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Pseudomonas sp. G19 Alleviates Salt Stress and
Promotes Growth of Chinese Cabbage
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A variety of abiotic stresses limit plant growth and crop productivity. Among the abiotic stress, salinity is one of the
major harmful stresses to plants. Plant growth-promoting bacterium was isolated from reclaimed land soil of
Kyehwa-do and identified as Pseudomonas. Pseudomonas sp. strain G19 produced 7.5 pg/ml of indole acetic acid
and solubilized 25% of insoluble phosphate after 36 h cultivation. Also, G19 was able to produce a protein that was
structurally homologous to 1-aminocyclopropane-1-carboxylate deaminase of Pseudomonas fluorescens KACC10070
playing a role in reduction of ethylene in plant. The strain G19 increased the biomass of Chinese cabbage seedlings
grown in the presence of 150 mM NaCl. The results indicated that the strain G19 promoted the growth of Chinese
cabbage seedling under salinity stress through microbe-plant interactions.
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A3LA71A] k. webA, olelst A2 B0 =EE 3]
£ 2o AR % A A Aol te A7k A& H o
Y= 1 QJrth(Rodriguez and Fraga, 1999; Penrose and Glick,
2003; Mayak et al., 2004).
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o A& 27517] = 8}, o] 5 AlESo] AIAEHE siderophore
= B W Fe(IDT Aste] 2l&0] B4 Fe(ll)E 44
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(Glick, 1995; Liu et al., 1995). 3t E0F9] QI(P) AELE A&
E S5 EA ESHAL Fe, Al, Cad} 22 ol 253 A7sto] 4]

&0 o|83l7] oH2 &84 FHZ S 7= st=H|, ol

*For correspondence. E-mail: chae@jbnu.ac.kr; Tel.: +82-63-850-0840;
Fax: +82-63-850-0834

0] e 2] 7PAA 0.2 SASHE v, Alo] AmE|A 2
o .=2E 2 ) SV o239 AEAIQ] 1-aminocyclopropane-
I-catboxylate (ACC)E 7}4=2afs}o] o 2elle] FEE 7H44]7]
+= ACC deaminase S a3 o 2 3 thokst AEHAZ QI3 4]
EY8IE A= Zgo] BaLE o] Jlth(Glick, 1995).

2 Aol s Ego 2R Tt Al FRES Relslglo
H, A5 L FHstL AEHAE AT 4FE A
sttt AWE #5= Pseudomonas sp. G193 HH3}S
i, indole acetic acid (IAA) AL, A 18-315, siderophore
AL fEE S5, Fd FA vEE o8-8t ACC
deaminase /At o R = FHEG L) E£3F AUEH FFF o835
A% HE Bofel, o Al A0 iR ALEN B
38 15t

& WA uAE AdE 8l AStE HER Y EF 1 g2 A3
3}o] 0.8% NaCl 4oz 4 3]435t &, Pikovskaya’s HJX]|
(0.05% yeast extract, 1% glucose, 0.5% calcium phosphate,

0.05% ammonium sulphate, 0.02% potassium chloride, 0.01%
magnesium sulphate 0.00001% manganese sulphate, 0.00001%



ferrous sulphate, 1.5% agar)o]] =ato] 30 C ol A 3U7t wljoF
shyck a8l B84 919 AkeE @02 Qlste] 3
gt o £ tfj(halo zone)E A= w= ALt th(Lee
et al., 2013). ALE FF5L Chrome-Azurol S (CAS) HjA]
(Schwyn and Ncilands, 1987)0]] &35}o] 30 C oA 2447 &
< oo, 2 Flo] QUAMOR Wolk H=E Pt
3} siderophore A§Ad-S &<13}9% 2 (Schwyn and Ncilands,
1987) QUA7H8S} B4 siderophore ko] Gl TS
FF AEstylh A FFE2 A8 TE2EQ 2419 A4t
=2 3¢15H7] 95t indole acetic acid (IAA)Q] AGLEZIQ]
L-tryptophan< 3 mM 7}35t LB HA|HR| S o]-&35}e] 30TC o]
A 48 A7} E<t ujoFallr}. 18] 1 8,000 rpmof| A 2087 G4
223t 3 AH=H-2 Salkowski A|2F(35% perchloric acid 49 ml,
0.5 M ferric chloride 1 mD)¥} 1:2 (v/v)&] B & & 4lo] A22] ¢
274 30E ¥-3A]7]2L ODsssolA SHEE SHsHHeH
IAA Q] Aeke B3 TAA (Sigma Aldrich, USA)S AR&3to] 3
=5} th(Patten and Glick, 2002). AtE 7H45= 25 JAA Q]
AAeZ 7HA AL QAo (A= mAA)), T FollA AB4bsol] 7t
Z =4 £HE G19 #FF ]85t wfjekol] w2 IAA YAkt
A7HE-3 &S 4% Aok Fig. 29F 2ok JAA 23S ¢
3la] 1 x 10° CFUmIZ & 5 =5 2Aste] FEska, 1247
uhe} P4 At By of) wak 1AA A4S stk 1 2
o, #5=9] Aol ST ot IAAY AFE S718HH S
H, A 36AIZF o] 3o TAA YAt F 7.5 ug/ml2 X &
et $lch(Fig. 2A). T3 QJIA7HES S-S Gotir] st
Pikovskaya’s 9A| X & THE31 W84 tricalcium phosphate
£ F7}slo] TDS (Total Dissolved solids, & €34 13 E)E
800 ppm =0 2 A3 223 TAA S04 9t 5Yst
A 22 W= o 5 FF5T $F, MAFRA (2002)9] ¥ o
2k ok A9 5 mlE 12A]7F vt} 3 %|3}e] TDS meter (TDS
6, USA)E & 834 ¥ EY &2 SAstatt 1 2, 364
7t uljSF ©]%F 25% o] ‘-84 tricalcium phosphate”Z} Zr45FH 2
o o] A2 G19 o] 9l3f 7H8-3HE 22 Ve th(Fig. 2B).
TeFst AEH AR QIF| AEA| 2 A 7= oEHS 2
Ex3E EX5ks 8o gEA o ngEe] dEste
ACC deaminase= |23 A<l ACCE 7R3 LR
| A B AEH A AFPAS F7HAZITHGlick, 1995). waEkA|
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Fig. 1. Detection of ACC deaminase using polyclonal anti-ACC
deaminase (anti-ACCD) antibody. Lanes: 1, purified recombinant ACCD
(positive control); 2, P. fluorescens KACC10070 (positive control);
3, Gl; 4, G6; 5, G10; 6, G11; 7, G19; 8, G 30; 9, G 33. Anti-ACCD

antibody was produced with recombinant ACCD which was
originated from P. fluorescens KACC10070 (Soh et al., 2014).
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% 3mM ACC7} A4 o2 H7}E Dworkin-Foster (DF) salt
minimal ¥ X](4 g KH,PO4, 6 g Na,HPO,, 0.2 g MgSO4-7H;0,
1 mg FeSO4-7H,0, 10 ug H3BO3, 10 ug MnSO4, 70 ug ZnSOs,
50 pg CuSO4, 10 ng MoOs, 2 g glucose, 2 g gluconic acid, 2 g
citric acid; Dworkin and Foster, 1958)9]] )74 Z3}od 307C o] 4]
48 A7k F<t FEFSEAL 4,000 rpmellA] 20853 A4 EE
sto] HAE 4ottt HAREE £ Dl EdS 230wk
Hog &3} 0™ Pseudomonas fluorescens KACC10070
52 ACC deaminase®]] T3t polyclonal anti-ACC deaminase
antibody (Soh et al., 2014)E ©]-83} western blotting & 2 A9k
H #59] ACC deaminase A4+ o] 25 Flet ¢t Tdid &=
Z3} western blotting-2 Soh 5(2014)0] AR&-3 ®Hof wle} 4=
gk 71 A3, Fig. 13} 2o] AE 2 % G19 FFA
Tk ACC deaminase’} A& 5%t} o] A3l= Soh £(2014)0] 2
3138} vle} o] G19 #5F7F ACC deaminase &S Ve
P. fluorescens KACC10070 2] ACC deaminase®} -F-AFgH
il 728 T ok RS ojolaich mehd AT
= 9i) BT 27 BA(QAFES B4, siderophore AL
5, IAA AR T B 2120 Asdlag AL 4 o
ACC deaminase & &&3h= G19 35 25 A3t
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Fig. 2. IAA production (A) and phosphate solubilizing capability
(B) on insoluble tricalcium phosphate by Pseudomonas sp. G19.
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G19 #F5 5435171 $13l LB HA| vz oA ks oA =
HE gDNAE $%3}3 universal primerQ] 27F2} 1492R-& ©]
1ol 165 RNA 848 558 & A7l @S Basidr.
HX% F7| A E-2 National Center for Biotechnology Information
(NCBD)9J| A Al&-3l+= Basic Local Alignment Search Tool< ©]
&3to] A5/ vl 24 313 o 1 Pseudomonas 402 57
a2 9I3Ich. T3k API 20 NE kit o} g3jo] Alsfa 548 %
Alelg o A7 A g1t Askera] EAS vl o 2 Pseudomonas
sp. G192 W3} FTHALR ] AA]).

A G19 0] ALge) ARSI @ AEd A0 A
T gobr 7] Yste] Uvt 217 G AEHA 27 shoflA Hl
5 et AFAHE S A AlTEE AEAGELE,
Dongbu Farm Hannong, Korea)& ©]-23}o] ZE(100x100%90
mm)E A28t g ZEO viF FAE 6704 ohEsiglon 7
A 52 28°Cof| A, 14A17F F2AT} 10417 A2 AES <3147
of ettt @ AEA 242 A31A 150 mM NaCl &
o 48417 Bt AAZ BEFE ANl en FUE 2o
W2 AEAc AEE 35 GI9E LB AAMIAE olgeh
o] 30 Cof A 180 rpm o2 48A]7F F<t Kufket &, 4,000
pmOE 108 59t FAEsS FAS s 1 x 10°
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7Vs+AtHFig. 3B). T3+ 150 mM NaCl 8902 & =22 %
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ot AASFO| 206%, BASH| 87% S715IH 2 H(Fig. 30),
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Fig. 3. Growth promoting effect of Pseudomonas sp. G19 on Chinese cabbage under 0 mM and 150 mM NaCl treatments. (A) dry and fresh
weights under 0 mM NacCl; (B) plant height under 0 mM NacCl; (C) dry and fresh weights under 150 mM NacCl; (D) plant height under 150 mM

NaCl. Data were analyzed by #-test using SPSS sofrware (P<0.05, n=5).
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