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Preparation of mechanobiological polymer gels by independent control of
mechanical/chemical properties
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In the research field of mechanobiology, which explores the effects of "
force”™ on biological phenomena, it is desirable to establish a functional polymer gels that allows
independent control of the mechanical and chemical properties of materials. In this study, we aimed
at realizing polymer gel scaffold using ionic liquids (ILs) as solvents, whose liquid properties can

be easily controlled. The main results of this study are as follows: (1) radical polymerization in

ILs can form ion gels based on unique polymer entanglement as a dynamic cross-linking point, (2) the
mechanical/chemical properties of ion gels can be controlled by changes in ILs and polymer
structures, and (3) cell scaffold materials consisting of azobenzene-bearing polymer gels have been

prepared to investigate the response to mechanical stress. The response of MCF-7 cells against
mechanical stimuli was investigated and reported.



) Engler

(hMSCs)
( )
(Cell, 2006, 126, 677.)
hMSCs
(PDMS)
(Nat. Mat., 2012, 11, 642.)
() (
) (
) (PNAS, 2018, 115, 4631.)
(APILS)
(IL)
(AP)ILs
(AP)ILs « )
APILs
« )
(AP)ILs
APILs
( )
([P2,2,2,5][TFSI]) ( )
([P4,4,4,1][TFSI]) (
) ([P6,6,6,14][TFSI]) 3 IL ( )
() ()
APILs
IL
()
[P6,6,6,14][TFSI] [P2,2,2,5][TFSI]
( Y(PMMA)
[P6,6,6,14][TFSI]
4
( n- )(PnBUMA) 3 APILs

APILs (AIBN)



a s

),
5]y
<1mM

1A RE EI/—

v’ conv. = 100%
A v’ M, > 108 g/mol
v’ cross-linker free

H ‘ﬁg . | L |
[szlm]_ o [NTfZ] é 9400 500 600 700 800

o~ O o0
| F. ‘S’N‘S” F
PMMA Fr - ~F
F F
INTE]

Transmittance / %

[

o

— T
3

Wavelength / nm

Fig. 1 (a) (b)
(c) 10mm (Sci. Adv. 2022, 8,
eadd0226., Soft Matter 2022, 18, 8582.)
1-10mol % (
: EGDMA)
IL
sulfo-SAMPAH 3
IL hMSCs
hMSCs
APILs
« )
(
) APILs
IL PnBuMA
(Fig. 1) IL 1- -3- (
) ([Comim][NTf]) MMA
IL
100 PMMA
( 500% 120kPa)
(UHMW ion-gel) IL
2
(Sci. Adv. 2022, 8, eadd0226., Soft Matter 2022, 18, 8582.)
4-
(P(AzoAA-r-DMAAM))
(LCsT) LCST AZOAA
trans ( ) cis ( ) AzoAA
37
trans cis
37
trans cis

37 -



(A) (B)‘é:: (a) soft > stiff@12h~ |(b). soft > stiff@36h
y P UV l%ns .
é? <« %1 10
'—) %105
\ vis, AT "
° ° ° T N
AN () Z.
.x— ° -./. Water —g
o ligrile g
Shrunken gel Swollen gel -
Fig. 2 (A)
B)( )37 P(AzoMA-r-DMAAmM)
( )P(AzoMA-r-DMAAmM)
MCF-7 ( )
MCF-7 E-cadherin rt-PCR MRNA (Acta
Biomaterialia 2021, 132, 103.)
MCF-7 (EMT)
E-cadherin mMRNA
(Acta Biomaterialia 2021, 132, 103.)
cis
(LCST (ucsr)
) trans (LCsT UCST
) trans
cis
( ) 100 T - v
rans oo e et o
60T %
%40- [e}
TNy =36 kDaQ?iEKO
P(AZoAA-r-DMAAM) . ‘ ‘
l®
i;I_su
) 49
R
/M, =16 kDa ‘ :
103 (C) T
AZOAA 4mol % =0 mﬁt@b
P(AzoAA-r-DMAAmM) %:: 3
(M)  36,16,5.9kDa mm,M so4D Q
=9. a
trans . O 30 35 40 45 50 55
cis 42 iR/ °C
(36 kDa) Fig. 3 (a) M, =36 kDa, (b) M, = 16 kDa,
(Tc-trans < Te (C) Mn = 5.9 kDa
cis) ( ) (59kD3) P(AZoAA-T-DMAAM) (pH=7.4
(Tc-trans > Tc-cis) (16 kDa) ) LCST
Tetrans= Te-
9 (Towrans=To P(AZoAA-r-DMAAM) 36 kDa
CIS,
LCST
(Tc-trans < Tc-cis) 5.9 kDa
( )
(Tc—trans > Tc—ci s) 16
kDa trans-

(Macromolecular Rapid Commun., 2023 in
press. DOI: 10.1002/marc.202300118.)

cis (Tc—trans = Tc—cis)
(Macromolecular Rapid Commun., 2023, in press.
DOI: 10.1002/marc.202300118.)



(Chem. Rec., 2023 in press. DOI:
10.1002/tcr.202300043)



10 10 2 3

Toshiki Yoshizawa, Michika Onoda, Takeshi Ueki, Ryota Tamate, Aya Akimoto Mizutani, Ryo Yoshida 59

Fabrication of Self- Oscillating Micelles with a Built- In Oxidizing Agent 2020
Angewandte Chemie International Edition 3871-3875
DOl

10.1002/anie.201913264

Kamiyama Yuji Tamate Ryota Hiroi Takashi Samitsu Sadaki Fujii Kenta Ueki Takeshi 8

Highly stretchable and self-healable polymer gels from physical entanglements of 2022
ultrahigh?molecular weight polymers

Science Advances eadd0226

Dol
10.1126/sciadv.add0226

Mizuki Tenjimbayashi*, Gen Hayase, Takashi Hiroi, Takeshi Ueki 9

Single-step wet-process formation of dual-layer superslippery coating with transparency and 2022
robust omniphobicity

Adv. Mater. Interf. 2200497

DOl
10.1002/admi . 202200497

Toshiki Yoshizawa, Michika Onoda, Takeshi Ueki*, Ryota Tamate, Aya Mizutani Akimoto, Ryo 34
Yoshida*
Self-oscillating triblock terpolymers exhibiting an autonomous sol/gel oscillation with a 2022

built-in oxidizing agent

Chem. Mater. 6460-6467

Dol
10.1021/acs.chemmater.2c01161.




Takeshi Morita*, Hitomi Okada, Taisel Yamada, Ryo Hidaka, Takeshi Ueki, Kazuyuki Niitsuma, Yuzo 24
Kitazawa, Masayoshi Watanabe, Keiko Nishikawa, Kenjirou Higashi*
Low mobility of the random coil of poly(benzyl methacrylate) dissolved in l-ethyl-3- 2022

methylimidazolium bis(trifluoromethanesulfonyl)amide studied by small angle X-ray scattering
and 1H high-resolution magic-angle spinning NMR

Phys. Chem. Chem. Phys.

26575-26582

DOl
10.1039/d2cp02207a

Yuji Kamiyama, Ryota Tamate*, Kenta Fujii, Takeshi Ueki* 18

Controlling mechanical properties of ultrahigh molecular weight ion gels by chemical structure 2022

of ionic liquids and monomers

Soft Matter 8582-8590
DOl

10.1039/D2SM00853J

Ryota Tamate*, Takeshi Ueki* in press

Adaptive ion-gels: Stimuli-responsive, and self-healing ion gels 2023

Chem. Rec. in press
DOl

10.1002/tcr.202300043

Kenta Homma, Alice C. Chang, Shota Yamamoto, Takeshi Ueki*, Jun Nakanishi* in press

Polarity does not matter: Molecular weight reverses the photoisomerization-induced phase 2023

separation of an azobenzene-bearing polymer

Macromolecular Rapid Communications in press

DOl
10.1002/marc.202300118.




Kenta Homma, Alice C. Chang, Shota Yamamoto, Ryota Tamate, Takeshi Ueki, Jun Nakanishi 132

Design of azobenzene-bearing hydrogel with photoswitchable mechanics driven by photo-induced 2021
phase transition for in vitro disease modeling

Acta Biomaterialia 103-113

DOl
10.1016/j .actbio.2021.03028

Maiko Kofu, Ryuta Watanuki, Toshiro Sakakibara, Seiko Ohira-Kawamura, Kenji Nakajima, Masato 11
Matsuura, Takeshi Ueki, Kazuhiro Akutsu, Osamu Yamamuro

Spin glass behavior and magnetic boson peak in a structural glass of a magnetic ionic liquid 2021
Sci. Rep. 12098
DOl

10.1038/s41598-021-91619-z

38 2 11

Poly(2-isopropyl-2-oxazoline) LCST

59

2022

HOMMA Kenta CHANG Ching-Hsuan TAMATE Ryota YAMAMOTO Shota UEKI Takeshi NAKANISHI Jun

Design of photo-reversible hydrogel for investigating cellular responses to dynamic mechanics of the microenvironment

IUMRS-ICYRAM 2022 (The 5th International Union ofMaterials Research Societies International Conference of Young Researchers
on Advanced Materials)

2022




10 Chem-Bio Joint Seminar 2022

2022

Osaka YUna, HOMMA Kenta, YAMAMOTO Shota, UEKI Takeshi, Kamimura Masao, NAKANISHI Jun

Development of Visible Light-responsive Dynamic Scaffold Materials

13th International Gel Symposium

2022

TAMATE Ryota, KAMIYAMA Yuji, HIROI Takashi, SAMITSU Sadaki, Fujii Kenta, UEKI Takeshi

Highly Stretchable and Self-healable Polymer Gels from Physical Entanglements of Ultrahigh Molecular Weight Polymers

13th International Gel Symposium

2022

UEDA Mai, KAMIYAMA Yuji, UEKI Takeshi, Watanabe Keisuke, Katsumoto Teruyuki

Solution property on the LCST-type phase transition of poly(2-isopropyl-2-oxazoline) in ionic liquids

13th International Gel Symposium. 2022

2022




KAMIYAMA, Yuji, TAMATE, Ryota, , UEKI, Takeshi

Mechanical and self-healing properties of ion gels based on ultra-high molecular weight polymers

13th International Gel Symposium

2022

71

2022

71

2022

Poly(2-isopropyl-2-oxazoline) poly(N-isopropylacrylamide)/

12

2022




12

2022

12

2022

33

2022

33

2022




RAFT (RAFT-PISA)

33

2022

Poly(2-isopropyl-2-oxazoline) LCST

59

2022

Kenta Homma, Ching-Hsuan Chang, Ryota Tamate, Shota Yamamoto, Takeshi Ueki, Jun Nakanishi

Design of photo-reversible hydrogel for investigating cellular responses to dynamic mechanics of the microenvironment

The 5th international union of materials research societies international conference of young researchers on advanced
materials

2022

10 Chem-Bio joint seminar

2022




Yuna Osaka, Kenta Homma, Shota Yamamoto, Takeshi Ueki, Masao Kamimura, Jun Nakanishi

Development of visible light-responsive dynamic scaffold materials

13th international Gel Symposium

2022

Ryota Tamate, Yuji Kamiyama, Takashi Hiroi, Sadaki Samitsu, Kenta Fujii, Takeshi Ueki

Highly stretchable and self-healable polymer gels from physical entanglements of ultrahigh molecular weight polymers

13th international Gel Symposium

2022

Mai Ueda, Yuji Kamiyama, Takeshi Ueki, Keisuke Watanabe, Yukiteru Katsumoto

Solution property on the LCST-type phase transition of poly(2-isopropyl-2-oxazoline) in ionic liquids

13th international Gel Symposium

2022

71

2022




71

2022

Poly(2-isopropyl-2-oxazoline)

poly(N-isopropylacrylamide)/

12

2022

12

2022

12

2022




Yuji Kamiyama, Ryota Tamate, Kenta Fujii, Takeshi Ueki

Mechanical and self-healing properties of ion gels based on ultra-high molecular weight polymers

13th international Gel Symposium 2022

2022

- Vol. 2

2023

70

2021

70

2021




2021

11

2021

33

2022

RAFT

(RAFT-PISA)

33

2022




33

2022

71

2022

Poly(2-isopropyl-2-oxazoline) LCST

71

2022

Design of photo-reversible hydrogel for investigating cellular responses to dynamic mechanics of the microenvironment

MRS-J

2022




Ryota Tamate, Takeshi Ueki 2022
Royal Society of Chemistry 25
Chapter 11, "Dynamic Hydrogel™ in Material-based Mechanobiology
) 2022
320
12 3. (

2021-029836 2021
2021-029835 2021
2021-049328 2021
2021-049327 2021




SAMURAL

https://samurai.nims.go.jp/profiles/UEKI_Takeshi

(60360608)

(Nakanishi Jun)

(82108)




