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Pure Bacillus subtilis vs. Store-Bought Bacillus subtilis Impact on Parkinson’s-Like Disease in 
Caenorhabditis elegans
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RESULTS
Parkinson’s Disease (PD) is a progressive degenerative neurological disorder linked with the death of 
dopaminergic neurons in the brain. A pathological hallmark of PD is aggregation of ⍺-synuclein 
protein. Interactions between the gut and the brain most likely play a role in PD, and probiotic bacteria 
like Bacillus subtilis (B. subtilis) appear to reduce ⍺-synuclein aggregation. Caenorhabditis elegans (C. 
elegans) are microscopic roundworms used to study PD because of the similarity of their dopaminergic 
system to that of humans. In this experiment, C. elegans were fed either a standard OP50 diet, a pure B. 
subtilis diet, or a store-bought B. subtilis diet. They were treated with 6-hydroxydopamine, a 
neurotoxin that causes Parkinson’s-like symptoms. It is hypothesized that a lower percentage of worms 
will show PD-like symptoms when fed on a pure sample B. subtilis diet or a store-bought B. subtilis 
diet and that there will be no significant difference between these two groups.
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Experimental Question:
How does a pure sample of  B. subtilis compare with store-bought B. subtilis 
gummy regarding ability to protect against the neurotoxicity of 6-OHDA?
o Previous lab results indicated a protective effect of ATCC B. subtilis strain
o ATCC B. subtilis appeared to have no protective effect in current study
o 6OHDA inhibited ability to return to normal movement
o Worms grown on store-bought gummy B. subtilis demonstrated no negative

effect compared to control
o Store-bought B. subtilis had a protective effect vs. 6OHDA treatment

Future Directions:
o Investigate reason for lack of protective effect seen in pure sample B. subtilis
o Examine ability of other store-bought probiotic supplements with multiple

strains to protect against 6OHDA neurotoxicity
o Test different lengths of time on probiotic diet and ability to protect against

6OHDA neurotoxicity

CONCLUSION

ABSTRACT

BACKGROUND

1. Naqvi, E. (2018, August 6). Parkinson's disease statistics. Parkinson's News Today. Retrieved June 8, 2022, from 
https://parkinsonsnewstoday.com/parkinsons-disease-statistics/ 

2. Harrington, A. J., Hamamichi, S., Caldwell, G. A., & Caldwell, K. A. (2010). C. elegans as a model organism to 
investigate molecular pathways involved with Parkinson's disease. Developmental Dynamics, 239(5), 1282–1295. 
https://doi.org/10.1002/dvdy.22231 

3. Nass, R., Hall, D. H., Miller, D. M., & Blakely, R. D. (2002). Neurotoxin-induced degeneration of dopamine 
neurons in Caenorhabditis elegans. Proceedings of the National Academy of Sciences, 99(5), 3264–3269. 
https://doi.org/10.1073/pnas.042497999 

4. Tan, A. H., Hor, J. W., Chong, C. W., & Lim, S. Y. (2020). Probiotics for parkinson's disease: Current evidence 
and future directions. JGH Open, 5(4), 414–419. https://doi.org/10.1002/jgh3.12450 

5. Perez-Pardo, P., Kliest, T., Dodiya, H. B., Broersen, L. M., Garssen, J., Keshavarzian, A., & Kraneveld, A. D. 
(2017). The gut-brain axis in parkinson's disease: Possibilities for food-based therapies. European Journal of 
Pharmacology, 817, 86–95. https://doi.org/10.1016/j.ejphar.2017.05.042 

6. Gracie Medley. Previous research in this lab: Impact of Bacillus subtilis on the Mobility Behavior of 
Caenorhabditis elegans with Parkinson’s Like Disease (2021). 

Figure 3. Percent of C. elegans able to return to sinusoidal movement. 

MATERIALS AND METHODS

Parkinson’s Disease
o 60,000 Americans diagnosed with PD every year (1)
o Second most common age-related neurodegenerative disorder (1)
o Combined direct and indirect costs of PD in U.S. = $25 billion per year (1)
o PD linked with the selective loss of dopaminergic neurons in substantia nigra (2)
o Symptoms: muscle rigidity, tremors, spasticity, inability to initiate movement (3)

Caenorhabditis elegans
o Microscopic roundworm with fully mapped genome and nervous system (2)
o Conservation of dopaminergic pathway between C. elegans and humans (2)
o Can use mobility pattern shift test to measure PD like symptoms after exposure

to 6-hydroxydopamine (6-OHDA)

6-OHDA: A Neurotoxin
o Able to enter dopamine neurons through the dopamine transporter (DAT) (3)
o Causes an increase in reactive oxygen species in cells, which leads to death of

dopaminergic neurons (2)
o Found in urine and brain samples of some PD patients post-mortem (3)

B. subtilis and the Gut-Brain Axis
o Gut-brain axis likely plays a role in neurological disorders like PD (4)
o ⍺-synuclein aggregation is a pathological hallmark of PD (4)
o ⍺-synuclein aggregation could start in the enteric nervous system, which then

could spread to the brain (5)
o The bacterium B. subtilis appears to reduce aggregation of ⍺-syn (4)
o Worms fed on B. subtilis lawns previously showed increased return to normal

movement (6)
o Probiotics are a promising dietary intervention for Parkinson’s disease (5)

Experimental Question
How does an ATCC sample of B. subtilis compare with store-bought B. subtilis
gummy regarding ability to protect against the neurotoxicity of 6-OHDA?

Hypothesis
There will be no significant difference in ability to return to normal movement
pattern between C. elegans pretreated with a purified sample of B. subtilis and C.
elegans pretreated with a store-bought gummy sample of B. subtilis.

Dopamine 6-OHDA

Figure 2. 6-OHDA only differs from dopamine by one hydroxide group.
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Figure 1. Mobility pattern shifts in C. elegans either returning to normal movement or displaying PD like symptoms.
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A significant treatment effect was determined between groups utilizing a one-way 
ANOVA (F = 11.9, p < 0.001, DF = 4). A post hoc Tukey analysis indicated a 
significant difference in return to sinusoidal movement between OP50 control and 
OP50+6OHDA. There was no significant difference between OP50 control and 
Gummy B. subtilis control. There was a significant difference between 
OP50+6OHDA and Gummy B. subtilis+6OHDA.
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