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Agricultural mulch films, which contribute to in@sing crop yield, are one of important
materials in agriculture. However, removal and dsg of the non-biodegradable mulch films after
use would cause environmental and economical pmsbleAs a solution of the problems,
biodegradable mulch films are paid attention. Adegradable aliphatic-aromatic polyester,
poly(butylene adipatee-terephthalate) (PBAT) is used as a material ofiégvadable mulch films.
Biodegradation mechanisms of PBAT under aerobid rodnditions were little studied in detail,
although those under high temperature conditionse wenderstood. Therefore, | isolated and
characterized aerobic mesophilic PBAT-degradingdsacand PBAT hydrolase from an isolate. In
addition, | also investigated an influence of PBAT soil microbiota.

In the first chapter, the background and purpogaisfstudy were described.

In the second chapter, 3 PBAT-degrading isolatégCM3101, NKCM3201, and NKCM3202
were isolated from soil environments. Phylogenatialysis on the basis of 16S rDNA sequences of
these strains and related species revealed ths# thalates were closely relatedBarxillus pumilus.
Strain NKCM3101, NKCM3201, and NKCM3202 degradedAPBilms at the rate of 6.4, 12.2,
and 10.6 pg/chtday, respectively. NKCM3201 that showed the higluegradation activity of the
film among them was further characterized in defidie strain is an aerobic mesophile, which grew
well in the range of 30-40 "C. PBAT hydrolase (PB#f) gene pbathsp) encoding 215 amino acid
residues containing 34 amino acid residues of sigaptide was cloned from genomic DNA of
NKCM3201. Phylogenetic analysis of the enzyme riadethat PBATH, belonged to lipase family
I.4. Homology 3D modeling of PBATE showed the enzyme was alpha/beta hydrolase witltbut
domain. The enzyme was stable in the range of 224®BATHs, hydrolyzed PBAT film at 30 °C,
indicating that it contributes to degradation of AABunder the mild condition. PBAT# also
hydrolyzed other polyesters films, poly(butylenec@nateeo-adipate) (PBSA), poly(ethylene
succinate) (PESu), and polycaprolactone (PCL),hat rates of 3.3xf0 7.0x13, and 1.1x1®
ng/day/cm, respectively. ldentification and quantificatiod BBAT degradation products by
PBATHg, revealed the enzyme hydrolyzed PBAT to monomeis @igomers. Moreover, the
enzyme preferably cleaved ester bond between a&dgrat 1,4-buntanediol compared with that of
between terephthalate and 1,4-butanediol. Thisepgate would be a reason why the degradation
rate of PBAT was slower than that of PBSA, PESu, BEL. Strain NKCM3201 did not assimilate
PBAT monomer, though PBATdd degraded PBAT to monomers. Considering that PBAT
monomers were mineralized in natural environmenmt@ete degradation of PBAT was performed
by NKCM3201 and symbionts in such environment.

In the third chapter, an influence of PBAT on suitrobiota during the incubation of soil and
PBAT films for 7 months was analyzed using polyrserghain reaction-denaturing gradient gel
electrophoresis (PCR-DGGE) method. The analysth®fsoil in the vicinity of film surface (FS)



showed fungal flora was drastically changed afteubation for 7 months. Phylogenetic analysis
revealed fungi belonging to phylum Ascomycota wereiched in FS after 7 months. Although
PBAT film hardly affected on fungal flora in bullit (BS), some of species were influenced there.
On the other hand, PBAT film hardly affected on thecterial flora in FS and BS. In addition,
PBAT did not enriched PBAT-degrading bacteBigoumilus. Plant growth-promoting rhizobacteria,
Azospirillum andMesorhizobium were detected in FS and BS during the coursecnfbation for 7
months, suggesting that PBAT did not affect onghmvth of the PGPRs negatively. Dry weight of
Brassica rapa var. chinensis grown on the soil whose microbiota were changeb@panying with
the degradation of PBAT film for 7 months was nigndicant differences compared with that@f
rapa var. chinensis grown on control soil. This suggests that the geanin microbiota did not
influence on plant growth.

In this thesis, | clarified PBAT is hydrolyzed by aerobic mesophileBacillus pumilus mild
condition. It was concluded that those hydrolysatesld be completely mineralized by symbionts
under mild conditions. In addition, | clarified PBAlegrading microorganisms containing plant
pathogens are not enriched in soil in the preseh&BAT, indicating that PBAT is suitable for use
as agricultural materials. On the other hand, nmnckment of PBAT-degrading microorganisms
under the presence of PBAT makes it difficult totrol the biodegradation of PBAT. So therefore,
adding NKCM3201 to soil environment would be effeetfor controlling of PBAT degradation
rate. This thesis provides insight into biodegremtaimechanisms of PBAT under aerobic mild
conditions.



