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a b s t r a c t

The filamentous, heterocystous, diazotrophic cyanobacterium, Anabaena torulosa was found to bind ura-
nium from aqueous solutions containing 100 lM uranyl carbonate at pH 7.8. The uranyl sequestration
kinetics exhibited (a) an initial rapid phase, binding 48% uranium within 30 min resulting in a loading
of 56 mg U g�1 of dry wt, followed by (b) a slower phase, binding 65% uranium with resultant loading
of 77.35 mg U g�1 in 24 h. Energy Dispersive X-ray fluorescence spectroscopy of uranium loaded biomass
revealed all components of UL X-rays (ULl, ULa, ULb1 and ULb2). Heat killed cells or extracellular polysac-
charides derived from live cells exhibited limited uranyl binding (�26%) highlighting the importance of
cell viability for optimum uranyl binding. The present study revealed the involvement of acid soluble
polyphosphates in uranium accumulation by this brackish water cyanobacterium.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Uranium, known for its chemical toxicity rather than its radio-
toxicity, has no known biological function. The bioavailability and
toxicity of uranium is dependent on its chemical speciation and
oxidation state in the solution. Due to various activities associated
with nuclear industry such as uranium ore mining, extraction and
processing, uranium is transported to aqueous systems in the envi-
ronment i.e. to groundwater, ponds and oceans. U (VI) dominates
in oxidizing conditions as highly soluble and stable uranyl ion
(UO2þ

2 ) in low pH (3–5) environments. At circumneutral pH (i.e.
5.5–7.5), neutral and negatively charged uranyl carbonates domi-
nate the aqueous uranium speciation. Above circumneutral pH,
in waters of sea and ponds (pH 7–10), the soluble carbonate spe-
cies of UO2þ

2 i.e. ½UO2ðCO3Þ2�
2� or ½UO2ðCO3Þ3�

4� are the predomi-
nant anionic species which result in a high degree of uranium
mobility (Lieser et al., 1992; Gorman Lewis et al., 2005).

Microbial processes of adsorption, precipitation, intracellular
accumulation, reduction and complexation play a crucial role in
determining the fate and distribution of uranium in the environ-
ment (Merroun and Selenska-Pobell, 2008). Majority of the uranyl
adsorption studies have focused on low pH environments and re-
late to adsorption of positively charged UO2þ

2 onto negatively
charged microbial surfaces (Bayramoglu et al., 2006; Khani et al.,
2008; Akhtar et al., 2007; Merroun et al., 2005). However, seques-
tration of anionic uranium species onto the microbial surfaces at
alkaline pH (>7.0) has received scant attention. The non specific

adsorption of anionic uranyl carbonate species onto the negatively
charged surface of Bacillus subtilis in the pH range of 7–9 was
shown through thermodynamic modeling (Gorman Lewis et al.,
2005). A similar phenomenon was revealed recently for uranium
sequestration by a marine unicellular cyanobacterium Synechococ-
cus elongatus BDU/75042 from aqueous solutions at pH 7.8 (Ach-
arya et al., 2009).

Cyanobacteria are known to inhabit a broad spectrum of envi-
ronments and are effective biosorbents representing an important
sink for trace metals in aquatic environments (Baptista and
Vasconcelos, 2006). The capability of these organisms to tolerate,
accumulate and detoxify/sequester metal contaminants offers an
advantage in the recovery and recycling of desirable metals in hea-
vy metal contaminated sites and qualifies these microbes as suit-
able bioremediation agents (Baptista and Vasconcelos, 2006).
Both live and dead cyanobacterial biomass have been shown to
sequester heavy metals such as Cd, Hg, Cr, Al, Zn, Pb (Fiore and Tre-
vors, 1994) and radionuclides like uranium (Sakaguchi et al., 1978;
Acharya et al., 2009). While inactive or dead biomass seems to bind
metals extracellularly, on the cell wall or extracellular polysaccha-
rides (EPS), live organisms can sequester metals through both in-
tra- and extracellular complexation reactions. Live cyanobacterial
cells have been shown to concentrate metal ions like Pb, Sr, Mn
and Al in intracellular polyphosphate bodies (PPBs) (Swift and
Forciniti, 1997; Baxter and Jensen, 1980; Pettersson et al., 1988).
However, interactions of uranium with cyanobacterial cells have
been rarely investigated (Acharya et al., 2009).

A fundamental understanding of the mechanism of uranium
association with naturally occurring microorganisms above cir-
cumneutral pH (>7.5) is crucial for successful implementation of
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