
Porphyrin-Based Dyes for Imaging Membrane Potential via 
Second Harmonic Generation

Introduction and Research Results

Understanding brain function is a modern frontier in science. Following communication in neuronal pairs and networks will lead to clearer interpretations of physiological experiments, better modelling of brain activity and advances towards cures for neurodegenerative disorder. Second harmonic generation (SHG) imaging is a promising technique for the imaging of the transmembrane potentials which drive neuron function.1 Push-pull chromophores orientated in the neuronal plasma membrane generate a high contrast signal that is sensitive to the local electric field. Furthermore, SHG is a scattering effect and it does not require the population of excited-states, so it should be possible to design SHG dyes which are free from photobleaching and photo-induced degradation. The high polarizability and intense optical transitions of porphyrins make them excellent candidates for engineering efficient SHG voltage-sensitive probes.2
A first generation of amphiphilic donor-acceptor meso-ethynyl porphyrins (Figure 1), with polar pyridinium acceptor head- groups and hydrophobic dialkyl-aniline donors has been synthesised and tested with the aim of exploring how different structural parameters such as charge on the head-group or meso-substituent affect both photophysical and biophysical properties. These compounds were first synthesised2 before the start of my fellowship, but I significantly improved their synthesis and carried out detailed experiments to explore their properties.


Figure 1. First generation of amphiphilic donor-acceptor porphyrin dyes 

The nonlinear optical properties of these dyes have been assessed using hyper-Rayleigh scattering (HRS). A large first hyperpolarizability, dominated by βzzz along the molecular axis of the chromophores, is an important parameter for efficient SHG imaging. These molecules have shown βzzz values up to 2500 x 10-30 esu (at 800 nm), which is significantly higher than those of conventional commercially available membrane probes. I investigated voltage-dependent SHG, both in bilayers and cells, with Prof. H. L. Anderson´s group, in collaboration with Prof. Bayley (Chemistry) and Prof. Wilson (Engineering), both located in Oxford. We anticipate that this work will lead to a better method for probing changes in membrane potential in excitable cells such as neurons, it could have a major impact on several areas of physiology and will become a valuable technique for investigating the function of the brain.
The study of the molecular structure-function relationships on donor-acceptor porphyrin-based chromophores guided the engineering of a new generation of amphiphilic “donor-no acceptor” porphyrins (Figure 2). Hyper-Rayleigh scattering analysis showed that the lack of acceptor unit is not detrimental to achieve large first hyperpolarizabilities. We envisage that this finding could be key for the development of new porphyrin-based chromophores for NLO applications, avoiding the synthetic constraints imposed by the use of the archetypical donor-acceptor design. Preliminary scientific results from this project are already published,3 with other publications in the final stages of preparation to be submitted to high ranked journals like Nature Chemistry, J. Am. Chem. Soc and Chemical Science.
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Figure 2. Examples of second generation of amphiphilic donor-no acceptor porphyrin dyes 

Personal Development

The excellent environment provided by Prof. Anderson´s research group in a world-renowned research institution as the University of Oxford has been a stimulating and enriching experience for my development and career prospects. This research project has allowed me to gain a greater appreciation of the biological sciences and how my chemical knowledge can be used to design solutions to biological problems. 
During the two-year period of my fellowship, I have carried out two types of experimental work:
a) Synthesis of a wide range of novel amphiphilic porphyrin-based dyes for biological and second-order nonlinear optical applications, which has main the main part of the project. I have acquired competences in the design and development of multistep organic synthesis of water soluble porphyrins dyes and suitable protocols for their purification.
b) Nonlinear optical characterization of amphiphilic porphyrin-based dyes prepared in Oxford using Hyper-Rayleigh scattering (HRS) in collaboration with Prof. Clays (University of Leuven, Belgium). During my two secondments in his laboratory (29/11/2010 to 13/12/2010 and 14/06/2011 to 27/06/2011) I was training to perform the photophysical characterization of these molecules by myself. It was a great opportunity not only to broaden my knowledge in nonlinear optics and the instrumentation used in this field but also to build a scientific network with internationally recognized researchers, which will be indispensable in my future academic career. 
Finally, my interpersonal communication skills have been polished working as member of a team, as well as through the guidance of MSc students, involving continual supervision and leadership on my part. My intellectual education has been complemented attending two different courses:

1. “Intellectual Property Rights Workshop for Marie Curie Fellows”, European Patent Office, Munich, Germany, October, 2011. 
2. “Academic writing”, Language Centre, University of Oxford, 2011. 
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