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Elucidation of the mechanism of polyamide (PA) biodegradation in the

environment through research on biodegradable PA-degrading enzymes

Miwa Yamada, Faculty of Agriculture, Iwate University

Introduction

The accumulation of plastic waste in the environment has become a serious problem. To address this issue, there is
active research into the development of biodegradable plastics. We focused on polyamide 4 (PA4) that exhibits good
biodegradability in both terrestrial and marine environments. However, no PA4-degrading enzymes had been identified
from the environments until now. In this study, we attempted to isolate new PA4-degrading bacteria from both
terrestrial and marine environments and to identify and characterize the PA4-degrading enzymes.

Screening for PA4-degrading bacteria in the natural environments

From soil samples and PA4 films immersed in the sea, we succeeded in isolating multiple PA4-degrading bacteria using
the ability to form clear zones on agar plate media containing PA4 powder"?. Furthermore, the cultivation solutions of
the PA4-degrading bacteria isolated from marine environment were subjected to zymography analysis using a gel
containing PA4®. As a result, bands indicating PA4-degrading enzyme were found at different positions in the gel, which
suggests that structural diversity of the PA4-degrading enzymes in the marine environment.

Identification of the first PA4-degrading enzymes and investigation of their properties

We constructed a purification method for the PA4-degrading enzymes from the cultivation solutions of
Pseudoxanthomonas sp. TN-N isolated from soil, and Pseudoalteromonas sp. Y-5 isolated from the sea™?. Furthermore,
we demonstrated that both enzymes are endo-type depolymerases that hydrolyze the amide bonds of PA4 into r
-aminobutyric acid (GABA) oligomers (2-4-mers) (Figure). In addition, a comparison of the full amino acid sequences of
the two enzymes revealed that the sequences of the terrestrial and marine PA4-degrading enzymes were highly similar.
However, these sequences showed low homology compared to the amino acid sequences of known enzymes in
databases, indicating that the PA4-degrading enzymes are novel enzymes. The predicted three-dimensional (3D)
structures suggested that the PA4-degrading enzymes possess substrate-binding domain and catalytic domain.
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Figure. The PA4-degrading enzymes from terrestrial and marine bacteria
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Prospectives

In our future work, to conduct a detailed analysis of the enzymatic mechanism underlying PA4 degradation, we are
aiming to elucidate the 3D structures of the terrestrial and marine PA4-degrading enzymes. Furthermore, we are
continuing to screen new PA4-degrading enzymes and investigate the distribution of the PA4-degrading enzymes in the
natural environment. We also intend to explore the role of PA4-degrading enzymes in the natural environment.
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