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Microorganisms near the plant rhizosphere usually inhabit the surface or the inside of the plant roots
and have a direct effect on plant growth by secreting plant growth promoters or antagonistic materials
which protect the root zone system from various pathogens. This study was carried out to identify
and isolate the antagonistic materials after isolation of microorganisms showing high antagonistic ac-
tivities, in hopes of contributing to the development of sustainable agriculture and the preservation
of agricultural environments. A number of antagonistic bacteria were isolated from paddy soil.
Among isolates, RRj 228 showed plant growth promotion and antagonistic activity. RRj 228 was iden-
tified as Fseudomonas sp. according to the results of physiological properties and genetic methods. On
the basis of the results of anti-fungal spectrum against several pathogens by RRj 228, the antagonistic
effect of the isolate against Botrytis cinerea, Pythium ultimum, Phytopthola capsici, and Rhizoctonia solani,
especially against red-pepper anthracnose caused by Collefotrichum acutatum, was remarkable. The ex-
periment evaluating the biological control effect by RRj 228 revealed that the EDsy value by the RRj
228 culture against C acutatum, K. solani and P. wltimum were 0.14 mg/ml, 0.16 mg/ml and 0.29
mg/ml, respectively. An antagonistic substance was isolated and purified by several chromatographies
from the RRj 228 culture. The 'H and “C assignment of the antagonistic substance was achieved from
two-dimensional 'H-'H COSY, HMQC, and HMBC. Finally, the antagonistic substance was identified
as Phenazine-1-carboxylic acid (CisHsN,O,, M.W.=224).
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2N S AHEH
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RRj 228%& Al 2tE F 2B AT Colletotrichum acutatum
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12} columnol Al 42 FHEFEZS 23 columnlZ 80 g
] silica gel (Kiesel gel 60, 70-230 mesh: Merck, Germany)©]
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terns Eelst7] 98t TLCE A8t RAKO] AR RS
N AFOE o] stk A4S Ueli= 6, 79 1
T F5519 4 g& Ao AFS EAS AA ] sk
TLCE AA3t4 ) TLCE chloroformeethylacetate (5:1, v/ v)

© & preparative TLC (20x10 cm, 0.25 mm, Kiesel gel
60, F254, Merck) & A8ttt TLCE 53t 78.6 mgd] &
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(JEOL JMS DX-303: JEOL Ltd, Tokyo, Japan)2.= electron
impact (EI) mode, chemical ionization(Cl) mode®l| A 413}
%L, fast atom bombardment (FAB) mass WHO. 2 ¥A-#-S
ZA34th A2 9 matrixZ < glycerol?} XeE EAoZ
AHgatATh 321739 (‘(H-NMR, “C-NMR, DEPT, 'H-'H
COSY, HMQC, HMBC) 412 Bruker AMX-500 (500 MHz)
NMR spectrometer (Bruker Analytische Messtechnik Gmbh,
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methyl silane (TMS)S AH&-3F1th.

EEE =

Mzt

g 2ol % B

Zhz o) Aufell glo] ZARA o] ol FasiH, +d 7
AE gl 2429 A5 Bz &2 9%
nth AE] ZAMAEdE ¥S Yol wdE S AE
A5 S BHlste] 429 e S5 A=A
T 3 ZAEES Erlete] T ASS A 23
Sol A5t o AE ASF 243 Hdd 2F2EA
< SNl 2 FFEE & 5 Uk W AA EGo2RY

e Y S 2te vAES 6] st Fig 19
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AL fqpyt 7Y A5 BHstE tha Aol glojdt
(Fig. 2). £&]& #F= H ol B o] o} £
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FHEAE ofF =R (Fig 2). 53 LFBAT C acutatum

Fig. 1. Scanning electron microscopy of isolation bacterium from
paddy soil.

Ao @ the el Qu, weelo e BAS
A ol §ssn

brooor I
e f
O
z T3
2o x
) ol
= e ook
o) rot
o'r?‘ m\( 4
¥l o
o = %
o g
oo s
G
it} [\
N [e's]
Uz FU[O
ﬁ I
SN
<z
§e = do
32 ey
[o T,
_E, [0
~ -

=
0,
.
i)
2,
N
=
o2
2,
>
ot
=k
il
sy
o
ox
P
o
g2
30,
£
rfo
bt

[¢]
[e]

2 26°Cel| 4] 28°C

BN o

lo A ol

A Wl A= 2 Zpol7t glgler,
, W9 7 5, dF
15 BT 26°Coll A 25U 3 g

X,
T
il
N
P
il
riu
of g
O
o
%0
2
2

O lo

dlo o
43
K-S
e
rlo
N
o
(@)

oo
12
&
ofo
=
o
e
il
o
o
ofo
ol
2
[sv]
%.
8
)
8
by

% o]
o S
o
IOE
-
o
=T
R
B
&
N
§
=
i
=
ot
S,
=]
o)

ZAFet S th(Table 1). 1 23 15
g ol Yo 723 S
AT £ Foe84 .

rg 2 < UEH
o ohg FEBIE HIYOH, £ oy

O

g,
41 s o
=
1
el
|

LA i A = )
Rpui T

Fig. 2. Growth inhibition of C acufatum (A) and B. cinerea (B)
by antagonistic bacteria RRj 228.
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Table 1. Antifungal spectrum of plant pathogens by isolated antagonistic bacterium RRj 228

C acutatum B. dnerea F. oxysporum P, capsici P, ultimum R. solani

Pseudomonas sp.
RRj 228

4+ +++ - ++ ++ ++

Inhibition zone: ++++; > 20 mm, +++; > 15 mm, ++;, > 10 mm, +;, > 5 mm.

sporunfl = F&8Ad o] YEPA] Eokth FAufol] glojA Table 2. Physiological properties and carbon utilization of

SAE o) 7bg Be MaE Y3t HaeA, 9L strain RRj 228

P, capsici7}t B itolal, AL C gleagporioides?}t C acuta- Content Characteristic
tunv} A AR AT C acutatum= 1) SAY S _
WITY) N REEE ZAE 34 M BS REEE et Shape od
e, AAS70] BAWS Do)y i) Azl % We Moty .

st} B S 0] $:87] FAo % o] WA HH%Oﬂ shats Catalase +

el Agel ol2lel SES} GEZY T PPEAE 243 Oxydase +

of Wal 2 FAAIE Adl T80, 5870 Hm SRR Lipase ]

Starch hydrolysis

-r‘ ] E}X‘]Bﬂ‘/l HEL}\g 0] /‘QE}EE RR] 228:\&0]\/]— BLZFWI& Casein hydrolysis +
sp. AK-17 [12] 55 ©]&3 AEAAE ARt &A% 4b Gelatin hydrolysis +
S o Aol M ug AT Aoz A RRj 2287 Glucose +
AR ATE & FFBAL YL B Arabinose *
= = o5 51 Lact +
QE7 S AU FFoIEA LG BN A A o i
of o3 WO this whe ¢ 3, Ao E Aldske-Le 5o Maltose +
7oA HAG FFol9 HFHE FY 7 US AR Ho Fractose +
At A A 392~ Wk oy} ik X0 = RRj 228 )4 Galactose +
& AR PAN2DE TEHE Aot AW AN Ramnose +
A B YA o] s Aol Sorbitol +
ormme °= 7 Mannitol +
Dulcitol +

M 38 Glycerol +

RRj 228 "Bergey’s Manual of Systematic Bacteriology"'&
o] &3 Ae], st SA4S £AHEF gram stainingol]
Ao Hud e s dolUY. B8 HAbd=
catalase®} oxydase &/9-& UEGE O lipase &2 IS
™, casein¥} gelatin 7FE31 82 EH 21 starch #3182
At Wi Aol H b ghA9o] arabinose, fructose, gal-

HHFO{ oD} HHRFO{ FEEO| Shr gt

RRj 228 u] % o 2to}-& 054, 100l 100819} 3]4%5
A A Az H7lste] AT AKAAaHE &}3}"‘
o}, wj ool o] 84 1 1ela) A o] 5ol Al

HU
=

be

= A& g FEA T $-oll &= wl g A&
actose, glucose, mannitol, sucrose, xylose®] 7%= A5 ~ AH(Fig. 3). nFEATE ] BFA= )G
Zof| Ag AJAS}aL, 'bA o] lactose, dextrine, ramnose, sor-
bitol, maltose, dulcitol®] o= ¢ZEE WA= AS .
% 4= AU TH(Table 2). TXHTXWW?J BHE Y8 = = s

= £ 7
éj_‘ DNAZ PCR‘@‘ T E 7,:12_]-‘4' 1 500 bp 94 %i‘fl‘\ﬂ_ DNA :‘_:u_ i B C scutatum
9AS A 5 gdom, 165 DNA & 7149 E .. I szt
GenBank libraryg] o 7] )\‘1 o Iq- 7‘}%/‘42- }_A}—?} 753]- g - W 7 solani

[ )

Pseudomonas chlorororaphis, P. Corrugata, P. tolaasii 5 T2 = o5
Pseudomonas £33+ 9% ©]/49] 47144 454 Jelie -
B2 Pseudomonas sp.2 TF3t1L Pseudomonas sp. RRj 228 Contral. 0:01 0 Qi
32 uﬂuﬂo].oq !]:&_;{]“%‘_6] ?ﬂj guﬂ:\lg]-o:]:,]. H}H gyg- Dilution rate

SEUAERENHKACO 718ste] F8¥E KACC Fig. 3. Inhibition of cell growth of plant pathogens by culture
10522 Hof worr} filtrate of RRj 228.

=
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Table 3. Antifungal activities of chloroform extract from RRj 228 culture filtrate

EDso Probit regression o ot
(mg/ml) slope intercept 9% Limits
C acutatum 0.14 3.65 157 0.46 0.03
R. solani 0.16 401 1.25 053 0.01
P, ultimum 0.29 3.68 251 0.63 0.11
108 3] AS st st ©@ATY Aol 10% A== Table 4. °C and 'H-NMR data for phenazine-1-carboxylic acid
A& FAT 4 AT R s WG BE 100 BBl o
Ae)S 10% o149 BATAS AT} ehgteh A6 A e -
& 2 Fd 29 IHEEoNE 20~30%2 A5 A aH ? B77d 898 d (=75 Hz, 1H)
£ 5 F Utk 2FE AIES FA)F A o RRj 2288 & 3 13054 805 dd (=15 Hz, J,=1.5 Hz, 1H)
AL ARETE B 3Ase] ATAY BFZ 31 HY 4 1353d 853 d (J=8.5 Hz, 1H)
@ol 31 E AP 5 slek wgels] @t opjel Wk g 5 M -
6 14435 -
g B #FE EF AH&-3W PGPR  (plant
A E=ga 2FS Eustel 48eH POIR (plan 7 12824 836 d (=83 Hz, 1H)
growth-promoting rhizobacterium) A #&AE &2 & A= 8 13194 799 dd (h=15 Hz, ;=15 Hz, 1H)
2ot 9 1335d 802 dd (i=1.0 Hz, J,=1.5 Hz, 1H)
oA JAE S & CHCLL.2 5381, 553} 10 1303d 829 d (]=8.8 Hz, 1H)
o FFES0 mg/ml 1 mg/ml, 2 mg/ml¢] FEZ ¥jA| = 1 1403 -
Aol A7katel phe plated] W AFS AESA C acutatum, 11? 1‘;2(1)5 -
1S —

P ultimum 2 R solani®] BSAHEE ZAVSAT AFESE B
€ #FoA 29 FagAde] e, 1 mg/mle] FE

A obF wlokgt S-S AT & UNeH, 2 mg/mld] =
dMe BE 777t Ao K-S A XAk HEAFE F
dto] 9L o2 ED50 £ =23 £ ste] ED50gkS
e Ay, 1A o] g ED50-E 0.14 mg/ml
2 e, ey el e ED50%- 0.16 mg/ml
Z 13 FEEIZNE B2 A4S YE Y th(Table 3). X%
A e AT S BLFQ R sdan®] 35 Z017] A4

il *gszﬂzﬂ = Hl st AEAA BAHS
228759 vl A AAY TS s
e Ego] @ Ao Atz Ho|AL
gl #3373

Pseudomonas sp. RRj 22879] ujofel 0 2 ¥ £2] 3l 2287
B4 1254L FABEZZEA, 'THNMR, "C-NMR, 'H-'H
COSY, HMQC 18311 HMBC £4& &3] g8zl 1z
45 A=3t9t) 2287 B8-S FAB A4 A [M+H]
2253} EI A#EA o)A [M+H] 2238 &ol5o]x Eajo]
224 dalton®. 2 ZA =t et +25 AA357] 95t
'H-NMR#} BC-NMR 54¢ 28 A7}, 'TH-NMR 240 A
3] hydroxyl group®] EAS & 4 A3, 13C-NMR
A A &247F 1370019, 1719 carboxyl group (C-1” Sc
166.1 ppm)o] EA|3t= Ao| T2 Ut Table 4). 7702 met
hine proton (H-2, 6x 8.98 — &c 137.7; H-3, 6u 8.05 — &¢

“Recorded at 500 MHz for 'H- and "C-NMR, respectively.
bMult’i]:)licitv was established from a DEPT experiment.

130.3; H4, 6u 853 — 6¢ 135.4; H-7, 6n 8.36 — 6¢ 1282, H-§,
6u 7.99 — 8¢ 131.9; H-9, 6u 8.02 — &¢ 133.5; H-10, &n 8.29
— §c 130.3)% At Liuzl S salina®ll 4] ¥2]3F phena-
zine-1-carboxylic acid$} chemical shiftE W3t A3}, me-
thine proton$] chemical shift= Y43}, C—7JJr C-109
chemical shift7} 130.1 ppm¥} 128.0 ppmol 4] 1282 ppm}
1303 ppm & ©]F3}H o1 2 carbon? chemical shift=
A8} TH15]. 'H-H COSY 48 Fate] FAAE Alo] 9]
cross peakE WS o] o] AAES AT 23, me-
thine proton chemical shift?} carbon chemical shift 2 &2}
F A%E £33 27 Phenazine-1-carboxylic acid® 5783}

A} (Fig. 4).

COOH

6

Fig. 4. Chemical structure of phenazine-1-carboxylic acid.
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