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a. BackgroundーTwo challenges in marine biodegradable 
plastics
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Number of microbes

Large

Ocean Soil

Small

• The number of microbes in
marine environment is small.

• Biodegradation of biodegradable
plastics is very slow in marine
environments.

• Biodegradable plastics are gradually
biodegraded during use.

Exclusive relation
In use After use

Keeping mechanical property Fast biodegradation
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a. BackgroundーFew marine biodegradable plastics



PHAs are produced and biodegraded in marine environments.
Biological carbon cycles for PHA exist in the marine environment.

Polym J 53, 47–66 (2021)
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a. BackgroundーPHAs are biodegraded in marine 
environments. 
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3. Mineralization

CO2, H2O

O2

Abiotic and biotic

Microbial

0. Intact materials 

D

hn

STEP1

STEP2

E1 E2 E3

E2

a. BackgroundーBiodegradation mechanism and R & D 
strategy.

Abiotic and biotic
1. Deterioration

2. Degradation to low-
molecular mass compounds
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Biodegradable resins
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1. R&D items of the project（E1, E2, E3, E4）
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4.
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Current status

2. Current status and future goals

Biodegradation 
in use
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Time After 6,7 years

Mineralization

Marine plastic debris

After 1000 years

Commodity biodegradable plastics

General plastics
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New biodegradable 
base resins with 
switch function  
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Time

in 2 years

Control 
biodegradation 

rate

Mineralization

Verification and evaluation of 
biodegradability

Future goals
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CORE team(Academia)

PM promotes the systemization of elemental technology, reorganizes
the teams, and selects the themes to maximize the outcomes.

Since 2022, academic-industrial satellite teams are formed to accelerate the
social implementation of outcomes developed by the core team.

PM 群⾺⼤学粕⾕健⼀

E1 E2 E3 E4

E1 E2 E3 E4

E1 E2 E3 E4
E1 E2 E3 E4

E1 E2 E3 E4

E1 E2 E3 E4E1 E2 E3 E4

E1 E2 E3 E4

E1 E2 E3 E4

E1 E2 E3 E4

2022年度より

SATELLITE teams (Companies and Academia)

SI
SI

SATELLITE team
SATELLITE team

3. Organization of R & D

粕⾕

岩⽥

柘植

野牧

阿部
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We evaluated degradability of biodegradable plastics in the ocean
surface layer in cooperation with the National Oceanic and
Atmospheric Administration (NOAA).

Buoys installed in the Great Pacific garbage patch is used as a
test site for degradation of biodegradable plastics. When the
buoys are replaced every year, biodegradable plastics are
collected and newly installed. The degradability of biodegradable
plastics in the marine surface environment is verified as part of
international joint research.

As part of GIGA School x Deep Sea, a
new biodegradable material was
installed 855 m off Hatsushima Island
with more than 24,000 elementary school
students and the Minister of MEXT via a
live online broadcast.

Above：The material before and after 4.5 months
in deep-sea. Right ： News site reporting the
results of the material developed in this project
and demonstrating on-site biodegradability.

Before collection After 4.5 monthsVirgin

4. International cooperation and science and
technology dialogue with the public
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6. Goal of our project（2029）
① We create three or more new marine biodegradable plastics that exhibit 90%

biodegradability in seawater at 30 ˚C in 6 months after the switching function exerts.

② We demonstrate the biodegradability of these new marine biodegradable plastics
having the switching function in marine environments, including deep sea.

③ We create new marine biodegradable base materials made from biomass and carbon
dioxide.

CO2

CO2+H2O

5. Time schedule for R & D

Fundamental technology development stage 1 Fundamental technology development stage 2

2020.10 2024.2                  2024.3 2029.3

Pilot-scale
R & D

2027

After finishing the project

2039

Social implementation

Market share 0-20 %

Coordination with company

2024

Lab-scale

20292022

Bench-scale



R

ゴミ

クールアースサイクル

クリーンアースサイクル ムーンショットプロジェクト

リサイクル

 CO2

PHA

Marine 
biodegradable 

bio-based 
 polymers 
(MBBP)

7. Social implementation
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Clean earth cycle

Cool earth cycle

Recycle

Moonshot project

Trush



8. Major results regarding ongoing topics
E1, R & D of marine biodegradable base resins that 
can introduce switch function
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柘植
（東⼯⼤）

岩⽥
（東⼤）

阿部
（理研）

粕⾕
（群⾺⼤）

野牧
（JAMSTEC)

PM・システム化
/横断的課題

E1：基盤樹脂開発 PHA 機能化 ○ ○
強靭化 ○ ○ ○
CO2固定 ○ ○

多糖 可塑化/⽣分解性 ○ ○
強靭化（成形性向上） ○ ○ ○

合成⾼分⼦ ⽣分解性ビルディングブロック ○ ○ ○
ブロックポリマー ○ ○

E2：スイッチ機能開発 pH ○ ○ ○
塩濃度 ○ ○ ○
酸化還元電位 ○ ○
圧⼒ ○ ○
温度 ○ ○
摩耗 ○ ○ ○

E3：⽣分解速度制御技術 加速 ⽣物環境制御 ○ ○ ○
⾼分⼦構造制御 ○ ○ ○

減速 ⾼分⼦構造制御 ○ ○ ○

E4：海洋⽣分解性試験と評価 実験室内 BOD試験系 ○ ○ ○ ○ ○

⼈⼯海洋環境系 ○ ○
海洋環境 沿岸海域 ○ ○ ○ ○

深海海域 ○ ○ ○ ○ ○
表層海域 ○ ○ ○ ○

E1

1
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Base materials for installing switching functionsE1

Synthesize 200 g of 3H4PE
polymer → switch function can be
introduced

Culture Condition： LB medium +  4-Pentenoic acid + Glucose, 30˚C, 72 h

δ (ppm)

B1, 
P1, 

P4 P5 P3

B3 B2

P2

B413C NMR

* *x y

Flask 
culture
（2L）

Extraction

14

Unsaturated
side chainGlucose

Carbon source  

Recombinant
E. coli

4-Pentenoic acid

+
P(3HB-co-3HPE) Installing 

switch function

Development of multifunctional microbial polyester
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(A)P(3HB-co-4.9 mol% 
3H5He-co-5.2% 3HHx)

(B) P(3HB-co-13.9 mol% 
3H5He-co-16.3% 3HHx)

i

j h

g f

e a

bc

d

P(3HB-co-13mol% 3HHx-co-27mol% 3H5HE)

5-hexenoic acid was found to be efficiently 
converted to 3H5HE in Ralstonia eutropha
and incorporated into the polymer.

E1 Base materials for installing switching functions

P(3HB-co-3HHx-co-3H5HE)

Unsaturated
side chain Installing switch 

function
3〜18 mol% 4〜31 mol%

Intracellular 
saturation reaction

5-Hexenoic acid

Hexanoic acid

Recombinant
R. eutropha

Sugars  +

Development of multifunctional microbial polyester



Glucose

2 Acetyl-
CoA

Acetoacetyl-
CoA

PhaA

PhaB

L-Methionine

4-Methylthio-2-
oxobutanoic acid

2-Hydroxy-4-
methylthiobutyric 

acid (2H4MTB)

LdhA

HadA
2H4MTB-CoA

3HB-CoA PhaC

2HTMB
〜30 mol%

Hydrophilization
79° 60°

Decrease in 
contact angle

due to oxidation

[O]

New sulfur-containing PHA

Oxidation

16

Met derivative
2H4MTB

Sulfoxidation Sulfonation

[O]

Functionalization of thioesters

X

2H4MTB

E1 Base materials for installing switching functions
Development of multifunctional microbial polyester

16



② PHBH production by C. necator strain MF01/Jac (Jar fermenter)
Dry cell

(g/L)
PHBH
(g/L)

3HB
(mol%)

3HHx
(mol%)

Culture 
time
(h)

Productivity
(g/L/h)

61.4 51.5 94.6 5.4 205 0.300

71.0 58.4 86.2 13.8 119 0.594

Ø Using H2:O2:CO2 gas as a raw material substrate, genetically modified strains of Ralstonia eutropha (C.necator) were 
cultured, and a production test of a new polyester with excellent marine degradability is conducted.

Ø Clarifying the culture characteristics of recombinant strains and developing technology to efficiently produce polyester 
from CO2.

Ø In particular, we will focus on the development of a culture method that enables the improvement of product 
concentration and speed, and the complete consumption of raw material gas.

① 籠型攪拌翼付発酵槽 

② スターラー付き恒温槽 

③ ｐH コントローラ 

④ DO コントローラ 

⑤ ぺリスタポンプ 

⑥ 添加用ポンプへの On‐Off タイマー 

⑦ 消泡剤 

⑧ 中和用アルカリ 

⑨ 除菌フィルター 

⑩ 流量計 

⑪ ニードルバルブ 

⑫ 廃液トラップ 

⑬ 循環ポンプ 

⑭ 発酵槽温調整用冷却水循環装置 

⑮ 基質ガス貯槽 

⑯ ガスサンプリング口 

⑰ アナログマノメーター 

⑱ ガスシリンダー 
⑲ バキュームポンプ

Fermenter

Closed circulation gas culture system

Gas mixture
CO2 : H2 : O2 Gas

reservoir

P(3HB-co-3HHx)[PHBH]

CO2

Recombinant
strain

Strain / Plasmid Dry cell wt.
(g/l)

PHBH 
Content
(wt%)

Composition
(mol%)

3HB 3HHx

C.necator H16 （wild-type） 17.16 68.2 100.0 0

MF01/ pBPP-ccrMeJ4a-emd 12.18±0.40 64.0±3.4 94.8±1.1 5.3±1.1

MF01ΔB1/ pBPP-ccrMeJ4a-emd 10.65±1.35 61.7±4.6 52.3±6.2 47.7±6.2

MF01/ pBPP-ccrMeJAc-emd* 11.22±2.67 64.6±8.1 88.7±6.4 11.3±6.4

MF01ΔB1/ pBPP-ccrMeJAc-emd 8.52±1.00 67.8±1.8 87.1±2.3 11.1±1.3

①PHBH productivity of various recombinant strains (flask culture) 

（~ 2020）

（ Highest value as of November 2022 ）

• Search for mineral salt medium composition
suitable for PHBH biosynthesis and control of
inorganic nutrient concentration during culture

• Productivity improvement by improving
fermentation tank agitation performance, etc.

* 3HHx 10mol% PHBH is known to have the best physical properties

17

Direct PHA conversion from CO2

E1 Development of efficient synthesis method for new PHA from CO2

17



Extraction
Thermo-processing

Injection molding
・Resistant to acids and alkalis
・Better impact strength > PP

・Esterification 
・New processing 
procedure

OHO
O

OH

nOH

BOD biodegradation test
Using Seawater from Tokyo Bay
Successful development of new
high-performance materials with
controlled marine degradability
from polysaccharides

Paramylon
Melt-spun fibers
・Processable without additives
・High-strength

E1 Marine biodegradable plastics produced from polysaccharides

Days

Good
biodegradability

Non-
biodegradability

BO
D 

bi
od

eg
ra

da
bi

lit
y 

(%
)

Biodegradable plastics from polysaccharides

Euglena
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Dissolving, coagulating, and drying 
cellulose gives transparent paperboard. PCT/JP2020/03984

Compositionally identical with paper but more functional.
Ductile 3D shaping Up to 2 mm thickness

E1 Development of new cellulose-based transparent materials

The cup holds water without inner film, which is 
necessary for the conventional paper cup.

A transparent cup made of cellulose
Gel Cup

Drying

The fragileness of chitin was overcome 
by the improved molding process.

Gel Straw

Drying

By the improved shaping process, the preparation of
materials entirely made of pristine cellulose or chitin
was successful.

Cellulose cup: Complete 
decomposition in 10 months.

Chitin straw: Complete 
decomposition in 2 months.

Easy-coloring

Development of processing methods for polysaccharides

19
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E2

柘植
（東⼯⼤）

岩⽥
（東⼤）

阿部
（理研）

粕⾕
（群⾺⼤）

野牧
（JAMSTEC)

PM・システム化
/横断的課題

E1：基盤樹脂開発 PHA 機能化 ○ ○
強靭化 ○ ○ ○
CO2固定 ○ ○

多糖 可塑化/⽣分解性 ○ ○
強靭化（成形性向上） ○ ○ ○

合成⾼分⼦ ⽣分解性ビルディングブロック ○ ○ ○
ブロックポリマー ○ ○

E2：スイッチ機能開発 pH ○ ○ ○
塩濃度 ○ ○ ○
酸化還元電位 ○ ○
圧⼒ ○ ○
温度 ○ ○
摩耗 ○ ○ ○

E3：⽣分解速度制御技術 加速 ⽣物環境制御 ○ ○ ○
⾼分⼦構造制御 ○ ○ ○

減速 ⾼分⼦構造制御 ○ ○ ○

E4：海洋⽣分解性試験と評価 実験室内 BOD試験系 ○ ○ ○ ○ ○

⼈⼯海洋環境系 ○ ○
海洋環境 沿岸海域 ○ ○ ○ ○

深海海域 ○ ○ ○ ○ ○
表層海域 ○ ○ ○ ○

8. Major results regarding ongoing topics
E2, Development of switching function to start 
biodegradation

1
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Zinc chloride
in DCM

40 ˚C, 12 h, Pyridine Linear polymers forming
coordinate bonding
between terminal ligands
and metal ions
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Succeeded in introduction of
ligands into the chain-ends of
aliphatic polyesters
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Ring-opening 
polymerization

Organometallic 
catalysts
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Polyesters with the terminal ligands

Switching triggered by difference in salt conc.E2

Ligand 
chemicals

Condensation 
agents

Terminal 
modification

3wt% NaCl aq.Water

Changes in molecular weights determined by GPC

10 15 20 25 30

Polyesters with the terminal ligands

Polyesters with the terminal ligands/Metal ions 
before immersion in NaCl aq.

Polyesters with the terminal ligands/Metal ions
after immersion in NaCl aq. for 2 days

Mn=11,300, 
Mw/Mn=1.4

Mn=12,500, 
Mw/Mn=1.6

Mn=51,100, 
Mw/Mn=1.7

Elusion time (min)

Confirmed the cleavage of
coordinate bonding of polymers
by the immersion into NaCl aq.
solution with a concentration of
2wt% or more.

Reaching the sea and degradation switch is turned on
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NaCl aq.
Introduction of metal ions

Addition of salts

Cleavage of cross-linkage via dissociation of coordination bonding
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Cross-linking polymers forming coordinate 
bonding between ligands and metal ions 13 1514 16 17 18 19 20

Elusion time (min)

Mn=47,700, 
Mw/Mn=2.2

Mn=5,103,000

PCL-CyBTC

PCL-CyBTC/Zn

Changes in molecular weights determined by GPC
Confirmed the partially
cross-linking structure via
formation of coordinate
bonding between metal ions
with tetrahedral coordination
and the functional ligands of
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Cyclobutane tetracarboxylic acid dianhydride ：
CyBTC

Switching triggered by difference in salt conc.E2

Polyvalent metals

Reaching the sea and degradation switch is turned on
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Low ORP
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SH

HS SH

CO2
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biodegradable
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Biodegradability control by low oxidation-reduction potential (ORP) in marine environments
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Flowing out into marine environments

S SSS SS

Reductive
Cleavage

Biodegradation

Flexible film by melt-molding

O
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mn

S
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PBSDT

• PBSDT as an analogue of PBSA
• Reductive cleavage of disulfide

bonding in low ORP condition
• Reduced degradation products

biodegrade in the ocean

E2 Switching triggered by difference in ORP
Rach the seafloor sediment and switch on

Seafloor sediment

Reaching the seafloor sediment and degradation switch is turned on
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CH3COOH

P(3HB-co-3HHx)

CA biodegradation

After 4 weeks After 8 weeks

PHBH

CTA

No degradation
for high DS CA 
(CTA)

CA biodegradation after
alkaline hydrolysis of acetyl
groups and subsequent
decrease in degree of
substitution (DS)

PHBH

Cellulose triacetate (CTA)coating

Switch ON

PHBH

CA (DS < 2.5)

Alkaline hydrolysis in
seawater with pH 7.5-8.3

PHBH

PHBH degradation triggered
by CA degradation

CTA

PHBH

E2 Switching triggered by difference in pH
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Enzymes (Lipase, Cutinase,
proteinase K) were embedded in
biodegradable plastics that show
slow degradation in the ocean.

Enzymes were immobilized in gel-
beads to improve stability against 
heat molding.

E2 Switching triggered by wear (Enzyme)

Polyester pellets

Enzyme 
embedded
polyesters

Enhanced degradationMelt kneading

Immobilized
enzyme

Enzyme EnzymePolymer gel

Enzyme-embedded
PLLA

Enzyme-
embedded

PBS

Enzyme-embedded
PBSA

Enzyme-
embedded

PCL

5 μm

3 months in the ocean0 monthPLLA PBS PBSA PCL

Without enzyme:
no degradation

Enzyme-embedded
polyesters:
High weight loss
(%) and
degradation

W
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gh
t l
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s 
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)

Getting old and degradation switch is turned on
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E2 Switching triggered by wear (Endospore)

Biodegradation

• Degradation is triggered by wear, and
biodegradation proceeds as endospores
transform to vegetative cells.

Degradation test of spore-containing
PESu ● ： Weight loss of spore-
containing PESu film with Yeast
extract (YE). ○： Weight loss of PESu
film with YE.△： Weight loss of spore-
containing PESu film without YE.

Endospore

Inflowing water
and germinant
substances

After wearing

Vegetative cells

CO2+H2O

Getting old and degradation switch is turned on
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柘植
（東⼯⼤）

岩⽥
（東⼤）

阿部
（理研）

粕⾕
（群⾺⼤）

野牧
（JAMSTEC)

PM・システム化
/横断的課題

E1：基盤樹脂開発 PHA 機能化 ○ ○
強靭化 ○ ○ ○
CO2固定 ○ ○

多糖 可塑化/⽣分解性 ○ ○
強靭化（成形性向上） ○ ○ ○

合成⾼分⼦ ⽣分解性ビルディングブロック ○ ○ ○
ブロックポリマー ○ ○

E2：スイッチ機能開発 pH ○ ○ ○
塩濃度 ○ ○ ○
酸化還元電位 ○ ○
圧⼒ ○ ○
温度 ○ ○
摩耗 ○ ○ ○

E3：⽣分解速度制御技術 加速 ⽣物環境制御 ○ ○ ○
⾼分⼦構造制御 ○ ○ ○

減速 ⾼分⼦構造制御 ○ ○ ○

E4：海洋⽣分解性試験と評価 実験室内 BOD試験系 ○ ○ ○ ○ ○

⼈⼯海洋環境系 ○ ○
海洋環境 沿岸海域 ○ ○ ○ ○

深海海域 ○ ○ ○ ○ ○
表層海域 ○ ○ ○ ○

8. Major results regarding ongoing topics
E3, Biodegradation rate control 
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After 1 
week

Bacilli on the fiber surface may degrade fiber using the enzyme.

Seawater 28

High-strength and modulus PHA fiber

Microbial polyester fibers
Mechanical properties

Tensile strength
/MPa

Young’s modulus
/ GPa

Elongation at break
/ %

P(3HB) 1320 18.1 35
P(3HB-co-8 mol%-3HV) 1065 8.0 40
P(3HB-co-9 mol%-3HH) 552 3.8 48

Biodegradation rate factors from materials scienceE3

Degradation rate control by structure control

Biodegradation of fiber

• Degradation rate can be controlled by
drawing ratio.

• Degradation rate is related to crystalline
morphology.

Surface
In biofilm

Biofilm
Cocci

Bacilli Fiber

Undrawn fiber

Drawn fiber

28



Biodegradation rate factors from materials scienceE3

Degradation rate control by structure control
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P(3HB-co-4HB)

BOD biodegradability in sea waterSurface observation
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Neuston in surface microlayer

On macrophytes

On stone

Marine snow

On fish

On plastic

Co
ve

ra
ge

Microbial accumulation in the 
plastisphere

Microbes with high abundance
= Genome information of microbes involved in the
biodegradation.

SEM image of plastisphere
formed on the biodegradable
plastic surface.

Elucidate the biodegradation mechanism of
plastic and control the degradation rate.

Also investigate the plastisphere in non-
oceanic environments.

Biodegradable
plastics is exposed to
pond.

Seawater

E3 Plastisphere：Microbial flora formed on plastic surface

Metagenome analysis

Control

Degradation rate control by biological factors



物質
1 CE
2 A
3 CH
4 P
5 SH
6 HH
7 C
8 C
9 AN
10 AC
11 P
12 Y
13 Negative control

31

Control substance candidates

Non-metric multidimensional scaling (nMDS) based on the Bray-
Curtis index. Numbers in the plot indicate the type of substance.
The area of the plot shows the biodegradation rate except for
seawater.

PBSA
No.2、No.5、No.6、No.7

PBS
No.5、No.6

PLA
No.2、No.7、No.9 
Effect on increase in the degradation rate.

Addition of 10% plastisphere control substance candidate to the biodegradable base polymer.
The films were exposed to seawater and investigated weight loss and change in plastisphere.

E3 Biodegradation rate control by controlling plastisphere

MDS2
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Biodegradable 
plastics 
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degradable 
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The plastisphere of Non-marine biodegradable
plastics close to that of marine biodegradable
plastics.→ Improving biodegradability

Degradation rate control by biological factors

Name



ムーンショット型研究開発事業／第三回第四分科会（海洋⽣分解プラ）
20211124_13:50-14:15(25m), -14:35(20m)

32

E4

柘植
（東⼯⼤）

岩⽥
（東⼤）

阿部
（理研）

粕⾕
（群⾺⼤）

野牧
（JAMSTEC)

PM・システム化
/横断的課題

E1：基盤樹脂開発 PHA 機能化 ○ ○
強靭化 ○ ○ ○
CO2固定 ○ ○

多糖 可塑化/⽣分解性 ○ ○
強靭化（成形性向上） ○ ○ ○

合成⾼分⼦ ⽣分解性ビルディングブロック ○ ○ ○
ブロックポリマー ○ ○

E2：スイッチ機能開発 pH ○ ○ ○
塩濃度 ○ ○ ○
酸化還元電位 ○ ○
圧⼒ ○ ○
温度 ○ ○
摩耗 ○ ○ ○

E3：⽣分解速度制御技術 加速 ⽣物環境制御 ○ ○ ○
⾼分⼦構造制御 ○ ○ ○

減速 ⾼分⼦構造制御 ○ ○ ○

E4：海洋⽣分解性試験と評価 実験室内 BOD試験系 ○ ○ ○ ○ ○

⼈⼯海洋環境系 ○ ○
海洋環境 沿岸海域 ○ ○ ○ ○

深海海域 ○ ○ ○ ○ ○
表層海域 ○ ○ ○ ○

8. Major results regarding ongoing topics
E4, Validation and evaluation of biodegradability in 
laboratory and deep-sea environments 

Verification and
evaluation of marine
biodegradability

In vitro

In vivo In Shallow water
In deep-sea
Buoy

BOD biodegradability
Test condition



33Plastic chambers deployed 
on the deep-sea floor

■ We carried out 6 cruises to test the biodegradability
of newly developed materials on the deep-sea floor
from 2020 to 2022. This is the only project that is testing
biodegradability on the deep-sea floor in situ, where
large amount of plastic debris are accumulating.

■ We have also started biodegradability test at the
surface of the North Pacific pelagic site.

■ The recovered materials were examined with
different chemical and physical tests, together with
meta-omics approaches of the attached biofilms.

Plastic chambers deployed on 
the mooring buoy

Deployment and recovery 
with the manned submersible

E4 In situ biodegradation tests of novel materials
138ºE

ネットに包んだ多量の
生分解性プラ素材

145ºE
36ºN

31ºN

NOAA KEO-buoy

JAMSTEC port

MisakiHatsushima

Myojin knoll

KEO
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We could construct a method to analyze a large
amount of data efficiently at high speed.

Pipeline

Plastisphere DNA extraction De novo
assembly

NGS
sequencing

Genome
constraction

Pipeline for genome quality control
Pipeline for analysis the genome and gene function

Marine PHBV plastisphere

The genome of a group of
PHBV-degrading
Gammaproteobacteria
was identified.

Coverage

GC content (%)

Function ESTHER ID
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A
lp
h1

A
lp
h2

A
lp
h3

A
lp
h4

A
lp
h6

A
ct
i1

D
el
t1

A
lp
h5

Esterase_phb Esterase_phb 23 13 19 20 18 14 1 0 3 1 0 0 0 0 0 1 6 0
Abhydrolase_6 PHB_depolymerase_PhaZ 1 1 1 1 1 1 1 0 1 0 1 1 1 1 1 0 0 0
Esterase_phb_PHAZ Esterase_phb_PHAZ 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0
Thioesterase Thioesterase 9 9 4 4 8 8 13 5 0 0 1 0 0 2 2 6 10 0
Lipase_2 Lipase_2 10 2 6 10 11 5 0 1 0 0 0 0 0 0 0 0 1 0
Abhydrolase_6 6_AlphaBeta_hydrolase 15 12 12 18 19 14 14 32 11 15 9 6 16 32 24 50 31 0
Bacterial_lipase Bacterial_lip_FamI.3 4 0 1 3 2 1 2 2 2 1 5 5 10 0 25 1 0 3
AlphaBeta_hydrolase AlphaBeta_hydrolase 2 5 2 2 4 4 1 3 3 0 6 3 5 3 4 9 8 0
Hormone-sensitive_lipase_likeHormone-sensitive_lipase_like 1 0 1 2 1 4 0 1 8 1 2 0 1 9 7 12 6 0
Epoxide-hydrolase_like Epoxide_hydrolase 2 2 1 2 1 1 1 0 5 0 0 0 1 3 3 10 5 0
Peptidase_S9 Prolyl_oligopeptidase_S9 3 1 3 4 3 0 2 10 0 1 0 0 0 4 0 0 3 2
Hydrolase_4 Proline_iminopeptidase 3 1 1 3 2 2 1 4 1 1 1 1 1 1 1 3 8 0
Dienelactone_hydrolase Dienelactone_hydrolase 1 1 0 1 2 1 1 2 1 1 0 0 1 2 1 8 3 0
Tannase Tannase 2 2 3 2 2 2 2 1 1 1 1 0 1 1 1 1 1 1
Abhydrolase_6 Homoserine_transacetylase 3 3 2 4 3 3 1 2 2 1 0 0 0 0 0 1 0 0
Peptidase_S9 ACPH_Peptidase_S9 0 1 1 0 1 0 0 5 0 0 1 1 1 3 1 1 7 1
Hydrolase_4 Monoglyceridelipase_lysophospholip 1 1 1 1 1 1 2 0 4 0 1 1 1 3 1 1 2 2
abh_upf00227 abh_upf00227 2 2 2 2 2 2 2 0 2 2 0 0 0 0 0 0 1 0
Antigen85c A85-IroE-IroD-Fes-Yiel 0 1 1 0 0 1 1 4 1 0 0 1 0 0 1 3 2 0
Abhydrolase_6 PHA_synth_I 1 1 1 1 1 1 1 0 1 0 1 1 1 1 3 0 0 0
Lipase_3 Lipase_3 2 1 0 2 1 2 1 2 2 0 0 0 0 0 0 0 1 1
LYsophospholipase_carboxylesteraseLYsophospholipase_carboxylesterase 1 0 0 1 2 1 1 0 1 0 1 1 1 0 1 0 2 1
Est-OsmC Est-OsmC 1 1 0 1 1 1 0 1 0 1 1 0 1 1 1 1 1 1
Epoxide-hydrolase_like Haloalkane_dehalogenase-HLD1 0 0 0 0 0 0 0 0 2 0 0 0 2 2 0 2 6 0

The genome code many PHB depolymerase genes

We could identify the candidate of PHBV-
degrading Gammaproteobacteria and their
PHBV depolymerase genes using meta-omics
analysis.

Metagenome analysis of plastisphere

E4 Meta-omics analysis of plastisphere correlating with biodegradation



ü Different and diverse plastisphere microbiomes formed on a marine biodegradable plastic at different sea area. 
ü Genomes (MAGs) of dominant microbes were recovered from the plastisphere metagenomes. 

è Growth of microbes related to biodegradation of plastic
è Toward identification of enzymes for marine biodegradation

Misaki (BMS) Hatsushima (BHT) Myojin knoll(BMJ)KEO (AKR)
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E4 Meta-omics analysis of plastisphere correlating with biodegradation
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BOD biodegradation testing

Seawater

Sea-sand

2 
cm

2 cm

Polymer Stainless 
steel 
mesh

Pump

Tank experiment

• Weight loss
• Morphology of surface
• Mechanical properties
• Plastisphere analysis

E4 In vitro biodegradation tests of novel materials 

O2 CO2

By microbes

𝑩𝒊𝒐𝒅𝒆𝒈𝒓𝒂𝒅𝒂𝒃𝒊𝒍𝒊𝒕𝒚% = 𝑶𝟐
𝑻𝒉 𝑶𝑫

×𝟏𝟎𝟎

O2: Biological oxygen demand (BOD)
used for catabolism of compounds
ThOD： Theoretical oxygen demand

Biodegradable 
plastics
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lPBSA/PBAT degraders (230 strains) were isolated from plastisphere.

① Biofilm development for obtaining  plastic degraders

lDegradation property of each degrader has been analyzed by clear zone development, CO2
production and accumulated degradation products.

In the sea (5 months)
(Hiroshima, 10 m-depth)
Films of PBSA, PBS, PBAT, 
and PCL with film mounts 
were fixed in the fixture.

Laboratory (4 months)
PBSA and PBAT films were 
put in sea water of 4 sites.

Plastic film and
bacteria in artificial
seawater.

Culture
CO2 detection by GC

Gas

Liquid

Agar plate with
emulsified plastics.

CO2

HCO3-

CO2
CO2

Isolation

② Degradation property analyses of degraders on each material 
and degrader selection for rapid test method 

E4 Optimization of in vitro test condition

Fragment analysis 
by LC-MS/MS

clear zone development: -, CO2 production: +

A

monomer trimer, tetramerdimer
bacteria

clear 
zone

CO2

B
C

D

E
F

mineralization of 
1,4-butanediol

oligomer accumulation

degraded into monomers 
& mineralization

Biodegradation properties of bacteria A-F
(red: high amount)
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To create a clean earth in the future

Thank you for your attention.



39


