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MlCROBlAL DlVERSlTY IN URANIUM MINE WASTE HEAPS 

Axel Schippers, Regine Hallmann, Susanne Wentzien, Wolfaana Sand 

Universität Hamburg, Institut für Allgemeine Botanik, Abteilung Mikrobiologie, 

Ohnhorststraße 18, D-22609 Hamburg, Germany 

Two different uranium mine waste heaps near Ronneburg, Thuringia, Germany, 

which contain the remains of the .activity of the former uranium-mining Soviet-East 

German company Wismut AG, were analysed for the occurrence of lithotrophic and 

chemoorganotropic leach bacteria. A total of 162 ore-samples were taken up to a 

depth of 5 m. Cell counts of iron(l1) ion-, sulfur-, sulfur compound-, ammonia-, and 

nitrite-oxidizing bacteria were determined quantitatively by the most-probable-number 

technique. Sulfate-, nitrate-, iron(ll1) ion-, and manganese(1V) ion-reducing bacteria 

were also detected. In addition, the metabolic activity of sulfur- and iron-oxidizing 

bacteria was measured by microcalorimetry. Generally, all microorganisms 

mentioned above were detectable in the heaps. Aerobic and anaerobic 

microorganisms thrived up to a depth of 1.5 to 2 m. Up to 99 % of Thiobacillus 

ferrooxidans cells, the dominant leaching bacteria, occurred to this depth. Their 

numbers correlated with the microbial activity measurements and radon outgassing. 

Samples below 1.5 to 2 m exhibited reduced oxygen concentrations and reduced celi 

counts for all microorganisms. 

References: 
[ I ]  Schippers A, Hallmann R, Wentzien S, and Sand W (1995) Microbial diversity in 

uranium mine waste heaps. Appl. Environ. Microbiol. 61, 2930-2935. 



REMOVAL AND RECOVERY OF URANIUM BY USlNG MlCROORGANlSMS 

Takashi Sakaguchi 

Department of Bioengineering, Tohwa University 

1-1-1, Chikushigaoka, Fukuoka, Japan 

We have been working on the bioaccumulation of nuclear fuel elements, such as 

uranium and piutonium, by microorganisms from several angles. In our previous work, we 

have shown that some microorganisms, such as Streptomyces albus and Chlorella 

regularis, can accumulate large amounts of uranium from aqueous systems. Microbial 

biomass may thus be considered for use as an adsorbing agent for the recovery and 

removal of uranium that may be present in metallurgical effluents, mine tailings, and other 

waste sources. 

The removal and recovery of uranium from aqueous systems by microorganisms has 

several advantages: ( I )  microbial cells have an extrernely high uranium accumulating 

ability; (2) they can accumulate uranium very rapidly; (3) they can accumulate uranium 

selectively; (4) they produce microbial biomass inexpensively; (5) waste microbial cells 

by-produced in the amino acids fermentation industry can be used as an adsorbent for 

uranium; (6) both growing and immobilized cells of the microorganisms have the ability to 

accumulate uranium; (7) they Pose no disposal problems. 

In our previous Screening tests concerning uranium uptake, extremeiy high uranium 

absorbing ability was found in Pseudomonas stuzeri, Neurospora sitophila, Streptomyces 

albus and Streptomyces v;fidochromogenes. In a uranium mine, it can be presumed that 

some microorganisms having a high accumulating ability for uranium, and different 

species of microorganisms having an ability to leach uranium from ore may exist in mine 

soii and aqueous systems. It would, therefore, be useful to find further microorganisms 

having an enhanced ability to accumulate uranium from uranium deposits. 

Consequentiy, in this Paper, hundreds of microorganisms existing in uranium mines 

located in Austraiia and North Arnerica, have been screened for their ability to 

accumulate large amounts of uranium. And we also discussed whether new strains of 

microorganisms found in various uranium deposits can be used for the bioprocessing of 

nuclear fuel elements. 

Of these microorganisms tested, extrerneiy high uranium accumulating ability was 

found in some strains appeared to be genus bacteria. One of them, Bacillus subtilk can 

accumulate about 615 mg of uranium per gram of microbial cells within 1 h. In North 

America we have also discovered some new strains, Arthrobacter sp. and Bacillus 

subtilis, having an extremeiy high ability to accumulate uranium. The uraniurn adsorbing 

capacity of these microbial cells exceeds two times that of commercially available 

chelating resins. 
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SOME FACTORS AFFECTING URANIUM ACCUMULATION BY MICROORGANISMS : 

In order to obtain basic inforrnation on the bioprocessing of uraniurn by using new 

strains of microorganisms found in uraniurn deposits, some factors affecting uranium 

uptake were investigated in detail by using Bacillus subtilis isolated frorn Australian 

uranium deposits. The results obtained are as follows : 

(1) Time Course of the uranium accumulation 

The amounts of uraniurn accumulated by the cells increase very rapidly during the first 

3 minutes following the addition of uranium. 

(2 )  Effect of pH on the accurnulation of uranium 

The amounts of uranium absorbed are highest at around pH 5 and decrease below pH 

5. Thus, the accurnulation of uranium by microbial cells is markedly affected by the pH of 

the solution. 

(3) Effect of cell arnounts on the accumulation of uraniurn 

The amounts of uraniurn taken up by the cells (rng U / g rnicrobial cells) decrease-as 

the arnounts of cells increase, whereas the total amounts of uraniurn taken up increase. 

(4) Effect of external uranium concentration on the accurnulation of uraniurn 

The amounts of uraniurn absorbed by Bacillus subtilis (rng U / g rnicrobial cells) 

increase as the external uraniurn concentration increases, whereas the ratio of the total 
arnounts of uraniurn absorbed to the external uraniurn concentration decreases. When 

the external uranium concentration is low, the extrernely high accurnulation ratio is found. 

Bacillus cells can accurnulate 615 mg uranium per gram of the rnicrobial cells, and their 

uranium accurnulating capacity exceeds two tirnes that of commercially available 

chelating resins. The accurnulation of uranium by the rnicrobial cells obeys Langrnuir 

isotherm. 

On the basis of these facts, it seems reasonable to assume that the uptake of uranium 

onto microbial cells is almost dependent upon physico-chemical adsorption on the cell 

components. 

SELECTIVE ACCUMUiATlON URANIUM BY MlCROBlAL CELLS : 
To deterrnine which heavy metal ion can be most readily absorbed by microbial cells, 

we exarnined the selective accumulation of heavy rnetal ions by the cefls frorn the 

solution containing 4 X I oa5 M of MnZ+, Co2', Ni2+, CuZ+, Zn2+, Cd", and U022' at pH 5. 

The relative order of magnitude of heavy meta1 ions absorbed by Bacillus cells 

appeared to be U022' > CU'+ > others. This result shows that Bacillus subtiiis can readily 

accurnulate uraniurn compared to other heavy metal ions. 

ACCUMULATION OF THORIUM BY MICROORGANISMS : 
The cells of Bacillus subtifis can also accurnulate thorium as weil as uraniurn with high 

efficiency. This strain can accumulate lcnrge amounts of thoriurn than uranium under the 
condition of pH 4. 



RECOVERY OF URANlUM BY IMMOBlLlZED M~cROORGANISMS : 
To obtain basic information on the recovery of uranium using the microbial celis 

immobilized with polyacrylamide, a repetition test of the uranium adsorption-desorption 
cycle was carried out. 

The ability of the immobilized Bacillus subtilis cells to accumulate uranium did not 

decrease after 7 repetitions of the adsorption-desorption cycles in a coiumn system. 

Thus, the immabilized microbial cells have excellent handling characteristics and can be 

used repeatedly in the adsorption-desorption cycles. 

REMOVAL OF URANIUM FROM URANlUM REFlNlNG WASTE WATER BY 

MlCROORGANlSMS : 

We have tried to remove uranium from the uranium refining waste water by using some 

microbial cells having a high ability to accumulate uranium. These microbial cells can 

remove uranium from the uranium refining waste water with high efficiency. 

CONCLUSlON : 

In uranium deposits iocated in Australia and North America, we have discovered some 

new microorganisms having an extremely high ability to accumulate uranium. These 

strains appeared to be genus bacteria can accumulate about 615 mg of uranium per 

gram of the microbial cells, and their uranium accumulating capacities exceed two times 

that of commercialiy available chelating resins. 

Accordingly, we consider that these new microorganisms can be used as an adsorbing 

agent for the rernoval of the nuclear fuel elements which may be present in metallurgical 

effluents, mine tailings and other waste sources. 

REFERENCES : 

C1 1 Nakajima, A., Horikoshi, T., and Sakaguchi, T., Recovery of Uranium by 

lmmobilized Microorganisrns. European J. Appl. Microbiol. Biotechnol. 16:88 

(I  982) 

C23 Nakajima, A., and Sakaguchi, T., Selective Accumulation of Heavy Metals by 

Microorganisrns. Appl. Microbiol. Biotechnol. 24:59 (I 986) 

C31 Sakaguchi, T., and Nakajima, A., Accumulation of Heavy Metals such as Uranium 

and Thorium. Mineral Bioprocessing., Engineering Foundation Conference. p309 
ii991) 



MOLECULAR CHARACTERIZATION OF THIOBACILLUS STRAINS RECOVERED 
FROM A URANIUM MlNlNG WASTE PILE 
S. ~utschke', V. Groudeva2, S. ~elenska-~obell' 

'Institut of Radiochemistry, Forschungszentrum Rossendorf, 01314 Dresden, 
Germany 
2~epartment of General and lndustrial Microbiology, University of Sofia, 1421 Sofia, 
Bulgaria 

Bioleaching involves solubilization of metals from minerals by metabolic activty of 
mixed microbial populations. Thiobacillus ferrooxidans is the most frequently used 
bacterium for commercial leaching of metals such as copper, uranium, and gold from 
sulphide containing ores. Thiobacilli as well as many other acidophilic, 
chemoautotrophic and heterotrophic bacteria have been found in uranium minesll/. 
Thiobacillus strains recovered from a former uranium mine in Saxony, Germany, 
were characterized using pulsed- field gel electrophoresis (PFGE) /2/ and repetitive 
primer amplified polymorphic DNA (rep-APD) fingerprinting 131. 
These two methods derive information from the whole bacterial genome. In the case 
of PFGE, the embedded bacterial cells were lysed and the intact genome DNA was 
digested by the use of a rare cutting endonuclease Xbal. The obtained DNA 
fragments were separated in an alternating electrical field. Genomic fingerprinting by 
rep-APD is based on the use of special oligonucleotide primers complementary to 
interspersed bacterial repetitive sequences and PCR. As a result differently sized 
DNA fragments consisting of sequences laying between these elements were 
obtained. The latter were fractionated by electrophoresis 141. 
Using the above mentioned methods six newly isolated Thiobacillus-isolates were 
characterized. As shown in Fig. I, the PFGE fingerprints of the waste isolates were 
sample-specific. The sampling sites had different depths and meta1 compositions. 
Three of the isolates, TFSSI, TFSS2, and TFSS6 were recovered from a sample 
drawn from a depth about one meter under the surface, where the concentration of 
uranium was low. The three other samples TFSS3, TFSS4, TFSS5 are recovered 
from a depth between two and three meters. The concentration of uranium at this site 
was estimated to be three times higher than those in the other sampfe mentioned 
above. 

1 2 B 4 4 -4 7 8 & 1Q f& 19 Fig. 1: PFGE- Fingerprint of the strains: 
. - >  - I , Thiobacillus ferrooxidans ATCC 

JT, 1 9859; 2, Thiobacillus ferrooxidans 
21 834; 3, Thiobacillus 

a* ferrooxidans ATCC 23270; , 4, Thiobacillus ferrooxidans ATCC 
33020; 5,3, Ladder PFG Marker; 6,Piie 
isolate TFSSI ; 7,Pile isolate TFSS2; 

' 8,Pile isolate TFSS6; 9,Pile isolate 
Jr TFSS3; 10,Pile isofate TFSS4; I I ,Pile 

isolate TFSSS; 12,L Ladder PFG 
Marker 



The six novel Thiobacillus ferrooxidans isolates form a particular rep-APD group 
which is closely related to the strain Thiobacillus ferrooxidans ATCC 33020, 
recovered from an Uranium mine in Japan (see Fig. 2). 

Fig. 2: Genomic rep-APD fingerprint of the 
strains: 1 ,E. coli; 2,Thiomonas cuprina DSM 
5495; 3,Pile isolate TFSS6; 4,Pile isolate 
TFSS2; 5,Pile isolate TFSSI; 6,Thiobacillus 
ferrooxidans ATCC 33020; 7, Thiobacillus 
ferrooxidans ATCC 23270; 8, Thiobacillus 
ferrooxidans ATCC 2 1 834; 9, Thiobacillus 
ferrooxidans ATCC I 9859; 
10, I kB Plus DNA Ladder 

References 
I11 Goebel BM et al. Bacterial Diversity and Systematics, ed. FG Priest et al., Plenum 
Press, New York 1994 
121 Kondrat'eva TF et al. Mol. Gen. Microbiol. Virusol. 19-22, 1993 
I31 Selenska- Pobell S et al. J. Appl. Microbiology 84, 1085- 1091, 1998 
I41 Versalovic J et al., Methods Mol. Cell Biol 5, 25-40, 1994 



SULPHATE REDUCING BACTERIA AND THE SEASON VARIATION 
OF TECHNETIUM UPTAKE RATE BY FRESHWATER LAKE SEDIMENTS 

Guerman K.E., Peretroukhin V.F., Khijnyak T.V., Firsova E.V., Lyalikova N.N. 

Institute of Physical Chemistry , Russian Academy of Sciences 
(e-mail: guerman@ipc.rssi.ni) 

Institute of Microbiology, Russian Academy of Sciences 

lnvestigation of radionuclides' accumulation by natural associations of 

microorganisms contained in the sediments is important for comprehension of 

their behaviour in ecosystems. It can also provide us with the biomethod for 

contaminated water treatment. The absorption of the long-lived 99Tc (W) by 

the samples of the fresh-water silt, taken from the eutrophic lake Beloye, 

Kosino (Moscow region) and a typical dystrophic lake (Shatura region). The 

kinetics' analysis has shown that the half-time values of the initial Tc content 

removal from the eutrophic lake water phase were about 350 - 450h. 

Hydrosulfide, produced by sulfate reducing bacteria, that are the wmponent 

of the silt, is thought to be responsible for the Tc precipitation. 

Some difference in Tc bioaccumulation rate by the silts, taken in 

winter (from under the ice cover) and in summer periods from the eutrophic 

lake Beloye, especially in the case of sterilized samples, was found out. 

However the temperature dependence of Tc uptake rate was not very high, 

the uptake halftimes increasing from 16 to only 18 days with the temperature 

decrease from 15°C to 6 "C. This was partly associated with the hydrosulfide 

concentration decrease in winter period due to the artificial aeration and the 

depression of rnetabolism at low ternperatures. At the Same time it was shown 

that the hydrosulfide concentration is not the only parameter being important 

for the intensity of Tc uptake. The influence of concentration and diffusion 

factors as wll as the presence of humic acids in the samples taken from 

dystrophic lake were also studied. 

The grey silt samples from Lake Beloye were shown to be effective 

sorbents for technetium for the periods of more than 2 years for the solutions 

wntaining up to 20 mg/l of Tc. Feeding with cut reed could prolong and 

increase the decontamination activity, Application of natural association 

containing sulphate-reducing bacteria for contarninated ponds treaiment js 

discussed. 



MOLECULAR ANALYSIS OF NATURAL BACTERIAL COMMUNlTlES 

David L. Balkwill and Gwendolyn R. Drake 

Department of Biological Science, Florida State University, 312 Nuclear Research 
Building, Tallahassee, Florida 32306-4470, USA 

Molecular biological methods have provided powerful new ways to study microbial 
communities in natural environments. Phylogenetic analysis of 16s ribosomal RNA 
gene sequences, an approach pioneered by Woese and his associates [1,2], can be 
used to determine how microbes cultured from natural environments are related to 
one another and to previously described microbial taxa. This approach yields infor- 
mation on the identity, diversity, and possible functions of the isolated strains, along 
with data that can be useful in the development of more direct molecular methods. 
The direct methods can be used to study natural microbial communities "directly" in 
environmental samples, without having to culture the microbes therein. Examples of 
this approach include the use of 16s rRNA-based probes to detect specific types or 
groups of microbes microscopically [3] and phylogenetic analysis of 16s rRNA gene 
sequences cioned from nucleic acids extracted directly from environmental samples 
[4, 51. Direct molecular methods allow one to study the unculturable members of a 
community that are not detected by culture-based approaches. To obtain the most 
complete picture of diversity in natural microbial communities, however, it may be 
necessary to use a combination of direct molecular and culture-based methods, at 
least until the direct approaches are more fully developed [5]. 

Tne research described in this paper focused on phylogenetic analysis of 16s rRNA 
gene sequences to characterize bacteria cultured frorn natural communities, speci- 
fically those in terrestrial subsurface environments (environments situated beneath 
the topsoil Zone of the Earth's crust). The bacteria were cultured from saturated and 
unsaturated environments that were situated 50 to 2,700 m below land surface and 
were composed mostly of various types of unconsolidated materials (sands, gravels, 
clays, paleosols, etc.). The isolates were obtained by researchers associated with 
the U. S. Department of Energy's Deep Microbiology Program and were preserved in 
the Subsurface Microbial Culture Collection (SMCC) at Florida State University. The 
phylogenetic analyses are Part of a long-term effort to better characterize and organ- 
ize the bacteria in the SMCC. 

Phylogenetic analysis of 16s rRNA gene sequences has shown that the subsurface 
strains in the SMCC represent a wide range of diversity. To date, these strains have 
been placed in six major phylogenetic/taxonomic categories: the high- and low-G+C 
Gram-positive bacteria; the alpha-, beta-, and gamma-subdivisions of the Profeobac- 
teria, and the Flexibacfer/Cytophaga/Bacteroides group [6]. Within these groups, the 
isolates have been assigned to at least 40 distinct genera, although 72% of them feil 
within just 9 genera. The most frequentiy encountered Gram-negative genera were 
Cornarnonas, Acinetobacfer, Caulobacter, Pseudomonas, and Sphingomonas; the 
most often Seen Gram-positive genera were Arthrobacter, Sfreptornyces, Staphylo- 
coccus, and Bacitlos. Within groups of isolates falling into a single genus, consider- 



able diversity at the species and strain levels was detected by 16s rRNA sequence 
analysis and various DNA fingerprinting methods. 

Phylogenetic analyses have also indicated that novel organisms have been isolated 
from subsurface environments. About 5% of the isolates examined phylogenetically 
are not closely related to any genus in the current 16s rRNA sequence data bases 
and, thus, could represent novel genera. Most of the subsurface strains clearly fall 
within established genera, but many of them appear or already have been shown to 
be novel species within those genera. Among the better characterized novel strains 
are three new species of Sphingomonas that can degrade a variety of aromatic and 
polyaromatic wmpounds [7]. 

Phylogenetic analyses have detected differentes in the composition of the culturable 
bacterial communities in different types of subsurface environments. For example, 
the communities in saturated paleosols, lacustrine sediments, and fluvial gravels at 
a site in Washington State were considerably more diverse (in terms of the number 
of genera isolated) than those in saturated Atlantic coastal plain sediments (mostly 
sands) at a site in South Carolina. For the most part, different genera were detected 
at the two sites, although two genera were among the most frequently isolated forms 
at both sites [6]. The bacterial communities in vadose (unsaturated) Zone samples 
from sites in Washington State differed markedly from those in saturated subsurface 
environments in that they consisted almost entirely of Gram-positive forms, most of 
which were spore-formers (such as Bacillus and Streptomyces) that were seldom 
Seen in samples from saturated environments. 

In the process of characterizing isolates in the SMCC, several strains were detected 
that are of importance in regard to metals and radionuclides. A vadose-zone isolate, 
ZAN-044 (probably a strain of Bacillus simplex) was found to biosorb cobalt, nickel, 
cadmium, and strontium. A strain of Shewanella from deep saturated sandstones at 
a site in New Mexico reduces Fe(ll1) and U(VI), and a rather unusual new anaerobic 
species of Bacillus from 2,700-m-deep shales at a site in Virginia reduces Fe(ll1) and 
Mn(lV). A new species Thermus from deep South African gold mine reduces Fe(l1l) 
complexed with citrate or nitrilotriacetic acid, as weil as Mn(lV), Co(lll), EDTA, and 
Cr(VI). Screening of the SMCC to look for additional strains that interact with metals 
or radionuclides is now under way. Several more Fe(l1l)- andlor U(V1)-reducing iso- 
lates have been detected thus far, and these are currently being characterized. 
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Woese, C (1 987) Bacterial evolution. Microbiol. Rev. 51,221 -271. 
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tification of microorganisms with nucleic acid probes. FEMS Microbiol. Rev. 20, 
191 -200. 
Pedersen K (1 997) Microbial life in deep granitic rock. FEMS MicrobioJ. Rev. 20, 
309-41 4. 
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MlCROBlAL LlFE IN DEEP GRANlTlC ROCK 

Karsten Pedersen 

Göteborg University, Department of Cell and Molecular Biology, Section Microbiology, 
Box 462,405 30 Göteborg, Sweden 

Our research on microbial life in deep granitic rock aquifers [I] has been performed at 
seven sites at depths down to 1500 m: The Stripa research mine in the middle of 
Sweden, the Äspö hard rock laboratory (HRL) situated on the south eastern coast of 
Sweden and on four sites in Finland. One of the goals with this research is to 
understand how subterranean microorganisms may interact with the performance of a 
future repository for high level nuclear fuel waste (HLW) [2]. Therefore, work has been 
performed in co-operation with other national and international research groups at 
additional sites in Sweden, Canada and at the natural nuclear waste analogue sites 
Oklo in Gabon, Palmottu in Finland and Maqarin in Jordan. The ultimate limitation for 
an active microbial life at depth is suggested to be the availability of hydrogen, and 
possibly methane, as energy sources over time and these gases have indeed been 
found in most deep groundwater. The finding of a deep, autotrophic hydrogen-based 
biosphere [3] adds a significant but previously overlooked reducing activity in the deep 
rock aquifers. Sulphate and iron-reducing bacteria use organic material from the 
autotrophs and expel sulphide and ferrous iron. A good conelation has been shown 
between viable iron and sulphate reducing bacteria and the amount of ferric iron and 
sulphide precipitates in groundwater conducting aquifers. Different microbially 
catalysed reactions that reduce oxygen in accordance with available nutrients have 
been demonstrated in the deep granitic Äspö HRL environment, A HLW repository will 
contain oxygen at start, which may be corrosive for waste canisters and promote 
incidental radionuclide migration. The observed microbial oxygen reducing activity will 
rapidly reduce this risk. Recent data from Äspö HRL indicates that in addiiion to 
organisms representing the domains Bacteria and Archaea, organisms from the 
domain Eukarya, yeast and fungi, are also present and probably intrinsic, The infiuence 
from complexing agents produced by bacteria, yeast and fungi on radionuclide 
migration remains to be studied at realistic conditions in deep groundwater. 

Altogether, our results show that there is a very high probability for the existente of an 
intra-terrestrial biosphere that is driven by hydrogen from the interior of the earth and, 
therefore, independent of photosynthesis. Our planet obviously has Wo biospheres, the 
sun driven biosphere that is well known and accepted by everybody, and the new, 
unexplored earth driven intra-terrestrial biosphere. Prospective research will airn at 
exploration of distribution, diversity, in sifu activity and biogeochernistry of the intra- 
terrestrial biosphere and its influence on anthropogenic underground operations. 

References: 
[I] Pedersen K (1 997) Microbial life in granitic rock. F E M S  Microbiological Reviews 20, 

399-41 4. 
[2] Pedersen K (1 996) Investigations of subterranean bacteria in deep ctystaIfine 

bedrock and their irnportance for the disposal of nucfear waste. Canadian Journal of 
Microbiology 42, 382-391. 

131 Kotelnikova S and Pedersen K (I 998) Distribution and activity of methansgens and 
homoacetogens in deep granitic aquifers at ASPQ Hard Rock Laboratory, Sweden. 
i=EMS Microbioiogy Ecology 26, 1 21 -1 34. 



URANIUM ADSORPTION BY BACILLUS SP.: IMPLICATIONS FOR 
RADIONUCLIDE TRANSPORT THROUGH SOlLS 

'Westlakes Research Institute, Westlakes Science and Technology Park, 
Moor Row, Curnbria, CA24 3LN, England, 'School of Earth Sciences, 

University of Leeds, Leeds, LS2 9JT, England 

The ability of bacteria to bind radionuclides is well docurnented. In addition, 
the potential of rnicroorganisms to nucleate rnineral precipitation, accelerating 
the formation of inorganic wrnpounds such as arnorphous ferric 
oxyhydroxides, is being increasingly recognised. In a subsurface 
environment, where microbial cells frequently constitute one of the dominant 
organic cornponents of the solid phase matrix, bacterial surfaces rnay 
therefore play an irnportant role in the transport and attenuation of actinide 
elements, such as uranium. 

Uranium, used in this study as a model contarninant, exhibits a complex 
aqueous chernistry, reflected in the forrnation of multiple oxyanions and 
carbonate species. Previous work has illustrated a notable afinity of this 
element for biosorption. This study has examined the uranium binding 
capacity of Bacillus subfilis 168. Preliminary results have shom that uranium 
is directly sorbed onto the surfaces of untreated bacterial cells, with 
equilibrium being established in less than forty minutes. TEM rnicrographs 
illustrated substantial uranium uptake by both intact and lysed bacterial cells. 
TEMJEDS analysis also identified secondary removal of uranium via 
wprecipitation with and/or adsorption to cell associated ferric oxyhydroxide 
precipitates. Preliminary results appeared to suggest that uraniurn removal to 
iron coated cells rnay be more efficient than direct sorption to untreated cells. 

Further studies will compare the uranium sorption potential of abiotically 
generated arnorphous iron oxyhydroxides with those that are biogenically 
fonned. Differentes in the nature and capacity of uraniurn binding by viable 
and non-viable cells will also be assessed. In addition, uraniurn sorption by 
Bacillus subfilis 168 will be cornpared quantitatively to that of other Bacillus 
SP- 

References: 
I. Cotoras D. Viedma P. Cifuentes L. & Mestre, A. (1992) Sorption of Metal 

Ions by Whole Cells of Bacillus and Micrococcus. Environmenfal 
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SCANNING SURFACES FOR SPECIFIC BACTERIAL ENZYME ACTlVlTY 
AND MOLECULAR IDENTIFICATION AND ISOLATION OF THE MAIN BACTERIA 

Andreas F elske 

Instituto de Recursos Naturales y Agrobiologia, C.S.I.C., Avda. Reina Mercedes 10, 
41 012 Sevilla, Spain 

The identification of the predominant bacteria in the environment is strongly 
hampered by the fact that most native bacterial cells are hardly accessible for 
cultivation methods. This problem can be bypassed by direct isolation of bacterial 
nucleic acids from the environment and analysis of the 16s rRNA sequence, allowing 
a phylogenetic affiliation without real cells on hand. However, this approach is 
dependent on the efficiency of nucleic acids extraciion and the reproducibility of 
sampling. The minute amounts of DNA or rRNA needed to analyse microbial 
communities can be obtained from small environmental samples but are often meant 
to represent a large environmental matrix. Aquatic samples can be representative by 
filtering large volumes of water and using the residue on the filter for nucleic acids 
extractions. Soil samples are more dificult, since only a few gram are used for 
nucleic acids extractions. Here, pooling and mixing of the samples is useful to yield a 
mean [I]. Dry surfaces, providing a 'twodimensional' environmental matrix with 
normally minute biomass amounts to sampie, are not to analyse in this way. The 
patchwork-structure of the microbial community, for instance on rocks [2], demands 
for covering more or less the whole investigated surface. However, sampling the 
whole surface would severely damage if not destroy the microbial community. A non- 
invasive scanning method and spatially selective sampling is required. We adapted a 
method of scanning rock surfaces with 4-methylumbelliferyl-bound substrates and 
combined it with bacterial isolation and 16s rDNA analysis by temperature gradient 
gel electrophoresis. Firstly, the selected area of a rock surface (500 cm" is covered 
for one hour with a flexibly supported agarose gel containing the 4- 
methylumbelliferyl-bound substrate. Specific enzyme activities, as present in the 
active microbes, reiease 4-methylumbelliferone. Then the gel is incubated on an 
alkaline wet filter, where 4-methylumbelliferone develops strong fluorescence under 
UV-light. In this way, specific microbial enzyme activities a n  be located on the rock 
surface. Further, the agarose gel traps some loose particles from the surface like 
airborne dust-sediments from rock niches and also bacterial cells. Samples can be 
taken from the enlightened spots on the gel and be used for a selective cultivation 
approach with the investigated substrate. Now the widely undisturbed rock surface 
can be selectively sampled for DNA extraction. The generation of community 
fingerprints via PCR and TGGE allows to search for the really predominant rock 
organisms among the cultured isolates. With this approach the distress to analyse 
surface communities turns to a fortune: Now it is possible to link structure and 
function of environmental communities - a goal which actually is hardly achievable 
for soil and water sarnples. This method will be useful in rnicrobial emlogy to identify 
microbiaf communities on rocks, buildings and arhvork or in biotechnology to study 
colonization and microbial activities in solid phase bio-reactors. 

[ I ]  Felske A and Akkermans ADL (1998) Spatial homogeneity of the most abundant 
bacteriaf 16s rRNA rnolecules in grassland soils. Microb Ern! 38, 31 -36. 
[2] Hirsch P, Ecld7ardt FEW and Palmer R9 (1995) Methods for the study of rock- 
inhabiting microorganjsms - a mini review. J Microbioi Merth 23, 143-167. 
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BIOLEACHING: MOBlLiZATlON AND RECOVERY OF METALS FROM SOLID 
WASTE MATERIALS 

Helmut Brand1 
University of Zürich, Institute of Environmental Sciences, Winterthurerstrasse 190, 

CH-8057 Zürich, Switzerland 

A series of metabolic reactions can be induced when microbes are exposed to metals: (i) 
soluble metals can be transported through the cell membrane by ion pumps, ion 
channels, or other carrier compounds and are accumulated within the cells 
(bioaccumulation); (ii) metals can be extracellularly bound on cell surfaces (biosorption); 
(iii) metals can be reduced or oxidized resulting in changes of the metal mobility; (iv) 
certain metals can be alkylated resulting in an increased metal mobility (volatilization); 
(V) the microbial secretion of acids can result in changes of the metal mobility; (vi) the 
microbial formation of complexing or chelating agents can lead to an increase or 
decrease of metal mobility. 

The main mechanisms regarding the mobilization (leaching) of metals from 
solids are acidolysis, redoxolysis, and complexolysis. However, it is suggested that a 
combination of all three mechanisms might be responsible for metal solubilization. 
Under appropriate environmental conditions, metals are solubilized and extracted 
from metal-rich materials in subsurface ecosystems by the action of bacteria and 
fungi. As a consequence, microbial metal leaching represents a potential 
environmental hazard in mine tailings or landfills. However, these microbial activities 
can be applied in the industry for the recovery of metals from solid materials. The 
technology has successfully found practical application in copper and gold mining 
("bioleaching", "biomining") where low-grade ores are biologically treated to obtain 
metal values which are not accessible by conventional (mechanical or thermal) 
treatments [I]. Metals can be obtained from leachates by suited techniques (e.g. 
precipitation, cementation, or electrowinning). Besides industrial interests, the 
application of bioleaching technologies must also be Seen in the context of a sustainable 
future in which industrial technologies have to be increasingly in harmony with the global 
material cycles of the biosphere. 

A wide variety of both lithotrophic and organotrophic microorganisms is known to 
mediate the mobilization of various elements from solids mostly by the formation of 
inorganic (e.g. sulfuric acid) or organic acids (e.g. citric gluconic, lactic, tartric, malic, 
or oxalic acid) as well as for the ability to catalyze redox processes [2]. In generai, 
autotrophic organisms (CO2 as carbon source) are forming inorganic acids whereas 
heterotrophic organisms (organic carbon sources) are forming organic acids. In ore 
treatment facilities mainly autotrophic Thiobacillus and Leptospirdlum species have 
been identified as mediators of solubilization reactions. 

Several processes have been established in industrial applications for a 
microbial metal mobilization such as in situ, dump, heap, or tank leaching [3, 41. For 
heap leaching, low-grade ores are treated on a water-impermeable foundation by a 
continuous irrigation in a cloced system with aqueous media containing 
microorganisms and certain nutrients. The leachate is collected for further 
processing. Tank leaching is the technically most sophisticated method and allows a 



process control regarding stirring, pH, temperature, or aeration. A series of patents 
on bioleaching processes for metal winning from solids including besides ores also 
fly ash, sewage sludge, and other metal-containing industrial wastes has been 
granted [I]. 

Besides technical and ecological advantages, bioleaching methods have also some 
economical benefits: leaching efficiencies are increased in comparison to physico- 
chemical methods (as demonstrated by processing gold-containing ores); energy input 
and maintenance costs are low. Bioleaching can compete with conventional (thermal) 
techniques. Since its development the proportion of biologically recovered metals has 
increased steadily. Today, approximatively 20% of the gold and 30% of the world copper 
production is based on biological methods resulting in an added value (according to 
market prices of raw materials) of over 10 billion US$. 

In current research projects, microbiological leaching processes have been applied 
for the mobilization of metals from different metal-containing solid wastes as well as 
metal-contaminated soil (Tab. 1). Due to high contents of certain metals these waste 
materials can be considered as "artificial ores". 

Tab. 1. Selection of rnetal-containing colids treated by a biololeaching process 
(b.d.: below detection limit; n.d.: not determined. 
Material Source Meta1 content (gkg) 

Al Cd Cr Cu Ni Pb Sn Zn 
Fly ash Municipal waste incineration 70 0.5 0.6 1 0.1 8 8 31 
Bottom ash Municipal waste incineration 46 b.d. 0.4 1.5 0.1 0.7 0.3 2.5 
Dust Electronic scrap 240 0.3 0.7 80 15 20 20 25 
Sludge Galvanic industries n.d. n.d. 26 43 105 n.d. n.d. 166 
Soil Mining activities n.d. 0.1 0.2 9 0.1 25 1.6 24 

Pure cultures of bacteria ( Thiobacillus ferrooxidans, T. thiooxidans, Pseudomonas 
putida, Bacillus megaterium) [5] and fungi (Aspergillus niger, Penicillium simplicissimum) 
[6] as well as mixed cultures and enrichments (e.g. from sewage sludge) have been 
evaluated for their potential to leach metals from solid wastes. Growing these organisms 
in the presence of fly ash from municipal waste incineration, it was possible to solubilize 
e.g. Cd, Cu, or Zn to an extent of >90 %, whereas for Cr, or Ni leaching efficiencies of 
only 10 to 20 % were determined. The comparison of different microbial strains 
suggested a selectivity for certain elements (Fig. 'I). Aspergillus nigerwas able to leach 
upto 60% of Pb. In contrast, when Thiobacillus thiooxidans was grown on ash, only 3% of 
Pb was solubilized. The results show the potential of different microorganisms to 
leach substantial quantities of metals from fly ash. Depending on the point of view, 
the mobilization or bioleaching of these metals could be considered either as a 
hazard for the environment (leachates from landfills or deposits) or as a possibility to 
reduce the content of toxic elements to fulfill regulations for landfilling or for a re-use 
of fly ash (e-g. for construction purposes). 

On a pre-industrial scale a bioleaching process has bee developed to treat 
copper and iron containing sulfidic sludges from electroplating industries. Upto 
now in Switzerland, such rnaterials have to be stored in safe but extrernely 
expensive repositories or they have to be exported with high costs (about US$850 
per ton). The leaching circuit consisted of a bioreactor unit, an extraction Stage, 
and two washing steps. Sulfidic sludge (70 - 200 g Cu kg-' dry wt ) is oxidized with 



ferric iron in a 2m3 reactor, followed by filtration. The copper-bearing leaching 
solution was aftenvards cubjected to electrowinning, where copper was recovered 
as pure metal. The residual ferrous iron was oxidized to ferric iron by Thiobacillus 
ferroxidans and the solution was recycled and used as lixiviant in the leaching 
stage. A process flowsheet and the material balance showed the chemical and 
biological feasibility of the leaching circuit. Valuable metals can be recovered and 
the costs of disposing galvanic sludge are drastically reduced, because the 
residues can be deposited on a lower cost level in landfills instead of expensive 
repositories. 

90 1 

I Psertdonionas purida 
Thiobacillus sp. 

Fig. 1. Metal 
rnobilization from 
rnunicipal waste 
incineration fly 
ash in a 2% sus- 
pension by diffe- 
rent rnicroorga- 
nisrns such as 
Bacillus mega - 
tedum, Pseudo- 
monas putida, 
Thiobaciilus sp., 
and Aspergillus 
nber. 

In conclusion, microbial treatment of metal-containing waste rnaterials would 
contribute to environmental protection efforts in different areas: (i) stimulation and 
realization of the "cycling concept" regarding wastes; (ii) protection of resources such as 
land (landfills), energy, and ore deposits; (iii) availability of new resources such ac 
"artifical ores" produced during industrial processes. In addition, bioleaching techniques 
offer also possibilities for the bioremediation of metal containing soils. 
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certain degree. Arsenic extraction was favoured by sulphuric acid producing bacteria 

and up to 80 % As was solubilized from a tannery sampling site. Lead was not 

observed to have been mobilized at all. In some cases the heavy-meta1 

contamination was reduced to such an extent that threshold values were reached 

recommended for almost unrestricted use of the soil. The results of these studies are 

promising for the success of work on developing a biotechnological process for 

detoxifying soils contaminated with heavy metals. 
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Table: Concentrations of contaminants (mgkg) and pH in heavy metal contaminated 

soils. Concentrations exceeding German threshold values (LAGA) are shown 

in bold letters. 

Sampling site 

galvanic plant 

rainwater basin sludge 

scrap yard 

goat's leather tannery 

hand-grenade test site 

hand-grenade test site 

shipyard's siipway 

LAGA threshold 

number 



= pH of 25 rnl of water with 10 g dried sarnple after one hour of agitation. 

lron oxidizing bacteria (M) Sulphur oxidizing bacteria (S) 

Fig.1. Metal extraction (%) by iron and sulphur oxidizing enrichment cultures 

lron oxidizing baderia (M) Suiphur oxidizing bacteria (S) 

Fig.2. Kinetics of bacterial leaching of sample 575 with iron oxidizing enrichment 
cultures in Mackintosh medium (M) and sulphur oxidizing enrichment cultures in 
Starkey medium (S). Leaching efficiencies of lead were less than 0.5 % and are not 
shom. 
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ABSTRACT 

The investigation of metals, including radionuclides, interactions 
with microorganisms has intensified in recent years as biological 
solutions to environmental pollution are Seen as opportunities for 
microbiologists to demonstrate the potential of this technology. This 
eagemess to transfer environmental biotechnology to commercial 
reality is partly due to the successful clean-up of major oil spills, as 
with the Exxon Valdez, using rnicroorganisms.The use of 
microorganisms to treat land, silts, ground water contaminated with 
organic pollutants is now well established. These microbial 
methods can wmpete in many cases on efficiency and economics. 
This however is not the case with the treatment of effluents, 
including land, wntaminated with toxic heavy metals andfor 
radionuclides.There are no known examples of microorganisms 
being used at commercial or even demonstration scale to remediate 
toxic metal wntaminated land. Of the four pilot plant studies 
investigating the potential of bacteria to remove metals from various 
liquid wastes undertaken in the last fifteen years only one has been 
commercialised. Why so few pilot plant studies and the poor 
transfer rate to the market place? 
This paper will address the metals-microorganism interactions from 
the chemist perspective. The chemical behaviour of metals, 
including radionuclides, will be described with particular attention to 



the influence of environmental conditions such as pH and Eh on 
their speciation.The coordination of the various ligands associated 
with both dead and h ing cell systems either at the cell wall or 
intercellular will be compared with their synthetic counterparts with 
particular attention to the thermodynamic and stereochemistry 
considerations. 
In many cases, their is a lack of fundamental chemical knowiedge, 
this is particularly true for the actinides even with simple ligands 
such as sulphide. This paucity of technical inforrnation and its 
impact on the future development of environmental biotechnology 
will be addressed. 



MICROBIAL REDUCTION OF URANIUM AND OTHER METAL CONTAMINANTS BY 

DlSSlMlLATORY Fe(lll)-REDUCING MICROORGANISMS 

D.R. Lovley and J.R. Lloyd 

Department of Microbiology, University of Massachusetts, Amherst, MA 01 003, USA. 

Microorganisms with the ability to conserve energy to support growth via the oxidatioin 

of organic matter or hydrogen coupled to Fe(lll) reduction, are found in phylogenetically 

diverse groups throughout the Badena and the Archaea. In pristine environments 

these organisms, known as dissimilatory Fe(lll)-reducing microorganisms, primarily use 

Fe(l1l) and Mn(lV) as terminal electron acceptors. However, many of these Fe(113) 

reducers also have the ability to reduce a variety of other metals and metalloids and this 

metabolism has potential applications for the remediation of meta1 wntamination. 

For example, most dissimilatory Fe(lll)-reducing microorganisms can reduce 

U(VI) to U(IV). This is significant because U(VI) is soluble, and thus mobile, in most 

subsurface environments whereas U(IV) precipitates in most naturai waters and wastß 

streams. Studies with a variety of Fe(lll) reducers have demonstrated that they can 

rapidly reduce U(VI) and precipitate U(IV) as the insoluble mineral, uraninite. Microbial 

uranium reduction has been shown to effedively precipitate uranium from a number of 

contaminated waters including groundwaters from a Department of Energy site and 

surface waters from a uranium mining site. Furthermore, U(VI) reducers can be used as 

part of a extraction and precipitation strategy to concentrate uranium from contaminated 

soils. 

Dissimilatory Fe(lll) reducers can also reduce Co(lll) complexed with EDTA to 

Co(ll). This can promote immobilization of radioadive cobalt in the subsurface because 

Co(ll) is not strongly complexed by EDTA and tends to adsorb to particulates. These 

organisms can also reduce soluble Tc(VI1) to insoluble Tc(lV) and Tc(V). Reduction af 

Np(V) to Np(lV) has been demonstrated, with the Np(lV) precipitated using inorganic 

phosphate liberated via the phosphatase of Citrobader sp. Plutonium may also be 

reduced. Some Fe(ll1) reducers can reduce soluble toxic Cr(Vl) to the less soluble, less 

toxic Cr(lll), and soluble Hg(l1) can be reduced to votatile Hg0. The soiuble metaSloid 



contaminant Se(V1) can be reduced to insoluble Se0. As(VI) can be reduced to As(lll) 

which, depending upon conditions, can result in solubilization or precipitation of 

arsenic. 

Fe(ll1) reducers might also be helpful in extracting a variety of trace metals from 

contaminated soils. This is because many trace metals are strongly sorbed onto Fe(lll) 

oxides in soils. When Fe(lll)-reducing microorganisms reduce these highly insoluble 

Fe(lll) oxides, the trace metals are no longer tightly bound and may be easier to extract. 

Fe(l1l) reducers must be in direct contact with metals in order to reduce them. 

However, in the presence of humic acids, the requirement for direct contact is alleviated 

because the Fe(lll) reducers can transfer electrons to humics and the microbially 
/ 

reduced humics can then nonenzymatically reduce the metals. Metals that can be 

reduced via this electron shuttling mechanism include not only Fe(lll) and Mn(lV), but 

also contaminants such as Cr(VI), Hg(ll), U(VI), and Tc(VI1). Quinone moieties are the 

primary electron-accepting group that is involved in electron shuttling. Organics other 

than humics Wich also contain quinone groups can also serve as electron shuttles. 

The addition of humics or other extracellular quinones can greatly accelerate the rate of 

metal reduction. It can also pemit the reduction of metals that otherwise would not be 

accessible for microbial reduction when the metals are occluded in Pore spaces too 

small for microorganisms to enter. 

Molecular analysis of field and laboratory studies in which metal reduction in 

aquifers has been stimulated with the addition of electron donors andfor humics or 

humics analogs have demonstrated that bacteria in the genera Geobacter generally 

become the predominant metal-reducing microorganisms. This illustrates that it is 

important to understand the mechanisms of metal reduction in Geobacter species. 

Studies with Geobacter sulfuffeducens demonstrated that this organism contains a 

membrane-bound NADH-dependent Fe(lll) reductase comprised of a NADH 

dehydrogenase, ATPase subunits that might be involved in metal binding, and a c-type 

cytochrome Mich  appears to be the Fe(l1l) reductase. Current research is focused on 

developing molecular analyses M i c h  can quantify the activity of the reductase in 

subsurface environrnents in order to monitor the effectiveness of in situ remediation of 

metal-wntaminated subsurface environments. 
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Numerous studies in recent years have shown that microorganisms can take up 
considerable amounts of heavy metals, or radionuclides and may play an important 
role in the concentration and migration of these elements under natural conditions. 
One of the interaction processes is biosorption. This mechanism can be considered 
as the first step in the microorganism-metal interaction. It encompasses the uptake 
of metals by the whole biomass (living or dead) through physico-chemical 
phenomena such as adsorption, ion exchange or microprecipitation. These processe 
take place on the cell wall surface and they have fast kinetics [I]: the uptake 
equilibrium state is obtained in a few minutes. 
This presentation described some of the factors affecting the biosorption capacity 
and the selectivity of a microbial biomass. 
The first factor of influence on the biosorption capacity is the physiologic state of the 
bacteria. We have observed that Pseudomonas aeruginosa adsorbe more uranium 
when the cells are harvested in the stationary phase of growth. For Mycobacterium 
smegmatis, if the cells are starved for 15 days, the biosorption capacity of gadolinium 
is higer (Table 1). 
Furthermore, the pH of the medium has a significant effect on biosorption, caused by 
his influence on the metal speciation and on the global charge of the cell wall. The 
latter is generally negative at neutral pH. In solutions of high ionic strenght we 
observed a charge reversion of the cell layers. Then it is possible to fix anionic 
species at basic pH. 
The diversity in the nature and in the reactivity of the metallic ions leads to variations 
in the amounts of metal uptake. In the case of the lanthanide ions, it could be 
observed a ceriain selectivity in the capacity of fixation by Pseudomonas aeruginosa 
[SI. 
Another factor influencing the capacity of the microbial cell wall to "catch" the metal 
ions is the nature and the compostion of this layer. The diversity in the walf structures 
leads to variations in the fixation capacity. In the table 1, we present the maximum 
capacity of biosorption of gadolinium (Gd) for different species of microorganisms. 
The binding capacity is greatly affected by the growth medium and by the 
environmental conditions. To illustrate this fact, cells of Alcaligenes eutrophus CH 34 
have been harvested from "rich" and "poor" medium, These two biomasses don't 
have the Same capacity of Gd adsorption (Table I) ,  the rkh medium shows better 
biosorption. The determination of adsorption isothems has lead to the foibwing 
results. The "poor growth cell" presents an adsorption isotherm of the Langmuir type 
(singie layer adsorption) and the "rich growth celj" obeys to the Brunauer-Emmett- 
Teller (BET) model (multi-layer adsorption). 
The presence of soluble exopolymers in the medium could affect the biosorption 
capacity. The fixation of nicke1 by activated sludges is disrupted by the presence of 



soluble biopolymers [6] and the fixation of uranium species on chitosan is inhibited 
by the presence of humic substances [7]. 

Microorganism Cell wall Element Biosorption References 
structure pmo1.g-1 

(dry biomass) 
Mycobacterium smegmatis Acido-alcolo UO~"+ 187 2 

resistant 
~ h ~ '  170 2 
~ a ~ '  24 3 
 EU^' 126 3 
Gd3' 110 This work 
G d3' (a) 190 This work 

Bacillus subtillis Gram + G d3' 350 Thiswork 
Pseudomonas aeruginosa Gram- Gd3' 322 4 

Y b3' 326 5 
Alcaligenes eutrophus CH 34 Gram- ~ d *  1 47 4 

Gd" (b) 40  4 
Saccharomyces cerevisiae Glycan Gd 7 4 
(a) cell who are starve 15 days in stationaty phase. 
(b) cell growth in a poor medium 
Table 1 : Maximum capacity of biosorption in function of some microorganism species 
and meta1 ions (error 1- 10% ).In the case of Gd all experiments were carried out at 
pH 5 and with 4 % wet biomass. 
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The removal of metallic ions ~ a ~ ' ,   EU^' and yb3' from aqueous solution by adsorption on 

Pseudomonas aeruginosa biomass was investigated. The lanthanide biosorption 

equilibrium obeyed the Brunauer-Emmett-Teller isotherm model, indicating multi-layer 

adsorption. Bacterial cells showed high affinities at low concentrations of lanthanide 

cations under our experimental conditions (see [ I ,  21). Maximum adsorption capacities 

were found: 397 p r n ~ l . ~ "  for lanthanum, 290 pmol.g-l for europium and 326 pmo1.g" for 

ytterbium (i 10%). The results indicated that there were about 100 specific sites for 

lanthanum per g of dry biomass. The diversity of potential metal-binding groups was 

revealed by potentiometric titrations of the biomass, giving some information concerning 

the amount of strong and weak acidic functional groups (0.24 f 0.05 mequiv.g-l and 0.86 

f 0.02 meq~iv .~" ,  respectively). Experiments with mixed-cation solutions showed that 

the sequence of preferential biosorption was: E U ~ = Y ~ ~ ' > L ~ ~ + .  The uptake of lanthanide 

by P. aeruginosa cells was not affected by the presence of sodium, potassium, calcium, 

chloride, sulfate and nitrate ions. Aluminium was a strong inhibitor of Ianthanide ions 

biosorption. 87% of the total ~ 1 ~ '  was removed from the 3 mM solution, whereas only 

8% 20% and 3% of the total ~ a ~ + ,   EU^' and yb3+, respectively, were sorbed from 3 mM 

solutions. The results suggested that cells of Pseudomonas aeruginosa may find 

promising applications as inexpensive biosorbent materiats for removal and separation of 
lanthanide ions from aqueous effluents. 
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The deposition of nano-size metal clusters on membranes is of high interest for 
possible chemical and physical application. In the paper it will be shown that 
bacterial surface layer proteins (S-layer) can be used successfully for manufacturing 
of such functionalized membranes. S-layer sheets were isolated from Sporosarcina 
ureae and from Bacillus sphaericus. The lattice constant of the 20 protein crystal 
equals 13.2 nm , and 12.5 nm, respectively. The metal was deposited via liquid 
phase [I]. Pt clusters were formed by reduction of K2PtCI4 complexes, whereas for 
the Pd cluster deposition the S-layer protein solution was treated with a Na2PdC14 
solution. The structure of the activation products has been investigated by TEM. The 
composition of adsorbed metals clusters has been determined by EDX-analysis. The 
deposition of platinum or palladium clusters from the aqueous solution is governed 
by selective adsorption in the Pore channels of the protein surface. The formed metal 
clusters are characterised by a very small size distribution and a closed packed, 
quasi periodic distribution at the S-layer [2]. By means of additional marker 
experiments with polycationic ferritin the dominating mechanism for pattern formation 
has been explained as a competition between charge compensation and site specific 
interaction. 
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Biosorption and Bioreduction of Heavy Metals by Arthrobacter sp. BP 7/26 
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25, A-6020 Innsbruck, Austria 

Arthrobacter sp. BP 7/26 is able to biosorb up to 280 mg of silver per gram dry 

weight. The binding occurs passively within 30 minutes, without the participation of 

metabolism, and is completely reversible if nitric acid is used as the decorbent. The 

involvement of extractable cell wall components, e.g. of proteins, glycoiipids or fatty 

acids, in biosorption of silver was relative low (not more than 20%). However, 

reactive chemical groups in the murein-sacculus of Arthrobacter sp. BP I26 were the 

most important binding sites. With chemical modification of electropositive amine 

groups in the cell wall of this strain the enrichment of silver, copper and nickel 

significantly decreased. The chemical masking of eledronegative carboxyl groups 

caused a drop in biosorption of copper, nickel and palladium of more than 50%. 

Strain BP 7/26 produces high amounts of metabolites during growth, in at least 

240 mg of silver per hour is reduced to metallic A ~ O  form. This immobilisation was 

proved by means of diffraction analysis to represent a biocrystallization of the metal, 

wtiich seems not to be dependent on a silver resistance of the bacterial strain. 

Transmission-electron-microscopy was used to examine morphoiogical details, 

which complemented and extended the chemical analysis, and localised the silver 

also within the cell, wttere a regular distribution and severaf globular aggregates of 

the metal were observed. As binding sites within the cells, storage compounds @.g. 

glycogen), amino acids and deoxyribonucleic-acid may be of relevante. There are. 

indications that ail these cell-components offer nucleation points f0r the 

crystallization of silver as well, 
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ROLE OF BACTERIA FOR DECONTAMINATION OF NUCLEAR FUEL CYCLE 
WASTES 

Lynne E. Macaskiel, Jon R. Lloyd2, Russe11 A.P.Thomas3 and Ping Yongl 

'School of Biological Sciences, The University of Birmingham, Edgbaston, Birmingham 
B1 5 2lT,  UK. 2 Present address: department of Microbiology, University of 

Massachusetts, Amherst, MA 01003, USA. 

The nuclear fuel cycle produces, in addition to the intensely radioactive high-level 
wastes from the nuclear fission process, large volumes of low-level waste comprising 
uranium, fission products and transuranic elements in aqueous solution, dilute nitric acid 
or, in the special case of decontamination solutions, chelating agents. Extractive 
processes and nuclear fuel reprocessing can generate waste tributyl phosphate (TBP) 
containing residual metals [l]. 

For treatment of fission products standard physico-chemical and biotechnological 
processes are applicable. '9Tc (as TcO,) is problematic but this can be remediated via a 
biotransformation described elsewhere in this volume (J.R. Lloyd et al). Bioremediative 
measures not relying on simple biosorption commonly utilize bioprecipitation using 
biogenic (e-g.) sulfide or phosphate ligands. Sulfate-reducing bacteria convert SO," to 
H,S with concomitant removal of metal sulfides, a process particularly applicable to, for 
example, uranium mine waters, where sulfate is present to excess. For other wastes 
where nitrate ion is to excess new strains of denitrifying bacteria may have potential (C. 
Sahut, pers. comm.). 

Biogenic phosphate precipitation (by an atypical Citrobacter sp., Escherichia coli 
containing the appropriate cloned gene phoN or by Acinetobacter sp.) relies on the 
hydrolysis of organic phosphate or polyphosphate species; the inorganic phosphate 
product effluxing from the cell intercepts incoming metal to form cell-bound 
polycrystalline metal phosphate species [2,3]. The trivalent and hexavalent transuranic 
elements (e.g. Am(ll1) and Uy l )  and Pu(V1)) are removed as, sespectively, AnPO, and 
HAn02P0, (An = actinide element). However the ease with which the transuranic 
elements can change valence, and thus acquire a new set of chernical properties, 
presents problems. The tetravalent species (e.g. Th(lV), Pu(tV), Np(IV)) can be 
remediated by such precipitative methods but with iow efficiency; this is attributed to the 
solution chemistry of the actinide ion in a given ionic matrix. The pentavalent N p 0  
species, the most common form in solution (as NpO;) is very mobile in the 



environment, does not form tight metal-ligand complexes and, accordingly, is very 
difficult to remove by established technologies. 

Initial studies using a chemical 'surrogate' system established that pre-deposition of the 
phosphate of an innocuous metal (LaPO,) created a nucleating surface upon which the 
deposition of metal phosphate of the more 'difficult' actinide species was promoted. 
While thorium(lV) phosphate alone gave a solid of poor crystallinity (as determined by 
X-ray diffraction analysis) its deposition onto a pre-formed crystal of LaPO, resulted in 
the formation of a new, hybrid crystal - a process termed Microbially- Enhanced 
Chemisorption of Heavy Metals (MECHM). Using MECHM the removal of both Pu(IV) 
and Np(V) by Citrobacter sp. was promoted under conditions where LaPO, -free 
biomass retained little metal [4]. 

An alternative approach to metal remediation can employ the reductive capability of 
some bacteria, which can use metals as electron acceptors, using electrons derived 
from hydrogen (via the activity of hydrogenase and possibly also cytochrome C,) or via 
organic electron donors and electron transport chains. The organism Shewanella 
putrefaciens reduced N p 0  to lower valence species but was unable to effect the 
removal of reduced Np from solution. Conversely, native biomass of Citrobacter sp. 
removed little N p 0  even though phosphate was produced. By concerted use of the 
two organisms a reduction and simultaneous precipitation technique was developed to 
remove Np from a very dilute solution against a background of NO, comparable to that 
occurring in typical wastes. 

In addition to metal species some wastes contain tributyl phosphate (TBP), an 
organophosphorus compound, which, as a general class, are priority pollutants 
according to EC Directive 761464, Annex I, List I. New strains of Pseudomonas have 
been identified which can harness phosphotriesterase activity to TBP biodegradation; 
the liberated inorganic phosphate has been coupled to the removal of uranium from a 
mixed waste solution using a flow-through immobilized cell reactor [3]. Expression of 
TBP hydrolase activity appears to be plasmid-associated, in a similar way to the well- 
established parathion hydrolase enzyme of other species which have been harnessed 
to the treatment of organophosphorus compound insecticides. 

Nuclear decontamination activites comonly use chelating agents to remove traces of 
residual metal from contaminated plant and equipment. Chelated metal wastes are 
problematic because although a chelating agent may be biodegradable per se it may 
become recalcitrant in the presence of associated metal ions. Citrate and EDTA are 
good examples, and the use of new microorganisms in the degradation of these 
compounds will be described. In the case of EDTA the organisms are new and quite 
unusual, suggesting the future applications of hitherto ill-documented oligotrophic 
bacteria in the degradation of metal chelates previously considered as recalcitrant. 
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CYCLING OF TRANSURANIUM ELEMENTS 

Miranda Keith-Roachl, Nick Bryanl, Richard Bardgett2, Francis Livens', Philip Day', 

Keith Fifield3 
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Introduction. Low level aqueous radioactive effluents have been discharged directly 

into the lrish Sea from the BNFL Sellafield fuel reprocessing plant since 1952. The 

early transuranium elements, Np, Pu and Am, contained in the waste have a high 

affinity for particulate matter and transport of contaminated particles has distributed 

these elements throughout local estuaries. Areas of intertidal salt marsh within the 

estuaries are contaminated with 239.240P~ and 24'Am to a level of 1-2 MBq m-2 of each 

element, and with up to 1 kBq m-* of 237Np. These areas therefore provide ideal sites 

for the investigation of the biogeochemistry of the early transuranium elements. 

Methods. The field site used in this study is a vegetated salt marsh in the Esk 

Estuary, approximately 10 km south of Sellafield. A previous study [ I ]  at this site 

identified an annual cycle in the dissolved plutonium concentrations in porewaters 

and it was suggested that microbially driven redox cycling was responsible. The aim 

of this present study was to investigate this hypothesis further, examining changes 

in the microbial community over time and measuring changes in the solubility of Np 

and Am as well as Pu. Interstitial water samples were collected at monthly intervals 

throughout a 10 month period from January 1996 from in-situ porous cup samplers 

emplaced at 30 cm depth in the sediment. The Eh, pH and temperature of the 

solution samples were measured in the field. On each occasion, 3 replicate 

sediment core samples were also collected. 

The interstitial water sampies were analysed for Fe and Mn (as redox indicators) and 



Na (as a measure of salinity) by conventional instrumental methods (AAS, ICP- 

OES), for 239p240Pu and 241Am by radiochemical separation and a-spectrometry and 

for 237Np by radiochemical separation [2] and accelerator mass spectrometry (AMS). 

The sediment samples were analysed for phospholipid fatty acid (PLFA) biomarkers 

by chemical extraction, chromatographic separation on silica, then mild alkaline 

methanolysis, followed by GC-MS determination of the individual methyl esters [3]. 

Analysis of 6 replicates of a single, homogeneous sediment sample showed that 10 

PLFAs could be determined with acceptable precision. The concentration data for 

these 10 PLFAs were analysed statistically using a multivariate cluster analysis 

procedure [4]. 

Results. The statistical analysis of the PLFA data shows that the year can be divided 

into 5 parts, separated primarily on the basis of total biomass. The structure of the 

microbial community remains reasonably constant throughout the year and is 

generally dominated by aerobic organisms. As might be expected, biomass is lowest 

in mid-winter and increases by a factor of approximately 12 to a late summer 

maximum, before decreasing again with the onset of winter. Most of the increase in 

biomass occurs after April. 

The transuranium element concentrations follow complex patterns. The seasonality 

in the 239.240Pu concentrations which had previously been observed in I994 [I] is 

reproduced in 1996. The 239+240P~ activity remains between 2.5 and 3.5 mBq Iel 

between January and May, then falls steadily to less than I mBq I*' in October 

before increasing again. The 241Am activity concentrations fiuctuate in the early part 

of the year, from 2 mBq I" in January to 0.5 mBq 1'' in March and back to 2 mßq I-' in 

May, before faliing steadily and finally rising at the end of the year, mirroring the 

be haviour of 239.240P~ . 237Np activity concentrations also fluctuate in the eady part of 

the year, between 0.4 mBq I" (January) and I . I  mBq 1-I (March), then decrease 

steadily after March to 0.1 to 0.2 mBq 1-" by May and remain at this level for the 

remainder of the year. 

Discussion. Sinee the site is always oxic (Eh 180-260 mlf, it seems unlikety that 

redox changes are responsible for the changing concientrations of the transuranium 



elements, as previously proposed [I]. This is consistent with the behaviour of Am, 

which will be insensitive to redox change since it only has access to the (111) 

oxidation state. Plutonium is expected to be predominantly in oxidation state (IV) [4] 

while Np will be present as Np(V) species. 

The fall in activity concentrations of both Pu and Am in the latter part of the year 

(April onwards) coincides with the rapid increase in microbial biomass, which could 

be explained by removal of the highly charged Pu(IV) and Am(lll) species through 

passive accumulation on to the microbial biomass. The increasing activity 

concentrations of 239.240Pu and 241Am observed at the end of the year could then arise 

from their release by degrading cells. Np, with its lower charge density, will be much 

less susceptible to passive uptake, although the generally lower 237Np activity 

concentrations during the spring and summer months may reflect some 

accumulation by biomass. 

The behaviour of the transuranium elements in the early part of the year (January to 

March) does not appear to be related to changes in the microbial community. The 

biomass is reiatively low in this period, so binding to microbial material is unlikely to 

be a dominant control. Moreover, there are times when the concentrations of some 

elements rise but at the Same time the concentrations of others fall, so any changes 

in the system affect different elements in different ways. It is possible that these 

changes are microbially driven, but the PLFA technique is not capable of resolving 

such relatively subtle changes within the community. 
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INVESTIGATION OF SUBTERRANEAN BACTERIA IN THE NUCLEAR 
WASTE REPOSITORY 

Lajos G. Gazsb and Gydngyi Farkas 
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P.O.Box 101, Budapest. 1775. Hungary 

Development of science and technology highlighted the irnportance of 

microbially induced corrosion (MIC) in radioactive waste repository. These 

processes should be taken into consideration for the long term safe 

disposal. Based on preliminary assessrnent the use of the Pemian Boda 

Claystone Formation in Mecsek Hill area is being considered for high 

level waste disposal in Hungary. Microbiology programme is t0 

understand how subterranean bacteria will interact with the perfomance 

of a future radioactive waste repository. It concerns several major items 

that may have an influence on the mobility of radionuclides in dirsct and 

indirect ways thereby being irnportant for the safety analysis. They are 

uptake and transport of radionuclide by microorganism, diversity and 

distribution of subterranean bacteria in special repository environments, 

environmental limitations, microbial gas production and consumption and 

microbially induced conosion of waste canister, including acid production 

biosorption or accumufation and radiosensitivity. The above factors will be 

discussed. 
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METAL-BACTERIAL INTERACTIONS IN SULPHATE-REDUCING BACTERIAL 
BlOFlLMS 

Chris White, Geoffrey M. Gadd 
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Bioprecipitation using sulphide produced by sulphate-reducing bacteria (SRB) is an 
efficient means of removing toxic metals and acidity from sulphate-containing 
leachates [I ,2]. A biofilm reactor system would allow greater process intensification 
than suspended systems and a reduction in reactor volume. This research was 
therefore undertaken in order to obtain the necessary basic information on kinetics 
of growth, substrate utilisation and metal precipitation by SRB biofilms for the 
development of such bioreactors. 

The cultures consisted of a mixed SRB culture enriched in our laboratory [ I ]  and a 
pure culture, provisionally identified as a Desulfofomaculum species, isolated from 
the mixed culture. Both pure and mixed cultures were subsequently selected for 
biofilm growth and maintained as biofilms [3]. When mixed SRB biofilms were 
cultured on polystyrene Coupons suspended in a chemostat, the biofilms formed a 
continuous but uneven layer on the support. They attained a steady state, with no 
further net growth, after 7 d. They were further cultured in medium containing no 
added Cd (control), 20 or 200 pM Cd. In the presence of Cd, the biofilm accumulated 
CdS in large amounts so that the biofilm acquired a yellow colour and, after 14 d 
incubation with 200 pM Cd, the only elements detectable in energy-dispersive X-ray 
analysis (EDXA) of the biofilm surface were Cd, S and P. Cd and S were also major 
components of the 20 pM culture. Uptake of Cd by these biofilms was accompanied 
by accumulation of both carbohydrate and protein in significantly larger amounts 
than found in the control (Cd-free) biofilms (Table 1). The accumulation of both 
polysaccharide and protein correlated significantly with metal uptake (R* = 0.60 and 
0.65, p < 0.01 at 53 d.f.). The deposited Cd was shown by back scattered electron 
imaging to be located in the surface of the biofilm. This suggested that the main 
mechanism whereby the SRB biofilms took up Cd from the medium was by formation 
of insoluble CdS which was then entrapped in the extracellular matrix of the biofilm. 

The pure culture biofilms cultured in the Same system formed an uneven Cover with 
areas of no growth and areas with chains of cells growing away from the surface. 
EDXA showed the presence of Cd and S in the pure culture biofilms exposed to both 
20 and 200 pM Cd. However, the pure culture took up considerably less Cd from 
the medium than the mixed culture and also accumulated less carbohydrate and 
protein than the mixed culture in both control and Cd-containing media (Table 1). 
Since the sulphide concentrations produced by both cultures were similar (1 -0-4.5 
mM) and in excess over the total metals in the media (less than 360 PM), the lower 
Cd uptake by the pure culture biofilm compared to the mixed culture biofilm 
appeared to be the result of its lower extracellular polymer content and thus lower 
capacity to entrap solid CdS particles. 

These resutts emphasise both the multi-component nature of the interactions 
between Cd and SRB biofilms and the significant differentes between the 
interactions of pure and mixed cultures. The major practical advantages of mixed 
cultures in environmental biotechnology are also highlighted in that, in addition to 



process robustness, the mixed culture took up more Cd from solution than the 
pure culture. 

Table 1. Cadmium, polysaccharide and protein accumulation by a mixed and pure 
sulphate-reducing biofilm culture exposed to varying cadmium concentrations. 

Culture Variable Control 20pM 200pM LSD 
Cd Cd (P< 

Mixed culture Cd 5.1 2 244.22 780.25 92.08 
(nmol cm-') 

Protein 0.99 1 .03 1.18 0.08 
(mg cm-') 

EPS* 0.64 0.85 1.76 0.35 
(ymol crn-') 

Pure culture Cd 14.85 62.83 222.96 26.25 
(nmol cm") 

Protein 0.1 3 0.1 0 0.16 0.06 
(mg cm-') 

EPS* 0.23 0.1 1 0.17 0.06 
(pmol cm-') 

* EPS carbohydrate in glucose equivalents. 

Each value is the mean of 8 determinations with the least significant difference 
(LSD) being calculated by variance analysis and comprising the residual standard 
error of the whole data-set for the three treatments multiplied by an appropriate "t" 
value for the required significance level at 21 degrees of freedom [4]. 
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BIOACCUMULATION OF LONG-LIVED RADIONUCLIDES BY FRESH-WATER SlLT 

E.V. Firsoval, K.E. Germanl, V.F. ~eretroukhin', T.V. ~h i j n~ak '  

1 Institute of Physical Chemistry, Russian Academy of Sciences 
Leninsky prospect 31, Moscow, Russia 1 1791 5 

The problem of the natural waters contamination by radionuclides appears to be a 
series problem for most of the countries with the developed nuclear industry. Some 
traces of fission products are already discovered in the lrish Sea (UK) [1,2], in the 
ground waters not far from Hanford tanks (USA) [3], in the Rhone-river (France) [4]. 
The negative radioecological situation also arises in Russia in the "Mayak" plants area 
(Techa-river, Karachai Lake) [5], and on the Enisei-river around the mining and 
chemical enterprise [5,6]. For this reason accumulation of radionuclides by bottom 
sediments of different natural reservoirs is being thoroughly investigated nowadays. 
The kinetics analysis of the long-lived '9Tc (Vll), (V), 2 3 9 ~ u  (VI) absorption by the 
samples of the fresh-water silt collected in the lake Beloye Kosino (Moscow region) has 
shown that the half-time values of the initial content removal from the water-phase form 
400 h for Tc, 10 h for Np and less than 1 h for Pu. Reduction, sorption, and hydrolysis 
are believed to be the main mechanisms for Np and Pu accumulation in the biosystem. 
Hydrosulfide produced by sulfate-reducing bacteria, that are the component of the silt, 
is thought to be responsible for the Tc precipitation. Significant differente in Tc 
bioaccumulation by the silts taken in winter and summer periods, especially in the case 
of sterilized samples, also confirms the suggestion, that the main mechanism for Tc 
uptake by fresh-water silt is its reaction by hydrosulfide. 
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Bioremediation of heavy metals and radionuclides by bacteria 
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Bacteria, and other microorganisms, have a significant influence on the environmental 
fate of toxic metals and radionuclides in both aquatic and terrestrial ecosystems with 
several physico-chemical and biological mechanisms effecting changes in mobility and 
speciation, and all subject to effects of environmental factors [I ,23. Physico-chemical 
mechanisms of removal include association with extracellular materials, metabolites 
and cell walls by, e.g. adsorption, ion exchange, and entrapment which are features of 
hing and dead organisms. In Iiving cells, some physico-chemical processes can be 
reversible and directly or indirectiy influenced by metabolism, and by changing 
environmental conditions, e.g. pH, Eh, organic and inorganic nutrients, clay minerals, 
humic materials and salinity. Metabolism-dependent mechanisms of metal 
immobilization include precipitation as sulphides, transport and intracellular 
compartmentation andlor sequestration by proteins and peptides. In addition, certain 
chemical transformations, particularly by reduction, to less soluble forms can result in 
immobilization. Microbial processes involved in metal solubilization from immobile 
sources include autotrophic and heterotrophic leaching, complexation by siderophores 
and other metabolites, and chemical transformations [1,2]. Several microorganism- 
based biotechnologies, e.g. those involving on biosorption or precipitation, are now 
receiving interest as potential treatment methods for metaVradionuclide contamination 
of natural environments and process streams. 

This contribution will detail some of the main mechanisms by which bacteria effect 
changes in metal mobility, and how these may be used in bioremediation, with 
particular reference to microbially-catalyzed reactions which occur in the natural 
sulphur cycle which have been integrated in a microbiological process to remove 
toxic metals from contaminated soils [3]. Here, bioleaching using sulphuric acid 
produced by sulphur-oxidizing bacteria was followed by precipitation of the leachate 
metals as insoluble sulphides by sulphate-reducing bacteria. Metal contaminants 
including Cd, Co, Cr, Cu, Mn, Ni and Zn were efficiently leached from an artificially- 
contaminated soil: Mn, Ni and Zn were the only target elements which were 
significantly leached from soil minerals. Pb ieaching was slow and remained 
incomplete over a period of 180 days. Mineral components such as Fe, Ca and Mg 
were also leached but the eventual reduction in soil mass was only approximately 
10%. An industrially-contaminated soil was also efficiently leached and 
approximately 69% of the main toxic metals present, Cu, Ni and Mn, were removed 
after 175 days. The leachate which resulted from the action of sulphur-oxidizing 
bacteria on contaminated soil was stripped of metals using an anaexobic bioreactor 
containing a mixed culture of sulphate-reducing bacteria which precipitated soluble 
metal species as solid metal sulphides. More than 98% of the metals were removed 
from solution with the exception of Mn, Ni and Pb where 80-90% were removed. Ths 
metal content of the resultant effluent liquor was low enough to meet European 
criteria for discharge into the environment. 
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Mercury compounds are among the most toxic substances on earth. Local pollution 

hot spots can easily be transported to adjacent ecosystems, enter the food chain 

and accumulate by several orders of magnitude in top predators including man. 

Therefore, the prevention of mercury pollution and the remediation of old waste is a 

task of high priority within the European community. To this end, technologies are 

needed Wich specifically remove low levels of highly toxic mercury compounds 

from large volumes of waste water at a reasonable price. The discharge limit for 

industrial waste water is 50 pgll. For drinking water, less than I pg/l is permitted. 

The most important source for mercury contaminated waste water is the chlorine- 

alkali electrolysis process. In particular old plants (built before 1970) produce waste 

water which consists almost exclusively of severai species of mercury and salts. 

Microorganisms during their evolution have developed resistance mechanisms 

against mercury and its compounds. They can, however, not destroy mercury, but 

only transform it from a highly toxic compound to a compound with much lower toxi- 

city. The most widespread microbial resistance mechanism known so far is reduc- 

tion of ionic mercury to metallic mercury, which is a cofactor dependent transforma- 

tion catalysed by the intracellular mercury reductase enzyme. F OF regeneration of 

the cofactor (biologically active hydrogen in the form of NADPH) the microorganisms 

need carbon as a source of energy. The reductase enzyme is coded by the merA 



gene of the mercury resistance operon, the so called mer operon, wtiich is found in 

both Gram negative and Gram positive bacteria and shows a high degree of struc- 

tural and sequence homology. It is often located on transposable elements and can 

occur either on the chromosome or on plasmids. 

We have isolated mercury resistant bacteria from chlorine alkali waste water and 

contaminated sediments, identified them by physiological tests and 16s rDNA se- 

quencing and shown the presence of the merA gene [2, 31. These organisms trans- 

form mercury even at low concentrations completely, quickly (within minutes) and 

without accumulation of side products. They always produce metallic mercury, Wich 

precipitates above its solubility concentration (= 50 pg/l in water). If the bacteria are 

immobilized on solid supports, the precipitated metallic mercury is held back within 

the microbial biofilm, from M i c h  it can be separated and recovered at the end of the 

process after several months [I ,  41. By scanning electron microscopy and EDX ana- 

lysis of bioreactor carrier material it could be shown that mercury is deposited as 

iittle spheres of up to 8 Pm diameter, preferentially close to the reactor inflow. The- 

refore, active microbial mercury reduction using merA' bacteria has the potential for 

cleanup of contaminated waste water. 

We proceeded from pure mercury chloride solutions to chlorine alkali waste water in 

a stepwise fashion, using model waste water with increasing concentrations of po- 

tassium chloride as an intermediate. Thus vve could show that mercury reduction 

activity in suspension and in microbial biofilms is not inhibited up to 20 g NaCIII. We 

also demonstrated effective microbial mercury removal from chlorine alkali waste 

water from several companies. Total mercury concentrations in the waste waters 

tested ranged from 1.5 to 8.0 mgll, effluent concentrations at optimum reactor per- 

formance were appr. 200 pg/l, representing a cleanup efficiency of 87 - 97 %. 

A piiot plant for mercury removal from chlorine atkali electrolysis waste water in half 

technical scale was developed based on biochernical engineering studies on fixed 

bed reactors in volumes up to 1 1. The pilot plant has a bed volume of 1 m3 and will 

be able to treat up to 4 m3 waterlh. lncoming waste is neutralized and supplemented 

with sacrharose before it enters the bioreactor. The reactor is operated at ambient 

temperature under non-sterile conditions. Inexpensive porous ceramic materials, 

e.g. Biopor andfor spotted Iava will be used as carriers. Mercury concentration, pH, 



chlorine gas and temperature are continuously monitored in the inflow and control- 

led to stay within the range acceptable for the microbial biofilm. Measurernent of 

redox potential and pO,will provide information on the activity of the bacteria. Axial 

sarnpling ports will allow off-line measurernent of mercury concentration and specia- 

tion and allow sampling of biofilm material. To fulfil industrial discharge limits, the 

pilot plant is equipped with an activated carbon filter after the bioreactor outflow. A 

laboratory mounted on a four-wheel drive van (Mobile Laboratory of the GBF) and 

equipped with the necessary instrumentation will be used to rnonitor the reactor 

performance on sife. 

To estimate the efficiency and operation period of the 1 m3 demonstration reactor, a 

capacitiy of 40 g mercury per I I of bed volurne can be assumed. On the basis of a 

waste stream concentration of 2 mg/l of mercury ions a total waste volurne of 20.000 

m3 can be treated by the bed. If a waste stream volurne of 3 rn31h is assumed, repre- 

senting a nominal residence time of 20 min, this means the process can be operated 

for more than 200 days. The concentration factor is 20.000, i.e. mercury contained 

in 20.000 m3 will be concentrated to 1 m3. This calculation based on data verified in 

laboratory scale suggests an enormous capacity of the microbial mercury transfor- 

mation process. 
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INTERACTION OF OXYANIONS WlTH MICROBIAL BIOMASS. 
THE CASE OF Cr AND Se 
M. Tsezos 
National Technical University of Athens, 157 80 Athens, Greece 

The interaction of Cr(V1) and Se(lV) with selected rnicrobial biornass has 

been exarnined. Biosorption of Cr (VI) on inactive microbial biomass is 

pH dependent and only at pH values below 2 sorption of Cr042- can be 

considered noticeable. 

It has been also observed that part od Cr(VI) present in the solution is 

reduced to Cr (111) by a redox reaction possibly by oxidation of cell 

cornponents. Biosorption of the reduced Cr(lll) also contributes to the 

rernoval of total Cr frorn the solution. Experiments with metabolically 

active microbial biomass has revealed that reduction of Cr (VI) to Cr (111) 

is facilitated, possibly due to contribution of Cr (VI) as an electron 

acceptor. 

Metabolically rnediated reduction of Se(lV) to elemental Selenium has 

also been observed for bacterial strains tested. The colourless solutions 

of Se(lV) become red after inoculation of the nutrient medium with . 

bacterial culture indicating the forrnation of red arnorphous elernental Se. - 



REDUCTION OF HEXAVALENT CHROMIUM BY MIXED CULTURE 
SULPHATE-REDUCING BACTERIAL BIOFILMS 

Wendy-Louise Smith, Geoffrey M Gadd 

Department of Biological Sciences, University of Dundee, Dundee, DD1 4HN, 
Scotland 

At low concentrations, chromium is an essential trace metal for human and animal 
nutrition. However, Cr and its associated compounds are widely used in industry and 
the extent of wastewater discharge has led to some serious pollution problems [I ,2]. 
Cr has a range of oxidation states each with different solubilities, bioavailability and 
therefore microbial toxicity. In the highest oxidation state, Cr exists as two highly 
soluble and toxic oxyanionic forms: chromate (cro4>) and dichromate ( C ~ ~ O ~ ~ - )  both 
of which are mutagenic, carcinogenic and teratogenic [I]. Furthermore, Cr is an 
analogue of the sulphate anion   SO^^-) having the same charge and a similar 
physical size, and therefore has serious environmental and health implications 
should it compete with sulphate uptake and metabolisrn. However, in the most 
stable, trivalent oxidation state, chromium exists mainly as an insoluble amorphous 
hydroxide, Cr(OH)3 [2]. Reduction of the highly soluble chromate oxyanion to the 
more stable, less toxic insoluble form of Cr(ll1) therefore represents a means for 
remediation of this toxic pollutant and perhaps a mechanism which enables microbial 
survival [3]. 

This work has investigated the reduction of hexavalent chromium using sulphate- 
reducing bacterial biofilms [4,5]. Sulphate-reducing bacteria are obligate anaerobic 
heterotrophs which couple the oxidation of their carbodenergy source to the 
dissimilatory reduction of sulphate 161. The sulphide produced can be used to reduce 
andlor precipitate metals in insoluble forms [7,8]. Biofilms are now recognised as 
being an important mode of growth for sulphate-reducing, as weil as other, bacteria, 
conferring resistance to environmental stress factors such as dehydration and toxic 
substances including metals and biocides [9]. Biofilrns also have the ability to 
influence the chemistry of metal and organic pollutants through various interactions 
which include sorption, reduction and precipitation [10,1 I ] .  

Mixed culture SRB biofilms utilising lactate as the carbon/energy source were used in 
experimental work with the reduction of 500 pM Cr(V1) being investigated over a 48 h 
period. It was found that rapid reduction of chromate occurred within the first 10 h of 
incubation, with a total of 88% being removed from solution by the end of the 
experiment. Mass balance studies indicated that the rnajority of the chromium was 
precipitated, and there was only negligible sorption of Cr onto the biofilm. Monitoring 
of the metabolisrn of the sulphate-reducing bacterial biofilms over this 48 h period 
showed that this concentration of chromate did have inhibitory effects. In the 
absence of chromate, sulphate reduction and sulphide production proceeded 
unhindered, with sulphate reduction and lactate utilisation occurring within the first 10 
h. In the presence of chromate however, very little sulphate was reduced arid low 
levels of sulphide were therefore produced. Rates of tactate utitisation were also 
slower than the controls with less acetate being produced. The cignificance of these 
findings and their potential application to biorernediation will be discussed. 
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GENOMIC ORGANEATION OF AClDOPHlLlC CHEMOLITHOTROPHIC 
BACTERIA. 
R. Amils, E. Gonzalez, D. Moreira, N. Irazabal, J.P. Abad, I. Marin. Centro de 
Biologia Molecular,Universidad Autonoma de Madrid, Cantoblanco, Madrid 
28049, Spain. 

The genomic organization of acidophilic chemolithotrophic bacteria belonging 

to the genus Thiobacillus, Thiomonas and Leptospirillum was studied using 

pulsed field gel electrophoresis techniques (PFGE). The electrophoretic 

analysis of intact DNA prepared from different strains showed that all have a 

circular chromosome, with sizes ranging from 1.5 Mb for Leptospinlum 

ferrooxidans sp. isolated from the Tinto River, to 3.8 Mb for Thiomonas cupnna 

DSM5495, the largest in this study. The number of extrachromosomal elements 

present in these strains varied from none, as observed in several isolates of 

Leptospirillum ferrooxidans, to five in Thiobacillus thicnxidans ATCC 8085. The 

mixotroph Thiomonas cuprina DSM 5495 was found to have a linear 50 Kb 

megaplasmid which was inducible when the bacteria was grown in 

chemolitrophic conditions. Low-frequency restriction fragment analysis of 

different acidophilic chemolithotrophs and related species was carried out by 

PFGE to determine macrorestriction patterns from rare cutters, which can be 

used for taxonomic identification, genome size detemiination and physical map 

generation. A topdown approach produced high resolution maps for the 

circular chromosornes of Thiomonas cuprina DSM 5495 and Thiobacillus 

ferrooxidans ATCC 21 834. The use of homologous and heterologous probes 

were used for the generation of low-resolution genetic maps for tbese 

fastidious microorganisms. 



Molecular physiology of  heavy metal resistance in 
Alcaligen es eu t rophus  CH34 

Dietrich H. Nies, Cornelia Große, Nicola Peitzsch, Martina Goldberg, Tanja Schwuchow, 
Thomas Pribyl, Gregor Grass, Andreas Anton 

Institut für Mikrobiologie, Martin-Luther-Universität Halle-Wittenberg, Kurt-Mothes- 
Str. 3, D-06099 Halle/Saale, Germany 

Alcaligenes eutrophus strain CH34 contains at least seven determinants encoding 
resistances to toxic heavy metals, located either on the bacterial chromosome or on one of 
the two indigenous plasmids pMOL28 (1 80 kilobase pairs (kb)) and pMOL30 (238 kb). 
One of these, the czc-determinant of plasmid pMOL30, mediates inducible resistance to  

C@+, ~ n 2 +  and ~ d 2 +  in A. eutrophus . The products of the genes czc4, czcß, and czcC 
form a membrane-bound protein complex catalyzing an energy-dependent efflux of these 
three metal cations. The mechanism of action of CzcCBA complex [2] is that of a 
proton/cation antiporter. CzcA has been purified t o  homogeneity and reconstituted into 
proteoliposomes; it is the central proton/cation antiporter of the Czc system and is driven 
by the pH gradient. Conserved amino acids were mutated in czc4 and resistance and 
transport mediated by the resulting CzcA derivatives was analysed. Together with a 
topological analysis of CzcA by reporter fusion scanning, this allows a detailed model of CzcA 
working as a twochannel pump. 

The CE determinant is regulated by at least 7 proteins: CzcN, Czcl, CzcD, CzcR, CzcS, CzcE 
and a proposed extracellular function sigma factor. Regulation of the czr: determinant was 
studied on the level of transcription with Northern hybridization, dot blots [ I ] ,  primer 
extension, RT-PCR and semiquantitative RT-PCR in wildtype cells, using a czcC-IacZ- 
czcf3A reporter strain, and several mutants of both strains. Moreover, CzcR was purified 
and its binding site was identified [4]. The data obtained can be explained with a complex 
regulatory Pattern of cobalt-zinccadmium homoeostasis in this bacterium. 

On plasmid pMOL28, two inducible metal resistance determinants are located adjacent to  
each other: the cnr  determinant encodes resistance to   CO^+ and ~ i 2 +  , and physiologically 
is based on metal cation efflux. The ch r  determinant gives resistance to  chromate. The 
mechanism of chromate resistance is reduced accumulation of chromium (Nies and Silver, 
1989), but chromate efflux has not been demonstrated. An interaction between induction of 
the chr  resistance determinant, of the genes upstream or downstream of chr, chromate 
reduction, chromate accumulation and the sulfate concentration of the growth medium was 
demonstrated [3]. 
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HEAVY-METAL INDUCED GENE EXPRESSION IN SOlL BACTERIA 

Silvia Rossbach, Szi Fei Feng, Tom Wilson, Melanie Pearson, and Marsha Kukuk 

Western Michigan University, Department of Biological Sciences, Kalamazoo, Michigan 
49008, USA 

The occurrence of elevated concentrations of heavy metals in the environment 

represents a challenge for soil bacteria. On the one hand, certain rnetal ions, such as 

copper and zinc, play important roles in diverse metabolic processes. On the other 

hand, these metals are toxic to cells Wen present in high concentrations. Moreover, 

other metals, including cadmium, mercury and lead, have no known biological function 

and are poisonous to cells even in low concentrations. 

We used a genetic approach to identify mechanisms soil bacteria employ to cope with 

elevated concentrations of heavy metals. A random mutagenesis was carried out using 

a common soil bacterium, Pseudomonas fluorescens ATCC strain 13525. For the 

mutagenesis, a transposon Tn5 derivative was used, Wich carries a promoterless l a d  

gene as a reporter at one of its end (Tn54320, [I]). The IacZ gene encodes the enzyme 

beta-galactosidase. lf the transposon inserts downstream of a promoter in the correct 

orientation, then a transcriptional fusion is generated and the level of expression 07 the 

targeted promoter can be easily determined by rneasuring the beta-galactosidase 

activity. Convenient methods to detemine the enzyme activity of beta-galactosidase are 

available. 

Five thousand P. fluorescens mutant strains, ail canying the reporter gene transpo*., 

at different locations in the genome were generaied and exposed to elevated 

concentrations of cadmium chloride. The mutant strains w r e  screened for diEerential 

gene expression in the presence of cadmium. Thirteen strains were identified that 

displayed increased gene expression, wtiereas four strains showed decreased gene 

expression in the presence of cadmium. We analyzed Yvttether this response M S  

specific for Cadmium, or a response to metal ions in general. Some of the genes 



identified in our study responded in a similar fashion to elevated concentrations of 

copper and zinc. Thus, these genes may play a role in the general metal homeostasis 

of the cell. Moreover, one of the genes did not only show increased gene expression in 

the presence of metals, but also in the presence of solvents (ethanol). We conclude 

that this gene may play a role in the general stress response of the cell. 

Our hypothesis is that genes mich show increased gene expression in the presence of 

heavy metals are involved in helping the organism to cope with these metals. Thus, 

strains with mutations in these genes should show a reduced fitness Wen grown in the 

presence of metals. In fact, one of the transposon-carrying mutant strains showed a 

reduced growth rate in the presence of cadmium and zinc wtten compared to the growlth 

rate of the wild-type strain. Cloning of the targeted gene and subsequent determination 

of the DNA sequence revealed that in this instance the transposon had inserted in an 

operon that shared high similarity with the czc operon of Ralstonia (Alcaligenes) 

eufropha. In this organism, the czc operon confers a high level of resistance to cobalt, 

zinc, and cadmium by encoding an emcient cation-proton antiporter that frees the cell 

from metal ions [2]. It is interesting to note that in contrast to R. eufropha, the strain 

used in our studies had not been isolated from a metal polluted site, but nevertheless 

seems to contain similar genes to defend itself against toxic metal ions. In summary, our 

approach can aid in the identification of some of the strategies soil bacteria have 

devefoped to cope with eievated concentrations of heavy metals. 

References: 
[ I ]  Simon, R., Quandt, J., and Klipp, W. (1989). New derivatives of transposon Tn5 

suitable for mobilization of replicons, generation of operon fusions and induction 
of genes in Gram-negative bacteria. Gene 80, 161 -1 69. 

I21 Rensing, C., Pribyl, T., and Nies, D. H. (1997) New functions for the three subunits 
of the CzcCBA cation-proton antiporter. J. Bacteriol. 179:6871-6879. 



CATALYSIS PERFORMED BY A BACTERIAL GLUTAMINE SYNTHETASE IN THE 
PRESENCE OF IONS OF S-, P- AND d-ELEMENTS 

Anatolv Chemvshevl, Oksana Fomina2, Elena Kutuzoval, Sergey Moksinl 

'Institute of Biochemistry & Physiology of Plants & Microorganisms RAS, Saratov, 
Russia, 2Corus-Volga Ltd., Saratov, Russia 

Glutamine synthetase (GS) is one of major enzymes of nitrogen metabolism in 

bacteria [I]. This enzyme contains two metal ions in the active site, and like most 

synthetases is activated in viv0 usually by Mg2+ or Mn2+. Since there are contitions 

allowing formation of bihomonuclear or biheteronudear complexes of metals with GS, 

we studied biosynthetic (1) and transferase (2) reactions of this enzyme isolated from 

the soil nitrogen-fixing bacterium Azospinilum brasilense Sp. 245 at two pH levels, one 

(pH 6,2) is optimal for functioning of GS in the presence of Mn2+, another (pH 8,O) is 

optimal Wen Mn2+ is repiaced by Mg2+[2]. 

L(D)-Glu + NH,' + ATP => L(D)-Gln + ADP + P, + H,O (1 
L-Gln + NH,OH + ADP =Aso,>, ASO,"> Y-GGK + AMP + P, + NH,' + H20 (2) 

The physiological ions in the assay mixtures were replaced by almost any s-, p- 
and d-meta1 ions of the periodic table (excluding alcaline metals), as well as by their 

mixtures with manganese and magnesium. The resutts are shown on Fig. I and 2. We 
found that heteronuclear complexes are really formed during interaction of GS Mth 

metal ions and these species could be more or less active than homonuclear analogs. 

The maximal reaction velocity was observed for complexes MgCoGS. dI0-elements (Zn, 
Cd, Hg) in heteronuclear complexes decrease cataly-tic activity of the enzyme as 
cornpared with its activity in the form of homonuclear cornplex. 

it was also shown, that if the metal radius is greater than 1,26-1,35A, then 

interaction of metal ions with the active site of GS is greatly influenced by stefk effects. 

Finally, we assume that topology of the coordination sphere is not changed 

durung the Course of the reaction and transferase reaction seems to use only one meta1 
ion in the active site. 
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Press, N.-Y., 1980. - 295 p. 
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Fig. 1. A - GS activity in the biosynthetic assay at pH 8,O in the presence of 2 MM Memf; B - the 

same, but in the presence of 2 M M  Mg2++2 MM Mem+; C - GS activity in the 

biosynthetic assay at pH 6,2 in the presence of 2 M M  Mem+; D - the same, but in 

the presence of 2 MM Mnzf+2 MM Mem+ 



Fig. 2. GS activity in the transferase assay. A - in the presence of 2 MM Memf; B - in the 

presence of 2 MM Mg2++2 MM Memf; C - in the presence of 2 MM Mn2++ 2 MM 



APPLlCATlON OF MlCROBlAL TECHNETIUM REDUCTION T 0  THE 

TREATMENT OF NUCLEAR WASTE 

J.R. Llovd', D.R. Lovley' and L.E. ~ a c a s k i e ~  

'~e~ar tment  of Microbiology, University of Massachusetts, Amherst, MA 01 003, 

USA. 

2~chool of Biological Sciences, University of Birmingham, Edgbaston, Birmingham 

B15 2rT, UK. 

Technetium (9%~; half-life = 2.1 X 105 years), a fission product of 2 3 5 ~ ,  is a 

problematic component of some wastes from the nuclear fuel cycle. This element 

can exist in multiple oxidation states from +7 to -1 but the most stable state is +7, 

typified by the pertechnetate ion (Tc04-). In this form 9 9 ~ c  shows poor ligand 

complexing capabilities. As a consequence,Tc(Vll) is difficult to remove from 

nuclear waste streams and, if released, it is highly mobile in the environment. For 

these reasons there is considerable interest in the development of novel 

biotechnological approaches to treat Tc(V1I) contaminated waste. 

Microbial reduction of Tc04 has been proposed as a method to treat Tc(VI1)- 

contaminated effluents due to the low solubility of reduced Tc (for example Tc(lV) 

and Tc(V)). Lloyd and Macaskie [ I ]  demonstrated enzymatic reduction of Tc(V1I) by 

resting cells of the iron-reducing bacteria Shewanella pufrefaciens and Geobacfer 

rnefaliifeducens using a novel phosphorimager-based technique. Subsequent studies 

have shown that the ability to reduce Tc(VI1) is not exclusive to iron-reducing 

bacteria, but is catalyzed also by resting ceils of Eschenchia coli 121 and the sulfate- 

reducing bacterium Desulfovibfio desulfuricans [3]. 



Anaerobically (but not aerobically) grown cells of E. coli were able to couple the 

oxidation of formate or-hydrogen to Tc(VI1) reduction [2], with reduced Tc precipitated 

within the cell. Using physiological and genetic approaches, the enzyme responsible 

for Tc(V1I) reduction was identified as hydrogenase 3, a component of the formate 

hydrogenlyase complex [2]. Resting cells of E. coli, immobilized in a membrane 

bioreactor, were used to remove the radionuclide continuously from a challenge 

solution supplemented with formate or hydrogen as electron donors for meta1 

reduction [4]. Formate- and hydrogen-dependent Tc(VI1) reductase activity was also 

detected in resting cell suspensions of the sulfate-reducing bacterium (SRB) 

Desulfovibno desulfuricans. Proton-induced X-ray emission studies, in colrnbination 

with X-ray absorption spectroscopy, confirmed precipitation of a reduced, cell- 

associated oxide of Tc [3]. The periphery of the cell was identified as the site of 

deposition by transmission electron microscopy [5]. Removal of Tc(V1I) was more 

efficient Wen  the SRB was immobilized in the membrane bioreactor, compared to a 

regulatory mutant of E. coli with increased activities of hydrogenase 3 or the parental 

E. coli strain. In addition, treatment of Tc(V1I) against a high background of nitrate 

was possible only with the SRB. 

Although the genetics and physiology underlying bacterial Tc(VI1) reduction are now 

welt understood, the indirect effects of bacterial metabolism on environmental 

mobility of Tc have received comparatively Iittle attention. Reduced products formed 

during anaerobic respiration on fe(itl), sulphate or humic acids mn act as 'eiectron 

shuttles' which reduce Tc(VII), potentialty promoting sorption of ttie radionuclide onto 

soils. Recent work on the indirect effects of anaerobic processes on Tc speciation 

and mobility will be presented, in addition to an overview of the genetics, physiology 

and biotechnological application of enzymatic TcfVII) reduction. 



References 

Lloyd, J.R. and Macaskie, L.E. 1996 A novel phosphorlmager based 
technique for monitoring the microbial reduction of technetium. Appl. Environ. 
Microbiol. 62: 578-582. 

Lloyd, J.R., Cole, J.A. and Macaskie, L.€. 1997a. Reduction and removal of 
heptavalent technetium from solution by Escherichia coli. J. Bacteriol. 179: 
20 1 4-202 1 . 

Lloyd, J.R., Nolting, H.-F., Sole, V.A., Bosecker, K. and Macaskie, L.E. 1998. 
Technetium reduction and precipitation by sulphate-reducing bacteria. 
Geomicrobiol. J. 15: 43-56. 

Lloyd, J.R., Harding, C.L. and Macaskie, L.E. 1997b. Tc(VII) reduction and 
accumulation by immobilized cells of Escherichia coli. Biotechnol. Bioeng. 55: 
505-51 0. 

Lloyd, J.R., Ridley, J., Khizniak, T., Lyalikova, N.N. and Macaskie, L.E. 1999 
Reduction of technetium by Desulfovibrio desulfuricans: biocatalyst 
characterization and use in a flow-through bioreactor (in submission) 



POSTER SESSION 

ABSTRACTS 



ROLE OF THE IONS OF f-ELEMENTS IN BIOLOGICAL SYSTEMS. 
ELECTROCHEMICAL AND COLORIMETRIC STUDY ON INTERACTION OF 

A BACTERIAL GLUTAMINE SYNTHETASE AND BOVINE SERUM ALBUMINE WlTH 
LANTHANOIDES AND URANYL (VI) IONS 

Anatoly Chernyshevl, Oksana Fomina2, Elena Kutuzoval, Sergey Moksinl, 
Nina Konoplyantseva3 

'Institute of Biochemistry & Physiollogy of Plants & Microorganisms RAS, Saratov, 
Russia, 2Corus-Volga Ltd., Saratov, Russia, 
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It is known that many of the lanthanoides and some actinoides have bigger 

abundante in the Earth's cnist than such biologically important elements as iodine and 

selenium. Besides, these elements are capable of efficient catalyzing of hydrolysis of 

different organic oligophosphates. In spite of these facts, there were no biochemical 

processes observed that explicitly require f-elements. In this connection we undertook a 

study of catalytic behaviour of glutamine synthetase of the soil nitrogen-fixing bacterium 

Azospirillum brasilense Sp. 245 in the presence of ions of lanthanoides and uranyl (VI) 

ion. Also, the intrinsic ATP-hydrolytic activity of these ions and their cornplexes with 

bovine Serum albumine (BSA) had been investigated (Fig. 1). 

Based on the results obtained we could split the lanthanoid series into five regions 

where mixed complexes of Ln with protein molecules and low-molecular compounds 

remain isostrucrural and/or isostoichiornetric. These regions are La - Pr, Nd - Eu, 

Gd - Tb, Dy - Ho and Er - Lu. Apart from common considerations of coordination 

chemistry, one of the changes in the series (Dy) is assumed to be due to deueasing the 

ionic radius of the element down to 0,88A and changing the state of ATP from tridentate 

to bidentate [I]. It seems also that crystallographic behaviour of Ln in their complexes 

with proteins along the series is similar to that of their ordinary inorganic compounds 

[2,3] and cornplexes with macrocycles [4]. 

1. Dunaway-Mariano D., Cleland W. W- Investigations of substrate specificity and reaction 
rnechanisrn of several kinases using chromium(ll1) adenosine S-triphosphate and 
chrorniurn(lll) adenosine S-diphosphate /I Biochemistry. 1980.- V. 19.- P. 1506-1515. 

2. Bandurkin G. A., Djurinsky B. F. Integral ctystallochemical properties of compounds of rare 
earth elements. In: Physical methods in studying of inorganic rnaterials (Ed. by TaflanaeV 
I. V.), Moscow, Nauka, 1981 (in Russian) 

3. Bandurkin G. A., Djurinsky B. F. lcosahedron and icosahedron without one vertex as 
coordination polyhedrons in compounds of rare earth elernents /I J. of Inorganic Chemistry 
(Russian).- 1995.- V. 40.- P. 1452-1 462. 

4. Aiexander V. Design and synthesis of macrocyclic Iigands and their complexes of lanthanides 
and actinides 11 Chem. Rev, 1995,- V. 95.- P. 273-342. 



Fig. 1. Relations between hydrolysis constants and Ln:ATP ratio in the presence and absence 

of BSA. 



SOLUBILIZATION OF ZlNC PHOSPHATE BY A STRAIN OF PSEUDOMONAS 
FLUORESCENS ISOLATED FROM A FOREST SOlL 

C. Damiano di siminel, Jacqueline A. ~ave* ,  Geoffrey M. ~ a d d '  

1 Dipartimento di Scienze e Tecnologie Alimentari e Microbiologiche, Universita' degli 
Studi, Milan, ltaly 

2 Department of Biological Sciences, University of Dundee, Dundee DD1 4HN, 
Scotland 

Zinc is a micronutrient required by living organisms, but in many instances, it can 
exhibit toxic effects at relatively low concentrations, and increased circulation of zinc 
in the biosphere due to anthropogenic emissions may represent a source of toxic 
Stress. Microorganisms play an important role in the biogeochemical cycling of this 
element through both bioprecipitation and leaching. Bioprecipitation can result from 
the action of sulphate-reducing bacteria or as a consequence of specific meta1 
resistance mechanisms [I ,2]. Leaching or mobilization can result from the release of 
chelating agents or from a locally increased proton activity [2,3]. In this work, a strain 
of Pseudomonas fluorescens, able to solubilize zinc phosphate, was isolated from a 
forest soil. When glucose was provided as the carbon source, colonies of the 
microorganism produced clear zones on solid medium incorporating zinc phosphate. 
Both an increase in the H' concentration of the medium, probably a consequence of 
ammonia assimilation, and the production of gluconic acid were responsible for the 
solubilization of zinc phosphate (Fig.l), and high concentrations of gluconic acid were 
produced when P. fluorescens 3a was cultured in liquid medium in the presence of 
zinc phosphate. 
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Fig. 1. Soluble zn2+ concentrations in cultures of P. fluorescens 3a supplemented with 
5 mM zinc phosphate. 

Whilst no evidence of zinc chelation was obtained in our experiments, under some 
conditions gluconic acid is reported to solubilize metals by the formation of chelates. It 
was observed that the increased zn2' concentration caused by the solubilization 
process resulted in the manifestation of toxic effects on the culture. The lack of 
gluconic acid overproduction in cultures of P. fluorescens 3a which were not amended 
with zinc phosphate suggests that at least some of the glucose axidation required for 



the zinc phosphate solubilization occurred as a result of the toxic stress caused by 
the high zn2' concentration [4]. 
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HEAVY METAL BlOREMEDlATlON USING AClDOPHlLlC FUNGI 

C. Duran, I.Marin and R. Amils. 

Centro de Biologia Molecular. Universidad Autonorna de Madrid, Cantoblanco 
28049 Madrid, Spain. 

lsolated fungi from the Tinto River (pH 2-2.5 and high concentration of 
heavy metals) were exposed to different metal cations such as Ag, Hg, Cu, Zn, 
As, Cr, Ni and Cd. The fungal strains were grown in the presence of the 
different heavy metal solutions with concentrations ranging from 0.1 mM to 400 
mM. Many acidophilic fungi exhibited a rather complex pedigree of metal 
resitance, which is probably related to the extreme conditions in which develop. 
Several of the strains resistant to specific cations showed the property of 
sequestering the metal from the growth media, reducing in some cases 90% of 
the total cation present in the solution. Table 1 shows the rnetal sequestering 
capabilities of some of the acidophilic fungi isolated from the Tinto River. The 
removal specifity observed for some strains could be the base of future 
applications in bioremediation and alternative metal purification technologies for 
metallurgy. We are currently studying the sequestering process during the 
exposure of some of the resistant strains to industrial metal solutions (mixture 
of metals) to evaluate their real biotechnological potential. 

Fungal strain 

Aspergillus sp. P38 
Penicillium sp. Y25 
Trichoderma sp. 0 8  
Scytalidium sp. P65 
Penicillium sp. P22 

Metal concentration % sequestered meta! 

Table I : Metai resistance and percentage of rernoval using different fungal 
isolates. 
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THE BIOLOGICAL REMOVAL OF Zn AND Ni FROM A WASTE WATER 

SUPPLEMENTED WITH INDUSTRIAL CARBON SOURCES. 

Christian Ebner, Thomas Pümpel, Barbara Pemfuß, Angelo Zanella, Franz Schinner 

1 Institute of Microbiology, University of Innsbruck, A-6020 Innsbruck, Austria 

For the development of a biological system for the rernoval of heavy metals a suitable 

supplementation with nutrients (type and cancentration) is crucial from an economical and 

technical point of view. 

In the present work a rinsing water from galvanic industry containing Zn (9.5 mgL) and Ni 

(9.0 rng/L) was supplemented with Wo kinds of carbon sources, i) synthetic C-sources: 

acetate and lactate, ii) complex mixtures of economic, industrial C-sources: AQUAGUARD 

(BP Chemicals Ltd., UK), Acetol20 (Poll GmbH, Germany). The concentrations of the carbon 

sources were varied from 1 to 1000 mg carbon per litre. 

For the inoculation a mixture of four biosorbing and/or bioprecipitating baderia was used. 

The effect on growth (optical density) and on meta1 removal (residual metal concentration) 

was investigated. Up to a concentration of 1 g carbon per litre no growth limitation was found 

due to other nutrients already present in the waste water. In contrast to lactate and 

AQUAGUARD, acetate and Acetol20 showed an inhibitory effect at a concentration of I g 

carbon per litre. 

An increase of the pH value was observed in the presence of each carbon source. 

The amount of the metal removal was related to the concentration of the supplemented 

carbon. With all carbon sources besides Acetol20 a metal rernoval of 90% to 95% was 

achieved in a concentration range of 60-250 rng carbon per litre. An overdosing of acetate 

and lactate (more then 250 mg carbon per litre) led to a decreased Ni-removal. 

This study confirms the importance of an appropnate selection of the type and the 

concentration of the car&on source for an optimal process of heavy rnetal removal. 
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Bacteriogenic iron oxides (BIOS) and groundwater sarnples were collected at depths 

ranging from 66 to 432 m underground at the Äspö Hard Rock Laboratory near 

Oskarshamn, Sweden. The twisted iron oxide-encrusted stalks of the lithoautotrophic 

ferrous iron oxidizing bacterium Gallionella ferruginea were prominent in the BIOS 

samples. 

A wide variety of heterotrophic bacteria, including stalked forms resembling Caulobacter 

or Hyphomicrobium species, were also present. 

Energy dispersive X-ray spectroscopy, selected area electron diffraction, and X-ray 

diffraction analyses confirmed that the BlOS samples only contained poorly ordered 

(amorphous) hydrous ferric oxide. lnductively coupled plasma emission spectroscopy 

revealed iron oxide contents that varied from 60 to 90 % on a dry weight basis. Metal 

concentrations in filtered groundwater ranged from about 10 mM for Na to 10-4 mM and 

lower for Co, Cu, Cr, and Zn. 

Intermediate concentrations were recorded for Fe and Mn (ca. 10-2 mM). Solid phase 

metal concentrations in the BlOS spanned the 10-2 to 10-5 mmolelkg range. Metal 

distribution coefficients (Kd values), calculated as the ratio between BlbS and dissofved 

metal concentrations, revealed solid phase enrichments that, depending on the metai, 

extended over 4 orders of magnitude. At the Same time, however, a distinct decreasing 

trend in Kd vaiues with increasing iron oxide content was evident for each metal, implying 

that metal uptake was strongly influenced by the reiaüve proportion of bacterial organic 

matter in the mmposite solids. Based on the metaf accurnulation properlies of the 13105, 

an important role can be inferred for intermixed iron oxides and bacterjal osganic matter in 

the transport and fate of dissolved metals in groundwater systerns. 



EFFECT OF TOXlC CU CONCENTRATION ON THE GROWTH, SYMBlOTlC N2- 
FIXATION AND ION EXCHANGE ACTlVlTlES OF WILD STRAIN AND PLASMID- 
CURED DERIVATIVES OF Rhizobium sp. EFFECTIVELY NODULATING BLACK 

LOCUST IRobinia pseudoacacia L./ 

Georgy ~eorq iev l  , Galina ~adeva*, Blagoy ~tanasov3 

I ~ c a d . ~ . ~ o p o v  lnstitute of Plant Physiology, lnstitute of Molecular Biology, 
3 Steffan Angeloff lnstitute of Microbiology, Bulgarian Academy of Sciences, 1 1 13 

Sofia, Bulgaria 

lntroduction The plasmid DNA found in the fast- growing rhizobial strains are 
responsible for determination of some physiological activities of cells like symbiotic 
N2 fixation, stress tolerance reaction to different environmental disorders, cell 
membrane permeability determinants[6,8]. N2 fixing properties of the Rhizobium- 
legume symbiotic relationships are very sensitive to the changes in the abiotic 
environment, but little information is available about the involvement of rhizobial 
plasmids in determination of the stress tolerance reaction of both, free-living and 
nodulating organisms[l,2]. 

The aim of this work was to study the plasmid profile of the indigenous isolate 
Rhizobium sp. DC-2, effectively nodulating Robinia pseudoacacia L. plants and to 
elucidate the role of these plasmids in the determination of the growth, ion 
exchange and symbiotic N2 fixation of wild and plasmid-cured strains of Rhizobium 
sp DC-2 grown in the present of toxic Cu concentrations in the medium. 
Material and methods Plant saplings of Robinia pseudoacacia L. clone Svishtov 
were grown from the root cuttings in the pots containing 15 kg of mixture /luvisol - 
sand - perlite = 1:1:1/ in the green house conditions [3]. The saplings were 
inoculated with bacterial suspension of Rhizobium sp DC-2 containing 108 cells per 
ml. The pots were supplied with the 200 ppm Cu during the stage of emergence. The 
plasmid contents of the wild type and cured derivatives of Rhizobium sp. isolate DC- 
2 were determined by a modified Erckhart method [5]. The plasmid curing and 
isolation of derivatives was performed by the method of Zurkowski and Lorkiewicz 
(1978). Mineral contents of plasmid-cured and wild strain of Cu stressed 48 h YEM 
broth culture of Rhizobium sp. DC-2 and the nodules of 90 days old plants were 
analysed by the atomic absorption spectrometry method [3]. The rate of acetylene 
reduction /ARA/ and ureide content of nodules were determined [3]. 
Results and Discussion. The wild strain Rhizobium sp DC-2 contained very large 
plasmid ( > 1700 kb), as weil two additional plasmids in size about 450 and 160 kb, 
respectively as shown in Figl (Fig.1, lanes 2,3 and 4). The derivatives of the 



Rhizobium sp. DC-2 have shown a loss of all plasmids after curing (Fig.1, Ianes 4,5 
and 6), and they had Nod- phenotype in greenhouse experiments. 

Fig 1. Plasmid profiles of wild strain and cured derivatives of Rhizobium sp.DC-2 : 
Lanes 1 and 8- Agrobacferium fumifaciens C58; lanes 2, 3 and 7 - wild strain; lanes 
4,5 and 6 - plasmid cured isolates: PLRI, PLR 2 and PLR3; lanes 9, 10 and I I 
Rhizobium galegae strains HAMBl 1 141, HAMBl 1 146 and NBIMCC 2250(BG7). 

Table 1. Growth and mineral nutrient contents of wild strain and cured derivatives of 
Rh. sp DC-2 under Cu stress 

Treat Cells Dwt Cu, 
ment @I pglg Dwt 

* -pmol Cu, - I - wild strain, 2 - I iean value of the isolated C red derivatives 

Correspondingly, the rhizobial derivatives have found to accumulate more Cu, Ca 
and Mg but less K when grown on the toxic Cu concentrations. The increased 
content of bounding Cu was found to the excreted in the medium extt"acellufar 
polysaccharides by rhizobial cells under the stress treatrnents. These changes were 
corresponded to the alterations in the soluble protein pattems of the plasmid-cured 
derivatives. At the Same time, the 200 ppm Cu treatment had not changed the 
nodulation rate of black locust plants inoculated with the wild strain, although the 
ARA rate and ureide content of nodules were decreased (Table 21, 



Table 2. Nodulation and N2fixation of 200 ppm Cu stressed Robinia nodules 

Treat- Nodules ARA Ureides Nutrient contents of : 
ments mgDW pmollg nmollg Cu Mg Ca N 

nodule Fwüh Fwt V& mglg mg/g mg/g 
Dry weight 

Control 13.8 1.95 730 4.58 5.4 9.2 42.4 
200ppm 15.3 1.45 572 6.00 5.9 9.9 62.8 
Cu 

These alterations were accompanied by the increased accumulation of Ca, Mg and 
N in the stressed nodules. Comparing the data of Cu stressed free-living bacteria 
and Robinia nodules, the involvement of the rhizobial plasmid DNA in the 
determination of the physiological Cu stress tolerante of free-living and nodulating 
Rhizobium sp. DC-2 strain is discussed. 
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BlOREMEDlATlON OF WATERS CONTAMINATED WlTH HEAVY 

METALS BY A PASSIVE SYSTEM 
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Mine drainage waters contarninated with toxic heavy metals (copper, zinc, 

cadmium ) and sulphates were treated by a passive systern consistng of an anoxic 

alkalinity-producing and sulphate-reducing cell. 

The cell was a plastic wlumn filled with a rnixture of solid biodegradable substrates 

(spent mushroom compost, sawdust, cow rnanure) and was polluted by a 

community of different metabolically interdependent microorganisms.The sulphate- 

reducing bacteria were the prevalent rnicroorganisrns in this comrnunity. The 

contaminated waters were treated under both bat& and continuous-flow 

conditions. The rernoval of rnetafs in the cell was very efficient and their 

concentrations in the cell effluents were lower than the relevant pemissible levels 

for waters intended for use in the agriculture and/or industry. 

The rnicrobial dissimilatory sulphate reduction and the sorption of contamjnants on 

the organic matter in the cell were the main processes conneded with this removal. 

However, some other processes such as biosorption, bioaccurnulation and 

bioagglorneration of the rnetals by the microbial biomass were also involved in the 

water clean-up. 



MlCROBlAL COMMUNlTlES IN AN URANIUM ORE DEPOSIT SUBJECTED T 0  IN 
SlTU LEACHING 

Veneta ~roudeva' , Stoyan ~roude?, Tzvetelina ~zvetkova' , lrena Tzvetkova ' 

1 Department of Microbiology, Faculty of Biology, University of Sofia, 
8 Dragan Tsankov Boul., Sofia 1421, Bulgaria 

2 Department of Engineering Geoecology, University of Mining and Geology, 

Studentski grad - Durvenitza, Sofia 1 100, Bulgaria 

The microflora of an uranium ore deposit subjected to in situ leaching was studded 
to establish the rote played by the different microorganisms in the solubilization of 
uranium. Mixed populations of the acidophilic chemolithotrophic bacteria 
Thiobacilius femxidans and Leptospitiilum femxidans were used in bioreactors 
with enhanced aeration to oxidize the ferrous ions to ferric state in diluted sulphuric 
acid solutions (with a pH of about 1.7 ) 
The acidified ferric sulphate leach solutions obtained in this way were injected 
underground through a large number of boreholes to reach the ore body and to 
oxidize the tetravalent uranium to the hexavalent state. This oxidation was 
connected with the reduction of femc ions to the bivalent state. The pregnant 
solutions containing dissolved uranium and ferrous ions reached the ground 
surface through productive boreholes and were treated to remove the uranium by 
ion exchange and to regenerate the ferric ions in the above-mentioned reactors. It 
was found that a microbial community consisting of the above-mentioned iron- 
oxidizing chemolithotrophs was establish in the aerobic zones located around the 
bottom ends of the injection boreholes. These chemolithotrophs were characterized 
by a well expressed ability to oxidize the U* directly and to use this reaction as a 
source of energy, inctuding in the process of CO2 assimilation, These bacteria were 
also able to oxidize the U& under anaerobic conditions, using the ~ e -  ions as 
electron acceptors. The anaerobic oxidation was not connected with an 
assimilation of C02. 
The chernolithotrophs in the deposit were further characterized by their ability to 
grow in the presence of high uranium concentrations and a very low pH values 
(lower than 1.0 ) and by their very high iron-oxidizing activity. 



REMOVAL OF HEAW METALS FROM URANIUM MINE DRAINAGE USING 
SULFATE-REDUCING BACTERIA 

Barbara C. Hard and Wolfgang Babel, UFZ-Umwlfforsctiungszentnim Leipzig-Halle 
GmbH, Permoserstr. 1 5, D-0431 8 Leipzig 

The presence of high wncentrations of sulfate and metals in mining water, including 
radionuclides is one of the major problerns connected to the closure of uranium mines. 
Large volumes of acidic water from the mines and durnps collect in lakes. The water 
cannot be disposed off until it has been treated in some way as it poses a direct threat to 
drinking water and agriculture. Treatment of this water using conventional methods is very 
expensive, therefore it is desirable to find an alternative method wbich is very effective 
and low in costs. 
Decontamination of this water requires a number of steps: sulfates have to be removed, 
(heavy) metals and radionuclides have to be elirninated and collected and the water has 
to be neutralized. 

A microbiological approach in Wich sulfate-reducing bacteria are used is a feasible 
solution: reduction of sulfate results in the precipitation of metal sulfides and 
neutralization of the water. Metals such as aluminium Wich don't precipitate as sulfides 
but stay in solution can be removed by biosorption. Uranium can be reduced from the 
soluble form to the insoluble form thus eliminating it from the water. Costs for this process 
result largely from the need for a carbon and energy source for the bacterial metabolism. 
It is therefore important to use a cheap electron donor Wich serves at the same time as a 
carbon source: methanol and wbey are such substrates. They are both inexpensive and 
widely available. 
A number of sulfate-reducing strains have been isolated Wich are suitabfe fisr this 
bioremediation process as they fulfill one or more of the following selection crjteria: they 
are metaltolerant, acidotolerant, reduce uranium and can be wsed in biosorption 
processes and they utilize methanol and whey as sole sources of carbon and energy. 
Data from lab scale experiments and preliminary pilot scale tests are being presented. 
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Many countries have proposed concepts for deep subsurface disposal of 
nuclear fuel waste. These concepts are subject to rigorous safety 
assessment. Since laboratory experiments can only be conducted over 
relatively short time scales, studies of natural analogues that have existed 
over geological time scales can help in modelling and safety assessment. 
Two natural analogues consisting of uranium deposits have been investigated 
for their microbial populations. The Oklo region of Gabon, Africa, is the site of 
several uranium deposits which acted as natural nuclear reactors about 2 
billion years ago. The uranium and associated fission products, as a natural 
analogue for nuclear fuel waste, have remained in place since that time, even 
though many of the reactors are now close to the surface and oxygenated 
groundwater recharges rapidly through the sites. Samples were collected 
from the Bangombe site and analysed for redox controlling microorganisms, 
sulfate reducing bacteria (SRB), iron reducing bacteria (IRB) and aerobic 
heterotrophs. It was shown that IRB and aerobic heterotrophs predominate in 
keeping the reactor Zone reduced. A second uranium deposit was studied in 
Palmottu, Finland, this time in hard rock, mainly gneiss. Palmottu is a closer 
analogue to Swedish, Finnish and Canadian nuclear waste disposal concepts 
that propose disposal in hard shield rock. Both oxidized and reduced 
groundwater samples from Palmottu were investigated for SRB and IRB, 
while reduced waters were investigated for a wider range of anaerobes, 
including acetogens and methanogens. The natural populations of these sites 
show a broad diversity of redox controlling microorganisms. Many IRB and 
SRB are also capable of reducing uranium, with U(VI) as the sole electron 
acceptor or in combination with another electron acceptor. The IRB and SRB 
in the Bangombe and Palmottu sites may also contribute to uranium 
reduction. 
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The microbial cells of sorne strains rnetabolize toxic compounds with help 

special enzyme systerns of the prelirninary rnetabolisrn. These processes 

conduce to the redistribution of the charges in the microbial cells and may be 

register by few biophysical rnethods such as cell electrophoresis, impedance 

and electro-optical (EO) methods. We used in our work E 0  method. E0 

analysis is based on the recording of changes in optical characteristics of cell 

suspensions under the orienting effect of an electric field. 

Previously, we investigated the E 0  properties and specific respiratory ac- 

tivity of cells of Brevibacfefium sp. strain 13PA, which possess an inducible 

enzyrne, amidase, and are able to utilise acrylamide as the sole carbon 

source. We demonstrated the selectivity of changes in the cell E 0  properties 

during acrylamide metabolisrn and found that the most dramatic changes took 

place at the first five frequencies of an orienting field (I 0-1 000 kHz) [ I  ,2]. We 

speculated that similar alteration in the E 0  properties of micro-organisms 

could also be typical for other strains possessing enzyme systems for prelimi- 

nary metabolism of toxic compounds. To test this hypothesis, we used celk of 

Acinefobacfer caicoaceticom strain A-122 possessing an inducible enzyme 

system for prelimhary metabolism of p-nitrophenol. After optimisation of 

growth conditions, we found that p-nitrophenol (O,?mM to 1,O mM) preincuba- 

tion of A. caicoaceticorn A-3 22 cells resulted in alteration in the E0 properties 

of a microbial suspension at frequencies ranging from 10 to 502 kHs with the 

p-nitrophenol concentration dependence of the EU effecf being near-finear 

over the range 0,i mM to 0,8 mM 131. Also studied was the respiration activity 



of the A-122 cells towards various pnitrophenol concentration. The concen- 

tration dependence of the specific respiration activity was also linear over the 

range O,l1 rnM to 1,O mM. The data generated from these studies indicate 

that the change in the E0 properties observed in A. calcoaceticum A-I 22 cells 

is associated with the activity of the enzyme system for the preliminary me- 

tabolism of p-nitrophenol. In sum, the present finding confirm the relationship 

between the changes in the cell E 0  properties and the enzymatic processes 

occurring in microbial cells. 

We investigated influence of the some metals (copper, zinc, nickel, and co- 

balt) on the degradation activity of the microbial cells. Since degradation ac- 

tivity of the cells depends from the activity of the enzyme systems we esti- 

mated the degradation activity with help E 0  analysis of the microbial suspen- 

sion and specific respiratory activity of the cells. Accordingly E 0  analysis may 

be the additional tool for estimation of the degradation activity of the microbial 

cells at the action of the metals. 
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The most attenüon in this study was paid to 7Wobacillus fwooxidans. It is 
known that this bacterium has  different ability for recovering of energy. Brock and 
Gustavson [I] had found that Tfemwxidans capable to grow anaerobically on suifur 
reducing trivalent iron. 

The aim of this study was to investigate the ability of T.ferro0xidan.s and 
T.~~ooxidms to u s e  heptavalent technetium as eledron acceptor. 

W e  dealt with technetium-99 (haff-life is 2.1 2*lo5 y, specific activity - 1.7 mCi/ 
mmol). Radioadivity of soluüons were determined by scintillation counter a f h r  removal 
of cells by centrifugation. T h e  experiments were carried out  in 9K media pl containing 
5 g L  ferrous iron and 50 mg T& under aerobic and  anaerobic conditions. 
T.ferrooxidans can grow till concentration of technetium 1 00 mg/L, 7Yenooxidms 
proved much more resistant to technetium than purple nonsulfur bacteria, which a r e  
sensitive to 1 mg Tc/ L, but less resistant than green algae, which can grow a t  600 mg 
Tc L. [3] After 5-7 days of cultivation the radioactivity of solution was decreased 
average by 35%. During bacterial developing in this media colloidal pariicles were 
formed. The colloid was freezed out  in freezing camera. It contained technetium and 
iron. Speciation of Tc was canied out by paper chromatography an$ scintillation 
counting. Computer-assisted processing of chromatogram showed that only 1 1 % of the 
technetium was  heptavalent here, 61 -6% was transformed into a psntavalent state, and 
27.5% was transformed into tetravalent stak. The ratio of valent form was  not c o n s k n t  
When Xferrooxidans was grown anaerobically on molecular suifur and pertechnetate 
60% decrease of radioactivity was observed and only heptavalent and tetravalent 
technetium were found here. After growth of T.fen0oxiXidans on  pyrite ore and 
pertechnetate radioactivlty of solution was decreased by 40%. 

T.thioox12ians also can grow anaerobically using sutfur and pertechnebte, Ferric 
iron was added before the end of experiment for preciphtion of reduced technetiurn. 
The radioadivity of solution was decreased by 70% in average. 

Therefore T_femooxidans can  oxidize ferrous safb anaerobically using 
pertechnetate as electron acceptor. Pertechnetate can send as electron acceptor for 
Ifhiooxidans too. Practical application of the r e s u h  obtained for äie rernoval of 
heptavalent technetium from radioactive solutions is suggested. 
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In natural bioleaching systems the autochtonic population of microorganisms is 
involved in the solubilization of metals from solid minerals by direct andlor indirect 
metabolic activities. The widest spread mesophilic group of bioleaching 
microorganisms are the chemolithotrophic bacteria Thiobacillus ferrooxidans, 
Thiobacillus fhiooxidans, and Lepfospirillum ferrooxidans / I  1, 131. Thiobacillus-strains 
recovered from a former uranium mine in Saxony, Germany were characterized 
using pulsed field gel electrophoresis (PFGE) and repetitive primer amplified 
polymorphic DNA (rep-APD) fingerprinting. Six novel isolated Thiobacillus-isolates 
were categorized as Thiobacillus fen-ooxidans. 
The PFGE fingerprints of the waste isolates were sample-specific. The sites of 
sampling have different depths and metal compositions. Three of the isolates, 
TFSSI, TFSS2, and TFSS6 were recovered from a sample drawn from a depth 
about one meter under the surface, where the concentration of uranium was low. 
The three other samples TFSS3, TFSS4, TFSS5 were recovered from a depth 
between two and three meters. The concentration of uranium at that site was 
estimated to be three times higher than those in the other sample mentioned above. 
The six novel Thiobacillus ferrooxidans isolates from a particular rep-APD group are 
closely related to the strain Thiobacillus ferrooxidans ATCC 33020, also recovered 
from an uranium mine in Japan. 
Furthermore it is known that Thiobacillus ferrooxidans strains can accumulate 
uranium. This ability is interesting for bioremediation of uranium in contaminated 
soils/2/. For accurnulation studies we incubated three Thiobacillus ferrooxidans 
strains (ATCC19859, ATCC23270, ATCC33020) from the American type culture 
collection and Thiomonas cupnna DSM 5495 from the Deutsche Sammlung von 
Mikroorganismen und Zellkulturen with uranium (VI). The results have shown that the 
bacterial isolates (Thiobacillus ferrooxidans ATCC33020 and Thiomonas cuprina 
DSM 5495) both recovered from an uranium waste pile possess a higher capability 
to accumulate uranium(V1) than ATCC19859, ATCC23270. For desorption studies 
we extracted the biomass with 0.001M EDTNO-OIM TRlS solution. The desorption 
studies indicate that the main Part of the uranium is strongly fixed onto the biomass 
of the strain ATCC 33020, recovered from an uranium waste pile. 
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We report results obtained for the analysis of the bacterial diversity of a soil sample 

isolated in a pseudo-sterile manner from four-to-five meter depth at so called "site A" of a 

former Saxonian uranium mining area nearby Johanngeorgenstadt. Saxony, Germany 

("Haberland uranium mining waste pile") correlated with a relative acidic (pH 4.5) surface 

water sample showing an elevated uranium concentration (58 mg/L). We applied the 

16s-rDNA PCR amplicon clone library sequencing method. The pCRI1-TOPO-vector was 

used for cloning and 100 randomly selected soil bacteria 16s-969-1406-rDNA clone 

sequences were compared against GenBank and RDPll (Ribosomal Database Project 11) 

database reference sequences using 'Blast 2.0' and 'RDPII Sequence Match 2.7' 

respectively. Through RDPII- 'Chimera-Check' detection nine apparently chimeric 

sequences were excluded from the analyses. For phylogenetic comparisons repre- 

sentatives of the bacterial domain were chosen from the RDP11-"Small Subunit rRNA: 

Representative Prokaryotic Listing (July 31, 1998)". Additional reference sequences were 

chosen on grounds of the results gained via the comparisons against the sequence 

databases. The bacterial affiliations obtained by each of the Wo database camparisons 

are mainly identical to the phylogenetic analysis results. Three major taxa are highly 

represented in the soil sample 16s-rDNA library: Purple bacteria (24 %); Green-non-sulfur 

bacteria (41 %) and bacteria of the Fibrobacter, Acidobacterium subdivision (19 %). Oniy 

5.5% of the clones belong to the Gram-positive phyium. Eight percent of the clones duster 

with the DA052-clone [I], which probably represents a new lineage in the dornain Bactexia. 

Solely one clone each was found for the Fusobacterium and relatives division and for Zhe 

Paraphyfetic assemblage, Leptospirilluml Nitrospira subdivision respectively. The majcarib 

of the Purple bacteria belongs to the y-Subdivision (15.4 %), whik 4.4 % each are 

associated with the a- and P-subdivision. Within the Gram-positive phyfum ckmes thee of 

the five clones are High-G+C-subdivision members. Nevertheless the phyfogenetlc 

affiliation of nine of the aforernentioned ciones remains uncertain. 
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LOCALIZATION 

Moharned Larbi Merroun', Kaoutar Ben Chekroun', Maria Teresa Gonzalez-Mufiozl, 
Jose Maria Arias Perialver' 

' Departamento de Microbiologia, Facultad de Ciencias, I8071 Granada, Spain 

The ability of rnicroorganisrns to rernove rnetals from solution is well documented (see, 
for exarnple [I]. Both living and dead biomass is capable of meta1 accumulation. 
Effluents frorn rnany industries (mining, electroplating, etc.) contain metals in excess of 
permitted levels. Removal of such metals by waste microbial biomass may be 
econornically feasible. 
The present study deals with uranium, lead, silver and lanthanium biosorption by M. 
xanthus biornass in wich dry biomass is dernonstrated to be a rnore efficient biosorbent 
than wet biomass, accumulating up to 0.99 mmol of uranium, 0.97 mmol of lead, 0.19 
mrnol of lead and 0.99 rnrnol of lanthaniurn per gram of biornass. Electron microscopy 
and X-ray spectroscopy were used to deterrnine location of uranium, lead, silver and 
lanthanium biosorbed by M. xantus cells. The biosorbed uraniurn and lead were located 
in the cell wall cell and within the characteristic extracellular polysaccharide of this 
rnicroorganism, M i l e  the silver and lanthanium (Fig.1) were located in the cell wall, 
inside of the cell and within the extracellular polisaccharide. 

Fig.1. Location of Ianthanium biosorbed by wet biornass of M. xanthus. Transmission 
electron micrographs of the tin section of the wet biomass. The lanthanium is fixed 
fundamentatty, within the mucopolysaccharide (a) and on the cell wall (b). 
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Bacteria in soil, sediment, and water can have a significant influence on the transport 
of radionuclides and other heavy metals in nature. Certain bacterial strains can 
bioaccumulate large amounts of uranium which can be transported and released 
elsewhere in the environment 11-41. These organisms may be applicable for 
bioremediation of uranium-contaminated soils such as uranium mining waste piles. 

In uranium deposits a number of acidophilic chemolithoautotrophic bacteria have been 
identified which are able to oxidize sulphide minerals, elemental sulfur, ferrous iron, 
and in presence of uranium minerals also U(IV). Especially one representative of this 
group, Thiobacillus ferrooxidans, is of particular interest. The mechanism of the 
uranium oxidation was extensively studied, but only little information is available on 
the quantity, binding strength, reversibility, and structure of the bacterial complexes 
formed with U(V1) 151. We studied the bioaccumulation of U(VI) by several strains of 
Thiobacillus ferrooxidans drawn from environments with different mineral 
compositions. Strains T. ferrooxidans ATCC 23270~ and ATCC 21 834 were recovered 
from two different coal mines in USA and Japan, T. ferrooxidans ATCC 19859 from a 
Canadian copper mine, and T. ferrooxidans ATCC 33020 from a uranium mine in 
Japan. We compared the results obtained with the T. ferrooxidans strains to those 
obtained with another acidophilic strain, Thiomonas cuprina DSM 549!jT, which does 
not belong to the genus Thiobacillus but was recovered from a German uranium mine. 
Sorption studies have shown that the origin of the strains has a significant influence on 
their capability to accumulate uranium. The amount of uranium bound to the biomass 
increases in the order Thiobacillus ferrooxidans ATCC 19859 (copper mine), ATCC 
23270~ (coal mine) and ATCC 33020 (uranium mine) whereas Thiomonas cuprina 
shows the highest uranium uptake. In order to get information on the binding strength 
and the reversibility, we tried to remove the accumulated uranium from the biomass by 
different extractants. Extraction studies with sulfuric acid released none, and with 
EDTA only a small fraction of the U(VI) that was accumulated by the bacteria. These 
results show that the main part of the uranium forms strong complexes with the 
bacteria and cannot be removed by extraction. Thiomonas cupha  has different 
surface properties which leads to a different sorption and/or complexation behaviour 
towards uranium. The total amount of accumulated U(V1) for this strain is hlgher than 
for the Thiobacillus ferrooxidans strains, but the binding is weaker. A larger amount of 
the uranium could be released from the biomass by EDTA-treatment. For 
characterization of the formed bacteriai-~0~~'-com~lexes, time-resolved laser 
fluorescence spectroscopy (TRLFS) was used. The interaction with the bjomass 
causes a strong bathochrome shift of the emission bands and an increase of Iife time 
by a factor of 1.8 for Thiobacillus ferrooxidans ATCC 19859, 2.0 for Thiobacillus 
ferrooxidans ATCC 21 834, 2.5 for Thiobacillus ferrooxidans ATCC 33020, and 3.5 for 
Thiomonas cuprina DSM ~ 4 9 5 ~ .  This confirrns the formation of strong inner-sphere 
complexes for all strains examined. In the case of Thiubaci/li the red chift of the 
emission bands and the fluorescence life time of the bacteriaf complexes increase in 



the Same order as the capability of the strains to accumulate uranium. Given that 
these changes of spectroscopic parameters are a consequence of the influence of the 
ligands on the coordination sphere of the uranyl ion, we can draw the following 
conclusions concerning the binding strength of the complexes: 

Comparing the Thiobacillus ferrooxidans strains, the isolate from the copper mine 
(Thiobacillus ferrooxidans ATCC 19859) forms the weakest, the strain from the 
uranium mine (Thiobacillus ferrooxidans ATCC 33020) the most stable complexes 
with u0z2+. 

Thiomonas cuprina shows a higher accumulation (relatively to the dry weight of the 
biomass) than the Thiobacillus ferrooxidans strains, but forms less stable complexes 
with U(VI). 
These results are in good agreement with the desorption studies. 

Further investigations were performed with Bacilli, another important group of bacteria 
wildly distributed in a large variety of natural habitats. We studied the interaction of 
vegetative celis and spores of three Bacillus isolates (JG-A 30, JG-A 12, JG-A 22, 
classified as Bacillus cereus, Bacillus sphaericus, Bacillus mega terium, res pectivel Y) 
from a uranium mining waste pile (Haberlandhalde, Johanngeorgenstadt) in Saxony, 
Germany, and the corresponding reference strains of these species with U(VI). The 
sorption studies have shown, that Bacilli can accumuiate high amounts of uranium. In 
the concentration range examined (1 1 - 214 mgIL), the uranium is taken up linearly 
with increasing initial uranium concentration by the isolate A 22 and its reference B. 
megatenum strain (vegetative cells and spores). In the cases of the other strains, the 
amount of uranium bound to the biomass approaches a limiting value for higher 
uranium concentrations (> 80 mgIL). Comparing the sorption behaviour of vegetative 
cells and the spores, for A 30 and Bacillus cereus no significant differences could be 
observed. In the case of A?2/ Bacillus sphaericus, the spores show a higher uranium 
accumulation related to the dry weight of the biomass. For Bacillus megaterium, 
sorption properties of the vegetative cells and the spores are almost identical whereas 
in the case of the corresponding isolate the capability to accumulate uranium 
increases with sporulation. Contrary to the results of the Thiobacilli, the uranium 
bound to the vegetative cells was released almost quantitatively by EDTA-extraction. 
In agreement with the similar sorption behaviour of the vegetative cells and the spores 
of the pair A 30 / Bacillus cereus, also comparable amounts of uranium were extracted 
from these spores. For the other strains, the part of the non-extractable uranium on 
the biomass increases with the formation of the spores. Especially in the case of A 12 
/ Bacillus sphaericus, strains forming very small circular spores, the fraction of 
extractable uranium was smaller than 40% I 5 0  %. The characterization of the fomed 
bacter ia l -~0~-com~lexes by time-resolved laser fluorescence spectroscopy has 
proved the formation of inner-sphere complexes with the biomass for all strains 
examined. In accordance to the results of the Thiobacilli, the fluorescence spectra of 
the bacterial complexes show a strong red shift compared to the hydrated uranyl ion, 
and the life time of the fluorescence emission increases. 

In addition, we studied the reduction of U(VI) by sulfate-reducing bacteria, 
Desulfavibiio desulfuncans DSM 64zT from a soil near a gas main, and a natural 
Desulfovibrio isolate (JG 1) recovered from a uranium mining waste Pile 
(Haberlandhalde, Johanngeorgenstadt, Saxony, Germany). The representatives of 
the genus Desulfovibrio can use UIV'I) as a terminal electron acceptor to obtain energy 



for growth whereas U(IV) precipitate is formed /6,7/. In order to compare the reduction 
capacity of the natural isolate and the reference strain, we studied the conversion of 
U(VI) to insoluble U(IV) as a function of time for different pH values. For Desulfovibrio 
desulfuricans, the main transformation of U(VI) occured during the first 24 hours. 
From 24 to 100 hours only a slight increase of the U(IV) amount was observed. After 
100 hours, limiting values were reached: 

pH 3.2: 41.2 * 5.0 mglgdry weight 

pH 4.2: 81.1 *6.gmg/gdrymght 
pH 5.0: 198.5 * 9.9 mg/gdry Weight 

pH 6.1: 316.2 I 0.1 mglgdry weight 

The yield increased from 10.3 to 99.2 % when the pH was changed from 3.2 to 6.1, 
respectively. The increase of the rate and yield with increasing pH corresponds well 
to the neutral pH-optimum for survival of this reference strain. For JG 1 a quantitative 
reduction was observed within 15 minutes for all pH-values examined. These results 
show that in the case of the natural isolate microbial reduction is much more effective 
and less dependent on the pH. While the reduction capacity of D. desulfuricans 
already decreases significantly at pH 4.2, in case of JG I the yield even at pH 2.8 is 
similar to that in neutral pH-region. Therefore, JG I seems to be more inert to 
chemical changes of the surrounding environment and can use U(VI) instead of 
sulfate for obtaining energy more efficiently than the reference strain, what is of 
particular interest for bioremediation purpose. 
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The interaction was studied of three Bacillus isolates, recovered from a uranium 

mining waste pile in Saxony, Germany, with different heavy metal ions present in the 

original ground water of the pile. 

Using 16s ARDRA and RAPD, the three isolates were classified as B. cereus, B. 

megaterium and B. sphaericus. The ability was investigated of vegetative cells and 

Spores of the indigenous Bacillus strains as weil as those of the corresponding 

reference strains B. cereus ATCC 4415, B. megaterium NRRL B5385, and B. 

sphaericus NCTC 9602 to accumulate Al, Ba, Cd, Co, Cr, Cs, Cu, Fe, Ga, Mn, Ni, 

Rb, Pb, Si, Sn, Sr, Ti, U, and Zn. It was clearly shown that all strains studied 

accumulated selectively large amounts of U, Pb, Cd, Cu, and Al. 

Co, Mn, Ni, Zn, and Ga were only weakly accumulated. The binding of Ba, Ga, Mn, 

Ni, and Zn was species- and in some cases even strain-specific. 
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A gram-negative sulphate reducing bacterium of the genus Desulfovibrio, named 
strain UFZ B490 (former JGI), was isolated from the uranium dump ,,Haberlandu 
near Johann-Georgenstadt in the south-east of Germany. 
A simple agar plate screening method was used to determine the ability of the 
isolated strain to reduce hexavalent uranium to the tetravalent state, named 
uraninite. The test is based on the visualisation of the metal reduction by the cells of 
the colonies without addition of reagents. 
The screening method for the isolation of metal-accumulating microorganisms of 
PÜMPEL & PERNFUß et al. (1995) was used as the basis of this test. 
Agar plates with a bicarbonate buffer medium for sulphate reducing bacteria were 
inoculated with the isolated Desulfovibrio UFZ B490. The well-developed colonies 
were covered with a top agar, M i ch  contained U(VI). After a incubation time of 
approximately 7 days the result were obtained. 
The colour colonies had been changed from colourless to black. Under a stereo 
microscope the dark precipitates of the formed uraninite on and around the colonies 
can be seen clearly. 

The studies of PANAK & HARD et al. (1998) presented the ability of the isolate UFZ 
B490 (JGI) to reduce the U(V1) very rapid in comparison to the tested reference 
strain Desulfovibno desulfuricans (D SMZ 6QT). 
According to the Iiterature (LOVLEY & PHILLIPS, 1992 1 LOVLEY & RODEN et al., 1993) 
sulphate reducing bacteria don't grow by reducing U(VI), the sole electron acceptor. 
The results obtained in our studies using the isolated strain UFZ 8490 for a U(V1) 
reduction didn't confirm these findings. 
Figure 1 presents the result of an experiment wt-iich tested the reduction of 
hexavalent uranium in 30 mM bicarbonate buffer containing lactate as the electron 
donor, U(VI) as the electron acceptor, ammonia-nitrogen and traces of iron. Tests 
were carried out with and without the addition of cysteine. 
Protein increase and U(V1) reduction show the increasing influence of cyskine O n  

U(VI) reduction over the time. However reduction of hexavafent uranium occurred in 
the absence of cysteine, too. 

Additional experiments w r e  carried out which investigated the influence of various 
U(VI) concentrations ( I  to 3 mM hexavalent uranium) on the growth of the isoiated 
Desulfovibno in presence of ethanol as the sole electron donor, without the addition 
of cysteine. 
These experiments showed that U(W) reduction and growth occurried with 
concentrations of 1 mM and 2 mM U(V4 but not 3 mM U(VI). In samples mich 
contained 2 mM hexavalent uranium higher consumption of ethanol was observed 
compared to samples with -l mM U(V1). 
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Fig.1: Growth and the UWI) reduction by UFZ B490 in Presence and absence of 
cysteine tested in a bicarbonate buffer medium containing only lactate 
as the electron donor, U(Vl) as electron aCU?ptOf, ammonia-nitrogen and 
traces of iron 

The preparation of balances for the utilisation of the electron donor (lactate) and the 
reduction of electron acceptors for sulphate and uranium reduction are under 
investigation at this present time. The airn of future studies will be the development 
of a metabolic scherne of U(VI) reduction by UFZ B490, which will be helpful in 
developing a bioremediation process. 
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CHARACTERiSATlON OF THE SURFACE LAYER PROTEIN OF THE BAClLLUS 
SPHAERICUS ISOLATE JG A-12 FROM A URANIUM WASTE PILE 
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Many bacteria possess a crystalline protein or glycoprotein surface layer (S-layer) as 
the outermost component of their cell wall. The function of this protein lattice in dif- 
ferent bacteria is not uniform and has been studied in detail only in some cases. The 
protein layer may work as a protective coat, molecular sieve, ion trap, may act as a 
framework or may be involved as a structure in cell adhesion and surface recognition 
11, 2/. In addition, it was demonstrated that the isolated lattice interacts with metal 
ions by forming metal clusters 131. The latter might be used for a development of 
biotechnological procedures to remediate heavy metal contaminated wastes. In this 
work a bacterial surface layer of a natural Bacillus isolate JG A-12, which was recov- 
ered from a uranium waste pile near the town Johanngeorgenstadt in Saxony, was 
analyzed and compared to the surface layer of a reference strain (Bacillus sphaeri- 
cus NCTC 9602). 
The natural isolate JG A-12 was phylogenetically affiliated to the species Bacillus 
sphaericus by the use of the RFLP analysis of the PCR-amplified 16s rDNA. The 
genomic macro-fingerprints of the two B. sphaericus strains obtained by pulsed-field 
gel electrophoresis were strain specific. 
Bacillus sphaencus NCTC 9602 and the isolate JG A-12 were grown in batch culture 
until the end of their exponential growth, harvested by centrifugation and stored at 
-20 "C. To isolate the S-layer a modified method of Engelhardt I41 was used: first the 
cells were disrupted with glass beads in a mixer mill. After that the pure S-layer 
sheets were produced by centrifugation of the crude extract and successive treat- 
ment of the pellet with Triton X-100 and lysozyme. The purity and the apparent mo- 
lecular weight were examined with a denaturating polyacrylamid gel electrophoresic. 
The molecular weights of the S-layer proteins of both, the reference strain NCTC 
9602 and the strain JG A-12, were estimated to be approximately 135 kDa. This size 
is about 10 kDa larger than the one, published for the S-layer protein of another Ba- 
cillus sphaericus strain 2362 /51. The first 20 amino acids at the N-termini of the 135 
kDa proteins of the strains 9602 and JG A-12 were identical. However, no similarity 
to the oblique (p2) Bacillus sphaericus 2362 S-layer protein was found 11, 51. Inter- 
estingly, in the case of the uranium waste isolate, in addition to the S-layer protein a 
second, smaller protein with a size of 30 kDa was copurified. The amino acid se- 
quence of the N-terminus of the 30 kDa protein was significantly different from those 
of the S-layer proteins. This small protein possesses a similarity to many flagetlins of 
different bacteria. The highest similarity was found to flagella proteins from Lepto- 
spira inten-ogans (44 % identity and 70 % positives) and Baciflus subtilis (51 % iden- 
tity and 70 % positives) as analyzed with BtASTP, databases PR, and NR-AA. The 
lattice structures of the S-iayers of the reference strain Bacillus sphaericus NCTC 
9602 and of the uranium waste isolate JG A-12 were also characterized using trans- 
mission efectron microscopy. fig. I shows the isolated and negatively stained (with 



uranyl acetate) tetragonally arranged S-layer (p4) from both Bacillus sphaericus 
strains. In (B) fragments of the bacterial flagellum (see the arrow) are indicated. 

Fig. I. S-layer of Bacillus sphaericus NCTC 9602 (A) and the Bacillus sphaericus 
isolate JG A-I2 (B) 

The isolate JG A-12 is the first Bacillus sphaericus strain recovered from a uranium 
contaminated environment and tested for the presence of S-layer. Surprisingly, both 
strains, Bacillus sphaericus 9602 and JG A-12, seem to possess the S-layer protein 
with the Same structure. Proteolytical cleavage and sequencing of the internal protein 
fragments will be applied to prove this our first observation. Further studies of S- 
layers from other isolates (especially thiobacilli) recovered from the uranium waste 
pile „Haberlandu are in Progress. 
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The aim of the project is to identify fungal hydroxamate siderophores that are 

good actinide chelators. Hydroxamate siderophores are ligands secreted by 

micro-organisms under iron-limited conditions. They are very specific for ~ e ~ ' ,  

but can also bind well to other ions with similar chargelradius ratios, like the 

tetravaient actinides. First fungi are screened on dye agar plates to detect 

siderophores production and ~ 0 2 ~ '  complexation by siderophores. Both 

identified organisms and unknown fungi isolated frorn soil have been tested. 

Once suitable organisms have been found, they are grown in iron-limited 

liquid cultures. The number of siderophores produced and their isoelectric 

points are determined using thin layer chromatography and isoelectric 

focusing. These siderophores are then isolated and purified using 

chrornatography techniques. The chelating abilities of the purified 

siderophores are investigated by deterrnining the amounts of a-FeO(OH), 

Th(OH)4 and U03 solubilized by them. The trace amounts of ~ e ~ ' ,  ~ h ~ '  and 

~ 0 ~ ~ '  brought into solution are rneasured using inductiveiy coupled plasma 

mass spectrornetry. 



MICROCALORIMETRIC ACTlVlTY TEST FOR BlOLEACHlNG 
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Both, in biomining operations and for the uncontrolled bioleaching in mine waste 

heaps and tailings, there is the necessity to determine the activity of leaching 

bacteria for the evaluation of measures to control the bioleaching process. In 

several ecological investigations of leaching biotopes including calorimetric 

studies a correlation of the thermal power of samples with numbers of leaching 

bacteria was demonstrated [I]- Furthermore, the reaction energy of pyrite 

oxidation by pure cultures of leaching bacteria was determined calorirnetrically 

with high accuracy [2]. Therefore, it might be possible to estirnate the rate of 

bacterial metal rnobilization in leaching biotopes by calorimetry. In further 

studies including laboratory experirnents and investigations of leaching biotopes 

a calorimetric bioleaching activity test has been developed. The rnetal 

mobilization rate and the ternperature dependence (energy of activation) of the 

bioleaching of different natural ores were deterrnined in percolator experiments 

by calorirnetry. In addition, the test was successfully applied to investigations of 

heavy metals containing wastes of the metal recovery industry (copper shale 

srnelting plant in Helbra, Gerrnany) where the leaching activity was dominated 

by the oxidation of PbS und ZnS. The oxidation of pyrite and rnarcasite was 

calorimetrically quantified for sarnples of waste heaps frorn german coal and 

lignite rnining areas. The test enables the deterrnination of both chernical and 

biotic leaching activity within 2 hours. 

This work was supported by grants to WS. frorn the Deutsche Budesstiftung 
Umwelt (AZ 05333). 

References: 

[I] Schippers A, Hallmann R, Wentzien S, Sand W (1995). Microbial diversity in 
uranium mine waste heaps. Appl. Environ. Microbiol. 61,2930-2935. 

[2] Rohwerder T, Schippers A, Sand W (1998). Determination of reaction 
energy values for biological pyrite oxidation by calorirnetry. Thermochimica 
AC&. 309,79-85. 



MOLECULAR BACTERIAL DlVERSlTY IN SOlLS AND WATERS OF MI0 €AST 
GERMAN URANIUM MlNlNG WASTE PILES 
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Bacterial diversity in two uranium waste pilec near Johanngeorgenstadt and 

GitterseeICoschütz, in Saxony, East Germany, was studied using several different 

approaches for direct molecular analysis. 

The first approach was based on Ribosomal lntergenic Spacer Amplification (RISA) in 

total DNA recovered from soil and water samples from the wastes by direct lysis [I, 21. 

The DNA patterns obtained by this method varied in dependence on the site and on 

the depths from which the samples were taken. 

The second approach used, named repetitive primer amplified polymorphic DNA (rep- 

APD), is based on PCR amplification by the use of primers corresponding to the 

repetitive Consensus sequences in bacterial genomes [3, 41. This method is much 

more informative than RISA, due to the fact that it derives information from the whole 

bacterial genome and not only from a particular part of it as it is the case of RISA [5]. 

An example of this analysis using a BOX-primer is shown in Fig.1. 

Fig.1: Box-rep-APD in total soil DNA recovered 
from GitterseefCoschütz (Gitt.) and frorn 
„Haberland-Halde" Johanngeorgenstadt 
(JG) 
1: Gitt.6, 2: Gitt.7, 3: Gitt.2, 4: JG-C 1-2, 
5: JG-B 3-4, 6: JG-B 2-3, 7: JG-ß 0-1, 
8: JG-A 4-5, 9: ikb  plus ladder (Gibco 
BRL) 



Ac Seen in the figure the BOX-generated fingerprints are sample specific. However, for 

the samples drawn from the Same site and depth they share significant similarity 

(compare Gitt. 2, Gitt. 6, Gitt. 7). Less similarity was found between the samples drawn 

from different depths (one to four meters under the surface) of the Same site (compare 

JG-B 0-1, JG-B 2-3, and JG-B 3-4). Interestingly, common bands, demonstrating 

presence of common bacterial genomic structures were found in the BOX-patterns 

between many of the JG DNA samples (see the arrows in Fig.1). Moreover, in some 

cases similarity between the BOX-patterns of the samples from the two geographically 

different waste piles investigated was observed (See the double arrow in Fig. I). 

This result is consistent with those obtained by the use of another molecular approach, 

the 16s rDNA retrieval [6, 71 which was applied in our laboratory for more precise 

examination of the bacterial types present in the uranium wastes studied. The latter is 

based on a combination of RFLP and sequence analyses of 16s rDNA fragments 

amplified in the above mentioned soil and water DNA samples. Several hundred of the 

amplified 16s rDNA fragments were cloned in Escherichia coli and a large number of 

them was analysed (see Table 1). 

Table 1. RFLP-typing of the 16s rDNA 

'Geographic origin Number of: 
Clones Categorized RFLP types Common types 

U-waste pile B 0-1 
Johanngeorgenstadt 84 38 10 2 
U-waste pile B 2-3 
Johanngeorgenstadt 38 3 1 24 3 
U-mill-tailing 
GitterseelCoschütz 155 55 29 2 

Many unique 16s RFLP patterns were obtained. However, several dominant RFLP 

typeis were shared by all soil waste samples studied. By the use of the sequence 

analysis it was demonstrated that these dominant types represent a ß-subdivision of 

the Proteobacteria. The most dominant 16s rDNA group was affifiated to the species 

Thicrfiacillus fermoxidans. 
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STUDYING BACTERIAL TRANSFORMATIONS OF IRON IN A MODEL 

EXPERIMENT WITH KAOLIN. 
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Moscow, 10901 7, Russia 

A stagnant moisture regirne was rnodeled in kaolin frorn the Prosyanovskoe site. 

The wide range of ferric rninerals contained in this kaolin makes it a very 

convenient object for studies of probable ways of bacterial transforrnations of iron 

in sedimentary environrnents. The basic rninerals of the kaolin used are (per cent 

by weight) kaolinite 90, rnica 1, illite 3-4, and quartz 5. lron is contained in ferric 

minerals and in phyllosilicates. The ferric rninerals are represented by hernatite a- 

Fe203, magnetite Fe304, goethite a-FeOOH, and protolepidocrocite y-FeOOH. 

The experiment was perforrned in a 5-1 glass reservoir 9/10 full of 60% kaolin 

suspension. All the opennings in the reservoir were sealed with plugs equipped 

with outlets for sampling gaseous, liquid, and solid phases. Adding the culter 

medium with glucose ( l g  glucosell suspension), an inoculum (5%), and running 

the experiment at 30°C compensated for the relatively short term of experirnent 

(38 days). Inoculation was perforrned with the stable comrnunity of aerobic and 

anaerobic bacteria isolated earlier from the kaolin. The microbial community 

includes bacteria of following genera (in 10' cells/g): Nitrobacter (4), Bac;llus (0.9), 

Pseudomonas (0.3), Burkholderia ( 0 . )  Nocardia (0.4), Caulobacter (3), 

Deinococcus (4), Arthrobacter (0.7) Clostridium (4), Bacteroides (0.08) 

Desulfovibno (I), Desulfobacter (0.3), a representative of metanogenic bacteria 

(0.05) and a representative of iron-reducing bacteria (2) [I]. 

For the bacterial enumeration, rneasures of microbial metabolites, pH and Eh 

during the development of the cornrnunity cornrnon rnicrobiological, analytical and 

physicochemical methods were used [2]. It is difficult to identify directly iron 

minerals in the kaolin because of their low content (0.7%). Hence, iron rninerals 

were analysed after their concentration and subsequent isolation in 4 rnagnetic 

fractions characterized by the magnetic-field intensities H = I, 4, 10, and 15 kOe. 

The composition of iron minerals was studied by transmission electron microscopy 

131. Sampfing thermomagnetic analysis was used for studying the low-magnetic 

f e r k  oxides 141. 
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Fig.1. Microbial transformations of iron minerals in kaolin : ( --+) - under conditions of a stagnant water regime with 
come water exchange, and (--+ ) - in conditions of a completely stagnant water regime. 



Two stages were revealed in the development of microbial community. The first 

stage was characterised by active development of aerobic and facultatively 

anaerobic, and also fermentative bacteria. During this stage, glucose was 

consumed virtually completely, and organic acids (butyrate, acetate, lactate, and 

formiate) accumulated. The second stage was characterized by an increase in the 

number of anaerobic bacteria, by the production of propionic acid, and the release 

of CO2, HZ, HzS, and CH4. By the end of the experiment, the stratification of the 

kaolin sediment into layer with different Eh and pH values was complete. The Eh 

value changed insignificantly and the pH value decreased (from 8.0 to 5.6) in the 

upper layer of kaolin under conditions of a stagnant water regime with some water 

exchange. On the contrary, the pH remained unchanged and the Eh decreased 

substantially (frorn 450 to -130 mV) in the lower layer, which formed in conditions 

of a cornpletely stagnant water regime. 

lnvestigation of the microbial community development and of the transformations 

of the iron minerals let us to create the model presented in Fig.1. The formation of 

thermodynamically unstable ferric hydroxides akaganeite P-FeOOH and 

lepidocrocite y-FeOOH was noted only in conditions of a completely stagnant 

water regime. And formation of fine pyrite Fes2 occurred only under conditions of 

a stagnant water regime with some water exchange. A decrease in chemogenic 

forrns of goetite a-FeOOH and hematite a-Fe20s and an increase in biogenic 

forms of these minerals formed over ferrihydrite was established. An increase of 

the magnetite level may testify either to destruction of bonds between ferric 

minerals and phyllosilicates and better kaolin separation, or to magnetite 

forrnation. Magnetite in this system may form either purely chemically, with 

microorganisms participating indirectly, or through iron biomineralization 

perforrned by iron-reducing bacteria. 
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BACTERIAL LEACHING OF METAL SULFIDES PROCEEDS BY 

TWO INDIRECT MECHANISMS VIA THIOSULFATE OR 

VIA POLYSULFIDES AND SULFUR 

Axel Schiuuers, Wolfgang Sand 
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Ohnhorststraße 18, D-22609 Hamburg, Germany 

Bacterial leaching of metal sulfides proceeds by two indirect mechanisms. 

Thiobacillus ferrooxidans and Leptospirillum ferrooxidans dissolve the acid-insoluble 

metal sulfides Fes2, MoS2, and WS2 by the primary attack of iron(l1l) hexahydrate 

ions generating thiosulfate, which consecutively is oxidized to sulfuric acid. Almost all 

other metal sulfides, besides their susceptibility for iron(l1l) ions, are acid-soluble and, 

consequently may be dissolved by Proton attack. The chemical oxidation of ZnS, 

CuFeS2, PbS, MnS2, As& and As& resulted in the formation of elemental sulfur 

via intermediary polysulfides. In the presence of Thiobacilli~s ferrooxidans as well as 

Thiobacillus thiooxidans the sulfur is oxidized to sulfuric acid. The acid (protons), in 

turn, dissolves the metal sulfide. This explains, why Thiobacillus thiooxidans is able 

to leach the latter metal sulfides. 
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P 28 REMEDIATION OF HEAW-METAL CONTAMINATED SEDIMENTS BY BIOLEACHING 
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Heavy-metal contaminated sediments are a major environmental problem. The waters in 
Saxony alone contain about 18 million tons of sedirnents, 6 million tons of which have to 
be urgently rernoved. These sedirnents are in part anthropogenously polluted by heavy 
metals (rnining, chemistry and processing industries), especially with Cd, Zn, Ni, Cu, Co, 
Mn, Pb and Cr [I]. 
When the dredged sludges contact air, the material turns acidic due to oxidation pro- 
cesses, the heavy rnetals become soluble and the sediments turn into an environrnental 
risk. In view of the high costs and the deficient sustainability of landfill disposal there is a 
need for ecologically consistent rernediation techniques. We are therefore developing a 
sediment treatrnent process based on the removal of heavy metals by bioleaching (Fig. 1 ). 

Contaminated Fine 
sediment fraction Sediment 

F conditioning 
by plants 

Nutrients Lime / Compost 

I 
Reagents 

Process water Renaturali- 
treatment Bioleaching zation 

"Metal s l u d g e M L  

Fig.1. Scheme of the sediment treatment process 

To accelerate the natural process of microbial leaching the indigenous Thiobacilli of the 
sediment are activated by elemental sulphur (SO) addition and acidification. For economi- 
cal reasons, only the solid-bed leaching (percolation principle) ic applicable in large-scale 
processes [23. 
Freshly dredged sediments are anoxic, practicatly impermeable to water and therefore 
unsuitable for treatrnent by the percolation principle. When dredged anoxic sludge is 
stored in the Open, it graduaity rots, is transferred into the oxic state and becomes perme- 
able. To speed up the transfer into the oxic state, freshly dredged sludge was pretreated 
by being pfanted with various grasses such as Phragmites austra1i.s Agrostis sfulmifera, 
Phalans arundinacea (Fig.2). 
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Fig.2. Scheme of the pilot-scale plant for conditioning anoxic river sediments 

During rotting its water content and pH value decreased and the redox potential and 
content of sulphate increased. An enlargement of the pores and the average particle size 
during conditioning was also obsewed. After only 3 months the anoxic sediments had 
almost the Same properties as oxic sediments which had been stored for over 6 years, 
and they were weil permeable to water. The bioleaching of the conditioned sediments was 
comparable to the long-time stored sediments in both a laboratory percolator and a pilot 
plant (mean leaching rate of Cd, Zn, Ni, Cu, Co, Mn, Pb and Cr under optimum cunditions 
61 to 63 %). 

For optimizing the bioleaching process the heavy metal solubilization was tested in 
laboratory percolators by variation of the sulphur addition to the sediment and of the 
dosage of sulphuric acid. In the case of sediments free from SO only a small portion 0f 
heavy metals were solubilized (12 % compared to C 2 % without acid). When adding 2 % 
SO, the solubilization rate increased to > 60 %, and the rate was nearly jndependent of the 
acidification of the percolating process water. 

For a further increase in leaching efficiency, the solubilized metals shouid be coritinously 
removed from the process water without neutralization of the accumulating swfphuric acid. 
Currently the selective metal removal is being investigated by means of electrochemlca! 
methods, membrane filtration and by chemical pecipitation. 
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The most offending long lived fission fragments produced by a standard 

electronuclear reactor are TC", 1lZ9, 2rg3,  CS'^', ~ n ' ~ ~ ,  se7'. Earth crust contains a 

mean selenium content value around 0.09 ppm, with 0.09 to 2 ppm in carbonates, 

about 0.6 ppm in schists, 0.05 to 1 ppm in sandstones and waters have very variable 

concentrations. In case of 7 9 ~ e  dissemination, the fate of this radionucleide will be 

strongly correlated with its carrier the natural selenium and valencies dependent of 

several parameters (pH, oxygen, water, organic matter, microorganisms). There is a 

selenium cycle between soil, plants, animals, humans and atmosphere. 

Selenium is an essential trace element, and its deficiency is related to 

several diseases in animals and humans. One explanation for the essentially of the 

element was found at a molecular level when glutathione peroxydase was identified 

as a selenoprotein. This enzyme catalyses the reduction of peroxides and thus 

protects the cells from oxidative damage. However evidence has now accumulated 

that shows that this is not the only function of the element and that there are several 

other biologically active selenoproteins. Aerobic microorganisms, as animals and 

humans, need also a selenium enzyme protection against oxygen free radicals. 

Moreover, microorganisms can enzymaticaly reduce a variation of metals in 

metabolic processes that are not related to metal assimilation. Some can conserve 

energy to support growth by coupling the oxidation of H2 or organic material to the 

reduction of metals. Selenate, selenite may serve as a terminal electron acceptor to 

support anaerobic growth of some microorganisms so called dissimilatory reduction. 

Reduction of Selenium (from valence VI to zero) is an irnportant mechanisrn for the 

precipitation of selenium from waters and several microorganisms can be involved. 

Ecological interactions and the potential of such processes for bioremediation of 

selenium waste waters is a wide spread phenomenon. Furthermore, microbial 

selenium volatilization (as seleniures and methyl compounds) by microorganisms is 

an important source for selenium mobilization from soils, sediments, and waters to 

the atrnosphere. 



CLASSlFlCATlON OF DESULFOVIBRIO ISOLATES RECOVERED FROM A 
URANlUM MlNlNG WASTE PILE AND THElR COMPARISON T 0  SEVERAL 

OTHER DESULFOVIBRIO STRAINS 
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A large variety of bacteria was demonstrated to be present in soil and sediment 
samples of a uranium waste pile near Johanngeorgenstadt in Saxony, Germany. 
Anaerobic sulfate-reducing bacteria belonging to the genus Desulfovibrio were found 
among them. These isolates, indigenious for the waste Desulfovibrio, were classified 
by the use of Amplified Ribosomal DNA Restriction Endonucleases (ARDREA), 
Random Polymorphic Amplified DNA (RAPD), and Repetitive Primer Amplified 
Polymorphic DNA (rep-APD) analyses. 25 reference strains and five natural isolates 
were involved in these analyses. Two of them, JG-1 (UFZ B490) and Sediment 5, are 
presenting a large number of pile isolates recovered from the uranium waste pile. In 
addition, three other Desulfovibrio isolates UFZ B378, UFZ B406, recovered from 
waste water ponds, and UFZ B393, from a copper mine [3], were analyzed by RAPD 
and rep-APD. 

The reference strains were obtained from the Deutsche Stammsammlung (DSM) and 
the American Type Culture Collection (ATCC). The total bacterial DNA were lsolated 
by NucleoSpin C+T Kit (Macherey-Nagel). 
The ARDREA was performed as described by Selenska-Pobell et al. f7j. The primers 
16s-7f and 16s-15411- for the 16s region and 23s-01 and 235-07 for the IGS region 
amplification were used. The PCR products were digested with the following 
restriction enzymes: Alul, Avall, BstUI, Cfol, Ddel, Haelll, Hinfl, Mspl, Ndell, Rsal, 
and Taql. The resulting patterns were analyzed by the software, RFLP- 
Scan/Treecon. 
RAPD and rep-APD were performed as described by Seienska-Pobelf et al. [Ej]. For 
the RAPD analysis the primers AP 1 [8], AP 21, and AP 22 [5] were used. The rep- 
APD analysis was performed using single repetitive primers corresponding to: the 
A subunit of the BOX element (BOX) [4], to the enterobacterial repetitive intergeneric 
consensus (ERIC), and to the REP consensus (REP) [ I  J. The resufting patterns were 
also analyzed by the RFPL-ScanlTreecon. 

The 16s rDNA-RFLP patterns of the pile isolate Sediment 5 were identicaf to thase of 
the reference strain D. vulgaris (oxamicus) 19257 However, it was possible to 
discriminate these strains by ARDREA of the more variable intergenic spacer (IGS) 
region between the 16s and 23s rDNA genes (Fig. I and Fig. 2). 80th strains are 
closely related to the other pile isoiate JG-I. The two isulates were recovered fr0m 
different sites of the Same pile. 
In addition, three other Desulfovibrio isoiates UFZ B378, UFZ -406, and lfF2 B393 
were analyzed in their genomic relationships together with JG-I, Sediment 5, and 
D. v~lgafls (oxamicus) 1 9 2 ~ ~  by RAPD and rep-APD. lt was demonstrated that alt 
isolates are members of a group with high genomic similarity. D. vulgads ( o x a m i ~ ~ f  



1925~ is not very related to these strains. The strains UFZ B378, UFZ 6406, and 
UFZ B393 form a particular group, which differs from the pile isolates JG-1 and 
Sediment 5. The latter two have almost identical Patterns. The close genomic 
relationships between the five strains studied may be explained by the fact that all of 
them were cultured from their environmental samples using the Same Postgate 
derived medium with pH 4 as modified by Hard and Babel 121. 

,-J D. vulgaris (oxamicus) DSM 1 9 X T  

Sediment 5 

JG I (UFZ B 490) 

,-I L------ D. fermitidis DSM 5308T 

rl L D. desulfuricans (desulfuricans) DSM 64ZT 

1 ' D. vulgaris (vulgaris) DSM 

11 7 D. profundus DSM 1 1 384T 

D. halophilus DSM 5663T 

D. oxyclinae DSM 1 1 49€lT 

D. desulfuricans (aestuarii) ATCC 29578T 

D. gabonensis DSM 10636T 

D. acr-yiicus DSM 1014IT 

D. simplex DSM 414IT 

D. africanus DSM 2603T 

D. sapovorans DSM 2055T 

D. giganteus DSM 4123T 

D. gigas DSM 1 382T 
- 

D. longus DSM 673gT 
L D. carbinolicus DSM 3852T 

D. sulfodismutans DSM 3696T 

D. alcoholovorans DSM 5433T 

D. fructosovorans DSM 36C~4~ 

D. vietnamensis DSM 10520~ 

Dm. baculatum DSM 402€lT 

D. baarsii DSM 2075T 

I E. coli (FZR E 4) 

Fig. 1: Elendrogram showing the phyiogenetic refationships between the reference strains 
and the Desu/fovibno isolates, JG-1 and Sediment 5, obtained by 16s-ARDREA. 
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Fig. 2: Dendrograrn showing the phylogenetic relationships between the Desulfovibrio 
isolates, JG-1 and Sediment 5, and some reference strains obtained by IGS-ARDRE3. 
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ENZYAnATICALLY-MEDIATED ACTlNlDE BIOPRECIPITATION: THE 

EFFECT OF ANIONIC SPECIES IN THE TARGET SOLUTION 
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An atypical Citrobacfer sp. can accumulate heavy metals and actinide ions via the 
activity of a cell-bound acid phosphatase that produces H P O ~ ~ -  Wich precipitates 
with metals as cell-bound metal phosphates. A continuous removal process using 
immobilized biomass has been applied to the removal of uranium from acidic mine 
wastewater that contaned also >3000 ppm of SO:' [I]. However test cofumns were 
run at slow.flow rates and for a realistic process to treat large volumes of waste a 
short flow residence time is necessary. Calculation of the minimum flow residence 
time, and with this the size of bioreactor required to treat waste on-line, and an 
economic assessment of process feasibility, require accurate mathematical models 
of the process. For metal removal from solution this has been achieved (see [I] for 
references) but the earlier rnodels do not take into account the possibly inhibitory 
effects of anions present as CO-contaminants in the flow. Such ions may act by 
interFering with the enzymatic process per se, or rnay complex with the target metals, 
effectively reducing their free concentration in solution and thus increasing the 
amount of precipitant ligand (here phosphate) required to exceed the metal 
phosphate solubility product at the cell surface. This can be overcome by 
generating additional biogenic phosphate to achieve efficient metal precipitation, but 
the dischage of excess phosphate into the environrnent is highly undesirable and 
the secondary waste would itself require treatrnent. A secondary waste treatment 
would add to the overaI process cost and complexity. A longer flow residence time 
may be the only approach compatible with the highest process efficiency, and the 
purpose of this study was to develop and test a mathematical model to determine 
how the residence time might be affected in the presence of anionic ligands 
typically-found in actinide-bearing wastes viz: SO:-, a ubiquitous contaminant of 
uranium mining wastes, and NO;, derived from the nitric acid used to extract 
uranium for nuclear fuel fabrication, and in nuclear fuel reprocessing, where the 
wastes contain not only uranyl ion but also trace amounts of transuranic elements 
such as Am, Np and Pu. in this study U(VI) was used directly as the model 
hexavalent actinide species fas ~ 0 3  but the toxicity of the artificial transuranic 
efements precluded their use in the quantites required for process modelling 
studies. A convenient 'surrogate' for the trivalent transuranic elernents (Am and 
reduced, trivalent, forms of other actinides) is the ~ a *  ion. The tetravalent species 
w r e  not tested, since they are p00riy removed via phosphate precipitation in the 
presencr! of complexlng ions and their effective removal couid be best achieved via 
pre-oxidatiun or reduction to more arnenable species. Such reduction, achieved 



phosphate bioprecipitation route (L.E. Macaskie, P.Yong and J.R. Lloyd, 
unpublished). 

Metal removal by immobilized cells in a flow-through reactor can be accurately 
described by an adaptation of Michaelis-Menten kinetics which normally describes 
enzymatic activity in terms of product release (here phosphate) and which can also 
be used to describe metal removal, since metal and phosphate are precipitated 
stoichiometrically from solution onto the biomass. By integration of the Michaelis- 
Menten equation a relationship is obtained which interrelates the flow rate (F: 
mllmin), the input concentration of substrate (Sol the source of phosphate, cleaved 
via enzymatic activity, in mM) and the bioreactor efficiency (X): 

X can be expressed in terms of product (phosphate) released or in terms of metal 
removed. Km is the Michaelis constant, that substrate concentration (in mM) giving 
the half-maximal rate of product release, and K, is an intrinsic kinetic constant of the 
enzyme, which can be calculated as a dimensionless term as required. In an 
immobilized cell reactor, since the enzyme is itself held within the biomass matrix 
and the biocatalyst may also be subject to diffusional and mass transfer constraints 
the constants are more correctly described in apparent terms, as Km „ and K, „,, 
respectively. 

In practice the efficiency of a flow-through reactor operating at steady-state can be 
expressed as the FA„ value, which is that flow rate giving 50% of removal of meta1 
from the flow. The effect of an added inhibitor (in this case NO, or SO" 1s to 
decrease the flow rate (i.e. increase the residence time) requjred to maintain metal 
removal at the 50% level. The working model would permit the prediction of the 
residence time 'penalty' for a given concentration of inhibitor under a given set of 
conditions for removal of a particular 'target' meta1 species. Since each industrial 
flow is likely to be different, this generic technology would permit simple benchscale 
tests to predict the likely cost of the final process. 

Initial studies using batch phosphate release tests in the presence of anion shawed 
that the ions were behaving as classical 'competitive' inhibitors of phosphatase 
activity: the Km „, was increased (i-e. more substrate was required to rnaintain a 
given level of activity). This can be described in terms of the inhibitor constant 6 
(specific to each inhibitor) which is effectively the concentration of inhibitor required 
to decrease the maximum reaction rate (V„,) by 50%. 

Using this approach with a test bioreactor system using La3+ (I mM) and an excess 
of nitrate (100 mM; the K, „, for NO, is 15.9 mM) the rnodel was tested, with 
experimental data in agreement with that of theoretical predictions, within 40% 121. 
Further extension of this approach to the removai of t10,2' in the presence of excess 
50:- (4 „, of SO:' is 19.2 mM) shows that the rnodel is generically appticable 
biorernediation of actinide/anionic matrices and, as such, is likely $0 be an invaluabie 
tool in the development and application of bioprclcesses to real wastes. in this 
context the biologicai removal of Np was demonstrated from nittate soliation at 



concentrations of Np and NO3 similar to those of some real wastes (J.R. Lloyd, P. 
Yong and L.E. Macaskie, unpublished). 

The question then remains as to remediation of the metal-depleted waste solution. 
Here, the activity of sulfate-reducing bacteria is well-established in the remediation 
of ~ 0 ~ ~ -  laden wastes, M i l e  bacterial denitrification is also an established 
technology, e.g. a novel organism is capable of removing high concentrations of 
NO; (C. Sahut, Pers comm.). The CO-application of the nitrate-reducing strain 
would reduce the level of nitrate concomitantly with metal removal. This would be 
Seen as an increasing rate of Citrobacter-mediated metal removal throughout the 
iength of the bioreactor, such that the overall flow rate could be increased, leading 
to a smailer bioreactor and thus process intensification for more a efficient and 
integrated process. 
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Last rninute information 

- Posters P13, P14, and P17 which were initially announced were withdrawn. 

- As P17 a poster will be presented by Christoph Puers and Sonja Selenska-Pobeli. 

- No abstract for the P16 from the Programme in the final announcernent was 

obtained. 
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