH S 40%8 = o AlstE &

[e) I~
AdSs F AU

5
[ex]
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a3 18, XEA 7Hx} ddloly e WA 32 ol
a. FAY 724
b. S. scabiei® 74 A1 A}

c. Bacillus sp. sunhua®t S. scabieig sAlol Azgk 7H=}

T H

d

1) A Toly Al w43
=]

- fdolyo]l Wol WA= 1HA FHATA AT EFAA
Bacillus sp. sunhua® ZA353-S ARG Y. 2 23 diz241
Y Bacillus® wWFds 3 | A2 g FolA tjdo]o] 7
= a23%E ®Bgow, Bacillus® WidAE A W xgd FoA=
HQPORE s tidolo] oA o] Wylo] ZojE TIHE
A2 = JATh aHY A FHe] BRke A W Ags T
MM o8] ol dol Bacillus®l A2t AeA7] 2 A
Astel gk A+7F 283 o= Al
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a¥ 19, geoly v E9kol A Bacillus sp. sunhua®l o ®lo]H
o] WAl &3 Bl a) ¥AE T, b) Bacillus sp. sunhua 13] A2, ¢)
Bacillus sp. sunhua 23] # 2], d) Bacillus sp. sunhua 33] = g

5 tidol® BEWAT ot ~HEF]
- ¥ Bacillus sp. sunhua 7} AAtels FAEHE 32 g o] H
i S. scabieil 73 I EdES U= 1k
e AEEdg e gt dAEs 4S5 st g

A MY E 24 23S #69] YERATE o] Al Al
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WS doJ|= Fusarium oxysporum, A5y S9H S ‘”27]‘—2

A =
Alternaria maliloti , 72 F2 +3o|H & doJ|+=
dlgltatumoﬂ /\g‘:’a‘]—x—l HPxﬂ%‘-r_J augmg% ‘1
T AE BAATS AdASAT SHde AL A ASFHES
d o 7= Fusarium oxysporum®| A 2|3t5 & W Aol 7t
2 Yol At S scabieiE A= Gk vlSzstATh 1E
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Zol s FPE7t He FABARL FARAY 58 £
del #8 MAzes gue FA gowA 4y doslt

£ 6 7R Fele] 4% WAlde] B A=Y

. Inhibition zone
Test strains
(27 © mm)

Streptomyces scabiei 22

Rhizobium meliloti

Pseudomonas fluorescens

Pseudomonas syringae pv. syringae 14
Fusarium oxysporum 20
Alternaria mali 16

%/~

Penicillium digitatum
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87 sl gk #Alo]l AAL AT, ofA FleAE 3t
gsoks Al = e FAE FoF Jide] mXg Aot 1
b HZ AEA(old7tF) 7 EY vASAARE AE s
worow 33 WS HE e vAEe] EEHo mAE FoF
o7 AGgA = dgoln me] A7 Ee FEd AU 7Y
o QTh

E Ao ¥ 3 Bacillus sp. sunhua® 3 A71x] dald ¢

[e2

doly WAl vAERT =& s shxow 1 FAEA} iturin
A ¢} macrolactin AZ &l F Aok A wko] AX pot ¥ EFAY
oM AF He 7FeAHS HES Z¥ duold #IAdE&S 40% i

=4
AMZ S B okl ARe] mhE Aol g4dd adE Yl
=y

omE A A PEFFOEA BAD sFsgel B wrhs Ao
A g71Hel) kst gHAE AAGA AME Qe e A%
48 F S5, A, W Ugow AA%; Y T4 FEoln AF
of A B4l AAd s Faskn o FAAAE G ofn 4%

2 e
2 ES AeA G g
Bacillus sp. sunhua <+ Rhizobium meliloti, Pseudomonas
fluorescens$t #2 73 B mAEoE= 9GS FA = A
of gk dulAdE AAerm opA7A 5l A oido o
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H 5% dAFiiedne #EAE

) F7ld7<9 284
nAE ko g AL3ly] g A w3 sdre] F @ty UV
mutation ©|Y promoterE FA3t= WHES £35F9 macrolactin AE

At A EFE AL

2) B Fole $&
Ao A JNEE Bacillus sp. sunhuat Y ®olWE Aoy
Streptomyces scabiei®t A= Aol ofyd, vlE AW

Fusarium oxysporum® A &3 % g oz ruo| o] 9
5t

te dage AERAAEAE §48 AR AR,
3) AHd s A

B AT At 4FHeR A48 4% AT Aste 485E 9

Al TEel e Aol
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18 6% AF/MLHol| =x st af 2 zhst
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b AT T oA RAAEWEG TG RAE ), BH s
4ggel A9 8ot bl FustdERstd AR A9
gapetel Aze MAT wORAEA (rHe LAY FAE b
fidis B Aol Wi Aazh Ax WA olele AT A
AR Zpel A mAH o WAt Bl AFste] Aol w2 A
26 WABFIAE CEHS MEHZA RFEARREE R

F AP Behol HES nistel y

v WHoeR WaE WA At Fol= HAd =gt A=
= HAE FAFE TEHMS 4T MRl nAESHTdoEA Ut
7b gtal g7 Fom QbAstar g wEjrt flan wAEl EEA
gt Mz MAEFRAF IS v, sz, 9, wF 5 LR
#HE A Oe wAEd &7 =3 53] W kil dig 2=
70%° &gt

P Auburn &9 J. F. Murphy< &3S =3
wpolel el UlE WEETE ALcs AT Ad

o) drge NEM dudz Adsd JEAG
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P Bopd B EAA N
Romeirod 1H & @A to] EvfEd AA A =S g9he Wik
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