Fluorescent Rotors for Imaging Viscosity In Cells
Introduction and Resear ch Results

Measuring viscosity in biological systems is of gaount importance for the
understanding of biophysical processes governirth bee normal cell function and the cell
demise. More specifically, membrane viscosity hawveen linked with alterations in
physiological processes, such as carrier-mediatadsport, activities of membrane-bound
enzymes and receptor binding, which, in turn, assoeiated with aging and disease
pathogenesis. Three most widespread methods bas@dooescence have been developed to
probe the viscosity on a microscopic scale: fluceese recovery after photobleaching (FRAP),
fluorescence anisotropy and the use of molecutarso

Molecular rotors refer to small synthetic fluoropé® in which fluorescence emission is
sensitive to the viscosity of the surrounding emminent. This sensitivity, based on the non-
radiative decay of the excited state, allows aipeecalibration of fluorescence parameters with
viscosity. Fluorescence lifetime imaging (FLIM)aa excellent technique to probe the viscosity
in biological systems as it is concentration indefmt and a single excitation
wavelength/emission interval is required.

The aim of this project is to study the sensitivibyviscosity of new BODIPY (Boron
DIPYrromethene) derivatives. The design and symhes the latest involve two different
collaborations. In the first one with Dr Rachel MeaRenault and Dr Gilles Clavier, from the
Supramolecular and Macromolecular PhotophysicsRimatochemistry (PPSM) laboratory, the
fluorophores were designed to be emitting in thermefrared of the electromagnetic spectrum,
presenting a better match with the tissue therapaundow. | synthesised compountisand?2
(figure 1) and carried out their purification at Imperialllége London as well as spectroscopic
experiments to explore their properties as moleaalers. In the second collaboration with Dr
Ismael Lopez-Duarte and Dr Maria A. Izquierdo-Arauthe BODIPY derivatives containing a
double positive charge on the aliphatic chain wsyethesised, which was aimed to stain
specifically the plasma membrane of live cells.
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Figure 1. Molecular structures of new red-emitting BODIPY derivatives.

The free rotation through the C — C bond on theawmssition (indicated by the arrow
in figure 1) favours the non-radiative deactivation pathwaychthad been shown to be the key
mechanism in the molecular rotor properties (1)weheer, based on the results obtained so far,
we can conclude that compoundlsand 2 don’'t show any molecular rotor properties but
seemingly prove to be sensitive to the temperadhsgiead, with probably a contribution of the
polarity sensitivity as well. The free rotationdligh C — C and the substitution by conjugated
groups on the BODIPY core are very likely to bepmssible for the new observed properties as
a control BODIPY (compoun@) showed no change in the fluorescence quantuna yet
lifetime in solutions of different viscosities amma a temperature range from 10°C to 90°C.
Moreover, the key mechanism of non-radiative dgatitn can be assessed to be the same as
for the molecular rotor without conjugated substitis. These results will be reported in a paper
which is currently in preparation and will be subied to journals such as J Phys Chem B,
PCCP or Chem. —Eur. J.



In the second collaboration, two positively chard@ODIPY (compoundgt and 5,
figure 2) were successfully synthesised by Dr Ismaél Ldpearte and Nicolas Duchemin
(undergraduate student). | was in charge of sugierviof Nicolas in the analytical lab and of
their spectroscopic study in solution and in c&llempoundsg} and5 are shown to be effective
molecular rotors, with a better brightness for compd 4 compared tdb and on contrary a
better sensitivity to viscosity for compoud It has also been shown that both compounds
selectively stain the cell plasma membrdinguf e 3). A very first measurement of the viscosity
of the cell plasma membrane has been done with contp4 and these results have been
published in the journal of Chemical Communicatievisere | am a joint first author, along
with Dr Lopez Duarte (2). A first application based the molecular rotor properties of
compound4 have also been explored, in a collaboration wittUbike Eggert and Dr Eleonora
Muro, from King's college. In staining experimemt blela cells in the process of cell division
and at different stages, compoudAdhas shown that the viscosity in the plasma mengbran
doesn’t change significantly when the cells undelgodivision process. This unexpected result
might be the beginning of a new understanding of bologic process. The differences and
complementarity between the properties of compouhdsd5 as viscosity probes will be
reported in a paper which is in preparation andeosubmitted to journals such as Chem
Commun or Chem- Eur. J.

Figure 2. Molecular structures of new charged BODIPY Figur 3. |: oc ige of
derivatives. Hela cells stained with compound 4

Personal Development

The excellent environment provided by Dr Marinak{imova’s research group in a world-
renowned research institution as Imperial Collegadon has been a stimulating and enriching
experience for my development and career prosp€his.research project has allowed me to
gain a greater appreciation of the biochemicalnege and to broaden my knowledge from
physical chemistry into biochemistry as well a®iabmputational chemistry

During the two-year period of my fellowship, | hagarried out three types of experimental
work:

a) Spectroscopic study in solution using differergcous solutions such as mixtures of
methanol/glycerol and different types of oils il oils, castor oil). | learned how to prepare
the solutions in a reproducible way, how to haveastant control on their composition and
how to handle them in presence of the dyes ofesten order to obtain precise and reliable
results.

b) Cell culture, staining experiments and toxicitysays. | have learned how to culture
different types of cells (SKOV-3, Hela cells) anowhto optimize the staining conditions in
order to get FLIM image with great contrast ancheitt damaging the cells. In order to address
this last issue, | have learned how to check thetoyicity of a dye (viability assays, tests using
Sytox Green for instance). | also carried out tog first time FLIM technique on biologic
systems and how to analyse the data, using newaeftsuch as Matlab (phasor approach) or
LAF AS Lite and SPC to extract lifetimes from timeaiges.

¢) Computational chemistry. | have learned, undeABxandra Simperler’'s supervision, how
to perform calculations on a simple BODIPY derivatand molecular rotor, in the ground and
excited states, in order to get a better understgnof the mechanism behind the molecular
rotor properties.



Finally, my interpersonal communication skills habeen polished working as member of a
team, as well as through the guidance of studentglving continual supervision and
leadership on my part. My intellectual educatiors leeen complemented attending several
courses on techniques to write and to review pagedson how to plan my professional career.
| also had opportunities to take part in outreagdnés (Imperial Festival, Science Uncovered),
to attend schientific conferences and to extengbrofessional network.
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