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ABSTRACT:

An endophytic bacterial strain EB215 that was isolated from cucumber (Cucumis sativus) roots dis-

played a potent in vive antifungal activity against Colletorrichum species. The strain was identified as Burkholderia
cepacia based on its physiological and biochemical characteristics, and 165 rDNA gene sequence. Optimal medium
and incubation period for the production of antifungal substances by B. cepacia EB215 were nutrient broth (NB)
and 3 days, respectively, An antifungal substance was isolated from the NB cultures of B. cepacie EB21S strain
by centrifugation, n-hexane partitioning, silica gel column chromatography, preparative TLC, and in vitro bioassay.
Its chemical structure was determined to be pyrrolnitrin by mass and NMR spectral analyses. Pyrrolnitrin showed
potent disease control efficacy of more than 90% against pepper anthracnose (Colletotrichum coccodes), cucumber
anthracnose (Cofletotrichum orbiculare), rice blast (Magnaporithe grisea) and rice sheath blight (Corticium sasaki)
even at a low concentration of 11.1 ug/ml. In addition, it effectively controlled the development of tomato gray mold
(Botrytis cinerea) and wheat leaf rust (Puccinia recondita) at concentrations over 33.3 ug/ml. However, it had no
antifungal activity against Phytophthora infestans on tomato plants. Further studies on the development of microbial

fungicide using B. cepacia EB215 are in progress,
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Burkholderia cepaciac <3 Pseudomonas cepacia
2 s 722 Burkhoderiass} Pseudomonas®
2+ o o)A YRR Hy g g A vt o=
o] Adsks T4 |z AREERZE 2 4-diacetylphloro-
glucinol, phenazine-1-carboxylic acid, pymrolnitiin 5°]
dem, oly3lt BASL dAz YESE vk @ido] gl
b BAEe] QT B cepacia T4 2 EH) st
AE3H Al (Janisiewicz and Roitman, 1988)24¢] =
2 7HEAe] Yoty B H3 gon, £x A2
M=) 4Eo 3 EAEUC B cepaciad) 72 AT
g Y sz RAFERY Aale] €A d),
ool cepaciamide A(Jiao, 1996), cepacidine A(Lee ef
al, 1994), xylocandin complex(Meyers er al., 1987).
pyrrolnitrin(lHomma and Suzui, 1989) o] glewn o=
2 WEE TS 7R 0. B, cepaciad)] ¢35
A4FEl = cepacin A 2} cepacin B(Parker er al., 19841}
2L 2dEE 24 dAFFEATE SR E Aol Wl
pyrrolnitring Z3Fole} Er T ok Ao tiE =
T BAo] e eg UHA UrhArima er al, 1964
EI-Banna et al., 1998).

B AN E FWeld Al HAT i 22
S ERE FF B RAATS ojfdle] zhE A
S e A kAl S oA S Al g A7
E sk Fell 2o SR (Colletorrichum orbiculare)
of el =& dAZEAL BY Wyl ohe} vFE §A
Wit (Colletotrichum acutatum)®) FAF ALo] AR
F& AU L HeolE EB215S #373 Mgalgrh,
2004). ©] AFE o) &§ ofAE 2 g o A
o] sZ=A ] B, daede) By 2 72 A%,
a2 gAEE X ook A2 ad e in
vivo I B Bl 2AFEe] B =3 B sk b
ot} '

E e

ool 23 3 g

Lo B 2RE ETS EB215S #5% Tryptic soy
agar(TSA; 17.0 g casein, 3 g soybean meal, 2.5 ¢ dex-
trose, 5 g NaCl, 2.5 g dipotassium phosphate, 135 g agar,
1.0/ &5F7; Becton and Dickinson Co., Sparks,
Maryland, USAP|A ©d F2Uz 23 & oA
nutrient agar(NA; 3 g beef extract, 5 g peptone, 1.01 &
7 Becton and Dickinson Co.) WiA|Y| 3~43] #)t)|ul
Feld dLERUR EEEnh Hag 75 9ad
40% glycerolell HEEld —80°CollA #r] R2Hslz,
3 NA iAol wjdste) 4°cel] R@abm AFo] Alg-d)
ATt

e ety So

EB2157t¢] %2 $5} Bergey's Manual of Sys-
temic Bacteriology(John er al., 1994)2] XE&FE whid] uw}
g B i A - AEEE 542 ZARMG. 1w
Micro Station System(Biolog, Inc., Hayward, Calif,,
USAYS olgale] 95717 i) o]fo B3 54%
ZALEET Biolog 48% $l8l EB215 #5E5 TSA Wi
Aell &F F2t Mg oL vEl 239 saline §99
Hehete] #2] HREE 2 £, gafe] Bo] e
Biolog GN Microplated] H|E #HEAE 7} well T
150 g Bsk). 447, 24470 28] 50 484170 vl %k
A g4 o]f o8 S reader® F7 332, Microlog
release 3.50 softwaredl)»] Azl #55 EHaldrt

168 rDNAS| Sequencing

EB215 9] 4335 548 A8t 16S 1RNA gene
£ kit(Product A1360; Promega Co., Madison, WI,,
USAYS ©]8-3kd Polymerase Chain Reaction(PCR)S- 2
ZEAZ. o]d) 2] 2] universal primer set 8F/1492r(5'-
AGAGTTTGATCCTGGCTCAG-3/5"-GGTTACCTTGTT-
ACGACTT-3"2} Coml(forward)/Com2(reverse) (5'-CA-
GCAGCCGCGGTAATAC-3/5.CCG TCAATTCCTTTG-
AGTTT-3)Z ©]43t 168 rDNA F842 PCRE 5%
Al# d9ir). Denaturation, annealing, extension® Z+}
95°Co Al 30&, 55°CIA] 30, 72°ColA 257 HhEA|
#tt. PCR product® DNA purification kit(Product
28706; QIAGEN Inc., Valencia, C.A., USA)E 4 &
§ ¥, avtomatic sequencetr® F3] sequencingdldL,
database 73282 NCBI network service®] BLAST pro-
gram@ 2 T35

S$nEd YHE Qg 2E X MY

EB215 @525 PAEES ¥, 45 3t
F&upA) kg PASIATE Table 191418} 2] Nutrient
broth ¥]A](NB; 3.0 g beef extract, 5.0 g peptone, 1! &
), Tryptic soy broth ¥}:A1(30 g tryptic soy broth, 1/
ZH9), Potato dextrose broth WiZ](24 g potato dextrose
broth, 17 55<), Proteose pepione glucose sucrose
broth "2 (5.0 g proteose peptone, 3.0 g glucose, 2.0 g
sucrose, 3.0 g NaCl, 0.5 g Na,HPQ,, 3.0g CaCO,, 11 &
F9), Glucose starch broth WA (5.0 g soluble starch,
5.0 ¢ glucose, 0.5 g aspartic acid, 0.5g K,HPO,, 0.5¢g
MgSQ,, 0.01 g FeS0,, 1] 35F), Glucose peptone broth
B)2](20.0 g glucose, 10.0 g peptone, 1.0 g MgSO, - 7H,0,
0.5 g KH,PO,, 30g CaCQ,, 1! 5575, M523 broth 8]+
(1.0 g sucrose, 8.0 g casamino acid, 4.0 g yeast extract,
032 MeSO, 1
glucose broth % (20.0 g glucose, 5.0 g vyeast extract,

S5, Yeast extract polypepione
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Table 1. Inhibition of mycelial growth of Colletorrichum
acutatum by culture filtrates of Burkholderia cepacia
EB2135 incubated in varicus broth media

Culture period {hrs)

Media

24 48 72 96 120
NBE* 24° 29 3l 30 29
TSB 12 17 19 19 17
PDB NI 10 13 9 NI
PPGSB 17 26 30 29 24
GSB 11 16 20 18 13
GPB 12 18 23 21 15
M323B NI 12 15 9 NI
YPGB NI NI NI NI NI

‘NB, nuttient broth; TSB, tryptic soy broth, PDB, potato dextrose
broth; PPGSB, proteose peptone glucose starch broth; GSB, glucose
starch broth; GPB, glocose peptone broth; M523, M323 broth;
YPGB, yeast extract polypeptone glucose broth,

"Inhibition zone (mm).

‘No inhibition.

5.0 g polypeptone, 0.5 g MgSQ,, 1.0g KH,PO,, 1/ 5F
47) o 871 WiAE ol g-sted Wi ATPEE 1% kA
tﬁ&(c acutatum)®l] sl 2 2AE St B

b zkzke] wiA] 100 miell ER215 w7 E FESlaL, 30°C,
150 rpmoll A HEfekatsvh wjekdl e AzhEs 4Ea)
o] o3t 5 WAy paper disk(] 3% 8.0 mm; Advantec,
Toyo Roshi Kaicha, Ltd, Tokyo, JTapanyll 50 ¥ 25
gl AzgE o2 pour-plating W 82 HEE 23 lﬂ'
AR C acutatum®) A} A5l W3 Fpe) L 2

AfatsiTt.

EoEE B

EB215 #=52] ik d]ok S 9)sled SRR At 9
g 24 wjAl=Z AgdE NB A (Becton and Dickinson
Co) 124 b5 HFW thd, 30°CoA 150 pme.2
37 A wokelc). wioklS 9,000 rpmell M 1287
YA RE)s & Alsalnks Hale] ko] phexanel T

28 F=% oF 30°CelA rotary vacuum cvaporator®

Y, &89 n-hexane FE5E(0.18 oRsE 245
AL 2gstr] ake] Kiesel gel 60(2%0 400 mesh,

50 g; E. Merck. Darmstadt, Germany)o| %1% ZH (24
X 45 cmpll 7VeH £ 1009% methylene chloride® 838
T}, Fraction collectorE ©|438k 10 mi# 3] 3le] TLC
42 g o2 C oacutarumel et dhrHg ZAslof
2ol e EEs2 WSIThFD. FI(70mg) R3&
preparative  TLC plate(202<20 ¢m, thickness (1.5 mm,
Kiesel gel 60 F254, precoated, E. Merck)®]| 7}sF ©}2
n-hexane : acetone(2 : 1, viv) Snllsezlslol4] =g &
EB215 compound=} HHEEF 3Hrad 52 (268 mgys =
=3t BdshE . Fig 12 B cepacia P FN 0 2 HH

Nutrient broth (12 £)
Cultured at 30°C and 150 rpm for 3 days

Centrifugation
’ Centrifuged at 9,000 rpm for 12 min

|

Supernatant Pellet
Partitioned twice with equal volumes

of m~hexane,

n-Hexane layer (180 ng)

Silica gel column chromatography (50 ¢ 230~300 mesh)

Eluted with methyiene chloride

Preparative thin layer chromatography {70 Mg}
Developed in r-hexane:acetone (2:1, v/iv)

EB215 compound (26.8 mg)

Fig. 1, Extraction and purification procedure of an antifungal
substance from nutrient broth cultures of EB215.

EB215 compound®| %2 2 A4#] #48&

215 EB215 compound®] UV spectrum methanol
(MeOH)ll £33k 3= Shimadzu UV-2401PC spectropho-
tometer(Shimadzu Co., Tokyo, Japany& o|-&sled S}
Ak @=EA2 double-focusing high resolution(HR)
mass spectrometer (JEOL JMS-DX303; JEOL Lud.,
Tokyo, Japan)& ©]&3}d 524 8} NMR spectrume:
Bruker-AMX  300(50{(0 MHz) NMR spectrometer(Bruker
Analytische Messtechnik GmbH, Rheinstetten, Germany)
2 =339 7, tetramethylsilane(TMS)E internal stand-
ard= o]-g-sl4v}
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(AX10° EA/miy B7shad AEG T, 297 54400
A A F 33U 25°C g - Al Ry, 1
A A Hole 15 FAE A 70eme] TES
TEE T ™A 7R s AETH 24004 7]
5 GAE {JY AEETH 2407 AedA AzE &
I3 BAMAFN € coccodes?] TR M (1x10° £
AmlyE B AEiant. SN 292 weA &
25°C TE - i) 297 FoAuh 3% BAE oo
SAWE ZHt BE 4d ) 59 Foll HukA R &2 AL
ot 98 o7H] AEH, & 8 g8, W YARYuE
W, BErlE AQdgsod, Erlg oy @ 2oy 9
B2 A7 PEY o diF in vive FFEA 2AF HpR e
HAE(Kim e al., 2000 & EAMEe] 9l

7t BAFEA ds # 2el4 9e AL U=
kA2 AME-SlY] pyrrolnitingte] W AE-L A
=, 7478 Az ©AH-L dithianon, B =
W (Magnaporthe grisea)?N & blasticidin-S, ¥ 27220}
S (Corticium sasakiyo)= validamycin, v} Y
Fol¥ (Botrytis cinerea)E fludioxonil, Enfz <
(Phytophthora  infestans)l©  metalaxyl, ¥ #&
(Pucciria  recondita)l= mancozeb, R #H7
(Blumeria graminis . sp. hordeiy|= benomylS AM2-3}
ik, Pyrrolnitrins} thEEAS-L 100, 33.3, 11.1, 3.70,
1.23, 041 yg/m! 5 67F FL& 95, 2+
2T 5% MeOHe] H7Hel 250 ug/mi®) Tween 20 £9-2
ARSI, ol Y udd HE 19 Ao {mo

skt

o

1 A
ol o oF

Ju

2% % oF

EB215 #F2| %

EB215 ¥9c o S4a0ln 2% rod¥ o9,
catalase®} oxidase W2 BT 9kAdo|u}. MBS Ej)
312 ZEOVE casein, gelatin 2 lipide Esiaiech
Biologd¥& Fadt Aa} ©490% tween 40, tween
80, N-acetyl-D-glucosamine, adinitol, D-fructose, D-
galactose, orD-glucose, m-inositol, D-mannitol, D-man-
nose, D-sorbitol, sucrose, mono-methyl succinate, acetic
acid, cis-aconitic acid, citric acid, formic acid, Jis
hydroxy butyric acid, a~keto butyric acid, o-keto valeric
acid, D,L-lactic acid, malonic acid, quinic acid, D-
sacearic acid, sebacic acid, brome succinic acid, alanin-
amide, D-alanine, L-alanine, L-asparagine, L-glutamic
acid, L-histidine, hydroxy-L-proline, L-phenylalanine, T.-
proline, L-pyroglutamic acid, D-serine, L-serine, jamino
butyric acid, urocanic acid H glucose-6-phosphate ‘o<
o459l th, &t e-cyclodextrin, N-acetyi-D-galactos-
amine, L-arabinose, cellobiose, D-melibiose, L-rham-

nose, D-trehalose, turanose, xylitol, D-galactonic acid
lactone, D-glucosamic acid, yhydroxy butyric acid, p-
itaconic acid, glucuron
amide, glycyl-L-aspartic acid, glycyl-L-glutamic acid, L-

hydroxy phenylacetic acid,
leucine, L-ornithine, L-threonine, inosine, uridine 2
putrescine 5 o83k E3M%TE Biolog 4% A}
EB215 7<= B. cepacia®t AMde] & Foz Jg
wth et 58S #18led 168 rDNA sequencings 42
A8k Ak, EB21S 55 B. cepacia®™ 595 AT}

B. cepacia= A FN= Pseudomonas cepacia® E5F
" AFe 2N PseudomonasIt BurkholderiaZol 48}
© o8 AEo] HEFRCRAM o4 girh The
BioPesticide Manual(lst edition){Copping, 1998)¢] 23}
H Psudomonas chloraphis. Pseudomonas fluorescens,
Pseudomonas syringe B B. cepacia 59 v A Z4+A)
Bl AhgsiE]e) wofEa gl o F JER] el &3hs
Mg thddt st E4e Ak 2= duA e
™ (Leisinger and Margraff, 1979), B2 Z.9-¢) skt 52
o] AEFero =i g4ul AYHog wege] s
Ao dE4 3k Dowling and O'Gara, 1994).

& HiA] M

SEE S 218 #HF ur] A3 L 2lslke] NB )
AE vES i iR wjdEk T B C
acutatum®] W5l AL 2418 A3 Table 1904
o o] vebg), el 2)7ke] 72810 o) spb g
Aol A JeRdow, w3 NB uf|o wjeka o s}
FHBAAE B8 Ao YET wElA o) f grEd
o] 27 ¥ FAE &M NB vlAo] HEse] 397 2
el kst

Burkholderia cepacia EB21525EH @83 2|
% 7= 54

B. cepacia EB215 ¥ 79 W% JFdo2 8 QA8
2], n-hexane ¥, silica gel column chromatography 2
preparative TLC 5& %3l 26.8 mg®] EB215 com-
poundE =7 BE2|EHHELE o] B2 £5E Yoln7] ¢
sle] HPLC 2418 dAIg 3 739 302 Yepdt)
EB215 £72¢] UV maxima= 214 nm®} 252 nm$it}. ¢l
=@ 72 ZAL 98l AFEA 2 A PIRA
% HAISATt. EB215 compoundE electron impact(EI)
mode= ZHR-E HAIG At Fig. 2648} 7o) £2)
ol 2(MYel m 256014 LERESR,  [M+2]7 ionol m/z
2584114, [M+4]" ion®] m/z 260004 VERY B3} 732 U
o chloride 927t 24 S-S ¢ 5 U%Urh El-mass
spectrums 7FA] 3L library search® A< A xt EB215
compound= pyrrolnitrin, & 3-chloro-4-(2-nitro-3-chloro-
phenyl)-pyrrole(Fig. 3)2 VEFsTH o] E3g) HEs ¢
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Fig. 2. Low-resolution mass spectum of ER215 compound
obtained by positive ion EI mode at 70eV. The
molecular ion is m/z 256.
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Fig. 3. Chemical structure of pyrrolnitrin.

Z 57L& 9% 'HNMR ZHESL a9=d myr
ronitrin®} YX|sH= 72 vER}, EB215 compound=
pyrrolnitrin® & 54 H AT

Pyrrolnitrin® B. capacia®| A A4 F8 o]3) that

AHE F9] shdelrt. Pyrolnitring 22 FF9 Psen-

domonas®: oS (Arima ef al., 1964; Hamill er al., 1967)
ol ol MyxococcusZ{Gerth et ol., 1982) ¥ En-
terobacter agglomerans(Chemin er al., 1996)°] 285

AAATE B cepaciad pyrrolnitrin 2105 cepaciamide
A(Jiao er al., 1996), cepacidine Afl.ee ef gl., 1994) %
xylocandin complex(Meyers et al, 1987) 55 AB4lsle
Hoz QoA sk o5 FnEAEe ABwdad o
g Aarhgat WS AAT s Aem dEA ioh

2k B cepacia EB215 w52 hl’xﬁtgoﬂ cpEl A8kt
B F2 pyrrohnitrinel] &3] WE = o FHAC

Pyrrolnitrin®} In vive SMoEH
B. cepacia EB2157 2278 E23 pymolnitrin®] o
2 7HA] AMEWAdd g in vivo FAFEAYE A
7] 915k A= @A, oo) shA, o] mad, B ¢

100 ¢
. —&- Pyrolnitrin
£ 80 A —O— Dithianen
ab]
EN:
E
5 40 b
8 se0t
0 ' ; & ,
100 33.3 111 3.7 1.23 0.41%
Concentration{ug/ml}
100
= —— Pymoininin
= 80 | B ~ Dithianon
[¥]
=2 B8O F
g
O 40
z
8 a0 |
0 ! e O
100 333 11.1 3.7 1.23 0.41

Concentration{ug/mi}

Fig. 4. In vivo antifungal activity of pyrrolnitrin against pepper
anthracnose (A) and cucumber anthracnose (B).

Teuphgy, wrhE AulEde)y, ErfE o, W HE
= gl vl Fives 5 O87ER] AER tﬁo}ﬂ cfxof
At vl wdled JE-Z HAEi. Z A3 pyrrolnitring-
T whagel) thate] 1.1 pgiml @) FxeA 90%
o]xke]l wbA EAE YehllHem, 4wl 1.23 pg/mi
o]ale] griel A= o] Fale] glRich(Fig. 4A). Lol G
Aol gt a%ﬂ**ﬂwi 3 g i3t g
7o) vlszabA JERES™, 111 pgiml ool Fio)A
90% o]te] WAHEAES YT 1.23 ug/ml o5k

Aale & EAde] HlE £ 1§ e @48 BHEn
(Fig. 4B). 1% WW I Qo] sAe] dlE oAl
benomyl® V| ZEEE W S FEAME vl a3

5, e Ecﬂfvl ! 3 5342 R F4o)
S, B SEE(Fig. SA ¥ QFFETHEER (Fig

SRyl alAE 3.7 peimi o1%e] FEelA 0% olAtel
g s Rk kel iR oRIES vluE F5
‘-ﬂ =M blasticidin-SET} o vh2 ukA g4 2
H Sl g B ol A= vahdamyun»} vl =g whA A

& yoleeiy), BEvlE AEEoH(Fig. 6A)T ¥ #
%%(Flg. 6B)e HEhAlE 33.3 pg/mic] F= oAM=
90% o|e] WAE G2 1ol FRIv) BulkE ARl
wWol thzekAe) fludioxonild} B H259 9] tlFekH <l
mancozeb¥} HI TSRS i 33 pgimie] PE =M=
ulgask g WA e FRola s s ARt}
] 2o wEg e VePATh 2] HrEE dEA
=100 pg/midl X 50%, 33.3 pgimidl A 42%<] A &
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190G r

—&— Pyrrolnitrin
80 r
Blaglicidin-S
60

40

Control value (%)
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100 333 111 3.7 1.23 0.41

Concentration{ug/ml)

100
—&— Pynolnitrin

B0 B - = Validamy cin

60

40

Contro! value {%)

10Q 333 111 3.7 123 0.41
Concentration{ug/mi}

Fig. 5. In vive antifungal activity of pyrrolnitrin against rice
blast {A) and rice sheath hlight (B).

Fg Bl o2 W vla] jn vive SHEEAC] Wgten,
ol Tz 2HAIQl benomyls] &) A wRA 28}
HATHFig. 6C). ErtE S| s 100 pgiml o
9] F& FEAME ga84do] 719 gk olel A4

alo .).

ety

ol A% A3} pyrrohitind X3 AW, Qo] &
AW, 8 =899 2 ¥ dJFHuiEHE dsjM = uix
ekAlel FAbelAG Ul v daEdS HSla, ERE
AR Tge|di} A F2Ees i oA|uT) oslA]
T vnA B2 A8 RIUTE B graminis f.sp.
hordeid] 21g+ Ha] A7FEE diside o9 ey
< 29k 28 Qomycetesell S8h= P infestans®l €l
3t ErlE oW glar= AE FgaEgol gl AeE
YERTE Oomycetes?] &3l= &2 ©]2 ul higher
fungithy d#AR = E4AA4F AdEF 2 = F
E3= 73 Fge] ge} AutA 2R higher fungidl] o4&
7t 9l FAELS Oomycetesd S5 FE7 g Re
Z 4elx] I Pyrolnitrink. ©]¢} mRA7IXZ higher
fungiell &ohe ookgk A2 AFs dalie =2 &
e BHANY, P infestans®} 73 Qomycetesol = &4
o] H& Qo= et
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