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The Isolation and Characterization of the Antagonistic
Microorganisms, Serratia marcescens-YJKI,
for Major Pathogens on Paprika

Yang, Soo-Jeong + Kim, Hyung-Moo - Ju, Ho-Jong

Synthetic agro-chemicals have been widely used to control diseases on paprika but
these days negative attention has been increasing to use of them because of severa
adverse effects. This research was conducted to isolate and to characterize the
antagonistic microorganism to control major paprika diseases, gray mold rot, fruit
and stem rot, phytophthora blight, sclerotium rot, and wilt disease. Analysis of the
fatty acid and analysis of the 16S rDNA gene sequence reveaded that YKJL
isolated in this research belongs to a group of Serratia marcescens. Specialy, 16S
rDNA gene sequence of YKJL showed 99% of sequence similarity with S. marce-
scens. Observation through the optical microscope revealed that YKJ1 suppressed
the spore germination and the hyphal growth of pathogens. YKJL treatment on
pathogens induced marked morphological changes like hypha swelling and degra-
dation of cell wall. In the case of phytophthora blight, the zoosporangium forma-
tion was restrained. S. marcescens found in this study call as S marcescens-YKJ1
and it may be valuable as one of biological control agents against mgjor diseases
of paprika in the future even though it is require to be tested with more study on
field test

Key words : antifungal microorganism, biological control, paprika, serratia
mar cescens
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I. M =

9} 3Z 2] 7H(Capsicum annuum L. var. grossum)= @A $-2luete] &2 24 Al
23} AYakeFo] Es] Frbekal glom, A o= AL T o] FEevt YEEH YA
9k H A4 gk Blo] mopx 1 A EE) e A sy EvpEel e
71574 sAHEY] Fuirt solual AT, 2003). X1 EAHE] ek BAlo] EolA| 1
Ao} Ak 2000 4€3} 20121 129, w7t BRFEH GG A BT JFE
°fF &4 ZAHEFE sl dEoA F=4F Fzelrte] i AH9ES 7]'3:1'0]'211:}(0]
2013). ololl W} =& AT FoF P ARGl the oAl o= wET F7
AT FHAA = iﬂlx}%% SAbE o] FEENE ofyE} A=Y b gk 87U F
7hekal Qlom, FEEEE 518HA WA 2 Qlste] Fofol ZPTrH% 5o A HA S} 8
2o g2 A7k QJ— ME}( 7, 2011). ool we} MG An F LAYst FE F=
Bl E g o2 FoRAHES HAasleloof ol Foks l'ﬂiﬂf% T A& 7l o] HA
3] a7

227l 7FA 3 (Solanaceae) 1L5<4(Capsicum) LFF(Annuum) Tl ool &35},
A S Wel Y T/e YWl vk RE, ARk Fof vlste] Wajjol thgk 7hAd o)
E1, Augg el daix = E WIS (A F, 2005). aze]vtel] WAstE FAWE =
Hho]# 2~¥(Kim 5, 2002, Mun 5, 2008), AlS-2% (Cha, 2009), &8 (Z, 2010), AL 3o
H(Yoon &, 2008), 7] B X 31 (Jee T, 2005), 73 (Jeon 5, 2006) 5o W E ]

Foto] oy gRjlel] 7lskeE oA FF Wizt Aok olH & Hal WAE A AF
A, =2 A 5 o2 7EA gAg el ded o] v §oks AMgdte 3184
WA o Esh= A&l AT (EEEH, 2002). sshvls 9 fU13Ad 5y JAgC
2 EYY AF A, & B4Y =Y, EY AE 2 1 A 5o AHA o, 72
24, s4kEo kA b 2 IAHFAZ st A AA
THE At Aok mEkA 2= WAl
HE 38hsof thal EY W Adste 2% mAdEolu A AAE o] &ste= WAH o
2 v 3 glor, ol A% HAAT7E BotA L Ut
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1. B4 £
gtz g]7te] WS doy|= 28 WU (Botrytis cinerea, Fusarium oxysporum, F. solani,

Phytopthora capsici, Sclerotinia sclerotiorum) 2] #2]& 20108d 59 A& G, A4, A5, 2
& shes, AW AF, ok 549 et A g dgo gaE w4 AR
ol Fol A Belstdrh YR ol FFolA o Re} AR Afolo] XL 5x5m 27|
Bk 1% Aot 2APEFNaOC) &0l 1327 A3 thg BFFE 38 425
o Filter paper2 &3+ PDA(potato dextrose agar, 0.4% potato starch, 2.0% dextrose, 1.5%
agar)fi & ol X]dstar, 28C el E v ke § GEAE thAl PDA Bl A| ol o] 2], nlj st
F& SRR,

Folgge 2

Sh

2. 2

oot

Ao AHEE EFNEE A8 B, A5, AT, IAF5A 9] gzegt A 24-E o
o2 2010 6¥ 8¢ 10¥ AA AR oH, eyt A ] FEE Hoj i &
sze)7t Fejek 2 ek 10~15em AH ] Ede 24 AHER 3329 BES A F,
Egste] AHgITh AT EFAEE A7 1 g8 AFs] 9 mLe] B A
(0.85% NaCl)7} ol Ald#el 9 vortexd AH83te] S23] ZI”3HHA A48
© 2 10% 10°, 10°71A] 343 %, 34 0l mL2-S NA(nutrient agar, 0.5% peptone, 0.3%
beef extract, 1.5% agar)ii Ao HF, =3t 28T ol 4 3UL vl st ATh. o] % colony®] &
et 271 5ol FolsAu plate FollA $HEFEE Hole dFES e s i E
AAEFA T

3. UEh Agwel Ao AFF A%

29Y 4Ye PA AR AP A4S ol gatg o, We] Mees
W APl A%el AFE 27

ol
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Aol BAH S ZE MIDI(RH4HEA]), BIOLOG 2 APl 5o o]&5 1 9on, HZo+=
16S rDNA F3A} E4o ZA o9&kl AtHAdhikari 5, 2001; Mehnaz -5, 2001; Sacchi
5, 2002; ©] 2004). AT F A WA= WAFe et APdHo] 5% #FE T
A3tz $18 MIDIE ©]& A4F E4A18 3 16S IDNA A71AE &4S AAIsHA T

MIDIE o] &3k A4k EAAI 8-S Yang 5(1993)] WS Wy st AAstdon, A
HE FFE 1.5% tryptic soy agar(TSA, Difco, USA, 0.17% tryptose, 0.3% soytone, 0.25%
glucose, 0.5% sodium chloride, 0.25% dipotassum phosphate, 0.15% agar)v <]l streskdt 2,
28C ol A 24413 &<t vl ¥kt aL, 40~60 mge] colonyE Al@ ol &ZTh 15%2] NaOHE
7} 3 50% methanol &< 1 mLS 7}8kar, 10% <t vortexingdl$d 2™, 100C ol A 258
Bt E& sk, 1R Bk AT o371 2 mLe] methanolic-HCI (BN HCI 325 mL+
Methanol 275 mL)< 7}gt &, vortexE ©]-83to] 10z 5<t 41o]F3Uth 80T AlA] 10+ &
ot 98 743k & 5% H¢k 215 FUth 1.25 mL9] hexane/methyl-tert-butylether (1:1)S 7}

Far, 108 5% 4101F &, A& Ao FXA st 279 Fo = YA F, 3§t
S AASAE. 3 mL] 34 NaOH(10.8 g NaOH/900 mL &F/)E H7lsha 58
o] 11, saturated NaCl-& 2 W& o] =8, BEES 7Heks]| o, Aite] &4
9] 235 GC vidZ &HFUY. GC 42 gas chromatography S ©]-8-31% 0.,
MIDI (MIDI Inc., Newark, DE, Sherlock database TSBA40, version 4.1, USA) S .2 2 A3}
A iakz4d-2 MIS Library entryoll 4 2] similarity index@ e S TH(Osterhout 5, 1991).

A 739 16S IDNA E714E E241S ABIALS] BigDye® Terminators v3.1 Kit(Applied
Biosystems, Foster City, CA, USA)$} Capillary electrophoresis syssem2] ABI 3730xI Genetic
Andyzers AME3FH o0, 2%2] Zetolw 27F(5 -AGAGTTTGATCMTGGCTCAG-3'), 1492R
(5-TACGGYTACCTTGTTACG ACT T-3)& A&-3l % tH(Reysenbach 5, 1992). Nationa Cen-
ter for Biotechnology Information(NCBI)2] BLAST HMZZ 1S 3l A7|AE fAI=
& B439th. MEGA v4.0 program(Tamura &, 2007)] neighbor joining method Saitou=}
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(Nei, 1987)& ©]8-3t> phylogenetic treeE 27333 S ™, sequence distance= Kimura 2-
parameter method(Kimura, 1980) = A4+l bootstrap analysis (Felsenstein, 1985) 1,0005H5-©.
2 TPt

Tt , =71 B AR S AT EAZA Dol et 2
 wFdd o] EHE ZARSHY] 918 ©](1994)2] WS ¥ st AT Test tubedll
potato dextrose broth(PDB, 0.4% potato starch, 2.0% dextrose)(Difco, USA) 2.7 mL<} 0.3 mL<]
A8 Wl de 912 EFS T 01 mLe ZAAENIC cdl/ml)S HE F 24471
4813, 724130l AR wfeksted, 3] (Leica, 1CCE0)= AH8-3to] 400uRol A A
ob&S AT
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A5 ZH} tryptic soybean broth (TSB, 1.7% tryptone, 0.3% soytone, 0.5% sodium chloride,
0.25% dipotassium phosphate, 0.25% dextrose)(Difco, USA)oll HE & 24X &2t Zekn)
st kst dd+S 27 02 mLy HIohS, WiYEd WA(1.8 mL)oll FHF3hA,
ThA] 48A17F &< ﬁ‘%"ﬂﬁ & & P35t An) S AREShe] 4008 ol A AR A GEIE Z=A
33T

7. SAA €
Ao Axtol thdk BA A B = Satiical Analysis System(SAS version 9.1, SAS Ingtitute

Inc., Cary, NC, USA)Z Z 1 o] o3 EA3te] FJAS HAAsPY o, p<0.05 3+
olFFoA Hgks HAFIAHLSD) A os Aejzte] AH|E Hlwstt
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1 AgvlAge 2o 9 4354 A%

G Qe F7F LA AFHI EF AZZHE B. cinerea, F. oxysporum, F.

P. capsici, S sclerotiorum?] 57}4 2 WU} A YEEL Bt 2
AFAEES 57 WA A ete] WA A Eo] 40% o] 5
Helste] YKIE &tar Aol o] &3t th(Fig. 13} Table 1).

i e

Table 1. Antagonistic effect of the YKJ1 on mycelial growth of pathogen in dual culture

YKL Control
Major pathogens
----------------- Inhibition rate (%)-----------------

Botrytis cinerea 51.28% o°
Fusarium oxysporum 44.36° o’
Fusarium solani 46.67° o’
Phytopthora capsici 4359 o’
Sclerotinia sclerotiorum 44.10° o°

* The same letters are not significantly different according to a fisher's protected least significant differ-
ence (LSD) at 0.05 probahility level

Fig. 1. Inhibitory patterns of the YKJ1 on growth of the 5 major pathogenic mycelial in
dual culture for 10 days

A) Botrytis cinerea, B) Fusarium oxysporum C) Fusarium solani, D) Phytopthora capsici, E)
Sclerotinia sclerotiorum
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A A A &(Table 1) B. cinerea, F. oxysporum, F. solani, P. capsici, S sclerotiorumel]
A Z+7t 51.82%, 44.36%, 46.67%, 43.59%, 44.10%= eIl o X8 Aol inhibition-zone
¥ B. cinerea’} B FiEollA A FAdo] ol HAUT Fg. 1914 BT+ ZAAH B.
cinerea’} S sclerotiorumol| A= #3o] A=A S F. oxysporum, F. solani, P. capsici©ll 4l
= odd vket o] o] FAPEA sty AT T F2 BAYS= HAdd<l B
cinerea, F. solani, P. capsici?} thx] vl ¥ F3lo] Pseudomonas putida strain P84(*8, 2011) &
Adrete] A3k mgEol o3t szt F9 ¥ A A AAALe] ThsEEs B
a9, A 1(1997)2 HEEH AE A8l dAF S-S 30% AISHE Bacillus .5

gate] ARERE 2102 Hoks w, B AP A T YKIL #FE 40% o] JA&S
Bovmw AgiFo] Myste o HAdTe Ao 98 o= AT

2. A4 24 8l 16S rDNAS7IAE &4

A E Foll wpef Alxute] Aitk 240 21 FY F3F A4ke] vl&S YAsith
(Sasser, 1990)+= & o] &3t mAEL] A4k B4 vABE 54 A 2=F(MIDI) W Al
ol Hlo]~E S marcescenset FAME BlRE 53 T $HAH 078282 YEHA
o dubA o ® FALE Fho] 05 oY -9 MIDI 49 fodo] A= 2 E(Osterhout

T, 1991), E A@A EEF #52 MIDI FALE #S T8 BaAolA B3l #5(Li et
d., 2011)¢} S marcescens?te] MIDI FFALE #ETH £ 0.7822 S marcescensZ ek

o} B3 23du Y E YKILTFF2] GC(gas chromatography) 41 23} 2 iso-2} cyclo
faty acid2 TAEO] YASH, Cp fatty acid’} 41.34%, Cyy faity acid 20.62%, 12|l Cys
faty acid”} 10.74%% T2 S marcescens drain(Li 5, 2011)2] & A ik B3} FALS
S B THTable 2).

Table 2. Cellular fatty acid composition of YKJ1 analyzed by gas chromatography

Fatty acids Retention time| Percentage Fatty acids Retention time| Percentage
10:0 3.002 0.60 12:0 30H 6.047 255
10:0 30H 3.961 4.62 14:0 ANTEISO 6.383 0.38
12:0 4.430 0.44 14:0 6.733 4.33
11:0 30H 4.889 0.13 unknown 14.502 7.457 0.61
13:1 AT 12-13 5.396 0.16 15:.0 8.180 0.87
12:0 20H 5.699 0.50 14:0 20H 8.502 3.74
12:1 30H 5.839 1.82 16:0 9.765 29.16




862 FrR - AEF - FE2F

Fatty acids Retention time| Percentage Fatty acids Retention time| Percentage
17:0 CYCLO 11.246 19.71 19:0 CYCLO w8c 14.691 6.55
17:0 11.433 0.91 Summed Feature2* 12.515 7.48
181 w7c 12.839 9.93 Summed Feature3 9.472 4.70
18:.0 13.145 0.81

* Summed features represent group of two fatty acids which could not be separated by gas-liquid chroma-
tography with the MIDI system. Summed feature 2 contained one or more of following fatty acids :
unknown 14:0 30H/16:1 1SO |, summed feature 3 contained one or more of following fatty acids: 15:0

ISO 20H/16:1 w7c

Serratia nematodiphila EU 0368987

Serratia nematodiphila EU 814257
Serratia nematodiphila FIGG2869

21| Serratia marcescens EU048327

=13

Serratia marcescens ABZ44453
Pseudomonas fluorescens HM224401
Serratia entomophila GUE70899
Serratia fonticola AFZ863869
Serratia plymuthica HQZE0166
| Serratia grimesii EF 491959
j|Serratia proteamaculans AJ279044
N Serratia liquefaciens FIS11865
Serratia marcescens GQAELE2E0

73| Serratia marcescens HQ 123482

YEI

W o ) =

Serratia marcescens DO112331

ﬂiSerratia marcescens GUZ12864
Serratia entomophila HM240853

g || Serratia marcescens JF461088

98

| Fseudomaonas fluorescens GUZ20720
|| Serratia marcescens HiJ331124
Serratia sp. ZF14 GQ291675

Serratia marcescens HM047514

' Pseudomonas sp. DHU-3% HM047515
L Serratia ureilytica HMAT7EE78

Serratia profundus DOZE2991

94

01

Serratia symbiotica HQE81288
Serratia rubidasa AYZ45172

Serratia ficaria AB272687
Serratia odorifera 211762

Fig. 2. Phylogenetic tree produced from the partial 16S rDNA sequence analysis on strain
YKJ1 and those of other related Serratia species acquired from NCBI GeneBank

The tree was generated using the neighbor-joining method within MEGA 4.0. The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap tes (1000 replicates)

is shown next to the branches.
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gxgzt Faydyed st 235l Je YKL EAYES Y T84S 915t
YKJIL752] genomic DNAZHE] 16S rDNA2] ITSH Y-S FZ 3] 9714 <E(932 bp)2 NCBI
o] BLSATNS ©]-§3te] #4413k A3} NCBI GenBank Hlo]ElHo] 20l 525 S marcescens
(accession no. KM018333)¢} 99%9] &8s &<elstdom, =g YKILZ S marcescens=
ERE B2 #AE ARSI 95k MEGA 40 =213 U neighbor-joining
(Tamura &, 2007)= ©|&3te FAAAE 43 23 YKILE S marcescens=9} 22
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B Aol AST FATFol A WSS 5714 WUF T PAZAE S A
Folah S, 27] 3 HUH S| WATo) thte] YKILY kel o] gl
| thstel mASHATE SPEEel B9 BYEAE G5
o, #YEe TAS GYSA %) il & AP

Table 3. Effect of cultural filtrates of YKJ1 on spore germination of pathogens causing
diseases on paprika

YKJ1 Control
------------- Spore germination (%6)--------------

24h o’ 67°

Botrytis cinerea 48h o° 75
72h 3 93

24h 2 47

Fusarium oxysporum 48h 5° 65
72h 10° 98

24h o° 58*

Fusarium solani 48h o° 69°
72h 2 95*

* The same letter are not significantly different according to a fisher's protected least significant difference
(LSD) at 0.05 probability level
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B. cinerea2] 73-%- Table 3149} Zo] YKIL vl X 2]ol A 4841 7HA] &= olstA|
SFQIL, T2AIZE Foll 3%2] Wolg-S HATh YKIL v T g Foll A 72417 Fof o}
£o] 93%YE B w BAEAS wolr} YKIL vl o3 oA =AUt & 4 Qo
YKIL B9 X2l F. oxysporumdd F. solani@] EA E2} dholoiAo = Pt Holxw
Atk T & WA= vl o] AdlEgo Aol wd 23 nAAES E3(Nunes 5, 2001)
£ e Al Fdold WAol B3t Ay AYEY o] &l B3 W Hiso] Ut 53
AP EQl P. putida straing4(%, 2011)E £33+ P. antimicrobica(Walker 5, 2001)7} B.
cineread] X2 A 9@ dlols AAsl= &35 RS, Moussa®t Rizk(2002)=
Sreptomyces aureofaciens”t F. solani @] ol Ao] Hoghs Busls 5 B vAEES
HjFAA Fol] Aol AR S EHIGHS AARRE v ok B AR E AR o
A R ATEH FARE 23S S, ol S BRI AT Aot nxiAl =
YKJL2| v FHd ol A B. cinerea, F. oxysporum, F. solani®] 2AYZ A} @olojAo &322l
o] 4 HAY] wWEelgtal AAHH F3o] YKILO] v oA EHlshs tAMEE
o g d77F 2 asilt.

il
=
O

At o w7 Aayto] g AEH AT A 7L FHEH o3 FAYAE, AEH
5o AyAtHGunji 5, 1983; ©], 1994). YKJ12] A&7}
A, A FA X FF
2 dn)goz FAPLS o
Alze &3l FAR W&, A Be] A&A s o Tkt AER AT AAVIZE 1
F 7 S AT 4 AUTHFg. 3). ©] 5(1999)F Lim¥} Kim(1997)2 E kol A
siderophoreE- A4 3F= Pseudomonas sp.7} F. solani®] AL S-S AR Rasty
o, o]9} 71(2000)9} Seong¥} Shin(1996)-2 P. capsicie] TAFeF Pythim ultimumsl} Pyricularia
oryzae®| AR S-S AAFEES B stk EF 29 3004 HoFE upel o] p.
capsici®] 74-¢- YKIL M| Al FFAGEAE A A ¥ Ao® #AFEHE, o= 2
(1995)0] 23 A<l Bacillus polymixa AC-1°0] MUF] FFade] AL JAAZ
Azte} Y|k Th.
gz )7} AR o Al F2]eF YKL A=A Ao A4 S marcescens®] strainl. =
AZET 9o] AFATAE E o A3E frlsdel F&e] rhsstelet Azl
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Fig. 3. Hyphal morphological abnormalities induced by culture of YKJ1 with several patho-

genic microbes.

Co-cultivation of YKJL; A) Botrytis cinerea, B) Fusarium oxysporum, C) Fusarium solani, D)
Phytopthora capsici, E) Sclerotinia sclerotiorum Control; F) B. cinerea, G) F. oxysporum, H) F.
solani, 1) P. capsici, J) S sclerotiorum. Scales: 50pum

N. & <

o

vz gt A SE HES WASHy] st dwefo]l BB AR o] kAT
Hol| TR TR 2G| thek BAlo]l St st ok stz Evh el A
=3old, £7] @ AN, 99, 79, ASHS WAs] A% rAdES et
1 SAS geopstr] 9t B AFE AASHA T A LHEA 3 16S iDNA 7182 o]
Ao A Egdk YKIIZ} Serratia marcescens L&l £3t= S 9T 53], YKIL9
16S rDNA &7 €2 S marcescense] G714 87} 99% 5SS Bt FEAv A4S &
3 YKILA ol ofal] WMo EA} ol 9 AL Aol Xiﬁﬂ%% gl AT YKILA
© WEAret ZE AAS Fej A wistel Mxue] EalE sttt AW A
FARGe] gAdo] AT B AFoA T S marcescens= S marcescens YKJLO. 2
232 vy 2AAFTH 22 Aol A% o aFEHAAY gxevte] Fa ik
A A=A GAA Y] SR A7 Js AR AZHET

.L,>i
Lok M Lo

i e

[=E34Y 0 2014, 11, 10, =EFAY @ 2014, 11 14, HF=EHSY 2014, 11. 15]
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