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Plastics, which are widely used as containers and packaging for foods such as cheese, have
excellent features such as hygiene, weightlessness, corrosion resistance, heat insulation, and gas
barrier properties, allowing to grow undesired microorganisms, change of nutrients, prevent the
deterioration of flavor and extend the shelf life. On the other hand, environmental pollution caused
by environmental waste of plastic waste has become a global problem. As a solution to such problems,
biodegradable plastics have attracted attention. In this thesis, as basic research for applying
biodegradable plastics to food containers and packaging, search for microorganisms that degrade
various biodegradable polymers from washed rind cheeses with high diversity of microorganisms,
and the isolates were characterized. In addition, we investigated the microbiome of French and
Japanese washed rind cheeses, clarified the diversity of the microbiome of washed rind cheeses, and
examined the relationship with biodegradable polymer-degrading microorganisms.

In chapter 2, microbiome analysis using PCR-DGGE method for one of the French washed rind
cheeses, Pont-1’évéque lait cru, showed that the microbiome of the cheese was composed the bacteria
belonging to phylum Firmicutes and Actinobacteria which have detected from other cheeses so far.
In addition, strain PONa, a biodegradable polymer P (3HB) degrading bacteria, was isolated from
this cheese and characterized in detail. The strain was a gram-positive, filamentous shaped. Genetic
phylogenetic analysis revealed that it had high homology with Cellulosimicrobium cellulans. This
strain did not grow and form clearing zone at low temperature. The strain formed a clearing zone for
P(3HB) and PHBYV, a copolymer of P (3HB), and degraded film of these biodegradable polymers.
The activity of P (3HB) degrading enzyme by this strain is highest when R-(-)-3-hydroxybutyric acid,
which is a monomer of P (3HB), is used as a carbon source. The enzyme activity increased when
cheese was added to P(3HB) compared to only P(3HB). These suggest that P (3HB) and PHBV cheese

packaging may be applicable under low temperature distribution and storage.



In chapter3, metagenomic analysis for four Japanese washed rind cheeses revealed that the
bacterial communities of the cheese made in Nagano are relatively similar those in Nagano. Bacterial
communities of the cheese made in Nagano, Chiba and Hokkaido were similar to those in Europe,
whereas the cheese made in Tokyo was fewer bacterial abundance and diversity. It was concluded
that the use of sake in washing brine reduced the diversity of bacterial species. In addition,
Debaryomyces udenii was present at a high rate of fungi from Nagano’s and Chiba’s cheeses. The
main fungi of the cheese made in Chiba was Fusarium domesticum. This fungi that dry the surface
could be related to the high Young's modulus of the cheese. Moreover, degradability to P(3HB) was
detected from Chiba’s cheese, and bacteria isolated from this cheese, designated as strain MC1. Strain
MC1 was a Gram-negative, non-spore-forming, and short rod-shaped bacteria. The phenotypic
properties and phylogenetic inference indicated that strain MCl1 is closely related to Alcanivorax
dieselolei B-5T, which is a marine inhabitant. Since this was the first report that Alcanivorax species
degrades P(3HB), detailed characterization was performed. This strain did not grow and form clearing
zone at low temperatures. It was also suggested that the enzyme activity could be promoted in the
presence of the cheese. It is supposed that marine bacteria such as Halomonas species and
Marinobacter species which was consisted of microbiome of this cheese increased P(3HB) in the
cheese, and the enzyme activity was induced. In addition, it might to be that P(3HB) depolymerase
hydrolyzed P(3HB) by binding to P(3HB) through the substrate binding domain. From the above, it
is concluded that P(3HB) is suitable for cheese packaging in low temperature which is the distribution
and storage conditions of cheese. Furthermore, all cheeses except the cheese made in Tokyo included
marine bacteria belonging to gammaproteobacteria. If P(3HB) packaging with cheese spills into
marine environment, it does not adversely affect the marine environment and it could be used as
bioremediation of environmental pollution by alkane hydroxylase (alkB) possessed by
gammaproteobacteria.

In conclusion, as an application example using P(3HB) degrading bacteria from washed rind
cheese that clarified in this thesis, strain MC1 is added to the cheese in the production of cheese using
P (3HB) for packaging. P(3HB) packaging is not degraded by the strain during distribution and
storage, whereas in the environment, it is degraded by P(3HB) depolymerase from the strain in the
cheese.



