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ABSTRACT 

One of the main causes of neurodegenerative diseases is aggregation of amyloid 

proteins that are toxic to the neurons. Proteins like amyloid-β (Aβ) and α-syneuclein (α-

syn) form hallmark aggregate lesions that contribute to pathological processes in the 

brain in Alzheimer and Parkinson’s patients, respectively. Recent ground-breaking 

studies have suggested a link between the microbiota of the gut and neurodegenerative 

diseases, called the “gut-brain axis.” It has been long known that the protein, CsgA found 

in many enteric bacteria, forms amyloid fibers of its own called Curli. Curli fibrils are a 

structural component of bacterial colonies and maintain the integrity of biofilms, making 

CsgA a “functional amyloid protein.” In this study, the hypothesis that CsgA and Aβ 

interact directly with one another to support the suggestion of the gut-brain axis is 

investigated. To do so, a plasmid containing CsgA is recombinantly expressed in E. coli 

cells and then purified in large scales for further testing of its interactions in-vitro. 

Various biophysical methods were used to isolate the CsgA protein in pure form. Once 

isolated, the interactions of CsgA with Aβ and other extracellular components reveal that 

CsgA inhibits the aggregation of Aβ, but Aβ seems to have no effect on the aggregation 

of CsgA. CsgA aggregation was also observed to be unaffected by the presence of NaCl. 

 

 

 

Keywords: protein aggregation, neurodegenerative disease, brain-gut axis, amyloid-β, 

Curli 

 



 

v 

ACKNOWLEDGMENTS 

I would not have been able to successfully graduate from the Honors College if 

Dr. Vijay Rangachari had not offered me an undergraduate position in his research lab. 

Being a biology major, I thought it was a shot in the dark to ask to join his biochemistry 

lab. However, just from taking his online Biochemistry I course, I could tell that he cares 

greatly about the education and experience of all students. I could not have imagined a 

better research experience, and I am immensely grateful that he went out of his way to 

mentor me this past year. The lab environment and culture between Dr. Rangachari and 

his students, both graduate and undergraduate, has been both a pleasure and a privilege to 

be able to experience.  

 I would also like to acknowledge my graduate mentor Jhinuk Saha for taking on 

an additional project and guiding me through this process. Starting from zero research 

experience, except for the supplemental lab courses of my biology degree, there were 

many times when certain things just would not click, but Jhinuk remained patient and 

explained everything until I understood. Without Jhinuk’s guidance, I would have not 

gained the confidence in research that I now have. I am tremendously thankful for her 

patience, guidance, and knowledge. 

 Finally, I would like to thank the Honors College of The University of Southern 

Mississippi for granting me these experiences. At first, joining as a Keystone scholar 

made me worry that I would fall short of the experiences and knowledge compared to 

those who joined their freshman year; however, I grew close to many of those students 

and have enjoyed working with these peers as we conclude our undergraduate journey. 







 

13 

for final elution in 300 mM imidazole wash (Fig. 8), a 

band at 14 kDa is observed that represents the elution of 

the CsgA protein. It can also be observed that some 

contaminants were eluted in the 50 mM imidazole wash 

lane contributing to the successful final elution of protein. 

 

3.6 Confirmation of CsgA Purification 

After collecting the elution sample from the 

optimized purification protocol, HPLC was run (Fig. 9) 

and an SDS PAGE gel was developed with silver stain in 

which the band at 

14 kDa in the 

fraction 21 (F21) 

lane corresponds to 

the presence of 

CsgA (Fig 10). A 

dot blot (Fig. 11) 

and MALDI mass spectrometry (Fig. 12) were performed 

on HPLC fractions 21, 22, and 23. Analysis of the mass spectrometry data from HPLC 

fractions 21, 23, and 23 revealed that fraction 21 contained the protein of interest 

indicated by the peak with the molecular weight just under 4,000 kDa (Fig. 12). HPLC 

 
Figure 8: This SDS-PAGE gel 
is one of many developed with 
silver staining techniques that 
depict CsgA protein yield in 
the second lane labelled “E” 
for elution in 300 mM 
imidazole wash.  
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Figure 9: In this HPLC graph, the peak 
at 14 minutes indicates the peak for 
fraction 21. 

   

Figure 10: In this HPLC SDS 
PAGE gel developed with 
silver stain, the band at 14 kDa 
in fraction 21 (F21) indicates 
the presence of CsgA. 
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fraction 21 was calculated to contain 13.9 kDa of 

CsgA protein. Fraction 21 was then lyophilized in 

cold lyophilizer and resuspended in 20 mM Tris 

buffer (pH 7.2).  

Biophysical characterization. Circular 

dichroism (CD) of HPLC fraction 21 revealed that the 

protein possessed a random coil structure indicated by 

a minima peak at 200 nm (Fig. 13). ThT (Thioflavin-T) fluorescence analysis was done to 

analyze the aggregation of CsgA, as it is known to form amyloids. Therefore, 25 μM of 

protein both with and without the presence of NaCl were analyzed at 37 º C. CsgA 

 

Figure 11: This image depicts the dot 
blot of HPLC fractions 21, 22, and 23. 

 

Figure 12: In this figure, mass spectrometry peaks of HPLC fraction 21, 22, and 23 are shown. The blue peak 
indicates the molecular weight of fraction 21 at 13,938.668 kDa. 
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aggregation over a period of 24 hours was 

recorded and revealed that the protein 

aggregates both with and without NaCl at 

approximately the same rate with no 

significant difference (Fig. 14). Finally, the 

interaction of CsgA with Aβ protein was 

also observed analyzing ThT fluorescence 

and gel electrophoresis on the co-incubations 

of the two proteins at different 

stoichiometries (Fig. 15). As expected, it was observed that Aβ begins aggregation at 

around the 10-hour mark (blue 

triangles; Fig. 15).  Notably, the 

presence of CsgA inhibits the 

aggregation of Aβ in all 

stochiometries. The CsgA control 

showed no aggregation within the 

experimental time frame. These data 

suggest a strong influence of CsgA on 

Aβ aggregation and provides a molecular foundation for the effect of bacteria on AD. 

 

Figure 14: This ThT (Thioflavin-T fluorescence) 
graph shows aggregation of CsgA both with (black) 
and without (red) the presence of NaCl. 

 

Figure 13: This graph of CD data shows a 
minima at 200 nm indicating that CsgA has a 
random coil structure.  
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Figure 15: ThT fluorescence data on  the interaction between 
CsgA with Aβ and how their aggregation is affected. Aβ was 
kept constant at 10 μM while 5 and 10 μM CsgA was used. 
The control CsgA corresponds to 10 μM. 
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 DISCUSSION AND CONCLUSION 

Protein aggregation of amyloidogenic proteins is becoming increasingly relevant 

as one of the hallmarks of neurodegenerative diseases. There is also growing evidence of 

interactions between proteins of the gut microbiome and amyloidogenic neuronal proteins 

via interplay between metabolic byproducts of symbiotic gut microbiomes and influence 

on neurotransmitters. Throughout the course of this project, Curli fibril forming CsgA 

protein purification protocol was standardized with intentions of isolating the protein to 

observe its interactions with other amyloidogenic proteins and biophysical components. 

The standardized purification process was time-consuming, as initial purifications yielded 

insignificant amounts of impure protein. Each unsuccessful purification provided further 

insight to how the protocol could be optimally modified. Through Ni(II)-affinity 

purification with an Ni-NTA column and HPLC, purified CsgA was able to be obtained 

in amounts substantial enough for testing with ThT fluorescence and CD spectroscopy in 

the presence of NaCl and Aβ protein.  

CD observations of CsgA revealed that the protein assumed a random coil 

structure after aggregation over 24 hours. CsgA was seen to aggregate in the presence of 

NaCl. Observations of ThT fluorescence of CsgA in the presence of and without NaCl 

revealed that NaCl had no significant effect on CsgA aggregation. The aggregation time 

remained relatively the same. However, when ThT fluorescence was observed for the 

interactions between Aβ and CsgA, significant results were presented. The CsgA control 

showed no signs of aggregation. The Aβ control was seen to begin aggregation around 10 

hours, but in the presence of CsgA, Aβ did not aggregate. The CsgA amino acid sequence 

contains 10 negatively charged residues at pH 7.2, and the Aβ amino acid sequence 
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contains 6 negatively charged residues along with a large dissemination of hydrophobic 

residues that are involved in its aggregation. It is hypothesized that the repulsions 

between the proteins’ negatively charged molecules interfere with the ability of Aβ to 

aggregate via the synergistic interactions between its negatively charged residues and 

hydrophobic residues. Further approaches to this study could use biophysical methods to 

investigate and test this hypothesis further.  

Largely developing evidence of gut microbiota being linked to neurodegenerative 

diseases emphasizes further implications for studies of CsgA and its interactions with 

amyloidogenic neuronal proteins like Aβ. Knowing how proteins like CsgA interact with 

other biophysical components to induce neurodegeneration contribute to understanding, 

treatment, and prevention of neurodegenerative diseases. Studies like these provide 

further evidence of the gut-brain axis and can ultimately provide insight into just how 

influential gut microbiomes are on other essential parts of the body.  
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