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1. Bioaccumulation of Yttrium: A Microbial Model for the
Management of Nuclear Wastes

VASU D. APPANNA, EMMANUEL PANKAR and ROBERT HAMEL

Abstract. Pseudomonas fluorescens was found to multiply readily in a minimal mineral medium
supplemented with millimolar amounts of yttrium complexed to citrate, the sole carbon source. At
stationary phase of growth, the microbe accumulated 65% of the trivalent metal originally found
in the growth medium. The examination of cell fractions revealed that most of the metal was asso-
ciated with the outer membranes. Subsequent exposure of these membranes to yttrium pointed to
their ability to further accumulate the metal. Electrophoresis of the membranes isolated from the
yitrium stressed cells revealed the presence of numerous polypeptide bands that were absent in the
membranes from the control cells. Transmission electron microscopy aided in the identification of
yttrium in the membrane components. This model system has the potential of removing yttrium from
contamninated sites.

1. Introduction

Metal pollution is a major environmental concern due to its negative impact on
most living systems. This problem has been further exacerbated as a result of acid
rain and industrial wastes. The bioavailability of toxic metals is on the rise (Lewis,
1989). Although higher organisms are more susceptible to the harmful effects
of metals, numerous microbes are known to have acquired elaborate strategies
to circumvent the occurrence of elevated levels of metallic elements in their en-
vironment. Biotransformation, reduced uptake and intracellular sequestration are
among some of the mechanisms that enable microorganisms to combat increased
concentrations of metals (Silver et al., 1989). These metal-resistant properties have
made microorganisms a very important tool in environmental bioremediation.
Today, bioremediation technology is routinely applied to soils, sludges, ground
water, surface waters, etc., contaminated with organic chemicals ranging from
crude oil to industrial solvents. Toxic metals pose a new challenge to scient-
ists working in the field of bioremediation. While biological methods may help
minimize or reduce organic pollutants, inorganic contaminants have to be either
physically removed from polluted sites or converted into biologically inert forms
(Cunningham and Ow, 1996). Both living cells (typically microbes) and non-living
biomaterials can function in metal recovery and remediation. Removal can be ac-
complished by removing the biomass or, with certain metal pollutants by metal
insolubilization (Summers, 1992). Production of hydrogen sulphide, or fixation of
carbon dioxide as bicarbonate may allow the precipitation of metals as insoluble

Michael Healy et al. (eds.), Environmental Monitoring and Biodiagnostics of Hazardous
Contaminants, 1-9.
© 2001 Kluwer Academic Publishers. Printed in the Netherlands.



2 V.D. APPANNA ET AL,

sulphides or carbonates, thus combatting the toxic effects of some metals (Appanna
and Anderson, 1997, Silver, 1998). Many heavy metals may be removed by metal
phosphate precipitation via the release of phosphate ligands (Macaskie et al., 1994)
and the sequestration of metals in phospholipid moieties (Appanna and Hamel,
1997).

Due to their extreme nutritional versatility and their ability to produce a wide
variety of products from simple and usually cheap carbon sources, pseudomonads
are organisms of choice in various food, agricultural and medical industries. These
microbes are common in numerous biotechnological processes. The discovery, in
our laboratory, of a minimal mineral medium with citrate as the sole carbon source
on which Pseudomonas fluorescens proliferates readily, provided a unique vehicle
to probe cellular interactions in response to metal stress. Citrate, a naturally occur-
ring ligand, is an excellent metal chelator and hence the microbe has no alterative
but to deal with the metal if it wishes to multiply. Consequently, the organism must
either adapt to the metal stress or risk death.

In this study we have examined the ability of the soil microbe Pseudomonas
Sfluorescens ATCC 13525 to accumulate yttrium, a pollutant from nuclear indus-
tries. Radionuclides are usually retained in the soil complexed to mineral or organic
matter and eventually absorbed by plants. *°Y and °'Y products of radioactive
uranium and strontium are known to be present in the environment for many
years (Kathren, 1984). In the present report, we describe the ability of Pseudo-
monas fluorescens to concentrate yttrium, The role of the outer membranes in the
accumulation of this metal is explained and the potential of this finding in the
decontamination of yttrium is also discussed.

2. Material and Methods

All chemicals were reagent grade, Folin Ciocalteu’s phenol reagent, serum albu-
min, Victoria Blue reagent and phosphatidylethanolamine (PE) were from Sigma
Company. The Bradford assay kit and citrate determination kit were from Biorad
and Boehringer respectively.

2.1. MICROBIAL CULTURE CONDITIONS AND GROWTH MEASUREMENT

The bacterial strain Pseudomonas fluorescens ATCC 13525 was obtained from
American Type Culture Collection (Rockville Maryland, USA). It was maintained
and grown in a mineral medium that contained Na,HPO, (2.3 mg), KH;PO4
(1.134 mg), NH4Cl (0.8 g), MgS0,4-7H,0 (0.2 g) and citric acid (4.0 g) per liter of
deionized distilled water. Trace elements were present as described in Anderson et
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al. (1992). Yttrium chloride (0.5-15 mM) was complexed to the tricarboxylic acid
prior to sterilization. The pH of the medium was adjusted to 6.8 with dilute NaOH.
The media were dispensed in 200 m! amounts in 500 ml Erlenmeyer flasks and
inoculated with 1 ml of stationary phase cells grown in a medium unamended with
the test metal and the phosphate concentrations were 6 and 3 g/l for Na,HPO, and
KH; POy, respectively. The cultures were aerated on a gyratory water bath shaker
model G76 (New Brunswick Scientific) at 26°C at 140 rev. min~!. At various
growth intervals, microbial multiplication was measured by monitoring solubil-
ized bacterial protein by the method of Bradford (1976). The harvested cells were
treated with 0.5 M NaOH and bovine serum albumin was used as the standard.
Citrate was assayed enzymatically (Moellering and Gruber, 1966).

2.2. MEASUREMENT OF YTTRIUM BIOACCUMULATION

At various timed intervals, aliquots of 20 ml of culture were centrifuged at
10 000 xg in order to afford a bacterial pellet and a supematant. Following the
washing of cells with 1 mM EDTA and acid digestion, yttrium was analyzed by
(ICP) induction coupled plasma atomic emission spectrophotometry (Perkin-Elmer
ICP/5500). The cells obtained at stationary phase of growth were fractionated into
outer membranes, inner membranes and soluble components and yttrium was mon-
itored as described above. Experiments were repeated three times and the mean
values are reported.

The outer membranes and inner membranes obtained from cultures grown in
0.5 mM of yttrium enriched medium for 45 h, were evaluated for their yttrium
binding capacity. 1 mg of protein equivalent of these components were incubated
with either yttrium chloride or/and yttrium citrate for 1 h and the trivalent metal
content was montitored following washing with EDTA and acid digestion.

2.3. LIPID EXTRACTION AND ANALYSES

The bacterial cells were harvested at 40 h incubation. The pelletized product was
extracted with a mixture of CH30H-CHCl3-H;0 (2:1:0.8). The lipids were placed
as spots on thin layer silica gel plates (Whatman, Germany) and resolved by
ascending chromatography using CHCl3-CH;OH-28% NH,OH (65:25:5 vol/vol)
mixture. The lipids were visualized with I; vapor and ninhydrin (Kates, 1988).
Phosphatidylethanolamine and phosphotidylcholine were used as standards.
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2.4. DETERMINATION OF URONIC ACIDS

Bacterial cells from both control and yttrium stressed cultures were obtained after
40 h of incubation and uronic acids were quantified by the method of Blumenkrantz
and Asboe-Hansen (1973).

2.5. ELECTRON MICROSCOPIC STUDIES

Bacteria harvested at various incubation periods were washed twice with 0.85%
NaCl solution and were fixed with 3% glutaraldehyde in 0.1 M sodium phos-
phate buffer pH 7.2. Post fixation was achieved in 1% osmium tetroxide dissolved
in 0.1 M phosphate buffer for 1.5 h. Following washing with double distilled
water and staining in 2% uranyl acetate, the cells were embedded in 2% agar.
Thin sections were examined with the aid of a Zeiss 902A transmission electron
microscope.

2.6. SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS (SDS-PAGE)

Both yttrium stressed and control cells were collected after 40 h growth and
the various cellular fractions were isolated (Schnaitman, 1981). SDS-PAGE was
performed according to the method by Laemmli (1970).

3. Results and Discussion

The presence of millimolar amounts of yttrium, complexed to citrate the sole
source of carbon had disparate effects on Pseudomonas fluorescens. While 0.5 mM
yttrium has a stimulatory effect on cell yield, the inclusion of 15 mM yttrium
triggered a marked decrease in cellular yield. In this instance , bacterial multiplic-
ation was observed only after 48 h of incubation (Figure 1). No significant change
in protein and carbohydrate contents of the spent fluid was observed in control
and metal-rich cultures. The lipid profile, the uronic acid content and carbohydrate
content of control and metal-stressed cells did not show any marked variation.

The accumutlation of the trivalent metal in the bacterial cells was also mon-
itored. Yttrium was initially associated with the supernatant. However, as growth
progressed the test metal was localized within the cells. At 72 h of incubation 65
to 70% of the test metal was associated with the cells grown in 1 and 0.5 mM
yttrium. The amounts of yttrium in the cells isolated from 3 mM yttrium cultures
was markedly lower (Figure 2).

The various cellular fractions were isolated and these components were ana-
lyzed for their yttrium contents. It was determined that of the total amount of



