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Structure property relationships in polyethylene
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Mikihito TAKENAKA, Kazuki MITA, Sumiaki FUJII, Shotaro NISHITSUJI
'Institute for Chemical Research, Kyoto University
*Structural Materials Science Laboratory, SPring-8 Center, RIKEN Harima Institute Research
*Mitsui Chemicals Inc.
*Prime Polymer Co., Ltd
*Department of Polymer Science and Engineering, Yamagata University

Structure property relationships of polyethylene in very wide spatial scale from 0.1 nm to 1000 nm was investigated by means of
ultra-small angle X-ray scattering (USAXS), Small angle X-ray scattering (SAXS) and wide angle X-ray scattering (WAXS) under
the uniaxial stretch. In submicron scale, the heterogeneous density fluctuation developed with strain. The development of the
fluctuation was anisotropic; the fluctuation along the stretch direction was larger than that along the perpendicular direction to the
stretch direction. The former fluctuation developed by two steps; the development before the yield point was larger than that after the
yield point. On the other hand, the lamella structure and the crystal lattice were deformed and oriented proportionally to strain,

respectively.
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Figure 2 Stress-strain curves of three kinds of LLDPE.
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Figure 4 WAXS patterns obtained at e = 1.00, 1.10, and 1.20. Arrows indicate the stretch direction
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Preparation of Monolith Particles via Polymerization-Induced Phase Separation

and their Functions

HIFRECE - fill=E K
Yoshinobu TSUJII, Keita SAKAKIBARA

Institute for Chemical Research, Kyoto University

Epoxy resin-based monoliths with bicontinuous structure consisting of a porous channel and a resin skeleton, have a broad range of
applications such as chromatography; especially, the preparation of spherical particles of them has been limited so far in spite of
expected high performance. We have developed a versatile and facile preparation method for surface-skinless monolith particles with
micrometer diameters by polymerization-induced phase separation in an oil-in-oil emulsion system. The key to success was the
addition of a well-defined block-copolymer surfactant, compatible for both the dispersed and continuous phases in suspension
polymerization. In essence, the volume fraction and length of the block copolymers were crucial to control the stability of emulsion
and the suppression of the unwanted skin layer on the surface of the produced particles. The monolith particles have been
demonstrated to exhibit interesting chromatographic performance derived from the peculiar flow-through structure.
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Fig. 1 SEM image of a representative monolith in the
form of sheet with a thickness of around 10 pm.
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Fig. 2 Schematics of (a) nucleation and growth-type and (b)
spinodal decomposition—type phase separation.
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Fig. 4 Schematic illustration of the preparation of monolith
particles.
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Fig. 5 SEM images of the epoxy resin-based monolith
particles prepared using polyDMA-b-polyPEGMA.
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Fig. 6 Cross-sectional SEM images of individual monolith
particles.
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monolith particle in a chromatography column.
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Table 1 Characterization of silica monolith particles and
reference beads.
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Fig. 8 iSEC curves derived from elution of polystyrene
standards in tetrahydrofuran using monolith (red circles)
and reference-particle (blue circles) columns. The mobile
phase velocity for iSEC was 360 cm/h.
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Fig. 9 Pressure flow curves for silica monolith-particle
(red circles) and reference-particle (blue squares) columns.
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Fig. 10 Reduced HETP (height equivalent to a theoretical
plate) vs reduced velocity for (a) monolith-particle and (b)
reference-particle columns.
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Highly branched polymers (HBPs) have attracted significant attention because of their characteristic topological structure associated
with their unique physical properties compared with those of the corresponding linear polymers. While the structural control of HBPs,
i.e., molecular weight, dispersity, number of branching points, branching density, and chain-end functionalities, would significantly
improve and modify the polymer properties, there is no practical method available to synthesize structurally controlled HBPs. Here we
report a novel concept to realize one-step synthesis of dendritic HBPs by the copolymerization of a newly designed vinyl telluride
monomer and acrylates using organotellurium mediated radical polymerization method. The molecular weight, number of branching
points, and branching density are easily controlled by changing the relative amount of organotellurium chain transfer agent, the vinyl
telluride, and acrylates with keeping narrow dispersity. The method opens new possibilities for materials design based on HBPs.
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Figure 1. Synthetic strategy of highly branched polymers
(HPBs). a) condensation polymerization of ABp-monomer
method, b) self-condensing vinyl polymerization of AB-
monomer where A is a vinyl group, and c) a new AB monomer

having hierarchy of reactivity for controlled HBP synthesis.
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Figure 2. C-Te bond dissociation energy of vinyl telluride 6
and polymer-end model compounds 7 and 8 obtained by the DFT
calculation at B3LYP/6-31G(d,p)(C,H), LANL2DZ(Te).
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Figure 3. Synthesis and characterization of dendritic HBPs. a)
Synthesis of 12 by the copolymerization of 6 and MA in the
presence of 9. b) Schematic structures of ideal polymer structure
corresponding to the 2, 4, and 6™ dendritic generation. ¢) Time
evolution of the consumption of 6 and MA, d) correlation among
the monomer conversion, My, and dispersity, and ¢) time
evolution of the SEC traces for the synthesis of the 6™ generation
(Table 1, run 6). f) Mark-Houwink-Sakurada plot for linear PMA
(N=0) and HB-PMA with N=2, 3,4, 5, and 6. g) Height image
and h) cross-sectional profile obtained by AFM for the 7%
generation 12b (Table 1, run 10) prepared by spin-casting onto a
mica surface.



Table 1. Synthesis of HBP 12 by copolymerization of 6 and MA in the presence of 9

Run [91/[6]/[MA] Time Conv. (%) Mhtheo) Mhsec) ¢ pa MupmaLs)” X,
(Generation N) (h) 6a MA (g/mol) (g/mol) (g/mol)
1 1/0/500 (0) 2 - 90 39000 39600 1.12 37200 --
2 1/3/500 (2) 24 >99 95 41200 42100 1.55 53700 68
3 1/7/500 (3) 30 >99 94 41000 32700 1.62 53500 31
4 1/15/500 (4) 43 >99 90 39600 25600 1.71 57300 16
54 1/31/500 (5) 84 >99 90 40300 17100 1.97 56000 7.1
6° 1/63/500 (6) 120 95 74 34006 9800 1.99 53900 2.9
1/15/100 (4) 66 >99 92 8600 5600 1.40 9100 3.0
1/15/250 (4) 66 >99 94 20700 12000 1.87 24000 7.6
1/15/2000 (4) 80 >99 93 160800 74700 1.91 162200 60
10/ 1/127/2000 (7) 132 >99 90 16.01 5.69 2.08 17.65 7.3
118 1721/500 (3) 168 >99 84 3.73 1.73 1.44 5.66 9.3
12 17/15/500 (4) 43 >99 92 4.04 2.95 1.49 542 15

“Determined by SEC calibrated against poly(methyl methacrylate) standards. "Weight average molecular weight obtained by MALLS
(MwmaLLs)) was divided by D (Myn/Mw) obtained by SEC. “Branchin density calculated by eq. 1. Conversion of MA was used as Conv.
4AIBN (0.2 equiv.) was further added after 24 h. ¢AIBN (0.2 equiv.) was further added after 84 h./AIBN (0.2 equiv.) was further added
after 11 h and 71 h. 8Additional AIBN (0.2 equiv.) was added after 72 h. "13 was used instead of 9. 15 was used instead of 9.
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Figure 4. Synthesis of a) dendritic HB-polyacrylate and b)
tadpole PMA.
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Syntheses of Alternating Copolymers via Cyclopolymerization
and Functions Derived from the Alternating Sequence

KN G- B
Makoto OUCHI, Yuki Kametani
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Control of alternating sequence for two functional units, i.e., methacrylic acid and N-isopropyl acrylamide (NIPAM), was realized via
selective cyclopolymerization of a special divinyl monomer and cleavage of the repeating cyclo-units in the resultant cyclopolymer.
Here, two types of cleavable bonds, i.e., 3° ester and activated ester, were embedded in the designed diviny monomer: the former is
cleaved into carboxylic acid under acidic condition, whereas the latter is substituted by primary amine giving amide bond. The design
using the activated ester also contributed to selectivity in the cyclopropation, because the radical reactivity of the activated ester-
pendant acrylate to methacrylate double bond was increased, which was confirmed by reactivity ratio of the model comonomers. The
obtained cyclopolymer was transformed into the alternating copolymer via transformation of the activated ester into amide by isopropyl
amine and cleavage of the 3° ester by trifluoroacetic acid. The resultant alternating copolymer was soluble in water at lower
temperature to give the transparent solution but the solution turned into turbid upon heating. The thermal response behavior was
different from the 1:1 random copolymer as well as the homopolymers.
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Fig. 3 General scheme to control AB alternating sequence
via selective cyclopolymerization of a divinyl monomer
carrying cleavable spacer.
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Dilute Aqueous Solution Properties of Polymers: Poly(N,N-diethyl acrylamide)
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The dependence of the second virial coefficient 4, along with the mean-square radius of gyration (S?), both determined from static
light scattering measurements, on temperature 7 was examined for poly(N,N-diethylacryl amide) (PDEA) samples in water in the
range of weight-average molecular weight M,, from 3.86 x 105 to 1.22 x 10°. It was found for all samples that 4> decreases
continuously and steeply from a positive value to a negative one with increasing 7, in particular, 4> vanishes at 7'=29.5 °C. The
quantity (S?)/M,, is shown to decrease monotonically with increasing 7 and become almost independent of M,, at 7= 29.5 °C. The ®
temperature may then be determined to be 29.5 °C for PDEA in water, being consistently with the value estimated from extrapolation

of the critical temperature of aqueous PDEA solutions to infinite M.
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Table 1. Values of M,,, M,,/M,, and f; for the PDEA samples

sample 1075M,, My/M, fr
B39 3.86 1.16 -
B51 5.08 1.20 -
B122 12.2 1.33 0.519
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Peptide materials have been drawing much attention because of their environmentally benign and biocompatible properties. The

coming society of the trillion-sensors universe require tiny sensors and devices being installed at all the places and things including

human bodies. Peptide nano-materials have advantages to construct such devices with highly and precisely organized structures as

evidenced by the biologically active proteins in a wide range of functions. As an example for the peptide nano-materials, we have

been studying peptide nanotubes which are molecular assemblies of cyclic B-peptides stacking one over the other, because the spatial

arrangement of the peptide nanotubes as the peptide nano-materials can be precisely controlled along the materials design based on

the amide bonds and the chromophores at the component amino acids. Especially, macrodipoles generated by the peptide nanotubes

and the specific arrangement of chromophores along the nanotubes are very useful factors to be utilized for the functional

nano-materials.
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Fig.1 The schematic illustration of the peptide nanotube
self-assembled by cyclic tri-B-peptide containing naphthyl
B-alanine and two [3-alanines. The naphthyl groups are
arranged randomly.,
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Fig.2 The schematic illustration of the peptide nanotube
self-assembled by the cyclic peptide composed of naphthyl
b-alanine and the sequence of ethylenediamine and succinic
acid. The naphthyl groups are arranged in a left-handed helical

way along the peptide nanotube axis.
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Fig.3 The molecular stacking modes of cyclic hexapeptide
composed of four [-alanines and D-o-amino acid and
L-a-amino acid. The cyclic peptides stack one over the other
with keeping the same orientation of the cyclic ring (upper
panel) and with flipping the orientation alternatingly (lower

panel).
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Fig.4 Schematic illustration of the peptide nanotubes standing
up on a gold substrate. The lower panel shows the applied
electric field designated by the thin arrows and the macrodipole
of the peptide nanotube. The lower right panel shows no torque
is generated on the macrodipole because of its parallel

orientation with the applied electric field.
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Fig.5 Schematic illustration of the peptide nanotubes lying flat
on a gold substrate. The lower panel shows the applied electric
field designated by the thin arrows and the macrodipole of the
peptide nanotube. The lower right panel shows torque is
generated on the macrodipole because of its perpendicular

orientation to the applied electric field
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Fig.6 Molecular structures of cyclic peptides having a flavin
group at the side chain. Combinations are with two [3-alanines

(left) and the ethylenediamine-succinic acid sequence (right).
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Fig.7 A schematic illustration of peptide nano-materials which

have a basic structure of the regular alignment of amide bonds
in the materials. Chromophores at the side chains are also

precisely determined on the arrangement.
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Improved Charge Transport of Conjugated Polymers in Blend Films

Kb 4 - AR 5w
Hideo OHKITA, Ryo IRIGUCHI
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Herein, we have studied hole transport properties in a conjugated polymer blended with an insulating polymer by measuring
macroscopic and local current density-voltage (J—F) characteristics. More specifically, we employed a
quinoxaline-thiophene-based conjugated polymer (PTQ1), a fullerene derivative (PCBM), and an insulating polystyrene (PS). For
PTQI1/PCBM blend films, hole conductivity was improved with decreasing PTQ1 weight fractions down to 50 wt%. This is partly
due to the improvement in mobility and partly due to the increase in the carrier density. For PTQI1/PS blend films, hole
conductivity was improved with decreasing PTQ1 weight fractions down to 20 wt%. This is mainly due to the improvement in
mobility because there is no change in the carrier density. With decreasing PTQ1 weight fractions, PTQ1/PS blend films exhibited
narrower absorption bands and less excimer emissions. The activation energy for the hole conductivity is smaller in PTQ1/PS blend
films than in PTQI neat films. These findings suggest that interchain interaction between PTQ1 chains is weakened in PTQ1/PS
blend films. Our C-AFM study has shown that low conductive image is found in PTQI neat films while many highly conductive
spots are separately found in PTQI/PS blend films. We therefore conclude that PTQ1 chains are less likely to form trap sites
because of dilution in the PS matrix and hence exhibit more conductive transport in PTQ1/PS blend films than in PTQ1 neat films.
Such a dilution in amorphous polymers would be beneficial for flexible electronics based on highly crystalline conjugated polymers.
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Figure 1. Chemical structures of materials employed in
this study: a) PTQ1, b) PCBM, and c) PS.
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Figure 2. a) Hole-only device with a layered structure of
ITO/PEDOT:PSS/Blend/Au, which is employed for
macroscopic J-¥ measurements. b) Apparent mobility (left
axis) and conductivity (right axis) and c) carrier density in
PTQI1/PCBM blend films plotted against the weight fraction
of PTQI1 in the blend. The mobility and conductivity were
evaluated from macroscopic J—V characteristics of the
hole-only device.
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Figure 3. a) Apparent mobility (left axis) and conductivity
(right axis) and b) carrier density in PTQ1/PS blend films
plotted against the weight fraction of PTQI1 in the blend.
The mobility and conductivity were evaluated from
macroscopic J—V characteristics of the hole-only device.
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Figure 4. a) Absorption and b) photoluminescence (PL)
spectra of PTQI1/PS blend films with different PTQI1
fractions: 100 wt% (red), 80 wt% (orange), 50 wt% (green),
and 20 wt% (blue). The broken lines represent absorption
and PL spectra of PTQI in chloroform solution.
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Figure 5. Time evolution of PL spectra for a) PTQ1 neat
and b) PTQ1/PS blend films with a fraction of 20 wt% PTQ1
measured at 0 ns (red), 1 ns (orange), 2 ns (green), 3 ns
(blue), and 4 ns (purple).
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Figure 6. Temperature dependence of J-V characteristics
for a) PTQ1 neat and b) PTQ1/PS blend films with a fraction
of 20 wt% PTQI1 measured at 293 K (red), 273 K (orange),
253 K (green), 233 K (blue), and 213 K (purple).
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Figure 7. Arrhenius plots of apparent conductivity oupp
measured for PTQ1 neat (red) and PTQ1/PS blend (blue)
films with a fraction of 20 wt% PTQI1. The broken lines
represent fitting curves with the Arrhenius equation.



HM7WRT LI, T L= ABIORERTFEZ R LT,
HE D DIHEHE L= XX —EE2FHliT 5 & . PTQl=— MK
TIH23 meV, PTQI/PST Lo RIE T4 meVE /2, 7L
v RO B E R T HIEE LT R =Sz
LNy IoTn, ZORERIE. PTQI/PST L v REIZEBWT
N T A IR B I b b —ET 5, o, YA
HHE T L TCWRNWZ EnD, BEROEWNL T v
EEDPWEDIHIZLDBDOTIHRL, Iy 77U —LRA
2RS4 EEEIC BV THPTQI/PS 7 L v RIEIZKIT 5
PTQI D IEALERRERFEN RN L2 RIB L T D, DF D,
PTQIUEHDEFEFREN 2 0 | =— ML D & Bl fF
PEDOEWHIERER L > TS b D EHEE SN,

5. PTQ1/PSEEM EifRETRIAFMAIE

PTQI/PST L v RIEIZH T 2PTQL K A A N T T
HRARE & BN 5 72012, Bt a1 ) BEiges
(C-AFM) WEZIT o7z, BN R RITORM iz A

a)
AFM Probe

N/

fChYe tCurrent
Layer

-—
1.00 pm 2.00 x 2.00 ym 1.00 pm 2.00 x 2.00 pm

1.00 pm 2.00 x 2.00 pm

04 0
Height / nm

20
Hole Current / pA
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Stiffness Parameter of Ring-Shaped Brush-Like Polymer
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"Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University
*Department of Applied Chemistry, Graduate School of Engineering, Nagoya University

Three linear polyisoprene chains were grafted by polystyrene chains with degree of polymerization about 50 and 75 to make linear
comb polymers and one ring polyisoprene chain grafted polystyrene chains with degree of polymerization about 55 to make ring
comb polymer. The grafting ratio for all polymers were close each other. Light scattering measurements were made on toluene
solutions of these samples to determine the mean-square radius of gyration (S?) as functions of weight-average molecular weight.
The (S?) data were analyzed with the aid of the theory for wormlike chain model. With the molecular weight per unit trunk chain
calculated for a molecular model, the stiffness parameter A~ for each polymer was determined. The A~! for the linear comp
polymer with the same side chain length as that of the ring comb polymer was estimated and found that 2~! for the latter polymer was

larger than that for the former polymer. The curvature of the ring comb polymer larger than that of the linear comb polymer was

attributed to the origin of the higher stiffness parameter.

1. F

Bt fEAR DITEHEB L OBRINT 2 o — 20 & %S
BEAR L, 20 OWERFIZIT DIEN Y | B #ELE
BT 20582 B 2o T2, TOME, WL O0FFE
RIZB O T BREOMIENE T A —Z I EHIC T
INSL 72D Z BRI, BHIZINLOREREN, iz
EWBLREEICHB VT, T I e — 20 LY AMEIC (L4
CHZ LD b LHER LTz, —FH T, BRIRDNASER K
RYAFLUREIZONTEI D L) RBIGRITME I
TUNZRUN,

EOVIERIRARY ~—%2 Gk, RUAFLUEHES T
7 MRISICE VAT A LT, MoK AR L
Too 2O XD BRSO UHiEE b OEH & —FK T
HME D MEFARD T EFHBEEN, £ 2T, AT
W77 NREFFOEME L OBRROMEES 7245
WL, TNOOREFIZBITBIENY Z2JET S LT,
W ORI T A — & &3l LTz,

2. EBR
AU~ —3

BOROMIE &5 TIXBRAR Y Y T L e R Y 2F L
VE T 7 NUGICE VAT A TR LT, F
T A YT L& I8COTHF T C2E RN AAAI T 5 7
TEVA) T LERNCTEE Lz, £/ ~v—iH#E#%.
1,1-diphenylethlene= = N &4 AT 25 Z & TIEMAE % &
L 72 ® % | 13-(3-chloropropyldimethylsilyl) phenyl-1-
phenylethylene] & i &5 Z L1 LV Wl K
diphenylethylene (DPE)JE 38 A L7z, NMRIZ J - T E

EERRARIZE A, 1,2-, 3,4, LAFER OFEIG7336:60:4ThH
o572, ZOE L THELRY ~—ORLIN & ¥ AW
VT TE VBT ULERISEEDH I ETIToT, X
Jin A — I % Scheme 1WZRT, 1372 B> &5 A PR
sua~ 777 4— (SEC) BLUOMAEH /v~ s 7T
74— (IC0) IZXVEL, BIRARY ~—ZHEEL7-, B
BE T DICORR KV | BRRBA DML A390% L) LT dH
DI EMR LI, BRERRT 2T D12-F72133.4-
fi A B AL & 5 Z HE 5 & 1T chlorodimethylsilane %
dichloro(1,5-cyclooctadiene) platinum(IT) O 77 7E T C 5 Jis &
H, rra T U AEEEAN LT, sec-butyllithiumZ B 4G
LLTAFLUZEALTREIEY IR ZAF L%
FECEALE7 ma v U VRKICKIL S, RIGAF—24
% Scheme 212779, ARk & SEC/T LT 5 Z & CHIE DB
WEEST-, ZNDOMISIE TR THEZE TITo 72,

BRI & & blc, BRILBUSETIZ, RY 2 F L
VEVTZ T MURCE RS LI ESERER S T b &
L7z, #HOEINERELEBR U EH2MGEDOH D
EAERR L7z, S 51T, BHORE S PRSI E R UC, (I8
ERRLSEORE B IER LT,

W, IEH. M 5y D4y 1 EIESEC-Z 44 O RGEL
B RV RGE LT, MBS FOBEOE ) v—a2 =y b
Bk T 2MER ORI EGE 7T 7 hEE L, Tha &8O
DT ENLEH LT,

TNENDES T 5, B, MgEHO B XD
7' 7 h# & Table LlTRT,

HE
HERBZNZNE MV USRI L, £ EEeiEL



(MALS) 4 IV TG E 21T > 7. B D
TR FEE AN W RE Ze Wyatt #EBLODAWN EOS % iV, JEik
W E690 nm OFEEARIEE Lz, FEHZ oW T, &k
TREERD0.1 mg/ml & U CIREBEMOWIRAS SRR L7z,
FLAR045 um OF 7 T ¢ LB i@ LRI A TE
BITHEAL, BANEFR CRACER L THIE 21T
7o MEREEIE25°C & Lie, IR & WO BELE TR L o 72
DB ECEL A O 31T 2 38 IE ST HLEL L TR ReZ TR E L,
Berry -G R 7 2 v R EHWWTC, BEEEES T EMY,
ISR A E LT

Scheme 1. Synthesis of Ring Polyisoprene.
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Table 1. Molecular weights of the components and the grafting

ratio for the graft polymers.

Sample trunk chain side chain grafting
10+ My 1023 My ratio (%)
R-g-S1 92k 9.2 5.8 40
L-g-S1 92k 9.2 5.2 43
L-g-S2 92k 9.2 7.8 45
L-g-S1 178k 17.8 5.2 38
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Figure 1 Mean-square radius of gyration for brush-like
polymers plotted against the weight-average degree of
polymerization of the trunk chain..
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Figure 2 Mean-square radius of gyration for brush-like
linear polymers plotted against the weight-average degree of
polymerization of the trunk chain..
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Figure 3 Mean-square radius of gyration for the brush-like
ring polymer plotted against the weight-average degree of
polymerization of the trunk chain..
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Figure 4  Stiffness parameter for brush-like polymers
plotted against the weight-average degree of polymerization
of the side chain..
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Mechanical Properties of Poly(vinyl alcohol) Gels Prepared by Repeated Freezing and Thawing

Cycles
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Mechanical properties of poly(vinyl alcohol) (PVA) hydrogels were examined. Firstly, we prepared PVA hydrogels by modified the
repeated freezing and thawing cycles, where we used an added salt to use the salting-out effect at low temperatures. We found that
the salting-out effect successfully shortens the repeated cycles. PVA gels thus obtained were opaque so that the gels were easily
squeezed by uniaxial compression, giving highly condensed gels. When the compressed gels were stretched the gels showed
interesting mechanical behavior due to the anisotropy of the materials: Extension of the gels parallel to compression gives lower
modulus than that perpendicular to compression. This originates from the difference in the Poisson ration of the gel material.
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Table 1 Sample code, change in weight (Aw/wy) and

change in diameter (Ad/d,) by creep.
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Fig. 1 Semi-logarithmic plot of (b — &) vs 7.
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Fig. 2 Stress (o) plotted against stretch ratio (4) for

iso-gel, comp-gel(//) and comp-gel(L).
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Fig. 3 Stress ratio (o,/0g)) plotted against stretch

ratio (4).
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Proteoliposome Engineering for Bio-applications
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Kazunari AKTYOSHI, Mitsuru ANDO, Yoshihiro SASAKI
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Membrane proteins play central roles in various superior functions of biological membranes. Recently, medicines targeting the

membrane proteins have been extensively studied. However, misfolding and aggregation of membrane proteins induced by their own

hydrophobic surfaces have hampered the advance of their research. Developments of chaperoning function of efficient reconstitution

of membrane proteins into liposomes as active forms are important issues. We report here recent studies of proteoliposome

engineering to apply membrane proteins as new nanodevices to nanomedicine such as drug delivery system and bioanalysis.
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Fig. 1 Preparation of proteoliposome by using cell-free protein
translation system under the coexistence of liposome.
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Fig. 2 Western blot analysis of KcsA protein expression after
ultracentrifugation. (A) Cell-free protein synthesis was
performed in the presence or absence of liposomes. The
expressed whole sample (W) was ultracentrifuged and the
supernatants (S) and pellets (P) were collected. (B)
Time-course of KcsA synthesis in the presence or absence of
DOPC liposomes.

Fig. 3 Schematic illustration of preparation of proteoliposome
by artificial cell system.
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Fig. 4 Voltage dependence of KcsA channel activities. (A)
Schematic illustration of the lipid bilayer method (B) Multiple
channel analysis (C) The currents were recorded by the lipid
bilayer method at +100 mV or =100 mV under symmetric pH
conditions (D) Singlechannel I-V plots were calculated.
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Fig. 5 (A) Schematic illustration of Cx43 and NHis—Cx43
genes. EL, CL, and TM represent extracellular loop,
cytoplasmic loop, and transmembrane, respectively. (B)
Solubility of Cx43 and NHis—Cx43 in the presence of
nickel-chelating liposomes
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Fig. 6 Schematic illustration of His tag—fused membrane protein sorting system in cell-free membrane protein synthesis
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Molecular Simulation of Friction of Ring Polymer Brush

mE e R Ak T
Tsuyoshi KOGA, Tsutomu FURUYA, Shinjiro HAYASHI
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

The markedly low frictional properties of ring polymer brushes compared to linear polymer brushes has been reported by Divandari ez
al. [Macromolecules, 50, 7760 (2017)]. In order to elucidate the molecular origins of the low friction, the static structures and the
friction properties of ring polymer brushes and those of linear polymer brushes are studied by a coarse-grained molecular dynamics

simulation. The ring polymer brushes show the same graft density dependence of brush thickness as that of the linear polymer brushes.

However, the mushroom region and the concentrated polymer brush region are wider than those of the linear polymer brushes. In

addition to the enhancement of the denseness of the ring polymer brushes, the reduction of frictional force by the characteristic

topological effects of the ring polymers are confirmed.
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Fig. 1 Models of polymer brushes: (a) linear polymer brush
(LPB) and (b) ring polymer brush (RPB). The graft density
g s equal to 0.05.
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Fig. 2 Heights of polymer brushesgas functions of the graft
density o, and the three regions: mushroom (dilute), semi-
dilute polymer brush (SDPB), and concentrated polymer
brush (CPB).

212 13 4481k (= >~ > = L— A SDPB. & UNCPB) O

BMOZEPOHE LZEEMOER 77 VEELAD
HORLTWS, K2L Y, RPBIZILPBE L L T~ v =
Jb— NFEIE & CPBREIK NS < . SDPBREMES B Z & 3%y
Mo, ALY, RPBIZAHE & IRIE &) FET HIEED
HzwEH SN TNDEFZ D,



MB&UB@VyV:W—AEQ&UGB%ﬁ"Té
BT DR NI 57202, KB —AKROE 5+
HOBEE AR LTz, T I T, m’\%é:rf*/\lfcméﬁ
mEORZFAE L, EH LGS FafkT o8 —X0D
—0/2<z<0/2ILBTDEEp(x,y)Em LTS, K3L
D, ~ vy a/b— AEETIEEERRE S FIXEHES S &
LUTIEDBD DN SNZ ENgnd, ik, RPBO~
vV ab— LEEER L B2 BD, CPBREIK Tl
B o 1 B OBk -3y B MR S T
WD ENTIND, Fi, I“"‘ijﬂ] TTDOFBFEDL EH/NE
<, WD DBENENZ ENgnD, vk, BRE
SFOTHF PR E DI £ THE SN OB mEs
KEWEDHTHD, 22T, HEES M OBRRESTO
Wrififs, & T Eiis, ~ 1 Os, =~ 2L TBI L, HiksLs
77 MEE (KA ERY) 0" = 5,0, AT L5 L LPBR
URPB#:(ZSDPB/> 5 CPB~D 7 11 A F— N— g {75
7 NEEDRe = 0268705, Zhnb HRPBOCPBEED
JERIZBIRE S T ORKEVEHBIEFEL TWVD Z &R
3B,

plx.y) ply)
30 03 30 b 03
.| (@) . (D)
20 02 20 - 02
>15 =15
10 01 10 0.1
5 . 1 .
0 0.0 0 1 1 L L 0.0
15 10 5 0 5 10 15 15 10 -5 o 5 10 15
X plx.y) X p(x.y)
30 03 30 03
5[ (€) [ (d)
20 02 20 0z
=15 ~15
10 o1 10| o1
5 5
1 L 1 1 00 0 1 1 L L 0o
15 10 -5 o 5 10 19 -15 10 5 5 10 15
X x

Fig. 3 Density distribution of beads of a graft polymer: (a) a
single linear polymer, (b) a single ring polymer, (c) one
polymer of linear polymer brush (LPB) at g, = 0.3, and (d)
one polymer of ring polymer brush (RPB) at g, = 0.3.
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Fig. 4 Frictional forces F against load for the LPB pair

(LPB vs LPB) and the RPB pair (RPB vs RPB). The graft

density of the LPBis g, = 0.1 and thatofthe RPBis o5 =

0.15.
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Fig. 5 Amounts [ of interpenetration against load W for
the LPB pair (LPB vs LPB) and the RPB pair (RPB vs RPB).
The graft density of the LPB is oy = 0.1 and that of the

RPBis o, = 0.15.
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Fig. 6 Frictional forces F againstload W for the LPB pair
(LPB vs LPB) and the RPB pair (RPB vs RPB). The
normalized graft densities of the LPB and the RPB are (a)
0"=0.1 and (b) " =0.3.
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Fig. 7 Amounts [ of interpenetration against load W for

the LPB pair (LPB vs LPB) and the RPB pair (RPB vs RPB).

The normalized graft densities of the LPB and the RPB are

(a) 6" =0.1 and (b) " = 0.3.
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Fig. 8 Snapshot of cut-type polymer brush (CTPB). The
graft density o, is equal to 0.05.
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Fig. 9 Frictional forces F againstload W for the LPB pair

(LPB vs LPB), the RPB pair (RPB vs RPB), and the CTPB

pair (CTPB vs CTPB). The normalized graft densities are (a)

0*=0.1 and (b) 0" = 0.3.
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Fig. 10 Amounts [ of interpenetration against load W for
the LPB pair (LPB vs LPB), the RPB pair (RPB vs RPB),
and the CTPB pair (CTPB vs CTPB). The normalized graft
densities are (a) ¢* = 0.1 and (b) ¢* = 0.3.
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Fig. 11 Amounts [ of interpenetration against load W for
the RPB pair (RPB vs RPB), the CTPB pair (CTPB vs
CTPB), and the pair of the RPB and the CTPB (RPB vs
CTPB). The normalized graft densities are (a) o* = 0.1
and (b) ¢* = 0.3.
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Fig. 12 Frictional forces F against load W for the RPB
pair (RPB vs RPB), the CTPB pair (CTPB vs CTPB), and
the pair of the RPB and the CTPB (RPB vs CTPB). The
normalized graft densities are (a) ¢* = 0.1 and (b) 0™ =
0.3.
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FIZ & S HRREmREE

Manipulation of stem cell fate by optogenetics

K TR - RA e
Mototsugu EIRAKU, Masatoshi OHGUSHI
Laboratory of Developmental System, Institute for Frontier Life and Medical Sciences, Kyoto University

Human pluripotent stem cells, including embryonic stem cells and induced pluripotent stem cells, hold huge potential as reproductive

resources for cell-therapies as well as for drug discovery. For the direct generation of desired types of functional cells from these

stem cells, a variety of differentiation-evoking methods have been reported, but it is still difficult to control cell fate decision in a

spatially restricted manner. In our laborites, we try to establish the unique differentiation protocol to induce the spatially controlled

differentiation under the uniform culture environment by applying an optogenetc tools. Here, we introduce a PA-Tet system, in

which target gene expressions are triggered by a photo-sensitive artificial transcriptional factor rtTA.

1. ZREMRME S

RIS (Embryonic Stem Cells, ESHIM) 1%, migLE
DUBIRIZIFET D ZREVERRR. PETHITSE 2 Bk 7o b 2%
ML TRET L Z L TEL D ZREMMIETH DY,
PERHIRBE O PR 2 538 L T B 72, B2 B DR &AL
THETOME~ESETEERT vy LERALTY
%, Thbb, WURFHEE(TH 2 & T 728 FMiE A~
L ZENTE, BEOHBRENTIESL N v 722
—= A AR IR M55 7o O Mla e & L
THIFF SN TV D, £7-, ESHIME & A% OME % FFoikE
ZHEPEEEFMAE  (Induced Pluripotent Stem Cells. iPSHHfE) @
BRIk, RBEERT DS ) MMERE OB
ZRBENTIEY B9 @RI, BROHIRERE B
THAEREERE~OHEMIHARKE<EmE-TD (K1)
P Z O XD IR R RS, ESAPSHIIEOBIIEIL Z D%k
+$f%%% TH! LT E T, FFIZESAPSHMRZTEOA
FARARICE < 72D O E5 3 FIE O BIRS A ik FLh IR & 21T

' Cell-therapy
j\ > %
e b _
neurons — —

cardiocytes
G'“ A* I\
p cells

gy —> 3

l\mphu.\lu ‘.__,.-' "\“ :

&

snuulhl.lll.ﬂ

Qﬁﬁ

Drug development

Figure 1. ESAPS cells in medicines and pharmaceuticals

DAV G R BUE TR AR P, ~— 2 i<
AETHMIRE 72 £ ARSI TRE ~ DO FFE LR —1E ) oo
bHoY,

2. ZEEMRHMROEMRIREE

ESHliE & iPSHIMIZ K & 70 D MR R D b oD, F
RENIE RS O & R0V, SHMEFEIEOHFFRIZ OV T
b, ESHIfaZ AW B3 5T LT e, RICA R T T
C—PSHIIIC K L Ch R AIRECH D, LREMETMIIG
DOIEMBIRZEMET B 7200k E LT, BT Tz~
20T TR —FNEX LN TE Y,

2—1. BERROGEIIC K EMBEEER

ESHl A o>t Sk < & 2 N Aa s, a5 o
xRN R R B m 7 0 7T AOFE AR T, Fa
DOFEREMEAMIE~ & b T D, SR B EEDTEAEL
L2770 AE—Do— DM BAEAYTFERDOBEL X
T, EOLS R E DX I a4 I 7 THZD LM
s E D L 9 7t Rk %mé®ﬂ®ﬁﬁﬁiﬁbfé
Too TORDRBEITHBIT D MEBR LM D720, ¥
FER A0 A N A %Eﬂﬁmvfﬂ‘zv%f'tﬂ@?%ﬁﬂ: SRS
TR & SIS 580 T AW 7e & & MBS U CRE
¢;%MLT\EMNM% L0l - AR A <

DICEE LV EORE - BEIED TN D

2—2. EEFEAIZKLDEMREE

IO T MBS E E D120, a7 A 7
TATADBELBIIHEEANNY NI OVHEAEEND Z LN
HOEMNERY | FRINCEB TR MENICEATZZ LT
%%%KMW”W%Wméﬁé k#mxéio I o
T&Te, ZORRO—2N, LS TE2HEAL TE- 72
iPSHilaTH B, FEDT 7 r— ?T\ A S 2 O i
A A~ E B b S D Z LN TE, ERNTIERE
20 HERVRS b N TICHERETED L 22T
ENGAYS)



Growth factors,
Small molecules

£3 © Easy to use
Reproducibility
Qualsty contral

IR I 2 T Dafficulty i multipe

—— differentiation

Plasmad transfection

{J‘ p’f‘ £3 © hagh efficsency
v time-advantage
AT hagh toxic

celltype heterogeneity
genotoxic

e e

Figure 2. current strategy n stem cell differentiation

2—3. FREGBREEOREICMITT

BRI X 200 bk IL, Mo mEE R L
IR T B OITKT L, @I EAC L D HE TR
o a— R By RARER S, TRENCAY v b T
AV bRHE (K2) , BEOLEZARMIZIELTER
ENEENGT D ERZND, 202080 T b A5
FLLTWDOIE, THUKBEHNTRR ZBEOMILZ
FIFHETHZ &) THD,

Z0O1 0FEIZFEDMIZ, ESAPSHIEA & 3H.» 7= FlfafE %
FHES D200 20 < B DHRNED B HEAR S  D stk D
BEMBE PV A R) HAERT 29805 K & 2R %
RE7Y, ZhETIe, KMo & oREaes, T&E
BROMER 72 E DR E CEABRN, FIRIRSCE G &0
M2 EDFNTT 7 A4 FAERBIRE SN TR Y | e
ERIZE T DBA e R —TRE~OxRERD 2 5L 0
ELTRERMFEED TS, L LA, ol
YR CIT R DI > TEY 32 L L < | W5k
WS TND EWI) ORBIEDRIER L N2 D, TDT
W, RGO S T ALE I - s b2 FE T L 2 L
DSRIREZR . WRMEIAY - Z2FE R 7 A 23 & W o (LR Bl o
BN ENTE I,

AWFGE T, fEROMIRBHIEIANIC K 28 A E 15
BFHEOFIEIC, EFEREE LWOEEEBY: (A7 hY=x
T4 7 A) VOFEERD AT Z & T, SR OE MG ERE
BT R VSRR 2 AT 5 2 & il AT,

3. RICKJEEFRREHHORE

REW OB L DS FE DRI X D AERISE 2 XX D07
TR O S T Ko THEMRIEZZ T 5> 7
WVEBOEENRP SN E 2o TEEY, ThE Sty

DOIFFRIZID AL D E WV IRLBIFERTHY, Fr
K7 v T2 60T K 2 A0 R A0 e oo TE Bh i 1 130K & 72
RN E LD TN DY el T, SRSz IS PE S s A1 ki
RFLI-ZBRIERERA LA T NPT 4 7 AT
EORELELLL, SABBFOREAL v TFA A7 %
FRFOFECTHET D Z LB AREL R TE ™Y, 2D
Fo 1 oIz, HEKRFAMEBEFHIERO4 SkHtEdZ0 7
=T BRI LTV AT L, PA-Tety 25 L TlE, %
WMEIEANC X D IEPESIAE A /T E 22 A MR B RTAMTA %
HA TIEPERHI & DNARE BRI T A 7Y » ME L., Bl
X DITAMTAD ML FE & 2 B IET 2 Z LT LT
1002 2 Tl tet-ons AT A THE S AL Dt TAIS G I E N
ZMEZ AN L7 PA-rtTA (photo-activatable rtTA) (22T
FELCHRRD,

PA-rtTAIX, v v A XFXF CTRE I N F AL R
Cry2-CIBIZFA L TWBY, Cry2id sy FNICmEM & L
TTIVTF U ETTIRVERALTRBY, 7V TR T52%
TS Z L D2EFHHEPFESN, ZOEFRT7IE
TN S AL, Cry2DREZEb &2 E L, MEEEEZ L
72 Cry2lTHR BN TH HCIBI L fEA LTI aTRMk L,
flix OIINEROSE BB T 5, & 2T, rtTAZ 7 Z 555
PERAA 2 EDNASE R A A CHID 3 €T, =iz
Cry2, CIBI & DA EE T & L CHIBPNICE A, HilaN T
AR INTZENENOBEFEWIINRE T CIXESFH
IRV 2 B2 22008 F OGS KV Cry2&BA7 & CIBIERALAS
ATAHAZLICL Y 2EATARFERR SN S L \WVWH %%
s Lz (M3) ,

nTAN : transctivation domain

ATAC : DNA bindind domain

cini ERANE
Blue hight \

.

Figure 3. tTA reconstruction by hight-induced
Cry2.CIB] mteration

PA-TADEFTD 1 DIZ, K L 2 2EFH#MRO LTI
BREEMHELICEE ST, EREVIcT NI 27 0 v (F
FIFFOFHERCTHDH4-E FuF o X EFT7x2) Ik
DE~OBIIRMLERZETHDY, Thbb, tllke
HHHNED & BICASTERFIZO B Y AT AR EHT 2
Ledl-d, BENURBEIFFEO VA7 EM2 DT &
MNTED, 20T, —B70 77 ARETHLF&EL
DLW B G 2 R 5 IIXIERICA I TH 2,



DX D RPATAE G v b &3C, rtTABREIMH:
BE—X =LV pEF SRR AR T 5 REAL Y
FEBHATLZEICEY, Doicfiigic, Ho7e & A 3
VIT, Mok Milas b EFET L) e ML,

3. £ FESHIR@ZRA LXK D EEFREFED
proof-of-conceptEE&

FT=HD 7N —7"Tid, BTk NESHIlaZ RS ULTH
WTWD 72, Al R SL o v N ESHIIEER
KhES-1%E 7 /Ll & L CHW=, %9 1Eproof-of-concept
Db DFEERR E LT, SRIC X 2 BB TR 4 B
BTEDHREMELR
3—1. ETILHAOHAE

R HBOMFEICHRET 2720, ntTAENZ 1E—X
— TR EE N F BB T 2 HAAATE VAR — 2 —
fJazdifE Lz (M4) . 2B, PATABIFE Y b, b
A—F —BETOEANIZIXE b ITpiggy bac b TV AR Y
VR B — AL SRR A X T B E A A
WCEBREITo 72,

TRE : fTAwesponsive element % 4OHT

Figure 4. photo- and 4OHT-dependent transcniption within cells

3—2. RFERTLOEE

TATAA—V U THBE AT A (F U 2t
IX-SUTRUEINLBRINER) (SR 72 R 8 = O S IR % Wl B
L3 Bmosaic AT A (T h=v I ALV ARyILALY
) T U RIS L7 F ALEDPUR 2 E A L,
TATA A=V T LR A RIS T & 5 R
EREE L (M5) . £z, My 2 — U0 RE X8 %
Sl & Z SRVRRRE OBREE | BERT, L AR &gt
72 SR 24T = T2

Figure. Microscopic system for live imaging and photo-activation

3—3. ETIMBREAV:-RAMNERFIRIEER
FRTHRAET VA L LRI AT A FWT, B
B MARE - e RGN T TRFTIZ) BB TRE%
BET D 2 & 2lAad, 61T, B T - 7= ik ic 45 R
BINZ T N—F A4 FERI L, 2L E 2 A LT 7T 2B
LIZAESRTh 5, BIHIFANOMILO R TREE LS 8
JEPBR S NS T, s IR A ERRIEN T
W, ZOFITIE, B FESHIE D v =— 0 FLERIZ [JE
WP Z30E LTV D, MESRIE S, Bk Eidd
DREEABICHET D2 ZENARETH D, Fio, Lili%s
Bil4h L TR 5 IR I IE R A AHRICHRHTE 5 2
D BER T OIS & B ENEG T ORIFE L 1T
FRIBED Y A LT T o2Fio TH L2 EARNHRES
NTWbHZ Enbnd,

A EDBERERN S BP0 BB Y BT 7228556
BIFBENER TETWVWA I ENERTE -,

4. SE&ICAGFT

INFETOMET, B—ERENO Uo7 i) 1 R
STeBAIVT ] TRIGTFRIAEZFETE D2V AT L0
AT, 5%IE, ESHMICHERRE~D b 2T A
T AW RFTRFS BUaA S I 2 I L . Shic X 2 Mia sy
{EFHE & 5 A D 200 B AR B VE TR O Fe ST 1)
DR S e Y e

AT NV RT 4 7 ATIEIC L DMRIEE OBIE L W
ITAT 4T EBEZSIEEHRLVLOTIEL, HRIEH O
BRECT AR OUUAE 72 EIC K E AR 2D TN D, L
LR B, 2D OMBIEENI S b E L & b HEE O
A7 — Db D THY | Ml b X 5 2%k A
ZAARTEE & RETRCERE L2 lXiZ s A EmbhTwn
RN, T XD IRMER A A — LTk, AR X 9ER) L
I BT BRI - TR CHIIC 2 Y ThelT %
TEBELNWE W) ERKRERMEE > TL D, 2O
MEOREEEZFYMZ D720, 5% IDLARDTREMLEL
BRAHEH9,

Fo, RETHRN LETEE, RERTR VA LAY
WCEDEEFEAR EDOR—R L LIERERIEICH RS &
FMAIEME T LI ) DD X A — U RBET DN L
WHRERT AV » MRS MlRIEHR~ 05 AL
W e n— RVEEW, ZORE, ZHAETIEEZ LN
IR0y T S COJRFTHRIER FBE L 72 572, 5 F TK
ERT T IRy I AT TVl 2 Ofifaf o =2 X
a2 == g BB U BT oMk B
T o%EIZ S MRS BRI U T BN o
EMBRA~DEM ALY 5571259, BIRER CIIEET
4y Y2 b TO2RTEHRTOT S r—vavickd
FoTNDENR, SWILHE~OHISIZHT v L oL, &
72 B MR RGN © 70 2 STARBURE AR S8 A AL L 720,



11) X Yu, H Liu, J Klejnot, C, Lin, Arabidopsis
Book, 8, 0135, (2010)

12) AT Das, L Tenenbaum, B Berkhout, Curr.
Gene Ther., 16, 156-167, (2016)

0 hr 6 he 24 hr

Figure 6. Localmzed induction of gene expressions by Light

HEr

ARG ABITT HIb 720 | EARIE VRV AR
RSB S (PR AL PR EBILA R » N T —2 a2y
T I - FEESA ) RN—va VAT R 7T L)
WG U RFE3, £72, PATAY AT A% ZHEfL,
AT PV XT 47 RCHT BB BHEE VIR E
U 7= SO RS G R JE B4 7 A M O < R
LEFET,

S Xk

1)  J Nichols, A Smith, Cold Spring Harb Perspect. Biol., 4,
a008128. (2012)

2) K Takahashi, S Yamanaka, Nat. Rev. Mol. Cell Biol., 17,
183-193 (2016)

3)  H Niwa, Curr. Opin. Genet. Dev., 28, 25-31. (2014)

4) Y Sasai, Next-generation regenerative medicine:
organogenesis from stem cells in 3D culture. Cell Stem
Cell 12, 520-530 (2013)

5)  CKKim, A Adhikari, K Deiseeroth, Nat. Rev. Nuerosci.,
18, 222-235, (2017)

6) NA Repina, A Rosenbloom, A Mukherjee, DV Schaffer,
RS Kane, Annu. Rev. Chem. Biomol. Eng., 8, 12-39.
(2017)

7) S Konermann, MD Brigham, A Trevino, PD Hsu, M Heid
enreich, L Cong, RJPlatt, DA Scott, GM Church, F Zhang,
Nature, 500, 472-476 (2013)

8) LB Motta-Mena, A Reade, MJ Mallory, S
Glantz, OD Weiner, KW Lynch, KH Gardner, Nat. Chem.
Biol., 10, 196-202. (2014)

9) X Wang, X Chen, Y Yang, Nat. Methods, 9, 266-269,
(2012)

10) Yamada M, Suzuki Y, Nagasaki SC, Okuno H, Imayoshi I,
Cell Reports, 25, 487-500¢6.



EMRBILT 4 TY oA FAOTLIZE ST I 0T 7—OHEEDIEEH

Modification of Macrophages Biological Functions by Fibrin Hydrogel Capable for
Drug Controlled Release

HAH 282 - B BRI - 5 R
Yasuhiko TABATA, Ryusuke TANAKA, Jun-ichiro JO
Laboratory of Biomaterials, Institute for Frontier Life and Medical Sciences, Kyoto University

The objective of this study is to prepare a material which enables to modify the biological functions of macrophages. Fibrin hydrogel
scaffolds to induce macrophages of anti-inflammatory phenotype was combined with SEW2871, a sphingosine-1 phosphate receptor
1 agonist of a monocytes/macrophages recruiting agent, solubilized in water by micelles formation with a cholesterol-grafted gelatin.
The gelatin micelles incorporating SEW2871 retained a monocyte migration activity while SEW2871 was released in vitro from the
fibrin hydrogels in a controlled fashion. On the other hand, the culture condition using fibrin hydrogels without micelles
incorporating SEW2871 decreased the secretion of tumor necrosis factor-o (TNF-a), a pro-inflammatory cytokine, and increased the
secretion of interleukin-10 (IL-10), an anti-inflammatory cytokine, in mouse bone marrow-derived macrophages. In addition, most of
cells infiltrating into fibrin hydrogels without SEW2871 incorporated micelles were macrophages expressing CD163 and CD204 of
anti-inflammatory macrophages markers, in the fibrin hydrogels-bearing mice model. These findings indicate that the fibrin hydrogel
has a property to allow macrophages to recruit and convert into the anti-inflammatory phenotype.
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Fig. 2. The number of migrated cells induced by free SEW2871,
SEW2871-micelles, and SEW2871-free micelles. The data are
presented as the mean +SD. *, p<0.05; significant difference
between the two groups.
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Fig. 3. (A) Macrophages were stimulated with LPS on
polystyrene plate (PS) and described concentration of
fibrinogen-derived fibrin hydrogels for 24 hr, followed by
determination of TNF-a secretion by enzyme-linked immune
sorbent assay (ELISA). (B) Macrophages were cultured on PS
and described concentration of fibrinogen-derived fibrin
hydrogels for 24 hr, followed by determination of IL-10
secretion by ELISA. The data are presented as the mean £SD. *,
p<0.05; significant difference between the two groups.
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Fig. 4. (A) The in vitro release profile of SEW2871 from fibrin
hydrogels incorporating SEW2871-micelles. (B) The in vivo
release profile of SEW2871 from fibrin hydrogels incorporating
SEW2871-micelles after implantation into the back subcutis in
mice.
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Fig. 5. Macrophage phenotype marker expression on infiltrated
macrophages into fibrin hydrogels implanted in mice. (A)
Hematoxylin and Eosin or immunohistochemical staining
images of subcutaneous tissue after implantation of fibrin
hydrogels incorporating SEW2871-micelles into subcutis in
mice for 14 days. (B) The number of F4/80, CD163 and
CD204-positive infiltrated macrophages into fibrin hydrogels
without (0) with SEW2871-micelles (m). The data are presented
as the mean £SD. NS, not statistically significant vs. hydrogels
without SEW2871-micelles.
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