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Study on Pandoraea sp. BCNU 315 Isolated from Soil. Seon-A Kim, Hye Jung Choi', Seung-Hee Woo',
Min-Jung Hwang, Mi-Ran Park’, Dong-Wan Kimz, Ja-Young Moon® and Woo Hong Joo*. Department
of Biology, 'Interdisciplinary Program in Biotechnology, ‘Department of Microbiology, Department of
Biochemistry and Health Sciences, Changwon National University, Changwon 641-773, Korea - Bacteria that
antagonize plant pathogenic fungi were isolated from the sediment soil at the Ansan industrial estate.
One isolate of them showed growth inhibition of Rhizoctonia solani, Botrytis cenerea, and Fusarium
oxysporum. This strain was identified as Pandoraea sp. based on phenotypic and phylogenetic character-
istics and termed Pandoraea sp. BCNU 315. Tryptone as nitrogen source and sucrose as carbon source
were found to be most effective for the microbial growth. In addition, the optimum temperature and
pH for microbial growth were 30°C and pH 7.0, respectively. The substances generated from Pandoraea
sp. BCNU 315 were purified and analyzed by column chromatography, HPLC, GC-MS and NMR. As
a result, one compound was determined to be indole, another compound was predicted as
cyclopentadecaheptene. Detailed structural clarification of the all of the rest six compounds from
Pandoraea sp. BCNU 315 has to be accompanied in the further studies.

Key words : Pandoraea sp., antagonistic bacterium, antifungal activity
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NG Hddol Hg BESA BA7F AT 7HsA0) g0
BE o] Bopd tigte] e A3t JFHog dFE R
ol o3 ok AYBES o] ste HETFH Ao B
& AT B NS $US FAEA) B ATE 1958
9 Aol Bus] s o] MEFW A A Blasticidin
S7} 7dslo] A8-3% o|%F kasugamycin, polyoxin, vali-
damycin Fo] /2= 4EH ] WAo o] &H1 At o]
9 2& TYE THEAL B §4 AFHY gag
T A0S Wt op WAdd die o 2 X8 &5 F
Aol zk3 §17] W&o, HZoe A2 Y8 FYEAY
o] A3 A77 A JAHOE B AFAE 99 &
PHI Uk

HEIFHT § o8 7HA A2 A did 2
AFE o83 A S TANHL A A 7HA HF=
TEE 7 A% AAe AT AEY AR ALY chiti-
nase [9,10], p-1,3-glucanase$} Ho] B ¥ 4 EA] chitinase
[18]F ol &3t A2WATY AXE g E3N7e ¥y, &
R Streptomyces griseus [4], Streptomyces blastmyces [19],
Penicillium nigricans [2], Bacillus subtilis [8,11], Pseudomonas
sp. [1] 5ol Adtete $AFAH FBEA o8 AH 48
Hede 4&S At A& (antibiosis) S o] &3l
4, AR plant growth-promoting rhizobacteria (PGPR)
, 3-8 2 Pseudomonas sp.7} BulstE A(F™) A%
E 42l siderophored] 93] AEHAF 43S
7474 28 2-g(competitive antagonism)-3 ©]&
T A7) dA A AARE 54
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[6,12,15].

2FEz B ATAAE YBGE P f1, 4F
24 A dstel 23HEL AL AF AR B
stad S0 ol 4% AF HaBel Yaelx
¥e wasug ok

M o'

Mz 3 U

ST #A 0189 2a

T 84 A& ANk vAES 3] Y38l o

e Ul s EFE AFe AEE AHEsgon, B
< 9ad g4 mistd 4g nAEES Yo

A EW YR Rhizoctonia solani AG-1, Botrytis cenerea

KACC49574, Fusarium oxysporum KACC40053 (3+=5 4]

AEZREAE)E ALE3Y AT H2EE AR

MernFol 2] U M3jsi §

EHaFs a8y Av #FE AEdgon, A
@7 A 2 A8y A4 APl Kit (bioMerieux,
Marcy-1'Etoile, France)E Al-8-3}e] ZALEgon, o] A2
S EOE 759 54L& Bergey's manual of systematic
bacteriology [11]] &3l AAJs4ich.

MUEZFO| 16S DNA S7|ML0 7|zt SH

AT B9& EYE g A FF F dAo| /4%
F2 BCNU 315 59 Z&3 54< 91519 165 IDNA 4
71MEE AASH G4 DNAS ¢7] 98t precul-
ture$t FFE Luria-Bertani (LB) #jZ 3 mld] HZE3}o
37°C shaking incubatoroj] A 4~6A17F St v I3} Th. )k
€ #%& A7#8ho] 1X TEN buffer (Tris-HCl, EDTA, NaCl)
2 washingdl$ith. 100 pl 9F+E A7)ste] 95°C o] AHe]
water bathol A 1087+ AXE #393Ac} A9 A¥E
2500x g, 4°Coll A 1087 Y482 3le] <45 DNAY} ¥£3
ol JlE 459E AT, ol2A EF ¥4 DNAS
F¥ 0.2 34 Polymerase Chain Reaction (PCR: 95°C, 1
min; 55°C, 1 min; 72°C, 2 min; 30 cycle) 8-S =83} 0.
M, o]& 39| 165 rtDNAE =3 }-& 165 tDNA9) ¢
71 8L AAs ¥} o] PCR 94L& E. coli 165 rDNA
9} upstream 9-279} downstream 1,542-1,525 9} o] &3}
€ Y7144 E o489 oligonucleotided &45te] primer
24 AH489 (primer F: 5-GAGTTTG ATCCTGGCTCA
G-3', primer R: 5-AGAAAGGAGGT GATCCAGCCAGCC-
3). o159 165 rDNAS] 94714 ¥& A4 % th& GenBank

Databaseg §3t 4542 vlusgt 294 £3 $54
FASHQ FARAE ¢otR 7] 913k, ClustalX program
& 0] 83}9] phylogenetic treeS A3} ch.

HY FAH U BAR ZA

A 3ol HH A{2P AEE st HauA
(KH2PO4 1.0 g, KoHPO, 2.0 g MgSO, - 7H,0 02 g, NaCl 2.0
g, CaCl; 0.01 g, FeSO, - 7H,O 0.01 g/)E 7|EvA & 4%
A543 ¢49E FUhet ZABIAT. HA dFE Han
Ao AE3te AeAA, H-¢E 55 d4¥ urea, casami-
no acid, beef extract, malt extract, peptone, tryptone, yeast
extract7} 247} 0.5% 4 H7te wj Aol FF3to] wigFetsnth
18~24A)7F F.o] spectrophotometer (UV-2100, Shimadzu,
Japan)Z 600 nmo A B =& S5t @50 Yot A4
& Agsgch

AYFFo) ke A4 05%F Yo st @i
starch, sucrose, glucose, lactose, fructose, glycerol, mannitol
& 27 1L0%4 Wheel 758 42T 9 24 vade
AR sk

AN pH & 2= A

A 239 FAF 2 dF AL Aske dF9 F
A pH 9 L2 ZASS. 7140 23 22 A(05%
trypton)3} BF494(1.0% sucrose)S A7 &, AAREH ¢
N\4MA 27) pHE 24E F W FaATh £F 259 9
T2 ol Y& HA pHE T2 o 25°C, 30°C, 35°C,
40°CZ Wro] wjgE F 8= A9k

M wFEol M2| #M =39 £5 ¥ HAl

AFE AHuA A dF (60 o2 30°ColA 547 7
Bl (180 rpm)3tP. o, k-2 900x g, 1587k, 4°Co
A QAREE ¥ ATIAEL HYD 459L FA%Y
o} B A5 Ao ethylacetate 108 12 4 7}3F & electronic
stirrer (EURO-ST D, Germany)Z FZ3l¢lon 4w
evaporator (Ratavapor R-121, Buchi, Switzerland)Z 7}
FE5t9 A& EFE F7A silcagel 60 (70~230 mesh,
Merck)-& A}-§-3F column chromatography (@3.5x25)& A}
&3t AT ojw} A H7) £ul= hexane : ethyl
acetate : dichloromethane (5:1:1)¢]%12.9, fraction I, I,
M2 o] 8% oloich. 229 £8¢ A4t @
£#9 37 column chromatography$} thin layer chromatog-
raphy (Silica gel 60 Fxsy, Merck)Z o] &3l AA3 § 24
a5l

MaRFo| dalgMdsdo X5
£z ZAE B2 99N 149% 9A Z=2ntEaY



¥|(High Performance Liquid Chromatography, HPLC,
CBM-20A, Shimadzu, Japan)E o]&3to golaygc)
Detector= photodiode array (PDA) detectorE o] §-3}o]
205 nm, 254 nm 18] 3 300 nm B U)o A Blstd}. &
£& % 1 mE 9o, ALulE 40% acetonitrileS
A3, G columng A}E-3le] BEAMsaTh

oA 72E 23] Aol G247 W B4 F3)
(Nuclear Magnetic Resonance Spectroscopy, NMR)Z o] 4
3t} 'H NMR spectraZ A} 8)27] 9 248 93
EHEE CDCLE ol &3tk £2] FAT F39 WA
29 A G429 £9 g4 9 FFE B2 Yt
carbon NMR spectrum& %A}l 0) DEPT NMR spec-
trum& ##3to] CH, CHy CH:o) 48 3359y, w3
8 AR EA9 P2 F 4 4A7) oW vad A
33 A gopr 7] $18te) COSY NMR spectrum & ZA}
sl

(@)
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9 Al @37 450l Hold #FE T sy
o 304 &4 BIEEE 18~4AZE T3 AA wiA o)A wl g
& #59 g2 & 0.7-08% 9331, Potato Dextrose Agar
(PDA) vj Aol W2 wjksiget. Aoz 3 AEPARs
Rhizoctonia solani AG2-1, Botrytis cenerea, Fusarium oxysporum
S HAAA F3 25°ColA Fo] A w7tz #Asgch
BCNU 315¢ 5= A EH AT et gzl §40] Holyt
on 4% FAAZEE o 5 mme] $2 BATHFg 1),

8| 50| 47| U MaisY 53

Aure 5o AE] 2 AsiehA A& Table 1¢) 325t
FU #FE 2% S4019, catalase 4J0] )0, phe-
nylacetate #}8}50] 9131, alkaline phosphatase 4% %4

Fig. 1. Growth inhibition of phytopathogens by antagonistic bacterium BCNU 315. a. Botrytis cenerea KACC49574, b. Rhizoctonia

solani AG-1, c. Fusarium oxysporum KACC40053

Table 1. Characteristics of Pandoraea sp. BCNU 315

Character BCNU 315

Pandoraea species
{n=32)

Ralstonia pickettii  R. paucula  Burkholderia nultivorans
(n=23) (n=7) (n=6)

Catalase activity + +
Hydrolysis of Tween 80 - -
Lysine decarboxylas activity - -
Nitrite reduction - -
Denitrification - -
Gelatin liquefaction - -
Aesculin hydrolysis - -
B-Galactosidase activity - -
Assimilation of :

Trehalose - -
L-Arginine - -
L-Arabinose

Phenylacetate

Alkaline phosphatase activity
N-Acetyl--glucosidase activity - -
B-Glucosidase activity - -

+ 4+
+ +

+
o+
+

+ +
1
]

+ 4+ + + +

Data for R. pickettii, R. paucula and members of the B. cepacia complex were available form previous studies [20]
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o2 Jehg 712 2R d =204 RAEE Pandoraea
sp.9] AE - AgstE A3 FAE EAS AT Y AL

¢ g UM BRE =T 93}H Pandoraea norimbergensis
9 £ 42°Co N A83A gom, King's B mediumol A
333 77 don, g3 9g S0, acetamide E& 45%
NaClol A 5384 = Holt). 281 maltose, adipate &
< sucrose 2315 &4, cysteine arylamidase$} phosphoami-
dase B4 S40ITH3L 42 - A 4L vl - B4 5
%S W BCNU 315 #5+= Pandoraea norimbergensis$} v $-
AR Pandoraea sp.0. 2 FAR8 ).

MERFO 16S rDNA 7IMg0) 71=5 55

BARAGAOE $HHI] sl B w39 165
tDNA €714 94 NCBI BLASTE E3) 434S 2AIY
1L, ClustalX program$ ©]8-3}4] bootstrap consensus tree
£ A48tk 2 2%, Fig. 20 hehd tkeh o), BONU
315 Pandoraea norimbergensis®} 9% AEFAHL BYod,
ATTAMNE 2L 98 AT Y&g & 5 U9
Pandoraea sp. BCNU 3158 =&} o).

A% YAUT AW
TR A% BAE A48 FFL 2457 9

stol HAMAE 71ENAZ St 24F FAUE 05% HE
= 7leto v § dA 9 F4 S 2ALE tHTable 2).
Aol A& 94 7k2] Aa Y FolA tryptoneo] F4&

gensis BCNU 315
Pandoraea apista LMG 16407T (AF139173)
Pandoraea apista LMG 18089 (AF139172)
Pandoraea sp. R-5199 (X92188)
Pandoraea pnomenusa LMG 18087T (AF139174)
LMG 18106T (AF139175)
Pandoraea sputorum LMG 18819T (AF139176)
2  caryophylli LMG 21557 (X67039)
inium LMG 2247T
a0 i dr¢ is LMG 2129T (X67037)
Burkholderia glathei LMG 141907 (Y17052)
= 1026b (U91639)

= Burkholderia cepacia LMG 1222T (M22513)
28 ismkholdeﬂa glumae LMG 2196T (U96931)
78

Burkholderia glacioli LMG 2216T (X67038)
Vantarii LMG 9035T
. Ralstonia pickettii LMG 5842T (X67042)
—,jnllstonia solanacearum LMG 2299T (X67036)
I Ralstonia eutropha LMG 1199T (M32021)
@m gilardii LMG 5866T (AF076645)
) Ralstonia paucular LMG 3413 (AF085226)
is LMG 14455T (U04950)
is LMG 6222 (X68645)
faecalis LMG 12997 (D83008)

[ P

100 Y
63

Fig. 2. Phylogenetic tree derived from 165 rDNA sequence da-
ta of Pandoraea sp. BCNU 315, members of Pandoraea
sp., Burkholderia sp. other species belonging to the ge-
nus Ralstonia sp. and some related organisms. Bar, 0.01
Knuc.

Table 2. Effect of nitrogen sources on microbial growth

Growth® (O.D. at 600 nm)

Nitrogen sources (0.5%)

Urea 0.032(=0.004)
Casamino acid 0.894(=0.258)
Tryptone 1.188(+0.164)
Malt extract 0.055(=0. 008)
Peptone 0. 565(J_r 5)
Yeast extract 1.3(0.604)
Beef extract 0.188(+0.002)

a. Values were the means of the three determinations in
three parallel experiments (+standard deviations)

A3 A AL PolY.en, ureat}) malt extracto) & FA
o F4o] A9 %_1011,};(] 5] 4=

Fo] F40) v @i T AL A3
Hau o) HF ALY 05% tryptoned 13}e] o
7HA BA9S 1% HEE A7kt wdd ¥ grE =
&} tHTable 3). Aol ALE&S 2% &4 Y F oA sucrose
7} BEE 9% HF gado| e, lactoses TE &4 Y
9 ¥g) AL} td oA A4S vehd

Y pH ¥ 2%

%7) pHE 3,4,5,6,7, 8,9, 1002 A3 & Pandoraea
sp. BCNU 3158 H¥ wi¥std A{=E HES A7
Pandoraea sp. BCNU 315 @5 Fig. 33} Zo] 7] pH 7,
pH 8148 AKo] AA gEA §lo] Egd whd 27) pH
3,4,5 6,9 1094 A&27 Doz}

25°C, 30°C, 35°C, 40°CE &5 & HAsld 254 g&
Pandoraea sp. BCNU 315 &3¢ A{E& AES Fic
Fig. 4¢] Uehlolch. 30°Coll A w3 #5371 718 243
FAEE ¢ & A

MURFO| MAENEHS PXE
Pandoraea sp. BCNU 315 432 56]2—‘} H & (pH 7.0)o] A
3tef 30°Cel A 10 5 th=F 8l (60 1)5}%3} ujek &

=
[<]
de A% L 108 | ethylacetate® F&381¢], AL A|RE

Table 3. Effect of carbon sources on microbial growth

Growth® (O.D. at 600 nm)

Carbon sources (1.0%)

Starch 2.087(+0.241)
Sucrose 2.535(+0.098)
Glucose 2.365(+0.262)
Lactose 1.471(x0.370)
Fructose 2.359(=0.051)
Glycerol 1.798(z0.095)
Mannitol 1.786(+0.109)

a. Values were the means of the three determinations in
three parallel experiments (+standard deviations)
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Fig. 3. Effect of initial pH on cell growth of Pandoraea sp.
BCNU 315.

25 4
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25%¢ T 25 490
Temp{T}

Fig. 4. Effect of temperature on cell growth of Pandoraea sp.
BCNU 315.

hexaneo]] €3 A7] & hexane®. 2 22 ¥ UV silica column
chromatography (23.5x25)9] && A At} 1837 hexane :
ethylacetate : dichloromethane (5:1:1)& A/} &2 54 60
ml/h o) £$52 §33te] 20 miy FY3}Ac}. 1~25W 23
=(Frac )9 4| 784 mgS AQ 1 (Fig. 5), Y= 26~508 &
EE(Frac MelA 684 mge AYTHFig 5). o]
Preparative Thin Layer Chromatography (PTLC)E o] $3}
of A EtAT 2 A Frac [94 CW I 9¢ 4 9]
3L, Frac IolA CW II & 4& 5 Qg 6). o] F &
Alg 31EEd gste HPLC, GC/MS, NMRE 72E &
Ei=s

Pandoraea sp. BCNU 315 FF7} A8t YAIEA L
AR AL FRAZVZ $5F dS 2% methanold]
o] 20 piE HPLCE o] &3}o) 254 nmo] Ao N E35
Z43t] A% 29 CW It CW I+ ©Y peakr}t &
o £FEAdol FHHUNFig. 7).

Y8 CW 12 5= 0] 52-53°C (lit. 51-54°C)o| 1 A%
2% E & (Mass spectroscopy)dll A #7}o] &(M+)o] 1178 #
Rt 281 HH AdEH 02 3120 em” BZ A of
Zpobl(-NH-) #)=27} tpebytet. 'H-NMR (400MHz, CD;OD)

1 oX

ro i Jfr ot
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Culture broth (60 1)
I Centrifuge (7,000 rpm, 15 min)
|

|
Supermnatant Pellet

|
108 | Ethylacetate extraction

I I
Ethyl acetate fraction Water fraction

Evaporate the solvent at 40C

Column chromatography (& 3.5x25)

Hexane : ethylacetate : dichloromethane
5 1 : 1
f |

Frac I Frac I Frac II
|
Column
Wl Chromatography
[ [ I [ I |
2-1 2-2 23 2-4 2-5 2-6 2-7
Column
Chromatography
l
cwi

Fig. 5. Isolation and purification strategy of the active sub-
stances produced by Pandoraea norimbergensis BCNU
315.

Fig. 6. Thin layer chromatography of CW II generated by pu-
rification procedure. a. Ethylacetate extract, b. CW 1[I

2HEGo Z #AE 44 k() 8.8 Hz¢l 743 ppm -0 A
41 939 protono] 5H proton#}e] ZAgo 7 A¥.-Am 7
ZBHOR olFHoz, 7 protond 6H2) protond] 9]
7.25 ppmol A o] 0.2, 5H 9] 9] proton 6.97 ppma]
A 4%, 6¥19] protondl] 93 FA 7 4HF4lo] ey, 69
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2 g 812 2] protone 6.88 ppmol A 533} 7H 9] protone] 2]3
' AFH oz vepgth e 283 38 979 protone 2

7} 7.09 ppm, 6.31 ppmoi X #AA§ A5 gk()el Z+2 3.14,
321 Hz2 Jehgo g a1 & o]F oA cistyped] AFo g
o]ZolA4 At} = o]zfolR 9] proton& “C-NMR A% E
HollA Fold Z+ 99 i 1377, 1294, 1254, 1221,
1211, 1199, 112.1, 102.2 ppmol| 4] 0] Z th{unpublished da-
ta). oj& & AR o] 4¥-L 1H-indole & AT 4 AU
T} o] 38L& B1E 89 AR} X Fo] FAHNYH].
CW 03}3E 2] 'H-NMR spectrum 54 Z7}= Fig, 83}
2o}, ®"CNMR spectrum 4] Z3& Fig. 99 2¢th. o
Fig. 7. HPLC profile of the CW TI. 4gY 728 ¢7198 DEPT ¥4 51 1 dde

1500

1@”

500

PDACHY 2540ny don

e
=
-
-
- : ]
§ e >&j i i: i“ .......... iﬁw i b e oo
L “ I T L B
ER g % §5% 2HF R B EE%E sERRoERoiEY g
Fig. 8. "H-NMR spectrum of CW 1I.
e
5
= C
2 . i
"é?i
5 5
A S
o8 |
a2 "
=

=

Fig. 9. "C-NMR spectrum of CW II.
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Fig. 10. DEPT NMR spectrum of CW 1I.

Fig. 109 Yehfsict. £ A 249 72 2 54 9
A7} e ghhe] Agslu A Gopry] Yk COSY
NMR spectrum$& ZA}s}g 0w 1 A3+ Fig 117 Fig. 12
of Jeb Ao 228 CW I 949 ARolxz 1H-NMR
2HE- A 676719 ppmel protono] 157)¢] 47} Wb
Ehkil, 0.86-2.34 ppmol saturated alkaneZ|¥e] 4450
Fo)3th. *CNMR 23 E# 0 2 110-160 ppm A}o]o] o]
A &9 8 A8 27, 155 ppmol A amide carbonyl
§a7} FolA 3 ym A& 130, 121, 115 ppmol A Fo) Mo}
(Fig. 9). 1¥] 2 saturated alkaneZ| & 9] B4 52 429, 40.6,
265, 255, 22.3, 16.3, 115 ppmo] A Ure}tTH(Fig. 9). o] o]
dFste ©A9 A4E A7) Ysted DEPT (45, 90,
135) 29 EHS B4 AP 130, 121, 115 ppme] @i

e | -
i 2 Ll :
X 5 § :
S IOR AT e 3E
- & o
3 . e
¥
; ‘
i
E ¢
i
?
;
L i 2
£
i
£ ’
i
o i s
. e e
K ports prr MR IR

Fig. 11. HMQC NMR spectrum of CW II.

< 33 g4 FojH 3, 1554 ppme B4 43jErAY
3915t thFig. 10). Saturated alkane) G 9] B4 9] 2}
74zt 429023, 40.6(3:)), 26523, 5533}, 22.3(13}),
163(13}), 115(13}) ppmol A Uektth(Fig. 10). HMQC 2
HEHoZ F4e gao] ujd e $U3A 3, HMBC 29
Edog 9 A Y couplingBAE &A% A} F A9 ¢
A& /M= & (1E3Z5E,7Z,9E,11Z,13E)-cyclopentadeca-
1,3,579,11,13-heptene A9 3}3E = F4 = 2 th(Fig. 13).

fr to m

o &

FRAFAY AL FAET 33 FHEZ RH o] Fo]
AL glow HEHIMA, FF L FFOoRA o] 87153

Fig. 12. HMBC NMR spectrum of CW 1I.



262 JBUZRIX| 2008, Vol. 18. No. 2

Iz

Indole Cyclopentadecaheptene

Fig. 13. The predicted structures of compound CW I and CW 11

7] B FES 3 Qo dF AFHFE HE € 58,
Yoz} AAe] AW Fasre dok a3ste T8 A
2 AT BE AE WETY A 2 A7 299 A8
E 9ot AT Bdo] Hedy B EFE] o3 2
Aoz A$HL Ytk B AYANE FAF BHE et
£ AF TgES 2R e 2H02 quR 87
A HAES gD O 4o atEddA gAF
gAo] tl¢ 2 FFE AT 4 AT AT s
7t e EGH JHES A d4349 sdyo
2oy 712 AEuA oA 43 v|YEEL EEsgd. o
% 4249 Rhizoctonia solani, Botrytis cenerea, Fusarium
oxysporum?| X 7}2] AFE o] &3l A HIZEE A3
3 A3} clear zoneS 714 =LA @A she BCNU 315 #2&
syt

A 2579 RS Aste] #F9 Ay 5L 24}
353, 165 tDNA €71 ¥ EUE ASSE 389t
Al - A3y A 7123 §3 Aol BCNU 315 7
s Pandoraea norimbergensis$} Az - A5tz £ &
AbstdTh Boh A Ee 53L 91319 Pandoraea sp. BCNU
315¢) 165 rDNA 97]19¢ ClustalX program o] &3}o]
+AV8 Ralstonia, Burkholderia, Pandoraea 49) 2319 434
% ATHH F9#AE A A3 Pandoraea nor-
imbergensis9} 9% 4FAE BYL AFFHoew A &
AHALE & & AU

Pandoraea 3= A& 2000 Coenye F[3]o} 93] 1
B A&02 Hdyol de #FE A Huggon, A4F
NE Moore S[l4]d] sl RuHT Q. o|%
Pandoraea 7+ A fr& a0 tig Bz} 9lon[513], &
3] 373 HE A y-hexachlorocyclohexaned B33t B
1% Qol[16] AT BEE ool 5 ohig BAAE

& FolMT &8Ao] & FFEA JdFHI Yo

Pandoraea sp. BCNU 315 #5¢] AN EA 59 3}
7} indole o] & t}& 3 EAL amider} 273 cyclo-
pentadecaheptene?] F-E A o] JZAAZ 4T & U
t} o] AIFEEL T EAL gle AR YA, g3
T 84S 7IAL de E2Y A= 3 EAZ HA 0]
ot dA AP AleE FFF AN BE F AAHA
B Uz Edo| A7 49 AAZA FAHHY £
AAE B3t B} QA o] 59 +29 75l WIF
Ao.2 Algyo] At}h. E3| Pandoraea sp.ojx &4 A
B2 Rue Ay Ho YA gouz FEFHoRY 4
Ho g - 9u|7} gle AHrt JlgEeiz

2 %

A G A AW EYoA A2 LA dg
2580l F& Ads LR ol F & dAF7}
Rhizoctonia solani, Botrytis cenerea$}t Fusarium oxysporume)
ARE Adfste S Bt o] 5 Y A F
AA 8 Ao A Pandoraea sp.E 573 = At
283 AS HF 248 AES 47 tryptoned} sucrose”}
24zt 47 AA947 gA9YS AT F deH, HF
pHY 2= ZZt pH 70 9 30°CHol =t
Pandoraea sp. BCNU 3157} A4 ste B2 EL column chro-
matography 2 A A5 Q 2 14 YA =2 2olE 29 3 (HPLC),
GCMS 123 #7471 33(NMR) 432 722 2459
o 2 49 3 FFEL indoleo] o E UE FFEL
cyclopentadecaheptened ©] FAHE U}, 8 Pandoraea sp.
BCNU 3157} A/d3st= 6719 & 5 Yo A 4/ &
o AMF F2 HAL 25 A7 Faled WsiAo} & 2
o).

ZAtel =

o] A7 ¥FFEAEAT F 4] (KRF2003-005-100061)
of 9t A7EYoern old FMA=YUth
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