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* Artificial Photosynthesis with Peptide Origami
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Creation of energy notrelyingon
petroleum but with artificial proteins

Development of technology for producing carbon
monoxide from carbon dioxide
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e Faculty of Chemistry, Materials and Bioengineering
—— Professor Hitoshi Ishida
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Plants use solar energy to synthesize organic matters from carbon diox-
ide and water. It is a reaction called photosynthesis. Although various things
necessary for daily life, such as food and petroleum, are derived from pho-
tosynthesis, humans have not yet developed technologies for artificially per-
forming photosynthesis. Professor Hitoshi Ishida of the Faculty of Chemistry,
Materials and Bioengineering who is trying to realize artificial photosynthe-
sis, says, "We want to create new energy that does not rely on petroleum.”
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A schematic drawing for an artificial photosynthetic system
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Challenging artificial photosynthesis

—— Please tell us about your research theme.

My specialty is in photochemistry, coordination chemistry (chem-
istry of metal complexes), and biofunctional chemistry. At present, |
am conducting research aiming at the realization of artificial photo-
synthesis.

Plants use sunlight to synthesize organic matter such as cel-
lulose and starch from carbon dioxide to create their bodies. The
organic matter produced by photosynthesis has been deposited in
the ground for a long time and has become the petroleum and coal
we use now. Because of the limitations of petroleum and coal, many
people began to consider whether carbon dioxide could be convert-
ed into petroleum.

In natural photosynthesis, electrons are taken from water mol-
ecules using solar energy, and then the electrons and energy are
used to convert carbon dioxide into sugars. But it is challenging to
reproduce photosynthesis at one bound, so our laboratory started re-
searching to convert carbon dioxide into carbon monoxide or formic
acid. Carbon monoxide and formic acid can be used as raw materi-
als for petroleum. Technology to produce petroleum from carbon
monoxide has accumulated since the oil shock.

—— Do you mean you’re trying to imitate plant photosynthesis?

Not exactly. It is difficult for humans to imitate the procedures that
living organisms do. Thus, we have developed catalysts not used in
natural organisms to enter electrons into carbon dioxide.

Photosynthesis is a function of enzymes. Many kinds of enzymes
work in the body of an organism and perform various functions. En-
zymes are a class of proteins, some of which are metalloenzymes
linked to metal ions, and their active centers are called metal com-
plexes. We wondered whether we could create catalysts with new
functions by combining metal complexes made with artificial proteins.

Focus on peptides of short proteins

—— What is an artificial protein?

Proteins are three-dimensionally folded substances in which ami-
no acids bind to each other based on genetic information. Organisms
mainly use about 20 kinds of amino acids, and their sequence de-
termines how proteins fold and function. However, when proteins are
synthesized by artificially binding amino acids, they often do not fold
as they do in cells. If we can predict folding structures and functions
and design proteins as we please, the common sense of chemistry
will change significantly.

However, it is still challenging to design proteins. We hypothe-
sized that the folding structure could be predicted if we utilize types of
amino acids not found in nature (non-natural amino acids) and metal
jons. At that time, we decided to use a simple "peptide" with a small
number of amino acids rather than a protein with a long sequence of
amino acids. When the number of amino acids is less than 100, it is
called a "peptide," but the skeleton is the same structure as a protein.

Incorporating some non-natural amino acids that bind to metal
ions within the peptides allowed the control of the peptides folding
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Two approaches to artificial photosynthesis
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because of the strong binding of each non-natural amino acid to
metal ions. It is a method that forcibly folds unnatural amino acids at
the starting point.

We aim to realize artificial photosynthesis by combining peptides
and metal ions into metal complexes.

—— What are the advantages of metal complexes?

Proteins and peptides alone can produce a variety of functions,
but metal complexes make the combination almost infinite, greatly ex-
panding the possibilities of the obtained functions. It is a tremendous
advantage that such refined molecular design has become possible.

—— The developed metal complex is called "Peptide Origami."

We named "artificial metalloprotein" and submitted a paper
because we were able to control the peptide folding. Then, at the
time of publication, the subtitle of the abstract changed to "Peptide
Origami." | was puzzled initially, but | kept using it because | thought
it was a good name. Since Kansai University has specialists in DNA
Origami, we are trying to start joint research on "Molecular Origami"
that integrates Peptide Origami and DNA Origami.

Study of the reactions that produce electrons also

—— How is the research progress on artificial photosynthesis?

The development of catalysts capable of producing carbon mon-
oxide and formic acid from carbon dioxide has been quite successful.
However, artificial photosynthesis is challenging to achieve only by a
research group in one field. It is believed that it can be achieved by
researchers from multiple fields sharing wisdom and technology. Like
us, there are many researchers on the reaction of electrons to carbon
dioxide. In addition, many researchers are involved in the reaction
that takes electrons out of the water using light energy. However, few
examples have combined these two different fields of study.

For this reason, we started researching metal complexes emitting
electrons using light. In our research on the reaction of entering elec-
trons into carbon dioxide, we use “sacrificial reagents,” the source
of electrons. Sacrificial reagents are substances with high energy. It
would be meaningless if fossil fuels such as coal were used to pro-
duce this, and carbon dioxide was generated. Like plants, | would like
to extract electrons from water, convert carbon dioxide into resources
by the electrons, and develop it as artificial photosynthesis.

—— Considering the mechanism of photosynthesis, | feel the splendor
of living things.

That's right. It's great, but unfortunately, plants do not carry out
photosynthesis for humans. | feel that there are still high hurdles to
being useful for people. For example, photosynthesis in plants pro-
duces a large amount of cellulose. Cellulose is made from glucose,
essential for animals, but humans fail to take out glucose from cel-
lulose efficiently. It is termites that can do that. Termites ingest plants
and can convert them into energy with enzymes in the body. | hope
we can create an artificial enzyme as this termite has.

Interested in areas that no one has studied

—— Where is the fun of research to you?

We try to realize artificial photosynthesis with metal complexes
that combine peptides and metals. However, we do not know any
other group conducting similar research. If it succeeds, it will be a
world first. So it's worthwhile.

At the same time, there is anxiety that we do not know whether
the research is heading in the right direction. In the past, we were
bashed for saying, "Artificial photosynthesis will never work." How-
ever, we continue our research by believing that "plants can do it,
so we should be able to do it artificially." The greater the anxiety, the
greater the joy we feel when we discover that our research is going in
the right direction.
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