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Twenty-three strains of Serratia sp., isolated from surface-sterilized rice roots collected in Chonbuk and
Chungnam province, were identified and characterized. They were Gram-negative, rod shaped and red pig-
mented typically and their endophytism was confirmed by inoculation and reisolation of the strains in planta.
Their antifungal activity against 4 rice pathogenic fungi was compared and ranged from 62.4 to 85.2%
against Rhizoctonia solani and 68.0 to 88.5% against Pyricularia grisea. Among the 23 strains tested, strain
RSm220 showed the strongest inhibition activity against 4 pathogenic fungi. The strain was, therefore,
selected as a biocontrol candidate for both the pathogens and its bacteriological characteristics and 16S rDNA
sequences were analyzed. Phenotypic and biochemical characteristics of the selected RSm220 were highly
related to the type strain of S. marcescens and 16S rDNA sequencing of RSm220 showed a homology of 98.2%
to the type strain of S. marcescens. The strain RSm220 was identified as S. marcescens and the inhibition
result of this endophytic strain indicates that it is a potential biocontrol agent for R. solani and P. grisea.
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2 thHallmann =, 1997).

2E WAAFL 259 Fx9}F v (Mundt@} Hinkle,
1976), T2 (Samish 5, 1961), &7](Misaghi®} Donndelinger,
1990), #-2}(Germida &, 1998; Jacobs 5, 1985) & 74
‘Hollis, 1951; Sturz %, 1998)2- ¥3sh= A E 2AY- ¢
A A3} o] Yoyt WE dovA= et

chitinaseZ 7}3}A £4]3}
42 tH(Balows 5, 1992; Kalbe 5, 1996;
Mclnory 5, 1995). S. marcescenss EF7} 21 E 2]

PR EAste Ao g HIiEo

AL dutel 22 Frommel %5, 1991), =-9=4=(Fisher
5, 1992), E3kMisaghi®t Donndelinger, 1990), Kallar
grass(Reinhold-Hurek ¢} Hurek, 1998). AF&<=3*(James <}t
Olivares, 1998) ¥ B} (Barraquio 5, 1997)5¢] 7 F
Mo Zei7t B3 v Y ANRE FE = 25
(Frommel 5, 1991; James$} Olivares, 1998) ¥y =33}
¥Z 24 (Hurek 5, 19945l {3} 5of 9lomn Hd
e WAAITe F7F ARF g 101022 Ex3
o] &l¥ nl Atk(Barraquio 5, 1997).

S. marcescens= Fusarium oxysporum f. sp. cucumerium
#+ Colletotrichum orbiculare®] @A A2 A s A
Wk o2} QolellM Pseudomonas syringe pv. lachrymans
o) AYAE FE(Liu 5, 1995) 8, Botrytis sp.(Akutsu
5, 1993)e} Phytophthora capsici(Okamoto &, 1998)2]
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Pyricularia grisea®t Rhizoctonia solani= W& T2 ¥

daod g&Fo|a A WA pehe] sldto] -‘gﬁ
i) uEhA B dA1E 5] F Hedy 2840 W
AZE 3 ol§ 7t ¥y 71 v WA S
marcescenss W8] 4t YETZ WA AR o]&7}
A4S AE s g

R R
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FA FF. B Aol AREs iRl Serratia
marcescens KACC100028} KACC 10502, Rhizoctonia solani
KACC40106, Pyricularia grisea KACC40425,
roseun KACC40049 2 Fusarium sp. KACC40258% 3H=
&M= EEAE(KACC)IM £ ol A8tk

W 2 ue WAAAlIFEY 28, 2001-2003W 2H

Fusarium

A&, S Aol 8 2N B E AU £
B ¥ges 39 &A5S 93 1% chloramine TA 158
EQF wigk 5 gk phosphate bufferg ©]-8-8te] A2
33tk thAl B2l E 20 g9 glass bead®} phosphate buffer
£ 40] 208 &<+ wHHE FH phosphate buffer‘% o|-&3t
o 40 MA3ATE B Aero] o]Fo3] BE]= phosphate

bufferst 7 wpsll s F 10w =2 F 438t trypic soy
agar(TSA) B Ajof HE3% th(Barraquio 5, 1997).
Ui Al 89l 221E Alae WAeSs E]lst
Al AFZ v FRY HETE gt AEE SATH
9|3 E WAL, 70% ethanolo] 5% <+ 3
BATE A F S48 1.0% NaOCIlA
FRA A F Ee SR 6 AR sk
sttt EH A=d FAks TSA #iA|o] ]
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Fated 30°Coll A 28 FRF v ket HolE fE ?3‘P37_, 5
o] 9@ A5-E grlstrt. o] Wotd B FA= 25 m/
HP_T’JJ] Murashige®} Skoog WA ¢} E+d EYo] &
£ 25X200 mm AP Al AT FAL ol &
A ¥ fB7}F A4 50cm oo ® At F
2 FE-2 trypic soy broth(TSB)ell 24A]7F F<t
1X107 CFU/mI®] 552 100 w2 A-3s o
Joll 3ukEy PEsch HE F 28°Ce A%
~259 A T WA Al AEestr] #s)
23t 1.0% NaOClolA 158 &<F FHA

ol 6 AHE st B 4% 3
24l F3]2] phosphate buffere} 7]
U}Jﬂﬂ ¥ 1082 345t TSA wiAlo] HF stk
AWANA Q) S marcescens®] B HAAY. WA
| ERld £ Ao del(1X10" CFU/m)= 10 pi¥
174 90 mm2] petri dishell ¥5% TSASH PDAHIA]o spot
FokAct 30°CelA 24417F Fb iR F wigE A
7 5mme] R solani,
Fusarium roseum d-AHAE wlA] 2] &
oA 7L FF wiFetaA A
WA HEE skt
A9 - A3 AE.
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P grisea, Fusarium sp.,
TGl 2dske] 25°C

AEE ARG 3
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22 a5 F2 49, A3}

gtx EAHE ZAMSHZ] #1381 flagella® 4], catalase<}
oxidase test, poly-B-hydroxybutyrate(PHB) =%|, chitinase,

H & ZAMEA
N5} lecithinase,
starch hydrolysis, urase A4F 5-&

hydrogen cyanide(HCH), siderophore =i
t}. PHB %3,

indole=} acetoin A4},
Jean3} Joan(2000)%] Biochemical tests for identification
of medical bacteriag i ste] AASAIL, arginine
dihydrolase$} lipase= Misaghi®t Gordon«] g (1969)01]
w2} a3kt Levan A3 catalase HH3-2 Lelliotte
2] W (1966), siderophore A§4H-- SchwyndqL Nelland-J s
H(1987), HCNS Wei 52] 314 (1966), chitinase= Monreal
7} Reese] W (1969), protease= Budi 52 ¥ (2000)
o U%EP\J] ZAEHA T A% &% XAMS nutrient brothol]
HEI T 4°C, 20°C, 37°C, 40°Coll A 27 ek & A
2k,

Foas A o] 848 2ARH] 2181 GN microplate
(Biolog Inc, USA)E ©] &3l 95%9] ©4d 3 d4d
o] o]84g ZAEA T GN microplates ODSQ0 0.25¢]

TEE AR HEAL 150“1/)1\1 AE3 3 30°Col A
24/\] 7+ v kst ¥ 43S Biolog GN data version 2.02
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DNA ¥8= dutzxo g Algsts HHH S o839t
(Sambrook &, 2001). 16S ribisomal DNA-% PCR &%2
s 27F9} 1495R(Marche51 5, 1998)2] primerg AlE-H
041:1- Z} k82 AccuPower HL premix(Bioneer Co.)Z ©]
£-31%32, 7 primer= 4.5 pmol, genomic DNAE /%
lOngJ FTER g o] &3uth. BE FZ-2 Perkin
Elmer 9600 thermocycler(Perkin Elmer Cetus, Norwalk,
CDHE ol&3le o|Fojmth FTEHHL 95°CH A 327+
AHelgt &, 94°Cell A 30, 56.5°ColA 30z, 72°ClA] 90
%29 270 32 cycle®] PCREES 83+ 5 72°0C0)
A 7 £7 Asl e, #F PCR AHEE 1.0% agarose
geloll A 719 stod glstsint.

A7195o = &A% bandi= AccuPrep™ Gel extraction
kit(Bioneer Co.)& ©]8-3te] DNAE FZ3}%th DNA
sequencingS ABI 377 Prism DNA sequencerg ©|-8-3}]
I3t primer= 27F, 575F, 765R, 930F 2

t}. Sequencings

A}sl =y DNASTAR
gal- 0}01 LA 3L
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program< ©]-&

1998)&
8l sequences=

phylogenetic treeE 2Hd8HA L, BLAST search& 3]'04
nucleotide sequence®] FAIE=E ZAFSIRITE.
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, 1997). o E W B HE A5 2 WM Me
o s FEgen, 28d WANE F &2 &‘J
E YellE S marcescensS 2 FAREE 6588 F
g3t olEA Eld AL AFES in planta
systemol| Al FAGA A FE BH 4= ofal] FH|E
FrEel AAg AEA A FEst WAL S S8st
At o] HWloel &) EFHOZ 2379 S marcescens
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Table 1. Antifungal activity of endophytic Serratia marcescens isolates isolated from rice roots

Growth inhibition of fungi® (%)

Isolate No. Collection place R. solani P, grisea Fusarium sp. F. roseum

(KACC40106) (KACC40425) (KACC40258) (KACC40049)
RSm101 ChonbukJinan 70.4" 74.2 323 16.4
RSm105 ChonbukGimje 78.9 79.5 28.1 32.0
RSmi108 ChungnamNonsan 80.5 68.7 33.3 30.5
RSm120 ChonbukBongdong 77.2 76.5 36.5 28.8
RSm123 ChonbukGosan 62.4 88.5 25.6 29.4
RSm128 ChungnamSesan 71.2 80.2 18.0 324
RSm133 ChungnamBuyeo 68.4 81.4 223 19.6
RSm135 Chonbuklksan 75.6 79.2 34.6 26.8
RSm138 ChonbukBuan 77.8 77.1 37.1 28.4
RSm140 ChungnamSochon 81.5 75.6 23.6 333
RSm141 ChonbukGimje 72.6 80.6 28.8 358
RSm142 ChungnamSesan 79.5 81.7 19.8 277
RSm146 ChungnamDangjin 85.2 68.0 24.8 28.9
RSm148 ChonbukGosan 68.8 752 28.5 354
RSm151 ChonbukBongdong 759 74.3 222 26.4
RSm154 ChonbukGimje 71.5 71.5 359 225
RSm161 ChonbukGimje 80.1 79.4 26.8 30.0
RSm173 ChungnamBuyeo 82.0 80.5 333 34.5
RSm188 ChonbukGimje 79.4 80.3 23.6 29.4
RSm220 ChonbukJinan 83.9 88.3 30.0 352
RSm227 Chonbuklksan 78.1 71.2 326 31.2
RSm229 ChungnamYesan 777 74.6 19.6 253
RSm233 ChonbukBuan 71.5

78.1 25.1 164

" Values represent mean of three replicates.
® Percent growth inhibition = (1-D2/D1) x 100

Where, D1= Distance between fungal agar disk and bacterial spot; D2 = Length of mycelial growth.
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ZFALE AldS #FHEAT A E7kA] A7 EH & Table 2. Comparison of the bacteriological characteristics of the
S. marcescens= ThH-Eo0] Bkl B3t #Folty 1 Z?;;E?gg; isolate RSm220 with two type strains of Serratia
S A2 WY S marcescenss AAH A7t BU2S S. marcescens S. mar s

. marces . marcesce

4 Hstn R Qe HAA RS FEo] BEgIM £ Characteristics ~ RSm220  (KACC  (KACC
23t S. marcescensETF B & Aoy FHAC, ul 10002) 10502)
A EE Aol WAAMEd e F¥she AHe o Flagelm ! ! !
stk @ & Sl Onides M :

S. marcescens®] A¥sY AR, ¥ W YAz Poly-B-hydroxybutyrate - - -
2 289 2379 Aldg olgsted W oA A4 Arginine dihydrolase - - -
= R. solani, P grisea, Fusarium sp. R F roseum®l o} Nitrat}e rfdeCﬁOQ + + +
2 ARYE ZASIITble 1), #2R 2pel Agel AL AERn M :
A O F R solani®t P grisea®| = QA 37} 60% Indole + + +
ool o, Fusarium sp.2F E roseumel= 40%9°]3+<] Acetoin production + + +
A s G, @ ol Lo A dad) o Lo omdon - - -

5 = = Pectate degradati - - _
d 247 2 JAge Btk o|5 & RSml46S R T:fnp:razia e B - B
solani®ll 85.2%2] ‘l?zﬂ"?'ﬂ% B0, P griseadE 68% 20°C + + +
2 uwa e A= Bt R RSmI23e R. solani 37°C + + +
e 624%2] AAE RO P griseacls 885% ‘ f4?°c - - -
tat + + +
AAHL BHAY. ReSm2202 R. solani®t P grisea Sfair:l?l;(;?:l}?sigg cose N - N
83.9%% 88.3%2] AAHES BATh 23709 ¥EF F F  Urase production _ _ _
7Rl th4F Yol e A He] 7 748 RSm220S H,S production - - -
B Tddy dHBYnEy e Wad & Qs FEEN Phenylalanine deaminase - - -
5 Citrate test + + +
Akt Someya 5(2000)0 st AAM = Fusarium HICIiIe s N - N
sp.2F E roseumell WSt} 70%01/¢2] A EE Hole A Lipase hydrolysis + - +
o2 By Ho glovt B AFolM= Fusarium sp.2}t E Chitinase + + +
Protease + - +
Siderophore - - -
M ! 2 3 Acid production from :

D-Mannose + + +
Galactose + + +
D-Galactonic acid latone - + +
D-Glucosamic acid - + +
Saccharose + + +
L-Arabinose — + +
Glycerol + + +
Mannitol + + +
Sorbitol + + +
Citric acid + + +
Formic acid - + +

Utilization of :
Dextrin + + +
Glycogen + + +
Tween 40 + + +
Tween 80 + + +
N-acetyl-D-gluctosamine + + +
Fig. 1. PCR-ampilified products (1.5 kb) obtained by using strain i;iacgttyll-D-glucosarmne * * *
RSm220 and 27F & 1495R primers. Lanes: M, PCR marker Xy?i?(l)lo i : _':

(Promega, USA); 1, RSm220; 2, S. marcescens KACC10002; and
3, DNA mass ladder (Promega, USA).

®+: positive, - : negative.
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Az FTEES B RSm220S T3] st FA 47
o] S. marcescens KACC 10002, 10502 +5F5 Wix=s3}
of Adel - Aztetd d9S s sdrh. RSm220 &2
Aty B4 DERE M E Y Yol L,
catalase, oxidase, nitrate reduction, gelatin 243}, lecithinase,
indole} acetoin A4}, glucose fermentation, citrate A§4F,
lipase, chitinase 2 protease 3t Fol= W¥Ade wHES
B9t} 3 PHBZ=3, arginine dihydrolase, levan 3743,
By, urase®} H,S AYAE
phenylalanine deaminase, HCN % siderophoreA) At &= &
el ¥h-g HAth A8 &% A 200C% 37°Cel
e ASsh 4°CeF 40°Coll= Ago] E7Fes ez
b Th 25% 79 e Ad A W oA
)8l AIA Q] RSm2202 FA| F521 S. marcescens
KACC 10002, 105029} Z 37} o2 o #1831 th(Table
2). 221} protease®] 735, S. marcescens KACC 10002,
1050291 M &= 2H = A ko, RSm220°0 4= £4] =]
AL, Fers e Bo] JE chitinase?] ¥H'FHE-S Akutsu
(1993)3 Okamoto 5(1998)°] 28] Ry® RAT}
RSm220°] &2 23 £ F U

H elol A Felgk 4 A<l RSm220 GN micro
plates BiologE ©]-8-¢+ ©taelz) A9 o] 84 At
oA wbe A7 ZAFFEQ S marcescens KACC
10002¢} 10502 FF<F 719 LR 5F% 2.4, D-galactonic

pectate starch  hydrolysis,

sga[ T RSm220
J S

S. marcescens LMG 2792
894

050 S. lig LMG 7884

873 923 S. grimesii LMG 7883

8. proteamaculans LMG 7887

91.9 S. fonicolar LMG 7882

§. ficaria LMG 7881

90.9) S. rubidaea LMG 5019

S. odorifera DSM 4582

S. plymuthica DSM 49

Fig. 2. Phylogenetic tree based on 16S rDNA sequences showing
the position of S. marcescens RSm220 and the representatives of
some other Serratia spp. published previously. The tree was con-
structed with the Clustral algorithm of the MegAlign program
(DNASTAR, W1, US).
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acid latone, D-glucosamic acid, L-arabinose, formic acid<]
Heo M= 2ol B A TKTable 2). £ HY AHRES
Biolog program(Biolog GN data version 2.0)°|A] H]xgh
A}t S. marcescenst 83.5%2 HAEE YERYSITE
16S tDNA sequencingoll 93 Al £4. RSm2209]
& 3 27FS} 1495R primerE ©]&
slod ZZ3F A3} 1.5 kbe] =S SAs A tHFig. 1). ¥
2 E RSm2202] 16S rDNA Z3H 2| sequences &1t 4
F} 8. marcescens type strain LMG 27929] 16S rDNA
sequence(GeneBank accession no. AJ133431)°] 98.2% -
A3E YEPATHFIg. 2). 2R ¥ FejolA #eld
3 gEd B WA Al RSm220 AjE] - Ashehy
2333+ 16S DNA sequencedl] &t AlE 400 2f3) S.
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ot AdE RSm2202 Ae] - AEEE 544 AAAH S
marcescens type strain® ¥ 3-S5 YERPAIS, 16S
rDNA sequencing®l] 23t A5 B2 98} S. marcescens
2] 16S rDNA sequence®] 98.2% -FAFdS vElU ] S
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