
 

Using DNA templates to harness the sun's
energy
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Double-stranded DNA as a template to guide self-assembly of cyanine dye
forming strongly-coupled dye aggregates. These DNA-templated dye aggregates
serve as "exciton wires" to facilitate directional, efficient energy transfer over
distances up to 32 nm. Credit: Neal Woodbury and Hao Yan
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As the world struggles to meet the increasing demand for energy,
coupled with the rising levels of CO2 in the atmosphere from
deforestation and the use of fossil fuels, photosynthesis in nature simply
cannot keep up with the carbon cycle. But what if we could help the
natural carbon cycle by learning from photosynthesis to generate our
own sources of energy that didn't generate CO2? Artificial
photosynthesis does just that, it harnesses the sun's energy to generate
fuel in ways that minimize CO2 production.

In a recent paper published in the Journal of the American Chemical
Society (JACS), a team of researchers led by Hao Yan, Yan Liu and Neal
Woodbury of the School of Molecular Sciences and Biodesign Center
for Molecular Design and Biomimetics at Arizona State University
report significant progress in optimizing systems that mimic the first
stage of photosynthesis, capturing and harnessing light energy from the
sun.

Recalling what we learned in biology class, the first step in
photosynthesis in a plant leaf is capture of light energy by chlorophyll
molecules. The next step is efficiently transferring that light energy to
the part of the photosynthetic reaction center where the light-powered
chemistry takes place. This process, called energy transfer, occurs
efficiently in natural photosynthesis in the antenna complex. Like the
antenna of a radio or a television, the job of the photosynthetic antenna
complex is to gather the absorbed light energy and funnel it to the right
place. How can we build our own "energy transfer antenna complexes",
i.e., artificial structures that absorb light energy and transfer it over
distance to where it can be used?

"Photosynthesis has mastered the art of collecting light energy and
moving it over substantial distances to the right place for light-driven
chemistry to take place. The problem with the natural complexes is that
they are hard to reproduce from a design perspective; we can use them
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as they are, but we want to create systems that serve our own purposes,"
said Woodbury. "By using some of the same tricks as Nature, but in the
context of a DNA structure that we can design precisely, we overcome
this limitation, and enable the creation of light harvesting systems that
efficiently transfer the energy of light were we want it."

Yan's lab has developed a way to use DNA to self-assemble structures
that can serve as templates for assembling molecular complexes with
almost unlimited control over size, shape and function. Using DNA
architectures as a template, the researchers were able to aggregate dye
molecules in structures that captured and transferred energy over tens of
nanometers with an efficiency loss of
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