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7 | Conclusion

This thesis focused on the mechanistic understanding and advancement of intramolecular pho-
tostabilization of synthetic organic fluorophores. The following major contributions to the field
of ”self-healing” fluorophores were made that includes the first demonstration that a single
photostabilizer is sufficient to stabilize fluorophore for single molecule applications.

Jasper H. M. van der Velde



Mechanistic understanding.
Self-healing of Cy5 with the vitamin E derivative Trolox was employed using target scaffolding
of the photostabilizer and fluorophore. The obtained results suggest that self-healing of Cy5
uses a mechanism that involves quenching of the triplet state via a ping-pong mechanism,
that is, photoinduced electron transfer reaction between the photostabilizer and dye followed
by geminate recombination. Despite the obtained increase in photostability, self-healing of Cy5
with Trolox, without the addition of solution additives, increases the heterogeneity of the sample.
Additionally, it was shown that self-healing can be combined with single-molecule photoswitching
by the addition of MEA and PCA to the imaging buffer. This suggests potential applications in
STORM-type super-resolution microscopy.

Joint single molecule experiments and molecular dynamic simulations were used to understand
the mechanism of intramolecular photostabilization. It was shown that a slight variation in the
chemical structure, and associated physical properties, in the nitrophenyl moiety of the single
photostabilizer does not alter the photostability. Molecular dynamic simulations suggest that
the linking geometry and interactions between the photostabilizer and dye are more important
parameters to optimize photostabilization via a high collision rate with short contact times.

New scaffolding options.
We also provided a general strategy to simultaneously link synthetic organic fluorophores to
a photostabilizer and biomolecular target, with a reduced amount of synthetic effort. The
proposed modular synthetic strategy makes use of well-known chemical reactions such as amide
bond formation and click chemistry with only commercially available starting materials. Here,
the unnatural amino acids nitrophenylalanine and propagyl glycine were used to link rhodamine,
carbopyronine and cyanine fluorophores covalently to a photostabilizer and a biomolecular target.
We have shown that we can bind the photostabilizer-dye conjugates to different biomolecular
targets, such as DNA, antibodies and proteins. The photostabilizer-dye conjugates show a
significant increase in photostability compared to the their non-stabilized parent fluorophores,
establishing intramolecular triplet state quenching as a general strategy for photostabilization.

Improved photostability.
To advance the self-healing concept to be competitive with diffusion-based photostabilization
we designed optimized photostabilizer molecules containing multiple units (here a reducing and
an oxidizing moiety (iROXS)). Self-healing with iROXS resulted in a ∼100 fold increase in
photostability of Cy5, being competitive with diffusion-based healing strategies and superior to
other conjugates described in this thesis. Mechanistically it was found that the oxidizing part of
iROXS dominates the self-healing action. The development of iROXS has shown to be a general
platform to combine two or more different photostabilizers using unnatural amino acids as the
scaffold. The general concept of iROXS allows complying for the different physical and chemical
requirements of the fluorophore and system of interest. Additionally, the unnatural amino acids
allow for a more general modification where a photostabilizer is combined with molecules to
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enhance other chemical properties, such as water solubility, charge, etc..

Advanced applications.
Subsequently, the photostabilizer-dye conjugates were used in demanding single molecule or
super-resolution microscopy applications. Using single molecule Förster resonance energy trans-
fer microscopy the conformational dynamics of proteins were studied, showing an increase in
data quality when making use of the photostabilizer-dye conjugates compared to their non-
stabilized parent fluorophores. Furthermore, antibody labeling followed by STED imaging of
nuclear pore complexes showed that an increased number of subsequent STED images could
be acquired. Thereby highlighting future directions towards improved dynamic STED imaging
free of diffusion-based photostabilizers. Additionally it was shown that self-healing can be com-
bined with single-molecule photoswitching, suggesting potential applications in STORM-type
super-resolution microscopy.
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