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HMERICLDINBEUERIFOER : THANBEFEITL LI A—DEA
Degradable Polymers vis Addition Polymerization:
Introduction of Trigger for Backbone Degradation
KW @k - 1)1 [l « Haiwang Lai « #EH 182 - B % - KK K¥0 - BH EK
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

It is difficult to synthesize degradable polymers via addition polymerization of vinyl monomers because the monomer units are
connected with carbon-carbon bonds of higher bond energies dislike ester bonds in polyester and amide bonds in polyamide. Recently
polymer chemists have made efforts to introduce “trigger” at the terminal, pendant, and backbone for preparation of “on-demand
degradable polymers”. Particularly, such on-demand cleavage of the covalent bonds in polymer chains has become increasingly
important for the development of environmental-friendly polymer materials to alleviate the current polymer-waste pollution resulting
from the polymer dependence of society, as well as the construction of smart nano-delivery systems. In this paper, some examples of

comonomer design for introduction of triggers are described.
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Fig. 1 Degradable polymers carrying trigger at terminal,
pendant, or backbone.
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incorporation of C-Cl bond trigger and the degradation by
metal complex.
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Fig. 3 Radical copolymerization of MMA with NBVE and
the degradation of the copolymer by HAT catalyst via
activation of C—H bond on the NBVE units.
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Fig. 4 Radical copolymerization of MMA with Bpin
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copolymers by nucleophile (TBAF), Mn complex, and
catechol.

5 EBLESICLDM)HA—EA
FIANATMEETHOLNLRY v —OEHTH A~

FNF—DREWVIRFE-RFEE TORPB T EE AT

5o b LATINES O THRERIEMET 2 2 VMU &



I L TEMEETIUE, BHIC~T el 2SR Y ~—»
L 9 D, EHIIA~T rFEZHEATENL, (HNEE
*éﬂ%*ﬁf ENTEARY ~v—Th O RNt aft 5T
RN DD, —HEEGEATOARRKE v—%aE/
‘7_& LTHW, BRERZES BT DU NLEGIZ L -
TRtk o 2GR LT En s ST Y, Mgt
BTH, BIRKTF T o7 kX —)LTH 55, 6-benzo-2-
methylene—1, 3—-dioxepane (BMDO) & X% 7))L A w7 ==
NAZZ Y L—h (PRMA) T CHNVEATHLNDRA
Uy FRY v —PEETORMEIICL > T2 2T RS
EREHICHET AR ~—%& G52, WESMFCHMTEER
Ve—%2 Bl TELI LZHELTND (X5) .

Excess
o i Radical n
\/ Copalymn o o
F F

O,
repma = 0.78

gmpo = 0.13 Alternating-rich

Copolymer

iwr%

Methacryla!e

Pendant: Transformable
Backbone: Degradable

HN O

BMDO
F PFMA

BMDO I Ima = 34.07
(I) 0 ’swpo =0.03
MMA

Msthacry!am/’de

Fig. 5 Radical copolymerization of PFMA with BMDO and
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syntheses of degradable polymers.
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Development of Stimuli-Responsive Luminochromic Materials Based on Boron Clusters

R —4 - M IEAT - JFRIR —RK
Kazuo TANAKA, Masayuki GON, Shunichiro ITO
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Recent reports have shown potential applicability of boron complexes and clusters as an element-block, which is a minimum functional

unit containing inorganic element, for advanced stimuli-responsive optical materials in the solid state. Here, we develop stimuli-

responsive luminochromic materials based on aggregation-induced emission (AIE)-active element-blocks, which can provide intense

emission only in the solid-state. Initially, we show that the thiophene-substituted boron complex can demonstrate multi-step

mechanochromic luminescent properties. In particular, even by weak mechanical forces, luminescent chromism can be observed. Next,

by introducing a single o-carborane unit to pyrene, luminochromism originating from switching of different emission mechanisms

triggered by mechanical stimuli are explained. Furthermore, multi-step mechanochromic luminescence was observed. In this study, it

is demonstrated that the AIE-active boron complexes and clusters plays a role in stimuli-responsive luminescent element-blocks.
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Current reviews and perspectives on spider silk and its spinning mechanism
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Structural protein is one of the key molecules to realize the unique properties and functions of natural tissues and organisms. However,
use of structural proteins as structural materials in human life is still challenging. One of the major drawbacks of protein/polypeptide-
based materials is their limited synthesis/process method. Our research group is interested in marine purple photosynthetic bacteria as
ideal organisms and platforms for production of useful materials to reduce production costs and to contribute sustainable society,
because they can utilize sun energy, seawater and carbon dioxide and nitrogen gas in the air for their growth. To establish the
fundamental platforms for photosynthetic bacterial technology, we are currently developing peptide-mediated transformation and
protein introduction methods for alga and photosynthetic bacteria. These new methodologies will be able to support the high-throughput
characterizations for biopolymer productions. Our research group also reported the new finding in spider silk spinning, which is
essential to clear the hierarchical structure of spider silk. The scalable and sustainable synthesis method along the clarified structure-
function relationship of natural proteins provides a new insight for structural and functional material design of amino acids-based

polymers.
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\'/ GGAGQGGYGGLGSQGAGR GGQ
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Fig. 1 (a) Schematic illustrations of the domain structure of
Major Ampullate Spidroin (MaSp). (b) Typical amino acid
sequences of MaSp1 and MaSp2.
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Fig. 2 Schematic illustrations of the domain structure of Major Ampullate Spidroin (MaSp).
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Fig. 3 Silkome database. (a) The top page of Silkome website. (b) One of the spider pages shows the information of spider and the
mechanical, physical, and biological properties in addition to the sequence information of spider silk.
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Analysis of Moving Crack in Polymer Soft Materials
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Kenji Urayama, Thanh Tam Mai
Department of Material Chemistry, Graduate School of Engineering, Kyoto University

We investigate (1) the subsonic-to-supershear crack transition, (2) the effect of strain-induced crystallization (SIC) on crack
propagation, and (3) the stationary crack under various types of biaxial strain, for the rubbers. Regarding (1) and (2), we employed a
Mode-I geometry in which a wide-width specimen was uniaxially stretched to a targent elongation (1), and then the crack was initiated
from the sidewall of the specimen. The steady-state growth velocity of crack (7), and the crack-tip properties such as crack-tip opening
displacement and strain singularity were investigated as a function of A. For (3), a sample sheet having an initial notch with a control
length was subjected to various types of biaxial strain, and the crack-tip properties were investigated as a function of imposed biaxial

strain.
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Fig. 1. Schematic for the experimental setup for
crack-growth observation.
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Fig. 2. Steady-state velocity of crack growth as a
function of imposed pre-stretch for a CB filled SBR.
The A dependence of shear wave speed is also shown.
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Fig. 6. Steady-state velocity of crack growth as a
function of imposed pre-stretch for a synthetic
cis-1,4-polyisoprene rubber. The A dependence of
shear wave speed is also shown. A* denotes the
onset stretch for SIC.
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as a function of imposed stretch. A* denotes the
onset stretch for SIC.
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Fig. 9. Crack-tip strain field of &y under planar (PE),
unequal biaxial (UB), and equibiaxial (EB)
stretching compared at the same degree of imposed
strain in the y-direction (Ey = 0.1) for a PDMA gel.
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Fig. 10. (Left) Area of finite strain caused by crack
growth and (Right) crack tip opening displacement
as functions of imposed nominal strains in the x- and
y-directions.
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Fig. 11. (Left) Area of finite strain caused by crack
growth and (Right) crack tip opening displacement
as a function of energy release rate (G).
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Particle Size Dependence in Reinforcing Effects of Rubber Filling Systems
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The effects of the particle size on the reinforcement of the fillers in vulcanized poly(styrene-co-butadiene) (SBR) at glassy region. In
the case of SBR/ carbon black (CB) with smaller CB, the voids in the aggregations increases the volume fraction in SBR/CB particles
so that the enhancement of the modulus become stronger than the prediction of the Eshelby/Mori—Tanaka model. On the other hand,
the enhancement of SBR/CB with larger CB particles agrees with the theory because the voids working as filler does not exit. The
enhancement of SBR/Silica obeys the theory though Silica particles forms aggregation. This is because the silica particles forms branch
structures with mass-fractal and the voids are not formed in aggregations.
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Figure 1  Effects of PHR of CB on the viscoelasticity for N330(a) (b) and N990(c)(d). XX in CB XX
stands PHR of CB. The reference temperature is -60°C.
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Development of vaccine using self-assembled nanogel DDS
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In the development of next-generation vaccines, it is important to develop drug delivery system (DDS) technology that selectively
delivers antigens and adjuvants to antigen-presenting cells and other immune-related cells to efficiently activate the immune system.
We have developed a self-assembled nanogel DDS based on hydrophobized polysaccharides with molecular chaperone functions.
Subcutaneous administration of a cancer antigen protein/peptide complexed nanogel vaccine is useful for cancer treatment by induction
of killer T cells. We also developed intranasal vaccine using cationic nanogel containing a pathogen antigens for preventive vaccines
against infectious diseases and lifestyle-related diseases. Recently, the development of a COVID-19 protein vaccine using nanogel

DDS is also underway.
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The molecular mechanism of self-sorting of amphiphilic copolymers
B Pl R
Tsuyoshi KOGA, Nami SATO
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Amphiphilic copolymers with hydrophilic and hydrophobic chains induce self-recognition and self-assembly into the most

thermodynamically stable micelles comprising hydrophobic cores and hydrophilic surfaces in water. When copolymers with different

contents or chain length of hydrophobic chains are mixed, the copolymers recognize chains with identical content or identical length,

and preciously self-assemble into thermodynamically stable micelles, which is known as self-sorting. We study the molecular

mechanism of the self-soring phenomena by using all-atom molecular dynamics simulation methods.
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Fig. 1 Time dependence of the radius of gyration of a PEGMADMA chain. The radius of gyration of the whole
PEGMADMA chain, PEGMA and DMA groups are shown by black, red, and green lines, respectively.
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Fig.2 Snapshots (a,b) and the number density profiles
(c) of intramolecular micelle of PEGMADMA by all-
atom MD simulation. PEGMA and DMA groups are
shown by green and red in the snapshots.
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atom MD simulation. PEGMA and BMA groups are
shown by green and red in the snapshot.



3—2. ELIY—=F4aY

R COERERIT H7-01I2, £2JFF M I = Lb—
ar TN YT 4 T BROFHRERF L, 22
T, BUEITAWZBRAK R BMA D4R 2/3 T 102 Bk
PEGMABMA & 7K 3 DMA D4y 243 1/3 T 57 &{A D PEGMADMA
DX EFES L7 1 v 7 EA R PEGMABMA-b-PEGMADMA
ERWEHEETolm, 207 vy Z7EAKD MD >3
2l—varhbGohizAFy Ty ay NER4AITRT,
2FEHOES TN ENENEE L Tayn oIt s
ERLTEBY, 2FF a2l —2a TN BELE
BT ALV T =T 4 v TRBEHA T EEX
bND,

Fig. 4 Snapshot of PEGMADMA-b-PEGMABMA
copolymer by all-atom MD simulation. Hydrophobic
groups (BMA and DMA) are shown by green and red,
respectively.
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Fig. 5 (a) Schematic figure of periodic associating
polymers. Associating groups are shown by red spheres.
(b) Snapshot of intramolecular micelle of a periodic
associating polymer at fe, =4 and n = 40.
(c) The length-force relation of the periodic associating
polymer.



ZOEFITVWbhY DL T br B TIER S, 2L
VMM TH D, DAERTOMEER TN/ NSRRI
NWEAEAI L L TWAHOTH LB EMIET DIZKRE T
N THDHZ EE2RLTWD, 1103H 5 RE (X 5(c) D
Wadffa=2) $TETDHEAMICIBLVORENEX,
BB &I NS, ZO®BIT, SIEHEENTHDE7®
WEHRRED S OB E HE D ZF 20T, HoEH L
HEOBRIZHEERANR L2 OEBHEOBEA LRI CICR D,
I BIES - REREIMRIZ S TN I B AVBR TRV R A
RIETZ W5,

B THEOMEFIFE MO TWA X oI, B - Mk
BIRF (R, TN mdUE, TNEFENT 5 Z & TV AR
VIRV F—FRTEHETHZ LM TE S,

R
F(R,T) = f FR!, T)AR' @
0

ZOBBRRERAVTE 5() IR L TWDEUKE#ES LT
WA (Bey, = 4, TRAY) & BUKEEN 2 WA (FFHR,
Bea=0) L DENG | BUKEEIZ L2 AR ¥ -2k
IR TXEBEILND,
INHOMBIZESNT, &M YIab—va
EFHOVCTH2 EK3ITRLTWSL NI BLEBAT D
Z/1:"C PEGMADMA & PEGMABMA O K& 5| ~3EY B &
R OBRE T~
RNENTTEHGEDA Ty T ay &K 6 IZRLT
W5, BHORMEESI>HED Z LTI RADHEL, 5l &M@
IEEN T BT85035, PEGMADMA & PEGMABMA (Z5%F L
T, 52 b KuniEBER TR M & B E L CREROFH
TV, PHPRECORSFR N EFHE LTz, HREEX T
12/ LT 5, PEGMADMA DA ITiE. ® 5(e)icR L-f
by I 2 b— g CORFR EFERIZ, PREEOMEHER
TEHZRFEIEABAN T Y . 20BN I B/LOREICL
BRESITHD EEZ BILDH, PEGMABMA DIGAIZ & [FERD
EH2HONDRAEONED, I EHEIELDICHLERIRE
JIDEILDMA DEEITIEARD L/NE L 725 T D, ZAUE,

Fig. 6 Snapshot of elongation process of a PEGMADMA
chain. PEGMA and DMA groups are shown by green and red
respectively.
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Fig. 7 The length-force relation of PEGMADMA (red line)
and PEGMABMA (green line).
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Precision synthesis of supramolecular polymers

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

Since 2014 we have developed living supramolecular polymerization, reminiscent of living polymerization in polymer chemistry,
which has permitted to synthesize supramolecular polymers with controlled length and narrow length distribution. The key to this
success was to control supramolecular polymerization under kinetic control, which was achieved by transforming active monomers
into a dormant state. Originally, this was possible using porphyrin-based monomers, but the concept has been generalized using other
monomers which undergo in a similar supramolecular polymerization mechanism. With the mechanistic insight into mind, we have
also succeeded in the synthesis of block supramolecular polymers and two-dimensional supramolecular polymers which were
otherwise impossible to obtain in the conventional supramolecular polymerization under thermodynamic control.
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Fig. 1 (a) Structures of porphyrin-based monomers used in this study. (b) Supramolecular polymerization of 1 under kinetic control.
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Fig. 2 (a) Energy landscape of self-assembly of 1. (b) AFM images of seeds (left) and supramolecular polymers (middle and right)
obtained by seeded/living supramolecular polymerization actualized using monomer 1.
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Fig. 3 Energy landscape of self-assembly of 6.
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Fig. 4 Two-dimensional living supramolecular polymerization, which permitted to synthesize supramolecular nanosheets with

controlled (a) area and (b) aspect ratio.
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Fig. 5 Photoregulated living supramolecular polymerization'. (a) Energy landscape of supramolecular polymerization in which

nucleated-supramolecular polymerization is coupled with photoisomerization. (b) AFM images of supramolecular polymers of which

the lengths are controlled by changing the photoirradiation time.
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Controlled synthesis of polystyrene and its block copolymers by emulsion

organotellurium-mediated radical polymerization

L= 7% + Yuhan Jiang - Weijia Fan - 2P HEER
Shigeru YAMAGO, Yuhan Jiang, Weijia Fan, Masatoshi Tosaka
Institute for Chemical Research, Kyoto University

Structurally controlled high-molecular-weight (HMW) polystyrenes (PSts) and block copolymers consisting of HMW PSt segments
were successfully synthesized by emulsion organotellurium-mediated radical polymerization (TERP). The hydrophilicity of the
organotellurium group of TERP chain transfer agents (CTAs) was important, and CTAs 1b and 1c¢ with di- and tetracthylene glycol
units were suitable. By using 1b and 1c¢ and using hexadecyltrimethylammonium bromide (CTAB) as a surfactant, PSts with MWs
over 1 million and with low dispersity (P < 1.6) were synthesized with >96% monomer conversion. Because of the high degree of
monomer conversion, high end-group fidelity, and rapid monomer diffusion to polymer particles, block copolymerization could be
carried out by the addition of a second monomer after the conversion of the first monomer. The desired HMW block copolymers with
low dispersity were successfully synthesized. Despite recent developments in reversible-deactivation radical polymerization (RDRP),
which is also called living radical polymerization, the synthesis of HMW polymers has been a formidable challenge. This method
provides a valuable route for fabricating polymer materials based on HMW PSts.

1. ¥#8

VBT T VHNEEE BTN D AR T P
FVEE (RDRP) DREITDOEHSIT, TV B AEAITHB
THREESCES ORI % ATREIC L= Z L Dm0 Rk
FICRE B EEE L2517, Lo L, RDRPTII%ES
W ENKIGERLS TZERTERVWIE DY, BN TR
# (HMW) ORI ~—HRRIIRE 2L > TWD,
FEARAYIREE SCENZ TEME 72 &0 W < O D B 2R YRR
Wil R ~—0n TR LIF5Z L THETE DL
B, ZOMBEOMRRPTRS BEN TV D,

BITZ <TEOD | FBERFECRONIE /) v—T
I, TCITENE T EBADEE S T BEEOE R H
HINTWD, > #il2E, BEESRETIZE N T, HMWR
U727 L— R ZF L (PSts) DEEBHRE SN
TWDD, FRERZRSEE 2 7 2 7o OIS K EAEFE T AN
EThd, WEOH—ROBEBEFMHTTIE. (X&) 77
Vb—hzE/~v—C LESA RrBHT OHNLVER
(ATRP) | S7HH# A~ AN T P HVES (BIRP), 8 A
WA EEES R B E A (RAFT) %1 2L D@0 TEE
DEEPHREINTND, —F, O —DOEERE /)~
—THDIAF LK T HEIFmMO TRONATEY ., +7
P EDSy T @ E RO E S T BPSts DA TS 2 32T
HD, PZoOMEITT ey 7 HEASROGKICBNTE
LICHAEIC R, +HEBZ D0 FROARANITE S5icdh
D0 TR T2 Y b— hORERIGEE T kb
(kp [methyl acrylate] =2.4 x 10*mol L' s1) 725, RF L

(kp [styrene] =3.4 x 10 mol L' s') Llhfg LT/ <, Al
FHTIXERFHCTEEGVE T T 50T, FILKIEDEH G/
InewtEZHhD, 12

SFENE G B HPStORDRPIC L 524 FKIE. EEH
A ARk L (PISA) &MFIZRWT, 10 T L LI
Z VB )VESA (TERP) 20 & RAFT?H2% W= BIIZ IR &4
%, PISATIIERIEAE D F I BANTEZ A7, A
fEEATESALILTOVDOMEEZNRIZ LY | AF 1R 23
DULIcledThDeEZXLND, BPRLIEN-T, HmElh
PR Z AW CTEEZT O HMARH(LESICBWYTH, &5
T EROPStOERRMN FAEETH B L MIFF S b, Hiffizadl
fLEARTE, 7 ry 7 EEEGEOEGHITE N TS, PISA
LIV LEHERS G TRIAPMTAAZ L MG TE D, £
T, HihHLEESGMEEAVAIBE S T REDRE
PSt& &0 T BIROPStE & 1 v 7 LHEA KO EKIZD
W TR EIT - 72,

COX Ph VA-086 or hv COX Ph
P A
TeR Surfactant [~TeR
1 H,0, 80 °C

A:X=H,B: X=Na
a: R = Me, b: R = (C,H40),CHj3, ¢: R = (C,H40)4CH3

VA-086 = HO(HZC)ZHNOCXN‘\NXCONH(CHZ)ZOH

Fig. 1. Emulsion TERP of styrene using water-soluble TERP
agents.

HAKAJIZIZ, RDRPO FiEE LCTH A BHAELTWD
TERPZFIH L7z, 2% Fpilhilt. BV B % FFOTERP
HEHBEE] (CTA) IAOHFIC L 0 AU A KEHDF RV



T AEIBEH WA Z LT AX VL — b ET U L—F
DT~/ 5 YTERPIZFKEN L T\ 5 (Figure 1) , 2% 2
T, =~/)L¥ 3 »TERPIZ X 2HMW PStO AL & et L=,
2. ERERiE

HEMNBEEREDOFIE

1Aa (9.2 mg, 40 pmol) , 2,2'-azobis[2-methyl-N-(2-
hydroxyethyl)propionamide] (VA-086, 5.8 mg, 20 umol) 5 &
Uthexadecyltrimethylammonium bromide (CTAB, 400 mg, 5
wt% to water) & i L7zl 47K (8.0mL) IZIRA LT-
#% . NaOH/KA#Z (0.51 mol L', 80 pL, 40 umol) % ¥RAN4
HZ LT, 1IAZKIEMEDIBa ~E B L=, £ IZIT St
(0.92 mL, 8.0 mmol) ZMX7-t&., WKERIE LN D
80 °CCTHMEA L=, SUSD—ER (K 100 uL) % EHIAYIC
HEWY | ARy % CDCls G L7-#., 'H NMREIE
LV ) ~—iEHhRERDE (Fig.2) . AL CDClL A
% SEC ZmATIC M Lz, E72. SR ENA 4K T
R L 7cth, BIFEHELERE (DLS) IS K VR HRD
Too 2WeHtA . £/~ —EHEITI4%ICE L, SECHHTIC &
DMy (20,300) D (1.28) %Kiz, E7=, 5 H472PSt
KL A TR FBE d=334nm, Z5HUE PDI=036Th -7,
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Fig. 2. a) Conversion of St (red) and polymer particle size
(blue) vs. time, and b) molecular weight (red) and dispersity
(blue) vs. conversion of St.

3. ERLEER
3-1. IRIILPaVvERDOEH#KE

ETREEERONRET D720, / =4 R Am

EHRICHIRY AFF Ly (20) EFLrm—T b

(Brijs8) . A AU MREIGEHERITH D FT VILEEERT b
U (SDS) E~FHFIINNRYAFAT VE=D LT
23X K (CTAB) ZHW-EEEMF Lz, TR
G PEA 2 KIS LTS wi% Vv, 1Aa (X =H,R=Me) &
NaOH (1.0 equiv.) 7°5 in-situ THK L7= 1Ba (X = Na, R
=Me) &. 7V BALAEKITEH HVA-086 (0.50 equiv.) & H>,
200 B DSt (10 wt% to water) %80 °CTHEAL 7=, T DfE
K. Brijs8x HHW2GE Tid, R ERY v —hHF D57
BV B I AME > 72— J7, SDS & CTABZ VY
72358, HIEAE LM ELE, 2, CTABZ AW
. R ) v 72E), bbb B v i hERR
HE—UOHEEICHE D LT, BOES R (M) 1XE ) v —
T ESRIZHAI L, oHUED LKA > 7= (Fig. 2, Table 1, run
D o Fiz, B (d) boFEIC LM P OEREM 2R
L7=Z &b (Fig. 2a) . BIFHICHE S RIEREANTE
LS D Z & CTREMGPEITL TN D Z LR S
N7, 728, Brij58& HWGA IR Y ~—Ri 7Dk »
BRIENT-Z Enb, IBALDORENLB—ML RESH
ICEETH DM RSN, PME KIEREOE
i L TE LT, 6 WLED 7> 7% H Wiz
Photo-TERP 44T b [FEROFALEA ST L1z, 3032 =
DEMETIET YV BRBAIB AR E 272D, LLFOFEBRTIE
Photo-TERP %R L 7=,

WIZ, CTAB DR ZMET L 7=, KIZH LT 5wt% (140
mmol L) & W) IREIZCTABDOEEN I E/VIRE (1 mmol
L) K0 b TEWZD, 3 CTABOREZ2H HVME 1
W%l D L CTEAZTTo72, L, EEERENMENT
% &3z, GHEPOHIEMMET Lic, ZOHFEITHNT
HR U =R T ORENBI SN Z Enb, LT D%
T, Swt% ® CTAB %M L7-,

L OBFHAREICE W T, 1Ba, AF L v, BIW
CTABDOIREMNPEALZ T OUNNII BV ETERT 52 &
BHBNE o7z, Thbb, IRFHRERKRE RS (7
HRE) 75 &, WIRITAER L7220 . DLSOHTIC LY,
EAAIS5 nm CHIGEM: DY A X454 % FF> 2 BV DI

AENT-, F£7=, DLSTIE, E/ v —KiHICxRT 5 HE
B~7000 nmDO KX LRI T NOBFETH T & LI HMNIT
ole, TNHORERIL, BIEOREN A 7 n<w Ly
VR THDLHZEETRRLTCND, &HIZ, ZZTHLBR
C L RVREMITEIRET 5 L EADEITL, R ~—F
T 7 AV STz, T~ — e bR IFARF R ZIZ91%IC
EL, FREESBE LRI EPStAE LN, &
OFIFEORRE X THIES 2T RWVWES LIZIER L TH



otz o, WEMOPHRAET -7 5HE b, KHMIC
A CRE R E D 2 LD, B FORRCETRRA %
oA £ 12,

Table 1. Emulsion TERP of styrene using water-soluble
TERP agents under photo-irradiation”

Run 1B Equiv, O M e 4
% x 103 nm
1 a 1,000 90 100 116 426 027
2 a 2000 92 106 166 501 024
3 b 2000 90 202 117 556 043
4 b 5000 92 491 119 577 030
5 b 10000 91 966 145 628 036
6 ¢ 4000 94 396 125 485 024
7 ¢ 10000 93 974 134 573 040
8§ ¢ 15000 94 1250 138 635 042
9 ¢ 20000 73 1320 157 601 043

10/ c 5,000 96 538 1.31 388 0.34
11 ¢ 15,000 90 1200 149 412 031
128 ¢ 10,000 90 912 153 316 0.33
138 ¢ 15,000 93 1470 1.57 368 0.37
144 c 500 59 343 118 497 034

2 A mixture of 1B, monomer (10 wt% to water), and surfactant
(5 wt% to water) in water was stirred at 80 °C by irradiating a 6
W white LED light. ®Determined by '"H NMR. °Determined by
SEC calibrated against PSt standards. YDetermined by DLS. €10
wt% of CTAB in water was used. fp-CISt was used instead of
St. & p-MCSt was used instead of St. " p-MeOSt was used
instead of St.

WIT, 1Ballkf L CRAF LU OEABERL L THTENL0
HaRBR D& FEPStE G LT, 1,000 ZDSta Hv
A BWE ) v —iR (LR CTEA Z HIH T X 7223 (Table
I, run 1) | AFLUOEE S 522,000 E(2HE0F Ll
BMER 2 VAR T Lz (run2) , —J5, KL -ERH1EE 1
B & ImERTH T2,

Fox ITBEIC, SULEAICB W TCTAR MK IEREIZRIT 5
TV EOMEERILOBEEME LA SN LTS, 2
Tbb, MUEEIIRY v —hi O LY e LAKM
WAESERICAETE T D 72 | IRIRIRBE DAL FHE 4 2R A1 E
PEALT B Z ENTEATREZIZEBLTWS, ¥ 22 TK
W B TH DI F L) a— VBB LT F T
FLro 7V a—LHEEE 2 FT HCTA 1BbEB L U1Bex H
WA E1T 72, 1Bb % 2,000 - 10,0004 & ¢ St OHE
AICHAWEEZ A, 205 ~10075 OBEGHEIZ IV M & |
1.2~ L5 DRV EEE 2 FF-D | s O filH & 72 PStD & AL
WZREI L7 (run 3 - S, Fig. 3), T X TOEFPATE /) ~—ii5

BLEN0%LL EEmnFIL, ERAEORATEETHS,
1Be I 1Bb LV & I LICENTEY ., 4,000~15,000
WE O St ZEHATDEZEICLY,90%LL EDE ) ~—ix
(LT oy T 834007 ~ 13077 D & 47 1 2 PSt % 4 i i 1)
L7273 b A T & 72(run 6 — 8, Fig. 3) . 20,0004 DSt %
WV, CTABIREE OkHiowt%) % EiF2Z &k, M,
1,320,0000PSt b ARECTE 72 (run9) o Mo DEGREN B D
PN TNEEE B oRL - 7228 (1.57) . SEC h L—
ANTHIEMETH -T2 2 LD e filiE T 2 72 & HIWE
LTW5, BB, BTRIZOVTIE., WFhodt B
PRERIANT 2 72,

M, —966.000. D — 145
(Tuble Laum 57 ™

M, =074.000.8=1.34_

~ =201.000.B=1.19
(Table 1. ron4)

(Table L.run 7) \{”j%= 395.000. =125
M, =1.350.000. D= 1.38 \ {Table 1. rua €)

(Table 1.run §) =202.000.D=1.17

M, \ \ (Tahle 1. un 3)

=1.320000.D=157

(Table lL.run §) ™ /

8 9 o um 1 5 1 15 16 17 s
time (min)
Fig. 3. SEC traces of HMW PSts synthesized using CTAs 1Bb
(Table 1, runs 3-5) and 1Bc (Table 1, runs 6-9).

32. ITNT a3 ESO—RIEDRE
WICZDFED— % BT Loz W THET L
7= (run 10-14) , EEBELEZFFOSL, T72bH p-7r o
BAF L (pCISt) X p-A FFTHNLR=ZAVAF L
(p-MCSt) IZFEFICHE L TRV, 5,000%>515,0004E0DE
Jv—E R0l Z A, T v LERIT0%LL EITE
L. SHUENL3I~1.57O&E ORI S - BEAHKES 5
LN TET (run 10-13), SECHMT OGN At #eaY- L 7 )L
DIRNTZ 4y T EROFIEICE U CITs i+ 5 2 &
XTE oM, Ak LIZEAKROSECIEWV Tt Hik
PETHY . mECHBESN T\, —F., Erit5tef
THAF LY, TROL p-A MFTZAF L (p-MeOSt)
BESTEBEOARICAMETHY ., D TENSHBRESE
TLOEAHIBENTEX o7 (tun14)

33. JAyIHEAHDAER

o= Y g yEMIETE ) < — iR bR 7290%LL
EEEnwEIic, £/ ~—DRY) ~v—R -~ NN
ZEmb, TayraR) v —OARRICIEFICEL TH



Table 2. Synthesis of HMW block copolymers consisting of PSt by emulsion TERP ¢

First block Second block
Run I**monomer 2" monomer Ty Ty
(equiv.) (equiv.) cov. M pe P ppe com. M pe @ pp
(%) x1073 (nm) (%) x1073 (nm)

1 'BMAf (1000) St (1000) 3/95 143 1.28 309 0.25 20/91 215 1.43 420 0.31
2 'BMA’(2000) St (2000) 3/95 216 1.40 324 0.24 40/90 361 1.45 520 0.24
3 MMAf (500) St (500) 3/94 471 1.34 204 0.14 20/99 76.6 1.25 31.3 0.12
4 MMAf(1000) St (1000) 3/95 103 1.27 322 0.18 20/92 173 1.47 39.5 0.21
5  MMAT(2000) St (2000) 3/95 194 1.31  30.6 0.12 40/91 309 1.49 413 0.13
6 BA (1000) St (1000) 24/95 78.8  1.18 240 0.21 46/96 154 1.30 310 0.39
7 BA (2000) St (2000) 24/93 145 1.21 293 0.22 46/95 329 1.44 389 0.36
8  p-CISt (2000) St (2000) 6/92 183 1.27 190 0.20 6/90 343 1.28 211 0.22

ie first block was synthesized by heating a solution of 1Be, the first monomer (10 wt%), and CTAB (5 wt%) under irradiation with an

LED lamp. After monomer conversion reached >90%, the second monomer was added, and the resulting mixture was stirred with
irradiating an LED lamp. For methacrylates and acrylates, a 3 W LED lamp was used at 65 °C. For St and its derivatives, 6 W LED
lamp was used at 80 °C, except for runs 2, 5 and 7, in which a 3 W LED lamp was used. ?Determined by 'H NMR. “Determined by
SEC. “Determined by DLS. °CTA 1Bb was used instead of 1Be¢. 'Ditelluride 2 shown in Fig. 1a (1.0 equiv.) was added.

5, T, V7 ay s LESKROEM AR LT (Fig. 4a,
Table 2) , 2634

F791Bb % HV TSt (200 equiv.) & tert-butyl methacrylate
(‘BMA, 200 equiv.) 25757 0y 7 EAROAKELT
o7, ¥, BMAZEAET HEEICIE, T CICHELTWY
DEIITHWMEOHIEE®mD LD, VT NANLTA R 2b

(R = (C2H40)2CH3 , CTA (2% LT 1.0 equiv.) Z¥INL
Joo 203 oo JHEEEOGHK TR, BEETLE/~
—DIEFENEE L 725, FEEE, ETSt2EE LIZEZIZBMA
ZEHA LIEBEE . 20%FEE OPSt~ 7 1 BIAHI DO FRAE A RS
INTz, 22T, EETHIEEEZD L. T XTOPBMA
~ 7 aBBANIHEE L, LHr0T 0y 7 HEAENEGET
X7,

FITWIC, A7 ey 7 EEARO &S T ELE R
TH72D, TNENDE ) ~—E%41,00024 B |[ZHEL L

(Table 2, runl) , 723, FEEGEEGHROMRI L, CTA
L LTIBb OV IZIBe =, 7/ U K& LTE2b @
RV 122¢% 4 L7=, PBMA~ 7 T CTA (Ma = 143,000, P
=1.28) %#95%DBMAGHLFE CTEHRR Lok, 5O HiK
ISt MZ TMEY - fi+ 22 L Ccoym vy 7 RBEAEIT-
Too TORER StOEALEHRITI%ITE L, HAED ITM, =
215,000, D = 1.43% FFoEEORIE S =@ o T 'KV 7
By ZaR)v—23Ebhi, FUCHEEZRF>LY &5+
BEOVT 0y 7ILBEEER (Mo = 361,000, D = 1.45) 1T
WTCH HFE v — 52,0004 & > TART DI EMNTE
72 (un3) ., 7 vy 7 HEELSFIMEZOSECHHH, v 7 25
WARIOWERE | #iizizT vy 7 LESROERDPHR S
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Fig. 4. Synthesis of block copolymers by emulsion TERP. a)
Procedure and SEC traces before and after block
copolymerization for the results shown in Table 2, b) run 2, c)
run 5, d) run 7, e), and run 8. The dashed and solid lines
represent macroinitiators and block copolymers, respectively.
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Fig. 5. TEM observations for the block copolymer synthesis
with a monomer ratio of 2000:2000, a) P'BMA, and b)
P BMA-b-PSt.
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Dilute Solution Properties of Qatarized Poly(2-vinyl pyridine)

R - AT
Tomoya CHOSA, Yo NAKAMURA
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Six Poly(N-methyl-2-vinylpyridinium chloride) (MeP2VPCIl) samples with different weight-average molecular weights My ranging
from 9 x 103 to 2 x 10° were prepared by methylation of poly(2-vinylpyridine) samples. Light scattering measurements were made
on these samples in aqueous NaCl to determine the mean-square radius of gyration (S?) and the second virial coefficient 4> as
functions of My and the salt concentration Cs. Small-angle X-ray scattering measurements were carried out on a sample with the
lowest M. to determine (S?) and the particle scattering function at different Cs.  Analyzing the obtained data, the stiffness parameter
A" and the excluded-volume strength B were determined as functions of Cs.  Although the values of B for MeP2VPCI were close to
those for sodium poly(styrene sulfonate) (NaPSS), the values of 4! for MeP2VPCI were much larger than those for NaPSS. This
was attributed to the position of the ionizing group of MeP2VPCI much closer to the main chain than that of NaPSS.
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Figure 1. Holtzer plots for MeP2VPCI-6 in aqueous
NaCl solutions with the indicated salt concentrations.
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Figure 2. Mean-square radius of gyration for MeP2VPCl
in NaCl aq. with the indicated salt concentrations plotted
double-logarithmically against M.
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Figure 3. Second virial coefficient for MeP2VPCI in
NaCl aq. with the indicated salt concentrations plotted
double-logarithmically against M.
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Figure 4. Stiffness parameters for MeP2VPCI (unfilled
circles), NaPSS (filled circles), and PAMPS (triangles)
in NaCl aq. plotted against Cs™"2.  Dashed line, fitted
line to MeP2VPCI data; solid line, calculated values by
the OSF theory.
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Improved Charge Transport of Crystalline Conjugated Polymer Blended with Insulating Polymer
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Hideo OHKITA, Hyung Do KIM, Yuya HORIUCHI
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Herein, we have studied hole transport properties in a crystalline conjugated polymer blended with an insulating polymer by
measuring macroscopic and local current density—voltage (J-V) characteristics. =~ More specifically, we employed a
benzodithiophene-based crystalline conjugated polymer (PBDB-T), and insulating polystyrenes with low and high weight-average
molecular weights (PS-L and PS-H). With decreasing PBDB-T weight fractions, hole mobility was slightly improved for
PBDB-T/PS-L and more clearly increased for PBDB-T/PS-H blend films. Absorption spectra of these films show that PBDB-T is
more molecularly ordered in the order of PBDB-T solution, in PBDB-T neat, PBDB-T/PS-H blend, and highest in PBDB-T/PS-L
blend films. In addition, two-dimensional grazing incidence X-ray diffraction (2D-GIXD) patterns of them show that PBDB-T is
more crystallized in the order of in PBDB-T neat, PBDB-T/PS-H blend, and in PBDB-T/PS-L blend films. Thus, these findings
suggest that highest hole mobility is not simply due to highest crystallinity of PBDB-T. We further studied local conductivity of
these films by using conductive atomic force microscopy (C-AFM). As a result, we found that hole conductivity is modestly
improved homogeneously in PBDB-T/PS-L films while it is significantly increased locally at phase-separated PBDB-T rich domains

in PBDB-T/PS-H films. We therefore conclude that hole mobility would be enhanced in phase-separated PBDB-T rich domains
where PBDB-T crystallites are concentrated and hence connected together by tie chains.
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Figure 1. Chemical structures of materials employed in
this study: a) PBDB-T and b) PS.
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Table 1. Molecular weights of polymers employed.

Mw Mn Mw/Mn
PBDB-T 80,000 57,000 1.4
PS-L 3,610 3,470 1.04
PS-H 131,000 127,000 1.03
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Figure 2. a) J-V characteristics of a hole-only device
based on PBDB-T neat film. Broken and solid lines
represent fitting lines by using equations 1 and 2,
respectively. b) Hole mobility in PBDB-T/PS blend films
plotted against the weight fraction of PS in the blend: blue

squares and red circles represent the mobility in
PBDB-T/PS-L and PBDB-T/PS-H blend films, respectively.
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Figure 3. Absorption spectra of PBDB-T in chlorobenzene
(gray line), PBDB-T neat (black line), PBDB-T/PS-H (red
line), and PBDB-T/PS-L (blue line) blend films.
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Figure 4. 2D-GIXD patterns of a) PBDD-T neat, b) PBDB-T/PS-L blend, and c¢) PBDB-T/PS-H blend films.
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Table 1. Coherence length of PBDB-T crystallites in films.

Coherence length Lc / nm

Lamella (100) n-stack (010)
PBDB-T 4.33 1.98
PBDB-T/PS-L 133 2.81
PBDB-T/PS-H 7.21 1.91
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Figure 5. AFM images of PBDB-T/PS-L films with different PS fractions: a) and e) 0 wt%, b) and f) 20 wt%, c) and g) 50 wt%,
and d) and h)80 wt%. Upper and bottom images are height and hole current images, respectively.
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Figure 6. AFM images of PBDB-T/PS-H films with different PS fractions: a) and e) 0 wt%, b) and f) 20 wt%, c) and g) 50 wt%,
and d) and h)80 wt%. Upper and bottom images are height and hole current images, respectively.
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Figure 7. Schematic illustration of hole transport in a) PBDB-T neat, b) PBDB-T/PS-L blend, and ¢) PBDB-T/PS-H blend films.
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Understanding and Controlling of Anti-Icing Characteristics at Polymer-Brush Interfaces
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Institute for Chemical Research, Kyoto University
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This study demonstrated for the first time that a hydrophilic concentrated polymer brush (PolyPEGMA-CPB) provided more
effective anti-icing characteristics as compared with the corresponding cross-linked polymer film or semi-dilute polymer brush
(PolyPEGMA-SDPB). In order to discuss the factors responsible for this, the properties of water inside the concentrated polymer
brush were investigated using direct differential scanning calorimetry, indicating a sufficient decrease in the melting point of bound
water inside the CPB as a key factor correlating with anti-icing characteristics. In addition, the force profiles and in-situ interface
observations during ice adhesion tests suggest that the CPB-ice interface was not iced over. These findings are very important for

novel design of ice control surfaces and thereby various applications.
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Fig. 1 Recent R&D trends toward anti-icing surfaces.
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— v Relatively high wear resistance
- b even in macro-contact conditicns
s 5 at the actual machine level.
&= 4!
\‘?‘ B8] v Size exclusion affect prevents
£ 9 ice nucleation in the brush.

¥ Bound walter in brush has a

Hydrophilic Concentrated Polymer Brush Sigcont melting polntihann bk,

Fig. 2 Expected effects of the hydrophilic concentrated
polymer brush.
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<. M ${PEG @ /K Fuzh R 25 H] £F T & 5 PEGMA :
poly(ethylene glycol) methyl ether methacrylate (M,=500) IZ
FHLE, £/, Fig. 2l darv 7 FoOEMITFE LT,
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&AM E 2 A T 2 3-(trimethoxysilyl)propyl

2-bromo-2-methylpropanoate & &-f 244 (si-wafer, #'7 X

B, DSCH7 VIR 72 8) (IZEEL Lzt AREEMt:
F. PEGMA (My=500) DX BET U NVEE
% Ffi L7z (Table. 1) ., Run 1-4Ti%, EHESOREH %
S DL THEDER D (om~pum) RERY ~v—7
TR L, ok, HEMBALZEELT HBICH R
—DvZ 2 F 7Y 7 H (acetoxypropyl trimethoxysilane)
ZIRG L CREMBREEELHIET L2 LT BEDZ L
RV ~w—T7 74457219 (Run5-9) ,

Table. 1  Synthetic scheme/conditions and molecular
characteristics of PolyPEGMA-Brush with different
densities and chain lengths.

o i  BPMAPTMS immobiized Si-waler n oMe
MeO{ o} \T:,f B8, Cubr, Cubies. di-boy 5i-(CHp0L - ™ o
TN b L ~_jome
PEGMA My=500 PPEGMA PB
Reaction condilions
fun P:;Etm Possits 110 am;glr;;rms Ma o Th{u:cr:;ﬁs o
(MPa)

1 GPB 01 0.5 10070 225108 11 25 023
2 GPB 01 [ 10070 94x10° 13 185 039
3 cPB 400 05 10010 195108 12 405 043
4 CPB 400 2 100/0 62x108 14 1102 033
5 GPB 400 2 75025 BT=10P 14 734 022
[ CPB 400 2 50150 BTx108 14 482 015
7 CPB 400 2 25175 6Ex108 15 299 009
] SOPB 400 ] 1080 BEX10F 15 L 0.03
9 S0PB 400 ] 5095 BEX10F 15 52 0.02

a) Determined by GPC-MALS.  b) Determined by PMMA-calibrated GPC
) Measured by elipsometer.  d) Surface Occupancy

4 — 2. Poly(PEGMA-ran-MOPS) 2R BIE D {E 5!
e+ EEIKE E S D DT
2,2'-azobis(isobutyronitrile) /£ F. PEGMA (M,=500) & %8
& ME / ~ —3-(trimethoxysilyl)propylmethacrylate (MOPS)
BT UALIEEDTH LT, BIRA L 22 HLRGEMER Y
~—%%57 (Fig.3) . ZORY ~—%7 & b L.
TR TR R LTl 2 Ay 3 — MECTa—T
47 L, FWT, 120°CT30 7 =—135Z LT,
HIET DT LHEERY) v —2y N — 7 EEER L
7= (Run10) , 723, KCOMENRERY ~—7 7
Y &2 k5 LEEGHMZR D ONCEVLIR 2 % L
7
o
ooy

PEGMA My=500

AIBNPEGMA/MOPS=1/125/1.25

Run PPEGMA, status M2 o Thickness(nm)®

10 r-CLPN 23x108 38 330

a) Determined by GPC-MALS. b} Determined by PMMA-calibrated GPC.
©) Measured by ellipsometer.

-

i t
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g 7 120 °C, 30 min
~ ,

substrate

cross-linked
membrance

Fig. 3 Preparation of randomly cross-linked polymer
network (r-CLPN) of Poly(PEGMA--MOPS).
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G AERA LAY CIIE L (8 uL) , Table. 2I2/R9
Eoi, WIFNROT BN TH, BIVEICKE e
1372 < EAROEEBIIIMH SN TND Z & a2 s Lz,

Table. 2 Wettability of various samples.

Run  status Thickness (nm)? o WCA ()° ACA (°)¢
4 CPB 1102 0.33 48 141
8 SDPB 99 003 53 140
10 r-CLPN 339 - 45 139

a) Measured by ellipsometer. b) Surface Occupancy. c) Water contact angle.
d) Air contact angle.
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720 VT, RunlOD R E MM4 4 Fig. 4 rightiZ ™,
NHHND L DI, KR H Lo ZMMEIBER S e )
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KIENZHEZ BB LIMHTE, BERY ~—7 7 V%
ZRFET D ECTHIE LWS BT T A PMERIC & 7 & f
Wr L 7=,
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R D F3E% AV T, DSC/3 U/ IZCPBE & Ur-CLPN % f+F
5. L7z, 7272 L, AiLf & LT, Tetracthyl orthosilicate
tetracthoxysilane (TEOS) DIKSFREIRIZ L 2V =2
— hEE Lz, 551 7=DSC/Rr N A HKTH7- LTH
YINEFSICE ST %, N 2 XL o TR
Fl72 K E NI > CHRIEZ FEM L7z (Fig. 5) . ZOHIE

Sample Degree of swelling

PPEGMA CPB
(Run 4)

PPEGMAr-CLPN
(Run 10}

2.5

26

Onm

Fig. 4 left : Degree of swelling of samples in water,
right : AFM topographic image on randomly crosslinked
polymer film.
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Lr in NH,, EtTOH
overnight —
" — .

% r-CLPN coaling

J’M\

H

Al DSC PAN TE0S Si0, sBPM \. il /
|

water

jh [ oo
Wipe off excess water

Fig. 5 Preparation of samples for differential scanning
calorimetry.
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Fig. 6 DSC heating traces showing melting of water.
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=
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- < Side view of the sample section >
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Fig. 7 left : Temperature history and right : schematic
illustration of ice adhesion tests.
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Fig. 8 Ice adhesion strength measurement results for
various samples
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Fig. 9 Dependence of ice adhesion strength on polymer
brush density(@-18 °C).
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Fig. 10 System for in-situ observation of ice adhesion
strength measurements.
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Fig. 11
sample interface during ice adhesion tests.

Visualization of ice fracture process at the
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Development of Multiplex Technology with DNA-lipid for Single Cell RNA Sequence

AR B, K TR
Minami Hashimoto!?, Mototsugu EIRAKU!?
nstitute for Life and Medical Sciences, Kyoto University
? Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

In recent years, single cell RNA sequencing (scRNA-seq) analysis has been used frequently in biological research. scRNA-seq can
comprehensively analyze all gene expression patterns for each of thousands of cells. However, the high cost of reagents for scRNAseq
still remains an issue. Recently, multiplexing analysis technology (multiplex) for scRNAseq has been developed to simultaneously
obtains transcriptome from multiple samples in a single sequence. The cell hashing method, in which individual cells are labeled with
a barcode DNA-antibody conjugates. However, this method can only be used in a limited number of cell types because DNA-antibodies
require the presence of a protein on the cell surface that binds specifically to the antibody. In this study, we have developed a new
method using DNA-lipid conjugates as a simpler and more versatile multiplexing analysis method. This method is expected to stimulate
the use of scRNA-seq in research and to advance biological research.
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Figure 1. (a) Schematic view of labelling cells with DNA-lipid. (b) Concept of this work.
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Figure 2. a) Cell surface modification using FAM-
DNA-lipid. b) Flow cytometry analysis of mix of cells
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Intracellular controlled release of nucleic acids with polymeric nanospheres

to visualize autophagy

A HRE-ME &F-EBR K—
Yasuhiko TABATA, Sho TAKEHANA, and Taichi WASHISAKA
Laboratory of Biomaterials, Institute for Life and Medical Sciences, Kyoto University

The objective of this study is to visualize an autophagy activity with cationized gelatin nanospheres incorporating molecular beacon

(MB) (cGNSws) in alive conditions. When autophagy was reproduced by a serum-free medium, the expression levels of autophagy-
related genes, SQSTM1 and CTSF, increased with an increase of autophagy induction time. When cells were incubated with cGNS
incorporating MB targeted SQSTM1 and CTSF genes and autophagy was induced, the fluorescence intensity increased with an increase

of autophagy activity. In the culture system in which a concentration gradient of amino acids was generated, the autophagy activity

was higher in the starved regions with low amino acid concentrations. These results indicate that our cGNSwmp system can visualize

autophagy activity in a spatiotemporal manner.
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Table 1 Characterization of cGNSwms
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Fig. 1 Immunofluorescent images of LC3B in cells incubated
with the serum-free medium for 0, 90, 180, 270, 360, and 450
min. Green: LC3B. Blue: nuclei by DAPI. Scale bar is 20 pm.
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Fig. 2 Effect of autophagy induction time on the number of
LC3 dots. (A) Time course of LC3 dots number in cells
cultured in the serum-free medium for 0, 90, 180, 270, 360,
and 450 min. (B) Effect of autophagy induction time on the
number of LC3 dots in cells ([J) with or () without
c¢GNSwms incubation. *: p<0.05, significant against the number
of LC3 dots of the cells cultured in serum-containing medium
at the corresponding time. n.s.: not significant.
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Fig. 3 Time course of autophagy-related gene expression:
SQSTM1 ([J) and CTSF (M) genes. The gene expression
levels are normalized to that of cells cultured in the serum-
containing medium. *: p<0.05, significant against the
expression level of cells cultured in the serum-containing
medium at the corresponding gene.
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Fig. 4 Fluorescent imaging of cells incubated with cGNSms
as a function of autophagy induction time. (A) Fluorescent
images of cells incubated with cGNSmp targeted to (a)
SQSTMI, (b) CTSF, and (¢) GAPDH after 0, 90, 180, 270,
360, and 450 min incubation in the serum-free medium. Scale
bar is 100 um. (B) Fluorescent intensity of autophagy-induced
cells incubated with cGNSmp: SQSTM1 (L), CTSF (M), and
GAPDH (). The fluorescent intensity is normalized to that
of cells incubated in the serum-containing medium at 0 min.
*: p<0.05, significant against fluorescent intensity of cells
incubated in the serum-containing medium at the
corresponding gene.
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Fig. 5 Fluorescent images of LC dots and MB in cells
incubated in the amino acids-gradient condition. (A)
Immunofluorescent images of LC3B in cells before and after
incubation in the channel slide filled with serum-free medium
for 360 min. The center of channel slide was defined as 0 cm.
Scale bar is 20 um. (B) Fluorescent images of cells incubated
with cGNSwms targeting to CTSF and induced autophagy for
360 min. Scale bar is 100 pm.
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Fig. 6 Fluorescent intensity of MB in cells incubated in the
amino acids-gradient condition: before ([]) and after 360 min
(M) incubation. *: p<0.05, significant against fluorescent
intensity of cells at —1 c¢m at the corresponding time.
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Fig. 7 Fluorescent images of cell aggregates incubated with
cGNSwmp after 24, 48, 72, 96, and 120 hr incubation: (A)
SQSTMI and (B) GAPDH.
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Fig. 8 Fluorescent intensity of MB in cell aggregates. The
fluorescent intensity of SQSTM1 is normalized to that of
GAPDH at the corresponding time.
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