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Nuclear Fusion Research and Computer Simulation Science

Motoi WADA", Takahiro KENMOTSU, Hidenori TAKAHASHI

(Received September 16, 2022)

Electricity generation by nuclear fusion reaction requires an extremely high temperature condition in a nuclear fusion reactor.

Separation of the container wall from the plasma of burning nuclear fusion fuel reduces the heat flux to the wall for enabling steady

state operation of a carbon emission free power plant.

nuclear fusion plasma strike the surface of the plasma container wall to damage the material properties.

However, charged particles as well as energetic photons and neutrons from the

The wall material endurance

determines the overall fusion reactor life, while the performance of plasma-facing components need long-term accelerated testing

assuming various reactor operation conditions.

of endurance of fusion reactor components under intense radiation conditions.

Numerical simulations of material degradations are believed eftective for evaluation

This report summarizes how the computer simulation

studies including collision cascade models advance the research and development to realize nuclear fusion reactor in the future.

Key words: nuclear fusion, computer simulation, plasma-wall interaction, break-even condition
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Hybridization of Vinyl Polymers Derived from Amino Acids and
Hydroxyapatite to Develop Highly Tough Mechanical Materials Mimicking

Bone

Tadashi MizuTaNI*, Yohei Oe**, Tomoyuki KoGa*, Nobuyuki HIGASHI*,

Kohei OKUDA*, Hiyori IKENAGA**, Dan SATO*
(Received September 18, 2022)

Bone is a composite of carbonated apatite and type-I collagen, and exhibits superior mechanical properties such as high
toughness, high rigidity, and light-weight. Biomineralization producing bone is aided by proteins having a large number of anionic
groups such as carboxylate and phosphate groups. The role of the anionic functional groups in biomineralization is the subject of
investigations. The coordination interaction of the anionic groups to the calcium ion in apatite was suggested to stabilize the
interface between the organic phase and the inorganic phase. Negatively charged proteins help the local concentration of calcium
ion increase to result in the formation of amorphous calcium phosphate, and it eventually crystallizes in the gap of collagen fibers.
In order to clarify the role of anionic functional groups in hybridization of hydroxyapatite and polymers, we prepared vinyl
polymers bearing phosphate groups in the side chain and hybridized them with hydroxyapatite using coprecipitation. The
mechanical properties of the composites were evaluated by three-point bending test. The bending strength and bending elastic
modulus of the composites were not strongly dependent on the amount of the introduced phosphate groups. A large number of
polar amide groups in the vinyl polymer could contribute to the binding of the polymers to hydroxyapatite.

Key words : methacrylamide, phosphate, biomineralization, bone
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Scheme 1. Synthesis of methacrylamide monomer

bearing phosphate group.
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Table 1. Mechanical properties of the compressed
compacts of the composites of hydroxyapatite and vinyl
polymers bearing varying amounts of phosphate groups

(x). Standard errors based on 4 independent
determinations are shown.

X 0 0.05 0.15
Bending 24+3  19+2 20+ 21+2
strength (MPa)

Bending elastic 6.2+ 6.3+ 59+ 6.7+

modulus (GPa) 05 0.6 0.4 0.5

Strain at failure 048+ 038+ 045 0.35%

(%) 0.03 0.03 + 0.03
0.04
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Prosocial Personality and Mental Health are Associated with Comfort with

One's Own Sexuality: a Multinational Preliminary Analysis
Philip TROMOVITCH*
(Received September 12, 2022)

The second phase of the Multinational Life Experience and Personality Project (MLEPP) has been collecting data in waves
since mid-September 2018. At the time of the present analyses sufficient data to perform preliminary analyses had been collected
from six territories (the United Kingdom, Spain, France, Germany, South Korea, & Taiwan). The MLEPP questionnaire is
administered online to adults, collecting data on prosocial personality traits (i.e., altruism, warmth, & understanding) as well as
mental health (i.e., levels of depressive symptoms, anxiety symptoms, & self-esteem). Furthermore, the questionnaire collects data
on comfort with one's own sexual life (i.e., sexual comfort). Twelve samples (n =500 per sample; combined sample N = 6000)
were formed for the present analyses. Sexual comfort was found to be associated with higher mental health in all 12 samples
(combined sample » = .36, p <.001). Sexual comfort was also associated with prosocial personality in all 12 samples (combined
sample »=.27, p<.001). Although strong correlations were found between the variables, the cross-sectional nature of the
investigation and the correlational approach cannot determine if sexual comfort causally leads to better mental health and prosocial
personality, better mental health and/or prosocial personality causes sexual comfort, or if third variables are responsible for the
associations. Given the strength and consistency of the link between sexual comfort and both mental health and prosocial

personality, future research should endeavor to disentangle the causal path.

Key words : MLEPP, mental health, prosocial personality, sexual comfort, MMCS1

1. Introduction Among other variables, the MLEPP collects data

The  Multinational  Life  Experience  and on mental health, including levels of self-esteem,
Personality Project (MLEPP) is comprised of numerous anxiety symptoms, and depressive symptoms, from
investigations. The project is collecting cross-sectional adults aged 18 to 59 in the target territories.
data in waves on a funds-available basis, which are Additionally, the prosocial personality traits of altruism,
combined to form the final samples for analysis. The warmth, and being an understanding person are also
MLEPP is currently in the second phase of data assessed. Moreover, the MLEPP collects data on
collection (collecting data from N >2000 adults in sexual comfort (how comfortable people are with their
approximately ten territories). Data collection began sexual lives and sexual histories). At the time of the
for the second phase in mid-September of 2018 and is present analyses sufficient data had been collected to
expected to take six to ten years to complete. create twelve (n = 500) samples for a preliminary

analysis of the associations, if any, between sexual

* Harris Science Research Institute, Doshisha University, Kyotanabe City, Kyoto 610-0394
Telephone: +81-774-65-6671, E-mail:ptromovi@mail.doshisha.ac.jp
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comfort and mental health, as well as between sexual

comfort and prosocial personality.

2. Method

Qualtrics Panels was employed to recruit general
population samples from each of the target territories
and direct them to the online questionnaire. Sufficient
data for the present analyses were collected from the
United Kingdom, Spain, France, Germany, South Korea,
and Taiwan. Because of the possibility that males and
females may respond differently, for the initial analyses
the male and female data were analyzed separately.
Consequently there were 12 samples from the 6

territories. To keep statistical power the same across

analyses, the first n 500 respondents for each

sex-by-territory combination were used. Thus, the
combined sample has a total N = 6000.

The prosocial personality traits of altruism,
warmth, and understanding were assessed using
multi-item scales derived from items in the International
Personality Item Pool (IPIP).? The mental health
variables (levels of depressive symptoms, anxiety
symptoms, & self-esteem) were also assessed using
IPIP-item based scales. Comfort with one's own sexual
life was assessed using the Activities-Personal subscale
of the Multidimensional Measure of Comfort with
Sexuality (MMCSI; hereafter: sexual comfort).”)

Pearson correlation was used to assess the
relationships between the variables. Because there
were three mental health variables, three prosocial
personality variables, and twelve samples, there were 72
analyses (plus the combined sample analyses). When
using p < .05 as the criterion for statistical significance,
Type I error would be expected to create three or four
statistically significant associations by chance among
the 72 analyses if there are no true relationships.
Hence if only a few statistically significant associations

are found, they would likely be due to Type I error.

_12_

3. Results

Table 1 presents the Pearson correlations and their
associated p-values for the analyses examining the
association between mental health variables and sexual
comfort. As can be seen in Table I, all 12 samples
show positive correlations with self-esteem and negative
correlations with depression and anxiety indicating that
sexual comfort is correlated with good mental health.
All 36 correlations are statistically significant at the
p <.001 level, indicating a highly significant association
between sexual comfort and mental health. The
meta-analytic average combined sample »=.36 (N =
6000), which is of medium magnitude.?

Table 2 presents the correlations and associated
p-values for the analyses examining the association
between prosocial personality and sexual comfort. As
shown in Table 2, all 12 samples have positive
correlations with all three prosocial personality traits,
indicating that sexual comfort is positively correlated
with prosocial personality. Among the 36 correlations,
35 are statistically significant at the p <.001 level with
the remaining one being at the p < .01 level, indicating a
highly significant association between sexual comfort
and prosocial personality. The meta-analytic average
combined sample »=.27 (N = 6000), which is of small

(nearly medium) magnitude.

4. Discussion

Strong and highly consistent correlations were
found between sexual comfort and both mental health
and prosocial personality variables. Given that the
findings were consistently strong across data from six
territories and for both males and females, it seems clear
that mental health and prosocial personality are related
to how one views one's sexual life, or alternatively, that

health

personalities are more likely to lead sexual lives that are

those with good mental and prosocial
consistent with their life views (thus leading to increased

sexual comfort).



As can be seen in Table 1, there does not appear to
be a sex difference in the magnitude of the association
between sexual comfort and mental health in South
Korea. In the United Kingdom, however, the
associations are stronger for women. Nevertheless, for
Spain, France, Germany, and Taiwan, the associations
are consistently of larger magnitude for men. These
findings might be the result of differences in sex roles or
gender identity in these territories. In the case of the
magnitude of the association between sexual comfort
and prosocial personality (see Table 2), the magnitude of
the association is consistently higher for men across all
six territories.

Strong correlations were found between the

variables in these analyses, however, the cross-sectional

nature of the investigation and the correlational
approach cannot determine if sexual comfort causally
leads to better mental health, better mental health causes
sexual comfort, or if third variables are creating the
correlations. The analyses with prosocial personality
have this same limitation. Given the strength and
consistency of the link between sexual comfort and both
mental health and prosocial personality, future research
should endeavor to disentangle the causal path.

This research was supported in part by
grants-in-aid from the Harris Science Research Institute
of Doshisha University and a grant-in-aid from MEXT

(grant number 21K02971).

Table 1. Correlations between comfort with sexuality and mental health.

N=500 Self-esteem Anxiety Depression
Jd r=.32,p<.001 r=-29,p<.001 r=-.30,p<.001
United Kingdom
Q r=38, p<.001 r=-32,p<.001 r=-36,p<.001
J r=.42,p<.001 r=-28,p<.001 r=-41,p<.001
Spain
Q r=35,p<.001 r=-26,p<.001 r=-34,p<.001
Jd r=.43,p<.001 r=-34,p<.001 r=-.39,p<.001
France
Q r=.29, p<.001 r=-26,p<.001 F=-29,p<.001
Jd r=.42,p<.001 r=-36,p<.001 r=-40,p <.001
Germany
? r=21,p<.001 r=-31,p<.001 r=-40,p<.001
Jd r=.40, p <.001 r=-27,p<.001 r=-34,p<.001
South Korea
? r=36,p<.001 r=-30,p<.001 r=-34,p<.001
Jd r=.42,p<.001 r=-24,p<.001 r=-.36,p<.001
Taiwan
? r=31,p<.001 r=-18,p<.001 r=-29,p<.001
Combined N = 6000 r=.39, p<.001 r=-32,p<.001 r=-37,p<.001
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Table 2. Correlations between comfort with sexuality and prosocial personality.
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N=500 Understanding Warmth Altruism
Jd r=.25; p<.001 r=.28; p<.001 r=.28; p<.001
United Kingdom
2 r=.17; p <.001 r=.24;p<.001 r=.23;p<.001
Jd r=.31;p<.001 r=.35; p<.001 r=.38; p<.001
Spain
2 r=.14;p<.01 r=.22;p<.001 r=.20;p<.001
Jd r=.20; p<.001 r=.31;p<.001 r=.30; p <.001
France
2 r=.20; p <.001 r=.27;p<.001 r=.27;p<.001
Jd r=.26; p<.001 r=.30; p <.001 r=.33; p<.001
Germany
2 r=.20; p <.001 r=.29; p<.001 r=.27;p<.001
J r=.18; p <.001 r=.27;p<.001 r=.27;p<.001
South Korea £ £ £
2 r=.16; p <.001 r=.21;p<.001 r=.25;p<.001
Jd r=.31;p<.001 r=.32;p<.001 r=.34; p<.001
Taiwan
2 r=.22;p<.001 r=.32;p<.001 r=.26;p<.001
Combined N = 6000 r=.23;p<.001 r=.29; p<.001 r=.28; p<.001
References 4)  Jacob Cohen, Statistical Power Analysis for the

Behavioral Sciences (2™ ed.). Lawrence Erlbaum

Associates: Hillsdale, New Jersey, (1988).



Embedding Micro Camera in Acrylic Plate of Computer

Screen for Realistic Eye Gaze
Shigeru KATAGIRI*
(Received September 16, 2022)

“Gaze matching” is an essential activity for rich communication, such as the important role it plays in
fostering trust between people who are facing each other. However, in most online communications using
computer networks, video capturing is performed using a camera installed above the display. Therefore, the image
of the person positioned in front of the camera is displayed as a downward-looking image in the display of a
communication partner at a remote location via network transmission. Consequently, it is obviously difficult to
make genuine “eye contact.”

To solve this problem, a micro camera is embedded in the acrylic plate that covers the display, and such a
camera system actively matches the user’s line of sight. The camera is positioned at nearly eye level with the
captured face. As a way to overcome line-of-sight mismatch, some methods have installed a bar-shaped camera on
the display. However, the protective material for such a camera is bulky and thus blocks the area around the eyes
of the projected face image. In this paper, we develop a new micro-camera-embedded acrylic plate for computer

screens, eliminating such protective materials and embedding the connecting wires within the acrylic plate.

Key words : micro camera, computer display
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Fig. 1. Gaze matching. This is important for deepening
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down.
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Fig. 3. Micro camera embedded acrylic plate. A
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Fig. 6. Estimated images of the computer screen
attached by a micro camera embedded acrylic

plate. (left: front elevation, right: side elevation.)

DT 7 VNARIZE > THBELNE Z LIz k08D

SFELTFBOLEEIND N, ZIUILEI BT S
TS [FUFNT A R—VHORE SR 728
ERBED S F P THY, IZIFRBEICIT RS0 e
EZTWA5.

AT 7 UNRERRT 2% & LT, Bl IX%4E
OBk ER DT HND. A, $77Uw&
WNTEBEY FER SN, D%, RFRTEOPIT
i@@ﬁﬁ@?ﬁU»ﬁ#%&éhtﬁ,_obt
k7R E A BB, ZROTFAEIT L D EEFR
BTN, PR O —BEORIEME, PP DMl 7e &,
KT 7V IMROFHEZAONCTHTETHD. £
7o, RERNOHEONLIMES AL, Tz
FEZXTH LT 7 UABIESRA~DIE LS TETH
5.

— 05, RIZET 7 VR OERHA BT
By, AFECHET HRRFHEY 122E5%, LK
ERT 4 AT VLA, BIZIE60 A FRIDT 4 AT 1L
A ZXRIRIZ, Wb A7 58S B 6 A% H
DIATRIEDT 7 U NMARZEAFRL L, BDRR 6K
EROBNE 25 B2 Lo LINY,
—7 4 T EEHWDFERITEL TETHS.



5. BHYIC

M#RO—%) #AHELT, arta—¥ - =

H—IRET D W AT 2 BOATea L B a—
BT 7 U ROBSE ] 1ITOWT, ZORREO
%%%:fn)l L7z, K77 VUi, Aok ﬁJﬁ%ﬁﬁ;ﬁ

IZHR ERDTETHY, Zhnfl Easo 7RIz
4%K%Lk£5@ﬂﬁ¥%%ﬁw,%®%%%%

MZTHTETHD.

B, KT 7 IVNROBEBIZEL, ZHETED
Heffity7e F8E Y 07 57, “kLT@ﬁ*@
DOERFE I T TE - 29 LAtk o BEFR 1T
BHkGEL TITo TV PETH S.

AL, RFOFE CTho - fHBEK (BAE,
(#K) ATR-Promotions #Ji%5) &, AP LRI
DORFPEETH DEITORRIK, ARFE T 4 44
D ERK SILA AR KO0 EZZIT Tirbh
7o ETARMSRI, ZIK%/\)XEHZ%E? BiA=12
BB Z S TIThIL TV D ZIZEL BiLx
FLEFO2RETHS.

S5

1) https://and-iot.jp/booth/docs/mega_au.pdf
2)
3)

https://thecentercam.com/
https://www.indiegogo.com/projects/meca-3-in-1-
webcam-eye-contact-make-you-confident#/

F g, Fnm L GRS E R X ONE Tk
725 ONTHRIGFRIERE, 7 FFFTRE 2021-014231,
2021 -2 H 1 H.

E #, R g KRS, “ERa 2=
B OHEM—BEEET L2007
© AT A AT LOBHFE, 7 2022-GN-116, 11,
THBALE AT, % 116 M7 v—T =
TERy NU—IWER, 202243 H 14 H.
Ffil %, “HEBEZUN-720 GboE MG
FORE, 7

4)

==

5)

—T g Nz

6)
A/ R=va T x Ay 2021~ K

_19_

7)

8)

9)

FRATT Online,  ([EHF) BhAHR B,
2021 £ 8 H 23 H.
AR W, KT 4 A7 L AI2BT D882

Mz @b B BUEFREAN, 7 PV T AR R&D 7

=7 2021, FWITARR&D 7 = 7 ETEES,
2021 4511 A 12 H.
Rl ks, “KET ¢ AT L AR LR

3 —x.

PE % 8D 2 G FRR BT, 7 B B YR R A
77 2022, FADAT () REREEE 21, 2022
F2H17H~2H 18 H.

R %, “F 4 AT VAR T DBk
D 2 W R, 7 55 12 [BlISISToAFSE - B
W77, 20224510 A 20 H~10 A 21 H.



Neural Machine Translation by Inserting Target-side Named Entity Tags
Naoki MINAMIBATA*,  Akihiro TAMURA**, Tsuneo KATO***
(Received September 13, 2022)

This study proposes a new Transformer-based neural machine translation (NMT) model, which inserts named entity (NE)
tags into target-language sentences. Most conventional NE-based NMT models incorporate only NEs of source-language sentences
(source-side NEs). The NMT models that utilize NEs of target-language sentences (target-side NEs) have been proposed by Li et
al. (2018)® and Siekmeier et al. (2021)'3. The Li et al.’s model uses only target-side NEs that can be automatically aligned to
source-side NEs. The Siekmeier et al’s model generates a target-language sentence based on the inference of NEs for each target
word, and thus the NMT model is susceptible to errors in the target-side NE inference. In contrast, our proposed model utilizes
target-side NEs without alignment between source- and target-language sentences or NE inference for each target word. In
particular, our proposed model inserts tags representing the type and start/end of NE before and after NEs in target-language
sentences. The experiments show that the proposed model improves the translation performance on the WMTI14

English-to-German, WMT14 German-to-English, and WMT20 Japanese-to-English translation tasks.

Key words : neural machine translation, named entity, tag insertion
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Table 1. Statistics of NEs in training data.
(a) T, AHFIER

WEE KA YR
U 3, 891, 998 3, 891, 998
NE % & T 308K 2,191, 782 1, 780, 468
w7 U — R’
- 110,302, 715 | 113,152, 376
(RE~%%)
NE $845r DfaY 7
) 10, 433, 079 8, 572, 541
— M
(b) HIEFR
HAGE TRE
K 7,756, 742 7,756, 742
NE Z&te 0k 4,999, 570 4,613, 393
w7 U — R’
» 312, 158, 312 | 286, 199, 944
(JE~%%)
NE $845r DfaY 7
- 48, 231, 824 45, 597, 137

Table 2. Experiment results.

=aExt NMT &5 /L BLEU (%)
R— AT 26. 77

Hph —
R 26. 91
R—RF A 30. 84

PR —
R 31.16
R—2F5 A 22.17

H —
R 22. 50

FEBRTIX, HARGE L EFECHERIINA ST, &

Eé}i o=

SR CEEEY A R34k 32,000 & L7z,

NE FRakam %, goih K OIS HIRR 9282 Cl1 Stanza ¥
(BEEESTITIE CoNLLO3 EF /L, RA WEEITIX
GermEvalld E7/V) ZEM L7z, Z® NE ikasn
Wik d 5 NE 1L, HRE & KA YRRk, TLOC (M) 1,
[ORG (423, A, #fk7e &) 1, TPER (AN4)J, TMISC
(%@@@lﬁ%ﬁﬂ@4@ﬁf%é H JEFHERE
BrC ' (AAGE

X spacy ! ZI% ja_core_new_trf &
TV, WEECITI en_core_web_trf BT L) A



Table 3. Translation performance for sentences
with/without NEs.
SRExf | NMT &7 v NE & 0 NE 72 L
N—RFA 27.97 24. 06
Bl -
S 28.19 24. 05
N—RFA 32.02 28. 57
M —
e 32.49 28. 58
N—RFA 22.23 21.51
% -
LTS 22. 59 21. 80
L7=. T NE iikes idik 325 NE 1%, HARFEIL 22

FlfE, JGREIX I8 TH D, Table 11T, ARIFBRT
R 2HET —Z | %wfmﬁéﬂkNE@ﬁﬁ
BERT.

FBRER % Table 2 (Z/”F. Table 2 LV, &C
DEFERT, BREFTLDLIIINE #EETHZ L
TBLEU WK ETE D Z LN nD. ZORRLY,
RETT VORI & EBRICHETR L.

5, &

BEETIVIFIREC NE NEENDHEAIT, NE
EEETHZ L CHIRMERZUGET A LA HEL
TW5. 22T, dHli7T — % O S7E3CIxE L C NER
ATV, Ml — % % NE 2 B3 & & E 035y
g, ERENISH T D ARIERE AT, RiR A
Table 327"

FHIORER, NE 25 ERWVITTH LT, 2%
T LD, e K OVH SeFIAR Tl BLEU 13k L7z
DIFREIRRCIL BLEU 1K F L7, —J, NE 25T
T LTIE, RTOFERT, _ETT /ME—
ATGAEFTNVED BEWBLEU Z#FEHR L. 20z
ED, ETT/VITHWEY NE &2 & T30k LT
B THD PR TE. LML—FT, NE%
BEROTK L TR EZ KETIHERH D 2
ED o T

6. ESEWZE
AEHTIL, JRSHESCPHMEFELDONE 2 EET 5
WEHRDONT EFNVEELHDH. NEZE[ET S N £
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T, BEBRTE Y, XM TFED, KD
K#?%&“”®3@% TRBITES.
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179, & LTI NE #855%, D NE Off
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27 Fe OV WMT2020 O A 3= 2 — AFHER X 2 7 128\,
REET /ML VRN UGETE 5 2 L AR
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I ZBHERMERE D iR 24T\ 20N, F 7=, Transformer
NT EFLVONEMEEZ R T 52 & TREET /V
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Environmental Sound Analysis Considering Relationship

Between Acoustic Scenes and Sound Events
Keisuke IMOTO *
(Received September 10, 2022)

Acoustic scene classification (ASC) and sound event detection (SED) are major tasks in environmental sound analysis.
Considering that acoustic scenes and sound events are closely related to each other, in some previous works, a joint analysis of acoustic
scenes and sound events utilizing multitask learning (MTL)-based neural networks was proposed. In conventional methods, the relation
between acoustic scenes and sound events are considered only in an embedding extracted from shared layers in the MTL-based neural
network. Thus, the conventional methods cannot model the relation between them explicitly. Moreover, the conventional methods
cannot consider the relationship within acoustic scenes or sound events. To address this limitation, we propose a joint analysis of
acoustic scenes and sound events based on graph neural network with a hierarchical graph representation of acoustic scenes and sound
events. Experimental results obtained using parts of the TUT Acoustic Scenes 2016/2017 and TUT Sound Events 2016/2017 datasets
show that the proposed method with graph neural network outperforms the conventional MTL-based acoustic scene classification and

sound event detection in terms of both the scene classification and event detection performances.

Key words : environmental sound analysis, acoustic scene classification, sound event detection, multitask learning, graph neural

network
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Fig. 1. Network structure of conventional MTL-
based method
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Table 1. Experimental conditions

HERR Log-mel energy (64 dim.)
JV—AuEK/¥7 R 40ms / 20ms

BV TORE 10s

a/B 1.0/0.001

HHE 3 CNN

CNN DF v IV 128,128,128

TANEYA X 3X3,3X%X3,3X3
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= o¥E 2 CNN

CNN OF ¥ 2 IVE 64,4

VAV Z.S PN 3X3,3X3

T—=) T4 X 1 X 25,1 X 20 (max pooling)
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GRU Bna=v ' 64
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GCN DO F ¥ 3 VH 29, 29

d 0.2
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Table 2. Scene classification results

Micro Macro
Method F-score F-score
PERFiE (RNVFRRY) 85.19%  84.45%
#RFiE (Event) 85.19%  84.45%
REFIE (Scene) 89.01% 88.78%
REFH (Event & Scene) 85.64% 85.54%

Table 3. Event detection results

Micro Macro
Method F-score F-score
WERFHE (SLFERY) 40.11% 13.02%
REFE (Event) 42.55% 13.65%
HBRFIE (Scene) 41.41% 13.57%
REF% (Event & Scene) 43.57% 14.05%

Table 4. Detection results for each sound event

window  (object) bird .
Method blowing rustling singing dishes
PERFIE 0.62% 8.98% 26.67% 1.73%
RBEFE  1.16% 14.97%  40.66%  9.94%
Method fan keybf)ard people cutlery
typing walking
PERFIE 89.72% 22.54% 6.59% 0.00%
BEFE 9221% 22.76% 7.40%  0.93%
4. FHibsEER
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Differences between Research and Policy: Discrepancies between Policy

outcomes and Accountability
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In the research and development field of science and technology policy, the Japanese government positions research
activities as a means of various policy systems. Therefore, researchers who want to increase their research funds need to
demonstrate their achievements and obtain research and development budgets. Evaluation is the means to do so. The evaluation is
obliged to explain to the budget authority. However, preparation of evaluation reports takes a lot of time,  so. accountability work
strains and drains research time. Many researchers struggle daily with both writing evaluation reports and securing research time.
Many researchers are at a loss as to which one to take. This problem is known as the "accountability dilemma".

Why is there an accountability dilemma in the field of R&D? First of all, it is because the "program" is not properly
positioned in the policy system. Research and development proceeds well when research experts and the amateurs who support
research (funders) build good cooperative relationships. However, things are not going well in Japan. As a result, procedural
accountability for the process of implementing the policy on the one hand (checking legality, regularity and compliance) and
accountability for the outcomes resulting from implementing the policy on the other (assessment of program effectiveness). are
confused. Only ignorance and procedural checks of processes are required in detail and consume the researcher's effort and time.

This report is intended to explain the above circumstances in detail and to suggest possible solutions.

Key words : accountability, policy outcome, program, evaluation
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Development of a novel multivalent peptide that suppresses production of

Amyloid 3 through binding to amyloid precursor protein

Miho TAKAHASHI*

Accumulation of amyloid -peptide (AP) in the brain is one of the hallmarks of Alzheimer’s disease (AD). AP is generated

from sequential proteolytic cleavages of amyloid precursor protein (APP) by P-secretase and y-secretase. In this study, using

multivalent peptide library screens, we identified a tetravalent peptide, named LME-tet, which binds to APP. We found that

LME-tet binds to APP present in the plasma membrane and is transported to endosomes in a complex with APP, and then,

specifically inhibits the A S production through blocking the cleavage of APP by [B-secretase. We expect that LME-tet may

represent a promising therapeutic compound for treatment of AD.

Key words : amyloid B, amyloid precursor protein, pB-secretase, multivalent peptide library,
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ARETHND T A 7TV — 3k 4 5 Bt
WZARDNTF RIALT TV —%HL-5TEY, £
BIMEEZE & > THRET D AER ) TIokT L CTREsl
MR ETF RERETHZENAIEETH D

345

2. FEBRFH
2.1 Z2MBIRTF RIATF Y —IEIZLD AB
BARTF REF— T DRE
ML TF KT A 75 U —ZLLTFD & 9 7okl
EE RO,
(ZXXXXXX-U) ,~3Lys

Lys 3l G HERR SN D BHEIEIC T F RIA4 7
TV —PARFES LIEEZ L TWD. 9477
U —Eo X X Cys LSO 1 9FEDT I VD
7 AF v —, 7% Cys LIS 19 FFOEET I/
fezmrd. 12, 7477V —LEEEORICA
NR—P—LLTh 7 U) Z4mLTns.
AREITCIE, X 2 7TEICRELTHBY, #ilxi34)
BIA7 V== 7 TlE, 7 &Ry ar1hnb7
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AB (1-28)IZfEGT B Z Ebrolz (K2).

& ZCIRIT XXXXXKX DESNZ © D 2IRT A 75
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7IERE VIR, BAKEOZ A B (1-28) fEATEMEDE
W1 9EDETE T — 7 2BUG L7 (K3). i
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28 O00KX

IR PXXXXKX
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| |
52 PKXXXKE BKTXXKX
|
6% PKXXMKE PKEXXKE PKTEXKX
/\.
7TX  PKKXMKE PKXRMKE PKFKXKE PrFRXKE PKIEKKX PKTERKX
PKQRMKE PKFKEKE PKFKEKE PKTEKKT PKTERKV
PKNRMKE PKFKDKE PKFKDKE PKTEKKV PKTERKF
PKSRMKE PKTEKKS PKTERKM
PKPRMKE PKTEKKG
PKLRMKE PKTEKKH
PKGRMKE PKTEKKL
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QME-tet (PKQRMKE-U) ;-3Lys GME-tet (PKGRMKE-U) 4-3Lys
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IR s WA EEZLNS.
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ZA, WTNOD AR bIREKIEAIC LME-tet |ZHE
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b o= AB PD: Streptavidin
6
TATF RELSE, L o7 i

H U7z, ZOfE5%, IME-tet IZHIFUP APP, €99, A
B EHEE L TWADITHF LT, LME-mono (L% Dk
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Bio-Imaging Evaluation of Localized Collagen Stiffness and Cell Activity

in the Progression of Liver Fibrosis

Koji YAMAMOTO*, Yuna NAKANO**, Yusuke MORITA*

(Received September 19, 2022)

Liver fibrosis relates to the abnormal accumulation of extracellular matrix proteins including collagen and leads to the

stiffening of the liver. Further development of fibrosis can cause severe disease such as liver cirrhosis, liver failure and liver cancer.

We focused on the interaction between the mechanical property of the micro-environment around collagen-producing cells and

their activation, and developed a system capable of acquiring a combined image of multiphoton second-harmonic generation and

autofluorescence imaging to evaluate the deformation of collagen fibers under mechanical compression and the distribution of

retinoid molecules involved in the activation of hepatic stellate cells. In this study, liver fibrosis was induced by intraperitoneal

injection of carbon tetrachloride two times a week for 4 weeks in male mice, and the hepatic tissues from which the Glisson’s

capsule was removed were used. It was found that both the collagen and retinoid density increased at low strain amount in the liver

fibrosis group, whereas the retinoid density in the normal healthy control group did not relate to the strain amount. These results

suggest that the developed bio-imaging system using the mechanical and biological information have a potential for providing a

novel diagnostic index of liver fibrosis.

Key words : liver fibrosis, bio-imaging, strain distribution, retinoid distribution, localized collagen stiffness
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Fig. 1. Image of a compression device capable of observing

liver tissue using MPM. (a) Whole view. (b) Magnified view
of liver-agarose composite specimen installed on the device
(Bar: 10 mm).
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Fig. 2. Macroscopic view of mouse liver tissues after 4-week
administration. (a) Control group with corn oil. (b) Liver

fibrosis group with CCla (Bar: 0.5 mm).
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Fig. 3. Equivalent strain distribution in the collagen network
of liver tissue calculated by using DIC. (a) Control group. (b)
Liver fibrosis group (Bar: 100 um).
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Fig. 6. Combined image of the collagen network and retinoid
in liver tissue observed by multiphoton SHG and
autofluorescence. (a) Control group. (b) Liver fibrosis group
(Bar: 100 pm).
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The Influence of Living Abroad for Embodying New Habits and Desires

Mitsuo KUBOTA"

(Received September 12, 2022)

This study examines the relationship between having more than six months experience living abroad and the
development of tastes towards various things (e.g., fashion, food, music, movies) among university students. The study employs a
questionnaire developed based on the book, Distinction, by Bourdieu. The study was also designed under the concept of habitus
that is introduced in the same book.

The questionnaire data from 430 Japanese university students (79 with living abroad experience and 351 without such
experience) were used for the present analyses. The analyses show that there are differences among students depending if they have
experienced or unexperienced living abroad in their tastes for fashion, hairstyle, makeup, reading, food, music, furniture and interior,
and valuing specific characteristics of friends and how to use English.

The present study is preliminary, as it treats university students who have lived abroad as a single group. Differences
regarding the period/timing of living abroad (e.g., childhood, high school, university), or area of living experience might influence

the development of taste. Further analyses are needed to uncover the influence of living abroad experience.

Key words : tastes, habitus, living abroad experience
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Precise Design of Thermo-responsive Amino Acid-Derived Vinyl Polymers

Tomoyuki KOGA*, Atsushi SAWAMOTO*, Shin-nosuke NISHIMURA*, and Nobuyuki HIGASHI*

(Received September 14, 2022)

There is much interest in thermo-responsive water-soluble polymers due to their potential usefulness in biomedical and
nanotechnological fields. Different combinations of various thermo-responsive units would allow to achieve polymers with diverse
and complex responsiveness. However, rational design principles of such vinyl polymers are not yet thoroughly understood. In this
study, we report precision syntheses of various amino acid-derived vinyl polymers by one-pot ultra-rapid reversible addition
fragmentation chain transfer (RAFT) polymerization. Eight distinct vinyl monomers with systematically different hydrophobicity
were synthesized and employed for the polymerization. The lower critical solution temperature (LCST) behaviors including transition
temperature, thermo-sensitivity, and microenvironment of the dehydrated state could be tuned by modifying the monomer sequence.
In addition, a clear correlation between the hydrophobicity of constituent amino acids and transition temperature was observed. We

believe these findings offer new directions in designing the thermo-responsive vinyl polymers with structural and functional diversity.
Key words : thermo-responsiveness, amino acid-derived polymers, LCST, controlled radical polymerization
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Fig. 1. Chemical structures of amino acid-derived vinyl
monomers used in this study.
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controlled amino acid-derived vinyl polymer (As-b-Vs-b-
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MS spectra for consecutive steps during the synthesis of
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Table 1. Summary of the sequence-controlled amino acid-
derived vinyl polymers synthesized in this study.

A5-b-Gys 5050 1.11 4747
Gis-b-Ass 5000 1.12 4775
A1-b-Gys-b-As 4820 1.12 4760
Gio-b-Gy5-b-Gs 4400 1.18 4761
A1-b-G1o-b-As-b-Gss 4570 1.12 4603
Gio-b-Aqo-b-Gg-b-As 4630 1.12 4591
A;5-c0-Gis 5480 1.09 4759

Ags 5400 1.12 5781
Ai5-b-Gs-b-A;s 5020 1.12 5555
A;5-b-Ss-b-A,s 4400 1.16 5844
Ay5-b-Vs-b-A,s 5610 112 5680
A15-b-K(Z)s-b-Ass5 6200 1.14 6367

*evaluated from SEC.

ooz,
Table | IZHRHEINHELNTZRY v —0DF ) <v—
Ko, A%E,%\ﬁfammmo%ikWt

WTFNORY v —bZ0HEIT P<12 THY,
LERE SN TN Z ER’bns. 1) h—%
NWVEHE(DP=30) T 7 =2 /7 ) v o=y hk
(A/G=1)% —EIZ LTRIET, £/ ~—FS DA%
RN L S /T2 A 7 (Type A), WTNZ 2)}\
— X JVEEER —E(DP=35)T, BUKMEE N RFEAIIC
@67:/%%@%7Dy73%ﬂbkﬁ47
(Type B) Offx 727 X JEHKE =LK Y ~—D
KA R A Th L=,

4, EE7I/BAXRE-ZLRII—DKITDS
BB BB

Tablel 7 2 /AKX E= AR ~—L, \VTHh
& KH T LCST 2\ 2R3, & DJSEZEB) OFHM
ITERY ~—THZSD. £7 TypeA DR Y ~—HEIZ
L0, ®~—EHIDREEISEF BN RE TR
BILC, 1) JSBE(T), i) ARG, i) MiAKFn
WEETOBUKMEEDBLEN LB LT, T X b=
R)~—%M T HE, TI7=20Tuv I ERE
WR U = —BE(DP(A)=15)1T, IGEENE L, Tt b
K< 722 iz Le., EBAKRFRFCA Y <~ —38H



DNIERT 5 2 7 v 22RO BKPERE & A BV 2
Lbbnolz. —J7, HRBUKMED 7Y o7 n
YIWTT=r7ay 7 OMICEAENT, 77=
a7 OEfERNELL 725 & (DP(A)S10), 6
DNTIERE & BAPEFE DMK < 72 DA &R L7z,
F7 VT a7 ORI ANLEIZ X D MHiE
bBIZE Sz, £/ v —FG (T v v 7 OEHES
Z DOEH) 28, KHFTO LCST BB+ 52 L &
RLTWD.

RIZ TypeB DR Y ~—HEIC KV, it/ ~—D
BOKVEE OB Uiz, 7 2 BRI 8HEE I
KL Ra S — RO TS Z Enb 9,
E=LAR U = —RIZEB W TBIK-BUK MO R 123 E
JETSBVE S RIE T B EREICEAR S 2 DI AN
By, JKHITo LCST Z#Eh & fat Lok, k>
0y 7 EMERT AT I BOe R Xy —fiE T
(ZIXAARE AR BERER 25580 B, BUKPEE O L5
RV, BRANC T MR T T2 2 e LN E o7z,

5. BHYIC

NAF= AINHFERTELT I/ BRE=LE )
~—lT, VeI IV ER LG R EAE
ZEATE, BHDPORKEIZERD LT LI LRT
x5, BUKMEORZT I BOFESZE ORMA
G, £/ ~—BAI(—REEOREHIE) (I XD
SRR AN ISR T D LN TE 5.
ERBFIMED 2~ — bRy RS LTI ThH
D, BUES LR LR AZED TN 5.

AL D —ER I, 2021 FEERELRF Y 2L
SFHFFEATB AR K OVEMF 2 (22K05232) D X 12 % %%
it LU THEA2HRT 5.

P
1) M. A. C. Stuart, W. T. S. Huck, J. Genzer, M. Miiller, C.
Ober, M. Stamm, G. B. Sukhorukov, I. Szleifer, V. V.
Tsukruk, M. Urban, F. Winnik, S. Zauscher, I. Luzinov, and
S. Minko, “Emerging applications of stimuli-responsive
polymer materials” Nat. Mater., 9, 101-113 (2010).

7597

2)

5)

6)

10)

11)

12)

13)

14)

D. Roy, W. L. A. Brooks, and B. S. Sumerlin, “New
directions in thermoresponsive polymers” Chem. Soc. Rev., 42,
7214-7243 (2013).

P. Schattling, F. D. Jochum, and P. Theato, “Multi-stimuli
Responsive Polymers —the All-in-one Talents” Polym.
Chem., 5,25-36 (2014).

Y. Kotsuchibashi, M. Ebara, T. Aoyagi, and R. Narain,
“Recent advances in dual temperature responsive block
copolymers and their potential as biomedical applications”
Polymers, 8, 380 (2016).

A. Kikuchi, and T. Okano, “Intelligent thermoresponsive
polymeric stationary phases for aqueous chromatography
of biological compounds” Prog. Polym. Sci. 27, 1165-1193
(2002).

A. S. Hoffman, “Stimuli-responsive polymers: biomedical
applications and challenges for clinical translation” Adv.
Drug Delivery Rev., 65, 10-16 (2013).

N. Higashi, R. Sonoda, and T. Koga, “Thermo-responsive
amino acid-based vinyl polymers showing widely tunable
LCST/UCST behavior in water”, RSC Adv., 5, 67652-
67657 (2015).

N. Higashi, D. Sekine, and T. Koga, “Temperature induced
block
copolymers via dual phase transitions”, J. Colloid.
Interface Sci., 500, 341-348 (2017).

N. Higashi, A. Hirata, S. Nishimura, and T. Koga “Thermo-

responsive polymer brushes on glass plate prepared from a

self-assembly of amino acid-derived vinyl

new class of amino acid-derived vinyl monomers and their
applications in cell-sheet engineering”, Colloids Surf., B:
Biointerfaces, 159, 39-46 (2017).

T. Yamano, N. Higashi, and T. Koga, “Precisely synthesized
sequence-controlled amino acid-derived vinyl polymers:
new insights into thermo-responsive polymer design”
Macromol. Rapid Commun., 41, 1900550, (2020).

T. Koga, K. Tomimori, and N. Higashi, “Transparent, high-
strength, and shape memory hydrogels from thermo-
responsive amino acid-derived vinyl polymer networks”
Macromol. Rapid Commun., 41, 1900650, (2020).

T. Yamano, N. Higashi, and T. Koga, “Unique self-
assembly of sequence-controlled amino acid derived vinyl
polymer with gradient thermoresponsiveness along a chain”
Langmuir, 36, 6550-6556 (2020).

G. Gody, T. Maschmeyer, P. B. Zetterlund, and S. Perrier,
“Rapid and quantitative one-pot synthesis of sequence-
controlled polymers by radical polymerization” Nat.
Commun., 4,2505 (2013).

J. Kyte, and R. F. Doolittle, “A simple method for
displaying the hydropathic character of a protein” J. Mol.
Biol., 157, 105-132 (1982).



Investigation on Charging Mechanism of Liquid Electret

Takatsugu ENDO*

(Received September 12, 2022)

Electrets are materials that possess a quasi-permanent electrical field. Most, if not all, electrets are all in a solid state. In
2019, electrets in a liquid state were reported by Ghosh et al. However, they require somewhat complicated synthetic procedures.
Soon after, our group discovered a liquid electret material that was just a mixture of two commercially available compounds. In
this work, we investigate the charging mechanism of the liquid electret we discovered. It was found that various compounds with
different polar groups could be made to liquid electrets. This implies that the sea-island structure model can explain the charging
mechanism. Because the relaxation time of the surface potential decay was proportional to the viscosity of the solution in a
relatively low viscosity range, it was suggested that the liquid viscosity also played a key role in the charging mechanism.

Key words : liquid electret, charging mechanism, corona charging
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Variable-focus Lens Using Ultrasound

Daisuke KOYAMA*

(Received September 20, 2022)

Most camera modules require actuators and a gearing system to move the position of the lens in order to focus on an object.

Crystalline lenses in the human eye change their shape to control the focal point. We have been developing variable-focus lenses

using acoustic radiation force. In this paper, two types of ultrasound varifocal lenses were introduced: ultrasound gel lens and

ultrasound liquid crystal lens. These lenses have a simple structure with no mechanical moving parts, thus enabling device

downsizing and high robustness for use in camera modules in electronic devices. In the ultrasound gel lens, the lens profile is

changed statically by the acoustic radiation force, which is a static pressure of ultrasound, generated by the flexural vibration

excited on the lens, and the focal point can be controlled along the optical axis by controlling the driving amplitude. In the case of

the ultrasound liquid crystal lens, the molecular orientation of the liquid crystal molecules is changed by the acoustic radiation

force, resulting in changes in the refractive index distribution in the liquid crystal layer on the lens and the focal point.

Key words : ultrasound, lens, acoustic radiation force
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Reduction Process of Metal Oxides in Molten Salts

for Utilizing of Lunar and Martian Resources
Yuta SUZUKI*, Takuya GOTO**
(Received September 30, 2022)

Electrodeposition of reactive metals such as Si from metal oxide in high temperature molten salts is one of promising
methods for ISRU (in-situ resource utilization) on the moon and Mars for constructing a self-propagated PV power generation
system. It is necessary to accumulate fundamental physicochemical properties such as electrochemical behavior and coordination
structures of Si ions in the high temperature melt toward sustainable ISRU techniques. In this study, we report the relationship
between electrodeposition mechanism of Si from SiO2 in molten fluoride and melt structure by means of electrochemical methods,
high temperature Raman spectroscopy, and quantum chemical calculation based on the density functional theory in order to
investigate the interfacial phenomena between electrode surface and molten salt. As a result of Si electrodeposition, dense Si film
was obtained at 10 times higher rate in the melt with addition of Li2O as a source of oxide ions because O ions could cause
breakage of Si-O-Si bonds of SiO2, resulted in formation of the silicon oxyfluorides in the melt. The fundamental terrestrial
research encountered in power generation infrastructures, such as solar cells, fuel cells, and molten salt nuclear reactors, greatly

contributes to developing the new frontier of high temperature science and technology for ISRU.

Key words : in-situ resource utilization, electrochemistry, silicon, molten salt
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oxide (MOy) by molten salt electrolysis.
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Fig. 5. Raman spectra of LiF-KF melt with 5.0 mol%
Si0,. Raw data (black bold line), fitting curve (red line),
base line (dotted line), residual curve (blue line), and

separated bands (black lines).
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Dissemination of Scientific keywords on Television

Taichi MASU*

(Received Oct 13, 2022)

Under the COVID-19 pandemic in Japan, there is much confusion about information of the disease, and we consider that one of

the causes is lacking of science communication, that is, understanding of exclusive science-keyword like “PCR” or "RNA

vaccine” to general public. Japanese governmental survey shows that the most common media by which people gain information

about COVID-19 is television, and therefore we expect television to promote understanding of exclusive science-keyword

effectively. This study aims to reveal how television works as effective tool of science communication to general public, by

researching and analyzing dissemination of scientific keyword; “blue carbon”(means carbon storage in the ocean), that has been

recently recognized as one of the carbon reduction measures in Japan.

Key words : television, COVID-19, blue carbon, science communication
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Effect of Sub-micron Glass Fiber Addition on CAI Strength of UD-CFRP

Ryotaro MURAYAMA, Kiyotaka OBUNAI, Kazuya OKUBO*
(Received October 28, 2022)

The purpose of this study is to investigate the influence of the addition of sub-micron glass fiber into its matrix on CAl strength
of UD-CFRP. UD-CFRP with and without adding sub-micron glass fiber into its matrix were prepared to investigate the impact
characteristics of UD-CFRP. The impact energy absorption on a drop weight impact loading was measured. Applied impact energy
was 3,5,7,10 and 20J by changing the mass of drop weight. After the tests, a compressive load was also applied to the specimen to
investigate CAl strength of UD-CFRP. Test results showed that the impact energy absorption of UD-CFRP was almost same even if
the sub-micron glass fiber was added into the matrix when impact energy exceeds 7J. However, when the applied impact energy was
3 and 5J, the impact energy absorption of UD-CFRP was improved about 5% by adding sub-micron glass fiber into the matrix. The
projection areas of internal damages of UD-CFRP after drop weight test were decreased by adding sub-micron glass fiber into its matrix.
Therefore, when low impact loading was applied, addition of sub-glass fiber was not only effective to suppress the internal damages
of UD-CFRP, but also improved energy absorption of it. The SEM observations of fractured surface of UD-CFRP after drop weight
test suggested that the adhesion between carbon fiber and matrix resin was improved by adding sub-micron glass fiber into its matrix
when low impact energy was applied. By adding sub-micron glass fiber into its matrix, CAl strength of UD-CFRP was degraded when
10 and 20J of impact energy was applied. On the other hand, the CAl strength of UD-CFRP was improved about 14% when applied
impact energy was 3,5J. Therefore, when low impact loading was applied, addition of sub-micron glass fiber into UD-CFRP was
effective to improve CAl strength.

Key words : CFRP, CAI test, Drop weight test, Interlaminar shear test, Sub-micron glass fiber
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EE L, BERAOEALRICK LT, LBk
HERIN (p18) DA X7 X EEHBME RS2, A
NG B Ul B — N OBIR 2 HIE L.
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Fig.1 Drop weight test apparatus.
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Fig.2 Specimen clamped method in CAI test.
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Fig.3 Split Hopkinson pressure bar apparatus.
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Fig.4 Load-displacement curves of UD-CFRP.
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Fig.5 Energy absorption ratio of UD-CFRP
in drop weight test.
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Fig.6 Ultrasonic scanning images of internal damages
in drop weight test.
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Fig.7 SEM observatlons of fracture surface
in drop weight test.

3.5 UD-CFRP @ CAI 3&EE
UD-CFRP @ CAI 7 & AR 2L & 0D
BAfR % Fig 8 IR X LV, Al B = L3 3,
51 DA, sGF Z¥shi L7z UD-CFRP @ CAI 58
I IR UD-CFRP OZ31 XK 0K 14%FEEE A F
L7z, —7F, AWEBRZ LR T, 10, 20] O
&, BT sGF Z¥h0 L 7= UD-CFRP @ CAI 385
iﬂ%%bu@ UD-CFRP OZ L VKT L7, Pk
, RAMER VX OGS, B sGF %
#&bna“é Z L2 X -, UD-CFRP @ CAI 58E D

KR FTRECTH D 2 BTz,

300
=
B T °
- 1
%n $
= 100
&) o Modifed

© Original
0 uuuuuuuuuuuuuuuuuuu
0 5 10 15 20

Impact energy [J]
Fig.8 Relationship between CAI strength of UD-CFRP
and impact energy.
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Fig.9 Interlaminar shear strength of UD-CFRP.
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Unique Peptide with pH-Controllable Affinity for Tumor Cells

Shin-nosuke Nishimura*, Masaru Tanaka**, Tomoyuki Koga*

(Received September 14, 2022)

Considering that pH in the tumor microenvironment is dysregulated, in this study we designed a PB-hairpin peptide
(SSRFEWEFESSDPRGDPSSRFEWEFESS) that could assume pH-switchable conformations. The high-order structure of the peptide

changed from a random coil to B-sheet and B-hairpin folds in response to acidification typical for the tumor environment. The peptide

contains an RGD epitope which under weakly acidic conditions switched its configuration from a flexible linear to a rigid loop structure

characteristic for RGD of native fibronectin. The internalization of the peptide by tumor cells increased significantly under weakly

acidic conditions compared to that under natural conditions (p < 0.001), and its accumulation was higher in tumor cells than in normal

cells, even in the acidic environment (p < 0.001). Our peptide design strategy can be used in drug delivery systems to improve the

specificity of anticancer therapy in order to avoid adverse side effects on healthy tissues.

Key words : B-hairpin peptide, tumor cells, drug delivery system (DDS)
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ARDF ¢ )7 =L OREEZERT 5 ENTE,
ZORER L U CERREE L 0 b IEEMAMRIC KNS
CEMT D . Z i3 enhanced permeability and
retention (EPR) Zh 9 LIMEIN, (LFHEEICEBIT S
B2 S 2 b CWb. 72721, EPR 2hE
ZRIFH %% 8 DDS 1A 1T D i
FE 2 FRXIIC @O DN TH 0, 23 AIRPNIZ 2]
ZHDIAEEDERTIEAR.

REENAY DDS IIHUA, IR TF Rig & DI
HIFRIEME 1 (U H> R) 25 Z & T, ok
REGERRTE T T <GB 72 BN Y JA S % B
THHMTH L 0. HTHRTF RIL, SN
W2 Tlel, RERZ U RIETHLHUERLY
HIEN AR T O THD D, Fz, XTF K
BEFHGRE (SPPS) 2452 LT, HEL TR
J BRECH IR SERITHIE S - oA ) ST T
N2 IR ATRE T dh D, SPPS L@/ T ED KR Y
NTF R (>50 7)) OARUTITE X 7203, EBE
P2 R RS A b DA T T ROARIZIZIERIC
FHTHD O,

TAX= -7V w-T AT X (RGD) %
721X RGD-t& U > (RGDS) ~<X7F RiZ, ffupzsit
BUNIETHDLT7 47 ax7F L (FN) OL—
WEEIFET DA T 7V UG RAAL LR Ll
FITHY, KIROFN & RRICHIlRER— e h—7
ELTHERET 2 19, RRlZ, BRIK RGD (cRGD) <7
F RIZFN 1O RGD =& h—7 L5l L 7= 2 E 72 =
WoHEEER R T 5720 9, B RGD X0 & & il
fBfPEZ /R 19, 202 L, FEENT DDS
V7=V Hry FELTHATHERSNA TS, L
ML S, cRGD X7 F RiZA 77V L ATxtd
DEFIER @D, IEFEMEE bR AHAER L
TLEHIT AV Y bbbD. BWERAZEET 5720
21X, DS AGHERAJEA T o HAmpa B Rt A B T
Fe# i L7z A~— k72 RGD ~<X7F KU A RDOBH
HEPLETHAS.

FEEERARE I AR D pH FREIAAIC X v 1E
WA (pH~7.4) FEZ L CH9feE (pH~6.5) TH D
ZEPNIBITCWD, F I TARAIZETIE, JL— 7RIk
IZRGD =t h—7 %t pHIGEME B-~T BT
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F K (Bh-RGD) ZHHUTER L7 (Fig. 1). LIl bif
N2 XKD, ZotER L EL S 72 RGD =B b
—7IIFRIRD FN LRI s O etz m4 2
ENHBN TV, Bh-RGD (F99BRMESRE FCTT &
LA UNEEND BT B UGS LT DG
Lo TS, T72bb, FHERMTIZRGD = k
— I IESURO TR E R & D5 —F5 T, FIEMES
PR CIE =R oA IE D Z B b S AU TR BRI A3 7)1
THEZZ LN, KL T Bh-RGD OERK, £
D EAEE R 72 B N AVHIREA~D LY 1A B 258
IZOWTHIET 5.
2. BEHBIUERFE

2. 1 BE

Fmoc-NH-SAL MBHA #f flf, Fmoc-Arg(Pbf)-OH,
Fmoc-Asp(OtBu)-OH, Fmoc-Asp(OAll), Fmoc-Gly-OH,
Fmoc-Pro-OH, Fmoc-D-Pro-OH, Fmoc-Glu(OtBu)-OH
Fmoc-Ser(tBu)-OH, Fmoc-Trp(Boc)-OH, Fmoc-Phe-OH,
Fmoc-Lys(Mtt)-OH 38 LT (1-7 / -2-= h ¥ 2-F4
XVZFVT T I )FFXNTAFLT I EL
KU - IR gbh~FH 7 4nl) BB
(COMU) (F b7 TEMRSIEN B L.
222- U 7)Ao lElg (TFA), VA Y 7aeny

B4k RGD TEM—7
(fELVHRRaERFNM )

JV—74K RGD TEM—T
(B RRIRAE )

o pH < 6.5 Q%
. Q0.
pH>6.5
© ™~
T=A 4B
(FERR)
S LAV iEE B-N\TEHE1E

Sequence: SSRFEWEFESS°PRGDPSSRFEWEFESS

Fig. 1. Conceptual illustration of the P-hairpin RGD
peptide (Bh-RGD) with pH-switchable conformations. In
the acidic environment, the peptide forms a B-hairpin
structure and shows a higher affinity for tumor cells. D:
aspartic acid, E: glutamic acid, F: phenylalanine, G:
glycine, P: proline, PP: D-proline, R: arginine, S: serine, W:

tryptophan.
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MALDI-TOF MS (DHBA): ph-RGD; [M+H] * = 3377.59
(IM+H] *tteo. = 3377.47).
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WCEVRPE L.~ b U v 7 Z|IZIZ DHBA % WM 2.
FfRSE itk (CD) A7 hoViEH @iyt -
820 (H Ak tH) AW TERFHX T T
190-250 nm O#FIFH CHRIE L7z OtKEE: 1 mm, JRE:
40 pM, {iLEE: 37 °C). #OE AT RVRIEIT St
JEREERT FP-8300 (H A ekl ttfd) (2L viT-o

7o (PRFE: 40 uM, {RJE: 37 °C). A —/N— 7 —
ZhiE (NOE) OMIEIL Y T4 47 v —7 %4 2 11T
7= AVANCE 11l (Bulker Daltonics 154, 600 MHz) % H
WTITo 72 (BREE: 40 uM, {EFE: 37 °C).

3. BRBIUBE

£9, A L7z Bh-RGD DO/KFFIZIIT D ki
O pH K1F % CD A7 MVRIEIC L 0 iE Lz
(Fig. 2a). HE B E9HEIME (pH 7.0 — 9.0) STl
208 nm (ZED 3y b UEIERA AL, R R T
B L ad WG ETER L TWD 2 EvbioT-. pH
%67 FCEKTESES L, 208 nm L0227 nm %
BRIZENFENILE EBIZEL LEGSD, B-3— MM

1Y)

[6] x 10/ deg cm? dmol!
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-10 T
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pH

Fig. 2. (a) CD spectra of Bh-RGD in buffer solutions at
37 °C. Acetic acid/sodium acetate buffer and phosphate
buffer systems were used to adjust the pH to 4.0-5.8 and
6.3-9.0, respectively. [Peptide] = 40 pM. (b) Molar
ellipticity (0) at 208 nm as a function of pH.
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Fig. 4. Cellular uptake of fluorescently labeled Bh-RGD and Bh-RGE peptides. (a) Confocal laser scanning microscopy

images of HT-1080 cells treated with fluorescein isothiocyanate-labeled peptides ph-RGD and Bh-RGE (green) at pH 6.2

and 7.4. Cell nuclei and lysosomes were stained with DAPI (blue) and LysoTracker Red DND-99 (red), respectively. Scale

bars, 100 um. b) Mean fluorescence intesity of the peptides internalized by HT-1080 cells was measured by flow cytometry

(n=3; 10,000 cells were counted in each experiment); ****p < 0.001.
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Hybridization of Chemically Modified Cellulose and Hydroxyapatite
Applicable to Tough Biomass Materials

Kohei OKUDA*, Tadashi MIZUTANI*
(Received September 30, 2022)

We synthesized the coprecipitated nanocomposites of carboxymethyl cellulose (CMC) and hydroxyapatite
(HAP) by imitating biomineralization of bones in order to develop tough biomass materials. The CMC-HAP
composite with a degree of substitution of 0.5 had the most controlled HAP crystal growth and the highest bending
strength (101 MPa) and elastic modulus (10.5 GPa). These results indicate that the interaction between the
organic-inorganic interface of carboxy groups of CMC improved the mechanical properties. Despite its low load on
people and environment, these composites had the higher bending strength and the elastic modulus than those of
polyamide 6 (92 MPa) and polyamide 6 with 40 wt % glass fibers (5.5 £ 1.2 GPa), so they can be expected to be used
in new biomass materials alternative to petroleum-derived engineering plastics..

Key words : cellulose, hydroxyapatite, hybridization, biomineralization, bone
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Fig. 2. Synthesis of the composites of CMC and HAP by
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