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Taxonomy of a Soil Bacteria YNB54 Strain Which Shows Specific Antagonistic Activities against Plant
Pathogenic Phytophthora spp. Kim, Sam-Sun, Soon-Wo Kwon, Seon-Young Lee, Soo-Jin Kim, Bon-
Sung Koo, Hang-Yeon Weon!, Byung-Yong Kim, Yun-Soo Yeo, Yoong-Ho Lim?, and Sang-Hong Yoon*.
Microbial Genetics Division, National Institute of Agricultural Biotechnology, Suwon 441-707, Korea, 'Applied
Microbiology Division, National Institute of Agricultural Sciences, Suwon441-707, Korea, 2Department of
Applied Biology Chemistry, Konkuk University, Seoul 143-701, Korea — YNB54 strain which shows inhibitory
activities specific to the plant pathogenic Phytophthora sp. on potato dextrose agar medium was screened
among lots of strains isolated from Korean soils. To identify taxonomy of the Phytophthora specific antago-
nistic bacteria YNB54, 16S rDNA sequence, MIDI fatty acid composition, DNA-DNA hybridization, GC
content, and commercial multitest systems such as API 20E and Biolog GN were performed. Results of com-
mercial kits including lots of biochemical and physiological reactions showed that this strain was closely
related to taxa including Enterobacter cloacae and Enterobacter cancerogenus species than other genera(Cir-
erobacter, Klebsiella, Leclercia). Also, analysis of its MIDI, G+C contents, and DNA-DNA hybridization sug-
gests that this strain was more similiar to the Genus Enterobacter than other genera (Citerobacter, Klebsiella,
Leclercia). This strain was potentially identified as Enterobacter sp. by these results. But our 16S ribosomal
DNA sequences (rDNA) analysis confirmed that it was more closely related to the cluster of Citerobacter fre-
undii ATCC 29935 than any other Enterobacter species. In the absence of defined phylogenetic critia for
delineating genera, the results observed with Citrobacter and Enterobacter species suggest that further studies
are needed to clarify their relationships. This investigation demonstrates that YNB54 strain is genetically
diverse and potentially more taxonomically complex than hitherto realized. Further study is necessary to con-

firm their taxonomic positions.
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gri= B3zl glen[8], =Wl Pseudomonas
Sfluorescens MM-B16°] 89 81749 aerugines Ak
shols W) 9lob13]. 28l = Ethaboxam, Metalaxyl 2}
22§13 EH9] g9y Boly &yl gl Bt gl
eH11].

oe}A] $2l= Oomycetesdl] Eo]2Ql D3-S =TS
o2 RE ADES AES] 2 A3, fAHAF 7SS £
37 815 transposon E@H )7} 7F53F YNB54E 2%
Aksigl om o] dFol Wk EiE 3 16S DNA £4,
DNA-DNA hybridization, A%k 53*;} BN G+C gEEA)
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ZYM 5 A1BET Q)= biochemical kits 23+ A=) 38t
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Al Qe A"-e 98 FA| T, Enterobacter can-
cerogenus ATCC 35317, Citerobacter freundii ATCC 29935,
Enterobacter .clo'aca_e ATCC 13047, Leclercia adecarboxylata
LBV449, Klebsiella pneumoniae ATCC 13884 American
Type Culture Collection(Manassas, VA)Z-H-E] £ ®gke}
Feld YNBS4 o $ F
(Biolife, ltalypll 1.5% agarS H718F TSAHR], 28°CellA v}
F3}9l 1, Tn5 EA o] TFE(M54-47, M54-113, M54-
329)2 kanamycine(50 pg/mL)e] % TSACIAM wiFsla
©}. Phytophthora capsici KACC40157, 40475, 40476,
40483, P cinnamomi KACC40183, P melonis KACC40193,
KACC40166, P. drechsler KACC40190, P. sojae KACCA40468,
P. palmivora KACC40409, P infestans KACC40718,
Collectotrichium, Aspergillus A151-50, Rhizopus oryzae,
Phythium KACC 41052, Phythium KACC 41062, Phythium
KACC 41063 52| A& WA 2ol d=5d nd=
A+ M E] KACC(Korea Agricultural Culture Collection)ol]
Al Bopukglt) 7ka}l kA wljR] (potato dextrose agar, PDA;
Difco Laboratories, Detroit, U.S. A 547t wiekd o=
Fgolo] Axk F915 wlel| AM2F- PDACY ZHzt Al wl
oFal T, dFe] BA2 PDAAH iAol wjefsle] Ao
A i**?f}‘ii—ml il g Al = sisdet. Fel 2
& 7o) AL PDAA At P ocapsici®] Alst F-3iol 2
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F-2ell dAHZAH (10 mm)S ?1 YNB548} 71& l"‘—l—[23]
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Feld YNB54S] A A3k B3-S AR IS API
2 Biolog kits ©|-23}9t}h. API20E: Enterobacteriaceae
<+ nonfastidious gram negative rod2 FA3l719]3] 1ghd
kite]oh, TSARIR|ellA, 28°C, 24217) wiokdl o) © F2u)
Z 40 mL 0.85% NaClell 3et3}le] API20E test® 433}
sic}. Biolog GN2 TSAuIR|ol| A, 28°C, 24A17F wiiofsl o
< o]l Biolog GN testZ G=8)3l3 T}, 37°Col| A 6417
2 24A1 7+ wiF% Microplate® Biolog Microlog3 4.01C
program®2 7|4 0|84 A3}, 3259] hAile] X
= ID32 OGN} 5082 shido] 23 API SOCHb zt
7 3 wptlel S)Aske] WhEaloiTh 20ES) B WSS &
A& 4 9l 71" o] E3E API ZYM-S API suspension
mediumell FAE F=ksled 37°C, 4A]7F HHAIR F A}
5 A3kt

MIDIE 0j&%+ X|gut
EHEIEAL

TAE, HeiE T EQH|FES TSBA] A5 F
28°CollA 24A17F F<t ikt F, A 60 mgE screw cap
tube(13 x 100 mm)ell o], F£F 7 (Microbial ID,
US.Ap g} Aupaks F2351990). 415 100°C1A 1 mL
methanolic NaOH[15%(w/v) NaOH in 50%(v/v) methanol]
2 saponification?] 7] 3L, 46% (v/v) methyl-tert-butyl ether-
hexaneel] 3.25 N HCle] E0{3)= &5 2 mL o] 80°C
o] A} A HFAL-S esterification A]Z] § 1.25 mL hexane/
methyl tert-butyl ether(1:1; v/V)& FE31c}. o] FEd-E
3 mL 1.2%(w/v) NaOH £ 2 2 organic extract® /‘1]714,
3 ¥ %5 v oel Hewlett-Packard 6890A gas
chromatography3- o] 83 A|Wike- EAslgict.

HPLCE £3F G+C T=ERAR= DNAE 0.5 pg/ul= 34
sle] 5%-7F boilingF Aol A3 ©hF, 20 pul DNA
solution A 7}8}37, 20 pl nuclease P1 solution(40 units/
ml, CH;COONa" 12 mM ZnSO,, pH 5.3}8-9-& €31 50°C
o]l A] overnight AlZt}. e17]oll 20 ul alkaline phosphatase
solution(2.4 units/in 0.1 M Tris-HCI, pH8.1)-& ¥ i 37°C
o A 3A)ZF uk-$ F C'8 reverse phase column(250 x 4.6
422 elution buffer(0.01 M NH4H,PO;:
FUYAA

M g HPLCE S8 G+C

HI

mm)l| 1 mL/min
acetonitril=20:1)2 &8 EWFH, A& 10 pl &
260 nme| FLEZ. peaksS £ sl9i0}

16S rDNAO|| 2Jgt A 2F &4
16S tDNA %2 9|3} forward primer®. fD1(5-AGA-
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GTTTGATCCTGGCTCAG)Z AH-31913L, reverse primer®-
1P2(5-ACGGCTACCTTGTTACGACTT)E AM831et. 168
DNA G714 244 DNAE YNBS4ZHE] Ausubelly
21% Hasle] el

PCR 8h3-H4-8 94°C 587} ukg3t vhd, 94°C denaturation
14, 58°C annealing 1%, 72°C extenision 2%-% 353] b2
332, 72°Cell A 1087} final extension& A Al3}te] 168
RNAE FE=38He DNADH S S535. $58 168
IRNAFAAL S-S A7|9dFsle] 323 F SFA] A3
oligonucleotides& primer®. Al-83}e4, ABI Prism 3100
automated DNA sequencer24 16S rDNAE- sequencing
33w}, 16S tDNA 9714 92] homology: DDBI/NCBV/
Gen Bank database=4%-E} BLASTA algorithm=- o]-4-3}¢]
vlwsledct, ZF 9714 99] alignment= DAN Plus version
3.0 sequence alignment program(Scientific and Educational
Software) o] 43 WaZ A 519 T, MEGA version
3.0, 2% Al oA ste] AT YNBS49] A B2
o 25 ZAAskd.

DNA-DNA hybridization

DNA #2}& BioneerAl2] AccuPrep genomic DNA Ex-
traction KitS o] 431911, 3 whie] whe}t A5t
100 ug/100 plE 23 DANe) 100 pl TE bufferE 9,
4 pl 10 M NaOH, 35 pl 20 x SSCE A7} 3 3 80°)| A
10824 HhA17) 3 A oA 5Ez AT o) uHe-g
ool 40 pl 1 M Tris-Cl(pH7.5)Y2 A7}k final volumee]
289 pl HA 3 F, 9] vkgel 200 piok 40 piE 7 wellell
loadingdte] vacuume- Aoy wjF31, 7+ wellS 3 x SSC &
o HolF v}, o] membraneS UV illuminatorel| 4] 132
ZF crosslink 3 F%1e}. prewarm*|Z] 20 mL hybridization
buffer® hybridization bagell ¥-2= ¥ DIG high prime
DNA labeling®} AlkPhos direct labeling reagents kit ©]

4-3}o labeling¥ probe DNA(100 ng)S plastic bagell @
o] 65°C F-&FoA s wHgAIF . prewarm ¥
primary washing buffer® 65°C, 107} 23] 5}‘1°‘]Zf‘5—’1, &
o] secondary washing buffer2 537} 23] # o] F}.
Membraneol] detection reagent(30~40 p]/_?mz, DIG lumine-
scent detection kit for nucleic acids)g Eoj=e] Aol A
S PAT F Xeray filmel] 1082 2341200 249
film& Image Analyzer(Total Lb version 2.01)S o] 83}
probe?} 7+ DNA2] hybridization A =& v|as}gr},
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£ Hol, A 3B (antifungal fatty acids)ol] ©
743t straino] B k= gelo] Meke ¥} 9l5H[20].
8} cis-unsaturated fatty acid® ©] 23l acyl chains2 I
TAA A= membrane fluidity S7F2 Q18] Fgolo] A&
of JAFeR= Br} 9leh[17]. ZaiAe AA) A&
A F=go| & %ol oomycetedl] 3= Phytophthora sp52]
5o A3 YNBs4el o8 1A AlsHA QA =9,
Pythium ultithume- Z7]%F A5 2zt AAIE 3 Al7bo]
Azl weh gapd o2 FAE A 2ev e
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Aspergillus A151-50, Rhizopus oryzae 5= in vitro?
AellA A3 g S HolA] edsheh(Table 1). =3t
o] F& thFEe AlAEAM ddsHel PS4+ 3
et =3 YNB549) 16S rDNA Q71 g8 28t 27
Foll A AL clusters. TEEE T2 £l 81 7 type
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Table 1. Anti-fungal spectra of antagonist YNB54 strain against plant pathogenic fungi.

Plant phytopathogenic fungi (KACC no.*) Antifungal activities
Phytophthora capsici (KACC40157, 40475, 40476, 40483) +++
Phytoplithora infestans (KACC40718) +++
Phytophthora cinnamomi (KACC40183) e+
Phytophthora melonis (KACC40193) +
Phytophthora palmivora (KACC40409) ++
Phytophthora drechsleri (KACC40190) +++
Phytophthora sojae (KACC40468) ++
Pythium ultinium (KACC 41052, KACC 41062) +

Rhizoctonia solani

Rhizopus oryzae

Fusarium oxysporum
Aspergillus oryzae
Colletotrichum gloeosporiodes
Penicillium citrinum
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Phytophthora spp. 2 RS Adste T2 AL,
YNB54= Oomycetes®] Phytophthorad; e B0 03 A
e SHS A S 7 A3EEE o & U (Fig
1). Yoon TnS lac el B3l A3 e] $7kd Ms4-
47, AR M54-1137 M54-3295 o]w] o] Bgt w}
oItH23]. -eld YNB549} Tn mutants(M54-47, M54-113,
M54-329) Z12]31 20kb anti-Phytophthora gene(EnAP20)e]
X3% Ecoli TA14E Z3 7538 A3, Phytophthora
capsici®] A4S AL & 5 AT E.coli T414%}
A" Phytophthora capsici®] TAF Agt F-915 A&
W7 (SEM)S 2 2 Azt A Aol wlsl, Fabe) g
branching 84 #2F £ ldch@) 37 A1), A5
Aol N3t Enterobacterde] AFEIN= A B 17} g)

Fig. 1. Antagonistic test of YNB 54, type strains and Tn
mutants. A: 1: YNB54 (Antagonistic bacterium to P. capsici), 2
E. cancerogenus, ATCC35317, 3: C freundii ATCC29935, 4. E.
cloacae, ATCC13047, 5: K. pneumoniae, ATCC13884, 6. L. ade-
carboxylate, LBV449, 7. M54-329, 9. M54-113 : Tn5 lac mutants
with loss of antifungal activities. 8. M54-47: Tn5 Jac mutant with
more strengthened antifungal activities than wild type YNB54.
These bacteria were cocultured with Phytophthora capsici on the
PDA for 48 hrs.

Table 2. Biochemical test of YNB54 strain by API 20E kits.

A gk o]} 7Xo] Phytophthora <5t A3k ZA3FF o]
A% e Ao A R Al B2 o
W] Wt B 2 TR FE5ATE A9 v T8
sl

dEEy, [0l o kitoll et SH EY

YNB549] A2 #3l 4 API 20N, Biolog GN, API
20NE, APl ZYM, API ID32GN, API 50CH kitE °]-&-3lA
of2) 714 Al Asked 4 2Asle 1 A3 YNB
54% a-galactosidase, B-galactosidase, arginine dihydrolase,
a-glucosidase, B-glucosidase, esculin hydrolysis, catalase,
oxidase, N-acetyl B-glucosaminidase2] &4 HHgol|A] kAdul
2, lysine decarboxylase, ornithine decarboxylase,
tryptophane deaminase, urease, gelatinase, lipase, trypsin,
o) EangolME $4S derieh

citrate, glucose, mannitol, sucrose, melibiose,

glucuronidase
rhamnose,
amygdalin, arabinose 5o ®AYSZ o] £33, NO,,
aceton A4 RHE-, VPRREo| A oFA Bh&-& H.9l-ovt HyS,
indol, N, 234 HkgollME= SAE Jeblidv}. Entrobacter
2:2] EAJQl B-galactosidase, arginine dihydrolase, VPHF-2-
Sl FAS JehllE YNB54T-2 API code book(API
20E)3} APIAF®] data base search A3} E. sakazakii®}
76%, E. cloacae$t 68%2] homologyS e} ] ©H(Table
2). T3 API ZYM, API ID32GN, APl S0CHE o]-&-3j|A
£ YNB549] &b4Y o] 842 Table 304 Hol:= vl 2
S¥ct. Enterobacteriaceae= F2. 7] A3y EA 2 9
Y 71 9 AT el oA s EREe] Sttt Biolog
kite F 5 BAsHs AAES] 2t :71 & AT 54
]/\Eﬂ o}, o] A] Al 95%¢] o= ELA )-8 ALEAT)=
53& "AEZT 1 M. Millersoll ,16}1::1 30FF 5
26652 A o] AP0 (75.6%) & FEANME 87.3%,
F TEAME 75.6%2 AFAE AFAG(15]. o] Al
el e gke Loja] RS o} Kiebsiella, Enterobacter, Y
Serratia®] 4% 2 TRE ebig] s8] shksly] wE
A YR B PgEe] Lolb rlo e s FH
A =7 w2 Al o] sl 2By 6~8417F WSk Al F

ONPG ADH LDC oDcC CIT H,S URE TDA IND VP GEL GLU  MAN INO
+ + - - + - ) - - + - + + -
SOR RHA SAC MEL AMY  ARA 0X NO» N, MOB McC OFO OFF
- + + + + + - + - + + + +

+, positive reaction, -, negative reaction.

ONPG: B-galactosidase, ADH: arginine dihydrolase, LDC —lysine decarboxylase, ODC: ornithine decarboxylase, CIT: citrate utilization,
H2S: H2S production, URE: urease, TDA: tryptophane deaminase, IND: indol production, VP: acetonproduction, GEL: gelatinase, GLU:
glucose, fermentation/oxidation, MAN: mannitol fermentation/oxi. INO: inositol, SOR: sorbitol, RHA: rhamnose, SAC: sucrose, MEL:
melibiose, AMY: amygdalin, arabinose, OX: cytochrome oxidase, NO;: NO; production, Ny: reduction to N, MOB: motility, McC: growth
on MacConkey medium, OFO: glucose fermentation under mineral oil, OFF: glucose oxidation (exposed to the air).
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At 2T database®] A|&AH AR o] 7o o3t
Enterobacteriaceae®] g4 o] B}t A A gle}, Klinger
Soll &3P U Kiebsiella, Enterobacter, 12|11 Kluyvera®]
T BT A 2447 W Atelell WSlee ] it
3 s 12]. LR ARAEY] £, ClE B9 Enterobacter
cloacae} E. agglomerans= A|ZAPNA F28h= 4471 ulb
SE} 6-8A1 7 e LBA] Sl AEE F FA ) 7
3lekal 19i ). BioLoghl w2 B] Afu| Sl 153
Tt ASer) QAL v oFAIZtel| ohE i slel] o3t BAjE
AL 53] AT AF F FA B o#ge] st
o] 23t AL oxidase, catalase, indole @ motility A] ¥ o]
2l8) o] A Aol 7Festet. 7] ARRE B3t Biolog
system®] database® Zz}ol|A YNBS4:= E. cloacaest 7}
A =2 homology(43%)E “FeP ATt 1zard, Dol ]34
567% Enterobactereriacae B-21F5 5 55857H98.4%) 7]
& o] Al g3 F SFollA dAE oF 359 F
AR dATH uhog Felslgui9]. T FA o
7331 M54-478] & o] 845 w]as) £ A7}, D-mannose,
D-mannitol, D-saccharose, D-trehalose, gentiobiose, L-
arabinose, D-galactose, D-glucose, D-fructose, N-acetyl-
glucosamine 9] o2 HE] Ak A& ko] S0 1}

ehd go] YNBS4s} oh2 Holgiw

MIDIA|2GRO o8t 7 &3

YNB549} type strainS-2] A|EH 2upAb 24 B4 Az
25 major fatty acid¥® Cis0°) 3 2% major fatty acid:=
AR F e Aolrh sieh, YNBsAS] A 2L Creg
(28:4 mol%), eycloCi7,0(18.1 mol%), Cigiw7c¢(13.5 mol%),
ISO20 Cig.w7c(11.5 mol%) ©] <4 2™, Midi data bankE
o] g3te] & WA E ZAFS £ A3} YNBS4: Pantoea
agglomerans-GC  subgroup B(Enterobacter)2} SI value
0.52% “FePITH(Table 4). Y¥FPH 22 similarity index(SI)
7} >0.5 ©4 @ MIDI 5742 felie] elgsehe vw
7} SAeH16). Tn QM o] F M54-472] Cigyw5C T o]
10.25% S7HSAEH ol7e] 23 S Heide 8
A= He2 GTF ool & Aol

=X 2E 3

YNB549} AM8-H o] 9] type strainsE-2] 16S rDNA
B7IMd 2 A3} Cirobacter freundii®t 99.4%, E. cloacae
9} 98.8%, E. cancerogenus, Leclercia adecarboxylate,
Klebsiella pneumoniae %= 98% ol 434S et
o} 168 1DNA 97] M9E o438 A% EF=el 3hd
YNBS4%= Citrobacter freundii 2% 7V 934 7F D438
shube] A E-& XS, Enterobacter cancerogenus,
Leclercia adecarboxylata. $}= 213 7 2.2 vyehyde}, 3}

Table 3. Investigation of major carbon source utilization of YNB54 by API kits (API32GN, APIS0CH).

Carbon source YNB54 Carbon source YNB54 Carbon source YNB54
N-Acetylglucosamine + Gentiobiose + L-rhamnose +
Amygdalin - D- glucose + D-rhiffinose +
D-arabinose - Glycogen - D-ribose +
L-arabinose + Inositol - D-Saccharose -
Dulcitol - Inulin - D- sorbitol -

D- fructose + D-maltose + Starch +
D-fucose - D-mannitol + D-trehalose +
L-fucose - D-mannose + D-xylose -
D-galactose + Melibiose + L-xylose
Table 4. Cellular fatty acid composition of YNB54, M54-47, and ATCC type strains by MIDI analysis.
Strain YNB54 M54.47 E. cancerogenus  E. cloacae L. adecarboxylata K. pneumoniae  C. freundii
Fatty acid ATCC35317 ATCC13047 LBV449 ATCC13884 ATCC29935
18:1w7¢c 13.45 0.09 10.66 17.12 17.85 9.8 14.07
18:1w5c¢ 0 10.25 0 0 0 0 0
17:0 cyclo 18.14 21.72 21.61 13.43 12.55 15.61 4.36
17:0 3.46 3.98 2.75 3.29 2.26 2.67 0.77
16:1w7¢ 11.48 8.28 6.56 12.6 15.05 17.38 26.18
16:1 ISO 7.69 7.45 8.06 6.99 8 8.66 8.95
16:0 28.39 29.71 3293 31.02 29.09 30.09 31.18
14:0 6.94 7.05 6.62 8.14 6.1 10.91 7.75
12:0 3.92 7.05 0.05 1.13 4.07 0.44 4

Numbers refer to percentage of total fatty acids. The bacterial strains were incubated on TSA (Tryptic soy agar) at 28°C for 24hours.
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Klebsiella trevisanii ATCC33558" AF 129444

56 [

42 | - Enterobacter aerogenes ATCC13048 "AJ251468

46

87

63

Klebsiella terrigena ATCC33257" AF 129442

_'l— E. amnigenus ATCC33072" AB004749

E. intermedius ATCC33110" ABO04747
Citrobacter gillenii CDC4693" 86 AF025367
__: E. nimipressuralis LMG10245" Z96077
K. oxytoca ATCC13182T" AF129440
C. braakii ATCC51113” AF025368
—',{E murlinias CDC2970 59" AF025369
8 C. werkmanii CDCO876 587 AF025373

E. kobei ATCCBAA 260 AJ508301

YNBS54

66

44

E. hormaechei ATCC49162" AJ508302
C. fraundii ATCC29935" M59291

E. gergoviae ATCC33028 T AB004748

E. cancerogenus ATCC35317" 296078
E. asburiae ATCC 359537 AB004744
E. ludwigii CIP108491" AJ853891
Leclercia adecarboxylata LBV 449 AJ276393
98 |—— K. variicola ATCCBAA 830 AJ783916

K. singaporensis LX3" AF250285

K.pneumoniae rhinoscleromatis ATCC13884" AF 130983

E. sakazakii ATCC51329" AY752937

99

C. sedlakii CDC4696 86 AF025364

87
98 _—_|——--—--— C.rodentium ATCC51459" ABO45T37

C. farmeri CDC2991 81 AF025371

(
E. cowanii CIP107300" AJ508303

7L
E. dissolvens ATCC23373' Z96079
_——‘{ 4
E. cloacae ATCC13047" AJ251469

Fig. 2. Neighbour-joining analysis of DNA sequences from several Enterobacter spp. Phylogenetlc analysis was based on full 16S
rRNA gene sequences, and the scale reflects relative phylogenetic distance. The isolates, whose names with ATCC numbers, were fétrieved

from GenBank.
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