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Effect of Cu-resistant Pseudomonas on growth and expression of
stress-related genes of tomato plant under Cu stress
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Pseudomonas veronii MS1 and P. migulae MS2 have several
mechanisms of copper resistance and plant growth promoting
capability, and also can alleviate abiotic stress in plant by
hydrolysis of a precursor of stress ethylene, 1-aminocyclopropane-
1-carboxylic acid (ACC) by ACC deaminase. In 4-week pot
test for tomato growth in soil contained 700 mg/kg Cu,
inoculation of MS1 and MS2 significantly increased root and
shoot lengths, wet weight and dry weight of tomato plants
compared to those of uninoculated control. The inoculated
tomato plants contained less amounts of proline that can protect
plants from abiotic stress, and malondialdehyde, an oxidative
stress marker than those of control. ACC synthase genes, ACS4
and ACS6, and ACC oxidase genes, ACO!I and ACO4, both
involved in ethylene synthesis, were strongly expressed in Cu
stressed tomato, whereas significantly reduced in tomato
inoculated with MS1 and MS2. Also, a gene encoding a metal
binding protein metallothionein, MT2 showed similar expression
pattern with above genes. All these results indicated that these
rhizobacteria could confer Cu resistance to tomato plant under
Cu stress and allowed a lower level of Cu stress and growth
promotion.
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AlEo] HIYEA] iﬁaﬂ—a 17| 2] S-adenosylmethionine
©] I1-aminocyclopropane-1-carboxylic acid (ACC)E A=A AY
A oflddllo] Aol A A, et estof yhofRith
(Morgan and Drew, 1997). ~E A HE8-of 2]} A =2] 13
W S 2o A B0 £88 i ARAEE

Z AN (plant growth promotiong rhizobacteria, PGPR)-2-

0]-8-5F 4= ?)=1| PGPR ¢] indole-3-acetic acid IAA) T 5 2
m 7‘5_;!_/_,: ol Zo] F-& o]u] & Ak A QIrGlick, 1995). 0]
R DL ELEREEEERE S

U=](Cervantes and Gutierrez-Corona, 1994), ACC deaminase&
Hu|slo] ofgldle] ALA|Ql ACCE a-ketobutyrate 2} ammonia
2 7l ESfste] o' il g WYETtHGlick e al., 1998).
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ERF FEH O R QAR AEY AE Folal A EoA F54
T} T2 Q] metallothionein A4S 316t F49] 547
AA7|H(Xia et al., 2012) salicylic acid & E-H|5fo] AEH A
E gk A1 E0] MRS = A ZITH Yusuf et al., 2008).

PGPR #H| IAA= A5 9 TAA R} A A Eofl Y& 1]
A =H TAA = 72 A= 8HA]HE g = o) A= ACC synthase
(ACS) FHAHACS) AL == o gl 2 A=5to] 4]
=S AAIsh o F 7l w =1of ofgto] IAA Al S Eo]
A} EIci(Van Der Straeten et al., 1997). 2121} ACC deaminase
HAAE BF BH|3l= Alat-2 ACC deaminase 2] ZHg wj &
of off =l Aol A= TAA A S-S A= ] ot
IAA] oI5t Al 5 =] o] Yol I THGlick ef al., 1998). §F
7 ACC oxidase (ACO)= ACCO|A] o2&l 9] gH4d-& =3}
=l HAYER AE g Aof = 9hg-5lo] ACSFACO HE SVt
2 o] g gl AekA] o] 22 E th(Nakatsuka e al., 1997). ACSS}
ACO o] AeAl BHale] 14 W teslel el A7
F 4E 900 2B a2 vk 3 BRISH A o} B o
71 o] A A] 99k O 2 7 (Nakatsuka et al., 1997; Dorling et
al.,2011) o] 5 AT = AEY 2o tgt Hhg- A =5 1t
oFst 4= 912 Z o]t} 3HH metallothionein (MT)S <431 4
grols A BAael Bl R 4 FEsjel 3y ALeg A
g el A% - D
Goldsbrough, 1995), MT 3= 5 A 44| L of| of
et as e 9 F53eto] el =to] it Ouziad e
al., 2005). E3F A Zof| A ofn]i4t proline 5<% o] E
Ao} =53} thAre] /g Af = 2R-g-6h A e A2 Al A
T Qle B2 okt v EA 2B A B4 A o]9) P
=35 2EYAE FET 4= QItiHossain ef al., 2014).

409 BopoA] 42 o] A5 won 2 o Fu
517] $I7HPGPR 2] 0] A2 409 mefollA] 4o

WS ZASHA Tela AR G4 SEd A G

o= T
Zpo) dhe of Ie. F &S u] x| =3A] ZAVS}7] 3] 2 Ao A=
HEAYFER 0] U= Fel-WA o5 Pseudomonas veronii

MS13} P. migulae MS2 (Kim and Song, 2017)& 2]- 2.9 &
oFo) mnhi Aol FEshe] Ako] u] x| ek} ofe] &
Ed| 4k AR 1 e 2T,

RIS
72| Zxf Al E0tE ME
7ol sin P2 5.2 ¢ E9(Seo and Song, 1994)£ )

&3l A A|S3d Al4%

F3te] 5 mmA 2 AE & 8] 9] 571350 TE=700 mg/kg
o] E|%-2 CuSOy §91S Yol 15 417 E]u] (7152 E]u], =
20|95 239k 7:39) ul &2 Bshe] 200 g4 potol Tk
t}. BEulE(Lycopersicon esculentum Mill.) SR oS3 E 0} &,
Hs(55)]+=70% ethanol 2 1027t A E350] Z2F 42 5~63]
AR, oI S B3 Batetel s mio) BEE RS He
HEZ] Ao gof v F71(25°C)of| Al oA F . o
2 At EOkE S pot 3744 oF 2 em Zlo]2 A gick
Z1- LB u) Z|(Difco Lab)o]l 4] ¥jSK(72 h, 30°C, 200 rpm) =
AEEI3.400 % g, 10 min) 5to] 215251 4|78 A551o] £
1 g 10" cell& potof] HE3F ATt 457 Al=AYGAH 16 hag
Z7(25°C,97.5 umol photons/m2/sec)31}8 h &Z7A(20°C), A+

FE 60%] o)A v 13] A 74225 mlE B55H Euf
EE Aulet & Bejet £7] do|, SaSE L ARTEE S
detelom Ao A4 F24-> Analysis of variance
(ANOVA, SYSTAT ver 10, 2000, Systat Software, SPSS Inc.)
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2Atahd EnLE 9] proline 38 R A= Bates 5(1973)2] W
HS 0] 839t EulE S sulfosalicylic acidol] @i
homogenizer2 #3235l YAl HE] T AN o R HE =
25}0] 2111 L-proline & A1-3F 2T o 510] 4
o). 7hE Ak E g 22 0] 2] 3 914H] malondialdehyde
(MDA) 8432 #13}= Mazhoudi 5(1997)¢] W< ujgh
o) Erbe oS PSR A4e & 84 Aol
thiobarbituric acid& 3Z3$}3} trichloroacetic acid 8437} HF-S-
A A s o] TR E AtAh

T2 EX A| EOfES| AEHA-HH FFX} U 2N
E0}E total RNA 233} DNA $H4: 912 Wi} 52151
EutEE AulishaA 7, 142421 Aol 3 % TRIzol method
£ o] &3] 4] EnlE total RNAE FE3}% tHChomczynski and
Sacchi, 2006). Ak EOLE A 10 g o4 O H W A%
o]-8-3}of 12f5ke] 0.1 g2 1 ml TRIzol reagent (Invitrogen
Corp.)oll Far 1527} vortexing&FaL F-2-of| A 527t RE-g- 5
chloroform 200 W& F7}she] 15%7F A
(10,000 x g, 1542) s}of 45HS 3la}
9] isopropyl alcohol 500 W& ¥ 1527+ 4]
7 HESAIZITE HHS 5 AR E](10,000 % g, 10) 5fo] 47
% RNA pellet-& 3]4=31o] A& 3l 70% ethanol : 30%

diethyl pyrocarbonate water (1 ml DEPCE 1 L &&F 420 23}
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3}al overnight 3= QPE) £ 1 mlS Yol Y4EE]
(10,000 x g, 5+ 53Tk RNA pellet-Z =20l A AA2AIX] &
DEPC water 44 ulS 371510 RNAE &=9ith cDNA 2] 3HA4]
o= PrimeScriptTM Ist strand cDNA Synthesis kit (TaKaRa
Inc.) 2] ufjH ol me}oligo dTE ARS8l =&3¢F EHFE RNA
= template 2 Y o] cDNAE 1431t

ACS, ACOSI MT2 - 3A9] 3] B d: Ente 4=
oA E2|3t total RNAZRE I3 cDNAQl H=E
Microplate reader Infinite M200 (Tekan)-S ©]-8-3}o] A5}
11 RNase free water=2 3]4 3} 20 ng/ul2 R A35}o] 4 WA
template 2 AR5}t 24 7]7]= StepONE™ Real-Time
PCR Systems (Applied Biosystems) & o]- &5} 31 t}2-3 2+
o] real-time PCR-2- 4=3J3} %1t} PCR A] &+ template 4 ul 2}
primer forward$} reverse zFz+ 1 ul, TOPreal ™ qPCR 2X
PreMIX (Enzynomics Inc.) 10 W& &¢}5}37 RNase free water
£ tf3}e] 20 ul = FH]3}3 Tk Real-time PCR 272 holding
stage (95°C 10 min 1 cycle), cycling stage (95°C 15 sec/60°C
1 min 40 cycles), melt curve stage (95°C 15 sec/60°C 1 min/
95°C 15 sec) = 4=3Y3} At} ZF AR =triplicate 2 3§35} S

AR SFAE O 2 919l Ledcting A&l 2F
Al 52 mRNA S e g5 shelct.

A3 o] ARG primer= ACS4 WHE & 242 ]3] forward
primer; 5-TTATTGAAAGCGCGAAAAGGTT-3'2} reverse
primer; 5'-ACAATAAACCCCTGCATTGCTT-3'& A}&3]
9111, ACS6 B4 o)l = forward primer; 5-TTGTTGGATGCA
ACGATGATTT-3'9} reverse primer; 5-TGACAACGGCA
TCATTGTACG-3'& A-3}9)thChang ef al., 2008). ACOI
g ek 242 Q15| forward primer; 5'-GCAGGAGGCATC
ATACTTCTGTTC-3' ¢} reverse primer; 5'-ACAATAGAGT
GGCGCATGGG-3'& A}8-3}5 11, 4CO4 E-A) o)l = forward
primer; 5-AAGATGGCACTAGGATGTCAATAG-3' ¢} reverse
primer; 5-TCCTCTTCTGTCTTCTCAATCAAC-3' & A&
SFATHYim et al., 2014). MT2 WA= B4 93] forward
primer; 5'-GCTGTGGATCTAGCTGCAAGTGCG-3'9} reverse
primer; 5-~AAGGGTTGCACTTGCAGTCAGATCC-3, LeActin
S forward primer; 5-GGGATGGAGAAGTTTGGTGGTGG-
3’9} reverse primer; 5-CTTCGACCAAGGGATGGTGTAGC-
3'E A5} tHTombuloglu e al., 2012).

IV EREE L IMER TP DC R R
A2 Woti] A 1097} 712 ErhE §412o] the o] Sl
Z¥7r 2] 8} ch HA] 30 ml Z$HF4=0f| chemical IAA (Sigma
Chemical Co.)E 925, 50, 752} 100 uM 8-H-&- THEQi T}

E3}100 uM tryptophan¥} MS 13} MS2 #55 712} ZFsof
ol vjof £ AR esto] e Foe Al A 1A
FF 30 mlo] 50 uMo] H=5 mgsteich 9Ee]
o] §ONET} EnkE 415 S071AE 2ol §e F30°C
24 3032F HlFSHITE. IAAS: A elg EObE f 412
QoA 7143 W T2 RNAS: -&5fo] cDNA 84 3 9
o] 57} §2Fo] ciek real-time PCR& A1 A|5}ick.

2t o o

T2| EX A| EOLE A%

B2 A=) Aol AsliE= e w=Ql 175 me/kgdt
350 mg/kgof Al MS12}MS2 2 2] A| ErtE AE712 241
(B} v AA]) - 512 55 700 mg/kg @] Eqfoll A ErHE
HE 4T AQuysieich = A 2] ButE AlE2 vA e vz
ot Hop A o)7L gt 0.74), Fe] dol=2.8 v o)) F
hshglom, 3 W gold o 4R Belovt
MS27} ¢k7F B =9 tHFig. 1A and B). 3585 HFW)-2MS|
T MS27} Z¥2}3.594 3.0, AZREeFe 217 3.63) 3.48) =7}
shalom tf 2 1244 o] JlIth(Fig. 1C and D). 0|59 &
tHE 5252 HE T4 AlEo] th= 2|9t oF 37 mg/kg O
Tl oA HA A Brassica nigra) @] F2] et 2]/
et Kocuria sp. CRB159] zFz; 199} 37%%] Zo] A%+
(Hansda et al., 2017), 57}A] #F2] ©F 19 mg/kg 18] E =0
A FA(B. napus) Felof] it 17~38%2] o] 57HHe et
al.,2010)1}4 mg/kg -] Lol A 3271 Fta]- Ui Ad A=A
Aol §A) Belok AR AxFTHe) 242t 132-155%S)
63~125% =7KSun et al., 2010)2} U] & o] LA =2 A=
4= Q). FHe] AEF| A Sfof| A MS13EMS29] A&
2L 0|59 FLe] F-2k} siderophore 2] chelation o] 2]
SF A1 B2 9] 4= WA Wt ofu] 2} o 5= E-H] ACC deaminase

&

of o5t AE | A ofj el @l AJA] 9] A8} W salicylic acid 2} IAA

2

o,
fto
ue

S ESt AEFH A ol A AL GOl Yt A o=
ZA € tiKim and Song, 2017).

EOIE W AEHA-ZE EE TAL

2] A7} Al ErtE 99 proline HE= AEH A HES-O
2 oF4.5u)) 275 AT MS12FMS2 & A] ZH2H 12,634 15.1
umol/g FW 2 Y] 7% o 23o]] v]8l] 2z} 58.01} 49.7% 7HA
SFATKTable 1). E3F Fejof A x| dhitsle] A=<l MDA
T e M7 Al AL 2u F7FSHAINEMS 1T MS2 HEt B
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Fig. 1. Shoot length (A), root length (B), fresh weight (C), and dry weight (D) of tomato plant treated with P. veronii MS1 and P. migulae MS2 (107 cells/g)
in a pot test. Tomato plants were cultivated under copper stress conditions (700 mg/kg) for 4 weeks (*P < 0.05, **P< 0.005).

Table 1. Proline and malondialdehyde production in tomato plant treated with P. veronii MS1 and P. migulae MS2 under copper stress conditions (350 mg/kg)

Uninoculated control
30.0+£2.0
1.9+0.2

Proline (umol/g FW)
Malondialdehyde (umol/g FW)

MSI inoculated
126+1.1
1.2+0.1

MS?2 Inoculated No Cu control
151+1.2 6.7+1.4
1.2+0.1 1.0+£0.1

= 1.2 umol/g FW & H| &% o 24Lo]| v] 3} 36.8% A3+t
(Table 1), o] 1= 2] 2 2] chat WolaH§.0 2 g s|
proline¥} Ak}t A E A 2] 31 MDA 7L 3% w0 93t &
v} 4] o] 2] 2Eel20] vt 4 Hojel g E e R
olslo] = B o) A o] hAE Ao g =A =) 24 2K

A] A& U of| A proline 30| Z7}%]w(Hossain et al., 2014),
proline 37}o] 2J8f Cd AEFHAE W= v F=0fA}2] Cd A E
g2 0] &3} B 1% Q) O L (Zouari ef al., 2016) PGPR H&
Al F8] AEH 2812] A& U proline E5F W3] disfA]=
H 1% vl 9l=d MS13}MS2 H3 A] EulE U] proline =%
EL FC SET PR PRSP ER )
31 o1 1,000 mg/kg ZAI5Ho] 42k o] ofl-v}4 PGPR
3l Pseudomonas aeruginosa “3% ] MDA greFo] H]3E o
ol W] 33.9% QA AT 2 AT AThol eS| A
3lth(Islam et al., 2014).

rl

&3l A A|S3d Al4%

2| Zxf Al EOfES| AER| A [TX} W

2 5ol A AEH A ER)| A] 57151= ACC synthase (ACS)
9} ACC oxidase (ACO) - A O] At 2 =y 24 At &
VMRS ACSIE T2 AEHAE WL o) T2 v T
of| vl sl el o] ZA F7 ATt o= HEtol =21 A7
A W4 o2 e} kel Zh4al A ACS6 25 4
2 F A S e o) Y w0
o] RA FA =L 21 Aol = 2 H ot 7kl =t ot
HE ATbo] 7H4 ol ] Bhelal 3 g 7} 9JrkFig. 2). ACOI
QFACO4%= 2] A 2] A Ft2] m]A] 2] t 2ot ok ddlo] 27
FobolAR o el R 212 B E ol
R el O B W 220w vy 4y
A = Ath(Fig. 3). *{A| EA Al EnfE|A ACO WH 5
7KYim et al., 2014)2} Mn £2}|5}-2] white cloverof| 4] ACO Bt

X
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Fig. 2. Relative quantities of ACS4 and ACS6 transcript after Cu treatment
for 7, 14, and 21 day on tomato plant treated with P. veronii MS1 (gray
bar) and P. migulae MS2 (black bar). Tomato plants were cultivated under
copper stress conditions (350 mg/kg). The relative expression levels were
determined by qRT-PCR and normalized with housekeeping Actin
transcripts. Bars represent mean values + SD from three CT values of two
independent experiments (*P < 0.05). Uninoculated control (white bar);
No Cu control (hatched bar).

Ao H3l7F AR ACO 24 9] Zpo|(Dorling et al., 2011)
ok B T E QS W H B AEH A Ao A FF F
Zof 93 ACSFACO W A= §IA T o] FAAEL

AEH A 2R A THo] Z7)slo] oDl TS GEo}
7] wh Eof) 1 eEe] g AE |2 BES O] g oA
atet.

—

E3F 34 A% @A metallothionein {-H212] 3¢l
NS 24 A ACSQF ACOR} FAFSHA
2] 2B A Fojzt ol 7)1 gt o A A ] A S A F7HA

] A9 Zhou and Goldsbrough, 1995), & F% A @& o] &
oj4 17l A ZHstol A7k el wek ok F7bshe
ol @ He) Ea7} A Bt 0.2 ST Fie.
3). o] Ait= Cd H7F EfollAl =24 I Glomus
intraradices % A EUFE MT22] WH& ko] v A= | 2
o 13 728k Azke} o1 25+ T Ouziad er al., 2005). 0] 2
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Fig. 3. Relative quantities of ACO1, ACO4, and LeMT? transcript after Cu
treatment for 7, 14, and 21 day on tomato plant treated with P. veronii
MS1 (gray bar) and P. migulae MS2 (black bar). Tomato plants were
cultivated under copper stress conditions (350 mg/kg). The relative
expression levels were determined by qRT-PCR and normalized with
housekeeping Actin transcripts. Bars represent mean values + SD from
three CT values of two independent experiments (* P <0.05). Uninoculated
control (white bar); No Cu control (hatched bar).
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Fig. 4. Comparison of relative mRNA levels of ACS4 and ACS6 gene after
30 min treatment of bacterial IAA (50 pM) and chemical IAA in 10-day
grown tomato under copper stress (0.3 mM Cu).
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a1 A& Ao =22 =100 uM ©]5}2] chemical IAA
(Shinkle and Briggs, 1984) 2] 2] A] 57]] §-AA} = R G-2]A]
WA o] skl o 53] 50 uMo] 7HE 2 akE 1
o] 357 Z7}o] ufe} el aol o7k %7159k Figs. 4 and
5). Bacterial IAA (50 uM) 2] 2] A]o]| &= chemical IAA 2} §-AF
sPil 5719 § A B u0E v dEsol 4oy
Q1A AFa] 7H43FTKFigs. 4 and 5). YuHH O 2 TiEE
IAA A2 A| ACS & o] S57FsFA|¥H(Van Der Straeten et al.,
1997) AEH A S b= Al Eof o] X% = W9 IAA
A ez 28| ACS A EES AEY AT =t 2t B
ohubs 4 glom] S Asd| A W] S7hEE ACO
o} MT (Goupil et al,, 2009) S A] IAA 2] 2]o]] oJa] AE 2 HE
9] 95k wlo] L4w|9lh o] = MSIIHMS2 F57} 7
o] AR A BohE Aol AEHAS BT S
A z0) 5778 4 Lo wekA S 27 A Ay
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Fig. 5. Comparison of relative mRNA levels of ACOI, ACO4, and MT2
gene after 30 min treatment of bacterial IAA (50 uM) and chemical IAA in
10-day grown tomato under copper stress (0.3 mM Cu).

Pseudomonas veronii MS13} P. migulae MS2+= ]2 7}4]
o] -t W Al A S S 2L Qlom B AE
g2 old @] AHStA| 2l 1-aminocyclopropane-1-carboxylic
acid (ACC)2] ACC deaminase®] 2J3t 7|83 & S8l A&
oA B EA AEYAE ASAIA = ek T2 F5= 700
mg/kg EFo A Q] 47T Axqf it ErkE Al A9 of| A MS13
MS2 HE-2 HIHE t 2otol| H] o] EnhE A159] A4 Fef &t
2] Zo] ¥ F&5E H2FES B 4 A S7HAR
o AE EnE A S BB AEYARRH ASS HD
3+ 4= 9l =proline X! AF3} A E #| A X| % <] malondialdehyde =
H| S 2t ok 2 A eh-skaint o 29l A of ol st
+= ACC synthase &%}, ACS42} ACS6 12 11 ACC oxidase
9 A}, ACOIS} ACO4= 8] AEH AS HE= EnlE o] A
oA whE E BbE MS13 MS2 HE EnfEo s 494

Al BTk B3 <5 A 9 A 9l metallothionein 9%
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