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Implementation period] 2020-2029
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Final goal (FY2029)] Developing edible plastic composites having optically-switching biodegradability in
ocean, using itaconic acid and biodegradable polymers produced by fermentation from

new sorghum varieties, with high-performance photocatalysts.
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Itaconic acid Annual global production: 70,000 tons

HO
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Side reactions
(caused by excess diamine)
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Market size: 100 million USD
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| Itaconic acid

It has been used as an
additive for fibers, resins,

Mass-produced
In China

adhesives, etc.

(expanding year by

rubbers, surfactants,

year).

Despite being a well-known bio-derived dicarboxylic acid,
synthesis of itaconic acid-derived nylon is difficult.

Salt monomer method
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1) Almost no cross-linking occurred during

synthesis.

2) Crosslinking gradually at 190 °C  under
nitrogen for about 30 minutes.

3) Crosslinking progresses in a short time at 210
°C (about 10 minutes), to make molding.

4) We were able to obtain fine fibers (pict)

Conclusions

1) Pyrrolidone-containing nylons derived from itaconic acid
showed hydrolysis with ring-opening in the excited state,
accompanied by photo-induced disintegration.

2) By incorporating a pyrrolidone ring-containing nylon into
nylon 11, it became possible to impart photoinduced
disintegration to nylon 11.

3) It was clarified that the modified nylon 11 exhibited excellent
moldability to the extent that fine fibers were obtained.
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[1a]The same NaNbO, can be prepared.

1.2. Photocatalytic activity
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[1b]NaNbO; has lower degradation activity than TiO.,.
[1c]NaNbO, exhibits photoinduced superhydrophilicity.
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[1dINaNbO, has little or no cytotoxic under light irradiation.
HAck. Prof. C. Ogino (Kobe-U)
[1e]NaNbO, has little or no antimicrobial performance under light
iIrradiation.
X Ack. Prof. K. Nakata and Dr. S. Usuki (TUAT)

¥ 500mm

Solvothermal synthe‘sis Solid-phase ‘synthes|s

[2a] Nanocomposites with uniform dispersion were obtained.

2.2. Photodegradation

Characterization

SEM
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Weight loss
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LC-MS

1. Dry condition
2. Soak in DI water
3. Soak in salty water
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[2b] The bio-nylon degrades faster than nylon 11.
[2c] NaNbO, accelerates the degradation of the bio-nylon.
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[2d] The addition of Cul stabilizes the bio-nylon.
[2e] TiO, accelerates oxidative degradation in DI water.
[2f] NaNbO, accelerates hydrolysis under irradiation.

[2g] The -CH,- groups adjacent to N (amide) of the pyrrolidine
ring is first oxidized, followed by hydrolysis.
Ack. Dr. D. Kato (Kagoshima-U)
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Safety assessment for the life below water Q

Predicted no-observed-effect concentrations (PNECs) of water-soluble degradation products from ON-type
resins were derived from the acute toxicity values™® on aquatic species (Table 1).

* Closed-ring dicarboxylic acid type 1.5-mer: 370 ug/l

* Closed-ring amino acid type monomer: 3,800 ug/l

* Open-ring amino acid type monomer: 4,400 g/l
If the products are present in the aquatic environments at concentrations higher than the PNEC above, they
are judged to be ecotoxic.

*Evaluated based on the Environmental Risk Assessment Law for Chemical Substances of the Ministry of the Environment, Japan.
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Closed ring dicarboxylic acid Closed ring amino acid Open ring amino acid

Table 1 Acute toxicity of degradation products from bionylon on aquatic species
(EC50, LC50 in mg/Il, initial pH adjusted)

Closed ring Open ring
test organisms char_boxnlc type Amino acid type amino acid type
1.5 dimer monomer* monomer*
Marine luminescent bacteria > 1,000 >10,000 >10,000
Marine microalgae > 1,000 7,200 7,100
Brine shrimp > 1,000 >10,000 >10,000
Marine rotifer > 1,000 >10,000 >10,000
Freshwater microalgae > 1,000 3,800 4,400
Freshwater crustacean 820 >10,000 7,600
Freshwater rotifer 370 >10,000 6,300

Conversion of plastic to feed for medaka “=AIST

Ny6iL Ny6i(0.5%TiO,) Ny6i(1%TiO,) Ny6i, 1.5-mer

e

Plastic

Mixed feed

Monitoring oral feeding of medaka by fluorescent staining of plastics

Nile red

Ex : 553nm.
Em : 637nm

Fluorescent stained PET powder

<Comparison with imaging of removed intestine>

<Comparison with imaging of individual transparent medaka>
PET & feed

PET mixed with feed PET ~ PET & feed PET mixed with feed

*indUding salt % Removed intestine 1 hour after feeding % Individual imaging 1 hour after feeding
Estimated acute toxicity effects of 11AUAS0O and 11AUAS50+NaNbO3 on Daphnia magna and Danio rerio. A . . b dak : -
The acute toxicity assay were based on OECD test 202 (for Daphnia magna) and test 203 (for Danio rerio) cute toxicity test by medaka
with minor modifications. 3 Lglass beaker Based on OECD TG203 Ny6 No

Daphnia magna Danio rerio Ny6-L No
1p0 =Control = 11AUA50 = 11AUA50+NaNbO3 = Control = 11AUA50 = 11AUA50+NaNbO3 Ny6i(0.5%Ti0) No
« 120 2 L rearing water Acclimation Ny6i(1%Ti0,) No
% 100 100 - - = = 3) © Ny6i(1.5-mer) No
o) ) Ny6i 75% N
= 80 80 © 5 y | 0
~ ) Ny6i 11 50% No
T 60 60 0 > Check at 24, 48, 72, 96 hour Ny6i 11 50% Cul NaNbO,  No
g 40 40 7 medaka
@ Appropriate feeding amount: 2~3% of Body weight (250mg) To examine the effects in more detail, we
20 20 . = 7.3mg/medaka/day—360mg/week are analyzing changes in gene expression
0 0 L L - - Feed : Plastic = 360mg : 180mg in the intestine after plastic feeding.
0 24 48 24 3 79 96 — Plastic : 3.7mg/medaka/day
Test period (hours) n=4, (Steel's test; p < 0.05)
In vivo enzymatic degradation a4 AIST ,AIST Evaluation of degradability and safety in Lo

ADVANCED ”\STITI ]'l OF

1. NMR quantitative method o e s Lot

An evaluation method for the enzymatic degradation of synthetic polymers possessing amide bonds was
developed. Proteases, which digest proteins and peptides in living organisms, were chosen for hydrolysis of
the peptide bonds within the targeted polymer. The generated monomers could be detected by NMR spectroscopy.

O

] O)\E‘;N/\/\/\/NHs quantified by NMR

O

Y

0 - Cr
H K‘L", \ N ‘:V\‘;
N/\/\/\/N Protease 5‘:@

0) n n Hzo

Tested proteases

1. Pepsin (aspartic protease), optimum pH1-3, cleave the bond neighboring acidic or aromatic amino acids
2. Papain (cysteine protease), optimum pH7-8, cleave the bond neighboring basic or Glycine or Leucine
3. Trypsin (serine protease) , optimum pH7-8, cleave the bond neighboring basic amino acids

4. Chymotrypsin ( serine protease ), optimum pHS8-9, cleave the bond neighboring aromatic amino acids

Method

A protease and the polymer were mixed in a buffer with the optimum pH. After the reaction, the solid was
filtered off, and the resultant solution was analyzed by NMR spectroscopy to detect soluble monomers.

2. Terminal amino group determination method by spectroscopic method
Developed a method to detect amino groups (newly derived from the N-terminus), which increase as ‘

proteins are hydrolyzed by proteases, using the fluorescence of fluorescamine.

Fluorescence intensity increases with protein degradation.
Spectroscopically monitor enzymatic degradation of polymers.
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3. Degradation test of ON-type nylon under artificial stomach condition

A decrease in the weight and molecular weight of Ny6il11 with pepsin
under simulated gastric juice conditions was confirmed.

Ean atlc hydrolys1s test
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mimicked intestinal environment
KUHIMM (Kobe University Human Intestinal Microbiota Model)

- in vitro fermentation system that can dedicated to simulating human colonic microbiota

w
Addition ¢ ) !

4

* Microbiota analysis

= FE

= Metabolite Analysis

Nylon 6i
*Nylon 6i-L

/ Collection and inoculation
of fecal samples

*The fecal samples can be stored at
room temperature for 48 h while
maintaining anaerobic conditions.

KUHIMM w

(Anaerobic cultivation for 4§ h) = Physicochemical analysis

— Evaluation of degradability and safety when biodegradable plastics are ingested by humans
and marine mammals using KUHIMM

Evaluation of effects on the human intestinal environment

[Structure of colonic microbiota (16S rRNA gene)]

[ Metabolites (Short-chain fatty acids)]
o [Eubacterium]
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o [ Total organic carbon (TOC) of culture supernatant ]
8 Unclassified Lachnospiraceae-2
D e e Before cultivation

S:?;;Zi;’:ﬂ"chnslensene\laceae (mg/L) 16,000 16,500 19,500 15,500 16,500
SUnclassified Clostridiales
F:émeﬂa After cultivation
lBarcgefaides (me/L) 13,500 15,000 17,000 12,500 14,179
Original fecal Control Nylon 6i-L Nylon 6i-L  Nylon 6i Nylon 6i  ggorste &
sample (non-additive) 0.3 g 0.6g 03g 0.6g Reduction (mg/L) 2,500 1,500 2,500 3,000 2,321

* Addition of the test samples did not significantly change the structure and diversity of the human colonic microbiota and its metabolites.
* Addition of the test samples did not significantly change the total carbon loss before and after cultivation, suggesting little potential for
microbial utilization of the sample-derived components.

— Human ingestion of these biodegradable plastics had little effect on the intestinal environment

Evaluation of effects on the intestinal environment of

marine mammals Conection an Metabolite Anafuci
p :> =Y y /_/ g etabolite Analysis
> h % " * Physicochemical
California sea lion — analysis

* In order to construct the world's first in vitro culture model of the colonic microbiota of marine mammals, an MTA was
signed with an aquarium for the provision of fresh fecal samples of two species of marine mammals.

— Fecal samples will be collected soon, and then construction of the evaluation system will begin.

Collection and inoculation of Microbiota analySIS
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Nylon degrading microorganisms and | © 11AUA °
these degradation pathway 0 ] Nyl series oMU O
(NyIC and/or NyIB) o)
Arthrobacter sp. K172 1 l\?jY N -
Kocuria sp. KY2 {Hwﬁ = N.C H/\/\/\/ Il 01y HO)]\QN/\/\/\/I\?D\WOH HN SN2
Agromyces sp. KY5R Nylon6 n - - Y O HMD
N C OFF-type structure of photo-switching Nylon6i-11 i6i (1.5mer)
A lNyl CA 4 Photo-switching Nylon X M,, Pretreat.! Monomerization (%)
Ahx cyclic oligomer
N @-0-0-0cC H-Nylon6i 1 67,000 f >0
A — + -
o NyIB NylC b | _ 3
Ahx cyclic dimer Nylon6i-11(50%) 0.5 61,100 n 64
«» "0 0-06c / e
I N@-@-@-0OcC 5 Nylon6i-11(75%) 0.25 120,800 n 260'1
. Crystal structure

4 Nym l NylB ‘/N 4

yIC : : of NylC 1: Dai-Ichiro Kato, Yuki Shiraishi, JP2022-150274.

Ahx dimer N@=@cC (tetramer)
T NyIB The biodegradability by the Nyl series enzymes was confirmed.
6-Aminohexanoate ®c in WOH
(Ahx) 0O
HOJ\“/ Pyuvate
PLP Nyl D 63 LSu#dobactermedﬁerraneus CH-B427 T (Y17387) L \\ ' .
H O)j\/ Alanine Sulfitobacter marinus SW-265T (DQ683726) 5 :%éua)g | ) 1§: Before cultivation * 6i-MU
Adibate o NH, 61 |—— Sulfitobacter sabuliitoris HSMS-29 T (MK726099) o 140
. p OH 100 Roseobacter ponti MM-7 T (KX756455) SU IﬁtObaCter u IOSUS U m|7- Bl -1 20: §_ §
sem |aldehyde H 9 — Roseobacter litoralis Och-149 T (NR_074143) 9 < 199 o3 @
NADP* H.0 (0] - P Sulfitobacter genojensis MM-124 T (KC428714) protein Identities towa rd L
2 — Sulfitobacter noctilucicola NB-77 T (KC428717)
&LSu#ﬂobacter donghicola DSW-25T (EF202614) KI 72 en Zymes - o IUO - - - 8I00 - - - 10'
Sulfitobacter guttiformis EL-38 T (Y16427) . .
NADP2H " o [ Sulfitobacter profundi SAORIC-263T (AJ550939) NylA 28%( 1) Time(min)
o 67 I Sulfitobacter indolifex HEL-45T (AJ550939) NyIB 35%(1) ::o- After cultivation of Umi7-B1 strain.
Adipate OH & 22— Sulfitobacter delicatus KMM3584 T (AY180103) i:g @ .
HOM o4 Sulfitobacter dubius KMM3554 T (AY180102) Ny|C — 1201 e New metabolite peak
o) Sulfitobacter aestuarii hydD52 T (MG210570) 3 1005 *
L (o e NyID 33%(1) os0 : _—
65 | Sulfitobacter pseudonitzschiae H3 T (KF006321) 0 0.40] 3
p-01 Ascidiaceihabitans donghaensis RSS1-M3 T (KJ729028) N yl E 41 A’( 1) 0-203 N\ *
L Shimia biformata CC-AMW-C T (KC169813) Gram stalnlng u.m&lm 2.00 - 4.00 - 6.00 8.00 10
Shimia marina CL-TA03 T (AY962292) Time(min)
Stappia stelluata 1AM12621 T (D83525) A new marine bacterium degrading 6iMU was successfully isolated.?

2: Dai-Ichiro Kato, Yoko Furuno, Risa Yokoyama, JP2022-034081.
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Introduction @

OFF-type photoswitching ocean-degradable plastics What kind of photocatalyst is required? Comparison of ROS

—— (1) Under visible light, (2) without decomposing polymer, RS St Biusion  Redoxpotential
. i time length (vs. NHE)
< . . li ght (3) sterilizable photocatalyst
Depends on
'Pholiocataolysta L d um p Photocatalyst h* <1ns Inphotocatayst
roun photocatalyst
+  surface - _ \\ CB 0,
. Neagative : i OH- 70 ns 20 nm +2.8V
g e Red
llght gy O 5 100 0.16V
-0, O, S m +0.
, - sed iment ‘ - . 2 8
: T light 5 v ROS ) o @ S W o @ T b
. ° \Y
a -
L CO, < /=Y -OH b4 X » 4 ) » 4 » 4
o . Oxidation [N\ h* "4/ Oxidation X x X x x x
= - Positive | Organic! ' ~ H,0
Efficient antibacterial (non- Photocatalyst does not chemicals Polymer
decomposing) over a wide work in the dark and ; Thfeel types of *L*, 0|H', an: O, affect S —
. - : or sterilization and polymer decomposition. . lfization by *U," IS pre €
wavelength range during use  biodegradation starts POty P
Development of antibacterial photocatalyst g-C;N,4 photocatalyst Improvement of g-C3N,4 6
Photocatalyst that can be sterilized under visible light without decomposing polymer
New photocatalyst R 5
Typical photocatalyst " Stong & ‘ i-Réduction - g | _ 98800 I $ I $ I o
1.0} 0.- “_reduction_. -\ 0 . z 001=" 000 HM, °
2 ) p 2 @ Q
w Reduction | * 2 8
o 005 00, 016 0, _ S 10 S
2 00[="000 s | 3 ::: oo 2
g‘ C.B. \ « photocatalytic activity with visible light © 2‘0 s .
due to narrow bandgap 7;,:' — 42,07 O,
'I'o|‘ 104~ + Suppress degradation of plastics 2 g- C3N4
T - +1.23 O,/H,0 S 25 = — 42,80 *HO L =
a — +1.49 HCIO Photo-excitation . . . ) S s0f- 300 400 500 600 700
T |—s77H0, o + Visible-light-responsive photocatalyst composed of carbon and nitrogen & Wavelength / nm
E, 20— : o o
2 2070\ vB.  Oxidaton - Metal-free and low toxicity e —— g
o — 42,80 .
8 a0l 2800 H,0 ‘ ’ + Layered structure stacking 2D sheets Adv. High activation by improving Works in environments where short
PN Oxidation . jyactivation of bacteria with ROS . : oxidization ability (less amount of wavelength lightis not present (Can be
( l-l?‘ generated tgorg strong r?tducinsf; ﬁov;er 2D sheet can be peeled off by various treatments sample necessary) used in a wide range of environments)
) b l K\ d s « Itis possible to dope elements, allowing control of the electronic structure Disadv. Inactivated in the absence of short  Low activation due to decreased
ost organic substances including polymer an . < : i
bacten’a?can decompose_d by the gtr%né oxidizing power . Easy tO generate 02.- than OH radicals Wavele'ngt'h “ght . ' OXId'atlon ablllty
of reacive:ouygen species. Method Delamination by thermal oxidation Doping

treatment

Effect of treatments Effect of starting material Charcterization
Various treatments were performed on the :,t:/e in\llestjgatgd ;‘he tOPtirtnitZ_ation f?rfl the z
g-CsN, photocatalyst. €rmal oxiaation treaiment time of the g- Dicyan 2 : — Melamine | f
- son_ ga.mmm C,N, photocatalyst. diamide + Melamine Melamine - ; z #‘Hx
\ : - 3 i - i
\ \ & %:H‘};’ : ‘ § 7 -'l\-/lelamlne gsoo /}l
\ + . 400 /44
‘P \;"'m | . 8 dicyandiamide z J
§ \ Acid treatment Hydro-thermal treatment Mixed (1 5 mm) Air flow 2 y § 00 7 ,// /
~ 01 e
ol | . e ——
T o g ‘ Air flow T * /
“ W:elennﬂ:fnm - w‘.\. i ?, 400 420 440 460 480 500 9 2 Rexo"-' pi o.gp % !
e A . : 0 : : 0 Wavelength / nm ative pressure P/Py
. Al of g-CiN, were blue-shifted by Calcination (53)50 C 4 h, Calcination (5050 C 4 h,
thermal oxidation treatment, acid speed 2.3°C/min) speed 2.3°C/min) Melamine + dicyandiamide Melamine
treatment, and hydrothermal treatment. a ; : : C-N hetero . C-N hetero .
e — 400 420 440 460 480 500 * * O fing - uliay fing Siazino
2 ’ Wavelength/ nm
g l * As the thermal oxidation treatment time g-C3Ny g-CsN4 )
Eo became longer, the absorption edge . . 5 After p After
2" = - I was blue-shifted. ‘ Air flow ‘ Air flow ] — Fl
‘ B - » Since the sample having a long thermal 8 ~ ; é N\ /71
p oxidation treatment time is lighter in Calcination (500°C, speed 5°C/min) Calcination (500°C, speed 5°C/min) % Before ;"\ b & Before "W/ 1]
« Antibacterial activity was improved by color than the sample having a short * * a //\ 8 /‘\
thermal oxidation treatment, acid thermal oxidation treatment time, it is = M\A"/F’ ~V‘\/1r\-
treatment, and hydrothermal treatment of expected that it will be easier to apply to —_— —
C.N J th;te fets inthe future PRY Thermal treated C3N, Thermal treated C3N, 4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
g-CalNg. A : Wavenumber / cm-1 Wavenumber / cm-1
SEM TEM Antibacterial activity
: : 5 3 3 .
. . - Melamine + dicyandiamide Melamine Melamine Melamine +
- Melamine + dicyandiamide Melamine y 2 2 dicyandiamide
§ 5 b ASHg Melamine + % o Xe-Hg
el lamp dicyandiamide 51 | lamp
Before 2, 2, |
Before e e PR & thermal treatment - - _
thermal treatment [P =08 4 : 3  Before 3T After Melamine
Q:;:’ < S 3 r -4 2 M N 4 2 " "
2" gl y - 0 2 4 6 8 0 2 4 6 8
v .%& & Irradiation time / h Irradiation time / h
PeRA141 19.8kV 'x.hn.uk' Gaenm
*+ The antibacterial activity of g-C3N,
3 before thermal oxidation treatment was
2 LED about 1.5 Log higher with dicyandiamide
21t + melamine after 8 hours of photo-
go . Melamine irradiation.
After After €4 k » The antibacterial activity after thermal
thermal treatment thermal treatment 2.0 L oxidation treatment was about 2 Logs
§’_3 s higher with melamine alone after 8 hours
4 | After of photo-irradiation.
NNl o SR 5 . . + Demonstrated high antibacterial activity
: 0 24 48 72 even under LED

Irradiation time / h

Preparation of P-doped CsN,4 Characterization Antibacterial activity
25
. i g P-doped P-doped 2 ,
Melamine+cyanuric acid 3 (melamine+ P-doped  (melamine+ vl A >650 nm
WMelaimiries A g cyunuric acid) Non-doped  (melamine) cyunuric acid) . Non-doped  p_y5ped L5
Mo c aenir:;clznaecid | : h# 2 > L a (melamine) E o1t
HO-CH.-CH.-OH y H5PO, 2 (e $ 05 }
O 9 | 2
H,PO, 2 g P-doped g er
- <] Non- | P-doped = | e = P-doped
; T~ doped \ (melamine) (melarnlne_i- 05 t !
evapolation _ _ W | A L (melamine+
l 300 500 700 . ) . . s cyum{nc acid) ‘
Wavelength / nm 0 6 12 18 24 0 24 48 72
o 140 . Irradiation time / h Irradiation time / h
Dryl(80 C) HzO"'HO-CHz-CHz-OtH §120 Sample gli)ref:::fgj rradiation time
evaporation E
100 - area . - . . .
Calcination l dry 3 &6 (m2/g) + Phosphorus-doped C;N, with added cyanuric acid showed high antibacterial
550°C o 2 60 P-doped 36.0 .
5 3$°C/min’ 4 Calcination s - (melamine+cyunuric acid) achvty
' hours) ' § 20 | P-doped 1.74 « It exhibited antibacterial activity even under light irradiation with a wavelength of
S o (melamine)
0 0.5 1 Non-doped 8.92 more than 650 nm.

Relative pressure P/P0
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Biodegradation control model in ocean-degradable
plastic composite by on/off light irradiation

Action of Action of
microbial 2 microbial

Visible-light-sensitive
photocatalyst

Evaluation method

A photocatalyst and an organic dye were used as photoantibacterial agents.
Biodegradable resin and these were composited by casting method.

Antibacterial test The antibacterial properties were evaluated by contacting
the film sample with the test bacteria under light irradiation and measuring the
increase or decrease in the number of viable bacteria after a certain period of time.

Acute toxicity test Using OECD Test Guideline 203 as a reference, we

——— _ _ _ _ evaluated the effects on fish when exposed to OFF-type samples for 96 hours.
(composite) Suppressmn of biodegradation Progregsmn of biodegradation . . . _
. (During use) (After discard) Biodegradation BOD test with Seawater Powder or film samples
Ocean-degradable X were placed in seawater, and BOD biodegradation tests were carried out in a
" T constant temperature chamber equipped with 12 fluorescent lamps or LED lamps.
Antibacterial Antibacterial Also, a weight change was measured in a simulated seawater immersion test in a
act|V|ty on activity off beaker
Marine immersion test A film sample was placed in a plastic container,
Switching of light Immersed in the seawater at the Kobe U within a depth of 1m, recovered after a
Light on Irradiation Light off certain period of time, and weighed.
Safety assessment for the life below water
u u u n u . mPCL mPCL+5% P25 mPCL+5% anatase TiO2 = PCL+5%C3N4 mPCL+5% heat treatment of gC3N4
Antibacterial activity evaluation Q
ORIST 80 |
8,000 Lx, 4h irradiation 12,000 Lx, 4h irradiation
Lol e 6
irradiation *g
dish glass ~ 5 T 40|
,~cover film  microbial suspensidn 2 ; ; 20 |
S s Z IL// E , )
E; ! ! 0 ° 2 Test pe‘rl'ifz)d(hours) 2 % n=4
wetfiterpaper - spacer  compostetim R P B peLs Estimated acute toxicity effects of PCL, PCL+5% P25, PCL+5% anatase TiO,,
control Anatase 5% control g-CN 5%

PCL+5% g-C;N,, and PCL+5% heat treatment of g-C;N, on Danio rerio. The
acute toxicity assay were based on OECD 203 test with minor modifications.

Biodegradation BOD test with Seawater

PCL cast film

CO, or

C =EwT

. . ORIST
Biodegradation test (Il) Field test in

Rv s
T ”

soil
=

100

0, detector . .
< ’ Specimen .
| Seawater g : COpOlYCL/LA, 9/1
'm;é’ P KB HS y b - 'i':'_' _ & specimen =
i Magnetic stirrer _% 100
Biodegradation test () g Zg
100 o
P(CL/L), (8/2) . |ight on, M: light off PCL, 220107  :light on, M: light off — 70
80 80 O\o
& g ~ 60
§ 60 ,E B ——————————————— g 50
§ $ @: Bright, @: dark 5 40
5 5 6:00-18:00 light On 2 3
18:00-6:00 light Off 20
’ : kable switching perf 1
P(CL/LA) +dyel P(LA/LA) +dyel PCL +TiO2 +dye2 PCL +TiO2 +dye2 Remarkable switching performance was 0 | |

In the BOD biodegradation test in natural seawater under continuous fluorescent
light, the biodegradation of OFF-type resin was greatly suppressed.

exhibited under the light exposure condition
of ON/OFF switching every 12 hours.

0 7 14 21 28
(days)

Marine im

% '-;2: g
8

Immersion test in Winter

Kobe (2021.11.26-2021.12.9)

With switching function

PCL Suppression of biodegradation
2 = 8 13 100 = rpe——
~—
Weightretention 129 846 . 428 \
ratio (%) 46.8 O
PCL+ o g
Anatase 5% ) R 3 kel
Weightretenton 896 794 89.8 E
ratio (%) 86.3 ke,
c
o W
15
e w wa
Weightretenton 481 691 °11 3 Ras s
T [»)
Bl 56.1 = ] l(\jlo switchi_nngunctilt()n
PCL+ 3 o B arge decrease in 2 weeks
P25 5% Maximyim illuminationin the sea : 6,000 Lx
Weightretention ___ 69.3 709 741 Aveéag daytime illumination in the sea : 1,500 Lx
ratio (%) 71.4 Sinking days 2w

Immersion test in Spring

C =EEH

ORIST

Considering new evaluation system
‘Labo’Marine immersion test

3

Dirt on film: Intense

4/7-4/28 ssom 1 oom? oomd A l"E\_/e}Iuatior) of SV\{itCh performance u_nder
conditions without interference by marine

PCL 72.7 85.1 83.2 80.3 organisms

PCL+Anatase>%  77.2 86.2 846 827 Evaluation in the field (multi)

PCL + P25 5% 83.0 86.6 90.6 86.7

untreated

PCL+g-C3N4 5% 85.7 90.1 947 902

From March to May, marine organisms are active, e

so a lot of dirt adheres to the film surface, making S=EE -.

It difficult for the switch to work. '&"L_ess dirt on the sample surface
w-Resin-adhered sludge hinders evaluation
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Development of sorghum varieties optimized for biorefinery

Itaconic acid production from sorghum biomass

i)
NAGOYA Biorefinery crop : Sorghum V@VBD;M . P
* High biomass - >85t/ha N i, y

HN—RK
.D .

Clean Earth

 Sweet - Pressed sugar solution is also available.
* It can be grown in converted fields.-> fallow land
measures
* Wide growing region->» _equatorial ~ temperate
-> It can be grown in semi-arid areas.

Cool Earth

. . . HOOC
o= '+ C4plant - Large CO2 fixation capacity j(\COOH
: \:‘\ * There is a mechanized seeding and mechanized | acoRiE
AN ) : s arCim—— acsil — e
6 : +* N harvesting system. Sorghum biomass Photoinduced
' biodegradable
Development of sorghum varieties with root e J?‘A;Vﬁ ) i "
L] [ ] [ ] 5 'J
systems that contribute to high biomass. %mm LR ik

Improving root systems—Increasing biomass

cellulose Itaconic acid-based bionylon

- Using 250 accessions

- Identification of QTLs (GWAS)
- Pyramiding of the QTLs using
MAS

Development of bioprocessing for the utilization of inedible lignocellulosic
feedstock of sorghum bagasse for microbial production of itaconic acid (1A)
serving as building block of photo-induced biodegradable plastic(s)

Increasing >

Optimization for
producing bioplastic.

(1) Preparation of enzymatic hydrolysate of sorghum bagasse

(1) Evaluation of root traits using Nagoya university sorghum panel

Using 250 accessions collected around the world * COfT€lation analysis

g — Ay

between above-ground traits

B, N R T
i - 5“‘;” | and root traits
a-" 'L 4 4 Sorghum biomass Itaconic acid
s G 0.8 (from #5) Pretreatment / Enzymatic hydrolysis / Fermentation / Purification (to #1)
2 M‘"“ 000000000 0.6 Optimized enzymatic hydrolysis process for sorghum bagasse
N o £ with >90% sugar vyield
Evaluation of root system o l;,’;;;;, o4 2 gary
using image analysis s i il i i i 02 5 - , :
g Imag y wwon| v« LSS/ LIV & (2) ltaconic acid (IA) production from sogrhm bagasse
s s b i e h” P Al A s [l B R T e OB e B
0.50 0.61 0.50 0.81 0.82 0.80 A0 ,,,, , -0.2 % frnné%gé%ﬁgﬁjgj%%g?gds?aﬁFggé%t;?r%dronsof +018GI+ 0005 Succinate v DeVE|Oped a
0.64 0.70 0.55 0.67 0.97 0.92 0.98 0.76 = ,/// 0.2 § . ‘ |Stoichiometry formulas| Computational model for
0.60 0.69 0.63 0.88 0.99 0.94 0.81 0.86 Svee /, V4 06 " —— , - v metabolic nhetwork
0.66 0.71 0.53 0.65 0.96 0.95 0.99 0.79 0.99 0.89 Ly / / _0'8 et MATLAB FBA :128? :ivgz:: = v DGVEloped deSignEd cells
0.55 0.65 0.52 0.66 0.93 0.80 0.88 0.68 0.92 0.73 0.87 Ccr. / . ; " Modeling & Simulation a.amasa;i:zst% néﬂﬁzd_alp W|th h|gh IA y|e|d
0.72 0.79 0.60 0.75 0.98 0.96 0.98 0.82 0.97 0.92 0.97 0.89 rci e .
1 e v" IA production from
] above-ground traits root traits -

enzymatic hydrolysate of
sorghum bagasse

Feed-
back

\N’
elll 879 . Fermentatio _
o e (R
" Proto- \ o i
s |
i< .

X The fineness and color of the ellipses represent the
magnitude of the correlation coefficient.

Add/delete | o

it Designed c
2 k [
Root traits and above-ground traits i elan tvpe N/
R A iea=l were positively correlated s
t‘l“l unﬂ'_;m ellerowth | 4‘;‘:":‘:’;\::_. .‘."‘:f"m """""*
Zp'rsogfgu;g%n showed h'gh dlver5|ty It is possible that improving root | : — _
peicm. system lead to increasing biomass. / Designed a metabolic ltaconic acid production from .
_ _ sorghum bagasse hydrolysate 5
( 2) GWAS - The number of DNA markers in the 1Mb pathway with 87% yield - 80 56 -> 40 a/L | jg <
The number of SNPs within 1Mb window size v’ 7-fold increased production 3 28 T 9 | 35 LE)
Whole genome re_sequencing OI\'Ab thlb 1B'Mb 27Mb 36Mb 45Mb 54Mb 63rv1b 72'Mb 81‘Mb - \: ] 30 G —
’ _ ‘ o 50 (&) <l
7.1Gb/1line (genome size : about732Mb) | = i ll l- [ | inmn i 3 40 12 32
co LT 11 Y 10 S 39 120 g4
T TRl S 5 110 8%
database = "B MEIE BpSE W ; £ 10 215
SN | ' IR I;49 O 0 - o ¢
LS oes | I N | T il il 0 30 60 90 120 150 §
st - E 125 Time (h) =
i ® I.l IR | _j" V, Ill 288 —o—Cell growth (OD600) —Glucose
: « T N 2785 —O—Lactic acid ——Acetic acid
Detecting DNA ool R NiEE NEE ] If;?gS ——Succinic acid —e—|taconic acid

markers

- DNA markers were present in high
density.
- The result of GWAS for dried root weight

(3) Low-carbon bioprocess for enhanced IA production

[existing process]

.w@’ %c

Yield
(9/9)

Rate

(g/h/L) References

Substrate

Microorganism

- Two QTLs on

77 . Kl_Jenz,‘ et a]. (2012) Appl
6 — C h Fomaosome 1 an d 4 Sugarmé . Food glucose Aspergillus terreus 86.2 1.2 0.62 2”2'3;"_?3'12”‘“““""' 96(5),
>3 lucose Escherichia coli 0.086 0.01  Yuoristo, etal. (2015 AMB
5 — We re d ete Cte . Substrate - edible biomass ',>»(,«' 9 Express, 5:61.
T d H;)c;n::e‘e 24 food lucose E. coli 32 0.49 Harder, et al. (2016). Metabolic
% 4 — il Sk g : : Engineering, 38, 29-37.
E N e Corynebacterium Otten, et al. (2015). Metabolic
ko) 3 : S d d t ht [our process] T /\N\‘ glucose glutamicum 7.8 0.273 0.29 Engineering, 30, 156-165. '
! 5 ince dried root wei IS prpe
2 L |$ ) ' T starch E. coli 0.017  0.0007 vamamoto, K. et al. (2015)
aISO pOS|tlve|y CO rrelated ijr/«or onr?l;:l:nwrhfaod : : c Bioengineered 6(5): 303-306
1 - % o,
. with aboveground traits, — el Y m POGIOSIBION ) orosqraincl 207 0138 s ),
- . R AT s R —
these QTLs may also meoerns - e i Organosolv Tippkoter, et al. (2014),
%1 2 3 4 5 6 7 8 9 10 - Sorghum bagasss Cellulos @ ltaconic acid Bio-plastics A. terreus 7.2 0.1 0.3 Bioresource Technology, 167,
increase aboveground beech wood 447.455,
Chromosome biomass. Corn stover A. terreus 19.3 036 Liiaaoursose e
Sorghum . 40.6 0.57 0.25 :
(Glucose) S (Tl 248  (049)  (0.37) This work

Summary : GWAS successfully detected root system-
related QTLs that can contribute to increasing above-
ground biomass.

&  Developed low-carbon bioprocess

BT v Purified bio-based IA for polymer synthesis
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Backgrounds

Promote commercialization with the aim
of both solving social issues and creating
disruptive innovations.

«0‘“0 A

Activities for commercialization\ / Promotion Policy (1)

Project: Development of edible photoswitching ocean-degradable
plastics
PM: Dr. Tatsuo Kaneko

Participating Organization
* Japan Advanced Institute of Science and Technology
* Kobe University
* Nagoya University
* Kagoshima University
* Tokyo University of Science
* Tokyo University of Agriculture and Technology
* National Institute of Advanced Industrial Science and Technology
* Osaka Research Institute of Industrial Science and Technology

Period (Budget): 2020-2029 (2.5 billion yen)

Final goal:

Development of photoswitchable marine degradable edible plastic
using itaconic acid produced from a new sorghum variety and a
newly developed high-performance photocatalyst

Long-term R&D and social | ¢ Integration of natural and social
implementation activities are essential sciences
to create disruptive innovations from Integration of natural and social sciences is indispensable for
basic research the integrated strategic planning from basic research to
(1) R&D in the natural sciences | 0 P Ik 0 e products servies
-Establishment of technological basis and systematization (Vali:z“c':z:f; ) Build a sustainable business
- Creation of technological seeds R 7 D 5 o '
- Elucidation of operating principles — ¢ S Cormm
- - . | Aepli e} e | prog D] erciali I
(2) Application exploration and Basic | catio | & | o | urs [N zation [
business model creation Knowledge of Natural Sciences Knowledge of social sciences
-Search for needs that match the seeds (business administration)
-Establishment of a business model ¢ Introduction of systems thinking
(3) Creative justification of -Viewing the complex connections of
resource mobilization various elements as a “system” and

. . : capturing the overall picture of the structure
Obtaining approval to continue -Understand its complex behavior to

innovative projects in the organization improve the system

@-1 LCA : JIMAC
@-2 Strengthen business foundation
and foster environment: TUS

Promotion Policy (2)

& Activities along global megatrends

- Reduction of fossil fuels

- Expansion of the Circular Economy

- Growing interest in environmental
Issues

Promotion Policy (3)
€ Search for applications and business

models suitable for the basic research|| Complete decomposition of coated fertilizer in

stage: Developmental stage

-Conceptualization of a broad framework
for solving the marine plastic problem

- Establishment of measures to prevent outflow into the

ocean
- Realization of plastics that decompose safely and
completely even if they outflow into the ocean

—~———

Explore applications and business models
based on operating principles

(4) Social acceptability
-Gaining public understanding for i

innovative technologies and concepts Pursue leverage points for issues
Examples of Promotion Promotion Policy (4)
Policies (3) & Co-creation from the research stage
€ Operating principle of - Industry-government-academia co-creation
photoswitchable resin to link supply chains

- Establishment and Operation of Study Group
v Integration of natural/social sciences and
v Search for applications and business models

* Light irradiation = Ring opening reaction
= Hydrophilization = Biodegradation

& Proposed Applications of v Creative justification and Social Acceptance
Photoswitchable Resins
* Coating material for covered fertilizers {maﬁz =

rice paddies : 65-284 t/ ear (In Jag

*The rmal yI ng
* Compost

@
-Promotion of application development

- Establish systems for mass supply of high
quality raw materials

=) [aunch

=) |aunch

.PhotOSWitching\
plastics
-Photocatalyst
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Prepared based on data from Dr. Naoya Katsuml 7

Directions of LCA Product LCA improvement _JMAC
L Subject flow of product LCA _ | S
Product LCA : GHG emission in the raw [ -~ process | MG emissionper g ormalpesuattisl | | CA calculation was
. . | Pre-trea | Sacchari- | Fermen- methylene undecanoic innin . . . i
materlal prOdUCtlon Stage (Sorghum Pre—treateF::I sc:rgh:;m Glucoggatlon Itaconic ;2:('10n dIaml\l’m aclld iIrJ\eadingt_:] ;izzg ;izzz .rlj:z: éol-InGCIUCt?d .three tlmes.
cultivation—spinning) was calculated i ol B byl
. cultivation [sorghum roduction |acid synthesis > Syn esmf : : : | iTl r u
CO”eCtIng Iaboratory data . g p y :]tylon -syntr-\;gs 2,033.97 75.30 49.90 byg improveY11ent of
ISS| i i - Naltbos Nylon roduction
GHG emission redUCt|On Contrlbutlon ' p(Fe(:'m:.ntation) 1,131,860.62 12,682.53 1,283.09 | jt 1 id (IA ield
. . . . . . s':ﬁrhzg?s svﬁ:,':‘gsis CoNa Kneading (Saccharification) 151,797.45 1,663.39 133.92 Itaconic aci ( ) yle
: GHG emission reduction contribution T | | (Pre-treatment) | 1,032,747.89 6,767.94 100002 @and scale-up of nylon
. Nylon kneaded | gorghum cultivation 0.70 0.70 0.70 .
b S read Of OUF I"leW materlal WaS Nb;05 Melamine Dicyan- catalyst Tot:I 2,319,168.53 21,917.19 3,293.97 Synth35|5-
diamide
“c: . a innin | !
guantified as far as possible. spinning i7700
| treae
= = - ~ = = - Atmosphere
Superiority of sorghum GHG emission reduction contribution G 5] oome ! |
— - - from dryer in in
GHG emission[t/year] | GHG emIS.SIOH of _ GHG _ _ Example of Disaster  yyaete Y g% Wind Wind
Sorghum 33,002 | sorghum is less Subject Effort emission Unit th i 8%
Thinned wood (Chip) 77,703 | than other non- Clothing Laundry net | 13,761,066 | kg-CO2/year € Marin€ | | finese,| § oischargel ° row_| 8
Rice straw 13,889,385 edible biomass as coated pO”Utlon e = T 5
Vale it material of IA. fertilizers Drain net 3,816,093 | kg-CO2/year mechanisms ’ S e
Required dry sorghum Total 17,577,158 | kg-CO2/year (Cloth|ng) Disaster 5. ¥ LA
amount 410,913 | t/year Sorghum can - - - - . " ” - - 3
Amount of water (Sorghurm | 70.00% b ltivated While referring to the marine pollution mechanisms, “actual” pollution prevention efforts which
Required sorghum amount | 1,369,709 | t/year | s € cuttivate become unnecessary by spread of our new material were selected and combined them to formulate
i in deserted - - T  cci ps
Sorghum yield 85 | t/ha ble land scenarios to calculate the reduction contribution. GHG emissions were quantified from these
Required arable land area 16,114 | ha/year arable ?n scenarios and totalized to determine the GHG emission reduction contribution by spread of our new
Deserted arable land area area in Japan material. As a result, the reduction contribution was calculated to be approximately 17.58 million kg-
In Japan 423,000 | ha COZ/kg /year_




