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Characterization of a Heavy Metal-Resistant and Plant Growth-Promoting Rhizobacterium, Methylo-
bacterium sp. SY-NiR1. Koo, So-Yeon and Kyung-Suk Cho*. Department of Environmental Science and
Engineering, Ewha Womans University — The role of soil microorganisms, specifically rhizobacteria, in the
development of rhizoremediation techniques is important to speed up the process and to increase the rate of
mobilization or absorption of heavy metals to the plant. In this study, Methylobacterium sp. SY-NiR1 was iso-
lated from the rhizosphere soils of plants in oil and heavy metal-contaminated soil. Based on its pink pig-
mented colony, rod-shape cells, and belonging in a-Proteobacteria, Methylobacterium sp. SY-NiR1 is
considered a pink-pigmented facultative methylotroph. SY-NiR1 had the ability to produce indole acetic acid
which is one of phytohormones. This bacterium showed resistance against multiple heavy metals such as Cd,
Cr, Cu, Pb, Ni, Zn, and the order of its resistance based on ECso was Zn > Ni > Cu > Pb > Cd > Cr. Therefore,
Methylobacterium sp. SY-NiR1 can stimulate seed germination and plant growth in soil contaminated with

heavy metals.
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E¥] A5 A7 e okoz 33 TR Fey
< AFH LR ANt Crf 0.1 mM), Cd*H(0.1 mM),
Ni*(0.8 mM)& 478 11002 3143 LB )
(Difco, USA)l THEF HetA & 10%(viv) A F3la,
30°Cell A 180 rpm o2 wioFsiaiv). v & AYAto] el
H 2 F55 $2E ¥ 110 LB ¥R Z &A wjoks}
S o] 838l AARCR S ¥ RS B3 £
F4-2- KyCr07, CdClL2,,H,0, NiCly-6H,0 A]QFS o] 4
gty ZF FF52 stock £4-& A zstod w)x)el] Hrlelg]
o 950 T=E T RN o o)Ak wioke] A=
A & AFoll= A T wjofll S 72 o) B
4o] I3 1/10 LB-agar plateo]] 100 pt¥ HEs}ed 30°C
oA wjoksted G2 FFE S TS WAL AR T

F2 welsiot.

fo
&
)

S LY 2#MTe| indole acetic acid AMits B

TS FIk ReEldt FEE A AT 4 9
AVEA 3229 indole acetic acid(IAA) AARs-S vH&-3}
22 whjez vty #5575 47 05g LY
tryptophaneg 7}8+ DF wx] 5 miol] HE3)d(10%, v/v)
30°Cell A 180 pm 22 5UZF wioFsloic), DF wix|e] 242>
=3 2ok (NHY),S0s, 2 g5 KHoPO,, 4 g; Na,HPO,: 12H,0,
15 g, MgSO4 7H,0, 02¢g; FeSO47H,O, 1.0 mg; B(as
H;BO;), 10 ug; Mn(as MnSO4-H,0), 11 pg; Zn(as ZnSOy-
TH>0), 125 pg; Culas CuSO45H,0), 78 ng; Mo(as Na;MoQy-
2H,0), 17 pg; distilled water, 1 L[10]. 2t T8~ Wk
N7} Salkowski's reagent(Z & 3HAF 150 mL, 75 250
mL, 0.5 M FeCly-6H,O 7.5 mLE& £33 S9E 1:29]
HIEE A2 & BENo R MblEE Sl AbeelA] 208
7k AR A EE A FHEEAE o838l 530
nmmell A FH =2 E3 3t v} 3-indoleacetic acid(CsHeN-
CH,COOH, SHOWA chemical Co., Japan) A]2F-g o] &3}
oF AAe Astel FEZ AT 24 T 1AA
ArbsS vlal grtsled 7 98k SY-NIRIE Alelslsdet.

SY-NiR1 &% 54

16S tDNAS| -2 A7|MFE vhist 7ol A8} SY-
NiR1E FA3ieh SY-NiR19] Z241E 30 uL2] 0.5 N
NaOHell &A1 5 95°Co| A 3082k 7Fdste] A&
lysis A1Z3L, o]ol| w}el FE% genomic DNAE template®
3led polymerase chain reaction(PCRYS- 483123}, Universal
primerg]l 27f(5-AGA GTT TGA TCM TGG CTC AC-
33} 1492r(5°-TAC GGY TAC CTT GIT ACG ACT-3")
£ 28319t} DNA template 1 uL, primer 276} 149213
Z+7z} 20 pmol, BSAE- 0.5mg mL!, dANTPEZ 02mM,
10xbuffer 2.5 pLE ¥ 3L dH,0Z total volumeS- 25 uLZ

slgdr}. PCR 2718 93°CejA] 23 54} pre-denaturationdt
F, denaturation 92°C 134, annealing 55°C 1%, extension
68°C 45% #AL 35 cycle WHESE F, 72°Cel|A] 234 F<t
%% extensiondt F 4°C holding 3}t £3F-% DNAY
47149 < Basic Local Alignment Search Tool(BLAST)
algorithm& ©]-8-8}e] GenBank database®} W] 38}Ac).

SY-NiIR10{l 2[8t IAA L F7I4 Miks

0.5g L9 tryptophaneL %713+ DF wi*]E 100 ml A}
7+ Zefazol] 50 ml ¥ ¥, SY-NiRI #579] wfd &
10%(vivyE B =5 AHEsieh. 79 Aok 5Y A
ol SY-NiR19] Z2UE AF3sle] 30°CoM 180 rpm & vl
ofsli- wpw o2 algln}. 30°Cel A X' uj kst A (180
rpm) 37l A woFd-g 2 mLA AFH 3. A7
713 B S o] 8-3ted A F 3 wiFA ol Salkowski's
reagents A7}ste] A A7) F 1AA TEE SAICH
w3, 77 A BB ildd e ODERE)
= 600 nmell A SRV T4 3 AlE 2T
A S o] g3le] FE e AluiaFEe R Akl
oH24].

30 gL' glucoseZ 718 7714 mix|ol|A] 227F A
°F8t SY-NiR1 i<kl & & WA ol A E3Fed(1%, vv)
30°ColA 160 rppm o2 wuk wioFsigdch. F719 wixe] =
AL g3} 3ol KH,PO,, 1.5 gL Na,HPO, 12H,0,
9.0 g L' (NH4),S04, 3.0 g L; FeSO47TH,0, 0.01 g L,
MgSO4-7H,0, 0.15 g LY CaCly-2H,0, 0.01 gL', i oFs}
B Fot 2ol A vk S s mLY AFH sl FE=
(600 nm)&}, pH 1331 f7)4ke] 25 SAsAC {7
At %53 jon-chromatograph(Dionex, DX-500 with ED40
Electro-chemical Detector, lonPac AS11(4x250 mm) column,

ASRS-Ultra Il Anion self regenerating suppressor)S ©| &
SRS

SY-NiIR12| &3% L4 &It

1/10 LB ¥jA| 2 o]-8-3}e] SY-NiR1 T3] A el n]x]
B FE5Y FFS G337 Fo| AR Cd 0.2~0.8
mM, Cr 0.01~02mM, Cu 0.2~1.0mM, Ni 1~9 mM, Pb
0.5~3.5mM, 283 Zn 1~5 mMe] HYE 7 =558 H
7}8F 1/10 LB #ix]ell SY-NiR1Z HZ3}ed (1%, v/v), 309
A 3 Eot wiekslsdvt. wiokshe )t FIEAIE o4
slod AJZPH FSFE(600 nm)yE SA3H. ZF wiA] 221
M FEdre] 1 Al v S U] 918 A
A A7 of| A 2] Bl AT (specific growth rate)E A AFsH
Gk, =3 SY-NiR1 Al v|X&= T4 AF A
o= Hrkslr] $lsled, wiek 60A17HS 715 0E SY-NiR12)
AAE 50% At 7 55 FE(ECs)E WA

(interpolation regression analysisyS ©]-8-3ke] F3}13]v}.
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Z25 UM 23Mze 22 % IAA diks bl

Cd, Cr ¥ NiZ 713 iAol A s3pfickdel] o8 s
FE4 WAL 7RE 5 45 FEl8iith Cdll WA
£ A= BB A9 colonyE A= 2 TF(SY-
CdR1, SY-CdR2), Croll WAE 7 3 E=2) 334
F(SY-CrR1) 28] Niell HWAE 7= 23 &34 9
A TF(SY-NiR1).

ZF35 WAl T FAl AE AR Y 5HE X
W TANTEE 23] 98 ol dFE W= A
A 32Eq] [AA AARSE Frislsld. UM 2 BF
TAAZ AAksls 5384 73 9lglevt, B3] Niell WS
7FA @59 SY-NiR1e] 594 wj<k7|zk 53t 7 &2
TIAAS A= Aeg Vepdoh(Fig. 1). I T30 2= SY-
NiR1 #5¢} 22 349 F2E JA3= SY-CdRIZ
SY-NiR1 57} AJAksH 1AAS] oF 1/4 9] 1AAS A4k
31902, SY-CdR1FH SY-CrRITFE= Al g o2 wj-¢-
2 1AA AJAFsS B

SYNR1 ¥ 83 % 84

FE& d8 S AV A AR I Y B4
shilal 1AA AAFse] At es 7Pt -3t SY-NiR1 &
2] 168 IONA 32 4714 9< 243 A3}, a-Proteo-
bacteria®] Methylobacterium  fujisawaense(Accession no.
AB175634)%} F-AEET} 100%(754/754)8) R LE Vepgc),
=3k 220 Z2UE A SY-NIRIE FAPAAIE )
7oz HAs A 2l (rod) ZFoISiE}. SY-NiR1 #52]
BB g714 9L Genbankdl] 53319 tHaccession no.
EF364431). :

wjel A|7kell w2 SY-NiR1S] 1AA A £A& =AY
A}E Fig. 2] TA3FEL SY-NiR1 FF9] &J3to] 3
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Fig. 1. Relative IAA productivity of beavy metal resistant iso-
lates. Star(*) means the difference from control (p<0.05), that is,
the sample with star has the JAA production ability.
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Fig. 2. Time courses of IAA and the cell concentrations of SY-
NiR1 in the modified DF medium containing L-tryptophan.

Aoz PAE 1AAS FE= oF 23 mgLle|glem, &5
2] Aol niF sk WA W 1AA FEE F7lEllen, o
ZFo] AAyo] AA 7)o BoIEA 1AA T =3} ] o4
F718HA) skl

30 g L) glucose® A7 F7]gulA] oA SY-NiRIE
wjekat A}, 7 Al upet wikde] pHE oF 7.0
oA 6.022 7FAa3lolvh(Fig. 3(a)). B3}, wiSk AlZPEE.
st wickd Fo) f71e) FEE ST A, Wi 27)
glucose”} 7F5E-8) =) o] oxalic acid$} maleic acid®] 7]
27} 2bzb 2113 mg L), 1253 mg L'olglen), Al zke] 73
3] we} o]F §71ARS SY-NiR1 T57} gAY o2 A}
fale] 1 =7} ZAAasH oA f7IAke =Tt &
7¥sleder) Fhaele dAte] WHEEE ZloE #FFHSH
(Fig. 3(b)). AAH o2 WS o o]F VAL A8 5=
= ARH e Zolslglet. webd AMEE R4kl Wlst
o] YArEE= §7IAY] 550t o v g euleid, o
2 qlsle] ujoFRe] pH7} A Aeg Holgh 1 9
W= §7)4F Fo| A= succinic acid7} HAFE GI=H, vk
1394 57} 119 mg L™ o}%ioh.

SY-NiR1 #Fe] =& UWMs

SY-NiR1 #FE Ao g 6 272 F34(Cd, Cr, Cu,
Ni, Pb, Zn)ell w3 S-S 2449 S35 T W3l
wel 2ARlgE Cdet Zno] FEe] uhE SY-NiR12| A
FAE Fig. 40l Hepliddch $35% ¥4 2 dE2Fl
Hjgle] FF<o] Mg x| 459 AL AsE T
Aoz vepdd $359 27} 3713k me) A3
Ax7} A=, AA77 AR AR Bl
Al7bo] Z7)5lede}. =38t SY-NiRI ¥+ Cd 0.6 mM, Cr
0.15mM, Cu 1.0mM, Ni 4mM, Pb 1.0 mM, Zn S mM
9] =% 7R AAe] Jhsstdek (A v) AAD. dE
Y] MAEEE 0,05 b2 Jelgoy, S84 5
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Fig. 3. Time courses of pH, the cell concentrations of Methylobacterium sp. SY-NiR1, and the concentration of organic acids.
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Fig. 4. Growth curve of Methylobacterium sp. SY-NiR1 in the liquid medium amended with heavy metal. (a) Cd; (b) Zn.

7} F7VES sl A7 Sl W SY-NiRI
TF9 HAAEEE= Cd 0.6 mMell A 0.02h7", Cr 0.15
mMel| A 0.01 h™!, Cu 1.0 mMellA 0.005h™", Ni 4 mMsel|
A 0.025h-!, Pb 1.0mMell A 0.012h7", Zn 5 mMel| A
0.015 h'! 503 viehdo} wjek 60X 7+ 7]F02 SY-
NiR1& S 50% As)8k= 7 F5% g2 ECs %t
< Table 1o} vFebiigich Cdeb Croll o 3F SY-NiR19)
ECse> ZH7z} 0.34, 0.14 mME wokom Nigk Znol] =3t
ECsp> Z+7} 1.52, 299 mME %7 vhebydth(Table 1).
ECso2 71522 HokS i, 7} S35l ik SY-NiRI

Table 1. ECs, at 60 hours of exposure to heavy metals.

Heavy metal ECso (mM)
Cd 0.34
Cr 0.14
Cu 0.89
Ni 1.52
Pb 0.78
Zn 2.99

Z=9] YA =7)E= Zn>Ni>Cu>Pb>Cd>Cr &2 1}
Rt

O

)
Methylobacterium sp. SY-NiRl ¥FF &
Methylobacterium 7o 438h= A2 A
Gram-negative, 12|32 o] Eoke] AT 2E  serine
pathway S 3l v &-2-(methanol)?} vhe 3H1%l eS8
o] 8a)= 7% wel oJ kA (facultative methylotroph)2. &
#] 91t} 14]. o-Proteobacteria®. ¥-+%]3= Methylobacterium
L HE 23 F2 H2 0 ALE YAk o=
7}2 8} 2= 0] =(carotenoids)Z A 8E7] Wit tH16]. o] &
BEA A2 Y= 244 W' o3 3 (pink-pigmented

facultative methylotrophs, PPFMs)= At Aol de] E-x3}
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I glem, 53] 259 Bedle] U HAE PA e
= AL weFT2, 5, 17, 29, 30]. Methylobacteria:= 4]
9] 7]8(stomatapll A WiEE = HghE-S o|83)7] 98l
[32], A= Fgel AMAEAYS, 6, 17], A1E AE Wi =
2] Yol endophytesZA] A2]gkeba B 3Eg)v(2, 18, 30].
=3, T AE2] Felol noduled 3AEH, AlEo] A
£ A3 = 5 HE A (thizobiay?} ¥]523) 9L ¢
Fiohe ATAZAE QIH23, 43]. =3, PPFMstE A&
THAAM 2 FEEE Hol:d[18], °lx AEFH
Methylobacterium Ato|9] a3 A3 RA o] 2J3t 7o
2 AEo] Methylobacteriumel B9 2 dlUR|¢e = ¥
k3-8 AFsIH, Methylobacteriume A1 5ol A B 322
ojut HlePl 55 AlF3led At ot} o] =L F
©H4, 16, 31,36]. YF Methylobacterium=- 1AA[9, 22, 42]
v} cytokinins[21]2 AJAbste A2 wWhEEglod, 1-
aminocyclopropane-1-carboxylic acid(ACC) deaminase
e 7RI gle] AlE] AEHAE A FAU2I,
34], B FFA siderophoresE FAIS|= 33, 18).

B B4 vAE, 1 FolME ZHATS $4] (auxins)
9] dE<l 1AAE AAE THE 7HA3 9lvi11, 28]
Doronina $~2 IAAE AJAFsH= 598 7H4)= vleh2-A13)
T (methylotrophic bacteriay5~ A7 1.4 ug mL oA &
A% 95.7 ugmL-'9] TAAS AR B 7315 0}H9). Ryu
T ATolME 2 SF Methylobacterium spp7} 79 %
ob 7247} 233 pgmL!, 4.03 pgmL 9] [AAS AJAkalgl o}
[42]. & AFolA Ee]FFA Methylobacterium sp. SY-
NiRIE 7]& QA7 A} FARBH 59 ek 717 5 &
2.3 pgmL'e] TAAS AARIITHFig. 2). ol2]3F IAA: A
FEE 2 gl F29 ARE NI, xR
283 doll AE] Aset =318 2As= A4S
29 dFQl oHAN S st T2 S A
ghelal AHEEle] RS =gl [7]. 4 A7l 93 1AA
£2Z cytokinins® 22 AERAIT2ZE YAlso] gl
Methylobacterium spp= 73] A1 8] AA}o] Zxz1g o]
I glEH31, 32, 35]. Wb £ Aol E23F Merhylo-
bacterium sp. SY-NiR13Z} 72 UM FS 2523} A A
T3k, 1AAS] AT 9 FH|E Qs AlE AAbe] &
Ag Aoz g,

Methylobacterium sp. SY-NiR1¥ glucoseS 74 = A=A
spHA] oxalic acid®} maleic acid 22 F7)AkS: B4 oR
o] ¢ AUSS & + UTKFig. 3). Methylobacterium
3} 22 PPFMst A E25E] dghe S g os I
W75 Bkal, A Eo] wiEs Wy &A% g EE(car-
bohydrates), 32 F71AHS ©bA 0 F o8-8 4 QiT}(1].
8, Methylobacterium sp. SY-NiR1¢]| 2)3} 7|4k AAkeF
o] AM|EHE} F7] wiel] wiF Alzke] ANLLE vl F
o 7k w7t AA Folsldeh(Fig. 3). Folu o

3 22, B A 57184 Sl sl 25 9l
o] AEIH og=rt P} EASY A8 e 2 @

L. EoF u|gEo| wl&UE acetic acid, oxalic acid,
fumaric acid, citric acid, tartaric acid®} 72 A &=
7|k RSl &Jsle] 718-31EH33, 41]. Wt Merhylo-
bacterium sp. SY-NiR1o] Aksl= f7]Atel] 2]l Eoke]
pH7t ZAE T B §iAF 5ol F2F Y FE50l 7}
43} A2 855, FE5e] AEA WFRe] S4S ¥
A g Aoloh =3, AlE AR AljReag] 919
AESA 4 EE Fo AEC] oFeA WA Bt
ol = gt E4F £ Aol AlaEH.

FFE B5A A8 TAFIME AdHeE B2 &
9] FFEo] M3} AR AgEe] FF4e] AEIA o]
$=7) 7425, 33, 41], o113 FEE AE5A A E
Eolx oA 2R 3l Fagel WS 7 2
Alellejst #3727t AddA ez ARG 19]. Idrish &
o] A7l oshd Ni I52] 2E<l Thiaspi goesingense®)
=] choFat r|AE FH o] FAH R, ookt
Ni WA FFEo| Methylobacterium 439l 431+ 7 (M.
mesophillicum, M. extorquens ZLB] XL M. goesingense)2-Z-
Vel o} 18], M. mesophillicum, M. goesingenseZ. -5

FE2 dAReE Ni, Cd, Co, Zn, Croll g WA APS
S8 A7}, Ni, Zn, Co, Cd 22 WA o] ¥4, Crol
3t WAL 7R QIA] dskeh. 3, M. extorquens=- -
e 7559 A%, Ni, Zn, Crll= WAS 72 913>
u, Cd} Cooll W A $ATH19]. Zn-Pb #AE B A
HA4 FHE 7Zn A=A A E T caerulescens2-ZHE] Zn,
Cd, Co, Niell 3t =2 WAS 712 Methylobacterium=2-
3t A7ASNE e 30]. £ ATl F2igt Merhylo-
bacterium sp. SY-NiR1 75 94|, t}kg FF4(Cd, Cr,
Cu, Ni, Pb, Zn)ll =i3}e] WS 7FA 32 gJsitt. SY-NiR1
o] S 50% A= F55 T2 ECoE 71EE
B SY-NiRl 5% Znol| dis] Aol 2 =31, 1 o
€] Ni, Cu, Pb, Cd, Cr <=0]¢{=(Table 1).

B S50 A o8} Fviehd B vl
] AZ R FY5e] vABel nXe FE5 549 A
E+= Z7181}H40]. Gram-negative Al A EW F2A 5
ol lipopolysaccarides< FF4¢ A EXHo=ze F3
(biosorption)g f53led, F5<8] HE W22 i8S =t
of I FAe] AE W x| HAHH R JeFE FA
oA 3hy olEldl 712ks B3l TSl Jg A= F
7HE § 9ATH27, 44]. Roane®] A7olM: FE422 09
H B 2RE el WS e A 2E 28t
e, F FFe WA 71ztel M= 23tE. Pseudomonas
marginalise exopolymerE ©]-8-3te] F-& A E gl 324
(extracellular exclusion)*] 7]+ 7]2H& o] £33, o2&t
exopolymers F542] EAlloll Aaglo] A= whd,
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Bacillus megateriume M| X Yo 32 2] 2 &4sl= 7]
Z}(intracellular mechanism)& o]-8-3}¢iom, o] 7|2k =
B 7ol w2} ) o]9leh40]. Diaz-Ranifias} Basth=
EoFe] nlAE A TSl Ug Aol FEE F8
712be thest 2ol AHsisic): Sagel disled Mgkt &
o I FA6 2ste] AbdEar, AFAAHA FFl )
S THIHA AEe] AAH o] gl Futo] Abopdd =
=, A Helut Auld Wste AXwA F3E SAde
A3e v AE FA ol $HITHE) B dATlA £l
Methylobacterium sp. SY-NiR1 TF= 94 ol F3}5 5ol
Gram-negative®] PPFMsZ [14], |ZE34 9] lipopolysaccarides
ol Fgdre] FAEE 7|2l 2Jsle] FFEl HE A=
7F F7HEAE Aolgt AlR Y, A7 254 29 B
A AAEhEA Al Q) fAH WHelrt FEHG S A
A= gl

AEHoR 2 dTA] Heldt FFgl YA
Methylobacterium sp. SY-NiRI:= Al Z225¢] wekdon}
714k 22 wiAg] 5l MAHE Al ke, Al EA Eﬂl—
22 1AAE A5 A ES RS 3R /‘]7] < 7}
A% Sl5ieh. e $F40E Ss B A asha
& o, Aust FFE A5 283} 39 Methylobacterium
sp. SY-NiR1 #5-F A-&3lepd, Al Eo] F34 E*g"ﬂ 9
g AEH 2o e 23S F 4 %lo] A Eo) i‘ﬂ'
B T35S &7, FX5ed A3 Tgol T E £ ¢
7“-—i 71}, 3V, Methylobacterium sp. SY-NiR1 ‘E‘
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