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Characterization of Heavy Metal Tolerant and Plant Growth-Promoting Rhizobacteria Isolated from Soil Contaminated
with Heavy Metal and Diesel

Soo Yeon Lee, Yun-Yeong Lee, and Kyung-Suk Cho*

Department of Environmental Science and Engineering, Ewha Womans University, Seoul 03760, Republic of Korea

In order to enhance rhizoremediation performance, which remediates contaminated soils using the inter-
actions between plants and microorganisms in rhizosphere, it is required to develop effective microbial
resources that simultaneously degrade contaminants and promote plant growth. In this study, heavy
metal-resistant rhizobacteria, which had been cultivated in soils contaminated with heavy metals (copper,
cadmium, and lead) and diesel were isolated from rhizospheres of maize and tall fescue. After that, the
isolates were qualitatively evaluated for plant growth promoting (PGP) activities, heavy metal tolerance,
and diesel degradability. As a result, six strains with heavy metal tolerance, PGP activities, and diesel
degradability were isolated. Strains CuM5 and CdM2 were isolated from the rhizosphere soils of maize, and
were identified as belonging to the genus Cupriavidus. From the rhizosphere soils of tall fescue, strains
CuTé6, CdT2, CdT5, and PbT3 were isolated and were identified as Fulvimonas soli, Cupriavidus sp., Novosphin-
gobium sp., and Bacillus sp., respectively. Cupriavidus sp. CuM5 and CdM2 showed a low heavy metal toler-
ance and diesel degradability, but exhibited an excellent PGP ability. Among the six isolates, Cupriavidus
sp. CdT2 and Bacillus sp. PbT3 showed the best diesel degradability. Additionally, Bacillus sp. PbT3 also
exhibited excellent heavy metal tolerance and PGP abilities. These results indicate that the isolates can be
used as promising microbial resources to promote plant growth and restore soils with contaminated heavy
metals and diesel.
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Table 1. Comparison of viable cell numbers grown on heavy metal-containing plates inoculated with the rhizospheric soil

suspensions.

Concentration

Bacterial number (CFU/g-dry soil)

Heavy metal

y (mM) Maize Tall Fescue

Cu 0.01 459 x 107 £ 045 x 10° B2 TMTC®
0.1 5.04 x 107 + 044 x 103 * 329 x 107 + 046 x 103 €
0.5 221x107 +034x 103 F 2.75x 107 + 0.24 x 103 P
1 3.02 x 10° + 0.40 x 103 © 8.19x 10°+0.85x 103 F

Cd 0.01 1.08 x 107 £ 0.28 x 10> B 5.04 x 107 + 0.62 x 103 A
0.1 495 x 10° + 041 x 103P 824 x 10°+ 061 x 103 €
0.5 6.30x 10° + 036 x 103 F 108 x 10°+£0.13x 10> £
1 3.83x 10° + 0.45 x 103 @ 3.74x10° + 023 x 103 1

Pb 0.01 4.05% 107 £ 040 x 10° A 351 %107 +1.34x 103 B
0.1 6.71 % 10° + 0.86 x 10° P 6.98 x 10°+0.22 x 10> €
0.5 5.40 % 10°+ 0.53 x 10° 491 x 10°+226x 103 F
1 1.05x 10*+£0.13 x 10° " 536 % 10*+0.12x 10° ©

aDifferent letters indicate significant difference (p < 0.05).
®Too many colonies to count.
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Table 2. Plant growth promoting activities of heavy metal-

tolerant rhizobacteria isolated from the rhizosphere soils.

Plant growth promoting activity

Isolation Strain .
source no. (OI;?3ASnm) S'(%eg;(f:::;e deaminase
(OD60onm)

Maize CuMi 0.097 0.085 0.067
rhizosphere  cym2 0.127 0.000 0.000
CuM3 0.180 0.012 0.070

CuM4 0.008 0.000 0.300

CuM5 0.096 0.110 0.430

CuMé 0.177 0.063 0.180

CuM?7 0.162 0.000 0.000

CuMs8 0.117 0.000 0.000

Cdm1 0.105 0.000 0.000

Cdm2 0.103 0.013 0.054

Cdm3 0.097 0.000 0.000

Cdm4 0.094 0.000 0.000

CdMm5 0.211 0.000 0.115

Cdme6 0.162 0.000 0.059

PbM1 0.099 0.000 0.000

PbM3 0.141 0.000 0.372

PbM4 0.129 0.000 0.000

PbM5 0.183 0.000 0.063

PbM6 0.038 0.011 0.350

PbM7 0.122 0.052 0.489

Tall fescue CuT2 0.109 0.000 0.000
rhizosphere T3 0.109 0.000 0.000
CuT4 0.131 0.012 0.067

CuT5 0.150 0.039 0.175

CuTé 0.109 0.097 0.129

CuT7 0.174 0.011 0.146

Cdm 0.111 0.000 0.052

CdT2 0.111 0.000 0.051

CdT3 0.101 0.000 0.340

CcdT4 0.076 0.000 0.164

CdT5 0.217 0.054 0.000

CdT6 0.161 0.000 0.000

cdT7 0.187 0.000 0.000

PbT1 0.203 0.121 0.000

PbT2 0.248 0.000 0.193

PbT3 0.175 0.163 0.153

PbT4 0.145 0.000 0.064

PbT5 0.103 0.000 0.121

PbT6 0.161 0.000 0.000

PbT7 0.078 0.011 0.000

PbT8 0.155 0.000 0.000

PbT9 0.107 0.118 0.000
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525 — Novosphingobium pokkalii strain L3E4 (NR149820)
801\ Novosphingobium sp. CATS (MW407024)

1000 Novosphingobium aromaticivorans strain SMCC F199 (U20756)
Novosphingobium sp. strain YJ-S2-02 (MW307329)
1000 905 Novosphingobium resinovorum strain NCIMB 8767 (EF029110)

Sphingomonas morindae strain NBD5 (NR137208)
| 996 — Novosphingobium capsulatum strain GIFU11526 (NR115619)

692 .
— 989 Sphingomonas paucimobilis strain IFO 13935 (NR115489)
1000 Sphingomonas sanguinis strain IFO 13937 (NR115490)
998 942 — Sphingomonas parapaucimobilis strain JCM 7510 (NR115615)

Desulfovibrio desulfiuricans strain Essex 6 (NR104990)
Bacillus sp. PbT3 (MW407072)
1000 [ Bacillus licheniformis strain ATCC 14580 (NR074923)
Bacillus subtilis strain NRRL NRS-744 (NR116192)
949 Bacillus mycoides strain ATCC 6462 (NR115993)
W{Bacillus paramycoides strain MCCC 1A04098 (NR157734)
1000 550 Bacillus thuringiensis strain ATCC 10792 (NR114581)
Citrobacter koseri strain CDC-8132-86 (NR104890)
74 Fulvimonas yonginensis strain 5GHs31-2 (NR134038)
Fulvimonas sp. BAB-5800 (KX350190)
9 Dyella soli strain JS12-10 (EU604272)
Dyella jiangningensis strain SBZ3-12 (HQ236051)
612 Fulvimonas sp. NML 060897 (EF589680)
652 sog || Fulvimonas sp. CuT6 (MW407068)
934 - Fulvimonas soli strain LMG 19981 (NR 025465)
Alcaligenes endophyticus strain AER10 (NR 156855)
Ralstoniasyzygii subsp. celebesensis strain UQRS 627 (NR 134149)
Cupriavidus pauculus strain CIP 105943 (EU024165)
Cupriavidus sp. CAM2 (MW407022)
Cupriavidus sp. CdT2 (MW407064)
Cupriavidus taiwanensis LMG 19424 (NR074823)
Cupriavidus alkaliphilus strain MLR2-44 (MT935666)
Cupriavidus sp. CaMS (MW407066)
Cupriavidus sp. strain NyZ417 (MW040526)
Cupriavidus necator strain VKPM B-10646 (JQ695938)

985 1000

1000 1000

575

418

0.1

Fig. 1. Neighbor-Joining Phylogenetic trees of the strains CuM5, CdM2, CuT6, CdT2, CdT5 and PbT3 estimated from 16S rRNA
sequence. Boostrap values (percentages of 1,000 replications) are shown at the branch points. The scale bar represents 0.1 sub-
stitutions per site. The 16S rRNA gene sequence of heavy metal tolerance bacteria and similar bacteria to six strains were used as out-

group.

ox.

o] 7k £43tA L, 1 -F 22 CuT6st

7
SN %@% o 4 glgict

28} ol w3 7tEFo] FFE AN 2+ BF 9 FIEE YW
°l A A=t 6F +F 25 5 mM oA FtEES F CdT5 #39

F3t iR o A AREEA] XL 1 mM FHEE S HiR] ol TPHs £3% T3¢} CAT2 34 22
H% CdM2 ¥ PbT3 #549 A 4= M?}u}. 0.5 mMY  77.65%%} 72. 88%.4 AAZE —% BHyod 629 4 2 7}
i AN E 6F +F BF AASHEL 1 mMoA B3 A 2 TPHs #358S E%sm A%t CuMb, CdM2
CuMb 732 A% 5% 25 AT 5 mM oJAe] 2 CuT69 TPHs AAEEL 77 23.69%, 19.40% L
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Table 3. Activities of heavy metal tolerance and PGP by eight identified strains.
Heavy metal tolerance PGP activity
. TPHs
Identify Cu conc. (mM) Cd conc. (mM) Pb conc. (mM) 2 IAA 5 R ereplian AC.C
degrading deaminase
0 5 1 05 10 5 1 05 10 5 (ODs350m)  (OD700nm)
(ODsoonm)
Cupriavidus sp. CuM5 5
(MW407068) + + 23.69% 0.096 0.110 0.430
Cupriavidus sp. CdM2 5
(MW407022) + + + + 19.40% 0.103 0.013 0.054
Fulvimonas soli CuT6
- - - 0,
(MW407070) + + + + + 14.89% 0.109 0.097 0.129
Cupriavidus sp. CdT2 o
(MW407064) + + + 72.88% 0.111 0.000 0.051
Novosphingonium sp. o
CdT5 (MW407024) + + + + 7.22% 0.217 0.054 0.000
Bacillus sp. PbT3 - + o+ - + o+ + 4+ 4+ 7765% 0175 0163 0153

(MW407072)

-1 no activity, +: activity

e85 3%, 7t=s 9 Bl WA 58

=
St EYAF THEGNA EFstart
Eo) AAE AE HeoA BHEHe 4EE
3 4 Ao W3 op|Eh) & s 2
O WA, EF U 771E & 5l ¥F= v +
tH20]. B3 ZHUAYE 7He] 432 A2 23 4
of ¥3lE dor]7= 3rh20]. & AFolMe Seas &
HAF ZHEFAA Fa5 WA Al 45 AR 9
3 FEE T WA BoeE SsHEY 1 A 2
ANl = T35 527 FHESE dastes Ao 3%
3] T = Y tH(Table 1). 7] & R1H Ao w2, H|
02 F BN S THEY AT AdrE 6.14 x 108
CFU/g-soil [21], 2R E]& AEY ZHAE 5.05x% 108
CFU/g-soil, Bo] L@ AL 7.10 x 10° CFU/g-soil, B2 E
7|& 9] YA E 32.55 x 108 CFU/g-soilo] Y th[21]. T35
v 2ol A AAfsles Aldte] Al 3.00 x 10° CFU/
g-soilo] i}, o] &} Zro| vl e g B ZHAFY BTt
10% CFU/g-soil 29L& 18stH, 2 A4 0.1 mMY]
a4 2 2144 THEAF e Bled 249
A& Aol vl 1/18-1/100 F+EL 2 Fastglon,
1mM 2, 7tEF 9 & 28 24 94= 1/100-1/10,000

2z03 742519 (Table 1).

2 A2 fFASH 55 w20 Tt EG Al
A7t aste dike 718 dFlME R o
o d EFM Y At He =l vl st astdtt
[22]. BF 202 o HH EYoIME FAG Ayt Bzt
HArH22]. 1Y ok & Q4 EFANAM Y HdtFe v E
EFY A<t foudt Aol= §ifi=T, ol g 2
of Hlgf otd EAJo] ¥ jEo = uEEHTH22]. 1 5t
A= FYE 2 HH EYA ST Adr= HeH BEY
o Bt vls) #AS] FHasklar[23], 0.8 mMe| 27}t
98 AoINY AR B2 E G R oAl
3 2T 17100 +E 22 AA25HTH24]. 7tER 2H EY
oA =g F&of Bl st ATt Faghe] o A+
of o3 BiEx Qlch[25, 26].

2 AFNN & 28T 65 +F F 3T Y CuMs,
CdM2 ¥ CdT2 #3F%& Cupriavidus sp.2 FAHEUch
(Table 3, Fig. 1). Cupriavidus % Al thoFst 229 2
AN FoE deA o 2 A4S} 593 S5 2ES
Z3hste] A%, 49 FHAAE B FHYPLH[27)], o]
Qo= Q14H[28], P RAF29], AFhE]E-9] Z2[30]9} o] o
&Rt AlEY ZEAH LR BuHY. Cupriavidus 2] Al
7+ O LHEE £l #5= ¢ A len[31] 7t=
= HET A8 F55Y A4S A5 + e 5892
Hists dE2dd 545 WA 432 E3A Ao B81]. £
3 Cupriavidus % Aldt-Z oF4, W&, 2] 9 ILEY &
Asto = Aol 7hestttal HEEUT27. E3,
Cupriavidus necator UFLA 01-659 #+5+= 7}I=% 9.0 ppm,
72 4.6 ppm X o} 3.2 ppm =Y FEES AZ W =

September 2021 | Vol. 49 | No. 3



420 Lee et al.

A 4= UL, FtEFS A Z I A Zutof F&s= Ao
2 9 HH32]. ®3, Cupriavidus basilensis r507 4+-F=
H] 4 Ak} &7 A2l arsenite oxidase-like (aioA-like) §-3
A8 AU Qo] HAS ABke 58S B asn 9t
[30].

Cupriavidus taiwanensis KKU2500-3 oF+= Tl 2
32 F2of Tosh= AR TSl GroELE ERFeR
W 7tEF 54 AEY A oA o] et Ao B
3 FATH33]. Cupriavidus metallidurans CH34 #3F+=
g WA A P)E ERStL glo] HoE e dH S
A= gAo] 7153819 TH34]. E3 Cupriavidus metallidurans
2 548 FRE 2350 4 J4L AR fHAE 7}
A wo| 835149 }H31]. Cupriavidus gilardii CR3 45+
T2 WA 28 & F-AHcus H cop)E 7HA I §lof T
17} o] & FA4o] A& e 27} o] L2 AFSA 7|
ol 2o st WAL B HTH35]. Cupriavidus taiwanesis
TJ2082] A7 JA| 8= X4 YA 5 = (minimum inhibitory
concentration, MIC)= +#+& 5.0 mM, 7}I=F 2.5 mM, &
15 mM= Bl13 22 =9 Fa&o tis) WS Zich
[36].

Cupriavidus 4 N2 A& A% £ 5ol it

i)
1)
H
intet
)
L
29
ik
4
¥
£
ofx
ol
1P
to
of
o
2
Hm

2
=
S

23t Cupriavidus sp. 395/10 #5+= A& YA &
AAFQl TAA B 5o S8, EG W 2&
60%2 HEH Qo7& 83 472 WHHTH3T. &
s, F=E WAS A Cupriavidus necator w73+ TAA,
siderophore @ ACC deaminase $9] A& A& 22 &9
S 7R 2 Q31tH[38]. At (Brassica juncea L) LA} ¥z
oA B H #52 Cupriavidus sp. SaCRH13} SaCR1
TAA, siderophore A5 H QAMY 718315 H ¥ th39].
Cupriavidus sp. DCY86T #F& ¢lAtg 71435 9
siderophore A5 7FA I S0 &l t}[28].
Cupriavidus < Al=tol 93t A{A @335 &3
S BEuE Q. Cupriavidus sp. MTS-7 5= PAHs
3152 [40], Cupriavidus pinatubonensis JMP134 ot
Fe]AAY, Bd obM| EANY 22 S 3RHEY] =3

FAAE BT Qo] 948 95 Lol

X, (Ao

B A VA1
H—l rIl‘ F‘E
e e 2

—
o~
—_

—

A «5EE % CdT5 @3+ Novosphingobium
% Qlth(Table 3, Fig. 1). & A7} upz7lx| 2, 7]
A GA] AE 9 ZH Lo ZHE Novosphingobium
B2 5=, Novosphingobium rhizosphaerae
$4=9] LHo A [42], Novosphingobium pokkalii
A o] AL G4 WHS A o
A £ EATH43]. Novosphingobium

b e 8oy

re
olrt re
= ox

f

[¢)

S
S

Il

N N
il e
4 do

HoE b S
ofN
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il
o
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pokkalii= TAA ¥ siderophore A5 XYL 9 o][43],
B AFoqA EEe CAT5 @52 A& Y &3 5387 &
ARt EAE BTt AT 5HE 7H Novosphingobium
sp. RFNB2IE Evb=s} 132] 4742 831 Z7HAI70
™, TAA?} ACC deaminase AJAd5F$tH44]. Novosphingobium
sp. HRla #3& G2 2EH 20 Y3k ve A2/ AE
of Qi 2EHAZE QAT &4 A AE S 5
25k TH45].

Novosphingobium 49 N#-& HIFE JFES Bl
4 A A H15]. Novosphingobium panipatense P5:ABCE=

B2t EFRuE, 28, 9, ofd 2 UAR 2 S5l U
e AU &@3tea EajasE 7HA 3 §lo] PAHs % €
$8 Basrschiel. ol

catechol 1,2-dioxygenase @ catechol 2,3-dioxygenase
Y ©3ea EasE BRg AR HhEGITH46].
E3 Novosphingobium 49] M2 PAHsS E35t= &
HAHPAHRHD)E B 95t 8o 535 9lch47)
Novosphingobium sp. HRlax= A& A% &7 538yl o}
Yzl PAHsE E&sts FHAPahT)E EH3t Qo]
PAHs ¥ W& 3tES 2T = A48 EF
Novosphingobium sp. HS2aR w5+ H| W E @l (phenanthrene)
9] B3] §AA(phnAlH)E E 53 TH49].

B Ao A B3 PbT3 #3F = Bacillus sp.2 574 5
om, B AT Anel §A 7% AFES 4 BE 4
QUTH17, 50-53]. Bacillus 49 Nlot< thekdt A& 4
A =R, ¥t A& Oryza sativa Lo A £ €
Bacillus cereus M4 #5= 7t=8o] WS AYL & &
gk ot gt IAA Y5 ES BRsto] A8 RS FYsHA
ZZAANFATH54]. Bacillus thuringiensis GDB-1&= A3 ¥4
of F&st= 712 8 Le ke T4 9, o4, Hl
2, 7tEE, 8 2 UAS AAT = 4o, 1AA,
siderophore ;A% X ACC deaminase &4 7131} FA4]
ool Arge2(Alnus firma)®] A%< F2ASHA SR
[17]. 78] 2F E%olA £33t Bacillus toyonensis EhS7
73 Yo e ¥ WAS ZEAR 13, T1AA,
siderophore ¥ A& 155 Tl A& BHS SAHA
TEFE TN ATHB0]. 7HE(Solanum nigrum L)S] &
HollA 2249 Bacillus sp. L14= 78, & 2 72 Wi
A& BHglen, o] #3:9 ATPase &F°] ¥ol2 &S &
o FE5Y SAHALERE AEZE B3t 55 WA 7%
= 7HA L go] HE ). E OE 54 WA 45
2l Bacillus sp. Q3 ¥ Q5= =S AlZ¥e] 4311 &
$4 A2 HAE Beo] 54 F o WU FE 3
5 28 EGS AETAH o= Hste 7% o] gt
[56].

@3+ alkane hydroxylase,

i

Of



Bacillus thuringiensis PS-1 5= 2<% 239 EYJoA
siderophore, JAA &4 L QAL 71835 59 A& A &
ASS B8 &5F(Pisum sativum L.)9 A4S 52351
7 H S [57). Foll WS A Bacillus sp. PbSP6 o5
+= siderophore A5 7111 QA 9L O L catalase ©
proteased] &4 E4 9 ACC deaminase B4& H{Co
2K 4E 4E 30T % AATS),

Bacillus 49| A4t 9] 47 &8s ol wat thget d+
A3}t QA R Q= Bacillus subtilis AHI ¥ AHII &
T+ Aoy Y& (naphthalene) A€ 9] &3t425
FUT T R PR o] &3HTH59]. AR Bl
A B2 3t Bacillus sp. TMY-2 &3+ 10,000 mg/19] tj A
80% 35t E 2m [60], o|% nHE7A = & AL] PbT3
o3+ 30,000 mge Ts= AL ET 4 AUtk
(Table 3). H}o| 2 AHBAPAE BAY 4 U= Bacillus
pumilus KS2 3= TPHsE o 80% o|A Al Adtgl 1L,
ol £A5h= PAHE 38 = 9l3lch61].

H A3Lof| A B3t CuT6 &3+ Fulvimonas soliZ2 4
T itk (Table 3, Fig. 1). Fulvimonas sp. CuNFbM 4.1=
T2, 7tEE 2 gl dal WA 7HA L AdThe2]. =
3t o] CuNFbM 4.1 #-F= 182 295 FAR| oA =}
2h= AMR S (talahib grass) ] THEFANA E2 = ATk
[62]. B3, 2714 2ANA YzEdllE 283 A, EF
A, dgdid 4 RS FEAT 5 AUTHI6, 63].
Fulvimonas 9] Alato] tisf oF& 7t A& A% £ 5
gol BuH vt gtk mebA & dfoA HAgl=w
Fulvimonas &9 £3t= CuTé #32 A& A% 27 ¢
o BrhE o n, 2744 ¥4 A7-2 £ olol 3l A
A3l 8 2art itk

2 oq:r"c’ﬂ/ﬂ 224 659 #F= Fa5 AR

22058 viEdto] §5 BahsI B
2 sy © 47 Ane 22
B2 HoA 7 H B AL ZHA7]
A e 7o g 4= glom, ERF o] 27t Alqf

As E8sto] BESY J3r|ey 4 aE
= AS2 7|YEe. 27HH o s 2 AtolA £2%
TS L A7 5 od Bl A HESto &
o Fotas 9 AE AR vA= adE AL,
RGN B9 At AF 45 ZUH
*& A7 223
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AT ZHUPES o] &3 EY LEEES AAS=
rhizoremediation®] & #£9|7] Y3AE LFEZ S A
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A A AE S SXA7= nBE A Aol
Zasith & A4 S35 L FF 5 L9 ES
A ARSI Qle St ERAFY ZHSRREH F5
&, 7tEF 9 @) WS 7 ZEAEE esRdst
%__]_7‘ é}% A“Z}- iZ]‘S %{-:’—i LHA‘]J:_ ol ]:]Xé]_ _'__OHJ:_,Q_ 78]
AA oz Fristlch I A3 F545 WA, AE AR 4
g4 92 A 25S /M 639 #FE Bt &5
2 ZHANA B3 CuMse CdM2 #FE= Cupriavidus
sp.2 TR ST A 27 CuTe, CdT2,
CdT5 ¥ PbT3+= Z+ZF Fulvimonas soli, Cupriavidus sp.,
Novosphingonium sp. D Bacillus sp.2 F3EAC
Cupriavidus sp. CuMb5&} CdM2+= 34 AT} oA 23
TS AdHeR dgoy AR A S50 AdFer
S84t 6% FolA dA EdFe] M S4% 4
Cupriavidus sp. CdT2%} Bacillus sp. PbT30]| 3l th. O]
Bacillus sp. PhT3= 3F9 549 thaf) Aoz 94
T AL AT A A% FASE Sragd. B AT
oA E2et ZHENHEL 7Y 55 B L9 EYS A

A7 AE S SAAT = 22 mBE AdeR
&g 7hssit.
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