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SUMMARY

Traditional biological control of plant pathology is based on compounds that kill or
inhibit growth of plant pathogens, but, this ways occur resistance pathogens.
Therefore, this problem requires another approach and we focus on Quorum Sensing
(QS). QS is community genetic regulation mechanism that controls microbiological
functions of medical, agricultural and industrial importance. Many of the virulence
factors needed to make this transition are regulated by cell-to—cell communication.
Erwinia carotovora subsp. carotovora is a gram-negative bacteria phytopathogen that
causes soft-rot diseases in various commercially important plants, including Chinese
cabbage. In gram-—negative bacteria, which are responsible for most plant diseases, the
most common QS signals are N-acyl homoserine lactones (AHLs).

To screen novel quorum sensing inhibitor(QSI) from actinomyces, we used
Chromobacterium violaceum CV026 as a test organism and we selected an
actinomyces designated ARH4, AN(090571 and ANO090072. A comparative 16S rRNA
gene sequence analysis revealed that three strains are most closely related to
members of the genus Kitasatospora and Streptomyces. The isolate was characterized
morphologically and physiologically by the given methods in the international
Streptomyces project. We investigated media optimization and culture condition of the
three strains for the high activity of QSI.

Kitasatospora sp. ARbS4 and Streptomyces sp. AN090571, for the isolation and
purification of the active compound, it was extracted by ethyl acetate and purified by
silica gel, sephadex LH-20 open column chromatography, thin layer chromathography
and HPLC.

Streptomyces sp. AN090072 was increased QS inhibitor activities were investigated
against Chinese cabbage soft rot disease by treatment of Streptomyces sp. AN0O90072
in vivo. As a result, QS inhibitor produced by ANO090072 to inhibit pathogenic of E.
carotovora. In this study evidenced the capacity of AN090072 and its supernatant
and/or enzyme as quorum sensing inhibition activity in E. carotovora, and we will
study how to promising potential to use quorum sensing signals as molecular target
for disease control, thereby broadening current approach for prevent of plant bacterial

infection.
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B. thuringiensis subsp aizawai

7N A}

EERREE

Paenibacillus polymyxa

Bacillus subtilis

Ampelomyces quisqualis

=

Streptomyces colombiensis

7HE

S. goshikiensis

B. thuringiensis subsp aizawai

B. thuringiensis

B. thuringiensis

B. thuringiensis subsp aizawai

B. thuringiensis

B. thuringiensis

o E
B. thuringiensis

B. thuringiensis

&

hins

ikl

B. thuringiensis subsp aizawai

B. thuringiensis

B. thuringiensis

28 HEl

B. thuringiensis

o] %

B. thuringiensis subsp aizawai

R el s
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o] B U= AEFEZA, 500-1,00009 7] AFEC] AT Aoz FAHI Jom,
Hul A dAE £2gske] 2007071 d= GAVE e Al FAHA Qi

O wuel THE vAE A A Ag= el vE] v w s 2Eek Y
et AgAolA A7E FRste FaEAEA SER VASF=ES iturind 19
P E3E 9 o]&7tsd o] HaE o (Son F, 1994; Lee &, 1994) &1l A #
3hu| AL Bacillus subtilis 5 o] &3 vAE FofF AC-1S SE3 vt 9dr} (H

s, 1994).

2719 Fusarium AEeHEE &
vl ok 5(1989)°] Trichoderma harzianumiﬂr Enterobacter allomeranss ©]-&
aFR XY d & WHuAd &37F S-S W3 vl o™ Pseudomonas cepacia,
Bacillus subtilisE ©] &3 315 AYHUAAE /T Fo qow, v F(1990)2 2.9
dEzdy A A3t @ AR FHo| %= Gliocadium virens$t Pseudomonas
putida® FH B B3 A5 FAT v Jow) Al S(1990)2 27 vAES o]
| Al 2] wvkEH WAIE AES vF AL, o] S(1990)2 R Xerd Al
o Pseudomonas sp.Z ©|&3F v} ¢lar, ¥ =(1992)°] Pythium blight @ Rhizoctonia
solaniol| 9%+ ¥ 22l brown patch 2 large patchE 9A37] 93]
Aspergillus, Penicillium, Trichoderma 3359t Arthrobacter, Bacillus, Pseudomonas

T 30T E 53 AEAAE e AHYs vb Pythiumttolv 438 dAzdE
Zejar 2ool9e) v welk A9 WAEAIL =2 Aoz Hiad v glov A
|3t FEoE oy mAA FEIhe Aow ddHTh

_20_



H 3 & dxdsd g & 2ot

oA s gA WAS FEekA @Y S5 = e AV AESE gAA
M & 98 B WAHdTe st =
sensing(QS; AT A2)& ASNAE @3t ax AT
QS A3 NFdE e EFR7 A=Y 1 F svrt AHL antagonist(Z&HA]) o]t}
I HEAQ o2 = Delisea pulchra’t 234F8= halogenated furanoneo] J+=d|, 2
ToME QS A &4 wFF2 83 Kitasatospora sp. ARHS4AS} Streptomyces  sp.
AN0905717} A4k piericidin A7F QS A& #odst= AS &Rl oh a8y
o] =2 Chromobacterium violaceum CV0262] QS A3 &AL FFstAor, w5
51 QS Adfde AFA &A4e WEhlA @tk Lol &
29 B3 F49 pectate lyaseE ZFXa IQl7] wiEold, Frlz 2agd @
ANO90S71 w59 A-tele HE Axy #£3 24 oy A= fdAAA wzrbA|

2 oF2 237F YEhA f9dth ol A=A QS A mdEo]l Bel wEAledd

s
4
ol
K
O
)
Y
:oé
lo
wo
rlo
> &
{8,
m
i)
o
)
Y
Y
bl
ol
rir
PO
i)
=
)
o
o)
i)
o,
v
i
i)
T
O
ol

= AgrebA FEEA, vE e A vAdE B e 88 mAE QS AsARY
=} ofo] wel ARB4A9F AN09OSTL w79 o] &4 ol
e A= Algdez a1z Folw, o] F w#FHU Erwinia carotovora®l QS A &
B4 AN09072E AAAY A HAth

QS Asle) v 77 F FJuURE Fad g3 QS At Jdoew I AdmE
Arthrobacter 2] &40 2]3t

o
=
N
ol
o,
rlo
of
S
ot
poi
(o
f
>

=

HL #3l=2 #4948 43t A7 Aok A= dAust
Streptomyces sp. AN090072 w5 3 AHL &3 &) 93 QS A& 72 71A =
Ao Z WHHE AN0IOT2 #FE ABAMTHE WA ZA ] AETH PAAR F&
F Aoz AR HY.

Lol
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A1 A2 QS A& & 9 TF Kitasatospora sp. AR

1. QS A&l &4d5 7H AR54 9] A

E. carotovora®] autoinducer?] N-3-oxohexanoyl homoserine lactones(3-oxo-Cg—HLS,
OHHL)o| th3l A& &4 #F= MALdr] 93] well-diffusion assay WH-S o]&3)
Atk 450001718 MAF WF FEAS FFYFFTFATI VYEAAAY Z Y B
urol AHgEGI, 1 F QS Bl 71F Hold ARSA #EE AT (Fig. 1),

Fig. 1. QS inhibition activity of ARH54
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2. ARS4 w9 AEY A A& &4
AR #F7F A WA o] FH+= HIAA vAEe] HEY FA I A &
A zrta gl Lolry] 3k WHYA “] ABEQl Pseudomonas marginalis KACC

1046691 ARSA % W% 5l s4vl ol wel dgshel Mgd 5, FAA AuY
& skl FEE Sk o A3, Fig 29 o] ARG #F vl g5l 3
A

Me]go] Zold4E AEY A4 FE7F ZolX|x= Aoz Hol ARM w7 BEY &
e Asers & = At Wl AR FF7F AMEE BEAL QSE Adse 52
22 sy

AR54
(x dilution)

Bve
CON AR54 (1X) 1x Ig, 3 @|
| 2x |i %’ gﬂ
1T
10x @ j _@'4
x5 ) .iq
100x |® Oi _
2m@0i ¢¢¢S€§§ﬁ
CON i aﬂi AR54 conc. (x dilution)

o
=

o
wn

[
=
L

i
=
L

=
n

Biofilm formation (ODgy)

=
=

Fig. 2. Biofilm formation of Pseudomonas marginalis and its inhibition by AR54
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3. ARYM #F&FH =4 2 FA

ARH 5 G.S.S.(Glucose 20g, Soluble starch 10g, Soybean meal 25g, Beef extract
1g, Yeast extract 4g, NaCl 2g, KoHPO, 0.25g, CaCOs 2g, pH 7.2, 1L 7]5) ®ix] o] A]
28T, 743 vikst & vk A5 HS F3o] ethyl acetate® F&E3F e A =319
silica gel column chromatography & ©|-&3te] #2399t €4&524L ODS column
chromatographyS %3} HPLC(HITACHI D-2500)= 32Fel3tien YMC ODS, @
250X4,6 mm® column-S AFE39] 40% acetonitriles ©| o= 3l 489ty &
B Fo] FHEo tsle CV026 plate assayE 5319 QS Adl &4 sty &4
B4 SEAA R AA FE&L2 1.6 mg/L S oHFig. 3, 4, 5).

Broth culture of strain AR34 (10)

l

Extracted with ethyl acetate

l Concentrated in vacuo

Silica gel column chromatography
l Eluted with Chloroform:MeOH=50:1~1:1

TLC for active fraction

l

HPLC analysis for active compound

NMR (Pure compound 1.6 mg)

Fig. 3. Purification steps for active compound piericidin Al from AR54
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indE

18,k
L

Fig. 4. HPLC chromatogram of piericidin Al and ARX

Fig. 5. QS inhibition activity of each steps in the process of purification of AR culture

supernatant
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4. AR o] &d=d 7= U

|

4

"H-NMR, HMBC(Hetero Multiple Bond Correlation) spectrum, ESI-MS spectrum
8. =

)=
& B3l o] 3l§E<] benzamideA &2 <l piericidin Al1Y S 218t o QS A3
g A Q3 HEAEXHEIHEAPlant Cell Wall Degrading Enzymes,
PCWDEs) €42 gle A& glstt.
— = ."::‘\:6.4;(1\/1%)*
C
™,
A
i
A
i \
H
'H-NMR HMBC

ESI-MS

Fig. 6. Structure analysis of active compound
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5. ARB #F9 &4

e 9 Ag-AasterA el EQE A 16S rRNA sequence #2418 %2319 Kitasatospora

Zo| 39 Kitasatospora kifunensis DSM 6307, Kitasatospora nipponensis HKI
0315" 2 Kitasatospora azatica NBRC 1380373} 99.79%, 99.5%, 99.1%¢] A2 1.9
HFig. 7).

w3k ofzf o] 30F 7Y w©AYUE ol&she] 4F
lipase, valine arylamidase, trypsin, acid phosphatase %9 A &S el

A8 0 estrase, esterase lipase,

o

o Streptomyces coelicolor DSM 402331

Streptomyces thermovielaceus subsp
themoviolaceus DSM 404437

—— Kitasatospora gansuensis HKI 03147

Kitasatospora terrestris HKI 01867
242 (gi7

Kitasatospora cystarginea JCM 73567
936

1000
461 - Kitasatospora griseola JCM 33397

—— Kitasatospora paracochieata NBRC 147697

743

—— Kitasatospora paranensis HKI 01907

533 Kitasatospora mediocidica NBRC 147891
Kitasatospora kifunensis NBRC 152067

520, - ARS4
693| —— Kitasatospora nipponensis HKI 03157

770
—— Kitasatospora azatica NBRC 138037

0.01

Fig. 7. Phylogenetic tree based on 165 rRNA sequences showing the position of strain ARM
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ARD49] vk EAS F213t7] 935te] BIOLOGAFY] phenotype microarrayE o] -& 3o
B 9 A4 o84S ZAEIA Y 19057 ©AY9 BFFe Aol sk 2
T AAaYE o]fsleE EAHAS HYo

4 2 3
A 15 HANANY 2GS sele] Sgstax Fhv.

OJ

.

Carbon sources Nitrogen sources

Fig. 8 Analysis of utilization of carbon and nitrogen sources by phenotype microarray

Carbon sources: L-Arabinose, N-Acetyl-D-Glucosamine, Succinic Acid, D-Galactose,

L-Proline, Glycerol, D-Gluconic Acid, L-Glutamic Acid, D,L-Malic Acid, D-Ribose, Tween 20,

a-D-Glucose, L-Asparagine, Tween 40, Tween 80, Maltotriose, 2-Deoxy Adenosine,
Adenosine, Citric Acid, Fumaric Acid, Bromo Succinic Acid, Inosine, L-Threonine, L-Malic
Acid, L-Lyxose, y-Cyclodextrin, Dextrin, Gelatin, Glycogen, Laminarin, Gentiobiose, y—Amino
Butyric Acid, Butyric Acid, Caproic Acid, D-Glucosamine, B-Hydroxy Butyric Acid,
Oxalomalic Acid, L-Arginine, L-Phenylalanine, Dihydroxy Acetone

Nitrogen sources: Ammonia, Nitrate, Urea, L-Alanine, L-Arginine, L-Asparagine, L.-Aspartic

Acid, L-Cysteine, L-Glutamic Acid, L-Glutamine, Glycine, L-Histidine, L-Lysine,
L-Phenylalanine, L-Proline, Ethanolamine, Putrescine, Agmatine, Glucuronamide,

N-Acetyl-DGlucosamine, Adenosine, Guanine, Guanosine, Xanthine, Xanthosine, Uric Acid,
Alloxan, y-Amino-NButyric Acid, Ala-GIn, Ala-Gly, Ala-His, Ala-Leu, Ala-Thr
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7. AR54 TFo A EAEHEN EA(PCWEDs) 24 24

_4

2% FEwe] WAFel Erwinia carotovoras™ A% AXHEFHELE Arrdle] WS
Aoy Aoz A Qv ARM #F7F QS Ad ¢+ &4 /MHS
o Wede U £ Joenz Ax¥Isas fi4de AT
carotovora+= pectate lyase, cellulase % protease &A1& YERHAIL, AR5
pectate lyase 2 protease &4 7FA 3L A TH(Table 1, Fig. 9). welx] 55498 HAE
A&l ARAE 2 EAC] A8 AF, i Foll SAlskeE Al B Al 93] A=l
AEFS = & Us Aoz AZAEJY. AR #F wjU%A S 602 #o] A autoclave
Fe W AxdEdas &do AgAE A9E FJE F A3 (Fig. 10) o]F 23
<

AL 39l ek,

Table 1. PCWDEs activity of E. carotovora and ARH

PCWDEs Pectate-lyase Cellulase Protease
FErwinia carotovora + + +
Streptomyces sp. ARM + - +
x1 x10 x100

E carotovora

AR54

Pectate-lyase Cellulase Protease

Fig. 9. Enzyme(PCWDEs) activity of E. carotovora and ARH4
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Fig. 10. Extracellular enzyme(PCWDEs) activity of E. carotovora and AR54 Pectate
lyase isozymes (Pels), Polygalacturonase (Peh), Cellulase (Cel), Protease (Prt)
Ec, Erwinia carotovora; 60, boiled AR54 (60min. 1007C); Ac, autoclaved ARB4; C, D.W.
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8. AR54 2o Wi FFW As A

ARB4 7 NS autoclavestel EAE HAE A7 F HEF MYt THAA Y

ZAsETE W% HHAC 107 CFU/mlY) E. carotovora & A Elatir, o]7]e] A& A
71 AR54 wFos 9, 1/10 54, 1/100 g4 v == A v PAZHE A4E
oA A4S A AP 1/108] 4 8to] Aelgh Aol T A &t vE
Yo (Fig. 11), ®lFA#A ¥HATS F 714 =2 (10°C FU/ml, 10" CFU/ml) A2

=
3o, yrEAe 5 B Aylo A 238 positive control ¥ o] AAL = AyE W

o

ol71% Bt LF WF FHE FOR pot oM A4S AAS 2 Axp FA H)
kol A 2] F-oll A positive control ¥5F Wol AAEE AAE BAT wEkA ARH4Y] 4
MEEA A 93 T AA B oA HA in vive AellA= A EA o]

> d
& AoR ddyo], FUtE #FE AdsZ a3lh

Fig. 11. Inhibition of E. carotovora, incubated on the surface of cabbage section with AR54

A, Positive control (Ec 10" CFU/ml); B, Ec+AR54 m ) 198, C, Ec+ AR5 el 1/108]4;
D, Ec+AR54 #<<d 1/100
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A 2 A QS Aol &4 4 T Streptomyces sp. AN090571

1. QS A8l = wF F7F A
7k AN090571 5 A

E. carotovora®] autoinducer?] N-3-oxohexanoyl homoserine lactones(3-oxo-Cg—HLS,
OHHL)ell what Asfdd s Aoz Frte #5dde dA . Ed#5E Al
W] 918ke] well-diffusion assay W& ©|&3Fo] 28000719 WMt wg A5 HE
AP dATd MAEALAHZRE Edgol AREEATE 12 2= edlA 140
N @ATEFE AdsAaL, 23 222 1xfel A Ay g5 tiste] AL 23
& AAjske] 3271¢) AEFE AEEdvh o2 AR 327e d e ageAd Al
o) Escherichia coli KCTC 19249} Salmonella typhimurium KCTC 1926 2 2#hokAd
<% Bacillus subtilis KCTC 1021l st &g vlA2EE stqlvh 2 A, 559
I AN090072, AN090538, AN090571, AN09ORI8 = ANO0801497F QS A&l €748 7HA
A EAel 3F ] Aol thake] R et 2do] gli= A(Table 2)02 2QIH AL
o, AdEAd AEE Fske] AN090ST1 o5 AdsAdrt (Fig. 12).

Fig. 12. Inhibition activity of violacein production from culture supernatants

1, Positive control (ARB4); 2, AN080149; 3, AN090072; 4, AN090538; 5,
ANO090571; 6, AN090898; 7, Negative control (D.W)
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U AN090571 579 PCWDEs(MZH B35 4) €4 AA

E. carotovora”} A3k3h= PCWDEs®] BAAE AuaFFel AN0STINA S48 w
¢ktl.  Polvgalacturonase (Peh), Pectate lyase isozymes (Pels), Cellulase (Cel),
Protease (Prt) ®A%4-S =A% A3t AN0S710 A= EAagA 0] = Aoz e
Sk mepA AE et wAg R Adst AoR duEdn

Table 3. PCWDEs activity of AN090571

PCWDEs Polygalacturonase Pectate lyase isozymes  Cellulase  Protease
ANO090571 - - - -

Table. 2. The result of antimicrobial activity of strains against test organisms

Test organisms

Strain no.

E. coli B. subtilis S. typhimurium
1 AN090072 X X X
2 AN090126 O @) 0
3 AN090155 O @) 0
4 AN090240 O @) 0
5 AN090314 O @) 0
6 AN090372 O X 0
7 AN090445 O @) 0
8 AN090522 O @) 0
9 AN090531 O @) 0
10 AN090538 X X X
11 AN090571 X X X
12 AN090633 O @) X
13 AN090642 O @) X
14 AN090807 O @) 0
15 AN090813 O @) X
16 AN090898 X X X
17 AN090939 O @) 0
18 ANO080149 X X X
19 AN080422 O X X
20 ANO080425 O X X
21 AN080481 O X 0
22 AN080638 O @) X
23 AN080828 O @) X
24 ANO081160 O @) X
25 ANO081183 O @) X
26 AN081628 X O 0
27 ANO081646 X O 0
28 ANO081731 O @) X
29 ANO081760 O @) X
30 ANO8L777 O @) X
31 ANO081781 O @) X
32 ANO081842 O @) X
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2. AN090571 9 &4

AdE AN090571 =5 “Bergy’s Manual of Determinative Bacteriology” ¥ “Manual
for the Identification of Medical Bacteria”ol whe} w59 dejstz, Al - 43 o3 &

e 2AES T
7k ANQ90S71 ¥F=+9] dests EA4

28°C, 747 wlYl(Bennett's) Bl A| Aol A g+ AN090571-2 3] 21-S YeRY S 2(Fig. 13),
FAFEA A8 v) A (SEM:scanning  electron microscope) &2 #&3 A3 06~08 m A=
[e]

719 egg type ¥4V WdAdgor A7 44 @ AL #FD 5 ddd (Tig 14).

front back

Fig. 13. Morphological characteristics of AN0O90571
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Fig. 14. Scanning electron micrograph of selected strain AN090571 on Bennett's agar

medium at 28°C for 7 days. Bar, 1.0xm.

b ANO90S7L 3#52] A2 etd 54

International Streptomyces Project(ISP)el| uwhe} of 2] 7}x] v x| oA AN090571¢] &

gpelstivt. 21 A3 ISP2 vl Ao A %= Bennett's Bl A A7 & 4oz 2gkal, o]
"} ijé"—ﬂfﬁ melanoid pigmentE VAR = E Ul LI Table 49419k o] ISP4,
ISP5 & ISP7 wjx|ellA 2 Aepx] efskow wjxgwrol we} A Amel ZolE M
v 2A goje] Az wiA o] upel wmghell A I FARSIAL, whHIH R gk
oA IS et o BE sjXolA BlEid o] MAE BAEEA] @ dkth(Table 4). &
3l glucose % rhamnose™ Z# ©]&3}% 21, arabinose, sucrose, xylose, inositol,

mannitol, fructose, raffinose % cellulose= ©|-&3}# %3 (Table 5).
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Table 4. Cultural characteristics of a selected strain AN090571

Medium Spore mass color Reverse side color Growth Soluble pigment
ISP2 agar grey grey abundant none
ISP3 agar grey grey moderate none
ISP4 agar poor poor poor none
ISP5 agar poor poor poor none
ISP6 agar white vellow abundant none
ISP7 agar poor poor poor none

Table 5. Carbon utilization of selected strain AN090571

Carbon sources AN090571
D-Glucose +
L-Arabinose *
Sucrose +
D-Xylose +
Inositol *
D-Mannitol *
D-Fructose T
a-L-Rhamnose +
D-Raffinose +
Cellulose +

Culture condition was at 28°C for 5 days on the basal medium (0.2% peptone, 0.1% yeast

extract and 0.1% beef extract)
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ok ANQ9O571 59 BAAERFI A B4

A DNAAC 16S rRNA= F+ 719 ¢ A universal primer[Forward primers=
5 -AGAGTTTGATCCTGGCTCAG-3" (E. coli 16S rRNA positions 8-27), Reverse
primer= O -TACGGTTACCTTGTTACGACTT-3'(E. coli 165 tRNA positions
1492-1513)15 AH&3te S &3k 5] &ld PCR thwa A71M D whe& 9lsA
QIAquick PCR purification kit(QiagenAhE AF&3lo] AA G2 Asd7|AE &4 &
2 (Applied Biosystems model 377 automatic RNA sequencer) & ©]&3le] 47| d &
Mg Stk Awd #59 16S tRNA 9471448 w5 NCBI®| BLASTE AH4-3)
o 7|E TEE u&Fd AldEH AEste FdAY d@7IAd9E CLUSTAL W
software® AR8-38ke] wlasolal, FAA S AT 24 PHYLIP 2209 37
A& AREste] s TE. AN090571 wFFe]  16S rRNA  @7]A|doll th3}o
NCBI(National Center for Biotechnology Information) BLAST ZA 3}, Streptomyces <l
2393 Streptomyces misionensis NBRC 130637 #59} 99.01%9] §A1=E YEMN
tHFig. 15). 3, Ales Bl 99 Aot dA8HA etk o™ Streptomyces
sp. AN090571=2 ®rgsto] 2010 24 8ol FwAF A+ FdA-2Ael 71313
o, KCTC11638BP 7|8 & & Fojukqkt},

Streptomyces paradoxus NBRC 148877 (AB184628)
Streptomyces althioticus NRRL B-39817 (AY999791)
Streptomyces viridochromogenes NBRC 31137 (AB184728)
Streptomyces glaucescens NBRC 127747 (AB184843)
Streptomyces flaveolus NBRC 37157 (AB184786)
Streptomyces tendae ATCC 198127 (D63873)

Streptomyces violaceorubidus LMG 203197 (AJ781374)
Streptomyces misionensis NBRC 130637 (AB184285)
Streptomyces phaeoluteichromatogenes NRRL 57997 (AJ391814)
Streptomyces rutgersensis NBRC 128197 (AB184170)
Streptomyces nogalater JCM 47997 (AB045886)
Streptomyces lavenduligriseus NBRC 134057 (AB184382)
AN090571

Streptomyces malachitofuscus NBRC 130597 (AB184282)
Streptomyces graminearus LMG 199047 (AJT81333)
Streptomyces griseostramineus NBRC 127817 (AB184140)
Streptomyces cinereospinus NBRC 153977 (AB184648)
Streptomyces somaliensis DSM 407387 (AJ007403)
Streptomyces albulus IMC 508027 (AB024440)

Streptomyces melanosporofaciens NRRL B-12234T (AJ271887)
Streptomyces rhizosphaericus NBRC 1007787 (AB249941)
Streptomyces demainii NRRL B-14787 (DQ334782)

Streptomyces armeniacus JCM 30707 (AB018092)
Streptomyces caniferus NBRC 153897 (AB184640)

Streptomyces nigrescens NRRL B-121767 (DQ442530)
Streptomyces ramulosus NRRL B-2714T (DQ026662)

Streptomyces monomycini NRRL B-243097 (DQ445790)
Streptomyces sparsogenes NBRC 130867 (AB184301)

Streptomyces glauciniger NBRC 1009137 (AB249964)

Kitasatospora paracochleata IFO 147697 (U93328)
Streptomyces cinereorectus JCM 69167 (AY999764)
Kitasatospora cochleata IFO 147687 (U93316)
AN0900T2

Streptomyces aureofaciens NBRC 128437 (AB184189)
Kitasatospora viridis 52108a" (AY613990)

Kitasatospora arboriphila HKI 01897 (AY442267)
Streptomyces purpureus LMG 193687 (AJ781324)
Streptomyces chrysomallus subsp. fumigatus NBRC 153947 (AB184645)
Streptomyces xanthocidicus NBRC 134697 (AB184427)
Streptomyces indigoferus NBRC 128787 (AB184214)
Streptomyces aburaviensis NRRL B-22187 (AY999779)
Kitasatospora kifunensis IFO 152067 (AB022874)
Streptomyces misakiensis NBRC 128917 (AB184223)
Streptomyces turgidiscabies ATCC 7002487 (AB026221)

Fig. 15. Neighbor-joining tree showing the phylogenetic relationships based on 16S
TRNA gene sequences of selected strains AN090072, AN090571 and other related taxa.
The scale bar is equal to 0.01 changes per nucleotide position.
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Carbon sources Nitrogen sources

Fig. 16. Analysis of utilization of carbon and nitrogen sources by phenotype microarray

Carbon sources: N-Acetyl-D-Glucosamine, L-Aspartic Acid, L-Glutamic Acid, D-Ribose,
Tween 20, Acetic Acid, Tween 40, a-Keto-Butyric Acid, Tween &0, Propionic acid,
D—Cellobhiose, L-Lyxose, Glucuronamide, Pyruvic Acid, Gelatin, Arbutin, 2-Deoxy—D-Ribose,
D-Glucosamine, 4-Hydroxy Benzoic Acid, Sorbic acid, Dihydroxy Acetone

Nitrogen sources: L-Cysteine, Alloxan

Lk ANO90S71 w52 # 4 wiA| A

ANOYOS71 25 QS Az @Ao] 2o HAMAE MA Y] Yste] 829 2 AxgY
o] gAo il A&AE vt GSSE V|EuiA Ry, A& o83 BAYE glucose,

xylose, fructose, galactose, mannose, arabinose, rhamnose, lactose, maltose, molasses,
raffinose, starch, cellulose, dextrin, inulin, maltodextrin, glycerol, solbitol, mannitol,
inositole|™, 1 % maltodextring ©AYoz o] &3S u QS A Ao 7 =k
o}

A AL yeast extract, beef extract, malt extract, fish meal, soytone, soybean meal,
tryptone, asparagine, N-7Z amine, corn steep liquor, ammonium sulfate, ammonium
acetate, NaNQOs, Urea©]™, 7 %5 N-Z amines ZAYgo= o] &3S u QS A3 &Aool

7 S=kol (Fig. 17).
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Fig. 17. Selection of optimal carbon and nitrogen source for the production of QSI from ANOYXG71

Carbon sources; 1, Glucose; 2, Xylose; 3, Fructose; 4, Galactose; b, Mannose; 6, Arabinose; 7,
Rhamnose; 8 Lactose; 9, Maltose; 10, Molasses; 11, raffinose; 12, Starch; 13, Cellose; 14, Dextrin, 15,
Inulin; 16, Maltodextrin; 17, Glycerol; 18, Solbitol; 19, Mannitol; 20, Inositol

Nitrogen Sources 21, Yeast extract; 22, Beef extract; 23, Malt extract; 24, Fish meal; 25, Soytone;, 26,
Soyvean meal; 27, Tryptone, 28, Asparagine; 29, N-Z amine; 30, Comn steep liquor; 31, Ammonium sulfate;
32, Ammonium acetate; 33, NaNO3; 34, Urea; PC, Positive control(GSS); NC, Negative control(D.W)

4. AN090571 w9 &A= d BeAdA % 724
7k AN090STL 2] 454 e g4

QS Al BAE 7HA= A4S el AASY] f1stel Fig. 189 A2 AL 3
39l ar 2 @Auktl CV026 plate assay HH o2 @48 F2l5k5th AN090S719) =)ok
Aeds w9 ethyl acetate= 29 FZF3F vh& A9 w539 silica gel column
chromatography $ Sephadex LH-20 column chromatographyE ©]-&3}o] #]slsiv). &
AE4dE ODS column chromatographyE %3¢ HPLC= &<l o YMC ODS, ¢
250 x 4.6 mm®2 columne AFE3FY] 709 acetonitrile® #4310 (Fig. 19). &34

<9 £8E FolA Rt=2Tmin &3I4 QS Asl &A= &3t

v} AN090571 2] g E4d x84
HPLCZ AA ¥ 'H-NMR, HMBC(Hetero Multiple Bond  Correlation) spectrum,
COSY, ESI-MS spectrum +24-& &3} o] &3E&Eo| benzamiderd] =2 <] piericidin

A19E F2Ad(Fig. 20) aFle™ CVO026el ek QS A3 24 7FA AL At
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Broth culture of strain AN0OS0571 (61)

l

Extracted with ethyl acetate (210 mg)

l Concentrated in vacuo

Silica gel column chromatography (4771 fraction)
l Eluted with Chloroform:MeOH=30:1~1:1

Sephadex LH-20 column chromatography

l Eluted with 100% MeOH

HPLC analysis for active compound
l Eluted with 85% methanol

NMR (Pure compound 2 mg)

Fig. 18. Purification scheme for active compound
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Fig. 19. HPLC chromatogram of ANO090571
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COosY

Fig. 20. Structure analysis

5. AN090571 #=F¢] AlA| s}

A7F A
ﬁ- (o)
=B o

T -

THAZE

ANO0905719e] =A%
YR Bl Fa
7] 913 4A <
WA = WP700,

CV0265 o83 &4 A4

|=ae]

3 A A A

1,

Table 6. Formulation of microbial agent

g5 93814 Table 63 722
2 HIAZA o] &F]
2 A pyrophyliteE o] &
WP280BE o] &
oA 15 ppm o]l A QS Adlles

HMBC

of active compound

el

o AAs s,
w @R}
S,
39

oJ4A WEo

H At

=]

components g
Ethyl acetate extract 0.3
Pyrophylite 139
White carbon 30
WP700 10
WP280B 20
Total 200
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Table 8 Mortality and clinical signs (Acute oral gavage of AN090571)

Dose . . . Mortality
Group Number of animals Clinical signs
(mg/kg) (dead/total)
0%
Gl 0 10 NAD
(0/10)
0%
G2 2,500 10 NAD
(0/10)

NAD: No Abnormality Detected

W7|E 4t o B FolellA] Fololl 71919k AWl X skt Table 8).

AN@A7NZE 7 AEsE dE AzHste] dojA Folwd wxaitel o4
| 55k BEE X ekt (Table 9).

Table 9. Mean body weights (Acute oral gavage of AN090571)

Day(s) after administration

G Dose S N
roup ex (0]
(mg/kg) 0 7 14
Gl 0 Male 5 28.97£2.15 32.42+1.97 34.89£3.11
Female 5 24.79£1.81 26.48%+2.01 27.79£2.31
G 9500 Male 5 30.12+£1.62 34.26x2.61 37.42+3.37
’ Female 5 24.37+£1.25 26.83+x1.60 27.64+0.81

No : Number of animals

Ee AEEEd FAHS NEERE F oHER wHAA 4 FaAT| i &
& AT Aa Be AldEEdAs Fojol 7|dE Sold T4 u#

Table 10. Necropsy findings (Acute oral gavage of AN090571)

Gl G2
Findings NurrTber of (0 mg/ke) (2,500 mg/kg)
animals
Male Female Male Female
NAD 20 5 5 5 5

NAD : No Abnormalities Detectecd
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Table 11. Test group
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el

A @71z Eere] AlFSA Ao e 4o FHAdE vadr] 98 F AAS
AABF AL, Akl Skl AR EA Fojwd thxaite] Fode detr

=
A& Student t-testE A A3t

2) 2%

7h AHdE 8 LDs

271 ot 2,000 mg/kg BW. o FolgiiolM A7l @EsA gob
LDs 7 2,000 mg/kg BW. oo =2 3@ vh(Table 12).

e

Table 12. Mortality and clinical signs (Acute transdermal application of AN090571)

G Dose Numb ¢ animal Clinical Mortality
rou umber nim
oup (mg/kg) cr of animals signs (dead/total)
0%
Gl 0 10 NAD
(0/10)
0%
G2 2,000 10 NAD
(0/10)

NAD: No Abnormality Detected

=4
W73 St o e FolellA Folol] 7IQ1eh AnkE e dEEA] Stk Table 12).

A@7IE T AEEEel Wi ATt oM Fojuat tixazte] foAd s

Agsls FEH A FUvH(Table 13).

Table 13. Mean body weights (Acute transdermal application of AN090571)

Day(s) after administration

G Dose g N
roup ex o
(mg/kg) 0 7 14
al 0 Male 5 270.7£9.3 328.9+219 375.2+30.6
Female 5 169.3+3.9 195.7+6.8 2159£11.0
Male 5 276.4+6.7 326.5£15.0 381.8£186
G2 2,000
Female 5 169.0+£9.3 191.6+11.6 209.5=13.1

No : Number of animals
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Table 14. Necropsy findings (Acute transdermal application of AN090571)

G2
(2,000 mg/kg)

Gl
(0 mg/kg)

Number of

animals

Findings

Female Male Female

Male

20

NAD

NAD : No Abnormalities Detectecd
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aFA) ol AAGETE FEske]l Aldel ARgESITE A2 AIEURAl 2443 A5

(1) Alefe] =4 @ AFEEH 10000 g& A8 HFsle]l 100 mLe volumetric
flaskell ¥ il ANEE&FE 7Iste] s dAHE wj7tA] S8 wikA A Al@E
A8 (stock solution, 100000 mg/L)S ZA3IT A &4 L&
solution) 0.5000 mL-& A3 FH3le] 125 Lo AdFzxe €a AdE&4E A
w5 L7 HxE viste] @ds] d9gE wizbA] SRS wukAzl $ A8
(test solution) &= AF&-3} 9]t}

(2) AMRs @ ZAF A 962 EE AAISE duA @ da Ha w=<l 10.00
mg/Lel A A AL dojubx] eFol 10.00 mg/Le &XxelA eAAE (limit test)=
A A BT

(3) diz=+ AA
wAMET AR AR SANETE AU
dd | 2+ Pentachlorophenol sodium salt (Fluka, Lot No. 427620/1)& %A

5223k 0.20, 0.30, 045, 068 ¥ 1.01 mg/L (&4 159 A
A% %(nominal concentration)® A&3d A=E A3}
(2010-01-26 ~ 2010-01-30).

() =&x7d 125 L 8% 98% Fa+x (8 em H x 24 ecm d)o 10 L2
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AZE, 4BAIZE, T2ATE R 96AIZE BatAol ANEHZY, HolZg 0 AAte) B

2l
Fg ARG AMls WAL Tl FHNE ASHS W £9o]
QA ol7kn] BFo] FuhE A9 AR AFSAT

@ AREF £ A} AR F FAANE ADED AP AFPE U4
7 Ao RE FxeA pH DO 2 £ xAd. pHe S

SartoriusAte] PP-15 pH meters AF83193, DO+ Orion research

oAul A& Ao wet 10.00 me/Le A s woA SAAE (limit test)S 2 A
At A8AIZE, 96AIZE 7 Al A AL 7F A E A kT Table 15).

=
M@ 5 2T ATl dutessd B Solede #EHA @it

(Table 16).

i~

Table 15. Cumulative mortality of Oryzias latipes

3 b 0,
Concentration Number Number of dead fish Mortality (%)
(mg/L)" of fish 24h 48h 7%h 96h 48h 96h
Control 10 0 0 0 0 0 0
10.00 10 0 0 0 0 0 0

1) Active ingredient

Table 16. Abnormal response

Abnormal response

Concentration
(mg/L)" 924h 48h 72h 96h
Control NOR? NOR NOR NOR
10.00 NOR NOR NOR NOR
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L) AAA AW
A&717r & pHE Hit 798 (774 ~ 827)°|Qa, DOE H¥ 676 mg/L (5.29
mg/L ~ 826 mg/L)oIAth 428 Hat (230 + 04) T (25 T ~ 237 T)olek
(Table 17, 18, 19).

Table 17. Change of pH

Concentration
H 0Oh 24 h 48 h 72 h 96 h
(mg/L)
Control 8.27 8.18 8.09 7.94 795
10.00 825 7.74 7.74 781 7.82
1) Active ingredient
Table 18. Change of water temperature (Unit : C)
Concentration
D 0Oh 24 h 48 h 72 h 96 h
(mg/L)
Control 23.0 22.5 23.0 23.1 23.1
10.00 229 237 23.3 225 23.1
1) Active ingredient
Table 19. Change of DO (Unit : mg/L)
Concentration
D 0Oh 24 h 48 h 72 h 96 h
(mg/L)
Control 8.26 752 6.86 6.29 5.80
10.00 823 7.26 6.43 569 529

1) Active ingredient

3 F(FAME, Oryzias latipes)oll e GFAE-S 96AZF 5 A2 0
2 AASY v @ mFolir 10wt tid AAbE, dWS RS B AT 3
AE ZAIAY. 2 Ald2 “F&2284 1A A 2010-3%, [Ex 13] SAHRAESAAAE
Z1EIR, Astehsof 13-3-2. gl md A7 (2010-02-09)0l whe} 3 vk A
¥ 5 S (nominal concentration)== 10.00 mg/LZ 3o Ald-& A5 o8, A8 5L
ek Mo 42 A FIA &okvh A@VIE T AAE dojuA E= AW sEs
1000 mg/LSaL, dizx7 8 Aol dutsssy 2 SojAa2 #duA skt
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AFe Hit (016 £ 0.03) g, AL Hit (256 = 0.20) ecm °)Av) pHE Hat 7.98
(774 ~ 827 °13, DOE #Hif 6.76 mg/L (5.29 mg/L ~ 826 mg/L) 9o, A&7
He] HFe22 (230 £ 04T (225C~237C) otk Table 20¢] 23 AN0905712)
48A17F LCs k< 10.00 mg/L o] o2 o54 Myoz s

|

Table 20. LC50 values of Oryzias latipes

Observation LCso 95% confidence limits NOECY
Time (mg/L) (mg/L) (mg/L)
48 hours > 10.00 - 10.00
96 hours > 10.00 - 10.00

1) No observed effect concentration

olAre] =AW IL A}, Streptomyces sp. AN0IST] HFE AEFFozZH Algo] 7h%
E%E‘r. w3k E. carotovora®] gk -84 L g
l'

o] 394 WBES QS ANAZ AT AFEOR $% BuE A5
Eien
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L F7F 238ds 53 QS Al ¢ w5 A
7k AN090072 75 A

AR549]r ANO90S71 -+ T =5 =
”o“%ﬂ&f‘n M, ox 2aYg F g 4 A

o} 2},

98k CVOo26el dig QS
‘é ‘?.13—8— ANO905711Jr e

k. AN090072 59 PCWDEs(A W & & 4) EA sjo}

Adb wFQl AN0900727F A= AAlel WS dEblEA FQlstr] st E
carotovora’} AJAbehs Aoz &E 7 PCWDEsS] &A4EA-S A3 AN09007290 4]
A3 Bk}, Polygalacturonase (Peh), Pectate lyase isozymes (Pels), Cellulase (Cel),
Protease (Prt) 4848 SAT A3 AN0O72d M= E4EAdo] gle Aoz e

[e]

wow nEhA Am FEHe] HAgoR HHd Aoz ddH v

Table 21. PCWDEs activity of AN090072

PCWDEs Polygalacturonase  Pectate lyase isozymes Cellulase Protease

ANO90072 - -

2. AN090072 5 &4

AdkE AN090072 =5 “Bergy’s Manual of Determinative Bacteriology” ¥ “Manual
for the Identification of Medical Bacteria”o| w} 59 dejsrzl, Ay - A3stz &

e 2ABAY
7t AN090072 2] Hejsts 54

28T, 797 wWldl(Bennett's) #l A Aol A ANO10072+ 34 w53 ¥ x5 A A% oH
(Fig. 21), FAFA A8 n] 4 (SEM:scanning electron microscope) &2 #2-3F A3t 7] 7
APl dEd e 08~1.0 ym ZL7]o) ZAVF AP o m AdE o] A H AT (Fig 22).
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front back

Fig. 21. Morphological characteristics of AN090072

Fig. 22. Scanning electron micrograph of selected strain AN090072 on Bennett's agar
medium at 28°C for 7 days. Bar, 1.0xm.
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L AN090072 9] A2-Aststd &4

O

ISP2 wj Aol % Bennett's ®i# AH#H Aoz Aghow w Aol A M
melanoid pigmentE A 3}A| %At} International Streptomyces Project(ISP)ol| u}&}
o] 7}A] w2 el A 248 A3} Table 2204 9F o] vz FfFol| we} & A3t

T84 MAas AT 22 dojg] A2 wix el wEl et A 3]0
AR AL, B 242 Mol #ALE Wtk E3F glucose, arabinose, sucrose, xylose,

inositol, mannitol, fructose, rhamnose, raffinose ¥ cellulose =5 2+ ©]-&3}3t} (Table 23).

Table 22. Cultural characteristics of a selected strain AN090072

Medium Spore mass color Reverse side color Growth Soluble pigment
ISP2 agar grey grey abundant none
ISP3 agar light yellow light yellow abundant bhrown
ISP4 agar gray redish brown abundant vellow
ISP5 agar  brownish white brownish white abundant none
ISP6 agar vellow vellow moderate vellow
ISP7 agar white brown abundant redish brown

Table 23. Carbon utilzation of selected strains ANQO90072

Carbon sources AN090072
D-Glucose +
L-Arabinose +
Sucrose +
D-Xylose +
Inositol +
D-Mannitol +
D-Fructose +
a-L-Rhamnose +
D-Raffinose +
Cellulose +

Culture condition was at 28°C for 5 days on the basal medium (0.2% peptone, 0.1% yeast

extract and 0.1% beef extract)
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ok, AN090O72 7o) BApA BE-F8A 54

AMA DNAYS 16S rRNAE 7 719 &# % universal primer[Forward primers
5 -AGAGTTTGATCCTGGCTCAG-3" (E. coli 16S rRNA positions 8-27), Reverse
primer= 5 -TACGGTTACCTTGTTACGACTT-3(E. coli 16S trRNA positions
1492-1513)]1& AF&3te] FFstdth T3] 219 PCR At=S F7IAE &S 91304
QIAquick PCR purification kit(Qiagen*hE AF&3lo] AA G2 Asd7|AE &4 A
2] (Applied Biosystems model 377 automatic RNA sequencer)E ©|-&3le] A7 d ¥
Mg Stk Awd #59 16S tRNA 9471448 w5 NCBI®| BLASTE AH4-3)
of 7]Eel SEE Uk ATy Aste aAdAY AVIMd9s CLUSTAL W
softwareE AR&3ste] wlawsilar, EAA S AT a4 A4S PHYLIP 2219 7]
A g AREste] FEgETh. AN090S7L el 16S rRNA  @7IAdel sk
NCBI(National Center for Biotechnology Information) BLAST 23 Streptomyces
aureofaciens NBRC 128437 759} 99509%9] fA=E e} (Fig. 15). 8 A%
T A o FAIER A YESE e Streptomyces sp. AN09OO72= T8 TH 3}
o] 2010 29 8¥ol AT ATA FAALF 7t on, KCTC11637BP 7]

HuEE Fowg.

A

3. AN090072 =9 i 54 2 ujF A5
7} AN090072 w59 49 2 ALY o] &A XA}

AN0900729] HAw A& AAs 7] Yt g@ad 2 A4 o] & 54 g 48s 3
1 tF. BIOLOGA}S] phenotype microarray S ©]-&3te] 190F+9 &AL} 9

Aoll wigh AAAd ofgfo] AAG 35EF @AY B 40EF 2 S

ol#1gk o] 84S T3l QS AE g HAMA LA B M EEA e o] gstara; g
(Fig. 23).

= o0
~ X N s s 0 | 8. CRR IO
2 e @ . - . 8 :
= ® 8 P o 1 ] I -
A 5 S ! T
= L -] o8 = # R L .
<L A =
80 . ‘1 ® s
° ® ' Le0R000 00500
Carbon sources Nitrogen sources

Fig. 23. Analysis of utilization of carbon and nitrogen sources by phenotype microarray
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Carbon sources: L-Arabinose, N-Acyl-D-Glucosamine, D-Galactose, L-Proline, Glycerol,
D-Gluconic acid, D-Xylose, D-Fructose, a-D-Glucose, L-Asparagine, Tween 40, «a
-Keto-Glutaric acid, Sucrose, L-Glutamine, Tween 80, Maltotriose, 2-Deoxy adenosine, Citric
acid, L-Serine, L-Alanine, L-Alanyl-Glycine, L-Lyxose, Pyruvic acid, y-Cyclodextrin, Dextrin,
Gelatin, Glycogen, 2-Deoxy-D-Ribose, y-Amino-Butyric acid, Caproic acid, D-Glucosamine,
L-Arginine, L-Histidine, Putrescine, Dihydroxy acetone

Nitrogen sources: Ammonia, L-Alanine, L-Arginine, L-Asparagine, L-Aspartic acid,
L-Cystein, L-Glutamic acid, L-Glutamine, Glycine, L-Histidine, L-Isoleucine, L-Leucine,
L-Lysine, L-Phenylalanine, L-Proline, L-Threonine, L-Tryptophan, L-Valine, D-Serine,
L-Homoserine, L-Pyroglutamic acid, Ethanolamine, Putrescine, Adenine, Adenosine, Guanine,
Guanosine, Y-Amino-N-butyric acid, Ala-Asn, Gly-GIn, Ala-Glu, Ala-Gly, Ala-His, Ala-Leu,
Ala-Thr, Gly—Asn, Gly-GIn, Gly-Glu, Gly—Met, Met-Ala

o AN09O072 w79 B4 B AL A3

ANO9OO7225-H QS As| &do] ¥ HAMAE AAsY] {5t gad % dad
olgAel wd HIS vk GSSE VEHAE ke, AEF @AY glucose,
xylose, fructose, galactose, mannose, arabinose, rhamnose, lactose, maltose, raffinose,
starch, cellulose, dextrin, inulin, maltodextrin, glycerol, solbitol, mannitol, inositol®]™,
1% xylosed @AYo = AR ES W QS A &40 7P Ed) (Fig. 24). &©44
o ] &Aool FL xyloseE 1%=E AAZ & HAYOSZ yeast extract, beef extract,
malt extract, soytone, soybean meal, tryptone, asparagine, ammonium sulfate,
ammonium acetate, NaNOs, Urea® AF8-3l59S A% 71 F soybean meals F LYo =
g A W QS A BAel g 2T (Fig. 25).

Fig. 24. Selection of optimal carbon source for the production of QSI from ANQ0S0072

1, glucose; 2, xylose; 3, fructose; 4, galactose; 5, mannose; 6, arabinose; 7, rhamnose; 8,
lactose; 9, maltose; 10, raffinose; 11, starch; 12, cellulose; 13, dextrin; 14, inulin; 15,
maltodextrin, 16, glycerol; 17, solbitol; 18, mannitol; 19, inositol; 20, GSS(control); 21, carbon
source A1) (control)
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Fig. 25. Selection of optimal nitrogen source for the production of QSI from ANO090072

1, veast extract, 2, beef extract; 3, malt extract; 4, soytone; 5, soybean meal; 6,

tryptone;, 7, asparagine; 8, ammonium sulfate; 9, ammonium acetate; 10, NaNOs; C,

control (nitrogen source A12))

o gAady Ao HA v&s AAY] Y84 xylose?t soybean meal FEE
0.5:0.1, 0.5:0.5, 0.5:1, 1:0.1, 1:0.5, 1:1, 2:0.1, 2:0.5, 2:1% 3} QS A3 &Ale HUY. =1

A3 BADSl xylose®t AAY<¢ soybean meal®] H]&o] 2:05¢ wf QS A Aol 7}

Fig. 26. Selection of optimal carbon source and nitrogen source ratio for the production
of QSI from AN090072

1, 05:0.1; 2, 0505 3, 05:1; 4. 1:01; 5. 1:05; 6, 1:1; 7, 20.1; 8, 2:0.5; 9, 2:1 10, D. W. (control)

_59_



oh AN090072 wt5=2] wiF # A 8ol uwhE QS As| &4d AA

AN09007225-H QS Adlle] &4l Ak 9384 34315} ]l AN0O90072 seed

5 1% YA HJETF F 0¥ &

gHo] T7rske] 3 ~ 8L A QS As Aol M E%QE], pH7} %*OV]‘EH ﬂ*éE g
[e]

A AT oldd Aske PATe] A =4y

Ae Aoz A7 At (Fig. 27).
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Fig. 27. Characterization of the QS inhibition activity and pH to date
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2k AN090072 wt52] Alg AT FAF 59k AHL Adlls vl

AN0900729F Als A Aom FARYF & ETTTEY QS AMA 7S ¢
olH 7] $3te]  Streptomyces purpures, Streptomyces aureofaciens, Streptomyces
xanthocidicus 37+5 KCTC(Korean Collection for Type Culture)=5-H #ilol QS
A&l gd-e vl A (Table 24). 2 A3} Streptomyces aureofaciens, Streptomyces
xanthocidicus WA= QS A& &Ado] AAEN o ANOYO2E FAEY & 3%

o ATt QS AsiAzA el &de] A w2 AS 0 o AAT (Fig. 28).

Table 24. The list of type strain by quorum sensing inhibition test

KCTC No. Name Similarity (%)
9075 Streptomyces purpures 98.86
9697 Streptomyces aureofaciens 99.50
19978 Streptomyces xanthocidicus 98.92

Fig. 28. Compare of quorum sensing inhibition of ANO090072 and type strains.

1, Streptomyces sp. AN090072; 2, Streptomyces purpures; 3, Streptomyces auredfaciens; 4.
Streptomyces xanthocidicus
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4. AN090072 52| A A 3}

gt AN0900729) =4

|Al o] FAATOR= AT X ™
FAS 7] $13 gAe FAFEoZA pyrophyliteE o] £33, FAHAIZ A white
carbon, AlHEA A Z3= WP700, THA 2= WP2R0BZ ]33t} (Table 25). o] &4
e AAE CV026S o] &3 24 AAA 200 ppm ol’FolA QS Al TS KAt

2 AAs AT
37 AEHdez

2

Table 25. Formulation of microbial agent

components g
Ethyl acetate extract 0.42
Pyrophylite 139
White carbon 30
WP700 10
WP280B 20

Total 200
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Student t-test

2) A3

LDsg
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7h A
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z

71ZF &<k 2500 mg/kg BW. & FoFola Apvd st #

2,500 mg/kg BW. o] 2 Ae@Ari(Table 27).
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4713 F AZSE @ AFAs] Yol FolEa dxTe) F94
AFMeHE B2 2UTHTable 29)

Table 27. Mortality and clinical signs (Acute oral gavage of AN090072)

G Dose Numb ¢ animal Clinical Mortality
rou umber of animals
P (mg/kg) signs (dead/total)
0%
Gl 0 10 NAD
(0/10)
0%
G2 2,000 10 NAD
(0/10)

NAD: No Abnormality Detected

Table 28. Mean body weights (Acute oral gavage of AN090072)

Dose Day(s) after administration
Group Sex No
(mg/kg) 0 7 14

a1 0 Male 5) 30.40+1.19 34.53+1.04 37.38+1.67
Female 5) 23.70%0.69 26.38+0.62 28.48+1.36
Male 5) 28.66+3.10 32.1314.20 34.47+4.25

G2 2,000
Female 5) 23.98+0.84 25.92+1.56 27.80+1.34

No : Number of animals

Table 29. Necropsy findings (Acute oral gavage of AN090072)

Gl G2
Findings | Wmber of (0 mg/ke) (2,500 mg/kg)
animals
Male Female Male Female
NAD 20 5 5 5 5

NAD : No Abnormalities Detectecd
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Table 30. Test group
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vh) Abm o] SAA Y
A @7I1ER e AT Aol e #4te] FdAde washr] 9s) F AAE
AAJBFelaL, wAte] & =2 Folwd vt feAde dotrr] 9

A QA =<
8 Student t-testZ 2 A3}5iT).

i

#&7|7E Ft 2,000 mg/kg BW. o] Folgmol A Ad#7E #3s A kol LDs
#2000 mg/kg BW. o]z defari(Table 31).

oft

Table 31. Mortality and clinical signs (Acute transdermal application of AN090072)

Dose . Clinical Mortality
Group Number of animals i
(mg/kg) signs (dead/total)
0%
Gl 0 10 NAD
(0/10)
0%
G2 2,000 10 NAD
(0/10)

NAD: No Abnormality Detected

A@7IE T AETE ek AlTHstel] glojd Folat kel oA =

Agsls B A Fgvh(Table 32).

Table 32. Mean body weights (Acute transdermal application of AN090072)

Day(s) after administration

G Dose S N
roup ex o
(mg/kg) 0 7 14
al 0 Male 5 287.7£9.4 349.9+£23.3 409.5+£20.1
Female 5 169.4+8.6 190.2+11.8 212.3+x134
Male 5 277.8£10.7 3247116 384.9+18.0
G2 2,000
Female 5 169.0+8.1 192.4+14.6 213.7+14.0

No : Number of animals
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A 29kt (Table 33).

Table 33. Necropsy findings (Acute transdermal application of AN090072)
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BARA ALR FAEE SEAEILA A 2010-95, (4
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HaL, Adst FAe 27 slolA £3E AAFAL £33 F X Apol st A

S s Agesh FEskel A@el ARgSATE AAe AFAN UAZ ARE

(1) Alefe] =4 @ AFEEH 10000 g& A8 HFsle]l 100 mLe volumetric
flaskel ¥aL A3 &FE 7Iste] ¢bds] A=
A& (stock solution, 100000 mg/L)
solution) 0.5000 mL-& A3l FH3le] 125 L A& i
w5 L7 HxE viste] @ds] d9gE wizbA] SRS wukAzl $ A8

(test solution) 2.2 A}-&3}9 T,
(2) N&EE  HaAlE obx BAZFESH 218

o
N i
2
ol
ol
8
L w .ﬂ
>,
mal
o
i
o
2,
@w
—t+
Q
(@}
o

0(1

oAl e} #an 552] 100me/Lell] X A7}
doji}x] eko}l 10.00 mg/LY T EolA FFAAE (limit test)S 2 A 35T},
(3) iz A4
wAmET AN EFS AR SANETE ARG AT
2$2 ) 27 ¢ Pentachlorophenol sodium salt (Fluka, Lot No. 427620/1) %4
EEA 23t 0.20, 030, 045 068 % 1.01 mg/L (¥4 159 AHAAFE
(nominal concentration)= Al g3t A3E &85t} (2010-01-26 ~ 2010-01-30).
() =&x7d 125 L 8% 98% Fa+x (8 em H x 24 ecm d)o 10 L2
Jd&HE Fofstdon, Aol ZH7E 1008 S vhE glo] A3kt
EE:S AR S 2 (21 ~ 25) T, B 16217E 9= 8 ARke=
ATk Al@TNA 2423 ARE A QFEAIMA AlmFolE T8 sl

SR AN AR F FAANE ARRA AL AF5E U4
B pAeR RE FxelA pH, DO ¥ F&& At pHe Fee

SartoriusAte] PP-15 pH meters AF83193, DO+ Orion research

Incorporated®] 810A+ DO meterS AM&3Fo] =433}
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(3) LCx AF&E 2 NOEC : Ald =4 Fof & 48 & 9641 A Al AANAZE $Id
o o

onz WEAAEE (LCxn) R AHIAE AEsiA &@dv. F9¥s:
==
&

(NOEC)K= #5340l 913 Arbolrh wAshA g H3 Adsmz EA s,
2) A%
) AurEg L AA

oAu A @A el whel 1000 mg/Lel A@FEelA FAANE (imit test) S 2 A3
At 4841, 96417 A A A Aol 7t B2 E X g TH(Table 34).
M@ 5 2T ATl dutessd B Solede #EHA @it

(Table 35).

i~

Table 34. Cumulative mortality of Oryzias latipes

Concentratio Number of dead fish Mortality (%)
Number
n -
(mg/L)" of fish 24h 48h 72h 96h 48h 96h
Control 10 0 0 0 0 0 0
10.00 10 0 0 0 0 0 0

1) Active ingredient

Table 35. Abnormal response

Abnormal response

Concentration
)
(mg/L)' 24h 48h 7%h 96h
Control NOR? NOR NOR NOR
10.00 NOR NOR NOR NOR
) AA A G2 s)
18717F % pHE 9t 802 (7.80 ~ 827)0|0a, DO Hif 629 mg/L G.62 mg/L ~ 826
mg/L)o1Th FL& HiF (230 £ 03) T (225 T ~ 236 C)o)AtHTable 36, 37, 3R).
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Table 36. Change of pH

Concentration
D Oh 24 h 48 h 72 h 96 h
(mg/L)
Control 8.27 8.18 8.09 7.94 7.95
10.00 8.16 8.09 7.80 7.93 7.80
1) Active ingredient
Table 37. Change of water temperature (Unit : C)
Concentration
D 0Oh 24 h 48 h 72 h 96 h
(mg/L)
Control 23.0 225 23.0 23.1 23.1
10.00 22.7 23.6 23.2 22.6 22.7
1) Active ingredient
Table 38. Change of DO (Unit : mg/L)
Concentration
H 0Oh 24 h 48 h 72 h 96 h
(mg/L)
Control 8.26 752 6.86 6.29 5.80
10.00 8.06 741 6.78 6.33 562

1) Active ingredient

(5], Oryzias latipes)o] 3t <d3kA|

i e
z Adste] FE ¢ mFolF 100kl @ AAE, dNESSAe BAsn A

Jdo)
S
>
=
offt
rO
N
n
i
o

gt T %
Ax-s AL B AlEe “TEATHTA A 2010-3%, [Ex 13] AR ESAHAE
Z|Ed, AskstEoF 13-3-2. B ol @ AT (2010-02-09) e wEl S8 ATE A
¥ 5 S (nominal concentration)== 10.00 mg/LZ 3o Ald-& A5 o8, A8 5L
g wmEel BAe AdsA gtk A9 F AN QoluA g HAd wE:

10.00 mg/LA 3, diz7 9 Xl dias53d 2 SolArae #asA gt A
o Wit (017 £ 002 g, AFL HF (262 £ 0.18) em ©lv}k. pHE Hit 8.02 (7.80

F3t 6.89 mg/L (562 mg/L ~ 826 mg/L) o™, A1&7]|3te
F &S (230 + 0.3)T (225T ~23.6C)°8th  Table 399 A7 AN0900729] 4843k
LCs %< 1000 mg/L o] o & o]=A Muo& xS}

=
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Table 39. LCS0 values of Oryzias latipes

Observation LCso 95% confidence limits NOEC?Y
Time (mg/L) (mg/L) (mg/L)
48 hours > 10.00 - 10.00
96 hours > 10.00 - 10.00

1) No observed effect concentration

ol Ae] =AY 7L A3} E Streptomyces sp. AN0IOT2 = AEFFO B A Algo] 7t

- =
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6. ANO60072 2] 2H&7]= A7
7k AN090OT2 w2 g FA Al 194

QS Zy=z vyeysE AR dA4de A g WAS SUHAIA @k

AN090072 77} &9 Ao sk As &S 2ra X Flsr] f8A E

carotovora®] ANQ090072 ®iF A5 HE A Hjgd wel Ay 2 wjd3 F | crystal
A

violet G4 HWHE o] &3 FHEE FAHTL A3 E. carotovora®t A 2]3t39S W

of ulall AN090072 el 3|4 Hjge] we} SFE7F 1/3 FTo2 ZFo] AEY YA o
A EE & & Ada, o= AN0Y0727F QS Aslso]l ArteE AS 9u|dt} (Fig. 29).
0.25
0.20
T 0.15 A
c
2
L)
s |
2 0101
T T T L
0.05 =
0.00 T T T T T T T
1 112 1/4 1/8 1/32 1/64  E.conly
conc.

Fig. 29. Inhibition of Biofilm formation of E. carotovora by Streptomvces sp. ANOY00T2.
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L ANOJOO72 w52 CV0260l thek QS A3l &4 14

QS 71l ol HeEpA A FHA 5ol mutation ¥ Chromobacterium  violaceum
CV026 #FE o]-&af AN090072¢] QS A3 &A-& &lstth AN09072E 43 A

S v ke-S F9 ethyl acetate® FEIFAY &2 020 mm syringe
filter= o338t 27] ¥%= OD 02% HEF CV026°] FE5& L= Wgds v
= oAgstar of 293 Mo W Ad ARE FAFAYE 1 A3 CV0eRt HE
controle- 16A]7to] Hm ¢hd3] Wl oz W3Sl ethyl acetate FEEES T EHRE
Al gk ATl A% controldt wERFZFA| 2 o] } Ath ZrEfuh of gk vl ko] 2 164
kol Holm el Watyh gl o, 404 3ko] HojAof el oz Wake] 0w (Fig. 30),
o] AN090072 57} CV0269] QSE Asigth= AS ov|shs Aoty H3h ethyl
acetate FEolA = &Ado] §laL, mjFeol ARt &S HolE AOE Kol o= B

o)t A8l k)

Aq

Fig. 30. Quorum Sensing Inhibition of CV026.

A. 16hrs after treatment CV026+AN090072 and conrol. A-1, control{CV026 only),
treatment of ANO09OO72 extract 1ml and 2ml; A-2, treatment of ANO0S0072 filtration 1ml
and 2ml; A-3, all, B. 40hrs after treatment CVOZ6+ANO072. B-1, treatment of ANOSO072
filtration 1ml and 2ml; B-2, all
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ok ANO9OO72 59 S F-EHd BUAd @ 24 A 24 1A
A= BYA #F E arotovoras QS 7% fE HAAES THAE 2 549 Al
olt}. CV0262] KA M4 A& At A8y vpzr7lA 2, AN0900722] H %
Sos olgstel QS As #de FAdAY 27 T OD 022 HEF FE
carotovora®l H A3}t @ v R oA wjekd AN09OO72 HI %2 0.20 um syringe filterZ ]
et srdEz X eguk. oF 297 wikEe] E. carotovora® HlYHR-S AE 3
a, AAEE & Aede=m wWaAdy #HEPE a4 PCWDEs (pectate lyase,
polygalacturonase, cellulase, protease)”} #4~3F=X| agar plate assay WHo=zZ 313}
At} (Fig. 31). == 23}, E. carotovora®t &3} control< A|7to] A= WAL #
HAE T4 o] S e, AN090072 Bl e S HEdk A FelA= control
I vlasiele W HAAd A ¢Fo] FUFsHA ¥= AHE HAAY. o|2 A PCWDEsY
Aikol AsjHvt= AL E. carotovora®l WHHol FZagvis Ag ofngiv g
AN090072 AAl= PCWDEs$HE A #e] gl 202 Hof, A 54 A&om A7 ¢l
S & F oy} o= olde] Mareola WAEAY  Kitasatospora sp. AR549] pectate
lyase TH|Z Q& A=A A& Gl A A= th & Ayfolr},

_iN

0? !

2} AN090072 2] AHL Ed&l's #74

el Aol A AF3telzel, AN090072¢] QS A8l 2§ 7|2 olv] E. carotovora’t
W= AHL(3-ox0-C6-HSL)S AL acylase &40 93] #3fste] =2 7]2-S W& 3=
Aolt), o] & FW3l7] f3te] oot Ze HPE FHATE WA Aoz I
AHLS A s%7F 10 uM %= 50 uMe] H A AN090072 w & 753 E3kseh 24
7 30Tl A 140 rpme.2 HbgA|Zl & wh§-o3} &3F2] ethyl acetate= FE3FS] HES-
oo Foleli= AHLS 343ttt AHLo] E&5 o] 9% &&= CV026 agar plateol] 2}
&S paper discE 2ZH3te] 24417 vl kst oh. 1 A3 Fig. 32-AX 9} o] AHL
T W& A1Z1 control ol AE AIREO] AUE AHLO ol WErb gl Wk, AN090072
Hj kel ab Al Wb A1zl A Frel A= ARbe] Ald s AHLY o] Sol=xs AL &
v}, w3 e FEHLES ODS Thin Layer Chromatographys  ©]-&3] 60%
methanol= A7 § &S wlol® 22 A7t Yttt (Fig. 32-B). ¢t 22 Ad=
Hol AN0900723= AHL-S &3 %= 7x2Z o7 W3lA 7= acylase EAE E0]30H, o]
1] E. carotovora®] 2J3] wHEolz AHL-S AN0Y00729] o8] wHEo]2l AHL acylaseo] 2J3] Al
TEARAe] Yol Al Aolg wekdn

o
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Fig. 31. Agarose plate assays of Plant Cell Wall Degrading Enzymes(PCWDESs) activity. Plates
were incubated for 0, 6, 24, 30h at 28C.

A, Cel(cellulase); B, Pel(pectate lyase); C, Peh(polygalacturonase); D, Prt(proatase)

1, AN090072 supernatant; 2, E. carotovora only; 3, E. carotovora+supernanat 0.5 ml;

4, E. carotovora+superatant 1 ml; b, E. aarotovora+supernatant 2 ml

_77_



10uM  10uM AHL 50uM 50 uM AHL
AHL + 072 sp AHL + 072 sp

Oh

Control
(EtOAC)

24h

48h

1: Oh 50uM AHL

2: Oh 50uM AHL+072
3: 24h 50uM AHL

4: 24h 50uM AHL+072
5:48h 50uM AHL

6: 48h 50uM AHL+072

Fig. 32. The AHL acylase degrades AHL in CV026 cultures and inhibits violacein

production

_78_



v, AHL &8 @l {34 &34

4

AHL-S ek a2 fdA &

~

He o 98 BAAAESE 7IWHe ol &3kt
AN0900722] genomic DNAE F%3}% 31, o]F o] &3] PCR (Polymer Chain Reaction)-$
SFAskgith. PR Wkl AMEE Eelolrh= I, 5-GCTGCTGOGTACACCTGTCAT-3'3 2,
5 -COGCOGCTOGTGCACCCG-3 0)at, k& =72 94T 40%, 58T 45%, 72C 45%, 25cycle
o]t} =1 A3 850 bp, 1000 bp —Le]i °F 3000 bp Z7]¢] GAAE 9o u(Fig. 33),
% 3000 bpd HFHAE FEY o ¢

:

71X4e 439 thFig. 34). 97144E 74
Ay WA A= Catenulispora acidiphila DSM 44928 3¢ GCN5-related
N-acyltransferase®} 77% AE2] FAHA-S HAY. o]y ZA}E nfgtoz AN090072
e el AHL acylase =9 §A4E Aoz ) 3 o Aot

Fig. 33. The PCR amplification of AHL acylase from ANQ090072
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CCGCCGCTCGTGCACCCGCTTGAGGTCGTCCGTGTATTCGTTGGAGTACATGCGCGGGTCGATCCGTTCGCCCGCTCGAAAGGCTCGCAG
TTCCTCCGCTTCCTGCGGGACGTCGTAAGTCGGAAGAGTTTCCAGCCTCCATGCTTCCGTCTCGAAGT TTCGGAACTTGGCCTGCCAGGC
TTCACCATCCAAGTGCACGGAAGGCCTCCCGAAGTACGCTCTCGGGAATCTCCACGAGGCCCTCGCCGCTGGGTGGCGTGAAGTCGTCGG
TGAGGTTCCCCTGGAACACGAACGTGCCGCGCTCGGAGCGGTAGACGTTCGGGCAGTCGTTCTGACTGCACTCTCCGGAACCACTGCCAT
CGCCCGTGTTGGTCAGCCGTGTGAGGCCGGACCTCTTGTCCATCTCAACTCCCTTGTCCTGCGGTCCCGTCGGACCGCCCGAACAGGACG
CTAGAGAGCCGAGCGGCGCGTGTCCATGGCGGGAAGGCGCTATTCCTGTCTTGGACTAAGGATCACGGTCAGGCGTCCAAAGCAGATCAA
TCGGAACGGACAACTGATCGATCGCCGAAACGTTCGCCGGGTTCTGTCTCCTGAACCGCGTCGCTTCATGCCGGCGGCCCCTTGCGCCTC
GCAAGGGGCCGCCGGAACGATTCGGCTATGCCTTGCCGAAGTGGTCGAACTCGCCGCGCTTGACGCCTTCGATCCAGAGGGCGAACTTCA
CCGGGGTGGTGACGATGGTCGAGTCGGGGGCCGCGGACTCGCGGATCTCGATCAGGCCCTCGCTGTTGGTGGAGACCTCGACGGAGTTTC
CGCCGTCCTGAGTGCTGCTGGTGGACTTCTGCCACTGCCGAGACATGAGCTACCTCTCCAATTCCAGGCCGTGCTTGATGTGTTGGATGA
CTCCCCACGAGTCCCGCTCGGCGTGAGGGCGCGCCGAGGTCTCCGCATCTCCGGGCGGAAGTGCCAGTCGGCTGAGGTCCTCGAACCTGC
TCCGGTACGTCTGCAGTGCTTCGGGGGAGTCGGTGAACTCGGAGACGCCCGGATGGTCGACCACCACCGTCGACAGCGCGCGAGAGGCGG
GCTCGGTGATCAGGAACGGCCCGGGATAGGGAAGGGTCGCCTTGACGCTGAAGGGGAAGACCTGGACGGTGACGTTCGGCTTCTGCGCAA
CCTCAAGCAGGTGAGCCAGTTGGTCACGCATGGCCTCTTTGCCGGTGAAGCTCATCAGTAGTGCGGCCTCGTGGATGACGAAGCGGAACT
CGGCCGGACTGTCGAGGATGCGCTGGCGT TCGAGGCGGAACCGGATGGCGTCCTCGATCTGTGCGGCGGACAACGGTGTCTCGCTGTTCT
GGAAGGTCTTTCGGATGTAGTCCTCGGTCTGGAGCAGGCCGGGGATGAAGAAGGTCTCGTAGT TCAGGTAGGCCTTGCTCGACCAGTGCT
CCAACTCTGCGAGGTCCAGCGCGAAGGCGGGCACCCGCCGCCTGTGCTGGCTCCACCAGCCCTTGCCGTCGCTGGCGCCGAGCGCTGCAA
GGGTGGCCAGATACTCCTCATCCGTGCAGCCATAGAAGGACGCCAGCGTGCGCATCCGATCTTCGTCCAGGCCGGTGCGCGCGGCTTCGA
TGTGGTTCAACTGCGGGCCGCGCATGACGACGTGTGCGGCGGCTGTCTGCACCGCTTCGTCGGCACCCAGCCGGAGACGGCGTAGCTCGG
CGCCGTACCGTCGCTGACGCTCGCTGACGTGCGCTCGCAGAGCCAACCGTCCGCCCCTTCCCGTGACACTGGCAGTGTTGCGCGCGAGGG
TCGCGCAGCGCCACCCCGATGGGACCCACCGTAGCGGCACTCTTGCGGGTGGT TGCATTAATGCGGGGGTTGGCTCTACCTTAAGTGTCG
GATCGACTACTGATTGTCGATCAGATGCCGAAGTGCACCCCGGATTTGTGGGCACGGACTGCCGACGTCTGTGCTCCTCGTCGTCGGTGG
GGGCAGGCCACGGGTTTCCACTTCTCTCCCACGCGCGTTCCACTCGACTCAGGGCTGGAGAAAGCCATGTGTCTTCCGCAGTTTTGTCCC
TCCCGGGACCCCTACGCCTCCGAGTTCCGGCTCGACCTGTCCCCGCCGGCCCTTCCCGGCATGGTCGGGCCGATCCGCCGATTCCTCCGG
GACCTGCTCCACGCCATGGGCCTGAACCCGGATTCGGCCTGCCTCATCCTCTCCGAGCTGGTGACCAACGCCCTGGTCCACGGGGAGGGC
CGACCGGGCGTCACGCTCGAACTCGTCTGCGGCGAGCTGCACATCACCGTTTCCGACGCCTCGGGGAACCCGCTCCAGCGACAGGTCCGG
GACGACTCGCGCGCCAGTGGCCGGGGCCTGGACATCGTCGAAGCCCTATCCACGGCCTGGGGTGTCGAACTGATCGGCAGCCACGGCAAA
GCGGTGTGGGCCGTGGCCAAGTTGGCCGACCGGTGACGACAACGAATGCTCAGCCGCGCGAAAGGCGCTCAGCCAGGCGGGACTTGGCGG
CAGGCCACTCATCGGCGAGCATCGAGAAGTAGGCGCTGTCGCGCCAGGTGCCGGTGGGGCGGAGGCGGTGGCGGCGGAAGGTTCCCTCGT
ACTGGGCGCCGAGGCGGAGGATCGCGTTGCGGGAGCGCTCGTTGAGGGCGTCGGTCTTCCAGAAGACGCGGCCCATGCCGAGGTCCTCGA
AGGCGTGGGTGAGCAGCATCAGCTTGGCCTCGGTGTTGACCACGGTGCGCCAGACCGAGCGGGCGTACAGGGTGCCGCCGATCTCCAGGT
ACTCGTCCTTGGTGTTGAGGTCGTAGTAGCCGGTGACGCCGACGGCGGTGCCGCTGGCGAGGTCGACGGCGGCGAACTCCACGGATTCGC
CGCTGGCTCCCTCGGCGATGCGGGCGTCGAGGATCGCGCCGAGCTCCTCCTCGGTGGCGGGCGGGAGGTTCATGGTCCAGCGCCAGACCT
CGGGCTCGGAGCCGATGGTGGCCCAGAGGTCGGCGAGATGGTGGCGCGCCAGCGGCTCGAGGCGGATGTGGTGGCCGGTGAGGGTGACGG
GTGCACGAGCGGCGG

Fig. 34. Sequence of putative AHL acylase gene of AN090072
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Bl Ammonium sulfate 3 AH-S 3 AHL 23] &4 AA

ri

Qs A& s #Hol A TAo AAE 915e] ammonium sulfate FAH-S 3k
AN0900722] HF 5 HS 4T FejolA] 83 wWkelAA 10~90%2] ammonium
sulfate® 2 353500k 2; @A A 3 @ HdEL 10000 g, 15 £3F A4 F
2] 3ol  pellet¥} supernatant® U FSla,  pelletd  acetonel Z, supernatanti=
TCA(Trichloroacetic acid)® tA] &% & SDS-PAGEZ 32 ¥ CV026< o] &3 QS
Aellee sttt (Fig. 35, 36).

AF7hA e A5 A3 AHL lactonase 915 Fol Hks W, AHL
acylase™ QS AsfAZA e FA 4 7eg 72 2ie & F oy olE £y 9 AA

S Ao dtome] Fod AT WFol Apru.

.

o

o
pay
=2

jad

10 20 30 40 50 S.M. 60 70 80 90%

Fig. 35. SDS-PAGE analysis of ammonium sulfate precipitated AHL acylase.

Fig. 36. CV026 assay of ammonium sulfate precipitated AHL acylase (BF: sample buffer)
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7. AN090072 w=79] w5 AH 2 pot A3 SR WAE 8l

_1

28 glsty] fske] w5 dHe| E. carotovora® &3 A9
S Al oW, AN090072¢] 274 EQlsty] 9ske] v el A A2 skelvt.
= | HlE-S o]&s AAE Uil controlE 24x7F Wik E

=
Helslo] 1x10°cfu/ml, 1x10°%fu/ml, 1x10°cfu/mle] %A #

2,

7]

carotovoras S50l &3k
ot} 2eal A g Tol= controldt 22 X9 E carotovora®l AN090072 ®lF A5 oS
7ro] HEdle] 28~30CY H7]7F 2o =AA 48A17F vl 3 T wrHlIA T E s
Ak wWel wAle fotow ke ow, Aol AE¢E E carotovoraZS FHETH
control®] AN090072E sh A elst e xo) ¢ we] 359 SA7F Yelvs 38 8

o139t} (Fig. 37).
a2 AT AN09O0T72E 7)o I3 ARB4AY AN090OS7l MU 53 T2
AAEHE 7= AS 89, dA w5 15 o2 Pot AolA WAE

A4 Fol Ak

i of

_\7\_1‘

Fig. 37. Chinese cabbage inoculation with Erwinia carotovora and quorum sensing

inhibition activity of AN090072 to observe maceration.
A, top row are E. carotovota + ANO090072 supernatant, bottom row are E. carotovora only.
Photograph 12h after inoculation. B, Same as A, 48h after inoculation.

1, Ec 1x10°%fu/ml+supernatant 10 ul; 2, E.c 1x10%fu/ml + supernatant 10 ul; 3, E.c
1x107cfu/ml + supernatant 10 ul; 4, supernatant 10 ul; 5, E.c 1x10°fu/ml; 6, Ec 1x10%fu/ml;
7, Ec 1x10cfu/ml; 8, D.W.
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