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Characteristics of Heavy Metal Resistant Plasmid in Enterobacter cloaceae K41. Young-Hee Kim*, Sang-Jun
Lee', Yong- Kee Jeong and Kyung-Tae Chung. Dept. of Life Science and Biotechnology, Dong-Eui University,
Busan, Korea, 'Dept. of Microbiology, Pusan National University. Busan, Korea — A natural habitat bacterium,
Enterobacter cloaceae K41 was isolated from fresh water plant root and identified. This strain was used
to investigate heavy metal resistance. The optimal growth conditions of the bacterium were LB medium
containing 1% yeast extract, 1% lactose, 1% NaCl, pH 7.0, at 37°C, and for 24 hours on a shaker. The
minimal inhibitory concentration (MIC) of heavy metals against E. cloacese KCTC2519 and E. cloaceae
K41 was compared. The MIC of E. cloaceae K41 was 150 ppm in Cu, 50 ppm in Cd whereas that of
the standard strain was 50 ppm in Cu but no growth was observed either Cd or two mixed heavy
metal solution. The presence of plasmid was cleared from the isolated strain whereas no possession
from the standard strain. The plasmid from E. cloacese K41 was transformed into E. coli DH5a. The
MIC of transformed strain increased resistance 7 times in Cu and 6 times in Cd by insertion of this
plasmid. The metal adsorption of the transformant was increased 1.3 times in Cu and 1.5 times in
Cd indicating the plasmid was responsible for heavy metal resistance.
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Fig. 1. Comparison of E. cloacese KCTC 2519 and E. cloaceae K41
growth in minimal heavy metal concentration.
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Fig. 2. Efficiency of live cell for cadmium, copper and mixture
of copper and cadmium on E. cloaceae K41.
Symbols : O, Cd ; @, Cu ; V¥, mixed

Fig. 3. Electrophoresis of plasmids in E. cloacese K41 and E.
cloaceae KCTC2519.
a ; Hind 1l marker, b ; Sal 1 digested pEC, ¢ ; E. cloaceae
KCTC2519.
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Fig. 4. Electrophoresis of plasmids of E. coli DHba, E. coli DH5
a/pUC18 and E. coli DH5a/pUC18/pEC.
a ; Hind 11l marker, b ; Sal 1 digested pEC K41, ¢ ; Sal
I digested E. coli DH5a,/pUCIS, d ; E. coli DH5a free,
e ; E. coli DH5a/pUC18/pEC
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Fig. 5. Comparison of E. cloacese K41, E. coli DH5q, E. coli DHb5a
/pUC18/pEC growth in minimal heavy metal concen-
tration.
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Fig. 6. Growth comparison of E. coli DH5a/ pUC18 E. coli DH5
a/pUC18/pEC and E. coli DH5 « in medium containing
70 ppm Cu
Symbols: ¥, E. col iDH5a/pUC18/pEC; O, E. coli DH5a
/pUC18, @, E. coli DH5a
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Fig. 7. Growth comparison of E. coli DH5a/pUC18, E. coli DH5
a/pUC18/pEC and E. coli DH5a in medium containing
40 ppm Cd.
Symbols: W, E. coli DH5a/pUCIS; O, E. coli DHb5a/pUCI8
/PEC; @, E. coli DH5a
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Fig. 8. Growth compzarison of E. coli DH5q, E. coli DH5a/
pUCI8 and E. coli DH5a/pUC18/pEC in medium
containing mixture of 10 ppm.

Symbols : @, E. coli DH50; W, E. coli DH5a/pUC18;
O E. coli DH5a/pUC18/pEC.
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Fig. 9. Uptake capacity of copper and cadmium by wild type
and transformed Escherichia coli DH5q.
Symbols: O, E. Coli DH5a/pUC18/pEC in copper; @,
E. Coli DH5a in copper; V, E. coli DH5a/pUC18/ pEC
in cadmium; ¥, E. coli DH5a in cadmium



5§70 BBALTIX| 2005, Vol. 15. No. 4

V5ol e B7H69,10] o ok Nies[11]& 2t
ottt 54 a4 g A4S A S Yehdyg
EE AR B YEodAe B54gdi £y
T 98 FEET UCEZ UAES AES A3 J8
-r7} T8 FIEF FFAES el RE #9

o4

rk‘l
A
] o e

W{UHHEM?R-&F-‘U—{N#

< é—r »131"“1 ole 74U mAEo
o fHHoE ogd HAL 534S /54l
© o, Dunigan[4], Shim[16]59} Aol o] o]& u]4
=9 2H4ER AA 7FsAel AAEUTH
ot e #8135 ﬂ%*‘oi oA Fa&el U
254E viast 43 54E Adstdoy wAauAE
HAA g8 & £ = E doaceae K415ko] 729} 7l 8
of A3 AFHS ehf[8,13] ojo Bzhe A Re
E FHHE plasmidE A & & A=y EF AF00A
T 0] HA gE Ao)E Yehidn ole B 757} &
AUl ofdd 14 E4& 539 S 754 2 A
02 A8 H A
ol B8 #FERH FFE AYAL FAAE g 1A
2 Sal 128 A A 6.4 KbolA] AHo] Sy
fof Felsh Fl=Fo] APl B E. coh’ DH5a
1308 A A H2Y8AR] 528
=52 5uf F7HE vehfof of plasm1d7} T8
ﬂaiﬁh AR E AQHJU £ F
aF7F 78+ 1.34), 7}573‘—
v o2 o] plasmidg o
&0 2N FAU 9 FF5E AARY, F
T Azl AHE ¢ 9 AR VU EY S35 A3
FMNA L& FEL 74 14101 A %4 qu—g— Z7 A A
A€ 9 & AT Ao By FHuh
£ Ao A= plasmid FEjgte] FAHARoY dog
7IME EAE B3t fdd BEAS s A4S F
7}A1#A tHE natural habitate] 34 A 5L Zol=y|
o[ &-3fefof & Ao},
& 759 EH‘D’*HH%*OM e %R*é—% Aetste A
=}

[

N

2
ml
‘.

2
ol

g W o

ox T off M
mN

=2
ot

=
= E‘q’

o

L
R

Mo M & &
% 2 o or N s eot

=8
nu o n Jb

1 =2
2 o & o ofy

oSL
oX,

4 HH 20§ AES 49 R % o
71 A2 LBHH?‘]E AHEEH oY 53 % ;7} Ao A

Eo] A EY Nutrient ] A& thAl ALE-sHHed AAHQ
Agdle & 2ol YetdA gt A9 84U oe
B8 218 4384 2ade 28 & oy 23
o} e MHA7L AAAER F4of EAd e B F7
Aol A FEG Ko M Ao FHHAY2

o]Au M oz 1}01741011 iz Qe v g FF
E4& /S 4% &

Rout 4GS Gk B2 EAHE

—_—

ML

re Jb
XE
l-o
n&
mlg
2 X
X
no &
iy
30,
lr
Am

FEES BAN 0GR AL AN T 5 Ak FFY Gu
of BAE /e BRs} ok GO Y #7E Yo
3348 AA ¥ 4 Q& 498 542 AR} on)
A2 42 o)HF ARE s A%7} o] Fo)AT 9
£ 3ol #5349 4542 a7 Bason ArFe A
o 2348 ol £ET ¥Y 4 A= #F AL B
Ag ek g Aoz Ran

g5 AE F29 A 2Ese g 5 55
e AL JiAE 78 Eusn 0]% % Enterobacter
cloaceae KA1&E Ao 2 HSHANZASL AES Aas LB
HH Aol 1% yeast extract, 1% lactose, % NaCl, pH7.0, 3%
T 37T, 2447 GG ol FE& A} Alde
< 7] $18t9 Nutrient W) 2 )43t} o] Ba]F
R &35 Enterobacter cloaceae KCTC25195 A} o g2
90 7219} =gl 2l Ud A28 A FEMO)
138 Axt 2233 E coacese K418 2] 150 ppm,
S5& 50 ppm FEAA Ag0) B IR} RERF
79 50 ppned kol lsigo AZ L 5 2
& FESAAE FAHA g 2Ao)E el F

mﬂU—\‘irﬁi-

S5 o N o rlo

Ao 2 §344 AL vnst Axl ByFRA plasmld
7t AEHAoU EEFFAE AR 2gu BeaFd
A 64 Kb 489 plasmidg 23t T8, 71289 FF
&0 R @3 E oli DHSad] 2R AlA A5
%L vAe Az E Hustgch 1 2% AANE 739
F o5 U JaASAA T FeEle 7, teEe

¢ F AT BT FES FFEL ¥R
A E. coli DH5aR.T} F#2)7} 1.3u), 7} =F-& 1.54]
%7}%:2: ) %“— %l‘iiﬂr H}i}*i o] plasmid7} 54 A4
= = Ao By

Ao 2

¥ =T 0045 E Foiigta A7d Aol Sshe
TRER o oo A=Y

i

o
MO
ree

1. Ahn, K. H. and K. H. Suh. 1995. Biosorption of heavy metals
by Saccharomyces uvarum. |. of the Kor. Environmental Science
Society. 4, 527-534.

2. Bitton, G. 1994. Wastewater Microbiology. pp. 296-303. John
Wiley & Sons, New York.

3. Brown, N. L., ]. R. Lloyd, K. Jakeman, J. L. Hobman, I.
Bontidean, B. Mattiasson and E. Csoregit. 1998. Heavy



10.

11

12,

13.

metal resistance genes and proteins in bacteria and their
application. Biochemical Society Transactions. 26, 218-221.

. Dunigan, E. P. 1974. Some preliminary observations on the

nitrogen-utilizing microorganisms on the roots of water
hyacinth. Proc. Nail. Acad. Sci. 37, 22-24.

. Gadd, G. M. 2001. Microbial metal transformations. The J.

of Microbiology. 39(2), 83-88.

. Hassen, A., N. Saidi, M. Cherif and A, Boudabous. 1998,

Effects of heavy metals on Pseudomonas aeruginosa and Bacillus
thuringiensis. Bioresource Technol. 65, 73-82.

. Kaur, P. and B. P. Rosen. 1992. Plasmid chromate resistance

to arsenic and antimony. Plasmid. 27, 29-40.

. Kim, Y. H. 2002. Effects of lead, copper, and cadmium on

Pseudomonas cepacia KH410. Kor. ]. Appl. Microbiol. 38(1),
26-30.

. Lynne, E. M. and A. C. R. Dean. 1984. Cadmium accumula-

tion by a Citrobacter sp. |. Gen. Microbiol. 130, 53-62.
Mullen, M. D., D. C. Wolf, F. G. Ferris, T. J. Beveridge, C.
A. Flemming and G. W. Bailey. 1989. Bacterial sorption of
heavy metals. Appl. Environ. Microbiol. 55, 3143-3149.
Nies, D. H. 1999. Microbial heavy-metal resistance. Appl.
Microbiol. Biotechnol. 51, 730-750.

Panichev, N. A, A. O. Diakov and K. V. Kvitko. 1997.
Biotransformation of cadmium species by microorganism.
Canadian |. Analytical Sciences and Spectroscopy. 42(2), 16-20.
Park, J. W. and Y. H. Kim. 2001. Characteristics of heavy

14.

15.

16.

17.

18.

19,

20.

21

Journal of Life Science 2005, Vol. 15. No. 4 571

metal biosorption by Pseudomonas cepacia KH410. The Korean
J. of Microbiology. 37(3), 197-203.

Reddy, K. R. and D. E. Busk. 1985. Nutrient removal
potential of selected aquatic macrophytes. ]. Environ. Qual.
14, 459-462.

Sambrook, J., E. F. Fritsch and T. Maniatis. 1989. Molecular
cloning: a laboratory manual, 2nd ed., Cold Spring Harbor
Laboratory, New York,

Shim, W. 5. and 1. S. Han. 1998. Effect of reed-bed using
Ulsan-habitated P. australis, T. orientalis, and P. aundenacea
on removing pollutants from sewage. |. of the Kor. Envi-
ronmental Science Society. 14, 76-80.

Silver, S, G. Nucifora, L. Chu and T. K. Misra. 1989. Bacterial
resistance ATPases : primary pump for exporting toxic
cations and anions. Trends Biachem. Sci. 14, 76-80.

Tobin, J. M., D. G. Cooper and R. . Neufeld. 1984. Uptake
of metal ions by Rhizopus arrhizus biomass. Appl. Environ.
Microbiol. 47(4), 821-824.

Tsai, K L., K. P. Yoon, and A. R. Lynn. 1992. ATP-dependent
cadmium transport by the cadA cadmium resistance in
everted membrane vesicles of Bacillus subtilis. J. Bacteriol.
174, 116-121.

Volesky, B. and Z. R. Holan. 1995. Biosorption of heavy
metals. Biotechnol. Prog. 11, 235-250.

Yoon, K. P., T. K. Misra and S. Silver. 1991. Regulation of
the cadA cadmium resistance determinant of Staphylococcus
aureus plasmid pI258. |. Bacteriol. 173, 7643-7649.



