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The structural changes of Human Cu,Zn-SOD molecule induced by
the industrial contaminants mercury (I1) and arsenate (V)
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Copper,Zinc-superoxide dismutase (Cu,Zn-SOD) is a homodimer antioxidant enzyme.
The reduce in enzyme activity of Cu,Zn-SOD (SOD1) is one of the reasons that
caused the familial amyotrophic lateral sclerosis (FALS). The pollution of heavy
metal in the general environment may interfere metal binding site of the SOD protein,
change its conformation, and lead to a reduced activity of Cu,Zn-SOD in the living
being. Among the heavy metals, mercury and arsenate are two of the most toxic and
widely polluted. Therefore, they have been selected to interact with Cu,Zn-SOD in
this study.

The actitvities of purified Cu,Zn-SOD from E.coli overexpression system in LB
broths containing various concentrations of copper and zinc were compared. The
highest enzyme activity of Cu,Zn-SOD was purified from the system cultured in the
0.5 mM Copper and 0.5 mM Zinc . In the presence of 0.5 mM copper and zinc, E.coli
can still grow in 30 nM of mercury or in 800 nM of arsenate. Once the concentration
of mercury or arsenate got higher, the growth rate of E.coli declined rapidly. The
Cu,Zn-SOD protein expression was not affected by the presence of different
concentrations of mercury or arsenate in LB broth as judged by SDS-PAGE and
Western blot. In addition, the activities of purified SOD proteins, from E.coli cultured
in higher concentrations of mercury or arsenate, decreased dose-dependently. When
the ICP-AES was used to detect the metal contents of SOD protein, it was found that
less copper content was detected in the SOD protein when higher than 30 nM of
mercury or 800 nM of arsenate was included in the LB broth. On the other hand, it
appears that significant greater contents of zinc were found in the SOD proteins when
more than 10 nM of mercury or 200 nM of arsenate were include in the LB broth.
Furthermore, the secondary structures of Cu,Zn-SOD proteins from E.coli cultured in
LB broth with various exogenous metals were analyzed with circular dichroism (CD).
The data show that the SOD protein containing metals reduce the a-helix, -sheet
structures and turns as compared to the apo-SOD protein. However, there were not
many changes among those containing various metals.

While comparing the enzyme activity of SOD protein from E.coli cultured in the
presence of 4 metals ( copper, zinc, mercury and arsenate ) at the same concentration
(15 nM each ) in the LB broth, with that of apo-SOD protein and Cu,Zn-SOD, it was

found that the former’s enzyme activity was least. Finally, the content of these 4



heavy metals in SOD protein was examed and found that the existence of mercury and
arsenate caused a slight but not significant decrease of copper ion, however, the
content of zinc ion was not affected by their presence.

In conclusion, either the presence of mercury or arsenate has affected the expression
of Cu,Zn-SOD in E.coli, but they decreased the enzyme activity probably by
replacing the binding of copper or zinc to the metal binding sites. Therefore, the
presence of heavy metals in the culture broth might cause incorrect binding of metal
ions to the SOD protein, and result in decreased the enzyme activity of SOD, which is
a pathogenic reason of ALS. The obtained information may offer some directions to

the studies on pathogenic mechanism of ALS.



