MICROBIAL METABOLISM OF POLYURETHANE DEGRADATION
REVEALED BY A METAPROTEOMIC APPROACH
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Polyurethane (PU) is the ninth most produced plastic worldwide (1). Due to its high
resistance and slow biodegradation, PU has accumulated in the environment over
extended periods, becoming a significant pollutant (2). Biodegradation has emerged
as a promising strategy to address PU pollution (3). We isolated the PU-degrading
bacterial community BP8 from a landfill and proposed several degradation pathways
based on metagenomic data (4). To further characterize PU biodegradation process,
we performed shotgun metaproteomics (5) on intracellular and extracellular fractions
from BP8 cultures grown in polyether—polyurethane—acrylic media, sampled at 18 h
and 72 h. Proteins were annotated with the KEGG and M5nr databases. Differential
expression was assessed with DESeq2 (LFC=1.5, FDR a=0.05). At 18 h, proteins
related to xenobiotic metabolism, B-oxidation, denitrification, aromatic compound
degradation, and pyruvate/glyoxylate cycles were overexpressed. By 72 h, there was
increased expression of biosynthetic pathways, including ubiquinone, unsaturated
fatty acids, and aromatic hydrocarbons metabolism (e.g., naphthalene, nitrotoluene).
Three enzymes, which are involved in the activation and cleavage of aromatic rings
from toluene diisocyanate and methylene diphenyl diisocyanate, PUs main
components, were overexpressed at 18 and 72 h (homogentisate 1,2-dioxygenase
and catechol 1,2-dioxygenase) or specifically at 72 h (3-hydroxybenzoate-6-
monooxygenase). Additionally, the overexpression of ring-1,2-phenylacetyl-CoA
epoxidase subunit PaaG (18 h) reinforced the existence of oxidative pathways
targeting aromatic xenobiotics. Amidase activity, potentially involved in PU
carbamate bond cleavage (6), was also detected both intracellularly and
extracellularly (72 h). Together, these findings support a coordinated enzymatic
response that facilitates PU recognition, activation, and degradation.

References

Plastics Europe (2022). http.//www.plasticseurope.org. (accessed September 17, 2024).
Wei, R., Zimmermann, W. (2017). Microb Biotechnol., 10, 1308-1322.

Jin, X et al (2022). Polym Int., 71, 1384-1392.

Gaytéan | et al (2020). Front Microbiol., 22, 2986.

5. Meyer JG (2021). Methods Mol Biol., 2259, 297-308.

Wu Z et al (2020). Biotechnol Adv., 43, 107574.

oakwn =~

Project support: PAPIIT-DGAPA-UNAM (IN227620, IN225123), Fac. Quimica, UNAM (PAIP 5000-
9117), and CONAHCYT (101737). ALJ acknowledges CONAHCYT for her PhD scholarship.


https://pubmed.ncbi.nlm.nih.gov/40329386/
https://pubmed.ncbi.nlm.nih.gov/40329386/

