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Enzymatic Degradation Mechanism of Lactate-baslg@®er Biosynthesized from Biomass Resources
(SAFTRDSESFHLI-HEAR— A TR T L DBERSEAN =R L)

Biodegreadable and bio-based polyesters such yp-dhydroxybutyrate) [P(3HB)] can be used as enxiental
friendly plastics to replace non-biodegradable @eicbchemical-based plastics which cause pladligio and global
warming problems. Recently, our group succeederibsynthesis of novel copolymeDHctate (LA)eo-D-3HB]
[P(LA-co-3HB)] using engineerdacherichia coli expressing lactate-polymerizing enzyme. This gopet is thought to
be a potent bio-based material because of itslemcétansparency and flexibility comparing witre tharental
homopolyesters PDLA and P(3HB). Currently, PEaA3HB) is produced using refined pure sugars sughuesse and
xylose from edible biomass, and the biodegradabflithis copolymer is unknown. The aim of thigigtwas to explore
the possibility of using inedible lignocellulosicimass as carbon source for P@#A3HB) production and investigate the
biodegradability and enzymatic degradation meatmeni$(LA-co-3HB).

In this context, the general introduction includimg research theme is described in chapter I.

In chapter I, lignocellulosic biomass-derived lojgkate was used for biosynthesis of P@oBHB) which was
evaluated in the aspects of cell growth and polpmeetuctionMiscanthus x giganteus was chosen as candidate, because
of its high biomass production and low fertilizequirement at low temperature comparing with digeocellulosic
biomass such as rice straw. After delignificatioliofved by enzymatic hydrolysik]. x giganteus was converted into
mainly glucose and xylose with trace amount of iansle Notably, usingM. x giganteus-derived hydrolysate,
P(LA-co-3HB) was producedat comparable level as the polpreuced from a mixture of pure glucose and ®ylos
This result indicated that lignocellulosic biomees be a good feedstock for P(b&3HB) production.

In chapter Ill, biodegradability of P(67 mol% Lo&3HB) was investigated by screening and isolatforegrading
microorganism from soil samples. Interesingly, ladithe samples exhibited degrading activity towd(@7 mol%
LA-co-3HB), whereas none of the samples was able tadiBDLA, suggesting that the biodegradabilit( &7 Phol%
LA-co-3HB) was higher than PDLA. From the soil sampléckviaxhibited the highest degradation activity talR(67
mol% LA-co-3HB), a P(LAeo-3HB)-degrading microorganism was isolated andtifdeh as \Variovorax sp. C34.
Further, a P(LAs0-3HB)-degrading enzyme (Phaywas purified from the culture supernatant@fovorax sp. C34.
PhaZs degraded P(67 mol% Lés-3HB) and 3HB homopolymer [P(3HB)], but not PDLATdifferent degradation
behavior of P(LAeo-3HB) and PDLA stimulated the research intereghé mechanism underlying the enzymatic
degradation of P(L/&so-3HB) by Phays.

In chapter IV, for study of enzymatic degradati@chanism of P(LAso-3HB), the cleavage pattern of P(lo&-3HB)
by PhaZs was investigated. Phazdegraded P(LA&o-3HB) into dimers, 3HB-3HB, 3HB-LA, LA-3HB and LAA,



and monomers, suggesting that Rbaieaved the linkages between LA and 3HB unitstesteleen LA units. This
cleavage pattern was further proved by Rhadinducted hydrolysis of synthetic methyl triméisiB-3HB-3HB,
LA-LA-3HB, LA-3HB-LA and 3HB-LA-LA. Combining with the result that Pha did not degrade PDLA
homopolymer, the cleavage capability of RhRa@ward LA-LA linkage should depend on the molecwight of
LA-cluster in the polymer chain. Enzymatic degriadabf PDLA oligomers (6 to 40 mer) revealed that degradation
efficiency is inversely proportional to the lengftsubstrates, and Phas able to degrade oligomers shorter than 31 mer.
For the first time the degradation capability oBRk toward PDLA and P(LAo-3HB) was found to be strongly
associated with the molecular weight of LA-clustettaining in these polyesters.

Chapter V is the summary of this study. In shoft,ARc0-3HB) could be produced using lignocellulosic
biomass-derived hydrolysate and the enzymatic driadation of P(LAco-3HB) was found that to be dependent on the
molecular weight of LA-clustering sequence in thiggster. The trials of this study should contgtiotthe establishment
of a biorefinery using lignocellulosic biomassganduction of P(LAeo-3HB) with alterable biodegradability.



