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Background
Coupling GCE with Enzymatic Methods Allows for Triple Labeling of αS 

AcNtermAcK43pS129 αS Binds Less to Membranes
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Alpha-synuclein (αS) is a 14 kDa neuronal protein found at synaptic termini. Its physiological

roles are synaptic vesicle trafficking and managing neurotransmitters. Aggregates of αS are

commonly found in Parkinson’s Disease (PD), Multiple System Atrophy (MSA), and Dementia with

Lewy Bodies (DLB). Recent results show that αS fibrils formed under different disease environments

behave differently, but the mechanism of this is not fully understood.

It has been suggested that various post-translational modifications (PTMs) contribute to these

differences. Prior works have investigated how a single modification of αS affects its function,

structure, and aggregation kinetics. It is important to know how combinations of PTMs on αS affect

its native function, structure, and aggregation kinetics. Our ability to understand how combinatorial

PTMs regulate αS functions in health and disease has been hindered by the absence of tools for

generating site-specific PTMs.

Herein, we present a novel approach to the study of αS. By utilizing genetic code expansion,

enzymatic modification, click chemistry and other biochemical approaches, we have synthesized

triple PTM αS and labeled the C-terminus with a fluorophore. This innovative method has allowed us

to further characterize PTM effects, providing new insights into the behavior of αS.

αS is a 140 amino acid, intrinsically disordered, and physiologically monomeric protein.

When bound to membranes, αS

adopts an α-helical secondary

structure. It is involved in

neurotransmitter release, SNARE

complex assembly, and vesicle

trafficking.

αS can oligomerize and form aggregates that are associated with Parkinson’s Disease.

PTM studies often use protein fragments, non-specific 

overall modification, PTM mimics, or native chemical 

ligation (NCL).

Genetic code expansion (GCE) integrates modified amino 

acids into proteins.

Therefore, GCE can be utilized to study the role of PTMs in 

the function and pathology of αS.

αS Background:

αS Misfolding Diseases:

• Fluorescence Correlation

Spectroscopy was used to

determine the effect of

multiple αS PTMs on vesicle

(60:25:15 POPC:POPE:POPS)

binding.

• AcNtermAcK43pS129αS binds

with less affinity to the

membranes compared to
AcNtermαS.

Ca2+ 

Binding 

Loop

Membrane 

Binding 

Domain

Amphiphilic 

Helixes

Penn

Chemistry

1. Dumas, A.;  Lercher, L.;  Spicer, C. D.; Davis, B. G., Designing logical codon reassignment - Expanding the chemistry in biology. Chem Sci 2015, 6 (1), 50-69.

2. Pan, B.; Shimogawa, M.; Zhao, J.; Rhoades, E.; Kashina, A.; Petersson, E. J. Cysteine-Based Mimic of Arginylation Reproduces Neuroprotective Effects of the Authentic Post-Translational Modification on α-Synuclein. Journal of the American Chemical Society 2022, 144 (17), 7911-7918. 

3. Zhang, S.; Zhu, R.; Pan, B.; Xu, H.; Olufemi, M. F.; Gathagan, R. J.; Li, Y.; Zhang, L.; Zhang, J.; Xiang, W. Post-translational modifications of soluble α-synuclein regulate the amplification of pathological α-synuclein. Nature neuroscience 2023, 26 (2), 213-225.

4. Pancoe, S. X.; Wang, Y. J.; Shimogawa, M.; Perez, R. M.; Giannakoulias, S.; Petersson, E. J. Effects of Mutations and Post-Translational Modifications on α-Synuclein In Vitro Aggregation. J Mol Biol 2022, 434 (23), 167859. 

5. Lee, V. M.; Trojanowski, J. Q. Mechanisms of Parkinson's disease linked to pathological alpha-synuclein: new targets for drug discovery. Neuron 2006, 52 (1), 33-38.

6. Arawaka, S.; Sato, H.; Sasaki, A.; Koyama, S.; Kato, T. Mechanisms Underlying Extensive Ser129-Phosphorylation in α-Synuclein Aggregates. Acta Neuropathologica Communications 2017, 5 (1), 48 

7. Zhu, P.;  Gafken, P. R.;  Mehl, R. A.; Cooley, R. B., A Highly Versatile Expression System for the Production of Multiply Phosphorylated Proteins. ACS Chem Biol 2019, 14 (7), 1564-1572.

8. Collaborators, G. B. D. D. F., Estimation of the global prevalence of dementia in 2019 and forecasted prevalence in 2050: an analysis for the Global Burden of Disease Study 2019. Lancet Public Health 2022, 7 (2), e105-e125.

9. Min, S. W.;  Cho, S. H.;  Zhou, Y.;  Schroeder, S.;  Haroutunian, V.;  Seeley, W. W.;  Huang, E. J.;  Shen, Y.;  Masliah, E.;  Mukherjee, C.;  Meyers, D.;  Cole, P. A.;  Ott, M.; Gan, L., Acetylation of tau inhibits its degradation and contributes to tauopathy. Neuron 2010, 67 (6),  953-66.

10. . Bryson, D. I.;  Fan, C.;  Guo, L. T.;  Miller,  C.;  Soll, D.; Liu, D. R., Continuous directed evolution of aminoacyl-tRNA synthetases. Nat Chem Biol 2017, 13 (12), 1253-1260.

11. Zhang, Shujing et al. “Author Correction: Post-Translational Modifications of Soluble α-Synuclein Regulate the Amplification of Pathological α-Synuclein.” Nature neuroscience. 26.12 (2023): 2250–2250. 

12. Schweighauser, Manuel et al. “Structures of α-Synuclein Filaments from Multiple System Atrophy.” Nature. 585.7825 (2020): 464–469.

13. Spillantini, Maria Grazia et al. “α-Synuclein in Lewy Bodies.” Nature. 388.6645 (1997): 839–840.

14. Ghanem, S. S.; Majbour, N. K.; Vaikath, N. N.; Ardah, M. T.; Erskine, D.; Jensen, N. M.; Fayyad, M.; Sudhakaran, I.  P.; Vasili, E.; Melachroinou, K.; et al. α-Synuclein phosphorylation at serine 129 occurs after initial protein deposition and inhibits seeded fibril formation and toxicity.  

Proceedings of the National Academy of Sciences 2022, 119 (15), e2109617119.

15. Paleologou, K. E.; Schmid, A. W.; Rospigliosi, C. C.; Kim, H. Y.; Lamberto, G. R.; Fredenburg, R. A.; Lansbury, P. T., Jr.; Fernandez, C. O.; Eliezer, D.; Zweckstetter, M.; Lashuel, H. A. Phosphorylation at Ser-129 but not the phosphomimics S129E/D inhibits the fibrillation of alpha-synuclein. 

J Biol Chem 2008, 283 (24), 16895-16905.

16. Shimogawa, Marie et al. “Investigation of All Diseases-Relevant Lysine Acetylation Sites in ⍺-Synuclein Enabled by Non-canonical Amino Acid Mutagenesis. eLife 2025, 14:RP109043 

In different

pathological

contexts, αS can have

different activities

and conformations.

This may be due to

various combinations

of PTMs.

Adapted from AddGene

Herein, using GCE and 

enzymatic approach, four 

different plasmids were 

transformed into E. coli to 

label αS with three site-

specific PTMs.

Lindquist et. al., Annu. Rev. Cell. Dev. Biol. 2010; Spillantini et al., Nature 1997
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Results:

Acetylation has Differential, Site-Specific Effects on αS Aggregation

αS PTMs in LB Disease/MSA Patients

Soluble αS: Peng et al. Nature Neurodeg. 2023; MSA fibril: Schweighauser et al., Nature 2020
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Results:

Sites of Interest: Methods:

Acetylation of αS has been demonstrated to affect

both its aggregation kinetics and seeding.

GCE can be used to authentically and site-

specifically scan through different acetylation sites

and determine their effects.

Aggregation Seeding in Primary Neurons:

25% AcK
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As αS begins to form

aggregates, ThT binds to

the beta-sheets and the

fluorescent signal

increases.
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AcK80 has an Aggregation Rescuing Effect on αS

Results:

Incorporated acetylation at N-

terminal, K80, and 

phosphorylation

of S129 successfully. Using

ThT as a fluorescence

readout, preliminary seeded

aggregation in vitro show that

acetylation at K80 rescues

aggregation.

Multiply Modified αS Generated by Combing GCE with Enzymatic Approach

Results:
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