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ABSTRACT

The aims of this study were to isolate, identify and investigate on the
PLA-degrading microorganisms and their enzymes. One hundred and twenty five soil
samples from eight different locations including forest, farm, garden, buried,
riverside, hot spring, compost and sediment were collected from northern Thailand.
A total of 41 PLA-degrading microorganisms were isolated by clear zones method on
emulsified PLA agar plate. Actinomycetes were the major group of PLA-degrading
microorganisms and had a high ability to produce PLA-degrading enzyme. The
isolates CMU-PLAO3 and CMU-PLAOQ7 had a high ability to degrade PLA by formed
a large and clear hydrolytic zone on the PLA-emulsified agar. Moreover, the culture
broth containing PLA emulsion were clearified after inoculation at 30°C for 14 days
and the supernatant had a high PLA-degrading enzyme activity

These two isolates CMU-PLAO3 and CMU-PLAO7 were identifided belong to

members of the genus Amycolatopsis in the family Pseudonocardiaceae on the basic



of the morphological, chemotaxonomical, biochemical characteristic and 16S rRNA
analysis. They grew well on all International Streptomyces Project (ISP) medium by
formed circular colonies that were covered with white to pale yellow aerial mycelium
on different ISP media. The colony of strain CMU-PLAO3 had wrinkled surfaces
while CMU-PLAOQ7 had smooth colony surface. The aerial mycelium color was white
but the color of the substrate mycelium was pale yellow and yellowish brown for
isolate CMU-PLAO3 and CMU-PLAO07, respectively. No diffusible pigments of both
isolates were produced on any of the media tested. The spore morphology was
fragmented into long strands and had smooth-surfaced spore. The cell wall of both
strains were type 111 (meso-DAP) and not contained mycolic acids. Whole-cell sugars
were arabinose and galactose. The predominant menaquinone is MK-9(H,). The main
phospholipid of two isolates were phospholipid type PII (phosphatidylethanolamine is
the only nitrogen-containing phospholipid). The results of % identity and % average
similarity of 16S rDNA analyzed by PHYDIT programe, isolate CMU-PLAO03 and
CMU-PLAQ7 showed 96-99% similarity with members of the genus Amycolatospis.
The 16S rDNA nucleotide sequences of these isolates have been deposited in
GenBank under accession numbers FJ556897 and FJ581021, respectively.

A neighbor joining tree of isolate CMU-PLAO3 is highly related to A.
keratiniphila subsp. nogabecina JCM 126717 (98.8% similarity) and A. keratiniphila
subsp. keratiniphila JCM 12683" (98.8% similarity) whereas CMU-PLA07 showed
99.5% and 99.4% similarity to that of A. coloradensis JCM 9869" and A. alba JCM
100307, respectively. DNA-DNA hybridization of isolate CMU-PLA03 showed high
a DNA-DNA relatedness value of 89% with A. keratiniphila subsp. nogabecina

whereas isolate CMU-PLAOQ7 shared a 16S rDNA similarity of 99.5% and 99.4%
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but displayed low DNA-DNA relatedness value of 49% and 45% to A. coloradensis
JCM 9869" and A. alba JCM 100307, respectively. However, isolate CMU-PLAQ7
was proposed a novel species of the genus Amycolatopsis which designation name
Amycolatopsis thailandensis sp. nov. CMU-PLAO7 based on DNA-DNA relatedness
and differentiated of phenotypic, biochemical properties and cellular fatty acid
content.

Two isolates CMU-PLAO3 and CMU-PLAO7 were able to degrade PLA film
in liquid medium. The weight of the film decreased and became whiten and some
portions of the fragment edges were disintegrated. The surface changed to be rough
and irregular holes under scanning electron microscope. PLA-degrading enzyme
activity and cell growth were increased in culture broth during cultivation but no
significant decreased in water-soluble total organic carbon (TOC) and pH.

The PLA-degrading isolate CMU-PLAO7 was investigated on PLA-degrading
enzyme production at different culture conditions including types of carbon source
and complex nitrogen source, concentration of carbon source and complex nitrogen
source, initial pH, temperature and incubation time were used to obtain the maximum
levels of PLA-degrading productivity. The maximum activity of enzyme was detected
when culture in basal medium containing glucose 0.3% (w/v) as carbon source and
tryptose 0.1% (w/v) as complex nitrogen source at initial pH 7.0 when incubated at
30°C for 5 days. An increase of substrate concentration resulted in a decrease of PLA-
degrading enzyme activity due to catabolic repression for enzyme synthesis.

The PLA-degrading enzyme produced from isolate CMU-PLAQ7 was purified
by cation exchange chromatography and gel filtration chromatography method. The

enzyme was purified up to 6.3 fold with a final recovery of 34%. The specific activity
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of the purified enzyme was 26 U/mg protein. The final enzyme preparation was found
to be homogenous as adjudicated by SDS-PAGE with a molecular weight of about 24
kDa. The N-terminal amino acids sequence of purified PLA-degrading enzyme was
determined as Ala-lle-Ala-Ser-Gly-Ala-Val-Asn-Gly-Ala. The comparison of
terminal amino acid sequence with database showed significantly closed with one
putative serine protease from Corynebacterium kroppenstedtii DSM 44385
(Accession number YP 002905804).

The purified enzyme has a pH optimum of 9.0 with good stability at pH range
pH 4 to pH 12. The purified PLA-degrading enzyme obtained has maximal activity
between 45°C and 55°C with a loss of activity above 60°C. The effect of different
inhibitors and chelator agents on the activity of the purified PLA-degrading enzyme
obtained from isolate CMU-PLAO7 showed that the enzyme is a serine protease since
its activity was completely inhibited by PMSF and DFP which is a specific inhibitor
of serine proteases. DTT and 2-mercaptoethanol strongly inhibited the purified
enzyme and indicated the presence of essential disulfide bonds. Some metal ions such
as Zn** and Hg?* had strongly inhibited effect on enzyme activity whereas Mn?* and
Co*" were able to enhance the enzyme activity. The purified PLA-degrading enzyme
from isolate CMU-PLAQO7 showed hydrolysis activity on ester bond of various
substrate such as PLA, casein, BSA, skim milk and pNP- carboxylate substrates
(C2-Cy) but not PCL, PHB and tributyrin and triolein.

Overall, the research findings indicate that actinomycetes as the genus
Amycolatopsis is an efficient microbe for PLA degradation based on culture based
method. PLA-degrading enzyme of A. thailandesis strain CMU-PLAO7 exhibits

serine protease which is considered for applications in PLA recycling waste, the
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agricultural, industrial, medical and other fields. However, the modification of its
properties by protein engineering and the molecular background for the regulation at

promoter level for understanding and requires in the future.

Keywords: Degradation, Poly-(L-Lactic Acid), Actinomycetes, Biodegradable
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