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Characterization of Growth Inhibition and Isolation of a Copper-Resistant Rhizobacterium, Alcali-
genes sp. KC-1. Hong, Sunhwa, Ki Chul Shin, and Eun Young Lee*. Department of Environmental and
Energy Engineering, University of Suwon, Gyeonggi-do, 445-743, Korea — In this study, A bacterium with an
ability to resist toxic heavy metals was isolated from reeds in wetland. The isolated strain was identified to

Alcaligenes sp. KC-1 by 16S rDNA sequencing. Heavy metals such as Pb, Cr®"

, Cd, Zn and Cu were supplied

to media. The ecotoxic treat of the heavy metals on the growth of strain KC-1 was performed when the iso-
lated strain Alcaligenes sp. KC-1 cultured with Cu ranging from 0 mM to 20 mM. It showed the resistance of
EC50(7.34 mM) and cell growth (ODggg nm : 0.83 after 42 hours) when it was cultured in Cu.
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53718 11]. ECso, ECy 1213 ECyo 3t 52 v H
I 2HE 2GEA xFol W AN H=E
Bg eig22]. A7 Qe sle S4B o
4=5= u|BEL Pseudomonas putida[l, 6], Bacillus
cereus[22], Methylobacterium sp.[13], Escherichia coli[3]
So| X% QI Pseudomonas putida= EF}F & 2]
3L ERA|elM ARs FEHITEE SRR Bkl
[1, 6], Bacillus cereuss E|HEol Easl= SAIE2 o
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w55 Aol At o5 Bkt oo AavA 5
g 2 A=A 3 598 7= Hong 57, 8, 12]9] +=
5 Fazstel Friseict eld I 16S rDNA -
A7IMLDE EA AT 12].

FAlIA MA SR A S AFeted 250 mL APHEERA
ol 4 90 mLE ¥ ] == THUESS 10 g2
> 5 E3ste] Aol 1537 mieksti o, zle
#1971 30°C, 180 rppm-2 At 1583F 15 vl
FH AR F E= 5 mLE BFI38le] 250 mL APERR
ol Y& F 50 mLe] A vlA](Burk's, Congo Red 1&]
3L NFBpll 92 ¥ 597t w3hfek alodct(8]. w2k ek
2 BT 41 A wiR 2] AlfulekS Z1aYs)sd o, o] F
T TEE lel $AM AZe] wifl o] AAvAFsH S
Frrstde. AAavATHE 7R Qe wiekd S A
] (Burk's Agar, Congo Red Agar, NFBA)ol| =% 3}9ic}.
TFE ol gd FXHEZS 1 nmole h'! mg protein™ o] A}
e AEell S AR = skt wix] o] F
Froll whebA, Burk's Agar wiA]el] =gl w52 7% 74
B3k wekslal, Congo Agar HiA] 12|31 NFB ager ®j=]el|
st T 39 E)E ekt wiekE dee At B
Fell whe} E=l=e] A wiA]el] =% 319z, 2 colony®] A
24 FHE FrRIAY KC- 1355 2184 32384 9l
oM EAHIAAYY] A A8 ~EHAA] E39]
offededll AFA el 7FE-Al € o] E(1-aminocyclopropane-1-
carboxylate(ACC)) H-3 &4:29] ACC deaminase’§ A3}t
(E3).

#2]%l ¥F% the National Center for Biotechnology
Information(NCBI) website®] basic Local Alignment Search
Tool(BLAST) algorithm= 3 GenBank database®} ¥]xL
ste] A, AEAASASH | oA Tl F
=5 WAL 7R e PlAEQl KC-19F9] 16S
DNA 532 97144323, A" KC-12] DNA 97]
Ad2& % 1,501 bpel 3L, Betaproteobacteria®] Alcaligenes
sp. F78(accession no. EU443097)2} FAF=7} 99%(1488/
1501), s~ E A ElAM E2§ Alcaligenes sp. CO14
(accession no. DQ643040)2} A7} 99%(1486/1500)2
Yebdtl. KC-1752 Genbankell 5533t (accession no.
JF303893). Alcaligenes <72 n|AE-S 3714, 284 Al
To & AF7HA] Bargl Tl WAS 7H3 Alcaligenes
%0 M EEE A YA Eel E] ZelA Y3t
2EBS147F2A4 Cuell 738 WAE 7HA]= A o2 ¥y
RA28], Cdo2 9% EcokollA Ee|dt Alcaligenes
faecalis strain J08Cde] 7%= FHE% =7} 0.01 mM, 0.1
mMZ} 0.5 mM7} =5 A7HE wfRellM 484131 gt 7}
g WS Holw AAksliota XAEgie3l].

Alcaligenes sp. KC-1 2
e S35 WMds It

g 752 S WS 7] $18 Congo wiA|
o #9 B0 2 Malic acid I3l 7slsich 7
Pl T2 Tt 3l AA-T YA S5 o
A7)|FS 7|F 22 Pb, Cu, Cd, Cr®", 28] Zng& 0-4.8,
0~20, 0~0.09, 0~0.6 123 0~15.6 mMZ H7}3}e] 7}3}
Aot THE5S A7 wiAldl KC- 1975 HE3F2(10%,
VIV, ODggo nm: 1.6), 30°C, 180 rpm¢l vl SF7] el A 204] 7+
Fet wioksldet. widksle B FREEAE ol 83k 3
AZE AL FRES 5A (600 nm)dte] KC-19] F5%
WA 58S Frsich

Pb, Cu, Cd, Cr®", Z8]3 Zno] H7}e F7| wjAE o]
43}o] KC-1772] WS 5= HE 7]l Fig. 1] &=
A&k 1 A3 PbE F57F 0~4.8 mMY o 3= 3
o] 0.86~0.81% H7}E:= Pbe] =7} F7l|%= KC-135F
o] AL =7 Asl A kA (Fig. 1A), Cr*F Cue 7}
7o) =wolA F3FE Zro| 0.80~0.90, 1.05~1.12% S35
9] w7} ZrlsleElE KC-1752] A A=A okt
H(Fig. 1B, Fig. 2). 3MA%t Cd} Zno] 9= A¥=o] 5
o] EAE Al KO-+ A8 Selick(Fig.
1C, 1D). o] §loll =, KC-17%= o2 T3] EAd 4
ol wiekAIEE F 25A171e] ESlS W A7)l 215k
AR CwFEANE 73 pells AR Al A1l o, 4247
o| F7} Hojxok v oA w57 AASIA] AskH(Fig. 2).
KC-17157} Cd#t Znol| A AAA8HA] X8| o] -fe a2
Fadol digk A Ao &8l Cdot Znell Aol 3
7] o &elet Azt

Fagol 73t iAol = vIERE ¥l Merhylobac-
terium sp. SY-NiR1+= Cd 0.6 mM, Cr 0.15 mM, Cu 1.0
mM, Ni 4 mM, Pb 1.0 mM, Zn 5 mM2] ¥= W $|7}1%]
AAke] 7hsdtdvtal RIFQI(13], £ 5(2004)>
Escherichia col7} 5%2] F5<4(Cu, Cd, Cr®", Hg, Zn) ol
EZHAS o Aol k3] AA|H= F=7F 24 Cu 3.5
mM, Zn 2.5 mM, Cd 1.5 mM, Cr®" 12 mM, 18|22 Hg
0.12 mMe]etal B 313} T3], o] Yol = Pseudomonas
putidal1, 6]. Bacillus cereus[22], Pseudomonas fluorescens

N

[18], Tetrahymens pyriformis[24], Methylobacterium meso-
phillicum, Methylobacterium goesingense[9] L8131 Caulo-
bacter crescentus[32] &2 T3t n|AESo| TFEl 7t
g iAol sle AlE HAEA Qe & AFelA Eelgt
Alcaligenes sp. KC-1TF 9A], ToFat 34(Cr®, Cu,
2|3 Pbyel| diste] WS 7L sdsd=t. B3], Curt EA)
3l= 3oME Cuel FE7) 1.2~7.9 mM7RlE F53=7k
°] 1.09+0.03°% Cu7} EABHA] b= F7dollx et 7<) H]
553 KC- 1957 A3 AL, Cudl 557} 9~12 mMY
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Fig. 1. Growth curve of Alcaligenes sp. KC-1 in congo medium
containing heavy metals such as (A) Pb, (B) Cr, (C) Cd and (D)
Zn.
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Fig. 2. Growth curve of Alcaligenes sp. KC-1 in congo medium
supplemented with Cu.

3t} skt KC-1 @55 o S35l vIsl Cuel o
& el 7 E3dekFigs. 1, 2)

FTEHE 2 TEERE R SAS veEME 2dE A
AAle| =% FHH food-chainel] &J3l "BEHZHOH SE5EYH17].
5 TS e ﬂﬂ‘*‘ﬂdé °]£3H A} =
7397k et AESH ARz F25S A7 3] SlsiA
= (1) viepo] BolshiL, (2) AHANA 2 el Hofol
3, (3) Taell 73t WS 7L Slefof 3h32]. A
F7H Ba1gl Cu A o 5 Methylobacterium sp. SY-
NiR1E Cu 1.0 mM7HA] WS 7X= 2844 ZdAT
°2 cum 2909 o) 4E4 Holol 85 o8
TFekal Barslolu13]. o] gelE S550% 244 ¥
HEA F2g Culld EFTTE Cudl FE7F 04
mM][10], Pseudomonas aeruginosa= Cu 8 mM7}x] WA
S 743 AseEH9] A7 Be ekt Cu
H = 151'3 OEO] Cuoﬂ LH 2 7]'7(]7']1’]' sz‘_ oEoﬂ
WS 7M. Cu iAdeE ¢]9)e] o& s3] dle
T7F @shoh. shA|RE 2 QAFollA B2lgt Alcaligenes sp.
KC1BFE AZARE5S e B4 Cudl 55
7} 20 mM el = e WS AT Sl =3, 5]
o el Bhagint AlEs) Fu Wk A7) Ak 5
He A3 st

KC-1772] AJA| He] T34 SA%55s HrlleA o
AR ofubE FE4el ol 7 BlAEE FREel 7
245k BB i) SRl Hg Wels)zte] abl ol
Fold AANS] FHE 2AS Fol T AAE A7t 4
dojd7l o2 AL ¥} o] KC-1FF7}F I5E2] Cu
£ B 712 ATY A A 4 90
ABHSE DT FE60L 23N £ ARAS
FAse ATATE o141 & slew, 53] TE4 KC-I
FFE Cuz 998 Eopel AUEA Aot 34l 8
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Specific growth rate of Alcaligenes sp. KC-1 in congo medium containing heavy metals such as (A) Pb, (B) Cr and (C) Cu.

Table 1. ECsg of Alcaligenes sp. KC-1 for each heavy metals.

Heavy metal ECsp (mM)
S50 olet dF Xl EIt Pb 237
Cr 0.19
7oA 2 FRde] FF ARl nlAE R cd 0.00
H7ksl7] S8 vl ALE (specific growth ratey2 ARSI én (7)(3)2
u .

o}, BAAEEE 752 X F=H(dry cell weight, DCW)
I g5 Atelo] A =&AL KC-19] AEES 71x
FaFo g sMlslglc). =3k, KC-1 T2 A vA= =
=5 AslE AgHoR Frielr] Slste], dAl] AHFS
2HE] AR (growth inhibition, G)Z A4S 3 wioF
20/7hs 71Ee R KC-19] S 50%71A] Asfishe 2 5
4 %5 (ECs0)= WA (interpolation regression analysis)
< o|-&3led FEFATH3].

Alcaligenes sp. KC-1752] T34 Sl o2 w44
Fig. 3ol YFERHSIE. Pbel SlE 716X 9] KC-17
Fo| AL AVl 259 T2t S €5 e
33, Ot E ¥l glslel. Cwrl EAlse 271014
37t 7.9 mM7RlE ARV 2 WP ¢lel Cu
o] Fx7F 9 mMY W KC-19] ZA 34319 o]
Alcaligenes sp. KC-10] Cuell 73t UAS 71X 31 AAslar
U A o] gh HedF= Asfo|r, w3, KC-19] A
A5 Aslishe 50%0] FHE52] F=(ECsoys Pb, O, Cd,
Zn 28] Cue] 727+ 2.37, 0.19, 0.00, 0.00 1|3 7.34
mM=ZA], CwllX 71 7] Yehdek(Table 1). Cré*e] 7%
F57F 0.6 mMY W7kA] @F7F BAsIARE ECsegkel v
2 o= KC-1°] Cr®¢] =7} 0.4 mM7HA] A3l 4]
£ ER, 0.6 mMY | 231 Crtfe] ETAlEHA ok =
7l M H e} KC-10] AAS oS- Zsl] AJ Aol wiz]7} &
AEAS FEo] Fot ECsofks T8 Hell= 0.6 mM2] 7k
< Wil sl

Fasol dg vjAEY] WA Axs 1

A= T
SEE

Eoll wel o)

5 o= =3 54U B0 Al EeME iR F
FE2] el wet FEgell Wik 1= ECsoakel Aol
a7 depdet3]. & A7elME FE4e el Wt KC-
12] ECso] whefsl vebit. o= T4 5l wet
AAR]o]| w2 e 5A H71E & o] Alcaligenes sp. KC-
1= F3522 o e $79] A5 1l F-83H A
42 5 s Aol Alsdn

Cuell WS 7HAAL Cus e E nAES o83t A
54 7k wo] o] FeiAA] edsken, AF7HA] Bkl
A ES A Z 3 Cudl ECsp E. Coli= 2.00~2.50
mM(3], Pseudomonas putida= 0.01~0.02 mM]20, 26],
Pseudomonas fluorescenst 0.20~0.27 mM]J25, 4], Vibrio
fischerit= 0.58~0.61 mM[4, 5], Tetrahymena pyriformisT
0.83 mM[24], Methylobacterium sp.= 0.89 mM[13]= X
a5 Gict. ofutell = ERALS} AldE A2 Cu®l ECsehkol
0.19 mM[30]% 7% Fu52= A7 299 B
o MABIAL Sl B nlAlES AR ECsqts Bkt
A3} 0.45~1.42 mME 37HE 2], A S7HA] Harel o
T v1ES W Cuoll 78t AS 7HA] AL FAel A
2VAFHE 7L s KC-12 A E0A AASIAE

Twdl = U, TEE S dF B el AFE

& o] WEel AUEYH AR olslol® 05T FHE
oFe) 4B T AME T 5 ek Ao,
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(=]
i =

FA8] A Eofe 2 Y Fadel Aol ol Mol
F=3it. B2)El #5168 tDNA 71484 oA
3l Alcaligenes sp2 FAE A &, 2, 71=F, ofd
9 TEef A2 FEES WAl Horeedd. EedEF
Alcaligenes sp. KC-1& 217} 0 mMellA 20 mMe] 5%
2 A71 iR A wekelol S ) 4] ARl R =
HS slougiet elaFe et 2 9 4247 )
" F 7.34 mM2] ECseit ODgoo nn®llA 0.839] F45=
e HelFs e WAETAT
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