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ABSTRACT 

The thesis entitled ‘Superoxide Dismutase 1 (SOD1) and its mutants: Study of 

their aggregation propensity under physiologically relevant conditions’ is concerned 

with the understanding of the aggregation propensity of superoxide dismutase 1(SOD1) 

and its variants. Cu/Zn superoxide dismutase (SOD1) forms intracellular aggregates that 

are pathological indicators of amyotrophic lateral sclerosis (ALS) - a fatal 

neurodegenerative disorder that causes motor neuron degeneration in the cortex. Post 

translational modifications and protein aggregation inside cells occurs in a highly 

complex environment consisting of several salts, cosolutes and cellular surfaces, and a 

thorough understanding of the mechanism of aggregation of SOD1 from all such aspects, 

which are of profound relevance, is rigorously needed. The main aim of this work is to 

make a systematic study of SOD1 fibrillation by tuning some of the structural features 

and environmental factors including the contact surfaces which could impact its 

fibrillation behaviors, so as to have a better understanding on fibrillation mechanism of 

SOD1.  

The thesis is composed of seven chapters. Chapter 1 (Introduction) the main 

aim of this chapter is to provide an overview of the Cu/Zn superoxide dismutase (SOD1) 

and its involvement in the familial amyotrophic lateral sclerosis (fALS) disorder. A detail 

review of the current state of understanding about SOD1-mutation in ALS, their 

mechanism of toxicity and events that steer SOD1 aggregation is presented. Chapter 2 

(Materials and Methodologies) deals with protein and chemicals procurement, 
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expression and purification as well as techniques used in the investigation. All the detail 

of expression and purification of labeled as well as unlabeled protein and experimental 

techniques are discussed in this chapter. Chapter 3 (Superoxide Dismutase forms 

amyloid fibrils under quiescent conditions: Intermolecular disulfide bonds and 

disulfide bond scrambling not required for its fibrillation) deals with the study and 

elucidation of the role of intrinsic disulfide bridge in the stability and aggregation of 

SOD1. To answer this elusive and controversial issue whether the intermolecular 

disulfide cross-linking or any abnormalities in the thiol-disulfide state of SOD1 are 

involved or critical in the SOD1 aggregation mechanism, we designed a cysteine free 

mutant (SOD1NOCYS) that negates chances of the formation of any intermolecular-

disulfide crossing in aggregates. The fibrillation kinetics of the mutant under various 

experimental conditions was followed and a comparison was made with the SOD1PWT 

kinetics to get a clear idea about the role of disulfide bridge in SOD1 aggregation. 

Chapter 4 (Tuning the structural features in SOD1 renders its aggregation propensity 

dependent on the contact surfaces) describes, in detail, the modulating role of contact 

surface in the aggregation of SOD1. A systematic study of SOD1 fibrillation on 

hydrophobic as well as hydrophilic surfaces is conducted to ascertain that tuning some of 

the structural features and environmental factors could lead to the differential behaviors 

on the two surfaces. Unfolding, masking of electrostatic interactions, presence or absence 

of functional loops, and/or intrinsic disulphide linkages and nature of contact surface acts 

in conjunction with each other, leading to a diverse range of aggregation propensities in 

SOD1. In Chapter 5 (Loss of conformational constrain in SOD1 lays the foundation 
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for non-native interactions amongst the monomers) the kinetics, thermodynamics and 

structural aspects of the conformational exchange process during the early stage of SOD1 

fibrillation was studied through a combination of CPMG relaxation dispersion profiles 

over the time, chemical cross-linking coupled to mass spectroscopy (CXMS), dynamic 

light scattering (DLS) and molecular dynamics (MD). Through CPMG relaxation 

dispersion profiles over the time, we measured millisecond time-scale exchange 

dynamics of SOD1 mutant (SOD1NOCYS) that mimics the reduced state form. 

Subsequently, the size distribution of oligomers and protofibrils built up during the 

SOD1NOCYS aggregation process in NMR sample was determined by dynamic light 

scattering (DLS) experiments. The CXMS technique was employed for the determination 

of the initial interactions and the cross-talks between the SOD1 monomers during the 

early stage of its fibrillation. MD simulation was also conducted to validate the 

experimental results. Chapter 6 (Molecular description of the aggregates of 

structurally different SOD1 variants through limited proteolysis) deals with the 

information about structural segment(s) which forms the core of the SOD1 aggregates, 

formed under nascent conditions without shaking or stirring through limited proteolysis 

coupled with the MS/MS mass spectroscopy experiments. The gross morphologies of 

fibrils of SOD1 variants were also studied by TEM. Chapter 7 (Conclusions and 

Future Perspectives) contains salient highlights of this work. In the nutshell, the findings 

of this work have thrown light on the various structural and environment factors that 

modulates the aggregation of SOD1. These studies will help in a better understanding of 

the complexity of aggregation mechanism of SOD1, and hence the ALS pathology. 
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TP with fairly similar morphology. 
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4.6 Comparative fibrillation kinetics of SOD1_∆IV_∆VII_C103S on 

Treated-Plate (TP) with polystyrene nano particles vs. non-

Treated plate (non-TP) for samples with different extent of 

unfolded species:- pU-0% (black), pU-10% (green), pU-50% 

(red), pU-99% (blue). Aggregation were seen in all unfolded 

population on TP with polystyrene nano particles (A) similar to 

non-TP with faster kinetics than seen on non-TP (B) under 

identical conditions. 
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4.7 Fibrillation kinetics of SOD1_∆IV_∆VII_C103S on TP as a 

function of increasing hydrophobic surface area to protein 

volume ratio- 1:1 (green), 5:1 (red), 10:1 (blue) on TP by 

polystyrene nano-particles for samples with different extent of 

unfolded species. No fibrillation was seen in the native state (A) 
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while a pronounce aggregation with progressive decrease in lag 

time was observed upon increasing the hydrophobic surface area 

with nanoparticles for all unfolded states (B, C, & D). 

4.8 Fibrillation kinetics of SOD1 variants on TP in presence of salt 

(1M NaCl) representing population of the unfolded (pU) state of 

approximately 10% (green), 50% (red), and 99.9% (blue), 

respectively. With addition of salts, aggregation was seen in all 

three variants: - SOD1PWT (A), SOD1NOCYS (B) and 

SOD1_∆IV_∆VII_C103S (C) on TP for various level of 

unfolding. 
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presence of salt (1M NaCl) on TP, non-TP and TP with 

nanoparticles. No aggregation was seen on salt addition for the 
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observed on non-TP (B) and TP with nanoparticles (C) 

respectively. 
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4.10a Fibrillation kinetics of native SOD1_∆IV_∆VII_C103S on TP 

with Gdn-HCl. Graph represents the triplicate of same test 

condition. Aggregation was observed upon unfolding with 

guanidine hydrochloride on TP. 
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4.10b Comparative fibrillation kinetics of SOD1_∆IV_∆VII_C103S in 

Urea vs. Gdn-HCl (similar condition of pU & salt strength) on 

non-TP. Faster aggregation kinetics was observed for Gdn-HCl 

(pink) than Urea (blue) under similar experimental conditions. 
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two different surfaces. Comparison of fibrillation kinetics of 

SODPWT on hydrophobic surface (A & C) vs. hydrophilic surface 

(B & D) as a function of urea concentration representing 

population of the unfolded (pU) state of approximately: - 0% 

(black), 10% (green), 50% (red), and 99.9% (blue) on TP. 
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4.11b Fibrillation of SOD1 PWT (A & B) and SOD1NOCYS (C & D) 

function of concentration of reducing agent (TCEP) on two 

different surfaces. Comparison of fibrillation kinetics of SODPWT 

on hydrophobic surface (A) vs. hydrophilic surface (B). Similar 

aggregation pattern were observed on both surfaces i.e. 

increasing [TCEP: protein] ratio decreases the onset time of 

aggregation in SOD1 PWT while it has no effect on SOD1NOCYS (C 

& D). 
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4.14 

Comparison of fibrillation kinetics of SODNOCYS (A) vs. 

SOD1_∆IV_∆VII_C103S (truncated functional loops) (B) as a 

function of urea concentration representing population of the 

unfolded (pU) state of approximately:- 0% (black), 10% (green), 

50% (red), and 99.9% (blue) on TP. Graphs show the triplicate 

values of each representative experiments in the same color. 

Control experiments of polystyrene nano-particles on TP. 

Salt Gradient on SOD1 ∆IV_∆IIV_C103S (100 μM) with 

different unfolded fractions. 
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15N CPMG relaxation dispersions. Red color residues -- show 

relaxation dispersion and Pink color residues – represent 

dispersion with some spectral noises. 
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5.2b Representative examples of residues showing prominent 

transition in their 15N-relaxation dispersion profile upon S-S 

bridge reduction SOD1PWT and SOD1NOCYS. 

174 
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5.4b Representative examples of residues showing steady decrement 

in their R2 dispersion profile as a function of time in SOD1NOCYS. 
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5.5 Structural map of residues showing steady changes in their 

relaxation dispersion profile as a function of time in SOD1NOCYS. 

Grey– no change, Blue– decrease in R2 & dispersion, Cyan-- 

decrease in R2 and Green—a very slight increase in R2. 
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arrows. 
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5.8 Crosslinks detected in SOD1NOCYS by FINDX and validated by 
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6.3 Ribbon representation of tryptic cleavage sites and the protease 
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6.4 Mass spectra of SOD1 ∆IV_∆VII_C103S fibrils partially 

digested by trypsin. MS of aggregate showing peptide 

differences in two fractions (P2) and (S2) 

214 
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6.6 Ribbon representation of tryptic cleavage sites and the protease 
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6.7 TEM micrographs visualized at 31000X magnification. Fibrils 

were formed in SOD1∆C without any additives (A) and SOD1 

∆IV_∆VII_C103S was fibrillation unfolding with Urea. Fibrils 
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