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With regard to a molecular understanding of the in-
teraction of fungal mycelium with radionuclides and 
its possible application for precautionary radiation 
protection and bio-remediation, the binding mecha-
nism of the radionuclide uranium and the metal eu-
ropium, as surrogate for trivalent actinides, where in-
vestigated with different starting conditions by the liv-
ing fungal cells of Leucoagaricus naucinus. 

EXPERIMENTAL. L. naucinus was cultivated in the 
complex medium 90 (malt extract 30 g/L and soya peptone 
3 g/L). The fungal biomass was harvested by washing with 
sterile minimal medium (MgSO4 19,5 mg/L, FeCl3 
2,4 mg/L, K2HPO4 0,9 mg/L) and filtration. 
For binding experiments the minimal medium with uranium 
or europium was added to the fungal biomass and was shak-
en at 100 rpm. The standard conditions of the experiments 
were at pH 5, with the contact time of 48 h, an initial metal 
concentration of about 50 mg/L and dry fungal biomass of 
312 mg/L. To study the influence of the starting conditions 
to the binding mechanism, the pH-value and the initial metal 
concentration were changed. 
 
RESULTS. L. naucinus shows a different binding behavior 
and binding capacity for U(VI) in comparison to Eu(III), 
depending on pH-value (see Fig. 1). The results proved the 
binding capacities of both metals are different except at 
pH 4. At this pH value, the binding capacities of uranium 
and europium are similar. At pH 5 and 6, much more U(VI) 
is bound in comparison to Eu(III). The experiments also in-
dicate a different binding behavior of uranium and europi-
um. This is based on the fact that uranium binding is more 
efficient at higher pH-values, whereas the europium binding 
seems to be independent of pH what goes along with the dif-
ferent speciation of U(VI) and Eu(III). 
Furthermore, the change of the calcium ion concentration 
was investigated. Figure 2 shows that more Ca2+ is released 
with europium binding in comparison to uranium binding. 
These results indicate an exchange of Ca2 + by Eu3 + at Ca 
binding sites of the fungal biomass. Due to the similar ion 
radius of Eu3 + (0.95 Å) and Ca2 + (0.97 Å) the fungal cell 
could not differentiate between this two cations. This bind-
ing mechanism was also assumed by studies of the groups 

of Liao or Diniz.[1, 2] 
Additionally, the initial metal concentration was changed 
for the experiments to investigate the binding mechanism 
following the Langmuir model, which is given by the linear-
ized equation 1. 
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This equation describes the connection between the metal 
concentration in the fungal mycelium (q) and the metal 
equilibrium concentration (ceq) to calculate the maximal 
binding capacities (qmax) and the affinity of the metal to the 
ligand (KL). The results of this calculation are given in 
Tab. 1. 

Table 1 shows that L. naucinus bound eight times more 
U(VI) than Eu(III) with a lower affinity. Consequently, the 
Langmuir constants confirmed previous results, which indi-
cates an specific ion exchange mechanism for Eu(III) and a 
less specific binding for U(VI). This unspecific binding re-
sults also in a higher amount of bound uranium.  
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Tab. 1:  Langmuir isotherm constants for U(VI)- and Eu(III)- binding by 
L. naucinus. 

Metal 
Langmuir constant 

(KL) 
Max. binding capacity 

(qmax) 

Uranium(VI) 0.06 144.93 
Europium(III) 0.12 17.51 

Fig. 1: Binding capacities of L. naucinus for uranium and europium in-
fluenced by pH 4 – 6.  

Fig. 2: Ca2 + concentration ratio in the solution after the binding experi-
ments with uranium and europium. 


