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Abstract—Bacteria of the genus Rhodococcus were found to be able to accumulate cesium by means of active
transport and nonspecific sorption on the cell surface structures. The maximum removal (up to 97%) of cesium
from a medium supplemented with ammonium acetate was observed at 28°C, pH 7.8-8.6, and an equimolar
content (0.2 mM) of potassium and cesium ions in the medium. The most active cesium-accumulating rhodo-
coccal strains may be useful in biological treatment of industrial wastewaters contaminated with radionuclides.
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Nuclear power plants are the main source of con-
tamination of the environment with radioactive cesium
isotopes, some of which are hazardous to animals
because of their long half-life (up to 30 yearsinthe case
of cesium-137), the high solubility of cesium saltsin
water, and the similarity to cesium to potassium, amet-
abolically important chemical element. This poses the
problem of developing technologies, including those
which employ microorganisms, for the efficient
removal of cesium from contaminated areas[1, 2].

The data available in the literature indicate that
cesium is accumulated by algae [3, 4], fungi [5, 6],
yeasts [7, 8], bacteria [9], cyanobacteria [10, 11], and
rhodococci [12, 13]. The mechanism of cesium bioac-
cumulation is best studied for eukaryotes. Most of the
relevant studies on microorganisms are focused on the
investigation of their cesium-sorptive ability. Among
microorganisms, bacteria of the genus Rhodococcus
sensu stricto are of great interest because of their diver-
sity, high adaptability, and domination in extreme hab-
itats [14]. Some authors consider rhodococci as the
most biotechnologically important microorganisms
[15].

Theaim of the present work wasto eval uate the abil-
ity of various Rhodococcus species to accumulate
cesium, to investigate the effect of growth conditions
on this process, and to study the mechanism of cesium
bioaccumulation.

MATERIALS AND METHODS

The 43 strains of 7 Rhodococcus species (1 R. cop-
rophilus strain, 9 R. erythropolis strains, 5 R. fas-
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ciansstrains, 5R. “longus’ strains, 5 R. opacusstrains,
4 R. rhodochrous strains, and 14 R. ruber strains) used
in this work were obtained from the Regional Collec-
tion of Alkanotrophic Microorganisms, Institute of
Ecology and Genetics of Microorganisms (IEGM,
http://www.ecol ogy.psu.ru/iegmcol/). The strains and
the habitats from which they were isolated are
described in Table 1.

The strains were grown at 28°C a pH 7.0 on a
shaker (130 rpm) in amineral medium containing (g/1)
MgSO, - 7H,0, 0.2; NaHPO,, 0.1; FeSO, - 7H,0,
0.01; and CaCl, - 2H,0, 0.01 [13]. The medium was
supplemented with thiamine (0.002 mg/ml), Pfennig’s
trace element solution (1.0 ml/l), and ammonium ace-
tate (2.0 g/l) asthe source of carbon and energy.

The cultivation medium was inoculated with expo-
nential-phase rhodococci grown in the mineral medium
supplemented with 1 mM potassium. Cells were col-
lected by centrifugation at 3000 g for 15 min, washed
thrice with saline (NaCl) solution, resuspended to a den-
sity of 3.0 x 10° cellsml, and added to the cultivation
medium in an amount of 1 vol %. The medium was sup-
plemented with potassium and cesium ions at concen-
trationsof 0.01, 0.1, 0.2, 0.5, 1.0, and 5.0 mM in differ-
ent combinations. Potassum and cesium chlorides were
dissolved in distilled water. The minimal inhibitory
concentration of cesium was determined by the seria
dilution method.

The cesium-accumulating ability of rhodococci was
evaluated at 4, 14, 25, 35, and 60°C at pH 3.8 to 6.0
(20 mM NaOH-succinate buffer), 5.8 to 8.0 (20 mM
sodium phosphate buffer), 8.6 to 10.6 (NaOH-glycine
buffer), and 9.3t0 10.7 (20 mM borate buffer). Samples
were taken at 6- to 12-h intervals for 72 h. The mecha

0026-2617/02/7103-0357$27.00 © 2002 MAIK “Nauka /Interperiodica’



358 IVSHINA et al.

Table 1. Rhodococcus strains and habitats from which they were isolated

Strain Habitat

Rhodococcus coprophilus

IEGM 600"

Bottom sediments, United Kingdom

Rhodococcus erythropolis

IEGM 200, IEGM 201, IEGM 502
IEGM 20, IEGM 253

IEGM 270

IEGM 678, IEGM 690

IEGM 198

I[EGM 35, IEGM 173
IEGM 437
IEGM 288
IEGM 170

Water, ail field, Perm oblast, Russia

Qil-contaminated soil, Ukraine

Soil, ail field, Perm oblast, Russia

Soil, United Kingdom

Bottom sediments, Pim River, Tyumen oblast, Russia
Rhodococcus fascians

Water, Kama Reservoir, Perm oblast, Russia

Qil-contaminated soil, Poltava oblast, Ukraine

Gazha, Perm oblast, Russia

Snow, oil field, Perm oblast, Russia
Rhodococcus “ longus”

I[EGM 31, IEGM 32, IEGM 33
IEGM 68, IEGM 69

IEGM 56", IEGM 57, IEGM 60

Oil-contaminated soil, Ukraine
Soil, oil field, Perm oblast, Russia

Rhodococcus opacus

Oil-contaminated soil, Ukraine

IEGM 249
IEGM 7167

IEGM 646, IEGM 647

Soil contaminated with polyester by-products, Belarus
United Kingdom

Rhodococcus rhodochrous

Water, ail field, Perm oblast, Russia

IEGM 63 Ukraine
IEGM 653 United Kingdom
Rhodococcus ruber

IEGM 73, IEGM 333
IEGM 85, IEGM 86
IEGM 220

Water, oil field, Perm oblast, Russia
Water, Taymyr Peninsula, Krasnoyarsk region, Russia
Water, Pechora River, Russia

IEGM 223, IEGM 326
IEGM 241
IEGM 78, IEGM 79, IEGM 81,

Sail, oil field, Perm oblast, Russia
Chalk rock, Gomel oblast, Belarus
Sand rock, Gomel oblast, Belarus

IEGM 243, IEGM 468
IEGM 72

Core, Gomel oblast, Belarus

Rhodococcus sp.

IEGM 218 |

Sail, oil field, Ukraine

Note: The superscript T denotes “type strain.” R. “longus” is an invalid species name.

nism of cesium uptake was studied using the ionophore
valinomycin at a concentration of 0.16 uM and rhodo-
coccal cells, either living or dead (the latter were
obtained by autoclaving living cellsat 0.5 atm for 20 min).

The amount of accumul ated cesium was determined
from the measurements of its content in the medium
and cells using an AAS 30 atomic absorption spectro-
photometer (Carl Zeiss, Germany). The degree of

cesium removal from the medium was cal culated by the
formula: [(Cy— C)/C] x 100%, where Cyis the initial
and C, isthe final concentration of cesium in the culti-
vation medium of rhodococci.

All experiments were carried out in triplicate.
Arithmetic mean, standard deviation, and confidence
level were calculated in terms of Student’s t-test sta-
tistics using Excel 2000 and Statistica for Windows
software.
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RESULTS AND DISCUSSION

All strains of rhodococci were found to be able to
accumulate cesium from the medium, the most active
being the pigmented R. rhodochrous and R. ruber spe-
cies, which removed up to 97% cesium present in the
medium (Table 2). Various strains of the same species
possessed different cesium-accumulating capabilities
(Fig. 1 exemplifies this fact with reference to R. eryth-
ropalis).

Some researchers distinguish two types of microbial
interaction with metal ions—biosorption, which istyp-
ical of both living and dead cells[16, 17], and bioaccu-
mulation, which isan active process of metal ion uptake
by living cells[18, 19]. The latter processis most com-
mon for monovalent cations.

Figure 2 shows that the degree of cesium removal
from the medium by living cells drastically increased
during the first hour of incubation and then tended to
decrease. At the same time, the degree of cesium
removal from the medium by dead cells remained at a
constant level (about 10%) throughout the experiment.

Experiments with valinomycin, which suppresses
energy processesin bacterial cells[21], showed that its
addition to cesium-loaded cellsled to an intense rel ease
of cesium ions into the medium (Fig. 3). In this case,
about 10% of the cesium remained bound to the cells,
which isin agreement with the data obtained with dead
cells(Fig. 2). Thisindicatesthat cesiumionsare mostly
accumulated by rhodococci through the mechanism of
active transport.

Experimentswith R. ruber IEGM 326 showed (Fig. 4)
that exponential-phase cells actively accumulated
cesium ions, while stationary-phase cells gradually lost
them to the value typical of dead and valinomycin-
treated (Fig. 3) cells. The maximal uptake of cesium
from the medium by this strain (about 85%) was
observed at 28°C (Fig. 5), which isthe optimum growth
temperature for rhodococci. The optimum pH for
cesium removal from the medium was 7.8-8.6 (datanot
shown). It should be noted in this regard that rhodo-
COCCi grown on ammonium acetate as the sol e source of
carbon and energy alkalinize the cultivation medium to
pH 8.9 + 0.25.

Cesium uptake by rhodococci was proportional to
its concentration in the medium within a range of 0.01
to 1.0 mM, while cesium concentrations higher than
5mM inhibited bacterial growth and cesium uptake.
Some authors believe that cesium accumulation by bac-
terial cells is closaly related to the concentration of
potassium ions in the medium and is mediated by
potassium uptake systems [4, 9, 20]. For instance,
Escherichia coli cells accumulate cesium ions through
the Kup (TrkD) potassium uptake system [20]. Accord-
ing to our observations, the removal of cesium from the
medium by rhodococci was maximal at an equimolar
content of cesium and potassium in the medium
(0.2 mM). Potassium at a concentration of 1 mM con-
siderably decreased the degree of cesium bioaccumula-
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Table 2. Cesium uptake by Rhodococcus sp. cells

Species Degree of cesium uptake, %
(number of strains) minimal meximal

R. coprophilus (1) 284+ 3.73
R. erythropolis (9) 271+281 61.0+2.89
R. fascians (5) 421+184 | 584+356
R. “longus’ (5) 36.9+3.78 66.0 £ 1.25
R. opacus (5) 235+241 47.0+5.26
R. rhodochrous (4) 54.8 + 3.63 78.8+4.12
R. ruber (14) 46.9+215 | 97.0+211

tion. These data strongly suggest that rhodococci
absorb cesium ions through the potassium uptake sys-
tem, whose affinity for cesium ions may be even higher
than that for potassium ions.
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Fig. 1. The degree of cesium removal from the medium by
various R. erythropolis strains.
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Fig. 2. The degree of cesium removal from the medium by
(2) living and (2) dead R. ruber IEGM 326 cells as com-
pared with (3) sterile mineral medium.
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Fig. 3. The degree of cesium removal from the medium by
R. ruber IEGM 326 cellsin the (1) absence and (2) presence
of 0.16 uM valinomycin. The arrow indicates the instant of
valinomycin addition.
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Fig. 4. The dynamics of cesium removal from the medium
(bars) by R. ruber IEGM 326 cells grown in the mineral
medium with ammonium acetate. The curve shows culture
growth evaluated in optical density units at 540 nm.
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Fig. 5. The effect of the cultivation temperature on the
degree of cesium removal from the medium by R. ruber
IEGM 326 cells.

Thus, bacteria of the genus Rhodococcus are ableto
accumulate cesium from the medium by means of
active transport and nonspecific sorption by the cell sur-
face structures. Cesium ismost actively accumulated at
28°C, pH 7.8-8.6, and the equimolar content (0.2 mM)
of cesium and potassium ions in the medium. The most
active cesium-accumulating strains are R. erythropolis
IEGM 270, R. fascians IEGM 173, R. “longus’ |IEGM
31 and 69, R. rhodochrous IEGM 63 and 653, and R.
ruber IEGM 79, 85, 86, 241, 326, and 333, which accu-
mulate from 60 to 97% of the cesium ions present in the
medium. These strains can be used to develop biotech-
nology for the treatment of cesium-contaminated
wastewaters.
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