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Ralstonia pseudosolanacearum, a plant pathogenic bacterium that can survive for a long time in soil and
water, causes lethal wilt in the Solanaceae family. Sigma S is a part of the RNA polymerase complex, which
regulates gene expression during bacterial stress response or stationary phase. In this study, we investigated
the role of sigma S in R. pseudosolanacearum under stress conditions using a rpoS-defective mutant strain
of R. pseudosolanacearum and its wild-type strain. The phenotypes of rpoS-defective mutant were comple-
mented by introducing the original rpoS gene. There were no differences observed in bacterial growth rate
and exopolysaccharide production between the wild-type strain and the rpoS mutant. However, the wild-type
strain responded more sensitively to nutrient deficiency compared to the mutant strain. Under the nutrient
deficiency, the rpoS mutant maintained a high bacterial viability for a longer period, while the viability of the
wild-type strain declined rapidly. Furthermore, a significant difference in pH was observed between the cul-
ture supernatant of the wild-type strain and the mutant strain. The pH of the culture supernatant for the wild-
type strain decreased rapidly during bacterial growth, leading to medium acidification. The rapid decline in
the wild-type strain’s viability may be associated with medium acidification and bacterial sensitivity to acidity
during transition to the stationary phase. Interestingly, the rpoS mutant strain cannot utilize acetic acid, D-
alanine, D-trehalose, and L-histidine. These results suggest that sigma S of R. pseudosolanacearum regulates
the production or utilization of organic acids and controls cell death during stationary phase under nutrient
deficiency.
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oA AEo] 7Hsst =3 EdolA e 7|7 HE(Hay-
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Table 1. Bacterial strains and plasmids used in this study

A A2l sigma factor S (sigma S)& rpoS F2A A9
AT 3= RNA SFa 4 B4 97 E, Alto] &£
B 2EY A B Bl A7) ool e fAA
S Z A5y, AE35}A 3l (Astaurova 5, 2007; Loewen
T} Hengge-Aronis, 1994). R. pseudosolanacearum GMI1000
o sigma Si= 7|3 4| 89] 27] Q1413 2ol el 9)
2ol %A £ ATNAE e AE L 2ASA
R. pseudosolanacearum sigma S g&3} HAAL U 7|El §
A #H 715 A Y84l R. pseudosolanacearum
9] sigma S HolH|E o] &35}4 ). o]u] sigma S& R. pseudo-
solanacearum©)| Al acyl-homoserine lactone JAHS £3t
quorum sensing¥} theF Rt A EF A 270 A AE o] o
stttk Zlo] vhs Fth(Flavier &, 1998). 121} sigma S7} Al
29| A7) B @ $AA BEL 2P 1% ofn
AZZ sigma S7} A2 23 7|7 A Eo| TR 1 Y
o] B3Itk webd rpos Belol 93] wolo] Lhehd
choFst SRS SHI5t] $lohel opE F3et HolH) vl
AR sigma S7} oWl A0 2 AN RS A7) AEo] B
of 7] A5tk

o
o l‘i?l =-J_- (e

¢

Strain or plasmid

Relevant characteristics

Source or reference

E. coli strains

DH5a F recA1 A(lacZYA-argF)U169 hsdR17 thi-1 gyrA66 supE44 endAT relA1 $80dlac A(lacZ)M15 Sambrook et al. (1989)
HB101 F mcrBmrr hsdS20 (s ms) recA13 leuB6 ara-14 proA2 lacY 1 galk2 xyl-5 mtl-1 rpsL20 supE44 X Boyghas's‘gifa”g':‘;;d'
R. pseudosolanacearum
strains
GMI1000 Wild type Boucher et al. (1985)
RSSM rpoS defective mutant of R. solanacearum GMI1000; Kan' This study
R+pSSKm Conjugant of R. solanacearum GMI1000 carrying pSSKm plasmid; Km', Tc' This study
Plasmids
0SS Ap’; 1.4 kb EcoRl, Hindlll fragme:I'; :]aeré)/ii:t% tgg Erf\)/‘oi g:;\; of R. solanacearum GMI1000 This study
pSS1-1 Tc'; 1.4 kb EcoRl, Hindlll fragment of pSS1 in pRK415 This study
pSSKm Km'Tc'; gene replacement plasmid constructed in pRK415, donor for triparental mating This study
PGEM-T Easy Ap’; TA cloning vector Promega
pMKm Km'; kanamycin resistance cassette Murillo et al. (1994)
pRK415 Tc; RK2-derived broad-host-range cloning vector Keen et al. (1988)
pRK2013 Km'; mobilization helper Figurski and Helinski

(1979)

Kan', chromosomal kanamycin resistance; Ap', ampicillin resistance; Tc', tetracycline resistance; Km', kanamycin resistance.
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AHg B3 U o 2.
casamino acid-peptone-glucose (CPG) Bj|X](casamino acid
0.1%, peptone 1%, glucose 0.5%; Schaad 5, 2001)0]| 4] 24A]
7}, 37°C, &-& CPG Hljx]9] 2, 3, 4-triphenyl tetrazolium chlo-
rideo] A7}= TZC vl X|(Kelman, 1954)0)| A E-AF 4847t 30°C
Z AN A 85Tk Escherichia coli 3% Luria-Bertani
brotho]l 2115 IS H7halo] 24412, 37°CoA] MjEsTR
tHMiller, 1972). & A3of| AH-§-H 5 2 Z2tAN| 5= Table
13} 2o} ARE3 A 2 s== that 2k ampidillin,
100 pg/ml; kanamycin, 25 pg/ml; tetracycline, 20 pg/ml.

R. pseudosolanacearum w5+

rpoS SZIXt ZA0{ HO[X| M=} Plasmid DNA £, ge-
nomic DNA 22|, DNA A =3} Al+t¢] FEAg 5 LRk
ol RAAES 7|2 EF W (Sambrook 5, 1989)%
Zth rpoS A&7 Ao R. pseudosolanacearum 5
GMI1000 o =& oFAR o 2 A &5ttt rpoS F32H= oF
9] Zalo|HE 0]8-3}4] polymerase chain reaction (PCR)
© 2 FESCE AR 9] primer= oh3} 2Tk (SS-
1: 5-TACGGGAATTCTGTCATCATCAAGCACAACG-3’; §5-2: 5’
-TGCTGAAGCTGCGCGACGCGGAATAGACAACG-3)). PCRZ =
Z3} GMI100092] rpoS 3R] F71o] kanamycin A &A]
ARZE S Hol EetAn| =& Al&SHTHFig. 1). o] &2
AU|EE o]8-31o] AF Al marker exchange Hol7|H o
2 rpoS AL Aojd HolAE Adetginh ¥o| fF+=
Southern blot o 2 &-213}% thFig. 2). A¥HE HolH|+= RSSM
© = ygsisitt

rpoS XA e Aol Q= w2 R. pseudosolanacearum
RSSMe]| rpoS - AHE THA] E=43H rpos 314 750l

vy

o}

A H B Sac B Sp E
|’|<—  1poS |’ ‘
' ! .
rpoS probe
B H B H Sm

I I

Xh \\\B

A B
kb kb
6.56 2313 —*
437 6.56 —>
2:32 -
2.03 505 =
0.56
0.56 —*

Fig. 2. Southern hybridization with kanamycin gene probe (A) and
rpoS probe (B). (A) Lane 1, ADNA/Hindlll marker; lane 2, wild type
DNA; lane 3, mutant DNA; lane 4, kanamycin resistant plasmid 2.0
kb. Restriction. 2-4, Pstl. (B) Lane 1, ADNA/Hindlll marker; lane 2, wild
type DNA; lane 3, mutant DNA; lane 4, wild type DNA; lane 5, mu-
tant DNA. Restriction. 2-3, EcoRl; 4-5, Scal.

3 EH HoAIE FHI8HT 7153 & Ho A= RSSM (rpoS-)
FZo]| ZEFANE pSSMI-12 B-8-5}4] SSM1-12 HH sl
RSSM HolAJo] vectorql pRK415TF 3H-5-3F T 2= SRK415
2 ggsqirh

CIst ZZ0IM Mz ME EM.  CPG HjX|EC} peptone
o] 1/102 3|4% CPG HA ) =|(dCPG)o] k& GMI10003}
Hol A RSSMS: 3¢ FRHAA7] ) B R & #1712 Bl
%Fo) Y48 RASHGLh GoFRo] BRI ZANA AR
AE] tigt A3 AsiA dCPG Hj Aol A 3L F<t kst
11, 2712 159 Zot ujeFstH A YR 2 TZC uj Aol A A
45 23T & AL SE)A) H0, v Baker
9} Orlandi, 1995)0]] Tt A2 3Y F2t v vjFeH 5 ml
o H,0,5 20 mM =7} A A5}, 60& ol Ad+E
2ARSRITE 2T e At gk AL Aga] 9
34 mannitol-glutamate (MG) broth (10 g mannitol, 2 g L-
glutamate, 0.5 g KH,PO,, 0.2 g NaCl, 0.2 g MgSO, - 7H,0 per liter)

—! 1.4kb

Sp E

. ‘ fe—rpos-3f———
|

Kanamycin resistance — | rpoS-5’ ‘ ‘

| 2.87 kb

KmR probe

Fig. 1. Restriction map of marker exchange mutagenesis construct for rpoS in Ralstonia pseudosolanaceaerum. (A) The restriction map of the
1.4 kb Hindlll, EcoRI fragment of pSS1-1. The thin bars represent the cloning sites of pRK415. (B) Construction of a gene replacement plasmid
by inserting kanamycin resistance gene in the middle of rpoS gene. H, Hindlll; B, BamHI; Sp, Sphl; E, EcoRl; Sm, Saml; Xh, Xhol.
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= 1004 SjAE Al vig Y 5 mlof] H,0,& 1.5 mM FE2
W7 ¥, 608 B0 AT ZABAT AHo R W
H000 thet Alate] T== Alate] 7] =7t @&
Safo] 115 5= 1008) 5]435}e] Hrhstopk

0E 7Y LB A YWAE 53t o) F7hstith A
A 7| 7HA] et Al vl S 2 &HjA] MG brothof A
10,0008 5413 %, ThA] MG AR zlo] 1008 3415 A
2 46°C S220] 108 BRI Sz0] Y] A3 Fol A
TE ARSI o[ A" AT ol = HER 27 Al 2
T2 4x10° cfu/mlE BH27] Jatolc), A=tk AHpH 4.0)
of 3t WAl (Baker2} Orlandi, 1995) &-2135}7] YA MG
brotho] 10,0008] 34 % AL z+zF 2 M NaCl €9, 5 mM
potassium biphthalateo]] 1008} 3]43}o] 608 F-of A
£ 2ASGT YETE Thbe AE 2o U % gl
Hi e vkl AIZPE R R Fshe] At SAR - A
58 2ARHT

HiX| pH B35}t acetic acid . A2 t}2 pH (pH 6.2,
pH 5.0, pH 4.0)2 XA % dCPG brotho| A YREZ A=
2 2 AR} BAI0) HEAS Hsto] pH W F=S 274
813132, dCPG broth (pH 6.2)°]] Alet& E#EE vl gstH
Al I AASB-E #3514 acetic acid analysis kit (R-Biopharm
AG, Darmstadt, Germany)& ©]-&3} aceticacid 5=& =%
SET) o 27] Alat HE-E A7 7HA] ekt Al
< 10° cfu/mlE 45t S A5 ufof| A wjkstn] 2AL
3} Th Acetic acid9] 5=+ acetic acid analysis®] UV ¥+
of wet st 12T ALYRARA U S Eo) 5
w43k

MiZ EFARI 0|2 AL, GMI1000, RSSM, SSM1-1 A -3
o] &9l o] 859 AlolF EA5Y| fleiA 1At
o] SH Q|54 A}H-8-%)+= Biolog GN2 MicroPlates (Biolog, Hay-
ward, CA, USA)E AFE3519tE = #5= CPG brothE 0|83}
of 37°Cof| A 24A17F 53F 200 rpm 2 2 Rt $, At
of| @E}5}e] ODggo B2 0.3 2 2 23S}, FH]H Ao dEF
ol 150 pl& 96-well GN2 plates®] ZF wello]] €& %, 30°Co]|
Al 24X Bk vl oFe itk Soko 2 M7Zho] WS kst
o g9l o] o 15 B7|5IGITE HepA o 7 Azbo] wigts)
H +2 F7]5FAAL o] = wellof] B S o]88E 9]
shu, A7ko] W37} Qlow -2 F7|SHAL o] 1 well9] &

49 )85 3L Yrldin

Z

Alete] g4 o]

o

-

Reverse transcription (RT)-PCR.
o} | W3}3 KEGG pathwayS 53] o] Balel #4712
SASHETE Aol7h s it Auslgirkn BeEs 4
A WE-E RT-PCRE v w3lgich i &-AA= R. pseu-
dosolanacearum GMI1000 +#3+2] alanine racemase?l alr
(RSc1371)0] 3t} AH-&-H primere= T 74712 651 bp 5%
St 2.9 A2 FH|5H5t): (alr-F: 5'-AGCAATACCGACT-
GACCAGC3', alr-R: 5-TGATCATGTCCATCGACACG-3)).

ZA| RNA £2]+= CPG brothof| A 2% F<¢t vt &, vk
9] 1.5 mlE YAHETZ pelletS HoFA TRIzol Reagent (In-
vitrogen Life Technologies, Carlsbad, CA, USA)E- ©]-8-3}4ith
RT-PCR-& OneStep RT-PCR kit (QIAGEN, Hilden, Germany)&
AFg51o] AzALe] 32 E 2o mtch

N

2 1

rpoS XX} ZA0| LHO[X|S| K. R. pseudosolanacearum
obAE T3 GMI10003} rpos 2] Wol4] RssM Abole] 4%
S5 9 ik AAblAE Aol7t UK egleh 2%
= AA A} AR A HF FURL S = AFFiTHdata
not shown). W2}A], rpoS Ho]7} R. pseudosolanacearum®] 7]
Z A& I 7IAA = e AL 2 UEHTh HolAl= &
FT AFoIU 2715 HEA B2F o F ol sl B
A9] oF3}E Hgthdata not shown). o]= 7|&9]| rpoS Ao
Ho Aol A B/ ofztel et AR Ao} FUSE Aot
(Flavier %, 1998).

AEFA ZA0|M| 27| M=o Bt0{5H= sigma S, ©F
ARG} HolA & theFet 2ol e AAsc 1 2
IH= hFE 270 A BlolA|] AE&o] HAsH¢ITHTable
2). HolA| 9] 7hAE AEE-2 & complementation o5
oA S EETE rpoS F AT 45 5} }= sigma S2) o] 7|
T2 71E0) B g Aiket Yx|sitHFlavier 5, 1998). 18
L old Hael g Qo] ml-¢ FE53 2 (peptone S
0.1% -5k CPG HlA], dCPG)of| A= oF A KTt Ho]
Aol A A7t B E=A FA= A THFig. 3). o] & ERPEE H
w3t A3, ofAFP 2 GMI0003} Ho A 35 #5221 SSM1-1€]
735 viok 5URINE A7t ash] AlRFetaL, e 74
Aol F FFoA BF AFFE TET 5 Hdch e,
HHolAQ] RSSM} o A 2121 SRK4152] 739~ ujeF 104
RN = A7) Fehe] Bt} vlgt 202 AFE
FA13HTHFig. 3).
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Table 2. Stress survival of Ralstonia solanacearum wild-type,
rpoS mutant and complementation strain

. b
Percent survival

Treatment®

Wild type rpoS Mutant Complementation
(GMI1000) (RSSM) (SSM1-1)
H,0, (20 mM) 8.84 0.00014 26.43
H,0, (1.5 mM) 2.1 0.014 NT
NaCl (2.0 M) 2.77 15 NT
46°C 50 335 24.7
pH 4.0 0.15 0.135 0.076
Starvation 0 62.5 0

NT, not tested.

*Hydrogen peroxide at a final concentration of 20 mM was add-
ed to a stationary-phase culture containing ca. 4.0x10° cfu/ml.
Otherwise, cells were diluted to ca. 4.0x10° cfu/ml before treat-
ment.

PPercent survival was calculated as (cfu/ml after treatment/cfu/ml
before the treatment) x 100.

Log (cfu/ml)
N W A LN 0 O

—

[w)

01 234567 8 9101112131415
Days after incubation

Fig. 3. Viability of Ralstonia pseudosolanacearum GMI1000, RSSM,
SSM1-1, SRK415 strains in starvation condition. Cells were inocu-
lated into 0.1% peptone CPG and incubated at 37°C, shaking incu-
bation. Values are the average of three replications and vertical
bars represent the standard deviation. o, GMI1000; A, RSSM; o,
SSM1-1; <&, SRK415; cfu, colony forming unit; CPG, casamino acid-
peptone-glucose.

SUATO|M HOlHIS| MES S7te}pH Bzt AEY, o
2T HIAI91 dCPG brotho] 4 okyE #%7t Wol A xc o
we) APESHS U91S BATSHgTh 1 Yele] v Ak wiat
2 71542 B8] 913 pHIE(PH 6.2, pH 5.0, pH 4.0) dCPG
brothel] AR} Blo| RIS 128714 4712k wheksha AE

8 ZASHe] BA] Rl Fsto] pH HSHE B4

t}. dCPG broth©] pHe} AHglo] SSMI-1.& 627 42 o
Ze 4= §l913L, GMIN000-2 98A) A8 e 5= §IAl
Tk, RSSM2 12UA|7HA] A7t R A1 =] SAThFig. 4A-C). T3t
pH H3}5 EA43F A1} dCPG broth®] pHe} 4atglo] 394
7HA] oF pH 7.07HA] S7V8HTh7E 1 o] % 647E 12UR|71A]
GMI10003} SSM1-18 pH 4.02. 2 7Z+43}%thHFig. 4D-F). RSSM
9] 739 pH 6.091 4 QFY 3= $ITh(Fig. 4D). o] Ait= A7)
of = Alxte] pHoll gt BH-g- Axtel= xfo]7} itk AR
719] op g} HolAl= B 27| pH 4.000 4] o9 F17H5}e]
@57+ F43] AFEstTH(Table 2). 2=y A=AA7]2] Al
o] F2 TEE JFTH A BA7IE A= 3UelA 64 o]
S RE opBY FFY ATt A5 AL vl ] pH
T F43] 723t HFig. 4). o] dCPG brothojl A vt =
o v FH 7ke] pH Z}o]7} AYAtE] = acetic acid TiEY ==
AL A=) T oAt Ee] 3¢, 794 acetic acid
2 =23} A3}, RSSMo] GMIT000Z} SSM1-11.th 5 7} 26} 7}
7to] H &9k tHdata not shown). = o5 v QFeH ] pH 2}o)=
of| 3t 2] acetic acido]] 71913 A o] obd& EltSict

30,
o

tHO|x|| EtA2 0| 22| 3t HOIM| W&, FSZF dCPG
brotholl 4 pHE MBtA71= 714+ 317] $13) Biolog 2 &
&9 ol golq WstE vlmsck oA} WolA] B2 7
Fo]| A= acetic acid, D-alanine, D-trehalose, L-histidine& ]
SAAT, HolANNE 1 HAUSS o831 Faholch
(Table 3). 12|31 Biolog +4] A& {34 ¢d =FollA 4
g3}tk D-alanined] 0|83 2E KEGG 7 2|4 54T
D-alanine?] o]-&-2 alanine racemaseS ¢35 318} = alr -84
Zto]| 08} D-alanine©] L-alanine 2. 2 A3}tE & o]-&-Ft}. RT-
PCR 23}, alr -31212] o] opE w72} HolH| Afo]of A
RNA 23 9] Z}o] & HYIThFig. 5). Ho|A|o| A= alro] A& &
AEIR| gFobA alro] rposell 2Jsf o] 2EFES & = AT

g
[

B A3l Ful2ge fuets WYAF R pseudosola-
nacearum®] sigma S& Y43 3}5t= G AR} rpoS7F AojEH W
OJAIE o] &5t oFF et At AE Ao SAE
H| WS B to] obd o= Al ol A ofn| sigma S= G
FE A UV =E BT & 204 AEL
o] 9)-&o] B 1 E|¢jtHBadgere} Miller, 1995; Fang 5,
1992; Lange®} Hengge-Aronis, 1991; Sarniguet 5, 1995). R.

pseudosolanacearum®l| 4] sigma S F-ZAA}= 17] £A)3hH o]
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Fig. 4. Bacterial viability (A-C) and a pH change (D-F) of culture during the starvation condition. Initial pH of culture medium for (A) and (D)
dCPG was pH 6.2, those for (B) and (E) dCPG were pH 5.0, and those for (C) and (F) dCPG were pH 4.0. Values are the average of three replica-
tions and vertical bars represent the standard deviation. o, GMI1000; A, RSSM; o, SSM1-1; CPG, casamino acid-peptone-glucose.

Table 3. Nutritional characteristics of Ralstonia solanacearum
strains using BIOLOG GN2 plates

Characteristic

Strains

GMI1000 RSSM SSM1-1

Utilization of:
Acetic acid
D-alanine
D-trehalose

L-histidine

+ + + +
+ + o+ o+

+, utilization of C-source; -, no utilization of C-source.

& o] sigma QA7 AlFE AT AR AT AL AN
o & A4 A2 rpos §AA Aol Woll mAA
oA Ahets et oluirkdse] Ago] ok FFe Aol

7F QAL HjR Y TRl = IA FFE A Uk mdE

&
& S
€ 2

e e

alr W

GrA — —

[F ==

RNA S ——

Fig. 5. Defect in D-alanine metabolism in rpoS mutant of Ralstonia
pseudosolanacearum shown by RT-PCR analysis of alr. Lane 1, GMI1000
grown on CPG; lane 2, RSSM grown on CPG. RT alr; alanine racemase,
RT gyrA (control); probable DNA gyrase (subunit a). RT-PCR, reverse
transcription-polymerase chain reaction; CPG, casamino acid-pep-
tone-glucose.
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of Hauhx) S SIS ofmliah vk, AR 3
Shi SEhe kel A7) 27o] Bu), wol A7 ShduA|
g ohet HadAoAE 2 Aeke A oleid Jre
ot o] Aol §9l&E Sntek. ol R. pseudoso-
lanacearum®] sigma S7} Al5t9] URHA Q1 A7 olli= To{sHA]
= et

TRt 2Ed A 200 A of Y w2} rpoS Ho A 2] A
&5 B ASHS ) of Y o = TS0 leFofl A W
o[Alof| H|sjA] && BwtrE FAIShE W YFE4E =
AoMs W& AtE Bk dFE2H 22004 oF83
Y W2 YEL o]Hof| AFH R. solanacearum®] AW <t
Fo= ARt A3tE UebiichFlavier 5, 1998). Y4224
270\ A vt op R ot Hol A o] AatE ]l
2 AHFig. 3)i= sigma S7F Al9] 7] o] ¢ FFEEE =
A4 8 7|17+ BET IE ] Qle e UEhdth o] 9
Aol A E. coli®] sigma Si= A 7|4} T3 o] o] Qlck
31 95 F A 7HHengge-Aronis, 1996a, 1996b; Kolter 5, 1993;
McCann 5, 1991), YF2H 27ol|A] Hol4| o] 7] &1}
AP Bt vl itk Alate] HA)7] o] $of FFEEE =
oA 7] BEL o] Alato] EFoIu EollA BEshe 2
235 0.2 dgelo] 9 4 gtk

A7) o] %o FFEZF 27(CPG B A])ol| A 717t Bf
A oFBE ot AT AFEY AU 37| flshe] thFet
8921 BEA3}4Att Pseudomonas chlororaphis®] sigma S&=
alanine, proline, histidine, arginine, urea, ammonium, gluta-
mine®} -2 A2 9] o]-gof gttt B E{rHAstau-
rova 5, 2007). 2121} Z|2HiA|Q1 MG HiA|ofl A AAaQl L-
glutamic acid®] = E<1 #iA|A B7I7t vjede sjHE3t=
o, GMI1000 o} A& F32} rpoS oA Ato] Aol Z}o]
7} ¢l3lth(data not shown). S0 &A= Al ¥l o] % dCPG
broth BjFA 0] pHE S45IS W oFYF w5 vijFlo] A
43t a2 Stk AA710 e Al 271 44 pH
oNA w9 FA3] Aat7t st =d|(Table 2) v]s) 2|4
4719 AEE At 97 AIRE A F A7 2 T Al
719l pH Z27F AFE Aot B 343 44E 2o
(Fig. 4). otvt= A|lxt9] pHoll gt M= Al 7372t A
2] Agefoll mhet Y-S e A2 2 AL vjFA o] A}
7t A7)0l S0l of Y =9 o] & APEY| Holo = Tt
E=t ol= g Aol A oH F{7]A4ke] A4k 0]-8-2 Ato] f
Y Aol gt o] d dAtoll W2 4HAH 2ol
A E. coli oY 9] ujFHol| A= pH7}4.701913L, rpoS ¥
o] 4| HjFH 2] pH= 6.8= T =T LUt o] 7 ¥ A vj

oFHo]| A acetic acid2] E= 7} ZtHGuillemet2} Moreau,
2008). & Aol A= HHolA|of| A op Y =i uljoF ol <]
acetic acid %7} B E9k=t] o] o3 Srskon) ujopol
oto] Th2 §71410] & 2jo] ofAE FolA] £ AL o7
k. opYE 2k g2l HMolAof A= acetic acidet U of
u|=Ake] D-alanine, D-trehalose, L-histine2 ©]-83}%] 515
=4 ol= sigma S7} o]& o]gof #Eo| Sl A= A
ok f714F dizoll oA w7t o e APEs=Alof thgt
AR ZAE Qo n 2 FF 27} 47 Basit), ol
oY 20t & L-alanine 0]-8-35}A|qt D-alanine2 o]
3}A] £35}199d| ©o]= D-alanine 2. 21 E| L-alanine2 A=
8 49] alanine racemase?] §AA}2Q1 alr7} HolA|o| A ErEo|
A45k37] wiZolth IHE 2 rpoS Hol Ao D-alanine?] &
2 3teFo] SAE 7F5Ao] Q) D-alanine2 Aol A A
W2 PSP ARLS SA5HE B Fa% 9B ez
(Hwang, 2006; Song} Lee, 2006) o]o]| T3t <& A= HQ
[a="

FHEEE Bl ZollA] &S HEst= RSSC £3F
Al Alatol o e 2 Bkt EollA WAl AASEH
£ 20| 7RI AES e 25 Hdsial 7]19-= A
gFo] g 4= Qlth B A= R. pseudosolanacearum®] sigma S
= FFEY 28 210l HeAlto] Wget vhg-2& =4dshH

jotste] s G- AA RN A R. pseudosolanacearum S0 2]
o ARE Fol= A2 EuhEE HAIE AR =L 718 E
A5 4= Utk £, R. pseudosolanacearum 0201 A& HZ
g sjofstol 17152 AT 4 Qlcke, WUR S B 2
oA AAT BIA] WHS e 5 S Aot o] F ¢
3lf sigma Sofl o3 2EE = 5H9] RS Bt AEH
2 g Ao gk
2 o
Ralstonia pseudosolanacearum-S £} S04 25
o AL, X7} 2ol Ae EuhEHS Ao 4
S YAlatolth Simga S Alte] A2EH A o)A vk
E& HH7) B G SRS 2L RNA UL 2
A9 Lol Gujdolth B AT A=A ZAGA R
pseudosolanacearum®] sigma S2] I 2 A}S17| )4, R.
pseudosolanacearum®] GMI1000 «+5=2] sigma S& 4% 35}
= rpos A Mol A ulste] oY e} AlEel B4
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< Bl RSFGATE &2 rpoS AL e Y FHAE Hol
Alofl =5t rpoS FHA FHY 3] &5 SHI5HIT: oFAY

7} rpoS Ao] HolA|= A &=, QjujrhdR AL 2
Al A B, A= Al2Y Jaf 24 B4 Zpo|F HolA|
AUTh Lt of Y = FYEZY A HolAH R
o} o 9IZSkA W35t larl TRk TE H7FE 204 ¥
ojHlHct & IZsHA ¥kttt FH|EAE FYEEE =
N4 rpos Aof Bo|A|of| A= B7|7F A& FAISHAIEL
2E 2700\A opB Y 3 Bt WEA stk 17
AT g gl pHE 573 23, of Y o =9 HolA| 1t
of 3Et Zol7t Ukl of Y ot == St w2
Al viA] 8] pH7} assto] AHStE e I B s of Y
O] whE AFE-E Wi x| 7F A St A G 7] AR Alete] A
pHell tigt RIZE w2 Zlo|tt. Biolog 4] S 2 rpoS HolA]
L acetic acid, D-alanine, D-trehalose, L-histidine& ©]-&35}X]
S EIskTh 2 A 2= R. pseudosolanacearum Al
9] sigma S7} FAEZF oA HA7] Rt 714 A
Tt o8& 25 FA7| Al ZAIEE 2-sHE A Ho

zo.
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