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Abstract

The enhanced mobility of radionuclides by co-disposed chelating agent,
ethylenediaminetetraacetate (EDTA), is likely to occur only under anaerobic conditions. Our
extensive effort to enrich and isolate anaerobic EDTA-degrading bacteria has failed. Others has
tried and also failed. To explain the lack of anaerobic biodegradation of EDTA, we proposed
that EDTA has to be transported into the cells for metabolism. A failure of uptake may
contribute to the lack of EDTA degradation under anaerobic conditions. We demonstrated that
an aerobic EDTA-degrading bacterium strain BNC1 uses an ABC-type transporter system to
uptake EDTA. The system has a periplasmic binding protein that bind EDTA and then interacts
with membrane proteins to transport EDTA into the cell at the expense of ATP. The bind
protein EppA binds only free EDTA with a K4 of 25 nM. The low Ky value indicates high
affinity. However, the Kq value of Ni-EDTA is 2.4 x 10™° nM, indicating much stronger
stability. Since Ni and other trace metals are essential for anaerobic respiration, we conclude
that the added EDTA sequestrates all trace metals and making anaerobic respiration impossible.
Thus, the data explain the lack of anaerobic enrichment cultures for EDTA degradation.
Although we did not obtain an EDTA degrading culture under anaerobic conditions, our finding
may promote the use of certain metals that forms more stable metal-EDTA complexes than
Pu(l11)-EDTA to prevent the enhanced mobility. Further, our data explain why EDTA is the
most dominant organic pollutant in surface waters, due to the lack of degradation of certain
metal-EDTA complexes.

Introduction. The complexation of radionuclides (e.g., plutonium (Pu) and ®°Co) by co-
disposed ethylenediaminetetraacetate (EDTA) has enhanced their transport in sediments at DOE
sites. Our previous NABIR research investigated the aerobic biodegradation and
biogeochemistry of Pu(IV)-EDTA. Plutonium(IV) forms stable complexes with EDTA under
aerobic conditions and an aerobic EDTA degrading bacterium can degrade EDTA in the
presence of Pu and decrease Pu mobility. However, our recent studies indicate that while
Pu(IV)-EDTA is stable in simple aqueous systems, it is not stable in the presence of relatively
soluble Fe(l11) compounds. Formation of Fe(l11)-EDTA releases Pu(1V). Since most DOE sites
have Fe(l11) containing sediments, Pu(IV) can not be the mobile form of Pu-EDTA in
groundwater. The only other Pu-EDTA complex stable in groundwater relevant to DOE sites
would be Pu(l11)-EDTA, which only forms under anaerobic conditions. The project has three
related tasks. Task 1 is to investigate the biogeochemistry of Pu-EDTA under
anaerobic/reducing conditions. Task 2 is to study microbial reduction of PuO2 and Pu(1V)-
EDTA. Task 3 is to enrich and isolate anaerobic EDTA degrading bacteria. The report is
focused on Task 3, which was conducted at Washington State University. Tasks 1 and 2 were
done at Pacific Northwest National Lab, and a separate final report will be submitted.



Isolation of a new EDTA degrader. We have previously studied EDTA and nitrilotriacetate
(NTA) by aerobic bacteria and worked out the complete metabolic pathway of EDTA and
nitrilotriacetate (NTA), identified and characterized the genes and enzymes involved (refs).
Interestingly, same genes and enzymes are responsible for the degradation of both EDTA and
NTA in aerobic bacteria. However, the current project is focused on enrich and isolate anaerobic
EDTA degraders. We have tried to enrich anaerobic bacteria that degrade NTA and EDTA. We
observed algal growth in one of the anaerobic NTA-degrading enrichments originated from the
anaerobic sludge of Pullman Wastewater Treatment Plant (Pullman, WA). Since NTA was the
only nitrogen source, we have hypothesized that a bacterium used NTA and released ammonium
for the alga to grow. The hypothesis was confirmed because the alga enrichment failed to grow
in the mineral medium when NTA was omitted, and the isolated alga did not use NTA as a
nitrogen source, either. Further, several NTA-degrading bacteria were isolated from the
enrichment. After repeated transfer of the alga enrichment into a mineral medium containing
only EDTA as nitrogen source, an alga enrichment with EDTA as the nitrogen source was
obtained. EDTA can be replaced with NTA or nitrate as the nitrogen source. From the
enrichment, an EDTA-degrader was isolated. Thus, the enrichment contained bacteria that
degrade EDTA and released ammonia from EDTA for the alga to grow. The 16S rRNA gene
sequence (Appendix) showed 99.4% match with Agrobacterium tumefaciens, and 93% match
with the known EDTA-degrading bacterium Mesorhizobium sp. BNC1. The bacterium use both
EDTA and NTA as the sole carbon and energy source under aerobic condition, and it did not use
EDTA or NTA under anaerobic conditions. Although the enrichment culture was under
anaerobic conditions, alga produced O, for the bacterium to degrade EDTA and release
ammonium. Repeated attempts failed.

Understanding why EDTA is recalcitrant in nature. We have previously characterized the
metabolic pathway of EDTA and NTA metabolism by aerobic bacteria. However, we did not
characterize how EDTA is transported into cells for metabolism. Here, we further characterize
EDTA uptake by bacteria. We found that only free EDTA is transported into cells for
degradation. In the environment, EDTA forms stable complexes with some transitional metals.
Since the stable complexes are not transported into bacterial cells, they become recalcitrant to
biodegradation. Consequently, EDTA is now the most abundant pollutant in natural waters. Our
results have been published in “Journal of Bacteriology”. We also gave an invited presentation
on the biochemistry of EDTA uptake and metabolism at “Complexing agents between science,
industry, authorities and users” in Ascona, Switzerland in March 2007. In addition, we have
characterized the structure and function of an enzyme (EmoB) involved in EDTA degradation
and the results were published in “Journal of Biological Chemistry”.

Possible explanations on why EDTA is not degraded under anaerobic conditions.
Anaerobic enrichment culture with EDTA as the sole carbon source and nitrate as the terminal
electron acceptor for anaerobic respiration has resulted in enrichments that produce ammonia.
However, a stable enrichment that consumes EDTA has not been obtained. Enrichments with
different sediments of lakes, rivers, and oceans were tested in different mineral media for
enrichments. Although initial growth was frequently observed, stable enrichment cultures were
never obtained. Because anaerobic degradation of EDTA has never been reported, we conclude
that anaerobic EDTA degraders are hard to enrich. On the basis of our current understanding of
EDTA chelating properties and the uptake of free EDTA (not metal-EDTA complexes) into
bacterial cells for metabolism, we believe that EDTA form stable complexes with trace metals,
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such as nickel, cobalt and cupper, making them unavailable to bacteria. It is known that bacteria
require these metals under anaerobic conditions as enzyme cofactors, e.g. [NiFe] hydrogenases
and other proteins involved in anaerobic electron transport systems. Thus, trace metals are often
added to culture media for anaerobic bacteria. EDTA has high affinities to the trace metals,
making them unavailable to anaerobic bacteria. Therefore, we believe that EDTA is not likely to
be degraded under anaerobic conditions due to EDTA’s chelation and sequestration of trace
metals, which are essential for the growth of most anaerobic bacteria.

Environmental consequences of EDTA recalcitrance under anaerobic conditions. The
Department of Energy (DOE) has Pu- and EDTA-contaminated sediments at several sites (6).
The co-contamination was a result of extensive use of EDTA to decontaminate nuclear materials
and to process nuclear wastes (4). Since EDTA was stable under anaerobic conditions. It is
expected that it can enhance the transport of radionuclides through groundwater. This
expectation is in agreement with numerous reports. The groundwater transport of Pu and ®°Co
was enhanced by co-disposed EDTA at Oak Ridge National Laboratory, Tennessee (5); Chalk
River Nuclear Laboratories, Canada (3), Maxey Flats, Kentucky (1), and the Hanford Site,
Washington (2). Thus, bioremediation may not be a valid approach for EDTA removal under
anaerobic conditions. Alternative approaches may be used, e.g. the use of certain metals that
forms more stable metal-EDTA complexes than Pu(l11)-EDTA to prevent the enhanced mobility.
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