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Understanding the metabolism of a PET-degrading bacterium to foster a sustainable society
(!Division of Biological Science, Nara Institute of Science and Technology) O Shosuke
Yoshida,'

Poly(ethylene terephthalate) (PET) is a non-biodegradable plastic widely used in various
applications, including clothing and bottle containers. Its resistance to microbial degradation
has made PET a major environmental challenge. Ideonella sakaiensis 201F-6 is a bacterium
capable of utilizing PET as its primary energy and carbon source, providing a potential solution
to this issue. To date, two key PET-hydrolyzing enzymes have been identified in this bacterium:
PETase, an endo-type enzyme that hydrolyzes PET polymers, and MHETase, an enzyme that
hydrolyzes MHET, the degradation product formed by PETase. These enzymes work in tandem
to enable effective PET breakdown.

In this talk, I will discuss an updated PET metabolic model of /. sakaiensis, based on the
functional/structural analysis of a novel PET oligomer-degrading enzyme that was discovered
as a protein localized specifically on the PET surface. Furthermore, I will introduce applications
such as the engineering of PET hydrolases and the production of polyhydroxyalkanoates
(PHAs) using PET as a fermentation feedstock, leveraging the PHA synthesis capability of this
bacterium.

Keywords : Poly(ethylene terephthalate) (PET), Ideonella sakaiensis 201F-6;, PETase;
Polyhydroxyalkanoate (PHA)
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Plastics to fertilizers: polymer circulation system based on carbonate bonds (' Graduate School
of Engineering, Chiba University) ODaisuke Aoki'

Commodity polymer materials are now required to be environmentally friendly due to
problems associated with resource depletion and low recycling rates, which has promoted the
development of circular material systems. Herein, a novel concept is introduced, where a
polymer is used as a source of a fertilizer. To demonstrate the viability of this concept, which
could become a game changer in simultaneously solving the problems of plastic recycling and
food production, we focused on the ammonolysis of polycarbonates (PCs). In the system the
ammonolysis of PCs proceeds completely to afford monomers and urea as the products
(Scheme). This recycling process does not require organic solvents and yields the monomeric
diols and urea, both of which are expected to be reused, i.e., all the degradation products are
circulated in this system. '

Keywords : Polycarbonate; Ammonia; Catalyst-free; Fertilizers, Urea
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1) T. Abe, R. Takashima, T. Kamiya, C. P. Foong, K. Numata., D. Aoki, and H. Otsuka, Green Chem.,
2021, 23, 9030-9037. 2) T. Abe, T. Kamiya, H. Otsuka, and D. Aoki, Polym. Chem., 2023, 14, 2469-
24717.
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Precision Polymerization of Renewable Vinyl Monomers for Novel Functional Bio-Based
Polymers ('Department of Chemical Science and Engineering, Institute of Science Tokyo)
OKotaro Satoh

Getting the starting materials not from fossil petrochemicals but from renewable bio-resources,
the bio-based polymers have recently been attracting much attention reducing our reliance on
fossil fuels. The specific or complicated structures originated from natural products are also
definitely beneficial for developing high performance or functional bio-based polymeric
materials. In this talk, I will present the controlled/living polymerization of a series of naturally-
occurring and/or -derived vinyl monomer for creating novel bio-based polymers. In addition,
we tried to synthesize novel degradable polymers that is composed of C-C bonds as the main
chain but decomposes upon a specific stimulus by using the chemistry of controlled/living
polymerization for efficient chemical recycling as well.

Keywords : Bio-Based, Polymers,; Precision Polymerization;, Renewable Monomers; Plant-
Derived Compounds
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Figure 1. Various Renewable Plant-Derived Vinyl Monomers
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Applications of Biodegradable and Marine-Degradable Polymers (KUREHA
Corporation) Kazuyuki Yamane

One of the solutions to the plastic waste problem is biodegradable resins.
Kureha has been working on this since the 1990s and achieved the world's first
industrial commercialization of polyglycolic acid (PGA) in 2011. PGA is a simple
aliphatic polyester that exhibits high strength and hydrolyzability based on its
backbone structure.

Currently, these properties are being utilized and evaluated as components in
shale gas and oil drilling operations. Additionally, it has been found that PGA has
the property of inhibiting the attachment of marine organisms in ocean
environments.

PGA is hydrolyzable, and its degradation product, glycolic acid, is metabolized
in nature. PGA is categorized as a biodegradable resins. It has been confirmed that
PGA is biodegaradable in compost and marine environments. Furthermore, it has
been verified that PGA degrades even at ocean depths below 5000 meters, and
further elucidation of its degradation mechanism and exploration of its
applications are anticipated in the future.

Keywords : Poly glycolic acid; Biodegradable
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1) Development of an industrial production technology for high-molecular-weight
polyglycolic acid, K. Yamane, H. Sato, Y. Ichikawa, K. Sunagawa and Y. Shigaki,
Polymer Journal 2014, 46(11), 769.
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