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Isolation of copper-resistant bacteria with plant growth promoting

capability
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Some rhizobacteria were isolated, that have copper resistance
and can confer copper resistance to plants allowing growth
under copper stress. Isolated strains Pseudomonas veronii MS1
and P. migulae MS2 produced 0.13 and 0.26 mmol/ml of
siderophore, that is a metal-chelating agent, and also showed
64.6 and 77.9% of biosorption ability for Cu in 20 mg/L Cu
solution, respectively. Copper can catalyze a formation of
harmful free radicals, which may cause oxidative stress in
organisms. Removal activity of 1,1-diphenyl-2-picryl hydrazyl
radical and antioxidant capacity of strains MS1 and MS2
increased up to 82.6 and 78.1%, respectively compared to those
of control at 24 h of incubation. They exhibited 7.10 and 6.42
umol o-ketobutyrate mg/h of 1-aminocyclopropane- 1-carboxylic
acid deaminase activity, respectively, which reduced levels of
stress hormone, ethylene in plants, and also produced indole-
3-acetic acid and salicyclic acid that can help plant growth
under abiotic stress. All these results indicated that these
copper-resistant rhizobacteria could confer copper resistance
and growth promotion to plants.
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T AAEA Y BES 8l 8-5= Bapn|Feael A
gk te]7E e = O ARt Aoy | 7= 7] Sl 9
o 2] FE7F oA BE AEA ] 54 vehlA |
TH(Cervantes and Gutierrez-Corona, 1994). S3<0] G- &
H EFoll SR EoEA] 7] wleoll F4E o] A&l
2EY 27 A-gsto] o] A A AL 5¢of T sl E fds)

7] tizoll A e Ak X 4= 3 —t— ojZdga
Sk T3k 40 9 EOF A0 HBE 93t A REA R
HIEH 0] 0]} O 2 Ik=2] A) g(hyperaccumulator)— o] 83t
45529 (phytoextraction) 9] S4] T A Zo] ol thgh
A1} w2 AJ=}o]ti(Abou-Shanab ef al., 2006; Pandey et
al.,2013). Al=o] 54, Ax, d& 5o =2 2EY &
£ W7 =] o]of gt §E-3-© & S-adenosylmethionine ]| A]
l-aminocyclopropane-1-carboxylic acid (ACC)& 7| A A&
F 289 o gallo] S E o]9] 5 =7} ol AR o
AlgtaL =3}, 4 55 FEol] wiZo] AEH A oglo]

H 2K Morgan and Drew, 1997).
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Uz AR ZH Ao plant growth promotiong rhizo-
bacteria (PGPR)]2 0|83 4= Qith o] 52 A3 THo|| 3
& 25k, G4} AUSH: siderophore B 45
o 45 VAL, TR 0.2 4 0.2 ol Ak} A

4 Al 71t Cervantes and Gutierrez-Corona, 1994).
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Ago] 4 2Ed 2

| et W/ Folstal(Glick er al.,
1998), thE A Q] Al EAIAZ2] & 259 indole-3-acetic acid
(IAA) 5-9] 2H], 7H&3 Ao Q1] o o Rl o= 4
=9 AYA-S R85l (Pandey et al., 2013; Islam et al., 2014),
EStsalicylic acid £H| S 53| AEY AE W= Al &9 AR
2 ZRAAZIKYusuf ef al., 2008). 0] 2o = PGPR-& A] &9
A S 43%F thil 2] Q] metallothionein A4S Z21510] 34
O] XS 7F A7) =(Xia et al., 2012) 5 T3 WP 0 &2 A
A AAIZ 4= Qlek. Ty o] Al 7HA]
A= FEWAAE 7 AEAFEA Aol gt
AT7F A ke B2 (Hong et al., 2011), 2 -0l A -2
W LAl skl o] 59 E4& 2Alslo] g AE
=4 KFojsim o] & o] g5t A& AL
2 AR Z0T 5 9k 1S 2AS:

£ 5)0) ARAES F314

72| LY #3el 2| 2 £
T2 W Aletel 22 E sl 5, 2 7+l 5

77 YA SRk o) A ek Al 27

R

S A& she
ofl A B
AN &S YF S A= 1 g A F4= 10 ml} 23510
ZI&7](Recipro shaker RS-1, Jeio Tech)of| 4] Z1&3} TH300
stroke/m (spm), 30 min]. 7-2] %7} Nutrient Broth [NB (Difco
Lab) 8 g, CuSO4-5H,0 0.3 g, 1 LDW, pH 7]°]| E&F J e
1% @31 v F3}31(30°C, 150 rpm, 24 h) 3 3] At of & 2]
H7FNB AU o] SRS Whalo] FHE wait
3}t Andreazza et al., 2010). 23] #5729 =42 Y31 ()
uhz240] 168 IRNA 974 2242 of2jstglon] 245
ZA| F7] 4 <2 National Center for Biotechnology Information
(NCBI) 52 52| g7| 4D} v]wslo] AsALS AT
% 27140 HBT £HL 9l9) B0 Badl o] 5
432 Biolog EcoPlate™ (Biolog Inc.) & 0]-83}0] ZA}a}9ict
(Garland, 1996). 3722 96 well plateo]] HjokaF](30°C, 7))
7174 o] o] w2 WL 2484 ODg0] 0.5 o) 4to] 7]
Z=5}o] + 2 YERY I 1.0 o]AFe]H 0.5 7F
Ao 10) 42 ofa|A 714 ol 452 HAIBHT) o] A
714 kel g o] §oto] EE % S
shrl A 0] o) ol T e 24k 9
3fj tryptic soy broth (TSB, Neogen Co.)o|| F+2] 2] & =7} 2}2F
0, 100, 200, 300, 3501} 700 mg/L7} = =2 CuSO,= #7}5}
of i FsHAA 24 A17F 7HA ©. = ODgoo= 73 5HAT

ol

o]_Q___ 01:/\«] oz 7

&3l A A|S3d Al4%

=aldFel 72| Ly 71E

w0 2] A 2ARE 98l -5 NBHIA] 50 mlof| A}
AHeR(30°C, 150 rpm, 48 h)3}z, L41E2](10,000 x g, 20
min) 3 A| 325 3]psto] et SRTE2¥ A A Skl A2 A
itk Az%E AE 0.1 g& 100 mle] 8] 8-94(10, 20, 40
mg/L)o] o] HH30°C, 150 rpm) F- A E 2 10 mI4] 23
sho] LHE2(3,400 x g, 20 min) & 52 2 FEE
neocuproine Y-S ARE-3 A A3} tKSilva et al., 2009;
Yeetal.,2013).

1529 siderophore A 45 Z A= chrome azurol S (CAS)
agar plate assay (Schwyn and Neilands, 1987)&- ©|-&-5} %+
CAS ST THL H1 52 vjoFsl 148 h, 30°C)
T2 haloE #&3}o] siderophore AY/d5-2 &Qlsk3ih
Siderophore @] F & #5=5 King’s medium B (KB, Difco
Lab)o]| uljofs}H A(48 h, 30°C, 150 rpm) Nagarajkumar %
(2004)9] v 0] 83}0] 24 A| 7} 7HA © 2 =35}

A3 2h)Zt 1,1-diphenyl-2-picryl hydrazyl (DPPH) A|A
= B3}t F39] 31413} A2 NB 50 mlof| #3551 A
(30°C, 150 rpm) 24 |7} 742 © & Z A3} Hjokol-2- 91 4]
£2(8,000 x g, 10 min)3}o] 343t A5 0.5 ml-2 0.1 mM
DPPH & | ml9} =742 ml2 374 2 4] 31 U230 min,
20°C, =71) 517 nmof| A F3= 0] s S4ske] it
o} 848 T1e 4.0 25 P9ickAbo-Elmagd, 2014);

Scavenging activity (%) = [A0-(A1-A2)]/A0*100

A0- el B GRS vhorel thAl S5

Al- WG EREO FHE 3

A2 - DPPH §-91-& ¢ 7] oF2 S3M520] 534% FH(DPPH
ERES =S

Saj@ze| Aol st 72| L X MEEF S0f 7
MS13} MS2 B3 ACCE AA o R o] f5t0] A
AsE 2 ACC deaminase ;A= 714 AS R 7FEE 9]
Penrose?} Glick (2003)2] HH- 0]-23}o] ACC deaminase
GA-S AFSHATE AFS a-ketobutyrate S 0]-8-310] W=
ETAE 0] 85kl on ot 5=0] T A REE Bradford W
5} tH(Bradford, 1976).
_@4 AFE) AL A4S ZARE Zhang 5(2002)9] WS
=4l TSBo|A w5 vl s A|(30°C, 150 rpm)
A0 2 A5t ujokol e 2 A1E ] 510i(3,400 x
g,20 min) AF=o0S. chloroform ©. 2 23] ==

6
3}a1 chloroform &WHS 3|4=3l0] 3|57 2 =
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0.2 um Z=+2] oj1}ato g o 15}od high performance liquid
chromatograph (HPLC, Waters Co.) 2 243}t
H50] Al TS 28 2 24 A F 9] indole-3-acetic acid (JAA) AY
42 1 mM ] tryptophan©| 7 brain heart broth (BHB, Difco
Lab)of| 4] #§K30°C, 150 rpm) Z-24 A17F 77| = A/ 52 5785t
STk i te YAk 519(3,400 * g, 30 min) /54 ethyl
acetate 2 2235}l 3]4=5}o] 71 & methanol-2 A 7138l &
2RO =23)0] HPLCR B4 3} tiKaradeniz et al., 2006).
Ao AutE o &2 A A)E1Y 0 ZAF= Student’s

72| U 250 B2 U S

Tkl 2 mopeld 2] U S 71 A ACC
deaminase 24 0] 7} =2 27)9] #55 E2]5}0] 16S rRNA
AR A7 E B AIMST-2 2 523 Pseudomonas
veronii CIP104663 12| 11 MS2+= P. migulae CIP1054703} Z}
2100.0%2] AHE A2 74AI = A 0 2 Upepsiey, £ S FAl )
Yo 548 8l 2ol Aese 54 x4 A3
(Table 1) Z+ #3= G714 QG B4 Ao} YT} Fo] Bhh
0]-8 EAJ 3} 2l x5} od(Palleroni, 2005) Z|£2 O 2 P. veronii
MS13} P. migulae MS2 2 53} Th.

-2 7 TSBHl A of| A w552 472300 mg/L71A] -
P 55 71l Tl oL ST MS £ 300 mglL
%EOHHEMA]Z} ZZH ODsooo] 1.0 o]AFS, MS2 = SICh

t} OF7F LF2 (.8 o] AR LFEFLH o]_‘d;:oﬂE AAFo] 2459
=HI(Fig. 1), o] T 7= AR 22| A 24 A7 i o AT o
F50]0.9 0]8}2] ODgooZ UHEFH 3070 2] 2] FAL 2=
SR} ] YA o] 4519 tiAndreazza et al., 2010). ESF

2] = 350 mg/Lof| Al MS1-2 ujjoF 48 A]7kef], 700 mg/Loj|
A= T2A17bol| % 1.0 o)/ S8 =7 S E o™, MS2&
3502+ 700 mg/L 8] -] g0l 4] 96 A1 ZF vl F S0 &= 1.0 ©]
AFe] FAEES Uehjo] 7] 7] A) S A1A 22 4
Ao UeitrhFig 2).

588 2ARSH 27 MS1 3 MS2= 96 4]
£ 10 mg/L2] 7 77} 72,63} 69.9%, 20
mg/L4 8- 212t 64.6311 77.9%5 & 2F5H 3 thFig. 3). o] <t

FEYAZ W T F2S A = AT 20 mg/L -
2] =8 Mof| A 0F37.5%9] e o] 2 FA L HH 0= A A
&t Stenotrophomonas maltophilia 2T} 2] T2} 52 o] oF2
Hlj oJAF H =t Ye et al., 2013). 8] 5% 40 mg/Lo| A=
MS1-& 48| 7k Cu*' E27.8% E-2F5} 31 MS2= 24 A| 7k L

218 of 16.7% B2 T 5 o0 ] S o) o4 27}
317 glsieh ) ol el et o) 2 FAL

Table 1. Metabolic profile of P. veronii MS1 and P. migulae MS2 as tested
in the Biolog EcoPlate™ during 5 days

Substrate type Substrate P K/fg(inii P rl:z/g;lae
Polymer Tween 40 ++ +
Tween 80 ++ +
a-cyclodextrin - -
glycogen + -
Carbohydrate D-cellobiose - -
a-D-lactose - -
[3-methyl-D-glucoside - -
D-xylose +++ ++
i-erythritol +++ -
D-mannitol +H+ ++
N-acety-D-glucosamine ++++ ++
glucose-1-phosphate - -
D, L-a-glycerol ) )
phosphate
D-galactonic acid
v-lactone AN -
Phenolic 2-hydroxy benzoic acid - -
compound 4-hydroxy benzoic acid +++ ++
Carboxylicacid  pyruvic acid methyl ester +++ ++
D-galacturonic acid +++ ++
D-glucosaminic acid ++++ ++
v-hydroxybutyric acid - -
itaconic acid +++ -
a-ketobutyric acid +++
D-malic acid -+
Amino acid L-arginine +++ ++
L-asparagine +H+ ++
L-phenylalanine + +
L-serine +++ ++
L-threonine +++ ++
glycyl-L-glutamic acid +++ ++
Amine phenylethyl-amine + -
putrescine ++++ +++

Positive reaction was read if it yielded an OD590 higher than 0.5.
-10.5>,+:0.5~1.0, ++: 1.0~1.5, +++: 1.5~2, ++++: 2.0 < (values: ODs9p)
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Fig. 1. Effect of Cu (II) concentration on growth of P. veronii MS1 (closed
bar) and P. migulae MS2 (open bar) in TSB medium amended with Cu (II)
after incubation for24 h.
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Fig. 2. Growth of P. veronii MS1 (A) and P. migulae MS2 (B) in TSB
medium amended with 350 (X) and 700 () mg/L of Cu (II).

oF7h) TrSkAIE 1ehA] 2 2ol o] it
T2 23 ohokst 4T Aol fe] 24 v RS
A W= 4= )= siderophore A /d-5-& ZAFH AT MSI

ZL wjoF4 A 2 137 +41 pmol/ml-S A4 3193 0. v MS2
5ROl o 258 + 2 umol/ml-& 4 /d 5} (Fig. 4), 12~13
umol/ml 2] siderophore 282+ L elH @At P. fluorescens
PFMDU3, PFMDU8T} PFMDU9 .t} 108} 0]AF =& AL
< e tHNagarajkumar ef al., 2004).
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Fig. 3. Residual Cu’* after biosorption by P. veronii MS1 (A) and P.
migulae MS2 (<) in Cu solution (10 (A) and 20 (B) mg/L).
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Fig. 4. Siderophore production by P. veronii MS1 (4) and P. migulae
MS2 (<) in King’s B medium.

S o492 o) S o 4 sl
S5 g AFES ke o R ol et AEd|Ag
oAk 4= 9t Cervantes and Gutierrez-Corona, 1994). o5+
o] Ak 24 A} 23 DPPH A1 2ht] 22 24 A1 M1

2 82.6%, MS2=78.1% A| ASF L 71 0] F 2 7F 5= 3k
= Htk(Fig. 5). ol=
CCFM298} L. casei CCFM30 ol| 4] 23.71} 28.84%2] DPPH A
A(Zhai et al., 2015)Y R Chaetomium madrasense AUMC

FAFECl Lactobacillus bulgaricus
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Fig. 5. Scavenging activity of 1,1-diphenyl-2-picryl hydrazyl (DPPH) free
radicals by P. veronii MS1 (2) and P. migulae MS2 () in LB medium.

93762 Z o} 70.21% A A(Abo-Elmagd, 2014) 2.t} B =&
Fitet Aol Sl

[
B #57h g Aad o2 ACCE o]0 AAFat =gl
AL ¢15}o] ACC deaminase A4 50] Q= A0 & vt
I

sl on, AEH A oddl o] A4 2] ACCE a-ketobutyrate
9} ammonia £ 7 }E-3}5}= ACC deaminase -2 =5t 2
T4 7o MS13FMS2+= 7+ 7.10 £ 0.052}46.42 £ 0.01 pmol
a-ketobutyrate mg/h 2] 7}4 =& A1 S HQth o| =234
AEd 2 Spol A A=) Be] Zo] A EAFIHT HaE
P. fluorescens ACC9 2] ACC deaminase 4421 1.57+0.12 umol
a-ketobutyrate mg/hQ} P. folaasii ACC232] 1.16 +0.09 umol
a-ketobutyrate mg/h H T} & 3=3F S HH(Dell’ Amico ef al., 2008),
3 ACC deaminaseS 8| 8}= 57 9] Rhizobium 552

0.43~1.78 umol a-ketobutyrate mg/h &} B] & wj 6~104] T
=0 3o 9lth(Ma et al., 2003).

o322 Ql AlEE% 322 IAA= THYE PGPRO]
EH|S}=d MS13F MS2= KL= 48 A1XH)| 22} 2|Tf] 42.9 +
2.22}60.8 +£3.9 M2 EH|3}9ic) o] =t}=1AA A PGPR
of| B] 3] AFFo] A THAA = o= n|F o R I A5 S £X
AlIekaL e A gl om AR A=A Yol A IAA = &
L2 EAsh 25| 2 A5 e O IAA= e S oA
ofl &l &l Ay AlS Z7%tthal Shc(Pilet and Saugy, 1987).
ACC deaminase?} IAA S B BH|5l= Ao+ A 23t
A o] o &7l o] IAAYE 21|81 Allat-& 53 4
= 57FEA] eb=t 7L o] f-= ACC deaminase ©] 2H w29
o=l Aol A= L At ol w =mof o3 IAA
Al go] AsE %] ol AupA o 2 A& o Hdll e W

<
FulA AV IAAC] J3) A4S A 4= QIEKGlick

S

|

(=T T T T

M0 mg o> b ok T

Salicylic acid (ug/ml)
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Fig. 6. Salicylic acid production by P. veronii MS1 (A) and P. migulae
MS2 (<) in TSB medium.

etal., 1998). ©}2}4] ACC deaminase 2} IAAE 5= H1|5}
MS13} MS2i= 2] 2E8 319] A8 AR 58
Z71A17 4 94 Aol

MS 13} MS2+= salicylic acid& 4 QAo Z+2; 2| o)} 17.42
2} 28.33 ug/ml-S R38R =u|(Fig. 6), Serratia marcescens
90-166 37} E8]3138.6 ng/mI Rt} X ] =& =Fo|ch
Algo] AEHAE UK b5 o= salicylic acid &] 4|7}
CHE B/} QAT MR AE S e 21 20] 0.1 1M
o salicylic acid S H2I34S 1] A1) A4, HEHA, AS2
oFo] Z71ittal B 1w It Yusuf ef al., 2008).

o)/Fo] ATE Tl & uf & Aol A EE R P. veronii
MS13} P. migulae MS2+= -2 of| W& 7HAw A28

=
=4

H 2

EYAE W AlEo] T WS Fofsh A
S 9l ofe] 72 WA 2N ES Eslsick
= Pseudomonas veronii MS13} P. migulae MS2= <5
| o] EA|| 2 siderophoreS 212+ 0.132} 0.26 mmol/ml 2§43
Fom 3120 mg/L Cu 58N o) A 212} 64.61}77.9%2)
Tefof] thet =22 e itk e = A=A ol A A
BB A g U 4 Ol ST Ag AT FHL &
=84 QIth MS1TMS2 529 1, 1-diphenyl-2-picryl hydrazyl
SOz A 751 GRS 24 A7F Hlj o 5 o 2to]| vl 2zt
7}82.61178.1% F7 53tk ole> AlEoA AEY A T ER

VY
[RANC
o3

e |

1=}
pLn

4

Mo
£ &

;'El

ol
1
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o] o2 d 9] =& W= 1-aminocyclopropane-1-carboxylic
acid deaminase 42 717+ 7.103} 6.42 umol a-ketobutyrate
mg/h YRSl o 1 B2 AEY A 619] A& A%

& =& 5 Q= indole-3-acetic acid 9} salicylic acid &= AJ A 5

itk o] WE ATES o] Tel-thy RAFE] AR T
2] A Rofah] AARE S35 olrks 212 Tk
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