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Copper Accumulation in Cells of Copper-Tolerant Bacteria, Pseudomonas stutzeri
Ju-Sik Cho(Central Laboratory, Gyeongsang National University, Chin Ju 660-701, Korea), Mun-Gyu Han”, Hong-Jae
Lee” and Jong-Soo Heo(PDept. of Agricultural Chemistry, Gyeongsang National University, Chin Ju 660-701, Korea)

Abstract : This study was performed to develop the biological treatment technology of wastewater polluted with
heavy metals. The copper-tolerant bacteria, Pseudomonas stutzeri which possessed the ability to accumulate copper,
was isolated from mine wastewaters polluted with various heavy metals. The characteristics of copper accumulation
in the cells and the recovery of the copper from the cells accumulating zinc,were investigated.

Removal rate of copper from the solution containing 100mg/¢ of copper by copper-tolerant bacteria was more

than 78% at 2 days after inoculation with the cells.

A large number of the electron-dense granules were found mainly on the cell wall and cell membrane fractions,
when determined by transmission electron microscopy. Energy dispersive X-ray spectroscopy revealed that the
electron-dense granules were copper complex with the substances binding copper.

The copper accumulated into the cells was not desorbed by distilled water, but more than 80% of the copper
accumulated was desorbed by 0.1M-EDTA solution. The residues of the cells after combustion at 550C amounted
to about 23.2% of the dry weight of the cells. EDS analysis showed that the residues were relatively pure copper

compound containing more than 78.4% of copper.
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Fig. 1. Growth curves of P. stutzeri at various Cu concentra-
tions according to cuiture time. O . Without Cu [J . 100mg/¢
of Cu A :500mg/f of Cu @ . 1000mg/¢ of Cu M : 2000mg/?
of Cu
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Fig. 2. Growth curves of P. stutzeri, E. coli, Xanthomonas and
mixed microorganisms isolated from activated sludge. Cultiva-
tion was carried out in 100m£ of the basal medium with 200mg/%of
Cu with shaking at 30C or 37C for 72 hours. O P. stutzeri
AN E coli [T Xanthomonas X | mixed microorganisms

72l 5358

T2 WYFFE T 100mg/E 7)eu o]

HEste] A7t Tk E Fe] 2 TS FAE A=
Fig. 3914 BE ule} o] ojAx e $x7] o]

.
lo

ZAH7] A Wi 29 o) %o HoY &L
Hglom, ol 8] AMAHZFL oF 4dmg/LolYt}. o] gk
TAEY AZTFHE AV A(SEM) o2 338 Ay

:
)
3

]
o
/

Cu In cells and cultural fluld (mg/¢)
3
.1
/.
- /M
tS .
Dry weight (mg/100at)

o
[=]
8

8

i A A "

(o] 1 2 3 4
Culture time (Days)
Fig. 3. Changes of Cu accumulation in the cell according to
culture time. Cultivation was carried out in 100m{ of the basal
medium with 100mg/€of Cu with shaking at 30T for 4 days.
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Photo. 1. Scanmng electron microscopic observation of cell su-
rface of P. stutzeri.
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Fig. 4. Removal rates of Cu in solution treated with Cu by P.
stutzeri. The precultured P. stutzeri cells(dry weight ; 225mg)
were suspended in 100m of solution (pH 6.0) treated with
100 or 200mg/¢ of Cu.
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Fig. 5. Removal rates of Cu in solution treated with 100mg/¢
of Cu by P. stutzeri, E. coli Xanthomonas and mixed microor-
ganisms isolated from activated sludge. The precultured cells
(dry weight 100mg) were suspended in 100m€ of a solution(pH
6.0) treated with 100mg/¢ of Cu. O : P. stutzeri A . E. coli (]
: Xanthomonas X . mixed microorganisms

Photo. 2. Electron mlcrophotograph of P stutzeri treated wvth
or without Cu (40,000X).
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Fig. 6. X-ray energy dispersion spectra of P. stutzeri treated
with or without Cu.

Table 1. The composition of inorganic elements of P. stutzeri
analyzed by CHNS analyzer.

Content of elements in cells(%)

Elements
Without Cu After Cu accumulation
C 459 45,7
H 6.8 6.9
N 12.3 12.1
S 0.7 0.8
Total 65.7 65.5
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Fig. 7. Release of Cu from Cu accumulated cells treated with
distilled water, HCI or EDTA according to washing times.
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Fig. 8. X-ray energy dispersion spectra of residues after com-

busting the P. stutzeri cells accumulating Cu at 650T.
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ting the P. stutzeri cells accumulating Cu at 5507,

Table 2. Dry weight of cells after Cu accumulation and residues
after combusting the cells.

Residues after

Dry weight of cells combusting the cells

Native After accumulation

(mg) of Cu(mg) me mg/g
1417 (100) 1821 (1285) 423 232.3
(100) (23.2)
( ) :Index

Table 3. Elemental compositions of residues after combusting
the cells accumulating Cu at 5507T.

Elements Content of elements in residues (%)

C 0.14

(8] 6.21

Cl .

Mg

Fe -

P 13.59

Cu 78.41

Total 100.00
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