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The reconstitution of cellular functions in vitro using defined molecules for the production of useful
biological materials is considered as a new technology, and has attracted considerable levels of
attention. Such reconstituted systems have successfully produced useful proteins and nucleic acids,
which were produced in insignificant amounts by natural cells or traditional chemical synthesis

However, humans must dedicate considerable levels of time and effort, and keep developing reconstituted
systems for achieving biological material production, because the reproductive function has not been
achieved in reconstituted systems yet. The first step in reconstituting a system exhibiting reproductive
ability is the reconstitution of a DNA replication system, a blueprint for reproduction, and its gene
expression. The purpose of this dissertation is to reconstitute a DNA replication system.

In Chapter 1, I described the general background and design of a DNA replication system. I planned
the construction of a replication system consisting of circular DNA, using phi29 DNA polymerase and Cre
recombinase. The phi29 DNA polymerase was encoded in the circular DNA and expressed from it in a
reconstitution translation system.

In Chapter 2, I described the construction of a DNA amplification system, which is a part of the
desired DNA replication system that enables evolutionary DNA modifications to occur, using phi29 DNA
polymerase and a reconstituted translation system. A major problem with this plan was found to be that
the reconstituted translation system significantly inhibited the DNA synthesis reaction, which occurred
in the presence of phi29 DNA polymerase, and the translation and DNA synthesis did not couple with each
other. To reduce the inhibition of DNA synthesis by a reconstituted translation system, I used the
customized concentrations of the seven components of the reconstituted translation system and
successfully demonstrated the synthesis of linear DNA by the phi29 DNA polymerase expressed from
circular DNA. The DNA was amplified up to 10 fold in 12 hours

In Chapter 3, I aimed to develop the desired DNA replication system that also exhibited gene
expression. First, I found that Cre recombinase had an inhibitory effect on the DNA synthesis reaction
in the presence of phi29 DNA polymerase. Next, I attempted to reduce the inhibition attributable to Cre
recombinase through evolutionary engineering, using the DNA amplification system that was constructed as
shown in Chapter 2. For that purpose, I repeatedly performed mutagenesis and used a selection cycle for
a DNA sequence, including for the phi29 DNA polymerase gene approximately 50 times, and obtained a DNA
sequence that could synthesize DNA via a process in which the inhibition by Cre recombinase was lower
Finally, I observed that the desired circular DNA replication system was achieved using the DNA sequence
obtained with the customized reconstituted translation system. The circular DNA was replicated up to b5
fold in 16 hours, using the DNA replication system.

Chapter 4 includes the concluding statements. This gene expression—coupled DNA replication system
is expected to represent an important step towards the construction of a reproductive reconstituted
system, because such a DNA replication system is essential for producing a reproductive reconstituted
system, which would lead to the highly efficient, low-cost production of proteins and amino acids that
are not compatible with natural cells
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