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Poly(butylene adipate-co-terephthalate) (PBAT, Ecoflex®) is an aliphatic aromatic co-polyester distributed by
BASF and composed of butanediol, adipic acid, and terephthalic acid. As PBAT has mechanical properties
comparable to those of conventional low-density polyethylene (LDPE) besides its biodegradability, it gets attention
as a biodegradable alternative to LDPE as mulching material in agricultural applications. Biodegradation of PBAT
occurs rapidly in relatively high temperature (45-60 °C) environments, such as composts, compared to that in mild
temperature (2040 °C) environments, such as soil. Some studies have reported the presence of PBAT-degrading
mesophiles. However, only a few studies have reported in detail the mechanism of PBAT degradation under mild
temperature conditions, including the evaluation of the biodegradability of PBAT and identification of the enzymes
involved in its primary degradation. In fact, biodegradable plastic mulch is used in a mildly acidic environment in
soil, followed by on-site disposal after use. Therefore, it is necessary to clarify in detail the PBAT biodegradation
mechanism in mild temperature environments to control its biodegradation under such a condition.

In this thesis, the author presents results of a novel PBAT-degrading bacterium isolate and investigations of the
physiological properties and structure of the enzymes involved in PBAT primary degradation to elucidate in more
detail the biodegradation of PBAT under mild temperature conditions.

In Chapter 2, to clarify the biodegradation mechanism of PBAT under mild temperature conditions such as soil,
a novel PBAT-degrading bacterium was isolated from a soil sample. Moreover, the isolate characterization and
biodegradation of PBAT were investigated. According to the clear-zone formation method, a PBAT degrading strain
named NKCM2511 was isolated. The isolate was found to be closely related to Rhodococcus fascians based on
genetic, biochemical, and genomic analyses. R. fascians is well known as a phytopathogen that induces leafy gall
formation on leaves of plants such as Nicotiana tabacum (tobacco), while this is the first report of R. fascians
showing degrading activity against PBAT. The strain degraded a PBAT film at a rate of 16.3 + 2.0 pg/cm?/d. To
evaluate the biodegradability of the PBAT film by the strain, a biochemical oxygen demand (BOD) biodegradability
test was performed. At 25 °C, the BOD biodegradability of PBAT by the strain was 7% for 22 days. This result
suggested that the strain alone mineralized the solid PBAT to CO»,. Moreover, the strain constitutively expressed
PBAT hydrolytic activity. The NKCM2511 strain is a PBAT-degrading mesophile; however, it is not enriched by
PBAT.



In Chapter 3, in order to understand the degradation mechanism of the NKCM2511 strain in more detail, the
enzyme involved in the degradation of PBAT was identified. In addition, the elucidation of the mechanism of PBAT
degradation by a recombinant enzyme was investigated. The gene (pbathz) responsible for PBAT degradation was
estimated based on the results of the genome analysis obtained in Chapter 2 and was cloned to produce and purify
the recombinant enzyme PBATHz. The PBATHzr enzyme hydrolyzed PBAT to its monomer constituents at a rate
0f 0.10 = 0.03 mg/cm?/d at 30 °C. Phylogenetic tree analysis revealed that PBATHgsis highly homologous to fungal
cutinases and a cutinase from R. fascians D188. Homology 3D modeling of PBATHg revealed that the enzyme is
an o/P hydrolase that lacks a lid domain covering the active site. The degradation rate of the PBAT oligomer model
substrates bis(4-hydroxybutyl) adipate (BAB) by PBATHzs was approximately 19 times higher than that of bis(4-
hydroxybutyl) terephthalate (BTB). According to molecular docking, the substrate-binding pocket of PBAT is wide
enough to accommodate the PBAT model substrates BTB and BAB. However, the binding energy between PBATH gy
and BAB based on the estimation of the docking model was much lower than that between the PBATHzrand BTB,
demonstrating that PBATHgs showed higher affinity for BAB than for BTB. From these results, it was concluded
that the ester bond between the terephthalic acid and butanediol was difficult to be cleaved by the enzyme, might
be a reason why PBATHgsshowed a low degradation rate of PBAT.

In Chapter 4, this thesis was summarized. The R. fascians NKCM2511 was found to be a mesophilic bacterium
capable of mineralizing PBAT alone. In contrast, BOD biodegradation testing of PBAT by the NKCM2511 strain
showed the strain could not degrade PBAT rapidly at a moderate condition, suggesting that the contribution of R.
fascians to the biodegradation of PBAT in the actual field was small. Although PBAT is degraded by soil borne
phytopathogenic bacteria such as R. fascians, it does not enrich this bacterial species, concluding that it does not
prevent PBAT from being used as a material for biodegradable plastic mulch. According to this thesis, a mechanism
to increase the number of various microbes, including PBAT-degraders around PBAT, might be necessary to
accelerate biodegradation under these conditions. At the end of this thesis, the author proposed to pour PBAT plastic

mulch into the soil along with compost and fertilizer as a way to achieve this purpose.



