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Bio-conversion

- Successful bioproduction of c¢is,cis-muconic acid, precursors of adipic acid,
a raw material monomer for polyamides and polyesters (fishing tools, fibers, bottles, etc.).
- Screening of various genes for adipic acid-producing enzymes is in progress.
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High-functionalization of PET-degrading enzymes

PET-degrading bacterium and
degradation mechanism

- Successful high-functionalization and high-production of a PET-degrading enzyme.
- Identification of degradation products of a PET-oligomer by a PET-degrading enzyme.
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Reaction condition:
- . PET powder (>40% crystallinity)  © OH
- o o PET-degrading 30°C, 23 h, HPLC analysis o < > %
‘ CH;—CH. —0—C - ‘ : -
PET —6 2 —0 c o—)n— F enzyme 2.5 TPA
= PETase l : Active /* =
5 o ' site o e 30-fold
i i o
MHET HO—CHZ—CHZ—O—CQ— C—OH § 15 | Up
) £
MHETase Cationic 5 i
5 9 (0224) EG on-cH, ;CHZ_OH surfactant o 1 O@OXOH
TPA HO—C C—OH (Ethyleneglycol) i '8 o, o
[}
v N ddd Bos! MHET
‘."‘ TPATP : TPA transporter Catab0|ized O O O % 0.5
o, /N TPATP TPADO: TPA 1,2-dioxygenase I a4
DCDDH: 1,2-dihyd -3,5-cyclohexadiene-
NADPH + H* 1,4—d%c\;rlr1c::::tlate ((:i‘fh:dfogaena:: ; 0 E—
TPADO Pca34: PCA 3,4-dioxygenase PET Surface Surfactant - + = +
NADP* CO,, H,O
COOH COOH cook 4 Wild-type Mutant
DCDDH Pca34 %j ! enzyme enzyme
. ====> catabolized " . e
O ; § § i 7 A | Addition of a very low concentration of cationic surfactant
il = % remarkably enhanced the enzyme activity about 30-fold
NADP* NADPH + H Science.351:1196-1199. 2016. comparing to the wild-type enzyme

Effect of mutation and cationic surfactant
on PET-degrading enzyme activity

3D-imaging (SEM) of PET
film after degradation

Numerous holes of several
microns in size were observed
throughout the PET film

- y Small holes
G NS were
PR e observed

m: “‘;.."‘.: ~'_:-;‘ v. . : Big holes
R : were also
After incubated with a observed

recombinant bacterium Endo-type
secreting PET-degrading D >
enzyme ScCiIssion «

Overexpression of PET-degrading enzyme

Intracellular 300
expression

process
applied

- L
Rl ca. 140-fold
A £ U
Protein A QEJ 200 | p
- Spatial limitation - No spatial limitation E
- Toxicity - Reduction of toxicity ‘; 150
£
LI L o - - ©
Optimization of  medium ® 100 |
Boost %
Control Yeast Addition =
(conventional)  Extract of buffer o 50 |
I I
lotNo. 1 2 3 1 2 3 1 2 3 0 I-I |
Enzyme P FY2021 Secretion Signal Medium

sequence composition
optimized optimized

Degradation products of PET-oligomer

by PET-degrading enzyme

B Achievement of FY2022 targets
- >25 g/L monomer production.

Reaction time (min)

Insoluble fraction - >5-fold enzyme activity than
PET oligomer standard WT-enzyme.
4 mer
5 mer [ .
- <<= _ 3mer m Key points for future development
‘%@ %@, %@ 5o Siuble fraction - : - Select additional compounds in
e e ] o creezsgnm collaboration with chemical
Exo-type ? _ © MHET i hesi
S 250 | wBHET o o synthesis team.
5 200 — 120fin | | - Development of switching function
(O (| 80| SrEt (regulation of degradation point
%@ g |, | | l and speed).
c , 50 b /N i ﬁr - Application of the biomonomer and
ndo-type ¢ onhn 8 i) - ' ' PET-degrading enzyme to
0 30 60 90 120 7 8 9 10 11 a multilock p0|ymel‘.

Retention time (min)




No. A-11-15E

PJ: Development of Multi-lock Biopolymers Degradable in Ocean from Non-food Biomasses (_”E°°
Theme: Control of Higher-Order Structure and Toughness of Marine Degradahle Polymers through
Polymer Processing (E3-2) (z
Organization: Yamagata University ¢/ weExs MOONSHOT

Contact: Prof. Hiroshi Ito ihiroshi@yz.yamagata-u.ac.jp
T

1. Achievement in the PJ

(1) Academic target (2) Industry relations |
Improving durability and toughness of marine-degradable polymers Mitsubishi Chemical Corporation Project ," CHEMCAL
(Control crystal morphology for the marine degradation) Research and development of marine degradable multi-lock

biopolymers from inedible biomass

Toughening PBS films, especially improving tear strength using
the polymer blend technique

Propose toughening method through mechanical tests

PLA. PGA PMMA PA6 PS PC PET PBS PCL HDPE PP

Tg (°C) 60 40 100 50 90 145 70 -35 -65 -110 0 . .
Max. load (N) 33 25 203 14 143 247 15 15 8 9 13 Achieved the annual target of toughness by means of a fine
Max. displacement (mm) 2 4 02 735 014 124 7 6 >16 16 10.5 dispersion of PR in PBS using an organotitanium catalyst.

Apparent modulus (MPa) 3510 4040 3370 890 3000 2660 2170 745 452 1030 1460
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| ¥ Development of highly degradable polyester-hased multi-lock type
PLA before physical aging PLA after physical aging bio-tough polymers and its fibers
Developbment of nano-structured PET and its melt spinning

Controlling crystal morphology with processing technologies = : , _ ,
Added a decomposition catalyst into PET. Doped PET showed brittleness on oriented filaments
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2. Next plan

(1) To realize marine-degradable plastics products with certain crystallinity
- Development of tough polymer blends and composites using special compounding technique

(2) To clarify principles between toughness and marine-degradability

(3) Collaboration in Academi . _ - Toughening mechanism on tear strength
ollaboration In AGademia cwith Prof. s. Okazaki, U.Tokyo) - Preparation of variety of crystal morphology and analysis of its degradability

Compare PCL to PBS with the same 4-layered lamella: PBS crystal is deformable

Analyze the relationship between molecular structure and macroscopic

Topo|og,ca| effect’) tearing using the MD simulation = Guideline for material development
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Theme: Development of a prediction model for long—-term impacts of multilocked new polymers

on the marine environment (E4) (Z

Organization: Ehime University MOONSHOT
Contact: Graduate School of Science and Engineering, Hirofumi Hinata (hinata.hirofumi.dv@ehime-u.ac.jp)

B Outline of our research B Urban plastic runoff model

- Estimate of plastic unit runoff by weighing at pump station
- Plastic runoff model using ralnfaII wind speed, and elapsed days

1) To develop a prediction
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B A model for the beach process and degradation process | B Transport of degradable biopolymers in Seto Inland Sea
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1. Govel‘ning Equation u,v; Current velocity (m/s) > Governing Equation:
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1. BaCkgrOU nd and objective Diagram based on a model of

enhancing microbial activity

In order to carry out a proper marine degradable plastic product design, it is important to know whether a plastic material is inherently

biodegradable, degradation mechanism and safety etc. when exposed to marine inoculum. nigh | I
A (@maintenance of activity| field
@ International Standard about determination of aerobic biodegradation by ISO @ Issues in marine biodegradability evaluation z Dincreasta
(Each method is s simulation under laboratory conditions of each habitat found) S
_ _ _ _ o _ _ Field test Laboratory test @
the habitat found in sandy tidal zone that, in marine science, is called eulittoral zone. % Laboratory(ISO, etc.)
37 (i : sedi : J, i, aboratory , etc.
@; (inoculum : sediment ) [1SO 22404 :2019 (by evolved CO2)] ¥ " Investigate correlations .g
—. offshore areas with low water currents and low tidal movements - , Iqetween lab. tests and =
* coastal areas with stronger water currents and tidal movements field v
(inoculum : seawater) (ASTM D6691 is similar) Incubation is taking place in low
[1SO 23977-1:2020(by evolved CO2), 1ISO 23977-2:2020(by 02 demand)] closed space for a long period incubation time

sunlight reaches the ocean floor (photic zone) that, in marine science, is called sublittoral zone
( inoculum : seawater/sediment interface)
[1SO 19679:2016(by evolved C0O2)], ISO 18830:2016(by O2 demand)]

The evaluation of biodegradability in laboratory has some issues such The purpose of this study :

as reproducibility and variability of the test, and long test period Development of accelerated evaluation of biodegradability in marine
(6 months~24 months) .

the habitat found in different seawater/sediment-areas in the sea, e.g. in a benthic zone where [In Iaboratory evaluations. the origin of the inoculum and the season of CO”ECtiOFj
?

affect the results of the marine biodegradation.

2. Development of accelerated evaluation of biodegradability in marine
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. . . . . — = Alphaproteobacteria
* The use microbial in sediment is expected to 3 = Gammaproteobacteria Sample(35 mg)
. . pe . .. B - Flavobacteria raw Extracted Extracted
diversification in inoculum. 8 1 0E+11 B = Chroobacteria seawater Cellulose seawater seawater
o LO= - = Planctomycetia 150 mL *Polycaprolactone
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(2) Taxonomic similarities between samples

biodegradation and regression lines = 25 =~ 23 Principal coordinate analysis of weighted unifrac
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At all locations, the development method could increase biodegradation rate and suppress Axis 1 (22.45%) | O between in the field and in the laboratory.
the variations of test. Axis 3 (7.45%)

3. Conclusion

» We have developed accelerated evaluation method of biodegradability in seawater utilizing extracted microorganisms from marine sediments, furthermore
the addition of nutrients accelerated the process.

» The bacterial flora of the biofilm on the biodegradable plastic after the biodegradation test was similar between in the field and in the laboratory. Therefore,
it was confirmed that the laboratory evaluation could simulate the degradation in field conditions.

» In the future, by evaluating the relationship between biodegradation rate and amount of enzyme, we would like to quantify the acceleration ratio of the
development methodology.



