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Abstract   
In this study the mechanism of chromium (Cr) and cop-
per (Cu) resistance in Pseudomonas aeruginosa was
investigated. For this reason, 50 isolates of this micro-
organism were separated from 345 burn patients hos-
pitalized in burn unit of Kerman hospital, Iran, during
May 2001 to April 2002. Susceptibility/resistance of the
isolates to KCrO4, CuSO4, 5 H2O, AgNO3 and HgCl2
was determined by the agar dilution method. Among
them, 6% were highly resistant to KCrO4 (MIC 50 mM),
56% were resistant to CuSO4, 5 H2O (MIC 10 mM),
while, all the isolates were sensitive to HgCl2 and
AgNO3 with MIC range 0.5 -1 mM, respectively. Metal
resistant isolates exhibited different rate of Cr and Cu
accumulation. Isolates 14, 39 and 50 accumulated
11,14 and 15 mM/g biomass chromate, similarly, iso-
late 24 accumulated 8 mM/g biomass copper. The
accumulation of Cr and Cu was mainly surface bound
(biosorption), since considerable quantity of these
heavy metals was lost from the cell biomass after treat-
ing the cells with 50 mM EDTA. Furthermore, P. aerug-
inosa isolates did not produce H2S. X-ray diffraction
analysis of the cell surface exposed to the above
heavy metal ions revealed that Cr and Cu were mainly
deposited on the cell surface in the form of chromium
and copper sulfide (CrS and CuS). These complexes
were in the form of electron dense nanoparticles rang-
ing in size from 10 to 40 nm in diameter. However, cells
treated with EDTA did not show such complexes. 
Keywords: Pseudomonas, metal resistance, biosorp-
tion, Nanoparticles.

P. areuginosa is a gram negative bacterium frequently
found in soil, water, sewage, human and plants (Govan
and Deretic, 1996; Fleiszig et al., 1997 and Cooksey,
1990). This organism plays an important role in catab-
olism, transformation, degradation and detoxification
of various toxic wastes including heavy metals (Diels
et al., 1999). Recently, with sequencing of its genome,
it has been shown that, P. aeruginosa chromosome
contains 6.3 million base pairs and is one of the biggest
microbial genome which has been sequenced (Stover
et al., 2000). The complexity of the genome allows
better adaptation of the organism to the natural envi-
ronment and toxic wastes. P. aeruginosa is capable of
degrading more than 80 aromatic compounds such as;
toluene, xylene, naphthalene, and provide resistance to
many heavy metals including Ag, Hg, Cd, Cr, and Cu
(Silver and Pung, 1996). The genes for metabolism and
resistance to these compounds are often found on plas-
mids (Xyl, Tol, Oct, Sal) which can usually self trans-
fer to other species or genera by conjugation (Sentchilo
et al., 2000).

There is paucity of information regarding the mech-
anism of metal resistance in Pseudomonas. Heafli et
al., (1984) isolated Ag resistance P. stutzeri AG259
which carries three plasmids. The biggest plasmid
(pKK1) has a molecular weight. Of 49.4 Kb Bopp and
Ehrlich, (1988) isolated Cr resistance P. florescence
LB300 in precipitate of Hudson River that was capable
of growing on 1.5 mg/ml KCrO4. Slawson et al.,
(1992) investigated the mechanism of resistance of Agr

P. stutzeri isolates and reported that in the Agr strain,
the acid labile sulfide was increased considerably and
concluded that the resistance to Ag was probably due
to Ag-sulfide complexes. Soltan (2001) studied the
metal and antibiotic resistance pattern of 240 P. aerug-
inosa isolates. Some of the isolates (57%) were resist-

IRANIAN JOURNAL of BIOTECHNOLOGY, Vol. 2, No. 1, January 2004 55

Correspondence to: Mohammad Reza Shakibaie, Ph.D.
Tel: +98 341 2457789, Fax: +98 341 3221671
E-mail: shakibaie@yahoo.com



Shakibaie and Harati

ant to Pb, Cd, Hg and Zn. Malik and Jaiswal (2000)
studied sensitivity of P. aeruginosa strains isolated
from soil to Cu, Cd, Cr, Zn and Hg. It was observed
that 80% of the isolates were resistant to Cu, 73% to
Cd, 71% to Cr and Zn, and 48% to Hg. Sikandar and
Shahida (1994) isolated Cr resistance Pseudomonas
from a dye factory which exhibited MIC 2 mg/ml to
KCrO4. Hassan et al., (2001) examined the sensitivity
of 44 isolates of P. aeruginosa to Cr, Co, Cu, Hg, Ni
and Zn. The incubation of the isolates to sub-inhibito-
ry concentration of the above metals resulted in a
change in the phenotypic characters including serotyp-
ing, phage typing and pyocanin production. Summer
and Jacoby (1978) isolated a plasmid encoded Cr
resistance in P. aeruginosa.  Higham et al., (1985) also
isolated Cd resistant P. aeruginosa. Cooksey and Azad
(1992) studied the accumulation of copper in sapro-
phytic and plant pathogenic Pseudomonas spp. The
saprophytic Pseudomonas accumulated increased
quantity of Cu when compared with plant pathogens.
Mclean and Beveridge (2001) isolated a Pseudomonas
spp. (CRB5) from a wood preservation site that
reduced toxic chromate (VI) to an insoluble (III) pre-
cipitate under aerobic and anaerobic conditions. CRB5
tolerated up to 520 mg/l Cr and reduced chromate in
presence of Cu and arsenate. Similarly, Viti et al.,
(2003) isolated bacterial strain from chromium pollut-
ed soil. In previous study different mechanisms of
detoxification of heavy metals by microorganisms
were investigated (Nies and Silver, 1999).

The present study deals with the mechanism of
resistance to Cr and Cu in 50 isolates of P. aeruginosa.
For this purpose, 50 isolates of the P. aeruginosa were
isolated from burn patients hospitalized in the burn
unit of Kerman Hospital, Iran during May 2001 to
April 2002. The genus and species of the isolates were
identified by standard microbiological tests as
described by Devicente et al. (1990).

In our investigation the minimum inhibitory con-
centration (MIC) of the following metal salts KCrO4,
CuSO4, 5H2O, AgNO3, and HgCl2 was determined for
the above isolates using agar dilution method. A sensi-
tive standard culture of P. aeruginosa PTCC 1074
(Persian Type Culture Collection) was also used and
considered as control.      

Accumulation of Cr and Cu at different time inter-
vals was studied by inoculation of freshly prepared
culture of P. aeruginosa [Isolates # 14, 39 and 50 for
Cr and 4, 24, and 37 for Cu (these isolates exhibited
the highest MIC)] into 20 ml Luria- Bertani broth in
100 ml capacity Erlenmeyer flask and incubated for

24h on shaker (200 rpm) at 37°C. Salts of the test met-
als were added to a final concentration of 25 mM for
Cr and 5 mM for Cu. No salt was added to the controls.
One ml of each culture was then withdrawn immedi-
ately and centrifuged in sterile microfuge tube at
10,000 rpm at 4°C for 10 min. Cell pellet was washed
with 10 mM phosphate buffer (pH 8.0) and centrifuged
at 10,000 rpm for 10 min. Similarly, samples were
taken at 5, 10, 20, 30 and 40 min and processed as
described above. The cell pellets were suspended in
1 ml 6N HNO3 and incubated overnight at room tem-
perature (25°C). The digests were diluted with sterile
double distilled water and heated at 80°C for 30 min
using a reflux condenser. The Cr and Cu contents in
each sample were measured by atomic absorption
spectrophotometer (Shimadzu-AA670). To study the
intracellular accumulation of Cr and Cu, the biomass
was washed with 50 mM EDTA following addition of
metal ions (Shakibaie et al., 1999).  H2S production by
metal resistance strains of P. aeruginosa was tested by
lead acetate strip test as described by Holmes et al.
(1997).

X-ray diffraction analysis is based on radiation of
X-ray on the cell biomass and its diffraction within
particular angle (θ) which is specific for each com-
pound and complex was performed as described by
Buscail et al. (2004). In this experiment, freshly pre-
pared metal resistance P. aeruginosa isolates (105

cells/ml) were inoculated in one liter sterile Muller-
Hinton broth containing 25 mM KCrO4 and 5 mM
CuSO4 5 H2O in two liter capacity Erlenmeyer flasks
and incubated on shaker (100 rpm) for 48 h at 37°C.
The biomass was collected by centrifugation at 8000
rpm for 10 min, dried in oven at 60°C for 3 days and
finely powdered. One gram biomass was then careful-
ly weighted and used for X-ray diffraction analysis
(XRD) using X-ray diffractor equipped with particle
size measuring equipment (Philips-PW1729).  

Results showed that the MIC of AgNO3, CuSO4,
5H2O, KCrO4 and HgCl2 for 50 P. aeruginosa isolates
are different (Table 1). Similarly, the isolates demon-
strated differential MIC to Cr and Cu. Three isolates
(isolate 14, 39 and 50) showed highest MIC to Cr
(MIC 50 mM), while, isolates # 5, 8, 18 and 34 had
MIC 10 mM, and remaining isolates exhibited MIC
range of 0.5-5 mM, respectively. For Copper, the MIC
among the isolates was less variable. Twenty eight iso-
lates exhibited MIC 10 mM and 22 isolates had MIC 5
mM (Table 1). However, P. aeruginosa isolates were
sensitive to HgCl2 [the highest MIC was 0.5 mM) and
AgNO3 (the highest MIC was 1 mM), as shown in
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Table 1. 
Data for Cr and Cu accumulation by metal resist-

ance isolates are presented in figure 1. The isolate # 14
(Fig. 1a) accumulated Cr rapidly reaching to maxi-
mum in 30 min. The isolate # 39 (Fig. 1b) accumulat-
ed Cr within 5 min (13.5 mM/g biomass), however,
there was a decrease in total Cr (7.9 mM/g biomass) at
40 min. The isolate no. 50 (Fig. 1c) exhibited a similar
pattern of Cr accumulation. 

In order to investigate the intracellular accumula-
tion of chromium and copper, each cell biomass was
treated with 50 mM EDTA after addition of metal ions
as illustrated in figure 1e and 1f. There was a consid-
erable decrease in Cr and Cu of the biomasses. The
accumulated Cr in microbial biomass decreased to 1.5,
0.3 and 2 mM/g biomass for isolates # 14, 39 and 50,
while, the Cu content of biomasses decreased to 1.3, 4
and 1.7 mM/g biomass for isolates # 4, 24 and 37,
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Table 1. Sensitivity of P. aeruginosa strains isolated from burn patients to Ag, Hg, Cu and Cr.

MIC for each heavy metal ion was carried out in Muller-Hinton agar as described in the text. Experiments were carried out in
duplicate. MIC was determined after 24-48 h at 37°C. 
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Figure 1. Metal accumulation of P. aeruginosa and effect of EDTA on accumulation process. A, B , C: are chromium accumulation pat-
tern by isolates # 14, 39 and 50 at different time intervals. D: Copper accumulation pattern by isolates # 4, 24 and 37 at 15 and 30 min-
utes intervals. E: Effect of EDTA on chromium accumulation. F: Effect of EDTA on copper accumulation. The results are average of
two independent experiments.



respectively. These results are in agreement with X-ray
diffraction analysis of the cell surface as shown in
Table 2. The major complexes found on the cell sur-
face of the above isolates were mainly chromium sul-
fide (CrS), copper sulfide (CuS). These complexes
were in the form of the electron dense particles rang-
ing in size from 10 to 40 nm in diameter. These nano
particles were present on the cell surface as dense
deposits. However, cells treated with EDTA did not
show any such complexes on the cell surface.
Furthermore, the isolates did not produce any H2S gas.
Similarly, there were no precipitated metals in the
medium. 

Chromate (VI) is a toxic heavy metal ion which can
replace functional metals inside cells and lead to the
denaturizing of DNA and proteins. It can be detoxified
by reduction to Cr (III) through a Cr reduction activity
(Mclean and Beveridge, 2001). Similarly, copper is a
micronutrient essential for normal cellular functioning,
however, at higher concentrations inhibits the activity
of several metallo-enzymes. Cu can be detoxified
either by complexing to metal-binding protein or
efflux out by an energy dependent process or absorb
on the cell surface (Jain, 1990). In the present investi-
gation, the mechanism of chromate and copper accu-
mulation by 50 isolates of P. aeruginosa, which exhib-
ited very high MICs to Cr and Cu (50 mM for Cr and
10 mM for Cu), were studied. 

The results of atomic absorption indicates rapid
biosorption of Cr and Cu on the cell surface, loss of Cr
and Cu accumulation in absence of EDTA may suggest
that initially for biosorption of these heavy metals no
any energy was required. None of the isolates pro-
duced H2S. Therefore, the results of the formation of
CrS and CuS on the cell surface are in contrast with

earlier reports (Nies and Silver, 1999).  Pacheo et al.
(1995) isolated metal resistance Pseudomonas strains
from industrial areas contaminated with heavy metals
that carried multiple plasmids. Hada and Sizarmore
(1981) compared the plasmid content of P. aeruginosa
isolated from different heavy metals contaminated and
uncontaminated soils. Trevors and Stradoub (1990)
isolated a P. stutzeri AG259 strain that was capable of
accumulating 15.1 µM AgNO3 /g biomass. Similarly
Shakibaie et al., (1999) isolated Acinetobacter which
removed 2.5 mg AgNO3 /g biomass. 

X-ray diffraction analysis of surface bound Cr and
Cu indicates that, the formation of electron dense par-
ticles in the form of CrS and CuS ranging in size from
10-40 nm on the cell surface. These nanoparticles were
lost as a result of treating the cells with EDTA. It is
suggested that accumulation of Cr and Cu by metal
resistance P. aeruginosa occur mainly on the cell sur-
face, in a rapid process that initially requires no ATP.
Furthermore, the accumulation was primarily achieved
by CuS and CrS complexes deposited in the form of
nanoparticles on the cell surface. Further research
must be carried out regarding the mechanism of Cr and
Cu resistance in this organism.      
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Table 2. X-ray diffraction analysis of the biomass exposed to 10 mM Cr
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