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Biosorption of Heavy Metal Elements such as Uranium
by Microorganisms and Its Effect on Hydroxy Radical Generation

Akira Nakajima®, Yuto Ueda?, Hidekatsu Yokoyama®,
Hiroaki Ohya-Nishiguchi®, Hitoshi Kamada®
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Kiyotake, Miyazaki 889-1692; * Institute for Life Support
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The effect of uranium biosorption on the hydroxy radical generation in UO,?*-H,0,
system were investigated. The amounts of uranium adsorbed by bacterial cells are
differed with different species of bacteria, and Arthrobacter nicotianae has the highest
ability to adsorb uranium among bacteria tested. ESR signal having four lines (
intensity ratio, 1:2:2:1 ) is observed in UO,%*-H,0, system. Its g-value and hyperfine
constants were estimated to be g = 2.0066, ay = 1.49 mT and ay = 1.49 mT by the
computer simulation, and the signal was identified to DMPO-OH. The ESR signal
intensity of DMPO-OH in UO,*"-H,0, system increases as the time passing, which is
quite different from Fe**-H,0,, VO?*-H,0,, and Cu*-H,0, systems. Three steps of
reactions were assumed for the hydroxy radical generation; (1) reduction of UO,* to
UO," by H,0,, (2) disproportionation of resulting UO," to UO* and UO,*, (3)
oxidation of resulting UO*" to UO,** by H,0, and generation of hydroxy radical.
When bacterial cells are added to the reaction mixture, ESR signal intensity of
DMPO-OH decreases. Egg albumin also indicates similar suppression effect. Two
possibile mechanisms were proposed to these results; (1) hydroxy radical was eliminate
by the antioxidant action of microbial cells, and then DMPO-OH decreases. (2)
microbial cells strongly couples with uranyl ion, which suppresses the uranyl ion
reduction by H,0,, and then DMPO-OH decreases.
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Arthrobacter nicotianae 1AM 12342 + 289
Bacillus subtilis 1AM 1026 + 220
Citrobacter freundii 1AM 12471 — 71
Corynebacterium glutamicum 1AM 12435 + 25
Escherichia coli 1AM 1268 - 74
Micrococcus luteus IAM 1056 + 163
Pseudomonas stutzeri IAM 12097 — 143
Zooglea ramigera 1AM 12136 — 209

Fifteen milligrams of microbial cells (dry weight basis) were suspended
in a solution (pH 3.5) containing 50 ?M of uranium.
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Fig. 1. ESR signal intensity of
DMPO-OH in Metal-H,0, systems.

Metal ion (1mM), DMPO (25mM) and
H,0, (25mM) were mixed. @: U(VI),
O: Cu(l), A: Fedl), A: VAV)
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Figure 2. Effect of Arthrobacter cells
on ESR signal intensity of DMPO-OH

in UO,**-H,0, system.

Desired amounts of microbial cells
were suspended in UO,**-DMPO-H,0,
solution. @: 0 mg/l, O: 62.5 mg/l, A:
125 mg/l, A: 250 mg/l.
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Figure 3. Relationship between U
adsorbed by bacterial cells and ID50
of DMPO-OH.



