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Development of biocontrol agent for the

management of bacterial wilt.
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TS3-7& Ay, TS3-7

in vitro plateol A= A3 gt GAS YEMNA] Zdot, FAL} EYAE BT
AN A By JAEHE yetllew 53 a3 Ao o & WAEHRE
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165 rDNA 97149 243 09 2 sets 54
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14 Zvig¥do dg 23 mAE9d &8, 4 =

45718 4
1. A4 TFF9 1z A% : mode of action based screening

Fulgy Iw oA a5 Hole Z4F vAES (DIAEZE At ¢
3l antibiosis 7]2h, (2)siderophoreZ AJAFSF S 24 Fe ion competitions =3t 7]
2+ (3)Z A A9 root colonization competitionol] €& 71& (HAE AFE =217
oA AT =F AV @5 T 7%l osty, dFel whekA g 7bA] E= 2
TEA] o] 4Fel HEA 71 Ao o) wWo]l AAlE & ol WKt (Bakker
et.al. 2003) kA B AFo] A E mode of action based screenings A A &1
Hoh g&402 &4 #FE5 Adsta Add ST FES 48714 HE &

Froto]l Eok mAE Al RS A% V) E AEE 85

7}. Antibiosis group

o] EQoA a9 7 FolA in vitro plate assay°l ¢3s] 159% 9]
X F7F Ralstonia solanacearum Y919 el antibiosisE® YElWH on =1
TN B3] Ao A 5 TS1-2, TS1-3, A27-3, A47—2 A48-2, A100-1,
A253-16, A254-10, A256-10, A256-11, A256-12, A256-18 & % 18% T F&
2= A ksl o),

. Siderophore A4t group

FUL EutEHo] TASHA g A9 EutEel aFof LHAA &
g3 A mAE 208% Fo| A CAS agar plateZ ©] €3t chromogenic assay=
3

sto] 293 siderophore A4F w591 TS1-2, TS1-3, TS1-5, TS3-7, TS3-9,



TS5-8, TS6-4, TS6-8, TP1-1,TP1-2, TP1-8, TP2-5, TP3-1, TP3-4, TP5-4
S 15%9 #FE 13 Adstdt TS1-2, TS1-3 &9 Atde IBEAE
Aibshs Ao R GERET

t}. Root colonization competition group

gr ¥ 208F 9] <A "AE 5, TS1-5 TS1-7, TS3-7, TS4-3, TS6-4,
SKU-7, SKU-65, SKU-78, SKU-132, SKU-134 SKU-155 & 11& oF+ g
of +2fo] golatslom, Helo] AFE 10 % ol FAAA ATH AT

2}. Plant growth hormone A4t group

Salkowski's reagentE o] &3t WANES S F3lo] 541 AL FFE A
e 2029 w5 ths]  shoot elongation &37F 43 A361-59F A354-6 &
& AWelal, in vivo pot assayE E3te] AW Tl A £3 a9E E9
3ttt
2. Zg71Zd oA AP FF9 in vivo pot assayel &3 23 A
Aglgdd =4 At o5 T b A 4S8 el 7 F 18 F
siderophore A4+ 5 1523 #e] Y =2 39 oo Y Ao] o]t

112 4 FFE YA L Z in vivo pot assay = A A 3FH T}

AgEd 242 A T2 A27-3, A47-2, A48-2, A100-1, A254-10,
A253-16, A256-10, A256-11, TS1-2, TS1-3 59 1073, root colonization¥}
root elongation &S Holx TFEE TS1-5 TS4-3, TS6-4, SKU-65,
SKU-78, SKU-134 5 6%, siderophore A4t #3523+ TS1-2, TS1-3,
TS1-5, TS3-7, TS3-9, TP1-2, TP2-5. TP3-4, TP5-42] 9/ wFE°] 73 &



e UE EvkER GAA RS A% F R dFE 220 s Qv

3. A 9] antimicrobial spectrum FAe #F A

Akt E 9 antimicrobial spectrum<  ZAFSIATE.  Ralstonia
solanacearum 3 Ao g AE WAT sl & S zE HAE

osf ErpEHERE ofyel sAld tE AEwe] dAld=

2] 16S rDNA sequenceE #A38to] sAst A3 10 w57t Bacillus 4l
&3t oW, A7 F7} Glacial ice bacterium, Pseudomonas <:°] 2% 181l 4

o) WEAA Fe BF 4 F oI

A2d EF vA=ol Aibst= XutE¥T A 24

Ao gHol FAo Ad-E3A A
ZFEE JH9 &£ EHor EutEHT Ralstonia solanacearum ol W3] 7+
sl A3 FA EES AAEE = A100-1, A27-3, A256-10, A256-11,

A253-16, A47-2 w57t Aitste SAEAS] F& AA 2 SEAZRAE AAG
1. A100-1¢] At A EZLY £, AA € 8 4+

IulEH TS ekl Aslste A E2S AT A100-19] )
oo A ethyl acetate extraction, silica gel chromatography, Sephadex LH-20

chromatographyS 33t & =% o5 HPLCE AAsle] FAER 40mgs &

2] A skt
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AAE BAE2 A100-13= methanol, butanol, acetone, ethyl acetate,
chloroform5olE 2 Z9o1v} &3} hexaneols 2 @¢kth A @8 A
Orcinol Ferric chloride o= $A¥H-go]X 7t  4-dimethylaminobenzaldehyde,
Aniline-diphenylamine, ninhydrin, Dragendorff’s reagent, Antimony trichloride
A &4 ot FAHEALE UV amax7b 234, 272 ¢ 2840 el ow,
mass spectrum&. ® geold Exp= 106521 & 4ot}

Ralstonia solanacearum < | Phytophthora parasitica, Phytophthora
capsic, Botrytis cinerea® fungal pathogenel| W& 73t I =S el o,
16S rDNA sequence #2998 Bacillus amyloliquefaciens strain®. 2 4%

At

2. A27-30] Aist= SAHEAY £, AA R 54 47

GEAS A27-3 #F¢] wjokol o 2 X E butanol extraction, silica gel
chromatography, sephadex LH-20 chromatography® 71% #H&4 o= HPLC
= o] &3t HFHow FHth

AAE A27-3 BA 54 L methanol, butanol, acetone, ethyl acetate %
o = z+ =9ro L} chloroform, hexaneol = =2 o Skt
4-dimethylaminobenzaldehyde-HCl, Orcinol ferric chloride, Ninhydrinol] A %A
HF-$-S B9l WA Ferric chloride, aniline-diphenylamine, Dragendorff’'s reagent,
antimony trichloride®l = &4 WS Bt EvtEW 3t Escherichia coli
¢}  fungal pathogen?l Phytophthora parasitica, Phytophthora capsici,
Penicillium sp., Rhizopus stronifer, Botrytis cinerea®| td| I TS H S
o 2" EFZ2 209nm, 274nm A ks UERUAIATE  A27-3 dFE

Bacillus subtilis +% A% At}
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3. A47-27} Aidte 84 EAY £, AA £ EF I

e

S EAS Ao ZRE ethyl acetate extraction silica gel column
chromatography S £jAlE gty W& Aldgst & &4 E2S chloroform :
methanol (1:1)& A7/l&vl& 3}o], thin layer chromatography® 33+ A3} rf
0.89 single band® e}

A &2 orcinol ferric chloride®] positive, aniline-diphenylamine,
ninhydrine, Dragendorff’s reagent%s o]+ negative® 4F3-3}%t}. antimicrobial
spectrum A A3 Staphylococcus aureus, Phytophthora parasitica,
Phytophthora capsiciol~ v 4L YElWoer UV imax’} 210, 234, 272,
284nmell YEbskth.  A47-2 3= Arthrobacter sp.E A% 9tk

4. A256-10°] Bdts S EA £ 2 AA

>

A256-10vF 74 Aitel= 24

e e

O

o
&

m
tlo

AR HS

=
o2 &% A7l ¥ chloroform 3 ©]

==

HP-20 columnol Al 70 % acetone &°

_I

o] hexane-methanol® F%3}%] methanol®% silica gel chromatography,
sephadex LH-20 chromatography, solid phase extractiong 713 HPLC® ]33l
o},

4 & 22 methanol, acetone, ethyl acetate, chloroformol] 1
hexaneol|l & X &%t} ferric chloride, orcinol ferric chloride,
aniline-diphenylamine, ninhydrin®} antimony trichloridel A %A #-&&
Hel gl oy, 4-dimethylaminobenzaldehyde-HC1¥ Dragendorff’s reagentol] A
=4 ¥ES YElth

o] &2 9] UV absorption spectrum-< hmax 7} 223.4nm= 275nmol] 4]

LRk om 0.IN NaOHZ 7F Alell hpax?F 223.4mmoll A 212.6nm =2 blue shift
At mass spectrometry A3 =k A AAlE EH ] ARl 9209 &

T AN o™, 16S rDNA sequence 24 02 A256-10 ¥+ Bacillus sp.=



5. A256-11°] AAtste A EH £ 2 AA

g EHde EIe oY 452 butanolZ  extraction 3 T,
HP-20 adsorption chromatography, silica gel chromatography®} sephadex LH-20
chromatography & &3 th #EH o2 HPLCE o|-8sto] 2]shith

288 E&& Ferric chloride, Ninhydrinol® 9$A®<S Yeha,
4-dimethylaminobenzaldehyde-HCIl, Orcinol ferric chloride, Dragendorff’'s
reagent S o= ¥F$&% 2o} phenolrl$} amino 71E 7F8 o alkaloid A%<

o},

g0 obd e & %

%2

6. A253-16°] Aitste EAHEZY £ # A

il

AEA BEgs= g A5 9SS ethyl acetate F%3 5 silica gel
chromatography ¢} TLCZ &2t &4 E2-2 orcinol ferric chloride, antimony
trichloride®] %A W3l o™,  antimicrobial spectrum A Phytophthora
parasitica, Phytophthora capsici®ll o} 743k &t 48 JeER ST

A4 band® UV Jmaxi= 204, 232, 270, 280014 e
7. A254-10°] Bt A4 EZ9 g € AA

ddEHe] 4k dol= tAEA oY Ay 2AAAE EAASL =
A 2 ethyl acetate extraction® silica gel chromatography S %3 #2893 omH

ferric chloride, orcinol ferric chloride, antimony trichloride®] %A o= WF-E-3}%

ow UV specrum ZAFSH A3} 210, 234 nmol A /b WEFS T

_13_



38 Frig¥TY 2Y AT SKU-789 54 % 54

1. 238 A& SKU-789 #¢

TSA H3 n

==

Ag olgdte] mE% Bl oedA Bed F 161 £

g ol sl 10% olge] Wl 4G H2 wAHE wolwA
o] 79 agarl LA QLPHY] ol Tl 67 EFol thskel FAA )
EY 97 AYE §A9 TEUPS ANGe] uFsh EvlE B vl e F
g Al EIE H4 Holv SKU-T8 52 Awatgltt,

ofy
K3
o
=
BN

2. 23 M SKU-789 £rnlEHd ZHAA a3

pot A@NA SKU-78 #5& Fxol m@Ae] Wyelt Ego] 95

oy mReld ARt dglovt EgAe wwel EAAE wy nu, F

A EE Ege] 9% etk FAAe EFAAE 34T A5l BA%
oA &% el

Frulgwol 2 e ¥l SKU-T8 #Fe @elg £ A

B

249 ASeE 993 sBgol veht gusctonAe A AsHe
shelt

3. SKU-78 o9 EA.

SKU-78 TF = in vitro plate oA e FutEw o g3 JaddAdES
YERN A o, in vivo testdl A= AgE EukEW A €4S YEgE=R
SKU-78 5% WYl A 283t 3ol ol A8 Helo] &Ho &
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Sahe] 27] Al o2l gl 9liE, SKU-T #FE in vivodl A 2 Evhg
oy oA EIE Uehd B ohi 1% el dNE F¥ FEBY
2 Uguue 9w Felgy mrel 27 YAAR AS b Wt ok

4. SKU-78 AddF9 TA.

SKU-78 ¥+ Gram %A 7ritolw, Ao da) 723 WAL Ad
a2A Fog A3leH EAlo 98| Bacillus subtilis/amyloliquefaciens group
or REHgow wd 16S rDNAC dA71449<S 22&}il DatabaseE o] &3}

|

2 ZAy8 A3 Bacillus amyloliquefaciens$t A5 B Bacillus

44  Fluorescent siderophore A2t =, TS3-7¢ <
St EulEH EH A

1. TS3-7 &5 Aa 2 &4 1A
1Fe EntES @ EofoA R g 2877 F FolA ¥El F9 agar
[=23

S FAta gzl vl 10% ol HEe] S FXA=

T 15%d sl CASE AH&3 A A< chromogenic assays A A 3Ho
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TS3-7, TS1-5 TS6-4, TS1-2, TS1-39] ©Al TF7F CAS platedl Al orange
halo zones J4d3te] siderophore it = 2=t  #2]¥ siderophore
A o] EebEy YA adE HAsky] B3 TEAHFCAA TS3-7
F7F 7 Ad 2A4E vediden FAAe EYAYE BT 45 15
= 80%, EntES A& 65% ol 7k i AAl&S YERY AT

in vitro plate AollA TS 3-7 ¥+ R. solanacearum T+ A =29
el antagonistic activityE® WEFWA @kgkom® 2 Z <]l antibiosisell 2] 8}A]
% 11, siderophore A4bS F3l @A WA Fe(De ozl 2 Aste] W4
9l

=

ol\

e AR Aoz Helt

2. A

mﬂ;

@ AT

B

54 =4

AdAA AL S TEE 7] Y3 FAZE vermiculite AHE Al 2257}

1
A 10'CFU/mee] AP =7t frA o] B2t

3. AT #F

Lo

4.

2

WERF TS37S FeA, wWEd R Asey 5Y¢ 2AEn
=z

i
N

Bergey’'s Manual of Systematic Bacteriology 3 A Pseudomonas
fluorescence-putida 1&2=2 EHFHILW T3 16S rDNAS HA7IAMLES
A38ta1  DatabaseE  ©o]&3te] fFAIEE ®BAS  AI Pseudomonas

fluorescence ¢+ A S Hol Pseudomonas sp. TS 3-7= w3} c}.
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54 XvlE® WAE 5 vAE AAY Az £F

1. A2FFE 0] &% EF vAE A=

122 mode of action based screenings A A|dte] BAFFZ Ats)
3, Ay o] tisl 23FE in vivo pot assayE A A sle] Aukd

fdoe=z Mz tE #8712 (antibiosis, iron competition, systematic
resistance % T)ol & WS AAA T, I HAdE FF A2 7He] 4
TS HEA Fom, 7o de By AR e FoF (Buramycin

(&F3F38H(F)), Agrymycin(Ad13}e F24 3|1, Agrepto(F24 A HF)

700 ppm FEAA WAZES 2z 21 5& FFAIE dFER 2FH 16 FF
9] mixtures A Z3FY] mixtured EFvtEH WA 23U G 7FF A9 v

e W pot ellA = &L 38l Aol JAAHHA gtont, Al 2%
of B33 x=Astell M= mixture A&l ols) BT A&

AT

2. BFAAY XvtEE BAERS A

in vivo pot assayE E3lo] EZvulEHd Wy AA g3} Hod HAE
, A (TS3-7 +A253-16 + SKU-78 + B361-5)¢ &H&A B (TS1-5
+A100-1 + SKU-78)% 3% oll thaliA &7F 2o wAlgxdE HAS 23 60
%% &35 Hetdidoh mAE AA= olw] o] xleH
Ao Rt Abdol o Hxom AR Al B & EIE VAT

PN
-
EFA el ofs) 4¥e AN A ok Qe Ao wPHA

HHA

_17_



2 amendment A
i)

151

AT AAA ALE Y F carrier 2
/el #FE o] &3l talcet vermiculite B A o] &0 ©}E A
WH3lsE At Ay 33 o|Fd Talcd ATF7F F243 A Fo=+ uHkd
vermiculitedl A& 225742 BEFH o2 100 CFU/MmL o FAF7F 5215 0] Talc
o] W3] vermiculite’} Aol &7] B f8 gl &<l t}.
5 SKU-787F+ carrier WolA A7 243 A ern=z
SKU-78 #F9] A5 A4 k4] Feol 7] = 3l amendment 3
7Fe AESHA A 1 99 dFE 22574 o 10'CFU/mee] Ad Q=7h
A B2 carrier A9 a4 FEHIE A7 A D frEo] 7hsshAlTh
6. AgTF HALIE A dF g Ve ¢ €
A A 8}
root colonization®] o} F Hal F2 S FAIIH in vivo pot
assayst AP Gdd WAl &35 Bl #5F Bacillus sp. SKU-789] 2k} 5t
£ 93 dEhSzAS gt
1 OB IS 98 49L& A =
AAAl dE Hady ArPo R 7Z+7; corn starch®t soybean meal
Al o 30C~35C9 sl woA Aeo] Hojytom 1507250rpm 9 9
o] WMHtE oA H M LEo FIrt o] Fo A

_18_



2. g7 A9 w%gE EA XA}

A8 AR S FEHeda, ofgel &%, wwkEE pH 2 7]H 9]
zholel wE A &Eot AdsE Fo ANE wgoR av|de] okl
dxAS FHslct 5 % soybean meal Bl Ao 2% corn starchE H7FgE v A

48 A ZF wa oA JHg Al o] o] Fojxon, ¥

7174 2714 2 gel @ Aol7F yEhA Skt

A100-13 A256-10 w7} ks Entawd Asdd =49 &3t
A A BEAF spectrum 23 58 EUE Data baseE FAFS Ay B EAHE0]
i

B 9 oup Qo] Felsol RS AR

&
LAl Bapgko]l Zbzb 10659 92002 Fx7)F thA BFd Edoly A prx B

4% A #F SKU-T8E ErhEwel A wAE w7 £l Aew
A% Aol @elsl HREel AREorozAd A gl Hd u g

amendment®] A% Fol oaf 6714 7tA AFLEIE FAEHS Flslon,
Ag3tE Yejrs AFAAL  shelf lifee] 7fHo] FEHolnw  oF 3l
amendment®] & A7 HasAltk. SKU-78 w9 A& a7t JF
HH o 2 gl B AAS A did U9 535 Fdo] 7hed Aol
o},

L
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SUMMARY

The biological control of plant pathogens is of paramount importance

nowadays in respond to the increasing public concern for the environment
and health. However, strategies for biological control of bacterial wilt is still
in a developmental stage. Bacterial wilt, caused by Ralstonia solanacearum,
i1s one of the most severe disease of economically important crops such as
tomato, pepper, potato and banana. Unfortunately, due to the capacity to
survive in soil and water habitats for considerable periods of time, it is

difficult to eradicate Ralstonia solanacearum.

The mechanisms involved in disease suppression by antagonistic
strains are diverse; production of secondary metabolites which directly inhibit
the pathogen, iron-chelating siderophores, plant growth promotion by
rhizobacteria leading to disease escape by shortening the time that a plant is
in a susceptible state, and an induced systemic resistance, defined as a
state of increased defensive capacity developed by the plant, stimulated
through diverse agents,

In order to develop biocontrol agent against FRalstonia solanacearum,
the potential biocontrol strains were screened on the basis of mode of action.
Strains were selected according to their pathogen—inhibition zones on artificial
media, siderophore production and root colonizing abilities. Active and
long-term colonization of the root surface of the plant is generally considered
prerequisites for successful suppression of soilborne disease by rhizobacteria
directly through production of antimicrobial substances or competition for
space, nutrients and ecological niches, and indirectly through induction of

systemic resistance.
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The selected strains on the basis of mode of action can suppress
bacterial wilt disease when applied to roots or seeds of crop plants.

Soil drench of strain suspension resulted in improved suppression than seed
treatment. Seed treatment followed by soil drench application resulted in
great reduction of bacterial wilt disease symptoms up to 70 %.

The strains showing strong inhibitory activities against Ralstonia
solanacearum, were selected by paper disk method and the purification of
active compounds from the producing cultures were carried out.

The active compound 100-1 produced by strain 100-1 was purified
by ethyacetate extraction, silica gel chromatography, Sephadex LH-20
chromatography and HPLC. 100-1 compound was soluble in methanol, butanol,
acetone chloroform, but insoluble in hexane and water. The compound
exhibited activity aganst plant fungal pathogen, Phytophthora parasitica,
Phytophthora capsic, and Botrytis cinerea.. The compound was positive to
Orcinol Ferric chloride. and negative to 4-dimethylaminobenzaldehyde,
Aniline-diphenylamine, ninhydrin, Dragendorff’s reagent and Antimony
trichloride. UV spectrum of this compound showed a maximum peak at 234,
272 and 284 nm. The molecular weight was determined to be 1065 by mass
spectrum.

The active compound produced by A 27-3 strain was isolated by
butanol extraction, silica gel chromatography, Sephadex LH-20
chromatography and HPLC. The purified compound was soluble in methanol,
butanol and acetone, but insoluble in hexane and chloroform. The color
reaction of this compound with 4-dimethylaminobenzaldehyde-HCIl, Orcinol
ferric chloride and Ninhydrin appeared to be positive, but reaction with ferric
chloride, aniline-diphenylamine, Dragendorff’s reagent and antimony trichloride
to be negative. This compound showed antimicrobial activity against

FEscherichia coli, and fungal pathogen, Phytophthora parasitica, Phytophthora
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capsici, Penicillium sp., Rhizopus stronifer and Botrytis cinerea.

The active compound produced by A 47-2 strain was purified by
ethylacetate  extraction, silica gel chromatography and thin layer
chromatography. The compound was analyzed by TLC with solvent system :
chloroform—-methanol, 1:1and detected at an rf value of 0.8 by UV absorption.
This compound was positive to Orcinol Ferric chloride and negative to
4-dimethylaminobenzaldehyde, Aniline-diphenylamine, ninhydrin and
Dragendorff’s reagent The compound showed antimicrobial activity against
Staphylococcus aureus, Phytophthora parasitica, Phytophthora capsis. UV
spectrum of this compound showed a maximum peak at 210, 234, 272 and
284nm. A 42-2 strain was identified to be Arthrobacter sp.

The active compound produced by A256-10 was purified by Diion HP
20, silica gel chromatography, Sephadex LH-20 chromatography, solid phase
extraction (Cig reverse phase) and HPLC. The purified compound was
soluble in methanol, butanol, acetone and chloroform but insoluble in hexane.
The color reaction of this compound with antimony trichloride,
aniline-diphenylamine, orcinol ferric chloride and Ninhydrin appeared to be
positive, but reaction with ferric chloride, Dragendorff’s reagent and
4-dimethylaminobenzaldehyde-HCI  to be negative. UV spectrum of this
compound showed a maximum peak at 2234 and 275nm. Peak at 223.4 nm
was shifted to 212.6nm by NaOH addition. A 256-10 strain was identified to
be Bacillus subtilis.

The active compound produced by A2Z256-11 strain was purified by
butanol  extraction, HP-20 adsorption  chromatography, silica  gel
chromatography, Sepadex LH-20 chromatography, and HPLC. ‘The compound
was positive to ferric chloride and ninhydrin and negative to antimony
trichloride, aniline-diphenylamine, orcinol ferric chloride.

Six stains of plant growth promoting rhizobacteria were selected
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through germinating seed assay and root colonization assay. Among them,
SKU-78 strain induced significant suppression of bacterial wilt disease in
tomato and pepper plants. Seed treatment followed by soil drench application
with this strain resulted in over 60% reduction of bacterial wilt disease
compared with the control. It was suggested that SKU-78 strain activated
the host defense systems in plants, based on lack of direct antibiosis against
pathogen. According to Bergey’'s Manual of Systemic Bacteriology and 16S
rDNA sequence data, SKU-78 stain was identified as Bacillus sp. SKU-78.

Among the root colonizing and plant growth promoting bacteria
isolated from the bacterial wilt suppressive soil, five strains were detected to
produce siderophores by CAS agar assay. The most effective isolate, TS3-7
strain induced significant suppression of bacterial wilt disease in tomato and
pepper plants. Seed treatment followed by soil drench application with this
strain resulted in over 80% reduction of bacterial wilt disease compared with
the control. Significant disease suppression by TS3-7 strain was related to
the production of siderophore. Besides iron competition, induction of
resistance of the host plant with siderophore was suggested to be another
mode of action that suppress bacterial wilt, based on the lack of direct
antibiosis against pathogen in vitro. According to Bergey’'s Manual of
Systemic Bacteriology and 16S rDNA sequence data, TS3-7 stain was
identified as Pseudomonas sp. TS3-7.

The efficacy of the selected individual biocontrol strain and strain
combinations was assessed. TS3-7 strain suppress bacterial wilt by
effectively competing for iron through the production of siderophore. SKU-78
strain induced systematic resistance against bacterial wilt. A 253-16 strain
showed strong antibiosis against FRalstonia solanacearum. Strain B361-5
produced plant growth hormone. When TS3-7, SKU-78, A253-16 and B361-5

were mixed through soil together, disease suppression was enhanced
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significantly compared to individual strain, suggesting that combining
biocontrol strains can lead to more effective biocontrol of bacterial wilt.

Also, pesticide tolerant isolates were selected to develop the
integrated system of biological and chemical control. Combined treatment
with the biocontrol agent and an pesticide reduced disease more than
treatment with either biocontrol agent or pesticide alone

Environmental conditions involving both chemical factors (substrate
concentration, media design) and physical factors (temperature, incubation

time, pH and aeration) were optimized economically.
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shdol gk ALel % @Alo]l golAa m AX=elA FoF IFVIES st
A A TRl tE rATE A AAH R StE s R4 Sl A
Ao THCE MABES o83 AEd WA A7 waA JAg=a gl
o

AA ATE MR FRE

o

AHrd giF&o] Agrobacterium  sp.,

-

Bacillus sp., Pseudomonas sp.,'s-2] A3} WA Streptomyces sp. 18] +
Bol & Gliocladium virens, Trichoderma sp. 5% T Atk o] Fof o

© 1980} o] 53] &tetAl AjEo] AR AAF N, SEo] wWE
Sz AP o, AA 5004 Gt vAdE AdAEe] TEH AH
otk (okel £ Fx) WiFES AFECl EFHAN o HAst= 59,

Fusarium, Pythium, Rhizoctonia, Sclerotinia, Phytophthora o 23] WAst=

it

gy gAgelT, Ty ol AFSS ok T ARe FHeA weha 9l
Aol

A 2F7A] VF AEAQ AFRE Agrobacterium radiobacter 7F A=

s

agrocing ©| &3t Agrobacterium tumefaciens®t= E A 7ol o3 A= 24
Bl crown gall d¥S & & Y. E 02 AFH AF7F AL
Fol= w= USDA d78d 93  Pseudomonas fluorescenss ©]-& 3k
e gw WA Aoty o] ¥glo RIFA AEste 2E PAAER
e A

288 HolE Pseudomonas fluorscens strain®] AJAFslE phenazined A&

m{n

rr

%2

e
lo

o

>

=i
=

m[o

o 7)== FFo] Gaeumannomyces graminisol 7323 A3}

9 24-diacetylphloroglucinol ©] & 3 &2 (Keel et. al, 1992) o &J3tti=

AL W Wl o Pseudomonas fluorscens strains Ho| Fxtol A lste] 3%

st Fo] gkl 10~20% S7Hghs &2l vk vk ey AA 2% Ao

M o' we= ¥ A E3vF Foy o' wie= AR 719 }le] &

of Aol HAow, w3k Aol wp g5 AAIL AeA e AEdE
]

F ATt ol& & Zdst7] fl1std  Pseudomonas sp.9l

ofr
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2,4-diacetylphloroglucinol +71#9] @& FIA| OB A oA HolFE I
Ay A g EAAdS F5ste=d A Feth (Thomashow et. al,
1993, Thomashow et. al., 1994) T3t 2 4-diacetylphloroglucinol A4kol o &l=
FAAE B3] 24-diacetylphloroglucinolE AAFs#| 3} Pseudomonas

fluorscens®ll A4t AEH WA T8HS A= A5 APHAG. o] 7

ok

ol = Pseudomonas syringae 2  Pseudomonas copaciaS ©|-&3 Zt% A&

WAA P AF7E R Holy obF FAH ol &2 AxT Helt

<

1980 Ao A EAFS =X A7) plant growth promoting rhizobacteria”}

o
4
A
=
o)
_i

=8s AT = v & - ol& o] &3 AETH WAA A7t

Bacillus subtilisv= 2 7FA 54 wjio] we AF7tEY #AS EUrh
Bacillus subtilist= XA EFATOZA AFS] By 2 diFAALgy ol
glo] &3 Aol Ut E3) Bacillus subtiliss Saccharomyces cerevisiae 2
Lactobacillus sp. &2 W& vl= AF k= (FDA)O o] A 2 3

™
87 WA FaAR Aol solg >

(

el mA=E AR glof kR

¢

GeEe 494 2ddAE 1 537 Q48 wue] Adwso] A4 ¥4
AE FIHE ARWA RS k. 7189 grom YRAWE FHo
2 gvhdel Ay ¥ F2 U EvhEgel AxAow Huvel Yujg

e ¢ Qe EF 2GRS ol 88 ABSE A JEe] AFEA 4T
{1 g ateltt
WAT sl 4 antibiosis® WA ROk, A4E e 2HH 4B

o] wWo] Alx"ls FAMIAA, WYl i AHIA  (induced systematic

resistance) A 7] HIHAA vAEo] dHAT HHAAL 2@ vAE <
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Table 1. Commercial biocontrol products for use against plant diseases.

Biocontrol
Product ] Target Crop Source
organism
AQI0 Biofungicide | powdery mildew apples, Ecogen, Inc.
Biofungicid | Ampelomyces cucumber, Langhorne, PA
e quisqualis grapes,ornament USA
isolate M-10 als,
strawberries,
tomatoes
ANTI- Trichoderma Sclerotinia, flowers,strawber| Grondorts—
FUNGUS Spp. Phytophthora, riestrees, mettingen
Rhizoctonia solani, vegetables DeCuester
Pythium spp., BELGIUM
Fusarium,
Verticillium
Aspire* Candida Botrytis spp., Citrus, pome Ecogen, Inc.
oleophila Penicillium spp. fruit Langhorne, PA
1-182 USA
Bacillus
Bactophyte . vegetables RUSSIA
subtilis
Binab Trichoderma | pathogenic fungi | flowers, fruit, | Bio-Innovation
T, W harzianum that ornamentals, AB
(ATCC cause wilt, turf, SWEDEN
20476) take-all, and vegetables also
and root rot, and Binab USA,
Trichoderma internal Madison, WI
Polysporum decay of wood
(ATCC products and
20475) decay
in tree wounds
Biofox C Fusarium Fusarium basil, carnation, SIAPA.
oxXysporum oxXysporum cyclamen, ITALY
(nonpathogeni Fusarium tomato
c) moniliforme
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Biocontrol

Product ] Target Crop Source
organism
Bio-Ag Trichoderma Pythium spp., vegetables, turf,|Wilbur—Elli
22G,* harzianum Rhizoctonia solani, |and greenhouse S
Bio-Trek KRL-AG?2 | and Fusarium spp., Crops Fresno,
22G* Sclerotinia CA
homeocarpa USA
Bio-Save | Pseudomonas Botrytis cinerea, citrus and EcoScience
10= syringae Penicillium spp., pome Corp.
ESC-10 Mucor pyroformis, fruit Worcester,
Geotrichum candidum MA
USA
Bio-Save | Pseudomonas Botrytis cinerea, citrus and EcoScience
11= syringae Penicillium spp., pome Corp.
ESC-11 Mucor pyroformis, fruit Worcester,
Geotrichum candidum MA
USA
BlightBan | Pseudomonas frost, Erwinia almond, apple, Plant
A506% fluorescens amylovora cherry, peach, Health
A506 pear, potato, |Technologi
strawberry, es
tomato Boise, ID
USA
Blue Circle* | Burkholderia | Fusarium, Pythium, vegetables CTT Corp.
(Pseudomonas| lesion, spiral, lance, Carlsbad,
) and sting nematodes CA
cepacia
type
Wisconsin
Coniothyrin | Coniothyrium Sclerotinia sunflower RUSSIA
minitans sclerotiorum
Conquer | Pseudomonas |Pseudomonas tolassii| mushrooms Mauri
fluorescens Foods
AUSTRAL
1A
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Biocontrol
Product ] Target Crop Source
organism
Dagger G* | Pseudomonas |Pythium ultimum, cotton seed Ecogen, Inc.
fluorescens | Rhizoctonia solani treatment Langhorne,
PA
USA
Deny (formerl| Burkholderia Rhizoctonia, alfalfa, barley, | CTT Corp.
y PRECEP)*| (Pseudomonas) Pythium, beans, clover, Carlsbad,
cepacia Fusarium and cotton, peas, CA
type Wisconsin disease grain, USA
(see Blue caused by lesion, sorghum,
Circle) spiral, lance and vegetable
sting crops, and wheat
nematodes
Epic* Bacillus subtilis [Rhizoctonia solani,| cotton, legumes | Gustafson,
Fusarium spp., Inc.
Alternaria spp., Dallas, TX
and USA
Aspergillus spp.
that
attack roots
Fusaclean Fusarium Fusarium asparagus, basil, Natural
oxXysporum oxysporum carnation, Plant
(nonpathogenic) cyclamen, Protection
gerbera, Nogueres,
tomato FRANCE
Galltrol-Ax* | Agrobacterium crown gall fruit, nut, and | AgBioChem
radiobacter disease ornamental Inc.,
Strain 84 caused by nursery Orindi, CA
Agrobacterium stock USA
tumefaciens
GlioGard*
(see
SoilGard)
Intercept* Burkholderia |Rhizoctonia solani, maize, Soil
(Pseudomonas) | Fusarium spp.m vegetables, Technolo—
cepacia Pythium sp. cotton gies
Corp.Fair-
field, IA
USA
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Biocontrol
Product ] Target Crop Source
organism
Kodiak*, Bacillus Rhizoctonia solani, cotton, Gustafson, Inc.
Kodiak subtilis Fusarium spp.m legumes Dallas, TX
HBx*, Alternaria spp., and USA
Kodiak Aspergillus spp.
AT that
attack roots
Mycostop*|Streptomyces| Fusarium spp., field, Kemira Agro
griseoviridis Alternaria ornamental, Oy
strain K61 brassicola, and vegetable Helsinki,
Phomopsis spp., Ccrops FINLAND
Botrytis spp.,
Pythium
spp., and
Phytophthora spp.
that cause seed,
root
and stem rot, and
wilt disease
Nogall, | Agrobacteriu Agrobacterium trees Bio-CareTech-
Diegall m tumefaciens nologyPty. Ltd.
radiobacter Somersby,
AUSTRALIA
Norbac | Agrobacteriu | crown gall disease | fruit, nut, and | New Bioprocts,
84C m caused by ornamental Inc. Corvallis,
radiobacter Agrobac— nursery OR USA
strain K84 | rum tumefaciens stock
Phagus |bacteriophage Pseudomonas Agaricus spp. | Nutural Plant
tolaasii Pleurotus spp. Protection
Nogueres,
FRANCE
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Biocontrol

Product ] Target Crop Source
organism
Polygand Pythium  |Pythium ultimum| sugarbeet Vyskumny
ron oligandrum ustav rastlinnej
[Plant Produc-
tion Institute]
Piestany,
SLOVAK
REP.
Promot | Trichoderma | various fungi fruit, J.H.Biotech Inc.
Spp. vegetables Ventura, CA
USA
PSSOL | Pseudomonas | Pseudomonas vegetables Natural Plant
solanacearum solanacearum ProtectionNogueres,
(nonpathogeni FRANCE
c)
Rotstop, Phlebia Heterobasidium trees Kemira Agro
P.g. gigantea annosum Oy Helsinki,
uspensio FINLAND
n
SoilGard | Gliocladium |damping—off and| ornamental Grace-Sierra
* virens root and food Co. Columbia, MD
(formerly GL-21 rot pathogens crop plants USA
GlioGard) espe- grown
ally Rhizoctonia in
solani greenhouses,
and Pythium nurseries,
Spp. homes,
and
interiorscapes
Supresivi| Trichoderma | various fungi Borregaard and
t harzianum Reitzel DENMARK
System Bacillus seedling barley, beans, Helena
3= subtilis pathogens cotton, Chemical
GBO03 peanut, pea, Company
and chemical rice, soybean Memphis, TN
pesticides USA
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Biocontrol

Product ] Target Crop Source
organism
Trichopel, |Trichoderma Armillaria, Agrimm
Trichoject, harzianum | Botryos— phaeria, Technologies,
Trichodowels, |and T.viride Chondroster— Ltd.
Trichoseal num, Fusarium, Christchurch,
Nectria, NESZEALAN
Phytophthora, D
Pythium,
Rhizoctonia
T-22G* and |Trichoderma| Pythium spp., bean, cabbage, | TGT, Inc.
T-22HBx* harzianum |Rhizoctonia solani, corn, Geneva, NY
Rifai strain |Fusarium spp., and cotton, USA
KRL-AG2 Sclerotinia cucumber,
homeocarpa peanut, potato,
sorghum,
soybean,
sugar beet,
tomato,
turf, and
greenhouse
ornamentals
T-35 Trichoderma| Rhizoctonia solani, cucumber, Makteshim
harzianum Fusarium spp. tomato ISRAEL
Trichodermin-3|Trichoderma| Fusarium sp. field crops, RUSSIA
lignorum vegetables BULGARIA
Trichodex |Trichoderma|Primarily Botrytis cucumber, Makhteshim
harzianum cinerea,. also grape, Chemical
Colletotri- . nectarine, Works, Ltd.
chum spp., Fulvia
fulva,Monilia laxa, | ~ SO¥bean, | Beer Sheva,
Plasmoparaviticola, | strawberry, ISRAEL
Pseudoperonospora sunflower,
cuben§1s,Rhlzopus tomato
stolonifer,
Sclerotinia
sclerotiorum
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Biocontrol

Product ] Target Crop Source
organism
TY Trichoderma sp. |Rhizoctonia solani,| field crops, Mycontrol
Sclerotium rolfsii, | vegetables ISRAEL
Pythium sp.
Vaminoc mycorrhizal Botrytis spp. cucumbers | Biological Crop
fungi Pythium spp. Protection, Ltd.
Ashford, Kent
UK
Victus* | Pseudomonas Pseudomonas mushrooms | Sylvan Spawn
fluorescens tolaasii that Laboratory
strain NCIB causes bacterial Kittanning, PA
12089 blotch disease USA
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ARREERQD e A Edo o3t ¥l A3 (antibiosis 712h) (2) sideropher
Abe] o1& Fe o]l dlet %A (Amvrosi et al. 2000), & A& Eo] A7l
Agtacle] = Hron)S 4oz A7) f& BY|st= 420 Siderophore
Akt (Dale et al. 2002; Meyer et al. 2002)2F 21 & WAy 2 AALS Fut
AA BhdTe] EY W H o] &S Ao Wdito] ofF W oA (3)
EY fFuo Hdd gAel 7HE Sas adoldt & F e AE Ry &
2+ =2 (Bharathi et al. 2004)o] 73t ZA w A& o3 A& ¥y Fw
colonization 4 (Landa et al. 2002) (5) 715 Wo] A Al(host defense system)
¢l &/ 3sk(van Loon et al. 1998) (6) 2= FX Z 3} (Peix et al. 2001)= ¥
ol gk =27 G5 o oy 5] 71 oal A=t vy

o

A A gro] <& A oh.(Bkker et al. 2003)

_50_



A% screening &2 FulEH ol hI IS 13 Adedd. 4 ez
HZ Ay 73 Foll 53 A &4& B oo uste] 232 in vivo pot
assays AAlste] Zg ErulEH UW A 59E Holes dFES HEstE

=
A3 ¢ AFE Ao, Au FFo el 16 rDNA sequence £ 0 =2
X=
(e}

2. Alg 2 "4y
b FA EGOoRRE mAEY Hi
1) E¥ njgEe 2 2 u%

B9k AR 1gS 2~3A7F F738le] A4 2 102 10° 182 1072 3

213l 3 Bennet media, glucose minimal salts media, PDA plate (Bf#] ZA
Table 1-1)el Z}ZF 200l S =23ta2  Bennet mediax= 28TColA 3Y3F,

glucose minimal salts mediai=30ColA 14 7F, PDAM| A= 28Coll A 4¥43t =Y
&3 & e single colonyE 7H&A M A FF, spored] I

FH T& B 47 dE2va AdEE #FE BEE slantel] Altig ¥
o8 AE3lo] A uLFS AAs et WATe] 9+ glucose soluble starch
medium(GSS)oll HZ3slo] 150 rpmoll A 5Y7F wjdstar Al 7 -$Eglucose

minimal salts brothell #%£3}e] 130rpm, 30ColA 24A1%F, &#%Fo]= PDBel #

1

F3ho] 120rpm, 28CoIA 10970 wjekalel 815a wWFloz BYL AAHS
o,
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Fzh ErhEwel wASA ge Aol AWM & Ad nFe =
MEE PelA Bl £ WolWl the 27l mARE W o] gt HU @
2 "olyo] MALE WY F AAs] 45 1 mE Fs) #AHoR 543

, Mol WS 2~3A% BTAML, 45N WEFSE

102 107 183 102 8143}9 tryptic soy agar(TSA) w}2 9} bennet media
o 2000% w='83lo] bennet media® 28TCeolA 3€ 7t TSAH|A = 28TolA 1Y
7k vkt & el single colonyE HER slant o Altdte] o ) uj kel A&
sFATH
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Table 1-1. Composition of media

media composition

glucose 10g

peptone 2g

beef extract 1g

Bennet media yeast extract 1g
agar 20g

distilled water 174

pH7.3

glucose 2g

yeast extract 10g

glucose minimal KHPO4 2g
. KQHPO4 3g

salts media MgSO; -+ 7H.O 0.1g
MnClz - 4H-0 0.02g

distilled water 17

soluble starch 10g

glucose 20g

meat extract 1g

yeast extract 4g

GSS media NaCl 2g
KoHPO4 0.05¢g

soybean meal 25g

distilled water 174

pH 7.3

peptone 10g

casamino acid 1g

TZC media glucose bg
TTC (stock : 0.5%) 10me

distilled water 174
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9]

ACC(1-aminocyclopropane-1-carboxylate) deaminase activity &4 ¥

)y
ACC deaminase enzyme< ethylene®] ATEZ<2 ACCE Ear 7z oz
dtol & =2 ethylene levelol 2|3+ root elongation inhibitionS =S 4 <l

o], ACC deaminase enzymes AJ4tslE WA EELS plant growths &

Al Rk ofyel AEH Y] digk AEAY A4S SUHAE F Anta
A v Aok wab AESA BAA R Adstr] g rAES & o 2y
o7 Aeslr] 93, ACC deaminase enzyme A4t 55 Glick 59 #H

3l screening 3}%ith.
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Table 1-12. Composition of media used to screen ACC deaminase activity

media composition
proteose peptone 10g
casein hydrolysate 10g
. anhydrous MgSQO4 1.5g
PAF medium K,HPO, 1.5¢
glycerol 10me
distilled water 12
KH,PO, 4g
MgSO, 0.2g
FeSO4 1.0mg
H;BOs 10.0pg
MnSOyq 10.0ug
DF salt 7nSOy 70|_|g
minimal medium CuS0q4 S0ug
MoOs 10ug
glucose 0.2%
gluconic acid 0.2%
citric acid 0.2%
distilled water 12
proteose peptone 20g
KzHPO4 2.5g
., . glycerol 15ml
King’s B mdeium MgSO4 - 7TH,0 6g
Agar 15g
distilled water 12
beef extract 3g
Nutrient Broth(NB) peptone og
distilled water 1¢
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1g9] EUAZE W H PAF medium 50méol o] 30ColA 120rpmo
B 24AF kA v Inls Fske] M 2& PAF medium 50 méell F Z o]
30C 120rpmel Al 24A17F WHEAIZL U5, 1ml-S 3|l "oek DF Salt minimal
medium (N-source® 2g/ ¢ (NHy)2SO04 H7F) o HF3e] 30C 120rpmel A 24
AIZE AT Al IS #HEFe] B ® DF medium(0.3g/ ¢ ACCE #4¢
N source® 7Pl HFatar 99k 22 oA uwkAzl vg d e
3A DF Salt minimal medium (3mM ACC F7b)ol| ZEsto] 28Tl Al 4847k

@

ol &

i

kst & el single colonyE King's B agar slantol] %7 28ColA 24hr
FQF v &Fete] Bt AA wj ko] AR
. ZL&71F Y4 EulEdd 2 v EY AW

o] BEY ARA &3 dFE A SE mode of action based

o
screeningS dsle] B TFE 1= Ao
1). antibiosis 7]1&¢] 93 EZulEH A A TdF9 A

EulEd A Ag &4 EES AAstE 5 A in vitro paper

disk methodZ #3a}tdth Al7F-S 130rpm, 30CE glucose minimal salts brothell

\]
o~
>
~
of

>
ey

2 230rpm, 28 CE2 GSS brothdll 5%, F33°]= 120rpm, 28T ol A]
104 7F PDBoll v, 28]31 <A v AAES 130rpm, 30Tl A 2441 7F o] TSB
x| A ZFzb wfFske}. TZC plateol]  Ralstonia solanacearum broth= -3k
=3l bioassay & plateol] WlFHS g3 paper disk (4
4 10mm)E SHFa 30ColA 24X 7 vjgFste] vebd 85 AAge A7]E
SAskA . disc® diameters A &FF AR AV we} 3FH (1T
13mm °], 255 9~12mm, 35+ 8mm ©l3} ) o7 FAE=Z e

ol
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2). siderophore Al #Fo A

siderophore A4t & Schwyn¥ Neilands®] siderophore detection
W9l Chrome Azurol Sulfonate (CAS, Sigma) assay (Schwyn et al. 1987) &

A

R4

i
Olt

FATth 75 50 meell CAS 605 mgs =591 ths 10 mee] 1 mM FeCls -
6H:0 (10 mM HCI&H)s ¥ A3  AowA 729 mgd
HDTMA (Hexadecyltrimethylammonium bromide)Z FH< 40 méo] =9 & A&
H7PNA 1 "datsto]l g FAAs SAe £ o5 HO 750 mf, 10X
MM9 salt 100 m¢, agar 15 g, Pipes 30.24 g, 10% casamino acid &< 30 m,
carbon source®} vitamin & E33 £d(pH 6.8) 1Y Este] 50C=E 2
1 FHE E CAS €d884S 7Fe] A #%F H7hste] plated] 53}
o Azgk CAS HaufA ol wjFed 20 p/E A3t 30TCoAA 247 vjFst &

B

F9 9 orange halo zone ¢ AAS A3t e &-d3t w2 King's

3). root colonization and elongation assay.

AFFE F3)} EvtENE £F5) FAE Y8kl 2% sodium
o w 2W3 Aeste] xW Add F HaFE o] | o

ALE-3FF9 T 1% water agar plateo] 113 e EnlE 22 SeEi 4 %

hypochloride &< ©
FHoll dujz Az A dg 1 my HH3E F 28C growth chamberol A
]‘

wEsA gz 49
= A A" Al drd TSBE 4 9o Aasiah. 7 A 9 24
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4). Plant growth hormone A4t #F9 A

kol W auxin % A3 germination test® 2 =A% hormone
AR FEE Aty
7h g d J auxin 7% FA

TSB w4 & 30ColA 120rpmo 2 24417+ w5 oS 94 B
g 35le] A A5 o] Salkowski’s reagent(concentrated HoSO4 150mé; distilled
water, 250m¢; 0.5 M FeCl; - 6H.O ,7.5ml) S 1:49] H| &= #H7}slo] vortexingdh
3 207 el WAl o 535nmelA &3 EE SA3te] standard
curve®} Hlalste] wjFole) W SA4le] siE ANt
1}) Germination test

Wolrh wE IS Lol FAFER AAsdv. dFe] Aok
5% sodium hypochloride &% °F 1087t @7lE H =7
A3 A7 9 cm@l petri-disholl i3 A& A #F g H45AES
AR 1/2, 1/10 2 A7l &R0 7 AXE T3] FF
59 T4 66 oA floll Fa 27 CTollA oA 7| giz=ef vjasty 7]
o] A4s #ESATH

m EE] vtEA FEESEAA FAIAHDE 180 g A+

S 25-35C 2 FA = sh¢2olA Auiste] 4 |77 HAS
dg TE T 30 m(10” CFU/M)A #5831, o]& F #alo
F& W B R. solanacearum BES 30 ml(10" CFU/m)® ¥#F=dto]

FESHATh AUE PGPR T3] o% @ JALRE 4 7 BRIAT

ol
3] Wb Addsidn. EvkER CHES Aol ofF AT
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=2, A5 % AE) A= A= 3§38 AlEo] A 44E 4R T
v Adon, Wy A& (W7o dHE-AHIFo HHE)/dET9

. AT 39 antimicrobial spectrum ZFA}

Ak 7371 AabeteE FAEA 9 & spectrum= paper disk method
A

i
0%
o,
=

2 g 22 AgarFol dis FAsEA T test organism o2& 1

oX
=
N
H

T2 Bacillus subtilis, Staphylococcus auseus, I =
Escherichia.coli, Salmonella gallinarum , yeast$l Saccharomyces cerevisiae,
fungi?l Phytophthora capcisi, Phytophthora parasitica, Botrytis cineria,

Penicillium sp.,Rhizopus stronifer < A+-&3F3it}.

mh AwiEFel 4

of g WA 7] 2o ofs] A #FE5S T4 flste] 16S rDNA
£ elution 3t AHA|Fe] PCR(sequencing primerl 519r& o]&3 o2 M
1500bpZell 07519bp 7HA S SEAIF)S AASAT Buffer w3-s &3 PCR
product® AAa = ABI PRISM™ BioDye™ Terminatior Cycle Sequencing
Ready Reaction KitE %3] sequencingd ZAIS BLASTOA GeneBank

data(http://www.ncbi.nlm.gov/BLAST)Z o] &3] #F5 543
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3. 49 2% % 1%

7L BANES AFH R ESGUAEY £

=, & AN, AT EGo2RYE Ad F 3308 strains, WAHAT F 192

strains, #3F°] & 138 strains®] #Z At F W EufEd DAl HIAly

Fulsdy @y g4 g¥E Holx AT F&U|Fe (DIYEHA
kel o3t antibiosis 712, (2)siderophoreE AAME o 2% Fe ion competition
S Frsts 713 3)ZHANAY root colonization competition®] €3 712+ (4)
AE AGS FIAAHoZAN YAT wF: A7) Tl ogh wu oA e g

He g oo, e webA gk 7] B 27FA] o] Ake] EjHA 7| zbe ¢

 wHS gAge] et wElA B A4 = mode of action based
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1) Antibiosis 713 group

Aubel ST Foll 159F°] Ralstonia solanacearum Y -3tel o gk
antibiotics AJ4kell ola] LS AA|Fre] WM ow 1 FoA THE Aol A
3k 1 groupdl dFstE T TS1-2, TSI1-3, A27-3, A47-2, A48-2, A100-1,
A253-16, A254-10, A256-10, A256-11, A256-12, A256-18 5 % 18F o oA

2%F=2 in vivo pot assay°el 93 ErtEH WA SHE HY3A T (Figure 1-1).

Figure 1-1. Antibiosis of Ralstonia solanacearum by the selected strains.

2) Siderophore A4l group

siderophoreE AJAtstE T A#E CASE AH&3 AHAAQ
chromogenic assay® 3}3th. CAS agar platec] wellS FH5o] vjgelS Y
30CAA 297F vlF3tH siderophore AAF o5& 7sk L o]EQl siderophore
7} CAS €99 Fe(ll)¥ Adste] FEAo] QA Mozo] WMtz Fld 4
At BEol A FEld 298579 &+ M FoAl 535 T F7F CAS blue agar
o A orange halo zone& X.¢] siderophore A4t 5= &21% 2™ halo zone
o] AVI7F & w5 TS1-2, TS1-5, TS3-7, TS3-9, TP1-2% 1559 #F& 13
Aste] in vivo pot assay s &ote] E4& 2aE HASATE TS1-2, TS1-3
72 Aol siderophore?t HEO] A% AAst= Aoz YEry
(Fig.1- 2)
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Figure 1-2. Orange halo zone of siderophore producing strains on CAS blue

agar

3) Root colonization competition 3} root elongation group

TSA B WAE o] §dte] EvtEst mFo] oA R 208% o)

<A v AE T4 ACC deaminase XS 2zt W59 siderophore AAF
S U422 root elongation assays 33t AI} ¥a] F9)2] agarel] BHIA
gS YPAska dixTtol HE10 % oY HEe M-S FHAIE 1A oF

TS1-5, TS1-7, TS2-7, TS4-3, TS6-4, SKU-7, SKU-65, SKU-78, SKU-132,
SKU-134, SKU-1555 A&}l t}h.(Table 1-3.)
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Table 1-3. Effects of the selected plant growth promoting rhizobacteria

strains on root elongation of pepper plant

Strains SKU-7 SKU-65 SKU-78 SKU-132 SKU-134 SKU-155

Root elongation
rate (%)

10.3 10.2 15.2 10.3 14.2 12.8

Strains TS1-5 TS1-7 TS2-7 TS4-3 TS6-4

Root elongation
rate (%)

12,6 114 10.8 10.2 13.8

Mean root length in millimeters was measured at 10 days after treatment. An equal number of
plants was treated with sterile distilled water as control.
Root elongation rate = {(root length of treatment group-root length of control)/root length of

control}x100

4) Plant growth hormone A4} group

Salkowski’s reagentE ©| &3 TANES S E3lo] 0.02mM o] &2

S A 10E9 T B312-2, B319-8, B321-3, B321-6, B354-6, B359-14,

B359-15, B361-5, B361-7, B368-9& 1= @3ttt  auxin Aibet+=2 A

H 10E #579 wEdS EtOAcE FE3t9 553 ths TLCE Chloroform:

MeOH: water=85: 14: 12] &viAlZ P3slo] XTFEZ indole acetic acid TAA)S}t

Z& Rf 049 Add 103 25 5493 bandE YEFU O] auxin A2HS &2ls)
Atk olF FA Al oa A& AF FX o] ¢F

HZ Mttt (Fig. 1-2). auxin A4 52 G5 tiste] &7]

A% 3 a7t ol At s B361-5, B354-67 50 tha] ol tig A

FEZ353E invivo pot A2 AAQGSAT FAE HFF3 oS 4 77 H

os)
4
oy
Y
S
ftlo

N
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F Agde ¥E 3 30 me (10° CFU/mO)Y 381 4% %3
2HE 4 F #FEEAT gz AddF A gle] = v FAew, 10
B oA 3 3] urE At} plant growth hormoneg AAlslE 52 HE= A
e B361-5, B354-6 woll tisiAs wdzde] &y 9 e groupd] AT
FHe] A3y oARE Fofste] mAE E3F AA I Aol ol &HIAH 6

(a) (b)

(c)
Figure 1-3. The shoot elongation assay.

(a) control; (b) treated with B354-6; (c) treated with B361-5.
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Figure 1-4. Plant growth assay. left lane: treated with B361-5; center lane
treated with B354-6; right lane : control

ol 43} ol 874 W= g
(Table 1-4), in vivo pot assay & &

3lo]
T2 222 A3k o (Figure 1-5.)

e
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Tablel-4. Grouping of the selected potential strains on the basis of the mode

of action
mechanism The selected potential strains
A27-3, A31-1, A47-2, A48-2, A100-1,
o A253-16, A254-10, A256-10, A256-11,
antibiosis

A256-12, A256-18, TS1-2, TS1-3, D27, D134,
B72-3, B107-1, B110-5

TS1-2, TS1-3, TS1-5 TS3-7, TS3-9, TS5-8,
siderophore TS6-4, TS6-8, TP1-1,TP1-2, TP1-8, TP2-5,
TP3-1, TP3-4, TP5-4

TS1-5, TS1-7, TS3-7, TS4-3, TS6-4, SKU-7,
root colonization SKU-65, SKU-T78, SKU-132, SKU-134,
SKU-155

plant growth hormone B354-6, B361-5

o Ze7F 3 A A FF9 in vivo pot assaydl Y3 EulEH oA
g4 AA

A EZD S E3, = antibiosis 712l o& ErtESH o] o
5

Aere 115 FATFFE 8l in vivo pot assay=

sto] g elA g3E HASNG Adds dE NS Bk AFA st B
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Fol WWEAE WA, EviEE B 5AYEY] WREAS won, Wy
Fol % EvtEsh aFmc WA gol AAES BEY + AUk 4 Auy
EntEel 13E 747 105 4 39 9% Agste] FAEge Teharh A RA

2 Aste] o8] antibiosis 28 71#o & EuiEwatel s AL S =
T3 FolA A27-3, A47-2, A48-2, A100-1, A254-10, A253-16, A256-10,
A256-11, TS1-2, TS1-39] 107H¢] #F7F 53] 3 HAEZH?E HEHAL, root
colonization® root elongation BIZS Holx TWF FTolA= TS1-5 TS4-3,
TS6-4, SKU-65, SKU-78, SKU-134 i 6%°] HFHo=z Hwzlom,
siderophore AAF #F2E TS1-2, TS1-3, TS1-5 TS3-7, TS3-9, TP1-2,
TP2-5. TP3-4, TP5-4°] 97/} #FEo] HFTA o2 Ernta® WAA AN H&3}
E fle 1 w32 HARE Itk (Tablel-5.) (Fig.1-6,7)
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Table 1-5. Suppression of bacterial wilt of tomato and pepper plants by the

selected strains

Suppression Biocontrol efficacy (%)*
. Strains
mechanism Pepper Tomato
TS1-5 375 20.3
TS4-3 35.0 15.2
o TS6-4 475 30.8
Root colonization
SKU-65 425 25.9
SKU-78 42.5 31.3
SKU-134 32.5 10.8
TS1-2 575 50.3
TS1-3 35.0 15.2
TS1-5 475 30.8
. TS3-7 75.1 60.0
Siderophore
duct TS3-9 42.5 31.3
production TP1-2 453 20.8
TP2-5 329 23.6
TP3-4 51.1 159
TP5-4 437 38.6
A27-3 68.8 52.4
A48-2 475 30.2
. AT79-2 34.2 18.8
Antibiosis
A100-1 724 58.8
A253-16 69.1 47.2
A256-10 63.3 52.7

a Data represent means of 10 replications of each treatment. The experiment was repeated three
times. Plants were grown in potting soil and was drenched with bacterial cell suspension and 2
days later R. solanacearum was inoculated. Disease severity was rated 10 days after inoculation
with R. solanacearum. Biocontrol efficacy is based on the comparisons to the nonbacterized but

pathogen—-challenged controls.
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(d) (e)

Figurel-6. Suppressive effects on the bacterial wilt disease by the selected

strains

(a)control (h)TS1-2 (c)TS1-5 (d)TS3-7 (e)TS3-9
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(d (e)

Figure 1-7. Suppressive effects on the bacterial wilt disease by the selected

strains

(a)A48-2 (b)A100-1 (c)A253-16 (d)TP1-2 (e)TP3-4 (f)B361-5
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w4 279 53

Ul oA g 5% FF9 16S rDNA sequenceES F435lo] A

st Ad= ggd 2ok (Table 1-7.)

1) 16S rDNA sequence and similarity of A47-2

TAGTTAGCCGGCGCTTCTTCTGCAGGTACCGTCACTTTCGCTTCTTCCCTACTGA
AAGAGGTTTACAACCCGAAGGCCGTCATCCCTCACGCGGCGTCGCTGCATCAGGCT
TGCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGT
CTCAGTCCCAGTGTGGCCGGTCACCCTCTCAGGCCGGCTACCCGTCGTCGCCTTGG
TGAGCCATTACCTCACCAACAAGCTGATAGGCCGCGAGTCCATCCAAAACCACAA
AAAGCTTTCCACCCCCCACCATGCGATGAGGAGTCATATCCGGTATTAGACCCAG
TTTCCCAGGCTTATCCCAGAGTTAAGGGCAGGTTACTCACGTGTTACTCACCCGT
TCGCCACTAATCCCCGGTGCAAGCACCGGATCATCGTTCGACTTGCATGTGTTAA
GCACGCCGCCAGCGTTCATCCTGAGCGGNNNNNNCNAACCNCTAAA

Source Length Identities
Arthrobacter sp. 'SMCC G980’ 1333 468/469 (99%)
Arthrobacter sp. 'SMCC G963’ 1327 468/469 (99%)
Arthrobacter sp. pfB10 790 469/470 (99%)
Arthrobacter sp. 12E 16S ribosomal RNA gene 1336 469/470 (99%)
Arthrobacter globiformis gene for 16S rRNA 1517 467/469 (99%)
A globiformis small subunit ribosomal RNA 1531 467/469 (99%)
Arthrobacter sp. strain R1_6_cr 475 466/467 (99%)
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2) 16S rDNA sequence and similarity of A48-2

GCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCCGCCCTATTTGAACGGCACTT
GTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGC
GTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTA
GGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTA
CGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGGGTC
CATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATGCGGTTCAGAC
AACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGT
TACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTCCCATCTG
TCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCGNGNNCC
NAAACTCTAAA

Source Length Identities
Bacillus sp. DF49 16S ribosomal RNA gene 1425 493/493 (100%)
Bacillus sp. DF12 16S ribosomal RNA gene 1424 493/493 (100%)
Bacillus subtilis 16S ribosomal RNA gene 959 493/493 (100%6)
Bacillus subtilis strain CC-KM2-1 1035 493/493 (100%)
Bacillus subtilis strain B1144 1541 493/493 (100%)
Bacillus sp. Bchl 16S ribosomal RNA gene 1545 493/493 (100%)
Bacillus sp. PP19-H3 gene for 16S rRNA 1472 493/493 (100%6)
Bacillus sp. gene for 16S rRNA strain PM3 1523 492/493 (99%)
Bacillus sp. DF27 16S ribosomal RNA gene 1424 492/493 (99%)
Bacillus sp. DF15 16S ribosomal RNA gene 1424 492/493 (99%)
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3) 16S rDNA sequence and similarity of A253-16

GNTTAGNCCGGTGGCTTTTATCTCGTGGTTNGGGGTAACGGTTCAAAGGCCGNTC
NCNCNNTTTNATGGTAANGGGGACCTCTGTCTCTCTCCNNNTNTAAAGTGAGTCT
TATCAATATCGCAGAGACNCTCTCTCTNNACACTACNCCGCGCGATGGTGTGTGC
NTGCAGAGGCATCTTCGCCGCTCACTATGTGCCAANAATATNCCCANATGTGTGT
GCTCTCCGCGAGGGAGAGCTGTGACGCGCTGTCTCACAGTCCAGATGTGTACGTG
CATANTACCTCCTCACAACGCAGGGTANAGGATATCGCGCGCTTG
TGTGTAGAGCACGTACCCTCNACCAAACTANAGTATATNTGCACCTAGGCGTCAC
ACTGTATAGAGTGAGAGGGCCCGAAAGGCACCCTCTGTATNTCTCCNGCCAGTGA
CGGTATGCGAGNATNANCGNNCGTTNCCNANNGTTATCCNCCAGNTACCAGGAGA
GATTCCTAGGNGTTACTCACNCGTCNGTCGCTCTCAAGAGAAGTAAAGCTTCNNT
GTACCGCNTCGACTTGCATGTGTCNAGGNTGTGNGGNCNGNGGNNCAATCTGAGC
CAGNNTTCAAACTCTAAGNNNCNANACTCTAA

Source Length Identities
Pseudomonas sp. 16S rRNA gene, clone NB1-f 1502 69/79 (87%)
Gamma proteobacterium WCIF2 611 68/79 (86%)
Pseudomonas sp. 22-Ab 1457 67/79 (84%)
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4) 16S rDNA sequence of A254-10

TTNGTTNNTCTTCTTNNTNTGNTTCNTNGTNTCGNNTGNNTACAACNGGNGTNAANC
TTACCNCCACNCCGCACCTGGCNNNGGNGTGTNAAAAGGTNGAGTCNNCCNCGCNTNT
GGTGTNTGCCAGTTTAANGCNCCCCCTGAGACNANNAAATNGCGNTCGGNGTGNANC
NNCCTNTTNNTNCCTNCCAATAATATNNAGNNTCCGTNCNNTGGGTTTTNTATNTCN
NNCCTCTCNCCNATNCCTTCTCNCCTCCCGCCGNNNCTCCCCCTCNTCNNNNNTTACTT
NTCNNNCCTNGGCNGTNCCTGATGNTNNTCCNTCTNAATATTTAANNNATGAGTTNA
TAATAGNNTANNACANTTNNCTTNNNGNTNNTNNCNGNTGTNTANNAGGNTAGNAC
AAATTATNCNTTNNNGCGNNNATCTTNCCGGCTNNTCTGNAGNNATATNGGTNNGNA
NGCGGNNNNCNANNNNNTGTNNTTGGNNNGGGNNNNGNGNANAANGNACAACCATAA
NNNGTTNGGNCNTNNNGGTNGNNNNGGNNNCCGNGNNNGCTNNANGNGNNGTTTGNT
GANCNTNGGNNCNNNNGGGAGNGNNTTNNCAANCCTNTGNGNACCNTTTANNNNCTT
CNNTGNNGNNTCNTTNGNNTNCCNNATNTNAACCCNCNCNCGCTCCTNTATTNTGAN
CNANANCNCATGCTTCCCNNNGCCNGTGCNCNGNNNGTCCTCNCNNNTCTNTCCAGAT
NNNCNTNNCTCTNTTNANAGNAANTCNCNTCGNNTNTANNTNCGNCANTNNCGNNGT
NATNANTGNNNGGCNNANAAANNTANAACNCNAANNNCCNTTGTCATCATANTGNA
NNANGATTGAANCANGANCGAANACCNNNCCTNAACAGATCATNCTCTNTANATCAG
CTANCCNNCTGGTATCCTNNCNCANANTNCANCNCATAATATGNTNNCCNGCTCATA
CNCACGNTNGNATNNNCCNCTNCTNTCACNTNTCCACTCGNTANCNNGATCTNCNTAC
NCCACNGCANCCNTGTCCTACNTATTCNNTANNNCNNCTATATTCTCTCTNNTATAT
ANNNATANNTTCGTCTCNTCGCNNNTGATNCNTNTANGGATCNNNTNTTGGNGANCA
CNGCTTTTGTNCGNNNGANAANANNTANNGCNANNNANGGATGNGCGNANANGAAN
GNTNATTNNGNNTANNCNNAGNNANCCANANCAACTNNTATACCCNNNCGNTGNGTT
ANGTCTCCNGTGANACCGNCGTATGTCATNTCNNNTTATCNGTAANCNTATANTNTG
TTATATNNCATCACGGCGCNCNCGCTNANGNCNGTANATNTTTNNGCCGCNNGCNNCG
NTCNTACGNNCNCNGCNTGTNANCTCGACNAGCCATNATTGNTANATANTCTTCCCT
TCCCGCTCGAGAGGNTNCNATNTCGCCGGNCGCGCGTGTCGTNNGNNGTTGTAGTTNA
NANCNAGNGNGGTGTGANCTNCGTTANAGGNNAGNCNCNCCGCCTTTTNTGNTCCCG
NNNTTTANTTANGNGCAANNGANATGGATTAGGNGNTTGNAANCNGNTAATACGTN
ANTATCATANTANTTNAANGNCCNNCCTNCTNTNNTTTNTTNCNTANNCNCNCCCCC
CNCCCCCCTGTGATTACCTAATCCANTTNNANCNCTATTGTACNCCGTATAGNTCNCA
NNNGTNGCGAGNNCCNGGCNACATTATTCNCCGTTTNACGNCTTNTNAACNCNTACC
NGTTNNTTTTTTACTNNCACGTGNCGCCGNAC
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5) 16S rDNA sequence and similarity of A256-10

CCGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCCGCCCTATTTGA
ACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCAC
TCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCA
GGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCG
CCGCGGGTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATGC
GGTTCAGACAACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTA
CAGGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGC
TCCCATCTGTCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGA
GNGGGNTNCNNNAACCTCNAAA

Source Length Identities
Bacillus sp. DF49 16S ribosomal RNA gene 1425 500/500 (100%)
Bacillus sp. DF12 16S ribosomal RNA gene 1424 500/500 (100%)
Bacillus subtilis 16S ribosomal RNA gene 959 500/500 (100%)
Bacillus subtilis strain CC-KM2-1 1035 500/500 (100%)
Bacillus subtilis strain B1144 1541 500/500 (100%)
Bacillus sp. Bchl 16S ribosomal RNA gene 1545 500/500 (100%)
Bacillus sp. PP19-H3 gene for 16S rRNA 1472 500/500 (100%)
Bacillus sp. gene for 16S rRNA, strain:PM3 1523 499/500 (99%)
Bacillus sp. DF27 16S ribosomal RNA gene 1424 499/500 (99%)
Bacillus sp. DF15 1424 499/500 (99%)
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6) 16S rDNA sequence and similarity of A256-11

CNGTAGTTAGCCGTGGGCTTTCTGGTTAGGTACCGTCAAGGTGCCGCCCTATTTG
AACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCA
CTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCT
GCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGGGGGGCCGATCACCCTCTC
AGGGCGGCTACGCATCGNCGCCTTGGTGANGCGTTACCTCACCAACTAGCTAATG
NGCCGCGGGNCCATCTGGAAGTGGGAGCCGAAGCCACCTTTTATGNTTGAACCAT
GNGGGTCAAACAANCNTCCGGNATTAGCCCCGGGTTNCCGGAGNTTATCCCAGNN
CTTACAGNGNNNGGTACCCACGGGCTACCCNCCCGNNCCTCCGCTAANAATCAGN
GGAGNGNAGTTTTCCATNGTGNNCTNTCNNNTTGGCNTGTNATNAGGCGNCNCCC
CCCCTTCNTTTNTNNNNNGNGCNTNGGNCCNNGNCTCTANAGNNGNGGNTNTCCN
NCCCNCTNGNGCGTCNGNCACGTCNGANCCNNCGNCCTNNGCTNNANGAACGTCN
TTGNGTNTNAANTCCNGNTNAGCNATGGNCTTNGGNGCNNNCCCNNNNCGCTTGG
CNTGNCCNNNGNACTGCCGTNGNATGNGGAGCATNTNCNTNGCNCNNCGCGNNNN
AACTGANNNATGTTANCGGGAGNGNNGNNCCCCCGCNGTCGNGCTNCGCNTATNA
AGNNTCGGANCCCGGCGTGCTGTTANNATNGCNTTGTTGTGNTATTGTTCTTTCG
TTCCCCGCCGCCCCTNNGCCACNTNTTCCNCCCCACCGCCTCNCCNCTNTNCNCNTC
CTTNCGTNTTTTNTCGCCCNCATCNNTNTNTNTCCTCTNCTCNNCCTTNAGANTT
NGTNTNNACANCTNGTAGNNNCNGNTATGNTNNNGNGGTGNNGTNNNNTCNANC
TANTCNTNGGANTGCGCNGGGNANNNCTNNNNGCNGNNGGTNTNGTAGTGTGTC
NAGNNGATACGTNTGCTGNNNACTTNTCCTCTATNTGTATTTGTCTNNTGTNTG
NTCNACTGGNGTTNGATGCTGNGTCANCGNCGNTCCGNG

Source Length Identities
Bacillus subtilis strain CICC 10158 1483 363/383 (94%)
Bacillus amyloliquefaciens strain CMBO01 1527 363/383 (94%)
Bacillus subtilis strain HJ11 1482 363/383 (94%)
Bacillus sp. Ni49 16S ribosomal RNA gene 560 363/383 (94%6)
Bacillus sp. Ni4d5 16S ribosomal RNA gene 560 363/383 (94%)
Bacillus subtilis strain ATCC9799 1422 363/383 (94%)
Bacillus subtilis strain CICC10079 1461 363/383 (94%)
Bacillus subtilis strain CICC10080 1501 363/383 (94%)
Bacillus subtilis strain CICC10264 1498 363/383 (94%%)
Bacillus subtilis strain CICC10075 1463 363/383 (94%)
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7) 16S rDNA sequence and similarity of TS1-2

CCGNTAGTTGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCCGCCCTATTTGA
ACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCAC
TCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCA
GGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCG
CCGCGGGTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATGC
GGTTCANACAACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTA
CAGGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGC
TCCCATCTGTCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGA
GCGGGNNNNNNAANCTCNNAA

Source Length Identities

Bacillus sp. DF49 16S ribosomal RNA gene 1425 492/493 (99%)
Bacillus sp. DF27 16S ribosomal RNA gene 1424 492/493 (99%)
Bacillus sp. DF15 16S ribosomal RNA gene 1424 492/493 (99%)
Bacillus sp. DF12 16S ribosomal RNA gene 1424 492/493 (99%)
Bacillus polyfermenticus 16S ribosomal RNA gene and

internal  transcribed  spacer 1, complete  sequence; 2364 492/493 (99%)
and 23S ribosomal RNA gene, partial sequence

Bacillus subtilis 16S ribosomal RNA gene 959 492/493 (99%)
Bacillus subtilis strain CC-KM2-1 1035 492/493 (99%)
Bacillus subtilis strain B1144 1541 492/493 (99%)
Bacillus subtilis gene for 16S rRNA, strain: Tg 1543 492/493 (99%)
Bacillus sp. Bchl 16S ribosomal RNA gene 1545 492/493 (99%)
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&) 16S rDNA sequence and similarity of TS1-3

CCGNTAGTTGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTGCCGCCCTATTTGA
ACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCAC
TCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCA
GGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCG
CCGCGGGTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATGC
AACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGT
TACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTCCCATCTG
TCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCGNGNNCC

Source Length Identities
Bacillus sp. DF49 16S ribosomal RNA gene 1425 484/493 (98%)
Bacillus sp. DF27 16S ribosomal RNA gene 1424 484/493 (98%),
Bacillus sp. DF15 16S ribosomal RNA gene 1424 484/493 (98%)
Bacillus sp. DF12 16S ribosomal RNA gene 1424 484/493 (98%)
Bacillus polyfermenticus 16S ribosomal RNA gene and
internal  transcribed spacer 1, complete  sequence; 2364 484/493 (98%)
and 23S ribosomal RNA gene, partial sequence
Bacillus subtilis 16S ribosomal RNA gene 959 484/493 (98%)
Bacillus subtilis strain CC-KM2-1 16S ribosomal 1035 484/493 (98%)
RNA gene
Bacillus subtilis gene for 16S rRNA 1541 484/493 (98%)
Bacillus subtilis gene for 165 rRNA 1543 484/493 (98%)
Bacillus sp. Bchl 16S ribosomal RNA gene 1545 484/493 (98%)
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9) 16S rDNA sequence and similarity of TS1-5

GCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTACCGCCCTATTCGAACGGTACTT
GTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGC
GTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTA
GGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTA
CGCATCGTTGCCTTGGTGAGCCATTACCTCACCAACTAGCTAATGCGCCGCGGGTC
CATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTTTGAACCATGCGGTTCAAAC
AAGCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGT
TACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTCCCATCTG
TCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCGGGNNNC
CNAANCTCTAA

Source Length Identities
Bacillus subtilis 16S ribosomal RNA gene 1535 493/493 (100%6)
Bacillus subtilis strain N10 1534 493/493 (100%)
Bacillus sp. CK8 partial 165 rRNA gene 1179 494/496 (99%)
Bacillus subtilis isolate SUF3 1516 492/493 (99%)
Bacillus mojavensis JF-2 16S ribosomal RNA gene 1529 492/493 (99%)
Bacillus subtilis strain ATCC 6633 1507 489/489 (100%)
Brevibacterium halotolerans, type strain LMG 21660T 1513 487/487 (100%6)
Bacillus subtilis strain BZ15 1467 487/487 (100%)
Bacillus subtilis strain MA12 1458 487/487 (100%6)
Bacillus subtilis strain MO2 1504 486/486 (100%)
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10) 16S rDNA sequence and similarity of TS1-7

TTCTCNGGTACCGTCACCTTGAGAGCAGTTACTCTCCCAAGCGTTCTTCCCTGGC
AACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGCATTGCTCCGTCAG
GCTTTCGCCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCG
TGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTACGCATCGTCGCCT
TGGTGAGCCGTTACCCCACCAACTAGCTAATGCGCCGCAGGCCCATCCCCAAGTGA
CAGATTGCTCCGTCTTTCCAGTTTCCTTCAGGCGAAGAAAACAACTATTCGGTAT
TAGCTACCGTTTCCGGTAGTTGTCCCAAACTTGAGGGCAGGTTGCCTACGTGTTA
CTCACCCGTCCGCCGCTAAGCATCAAAGAAGCAAGCTTCTTATCAACTCCGCTCG
ACTTGCATGTATTAGGCATGCCGCCAGCGTTCGTCCTGAGCGGGTTCCNAAACTN
CTAA

Source Length Identities
Paenibacillus sp. CC-SB818D1 951 480/484 (99%)
Paenibacillus sp ROO32A 168S ribosomal RNA gene 1470 478/485 (98%)
Paenibacillus sp. IDA5358 1538 477/484 (98%)
Paenibacillus sp. pfB33 717 477/484 (98%)
Paenibacillus amylolyticus gene strain KT5501 1508 477/484 (98%)
Paenibacillus amylolyticus, isolate pl14 1511 472/484 (97%)
Paenibacillus sp. MCRI 9 gene for 16S rRNA 538 472/484 (97%)
Bacillus sp. FE1 gene for 16S rRNA 1465 470/474 (99%)
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11) 16S rDNA sequence and similarity of TS3-7

CGAGACGTGAGGTCCACTTCCTGATTTCCAAGGCCGCGCAACTGGTGATGGCCACC
GAGACGGACGTGGCGCTGCCGCCCAAGGTGCAGATGATGCAAGCCTTCCTCACCGA
GTACACCGGTGCGGCGGCAGGGCAGATCAAGGTCTATGGCAAGGAAGATTGGATG
TCGCCGGTCGCCTCGGGCTCCGGCGCGCCGGCGGCGATGGTGGTGGTGCCGTGTTC
CACCGGGACCTTGTCGGCGATTGCCACGGGCGCCTGCAACAACCTGATCGAACGCG
CGGCGGATGTGACGCTCAAAGAGCGCCGCCAGTTGATCCTGGTGCCACGCGAAGCG
CCGTATTCGAGCATTCACCTGGAGCACATGCTCAAGTCGTCGANCCNCANGGTAA
CCAACNNNNNNNNNNTNTCNNGAGAANCNNNNNTTCTCNTCTANNGCTCNANTT
GNANGNGNTNNNGNCNGNNNNNNNNNNTNNNANCNNGACCATGNNNNNANNTTN
TA

Source Length Identities

Pseudomonas fluorescens PfO-1 6438405 323/370 (87%)
Pseudomonas fluorescens Pf-5 7074393 314/358 (87%)
Pseudomonas putida KT2440 section 3 of 21 299991 308/363 (84%)
Pseudomonas syringae pv. tomato str. DC3000 6397126 308/366 (84%)
Pseudomonas syringae pv. syringae B728a 6093698 303/363 (83%)
Pseudomonas syringae pv. phaseolicola 1448A 5928787 141/168 (83%)
Synthetic construct Peudomonas aeruginosa clone

FiHO41026.01F PA4019 gene ¢ 630 93/104 (89%)
Pseudomonas aeruginosa PAOI1, section 379 of 529 11721 93/104 (89%)
Ralstonia solanacearum GMI1000 chromosome 188050 51/59 (86%)
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12) 16S rDNA sequence and similarity of TS3-9

CATTCGTGGCTTCTGGTTAGGTACCGTCAGGTGCCGCCCTATTTGAACGGCACTT
GTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGC
GTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTA
GGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTA
CGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGGGTC
CATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATGCGGTTCAGAC
AACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGT
TACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTCCCATCTG
TCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCCATGATC
AAACTCTGAT

Source Length Identities
Bacillus sp. Bchl 16S ribosomal RNA gene 1545 496/498 (99%)
Bacillus subtilis 16S ribosomal RNA gene 1546 496/498 (99%)
Bacillus subtilis gene for 16S rRNA, strain: B1144 1541 495/497 (99%)
Bacterium Te90R 16S ribosomal RNA gene 1506 495/498 (99%)
Bacterium Te22R 16S ribosomal RNA gene 1515 495/498 (99%)
Bacillus sp. SXQ-2004 16S ribosomal RNA gene 1513 495/498 (99%)
Bacterium Te87R 16S ribosomal RNA gene 1508 491/494 (99%)
Bacterium Te70R 16S ribosomal RNA gene 1515 495/498 (99%)
Bacillus licheniformis strain HK-1 16S rRNA gene 1424 495/498 (99%)
Bacillus amyloliquefaciens 16S rRNA gene 535 494/498 (99%)
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13) 16S rDNA sequence and similarity of TP1-8

ATCGTGGCTTCTGGTAGGTACCGTCAGGTGCCGCCCTATTTGAACGGCACTTGTT
CTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGCGTT
GCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGGA
GTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTACGC
ATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGGGTCCAT
CTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATGCGGTTCAAACAAC
CATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGTTAC
CCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTCCCATCTGTCC
GCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCCATGTCCAA
ACTCTAAATGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCGACCGTA
CTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGGAAACCCCC
TAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTT
CGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTCGC
CACTGGTGTGCGTCCACATCTCTACACATATCACCGCTACACGTAGGAATTCCAC
TCCTCCTC

Source Length Identities
Bacillus subtilis 16S ribosomal RNA gene 1546 490/493 (99%)
Bacterium Te22R 16S ribosomal RNA gene 1515 489/493 (99%)
Bacterium Te90R 16S ribosomal RNA gene 1506 488/492 (99%)
Bacterium Te35R 16S ribosomal RNA gene 1504 483/486 (99%)
Bacterium Te70R 16S ribosomal RNA gene 1515 489/493 (99%)
Bacterium Te87R 16S ribosomal RNA gene 1508 478/480 (99%)
Bacillus licheniformis strain HK-1 16S rRNA gene 1424 488/492 (99%)
Bacterium Te85R 16S ribosomal RNA gene 1516 479/481 (99%)
Bacterium Te84R 16S ribosomal RNA gene 1520 488/493 (98%)
Bacillus subtilis gene for 16S rRNA 1543 478/479 (99%)
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14) 16S rDNA sequence and similarity of TP3-4

CGAGTCAGTGCTTCTTCTGCGGGTACGTCAATCGATGAGGTTATTAACCTCACCG
CCTTCCTCCCCGCTGAAAGTGCTTTACAACCCGAAGGCCTTCTTCACACACGCGGC
ATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTA
GGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCATCCTCTCAGACCAGCT
AGGGATCGTCGCCTAGGTGAGCCGTTACCCCACCTACTAGCTAATCCCATCTGGGC
ACATCTGATGGCATGAGGCCCGAAGGTCCCCCACTTTGGTCTTGCGACGTTATGC
GGTATTAGCTACCGTTTCCAGTAGTTATCCCCCTCCATCAGGCAGTTTCCCAGAC
ATTACTCACCCGTCCGCCGCTCGTCACCCGAGAGCAAGCTCTCTGTGCTACCGCTC
GACTTGCATGTGTTAGGCCTGCCGCCAGCGTTCAATCTGAGCCATGATCAAACTC
ATA

Source Length Identities
Klebsiella sp. strain zmvsy 16S ribosomal RNA gene 1504 490/493 (99%)
Klebsiella sp. strain zmmo 16S rRNA gene 1504 489/493 (99%)
Klebsiella sp. PN2 gene for 16S rRNA 1532 488/492 (99%)
Klebsiella sp. P2 gene for 16S rRNA 1533 483/486 (99%)
Klebsiella sp. strain zlmy 16S rRNA gene 1498 489/493 (99%)
Klebsiella sp. CBNU-34-2 16S ribosomal RNA 1494 478/480 (99%)
Klebsiella pneumoniae 16S ribosomal RNA gene 800 488/492 (99%)
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15) 16S rDNA sequence of SKU-7

TTTNNTCGCNCCNTTNTCTTANACNAAANTANGNNNGGCANANNNGANNNCAGT
GCNACNNAGGAGCANNNTTNTNGGTNACGNCGCTTNNAAAGACNNNCACNCNAN
NGNGGNTNAGAGNGNAGCNGGTGAGCGTNTNTCCCCCNNANGAAAAANNAGNNN
GCAGCNCNAAGAGAANNNTGNACANATANAATAATNANNNGGCNGNGGNNGNGA
ANGNNAGNTGNGTTAGGACGANTCNGNCNTGNTNNGTTGTTTCNCCNATGANAN
AANANNAACANNNNTACCNNCNAAAAGAGNTTTGCNATATNTTTCNCNTCTNTT
NTNCNTANTNANNNCNGGNAGATAGGAGGTAGACGGCNAGCNNNGAGAGNGNNC
CNCGTGAGTGGATCNCNTTTATGNTTGNNANNGNTATNTCNNACTGCGGNTGGN
NNTNGGTTANNTNATTGNNCANCGAGNTNNGNAGGTGGGGTATATAGTCGCGNG
GNGGNNATNACTTCANNTAANTCTCTAAGTATNCNAATGGATCTNGNTGNNNNG
NTGNGNNGGNGNGGNNNNNTNGNNNGGNGGAGNGNATANCCGATCTTNACANAC
CNGGTGAGGGGNAGCNTCACNNCGNCNAGTGNNNNTCNNTNNGNTGNATANANN
AGNATAGGAAGGANNNTTACNCACGNTTNNCGCNTCNTCCNNNNNNCGNCNANC
NNNATNNANANNCGTAGCTGTCAATCACCTGATNNAAANNACNNAATGGTATCA
GTTTTNCTNNNNANAGGCCNGGNGNGGGANNGGNCANNANATATAGGTCNNANN
NAATGGAGNGGNAGANGGNGGCNTAGAGAGNNGNGNNGCNCNCNNNTANGGAGG
TNCGNCNNNNNTGATNGTNGANCAGACNGTAGANGGTGAAGCANNNNCANCGGT
ATATCNNNGACGNNANCNANGAGAAGACNTGGNGNNNAGCCGGTTAATNGGANC
TACTTATNNCCGNATGTGACNTNANATGNNCATANNNGCCNGATCCNCCNNNAG
GANATANGCGCGNGNTGNNCGGCCANATAACNNTNNATTNANAGNGNCNATATG
ANAACAAANAGNNTAAGCCNANGNNTNNCNCNATGTATAGNTGNNGNACNNTGC
GGTACCTNATNTGGGGGNTTCGTNTNTNGGTNTTGATGCNGNTAGNNNCTGGCT
GTNGGNTNNTCCNAGANTTNCTNGTGTNTGCNTGGGAAGNNANNNNTNTATAAG
GTCNGNTATANCCNGNCCNNNNNCANTCNTTNNTTNTGNNANCGNANTNNNCNG
NNNTNGTNCNTTAGANCANTGGNNCGGTATANNCNCCNCCNGTNNCTTGTNANCG
CGTNGCTGTGNNTTGTGTGTNCGTGCTANNTCGTGNGGGTCNCTTNTGGNTNGCG
CGTTNTCNAGTGTCGTTNTNTATCNGNCAGCCGANNNNTAGGNCCGTANGGCGAC
GCGATGGNGCNTNATNTATCNTCCCTNANNTAACGCGAATATNNANATTGGNAT
NTAGNCGCAAGAATGAANNANGNTGANNNNGGGGNGGNTAANTGANGGTAGGGN
GNGANAGCCGAACGGGANNNCAGNGANAANAGACNNATTAATCCNCATAGACAN
NNGANGNAGATNTNCNATGNTATNTCCCNATTNCANATNNATNNCGACAATNNA
NATTANGAANGAATAGCGGNA
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16) 16S rDNA sequence and similarity of SKU-65

GTCGTGCTTTCTGGTTAGGTACCGTCAAGGTGCCGCCCTATTTGAACGGCACTTG
TTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGCG
TTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAG
GAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTAC
GCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGGGTCC
ATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATGCGGTTCAAACA
ACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGTT
ACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTCCCATCTGT
CCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCCATGATCA
AACTCTGATTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCGACCGT
ACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGGAAACCC
CCTAACACTTAGCACTCATCGTTTACAGCGTGTACTACCAAGGTATCTAATCCTG
TTCGCTCTCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTC
GCCACTGGTGTTCCTCCACATCTCTACGCATTTCACGCTACACGTGGGAATTCCA
CTCT

Source Length Identities
Bacillus subtilis 16S ribosomal RNA gene 1546 501/501 (1009%)
Bacterium Te90R 16S ribosomal RNA gene 1506 500/501 (99%)
Bacterium Te22R 16S ribosomal RNA gene 1515 500/501 (99%)
Bacillus polyfermenticus 16S ribosomal RNA gene 2364 500/501 (99%)
Bacterium Te70R 16S ribosomal RNA gene 1515 500/501 (99%)
Bacillus licheniformis strain HK-1 1424 500/501 (99%)
Bacillus subtilis strain C2 1511 500/501 (99%)
Bacterium Te84R 16S ribosomal RNA gene 1520 499/501 (99%)
Bacterium Te40R 16S ribosomal RNA gene 1499 497/499 (99%)
Bacillus subtilis strain BFAS 1519 499/501 (99%)
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17) 16S rDNA sequence and similarity of SKU-132

CATCGTGCTTCTGGTTAGGTACCGTCAAGGTACAAGCAGTTACTCTTGTACTTGT
TCTTCCCTAACAACAGAGTTTTACGACCCGAAAGCCTTCATCACTCACGCGGCGT
TGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGG
AGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTATG
CATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCACCGCGGGCCCA
TCTGTAAGTGATAGCCGAAACCATCTTTCAATCATCTCCCATGAAGGAGAAGATC
CTATCCGGTATTAGCTTCGGTTTCCCGAAGTTATCCCAGTCTTACAGGCAGGTTG
CCCACGTGTTACTCACCCGTCCGCCGCTAACGTCATAGAAGCAAGCTTCTAATCA
GTTCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGCCATGA

TCAAACTCTAA
Source Length Identities

Bacillus sp. R3 16S ribosomal RNA gene 1455 499/499 (100%)
Bacillus sp. TW4 gene for 16S ribosomal RNA 1008 498/499 (99%)
Bacillus sp. AS-35 16S ribosomal RNA gene 1519 497/498 (99%)
Bacillus sp. No.49 gene for 16S rRNA 1542 496/497 (99%)
Bacillus sp. No.54 gene for 16S rRNA 1542 496/497 (99%)
Bacillus sp. NK7 16S ribosomal RNA gene 1514 497/499 (99%)
Bacillus sp. NK13 16S ribosomal RNA gene 1514 497/499 (99%)
Bacillus sp. Btl176 OTU1 small subunit rRNA 1518 497/499 (99%)
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18) 16S rDNA sequence and similarity of SKU-155

CGTCGTGGCTTCTGGTTAGGTACCGTCAGGTGCCGCCCTATTTGAACGGCACTTG
TTCTTCCCTAACAACAGATCTTTACGATCCGAAAACCTTCATCACTCACGCGGCG
TTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAG
GAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTAC
GCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGGGTCC
ATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATGCGGTTCAAACA
ACCATCCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGTT
ACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTCCCATCTGT
CCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCCATGATCA
AACTCTGAATGTGCGGCACCCCACCCATTCTTTTGATGATCATTCTTGCGCCCGT
ACTCCCCAAGGCGGAGTGCTTAATGCGTTATCTGCAGTACTAATGGGGCGGAAAC
CCCCCTAATCGCTTATCTCTCATTGTTCTACTGCGTGAGTTTCAGGGGTATCTAA
ACCCGGCTCTACTTCTCGATCACTTTCGCTACTCACCGTAAGTTAGAGAACAACA
TAGTCGCCTGTTTCTCTTGGTGTTCTTCCACATCTCTACGCCTATTCACCGCTCAC
CATGCGACTCTCACTC

Source Length Identities
Bacillus subtilis 16S ribosomal RNA gene 1546 496/498 (99%)
Bacterium Te90R 16S ribosomal RNA gene 1506 495/498 (99%)
Bacterium Te22R 16S ribosomal RNA gene 1515 495/498 (99%)
Bacillus polyfermenticus 16S ribosomal RNA gene
and internal transcribed spacer 1, and 23S rRNA 2364 495/498 (99%)
gene, partial sequence
Bacterium Te87R 16S ribosomal RNA gene 1508 491/494 (99%)
Bacterium Te70R 16S ribosomal RNA gene 1515 495/498 (99%)
Bacillus licheniformis strain HK-1 1424 495/498 (99%)
Bacillus subtilis strain C2 16S rRNA gene 1511 495/498 (99%)
Bacterium Te84R 16S ribosomal RNA gene 1520 494/498 (99%)
Bacterium Te40R 16S ribosomal RNA gene 1499 492/496 (99%)
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Table 1-7. Phylogenetic analysis of the selected strain by 16S rDNA

sequences

) L ) Antagonistic
Selected strains Significant alignments )
mechanism
A47-2 Arthrobacter sp. 'SMCC G980’
A48-2 Bacillus sp. DF49 16S ribosomal RNA gene
A50-2 Glacial ice bacterium G200-SD1
A60-1 Glacial ice bacterium G200-SD1
A66-6 Bacillus subtilis isolate BS-2
A79-1 Bacillus subtilis isolate BS-2
AT79-2 Glacial ice bacterium G200-SD1 L
antibiosis

Pseudomonas sp. 16S rRNA gene, clone

A253-16
NB1-f
A254-10 unidentified
A256-10 Bacillus sp. DF49 16S ribosomal RNA gene
A256-11 Bacillus subtilis strain CICC 10158
A256-12 Bacillus sp. Bchl
A256-18 unidentified
TS1-2 Bacillus sp. DF49 16S ribosomal RNA gene
TS1-3 Bacillus sp. DF49 16S ribosomal RNA gene
TS1-5 Bacillus subtilis 16S ribosomal RNA gene .
U siderophore A2t

TS1-7 Paenibacillus sp. CC-SB818D1
TS2-7 unidentified
TS3-7 Pseudomonas fluorescens PfO-1
SKU-78 Bacillus amyloliquefaciens ISR
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So] BAHAon Lol W AR LS FF 4Fo] gt F Ao HFFELS

PCRoll AH&-3F primerell ¢fsf &= A o} &4 5A sktt
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Wl o5 A100-1, A27-3, A256-10, A256-11, A253-16, A47-2 w57} ABAkst=

FAEL & AA B EAxzAE A

3 sk A d4dS JelNE v5E AW 23E, in vivo pot assay A
= EuEd WS AEstA dAste dFES Adstd dx wid wiA
GSS(soluble starch 10g, glucose 20g, Bacto soytone 2bg, beef extract lg,
yeast extract 4g, NaCl 2g, KoHPO4 0.05g/ ¢, pH 7.3)° 4] 28C oAl 200rpm o2

2 A7 WFH WMFNS HFACE shol A wpxol 29 HF o] 5AL

oS 6000 rpmell Al 153 94 ekl wiF s gt dHAE 2

Aot e A4 F Do) A= BAL BHRAY Pog Az 485

st AR Beel oA 2o A pHol vd AAA, F7180 F
3}

ZolN, dATe] FHFT duddS HAsAH
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t

— 1IN acetic acid

ohl i
O
O
Q
(@}
o
(@}
=)
D
o
il
T
o
—_
(e}
1o
:

acetone>. 2 pH 79
Al acetones A ABFIL F3}ele] assays AAlet] EAdehe] FERRE FALS)
Ak

=4 o5 &4

IN HCIZ IN NaOHZ pHE 2, 7, 1022 =A% & &3
9] butanol?} ethylacetate® F&3F] 53 4 assayste] A& E4o
7] g Ee] o] YEE AT

3) 718wl

) 2

Lo
o
ol

J

ol
12
o

o A EA T spectrumFA}

~
1]
)
£

F7b st FHEAY AT olRE wustd st

A ®7F ¥ &3 spectrum= G bacteria, G bacteria, yeast, fungi 59 test

il

organism (Table 2-1)< ©]83}4 paper disk method® ZA}s}A ).

Table 2-1. Microorganisms used to test antimicrobial spectrum
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Microorganism

Salmonella gallinarum
G~ bacteria Pseudomonas aeruginosa
Escherichia coil

G" bacteria Staphylococcus aureus Bacilus subtilis
Yeast Saccharomyces cerevisae

Phytophthora capsici
Phytophthora parasitica
Fungi Penicillium sp.
Botrytis cinerea
Rhyzopus stronifer

% SHEAY oA S

45 0bmgs AT 474 9L $ H.O, methanol, ethanol,
chloroform, ethylacetate, diethyl ether, benzene hexane 52 €& 100l # T

stol BYBA FIRE 2ASA L,

2) TLCel A ] Rf

A A Fxet oy Sz Rf &S 2ASH] 98k
silica gel TLC (silica gel 60 Fasy, Merck)Z A A13le] bande] 9 X+ I, vapor$}
UV light® 2Hel&t3ith.
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3) WA
G EHe] 5SS dolr7] 9ste] 4-dimethylamino-
benzaldehyde-HCI, ferric chloride, orcinol ferric chloride, aniline-diphenylamine,

ninhydrine, Dragendorff’s reagent, antimony trichloride®} %2 spray reagent=

o]-§3sto] LAREE- oS Folr gkt

o A A7) $4

1) UV spectrometry
Shimazu UV 160 A spectrophotometer® AF&3lo] 200~400 nmol A

9] absoption spectrum-< =74 3}t

2) HPLC
HPLCE water A9 510 pump®} UV detector 486 AF-&3} 3 th.

3) Mass spectrophotometry
Applied Biosystems IncAt®] Voyager-DE STR Biospectrometry

Workstation©. 2 &7 8} % T},
4) 'TH NMR spectrophotometry

CDClzE &vwl=Z 3sto] BrukerAh¢] AVANCE 600 FT-NMR(600MHz)=

spectrum= 57 3}t

_97_



3. 23
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i

7} A100-1°] AAitste 429 £9, A € 54 47
D dn a3y 23
mfoll ek FE4, 2
A A3 84 EH 2 pHeE doll s Eehgd Ao et

%]
3 ethyl acetateo] R FE5 o] F7]8&mjSolA 24 HEhAT.  charcoal
Al
=

¥} HP-20 o i3t & =4

Au)
R
o
=
o
=
(@)
o
=N
&
2.
o
=]
s
T
[\
()
=
D
@,
=
=2
=
e
ool
L
ox,
)
-z
il

RS A100-19) vl FAzbel whE # AS, pH W3, 2= YAl

I (Fig2-Dell yebd niel 7ol

T S 2UARE AA Frete] 5AAC Hael dalglen AYdA =3
o] A% v o] EAMNE AAE Frstthrb vl 5UAl i AR tEo]
1A E JEpdh pHe WakE wlg 3dARE Frkety] AlRbske]l 794 8.05

A F7herar.
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Figure 2-1. Fermentation profile for the production of active compound by

A100-1 strain.

kol o m iy ddEHe 8 AAl+ Scheme(Fig. 2-2)° YERHSL
o 2454 2EE 98 1045 wjdete] dalEeste] 343 fAE acetone
o2 FE3 F acetones EEl BEual wjgo Ay A FFH3ch Ethyl
acetate® 43) FE3 S FAHEFQ ethyl acetateFS ARAZ & 29
methanoldll *¢] silica gel chromatography (60 mesh, Merck, 30mmx50cm
column)E chloroform-methanol & ©] 83k gradient solvent system© = 8§ 3&}o]
FAEY 20~312 4¥Y. FHEIES FAHA F53 & sephadex LH-20
columns methanol& &w& H7/WAA &4 QA3 38~499 LS 25
F AdAen o= 7Y WxAZ T HPLC (uBondapakTM C18 3.9x300mm
column)& o]&ste] HFA o2 Festdth. MeOH @ H:0 = 52 @ 489] isocratic
solvent system& Al&3te] =3 A EZ 40 mgS LAk UV 232 nmell A
detectiond} 32 HPLC profile2 Fig. 2-3 ¥ Zt},

_99_



Culture broth ( 104 )

Cell pellet Culture filtrate

extracted with
70% Acetone

centrifuged at 3,000 rpm
for 15 min

Precipitate Cell extracts

evaporated

in vacuo

Ethyl acetate extraction

Silicagel column chromatography

chloroform : methanol
( CHCI3 100%~MeOH 100%)
active fractions (20 ~31)

Sephadex LH-20

100 % MeOH
( #38~49 )

HPLC

Figure 2-2. Isolation procedure of the active compound from A100-1 strain
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Figure 2-3. HPLC profile of the active compound produced by A100-1 strain

]

3) A100-1 &4 E 49 o]s}3tA

I~

4

Jm

AAE FAEZ 100-12 methanol, butanol, acetone, ethyl acetate,
chloroform%5 o+ & =oy, &3 hexaneol & =A &Urd. o8 &9 =4
3loll Al TLC plate Aol single band® +=% <23ttt butanol: methanol:
water (4: 1: 2)ol4 052 , butanol: methanol: water (2: 1: 2) 4 0.65 |
propanol: 1IN NH,OH(7:3)91 4 0.4, chloroform: methanol(1: 2)° 4] 0.749] Rf %k
= Ut (Fig. 2-4). 3k of g ) Ajefo g kA wb3-5 HAs) & At
Table 2-17 22 A3E At} ferric chloride ¢} orcinol ferric chloridel A]
positive ¥F-§-& YUEFU O] sugar residues X33t o= FAH

s A AAE A100-1 B4 ¢ antimicrobial spectrumS FAFeE A3}
Table 2-29} 7o A& WUTQ  hytophthora parasitica, Phytophthora capsic,
Botrytis cinerea®] A &< #3Folo & 8-S Yetdlo] E3 AEH A Al
of /W 7hsAd e vERRSIT

g4 B4 UV EALS methanol &1l A max7} 234, 272 ¢} 284
oA vElgom 2 dZbglo] o3k hmaxe] WEE dojux] ¢koktt (Fig.2-5).
mass spectrum® 23 (Fig. 2-6) £xF%Fo] 1065%= F4 =}
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B:M:H=4:1:2 B:M:H=2:1:2 C:M=1:2

Figure 2-4. Separation of the A100-1 active compound by TLC

Table 2-1. Color reactions of the active compound with spray reagents

Spray reagents Color
4-dimethylaminobenzaldehyde-HCI -
Ferric chloride +
Orcinol ferric chloride +
Aniline-diphenylamine -
Ninhydrine -
Dragendorff's reagent -

Antimony trichloride -
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Table 2-2. Antimicrobial spectrum of A100-1 active compound

Test Organism Active compound

Salmonella gallinarum (G") -
Pseudomonas aeruginosa (G°) -
Escherichia coli (G7) -
Staphylococcus aureus (G") -
Saccharomyces cerevisiae (yeast) -
Phytophthora parasitica (fungi) +
Phytophthora capsici (fungi) +
Penicillium sp. (fungi) -
Rhizopus stronifer (fungi) -

Botrytis cinerea (fungi) +

§.508% {
g.0OL" ," | 1
[\
g
r \,A\
!
\
*B.AAR i
208 .8 SH.BENHADIV, o A0B .0

Figure 2-5. UV spectrum of A100-1 active compound
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Spec #1[BP = 1065.2, 5133]

100- 1065.2251 51330
332.2424
90-
80-
70- 1079.2278
60-
2
%
c
S 501
E
N
3 360.2658
40-
30- 10374099
655.9012 1081.2313
20-
5 1967.2201
1 1
N o 860.8553 103p-4357
: 10835049
o-Lahf Vil I WAy " ! N Attt akatul W bbb el L
299.0 539.2 779.4 1019.6 1259.8 1500.0

Mass (m/z)

Fig. 2-6 Mass spectrophotometry of A100-1 active compound
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4) A100-19] ¥ 54
16S rDNA sequencing A3E Gene Bank Blast

(http://www.ncbinlm.nih.gov)oll A  Z3]3 A3} (Table 2-3) Al00-17F+=

Bacillus sp.2 FA %3t}

Table 2-3. Identification of A100-1 strain

Source Length Identities
Bacillus sp. DF49 16S rRNA gene 1425 715/733 (97%)
Bacillus sp. DF14 16S rRNA gene 1411 715/733 (97%)
Bacillus sp. DF12 16S rRNA gene 1424 715/733 (97%)
Bacillus sp. MI-ab 16S rRNA gene 1384 715/733 (97%)
Bacillus sp. L-83 16S rRNA gene 1373 715/733 (97%)
Bacillus sp. YNUCC0002 16S rRNA gene 1497 715/733 (97%)

Bacillus amyloliquefaciens strain ES-2

[0)
165 rRNA gene 1423 715/733 (97%)
Bacillus subtilis 16S ribosomal RNA gene 959 715/733 (97%)
Bacillus subtilis strain CC-KM2-1 o
16S ribosomal RNA gene 1035 715/733 (97%)
Bacillus sp. LBM 1024 16S ribosomal RNA 1522 715/733 (97%)

gene
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. A27-30] AAdte 8 EZAY £, AA £ EH I

A27-3dF7F Aitete A =42 pHeE doll o Fr
F&A, 28] charcoal, diaion HP-20 resino] th3d F&FHA oJH =
AL A GAEAS A7IAdAE kAN AR dee ofs Ao
FAE %o butanolZ F=°] 75t oy chloroform} ethylacetate ol & &

S5 A &%t charcoal?t HP-2001 Wi 24 AAd3} F3 o] Fo#A o

o

FHEA AT A27-38) WA nhE T S, pH WE, 242
4 gas 2AStel AH WERAS AURAT Fig. 27 o vhehd vhsh o]
29 ARE BHED Aol Frkste] 4dA AAE ehRAo™ pHE A

6 9
E 5l ]
£ 5 8
(0]
c
R 4f 17
c
kel
g3 6 &
£
o 20 15
]
[0]
£ T L —0— A27-3 pH 14
a —e— Inhibition zone(mm)

0 @ 1 1 1 3

0 2 4 6 8

Culture time (days)
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Figure 2-7. Fermentation profile for the production of active compound
by A27-3 strain.
HjFHoz iy dHdEA] e - A= scheme( Fig.2-8 )ol LER

Avk. H=Eo FHs s 447 wjFE wiFd 1005 AR skl 3

2ol methanoldl] 9] silica gel chromatography (60 mesh,
Merck, 30mmx50cm column)& 338} tl. Ethyl acetate ¢+ methanolg ©]-&3F
gradient solvent systemOo.2 §F3le] EAREE, 117158 4> T FF31]

Sephadex LH-20 column< 100% methanol® 3§3&}o] 4mi# 28 & it z+ 238

d

S wFsle]l @AS 3 Ad 31~429 @A IS Ao HPLC (u
BondapakTM C18 7.8x300mm column)E ©o]&3sle] HFHow K sttt
MeOH : H-O = 65 : 359 isocratic solvent system& Al&3lo] =43 A &4
30mgS dArt. UV 210nmoll A detectionsdtg at o] =& g HPLC profileS

Fig. 2-9¢} zt}.
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Culture broth

mycelium cake culture filtrate

extracted with
70% Acetone

centrifuged at 3,000 rom
for 15 min

|

precipitate supernatant

evaporated

in vacuo

butanol extraction

silica gel column chromatography

developed with

ethyl acetate : methanol solution
( 90:10 ~ 10:90 )

active fraction( 11 = 15)

Sephadex LH-20 chromatogrphy

solvent system
100% MeOH

HPLC (C18 bondapak MeOH:H.0=65:35)
isocratic solvent system

active compound

Figure 2-8. Isolation procedure of the active compound from A27-3 strain
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Figure 2-9. HPLC profile of the active compound produced byA27-3 strain

3) A27-3 A EA] o]3dr EA

AAA A27-3 &4 &2 -S methanol, butanol, acetone, ethyl acetate ©I

=z %9k oy chloroform, hexanedl+= =% ¢ttt Hald 548 TLC Aol
A gelsk A3 Rf -2 solvent system©] butanol: methanol: water(4: 1: 2)ell

)

Al ¢k 0.54 , ethyl acetate : methanol(5 : 1)9l 4 0.63, chloroform: methanol( 2 :
1)elA ¢ 0.725 WetItH(Fig2-10) B3k o] Z4& o] W Alefo g
A wmsSs HAAS B Ay Table 2-49F #o] Ehrlich’s reagent
(4-dimethylamino benzaldehyde-HCI), Orcinol ferric chloride, Ninhydrinol] A &
4 W85 EATth(Table 2-4)

A27-3 549 Antimicrobial spectrum =74 Z3¥ Gram negative?!
Escherichia coli 1313  #3%9|Ql  Phytophthora parasitica, Phytophthora
capsici, Penicillium sp., Rhizopus stronifer, Botrytis cinerea|A i A4S
B A (Table 2-5)

o 549 UV spectrums  FAFSE A3 209nm, 230 (sh), 274nm
NA hpaxE WEFH AT (Fig. 2-11)
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B:M:H=4:1:2 etOAc:M=5:1 C:M=2:1

Figure 2-10. Chromatographic behavior of A27-3 on TLC
plate.

Table 2-4. Color reactions of the A27-3 active compound with spray reagents

Spray reagents Color
4-dimethylaminobenzaldehyde-HCI +
Ferric chloride -
Orcinol ferric chloride +
Aniline-diphenylamine -
Ninhydrin +
Dragendorff's reagent -

Antimony trichloride -
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Table 2-5. Antimicrobial spectrum of A27-3 active compound

Test Organism Active compound
Salmonella gallinarum (G”) -
Pseudomonas aeruginosa (G™) -
Escherichia coli (G) +
Staphylococcus — aureus (G") -

Saccharomyces cerevisiae (yeast) -

Phytophthora parasitica (fungi) +
Phytophthora capsici (fungi) +
Penicillium sp. (fungi) +
Rhizopus stronifer (fungi) +
Botrytis cinerea (fungi) +

. +2.004A ' ]

+0.884 |
S@.ECHHADIU . ) 4608 .0

"
=
=
=

Figure 2-11. UV spectrum of A27-3 active compound
hmax =209nm, 230nm (sh), 274nm
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4) A27-3¢] #F &4

16S rDNA sequencing A 3} Gene Bank Blast
(http//www.nchbinlm.nih.gov)oll A =33 2 Bacillus  sp.2 A=Y
t}.(Table 2-6)
Table 2-6. Identification of A27-3

Source Length Identities

Bacillus sp. CK8 partial 16S rRNA gene 1179 491/503 (97%)
Bacillus subtilis strain JH5 16S ribosomal 1418 488/500 (979%)
RNA gene
Bacillus subtilis 16S ribosomal RNA gene 1535 488/500 (97%)
Bacillus subtilis strain DF11 16S ribosomal 1424 488/500 (97%)
RNA gene
gsg;nus subtilis WL-6 16S ribosomal RNA 1591 488/500 (97%)
Bacillus subtilis 202089 488/500 (97%)
Bacillus subtilis 16S ribosomal RNA gene o
165 rRNA gene 1917 488/500 (97%)
Bacillus subtilis strain N10 16S ribosomal 1534 488/500 (97%)
RNA gene
Bacillus subtilis 16S ribosomal RNA gene o
16S ribosomal RNA gene 1514 488/500 (97%)
Bacillus  subtilis  strain IDCC1105  16S 1508 488/500 (97%)

ribosomal RNA gene
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o} A47-27F AAste B4 EZRY &9, A 2 B8 AT

u Ay A

AQ7-2 59 ARG =4 ndd A3 4 Aol bEE AoR

A ethyl acetate® FZ°| 7Fs st th T8 diaion HP-200] & 2% a1

70% acetone &0 £=F A},

2) A47-2 S E4e R AA

AQ7-27t 58] W FAI el M S EE I pHE S Fig. 2-12
of vehd upe} o] wjek 48AZHH &Aool A s Frhste]l 5AAel HaLA
of =aglow, pHE 12A1%F o] 7] Wdke] gl wWigdozHE 45
Aol A HA-L Fig. 2-137 Zh

=42 BHE fste]l 1025 wjdste] dAEgstar 353 FA
£ 70% acetone® FE3to] acetones THAIZI F it A FFH3HA
tt. %2 Ethyl acetate® 591 F&3 & A o] A= Ethyl acetate =&
&4 F53 T 272 methanolol %9 silica gel column chromatography S 3 3}
9921 ethyl acetate — methanol& A}-83}9] gradient solvent system®o.Z & %&
ste] AR E#32786)S AUt A fractionES EolA I ES § 4T=E
s o |
¥ &} o]

0

XA 71 ethyl ether® precipitate & AlA A AL A5Hs 5

o
>

e

Sh
ol

silica gel chromatographyZ ethyl acetateZE &vwE A8t 10ml
FARE 7~125 AAh
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Figure 2-12. Fermentation profile for the production of active compound by

A47-2 strain.
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Culture broth

centrifuge
6000rpm, 15 min

cell pellet culture filtrate

70% acetone
extract

Ethyl acetate
extraction

Silica gel column chromatography
EtOAc:MeOH gradient system
active fraction(82~86)

Ether precipitation

Silica gel column chromatography

100% Ethyl acetate

active fraction : 7~12

Active compound

Figure 2-13. Isolation procedure of the active compound from A47-2
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3) A47-2 B 2Ae] o|shetH =4

AR E5S Rol chloroform : methanol (1:1)& A7]E & &}<], thin
layer chromatography (TLC)E 33t A3} single band® YESES™ 082 Rfat
= YeEhSleh (Fig. 2-14) B3k o] =49 A8 A3 orcinol ferric chloride
o] positive, aniline-diphenylamine, ninhydrin, Dragendorff’s reagents o+
negativedst Al YEFETHTable 2-7). antimicrobial spectrum A} Z3 gram
positive®]  Staphylococcus aureus, w%°|9l  Phytophthora parasitica,
Phytophthora capsicidl A &1 84S e th.(Table 2-8)

454 UV 54 A 2% kmax meOH7F 210, 234, 272, 284

nmoll YERgon 2k G o] ok W= BEE A ot (Fig. 2-15)
—> B
 c— A

«mm» . Active band

Figure 2-14. Separation of the A47-2 active compound by TLC

Solvent system - chloroform : methanol ( 1 : 1)
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Table 2-7. Color reactions of the A47-2 active compound with spray reagents

Spray reagents Color
4-dimethylaminobenzaldehyde-HCI -
Ferric chloride -
Orcinol ferric chloride +
Aniline-diphenylamine -
Ninhydrine -
Dragendorff's reagent -

Antimony trichloride -

Table 2-8. Antimicrobial spectrum of A47-2 active compound

Test Organism Active compound
Salmonella gallinarum (G”) -
Pseudomonas aeruginosa (G”) -
Escherichia coli (G) -
Staphylococcus aureus (G*) +
Saccharomyces cerevisiae (yeast) -
Phytophthora parasitica (fungi) +
Phytophthora capsici (fungi) +
Penicillium sp. (fungi) -
Rhizopus stronifer (fungi) -

Botrytis cinerea (fungi) -
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+2.980 [

EBELH 33 .87 MY

Figure 2-15. UV spectrum of A47-2 active

4) A47-29) #F 54

H
408,

compound

i}
H

16S rDNA sequencing W ol 2|8 A47-2 FF+ Arthrobacter sp.2 535U

t}. (Table 2-9)

Table 2-9. Identification of A47-2

Source

Length

Identities

Arthrobacter sp. 'SMCC G980’

Arthrobacter sp. 'SMCC G963’

Arthrobacter sp. pfB10

Uncultured actinobacterium clone A3-11

Soil bacterium S79D1 16S ribosomal RNA gene
Arthrobacter sp. 12E 16S ribosomal RNA gene
Uncultured bacterium clone O-CF-1
Arthrobacter globiformis gene for 16S rRNA
A.globiformis small subunit ribosomal RNA
Arthrobacter sp. strain R1_6_cr

1333
1327
790
634
527
1336
1380
1517
1531
475

468/469 (99%)
468/469 (99%)
469/470 (99%)
469/470 (99%)
469/470 (99%)
469/470 (99%)
467/469 (99%)
467/469 (99%)
467/469 (99%)
466/467 (99%)
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A256-10 571 Artsls AR A B2He dAd s EASHA & w)
oot A = Aoz FelHy FAHEAHLS vuwd Foju pHel wis] <k

4 Ao ddFEAY. Fr18vdd Y FE4de =AY 43 butanolt

2) A256-10 =2 <] &g AA

A256-10 T2 widdrel we pHHstel SAEH] IS =
o] HAAwF 21 FY o (Fig.2-16) 4L Ao =2 AYito] Aol
il pHE olSAFH A A3 S7tste] 7dAlds 71574 S7kstdvh. B A #A

£ scheme(Fig. 2-17)° YE AT

[¢]

ofN

5 9
B |
E 4t 8
[0}
c
R 17
S 3
- 5 %
C
5 20
lq—) 7 5
©
51t —o0— A256-10pH 14
o —e— Inhibition zone(mm)

0 1 1 1 3
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Culture time (days)

Figure 2-16. Fermentation profile for the production of active compound

by A256-10 strain.
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A256-107F 771 At &4 B4 &= seed cultures S3 o
sk 475 6000 rpmell Al 1523 94 F8ste] 42 A5 AS AHEsd e
o wjek As S 79t F=3te] HP-20 columnol &2A1Z1 & 50% methanol
N o7 washingdt 70% acetone &0z FXHEAS &5 AT &4 &
9 T %%3}05! chloroforme.2 F&3tal 7%t 71x2A171 $ methanolol
o] hexanel ® F&3lo] FAlo] 9 methanolZS Rol 53 3 silica gel
chromatography S 3%t} € A=  chloroform - methanolE A}-g&344]

gradient solvent systemo 2 Z 280719 #&& worom 2517264 #E oA &
Aol yelyktt. &4 BFES Hol Sephadex LH-20 chromatographyS 33}
©w methylene chloride : methanol = 1 : 1 €W AE A&3lo] 10me® 5971 ¢
88 wdTh 179, 25727, 45759 EFol A &Aool YERY A256-10 T FF FH
gk e EAELAS TS & F AT

7HE gAdo] Al 45759 B4 B EE AAHA AY 53 F solid phase
extraction (waters sep pak Ci)< 100% H>O7100% methanol® methanol %
= 10 % A F7HA71H Atk &4 Q143 methanol @ water = 60 @ 40
I 70 ¢ 3004 S Bt o] 24 E4S Y sFste]l TLC( solvent
system ; chloroform : methanol = 7 :3)& &3dlo] &4 band ( rf 033 )& =
o] chloroform® 2 F%3 th5 HF4 o= HPLCE ©| &3t «F3 JuH= &
2 8t9itl. HPLCE reverse phase C18 pbondapak column(3.9x300mm column)<
AF&-3Fe] methanol @ water = 60 @ 40 ¢ §wixz o2 UV 232nmo 4] detection
sttt Fig. 2-18% 2> HPLC profiles @o™ 7t peakell tizte] in vitro
inhibition assayS 33t A3 retention time©] 10%E<¢ peak =&ol &Alo] o]
EHstel AAE ARE dol ozt SA XA FEREAMES 913 MS
spectroscopy ¢+ NMR spectrometry S 2 A] 894 o}
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Fig. 2-18 HPLC profile of the A256-10 active compound
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Culture broth
filtrate Culture cell
HP-20 column
washing with 50% MeOH

eluting with 70% acetone

Concentrated /n vacuo
CHCI;s extraction

CHCIl; extracts Aqueous

Ory completely dissolve in MeOH
hexane extraction

| |

Hexane MeOH

Silica gel column Chromatography
CHCl; :MeOH (100%CHCIl; —100%MeOH)
active fractions (251~264)

Sephadex LH-20 Chromatography

CHz Clz :MeOH (1:1)

active fractions (1~9, 25~27, 45~59)
solid phase extraction (Cis reverse phase)

H.0 : MeOH (stepwise elution)

active fraction (H2O : MeOH = 4:6, 3:7)
Silica gel column chromatography

CHCl; : MeOH (70 : 30 —63 : 37)
active fractions (318~926)

CHCI; extraction

CHCIl3; extracts aqueous phas
\dry completely, dissolve in MeOH
HPLC (C18 bondapak Methanol : water = 60:40)

isocratic solvent system

Active compound

Fig 2-17. Isolation procedure of the active compound produced by A256-10.
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3) A256-10 BB A9 o|gsd =4
A256-10 & =42 methanol, acetone, ethyl acetate, chloroformel

soluble &3l hexanedll & insolubled} % th.

=4 TLC AollAe Rf g2 chloroform : methanol = 1 @ 1
solvent systemol A ¢F 0.8, chloroform : methanol = 7 : 3 A+ ¢F 0.33=
et Atk (Fig. 2-19) ®£3 TLCE gk & g 7FA] A ofol gt
k3-8 ZAFSE A3} ferric chloride, orcinol ferric chloride,
aniline-diphenylamine, ninhydrine®} antimony trichlorideol] A positive W3 &
e LT} (Table 2-10)

UV absorption spectrum< ZAFS 23} e £ 223 im 9F 275 nmoll A
vEbstth AR dzE] Fel 9@ b ©f ®StE BW NaOH H7F Aol
hmax’F 223.4mmell A 212.6mm=E blue shift ¥ Aoy AF H7FAoll = HAsH7}
sl2lth (Fig. 2-20, 21)

HPLCE ©ol&sto] HFHoR w4317 Leld A256-10°] whsf Mass
spectrum A3 B Ao 92002 FAH A} (Fig. 2-22)

'"H NMR spectrophotometry®] A3+  Fig. 2-237 7t}

HPLC purified A256-10 &/d&42 Table2-113} o] EwlEw ol

et A& &4 9ol antifungal activity® YEFU ST
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C:M=2:8 C:M=7:3 C:M=1:1

Figure 2-19. Separation of the A256-10 active compound by
TLC
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Table 2-10. Color reactions of the A256-10 active compound with spray

reagent

Spray reagents Color

4-dimethylaminobenzaldehyde-HCI -

Ferric chloride +
Orcinol ferric chloride +
Aniline—diphenylamine +

Ninhydrine +

Dragendorff's reagent -

Antimony trichloride +

Table 2-11. Antimicrobial spectrum of A256-10 compound

Test Organism Active compound
Salmonella gallinarum (G") -
Pseudomonas aeruginosa (G”) -
Escherichia coli (G) -
Staphylococcus aureus (G') -
Saccharomyces cerevisiae (yeast) -
Phytophthora parasitica (fungi) +
Phytophthora capsici (fungi) +
Penicillium sp. (fungi) -
Rhizopus stronifer (fungi) -

Botrytis cinerea (fungi) +
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Fig. 2-20. UV spectrum of the 256-10 active compound

(active compound was dissolved in methanol)
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Fig. 2-21 UV spectrum of the 256-10 active compound,
—  0.IN NaOH ; ——— : 0.IN HCI was added.

(active compound was dissolved in methanol)
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Fig. 2-22 Mass spectrophotometry of the 256-10 active compound

Fig. 2-23 'H NMR spectrophotometry of the 256-10 active compound
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4) A256-10¢] T+ A

16S rDNA sequence #2102 A256-10 % Bacillus sp.% 3%

7.

Table 2-12. Identification of A256-10 strain.

Source Length Identities
Bacillus sp. DF49 16S ribosomal RNA gene 1425 500/500 (100%)
Bacillus sp. DF12 16S ribosomal RNA gene 1424 500/500 (100%)
Bacillus subtilis 16S ribosomal RNA gene 959 500/500 (100%)
Bacillus subtilis strain CC-KM2-1 1035 500/500 (100%)
Bacillus subtilis strain B1144 1541 500/500 (100%)
Bacillus sp. Bchl 16S ribosomal RNA gene 1545 500/500 (100%)
Bacillus sp. PP19-H3 gene for 16S rRNA 1472 500/500 (100%)
Bacillus sp. gene for 16S rRNA, strain:PM3 1523 499/500 (99%)
Bacillus sp. DF27 16S ribosomal RNA gene 1424 499/500 (99%)
Bacillus sp. DF15 1424 499/500 (99%)

o] Al A256-10 &&9] physico-chemical A2 ¥} biological activity 232 =

el = o,

- 128 -
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ol A256-110] AAtet: @42 ¥e 2 F4

u Ay A

butanol¥} chloroform® FZ°] 7}&35F91 2™ Diaion HP-20 resin®] 3+ &4

AREZ ZASE A3 70% acetone+0.1N NH,OH & Ao &A4o] 9t}

2) A256-11 &4 £ - ZA

A 256-113F 9 HAwMEFED G9S 98 ddrel o2 SEA
Aabd 3k pHE W3S 2AMeG o v (Fig 2-24), 429710 &4 22 e Aiko] 713
@okal pHE ol EAIN-E T7lste] 7dAdl = 7.82714] F7hekdth Mg oz

B A E Ao AAE= scheme (Fig. 2-25)°] YeERH ST

5 9
3 ]
Eaf 8
Q
c
R 17
s 3y
2 6%
C
52|
= 15
Q
0E> 1| —O0— A256-11pH
g —e— |nhibition zone(mm) - 4
0 1 1 1 3
0 2 4 6 8

Culture time (days)

Figure 2-24. Fermentation profile for the production of active compound by

A?256-11 strain.

g4 ZHo BYE 95 seed cultureE T3 2-&4L9] wjdA-S 3500
rpmol Al 303 A4 EElete] e ke g4 EF EEel AFgEs e F
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o] butanol® 53] extraction $ ©S A% FF3e] HP-20 adsorption
chromatography 2 338ttt 50 % acetone N4 & columnS washing 3+ 5

70% acetone +0.IN NH,OH &Ho= &3 e 7Y F=3F9 silica gel
chromatography % chloroform - methanol gradient solvent system2 % 50m{%

T 2700 w¥e den, 13714, 30733, 367720014 &/do] uskth. o] FollA

(TREIEE BT FH F HAAEEES AAS Y] A5t A9 methanoldl ethyl
acetate® ZaH Yo HAS AR A EFst] A5 (A precipitate®

U3l precipitate methanole] H& 52 B)9F 54 &= 52 O 4FA
o g4 gl 2 A2y (AddA EAdo] ysgkorw (B)olA % ofgtel &4 o]
YERSTE A

Z (A)Z chloroform extractiong st o Zzte] =& 7 5=
sl FAS Felstga $E BT GBS Ho] chloroformZ<S sephadex

LH-20 chromatographyS &3}% 31 aqueous®< silica gel chromatography =
3}tk Sephadex LH-20 chromatography: methylene chloride : methanol =
912 Algshglar 82 10mH 15789 &3S wrekon] 442 4799 methanol
washing ZolA YET Silica gel chromatography+ chloroform -
methanolS AF&3}o] gradient solvent system©o 2 10m% #3S woton 7z}
=S A w53 248 4 A7 19758004 Edo] yEt e FHF

© % HPLC(reverse phase Cl8u bondapak column 3.9x300mm)E ©]-&3&}o]
ZlatAch (Fig. 2-26).

Me
_ll
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Culture broth (4L)

Centrifuged at 3,500 rpm for 30min

culture filtrate pellet

\BuOH extraction

Aqueous phase BuOH extracts

HP-20 column
washing with 50% acetone
eluting with 70% acetone +0.1N NH,; OH

concentrated in vacuo

silica gel column Chromatography
CHCI; :MeOH (100%CHCIl; —100%MeQOH)
active fractions (13~14, 30~33, 34~72)

Active fractions

|

Fr. 34772 Fr. 30733 Fr. 13714

CHCI; extraction

| |

Aqueous CHCI;
Silica gel column Chromatography Sephadex LH-20
CHCIl; :MeOH (stepwise elution) Chromatography
(1009%6CHCl3; —100%MeOH) CH, Cl, :MeOH (9:1)
active fractions (19758) active fractions (479, 16)

TLC (silica gel Ggo Fass)

HPLC

Figure 2-25. Isolation of the active compound produced by A256-11

strain
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ir

Figure 2-26. HPLC profile of the active compound produced by A256-11

strain

3) A256-11¢] o] 5}3t% 57

o] B4 wMule A} A3 Ferric chloride, Ninhydrine®] A positive
2, 1 9 4-dimethylaminobenzaldehyde-HCl, Orcinol ferric chloride %olA+
negative® W EFS T (Table2-13) Antinicrobial spectrum ZAF 23+ 5 F9o &
o] BFoA &t &Aool YElew, 1 919 gram positive, gram negative

dol M= &dol A8 yEhA] & tth.(Table2-14)
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Table 2-13. Color reactions of the A256-11 active compound with spray

reagent

Spray reagents Color
4-dimethylaminobenzaldehyde-HCI -
Ferric chloride +
Orcinol ferric chloride -
Aniline-diphenylamine -
Ninhydrin +
Dragendorff's reagent -

Antimony trichloride -

Table 2-14. Antimicrobial spectrum of A256-11 compound

Test Organism Active compound
Salmonella gallinarum (G") -
Pseudomonas aeruginosa (G°) -
Escherichia coli (G) -
Staphylococcus aureus (G") -

Saccharomyces cerevisiae (yeast) -

Phytophthora parasitica (fungi) +
Phytophthora capsici (fungi) +
Penicillium sp. (fungi) +
Rhizopus stronifer (fungi) +
Botrytis cinerea (fungi) +
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4) A256-119] #F &7

16S rDNA sequence ®2*1l 23] Bacillus sp.

2-15)

Table 2-15. Identification of A256-11 strain

strain®. & =

g ¥ At} (Table

Source Length Identities
Bacillus subtilis strain CICC 10158 1483 363/383 (94%)
Bacillus amyloliquefaciens strain CMBO01 1527 363/383 (94%)
Bacillus subtilis strain HJ11 1482 363/383 (94%)
Bacillus sp. Ni49 16S ribosomal RNA gene 560 363/383 (94%)
Bacillus sp. Ni45 16S ribosomal RNA gene 560 363/383 (94%)
Bacillus subtilis strain ATCC9799 1422 363/383 (94%)
Bacillus subtilis strain CICC10079 1461 363/383 (94%)
Bacillus subtilis strain CICC10080 1501 363/383 (94%)
Bacillus subtilis strain CICC10264 1498 363/383 (94%)
Bacillus subtilis strain CICC10075 1463 363/383 (94%)
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v, A253-16°] AAslE A EZA 27 2 AA

Ay A

%)
B2 A AV FelA EF Sk stdlon de diEiAE Ekgst A
o7 #FIE Tl Butanol¥ ethyl acetated] EF FEo] 7538k HP-20 ol

W FAY AAAT FHL ol FoHu, Gl Fola ol Fojx A gkt

2) A253-16 EA9 &g - AA

Akt A253-169] v FAI el wE pH W3, dA=4d NS =
Abete] HZA wjgzAS @3l Fig.2-289 veEld vEel 7o) antibacterial
compound®] AAFE Wi o] EAFE A A Frbethl i 6L A o S
gEol HaxE Yetddth pHe W= vl 19AFEH F71st7] Al &bste] 7
AA 7157hA S7Fet ATk 64 b vl g A253-16¢] wgHow iy GHELe
#21= scheme (Fig. 2-29)° YE AT}
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Figure 2-28. Fermentation profile for the production of active compound by

A253-16 strain.

e

=4 28 A4¥S A8l 4205 wigste] 3000rpmel A 40%7F 44
gsto] Fednts Ao A&t AsdS Y w5 T ethyl
acetate® 5W FE3 F FENE IS F53te] silica gel chromatography &
2 A1 &ATE chloroform-methanol & AF&3}e] gradient solvent system< & 50
mA k] F 648 T 39~6494 LA o] eyt SAEYES FobA
%3 ¥ TLCE chloroform : methanol(1 : 1)¢] solvent system© 2 33+ 2
37/1¢] band® el e® 7} bandE methanolZ &3t A4S &A% 4

I} band?] rf= 0.482] bandel &4do] AU}
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Culture broth

centrifuged at
6,000 rpm for 15 min

Culture filtrate Cell pellet

ethyl acetate

extraction
Aqueous EtOAc extracts
evaporated
n vaccuo

Silica gel column chromatography

chloroform : methanol (gradient elution)
( 100:0 = 0:100 )
active fraction : 39~64

Silica gel TLC

chloroform : methanol( 1 : 1)

Active compound

Figure 2-29. Isolation of the active compound produced by A253-16

strain
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3) A253-16 BB A o] o|5sty B4

A 8S F=3to] chloroform : methanol ( 1 : 1) solvent system®l

A TLCE 33 A3 3719 band® E#EHAew Z bands

FEotel 2L

g A3 Rfgho]l 04891 bandoll 4 &7do] 1= Att.(Fig. 2-30) ©] A&

1

wkAake 214 A3 Orcinol ferric chloride, Antimony trichloride ©| positive &+
o] YErd FE 3

Z33h= terpene A% 22 FAHHEY. (Table 2-16),

Active band
S

—

C:M=1:1

Figure2-30. Separation of the A253-16 active compound by TLC
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Table 2-16. Color reactions of the A253-16 active compound with spray

reagent

Spray reagents Color
4-dimethylaminobenzaldehyde-HCI -
Ferric chloride -
Orcinol ferric chloride +
Aniline—diphenylamine -
Ninhydrine -
Dragendorff's reagent -

Antimony trichloride +

Table 2-17. Antimicrobial spectrum of A253-16 compound

] Active
Test Organism culture broth
compound

Salmonella gallinarum (G7) - -
Pseudomonas aeruginosa (G7) - -
Escherichia coli (G7) - -
Staphylococcus aureus (G") - -
Ralstonis solanacearum (G*) + +

Saccharomyces cerevisiae (yeast) - -
Phytophthora parasitica (fungi) +++ -
Phytophthora capsici (fungi) +++ -
Penicillium sp. (fungi) - -
Rhizopus stronifer (fungi) - -

Botrytis cinerea (fungi) - -
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Figure 2-31. UV spectrum of A253-16 active compound

g4 band9] UV 5A4S ZAFeE 23} methanolol Al ke 204, 232,
270, 2801 A1 e TH.(Fig. 2-31)
A253-16 w5 wigNe EulEHarol] gk As & ¥ grolyet

Phytophthora parasitica, Phytophthora capsiciol o} 73t &+ &4 ey

=
£l
12
o
e
2
=
o

ot TLC purified A 8E FErlEd vt 48 e
Ao yelx gtth(Table 2-17) A253-16 #5E @Y Ed=Z AA =
AR A Fr8uE FE53 Us 5] AAs AA s A EE

WA A 2= el o] nperAskAl

4) A253-169] T 54
16S rDNA sequencing A3} Pseudomonas sp.2 A% 2lt}h. (Table 2-18)

Table 2-18. Identification of A253-16 strain.

Source Length Identities
Pseudomonas sp. 16S rRNA gene, clone NB1-f 1502 69/79 (87%)
Pseudomonas sp. 22-Ab 1457 67/79 (84%)
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Ab. A254-100] BALetE G ERY EE 2 AA

1) enad A

A254-10°] Aztshs =4 Aadd A3 A de= HAs A
o fFr7]gufo] thdt FEAS ZAFE A3 butanold ethyl acetate® FZEo] 7}
53t ethyl acetate’} B £&4<20 AS & 4 AT} diaion HP-20 ol &= &

2 EA ask

2) A254-10 4= g Al

N

A254-107tF9] HA wigz=ne FHetr] fste wigd ol wE pH
of wisgtel SAEA] AN A ATHFig. 2-32). ol EANE F43 &4
o] T7tstd o 5AA ol o] Hdlo ettt . pH WEle o] EAFE &
el F7kel weEl ws=d nvlegR Frhekdlom 7dAe 8077hA S 7bshSith
A254-10TF9] dA A= Aol YELA] obaA mjgAntS 2dE
Abgatainh vl o m e A4 =Ho E2 #AH L scheme (Fig. 2-33) trEbWH

At

ich
1
jue)
2

Auj Ay ANE vEgor dELY] FEE 938 seed cultures &3
i 475 AR ste] Aol AFHE AESHA T AEds Y w50
o] F#H2] ethyl acetate® 53] FZ3}9] silica gel chromatography= chloroform
- methanol gradient solvent system= A}-&3}o], =3t 2 B =S 50ml

B pHstgon FHLY 427602 A
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Figure 2-32. Fermentation profile for the production of active compound

by A254-10 strain.
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Culture broth

centrifuged at
3,500 rpm for 30 min

Cell filtrate Cell pellet

ethyl acetate

extraction
Aqueous Ethyl acetate
evaporated
In vaccum

Silicagel column chromatography

chloroform : methanol ( 100:0 ~ 0:100 )

active fraction : 40~60

Thin layer chromatography

chloroform : methanol( 1 : 1)

UV scaning

Figure 2-33. Isolation procedure of the active compound from A254-10
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3) A254-109] o]s}tst4 54

AA7HA EEE AlRE ol st AN HIFS 3+ A Ferric
chloride, Orcinol ferric chloride, Antimony trichloride®] A reagentol] A 4F-$-o]
el 0™ (Table2-19), antimicrobial — spectrum<  Staphylococcus aureus
Saccharomyces cerevisiae, Phytophthora parasiticaS ¥ %3+ F3%o] =R A
3kqt Al o] YErwTh (Table 2-20) T3F UV specrum FAF 23 210, 234 A
hmax7F WFEFSETH.(Fig. 2-34)

Table 2-19. Color reactions of the A254-10 active compound with spray

reagent

Spray reagents Color
4-dimethylaminobenzaldehyde-HCI -
Ferric chloride +
Orcinol ferric chloride +
Aniline-diphenylamine -
Ninhydrine -
Dragendorff’'s reagent -

Antimony trichloride +
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Table 2-20. Antimicrobial spectrum of A254-10 compound

Test Organism
Salmonella gallinarum (G)
Pseudomonas aeruginosa (G)
Escherichia coli (G')
Staphylococcus aureus (G')
Saccharomyces cerevisiae (yeast)
Phytophthora parasitica (fungi)
Phytophthora capsici (fungi)
Penicillium sp. (fungi)
Rhizopus stronifer (fungi)

Botrytis cinerea (fungi)

Active compound

+2 AR

eiiﬁ?ﬂ.y

N

L ELLL 4 ‘“__—_—';l

=8d .8 Sa.8 HH-DIU, » 488 .8

HHE

Figure 2-34. UV spectrum of A254-10 active compound
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4) A254-109] 5 A
16S rDNA sequencing ol 23 7 S A o] o] Fo] Xx| gktt}, o]
T 4 8 Asstd 54 5 =}

A254-109] sequencing ZA3+= thS3

1o,
)
i}
(ot
BN
>~
>,
N
N

TTGTTTCTTCTTTTGTTCTGTTCGTGTACAACGGGTAACTTACCCCACC
CGCACCTGGCGGGTGTAAAAGGTGAGTCCCCGCTTGGTGTTGCCAGTTTA
AGCCCCCCTGAGACAAAATGCGTCGGGTGACCCTTTTCCTCCAATAATA
TAGTCCGTCTGGGTTTTTATTCCCTCTCCCATCCTTCTCCCTCCCGCCGC
TCCCCCTCTCTTACTTTCCCTGGCGTCCTGATGTTCCTCTAATATTTAAA
TGAGTTATAATAGTAACATTCTTGTTCGTGTTAAGGTAGACAAATTAT
CTTGCGATCTTCCGGCTTCTGAGATATGGTGAGCGGCATGTTTGGGGGG
GAAAGACAACCATAAGTTGGCTGGTGGGCCGGGCTAGGGTTTGTGACTG
GCGGGAGGTTCAACCTTGGACCTTTACTTCTGGTCTTGTCCATTAACCCC
CCGCTCCTTATTTGACAACCATGCTTCCCGCCGTGCCGGTCCTCCTCTTC
CAGATCTCTCTTTAAGAATCCTCGTTATCGCATCGGTATATGGGCAAAA
TAAACCAACCTTGTCATCATATGAAGATTGAACAGACGAAACCCCTAAC
AGATCATCTCTTAATCAGCTACCCTGGTATCCTCCAATCACCATAATAT
GTCCGCTCATACCACGTGATCCCCTTCACTTCCACTCGTACGATCTCTAC
CCACGCACCTGTCCTACTATTCTACCTATATTCTCTCTTATATAATATT
CGTCTCTCGCTGATCTTAGGATCTTTGGGACACGCTTTTGTCGGAAAAT
AGCAAGGATGGCGAAGAAGTATTGTACAGACCAACAACTTATACCCCGT
GGTTAGTCTCCGTGAACCGCGTATGTCATTCTTATCGTAACTATATTGT
TATATCATCACGGCGCCCGCTAGCGTAATTTTGCCGCGCCGTCTACGCCG
CTGTACTCGACAGCCATATTGTAATATCTTCCCTTCCCGCTCGAGAGGTC
ATTCGCCGGCGCGCGTGTCGTGGTTGTAGTTAACAGGGGTGTGACTCGT
TAAGGAGCCCCGCCTTTTTGTCCCGTTTATTAGGCAAGAATGGATTAGG
GTTGAACGTAATACGTATATCATATATTAAGCCCCTCTTTTTTTCTACC
CCCCCCCCCCCCTGTGATTACCTAATCCATTACCTATTGTACCCGTATAG
TCCAGTGCGAGCCGGCACATTATTCCCGTTTACGCTTTAACCTACCGTTT
TTTTTACTCACGTGCGCCGAC
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38 Frig¥TY 2Y AT SKU-789 54 % 54

25 A AS ZFAA plant growth promoting rhizobacteria(PGPR) 2 A
= 2 el 27lde e 527 A8 AHgE oy PGPR W

g0l oy EFAA 1zl o Aewdie @S ATl dHAUA

o,
i)

1

(Ramamoorthy et.al. 2001; kloepper et.al 1980) o= B4 3 WU (soil
borne pathogen)2] WH S A= AFT oz A 7teAdo] A F24bH
3 9l th.(Bakker et.al. 2003)

B AFNAE 259 BEvtE IAgA FEd nAE FolA FAEo}
Ay ¥y g2Ed A A (colonization assay)(E. Kay et al. 2002) o] <3|
AtE PGPR 5 6% tdl in vivo LEAT S AAste], TAA 2} EYH

ke BAESRE Ul 55 95 e 53AA A

B
292 Jgud o potE ©]&3F in vivo assayollA E©dd @ oA g3
R o] SKU-78 5ol tigh ti=kujd 20 Sydsta oi=zkuds S A
st Almstdon, Ax EAo] Al&ete] EvtEH dAlEHAE HAsAT A
Wt SKU-78°] thsl 16S rDNA 714
= Bacillus sp. SKU-78%2 =A3s}lgth

12

il
o
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2. A % B9

7h. 39T &1 2 u) g,

H o
T'___O]:

S F&skd Tk Al

0% glycerold X335l tryptic soy broth(TSB, Difco)ell 124 3to] -80C
| B st A, 0.005% tetrazolium chloride(TZC) 3 ul =] of] 28°Cell A 247t ui
Fato] Aol AEsEA T

=
rlo

2 A A ALEE R. solanacearum-> § Q737

it
o,
2
>

EN
N
>
op
olr
32

Mgyl ggE nFsh ErvhEelA Reld 7S
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e

s}
2

X
rlr

2

b Zd vAESY B 2 HE

olFb ol AFe] shg-zol A aFe} EviE ol Bl
MAES EYstdth. ddE AAMS ol &ste] A Hejdl F

g
A8 g o s4ste] AP 54

—_

o

FE JAg F AAste] Fed 1 m
A& TSAl(tryptic soy agar, Difco) 3 wjA|o] Zdste] 30TColA 2 L3F vl
3}o] single colony® &3ttt EE 3 colony:= TSB(tryptic soy broth) ®j
A2 30CAA 24 AF ol st o 6,000xgl A 1523 AR s dAE g
Fetdnh. 4 gAE Fagol dEsked 600 nmelA OD=1(10" cfu/m) =

wio vz w84 ste] APol gt

t}. Germinating seed assay.

AFFF FD)S EvEAE 53 FAS TYstel 2% sodium
o® 283 Agdte] gW A F HdFR oy W Ao

AFEFATE 1% water agar plateo] 11F EE EvlE FAE SHEa 74 A

hypochlorite & <Y

—
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Folol Awiz A% FA A 1w AW F, BT F
A3 g Fee) FEe YAYAS 10 A0 HFSHAT. o

A dE A HetE TS

oo}
i
ofN
_>‘i
N
do
2
2
Ach
_O‘L
32
)
uN

2. T2 A .

Ownley ®Hol & XAy #+F= EuntgEel 13 Fxbo] s
t}.(Ownley etal. 1992) TSB HlX| & o]&35le] A5 30Tl A 24 A7 ul
&3k T 6,000xgoll A 15 E3F A EE St 343 #AE 0.02 M phosphate

buffer (pH 7.0) &Hel Azl F s 2% methylcellulose(Sigma, St.

Of

Louis)E Z7F& wtelgjol del s FAo & £9sto] Fade= d2d4 A

A7 o R At e ol Wit

Akt o] o)gk EwpEy Iy AAgve TAAY) BEGHT 2 Tt

A WHo 2 HAAS AL AF 10 cm ELE| w2 FJE(ZEAA T2 3 A0
2180 g A$3 wEolE 29 FAst mdeA @S FAEL 47 AF
T2 FAH= shg-2ol A Aujste] 4 9717F HAS o 22

gered 30 ml (10" CFU/m0)S #5889
TAE HEI F aFe BEriRT} 4 97
F dgds ¥E g 30 m(10° CFU/m)® 38, o

T wmad AAE W S R. solanacearum AE NS 30 ml(10° CFU/me)® #5

stk F4 AW G A9 BIAUW G@ 43 2 FAAG 2R

k2
o
o
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b
ol
2
=
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of, AW #FF| 53

D A, Aste A9

Ak 75 T84S flste] FETA, dFd 54 2 AT EAS
Manual of Methods for General Bacteriology ¢} Bergey‘'s Manual of Systemetic
Bacteriology©l ¢ Aste] AARsAT. Az Ex9 FH, catalase, oxidase,
urease, protease, lipase, nitrate reductase, amylase®} cellulase 59 & &4
o] Ak o B ek gle] o] & citrate ©]-&, Voges-Prokauer W3 5& FANEY

7.

2) 16S rDNA sequence 4

TSA wiA oA 19 &<t v gs SKU-78 cellel Al chromosomal DNAE
23 th& 73 DNAE 1 volumed isopropanol® precipitate A7l & 70%
ethanolZ washing3dle] AZA1Zl ¥ primer 519r= A}-83Fe] PCR amplification
A7tk PCR amplificatione 16S rDNA<S 10x Taq polymerase buffer,
primers(519r), dNTP (Z+z} 0.125 uM), 025 mM MgClLE ¥3}3}= reaction
mixture®] #F volumes THTE 20i=E HF3 Taq polymeraseE 3 7}sho
PCRS <33} t}. Amplified DNAZS agarose gel electrophoresis § ethidium
bromideZ ©]&3to] UV fluorescence® #2312 DNA analyzer (Applied

Biosystems)& A}&3}9] sequencing 3+ ¥ data base® ©|-&3}o] T AT

3.2 %

7h R TFe A
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Bl 39 agardl HEA FHFFAo]l olFojA = 67 HF, TS1-7, TS1-5,

SKU-78, TS6-4, SKU-134, SKU-155% %3} th(Table 3-1).

£

Table 3-1. Effects of the selected plant growth promoting rhizobacteria

strains on root elongation of pepper plant

Strains TS1-7  TS6-4  SKU-78 TS1-5 SKU-134 SKU-155
Root elongation
114 13.8 15.2 12.6 14.2 10.8
rate (%)

Mean root length in millimeters was measured at 10 days after treatment. An equal number of
plants was treated with sterile distilled water as control.
Root elongation rate = {(root length of treatment group-root length of control)/root length of

control}x100

SKU-78 & TSB(tryptic soy broth) BJA| = 30T Al vj¥3}= uj
FAZE M2 AL pH WIS ZAFSEATE Fig. 3-10] YERE nle} zEo)
SKU-78 % Hl % 20A17F gdhell A W7l o =gstd oy, pHE 204

AR gast 1o F 4A Fhshar
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Figure 3-1. Cell growth curve of SKU-78 strain.

=

Aok BEF WE AlE rEAICE Ptk Ownley o= dtHols
Zatel]l Y A F2A 7 10°-107 CFU mAE Wdwrt A Eo] serial
dilution plating®] <J38] &Izl om 2% methylcellulose®t 0.02 M phosphate

buffer £&Artez A3 2oy = dre ot AEsA St At
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A g oF EFA g
oA gaE AT A ¢lel R. solanacearum Tt A g

1

3|
A
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°©

A, Egel #FA, 221

E]

2ol =

_04

RS
o o

)

mo

= uehiglen, 2 At mnEs n3E 7

oodAE

1513
=

—EE]_'

}92tH(Table 3-2).

3|

?_

oA, E

H7F =

R B

el 21 o} (Fig. 3-2)
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A}t (Fig.3-3).
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Table 3-2. Suppression of bacterial wilt of tomato and pepper plants by

PGPR strains

Biocontrol efficacy (%)*
) b ) e Seed + Soil
Strains Seed treatment Soil application
treatment
Pepper Tomato Pepper Tomato Pepper Tomato
TS 1-5 176 10.3 375 20.3 52.3 50.5
TS 1-7 235 154 35.0 15.2 50.1 497
SKU-78 41.2 28.2 475 30.8 69.4 62.5
TS 6-4 35.3 23.1 42.5 25.9 59.3 42.1
SKU-134 41.2 154 425 31.3 60.2 4477
SKU-155 11.8 12.8 32.5 10.8 475 23.2

? Data represent means of 10 replications of each treatment. The experiment was repeated three

times. Disease severity was rated 10 days after inoculation with R. solanacearum. Biocontrol

efficacy is based on comparisons to the nonbacterized but pathogen-challenged controls.

" Pepper and tomato seeds were coated with the selected bacterial cell suspension and planted.

¢ Plants were grown in potting soil and was drenched with bacterial cell suspension.

(a)

Figure 3-2. Suppression effect of bacterial wilt by SKU-78 and SKU-134
strains. (a) SKU-78 (b) SKU-134, Right lane : control
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Table 3-3. Survival of Ralstonia solanacearum in soil after application of

SKU-78 strain

Days after treatment CFU/g of fresh soil®
0 day (first treatment) 5 x 10
10 days (second treatment) 2 x 10
20 days 1 x 10°
30 days 1 x 10°
40 days 1x 10°

? Value for bacteria was determined on King’s B medium. Value is mean of three replicates.

(a) Before treatment (b) After treatment

Fig. 3-3. Efficacy of SKU-78 strain in suppression of bacterial wilt of
tomato.

(a) spread of R. solanacearum infection, (b) showed heathy growth after
treatment of SKU-78 strain in contrast with the appearance of severe wilt

symptoms in non-treated tomato plants (a).
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g, SKU-78 ¥59 IJTF&A4.

SKU-78 #F9] 3784 S paper disk method® ZFAFeE A3 Gram
Gram 9A T2 Ralstonia solanacearum, Staphylococcus aureus, yeast 9l
Saccharomyces cerevisiae 5ol thal] A& &Ao] glov AEH AT fungidd
Phytophthora parasitica, Phytophthora capsici, Botrytis cinerea®l] Wajx+= 7
st A4S YERYATE( table 3-4 )

Table 3-4 Antimicrobial spectrum of SKU-78 strain

Test strains Activity

Gram negative Bacteria

Escherichia coli
Salmonella gallinarum

Pseudomonas aeruginosa

Gram positive Bacteria
Staphylococcus aureus

Fungi
Phytophthora capsici +
Phytophthora parasitica +

Penicillium sp.
Botrytis cinerea

- 157 -



vl SKU-78 A2 759 4.

1) FHTH 54
nutrient 3+ HFZu Ao A 9] colony FEHE Yo, MAe A
ojlom W2 FHo] ywiA wjiye FEIAT. AlFko] A ipgle] wet

pellicles F74gol 2= At

2) Asperd 54

catalase, oxidase, urease, protease, lipase, nitrate reductase, amylase$}
cellulase < o9& @aeo A oAF gAY o]&, citrate ©]&,
Voges—Prokauer ¥H-$ 58 ZA}8}A . (Table 3-5) SKU-78 ¥5% amylase,
protease ZL#] 1 glucanase 5 TLEA} 7FpRE] E4AE Endy Ao I

extracellular phytase &A% YeR At
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Table 3-5. Characterization of SKU-78 strain

Morphological characteristics

Gram reaction
Motility

Biochemical characteristics

Catalase reaction

Gas production from glucose

HsS production

Methyl red test
Voges Proskauer
Oxidase reaction

Urease activity

Citrate utilization

Nitrate reduction to nitrite
Amylase activity

Protease activity
Cellulase activity

Lipase activity

Phytase activity

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

3) 2= YEA HE

718 vl 2] (glucose 4%, pepton 1%, vyeat extract 0.2%)lA A
SKU-78% 60,80, 100Ce] =& %oA 1AI7F &5 =EA1Z1 & 7o AbE A
skl A doj dis] A4 S Ad =4 vo= Ay
Table 3-6. colony count after heat treatment

control 60C 80T 100TC
25 x 107 3.2 x 10° 15 x 10 05 x 107
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4) 16s rDNA sequence ¥4
SKU-78 w52] 16S rDNA sequenceE 4]3}al Data baseE ©]83}

7% #59 similarity® 2438+ t}.

Table 3-7. 16S rDNA sequencing and similarity analysis of SKU-78

CTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTG
TAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTG
AACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGG
ACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGA
TGCGTAGCCNACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAG
TCTGACGGAGCAACGCCNCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCT
CTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGG
TACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAC
GTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCG
GTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTG
GAAACTGGGGAACTTGAGTGCAGAA

Source Length Identities

Bacﬂlus amyloliquefaciens strain Ba-S13  16S 1421 584/586 (99%)
ribosomal RNA gene

Bacillus sp. DF48 16S ribosomal RNA gene 1409 584/586 (99%)
Bacillus sp. DF15 16S ribosomal RNA gene 1424 584/586 (99%)
Bacillus polyfermenticus 16S ribosomal RNA gene 2364 584/586 (99%)
Bacillus subtilis strain MO4 16S ribosomal RNA gene 1504 584/586 (99%)
Bacillus sp. WL-3 16S ribosomal RNA gene 1518 584/586 (99%)
Bacillus sp. EBI3 16S ribosomal RNA gene 676 584/586 (99%)
g;:;llus subtilis strain BS-S3 16S ribosomal RNA 1458 584/586 (99%)
Bacillus sp. CR-179 partial 16S rRNA gene 1453 584/586 (99%)
Bacillus sp. TMW 2.480 partial 16S rRNA gene 1506 584/586 (99%)
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SKU-78 #FE Gram ¥A 9 7ro g A3szE EA 93 Bacillus
subtilis/amyloliquefaciens groupl. = EHFE o T3k 16S rDNAS A7 <4
= Alstal Database® ©]-&3te] FAEE ARG Ad SKU-T8 #F=
Bacillus amyloliquefaciens®} A4S ¥.o] Bacillus sp. SKU-78% "% 3} %t}

o] Aol A SKU-78 5+ in vivo pot A& oA £} coating *8l¢ E
& B A EFoA Ak EubEd 2W ga a3E Blow, EwlErol
A gakE ] Agg A3 EukEH S AlE5o] &3] 3 EHo] y
o g2Ae] A ThsAde] E1EAT. SKU-78 ol &
WS 2 A ekkA 9t in vitro plate Aol A

el el A dS debdA dom® HH Al antibiosisel 2l eh=

it

H

-

i
o
o
I
,d
12 Jg
2
N
N
»
o
2,
o
O
ol
X
M M
d
=)

P
rlo

Z=
extracellular phytase &S 7k Qo] 584 AAHS 7183 Al 4 lorn
2 EY U 7HeA QA BF A AEAGS FX8E 294 Vg Aok
SKU-78 o] nAEAAZS] H&stE 95te], SKU-78 ol df
g 21S gyt o7 49 A AnE g carrier %

amendmentE A W3t AASE A=A T( 64 AR FHZx)
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474 Fluorescent siderophore AT F, TS3-7] <93

Erhgg 2y oA

1.4 8

AAA o2 FutEre o3k 2= A4k A7 Frhsta dom, §-
gugte e 53] guprp AUzt & e thesdk AEfel A Aol mimsi A d
TAow ylaf7t gk Aol ofe WiF g WAHelY WAA = oA
A R E el A] ¥l (Vasse, J etal. 1995) FulEH S 7|F24E Qlo)w
EYely & &4 5d 74A AEo] 7hestr]l wliel (Van Elsas etal. 2001)

A AN vtems WAZE offHal, gad EvkEe Al =axd

O

i

Soq FAGEE oAl A9 HERE 24 SoA Rt WAA el

2aE VI 5 gl7] wiell, EFA el o) W] A AAE Bl

APV AES ol &3 EvtEH Y AESA WAA MES fste] 2
TANAE ErkE EH oAA AF v o] AiEE oA tiARES e
ddEde 8 AHA AF+@2dE A9 root colonization competition 2}
induced systematic resistance(ISR) %ol <93k > vlEH IHAAB3E A
Ao ojo] B E WY FelDol tisl] FAste] e S48 o
Al&t= siderophore A4k wFell o) EwiEH Wy oAl e ATE FA

A ErkEd Bl Bal WA 2 A9 W EvtEe uFo] <4
S T FolA A E Hg]o] colonization®] # ™ siderophore®

A&l in vivo pot AES HAAsFA 7 AFe EulEH whE o
A s B o#F TS3-7& Adste], 16S rDNA @71 <E E43 wig 2

Asheta 54 A ste] TS3-7 dFel dsf A& AAstAdon, H8359
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2. A= 2 By
oMAE g8 2 A,

B AgoM Algd R. solanacearums- FvtEHol #dE 139} Eul
EollA  EFsAu. AlgddFE  20%  glycerolE  ¥3FSE tryptic soy
broth(TSB, Difco)ell 2A3Fe] -80To ®BAsHAA, 0.005% tetrazolium
chloride(TZC) ¥l Aol 28Tl A 243E wlgsto] Aol Agstich. HAT
o o3 FulEw e golo AxpHow ALA o 9o] HME FAEHEA a)
U =4 gty Ao BE Qo] mlE2E SR =
A 2715 2 = FaW S7]oA FFEY Ade] o= FAIt At
HE TZC platedl Al wgstls o FH= ¢Hdol 2o ATz Aepe=

3l oA oz A8t (Schell, 2000)

Jm
o,
ol
filo

4. 24 uR=9 £3.

Tz EupEo] MAE A S A oA Aujg 159 EntE <A
EddA mAES EEstdnh FEdA dojdl & 1 g& HuTE 1Y ¥ A
1 mlS A& =4 o= gAste] TSAltryptic soy agar, Difco)
H wj Ao Z=Este] 30ColA 2 U3F vidste] single colonyE 2|8} Th.
283 colony:= TSB(tryptic soy broth) Bix] & 30Tl A 24 A7+ w3t t}&
6,000xgel A 157F A4 EE st dAE IFeAnh I dAE HEgol
#eratol 600 nmol A OD=1(10° cfu/m) 2 3ol Itz wE 3|4} ol
AH-g-st S T

-

>
e
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t}. colonization assay.

1% water agar plateo] ZH A3t 1Fo EvlE FX4}
T2 FHol g2 Mg A dgd 1 ml A FAA g F, 28T AGaLol A &
g Ay #Bal Fo #+F9 colonization HHE 10 LzF BFsGT HERT
o] g A A=Y giil HaE TSBE 2 F=9d Agstan. 7 Ag &
T2 6704 3 REEAE skl

Z}. Siderophore AAt#F Ak,

siderophore A4t & Schwyn¥ Neilands®] siderophore detection
HH Ol Chrome Azurol Sulfonate(CAS, Sigma) assayz= A3ttt S/F 4 50
m/o CAS 605 mg= =< t& 10 m/¢] 1 mM FeCl; - 6H,O (10 mM HCI-E <)
S Y31 HHI] AHowA 729 mge HDTMA(Hexadecyltrimethylammonium
bromide) & <7 40 m/ell =< &HS HIMAA 1Y ddste] g ANAR
LHS 13 S HO 750 ml, 10X MM9 salt 100 ml, agar 15 g, Pipes
30.24 g, 10% casamino acid &< 30 ml, carbon source®} vitamin & =% 3k
|A(pH 6.8)5 11 Fitste] 50CE 213 § FHls| & CAS 95894 7%
of A &= H7kete] plateo] EF3to] A&F CAS HaujA|ol wijke} 20 u
I£ AAskaL 30CelA 2943 w3t § F9]ol orange halo zone °] 445 &

dstglth. EH DA WA King's B WXolA R F g2y oy o
e
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ul, A 739 EvfEW ol 3 in vitro 23 84 HAA.

50C¢ TSA WAl R. solanacearum 1 loopZ 7 F3}o, plateo] F-of
=3 & ALAFE streaking 3] 30CoNA 244 7F w3t & F #5749

KA o5E sser

—_—

W g FFo % x4 W A

Ownley ol <& A¥ #3755 EnfEANFES)} AF(FAEFD)
TAol Agaitt. TSB viA & ol &sto] AddFE 30Tl 24 A7 wjgst
2 6,000xgell A 15 #3F YA EEste] 4% #AE 002 M phosphate
& Zao 29 methylcellulose(Sigma, St.
Louis)E # 73k wrelgfol Aeols Fatolt & Eoate] F ez A2 A

ZA e B o Exe wEEolE 7Y AT

Al. in vivo pot assay.

At el ogk EvkEd IW gAlade FAA P EYHF 27HA

WHow HASAY AF 10 on XE| vl27] FEGEISE AN F243AHE

e

180 g A$3 WEolE IHE FAe PeA e FAEL A7 HEd
g 25-3BCR fARE Szl Austel 4 717 HL W 2w el

A& Wi R. solanacearum @E< 30 m/ (10° CFU/m)S #3547 o] 2
e FEsdt BEdAE wHe s BEd F 139 BEnES 4 G717t
& W AdEF dgas 2E B 30 nt(10” CFU/m)Y B335, ol

2 Wdds Agste IS fFEsAh F2F Hnt @

EFHR G 49 L AR EFAAE AR A5 ol

oY, ob

o
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of. 4@ FFY ATUE §A 4.

King’ B WA= 30Cel|4 48 AlzF wjkst TS3-7¢5 HeteS whAlot
=3 SAT FAREE AE BEC dE AFEEHE tale?t vermiculiteE ©]-8-3F
o], Vidhyasekaran® Muthuamilan %#-< wWasle] st &4 @910
CFU/ml) 400 mlel =3k tale EE vermiculite 1 kg¥d SHA=
carboxymethyl cellulose 10 g& &%3t3 CaCO; 15 g& Yo pHE FTAHo=E
SE v FudHE A2ddA FEFEe] 20% olstt HEs AxAIA Ed
gdall W o] EypsiH dFY AR AdWULE FASAT AdEn
A& 2 g& B 18 miol A8 F 45 0E 10° 102 848k King's

B Aol Lmwtsio], 24417k wikete] FBe W dAFE Asdth

A A FFY BA.

A FRe $4L Askel FesA, MPH 54 2 ASHIH 542
Manual of Methods for General Bacteriology$} Bergey's Manual of Systemetic
Bacteriologydll 9] A3 AA3IG ma 165 rDNA G714 Fe BAs 1

DatabaseE ©] &3l SAIZE BEA3s19 )
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2. Ad #3571 AAE8EE Siderophore?] characterization

~

At +=5 2@ 3} wjx el casamino acid medium(0.25% casamino acid,
0.2mM MgCl,, pH7.5) 100meoll 8] %(200rpm, 25C, 24hr)3}¢] siderophored®]
HlE S7HAF T i & g S 7500rpm o ® 1587 YAl R st A de
pHE 1~27} 952 %A F ethylacetate F&& 23 PPt =5 & &=
o] g9 Whatman #l1 paper® water @ acetic acid : acetone(90:10:1) <]
solvent system® % chamberZ saturation A|7]1A &2  ArEjolA  paper
chromatography S 33ttt A7 v paperE UV ofgfol A #2132, band
7b dEbd F91E5 ko Fe} s iron reagent(0.1M FeCl3 in 0.IN HCD =,

Yo 3y iron reagent®} 0.1M potassium ferricyanide® 1:1%2 £33k gl o

TSA B3 WAE olgste] 1ot EvtEe] 2l EdolA el 287
g gAsta gzl Hs) 10% ol

siderophore® A4t #F9 Al CASE A& AAHQ
chromogenic assay® 3ttt CAS agar plateo] well& TrEo] wjgds Y

30T A 297 w3t siderophore AAF = 73k A o] E2l siderophore
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7} CAS €99 Fe(ll)¥ Adste] FE40] Qulx|Mozo] Wz geldh
Ark el ZRo] FEa el AFS FXAATe AddEF 16F 7
TS3-7, TS1-5 TS6-4, TS1-2, TS1-3¢] oAl #F7F CAS plateol A orange
halo zones ¥/33}o] siderophore At F= I QTE g TS 3-7 #5+=
King’s B wiA|dA FFS& vERYO(Figd-1), TS3-7 w57} fluorescent

siderophore(Fig.4-2)& AA+glo] &2l ).
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Figure 4-1. TS3-7 strain fluoresces on King’'s medium B under UV

Figure 4-54 Production of an orange halo by TS3-7 on CAS agar plate
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2t TS 3-7 #59 XviE® T A 233§

in vitro plate Aol TS 3-7 ¥+ R. solanacearum 5% A2l

)&l antagonistic activityS YWEFN A okt

ok, TS 3-7 @59 ¥T&A4.

TS 3-7 #5F9 37+ DAS paper disc method® FAgH A3 Gram &
A Tt2 Salmonella gallinarum, Pseudomonas aeruginosa, Escherichia coli,
Gram A2 Ralstonia solanacearum, Staphylococcus aureus, yeast?l
Saccharomyces cerevisiae, fungi®l Phytophthora parasitica, Phytophthora

capsici, Botrytis cinerea R7° tls] A& &4-& JEMNA &gt (Tabled-2)

Table 4-2. Antimicrobial spectrum of TS3-7 strain

Test strains Activity

Gram negative Bacteria
Escherichia coli -
Salmonella gallinarum -

Pseudomonas aeruginosa -

Gram positive Bacteria

Staphylococcus aureus -

Fungi
Phytophthora capsici -
Phytophthora parasitica -
Penicillium sp. -

Botrytis cinerea -
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Autyl TS3-7 755 in vitro plate AolA FEnlEw oo s Asjd
e As] YERRA Fon=w
THAA AT FelDo sl 2 Aste] MAde] S24& Az

o

217 A ] antibiosisell ¢J8tA il siderophore A

rr

()
o
i
=2
=
il
o
=Y
i}
ki
Lo
e
oty
il
N
>
_0|L
i‘
4o
%
me
N

4
m

o &
B

o] AAA e wAee Zom, o odl 3t SAEoF shARt &
718E 7hd Ao gAY Talesh 2 Aol 259l 10°CFU/
neol Eglem 22F Fole 10°CFU/m7HA FAG7h wrolgth o] 2 3 v
AEA A QoA A @2l @ wrF e FX= olyLl vermiculited] H] L
ato] 7hA Woel Ay Aet 4 WHoel A FlEhoj A 7] el wAE AAZ L&
Al vermiculited] AF-g&o] 8] Aoz 7|thHEt}.(Tabled-3, Fig.d-4)

Figure 56-3. Colony count of fluorescent Pseudomonads TS3-7 strain under

UV light
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Table 4-3. Effects of carriers on population density of TS3-7 strain

Sample log cfu/g®
time(weeks) talc based formulation vermiculite based formulation
0 9.28 9.28
2 8.09 9.21
4 7.99 9.18
6 7.66 8.62
8 7.53 8.59
10 7.22 8.31
12 7.04 8.12
14 6.82 7.99
16 6.49 7.63
18 6.11 7.32

# Population density of strain TS3-7 is expressed as log cfu/g inoculated formulation.

Number of cfu were obtained by the method described in the materials and methods.

are the mean of three replicatio

- 174 -

Values



1010

109 A

108 -

107 -

CFU/ml

106 -

105
—O— Vermiculite

104 | —e— Talc

103 1 1 1 1
0 5 10 15 20 25

Weeks

Figure 4-4 Effects of different carrier on population density of TS3-7 strain
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D Wg Ay 54
At TS3-75 A4S 7|98kl Fel4, mids 2 A
ZAFgE A3} (Table 4-4) Gram-negative?] ritoln o]5 A& zkow catalase,

oxidase €4E& ztom, O/F testd 4S5 WEUAT Bergey’'s Manual of

—

a5

2

i

(e}
=y

bt

Systematic  BacteriologyS  #%38}9], Pseudomonas fluorescence-putida
OFo R BFIA

Table 4-4.. Taxonomical studies of the strain TS 3-7

Morphological characteristics

Gram reaction -
Motility *

Biochemical characteristics

Catalase reaction +
Oxidase reaction +
Gas production from glucose -
HsS production -
O/F test oxidation
Indole production -
Urease activity -
Hydrolysis of starch +
gelatine -
Utilization of glucose +
mannose -
lactose -
maltose +
sucrose -
arabinose -
inositol -
mannitol -

citrate +
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2) 16S rDNA sequence

16S 1tDNA9 7|4 dge EA3 il DatabaseE o] &3] HAE

il

228 Ax}  Pseudomonas fluorescence <+ 87% ¢ HAMES H

£

Pseudomonas sp. TS 3-72 B3t th.(Table 4-5)

Table 4-5. 16S rDNA sequence of TS3-7 strain and homology analysis

CGAGACGTGAGGTCCACTTCCTGATTTCCAAGGCCGCGCAACTGGTGATGGCCACCG
AGACGGACGTGGCGCTGCCGCCCAAGGTGCAGATGATGCAAGCCTTCCTCACCGAGT
ACACCGGTGCGGCGGCAGGGCAGATCAAGGTCTATGGCAAGGAAGATTGGATGTCG
CCGGTCGCCTCGGGCTCCGGCGCGCCGGCGGCGATGGETGGTGGTGCCGTGTTCCACCG
GGACCTTGTCGGCGATTGCCACGGGCGCCTGCAACAACCTGATCGAACGCGCGGCGG
ATGTGACGCTCAAAGAGCGCCGCCAGTTGATCCTGGTGCCACGCGAAGCGCCGTATT
CGAGCATTCACCTGGAGCACATGCTCAAGTCGTCGANCCNCANGGTAACCAACNNN
NNNNNNNTNTCNNGAGAANCNNNNNTTCTCNTCTANNGCTCNANTTGNANGNGNT
NNNGNCNGNNNNNNNNNNTNNNANCNNGACCATGNNNNNANNTTNTA

Source Length Identities
Pseudomonas fluorescens PfO-1 6438405 323/370 (87%)
Pseudomonas fluorescens Pf-5 7074893 314/358 (87%)
Pseudomonas putida KT2440 section 3 of 21 299991 308/363 (84%)
Pseudomonas syringae pv. tomato str. DC3000 6397126 308/366 (84%)
Pseudomonas syringae pv. syringae B728a 6093698 303/363 (83%)
Pseudomonas syringae pv. phaseolicola 1448A 5928787 141/168 (83%)
i oy Festmons arviosa e gy | i v
Pseudomonas aeruginosa PAOI1, section 379 of 529 11721 93/104 (89%)
Ralstonia solanacearum GMI1000 chromosome 188050 51/59 (86%)
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o}, A #3F71 A3+ Siderophore®] characterization

paper chromatography2 ¥ =18 (Fig4-53 #°] RF = 09 X9
Band’} @A %lth. BandE wWFe® 2} iron reagent(0.1M FeCl3 in 0.IN

HCl), iron reagent : 0.1M potassium ferricyanide = 1:1 &<} o 2 a2

o
%

A} iron reagent A E band’} FIFHMES YJEFASI AL, iron reagent @ 0.1M

potassium ferricyanide = 1:1 &A= 2 &S e AT

s

Orange Dark blue

Figure 4-5. Separation of the siderophore by TLC and color reactions test
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54 XvlE® WAE 5 vAE AAY Az £F

FH0dt SARAL A FANAN ehore] erow PR A
PAAZAL VR Agel dF Bl wobam Qo ugE A

FyrAEe] Fu, gAY Tk BRad we Wt 4T B

[
-

Yk, shelf life 5 A Al S8 AdEE7F FAHE 7]0o] #vhe SA4 3o
433l )vh(Berndt Gerhardson., et al, 2002) 53]

of gk 9 AW AE AAE ARESIH o] WAEo] BE EY
oA 2elar WY BE raced] s &S YEWrIZE dEEE AR
Ae AH#E 7Iget7F ol g & Aol AR o]tk (Ching-Hong Yang, et al.,2000)
WHo|7} Alsk EnEHWH Ralstonia solanacearum® &% MAS 93]

Me 5 299 g s AARG B 71z By 23S 9 H
HxA(2%, pH, % 5)°ol A2 v=wA Az dgis] AspHd vAd=E
B3 LAY Ao A% $22 93 AAs A1 02 2320 (Brian
E. Grey, et al, 2001) %3k biotic 228 3L abiotic interaction®] 2] 2 A &

A dANA Y] Az WA adrt dASA Fow, 55 B Mo
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o] HuuXA gk X AJo|A AF e EnfES} mFo] Wy L@ M-S
2]3Fe] 122 mode of action based screenings A A|ste] EATFFE Adsla,
Autel #Fo) e 232 in vivo pot assayS AAsle] mAE AA fEe] &
HogFE Adeqdn. 53 A83te sbeAel mrhal ddEH= d sl ol

Me TS 714 EvkEd 84 235 Ax A B4 vk dd 2

>~

o= M= tE #-87]2 (antibiosis, iron competition, systematic resistance

FFE o ZFAE R, JEel Qo) BF AREHI 9

AA 7t Hold MAE HdAE AT v A EdAACd dE st
EgA e mat AR AEE AAskslen, dd el ekl Avr A

ALE 3 carrier 2 amendment A &3 A A2 Hejo] ©rE EHE HAE7

ffsto] NIt ae] FEE AAEE A =sdth

2. A8 % B9

7b g4 EFe v WA HA

AFgnAE AA A Al EG W R okl o dFo R WAEA
Aol &7t etdd Fr glom, we A9 wEA e AESHA A e 8]
8t okl 8o oA wofo] ALEHES EQUoEA A A FIE Fo]
WA HAE SAAE SAHOR ARE AHET E&420 HAE AT F
A7) wiEe] ke A Eo] woke] diE WiAd oRE Fsttt

Adtel GAdFEe] Fofd g WS HAs 798k mjAel F ok
Buramycin(E 535 38 3HF)), Agrymycin(A B.3}832] 3] A}, Agrepto(F-4] 3]

A E)E Z+2Z 500ppm, 700ppm* #7138k platedoll A AS oJHE A=
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. A HAA ALE Y3 carrier € amendment A

1) Carrier A
AA S 9t GAZ Ho] AFEHoJA &= talett vermiculite, peat,
lignite oA AAAA HollA 23 talc®t vermiculiteE AF&3to] A E T

A AEE =439}t (Vidhyasekaran et al.1997) Talc®} vermiculiteE 1%}
ek FodE v AR wgel(9x10° CFU/mee] Feted 400me)S ®F-2
Fotal " dHE Rty ¢4 717kt colony forming unit(CFU)S =74 3
of #A "o WstE St aRHS GAE Adeidlon, w3 Aued d
A el A Alzrel] g Al o] AUl HetE S5t AE A
o] shelf-lifes 439t CFUSAH S W2 serial dilution 3 & 7z} 3 gha)
Aol =s }04 SAsd. 434 81der0phoree e TS3-7¥ & 45

2) Amendment A%

TSB (Tryptic Soy Broth, Difco) #j#|o] AWH#F= Xéﬁ? 23
(30C, 120rpm)3tal 24A17F & wjgH S AR ste] dAE i
Hetslo] Al FgAS whE 5 PPG, mineral, chitosan, glycerol 7—}7—} 5%
2ol vermiculitedl W%¥# mixtures AFstAh ZHzbo] A WEE AL
sle] ol Hls] oA At BE THo a3AHAAE HAAS

o,

]_

2

i)
4
fr

H

==
O

ol

N
ol
-|~

]

4. A5 4 nF

Autd @AFFEe] Fokd did WS HA® 23 TS1-3, TS4-3,
s A7F WA 52
R o]~ %%9}3} vv}aw o] #FEE A9t Fe AW FFES YHer A

qg zAbstel 7 AWz Edatel £F AAE Az shen.
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Table 5-1. Resistance of the selected strains to the chemicals.

O : Resistance X : Susceptible

Strains Buramycin Agrepto Agrymycin
500ppm 700ppm 500ppm 700ppm 500ppm 700ppm

TS1-2 0 o o N 5 N
TS1-3 X X o < « .
TS1-5 0 X o o o 5
TS3-7 0 o o < o 5
TS4-3 0 o - < « .
TS6-4 X o - < « .
TS3-9 0 X o o o N
TP1-2 0 o o o o 5
TP2-5 X X < < « .
TP3-4 0 o - < o .
TP5-4 0 o o < o N
SKU-65 0 X < < « N
SKU-78 0 o o o o 5
SKU-134 0 o o < o 5
A27-3 X X - o < 5
A47-2 X o - < « .
A48-2 0 o o o o 5
A100-1 0 o o o o .
A253-16 0 o o o o 5
A254-10 X X < < o N
A256-10 0 o < < o N
A256-11 X X o < < N
B354-6 X o - o o .
B361-5 0 o o o o 5
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Buramycin

Agrymycin
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o] &% E3 vAE AE # in vivo pot AFE FF XvE

234 A4S T8 A= gE oA Ve A Az s 2AF

o,

o] Yl #FE vy £e %% (Table 5-3.)22 FAHE mixtures A Z3HS
o A3 FFE A diste], WAzl e & S, pH ¥t ddEde
A & A 23 (Fig. 5498 EW=E ato 242 mjdd $ 4 94719 Enp
Foll #F3ta o5 ¥ Ralstonia solanacearum 2]3te] mixtureo] <]
o]

A1E A48kt (Table 5-4)

Table 5-3. List of mixtures composed of the selected strains

Mixt Siderophore Antibiotics Root HE g2
ixture no.
Hre no A At A Akt colonozation A At
D A48-2
@ TS1-2 A100-1 SKU-78 B361-5
©) A253-16
@ A48-2
® TS1-5 A100-1 SKU-78
©® A253-16
@ A48-2
TS3-7 A100-1 SKU-78 B361-5
©) A253-16
@ A48-2 SKU-78
TS3-9
@ A253-16 SKU-78
® A48-2 SKU-78
TP1-2 B361-5
® A253-16 SKU-78
A4R-2 Sku-134
TP5-4 B361-5
® A100-1 Sku-134
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Figure. 5-3. Growth and production curve of selected strains

a9l EvlE Zb 43 AAlg Ad Az} TS1-5 +A100-1 + SKU-78

N
e
rlo
=
Y
o

EvtEo A Zzvzy 45%, 50%°] A& B, TS3-7 +A253-16

+
N

SKU-78 + B361-5 32 139 EnfEoA Z+7 55%, 60%<2 A4S B
o} Wb TS3-9, TP1-2, TP5-47F H7He Z2FNA = A& 0% == v
gkttt (Figure 5-5.)
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Table 5-4. Suppressive effects on the bacterial wilt disease by the strain

mixtures
o AE
5 (=3

i EnlE

Mixture A 7] (2 T1) 100% 100%
No. control(Ralstonia solaracearum only, ] Z2) 67.5% 100%
@ TS1-2 +A48-2 + SKU-78 + B361-5 40% 45%
@ TS1-2 +A100-1 + SKU-78 + B361-5 50% 35%
©) TS1-2 + A253-16 + SKU-78 + B361-5 42.5% 32.5%
@  TS1-5 +A48-2 + SKU-78 52.5% 42.5%
® TS1-5 +A100-1 + SKU-78 65% 70%
® TS1-5 + A253-16 +SKU-78 50% 42.5%
@ TS3-7 + A48-2 + SKU-78 + B361-5 47.5% 32.5%
TS3-7 +A100-1 + SKU-78 + B361-5 90% 42.5%
© TS3-7 + A253-16 + SKU-78 + B361-5 5% 70%
10 TS3-9 + A48-2 + SKU-78 35% 40%
) TS3-9 + A253-16 + SKU-78 30.5% 37.5%
@ TP1-2 + A48-2 + SKU-78 + B361-5 47.5% 37.5%
® TP1-2 + A253-16 + SKU-78 + B361-5 45% 40%
@ TP5-4 + A48-2 + Sku-134 + B361-5 40% 35%
® TP5-4 + A100-1 + Sku-134 + B361-5 45% 37.5%
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EAW NN

(e) €3)
Figure 5-5. Suppressive effects on the bacterial wilt disease by the mixtures
(a)control; treatment: (b) Mixture No.@; (c¢) Mixture No.@; (d) Mixture No.
®; (e) Mixture No.®D; (f) Mixture No.®
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gt ZZA 9 EFAAY X AA EH HA

pot A% A JFF Aol A3k TSI-5+SKU-78+A100-1(AZH) 3}
TS3-7+B361-5+SKU-78+A253-16(B1&)S Wdoz ¥ HA3dS& HASAT
x4 A3 ATFS 565%9 WAl E3E HAow BIE 62.7%°] WAl
45 BEAth(Figh-6) W3k 7 ofAle] ofs AL A3 5WT oFs) 42 o
Bl ubx] ¢kekt). (Table 5-5, Table 5-6)

Table 5-5. Effects of the selected strain mixtures on disease suppression in the field

disease incidence (%) Control
Treatments DMRT efficiency
Exp.l Exp.2 Exp.3 Average 0.05 (%)
A (TSI-5+SKU-78+A100-1) 3.7 25 2.1 2.7 a 56.5
B(TS3-7+B361-5+SKU78+A253-16) 3.8 3.6 0.0 25 a 62.7
Control 6.2 55 6.7 6.2 b

Table 5-6. Results of harmful effect research of selected strains mixture

oFsl] H%=(075)
Treatment Plant n ° v 31
I=d

A (TSI-5+SKU-78+A100-1) Tomato(TMB8) 0 0 ofFsl gl
B(TS3-7+B361-5+SKU78+A253-16) Tomato(TMS8) 0 0 oFsl gl
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(c)

Figure 5-6. Suppression effect of bacterial wilt in field assay
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ul, AFE A ALE YT carrier © amendment At

1) carrier A%

7k 8708 dFE ol&ste] Ade Ay 19 (Figh-78) 3% #o] 3F4%
7MA & tale®t vermiculite AFeloll & zFe]7F §ll oy, 35 o] $=2 & Talcoll A<
A7t FA48HA 2d=v AL = 5 A/} vd
#Ao® 107 CFU/ML 9o #AFE A8tk wekal Taleol Hls)
vermiculite7} T A9 7] Bto] frefgho] gl Ath.(Table 5-7)

f& SKU-78TF+ vermiculite carrier oA AF7F 5438 7+

vermiculiteo| M & 225 7}

Al

o

]_

B
ofs

Pqormg SKU-78 F2o Afoe A F3A4 Heo A7 HES

B
rok

amendment H7}E A=&Pi 1 9o FFE 2F7A tiREE 10'CFU/ml <]
£

A NI HAHEE  carrier A8 34 FHE A71AA A% D HE

7}& sk 2T
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Figure 5-7. Change of bacterial density in talc
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Figure 5-8. Change of bacterial density in vermiculite

2) Amendment A%

PPG, mineral, chitosan, glycerol= Z}Z} 5%% ujFYo] Lol 1057 Fo
AT WstE Abste] diztok wlustel aoE AASAT. i x=7(Fig.
5-8)3 Hlaa] ®okS wf, Chitosan®] -9 TAHF7F Aste s Aoz #FHA
3, PPGS} mineral®] 4% & W3S Holx ktt}. Glycerol® 7 =
oA izl Hla] ®Hrl kA Al #Ae WEE JEhon Ry wAF

7b ol #astgd SKU-789 A5 nEd] EARAL FAF 5 Atk
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Table 4-1. List of substrates and operating conditions

Carbon source Nitrogen source  Temperature RPM pH
glucose soy flake
corn starch biji flour
white sugar rice bran
black sugar wheat bran pH 5.0
yellow sugar soy meal 25C ~35C 100 ~
ethanol soy milk 250rpm
glycerol casein pHI.5
lactose tryptone
fructose yeast extract
sucrose malt extract
maltose (NH4)2S04

2) MEI|ANAN HFEA B

7hH BHaE 9 vitxA
s st 712 A Ald AYE vige=® 30 wEv]

(Korbiotech, Korea)elA SKU-78 w59 #H#A g (2%, witEE pH

) AESAG. A 5% FIFFEAl 20L2 &Flal, HE Y2 nutrient

>

brothell A 2041 7F 21 & uj ¥ (35°C, 160rpm) g v <} 400me< Ak-8-3F 3 .

(1) g4
SKU-78 9] g &S xAS7] 918 5% F7FFulA oA 30T <
3BCTE pHE BASA &, 300rpm, 1.2vvme 2 48A|17F v g3td A pHeF DO

W Ao WakE 248
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(2) APEE

5% F7hFMACl A 30CE pHE BASA @S A wnEEd
300rpm} 400rpm o= Zdste, 7p7} 48417 SKU-78w 5 vl Fstd
DO W3t % #AF WekE EAbagch

(3) pHe| ¥
5% F7FFuiA el %7] pHZ IN HCI¥ IN NaOHE Ab-g3le] %7
pH 552 R wjxe} pHE HASA e wjxE &da F 7% pH 7002
F A8kl ZHzE 30T, 300rpm, 120417+ 59 SKU-78% & wl¥atdA pHeF DO
W3l 9 SKU-78 w59 Ux W2 zAeuh e 443 1o s 2y
o 20me¥ 3)gste] W= 109, 100W) 848t BFFEA N FFE(660
mE AT F3 =7 b =S ARE2 NBujA oA 1094 Hat 314

oR FALE ZATHAT

A @ Fe] J]Ae 0L WEsld Agate] taETe #AS 9@

pH, DO®| ®3stE #Zapslon 28714 24 552 [Table 6-2]9F 2l & A]

Table 6-2. Composition of substrates

Substrates Culture condition Test

5% soy flake + 5% corn starch

2% soy flake + 2% X 2™ o} 30C, change of
2% soy flake + 2% H @ o} + 2% corn starch 300rpm population
2% wheat bran + 2% corn starch ’ size, pH, and
2% wheat bran + 2% % 48h DO

soy milk 1L + 29 corn starch
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dEHE Z‘ﬂ}‘”i}% }\]_J_O]' q—
WA R Basn v 25dultt CFU
SKU-78S HZ3}o]

1) Carrier A&
3084 22Uz 7
gl 400mlS 41> H
2) Amendment A%
TSB (Tryptic Soy Broth, Difco) ®j#]el] a3
] %F(30°C, 120rpm) st th. 2441 7F & wfjokol s YA E 3] H#AS FH3
M dgdS k= ) PPG, mineral, chitosan, glycerol$
Ay 9 dAge WEs AT
g & AdtE 5y
om, 24 =

Y2 dEel]

7k 5%4 ol T3 IME Az
29HA

2 9x10° CFU/mM= 1¢ 2 wie

al
=

—lﬁ

3) J& F3AY Az
A= A N
A zstal dAge] WEE

Mg T
A2l glycerolS 5% % 7}3s}o]
200 8] A st #BF3FS T

g Aloll=
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349 ¢4 n#

GRS ERCUTESE T

1A= BEgd #F2 2xpd %0 pot assay @t field assayE =3H
ol gk WA d o] HAHN e, *F FHAIH Bacillus sp. SKU-T8Z

A" ol gEl A AAs sAHS AT A =4S S

- T =
g 39, =AY, SR Zﬁﬂx}"‘*(sucrose) A7FeE R A ] A3
o] Fkar, 48AIF WY AE SFEFHE Foll Al Ago] mokom, A=t
T A2 HAY, w3 AYoAME vud 7o *3740] Fo 3t th(Fig. 6-1A). o}
gA, ArbolWAME BadozA FAZE dEdte] ASe gt =2 55
2S5 eadog Awelgdnt

A9 A5 24X A M = v A, F7HES H7FE wiA el A e A
ol Fokar, 48A17F vl A= w4, F7F, Bl A7FFE9F ol 7, yeast extract
oA el Aol FSkrh 120A1F vl Rl M= Al w A, FIHFE, HIAZEE, O
Fukol A o] Aol ERom2(Fig. 6-1B) AUldoz g7kl F7h5e 7
o °

o) wFA 2 B gk

25T, 307C, 35°C9] A dFe] S HwstAS W 30T 35T
] 1507250rpm M9l el A Al
2 et (Table 6-3).

o
12
S

G FAd 2 9B WAAE 2o
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Figure 6-1. Effects of carbon sources(A) and nitrogen sources(B) on cell

growth of SKU-78 at 30C, 160 rpm in flask culture.
Cs: Corn starch; Eth: Ethanol, Glu: Glucose; Gly: Glyserol; Lac: Lactose; Fru: Frutose; Mal:

Maltose; Suc: Sucrose; Bs: Black sugar; Ws: White sugar; Ys: Yellow suagr; Nb Nutrient broth;
Ca: Casein; Sm: Soy meal; Try: Tryptone; Wh: Wheat bran; Rb: Rice bran; Smi: Soy milk; Me:
Malt extract; Bf: Biji flour; Be: Beef extract; Sf: Soy flake; Am: (NHy):SOs;Ye:Yeast extract;

Nb: Nutrient broth.

- 203 -



0.7

0.6 |
0.5 t
0.4 1
0.3 t
0.2 r
0.1 t
0
25T

35T 30T 5C 30T

24 hours 48 hours
culture condition
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Figure 6-2. Effect of incubating temperature on the Population density of
SKU-78 strain.
SKU-78 strain was cultured on NB media at 160 rpm in flask culture.

Table 6-3. Effects of shaking speed on cell growth of SKU-78 at 30C in NB

media
Incubation Shaking speed (rpm)
time
(hours) 100 150 200 250
20 0.36% 0.40 0.44 0.47
24 0.39 0.41 0.45 0.50
48 0.89 1.23 1.27 1.28

“Cell growth was checked by optical density at 660nm.
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NBuj A ¢ w2 ej <) o] pHE vhgstAl 2438te] A&l Aol v
2= pHOl 93-S 2Ae A7, NB #ixol A 2447 wjdabds A5, Al 2
L 27] pHE 5002 BHA st9s w7t 7B Eokar, 4843 vl = %7]
pHE 5

7

52 HASFAS w7t /b =dvh FUEFM A A= 24, 4BAZF vl g Al
HE 5022 ®HA Ae uf AdEE7L 7H = tH(Table 6-4).

NB #lAWe] %7] pHE 500014 95744 05 tA o= F7HAA BA &89S 74

9, 48A 7 F-o] pHe| W3 66014 752 S/ EE AEFS B FIHEHA

M= #HE pH7F 65914 5302 A sty = AdS Bl F3UTHTable 6-4).

Table 6-4. Effect of initial pH on cell growth of SKU-78 and changes in pH

during incubation

Optical density (at 660nm)

NB medium soybean medium
Initial Illlcub?}:lon | Final I?CUb?}:wn | Final
time (hours * time (hours
PH —5 48 pH 24 48 pH
5 0.12>  0.03 6.63 0.24° 0.50 6.58
5.5 0.08 0.09 7.15 0.12 0.39 6.51
6 0.07 0.02 7.26 0.04 0.27 6.53
6.5 0.05 0.02 7.30 0.10 0.08 6.60
7 0.06 0.02 7.39 0.05 0.25 6.11
7.5 0.06 0.02 7.35 0.17 0.10 6.61
8 0.05 0.01 7.35 0.04 0.33 5.74
8.5 0.05 0.02 7.58 0.05 0.26 5.75
9 0.07 0.02 7.49 0.13 0.36 5.69
9.5 0.06 0.03 7.45 0.19 0.32 5.33

“Final pH was checked after 48 hours incubation.
"Optical density was checked 10 times dilution samples.
‘100 times dilution samples.

NB and soybean media were used.
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] T
W 71l o SKU-78 3t
[e]

Fo A 4% Wsts FA4% 243 714
o2 wjddS Agn 7|4 E‘ri%_‘li SFEFHAES Hrbeke] wigst A
$7F BE 71de QlojA afA ol ew, kg 7]& FollA soybean meale] 7t
a0 = eyt (Table 6-5).
AdrE 714 soybean mealdl SR, ALY, FE 5o @4 HIbel w
2 Y 3 g23E HAARSCY. 5% FIFFEEAO] oE TR/ daYds
H7hske] 24, 48 12077 wigs A wghgor SEFARES Hube 4

>
4

U7t 7H3 =3 th(Fig. 6-6) (Table 6-7).

Table 6-5. Effects of various substrates on cell growth of SKU-78 strain
with or without 2% corn starch

Cell density (x10°CFU/ml)?

Substrates Substrate Each substrate
(6%) Only +
2% corn starch
Fish meal 9.0 ab” 9.9 ab
Sweet rice drink 4.0 abc 5.3 abc
Soy sauce residue 01 c 01 c
Apple peel 0.1 c 0.2 c
Orange peel 01 c 01c
Rice flour 3.6 abc 5.2 abc
Rice bran 4.8 abc 8.8 ab
Wheat bran 8.0 ab 5.2 abc
Biji flour 75 ab 8.3 abc
Sesame oil cake 4.8 abc 5.2 abc
Malt 7.3 ab 94 ab
Rice straw 2.5 bc 2.4 bc
Soy bean meal 119 a 13.2 a
NB 09 c 1.2 ¢

“Cell density was measured by colony count on a Nutrient agar plate after dilution with sterilized
water.

"Means followed by the same letter are no significantly different according to Duncan’s multiple
range test(P=0.05%).
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Table 6-6. Effects of selected substrates on cell growth of SKU-78 strain

with or without 2% corn starch

Cell density (x10°*CFU/ml)*

Substrates Con. (%) Substrate Each substrate
N
Only 2% corn starch
5) 3.6 11.2
10 25.0 30.3
soy bean meal
15 36.7 455
20 63.3 80.3
5 1.8 3.7
10 1.1 4.3
Wettable biji

15 4.3 15.1
20 12.6 225
5 4.2 115
. 10 25.3 39.2

Rice bran
15 30.7 50.8
20 42.2 66.4
5 4.1 12.1
10 271.3 31.7

Dry biji
15 40.5 45.2
20 68.2 79.6
5 2.5 45
10 105 11.3

Malt

15 125 14.2
20 175 20.6

“Cell density was measured by colony count on a Nutrient agar plate after dilution with sterilized

water.
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Table 6-7. Effects of addition of corn starch to 5% Soy ben meal medium on
cell growth of SKU-78 strain

Optical density (at 660nm)

24 hours 48 hours
i 10 times 100 times 10 times 100 times
5% Soy flake with o o o o
dilution dilution dilution dilution
Corn starch 1% 1.09 0.19 1.05 0.13
3% 1.24 0.23 1.13 0.41
5% 1.26 0.34 1.34 0.28
Glucose 3% 0.56 0.12 0.85 0.15
Soluble starch 3% 0.56 0.1 0.45 0.04
5% Soy flake only 0.57 0.12 0.97 0.17

U, 2av)oAe WA 54 2}
D EEE A g =2

7h) A=

5% F7FF HlAA 30T 35CE wYst S ul pHe DO W28
S BAo, DOgEe]l 00 =esh= Akl 30T A= 11AITHA 35CAA =
17A1ZEe] a1, DO%Eel 0014 F7hshe AlZbe Whl& 30Tl A& 424 7ol 9l A,
3BTCoAA = 48X 7oA. 7] Mt 7k HlszshAl = 1ar, 2041 A o
Ho Do =dstdn. HAdEEd wo= 30coﬂH wj et S wjrb 35CH T
oF7F Eokth 40AIZE o] % 3[5CeA = dert A, 30TCAA = A% 57t
¥ o (Fig. 6-3).

) mekEE

SMEEE 300 rpm¥ 400 rpme2 MeFel e w pH, DOSE Al E
gl WAG 298 nRc wALE SAHeLA e B4 SEr 2
T WA, AY SR £ 23 B A Fig. 6-4)
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Figure 6-3. Time course of pH, DO and cell growth of SKU-78 strain in
5% soy bean meal medium at 35C(A) and 30C(B).
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Figure 6-4. Time course of pH, DO and cell growth of SKU-78 strain in
5% soy bean meal medium with different agitation speed, 300rpm(A) and
400rpm(B) at 30C.
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pHel e A Ay pHE Z4AeA 49ks vt 7] pHE 552
HANAE W g2 A4S Boy Azte] AHE l upel 4lE| st wof W
F 48417 o1 %ol pH7F 27 6.963 6.41°]90th DOE pHE ZH3HA 29kS o
7bg WA 0ol EEske] © ,wE A U pHE 7

i
w
a1
>
N
-~
9,
ol
o
ol
é
_10
.\_u O ﬂJE

ZE TZ]7]‘ 11'401
A we “417} DH% zdsde W 2o At 4

T o] LA 10403 g HEDE AFEAE W o %3
AP E 62 g HFTAE AR S W pHYE W] Srhehnh wie
4813 A = 6A1ﬂ 10A]m+ 2047& e HEAANA 42 718, 6983 6412
HElolM 71 WA 0o Pl

AL, A% lElOiD} 6717 g HF A2 234 7ke]F DOZF S7kekgiTh Al
4 dFd =t 16234

£

| = D=7t A% FAH

<
H T
Aot 1047 vidd HELdoAM= 5538 a8k AH(Fig. 6-6).

b wEsl Ao BT $55ARE o §F WE
TAF 5% S44AR 562 WENS © pHE A% 443 S
L DOE BAZF ol F A% 002 FAHth AF WEE 204k Hehgla,

[e) =
AT Aol HudEe =
AP, Aol A dxE 1.2x10"CFU/mlo) 9Lt (Fig. 6-7

- 210 -



=Dt rhFig6-8). @714 wastgs W Ao Hxu dEs 1x10°CFU/m
olgat, 714 waEA e Hu WEE 14x10°CFU/m At

’

8 9
7 L 4 8
6 4 7
i ——pH 5.5 pH
4 6
5 L —<o—Un pH
4 5
T o4 | o —o—pH 7 pH
[} o
1 4 —m—pH 5.5D0
3 L
4 3 —a—Un DO
2 L 19 —e—pH 7 DO
1+ =4 1
0 2 L3 & 2 S 0
0 4 8 12 16 20 24 28 32 36 40 44 48
Time (hours)
0.35
0.3 |
0.25
= o2
5 . —=—pH 5.5 0D
8 P —a—Un 0D
a 0.15 —e—pH 7 0D
(@]
0.1 |
0.05 |

o

4 8 12 16 20 24 28 32 36 40 44 48
Time (hours)

Figure 6-5. Time course of pH, DO and cell growth of SKU-78 in 5% soy

bean meal medium with 3 different pH at 30C
A Initial pH adjusted at 5.5; B: not controlled pH; C: pH controlled at 7 during fermentation
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Figure 6-6. Time course of pH, DO and cell growth of SKU-78 in 5% soy

bean meal medium with 3 different inoculum ages

A: 6 hours old; B: 10 hours old; C: 20 hours old inoculum.

- 212 -



oL 109
0.8
6 |
0.7
ST 0.6 =
3 £
s 4 0.5 ¢
:ID:_ [m]
s | 0.4 ©
0.3
2 |
0.2
T 0.1
0 0

0 4 8 12 16 20 24 28 32 36 40 44 48
Time (hours)

Figure 6-7. Time course of pH, DO and cell growth of SKU-78 in 5% soy
bean meal with 5% corn starch at 30C, 300 rpm
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Figure 6-8. Time course of pH, DO and cell growth of SKU-78 in 2% soy

bean meal medium with anaerobic and aerobic condition at 30C, 300 rpm

Upper: Anaerobic fermentation; Middle: Aerobic fermentation; Bottom: Cell growth.
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o}, SKU-78 #F9 ¢4AAH A LE 93 carrier £ amendment Al

SKU-78 w9 mAE AAstE 98kl talest vermiculiteol] t af
carrier29] A} 47154 S AESAY.  tale®t vermiculited] 727 9x10°CFU/g 7}
HLE SKU-BTHAE 4 v, AF Aol wE dA5e WsE serial
dilution W o2 TSA Hau|Ao] =wsle] Z743tH} Talcet vermiculite =
o B AFMAE dA S 7 Skske FAE Bt 53] taled] Avole
AT MEo] Aste] 457 A3 Ade dAF7E 100 B 7o 85
o] Foll= Aol Aol 1A Fokth. Wkl Vermiculite A& Al th 9]
dF7E AL AFA S dAFTE SUebE Ao UEytoy 45 ol REH A
A3 Fasts A4S B carrierg  o]&3% 14 HUE glycerols X 7FsH o

& Al o] Abgol mpgrA e Av( Al 54 A3 =) .(Fig. 6-9).

Fig. 6-9. Example of biocontol agent using SKU-78 strain
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A& Balo] colonization©] ZFE W IS siderophoreE AAMEE TR
A in vivo pot AAANA I3 FEniEd T

in vitro platedl A& A3 & S-S UERA Fdo, Fe o gt o=
HATS JASIY in vivo assayll Al 723k @y A g3E YeERY A, 53]
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