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Exploring the impact of SpyTag/SpyCatcher cyclization on the stability of

different enzymes from a molecular perspective
Yi-Chi Huang (5121)
2024/10/23
Outline
Introduction
Rational design of spontaneous self-cyclization enzymes /n Vivo and In Vitro with
improved thermal tolerance and activity
3. Improving the thermostability of trehalose synthase from Thermomonospora curvata by
covalent cyclization using peptide tags and investigation of the underlying molecular
mechanism
4.  Protein-protein interactions enhance the thermal resilience of SpyRing-cyclized enzymes:
A molecular dynamic simulation study
5. Conclusion
Abstract
Enzymes typically exhibit poor stability at high temperatures and tend to lose activity,
which is a significant drawback limiting their broad application in large-scale industrial
processes. Improving thermal stability is the primary objectives to overcome this limitation.
Protein cyclization has emerged as an effective method to enhance enzyme thermal stability.
This report examines whether SpyTag/SpyCatcher cyclization can improve enzyme limitations,
focusing on molecular mechanisms that influence thermal stability, such as structural changes
and molecular dynamics. Literatures show successful application of this method to enzymes
like B-glucosidase, trehalose synthase, and lichenase, all of which exhibited enhanced thermal
stability compared to non-cyclized versions. For B-glucosidase, experiments were conducted
to investigate whether the order of peptide tag fusion affects the cyclization process. Molecular
structure simulations showed that translating SpyTag first helps with protein folding and leads
to a more stable conformation. For trehalose synthase, additional experiments were performed
comparing enzymes with site-directed mutations to their cyclized versions, focusing on
differences in pH, temperature, enzyme kinetics, and thermal stability. Molecular dynamics
simulations were used to explain the underlying mechanism of enhanced thermal stability. To
examine the interactions between lichenase and the SpyTag/SpyCatcher interface, mutations
were introduced to alter the charge properties of amino acids. The results indicated that
electrostatic forces might play an electrostatic steering role during protein recognition,
promoting protein-protein interactions and providing directionality, which has a more
significant effect on thermal stability. In conclusion, these three studies provide insights into
the molecular mechanisms by which enzyme cyclization influences thermal stability, offering

a reasonable explanation for the observed differences in thermal stability data.
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