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Studies on organelle-selective gene transfer using fusion peptides
OW\m  =£=w, Fp Ek, AmE B
Keiji NUMATA, Naoya ABE, Masaki ODAHARA
Department of Material Chemistry, Graduate School of Engineering, Kyoto University

Peptides are versatile tools in biotechnology, especially in gene/protein delivery research fields. The individual character of each amino
acid can be combined, resulting in huge advantage for targeted delivery systems. Cationic components make efficient gene delivery
agents due to membrane-destabilizing, DNA-condensing and proton sponge effects. A group of molecular transporters such as cell
penetrating peptides (CPPs) are short peptide sequences that vary significantly in sequence, hydrophobicity, polarity, and have the
remarkable capacity for membrane translocation. Meanwhile, targeted delivery to essential organelles such as the mitochondria can be
achieved with mitochondrial-targeting peptides, which are typically N-terminal motifs predicted to form amphipathic helixes and
enriched in positively charged basic residues. The combination of cationic, cell-penetrating and organellar-targeting components
reported here is an exciting new design parameter that enabled cellular uptake, localization and expression of exogenous DNA in target
organelles of living plants. We also combined some peptides and carbon nanotubes for further efficient delivery system into plants.
Carbon nanotube-based delivery has emerged as a promising solution to this problem and has been shown to effectively deliver DNA
and RNA into intact plants. Furthermore, the flexibility of the polymer layer on the carbon nanotube will also allow for the conjugation
of other peptides and cargo targeting other organelles for broad applications in plant bioengineering.
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Fig. 1 Schematic illustration of bioproduction via photosynthetic pathway.
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Fig. 2 Schematic illustration of the peptide-mediated gene delivery system.
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Fig. 3 Single wall carbon nanotube (SWNT)-mediated gene delivery system. SWNT was coated with the polymers containing
maleimide (SWNT-PM) and then chemically modified with functional peptides.
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Stochastic Simulation of Controlled Radical Polymerization of Dendritic Hyperbranched Polymers
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Shigeru YAMAGO, Hinako TAKEUCHI, Masato KIBUNE, Tianxiang TONG, Nanyi ZHU,
Masatoshi TOSAKA
Institute for Chemical Research, Kyoto University

The formation process of hyperbranched polymers (HBPs) based on the reversible deactivation radical polymerization (RDRP) using
a branch-inducing monomer, evolmer, was investigated by stochastic simulation. Our original simulation program successfully
reproduced the change of dispersities (Ds) during the polymerization process. Based on the simulation, we found that the observed Ps
(=1.5-2) are due to the distribution of the number of branches instead of undesired side reactions. We Further found that the branch
structures are well controlled, so the majority of HBPs have structures close to the ideal one. The simulation also suggested that, if we
pay attention to individual molecules, the branch density slightly changes depending on molecular weight. This trend was
experimentally confirmed by synthesizing HBPs with an evolmer having a phenyl group and analyzing the signal intensity from

multiple detectors in size exclusion chromatography.
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Fig. 1. One-step synthesis of structurally controlled HBPs by
TERP using evolmer 2. a) Reaction scheme and b) schematic
structure of the obtained HBPs and summary of polymerization
results, in which the ones using 2a and 2b have been reported in
our works (Refs. 3 and '?), respectively). MA denotes methyl
acrylate.
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Fig. 2. Elementary reactions in the current HBP synthetic method
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Fig. 3. Rates of elementary reactions in the current HBP synthetic
method; vp, Wb, vex, vt are reaction rate of propagation, branching,

chain transfer and termination, respectively, and 7 is time.
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termination, respectively.
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Evaluation of Spatial Distribution of
Chain Orientation of Polyethylene under Stretching by STXM
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Mikihito Takenaka, Katsutoshi ARAKAWA, Yohei NAKANISHI
Institute for Chemical Research, Kyoto University

We found that the spatial inhomogeneity of the chain orientation on the submicron scale in polyethylene (PE) under strain by scanning
transmission X-ray microscopy (STXM). Our previous study [Macromolecules 2020, 53 (20), 9097-9107] clarified that the strain-
induced density fluctuations on the submicron scale by using ultra-small-angle X-ray scattering (USAXS) and that the density
fluctuations strongly affected the mechanical behavior of PE during strain. The strain is expected to induce the spatial inhomogeneity
of chain orientation as well as the density fluctuations and the spatial inhomogeneity also might affect the mechanical behavior.
However, wide angle X-ray scattering explored the spatially-averaged local structure and the spatial inhomogeneity of the chain
orientation on the submicron scale has not been investigated yet. To clarify the spatial inhomogeneity of the chain orientation, we
observed near-edge X-ray absorption fine structure (NEXAFS) spectra at the carbon K-edge of the stretched PE with a resolution of
the order of 10 nm by STXM and obseerved the spatial inhomogeneity of the chain orientation as well as density fluctuations. The
intensity of NEXAFS spectra depended on the polarization of X-ray and the dependence revealed the chains were more oriented in the
low-density region under stretching. The orientation was induced by the stretch of the polymer chains melted mechanically.
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Figure 1. Schematic illustration of the hierarchical structure of PE spherulites.
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Figure 2. Stress—strain curves of the HDPE

Figure 3. Photograph of ultra-thin sections of the
HDPE
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Design of cationic hydrogel for mitochondria transplantation

M 2822 - [ #71L « Wenxuan YANG
Yasuhiko TABATA, Satoshi ABE, and Wenxuan YANG
Laboratory of Biomaterials, Institute for Life and Medical Sciences, Kyoto University

The objective of this study is to design a cationized gelatin hydrogel for enhancing the transplantation efficiency of mitochondria (Mt)

isolated into cells. To modify the Mt surface, cationized gelatin nanospheres (cGNS) were prepared. The Mt associated with cG
(Mt-cG) and cGNS (Mt-cGNS) were co-incubated with H9¢c2 cells for mitochondria transplantation. As the result, modifying with
cGNS significantly increased the mitochondria transplantation efficiency compared with those of without modification and
modification with ¢G. The enhanced mitochondria transplantation efficiency leading to a significantly decreasing superoxide amount

and an significantly increasing ATP production compared with that of free Mt. In conclusion, cGNS are promising to improve the

efficacy in mitochondria transplantation.

1. #8

MIEN/IREO—FETH LI b KU T (M) i, #
fao T3EF] & LTHHRTEY, Mg, 7K h—
VA EWERSEAE (ROS) DIEFMEMERE, e &, #%K
OEBELHMEEICEE LTS, 202 EnbE, 2 b
v KU 7 OBRER AT, MRAEER, DIERR, B
BEtRE, . B2 L, WO DRBREICEE TS5
ERHESNTEY ", 2 hary NI THEEREEZIET
BhEA 2B RIE R BT 5 2 L WK LR A0 LB b
o TWB,

W, N fNVF ) Fa—TEN LI har KU ToO
MR L Wo o ABSEETTI hay KU 73
MEBETLHENRE SN TN D 59, Bl L/
T hary RY T BEREIZR TWAD L e M
AN, AEEMEEZRT 2 & CTHaMREZ M L, 2Ok
B MRROBE EREOHIEIC SN D, 29 Lz b=
YR 7 OMaEBEE S VO BRI FERI 3 RY
TEI Fary R THRER I - TV D i i
528 (T haryRUTEM < I har RY 7 oREE
RENTHET D H 7= 7R IR NG 2R3 5

Mt AT, B L7 Mt % Lo B Ml b dhigaE T
HZETBIITY) ZENTES, LLARRL, 2 b=
YR T LML E HICREMEFOTND Z &b,
HRERIZ L D Mt B CIEFFERFEICL D . MR~
Mt OEAZIFITE D, Fo, BEOTI0MES) 7 & o
WEMA L MBI OTERO L DA STV 5,
LU D, 2D DOHFIEIBMEEEZ DD LN T
X500, MlAEEE S X E TR S D Z &2
Z.invivo TOI b2 KU 7TBE~OMEIN TR~
RN RERE S LTV 5,

ED—JF, NIy 7T IUANY— 27 A (DDS) Hiffix

FAW RN~ DI E I B CTIE, BB % FFo 7%
B R Gl E BT A MO X X ) TICNEAT S
IRV @R CHMBEANIC SRR 2R A B STy
b, ZOMRIZESE, MtOEHRE T A M EOFEST
MECiEMT 2 Z Lic kD HMlaN~DI b= KU T
WoMEREzm ESEDZ LRI TEBLEEZLND,

BT F U TAEREGE, BL O, ENfEOME L LT
I<moncns, BoFuridas—rrmkos oy
BHThY, BRAEVCERES, BRTOFM L, 3 TITIRA<
IS ENTEY | LEMITENTZTEYF ¥ U 7 O E
Thbd, WTAHALET TV (cG) iE. BT T IO T
I RICASNN I R EOIEEM b LA B LFERIC
EffiT2Z L TARRTED D, EBMEAT LT AL
BT F DA Ka ik, siRNAYE LU pDNAY & o
T2 AEM & b A ORI L L CHIHATRETH Y |
B CHIENICIEETE L 2 L RE L TE T,

& ZTAMIFED BEIE, BLBE L 72t 2 Mt ORI~
OBMWHFEERDDTZDIZ, ITFFALE T F g R
TNEHRFATHETHD, GBI TFAULET T
U F 7 KiF (cGNS) & Mt LIRAET 5H 2 & T Mt DERMI
EEEM AL L, 7y MUIBEBCEMakk HOc2 Mifd & &
HIT 6 WG Lotk MR E 23 M L7z, £z,
Mt BAERI % D ROS DFRESF & ATP OFEAZIRIE & L
T Mt OHEREZ 7 L 72,

2. M EAE

2-1. AFAUIEESFY (G BLUVAFAUEES
FoF/RIT T (cGNS) D&

0.04g/mL OE 7 F L KIEKIZ (5B (pD) =9.0, =
B 5 E=99000. KR, FHAETF st K
PRI B 7 F > DA VR U IR LT 50 B SRS



RHEIICAAYULI U EINZ T, D%, 1IM HCl KK

Z N2 CTIRD pH % 5.0 IZHHEE L1z, Yk ’\ YI7F LD
ANVRF VNV LTI EAVERIIRD DI

1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide (EDC) % Il
Z1me BUGERIG % % 37°C T 18 WRfEHI#E L 7= #% . feV T
FIR T3 MK (DDW) W TEIT L, Fo5nT-
KRR % AR IR A L THTFF LB T F > (cG)
B, B F B ASNET I EoE AL,
2,4,6-trinitrobenzene sulfonic acid (TNBS)(F1J: i T 36kk X
Stk KBK, BA) JBICLVHEH L, 208 AR
BIFUFHOANRXTNVIED 445 ENL % TH -T2,

¢GNS 1Za 7 AN —T g BTk > THRELLZ 9,
40° CITHMR L72 125 ml DB FF L AMb¥ T F o KAk
(2.5, 3.25, 625, BL 10wt%) 12, 5SmlOT7 & b &
WFTHZLT, a7er— 4EKLE, BT, 7
NELTATE R 25wt%, 20 pl) Z7ML, 6 Rk
FHREE I LT, REISOT AT REET v v 7%
0.5M 7'V > VKRR 2mL ZWSINT 5 2 & TIThe o7, 1%
SN KIER % 40°CT_W%#$@“Z> ZETTR R
B &%, 250,000 g, 25° C . 30 S OELSEEETT
5 Z & TceGNS Z#EIL L, DDW | _ﬁ%@% L7z,

2-2. HHRSIEE

H9c2 MIU(ATCC, AU —F > KMle v 7 EN) &, 10%
O UVIERMLBELB LI R 1%D= ) A LT b=
AT UAYDENNRy atfEA — TN (P —F T 1 v
VY=YV AT 4T gy It vV TFa—ky VM) &
HWT, 5% CO2 &R+, 37CThHE LT,
WO ENZI b RY T RHEEET A Z 2 BRIC
Su9 f ARk EOL ¥ R B (Su9-GFP) % ZEICHBLY
% H9c2 ffifd (GFP-H9¢c2) % 1Ef L 72, Su9-EGFP Fii 7
Z A3 FDNA X, FFE L 10 (KBS R R 52
BAGHEZHEEO CEBICLVEEL TV RN,
Lipofectamine® 3000 (Thermo Fisher Scientific, Inc., ~ ¥
=—% v V) &7z pDNA % FV T H9e2 Ml & s
TFEAL, G418 & iesi© 3 BWREEE L-, v\,
GFP A2 E v Y — & — (MA900: Y =—HkRA 4k,
HR BA) ZHWD 2 & THEEL 72, Su9-EGFP 38 5l H9c2

Mgz, I b= U7 E5AE A MitoBright LT Deep
Red ([FM=%Z, REA., HA) F 7213 Hoechst 33258 (Thermo

Fisher Scientific, Inc., ¥ % F = —1& V) TY(4 L 7=, H9c2
AIIZRT 5 GFP OFBUL, HOLBAMEE (BZ-X700: &
b—:li:/x%ft:/&‘\ﬁ:\ KIK, BA) ZHWTHE L,
B haVRYTOES

§U\I_ILIL\ THEEIC X o T H9e2 Ml & 72 1% GFP-HOc2 #H
a2t X b= KU 7 % HEEL 72, MRS 2 S IR e ik

[HB ; 20 mM HEPES-KOH (pH 7.4), 220 mM ~ > = h—
Jb. 70mM ZZ m—Z, 100 u MPMSF (7 v{b7 ==/l
AF ANV K=WHT2T 7=V D) Ut EET 2

& ORI UTs, AR & 400g, 4°CC 5 4y im0 B
T5HZ LT, REEOMAERE L, T, k%
6,000g T 5 /il B L, BiEEMREm S s LT, F
7o, LB E Mt 3% < EEN ATy MLEiSy) & LTH
U7z, DABECIE, H9c2 M HHEELZI har R
7 % Mt, GFP-H9c2 #Mifa D HPEL 72 har RY T %
Mt-GFP & K7L d 5, KWy DX 37 G &ElL, Pierce™
BCA Protein Assay Kit (Thermo Fisher Scientific, Inc., =¥ F
2—ky VI ZHWTEE L7z, foiizI har Y

TOMEX, I har R TR Z )7 COXIV
LM ﬁf#;‘%ﬁ’]é@ﬁ RB a-Fa—TV o ERET S
— ETE:F‘{HEE L/f;o

2-4.¢G $ & U cGNS 158 Mt DR

cG B LGNS 5 ul, lmg/ml) Z Mt (Sug) D
95 LIZHIN L, FRL/MCIRA L il COK BT 10 2l
B L7z, B—#&EN X, ELS (Zetasizer NanoZS: Malvern
Instruments Ltd., 7 — A ¥ —3 vy —_ F[E) & AW CRHf
L7z, & 512, MitoBright LT DeepRed CTHEfE L 7= Mt &
FITC CTHEfk L 72 ¢cGNS ZiRA L7, S BEMETZ v
THRTE A R L7z,

25, 9IRALVTAYTAVTIC&BI bV EFYT
DFABZNEDFE

H9c2 Miffd s 6 v~ v F 7 = LEEE T L— DK T = VT
1 X105 A/ 7 = /b D% FECHRERE L 72, 24 IRE % . Mt-GFP,
Mt-GFP-cG, ¥ L T' Mt-GFP-cGNS (50, 100, 200, 3 X
400, $71E cGNS DY A X & FKT) ZEHUCTRIN L 721%
6 FEIEER Lz, I b= RY THME, U 7o o
12X > THIfEZ R L, Laemmli 3> 7 7 — (Bio-Rad
Laboratories, Inc.. Hercules. CA. USA) &iE& L CHIIER
i 2 B LT, MR T O GFP D& E U = AKX
Ty T4 IV ER L,

S har FYTBEROEEIER b L X

H9e2 fifie (5 X103Hfe/ 7 = V) % 96 ¥~ /L F U = LESHE
7L — b (Corning Inc.. NY. USA) D% 7 = /LZHERE L,
—WEEEFE L7=, Mt, Mt-cGNS (50, 100, 200, 5 L 0% 400)
ko6 WG E L%, iz 5 uM ATV rBLY
0.5 mg/ml cyrochrome ¢ C 1 L L 72, v /L FE— K=
A4 Z7v71L— kY —%— (SpectraMax i3x, E L F =T —
TN AT ¥ RS, B BAR) 2RV TE R
cytochrome ¢ J& & % 550 nm TORNEZRET H & T
Em LT,

2-7. 2 b3y R 7HIERD ATP 2 0¥

SR T OBREEZFMT 5720, Mt EABIEL
7oA ATP &% 34 L 7=, H9c2 Ml (5X10° /v
z)V) %96~ /LF 7 =)L 7 L— |k (Corning Inc..NY.USA)
DT = VIR L, —Iaks#% L 7=, Mt, Mt-cGNS (50) &
6 FFff 5% L /=% . CellTiter-Glo® 2.0 73X (Promega
Corporation, K[E~F ¢ ) %W T ATP &2 HIE L7,



3. EREER

3-1. BEEL=3 oY B 7 O%EEEE

T hAar P T OREERETICEL N S S ERE
YT ND COXIV, BLY, a-Fa2—7 U Ixtd 5
W:x&yfuy%4y7@#%%F@m1:%¢ Mt
E TR, R hary RUTHENZY O RXI7ETHD
(DMV®ff#%MT% IR R Z v R ETh
5 a-Fa—T V) UDFEERRDENRNoT22 Lk
b, Mt WEMECHEETE LB BN D,

Mt Cytosol  Cell

(a) COXIV . —

(b) a-tubulin - -

Fig. 1 Western blotting images of different fractions obtained
by the conventional differential centrifugation: Mt fraction (Mt),
cytosolic fraction (Cytosol), and total cell extracts (Cell).
Anti-COXIV (a) and anti-o-tubulin antibodies (b) are used as
the markers of Mt and cytosol, respectively.

3-2.cGNS OF#EICEERT 53 ba 2 B 7 OF R

AMFSETIE, RLF-P XA 50 ~ 400 nm @ cGNS %
WTERY ., ThENOR Y A X LB Table 1 DY

TH o712, cGNS DENTDOH A XL, BINT 5 G I
WEINT 2 & & bIT#IMLT, oG, HDVIE, cGNS &
Mt ZiEE Lizth, E— 2 B0 LEF M LIZL 2 A,
cG. H DL, cGNS L DIRAICE > T Mt OB —FEM
ISHEN L7z (Table2), ZALIL, MtOKE X8 1 umfRE
ThdIEEEETDHL. G & OGNS MWEFEMAIERIC
F o TMt RENIATAE LIZFER Mt OB —Z B L
rEBEZBND,

Table 1 Physicochemical properties of cGNS prepared

Code Apparent size (nm)  Zeta potential (mV)
c¢GNS(50) 151.8+£0.129 6.21+£0.719
cGNS(100) 194.4 +0.39 8.75 £ 0.64
cGNS(200) 197.0 £2.26 7.51+0.52
cGNS(400) 403.0 £4.97 6.99 £0.21

a) average + standard deviation

Table 2 Zeta potentials of Mt and Mt associated with ¢G and

cGNS
Sample Zeta potential (mV)
Mt -26.3+£1.799
Mt-cG -9.09+0.714
Mt-cGNS(50) -14.4+1.59
Mt-cGNS(100) -20.4+0.41
Mt-cGNS(200) -20.4+0.49
Mt-cGNS(400) -20.7+0.62

a) average + standard deviation

3-3.¢G B & U cGNS DHEFEIZ & 5 Mt DHIFIFEIEZNE
VT, G, DL, cGNS ZEmIEHT L7- Mt, 72
HTNT, Mt Z MU RS AHE L 72 BR 08 A DRI DU TRE
L7 (Figure 2), Figure2A XV, 3~ ToO Mt AR TH
K Mt 3RO su9-GFP DFENRBD LN &b b, 4
RPED Mt 2RISR T 5 Z & BB L7 Z & 3B 6
Lleolz, £72, cGNS ORI ¥ A XIZBIR72 < Mt-cGNS
EARETIE, HIZ Mt ZEA LRI THEREILEWD
su9-GFP DTFEHEENSHRE I iz, D2 &b, Mt £l
BT A ACWE TIERT S Z & T, Mt OBREZIE D[
FICHFELILEEZBND, —JF. Mt-cGNS 1% Mt-cG &
DL REWBHENENEO bz, JiUx, AFE 0B
EOBENOHMATE DB 6N, KIEEED+TH
% cG IR CTH YV Mt K DA BN & BRI AAE
ALTWAAReERNH D, £D—F ., cGNS DOIEELMIL,
F R FOREIFEL TWDHT=D B LABESNTE
0. EAEOFTORBENMES 2D EEZLND, LTz
NoT, F 7RO R AOEBERR Mt LFHEERTS 2
EITNA T b9 —HOMCFET A IEEMMIZL BT
Mlfg EMEERTDZ N TED720, fMjd~D Mt O
BREMEESRZEEZOND,
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Fig. 2 A. Western blotting image of cell lysates after cellular
internalization of a)Mt and b)Mt associated with cG, c)
c¢GNS(50), d) cGNS(100), e) cGNS(200), and f) cGNS(400). B.
Efficiency of cellular internalization of Mt and Mt associated
with ¢G and ¢cGNS. The value for the Mt group is 1. *, p<0.05;
significant difference from the Mt group, ns; not significant.

Mt %+ U7 & LT, ¢cGNS DEAR DK+ A X TH
MWIROFBEITRBD DN o7z, LILARRG, B
W B2 TIZZR W 2S, Mt-cGNS(400) FEDOBMERN=RIT,
DRLFH A XD cGNS ZffH L7 BEIC A~ B L 0



BRI o 72, 2T, BF 5 < ¢GNS DR A
ANRRKRENFE, ZLOMt EEMLLTL 2D, TORE
F. Mt & cGNS DEERIERROMERE X1, Mt B DR
PMETT BRI ORB - T/ REMEN B 5, HEEL 72 Mt
I~z vte /A b= R K> THIBENICERY IAE N
LT ENHEINTNDE D, w7 ) Y —2DOREIN
02umMNPHS5um THLIERMOLNTNDEI END D,
Mt & ¢cGNS DUFEIZ L DRI T-HH A AERT 5 Z & TMt
OHIFREL Y AT EE RIFE L, T OfEE, Mt-cGNS(400)
DOBANRDPAARINARL 2D EBZBND BEA I =
ALEHLNIT DL, 5B IORIMEAPLIETD,

3-4 Mt BBHEHO I Fa 2 K1) 7HEEE

ARFZETIE. Mt BHEIZ Mt O 2 S ORERE A FEIZEIZ 4
52 LT, B OMTESE OB R 2 L2, 1 DR IX,
MR (ROS) OIEEMEZMERHICE A L, MmO
ROS 1E., FIZMtBRBAEJRITRDZENMBENTWD, £
D—F T, MtIZiX, ROS ZRET D72 OHE{LEEFE
AT Abfb o TW 5D, BT, B N 2%
FfET 5720123 b KU 72 L o T ROS OARk & Bk
EDNRT U APRIZI TN D 1213,

AT UF NI A—NR—F X R T =4 B8 AETDH D
LIZL o TEEA R L AREMBBETT VEERT 5
OIS ERENDILETHD W, 2T, Mt 2K
FiE L7288, MRS A V4 LB 5 Z & TR EA b LA
ZhHZ . MtBHEIC X PR LRE DM A 3T L7z, =0
FER, A— =A% FOEAREIL, Mt Hl, Mt-cG, B
X OYMt-cGNS THEE 2 Z LI X v igis> L7= (Figure 3),
FRICHEB & Z & 1F, Mt-cGNS #EREE W TR —/3—
TV ROEANRBIRD Lz, ZOMRLY, Mt DR
FEIZ L > TROS DRREMNMEHE SN Z LWL E o
oo THNETIC, MtBRRZICHIREER TH LI X T —
PLA—R—FFL RORLE—F 2 DEAENTIES L,
TN ROS FEEADHEFICEAG L TWA Z EndE ST
W5 19 Figure 2 £ W G 6N -fR & EbE, Milanic
EBVAENT Mt O BRI IVUETHIEE, LE<o
A—NR—=F X RERETLZENAERTHLEEXDL
N5,

NTI b FU 7 oREE LT ATP FEAREICEH
L7, Mt ZBHE L7-1%. MM CTREAE SN D ATP &% 5T
flid 2 2 & T, MtBHEIC & 2 HIARSRE Ot TR 2 574 L 72
(Figure 4), BRFHZIL B 74 X 50 nm @ ¢GNS % H T,
SEZERPEED Mt-cGNS TREE L 72, ZORFE, Mt
B OMIE TIZ, MtBAEZ L TWZRWHERLIC B~ ATP
DOEABRDEM U=, @R Mt OBREIZL D, ATP EA
DIDFREZR Mt S L 0 £ < MBI EA S, ATP OEAE
DEEMEEZOND, FDO—F, Mt-cGNS # 5 B | {K 7
LT ATP PEARDOENMIRD HL2h oz, Tiuk, #
H LMt O 100%R3 L Exy hoOMICBE I b
FCIRARNWZ EICERTIEELLND, RICES L

Mt @ 100%235MICE Y A E Tz SAET 5 & A RIS
AUIAERIE, MBI e M t BB FET D2 & &
RBETHRER LB 2 HND, Mt OEEOKEILE, L
vy MIICE D A E N D IERE Mt O BOFHIIL, 4
HBOMFTEHED DLERD D,
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Fig. 3 The amount of superoxide generated from cells by the
menadione treatment. a) treated with menadione, b)
transplanted of Mt and treated with menadione, c) transplanted
of Mt-cG and treated with menadione, d) transplanted of
Mt-cGNS(50) and treated with menadione, e) without any
treatment. The value of cells treated with menadione is 1. *, p <
0.05; significant difference between the two groups, ns; not
significant.
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Fig. 4 ATP amount of cells 6 hr incubated with 7.5, 15, and 30
png Mt associated with cGNS. *, p<0.05; significant difference
from the value of mitochondria amount 0 pg, ns; not
significant.

4. £&6

S har RUTHBMIE, S by B THEEREERO -
D O 72BN T D, AWFIEIL. cGNS 4R
Mt OARRIPE Y JAF & B3R L Mt BEREDORIEIZ 2728 D
T EERLTND, OGNS & MtIZIEAiTHZ L2k b,
Mt OFREREZNR S KIEICHIN U7z, AT, MBPICED



AFEIND Mt OBERHMNT 5 Z & T, ROS DFRES ATP
FEAE Lo 7o ME IR T 2 fatrE s TR S iz, BAE
V. OGNS IZI by RY TEBEOEEDRZ M EX&
DM RF XY VT R0 BEEZLND,
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Multistep synthesis of two-dimensional block supramolecular polymers

2 Fas&
Kazunori SUGIYASU
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Unlike covalent bond-based organic syntheses, it has remained a challenge to create complex structures using non-covalent bonds
such as hydrogen bonding. As the non-covalent syntheses (or molecular self-assembly) permit to build up structures much larger than
the molecular level, the development of controlling the weak non-covalent interactions will open a new door in synthetic chemistry.
Herein we discuss our recent achievements based on “living supramolecular polymerization” which we have developed in the past 10
years. This method, like living polymerization in polymer chemistry, enables to synthesize supramolecular polymers with controlled
length and narrow distribution. Now, we are able to synthesize block supramolecular polymers with controlled composition and

sequence of monomers.
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Small-angle Scattering Analysis using Machine Learning
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Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Small-angle scattering methods are a widely used to study various kinds of structures formed in polymer systems. The purpose of this
research is to construct a machine learning model using deep learning that can estimate the shape of a corresponding object in real
space when scattering data is given. First, we built a deep learning model that can correctly classify scattering data for typical shapes
such as spheres and ellipsoids. We applied this model to scattering data of a silica particle dispersion system and showed that this

model can correctly classify the shape of experimental data as well.
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Fig.1  Schematic diagram showing the concept of this study.

CAMY 245 Z & T, MROMREHHTE 5 FEE
B0 AN T VOB EIT O,

AKWFZETIE, FTWE T e 7 7 AR5 NT28HE
W2, RS T D EREMOUEDOIRERET DN TEXD
B E T N 2T 5,

EBIZ, ZOFTNEY Y BRFSEROEELT —Z I
WHL, ETVICE D FERT—XIIRLTHELIBRE
NETEDIDERIET 5, ERT — XL, ZH#RKEETE
—BDWTT T AT v AO g AR, B EIEEE, LM
FRBh U TR L CTEV /29,

2B, BELET VOBELREEIT, —MRICTRE T &S
KT THERL S B 2, AFETIRIBRRTF OB &5 L4
%, EBRAWE U BRI TR b ¥/ — L RIc ok L
720.1 wt% D > V) T RLT % 3 T AR Cdb D, A ISR 7 %
G EREE~DREBICOWTIEE LD Tk 3,

2. BHPEEETILOEE

XU HIC, BELHIRRAS 5 2 b= B A, shisd 5 5:%E
HMoMEOEREHEST S Z &#T%é%WAN%TW
ZBAF L7, Bl 21X, SasView® D L 5 Zp/ My HEGELENT Y 7
by = 7IZIZ40FE L EOWELHROBEGRET VB H D
DS, ARBRGECTIE, T IC — I S B 5> O ELET
v (B, MR, 8. ROERERFE M, BREESE
M) ZGMf & L7=, Fig. 2132 5 ORI B kAL
a7y ANOHIERLTND, ZOMEE RS OfLS
MHEBEZXDE, 5OORRD I TAENETDHHAY L
ZDHIENTED, BMFEHET VERE T HEERAT
w7 LT, TFER, T XA, ETIVOBER
FOMEBEREM 23 5

2—1. F—H4%/k

F—BERRD AT v 7 TlE, SasView® &\ 9 | /ML
FENTIZRH L L7=GUIT 7Y & —v = & iz, SasView
N Dsasmodels™” — /L2 LC, HIEE, MEE, BE,
J PR AR RIBIREEHE A O BRGE 7 /L 28R L T



. sghere : inder
o[ -
\ w1
. \ ol o,
i \n 3| \
3. 1] il | vy
| \ w Wy
wl b
v -
ey | .,
. ' 2
s et e Ta
pralate_spharoid dak
S : =
w i S i
» , M | \\
o I \\\ 1 \\
L , 3 | \
w o i "at
w \ | Wy
| y ™ | — ” "
dbilate_iphaond
w [ "‘*—--\.\‘N‘
o ——
*\‘
t \’
-— 1
i — \,l"\'
1 ;
L) N

Fig. 2 The scattering profiles of the five models.
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Table 1 Confusion matrix for the CNN model.

Matrix

Training Dataset

Testing Dataset

Cylinder Disk

Oblate Prolate Sphere

Disk Oblate Prolate Sphere

Average

Precision 1 0.98

Recall 0.92 0.94
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Fig. 4 Grad-CAM heatmap for scattering profiles of each
objects.
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Fig. 7 Grad-CAM heatmap for scattering profiles of the silica
particle dispersion.
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Precise Synthesis and Self-Assembly of Polymer-Brush-Modified Cellulose Nanocrystals
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Yoshinobu TSUJII, Seitarou FUJIMOTO, Yuji KINOSE
Institute for Chemical Research, Kyoto University

Cellulose nanocrystal (CNC), obtained by the hydrolysis of cellulose nanofibrils, is a rod-shape nanoparticle with
aldehyde groups (hemiacetals) at its one end (reducing end) and hydroxy groups on the other surfaces. This unique
chemical structure allows regioselective chemical modification. Our expectation was that by introducing a high-
molecular-weight polymer brush at the reducing end and a low-molecular-weight polymer brush on the other surfaces
(resulting in asymmetric polymer-brush-modified CNC), novel ordered structures could be formed because of high
compression resistance and extremely low friction of the concentrated polymer brushes. In this study, we have developed
a new synthetic route and clarified the assembled structure at the gas-liquid interface of asymmetric polymer-brush-

modified CNC.
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Figure 1 Schematic illustration of CNC (a) and aPB-CNC
(b).



brush-modified CNC ; aPB-CNC) O FEE 37 & 5 (Figure
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Scheme 1 Synthetic route of asymmetrically polymer-brush-
modified CNC.
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Figure 2 IR spectra for CNC (1, black curve) and its
derivatives 2 and 3 (blue and red curves).
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Figure 3 IR spectra for 3 and 4 (black and blue curves).
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Table 1 Characteristics of PMMA brushes in aPB-CNC
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Figure 4 TEM image of aPB-CNC (6).
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Figure 5 7-4 isotherms for aPB-CNC (6) (solid curve) and
sPB-CNC (broken curve).
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Radiative and Nonradiative Transition Rates of Fused-Ring n-Conjugated Molecules

Kb s - ek A
Hideo OHKITA, Yuki SATO
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Herein, we have studied radiative and nonradiative transition rates (kr and kur) of singlet excitons in fused-ring m-conjugated polymer
films by spectroscopic measurements. More specifically, we employed three different conjugated polymers (PTQ1, PNTz4T,
PTNT2T) with different sizes of fused-ring m-conjugation system. In order to evaluate radiative and nonradiative transition rates,
we measured fluorescence lifetime zr by time-correlated single-photon-counting method and fluorescence quantum yield ®r by
absolute photoluminescence quantum yield method. As a result, we found that both zr and ®r increased with increasing fused-ring
m-conjugation system in polymer main chains, resulting in smaller kr and knr.  For radiative transition rates 4, it can be quantitatively
analyzed by Stricker—Berg equation with molar absorption coefficient for each polymer, suggesting that 4: is mainly governed by the
molar absorption coefficient. For nonradiative transition rates knr, it can be analyzed by Englman—Jortner equation with
reorganization energy A and vibronic coupling parameter C. For reorganization energy A/, it decreased for larger fused-ring
m-conjugation system in polymer main chains, suggesting that rigid fused-rings can suppress 4 effectively owing to small structural

change and hence can reduce k.  For vibronic coupling parameter C, it also decreased for larger fused-ring n-conjugation system in
polymer main chains. This is due to smaller C in larger fused-ring m-conjugation system due to smaller overlap between HOMO
and LUMO in the main chain. We therefore conclude that fused-ring m-conjugation system would be beneficial for designing

highly emissive conjugated polymers with well suppressed nonradiative transitions.
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Figure 1. Chemical structures of m-conjugated polymers
studied in this study: a) PTNT2T, b) PNTz4T, and c) PTQI.
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Table 1. Exciton properties of conjugated polymers.

Polymer Eg/eV O 7t/ ns fie! fic/
107s! 107!

PTQ1 1.83 0.030 0.35 8.6 2.8

PNTZz4T 1.60 0.046 0.84 5.5 1.1

PTNT2T 1.70 0.061 1.71 3.6 0.55
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Figure 2. Absorption and photoluminescence (PL) spectra
of PTNT2T films. The shaded portion is a mirror image of
the PL spectrum
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Figure 3. Potential energy curves of the ground state So
and the lowest singlet excited state Si assuming harmonic
vibrations of molecules. The blue and red arrows are
absorption and emission transitions with an energy of £a and
EpL, respectively. The black arrows are reorganization
energy 4. Here, the relationship 24 = Ea — Epr holds.
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Figure 4. Fontier orbitals in trimer unit of conjugated polymers employed in this study, which were obtained by DFT calculation at
B3LYP/6-311G (d,p) basis set: a) LUMO and b) HOMO of PTQ1, ¢) LUMO and d) HOMO of PTNT2T.
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In vitro induction of patterned branchial arch-like aggregate from human pluripotent stem cells
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? Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Early patterning of neural crest cells (NCCs) in the craniofacial primordium is important for subsequent development of proper
craniofacial structures. However, because of the complexity of the environment of developing tissues, surveying the early specification
and patterning of NCCs is difficult. In this study, we develop a simplified in vitro 3D model using human pluripotent stem cells to
analyze the early stages of facial development. In this model, cranial NCC-like cells spontaneously differentiate from neural plate
border-like cells into maxillary arch-like mesenchyme after a long-term culture. Upon the addition of EDN1 and BMP4, these
aggregates are converted into a mandibular arch-like state. Furthermore, temporary treatment with EDN1 and BMP4 induces the
formation of spatially separated domains expressing mandibular and maxillary arch markers within a single aggregate. These results
suggest that this in vitro model is useful for determining the mechanisms underlying cell fate specification and patterning during early

facial development.
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Development of Stimuli-Responsive Luminescent Materials Based on
Heteroatom-Containing Polymers

HA—44 - ¥ IEAT - FHERIE—RR
Kazuo TANAKA, Masayuki GON, Shunichiro ITO
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Recent reports have shown potential applicability of metal complexes and clusters as an element-block, which is a minimum functional
unit containing inorganic element, for developing functional optical materials. Here, we describe luminochromic materials based on
element-blocks having various types of heteroatom. By comparing the optical properties of aluminum complexes and gallium
complexes in the solution state, significant differences were observed in absorption/emission maximum wavelengths and Lewis base
responsiveness. It was suggested that the longer absorption and emission maximum wavelengths in LGaMe compared to LAMe are
due to the destabilization of the HOMO level resulting from the inert electron pair effect. On the other hand, it was proposed that the
difference in Lewis base responsiveness was due to the difference in charge of the central atom. Homologous elements are generally
known to have similar properties, and the fact that this study found remarkable differences in absorption and emission wavelengths
and stimulus responsiveness is a very interesting result. Furthermore, in the solid state, all complexes exhibited AIE properties, and
CIEE properties were also confirmed in LGaMe. It has already been reported that dialdimine complexes containing boron as the central
atom exhibit luminescence in both solution and solid states. It has become clear that similar results are obtained when the central atom
is aluminum or gallium.
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Fig. 1. Structures of group 13 element dialdiminate
complexes.
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Scheme 1. Synthetic scheme of dialdimine
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Scheme 2. Synthetic scheme of aluminum and gallium
dialdiminate complexes
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Fig. 2. Normalized UV—vis absorption spectra of (a)
LAIMe and (c) LGaMe in each solvent (1.0 x 107> M).
Normalized photoluminescence spectra of (b) LAIMe
and (d) LGaMe in each solvent (1.0 x 10> M) excited at
the absorption maxima.
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Table 1. Results of optical measurements of LAIMe and LLGaMe in the solutions®

LAIMe
Solvent e/10*Mcem™? Aabs / NME Aem / NM? Dp ¢ 7/ns e ke /1085718 ke / 108 5718
MeCN 2.32 428 512 0.030 0.24 (100%) 0.82 1.3 41
0.36 (22.7%),
THF 3.09 423 513 0.056 0.62 (77.3%) 1.2 1.0 17
0.49 (712.7%),
2-MeTHF 1.77 427 512 0.057 0.70 (27.3%) 1.2 1.0 17
0.34 (46.9%),
CHCl, 2.19 427 513 0.11 0.96 (52.1%), 1.1 1.5 12
52 (1%)
Toluene 2.64 432 511 0.17 1.0 (100%) 0.92 1.6 8.1
1.2 (95.8%),
2-Methylpentane 2.32 429 510 0.16 6.1 (4.2%), 13 1.1 6.1
Hexane 2.41 428 509 0.13 1.0 (100%) 1.0 1.3 8.6
LGaMe
Solvent e/10*Mcm™? Aabs / NME Aem / nM? Dp ¢ 7/ns 1 ke /108571 ke / 108 5718
0.36 (99.6%),
MeCN 2.08 440 514 0.14 6.5 (0.4%) 1.2 3.7 22
0.63 (57.0%),
THF 222 442 516 0.11 0.83 (43.0%) 1.2 1.5 13
2-MeTHF 1.88 440 515 0.10 0.67 (100%) 1.2 1.5 13
1.1 (98.9%),
CHCl; 2.27 440 518 0.15 6.8 (1.1%), 1.2 1.3 7.6
1.4 (98.2%),
Toluene 2.35 444 516 0.19 7.6 (1.8%) 1.2 1.2 5.2
1.3 (95.9%)
2-Methylpentane 2.55 441 512 0.17 6.6 (4.1%) 1.1 1.2 5.6
1.3 (98.4%)
Hexane 2.29 441 512 0.18 7.2 (1.6%) 1.1 1.2 5.8

¢ Photophysical properties were recorded for 1.0 x 107> M solutions. ®* Molar absorption coefficient. ¢ Wavelength at
absorption maxima. ¢ Wavelength at emission maxima. Excited at absorption maxima. ¢ Absolute quantum yield determined
by an integration sphere method. absorption maxima./ Fluorescence lifetime determined by time-correlated single-photon
counting. Excited with an LED laser at 375 nm. ¢ Radiative (k) and non-radiative (k) decay rate constants calculated with

the following formula: & = @pr / <t>; knr = (1 - Dpr) / <t>.
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Fig. 3. Lippert—-Mataga plots for (a) LAIMe and (b)
LGaMe. Af denotes the Lippert’s polarity parameter of
solvents.
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Fig. 4. Normalized photoluminescence spectra of (a)

LAIMe and (b) LGaMe in each solvent (1.0 x 1075 M)

at room temperature and 77 K. Excitation was carried out

at each absorption maximum.

Fig. 5. Photographs of (a) LAIMe in the crystal state and
LGaMe in (b) crystal and (c) amorphous states under
natural light and UV (365 nm) irradiation.
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Light and Small-Angle X-ray Scattering Measurements on Low Molecular Weight Poly(styrene
sulfonate) in Dilute Solutions

TR PR RS ST - SEANTZ
Yo NAKAMURA, Fumi WATANABE, Akiyuki RYOKI
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Four sodium poly(styrene sulfonate) (NaPSS) samples with different weight-average molecular weights My ranging from 9 x 103 to 2

x 10° were prepared by sulfonation of polystyrene samples. Light scattering measurements were made on these samples in aqueous
NaCl to determine Mw and the second virial coefficient as a function of the salt concentration Cs. Small-angle X-ray scattering
measurements were also carried out to determine the mean-square radius of gyration and the particle scattering function at different
Cs.  Analyzing the obtained data, the stiffness parameter and the excluded-volume strength were determined as functions of Cs.
These molecular parameters for NaPSS were close to those obtained by Iwamoto et al. by analyses of the intrinsic viscosity data.
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Scheme 1. Scheme of NaPSS synthesis.
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Figure 1. Berry plots for NaPSS-23 in aqueous NaCl
solutions with the indicated salt concentrations.
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Figure 2. Kratky plots for NaPSS samples in aqueous NaCl
(0.1 M) solutions. Solid lines show the calculated values by

eq. (3).
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Figure 3. Mean-square radius of gyration for NaPSS in
NaCl aq. with the indicated salt concentrations plotted
double-logarithmically against Mw. Solid lines show the
calculated values by eq. (5).
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Figure 4. Second virial coefficient for NaPSS in NaCl
aq. with the indicated salt concentrations plotted
double-logarithmically against Myw. Solid lines show the
calculated values by eq. (6).
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Figure 5. Stiffness parameters for NaPSS (filled circles) in
NaCl aq. plotted against Cs™2.  Circles, values determined
in this work; triangles, values obtained by Iwamoto et al;>®
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Crystallization near Crack-Tips of Natural Rubber Characterized by Micro-scale DIC
and Micro-Beam Scanning WAXS

T fdiE! + Tam Thanh Mai! « 2280 &% - HH

S MU e Al

Kenji URAYAMA, Tam Thanh MAI, Tomohiro YASUI, Ruito TANAKA, Shinichi SAKURALI,
Katsuhiko TSUNODA
'Department of Material Chemistry, Graduate School of Engineering, Kyoto University
*Department of Biobased Materials Science, Kyoto Institute of Technology
*Sustainable and Advanced Materials Division, Bridgestone Corporation

Strain-induced crystallization (SIC) in natural rubber near crack tips pronouncedly enhances crack growth resistance, but the
relationship between local strain field and crystallization remains unclear because of confined and heterogeneous characteristics. Using
micro-scale digital image correlation and scanning wide-angle X-ray diffraction (with a narrow 10 pm square beam) complementary,
we elucidate the distributions of local strain tensor and SIC near the crack tip and its peripheral zone. The analysis indicates a tight
correlation between these properties. In the peripheral zone, there is a proportionality for the tilt angles of both the principal strain axis
and the crystal orientation relative to the crack opening direction. This linear relationship shows that shear strain plays a crucial role in
determining the crystal orientation. Importantly, the maximum tensile component in the tensor of local principal strains governs local
crystallinity. This simplicity arises from the limited change in deformation type within the SIC region between planar and uniaxial
extension. These findings enable to calculate crystallinity distribution using solely strain field data, providing valuable insights into the

role of SIC in enhancing the crack growth resistance.
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Figure 1. Experimental setups for p-
beam scanning WAXS and p-scale

DIC.

Revealing the crack-tip strain field
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Figure 2. Two-dimensional mapping of WAXD patterns around the crack tip including peripheral zone. The

patterns are mapped on a grid of 21 points on the X-axis and 75 points on the Y-axis, each separated by 40

pum. The strain-induced crystallization (SIC) zone, highlighted in yellow, surrounds the crack-tip. It is

defined by a boundary with less than 1% crystallinity, marked by red circle patterns.
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Figure 3. Spatial distributions of local tilting of
principal strain axis and crystal c-axis near a crack
tip. (A) Deformation of a square finite element due
to crack-tip opening at two distinct positions, i.e.,
near and distant from the Y = O line. (B) Spatial
distributions of the angles of major principal strain
axis (¢) and crystal c-axis (¢) relative to the Y-axis
in the vicinity of a crack tip and its peripheral zone.
The notations (1) and (2) designate the directions of
the major and minor principal strains, respectively,
within the local strain tensor. The angle ¢, at each
specific position within its spatial distribution is
evaluated concurrently at the identical position as
the angle ¢ in its respective distribution. (C) Plots
of ¢ against ¢, for all measured positions. The
dashed line represents the line with a slope of unity
for comparison.
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Figure 4. Spatial distribution of local strains around a crack tip. Two-dimensional distributions of (A) true
strain &y in laboratory coordinate, (B) major principal true strain €1, and (C) strain biaxiality of principal strains
&/e1 for a pre-notched NR specimen subjected to an applied macroscopic tensile true strain of 0.62. The dotted
line depicts the iso-& line of & = 1.3. (D) Comparison between the SIC zone (as shown in Figure 2) identified
by micro-beam WAXD measurements, and the area where &, > 1.3, as determined by micro-DIC. The iso-&
line of & = 1.3 closely parallels the boundary between SIC and amorphous states.
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Development of Monomers for Post-Polymerization Modification Enabling a Library Synthesis of
Sequence- and Tacticity-Controlled Polymers
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Makoto OUCHI, Xiaoyan XU, Yuehang PAN, Tamaki KONDO
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

We have designed some pendant-transformable monomers suitable for selective radical cyclopolymerization, alternating radical
copolymerization, and stereospecific radical polymerization to achieve a library synthesis of sequence-controlled polymers and

isotactic polymers.

Importantly, the polymerizations and the post-polymerization modifications allowed syntheses of such

(co)polymers made of commodity monomer units such as (meth)acrylate, styrene, acrylamide, and vinyl ether carrying various
pendant groups. The properties/functions derived from sequence and tacticity were also evaluated through comparison with the

non-controlled counterparts.
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Figure 1. Postpolymerization modification (PPM) and
examples of PPM monomres.
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Figure 2. Alternating copolymerization or stercospecific
polymerization of pendant-transformable monomers and
postpolymerization modification (PPM) for a library synthesis
of sequence-controlled polymers and tacticity-controlled
polymers.
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Figure 3. A library synthesis of isotactic polymers via
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