
 

Understanding how zwitterionic polymers
can lead to safer drugs and disease
prevention
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Protein stabilization is key to tackling protein aggregation, which is involved in
neurodegenerative diseases. Rajan et al. explore molecular mechanisms by which
zwitterionic polymers stabilize proteins, highlighting how modifications in
hydrophobicity and molecular weight effectively prevent aggregation. Credit:
Kazuaki Matsumura, JAIST.

Proteins are vital biomolecules responsible for performing various
functions in the human body and are thus regarded as the workhorses of
a cell. The primary structure of a protein is composed of different amino
acids coming together. The structure so formed then undergoes protein
folding, a process by which a protein acquires its characteristic and
functional three-dimensional configuration.

This state, referred to as the "native state," is crucial for proper protein
function. Unfavorable conditions, such as stress or exposure to external
agents, can cause proteins to misfold and form aggregates, hampering
their ability to perform their original functions.

Protein misfolding has been implicated as the underlying cause of a
range of human diseases, notably Alzheimer's, Huntington's, and
Parkinson's. Additionally, aggregate formation is also known to impact
the efficacy and safety of protein-based drugs. This underscores the
need for investigating compounds and strategies that can suppress
misfolding and enhance protein stabilization.

Recent studies have reported the protein stabilization ability of a few
polymers. However, their mechanism of action and the impact of
interactions between hydrophobic components (the components that
repel water) and proteins are not well understood.
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To address this knowledge gap, a team of researchers led by Professor
Kazuaki Matsumura from the Japan Advanced Institute of Science and
Technology (JAIST), including former Assistant Professor Robin Rajan,
doctoral research fellow Dr. Dandan Zhao from JAIST, and Assistant
Professor Tadaomi Furuta from the Tokyo Institute of Technology,
conducted a study to elucidate the mechanism of protein aggregation
inhibition by sulfobetaine (SPB).

In their study published in Cell Reports Physical Science, the researchers
also tried to understand the specific interactions that occur between
hydrophobic components and proteins and their impact on protein
aggregation.

  
 

  

Inhibition of aggregation of insulin solution. i) before heating, ii) after heating
without PSPB and iii) after heating with PSPB. Credit: Kazuaki Matsumura,
JAIST.
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https://phys.org/tags/knowledge+gap/
https://doi.org/10.1016/j.xcrp.2024.102012


 

  

Schematic representation of the sequence of on-pathway structural changes
accompanying insulin fibrillation as well as the role of zwitterionic polymer in
suppressing the formation of insulin aggregates. Credit: Kazuaki Matsumura,
JAIST.

Explaining the rationale behind this study, Prof. Matsumura says,
"Previously, we conducted a study on polysulfobetaines (PSPBs), a
zwitterionic polymer that consists of functional groups with both positive
and negative charges. We found that the polymer showcased exceptional
efficiency in suppressing protein aggregation. However, the impact of
hydrophobicity remained unexplored."

In this study, the researchers synthesized PSPBs with different molecular
weights and added varying amounts of hydrophobic monomers
individually and with different alkyl chains through a process known as
reversible addition-fragmentation chain transfer polymerization. The
researchers then analyzed the protein-stabilizing properties of these
polymers and examined the interactions between polymers and proteins
through physicochemical techniques.

4/6

https://phys.org/tags/polymer/


 

Their findings revealed that PSPBs offered protein stabilization by
disrupting the important pathways involved in protein aggregation.
Further, hydrophobicity and molecular weight both had an influence on
preventing protein aggregation and enhancing protein stabilization.
Increasing these factors amplified the weak and reversible interactions
between SPB and proteins.

"We can think of these polymers as reversible molecular shields, which
disrupt the aggregation pathway," explains Prof. Matsumura, while
discussing the results of their study. The researchers also found that on
removal of stress, refolding of the partially unfolded intermediates was
observed, suggesting regaining of their native states.

Thus, by unraveling the intricate molecular mechanisms of protein 
aggregation suppression by zwitterionic polymers, this pioneering study
may open avenues for new therapeutic strategies that delay or prevent
diseased conditions and help ensure the safety of protein-based drugs.

In the words of Prof. Matsumura, "In 5 to 10 years, this research could
lead to the development of novel, more effective treatments for
conditions related to protein misfolding, significantly improving patient
outcomes. Additionally, it may enable the production of more stable and
cost-effective protein therapeutics, benefiting the pharmaceutical
industry and health care providers."

  More information: Molecular mechanism of protein aggregation
inhibition with sulfobetaine polymers and their hydrophobic derivatives, 
Cell Reports Physical Science (2024). DOI: 10.1016/j.xcrp.2024.102012. 
www.cell.com/cell-reports-phys … 2666-3864(24)00280-7
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https://phys.org/tags/molecular+weight/
https://phys.org/tags/aggregation/
https://dx.doi.org/10.1016/j.xcrp.2024.102012
https://www.cell.com/cell-reports-physical-science/fulltext/S2666-3864(24)00280-7
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