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Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease which, similarly to other 
conditions targeting the nervous system (Parkinson’s, Alzheimer’s) has drawn much scientific 
attention in the last couple of decades due to its unclear pathology and aggressive progression. 
The agent responsible for the rapid deterioration of motor neurons in ALS has been identified as 
superoxide dismutase (SOD1) – a widely abundant protein in the human body responsible for 
reducing the oxidative stress generated in the process of breathing. Compared to other well 
known eukaryotic proteins SOD1 stands out as a highly efficient and extremely stable enzyme. 
Nevertheless, the gene coding for its sequence is the target of a wide array of mutations that 
destabilize its structure and drive its aberrant aggregation. Even though the SOD1 aggregates are 
a symptomatic feature of ALS and an indication for the protein’s perturbed structural integrity, 
the origin of their toxicity remains elusive. This is the main reason why scientists are now trying 
to accumulate as much information on the structural hotspots of SOD1 susceptible to mutational 
destabilization. 
The present project investigates the role on stability of the two flexible extensions which form the 
active site of SOD1 and regulate its function. These two structural components (loops IV and 
VII) have been proven to have a very specific contribution to the overall SOD1 stability, 
dependent on the presence or absence of zinc ions, which they coordinate in the natural state of 
the protein together with the functionally active copper ions. In order to estimate the individual 
extent to which the loops contribute to the integrity of SOD1 they were removed, one at a time, 
with the aids of protein engineering. The resulting loop IV and loop VII depleted SOD1 mutants 
were then biotechnologically produced in E. coli, purified and subjected to a series of biophysical 
experimental procedures. Two sets of experimental data were collected. The first, giving 
information on the structural changes that occur upon loop removal was acquired through nuclear 
magnetic resonance (NMR) experiments. The second, revealing the particular stability of each of 
the two proteins, was obtained by way of thermodynamic characterization, which encompasses a 
series of various kinetic and equilibrium denaturation procedures. All stability experiments were 
conducted once in the presence of zinc ions and a second time in their absence. This was 
necessary in order to obtain a more comprehensive stability estimation, as it has been previously 
proven that zinc is pivotal for the proper spatial organization of SOD1 and in particular the two 
loops of interest. The same was intended for the NMR experiments as well, since certain 
structural alterations in the presence of the metal were expected. Unfortunately, the available 
spectroscopy time was insufficient and NMR was performed only on metal free proteins.  
The resulting data analysis, conducted in comparison to the available information for the loop 
containing and the totally loop depleted SOD1 species, produced several interesting observations. 
Structurally, it seems that the two loops are capable of maintaining a certain level of 
conformational organization even in the absence of zinc and more strikingly they play a crucial 
role in a complex hydrogen bond network that orchestrates the integrity of the active site, though 
being positioned on the opposite end of the SOD1 monomeric unit. From a thermodynamic 
perspective, the stability of both proteins is highly influenced by the availability of zinc, 
regardless of the absence of one of the two loops. Furthermore, it could be speculated that loop 
IV has a more pronounced importance for the maintenance of SOD’s stability and is an integral 
part of the conformational alterations that occur upon zinc binding. 


