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Scientists improve a photosynthetic enzyme
by adding fluorophores

March 24 2021

Broadening the enzyme's band of harvestable light wavelengths is an important
improvement given the extremely low energy density of sunlight. Credit:
Takehisa Dewa from Nagoya Institute of Technology
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Given the finite nature of fossil fuel reserves and the devastating
environmental impacts of relying on fossil fuels, the development of
clean energy sources is among the most pressing challenges facing
modern industrial civilization. Solar energy is an attractive clean energy
option, but the widescale implementation of solar energy technologies
will depend on the development of efficient ways of converting light
energy into chemical energy.

Like many other research groups, the members of Professor Takehisa
Dewa's research team at Nagoya Institute of Technology in Japan have
turned to biological photosynthetic apparatuses, which are, in Prof.
Dewa's words, both "a source of inspiration and a target to test ways of
improving the efficiency of artificial systems." Specifically, they chose
to focus on the purple photosynthetic bacterium Rhodopseudomonas
palustris, which uses a biohybrid light-harvesting 1-reaction center core
complex (LH1-RC) to both capture light energy and convert it into
chemical energy.

In their initial studies of R. palustris, Prof. Dewa's group quickly noted
that the LH1-RC system has certain limitations, such as only being able
to harvest light energy efficiently within a relatively narrow wavelength
band due to its reliance on (bacterio)chlorophylls, a single light-
harvesting organic pigment assembly (B875, named for its absorption
maximum). To overcome this limitation, the researchers, in partnership
with collaborators at Osaka University and Ritsumeikan University,
experimented with covalently linking the LHI1-RC system to a set of
fluorophores (Alexa647, Alexa680, Alexa750, and ATTO647N). The
results of their experiments appear in a paper published in a recent issue
of the Journal of Photochemistry & Photobiology A: Chemistry.
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The biohybrid LH1-RC system features a light-harvesting apparatus (B875) that
transfers energy to photocurrent-generating components. By covalently linking
external chromophores to the LH1-RC system, a team of researchers at the
Nagoya Institute of Technology successfully expanded the absorbance spectrum
of the protein complex's light-harvesting apparatus, thus allowing it to convert a
broader range of light wavelengths into chemical energy. Credit: Takehisa Dewa
from Nagoya Institute of Technology

Having synthesized their modified LH1-RC system, Prof. Dewa's team
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used a method called "femtosecond transient absorption spectroscopy” to
confirm the presence of ultrafast 'excitation energy' transfer from the
fluorophores to the bacteriochlorophyll a pigments in the B875
assembly. They also confirmed the subsequent occurrence of 'charge
separation’ reactions, a key step in energy harvesting. Unsurprisingly, the
rate of excitation energy transfer increased with greater spectral overlap
between the emission bands of the fluorophores and the absorption band
of B875. Attaching the external light-harvesting fluorophores boosted
the enzyme's maximum yield of charge separation and photocurrent
generation activity on an electrode within an artificial lipid bilayer
system.

By introducing covalently linked fluorophores into a bacterial
photosynthetic enzyme, Prof. Dewa's team succeeded in broadening the
enzyme's band of harvestable light wavelengths. This is an important
improvement given the extremely low energy density of sunlight. "This
finding could pave the way to developing an efficient artificial
photosynthesis system for solar energy conversion," notes Prof. Dewa.
"Research on biohybrids should provide insights into the development of
implementable energy conversion systems, thereby giving advanced
modern civilization a practical option for accessing an inexhaustible
supply of clean solar energy," he adds.

The energy conversion systems in question may take many forms,
including various nanomaterials, such as quantum dots and nanocarbon
materials, but a unifying feature will be the need for some way to
harness a broad-spectrum light-harvesting apparatus to a photocurrent-
generating apparatus, and the biohybrid-type system developed by Prof.
Dewa's team provides a feasible means of addressing this need.

More information: Genki Kasagi et al, Enhanced light harvesting and
photocurrent generation activities of biohybrid light-harvesting

I-reaction center core complexes (LH1-RCs) from Rhodopseudomonas
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palustris, Journal of Photochemistry and Photobiology A: Chemistry
(2020). DOI: 10.1016/].jphotochem.2020.112790
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