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Thesis Summary (approx.800 English Words )

Polyhydroxyalkanoates (PHAS) are car-storage polymers accumulated in various bactPoly(3-hydroxybutyrate
[P(3HB)], the most wide-spread PHA in nature, isami-crystalline bio-based thermoplastic polymed dwas similar
thermal properties to polypropylene. Some compaaigsmpted to commercialize P(3HB) or its copolysner past.
However, most of their fermentation plants weresebb because of the P(3HB)'s poor crystallizatioeespand therma
stability. The crystallization speed is the impattéactor in converting plastics to products beeaitiss directly linked to the
cost, the energy consumption, and the emission ©f. Exploring a new PHA monomer unit with the imprdy
crystallization and thermal resistance is requif@tHydroxy-2-methylbutyrate (3H2MB) is a monomebpdyinthesized by
bacteria from activated sludge in sewage farm, raeently our group found that PHA containing thismoamer exhibits|
different thermal behavior from the other PHAs. $hthe aim of this study is to investigate the ganfance of 3H2MB
monomer in crystallization and thermal behaviobimysynthesizing the homopolymer and the copolyrnéBH2MB.

In Chapter 1, the general introduction about the-Hzised plastics, PHAs produced in the activatadgs, and the
crystallization of polymer is presented.

In Chapter 2, the biosynthesis of P(3H2MB) homopwy by recombinanEscherichia coli are presented. The
expression of propionyl-CoA transferase led todbesiderable improvement of P(3H2MB) biosyntheBie extracted and
purified P(S3H2MB) homopolymer was consisted of enantiomer judging from th€C nuclear magnetic resonance (NMR)
spectra. The methyl ester of 3H2MB was obtainedeyhanolysis of P(3H2MB) homopolymer, and its agtiotation was
investigated. The thermal properties were evalubjedifferential scanning calorimetry (DSC) and #wuilibrium melting
point (Tr?) of P(3H2MB) was higher than the those of PHAsvusly reported. The glass transition temperalige of
P(3H2MB) was also higher than other PHAs. In additiP(3H2MB) exhibits very fast crystallization spevhen compare
to the conventional polyesters, like P(3HB) or pexdyic acid. To quantify the crystallization speefd P(3H2MB), the
melting point Tm) and crystallization temperaturé&) were measured. The difference of P(3H2MB}sandTc was close tg
commodity plastics, which means the crystallizati@navior of P(3H2MB) is more like commodity plastithan P(3HB)
The smaller differencedl = Tm- Tc) reflects faster crystallization speed. Moreovie higher thermal degradatig
temperature than P(3HB) was observed in P(3H2MBtheymogravimetry-differential thermal analysis-sapectrometry
The molecules generated during the thermal dedoadatere analyzed, and this suggested the theregrdation proces
of P(B3H2MB) proceeds viais-elimination, which is the same process as P(3HBg a-methyl group in 3H2MB could b
considered to interfere the deprotonationaoposition. Consequently, 3H2MB polymer is found ewhibit the higher
processability and thermal resistance than theemtional PHAS.

In Chapter 3, poly(3-hydroxy-2-methylbutyrate-3-hydroxyhexanoate) [P(3H2MEBs-3HHX)], the analogue copolyme
of poly(3-hydroxybutyrateo-3-hydroxyhexanoate) (PHBH), which is the PHA cuothe available commercially, wa
biosynthesized by recombinari. coli and the thermal properties were evaluated. This wes first report off
P(3H2MB-co-3HHXx) synthesis in both chemical synthesis andypithesis approaches. As a result, the fast cligst#bn
behavior of 3H2MB was found to be maintained evencopolymerized with 3HHx. It was found that soften by
copolymerization can be adapted also in 3H2MB-dairtg polyesters.

In Chapter 4, to investigate the potential of 3H2d@ymers, poly(3-hydroxy-2-methylbutyrate-3-hydroxybutyrate)
[P(3H2MB-co-3HB)] was biosynthesized by recombindat coli with the support of 3HB-supplying enzymes and the
thermal properties were analyzed. Combining the arm@r supplying enzymes, the 3H2MB fraction in P(BH&2co-3HB)
could reach higher levels with high PHA contente Bxtracted and purified polymer was subjectedethamolysis reaction
and the molecular weight of P(S3H2M#®-3HB) was significantly reduced. The terminal oksk P(3H2MB:zo-3HB)
oligomer was methoxy group confirmed by NMR anaysihe oligomers were mixed with PHA and the ctst-Df
PHA/oligomers were obtained. The PHA film contamia small amount of oligomer exhibited higher cailstation
temperature and faster crystallization speed tlzan PHA. This indicates the potential of P(3H2MB)gomers as the
nucleating agents against the 3HB-based copolymers.

In conclusion, the 3H2MB monomer was reveal to pssghe high crystallization speed, high thermsistance, ana
even the possibility of biodegradation. This sugg@12MB could be the alternative building block3#dB. In addition, the|
application of P(3H2MB) as the nucleating agent lbarexpected.
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