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Dr. rer. nat.

INA TRV KF

Center for Organismal Studies 2%

ATV RFET HT I —F
(2015-2020)

,10,



AH BEX

S A

RRMAFLERR (BF)
EMBPARAT Y = A — (2014-2017)

Martin Bastmeyer

Dr. rer. nat.

H—IL AL —TTRAKZF
Eky i S

_11_



[(REHRE]

Bl =R Hie
RERFEPNRR R R EFFHEE

R - AR EBUTTRT

REEGROEHTE & REFAR DN F DEE
2018 F . 2019 £

A ER Bt

EREUFRT BEBEEANHTZAR
ATEIBICH T 2 IHRERIDF A B
2019 FE. 2020 FE

LB BX HERR

REFILERKT REFHE @
AIRBEEROYIBR/ N A F~—H—FF -~

THI-—F4>7
2019 F£EF—

Hf B Bh¥

RBHLERKY REFH=E =
BAREBEEEROYIEN/NA +~—h—FF
2018 &£

,12,



BEICERELEZE - R2 v 7]

BE BN mih &
MRAE FT74RTVRAZ Vb
2018 EaRlFmER (M2)
2019-2020
HH ERTF i HF
BHEHER BTfES
2013-2021 2016-2018
INIE )4 PP
BTfES § ! 3 =
2020-2022 A
=55 (B4)
2020-2023
A K NIBR $67E
EFE~v A4 1—2X FT7ARTY AL b
7R77h ESHRE (M2)
EFEEHMEFR (B4) 2021
2021
IR R BRZ 5 ik
FTA4RATRE Vb FTARATRAZ Vb
THHERE EFHEFE (B3)
T=% (B3)

2021
2021

,13,



(#7 14 R - REREFRTEM]

EEHRGAE - B o,  SERERAE RE77)
e = - i 742 (18)

& RGE ERE (2p)
7;@ o, =B/ c R [FAIEFIAT] ¥ R 58T

REHEE (18)
AEBHE (14)

B Fl Higashi-Ichijo S
=
BEKIEPIES , |

Scimon-mic

LR ESRBERARE (EE13)

ER=E (31)
IEBIBR - LB RS T RS

RFRIZIVE
ERYETHRA (12)
#IEEE (11)

_14_



PR DEENINA A b

,15,






2018 &

ROEFER

(18278H)

REPKF
BERA T4 R

.

20 X
HERRTOIRSEHR

RR, MEFLEEREFRS WI\AFINRLIXRBREEARDHE
el

OZE3 CEEp (=D

PRAPIWEY S BEEPORSHNE IO ST 7M€ 4
05, BT LBARSEHRIUE 2NN - E 1Timer
10 RO Y IREE. METLETORBLCLY, KB
M TREONEHER RN . TER TORHROIRY 90
LYRBBTASVIFIIPORMRUAET S, BRERsE

EACRISHITE PIS L, IAWROD) (= =T B SR\
r WL ¥. WMoY, SERIRETROS

SUA L TIHMSRIRARE (FRBRIIIE) 'SRLT
RELL

FEEECHEL ETRE

e s oY Trdti

BHIARHATRIR semcexiEm

R - ST TR TH S AR, AHERIRT S
FRENRE LT, SERLSFRENBA
s INT TIPSR
[Tt sk e
Motomu Tanak s
| BIEOURNRIL, TAY
WA (YA - KT
ftFa—oi k) 2RRT
) zFuvxd b, CORER
| Mo TR b R 0
A1 L0 S BND S B R
W - RN ISR I LD M. IO
ﬁ 2T ERORFRY LAY BT LT, IR
B g Ty KTl T 2T AP IFRETO)
g% WAL RIS S S LR, RS by 7L
3 é AR 2 MU 2 AM TN AT hORE L
i
@D

& HARY, HhPueis TOEM TR RSN
L, kool B2t H3TL

; F‘ 5 LRI UERTVS,
HE - BRERERL

,17,



v7#77/# ') L

Kick-Off Symposium -
’ Center for Integrative Mrd icine .md Phys!Cs {iCeMS-CiMPhy) . ‘

" KUIAS

HEHXLORSSH
/ﬁf-!iq;\ ﬂar-—- é‘r‘ﬁﬂ’)‘ui‘)tg nf VE?-?’E'
DEEFIILDH, BAADIPLEELZ
150 \DHARED CHEZ WX,
ZDOHEDH & FAERFIAERAIC
AR — k

April 11, zuax,c

Bastmeyer!&& (%) ZHolstein
#HR (B) po7LECE

s
52
R

E2

I
)

BEXZy 71c&BET /AN

BRELHRZ—ONT kYA TRTERE Y T7—MT

,18,



Kick-Off Symposium
Center for Integrative Medicine and Physics

= (iCeMS-CiMPhy) N“
i&ﬁ April 11, 2018 PN
<& Institute for Advanced Study, Kyoto University yxujas

N

-
Forces and Mechanics
@,

((9))

Pioneering Physics Tackling Clinically Relevant Issues
Open Academia-Industry Collaboration

Nurturing Global Talents beyond Disciplines

4 B
“Dynamic” Phenotypes

o sy g W

Xy 0F 7V VRYILADERE—

_19_



BRICH = TWI=FEW=ERDA Yy -
BEIF2018F 4 AEFOL D% EH

REPRE - ZERE 70K - BIZR R - RAKER)

¥ RI& (Prof. Dr. Nagahiro Minato)

TuRR b, HE - IR

(Provost, Executive Vice President, Kyoto University)

iCeMS I FE R LK 12 FFH 2 2 . b2 & HiEAEY) E oAt O ¢

JH Y SIS (World Premier Institute) & L CHfENZ L. #7172 1@ EWFFElE 0 &
NWrgERRk e LT RECEBL CwE 3, S HicEmEEbtic, Fa
MO ZFAERT & L CREEESY: - PIEEEist+ v £ — (CiMPhy) 23R%iE &
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FEI ICY) R D Discipline #E A L TH L WiEBFFEEZ G T 2 2 &
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SEBX T 7= Bk O AR & (B E NS S L A I v E 3, %
REE O HPRBEZ L Z O OWHHRDE —~AFHTH V. 750 Z DHARF
KA TWEETZbDLELTHET, &5 IcHPERIZHED R
DFECHEFMIE ORMIGENIC D KRELFEHEE D > Th b, SFHHTRE
Beic s 2 R OB FMAE OGN 7 & L TOREEICD HEL Tz
Fadbo @ MfFLTEY T,

R#PRTF - HF EX aFHERE

Prof. Dr. Shigefumi Mori

Director-General
Kyoto University Institute for Advanced Study

Our Kyoto University Institute for Advanced Study (KUIAS) was established
in April 2016 with the aims to pursue advanced research by capitalizing on
the strengths of Kyoto University, nurture next-generation researchers, and
to serve as an international research hub where preeminent researchers gather
from Japan and overseas. KUIAS is now implementing innovative research
activities with Center for Advanced Study, iCeMS, the Institute for Integrated
Cell-Material Sciences, which is a research center and with collaborative
research centers through collaboration with institutions outside the
university.
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The Center for Integrative Medicine and Physics was established in KUIAS
by the munificence of Nakatani Foundation. We sincerely hope that this
center will advance cutting-edge measuring technologies in biomedical
engineering and will further intensify the research activities of KUIAS by
stimulating mutually with related research centers such as iCeMS, which is a
WPI institute.

REBKF - At)Il E iCeMS #Hlm R

Prof. Dr. Susumu Kitagawa

Director
iCeMS, Kyoto University

I would like to congratulate Professor Motomu Tanaka for this kick-off
symposium of Center for Integrative Medicine and Physics (iCeMS-
CiMPhy), which has just been inaugurated by patronage of Nakatani
Foundation. i1CeMS seeks to develop materials to comprehend cellular
functions and produce materials to control processes in cells, and eventually
to create functional materials inspired by cellular processes. I, as Director of
iCeMS, am happy to provide laboratory space and facilities to support the
Center whose mission is closely related to ours. I really hope that researchers
of iCeMS-CiMPhy and iCeMS will be mutually inspired and pursue close
collaborative research, and that researches of both will be greatly promoted

by synergy.

RAME - ERMEX BER

Prof. Dr. Isao Karube

President, Nakatani Foundation
President, Tokyo University of Technology
Professor Emeritus, The University of Tokyo

Firstly, let me express my congratulations on starting the Center for
Integrative Medicine and Physics (iCeMS-CiMPhy) with this kick-off
symposium. Since its foundation more thatn 30 years ago, the Nakatani
Foundation has been striving for development of the biomedical
measurement technologies by subsidizing technology developments and
commending researchers with outstanding works. We added a new large
grant program last year, after getting approval from the Cabinet Office, and
Prof. Tanaka was chosen as the first grantee. It is our pleasure and honor as
well to celebrate the official start of the new program.
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Lastly, I sincerely hope that iCeMS-CiMPhy will lead to a successful
results thus contributing to development of biomedical engineering
technologies and fostering young researchers.

RAME - KRR B EHES

Mr. Hisashi Ietsugu

Executive Director, Nakatani Foundation
Chairman and CEO, Sysmex Cororation

I would like to congratulate the kick-off of the Center for Integrative
Medicine and Physics (iCeMS-CiMPhy) at this symposium.

The Nakatani Foundation, founded in 1984, has been subsidizing the
biomedical engineering measuring technologies as its core activity. To
further contribute to the development of this field, we started a new
program last year with larger grant for a longer period. Prof. Tanaka’s
proposal was chosen as the first which led to the establishment of iCeMS-
CiMPhy at Kyoto University. We are very glad to start this Center since it
matches quite well with our purpose of the program which is to encourage
interdiciplinary, advanced research and to foster young researchers.

I sincerely hope this Center will bear fruitful results in five years and would
like to ask all of you related for your cooperation.

N TFILRILI KE - Bernhard Eitel £ &

Prof. Dr. Dr. h.c. Bernhard Eitel

President of Heidelberg University

The Universities of Heidelberg and Kyoto have enjoyed close contacts
since 1990. The bilateral university partnership was the starting point for
the foundation of the German-Japanese University Consortium
HeKKSaGOn in 2010. Member institutions include the Universities of
Heidelberg and Goéttingen, the Karlsruhe Institute of Technology and the
Universities of Kyoto, Osaka, and Tohoku Sendai in Japan.

The goal of the consortium, which is unique in German-Japanese
cooperation, is to intensify scientific cooperation in particular with focus
on research, innovation and student exchange. I am confident that the new
"Center for Integrative Medicine and Physics" will further strengthen the
scientific cooperation between Heidelberg and Kyoto.
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JSPSBonn #7 4 R « I©MNE HE— AR (REIMEXXER)

/N fE— (Prof. Dr. Keiichi Kodaira)

AR & v BRS¢ & —
Director, JSPS Bonn Office
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Bl Ayte—

T a2~V IRKE - Erich Sackmann £E#ig

RARI7BRYoBEPZHRA. MEL. BWY AT XD

Prof. Dr. Erich Sackmann

Professor Emeritus of Physics
Technical University of Munich (Germany)

After 45 years of biomimetic physics it is time for Biological Physicists
to penetrate the secrets of the physicochemical basis of the survival of
living systems and the adaption of their material properties to changing
environmental conditions.

Only a small group of courageous physicists is prepared to make this big
step. One of these scientists is my scientific child Motomu Tanaka.

Please beware:

Nature can teach us how to generate new self-healing materials by making
use of natures’ strategy to generate order in multicomponent systems
based on the concept of logistically controlled self-organization and
highly sophisticated control systems. The future progress in medicine
depends on our deeper insights into the control systems by the adaption
of the mechanical impedances of cells tissues, i.e. tensional homeostasis.

Prof. Sackmann is my teacher, who taught me how to become a scientist.

Uté, Finland (2011) Summer School

2 //!.,///

Zirich (2014) 2D Polymer Conference

¥

Munich (2018) Visit to Erich’s Home
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I joined his lab as a postdoc
(JSPS/ Humboldt Fellow, 1998
- 2001) and a junior group
leader (Emmy Noether Fellow,
2001 - 2005) at the Department
of Physics, Technical
University Munich (Germany).
I am the only non-German, and
the last "Habilitand (junior
group leader)" in the Sackmann
Lab, which produced > 30
chair holders and directors of
Max-Planck and Helmholtz
Institutes. Our review article on
cell surface models (Tanaka
and Sackmann, Nature (2005))
now counts almost 1000
citations.



BH E— AEHRERRE (RRIEXFREHRR)
RABERMR, NFEOHPICRIFOEL I ZHZX TN [REHMOE LA
#H % — (Prof. Dr. Tomokazu Iyoda)

[FEFE R U R BEARFTERT, B

Professor, Doshisha University (Japan)

AFENEIOFTE TH L WIS DR X — b BHTE H T
. FoXLDHVF Y AR EALBRER D2 EARE
WADREL T 200, ol VELAICLTWET., FLEHFWIT
. A EL B, BECHEIN, PV L HREICY
VINVICRHINETIOMFEL T T

Prof. Iyoda is my first teacher in science. He (at that time, a PhD
student in Kyoto University) was my tutor. Tomokazu told a 12-
year-old boy (me) how fascinating is science. When I entered the
junior high school, he gave me two books: "The Chemical History
of a Candle" by Michael Faraday, and "The Origin of Life" by
Alexander Oparin. These books and Tomokazu strongly motivated
me to become a scientist. It was a great honor for me to introduce
this story to my students, when he gave a lecture in Heidelberg.
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Kyoto Winter School W

“Quantifying Dynamics of Life”

March 11 — 20, 2019
Center for Integrative Medicine and Physics A
Institute for Advanced Study, Kyoto University KUIAS
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Cross-disciplinary, international winter school for graduate students and
junior researchers from medicine, physics, mathematics, chemistry, bioclogy,
and engineering sciences, etc.

Confirmed Ilecturers:

T. Holstein (Heidelberg), A. Parikh (Davis), M. Bastmeyer (Karlsruhe),
J. Rédler (Munich), J. Korvink (Karlsruhe), A. D. Ho (Heidelberg),

K. Yoshikawa (Doshisha), S. Kinoshita (KPUM), A. Harada (Osaka),
S. Takeuchi (Tokyo), H. Suito (Tohoku), S. Deguchi (JAMSTEC),

R. Nagatomi (Tohoku), S. Kidoaki (Kyushu), O. Tabata (Kyoto),

K. Svadlenka (Kyoto), T. Tsuruyama (Kyoto), H. Wada (Ritsumeikan),
T. Hayashi (Tokyo Tech), H. Y. Yoshikawa (Saitama), M. Sano (Tokyo)
F. Tamanoi (Kyoto / UCLA), K. Kodaira (NAOJ) g

Organizer:
M. Tanaka (Kyoto / Heidelberg)

Local committee:
A. Yamamoto, R. Suzuki

M. Yoshida
Supported by AT
I DWIH Tokyo
ﬁéﬁ[ﬂ E:'O‘:'“'FU-NE&‘H"?O"N‘ T /,\_) NETWORK OF UNIVERSITIES .". . . > a "
o Land der Idean
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A physical biomarker of the quality of cultured
corneal endothelial cells and of the long-term
prognosis of corneal restoration in patients

Abihisa Yamaevotol ', Hiroshi Tanska®’, Munstoyo Tods', Chis Sctazone’, Junji Hamero?,
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Developing a physical biomarker for ¢ornea
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c.nm |n:;'wm ilzﬂ:lne and Physics (CiMPhy) ﬁgﬁ
ute tudy, Kyoto Univessity
Open Lecture ARYN=F o KF
How a gastrophysicist gets Ole G. Mouritsen {2
inspired by the Japanese cuisine
BRPRE

RKE - BABREXRE

A7 »e—0KE - BYBRFL»2Z—-
FuaE
HrIE AhF2FEBHRICEA - BE

Prof. Dr. Ole Mouritsen
Copenhagen University
Japanese Cuisine Goodwill Ambassador
Order of the Rising Sun, Goid Rays with Neck Ribbon

Monday, September 2, 2019, 18:00-
Clock Tower Centennial Hall 2F,
Kyoto University

ceghaizots
Preparaion fechivques f SUNETORG. | M AR Nleresing I0 exphng Now the FAQN garned
| rom Bese studirs con teach us how t eat Mo green

Far Inguiy. ey oo Qe sdm ks uac ZL{DBZEELEM

taste-for-life.org

BRZELREOERES /—bAE LRTREOEREL
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German-Japanese Worksop
| Aquatic Materials Made to Order|

(3A4 - 5H)

R N TRy KE

XERIF AR FAREMB I AN RBAET (ARERRRE)
[KEREME  RIBICHAN - BETE2T U T EEZORIM]

MEXT Grant-in-Aid for Scientific Research on  Innovative Areas

_ é Area Number: 6104, FY2019-FY2023
SEHEfts
! ' ' PN b i
Aquatic Functional Materials %%fﬁﬁq?)

M K ZEHERFZeA03 (BEEeRaiRIE) R

FAYRZEE (Deutsche Forschungsgemainschaft)
German Excellence Cluster [3D Matter Made to Order|

w 3D MATTER
MADE TO ORDER

Germany’s Excellence Strategy
- 208211 — 390761711

AN

Martin Wegener %
(A= R —TTRIAZS)

Uwe Bunz &
(A TR K

FHdh 5k & M. Bastmeyer #i% (MMREEHIR) (S
BRAL KR » HEEED

HPHPETEERL LTS DENHRSEOREN R Z DL E
BiRo%xy b7—223<Y%BiELEY. I+l

FEsSHIICA ¥4 F TOREZIES (KEEREE)
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IOFBEOEH. FIFTRTOELENA > 5 A 5

i G ie =
BieXxFarV—7 L (HeKKSaGOn Alliance) PR TSR

20214989H - 108 (F>» 5 41 »EE)

HeKKSaGOmWniversity Alliance

" ""ThMérman-Japanese University
Presidents’' Conference

"Howauniversities can contribute to building healthy,
safe’and resilient societies"

* ,‘. \. HeKKSaGOn A= 5nsxions

% AT e
ol PY  NETWORK OF UNIVERSITIES Resinibel b

WG1: Next-Generation Biomedical Sciences

- Fusion of Molecular Engineering, Imaging, and Modeling -

| Lead Coordinator
~  Motomu Tanaka (Biophysics)
Institute of Physical Chemistry, Heidelberg University

Institute for Advanced Study, Kyoto University

Coordinators

Martin Bastmeyer (Neurobiology)
¥ Zoological Institute, Karlsruhe Institute of Technology
5 Hiroshi Suito (Mathematics)

Advanced Institute for Materials Research, Tohoku University g ﬁ
e
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2022498218004 FRENHS
walEE

SE»POBREAITERRRDZA4FIIR

Life as a Matter of Interface Dynamics

\ UNIVERSITAT

Zukunft. Seit 1386.

He 3K
NA TRV KE - YEBICERERR

REBKRF - HEWHERR

[GEKRKE - Y245 XAEYTPIF—IL (47 )y FEE)
Z2NEHF600AE (£15300%)
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7 — <3 ! Medicine and Numerical Analysis - Activities in Heidelberg -

NATURLVIKTERIN—T EERARRETo>TWD
ST - BEFMREICATA THERELEKRE

Thomas Hofer

e dicfze

Anna Marciniak Czochra

Professor
Inst. Appl. Math.

Infectious Disease (HBV) Cancer (Leukemia)
Anil Dasanna Judith Thoma
Senior Scientist PhD student

Inst. Theor. Phys.
(now in Saarbriicken)

UNIVERSITAT
HEIDELBERG
Ll Seit 1386.

urkunft. >

Inst. Phys. Chem.

c Leukemi
Infectious Disease (Malaria) anqern (Ledkemia)
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20OPH -

YITP Workshop
25th Anniversary Symposium of German-Japanese Joint
Research Project on Nonequilibrium Statistical Physics
Perspectives for Future Collaboration

Octobey 12 - 14, 2022
Yukawa Institute for Theoretical Physics, Kyvoto University

EFHS
("R« Eif)

e 4

MEAT

Brand#Z DK EChi-2EBICRH L T
Be07L—raTLEY b

,40,

Bin [FEFERETIER] HF
B5BFERE RV

Organizers -
Motomu TANARA (Heidelberg / Kyota) |
Ryoichi YAMAMOTO (Kyoto)
Mazaki SANO (Shanghai / Tokyo!
Hartmut LOWEN (Disseldorf)
Helmut BRAND (Bayreuth)
Hisao HAYAKAWA (Eyota)

For registration, please visit! httpe’'www2 yuknswa. kyoto w.acip/~gernion fopan202 2index:php
= -
2YsTP G NAKATANI FOUNDATION
T o - L Pl Rt

mARESR - NF YDy =ik (g Ty )
ZMEHE T0A (5 BHETOSMESOA)

LA —

H. Lowen H. Brand

(Dilsseldorf) (Bayreuth)
UNIVERSITAT
BAYREUTH

Roundtable Discussion ¢5# O EREHEIC 2 W CiEm
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i 7x
BiexFEary—< 7L (HeKKSaGOn Alliance) EIPRAESE

2023498218 - 228 (Géttingen)

HeKKSaGOn — Network of Universities

Working Group 1 D13
7 LG U—1zy

2021£HeKKSaGOn&:4 - &

(AN
‘,5;_-_.\_\-__‘_ HeKKSaGOn A

7]  NETWORK OF UNIVERSITIES e

WG1: Next-Generation Biomedical Sciences

- Fusion of Molecular Engineering, Imaging, and Modeling -

Lead Coordinator

- Motomu Tanaka (Biophysics)

H Institute of Physical Chemistry, Heidelberg University
Institute for Advanced Study, Kyoto University

Coordinators T
Martin Bastmeyer (Neurohiology) el
- Zoological Institute, Karlsruhe Institute of Technology ie
l . Hiroshi Suito (Mathematics) L8,
Advanced Institute for Materials Research, Tohoku University g?- i@
e
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Pre-Workshop (Sept. 19)

“ﬁ@m . Nakahata (Bio-inspired ?
= materials)

Fujiwara (Biochemistry

autophagy)

Prof Dr Motorns Taniska
®
5% HeKKSaGOn

LA,
B o or LRI

HeKKSaGOn Workshop T
“New-Generation Biomedical Science™ salg (Blop”nung and
multiscale cancer
Dyr. Masaki Nakahata (Graduate Schoal of Science, Osaka University) H i -
Dy of based on bio-mspired design, bno- Im ag,ng) ﬁbﬁ
s ety i 4 £yt G Suito (Mathematical i et
Dr. Yuuki Fujiwara (United Gradnate School of Child Development, model of blood ﬁow) e B .
Osaka University)
A newly wennfied ular d 4 system in | and its
physilogical significances

Dr. Gahbriel Salg (Department of Surgery, Heidelberg University
Huspital)

Towaods bicaribciad 1 tissue: Add 1
hnutations by tissue and vascular network profiling

Prof. Dr. Hiroshi Suita (Advanced Instimate for Materials Research,
Tohokn University)
Biood Flow Problems in the Human Body

19.09.2023

13:00 — 16:30, PCI Seminarraum (20G)
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International Session : Medicine and Numerical Analysis

Junior Group Leader
Physicist, Physician

Hepatitis B Virus

Natl. Center Tumor Research

Thomas Stiehl
Professor %ﬂmﬁi
Mathematician, Physician AAGHEN

Inst. Comp. Medicine, RWTH Aachen
Leukemia

Stefan Kallenberger O N CT

Catherine Beauchemin

Deputy Director
Physicist

iTHEMS (on leave) .
Virology modeling  RII=H
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2024 £

FHEEEY 4 v Z—R 27— (2024F28)

R« RBRFEHFITIR

Kyoto Winter School 2024
“Towards Holistic Understanding of Life”
February 19 — March 1, 2024

Abstract Book

Supportad by

NAKATAM FOUNDATION. 208 == ITHEMS
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A. SRR & BR{E L =87 1= GRS M i DB

Al AIEBEEEICAV S BIERMA (in vitro) O SBME BREARE (in vivo) DF
ZiHEZ —D2 DA THRIEEICT 2MEBRAINAM T —h—Z R

A. Yamamoto, H. Tanaka, M. Toda, C. Sotozono, J. Hamuro, S. Kinoshita, M. Ueno*
and M. Tanaka*

Nature Biomedical Engineering, 3, 953—960 (2019)

RABF T ER A SRR S -
EFRKREN WaEENE
8) b&DOERFE

RERF - FEFIULEMKRFEAHRFIEEFEE

AARREHFE. BEY A T~ X Nature Blog 7 & THEN

CONTRIBUTOR NATURE BIOMED ENC
BEHIND THE PAPER

Using physms to tESt corneal cell quahty’ ‘

Developing a physical biomarker for ¢ornea
restoration therapy

F—X—O—FRL— a3ty oMr 2, AEREEE - BEEREERES L TEE
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A2 BE - FF—HlROBEZRIHEEFEZAVTRERECTENS Y OMREHETE
TEHRET VERR

T. Ohta, C. Monzel, A.S. Becker, A.D. Ho and M. Tanaka*
Scientific Reports, 8, 10630 (2018)

RERFEAMER KABRREEZIR MRBEEHE - ) . N TILNILTKRER
Brim&RAEL A.D. Ho #i% MaEEHE - G) LoHEHR

KLINIKUM
HEIDELBERG
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A3. MRR AT DEEMFFTICL Y, ML S EmMEFHAOREH2ERASI LI L z2H
{ERY (CHREA

Laura Poisa-Beiro, Judith Thoma, Jonathan Landry, Sven Sauer, Akihisa Yamamoto,
Volker E ckstein, Natalie Romanov, Simon Raffel, Georg F. Hoffmann, Peer Bork,
Vladimir Benes, Anne-Claude Gavin, Motomu Tanaka* and Anthony D. Ho

Scientific Reports, 10, 11597 (2020)

NA TILRIL 7 KEBFEFRMAAR AD. Ho #3% MLAREHIE - £) . NS F4Y
AT V. Benes EEMIEE (F) |, A.C. Gavin 2d% () & DHEWE

EMBL

European Molecular Biology Laboratory

,51,



B. Fi-7EtH - ATEFOEE

Bl. EEATE/OEVENHIBONFHEICEIIRELZRIROBESTD7—1) TiE
iiwa N>y

B. Frohlich, J. Jager, C. Lansche, C.P. Sanchez, M. Cyklaff, B. Buchholz, S.T.
Soubeiga, J. Simpore, H. Ito, U.S. Schwarz, M. Lanzer* and M. Tanaka*

Communications Biology, 2, 311 (2019)

X —

COMMUNICATIONS
BIOLOGY

ARTICLE
oPEN

Hemoglobin S and C affect biomechanical
membrane properties of P. falciparum-infected
erythrocytes

Benjamin Frohlich!, Julia Jégerz, Christine Lansche, Cecilia P. Sanchez®, Marek Cyrklaff3, Bernd Buchholz?,
Serge Theophile Soubeiga5, Jacque Simpores, Hiroaki Ito®, Ulrich S. Schwarz® 2, Michael Lanzer® 3 &
Motomu Tanaka® "/

INA TFILRIL Y K BEAREZERT M. Lanzer 232,
INA T IRV K BRI U.S. Schwarz
iz & OHERMR

£

UNIVERSITATS
KLINIKUM
HEIDELBERG
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B2. EEAE/OEYOELENCIVTFICRELTHLEELLLAVWI L E, FEdH0
HIEMOEEDHEEZBFAXEXBERAVWERRZEIRF /A XA -V I TREBEEE

B. Frohlich, Y. Yang, J. Thoma, J. Czajor, C. Lansche, C. Sanchez, M. Lanzer, P.
Cloetens and M. Tanaka*

Analytical Chemistry, 92, 5765 — 5771 (2020)

RRMN ST & P. Cloetens TR
B, N TILRNILY KT BREGEFTRT
M. Lanzer #i% & O HEEFR

—ra L
UNIVERSITATS
KLINIKUM
HEIDELBERG

—
¥ =
200 o, i &
> =
150° -
50§ 3 5
=
1007%° 2 2
€ 8
g2
50 G 1
o2
)

o
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B3. h F A VER@MEERIE EEFSEKETZNI—-LOEAEHLEFHENICHBEERZAL
SERIANZALEZRHAEXBERAVW-EBEZETHZERZ7O7 74 Y > 5 Tl

J. Thoma, W. Abuillan, I. Furikado, T. Habe, A. Yamamoto, S. Gierlich, S. Inoue and M.
Tanaka*

Scientific Reports, 10, 12302 (2020)

TCE BRI R AT F E30E FEHF
B, RRINBET R O. Konovalov

TERRE S & OREHRT
T e

ESRF

The Eurcpean Synchrotron

TE=Z2—XVY—XRTHREX BHIZEFE. BREHEZEL ETREN

FASAE X FEENA
e MEFICL2BEDTE - /1 OAEOE{%
ESRF 03+ / A—FIABETCRH

The European Synchrotron “‘*:*

MEAIC L 6&@%&‘"{.&
0.01 +/ X — FKEE TR

T SEXiR TR %
[Thinh] oBETRS

'/}(“Pi: rf%?fﬁ LTCJ b
s
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B4. H - KFREICEIZINAFTTIVTLDTNMERBZ Y TLVEA LTEHBTESS
IR F—XREFRES K EDRFRE

Federico Amadei, Judith Thoma, Julian Czajor, Esther Kimmle, Akihisa Yamamoto,
Wasim Abuillan, Oleg V. Konovalov, Yuriy Chushkin,* and Motomu Tanaka*

J. Phys. Chem. B, 124, 8937 (2020) Cover

BN B ST YE14% Y. Chushkin ZEFRE S & O HEFEFZT

THE JOURNAL OF
PHYSICAL
CHEMISTRY
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B5. BfRGEBEMBEROBRITE. 7/ 7+ —H XA XBREDWEL. #HEFRK<y ToEH»
EHET, BETAE FSOMBARBOBI A Wnt 7 FILICk > THIEITATW
32 & %fRA

Mariam Veschgini, Ryo Suzuki, Svenja Kling, Hendrik O. Petersen, Bruno Gideon
Bergheim, Wasim Abuillan, Philipp Linke, Stefan Kaufmann, Manfred Burghammer,
Ulrike Engel, Frank Stein, Suat Oezbek, Thomas W. Holstein,* and Motomu Tanaka*

iScience, 26, 106416 (2023) Supplementary Cover

INA TNV KEA BRI
T.W. Holstein #i% (MlamEEH
Bk . NATILRILYKE
AvAA=D v Ty 2— U

Engel 4> % —8 (%) . BN ws §3§5§;’::- i
SETEHHS M. Burghammer 4% e ESRF

mre () LOHREME
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C. i/ MNREOEBREE T TILOER

C1.CDO5 IC& BAAMBED TR F— 2D, BHEMEEDDH B LEICHADIEFEN Y]
DEHBZ L% CD95 Ay F CBEZHE LR L-MiEREmET V2 AV TR

G.S.G. Balta, C. Monzel, S. Kleber, J. Beadouin, E. Balta, T. Kaindl, S. Chen, M.
Thiemann, C.R. Wirtz, Y. Samstag, M. Tanaka* and A. Martin-Villalba*

Cell Reports, 29, 2295 — 2306 (2019)

Cell Reports

3D Cellular Architecture Modulates Tyrosine Kinase
Activity, Thereby Switching CD95-Mediated
Apoptosis to Survival

Graphical Abstract Authors

Gulce S. Gulculer Balta, Comelia Monzel,
Susanne Kleber, ..., Yvonne Samstag,
Motomu Tanaka, Ana Martin-Villalba

oy CD95 activation

oy

Correspondence
tanaka@uni-heidelberg.de (M.T.),
a.martin-villalba@dkfz-heidelberg.de
(AML-V.)

Recaplasigend par
rer noboation sficansy

|

In Brief

Gulculer Balta et al. show that CD95

receptor activation is determined through

the presentation of its ligand at a certain

intermolecular distance. The type of

- H'* signaling triggered by CD95 is, however,
decided by the cellular environment.

- CD95 triggers survival in cancer cells in
contact with other cells and death in
isolated ones.

KA HRAREE > % —(DKFZ) A. Martin
W« | [ iy PR

E Calboallcontact

Coliiell canmet
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C2. BB 2NXFIDL—HF—FYrFq B EHEY>FFSNVEAVT,. —#
AFIETZy b7+ —L%EEIH

M. Hippler, W. WeiRenbruch, K. Richler, E.D. Lemma, M. Nakahata, B. Richter, C.
Barner-Kowolik, Y. Takashima, A. Harada, E. Blasco, M. Wegener*, M. Tanaka* and M.
Bastmeyer*

Science Advances, 6, eabc2648 (2020)

H—ILRIL—ITITRKF YEF M.
Wegener #i%. [RIE#F M. Bastmeyer
B MSEREHIR) . KRAFEFHER

BE HE WES L ORFAWE \‘(IT
=\

Karlseuher Institut for Technelceis

A=A —TIRKFE, NATIINLIRE JRHREANT LYY —X

~ " +1-AdCA —
| =

S =

\
/

g
&

B TPETA (passivating) PETA (protein adsorbing) Host-guest hydroge

10 pm

,58,



Cl I xAv T FTHlfIRgELR [BaFEe FRS L] ZAVWT, b FEAERRH
fahEED EXZRL3EE] ® (91 - #85E% 1L 3 hENRIBORIKEE] % fZEA
Philipp Linke, Natalie Munding, Esther Kimmle, Stefan Kaufmann, Kentaro Hayashi,
Masaki Nakahata, Yoshinori Takashima, Masaki Sano, Martin Bastmeyer, Thomas

Holstein, Sascha Dietrich, Carsten Muller-Tidow, Akira Harada, Anthony D. Ho, and
Motomu Tanaka*

Advanced Healthcare Materials, DOI: 10.1002/adhm.202302607 Inside Cover

UNIVERSITATS

xﬁﬁk#‘! KLINIKUM
OSAKA UNIVERSITY HEIDELBERG

RRAFEZMER 58 &
wEE (B) . "M TR
7 KRFmbm&AE A.D. Ho
iR WaEBEHIR -AH) ©
& DHFIMZ

Ibidi GmbH # (&) A& Z 4 > x4t

e aheskunat de A DVAN c E D
MATERIALS

/> Special Issue: Biomaterials
for Regenerative Medicine

L

\ Guest-edited by: Shengmin Zhang
WILEYVEH and Antonios G. Mikos

,59,



C4. BEE2XFIDL—Y—-TVrT1 7% ELE [WENXAL=TITIL] %
AWT, b FRAERBHREZHFHICHET S Z & ISR

N. Munding, M. Fladung, Yi Chen, Marc Hippler, Anthony D. Ho, Martin Wegener,*
Martin Bastmeyer,* and Motomu Tanaka*

Advanced Functional Materials, DOI: 10.1002/adfm.202301133 Back Cover

H—IL R I)L—TTRAKF YiE=x
M. Wegener #i%. BE4EDF M.
Bastmeyer #i% (MaEEH
%) & OHEME

Karlsruher Institut fiir Technologie

,60,



D. ZDfthDFEdiT - FHHDERHh

DI1. EEXH nm OEFME L LBZ 75— LV ESFOKATOWHMIEE:Z X EEAR
S¥3R & RMEMALEL BT % BR{E L THzRA

Prince Ravat, Hikaru Uchida, Ryosuke Sekine, Ko Kamei, Akihisa Yamamoto,

Oleg Konovalov, Motomu Tanaka,* Teppei Yamada,* Koji Harano,* and Eiichi
Nakamura

Advanced Materials, 34, 2106465 (2022)

BRAF PR —3IR, REF3:E0 EHER. BUNKE L#EE O. Konovalov EEHIRE
H & DR

H 5K P

THE UnaversiTy 0F TOKYO

,61,



D2. IEYICEREZ G -ME%ZBEBLTEZ L THREFEL RIVLOPRTKPFOEERE
AF 2V #BREIKLRVETHRILELT IR TLEZRRE

Masaki Nakahata*, Ai Sumiya, Yuka Ikemoto, Takashi Nakamura, Anastasia Dudin,
Julius Schwieger, Akihisa Yamamoto, Shinji Sakai, Stefan Kaufmann and Motomu
Tanaka*

Nature Communications, DOI: 10.1038/s41467-024-49869-8

KRAFIERFERER - PIRERTE)
., NATILRILY KES.
Kaufmann &E0 5 & O HEFEHFZE

ABRASF

OSAKA UNIVERSITY

KIRKRZFE - REBKE - NA TNV KRENHT LYY - BAREFEE TREN

I R 2023 £ 10 A, BIRIZHL S TR D 2024 F6 H

_62_



REMX) X B

,63,






2018 £

1. W. Abuillan, A. S. Becker, B. Demé, T. Homma, H. Isobe, K. Harano*, E. Nakamura* and
M. Tanaka*
“Neutron Scattering Reveals Water Confined in a Watertight Bilayer Vesicle”

J. Am. Chem. Soc. 140, 11261-11266 (2018).

“Simple physical model unravels influences of chemokine on shape deformation and

migration of human hematopoietic stem cells”

Sci. Rep. 8, 10630 (2018).

“Dynamic cellular phenotyping defines specific mobilization mechanisms of human

hematopoietic stem and progenitor cells induced by SDF1a versus synthetic agents”
Sci. Rep. 8, 1841 (2018).

4, F. Amadei, B. Frohlich, W. Stremmel and M. Tanaka*
“Nonclassical Interactions of Phosphatidylcholine with Mucin Protect Intestinal Surfaces:

A Microinterferometry Study”
Langmuir 34, 14046-14057 (2018).

5. M. Tsuchiya, Y. Hara*, M. Okuda, K. Itoh, R. Nishioka, A. Shiomi, K. Nagao, M. Mori,
Y. Mori, J. Ikenouchi, R. Suzuki, M. Tanaka, T. Ohwada, J. Aoki, M. Kanagawa, T. Toda,
Y. Nagata, R. Matsuda, Y. Takayama, M. Tominaga and M. Umeda*
“Cell surface flip-flop of phosphatidylserine is critical for PIEZO1-mediated myotube

formation”
Nat. Commun. 9, 2049 (2018).

6. L. Yu,J. Li, J. Hong, Y. Takashima, N. Fujimoto, M. Nakajima, A. Yamamoto, X. Dong,
Y. Dang, Y. Hou, W. Yang, I. Minami, K. Okita, M. Tanaka, C. Luo, F. Tang, Y. Chen,
C. Tang, H. Kotera and L. Liu*
“Low Cell-Matrix Adhesion Reveals Two Subtypes of Human Pluripotent Stem Cells”

Stem Cell Rep. 11, 142 (2018).

,65,



10.

11.

12.

C. Lansche, A. K. Dasanna, K. Quadt, B. Frohlich, D. Missirlis, M. Tétard, B. Gamain, B.
Buchholz, C. P. Sanchez, M. Tanaka, U. S. Schwarz* and M. Lanzer*
“The sickle cell trait affects contact dynamics and endothelial cell activation in

Plasmodium falciparum-infected erythrocytes”
Commun. Biol. 1,211 (2018).

M. Lamas-Murua, B. Stolp, S. Kaw, J. Thoma, N. Tsopoulidis, B. Trautz, I. Ambiel, T.
Reif, S. Arora, A. Imle, N. Tibroni, J. Wu, G. Cui, J. V. Stein, M. Tanaka, R. Lyck and O.
T. Fackler

“HIV-1 Nef Disrupts CD4" T Lymphocyte Polarity, Extravasation, and Homing to
Lymph Nodes via Its Nef-Associated Kinase Complex Interface”

J. Immunol. 201, 2731-2743 (2018).

K. Tamada* and M. Tanaka*
“Nonlinear Viscoelasticity of Highly Ordered, Two-Dimensional Assemblies of Metal

Nanoparticles Confined at the Air/Water Interface”
Langmuir 34, 13025-13034 (2018).

J. Massiot, V. Rosilio, N. Ibrahim, A. Yamamoto, V. Nicolas, O. Konovalov, M. Tanaka
and A. Makky*
“Newly Synthesized Lipid-Porphyrin Conjugates: Evaluation of Their Self-Assembling

Properties, Their Miscibility with Phospholipids and Their Photodynamic Activity In
Vitro”

Chem. A Eur. J. 24, 19179-19194 (2018).

“Optical Fluid Pump: Generation of Directional Flow via Microphase Segregation/

Homogenization”
J. Phys. Chem. Lett. 9, 5792-5796 (2018).

M. Eshrati, F. Amadei, T. van de Wiele, M. Veschgini, S. Kaufmann and M. Tanaka*
“Biopolymer-Based Minimal Formulations Boost Viability and Metabolic Functionality

of Probiotics Lactobacillus rhamnosus GG through Gastrointestinal Passage”

Langmuir 34, 11167-11175 (2018).

,66,



13.

14.

15.

16.

17.

18.

19.

I. A. Pavel, M. Giradon, S. El Hajj, S. Parant, F. Amadei, S. Kaufmann, M. Tanaka, V.
Fierro, A. Celzard, N. Canilho and A. Pasc*

“Lipid-coated mesoporous silica microparticles for controlled delivery of B-galactosidase
into intestine”

J. Mater. Chem. B 6, 5633-5639 (2018).

L. Huber, R. Suzuki, T. Kriiger, E. Frey* and A. R. Bausch*

“Emergence of coexisting ordered states in active matter systems”

Science 361, 255-258 (2018).

“Emergence of Strong Nonlinear Viscoelastic Response of Semifluorinated Alkane

Monolayers”
Langmuir 34, 2489-2496 (2018).

K. Hayashi, T. S. Yamamoto and N. Ueno*
“Intracellular calcium signal at the leading edge regulates mesodermal sheet migration

during Xenopus gastrulation”
Sci. Rep. 8, 2433 (2018).

X. Fan, A. Korytowski, A. Makky, M. Tanaka and M. Wink*
“Ib-AMP4 insertion causes surface rearrangement in the phospholipid bilayer of

biomembranes: Implications from quartz-crystal microbalance with dissipation”
Biochim. Biophys. Acta (BBA) — Biomembranes 1860, 617-623 (2018).

S. Mehlhose, N. Frenkel, H. Uji, S. Holzel, G. Miintze, D. Stock, S. Neugebauer, A. Dadgar,
W. Abuillan, M. Eickhoff*, S. Kimura* and M. Tanaka*
“Flexible Modulation of Electronic Band Structures of Wide Band Gap GaN

Semiconductors Using Bioinspired, Nonbiological Helical Peptides”
Adv. Funct. Mater. 28, 1704034 (2018).

X. Liu, S. Mielke, C. Contal, D. Favier, A. Yamamoto, M. Tanaka and M. P. Krafft*
“2D Spherulites of a Semi-Fluorinated Alkane: Controlled Access to Either Radial Or
Ring-Banded Morphologies”

Chem. Phys. Chem. 19, 29-33 (2018).

,67,



2019 £

20.

21.

22.

23.

24.

25.

A. Yamamoto, H. Tanaka, M. Toda, C. Sotozono, J. Hamuro, S. Kinoshita, M. Ueno* and
M. Tanaka*

“A physical biomarker of the quality of cultured corneal endothelial cells and of the long-

term prognosis of corneal restoration in patients”
Nat. Biomed. Eng. 3, 953-960 (2019).

B. Frohlich, J. Jager, C. Lansche, C. P. Sanchez, M. Cyrklaff, B. Buchholz, S. T. Soubeiga,
J. Simpore, H. Ito, U. S. Schwarz*, M. Lanzer* and M. Tanaka*

“Hemoglobin S and C affect biomechanical membrane properties of P. falciparum-
infected erythrocytes”

Commun. Biol. 2,311 (2019).

P. Linke, R. Suzuki, A. Yamamoto, M. Nakahata, M. Kengaku, T. Fujiwara, T. Ohzono
and M. Tanaka*
“Dynamic Contact Guidance of Myoblasts by Feature Size and Reversible Switching of

Substrate Topography: Orchestration of Cell Shape, Orientation, and Nematic Ordering
of Actin Cytoskeletons”

Langmuir 35, 7538-551 (2019).

M. Tanaka, F. Brochard-Wyart, F. M. Winnik and A. Takahara

“Preface to the Interfaces and Biology: Mechanobiology Special Issue”
Langmuir 35, 7333-7334 (2019).

G. S. G. Balta, C. Monzel, S. Kleber, J. Beaudouin, T. Kaindl, M. Thiemann, C. R. Wirtz,
M. Tanaka* and A. Martin-Villalba*
“3D cellular architecture modulates tyrosine kinase activity thereby acting as a switch

between CD95 mediated apoptosis and survival in cancer”
Cell Rep. 29, 2295-2306 (2019).

T. Bentele, F. Amadei, E. Kimmle, M. Veschgini, P. Linke, M. S. Gonzales, J. Tennigkeit,

“New Class of Crosslinker-Free Nanofiber Biomaterials from Hydra Nematocyst

Proteins”

,68,



26.

27.

28.

29.

30.

31.

32.

Sci. Rep. 9, 19116 (2019).

M. Eshrati, F. Amadei, S. Staffer, W. Stremmel and M. Tanaka*
“Shear-Enhanced Dynamic Adhesion of Lactobacillus rhamnosus GG on Intestinal

Epithelia: Correlative Effect of Protein Expression and Interface Mechanics”
Langmuir 35, 529-537 (2019).

H. Tanaka, A. Yamamoto, M. Toda, C. Sotozono, J. Hamuro, S. Kinoshita, M. Ueno* and
M. Tanaka*

“A Non-Invasive Physical Biomarker for Evaluation of Corneal Endothelial Cells”

Invest. Ophth. Vis. Sci. 60, 2156 (2019).

M. Tanaka*
“In Vitro Dynamic Phenotyping for Testing Novel Mobilizing Agents”

In: Klein G., Wuchter P. (eds) Stem Cell Mobilization pp11-27.
Methods in Molecular Biology, vol. 2017. Humana, New York (2019).

S. Mielke, W. Abuillan, M. Veschgini, X. Liu, O. Konovalov, M. P. Krafft* and M.
Tanaka*

“Influence of perfluorohexane-enriched atmosphere on the viscoelasticity and structural
order of self-assembled nanodomains of semifluorinated alkanes at the air/water

interface”
Chem. Phys. Chem. 20, 16981705 (2019).

H. Umeshima, K. Nomura, S. Yoshikawa, M. Horning, M. Tanaka, S. Sakuma, F. Arai,
M. Kaneko and M. Kengaku*
“Local traction force in the proximal leading process triggers nuclear translocation during

neuronal migration”
Neurosci. Res. 142, 38-48 (2019).

C.Y. Falco, F. Amadei, S. K. Dhayal, M. Cardenas, M. Tanaka and J. Risbo*
“Hybrid Coating of Alginate Microbeads based on Protein-Biopolymer Multilayers for

Encapsulation of Probiotics”
Biotechnol. Progr. 35, 2806 (2019).

W. Abuillan, M. Veschgini, S. Mielke, A. Yamamoto, X. Liu, O. Konovalov, M. P.
Krafft* and M. Tanaka*

,69,



33.

“Long-Range Lateral Correlation between Self-Assembled Domains of Fluorocarbon-
Hydrocarbon Tetrablocks by Quantitative GISAXS”

Chem. Phys. Chem. 20, 898-904 (2019).

“Controlling the Shape of 3D Microstructures by Temperature and Light”

Nat. Commun. 10, 232 (2019).

,70,



2020 £

34.

35.

36.

37.

38.

39.

M. Hippler, K. Weilenbruch, K. Richler, E. D. Lemma, M. Nakahata, B. Richter, C.
Barner-Kowollik, Y. Takashima, A. Harada, E. Blasco, M. Wegener*, M. Tanaka* and

“Mechanical stimulation of single cells by reversible host-guest interactions in 3D

microscaffolds”
Sci. Adv. 6, cabc2648 (2020).

B. Frohlich, Y. Yang, J. Thomas, J. Czajor, C. Lansche, C. Sanchez, M. Lanzer, P.
Cloetens* and M. Tanaka*

“Nano-Focused Scanning X-ray Fluorescence Microscopy Reveals an Effect of
Hemoglobin S and C on Biochemical Activities in P. falciparum-Infected Erythrocytes”

Anal. Chem. 92, 5765-5771 (2020).

F. Amadei, J. Thoma, J. Czajor, E. Kimmle, A. Yamamoto, W. Abuillan, O. V. Konovalov,
Y. Chushkin* and M. Tanaka*
“lon-Mediated Cross-linking of Biopolymers Confined at Liquid/Liquid Interfaces

Probed by In Situ High-Energy Grazing Incidence X-ray Photon Correlation
Spectroscopy”

J. Phys. Chem. B 124, 8937-8942 (2020).

J. Thoma, W. Abuillan, I. Furikado, T. Habe, A. Yamamoto, S. Gierlich, S. Kaufmann, K.

Brandenburg, T. Gutsmann, O. Konobalov, S. Inoue* and M. Tanaka*

“Specific localisation of ions in bacterial membranes unravels physical mechanism of

effective bacteria killing by sanitizer”
Sci. Rep. 10, 12302 (2020).

L. Poisa-Beiro, J. Thoma, J. Landry, S. Sauer, A. Yamamoto, V. Eckstein, N. Romanov,

“Glycogen accumulation, central carbon metabolism, and aging of hematopoietic stem

and progenitor cells”
Sci. Rep. 10, 11597 (2020).

M. Tanaka*, M. Nakahata*, P. Linke and S. Kaufmann

,71,



40.

41.

42.

43.

“Stimuli-responsive hydrogels as a model of the dynamic cellular micro-environment”
Polymer J. 52, 861-870 (2020).

M. Tanaka*
“Interplays of Interfacial Forces Modulate Structure and Function of Soft and Biological

Matters in Aquatic Environments”
Front. Chem. 8, 165 (2020).

M. Tanaka and H. Seto
“Interfacial Water: A Physical Chemistry Perspective”

Front. Chem. 8, 760 (2020).

S. Mielke, X. Liu, M. P. Krafft and M. Tanaka*
“Influence of Semifluorinated Alkane Surface Domains on Phase Behavior and Linear

and Nonlinear Viscoelasticity of Phospholipid Monolayers”
Langmuir 36, 781-788 (2020).

R. Kubota, M. Makuta, R. Suzuki, M. Ichikawa, M. Tanaka and I. Hamachi*

“Force generation by a propagating wave of supramolecular nanofibers”

Nat. Commun. 11, 3541 (2020).

,72,



2021 £

44,

45.

46.

47.

48.

49.

A. Shiomi, K. Nagao*, N. Yokota, M. Tsuchiya, U. Kato, N. Juni, Y. Hara, M. X. Mori, Y.
Mori, K. Ui-Tei, M. Murate, T. Kobayashi, Y. Nishino, A. Miyazawa, A. Yamamoto, R.
Suzuki, S. Kaufmann, M. Tanaka, K. Tatsumi, K. Nakabe, H. Shintaku, S. Yesylevsky,
M. Bogdanov and M. Umeda*

“Extreme deformability of insect cell membranes is governed by phospholipid

scrambling”
Cell Rep. 35, 109219 (2021).

J. Czajor, W. Abuillan, D. V. Nguyen, C. Heidebrecht, E. A. Mondarte, O. V. Konovalov,
T. Hayashi, D. Felder-Flesch, S. Kaufmann and M. Tanaka*
“Dendronized oligoethylene glycols with phosphonate tweezers for cell-repellent coating

of oxide surfaces: coarse-scale and nanoscopic interfacial forces”
RSC Adv. 11, 17727-17733 (2021).

G. Sedlmeier, V. Al-Rawi, J. Buchert, K. Yserentant, M. Rothley, A. Steshina, S. GréBle,
R. L. Wu, T. Hurrle, W. Richer, C. Decraene, W. Thiele, J. Utikal, W. Abuillan, M.
Tanaka, D. P. Herten, C. S. Hill, B. K. Garvalov, N. Jung, S. Brise and J. P. Sleeman*
“Id1 and 1d3 Are Regulated Through Matrix-Assisted Autocrine BMP Signaling and

Represent Therapeutic Targets in Melanoma”
Adv. Ther. 4,2000065 (2021).

M. Tanaka* and A. Yamamoto

“Physical Concepts Toward Cell-Material Integration”

Cell-Inspired Materials and Engineering, Fundamental Biomedical Technologies, 199—
215, Springer (2021).

E. Sackmann* and M. Tanaka*
“Critical role of lipid membranes in polarization and migration of cells: a biophysical

view”
Biophys. Rev. 13, 123—-138 (2021).

B. Frohlich, A. Dsassana, C. Lansche, J. Czajor, C. Sanchez, M. Cyrklaff, A. Yamamoto,
A. Craig, U. S. Schwarz*, M. Lanzer* and M. Tanaka*

,73,



50.

“Functionalized supported membranes for quantifying adhesion of P. falciparum-infected

erythrocytes”
Biophys. J. 120, 3315-3328 (2021).

B. Kav, B. Dem¢, C. Gege, M. Tanaka, E. Schneck* and T. R. Weikl*
“Interplay of Trans- and Cis-Interactions of Glycolipids in Membrane Adhesion”

Front. Mol. Biosci. 8, 754654 (2021).

,74,



2022 4

51.

52.

53.

54.

55.

56.

A. Yamamoto, Y. Higaki, J. Thoma, E. Kimmle, R. Ishige, B. Demé, A. Takahara* and
M. Tanaka*

“Water modulates the lamellar structure and interlayer correlation of poly(perfluorooctyl

acrylate) films: a specular and off-specular neutron scattering study”
Polym. J. 54, 57-65 (2022).

P. Ravat, H. Uchida, R. Sekine, K. Kamei, A. Yamamoto, O. Konovalov, M. Tanaka*,
T. Yamada*, K. Harano*, E. Nakamura*

“De Novo Synthesis of Free-Standing Flexible 2-D Intercalated Nanofilm Uniform over

Tens of cm?”
Adv. Mater. 34, 2106465 (2022).

L. He, C. Amold, J. Thoma, C. Rohde, M. Kholmatov, S. Garg, C. -C. Hsiao, L. Viol, K.
Zhang, R. Sun, C. Schmidt, M. Janssen, T. MacRae, K. Huber, C. Thiede, J. Hébert, G.
Sauvageau, J. Spratte, H. Fluhr, G. Aust, C. Miiller-Tidow, C. Niehrs, G. Pereira, J.
Hamann, M. Tanaka, J. B. Zaugg and C. Pabst*

“CDK7/12/13 inhibition targets an oscillating leukemia stem cell network and synergizes

with venetoclax in acute myeloid leukemia”

EMBO Mol. Med. 14, 14990 (2022).

“Glucose Metabolism and Aging of Hematopoietic Stem and Progenitor Cells”
Int. J. Mol. Sci. 23, 3028 (2022).

K. Hayashi, M. Matsuda, N. Mitake, M. Nakahata, N. Munding, A. Harada, S. Kaufmann,
Y. Takashima* and M. Tanaka*

“One-Step Synthesis of Gelatin-Conjugated Supramolecular Hydrogels for Dynamic
Regulation of Adhesion Contact and Morphology of Myoblasts”

ACS Appl. Polym. Mater. 4,2595-2603 (2022).

C. Schreiber, A. Gruber, S. RoBwag, S. Saraswati, S. Harkins, W. Thiele, Z. H. Foroushani,
N. Munding, A. Schmaus, M. Rothley, A. Dimmler, M. Tanaka, B. K. Garvalov* and J.

,75,



57.

58.

59.

60.

61.

P. Sleeman*
“Loss of ASAP1 in the MMTV-PyMT model of luminal breast cancer activates AKT,

accelerates tumorigenesis, and promotes metastasis”
Cancer Lett. 533, 215600 (2022).

M. Ueno, M. Toda, K. Numa, H. Tanaka, K. Imai, J. Bush, S. Teramukai, N. Okumura, N.

Koizumi, A. Yamamoto, M. Tanaka, C. Sotozono, J. Hamuro and S. Kinoshita*

“Superiority of Mature Differentiated Cultured Human Corneal Endothelial Cell Injection
Therapy for Corneal Endothelial Failure”

Am. J. Ophthalmol. 237, 267-277 (2022).

T. Kimura, T. Aoyama, M. Nakahata, Y. Takashima, M. Tanaka, A. Harada and K.
Urayama*
“Time—strain inseparability in multiaxial stress relaxation of supramolecular gels formed

via host—guest interactions”
Soft Matter 18, 49534962 (2022).

A. Yamamoto, K. Hayashi, A. Sumiya, F. Weissenfeld, S. Hinatsu, W. Abuillan, M.
Nakahata®* and M. Tanaka*

“Modulation of viscoelasticity and interfacial potential of polyelectrolyte brush by Ion-

specific interactions”
Front. Soft Matter 2, 959542 (2022).

M. Tanaka and M. Lanzer*
“Receptor-Functionalized Lipid Membranes as Biomimetic Surfaces for Adhesion of

Plasmodium falciparum-Infected Erythrocytes”

Malaria Immunology: Targeting the Surface of Infected Erythrocytes, 601-613, Springer
Protocols (2022).

A. Yamamoto*, T. Ikarashi, T. Fukuma, R. Suzuki, M. Nakahata, K. Miyata* and M.
Tanaka*

“lon-specific nanoscale compaction of cysteine-modified poly(acrylic acid) brushes

revealed by 3D scanning force microscopy with frequency modulation detection”

Nanoscale Adv. 4, 5027-5036 (2022).

,76,



62.

63.

K. Hayashi, M. Matsuda, M. Nakahata, Y. Takashima* and M. Tanaka*
“Stimulus-Responsive, Gelatin-Containing Supramolecular Nanofibers as Switchable 3D

Microenvironments for Cells”

Polymers 14, 4407 (2022).

“Discreteness of cell-surface contacts affects spatio-temporal dynamics, adhesion, and

proliferation of mouse embryonic stem cells”

Front. Phys. 10, 1052106 (2022).

,77,



2023 £

64.

65.

66.

67.

68.

69.

70.

F. Weissenfeld, L. Wesenberg, M. Nakahata, M. Miiller and M. Tanaka*
“Modulation of wetting of stimulus responsive polymer brushes by lipid vesicles:

experiments and simulations”
Soft Matter 19, 2491-2504 (2023).

M. Veschgini, R. Suzuki, S. Kling, H. O. Petersen, B. G. Bergheim, W. Abuillan, P. Linke,

Tanaka*

“Wnt/B-catenin signaling induces axial elasticity patterns of Hydra extracellular matrix”
iScience 26, 106416 (2023).

M. Tanaka*, M. P. Krafft and A. Pasc

“Higher-order mesoscopic self-assembly of fluorinated surfactants on water surfaces”

NPG Asia Mater. 15, 23 (2023).

“Cell Shape and Forces in Elastic and Structured Environments: From Single Cells to

Organoids”
Adv. Funct. Mater. 34, 2302145 (2023).

M. Tanaka*, J. Thoma, L. Poisa-Beiro, P. Wuchter, V. Eckstein, S. Dietrich, C. Pabst, C.

“Physical biomarkers for human hematopoietic stem and progenitor cells”
Cells Dev. 174, 203845 (2023).

I. Furikado, T. Habe, S. Inoue* and M. Tanaka*
“Thermodynamics and Viscoelastic Property of Interface Unravel Combined Functions

of Cationic Surfactant and Aromatic Alcohol against Gram-Negative Bacteria”

Langmuir 39, 8523-8531 (2023).

and M. Tanaka*
“Bio-Metamaterials for Mechano-Regulation of Mesenchymal Stem Cells”

,78,



71.

72.

73.

74.

Adv. Funct. Mater. 34, 2301133 (2023).

P. Zhang, M. Maruoka, R. Suzuki, H. Katani, Y. Dou, D. M. Packwood, H. Kosako, M.
Tanaka and J. Suzuki*
“Extracellular calcium functions as a molecular glue for transmembrane helices to

activate the scramblase Xkr4”
Nat. Commun. 14, 5592 (2023).

J. Risbo*, T. Nylander* and M. Tanaka*
“Delivery of probiotics and enzymes in self-assemblies of lipids and biopolymers based

on colloidal principles”
Front. Soft Matter 3, 1257688 (2023).

T. Serizawa*, S. Yamaguchi, K. Sugiura, R. Marten, A. Yamamoto, Y. Hata, T. Sawada,
H. Tanaka and M. Tanaka
“Antibacterial Synthetic Nanocelluloses Synergizing with a Metal-Chelating Agent”

ACS Appl. Bio. Mater. 7, 246255 (2023).

M. K. Saghafi, S. K. Vasantham, N. Hussain, G. Mathew, F. Colombo, B. Schamberger,

Schepers, M. Hirtz* and J. Aghassi-Hagmann*
“Printed Electronic Devices and Systems for Interfacing with Single Cells up to

Organoids”

Adv. Funct. Mater. 34, 2308613 (2023).
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75. P. Linke, N. Munding, E. Kimmle, S. Kaufmann, K. Hayashi, M. Nakahata, Y. Takashima,

and M. Tanaka*
“Reversible Host—Guest Crosslinks in Supramolecular Hydrogels for On-Demand

Mechanical Stimulation of Human Mesenchymal Stem Cells”
Adpy. Healthc. Mater. 13, 2302607 (2024).

76. M. Wang*, M. Kono, Y. Yamaguchi, J. Islam, S. Shoji, Y. Kitagawa, K. Fushimi, S.
Watanabe, G. Matsuba, A. Yamamoto, M. Tanaka, M. Tsuda, S. Tanaka and Y.

Hasegawa*

“Structure-changeable luminescent Eu(IIl) complex as a human cancer grade probing

system for brain tumor diagnosis”

Sci. Rep. 14, 778 (2024).
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Motomu Tanaka

“Coherent X-Ray Diffraction Imaging of Frozen Hydrated Human W Ei“*:“:

Erythrocytes Infected by Malaria Parasites” (3B1%:48) 16'" European Powder E

Diffraction Conference

16th European Powder Diffraction Conference, University of -t e ot :
Edinburgh, Edinburgh, UK, July 2, 2018. (o -

Motomu Tanaka

“Cell Membranes as Liquid Crystals: Impact

of Surface Carbohydrates on Mechanics and (et ihe vighonersF

{ EARN |
H . . ” P TIN #hLiguid-Crystal Conference/ILC!
Biological Functions” (3B73:#:®) i

Imérnational Conference Center "

27th International Liquid Crystal Conference, | 3 v Kyoto, JAPAN

-

Kyoto International Conference Center, Kyoto, Japan, July 24, 2018.

Motomu Tanaka

“Influence of Genetic Mutation and Disease on

Membrane Electrostatics, Mechanics and DYNAMICS OF MEMBRANES AND THEIR
Dynamics” (Opening Lecture) CONSTITUENTS

: . LINXS WORKSHOP SEPTEMBER 12TH-14TH IN LUND
Workshop - Dynamics of membranes and their

constituents, Lund University, Lund, Sweden,
September 12, 2018.

Motomu Tanaka

“Pioneering New Physical Platforms Tackling Clinically ;
PR Prof. Motomu Tanaka
Releva nt ProblemS" ( ET'VJ'E%;E) (University of Heidelberg)

RIKEN RCSTH Seminar, Wako, Japan, February 27, 2019. R R, )

2/2 15:00  Welfare and Conference Bidg. ZF
019 —16:30 REXWWIS (IVRNBRN)

Motomu Tanaka,
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“Supported membranes as a platform for dynamic [:

FOR """1-" :
= 2019
iy NationsL -
MEETING & [
expasiTion. B8

phenotyping of primary human cells: Quantifying the effect :
of intrinsic and extrinsic factors” (BfFE&) |
American Chemical Society Spring Meeting, Orange County
Convention Center, Orlando, USA, April 2, 2019.

. ot3lIND

Motomu Tanaka

“Supported Membranes: Platform for Dynamic Phenotyping of S«\"UT
Diseases” (JAfF:#4H) < Charles .
Institute Colloquium, Institut Charles Sadron, Strasbourg, France, SAPRON
May 7, 2019.

Motomu Tanaka and Akihisa Yamamoto

“Human Corneal Endothelium as 2D Colloidal Assembly”

(Keynote)

Okinawa Colloids 2019, Bankoku Shunryokan, Nago, Japan,
November 5, 2019.

OKINAWA COLLOIDS 2019

Motomu Tanaka

“Nano-to-Meso Confinement Regulates the Fate of Cells” (3Z7%:

#)

Debugging Nanobio-Interfaces to Promote Clinical Translation, Debugging Nanobio-
interfaces to promote
clinical translation

Universitatsmedizin Mainz, Mainz, Germany, December 6, 2019.

Motomu Tanaka

“Hierarchical Structure, Element-Specific Spectroscopy, and Dynamics of Interfaces
Probed by Grazing Incidence Illumination” (3B{F:&%)

The 9th Japan-Taiwan Joint Meeting on Neutron and X-ray Scattering, Kitakyushu
International Conference Center, Kitakyushu, Japan, April 12, 2020.

Motomu Tanaka

“Physical Modeling of Cell Surfaces: Interfacial Forces and S iz il b |
LawedNEss

Mechanics” (¥5558&)
Swedish Neutron Graduate School (SWEDNESS) Summer

Symposium “Neutrons in Life Science and Biomaterials” (Online), June 17, 2021.
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12.

13.

14.

15.

16.

17.

18.

Af K
“ERRANE DA D EDEFYEZORE" (BEEFHE)
BEOEREASMAR, R#H - REFILERKF, 2018 F4 A 4 A.

K

CREIXA T I AN oAb EE" (BEFHE)

FBlERZRK-NATARLVIK-BHT—0>ay
[HOBR L EF] | REbm - REARF. 2019410 A 10 H.

A K

“BRIREFOREICY ) A HEYRRE (BEFER
FERRFE MACS 0% 7 L, F> 54 VB,
2020 £ 7 A 17 B.

Af K
RE - TEOYEE  REDL OHAET I AL OERE" (BIFHR)
CSIbZ2 7z X%, F 74 FfE. 20204 10 A 21 H.

racs)

("n-} u]j'v‘y

A R
“BIAGA X Rx AW -REMEEE - KBEREREEER - REXA F I 7 A0BEH”
(BEFHE=)

v 7 MRERIFEME R 2020, > 7 A FE. 2021 F 3 A 16 H.

o ] e . ) BN (Special Lecture) OE7Y
“RED SHARLAE - REOYRLPBRELAEES L
HRICEBRT 2HRE (BHER) m e e
KERASER T HHRE - RERPTRZEEZ 54 CR e

A+ 54 B, 202147 B 20 A. e B ERp———
AR K

“Biological Interfaces out of Equilibrium-New Challenges in Soft Interface Science”
(HBR5EE)

FUNKRFE - BBt 2+ —2 U —X [Soft Interface Seminar |

Fr 74 B 2021 F 10 A 22 H.

A X
CEMYIR - VT YRR EEFOESERS” (BF#EE)

10,years since 311"

Create New Biophysics?
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ELIRIAAREYYEBERER Y VRV UL F T4 R
202111 A 25H

L HF K

“REDOBEPALITERRRDL A F I/ R7 (BEFEE)

B I3EIAOA FELORECFHRE - E0FHME - PHEREBL LA Z304 K -
RERS, RLE™ - [KBKRF. 2022 F 9 A 21 A.

Ad K
“Spatio-temporal analysis of infected cells reveals the protection of HbS carriers from
severe malaria” (B{F#5)
Bl [EFEHE| RS RRA-NTANLVIR-BHT—7> a3y 7 m#HH -
REPAKF, 2022 F 9 A 30 H.

Hef sk
“Quantitative biomarkers for human diseases: from collective cell ,

order, spatio-temporal dynamics, to modeling” (1B{F:E8) ’ A[MR
Special Tea Time, e - HILKF MEEIFSFEVITA.
2023 3 A 28 H

Motomu Tanaka

“Bio-metamaterials: Mechanical Regulation of Single Mesenchymal
Stem Cells by Unit Cell Arrangement” (EEz#8)

Metamaterials 2023:The 17" International Congress on Artificial
Materials for Novel Wave Phenomena, Minoa Palace Hotel, Chania,

Greece, September 13, 2023.

. Motomu Tanaka
“New Experimental Analytical Platforms Answering Clinically Relevant Questions”

Kyoto Winter School 2024 “Towards Holistic Understanding of Life”,
RETH - REKRF, 2024 F£2 B 27 H
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A BEA

1. Akihisa Yamamoto
“A Non-Invasive Physical Biomarker for Restoring Human Corneal Endothelium” (7%

EHE)
Kyoto Winter School 2019 “Quantifying Dynamics of Life”, Kyoto University, Kyoto,
Japan, March 15, 2019.

2. A BEA
“MREEZEHOTEEICL 2EEMIREBE L FARARO FANZIEDORR" (BiHHE
®)
B1E [HEBACHLWREMR] EET -7 2 a3y T —EHERZ EHEBRZE— A
g - doBmEARF. 2019 F 8 B 19 A.

3. LR BA
“BEHOFRICL A0 - EBOTETE : £ FABRNEOBEERRE - HLisMEoEb s
BE®)” (HBiF#EH)
% 1 BRASENTR — Heidelberg X — BT iTHEMS workshop [#EB & EZ] . =EB
- REPAKF. 2019 F 10 B 10 H.

4. UA BEA
“RERMFEOTESICL 5 FABRREROESMEE BEEBOFE T EORRRE" (13
1FEE)
XA/ RNAAFOY —HEEFN, FZEH - REKFE, 2019 F 11 A 15 H.

5. A BEA
‘bt FPABEREBEERICHITSMERE - FTRPIORENANAFTv—H—0FEK" (8
e,
69 EEmaTFimea. 74 vFfE. 2020F 9 B 17 H.

6. A BEA
“MROER - BBITE— FOEEICK 57 AERETEFREOHR]” (BEFHEH)
B2ERKR-NATIRILVIR—BRT -7 ay T [EFEHR] | T 74 VB,
2020 9 A 18 H.
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7. A BEA
‘£ MARERNKROEEME S BERRICE T2 lRRERE ICEOW - FRANZEIEADOR
" (BEFHH)
FB2[0RmK-—NATIIRLIK—BHRT—0>ayv/ [EFEHE] | 771 VR,
2020 9 A 19 H.

8. A BEA
CR=U TV RFRERY-TRZ b FBRAKRBERBROBANKFES & BiEE D
R (BEFH#ER)
TDA-MI workshop 2020, # > 7 4 B, 2020 £ 11 A 14 H.

9. Akihisa Yamamoto
“Differentiation State of Cells and Organoids: Evaluation of Morphology Dynamics and
Control by Cellular Scaffolds” (3BF:E%)
The joint Kyoto Univ. — KIT meeting (Online), December 11, 2020.

10. LARBEA
‘TEBEZT7 VA NS 2MFORE /Foh S DESHMIEAM" (BEFHE)
RERFEHEINGRAR, & 74 B, 2022 F 6 A 28 H.

11. Akihisa Yamamoto
“Spatio-temporal pattern of deformation and migration of pancreatic cells from
different precancerous lesions”  (3B#F#8)
YITP workshop “25th Anniversary Symposium of German-Japanese Joint Research
Project on Nonequilibrium Statistical Physics - Perspectives for Future Collaboration”,

Kyoto University, Kyoto, Japan, October 13, 2022.

12, LhARBEA
‘SRR T — RBITICK 2RSBEE T LICH T 2B EBIEORERE" (BE#EE)
E3E RK-NATIRLVIK-BH T—o > ay 7 [EFEHER] | mRibh - TEBKRE.
2022 9 A 30 H.

13, LARBEA
“HRRERKFICE O FARREERBEORBTFERTME (BEFHER)
E3E RK-NATIRVIK-BW 7T—0 > ay 7 [EFEHER] | ®REBH - TEBKRE.
202210 B 1 H.
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15.

16.

17.

18.

19.

Akihisa Yamamoto

“Morphological dynamics of mouse pancreatic cells from different precancerous
lesions” (FRFFEE)

Physics of Soft and Active Matter in Different Spatio-Temporal Domains, JR&E - TER
KF, 20233 A9H.

Akihisa Yamamoto

“Morphological dynamics of mouse pancreatic cells from different precancerous

lesions”
STATPHYS28, +RHKX - R A, 2023 F£8 A 8 AH.

L ABEA

M EEET DY) BREFIC ORI 2 MI0ES) CAME" (BHHER)
ERRARTESRAmE EFZRI5~#E T2 TYYRESR~, TABK - ERK
5,2023 F8 B 29 H.

LA BEA
‘RLDANERAZICHET 27U AREMROZTESX A F I 7R
BAYEFRE 18 RIF R, ilam - BILKRF, 2023 £ 9 A 18 H.

L ABEA

“RAMACSHEE 7R 77 L [EREBICH T 2EFANMIEESHOKET T L ORKE] OERY
A" (BR5HEE)

BAE [EFEHEB] 7—22ay 7 MiE™ - BILKF, 2023 F9 8 29 H

Akihisa Yamamoto

“The collective order of human corneal endothelial cells for cultured cells and

regenerated tissues: Creation of a novel biomarker and mathematical characterization”
(HBR5EH)

Kyoto Winter School 2024 “Towards Holistic Understanding of Life”, & - RE A,

2024 2 A 27 H
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Helo

1. Ryo Suzuki
“Deformation as a Quantitative Tool to Understanding Self-Organisation in Multi-
cellular Organisms: Development and Diseases” (B1F#&)
Kyoto Winter School 2019 “Quantifying Dynamics of Life”, Kyoto University, Kyoto,
Japan, March 20, 2019.

2. #MAE
“HREROBREEL OEDRREZEBBT 52— F70BE LRI LA/ 4 F—" (BfF
)
£ 1 BRAKEENIT — Heidelberg K5 — EHF iTHEMS workshop [#38 & ESF| . R=ER
M- RESKEF. 2019410 B 10 A.

3. #KE
“BVNETERBAT AW KBBEA LS / A4 ROEBEDTETFM (BEFEE)
B2RIFRRK-NATANLVIR—BHRT—vayv ) [EFEHE] | 774 VFE.
2020 9 A 18 H.

4. $HARE
“EMRAEMMELRICE T M0 W ERIERE" (BEHEE
FB2MRRKRK-NATIRVIK—BHRT—0>ay 7 [BEFEHE] | 727414 V.
2020 9 A 18 H.

5. #AKE
‘b N7 OBEBRICHT BTN S BRER - BREEOE— METE LU Wnt
T IVRBROESGHER - (BREHE)
B3RRAKRN-NATANLVI KRBT -0 ay 7 [EFEHE] | REbh - TEHK
¥, 2022108 1H.

6. #}AE
‘b N7 OBEBRICH T AR & BRER
AAYESS 2023 5 Ke, A~ 74 B, 202343 A 23 H.

7. BRE
TORIFVUBBRRICBITSEMTERORL ZHRFREOHLET"
HAYEF R 2023 F5ZRR, #7414 FfE. 202343 A 25 B.
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11.

12.

13.

Ryo Suzuki

“Emergence of coexisting ordered states in an active filament system” (3ZB1F:#8)
YITP workshop “25th Anniversary Symposium of German-Japanese Joint Research
Project on Nonequilibrium Statistical Physics - Perspectives for Future Collaboration”,
Kyoto University, Kyoto, Japan, October 13, 2022.

Ryo Suzuki

“Defining axis formation of Hydra regeneration via active deformation and Wnt
signalling”

The 7th International Soft Matter Conference, ISMC 2023, Grand Cube Osaka (Osaka
International Convention Center), Osaka, Japan, September 6, 2023.

A 2

T MIFUVBRBRRICBITZER/ X -V OB AT Z XL

HAYESS % 18 HFRARE, heat - BALKRFE, 202349 A 17 H.

#A B

“RAMACSHEEZ70 77 L [HREBICE T 2EFNMRESOHIEE T LOREE] OEY
HA" (FBEFHR)

FaE [EFEHE] 7—02ay 7 (LE™ - BILKF, 2023 F9 A 29 H

Ryo Suzuki

“Active tissue deformation as a quantitative tool for the understanding of self-
organisation in multi-cellular organisms” (B1F#5)

The 24th iCeMS International Symposium “Self-Assembly Science for Unlocking Life's
Secrets”, Kyoto University, Kyoto, Japan, January 12, 2024.

Ryo Suzuki

“Physics of Regenerating Hydra’ (1BiFi#E)

Kyoto Winter School 2024 “Towards Holistic Understanding of Life”, Kyoto University,
Kyoto, Japan, February 27, 2024.
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1. Kentaro Hayashi
“The influence of substrate stiffness on collective cell behavior in neural stem cells”
Kyoto Winter School 2019 “Quantifying Dynamics of Life”. =#F A=, 2019/3/18
RRA X —HE
i ABEA
1. OAkihisa Yamamoto, Yusuke Sakamaki, Tatsuaki Tsuruyama, Motomu Tanaka
“Change in Shape Fluctuation and Migration of Human Gastric Cells Induced by Cancer
Progression”
FI0EEAMRENFEARE B 5 OEAREEMFRERKRE. X7 —F—ILAE.
2018/6/7
2. OWlARBEA
‘it FIESEmEELEZ B W /kBREO h2EE 0 EE”
[kEHEMR B1EEFX I -, BREERIZKF - EA CIE - Spring-8/SACLA,
2019/11/12
3. OAkihisa Yamamoto, Yusuke Sakamaki, Yuichi Fukunaga, Kentaro Hayashi, Akihisa
Fukuda, Hiroshi Seno, Tatsuaki Tsuruyama, Motomu Tanaka
“Alteration of Spatio-Temporal Pattern of Deformation and Migration of Human Gastric
Cells Induced by Cancer Progression”
International conference on systems biology of human disease. # > >4 >, 2021/7/5
4. (OAkihisa Yamamoto, Yusuke Sakamaki, Yuichi Fukunaga, Kentaro Hayashi, Akihisa

Fukuda, Hiroshi Seno, Tatsuaki Tsuruyama, Motomu Tanaka

“Supported Membranes for Discriminating Cancer Progression of Human Gastric Cells”
Tethered Membranes: Fundamentals and Applications (TETHMEM), #> 24 >, 2021
F£ 8 A 30 H.
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5. OAkihisa Yamamoto, Kazuaki Furukawa, Rebecca Wright, Tetsuhiko Teshima, Takashi
Taniguchi, and Motomu Tanaka
“Dissipative self-spreading of lipid membranes and instantaneous freezing by zwitter-
ionic choline phosphate”
Physics of Soft Active Matter in Different Spatio-Temporal Domains, TEm + REFAKZF,
2023 £ 3 A 9 H.

6. OWARBEA, KABE. Ak —F, £ &K He K
“CIAEMY T — X EEATIC & B b AR RO R RTEE "
FAR [EREHEE] 7—70> a3y 7, LEH - B KF, 2023 FE9 A 29 H

#h &

1. PR 2. Bl BE. B K
“RFEAEME AFM 2 AW - F2SEERIEY ~ 7L o NFEFERIE"
FAR [EREHE] 7—2>ay 7, LETH - FKF, 2023 F9 A 29 H

M EXEB

1. OKentaro Hayashi, Takamasa S. Yamamoto, Naoto Ueno,
“Analysis of intracellular calcium dynamics and its functional implication at leading
edge mesoderm during gastrulation”
ET70EHAMREEMFERE BO51OHAREEMFSERKRE. X7 —FH— /L.
2018/6/7

2. O Kentaro Hayashi, Ryo Suzuki, Akihisa Yamamoto, Masaki Nakahata, Yoshinori
Takashima, Akira Harada, Masaki Sano, Ryoichiro Kageyama, Motomu Tanaka
“The influence of substrate stiffness on collective cell behavior in neural stem cells”
Kyoto Winter School 2019 “Quantifying Dynamics of Life” . R#EA%. 2019/3/18

3. OYoriko Ando, Kentaro Hayashi, Eijiro Maeda, Ryo Tsunoda, Hiroaki Tanaka, Kohei
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Murase, Naoto Ueno, Takeo Matsumoto

“Clearing of Xenopus laevis Tailbud Embryos and Quantification of their 3D-tissue
Structure toward Finite Element Analysis”

Asian-Pacific Association for Biomechanics, Taiwan, 2019/11/1-3

OB =, M EXEE. =17 o&h, &5 FR. PME EM, LO EE. JJRE B, B
“Gelatin z BB ¢ ¥ 2B FMEORR L =ZRTTEHZ L L TORA"

%69 BEnFitima. 474>, 2020/9/17

Ok EARBEE. WA BEA., KRE) A—. F R, &5 &FE. HP K

“b MIPSHIRED X A/ NAF AT —  HEBETILE OBEEO RS

FAR [EFEHE] 7—70>ayv 7 UE™ - BILKFE, 2023 F9 A 29 H
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2019

1. Hep K, “IEEMEEOIEIE 5% 66"
HfEESNE, 2019 F5 7 16 B. A"

2. WWEBEA, B K, "RRERWFILEKR BEAARORE. FHEOHIER
BARAHE, 2019 F 7 A 23 B. A"

3. H9 K, hABEA, “AESL. BRTHME WA MigmBE0ERHERE
HH TZ3E New 7 = —7 21,2019 7 B 23 H. “$7H"

4. thAEBEA, He K, “MBESFLE. BHRTHE A #iRaBOERER"
HYIILZHE, 2019 & 7 A 23 B. “$siE"

5. HYP K, hABEA, "MRERWLFILEKR BEAARORE. FHEOHIER
HARAENEEFIR, 2019 £ 7 A 23 B. “sE"
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H“oOFR #RIREIC -
REARKFZSLRAYY—X,2019F 723 0. “FLAYY—R"
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8. WARBEA, H K, “IEEMIREOFM. A"
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2020

1B K WABA, CBRAREEERCS A5 LV ARRETEREEEE
BFMRBESE - 2~ RBHL 2020 F1 B 1H. "Ry bZa—2"

2. HH R, CREEMEALBFERET LD L BREERA DX LERT - BT R —
L CRRRR
HEKRAM 2 —RY U=, 202010 B 20 B.*TLZY U — %"
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BETIHEZE, 2020 4 10 A 28 H. “3aE"
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2019 =

1. Akihisa Yamamoto, Motomu Tanaka, “Quantitative Biomarker to Test Corneal Cell
Quality and Life”
Medindia, https://www.medindia.net/news/quantitative-biomarker-to-test-corneal-cell-
quality-and-life-189094-1.htm, 2019 7 A 23 H. “%v b =2 —X"

2. Akihisa Yamamoto, Motomu Tanaka, “New quantitative biomarker helps assess quality

of corneal cells”

The Medical News, https://www.news-medical.net/news/20190723/New-quantitative-
biomarker-helps-assess-quality-of-corneal-cells.aspx, 2019 £ 7 B 23 H. “Fv b= 21—
X"

3. Akihisa Yamamoto, Motomu Tanaka, “Scientists develop a physical biomarker for cornea

restoration therapy”
MedicalXpress, https://medicalxpress.com/news/2019-07-scientists-physical-
biomarker-cornea-therapy.html?src_id=alt, 2019 7 B 22 H. “%*v b =2 —X"

4. Akihisa Yamamoto, Motomu Tanaka, “Testing corneal cell quality? Apply physics”
EurekaAlert!, https://www.eurekalert.org/news-releases/724870, 2019 £ 7 A 22 H. “*
v hZa2—X"

2020 £

1. Motomu Tanaka, “Researchers use stimuli-responsive 3D printed scaffolds to stretch

individual cells”
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3D Printing Industry, https://3dprintingindustry.com/news/researchers-use-stimuli-
responsive-3d-printed-scaffolds-to-stretch-individual-cells-176862/, 2020 & 10 A 6 H.
“Z‘,\\‘/F:J_XH

Motomu Tanaka, “'Stretching Rack' for Cells developed”

Technology Networks, https://www.technologynetworks.com/tn/news/stretching-rack-
for-cells-developed-340879,2020 £F9 B 28 H. “&v p =2 —R"

Motomu Tanaka, “'Stretching Rack' for Cells”
Bionity, https://www.bionity.com/en/news/1168088/stretching-rack-for-

cells.htmI?WT.mc_id=ca0068, 2020 £F9 B 28 H. “Fx v h =2 —X"

Motomu Tanaka, “New device helps study the reaction of individual cells to mechanical

stress”

The Medical News, https://www.news-medical.net/news/20200925/New-device-helps-
study-the-reaction-of-individual-cells-to-mechanical-stress.aspx, 2020 £ 9 A 26 H. “*
v hZa—X"

Motomu Tanaka, “'Stretching rack' for cells”
ScienMag, https://scienmag.com/stretching-rack-for-cells/, 2020 £9 A 25 H. “* v b
—a—XR7
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11.

12.

13.

14.

Motomu Tanaka, “'Stretching rack' for cells”

Bioengineer.org, https://bioengineer.org/stretching-rack-for-cells/, 2020 &£ 9 B 25 H.
“Z\\‘\/I\:J_X”

Motomu Tanaka, “Streckbank fur Zellen”

VBIO, https://www.vbio.de/aktuelles/wissenschaft/streckbank-fuer-zellen/, 2020 & 9
A25H.“%yvy h=2—R"

Motomu Tanaka, “'Stretching Rack' for Cells”
EurekAlert!, https://www.eurekalert.org/pub_releases/2020-09/kift-rf092520.php, 2020

FI9A2BH. Ry FZa—-R"

Motomu Tanaka, “'Stretching Rack' for Cells”
H—ILZRIL—ZIRAKZEFLRYY—2, 20209 824H0.“7LAYY—R"

Motomu Tanaka, “Researchers develop a 'stretching rack' for cells”
Phys.org, https://phys.org/news/2020-09-rack-cells.html, 2020 £9 B 24 H. “& v b =
a—X"

Motomu Tanaka, “Streckbank fur Zellen”

AlphaGalileo, https://www.alphagalileo.org/en-gh/Item-
Display/Itemld/197671?returnurl=https://www.alphagalileo.org/en-gb/ltem-
Display/Iltemld/197671,2020 £9 B 24 H. “*v b =2 — X"

Motomu Tanaka, “Streckbank fur Zellen”
Informationsdienst Wissenschaft, https://idw-online.de/de/news754693, 2020 &£ 9 B 24

H. %y h=a—2"

Motomu Tanaka, “'Stretching Rack' for Cells”

Mirage News, https://www.miragenews.com/stretching-rack-for-cells/, 2020 &£ 9 A 24
H.“%y bZa2—X"

Motomu Tanaka, “'Stretching Rack' for Cells”

Nanowerk, https://www.nanowerk.com/nanotechnology-news2/newsid=56235.php,
20009 824 H. “*y b=Za—Xx"

-101 -



2023

1. Motomu Tanaka, “'Scientific Highlights — De novo formation of non-crystalline fullerene

bilayer on water surface”
https://www.esrf.fr/home/UsersAndScience/Publications/Highlights/esrf-highlights-

2022.html, 2023 %2 B. “% vy b= a2 —R"

2. Motomu Tanaka, Ryo Suzuki, “Wnt/ B -Catenin Signaling Induces Axial Elasticity Patterns of

Hydra Extracellular Matrix”

Extracellular Matrix News Volume 14.11,
https://www.stemcellsciencenews.com/news_archive/ extracellular-matrix-news-volume-

14-11-mar-23-2023,2023 £3 A 23 B.“xv b =2 —X"
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LB BX HERR

SHBIENAY REPHE =
ABBERBEOYEE A £ —h—H% =3

EHI—Ta4>7

Hh E B

FHFIIERAY RRSHE >
B EEREBROYEMN /N v —H — % *
2018 FE h
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(ZIFANWTHEE (B ]

Erwin Frey 2
Arnold Sommerfeld Center for Theoretical Physics and Center for

NanoScience, Department of Physics, LMU Munich

TIF—HEREMR A N — L DR

HE 2018 F 11 B

Chwen-Yang Shew #i%
Department of Chemistry, City University of New York

25 —FE REAFIEAE - )| EBGHE, Riikss hER
S8 - B30 & 2442)

JBTE © 2019 F 7 A

Helmut R. Brand #i2

Department of Physics, University of Bayreuth

ME X N — & D, BMEEERADER Yy b7 —7(ICET 54T
Y=y ekca

HIE 12019 F 8 A, 2023 F 3 A, 2023 F 10 A

Ole G. Mouritsen #i%

Department of Food Science, Copenhagen University

HRBE [MEOHE] 2BIAEEK— L THE

HEIE 1 20194&F9 A
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Uwe Thiele i

Institute for Theoretical Physics, Mlnster University
AR

im1E 1 2023 F5-7 H

Marcus Miiller i3

Institute for Theoretical Physics, Gottingen University

WA AV /N— & DEH

HIE 1 2023 F 7 A
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[ZIFANHIEE (ERN) ]

=5 &E 3R

KERASY SHEHAMER B2UER 59FRFEHEKR
B FHRNC & 2 imAas)

EI—T4 7

f@iE BR HEER

AAKRE BIFEH HABIFR
WA F D F7 7 OREYMHE
2019 3 A

FBUE WL
NTT #4550

WUINRES T W BEBER O B X EFREA
2019 F 11 A

R = #i%

BRI KT EFE

(B « REBKRF T 2R R AZIR)
BERDAY R N HAKX VR
ERI-—T4v7

Tl #Fe iR

RRS TE2ARR CAYESR

(BT - BEARFEFEHIR)

NIV L =Y =% AW EEDR (BAiTEE)
20193 H
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H —B i

2R BISHR YEBERE e
(BT - NTT #p1ERR %R FR)

FEEREOBREROEN

2018 £ 4 A

A0 8% HEHR

RERFE THEARF CFIFEH
BURMREREROBERE TV
EHI—Ta4>7

LB #hF IR

hRKE BEIFE JSHAEEER

(87 - NTT #pERFFERT)

257z & DNA REEOBAME Ol “
2018 4 4 A ‘

A AR B

KRKRT RERERTIZNHEN PEHARER (CFITFEHEE
EYERDFRBRY ¥ —DRIE

EHI—Ta4>7

il f2e iR

RERF RERIFMRE MERMEFER S5 FREDESEF
g £ &2 @ in vitro ET L& W7z COPD 1T X H = X L D fZEA
EHI—-—Ta7
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=tk Bk ERIR

FUMKRF KRFPHRTEVRRE ISALFE 2FH=E
RT7FRACRET/ 774N —IC & 2 MfaEEEROHER
EHI-—TFTa4v7

RE FE #E3R

KRANIZKF TEHER SACEDE
ToAVERET Y R - REBEOREER
EHI—FT4>v7

EE #th Associate Research Fellow
Academia Sinica (&7&) Institute of Physics
Theoretical Physical Biology Group

BEE N7 OFEEKA =X L
EHI—Ta47
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BE AT HERR
[LEHIKRT BHRAFHRR ERBHRATER

=8 = BH
HERF RPREFTIRR 27FHREYDF

) FH ERE
BEA KT BRI SER HIBRSHSR

R S #8ig
MNKFE YR-THT7-4 XX KYBERT
B2 EFAEREME > X —

Rl 28
tEEXRY BFRFUIRAR
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2RI —ODEE (4)
HEHFE/NN— b F—

ZAF Iy VBRBEMBICL > THABYA TV REZEHHT I ENEADERIETT,
CITIEFEREWMED XA v R—DFNEFNIERIAV R T b=y v e > - HERR %
DX b7y 7LFELT

EHeNB B -EARER Y b7 - AKECBEL. ZNZNOT—<TAY/N—
HEEICHEE LS TV 2EEETW AL ITAEENTT,
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A BEA

[t MABRRNEEBBREERDO /=S DYEN N+~ —H— DR
AT X Bz - AR FE % - L5 BX #BEo
(REFILERKE - REFE)
Nature Biomedical Engineering (2019). American Journal of
Ophthalmology (2022)
[REFIREmMBELE T AW BKME Y v bR Y v —EERBE DKy FIC
£ B HBEZEH ] 'l’

I . _ _ . NEUTRONS
SR E #HE (WMNKF) | $%BIE 85X %% (KHoKF) FOR SOCIETY
Bruno Demé &+ (Institut Laue-Langevin, France) b}
o
Polymer J. (2022) 0 §_\\j,"/{é
(75— L Stk e SR O B Rt omowesT

it R— HiR - RE Fa AR (ERKF - BERPARE)
Oleg Konovalov 184 (European Synchrotron Radiation Facility, France) C_’
Advanced Materials (2021) HERT
[€ZF >+ / T77AN—IC8T 5 b~ iPSHIBOESH & RIBEICET %)
NFFR AR - B OEBER (REKRFE - TRURED
Yong Chen #u3% (Ecole Normale Supérieure, France)
Stem Cell Reports (2018) provbrtine
[EMmEHEAE - BIBKMERE DAL L BEBE. RRRH O TS/
Anthony D. Ho #u%(Heidelberg University, Germany)
Scientific Reports (2020) .
[T Z BB WTH RN 7 1 U v RIED FREOBEEEETR ] :
Ali Makky JE##% (Université Paris-Sacley, France) EAQI|S\_/S§ELSA|$6
¥ Makky JEZIR (/N A TRV HARFFDOKRZ K2 OB

Oleg Konovalov 18+ (European Synchrotron Radiation Facility, France)

UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386

Chemistry - A European Journal (2019)
[/ X RHFRREO I EE AW &E / FEFREICHE T 5 VL - /f»%ﬁ%’d
Oleg V. Konovalov 1&= -+ Yuriy Chushkin {&+

(European Synchrotron Radiation Facility, France)

The Journal of Physical Chemistry B (2020) ES RF

The European Syncl
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(7 vk T7ILh > aFoB SR IC K 2 ZRITEKR OB EY IERET
Marie Pierre Krafft #u% (University of Strasbourg, France) University
ChemPhysChem (2018) of Strasbourg

[BUNA X IREBIOEICE 2EF O/ 7Y 7RENCWT S 2 FRERF O]
HLE#E Bt (EX)

Oleg V. Konovalov f&+ (ESRF, France) Kao
Scientific Reports (2020)
15

[/ BRAEICBTL2EES /KFD 2 RuBCEAROHKF

& & FEIST AR |

EEE KB UNKS - LEYEL ST \\%//
A0 EF EHE GRS - TPHERD %&é
=) F— %2 (AEdAS - £HERSE) N
Langmuir (2018)

[/ X B EELEZ B W e F B CEAHD RIEREARE AR |

Marie Pierre Krafft % (University of Strasbourg, France)

University

Oleg V. Konovalov t&+ (ESRF, France)

of Strasbourg

ChemPhysChem (2019)
[ERXFRE—SFREOBRRER & BEEORAENIA v F ]

Bl —BE 0 (PRAS - BIHEH) ]TI
A0 B EHE (RBAY - KFBRTEHIRM) MELSS!
BT

DECSRD AEITE SHBOER - BE)E— FOMEE]
Bl B R (WSHEEEM R, LERE - EFMER)
Bin%EH+R

[ 774 M 2F Vv EREDFICLZEEREAF 7 OFROFRA H =X L]
U HER BIE (KIRKZF - KFEeER T2 RR)

Ak s TEHEE (ASRI) Q SPring..8
R C :)

[ RAD D IVERT 2R L /e KUE ISR B S EBE DR E
TH S B - kR BE B B EE BHSs (RERFE - EEHRED

BisEfmT Ku : p
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[RIESAHE I 513 5 AU D 7 6 D /A o < — 5 — DBIZE

A B (B8R

UK RE (REETA AL XUy Y) (] SHIMADZU
52 L B (o

(BB AAILH /A K BIRED IR
PR v 30, BE RA RIS (REAZ - ERFRA) Ku : p
RS {5

R AT 2 P B O ZE B E — AT .
BRE 5 %, BE RA ERE (REAZ - EFHRR) Ku - D
RS {5

Me MBS S U A — < E X AR BMES THT 5 EXSF 70

— 7 O RE T

Bl a5 %8 (GLEBEAS - THFHRA)

Mk fa KI5, 2E EEE RS (LBEAZ - ERHEN)

Scientific Reports (2023)

[ 71 HE TR A 0 T RS O B A S S

T BEA Y (BME)IKRFE - BEWRRD ( ’
TR M— 2%, Ee R—BR EZIR (GERKAF - FEEE kR F ﬁ?ﬁé%
R

win#Efm

(MEMEZRSAEMT /B A—REET AN T TREKEE DHF
R HR GERIERTE - YHEIZRR) o

ACS Applied Bio Materials (2023)

[3 RUERBEREEREMRZAN 7 74 b7
TFUVEREBNTF I I VOESEAF U KENRKRE
BEMHEEILDEE ]
=H 8 AR, BE R R (@RKF)

R FERIBNE (RBRKF)

Nanoscale Advances (2022)
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[E N T 77X M FETILOFEPRIIHT B MY Y
7 A NERE DT E ]

BH FBLEHR (23— 7KETT7XER. R
LAF - iCeMS)

& X

=
=

[ FZ0BEBRICET2EIREDEN & BREF ORER]
Thomas Holstein #(#% - Suat Ozbek %
(Heidelberg University, Germany)
R ?....
& #t @+ (Mechanobiology Institute, National University of 23333:MB|

MECHANOBIOLOGY INSTITUTE

UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386

Singapore, Singapore) National University of Singapore
e 2w

[ATE IS 2T L b EAR % FB U 7= B3 B K 00 Bh 9 05T

BH BN R (REKZFE - TEHERD

BT %8 (BEETAR - ;sq—éﬁm a2 AIST '/
KE IE TEARE (EEEMHRATIRAT) ARk
Langmuir (2019)

[(NIBAYFHOHD 77 A /N—DETEAERE T N DR
A BdR (REKRFE - TFEHRED
M)l BB #ET (REARTF - BEFHREYIEFER)
Nature Communications (2020)
[AMORIS TR L - SBIED < 7 AR IERRR I RIF T HE Ku - p
FH B BT - LB B B - HU B BES
(REBKRFE - EFEHRRD)

TOKYO METROPOLITAN UNIVERSITY

Karel Svadlenka ##3% (ES#IIAZ - HIBRS) RIEEILKRE
TS eh

[ ETRIT A WTBAILH / A RORE— B ERER EGBiE oty
215 |

eRE 8R 2iB (BESDAZS - EPH) o 4

Sar AD\O
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wiRtE R

RIBY Y 7TILVOES EBFE R ICE D ROEITE DN
Bl BE 5% (RSTREEMER. LEAT - EEHRRD
BERfRERP

[EAMRAE & (2 & 2 iR FI KA o EFARREES O 5%
Il RE—BR iR (BILFEHRRA

(E8 D T (LEEEAS) p
IR B BhE (KERAS: - ASBRER T2MRR) @\

BT RIK=N
[EEEEAAFLS /A FEIEEDBIBRRN ]

PR H0S, BH RA OEKES (RBAR - ERHER) Ku [l p
B f "
[FRREAN AN T L&D R Z T 57— Xkrd DFEHMAAHZX L]

BRE BT GEHAS - iCeMS)

Nature Communications (2024)

fEAER

=5 &R R (KRKZF - EHAIHFHR)

ACS Appl. Polym. Mater (2022), Polymers (2022)
[ZRTRIBER VNV T 7AN—DOREIC L 2BMBREMMBEES X T LDOFREFE]

Martin Bastmeyer 20#% (Zoological Institute, Karlsruhe

Institute of Technology, Germany) \“(IT

Front. Phys (2022) e oo
[EARAE X (2 & 2 iR FI Rl o E AR ES) OIS |

Il RE—BR iR (BALFEHRAD

78 e iR (LBEXEKRTE)

RIE HER B3 (KBRAKF - KERER T FHRA

S RIKEN

[BAFRIHEEEA LY Z T RN & 2 BRI IR FRAT DR 7 Q
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EFE®E (1)
Hil 6 KFES (HeKKSaGOn Alliance)

HeKKSaGOn Alliance (&N TILRIL I KN R A Y - Ry ¥ 2BHOXIEASIT T,
FTERELT2010FICAZ— S -ARERNERTB YT LT,

EBFIR - AR E/NA TRV T KF Eitel BER DO Fanfife & LT, 2008 FD X /N — 1K
BRDHZDT AT LICEDY ., 2010 FOE—ERE - NATINLT) LUK,
EE£ER4 WG1 [Life and Natural Science Fusion] DfRE% 10 £ EICh Tz > THO,
HIMOMBAMZ ZARIED L COERBZMIN - AMBRZEFEL CEFE LT, Z
NoDEBEZHHLNT 2014 FICIE F A VEF - Gauck KFEtE (HEF) Ao Siebold
B AMEERICCRESNE Lz, 72 Eitel BRIFAMPHF~OEBRICE > T
2021 FICIBAAKEEZRESNTLET,

2020 F (2 WG OFERANITHONIZBRICIE, AREEHIRO N —IIL XL —TITRKF -

Bastmeyer #i%, HILAZF - KBEEHIRICBIRFXZ BEV L CET - EHYEEZH]
HICFTHH L 7=3#77-% WG [New-Generation Biomedical Science| &K & L TIRZE.
BAEZEDORBEREZBCRLA—FIEE LT,

FAYIZI 2L VYR TREZ=" WPl 7077 L, FFMMEEE W > 7-BFEORE
Az bz F<MO2FHZEICLYVEBADRY b7 —7 %A 7 Center-to-
Center DEPREEZERL TWLWET,
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HeKKSaGOn Alliance W& (2010 &£ ~)

[ HeKKSaGOn Alliance | & (& Heidelberg, Kyoto, Karlsruhe, Sendai, Gottingen,
Osaka DEEXFEN B & 57272 6 KEEEGDENRTY,

HeKKSaGOn Alliance

HeKKSaGOn

NETWORK OF UNIVERSITIES

Heidelberg, Kyoto, Karlsruhe, Sendai, Gottingen, Osaka

v
% ST £ (G
9 Katfeute Ioatittn of rechnalogy | \ﬂg 9; : ‘

UNIVERSITAT
HEIDELBERG
Zukunft. Seit 1386.

WG1 [Life and Natural Science Fusion |
(2010%7H)

A G 2SI

Symposium “Life Sciences Meet Natural Sciences”

July 30, 2010
Heidelberg (Germany)
Coordinators: M. Tanaka (Heidelberg), N. Nakatsuji (Kyoto)

Venue 1: Lecture Hall / Chemistry (INF252)
Speakers

8:30 Registration, Poster Set-up M. Tanaka, A. Ho, T. Holstein (HD)

T. Ohta, K. Yoshikawa, N. Nakatsuji (Kyoto)
M. Bastmeyer, D. Wedlich (KIT)

Topic 1: Stem Cell Biology and Development C. Schmidt (GO), A. Ishijima (Tohoku)

9:00 Weleome: Motomn Tanaka (Heidelberg)

v T

SRS FEEHE (B) BRRRESRHILOIAT A /N—

-151-



P& - BrhAS Siebold % KA VEMEME - Gauck X#iE&L VIRE (2014 )

V=R EZFEE (2014%F68)

B FAYRBRER (21) )

F A Y EFBEHE J. Gauck kR & BRVICEF2 T, S ERHIE - HoHig
(%) &Holstein¥ig (B5) L EROAIET
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20184 F6EWGEE (- KR

FHEFIDF v 7 F 7 BB ORI NIARETIE. N YT A FhoHFPE Ho 2,
Holstein #3&A 702 =7 b — X — % 582 ICB89 % Collaborative Research

Center CRC873 *°> Bastmeyer #iRA' 7 AT 27 b =X —%iEH DB ~ILLAFILY 70

2" 7 s Biointerface Z#A L. BAY A Fh o ldFH7-12i0b - 723=AvK - KEHER D
WP AIMR & KERA - #C/ BZRAF R E L TOMEmEDEES X7 LR LIS

DVWTHENML £ L7,

FEFHAN o IE. REHE (EFHM) BEREBARET DS T LICDVTANSTIL
NILTHPFIELCDHWL DD DEIEZES TN, Svadlenka EHIR (BFE) H#HF%
HERL$2 MACS BE VOV T LERBNT 21E, AMBRPZEL NILTOXRRE
B OWThmmLE LTy SITIENAVICEE - RRAF 7 E L TEERRY D 5.
RIRK - FIHBIZ (b2 TH) PUWUSEO LA - HAHEBBEL BLORBESML &
FHELITHBLE L,

WG1 [Life and Natural Science Fusion |

FomeE (2018F4A8)

Chairs: M. Tanaka (Kyoto/Heidelberg)
M. Bastmeyer (KIT)

- Kyoto
S. Takeda (Med), T. Tsuruyama (Med)
K. Svadlenka (Math)
- Karlsruhe
M. Bastmeyer (Bio), C. Woll (Chem)
- Osaka
A. Harada (Chem), Y. Takashima (Chem)
M. Kinooka (Bioeng), S. Sakai (ChemEng)
- Heidelberg
A. Ho (Med), T. Holstein (Bio), M. Tanaka (Phy
- Tohoku M
H. Suito (Math)

E‘i’, & S A.Yamamoto, M. Nakahata, R. Suzuki
‘ (Junior faculties, HeKKSaGOn graduates)

LMK DFARBHK - LFBHSEFHRE LS
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2019 HFTEIWGEE (R NMTIRLY)

6 KFZ—XKLT2EBICAST-ARZETIZ. FRLANLTIESHRORMAYEY 3 (2
B4 2z@mHIThN. WG DU Za—T LIl OoWThERIIThNE LT, 4D WG
TlE. KA YT Bastmeyer IR EHPPESEZEXBEOIT I/ VLV RITRE—

[3D Matter Made to Order] "R &Z— b L7=E, F/HBARTIIHFAFEHRERZ
B 2HFMEE [KEHEEME] AR — b LB NE LTz, INZEER
TiEm LR, [EF] [#E8] MBIZ] LY 7+—hRT2H, ZOE%E
A AH S, Bastmeyer HiR (£¥F) LKEER (%) HEIRKREL Iz
ETDZENEERAFHELTHREFY E L, INITA-> THT - Basmeyer « /KEED
2020 FE(ZIRFE L 7=#H17=7%2 WG [New-Generation Biomedical Science| |d&& %
BT2021 FElcREx—bLE LT,

WG1 [Life and Natural Science Fusion |

F7EIEE (2019498)

R NAFILRILY

AR September 12, 2019, Heidelberg
f@«? HeKKSaGOn

X7
~\ Z/D NETWORK OF UNIVERSITIES

7t HeKKSaGOn Work Group | Meeting
“Life and Natural Science Fusion”

<t

Chair. Motomu Tanaka (Heidelberg/Kyoto)
Co-Chair; Marti

in Bastmeyer (KIT)
i = - =

A8—=2y 7FEPBZEFBARICBVWT Thowtop

researchers cross borders | [CE[E(Cfith 32 S Z it
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2021 F ES8EIWGHE (N -HtXFE, #7314 )

AAFHROFBREINRFICL > TEEINAESEEREZETIE. —#DTATZ
LDF A4 ICK > TRfESINE L7z, Bastmeyer #i% (éE#%?) - IKEEEIR (B
F) L EHI2020 FITIRE LI/ ICHHBEN L 72 WG [New-Generation Biomedical
Science] DFEFHRERC. D FLF, invitro R& invivo ROWFITELT=A X =P
7 BRITEAN., BEBET I E VLS LFEREFE L LICHEFICOWT, BFATLF Y
—t v avIlBWTHREZITWE L7, £7-. HWIDILABIZEA Virtual poster
session for early-career researchers X EE) L 7-EFEZ T, BED MM VEFRE
BeZzotoBM_EREEICOWTGESRSEZTTVWE LT,

WG1 [ Next-Generation Biomedical Sciences |

E8E<£iE (2021F98)

.
O e TG i

WG1: Next-Generation Biomedical Sciences

- Fusion of Molecular Engineering, Imaging, and Modeling -

, Lead Coordinator

~  Motomu Tanaka (Biophysics)
Institute of Physical Chemistry, Heldelberg University
Institute for Advanced Study, Kyoto Univarsity

Coordinators
Martin Bastmeyer (Neurcbiology)
7 Zoological Institute, Karlsruhe Institute of Technology
. Hiroshi Suito [hlnthamatlu)
sed |nstitute for Materi 1, Tohoku Ui

"'ﬁ.ﬁa

E. Blasco (Chem) Y. Takashima (Chem) F Tamanol (Nano) . Suito (Math)
Molecular Engineering

WY mr
C. Wl (Chem)

' Imaging / Analysis in vitro & in vivo

% K. Svadlenka (Malh)
Modeling

ﬁ a iu .

Y. Saljo {Eng) e,
LRSS (KUKS)
ex-HeKKSaton siudent 2012

EIIREHE(T)
_ex-Postdoc inHO |

M. Basimeyer (Bio})  H. Seno (Med
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2023 FOEWGEE WN-TFyTqav75y)

AAFICEBTEHIRAENSAUICHZE IRFERSFEIT. TvT 4 VT VY KRFIC
BOWCHE - A 74O A7 )y FEXTHEINE L7z, HFA 2 BREICHT
ViERZHE®H7- WG [New-Generation Biomedical Science] ® X —7 4 > 7 Tld, M
HEH 15 0BRSS NEICH1I0Z0F > 74 SMEEMZ, SEOHEARARD
BN THLL, BFEBRCAMTRICOWTHZRZTVWE L, 2 HEICIE, S
SDEARBNE - ILARBNE - MBI - AKFHKH., TNENOHEARVCIEMRIC K DR
M BRICE T DRKEREDZANCIHFRIEE - HAMRFOZERICOVWTHREL XL
Too Flz, FREFJRIICIEINA TNV T KFIZEHE LT New-Generation Biomedical
Science" LB LT —o v ay FafE L, BHibK - KEHIR EF) . N TR
LK - Salg BE (BEF) . KBRK - MBI ((EFEIF) . KRK - BRI ()
BHEEF) ICLPBELEREBLU-, ARICIHIT 2EE Y M7 -2 DFEL 5581t
TITWE L7

WG1 [ Next-Generation Biomedical Sciences |

FomEeix (2023%F98)

2
.z/.‘T \® HeKKSaGOn A uamiiins
EE e Y i

WG1: Next-Generation Biomedical Sciences

- Fusion of Molecular Engineering, Imaging, and Modeling -

Lead Coordinator e
. Motomu Tanaka (Biophysics) r " Ur-_nvqnsrll'ﬂi'r
Institute of Physical Chemistry, Heidelberg University | FHDRERG | (L

Institute for Advanced Study, Kyoto University

o T

Martin Bastmeyer (Neurobiology) ==l i

1 Zoological Institute, Karlsruhe Institute of Technology )
' Hiroshi Suito (Mathematics) ﬁsﬂ'%_
r

Advanced Institute for Materials Research, Tohoku University ’_"{4
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EFFEHE (2)
T EHIMEBEESTFICE (T 5ERERE

PR - BHRIE, M7V —T ) X - LTHRZT> TV 2 v~y IRKEY
BEIICEVWTLRERT () KEERHER (RICRERF, T - YUSEFE8HR)
A 2002 FICEEINTDZ E 5> A IS, KEAHIX® Miller-Krumbhaar ##% (22—
v EEMARM) AEET S BARE MY OIEFEERFIERICE T 52/ MD
VT =TIl EGYE - VT A —YEBO A VRIEFELTSELTEE LT,

FRICHRImtA R REE (BRERLY) (V7 by g - BRICET 2FEFELA I
Z] (2013 - 2016, & - REARF hk4E—HI%) DEHEHLTHS EU FPT [Non-
equilibrium dynamics of soft and active matter] (2012 — 2016, %% - CEA Hugues
Chaté #%) ICBLWTE7TAY 7 b —X—FRF A VSEKED LY £ LHEHD,
2012 FITENA TR ZICHEWTHMILY >R 7 L [Physics of Active Soft
Matter] ZBfEL £ L 7=,

1995 FICX & — b LI BMOIEFEFRAMER Y b7 =70 25 FFICH/-5 2020 F
ZEa LT B Y RY Y L e RERFERY BT CRES 2~ <. BfAHE
FEADHLE L TEFEZED TWAIRAFMT—FEIFE ALY, 2021 FEH LI
2022 FEOFREZFTEL TWET,
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H{LJ3®7—% < 3 v 7 [Physics of Active Soft Matter ]

2012FE 98 W NATLRLIKE

JSPS Gore-10-Core program 20112012
twork for non-equilibrium dynamics of soft matter

International research ne

Japanese-German-French Workshop

“Physics of Active Soft Matter”

September 24 and 25, 2012, Heidelberg (Germany)
Venue: BIOQUANT, University of Heidelberg

Organizer: Motomu Tanaka (Heidelberg)

Speakers: T. Ohta (Kvoto), H. Lowen (Diisseldorf), M. Sano (Tokyo), K.
Yoshikawa (Kyoto), H. Brand (Bayreuth), M. Imai (Tohoku), A. Ott
(Saarbriicken), K. Kruse (Saarbriicken), M, Ichikawa (Kyoto), N. Uchida
(Tohoku), C. Bechinger (Stuttgart), H. Stark (Berlin), K. Kroy (Leipzig), E.
Clement (Paris), T. Holstein (Heidelberg)

Call for Posters!

-159-



o

Bt JETFEREMERY b7 -7 25 AFERI I VEREIUL

202210 B - m#KZF

YITP Workshop
25th Anniversary Symposium of German-Japanese Joint
Research Project on Nonequilibrium Statistical Physics
Perspectives for Future Collaboration

October 12 - 14, 2022
Yukawa Institute for Theoretical Physics, Kyoto University

Organizers T
Motomu TANAKA (Heidelberg / Kyoto) ol
Ryoichi YAMAMOTO (Kyoto) o |
Masaki SANO (Shanghai / Tokyo) i Bt
Hartmut LOWEN (Diisseldorf) e
Helmut BRAND (Bayreuth) T

Hisao HAYAKAWA (Kyoto)

For registration, please visit' https:/www2.yukawa.kyoto-u.ac.jp/~german-japan2022/index.php

NAKATANI FOUNDATION

of measuring -

ik
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EFREHRE (3)

reefiTeais [KEMSEME] & F41 YT oL UX
25 R3— [3D Matter Made to Orderl] DEH¥E

Z8PIR - H & Bastmeyer % (MMWSFEZIR) (L. 2019 FIChA—ILANL—TTH
RFENATILRLVIRENHKRTHRILLIE, FAVIIEL YR I TR —
[3DMatter Made to Order] %&%i, BEHEZEZEE L L THIDOEE ICHED>TL
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ZEDTVET, FILABBUITIHEMEER (REBAFLERE., BRIBAHRFERT
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2020 &

German-Japanese Worksop
| Aquatic Materials Made to Order|

(3A4 - 5H)

R N TRy KE

XERIF AR FAREMB I AN RBAET (ARERRRE)
[KEREME  RIBICHAN - BETE2T U T EEZORIM]

MEXT Grant-in-Aid for Scientific Research on  Innovative Areas

_ é Area Number: 6104, FY2019-FY2023
SEHEfts
! ' ' PN b i
Aquatic Functional Materials %%fﬁﬁq?)

M K ZEHERFZeA03 (BEEeRaiRIE) R

FAYRZEE (Deutsche Forschungsgemainschaft)
German Excellence Cluster [3D Matter Made to Order|

w 3D MATTER
MADE TO ORDER

Germany’s Excellence Strategy
- 208211 — 390761711

AN

Martin Wegener %
(A= R —TTRIAZS)

Uwe Bunz &
(A TR K

FHdh 5k & M. Bastmeyer #i% (MMREEHIR) (S
BRAL KR » HEEED

HPHPETEERL LTS DENHRSEOREN R Z DL E
BiRo%xy b7—223<Y%BiELEY. I+l

FEsSHIICA ¥4 F TOREZIES (KEEREE)
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2 UNIVERSITAT
HEIDELBERG
¥ Zukunft. Seit 1386.

German-Japanese Workshop

“Aquatic Materials Made to Order”

March 4 & 5, 2020
Heidelberg University (Germany)

Jointly Organized by
MEXT Grant-in-Aid for Scientific Research on Innovative Areas
“Aquatic Functional Materials”
&
German Excellence Cluster
“3D Matter Made to Order’

3D MATTER
MADE TO ORDER

Aquatic Functional Materials

MEXT Grant-in-Aid for Scientific Research on Germany’s Excellence Strategy
Innovative Areas - 208211 - 390761711
Project Leader: Takashi Kato Spokespersons:
Area Number. 6104, FY2019-FY2023 Martin Wegener and Uwe Bunz
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F—RHMmEEY~—X27 —/)L [CROSSING BORDERS: UNRAVELING PRINCIPLES
OF LIFE WITH QUANTITATIVE TOOLS] %Ry > aBBEN=FT T alLT v RILY
INOFIEZZITTANAT LNV TREL £ Lz, Z4idHeKKSaGOn Alliance® X~
N—RORKERE L EFHREEZTRE LIZHBDT, BERE FAYHSEH40KIZED
FEMNSMLE LT,

ZDH, REAFHREHEREBFTEDOTIENDT., 2016FE3RICE_ABDOEKRY 1 > X

— 2 %2 —JL [From Materials to Life: Multidisciplinary Challenges) % REFAF CRhIfE

LE L7z, ZZTldHeKKSaGOn Alliance® %X T, FMFEI AT (¥ HKR—I)
O REILOSMERY ., LVEBRBENIRR I —ILERY F LT,

F=RIBEOEKREY 1 > % —2 2 —JL [Unraveling Dynamics of Life] (& &EH> KA
Y RIFE A/ R= 3> Tr—F L FR (DWIH Tokyo) HREDITIEDE &£ 1220194
BRICEEMRRTCHELE L, AR -HPEIaV~AYIRKFETELICHER
A 72Joachim Raedler#i® (I 2 v~V KF) P0EULITHTZ > TERDOH 5 Atul
Parikh#% (HYU 74+ V=T RET—EZR) BE. BEL2WRENBNZED, S
MEEBEFERL TWELEKEELREES LAY £ LT,

FEHEH DX 7 —)L [Towards Holistic Understanding of Life] (&3 0 73T Z R
B INFE LA, 2024F2R ICHBMEICIRA [EFEHE]| HRETHEEL T
T BHHTHEMSh b 6 XIEZ WZWTHET 22N TEE LT, BEEIBEDOR Y
—LICIE, AR - BENRIUA VYN LTSELIZNMY - T2 L VY RITRA
— [3D Matter Made to Order] ®Martin Wegenert> 4 —&K (Hh—IILZRIL—TITHK)
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UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386

CROSSING BORDERS:
UNRAVELING PRINCIPLES OF LIFE
WITH QUANTITATIVE TOOLS

JAPANESE-GERMAN SUMMER SCHOOL
ACROSS DISCIPLINES AND CULTURAL DIFFERENCES

2012 Summer School for doctoral students o) He Q
of the HeKKSaGOn Consortium =4O [ D o Jaagt
Universitat Heidelberg T -
= K G
September 17 - 26, 2012 sar - @
www.uni-heidelberg.de/international/hekksagon_summerschool/ o
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Kyoto Winter School !,
2016 :

"From Materials to Life:
Multidisciplinary Challenges"

February 15 - 26, 2016,
Kyoto, Japan

HeKKSaGOn

NETWORK OF UNIVERSITIES
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Kyoto Winter School

“Quantifying Dynamics of Life”
March 11 — 20, 2019
Center for Integrative Medicine and Physics A
Institute for Advanced Study, Kyoto University KUIAS

W ——

(@) Lr-m-bh-ssn

v
N
X

Aim;

Cross-disciplinary, international winter school for graduate students and
junior researchers from medicine, physics, mathematics, chemistry, biology,
and engineering sciences, etc.

Confirmedlecturers:
T. Holstein (Heidelberg), A. Parikh (Davis), M. Bastmeyer (Karlsruhe),
J. Radler (Munich), J. Korvink (Karlsruhe), A. D. Ho (Heidelberg),

K. Yoshikawa (Doshisha), S. Kinoshita (KPUM), A. Harada (Osaka),
S. Takeuchi (Tokyo), H. Suito (Tohoku), S. Deguchi (JAMSTEC),

R. Nagatomi (Tohoku), S. Kidoaki (Kyushu), O. Tabata (Kyoto),

K. Svadlenka (Kyoto), T. Tsuruyama (Kyoto), H. Wada (Ritsumeikan),
T. Hayashi (Tokyo Tech), H. Y. Yoshikawa (Saitama), M. Sano (Tokyo)
F. Tamanoi (Kyoto / UCLA), K. Kodaira (NAQOJ) .

Organizer:
M. Tanaka (Kyoto / Heidelberg)

Local committee:
A. Yamamoto, R. Suzuki

M. Yoshida
Supported by _ X R
NAKATANI FOUNDATION #& HeKKSaGOn  DWIH Tokyo
for wharcarert of sy technokoges n borwded sgresg ‘“ Y)  NETWORK.OF UNNERSMES sheoeSven

Land der [deen
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Date:
Venue:

PROGRAM

KYOTO WINTER SCHOOL 2019 PROGRAM
“QUANTIFYING DYNAMICS OF LIFE”

March 11 —20, 2019

2% floor Seminar Room, KUIAS/iCeMS Main Building (#77)
Kyoto University

Yoshida Ushinomiya-cho. Sakyo-ku, Kyoto

Monday, March 11

8:45 - 945

9:45 — 10:45

10:45-11:00
11:00-12:00

12:00 — 13:30
13:30—14:30

14:30 - 15:30
15:30 - 15:45

15:45 -16:45
18:00—20:00

Welcome & Orientation
Introduction of the Program

Lecture 1 “Physics of Life”

Prof. Kenichi Yoshikawa (Doshisha University)
Break

Lecture 2 “Towards Medicine-Physics Integration™
Prof. Motomu Tanaka (Kyoto University / Heidelberg University)
Lunch Break

Lecture 3 “MALDI TOF for Medical Imaging”
Prof. Tatsuaki Tsuruyama (Kyoto University)

Basic Japanese 1

Mr. Kei Kubo

Break

Campus Tour escorted by KU student ambassadors
‘Welcome Reception at KUIAS main building

Tuesday, March 12

8:45— 9:45

9:45 —10:45

10:45-11:00
11:00 - 12:00

12:00 —13:30
13:30 -

Lecture 4 “Cell Migration on Microarrays”
Prof. Joachim Ridler (LMU Miinchen)

Lecture § “Origin of Life out of Equilibrium”
Prof. Atul Parikh (UC Davis)

Break

Lecture 6 “Life Under Extreme Conditions”
Prof. Shigeru Deguchi (JAMSTEC)

Lunch Break

Presentation 1: PhD projects — Session A

3
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Wednesday, March 13

8:45— 9:45
9:45 - 10:45
10:45—11:00
11:00 —12:00
12:00 —13:30
13:30 — 14:30
14:45 - 16:45

Lecture 7 “Stem Cell Research at Crossroads”
Prof. Anthony Ho (Heidelberg University)

Lecture 8 “Micro-NMR for Metabolomics™

Prof. Jan Korvink (Karlsruhe Institute of Technology)
Break

Lecture 9 “Modeling Flows”

Prof. Hiroshi Suito (Tohoku University)

Lunch Break

Lecture 10 “MENMS Technology for Biohybrid”
Prof. Shoji Takeuchi (The University of Tokyo)
Japanese Calligraphy

Ms. Kazumi Torii assisted by Ms. Hisako Mouri

At multi-purpose hall (International Seminar House)

Thursday, March 14

8:45— 9:45
9:45 - 10:45
10:45 —11:00
11:00 —12:00
12:00 - 13:30
13:30 — 14:30
14:30—

Lecture 11 “Cell Based Therapy for Cornea Restoration”
Prof. Shigeru Kinoshita (Kyoto Prefectural University of Medicine)
Lecture 12 “Mechano-Regulation of Stem Cells”

Prof. Satoru Kidoaki (Kyushu University)

Break

Lecture 13 “The Hydra Stem Cell System™

Prof. Thomas Holstein (Heidelberg University)

Lunch Break

Basic Japanese 2

Mr. Kei Kubo

Presentation 2: PhD projects — Session B

Friday, March 1

5

8:45— 9:45
9:45 — 10:45
10:45 - 11:00
11:00 —12:00
12:00—13:30

Lecture 14 “Modeling Materials”
Prof. Tomohiro Hayashi (Tokyo Institute of Technology)
Lecture 15 “Methodology for Control of Self-Organizing Systems”™
Prof. Hiroshi Yoshikawa (Saitama University)
Break
Special Program (1): Lectures by Junior Faculties
“Life-inspired Self-sorting Supramolecular Hydrogels”
Dr. Ryou Kubota (Kyoto University)
“A Non-Invasive Physical Biomarker for Restoring Human Corneal
Endothelium”
Dr. Akihisa Yamamoto (Kyoto University)
Lunch Break
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13:30 — 14:30 Special Lecture: Transcultural Study
“The Aesthetics and Sensitivities of the Japanese as seen through Classical
Japanese Literature”
Prof. Shikiko Yukawa
14:30 — 1. Gekkeikan Sake company
2. Fushimi Inari Taisha
(For details, see attachment)

Saturday, March 16

Social Program
(For details. see attachment)

Sunday, March 17

No Program

Monday, March 18

8:45 — 9:45 Lecture 16 “Dynamics of Cells and Cell Ensembles”
Prof. Masaki Sano (The University of Tokyo)
9:45 —10:45 Lecture 17 “Interface Growth and Morphogenesis”
Prof. Karel Svadlenka (Kyoto University)
10:45-11:00 Break
11:00 —12:00 Lecture 18 “Life Shaped by Mechanics”
Prof. Hirofumi Wada (Ritsumeikan University)
12:00 —13:30 Lunch Break
13:30 - Presentation 3: PhD projects — Session C

Tuesday, March 19

8:45 — 9:45 Lecture 19 “Materials and Life: Supramolecular Materials”
Prof. Akira Harada (Osaka University)
9:45 -10:45 Lecture 20 “Cellular Mechanobiology”
Prof. Martin Bastmeyer (Karlsruhe Institute of Technology)
10:45-11:00 Break
11:00 —12:00 Lecture 21 “Mechanics of Skeletal Muscles”
Prof. Ryoichi Nagatomi (Tohoku University)
12:00 —13:30 Luneh Break
13:30 - Free Time
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Wednesday. March 20

8:45 — 9:45
9:45 — 10:45
10:45-11:00
11:00 - 12:00
12:00 - 13:30
13:30 — 14:30
14:30 —

18:00 —20:00

Lecture 22 “MEMS and DNA Nanotechnology for Medicine and Biology™
Prof. Osamu Tabata (Kyoto University)
Special Program (2): Lectures by Junior Faculties

“Charged Polymer Brushes: Dynamic Modulation of Hydration States and

Interactions”

Prof. Yuj1 Higaki (Oita University)

“Deformation as a Quantitative Tool to Understanding Self-Organisation in

Multicellular Organisms: Development and Diseases”

Dr. Ryo Suzuki (Kyoto University)
Break
Lecture 23 “Precision Medicine and Cancer Nanotherapy™
Prof. Fuyuhiko Tamanoi (Kyoto University / UCLA)
Lunch Break
Special Lecture: “Half Century of my Astronomy: From a Star to Galaxies™
Prof. Keiichi Kodaira (NAOJ / MPIfR)
Discussion & Evaluation
Farewell Party at Camphora
Farewell Speech

Prof. Nagahiro Minato, Provost / Executive Vice-President
Kyoto University
Prof. Keiichi Kodaira, National Astronomical Observatory of Japan /
Max-Planck Institute for Radio-Astronomy

Thursday, March 21

Departure

End of the Kyoto Winter School 2019 Program
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9 x International (Germany, US, Singapore) and 19 x National

UNIVERSITAT
IDELBERG
cunft. Seit 1386.

1) Medicine_and Biology: A.D. Ho, S. Kinoshita, R. Nagatomi, T.
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;_; (Il Chemistry and Bioengineering: A. Harada, T. Hayashi, H.
'-‘?g °i Yoshikawa, Y. Higaki, R. Kubota (Chemistry) , J. Korvink, O. Tabata,

¢ é

i

e

KYUSHU
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EpE 1 42— X2 —JL [Quantifying Dynamics of Life]

AmE (B 74

K% : Hf K
XA kv Prof. Dr.
KF Ruprecht-Karls-Universitat Heidelberg
/BN KRFEN REKRF
g : Institute of Physical Chemistry, Physical Chemistry of Biosystems

EFYE - BT A0~/ LR

K4 : Atul N. Parikh
24 FJL i Prof. Dr.
K University of California, Davis

/ Nanyang Technological University

g : Department of Biomedical Engineering

Department of Materials Science & Engineering

K4 Joachim Réadler

24 kJL:  Prof. Dr.

KEF Ludwig-Maximilians-Universitat Miinchen
& : Faculty of Physics

K4 Jan Gerrit Korvink

XA b Prof. Dr.

RF: Karlsruher Institut fir Technologie

& : Institute of Microstructure Technology
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K4 Anthony D. Ho

24 kJL:  Prof. Dr.

RFE ! Ruprecht-Karls-Universitat Heidelberg
i : University Hospital

Department of Hematology and Oncology

K% Thomas Holstein

24 kJL:  Prof. Dr.

KF Ruprecht-Karls-Universitat Heidelberg

g - Centre for Organismal Studies (COS) Heidelberg
K% Martin Bastmeyer

XA kv Prof. Dr.

KF: Karlsruher Institut fir Technologie

g - Zoologisches Institut

B (AW 24 13%
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Kyoto Winter School 2024
“Towards Holistic Understanding of Life”
February 19 — March 1, 2024

Abstract Book

Supportad by

.
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Venue:

PROGRAM

KUIAS

KYOTO WINTER SCHOOL 2024 PROGRAM
— TOWARDS HOLISTIC UNDERSTANDING OF LIFE —

February 19 — March 1, 2024

2™ floor Seminar Room, KUIAS Main Building
Eyoto University

Yoshida Ushinomiya-cho, Sakyo-ku, Kyoto

Monday, February 19

9:45—10:45
10:45—11:00
11:00-12:00

12:00—13:30

13:30-14:30

14:30 — 14:45

14:45-15:45

15:45 —16:45
18:00 — 20:00

Welcome & Orientation

Break

Lecture 1 “A Hitchhiker's Guide to the Bottom of the Ocean for Chemists™
Prof. Shigeni Deguchi (JAMSTEC)

Lunch Break

Lecture 2 “Form of life through successive invasion processes and transitions:
the invasion analysis”

Dr. Ryosuke Iritani (RIKEN)

Break

Lecture 3 “How Sensory Epithelia Shape Their Cellular Patterns™

Prof. Karel Svadlenka (Tokyo Metropolitan University)

Campus Tour escorted by KU students

Welcome Reception at KUIAS main building

Tuesday, Febmary 20

9451045

10:45—11:00
11:00—12:00

12:00—13:30
13:30 — 14:30
14:30 — 16:45

Lecture 4 “3D Cellular Microenvironments to Study Cell Mechanics™

Prof. Martin Bastmeyer (Karlsruhe Institute of Technology)

Break

Lecture 5 “Cytoskeletons and cortical development: How does the neocortex
develop to establish the prototype of neuronal circuits during development by
neuronal migration and collateral formation?"

Prof. Makoto Sato (Osaka University)

Lunch Break

Basic Japanese 1

Presentations 1: Session A flashtalks + posters

Wednesday, February 21

9:45—-10:45

Lecture 6 “Models for digestive organ tumors: from precursor to intractable
cancer”

Prof. Hiroshi Seno (Eyoto University)
3
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10:45—-11:00
11:00—12:00

12:00—13:30
13:30—14:30

14:30 - 16:45

Break

Lecture 7 “Stem Cells and regeneration in Hydra™
Prof. Thomas Holstemn (Heidelberg Umversity)
Lumch Break

Lecture 8 “Cancer Radiation Therapy in Japan™
Prof. Fuyuhiko Tamanoi (Kyoto University)
Japanese Calligraphy

Thursday, Febmary 22

Venue: Seminar room 1, Shirankaikan Annex (few numtes walk from KUTAS mam building)

0:45 —10:45

10:45-11:00
11:00 —12:00

12:00—13:30
13:30—14:30

14:30 — 14:45
14:45 - 15:45

1545 -16:45

Lecture 9 “3D printing with light™

Prof. Martin Wegener (Karlsruhe Institute of Technology)

Break

Lecture 10 “Design and Funcrions of Supramolecular Materials with Reversible
and Movable Cross-Links™

Prof Yoshinori Takashima (Osaka University)

Lunch Break

Lecture 11 “Investigating Actomyosin Contractility-driven Adhesion Modulation
by Complementary High-speed AFM and Fluorescence Microscopy™

Prof. Clemens Franz (Kanazawa University)

Break

Lecture 12 “Advanced laser processing and manipulation techniques for
life/material sciences™

Prof. Hiroshi Yoshikawa (Osaka University)

Basic Japanese 2

Friday, February 23

Social Program
(For details, see attachment)

Saturday, Febmary 24

No Program

Sunday, Febmary 25

No Program

Monday, February 26

0:45-10:45

10:45—-11:00
11:00 —12:00

12:00—13:30
13:30—14:30

Lecture 13 “Fluid Dynamics of Swimming Microorganisms™

Prof Takuji Ishikawa (Tohoku University)

Break

Lecture 14 “Emergence of bio mimicry movements of micro swimmers™

Dr. Masatoshi Ichikawa (Kyoto University)

Lunch Break

Lecture 15 “Overcoming FFPE Sample Challenges in Biomarker Discovery:
Innovations in Mass Spectrometry Imaging™

Prof. Tatsuaki Tsuruyama (Hiroshima University)

4
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14:30 — 14:45
14:45 - 16:45

Break
Presentations 2: Session B flashtalks + posters

Tuesday, Febmary 27

9:45-10:45

10:45 —11:00

11:00 — 12:00

12:00 — 1330

13:30 — 14:00

14:00 — 14:30

14:30 — 14:45
14:45 - 15:45

15:45 - 16:45

Lecture 16 “Microscale NME for the dynamics of life™

Prof. Jan Korvink (Karlsruhe Institute of Technology)

Break

Lecture 17 “New Experimental Analytical Platforms Answering

Clinically Relevant Questions™

Prof. Motomu Tanaka (Eyoto University / Heidelberg University)

Lunch Break

Short Lecture 1 “Physics of Regenerating Hydra™

Dr. Ryo Suzuki (Kyoto University)

Short Lecture 2 “The collective order of human corneal endothelial cells for
cultured cells and regenerated tissues: Creation of a novel biomarker and
mathematical characterization™

Dr. Akihisa Yamamoto (Eyoto University)

Break

Special Lecture 1 “Bevond “What is Life?” - Amusements with Real-World
Modeling™

Prof. Eenichi Yoshikawa (Doshisha University)

Special Lecture 2 “Scripting an Eco-system for Precision Medicine: Navigating
the Journey to Bridge Boundaries for Synergistic Integration?”

Dr. Ganesh Pandian Namasivayam (Kyoto University)

Wednesday, February 28

9:45 - 10:45

10:45 - 11:00
11:00 — 12:00

12:00 —13:30
13:30 — 14:00

14:00 — 14:30

14:30 — 14:45
14:45 - 16:45

Lecture 18 “Synthetic Nanocelluloses: Molecularly Designable Cellulose
Assemblies”

Prof. Takeshi Senzawa (Tolcyo Instifute of Technology)

Break

Lecture 19 “Experimental Advancements in Nonlinear and Fracture Mechanics
of Polymer Soft Materials"™

Prof. Kenji Uravama (Eyoto University)

Lunch Break

Short Lecture 3 “Development of Polymeric Materials Based on Bio-Inspired
Design, Bio-Synthetic Interaction, and Bio-Synthetic Fusion™

Dr Masaki Nakahata (Osaka University)

Short Lecture 4 “Exploring Periodic Entangled Structures in Material Science
Through Enot Theory™

Dr. Sonia Mahmoudi (Tohoku University)

Break

Presentations 3: Session C flashtalks + posters

Thursday, Februrary 29

9:45-10:45

Lecture 20 “Towards the clinical application of a holistic understanding of
cancer”

Prof. Jonathan Sleeman (Heidelberg University)

2
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10:45-11:00
11:00-12:00

12:00-13:30
13:30-15:00
15:00-17:30

18:00 —20:00

Break

Lecture 21 “Extracellular vesicles derived from periodontal disease affect
systemic diseases™

Prof. Hirchiko Olanmra (Okayama University)

Lunch Break

Free time

CiMPhy Final Symposium at Inameri Hall, Shirankaikan

Activity report “Creation of a New Research Field by Fusion of Medicine,
Phvsics, and Mathematics — from Japan to the World™

Prof. Motomm Tanaka (Evoto University / Heidelberg University)

Special talkk 1 “The Healing Power within Yourself”

Prof. Anthony Ho (Heidelberg University)

Special talk 2 “Our circulatory system through the lens of applied mathematics™
Prof. Hiroshi Suito (Toholu University)

CiMPhy Final Symposium Reception at Restaurant La Tour, Kyvoto University
Clock Tower Centennial Hall

Friday, March 1

0:45 - 10:45

10:45-11:00

11:00-12:00

12:00-13:30

13:30 - 14:30

14:30 -
18:00 —20:00

Lecture 22 “Mechanisms of phospholipid scrambling™

Prof. JTun Suzuki (Evoto University)

Break

Lecture 23 “Theoretical Modeling and Computational Simulations on Dynamic
Seli-Organization of Migrating Cells™

Dr. Tetsuyva Hiratwa (Academia Sinica)

Lunch Break

Special Lecture 3 “Bio-inspired nanomaterials for biomedical applications™
Prof. Kazunari Akivoshi (Kyoto University)

Discussion & Evaluation

Farewell Party at KULAS main building

Saturday, March 2

Departure

End of the Kvoto Winter School 2024 Program
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2019 Fellowship for Research Internship in Japan for
Students of Heidelberg University and Karlsruhe Institute of
Technology (Nakatani RIES Program)

The A RIES: & Inter for
connects undergraduates with the best of sci & ineeri, h 2019 Schedule
in Japan through a fully funded prog abroad. The prog 6 - 8 weeks, starting from
serves as a for in future :tudy and Aunuts, 2018
h, tributing to vibrant international h coll: tions in

P, Due: April 12, 2019

About 10 will be by the i and the
ful will be to the host institutions, How to apply?
Including Kyoto University and Osaka University. Applications shoald indlde the
The RIES Fe hip is organized by the N: following information
Foundation (htips://www.nakatani-foundation.jp/en/). one of the {A4 max. 1 page, Arial 12 pt, single line spacing]
largest Foundation supporting the Advancement of Biomedical
g, and by Prof. Dr. Motomu Tanaka, Name
Heldelberg University Major
Address, e-mail
Eligibility Requirements MM;{:;:LS{SZT:;}
BSc or MSc students of H y or Karlsruha Institute of x
Applwom with the subject line
Technol m all t “Summer Program in Japan® should be
to Ky ‘; com

Eunding Provided
* International Airfare
* Housing & Partial Meal Stipend
* International Health Insurance

* School Tuition & Fees

Latcd L3 LW
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Dr. Roman Zantl
President ibidi GmbH, Martinsried

Since Motomu and I met first at Erich Sackmann's Institute for
Experimental Physics in 1998, we were immediately connected by the
fascination of biophysical and biochemical techniques including surface
architectures. During our lively discussions and intense intercultural
exchange it became clear that Motomu's scientific enthusiasm and personal
open mindedness were already connecting the Asian and European
scientific communities. Congratulations for this new and exciting institute
and good luck with pushing forward physical chemistry in the direction of
medical relevance!
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Mechanical stimulation of single cells by reversible
host-guest interactions in 3D microscaffolds

Marc Hippler'*, Kai WeiBenbruch®>, Kai Richler?, Enrico D. Lemma®, Masaki Nakahata®,
Benjamin Richter?, Christopher Barner-Kowollik*®, Yoshinori Takashima®, Akira Harada®,
Eva Blasco’®, Martin Wegener'*, Motomu Tanaka'®''*, Martin Bastmeyer®>*
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De novo formation of non-crystalline
fullerene bilager on water surfoce

Octopus-shoped, conical fullevene  ornphiphile
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withaut compression, Specular X-ray reflectivny
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fevaaled that the manoflm consists of o non-
eystalline CFA bflager, confining o hydrogen-
bonded nenuork in betmesn.
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inspired by the Japanese cuisine
BERERE
B/KE - BARFBEAE

BT y~—7KFE EYREFEL 22—
BV =83
B BHEFRERRICRA - BE

Prof. Dr. Ole Mouritsen
Copenhagen University
Jap Cuisine Goodwill Amb
Order of the Rising Sun, Gold Rays with Neck Ribbon

-
Monday, September 2, 2018, 18:00- I =
Clock Tower Centennial Hall 2F, AN o
Kyoto University x-..;.'z.':.. -
L:
X

,I
i/
'y '
I\
i l A
= = {
Tradibonal Japanese Cumon 5 & Usasars heove for chets and culmary scantists 1o study in \
ardar to lam how o prepare heathy and delcaous food As A gaswopryscst | have
pactcudarty boen misied by the concepts of wnam and dashi in the contest of Japaness Lses | .
of o 1ypes of manne food sources. fish, shellish. cephalopads, and seawends, a5 wel as the . T | .
Dreparation tachiues for Wukemono | am also ntrested in axpkrning how the Emght Ganed 3 . ~E
o Pwse studws can feach us how 10 aat ore green

Fox inquky: imphy-clica@mail ad kyorou i ip ZL{DZZELEM

taste-for-life.org

BZ#EL-HBEDOEED /—bAELLFREOERELE

-259-



2020 £

TIM)—F - BRAD VYRS L

BARES CSHMERE7 = X4 KFRIEHE [BREELMESIHRICEIT IR
{EE L #FFoioRE TH4E

TEEsHFAHTAME RKERREAE
SRbE | BMELmES IHSICE T AP

fElEY: HEED (EEHAen)  BPR (N FTIAAULSASR) | WWESE [fEEEASH)
HUER  OFNEER (RXSHEPRI)

FEIOFIAAANBASLERRICEVT, BEPYIATELLSBROFRPTRELRT ZARCBROTIAEEL I, SROEFTHELASHFRRED
DT, FLwarTE, 7 EEFRERATIOL S GHERMCAT SRIFERPOCARRICOVTBALET,

B B 108218 (&) 13:00~16:30
= 4 B

13:00-13:05

b
WA BT (EEHALH FERYWRL >4~ - WTRA/ 2 —F)

13051355 B2-07 [AFAHE] RE - AROWMLY | REH SHAML T DILOMEE
ERR (N TN KPEEBAY - #7E)

19553013, B208 AR BWCT T U T AOHERIOIFRRFO MRS
B —1 (el ad WIRETHRR - TENRA)

14251445 B2-09 A7y —LF AERFEBICEE Lt ERERBRED T

EREHOARY VY HRIILTH -2 bbb, 2508U LOEHEERE

BEER

Wtz = h

2020108318 #U54 R

2020 Fa R0, AR
HBED P4y (FE8KE) 75
[EmOREYE - HETHREH
DI NI T—TTAZAY
WEEToE

EHOREYE - BETRESHHLT

NATFNASNo KRS PREPRER LR
REBAFE ASFHRRE TR

BEMAEEE

S UNIVERSITAT
HEIDELBERG

P/ Zukunft. Seit 1386, Eq’ *

#2021 FHH 74 Tk

- 260 -



2022 £

BEEKR HEREHH

2022 F6 4B RN RBAESFMRETARE

AR SIS L 2ITHHIRAEM SN, 3R - ILEADART — VBN EEREY 7 — 23X
mCHELT:

2023 £

BRHH HREHH
2023456838 B - RPAEBEHRHEALE
20 £ B THERANENE 1, B - LEATIRT — VRN L EREY 7 — %5

HCHMEL 7

RRKRE EFHREZH [ERERAESEFHREHEE]

2023 8 B 29 M EHEHRKFE K - HBURE

FEAPBENICT—~ - TAT 7 LDRECEMOBFZITI)> 1 =— v LEFRHEERT A
T7LT, EFEMIFE - AFEICMITTLUEANERZITo

-261 -



cIZFTYHACES~

oE
WA~ 3 'T;iﬁ
nE AWEE (M2) L = »é
=
HAZX (M2) Az
e M1) 7 )
SRR M) o2 B
me -
- EFURROISILLANT N
1o, LARROMKLC LW TWMMR &
ROMECA L HNEMAI - CTG X,
0 IFORACKTERAOC RN €
g Rt Rl —
Lor
ATl BECRE - ZPoemEMTE |
::-s a:l. :g;ﬁmc& .‘:5 10401210 TRy
s - =
PRECRTAMATESEOLTALE, | OO A3 )
IS R (SRNAL A SCRATN)
1430100 FerBr b0y
LR AL
_‘ 2008 AMAZ AEE-ASPRHEAN IR
g m:m-n-mr-m
x R e A St S r -
s rcse)
=307 Served_mmmdiasimammn
‘ B AR N N ke
“TAE
ns-n-oomu.ovan.nlt. TeO58RE, TALRRRE FLORRE 71+ 71008
. SRBoOES - £ - e QA-: < ERNET 2THE
t annuuzumnu ‘lLla SCaMpo - t#i. K
FoRRA ORI WES BIZERMUTLEY, MM, wolkdefed G RMEFT
sro-.-- FORE o .%»«bmzmantlzoemﬂ ﬂ’
" rINGF-T e
tmu‘aconslut.!olon 2t
EMEA0A v e
BAORRBERSERORSFEENEMS L (METEE 3E1PLONTE 21030 YL RSB SR, o_
EERMORMERVTHSART, 20L3 G M) LOVTESOELTRATUARUTLC L, Wl -
W IPEOERMEE S TERRTRRI MMEL TRAGNIS ENFGC DY REA, -nt-vt‘.n'\n
fR-Ex, TRECR onut&rmn.ru.n‘ EVESBOS AP IR ER AL OISR SN TONR
EMA, RBOWVOHADIHSATH URCRMER S "!fl.zlf‘bt!ll.k 20LICRNTR
MO LTINS PORE T E AT IR FCUARSRLTURT, WIALL, SHRECHNORRE
W EOVT-MEAATULR <R ETINILEE AT LET,

2024 £

WREREBRER
2024 F£2 A 29 M- RELKF THEE HEE—IL

ERE RBAFRR. RRE PREITARMMERKRESO ImEAH o THREZ W
f:?‘fk\?‘:fﬁi\ HFROBFIWRICEITE INEFTORYBEAEREICOWTHEEZT
27
F7o. FRlEE L LT Anthony D. Ho BEHIE (/A TNV T KFEZEHERLT
BIMBRARRE - SRR EZEZ) KLY [The Healing Power within Yourself (&7
TORICIEDRRT /87 —) | . KEE #R (EEXEMRBEZSEMR  BIFT
£) &Y [Ourcirculatory system through the lens of applied mathematics (Jb =
DETEZIFHAOMAEER) | CELTEINENTEBENZ 0,
BRSNS o KFERE. BEARE, —BMTRAEZEHET 80 LB 2SMEN

- 262 -



Hhl)., Beblh-o7,

R AR A S E B 70 B R AR B MY BB P

BE2E-E TR
7n—1\)l«m;§
BisilEs

B B 2024525298 x)
15:00~17: 30

g B RBXFTWSE HEK—

XD & sn

L

€L r aumolanwh joorch Field by Fasion of Medicine, Pysics,
el apon

Tha H Ithin Yourselt (B4 0ebes o Mm%/ <)

m the wuh the lons of applied mathamatics
LA

WREL S (L

gﬂn@-ﬁﬁ?

IS
!ﬁ

%

- 263 -



77 b —FiEH

2018 &

1. BY X “WECHEIEZEOMT - TREE~DEE"
IFWEARY Y —F 3> 7Ly 7 24%F Cutting Edge $53IEEE, BT - (FWMEA R A —
T4/ R=vavtrg2— 201849 A 20 H.

2019

1 B K “ [Ex] =f(FE - BEICHE T 2 iEsEs”
EEENEOHRERE KR (XT 4 HL P vy KR , BRLEES TRHRREDENIEE
CIF— KRF - A>T v AR, 2019 2 A 21 H.

2. WWAEBEA, ‘b P AERNEEROEMKFESH) SHEEZET 2", FESR 1 FEICHIFTRR
I, BREA - REKRF, 2019 F 7 B 8 H.

3. #iK B, AN/ A ROEE, oEBEEHET 2", BESR 1 FEICHIRBN, RE
KT - REKRF, 201947 A 8 H.

4. BF K (Az) HmRHBE [MEORE] A0 Ole G. Mouritsen 4% (ax> /=7
YRE) , RER - RERFEAFKITEELSE, 201949 A 2 A.

2020 £

1. HP sk (EEHFEAN) £ - FHAMEE D 7 R0l [BREFELAEEIHESICHE T 51
#] CSIbE 7z R&, #vF 4 vFME 2020 E£ 10 B 21 H

2. HAF K “UERFCEGOMTEAT S
EREDTODOY ATV R IF—, > T4 M, 2020 £ 10 A 31 A.

2021 &F
1. He K “GTLLWEEZGVEL  YEBE MNP CHRIBT 24003
EREDIODYA TV REIF—, 74 2021 F6 B 5 H.

2022 £

1L IEBEA, ‘b P ABEAKMERO [TF] CHEEE", BESR 1 FEICHERRBN, RERT - =T
KF,20224%6 A 4 H.

2. B B, “BANA/ A FOEEL) BT 5", BESK 1 FLEICHRMET, =4
FF - REKRF, 2022 6 A 4 H.

- 264 -



2023

1 ABEA, “t b AEARRIID [ &M, REBR 1S4 CHIREN, AT - 28
KF,2023% 6 A 3H.

2. kB FEAAH /A ROLFh SEBEETET 57, BEBK | £E£ICHFREAN, 58
FF - FERKRE, 2023 FE 6 A 3 H.

3. WA BEA, MR CBIET DEY ] BRAES IO KT 2 MINED L RERE, B ARES
3L - 4 EEICSIHE [ERBRTAESHARE] OHE RRH - HEAY E -
LB, 2023 £ 8 A 29 H.

2024 £

LT R CEREHEAIC & SH L EIENOAE L ERADRKE", RBAPEETR

PR ERF EFYE - ETEH7 0 — MR BEREBE R, REA - RERFEZEE
BB BES R —IL, 2024 £ 2 B 29 H.

- 265 -






HmREEH (1)
BXOWMERE

LIS T, MBEHASEYZEETRBILEWAY 2757 RELDWRENHNL T—
DODF—Lé L THBEHAEOHREZToTWET, B4 DHEDOFHRNEERICHA D
MEET>TWBRFEIITIETENLET,

- 267 -






[#8 A ] BREEL<ERLENTS IR K84 OREOEETT

REFHSEHRZ AV AESHAEMEE AW
DAMRDZ A TAX—=S 0T SHEMRERIN=—D A X -V
;k | 1_; 'z.:‘,‘ — :xw-- E

AR SFER IR T AL /C
HWEBEDZATAX -7

- 269 -



DRI A ] sirsETstammizEsl. Tz 5 B AVYESLKELT ]
CETTL—7AN—%ERHTIEEBELET

IRl —Y—-THEELLHERT EFREABEMETR IS8
MHRaEEREEmAL—7 y bt F 7774 15— DERFES %53
*'“—

Stem Cell Rep. (2018), Biophys. J. (2021)

28303 FES | RETHEBU R ONFREEFE HE¥ty b TRIROED &5

|

| o% X&Y-20%

Nature Comm. (2018), Nature Comm. (2021)

-270-



73 o s R 2
3'5 BONEER - T4 eBZICRBITIASCHIILA-ZSR Y
Wﬁ**ﬁ 'j SWEENLGEICIEEICTEo LT, EEfeBELET

an4 FEOREZENLE iS4 > I/ ADEEEBAEZREL T

b b AR EIEER % i REETEbh o LBVWHADFERZHS

EM-4000( 58 7,
202178 Y Y —X
Nature Biomed, Eng. (2019)

FROCALEFRTE FBEAD BEHBE ORI ERETH, S

fHAFR P % BEt L o B % 5% ICFFl FDmBE % IEEENICFHES S

3 4 \ /
[~ R
—_— ) 3

"o
h ™Y ~{(b.d)li=1,... N} .
N TEREmE: R
REER B

DO

-271-



T 7YUAYAATIIN) hLBERED

=z ETLEY (EFZ
[ET3] FETEA L CEERERYT LEBL £ T

BAFIH I A

EFZ T7ZVhYAHTNL

BEHRPAFLHT/4F

-272-



HREEH (2)
HRL=@XDE 1 R—2

-273 -






2018 £

% Ot Thie 1 Am. Chem. Soc J015 148, 11260=1 66 pubsacsang/IACS
TFURNAL OF THE AMERICAN CHEMICAL SDCIETY

Neutron Scattering Reveals Water Confined in a Watertight Bilayer
Vesicle

Wasim Abuillan,"™® Alexandra S. Becker,' Bruno Demé,* Tm? Homma,* Hiroyuki Isobe, ®
Koji Harano,**® Eiichi Nakamura*%® and Motomu Tanaka® "1
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*Department of Chemistry, The University of Tokys, 7-3-1 Hongs, Bunkyo-as, 113-0033 Tekye, Japan

WCenter for Integrative Medicine and Physics, Institute for Advanced Study, Kyoto University, 606-8501 Kyoto, Japan

B Supporting Information

ABSTRACT: Water molecules confined in 3 manocavity possess distinetly 1“'_9 less
different charmcteristics from those in bulk, yet the preparation of such Ly

nanocavities is stll 2 major expermental challenge. We report here a self permeable

amembled veside of an anionic perflvoroalldated [60]fullerens, wnique for
its outstanding stability and water tightness, containing water not bound to 7
the membranes. Small-angle neutron scattering revealed that a veside of 14 =
nm outer radivs contxing 3 2 nm thick fllerene bilayer, ingds of which i a3 =
s thick membran e bownd water and unbound water inthe 4 nm insermost 1
cavity. The vesicle shows astonishingly low water permeability that is & to 9
orders of magnitude smaller than that of 3 lipid vesicle. As a result, 3 single
vesicle isolited on a substrate can retain the intedor waber in air or even
under high vacuem, indicating that the veside cavity provides a new tool for
physicochemical studies of confined water 28 well 2 ions and molecules
digsolved in it

N than cell
\, membranes

1
q )

B INTRODUCTION
Water molecule confined in 2 nanocavity is attracting much

structure, or on the dumcterstics, of water in the weside.
We report herein a small-angle newtron scattering (SANS,

attention for it chamcteristics distinet from that in bulk as
implied by theoretical studies’ ™" Water bound on the intedor
surface of carbon ronotubes '™ byersd graphens,™™ and
nanopore materiak’ "' has been studied For indance, the
strscture and dynamics of water molecules confined in carbon
nanotubes have been investigated by neutron and Xeray
scattering experiments.’ ™" With the aid of molecular
dymamics (MD) simulations, these studies suggested that the
water in carbon nanotubes comprives an ice sheet wrap ped
into a cylinder near the wall and chain-like confgurations in
the middle™ A more recent MD study suggested that the
alignment of hydrophilic peptides in lage cabon manotubes
enhances the mobility of water molecules inside* However,
experimental studies on water free from binding to the
aanocavity suface sl remain 3 dalenge

Unlike lipid wvesides,”® which are irregulir in size,
mechanically unstable, and leaky apinst water permeation,””
a nanometer-dized biliver veside spontanecudy made from
pedluorcalkybted [60]fallerene (FSK, R = C,Fy Figure
1ab)™ is mechanically robust and watertight,'” ™" and their
radint can be precsely tuned between 10 and 30 am by
changing the molecular structure and preparation conditions
Although it pessibly containg free water in it intedor, no
information has thus Gr been avaibible on the intemal

- ACS Publications  © 218 smertcan Chamical Sociey

Supporting Information Figure 51} and contrast svadation
study of the FEK veside in bulk water at 243 K (Figure 1c)
that reveals a three-shell structure of the vesde that condimes
water in the center (Figure 1d). This water core (light bhee ) is
429 nm in mdie and swounded by 299 am  thick
membranebound water (deep blue), which i then encapiu-
lated in 2 238 nm thick fllerene biloyer (gray ) bearing a 448
nm thick outer membranebound water (desp bloe). Water
pemeability through this three-shell membrane was mondtored
through the change in SANS signals over time, utilizing a
strong contrast in the seattering length densty (SLD) betwesn
HyO and [0, The FBEK membmne prevents water los
extremely well, rendeding an osmotic ility congtant in
HOxamallas P = (26 4 0.8) » 107" m &, and the
half-lifetime of the water exchange between the interior and
bulk i as long as 280 min. This permeab ity constant is & to @
orders of magnitude smaller than the permesbility of 2 lipid
membrane (F= 1075 =107 m s~} Tt should be noted that the
diffusion coefficient of water in lipid membranes, 107 *—107"
m* i comparable to that of 2 aylon-6 flm, 4 x 10 ot
575 Most remarkably, when a single veside is isolated and
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OPEN Simple Physical Model Unravels
Influences of Chemokine on Shape
Deformation and Migration of

e Human Hematopoietic Stem Cells

L o :
biichal culing: 13 Wy 20118 | Takao Ohta™**, Cornelia Monzel*®, Alexandra S_ Becker*, Anthony D Ho® &

Motomu Tanaka'*

: We studied the dynamic behavior of human hematopoietic stem cells (H5C) on the in witro medel

: of bone marrow surfaces inthe absence and presence of chemokine (SDF o). The deformation and

* migratien of cells were investigated by varying the chemokine concentration and surface density of

. ligand molecules. Since HSC used in this study were primary cells extracted from the human umbilical
i cord blood, it is mot passible to introduce molecular reporter systems before or during the five cell

: imaging. To account for the experimental observations, we propose a simple and general theoretical

© model for cell crawling. In contrast to other theoretical models reported previcusly, our model focuses
: onthe nonlinear coupling between shape deformation and transiational motion and is free from any

. molecular-level process. Therefore, it is ideally suited for the comparison with cur exparimental results.
. ‘We have demonstrated that the results in the absence of SDFLo were well recapitulated by the linear
. maodel, while the nonlinear model is necessary to reproduce the elongated migration observed in

' the presence of SDFLo. The combination of the simple theoretical model and the label-free, Fve cell

. pbsenvations of human primary cells opens a large potential to numerically identify the differential

: effects of extrinsic factors such as chemokines, growth factors, and clinical drugs on dynamic

i phenotypes of primarny cells.

: ‘Thebalance between seli-renewal and differentiation of somatic stem colls is regulsted by their microenviron-
 ment {called stem call “niche™). For example, the dormancy of the most primitve hematopoletic stem cells (HSC)
: ismaintzined by adheslon to and interaction with the bone marrow niche'-. Imteractlons of stem cells with the
. marrow niche actually play crucial reles in blood cancers. En acute myelold beukemla, leukemia mittating cells
¢ remain dormant in the marrow nlche and this can hardly be eliminsted by chemotherapy*-*. HSC-niche interac-
: tions are regulated by 8 chemokine, stromal cefl-dertved factor Lo (SDF 1ar), secreted 1n the bone marrow, which
¢ Isspactfically 1dentified by CXCR4 probein expressed on HSC ™.

: To date, several clinbcal drugs interfering with SDF 1o-CXCR4 Interactions have been approved for cancer
: trestment However, the exact made of function of such drugs (antagonist, agonist, or iInhibitor) compared to nal-
. urally pocurring SDF o stll remains controversial, because the drugs might harm the function of HEC through
¢ off-target effects. Therefors, it 1s highly iImportant to develop & nowa tool to quantitatively sssess the influence of
: chemiokines and drigs on human HSC functions beyond the commonly usad call phenotypes.

: Recently, we bricated the surrogate niche mode] surface based on planar lipid membranes displaying pre-
: gisaly defined concentrations of Hgand molecules SDF 1 or N-cadherin''. By means of a self-developed force
: measurement assay, we have guantitatively discriminated the adheslon strength of healthy HSC from that of

* ‘Department of Physics, The University of Tokyo, Tokyo, 113-0033, Japan. "Toyota Physcal and Chemical Reseanch
| Institute, Nagakute, Aichi, 480-1192, Japan. ‘Center for integrative Medicine and Physcs, nstitube for Advanced
 Stidies, Kyoto University, 606-B501, Kyoto, Japan. “Physical Chemistry of Biosysterms, institute of Physical
¢ Chemistry, Heidelberg University, D65210, Heidelberg, Germany. ‘Department of Me dicine ', Hesdelberg University,
. DE9120, Heidelbeng, Germany. “Present address: Experimental Medical Physics, Heinrich-Haine University
: Dpirsseddorf, 40225, Diisseldorf, Germany. Takao Ohi@ and Comelia Monzel contributed egually to this work.
! Comespondence and requests for matenials should be addressed to T.O. (email: ohta@daisy phys.s.u-tokyo.ac jm
of MT. {ermail: tanaka@uni-heidelberg.de)
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OFEN Dynamic cellular phenotyping
- defines specific mobilization
“mechanisms of human
o=’ hematopoietic stem and progenitor
et cellsinduced by SDF1a versus
‘synthetic agents

Cornelia Monzel®*, Alexandra 5. Becker?, Rainer Saffrich5%*, Patrick Wuchter®s, Volker
i Eckstein®, Anthony D. Ho® & Motomu Tanaka*

Efficient mobilization of hematopoietic stem and progenitor cells (HSPO) is one of the most cnedial

. issues for harvesting an adequate amount of peripheral HSPC for successful clinical transplantation.
 Applying well-defined surrogate models for the bone mamow niche, live cell imaging techniques,

| and novel tools in statistical physics, we have quantified the functionality of two mobilization agents

¢ that hawve been applied in the clinic, NOX-A12 and AMD3100 (plarixafor), as compared to a naturally

. pocuming chemokine in the bone marrow, SDF1on. We found that NOX-A12, an L-enantiomeric RMA

: oligonuclectide to SDFL, significantly reduced the adhesion of HSPC to the niche surface mediated

. wia the CXCR&-5DFLn axis, and stretched the migration trajectories of the HSPC. We found that the

: stretching of trajectories by NOX-A12 was more prominent than that by SDF1o. Incontrast, plerixafor
. exhibited no detectable interference with adhesion and migration. We also found that the deformation
: of HSPC induced by SDF 1o or plenixafor was also drastically suppressed in the presence of NOX-8132.

: This novel technology of quantitative assessment of “dynamic phenotypes” by physical tools has

. therefore enabled us to define different mechanisms of function for various extrinsic factors compared
© to natwrally goouming chemokines.

' Functions of somatic stem cells are strictly governed by an appropriate balance between self-renewal and differ-
: entation. This balance 1s in turn regalated by interactions between stem cefls and their microenvironment-the
: so-called “niche”. In the case of hematopoletic stem and progenttor cells, the dormancy of the most priml-
¢ tve HEPC 1= maintalned by the bone marrow niche by means of several key molecular Interactions betwesn
¢ receptor-Hgand palrs' . For example, It has been suggested that homophilic, N-cadherin-medisted adbesion
: betwsen HSPC and mesenchymal stem cells {MSC) supports long-term malntenance of the primittve HSPC
¢ poal** Another key molecular axts 1s the interacton between stromal cell-dartved fctor To (SDFIe or CXCLLZ)
: and Its receptor CXCH4, expressed on the cell surface of HSPC. This axis plays a significant role in homing and
: migratton of HSPC' -,

i Im recent years, peripheral HSPC have lergely replaced bone marrow-derived cells for autologous trans-
: jplants, and they have become the major soarce of stem calls also for allogensic transplantations™ ™, Eficient

: *Physical Chemistry of Biosystems, Institute of Physical Chemistry, Heidelberg University, 69120, Hesdealberg,
! Germany. ‘Deparoment of Medicne V, Heidelberg University, 69020, Hedelberg, Germany. Y rstitute for integrated
¢ Cell-Matenal Sciences, Kyoto University, 606-2500, Kyoto, Japan. *Present address: Labor stoire Physico-
: Chimie, Institut Curie, CHRES UMRLGE, 75005, Paris, France. "Present addres: Institute of Transfusion Medicine
: and Immunclogy, Medical Faculty Mannheim, Heidelberg University, German Red Cress Blood Servica Baden-
! Wiirttemberg — Hessen, 68167, Mannheim, Germany. Correspondence and reguests for materials should be
 addresed to A D H. (email: anthony_dick. ho@urz uni-heidelberg de) or M.T. femail: tanaka @uni-heidelbeng de)

SCIENTIHC REFORTS | (ADTANETE4] | DOE10.1038 /5 59801 B-1955T-x 1

-277 -



LANGMUIR -

pulbs.acs angfLangmuin

Nonclassical Interactions of Phosphatidylcholine with Mucin Protect
Intestinal Surfaces: A Microinterferometry Study

Federico Amadei, Benjamin Frohlich,)” Wolfgang Stremmel, ™" and Motomu Tanaka® 1@

"Physical Chemistry of Biosystems, Institute of Physical Chemistry, Heidelbery University, D69120 Heidelberg, Genmany

*Medical Center Baden-Baden, D76530 Baden-Baden, Germany
¥intemal Medicine IV, University Hospital Heidelberg, [69120 Heidelberg, Germany

Center for Integrative Medicine and Physics, Institite for Advanced Study, Kyoto University, 806-8501 Kyoto, Japan
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ABSTRACT: Albeit many studies demonstrated that the accumulation of
phospholipids in the intestinal mucom] surfaces i esmential for the protection of
colon epithelia spaing pathogenic bacteria, the mechonism of interactions between
phosphaolipids and the sudface protein mascin is not well understood. In this study, the
significance of intedfacial interactions between phospholipids and muedn proteins was
quantifed by the combination of an in i intestinal sudface model and hibel-free
micrinte The model of intestinal serfaces consists of plmar lipid
membranes deposited on solid substrates (supported membranes) that disply mucin
proteins ot defined serface densities. Following the quantitative characterzation of
the systems, we monitored the vertical fuctuation of 10 gm-large particles on mo del
intestinal sufaces by wsing microintederometry, and calculated the effective
interfacial imeraction potentials by analytically solving the Langevin equation. We
found that the spring constant of interfacial potentials caleulated based on a harmo nic
approvimation increased concomitantly with the increase in surface potentials,

Lurmen
HFrsphclipid Barmizr

ksdmal cpil o
, Mliicin

Lipi-conted
partick

EA

indicating the dominant role of electrostatic interactions Intriguingly, the spring constants of particles coated with
phospholipids do not follow electrostatic interactions The spring consant of particles coated with zwitterionic
phosphatidylcholine was larger compared to membrnes incorpomting positively or negatively charged lipide OQur data
suggested the presence of another undedying molecular level interaction, such a8 phosphoch oline—sac charide interactions The
fact that phosphatidyl choline swstains the binding capability to ensymatically degraded mucin suggests that the direct delivery of
phosphatidylcholine to the damaged mucus is 2 promising strategy for the better trestment of patients affected by inflammatory

bowe] diseases

B INTRODUCTION

The colon epithelial celk in the gastrointestimal tract are
exposed to a huge bacterial load (approx one trillion bacteria
per gram of stool), but they are protected fom the physical
abragion and the attack of pathogenic bacteda by a mucus
Lyer' The scaffold of mucs layes i the famidy of highly
ghycosylated proteins, called mudng® The major constituent,
mucind, is secreted either by specialized submucosal glands, or
by goblet cells embedded in the underlying gastroimteitinl
epithelial layer " Mudin proteins posiess one or severa] central
domaing enrched with Olinked oligessccharides ssch as
negatively dharged sialic acid and sulfate reddues, whereas the
N- and Coermini are mostly nonglycosylated and even
hypotheszed to be hydmphobic **

However, mucin per se is not able to protect imbestinal
epithelia against the bacterial imasion. A mounting piece of
evidence has suggested that the hiyer of phospholipids serves as
a protective bamier (Scheme 121" Among various phospho-
lipids secreted in the ntestina]l mucus, phosphatidylcholine
(PC) and lmo-phosphatiddcholine (heo-PC) account for

b ACS Publications  © 28 Amaden Camicd Socaty

more than 90%." Recent studies have demonstrated that the
secretion of PC and lyso-PC in heminal mucosa ocours as a
result of the slective parscellubr tramsport of PC/lwo-PC
across the lateral tight junction between intestina] epithelia via
2 cystic fibrosis tmmmembmne conductance megubitor”
Finally, PC and lyso-PC bind to the surbee of muocind,
which moves distally to the recdum.

Onee the PC/hso-PC coating i thinned or damaged by the
enzymatic degradation of PCs by ectophespholipase in the
colonic microbiota, these regions become the most vulnerable
area for bacterial imason” In inflanmatory bowel disease,
such a8 Crohn's disease and ulcemtive colitis, PC secretion is
intringically impaired, resuliing in a T0% reduction of its
content in mucus ™" As 2 consequence, the bacteril invasion
and hence the mucom] inflimmation stads in rectum and
extends proximally. Moreover, although it has been reported

Received: September & 2018
Revised: October 25, 2018
Puhlished: October 25, 2018
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Cell surface flip-flop of phosphatidylserine is
critical for PIEZO1-mediated myotube formation

Mazaki Teuchiyal, Yuji Haram ™2, Masaki Okuda®, Karin Itol’, Ryotars Nichioka®, Akifumi Shiomi’,

Kohjire Magao', Masayuki Mo, Yazuo Mo, Junichi Ikenouehid, Rye Suzuki™B, Maotomu Tanaka@ 433,
Tomohike Ohwada®, Junken Acki”, Motol Kanagawa®, Tateushi Toda®, Yoeuke Nagata™, Ryoichi Mateudam 7,
Yasunorl Takayama™, Makate Tominaga’ & Masate Umedaq!

Myotube formation by fusion of myoblxts and subsequent elongation of the syncytia k&
essential for skeletal muscle formation. However, molecules that regulate myotube formation
remain ehsheHueweldenﬂf,rPEﬂﬂ,anmdmmhh‘eCa’*chaumﬂ, as 3 key reg-
ulator of myotishe formation. During myotube fomation, phosphatidvlserine, a phosphol ipid
that resides in the inner leafiet of the pl aama membrane, & transiently eposed to cell suface
and promaotes myoblast fusion. We show that cell surface phos phatidyl serine inhibits PIEZON
and that the inward translocation of phosphatidylserine which is driven by the phospholipid
flippase complex of ATPIIA and CDCS0A, is required for PIEZOT activation. PIEZCN-
mediated Ca®* influx promotes Rhoh /ROCK-madiatad actomyosin 2ssemblies at the lateral
cortex of myotubes, thus preventing uncontrolled fusion of myotubes and leading to polar zed
elongation during myotube formation. These results sugpest that cell surface flip-flop of
phosphatidylserine acts 35 3 molecular switch for PIEZON activation that govemns proper

! Depadtment of Syrthetic Chemistry and Biological Chemisiry, Graduste Schoal of Engneering, Kyoto University, Kyato SE-85K, lapan. © AMED-PRIME,
Japan Agency for Medical Resessch and Development, Toiopa 100-0004, Japan. *Demarment of Ricbgy Faculty of Scences, Kyushu Univesity, Fuluoia
BI9-0395, bpan *insthute for hisgrated Call-Watesal Soences (WP1iCab ), Kyata Univesiy, Kyata 068501, boan  Pysical Chamisty af
Bozystems, instiute of Physcal Chamistrg, Univessity of Higsddliberg, Heddalweg $520, Germany. E{mmya! Orgarec and Medicnal Chomesiry,
Gaduste Schodl of Plasmaceuticad Sdences, The Uniwersity of Taino, Talkyo 50003, lapen ?ﬁumdhﬂmhrdmﬁuchﬂmﬂ.
Geduste Schoal of Phamessticd Saences, Tahow Unmsersty, Miyagi S80-8578, fapan sﬂmi:ndﬂnr\dugﬁfMdnmh {Brain Schenvm, Kiohs Univesity
Graduste Schodl of Medone, H M.m"w&f'ﬂldugpmd Mezroscence, Graduste Sdhool of Medicine, The Unisersitya i
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Low Cell-Matrix Adhesion Reveals Two Subtypes of Human Pluripotent Stem
Cells

Legian Yu,"* Junjun Li,* Jiayin Hong* Yasuhiro Takashima,” Nanae Fujimoto,' Minako MNakajima, '
Akihisa Yamamoto, 1 Xisofeng ? Yujiao Dang,® Yu Hou,® Wel Yang,” Itsunari Minami,”
Keisuke Okita,” Motomu Tanaka,'#1! Chunxiong Luo,” Fuchou Tang,® Yong Chen,' " Chao Tang,**
Hidetoshi Kotera,1-212* and Li Lin1-4.*
Ynstituies for Integrabed Ciell-haterial Sciences (WH-1eM S, Kyoto University, Kyobo 068501, [amn
Iranometric [ahoatory, Depatment of Micro Eng inesring, Kyoto Untversity, Kyoto 6158540, apan
IDepartment of Cardiovascula Surgety, Omla Undversty Gradwmte Schoal of Medidne Owla 565087 1, Japan
A enter for (mantiative Biology and Fekmg-Tsmghua Center for Life Stences, Aqdemy for Adwanced Inerdisciplinany Studies, Peling University, Beijing
100871, China
SCemiter for 1% Cell Hesearch and Apphation {04RA), Kyoto Univesity, Kyota 6068507, Japan
SHiadynamic Opaal imging Center (BIOPC), Peking Unfverdty Barjing 100875, China
A enter for (mntitative Bidlogy, Academy for Advaned nterdisopl mary Studies, Peddng Untversity, Betfing 10067 1, China
"'Drpl'hnﬂu af Cell Design for Tissue Consroction Facalty of Medicine, Omlka University, Oska 5850871, |apan
*Physical Chemistry o\f Bomsems, nstitute ior Physial Chemistry, Heideherg Undversity, Heddelherg Di9120, Germany
" Eroke Mormale RS ENS-LUPMWC UME 8640, 24 Bue Lhomond, Pars 75005, France
U Present address: Center for Integg ative Medicne and Physics, Institute for Advanad Study, Eyoto University, Kyoin 806-8501, hpan
2 Presant addrecs: RIKEN, 21 Hiromwa, Wako, Sastama 3810198, Japan
*Cornespondence: tangaiplasdu.m (T, kotera hidenshi Taslpoton fp LKL Byl med ombaaac fp (LL)
Tty /dodorg 1 (.1 0046, stemcr 2018 106003

SUMMARY

W show that 3 human plukpotent stem cell (WPSC) population culiured on a low-adhesion substrate developed two hPSC subtypes with
dillerent colony morpholegies: lat and domed. Notably, the dome-like cellks showed higher active proliferation capacity and increased
several pluspotent gened’ expresslon compared with the lat monolayer cells We further demonstrated that celbmatrx adhesion medi-
ates the interac tion between cell morphology and expression of KLF4 and KLFS through a senam nes ponse factor (SRF-based regulatory
double loop. Our results provide a nvec hanistic view on the coupling amaong adbesion, stem cell morphology, and pluripotency, shedding

lighton the critical role of celbmstix adhesion in the induction and maintenance of hPSC.

INTRODUCTION

Somatic cells can be reprogrammed to induced pluripotent
stem cells (iFSCs) by ectopic expression of four transcrip-
tion factors (Oct4, Sox2, K14, and c-Myc [OSEM]) (Takaha-
shi and Yamanaka, 2006), During the reprogramming pro-
cess of iPSCs, the endogenous expression of 0CT4, S0X2,
and KLF4 inareased sharply in the early phase and dropped
modemtely in the late phase, while the cell-matrix adhe-
sion (represented by the focal adhesion (FA) proteins which
link cells with their surmunding matrtix) demonstrated
exactly the opposite vadation trend: downregulated in
the eady phase and upregulated in the late phase {Hansson
et al, 2012). In the pluripotent state, iPSCs showed low ad-
hesivestrength tosurrounding matrix com pared with their
parental somatic cells (Singh et al,, 2013) and their lineage
differentiated cells (Marve et al., 2017; Singh et al, 2013),
indicating that pluripotency is associated with altered
celbmatrix adhesion and motility. On the other hand, in
cantmst with cell-matrix adhesion, the cell-cdl adhesion-
related protein epithelial-cadherin (E-@dherin) was upre-
gulated during the ing process {Hansson
etal, 2002}, It has been reported that elimination of E-cad-
herin prevents somatic cells from reprogramming to plu-
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ripotency (Li et al., 3009) and that enhancement of E-cad-
herin can elevate the reprogramming efficency of iPSCs
(Chen et al., 20010) and can even replace the need for
Oct4 (the most critical factor in OSEM) during iPSC reprog-
ramming { Redmeret al, 201 1; Sakurai etal,, 2014}, Inaddi-
tion, compact colonies and E-cadhedn-mediated cell-cell
adhesion am required for iPSC survival and stemness (Oh-
gushi et al., 2010). Furthermore, substantial remodeing of
cdl adhesive micoenvimonment is a prerequisite for re-
programming, For example, high cell-matrix adhesion rep-
resents a barrier toward iPSC reprogramming (Chin et al.,
2014), while cell-cell adhesion promotes iPSC eprogram-
ming {Caiarzn et al,, 2016; Downing et al, 20013). Collec-
tively, the above studies sugpested that low cellmatrix
adhesion and strong cellcell adhesion are hallmarks of
high phuipotency, and that both features are intimately
coupled to the reprogramiming process.

To further investigate how cel adhesion properties affect
the hPSC culture and pluripotency, in this work, we em-
ployved a nanofibrous substrate (Liv et al,, 2014) and plat-
form for singlecell isolation and culture. We revealed
thatthere exist two distinct subty pes of cells inthe conven-
tional PSC population, which differ in their morphology,
gense expression pattern, cell-matrix and cell-cell adhesion,
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The sickle cell trait affects contact dynamics
and endothelial cell activation in Plasmodium
falciparum-infected erythrocytes

Christine Lansche®, Anil K. Dasanna® Katharina Quadt’, Benjamin Frahlich?, Dimitris Missirlis?,
Marilou Tétard®, Benolt Gamain(® >, Bernd Buchholz®, Cecilia P. Sanche?, Motomu Tanaka® 3,
Ulrich 5. Schwarz® & Michael Lanzer®”

Sichde cell trait, a common hereditary blood disorder, protects cariers from severe disease in
nfections with the human malaria parasite Plsmodivm falclporum. Protection s associated
with a meduced capacity of parasitized erythrocytes to oytoadhere to the microvascular
endothelium and cawse vaso-oodusive events. However, the underpinning cellular and bio-
mechanical processes are only partly under stood and the impact on endothelial call activation
s unclear. Here, we show, by combining guantitative flow chamber experiments with mul-
tiscale computer simulations of deformable cells in hydrodynamic flow, that parasitized
erythrocytes containing the sickle cell haemoglobin displayed altered adhesion dynamics,
resulting in restricted contact footprints on the endothelium. Main determinants were cell
shape, Imob dens ity and membrane bending. As a consequence, the extent of endothelial cell
activation was decreased. Our findings provide a quantitative undars tanding of how the sickde
cdl trait affects the dynamic cytoadhesion behavior of parasitized erythrooytes and, in fum,
endothelial cell activation.

| Depastrresn of Ivfectsus Dnasses, Paraginibgy Univesetscinion Hedelnerg | bm Neusnheener Feld 324, 65120 Hadeberg, Gernaeny.  insstute for
Theoretical Physics and BoQuant-Center for Quantiative Sology, Hedehag Unvesssty, £512 0 Herdehang, Genmany. £ Phymical Chermistry of Beesysierns,
Unnersity of Heidelihery £5120 Hesdelhorg G-eﬂ'r-a'r,.l."‘ﬂ-i:ﬂ'rn-un of Celluir Baophyscos, Mo Plancic Institte for Medicd Resesech, $5120 Hesdelhog:
ey S wersté Sorhonne Pas i, Unwersnd Pares Didenot, Inseem, |NTS, Unis Binlogie Imdgrée du Globu e Rouge, UMR 51134, Sewens Malsra
Pathaogenesix Graip, Lehoatore 4 Tocelence GR-Ex, Pams 75739 ﬁaﬂ.“ﬂwmﬂ'ﬂ ot Hemtalogy and Onmibgy, Unessty: Thildnan's Hespetal,
Misdical Faculty Mannihesm, 81467 Mannhesmy Genmasry. These authors contibated squaly Christne Lamsche, Anll K Do Corespandence and
requests for materials should be addresed to USS {anailt schwarajpthphysont hedebarg de) or to ML {(emat michae] banzenipmed uni-hesdelbeng de)

CIOMAUSIC ATIOAE BR0LOGY | (ORI | D08 101058, San0a O B-I0 33 3 | wheha il S o iyl Sl 1

- 281 -



The Joumal of Immunology

HIV-1 Nef Disrupts CD4" T Lymphocyte Polarity,
Extravasation, and Homing to Lymph Nodes via Its
Nef-Associated Kinase Complex Interface

Miguel Lamas-Murua,*" Bettina Stolp,*"' Sheetal Kaw,* Judith Thoma,'

Nikolaos Tsopoulidis,* Birthe Travte,* Ina Ambiel,* Tatjana Reif,* Sakshi Arora,*®
Andrea Imle,* Nadine Tibroni,* Jingxia Wo," Guoliang Cui,’ Jens V. Stein b
Motomu Tanaka,”¥ Ruth Lyck,” and Oliver T. Fackler*®

HIV-1 MNef' & a multfunctional protedn that optimizes virus spread and promotes mmme evagon of infected cells o accelerate
disease progression in ATDS patients. As me of its ac tvit es, Nel reduces the motlity of infected CD4* T lymphocytes in confined
space. In vivo, Nefl restricts T lymphocyte homing to lymph nodes as it reduces the ability for extravasation at the diapedesis step.
Effects of Nefl on T lymphocyte motlity are typlcally mediated by its ability to reduce actin remodeling However, interference
with diapedesis does not depend on resldues in Nef required for imhibitdon of host cell actin dynamics. In search for an alte rmative
meeclhanism by which Nef could alter T lymphocyte exiravasation, we noted that the viral protein interferes with the polarzation
of primary human CIM™ T lymphocytes upon infection with HIV-1. Expression of Nef alone is sufficient to disrupt T cell
polarization, and this effect is conserved among lentiviral Nel proteins. Nefl acts by arresting the oscllation of CDM™ T cells
between polarkzed and nonpolarized morphologes Mapping studies identified the binding site for the Nef-associated lnase
complex (NAKC) as erithcal determinant of this Nef' activity and a NAKC-binding—deficdent Nef vardant falk to impair CT4*
T lymphocyte exiravasaton and homing to lymph nedes. These results thss mply the disupton of T lymphocyte polarity Wa its
NAKC binding site as a novel mechanizan by which lentiviral Nefl proteins alter T lymphocyte migraton in vive.  The Jouwrnal of

Immumolagy, 2018, 201: 2731-2743,

egative facior (Mef) is a 2534-kDa myrigoylated ac-
N cessory proein encoded by the primate lentivirses HIW-

1, HIW-2, and STV, Although Nef is not needed for vims
replication in cell cuiwre, it optimizes vimns replication in the in-
fected hoat and thus significanly conribotes 1o disease progression
i ATDE. To mediate this critical function in ATDS patogenesis,
Mef acts a5 versatile protein interaction adapior that manipulates a
remarkable range of hodt cell processes, including signal rams-
duction and vesicolsr transpon patways, by genetically separable
ut incomplately defined molecular mechanisms (1-5). MNef medi-
ates jts functions via varous interactions with hodt cell proteins,
thereby inducing changes in central inracellolar ranspon and sig-
naling pathways of HIV-infeced cells (2, 6). This includes reducing
cell surface densities of rammembrane recepiors and peripheral

membrane proeins by molecular mechanisms hat affect endocy-
wkis, anerograde transport, andior proein ashility (7-12). By
madulating surface exposure of cell-surface receptons such as MHC
class 1 and I O, chemokine receplors, costimulatory molecules
such as CDED and CDES ewraspanins, and NK cell ligands, Mef
acts o evade hoat cell immune responses and prevents superinfiec-
tion of infected cells (8, 10-1T. In addition, Nef affec activation
st and responsivenss of T lymphocyies o TCR signaling by
madifying their vesicular transpont and actin remodeling patways
{18-26). These alierations reduce activation-induced cell death and
thus prolong te survival of productvely infecied cells (27). Fimally,
Nef enhances the infectivity of HIV particles by antagonizing the
restricion factors SERINC 3 and § via yet o be determined
mechanizms (28-31).
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Nonlinear Viscoelasticity of Highly Ordered, Two-Dimensional
Assemblies of Metal Nanoparticles Confined at the Air/Water

Interface
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“Institute for Materials Chemistry and Engineering (IMCE), Kysshu University, 819-0385 Pukuoka, Japan

ECenter for Integrative Medicine and Physics, Institute for Advanced Study, Kyoto University, 606-8501 Kyoto, Japan
FDepartment of Chemical Enginsering, Graduate School of Engineering, Kyoto University, §15-8510 Kyoto, Japan
*Faculty of Life and Medical Sciences, Doshisha University, 610-0321 Kyotanabe, Japan
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ABSTRACT: In this study, we imvestigated the viscoekstic
properties of metal romoparticle monolayers at the air water
interface by diktional rheclogy under pedodic cscllation of
surface area. Au nanoparticles capped with cleylamine form a
stable, dense monchyer on a Langmuir flm balance. The
stres responde function of 3 aanopartide monoliyer was fist
analyred wsing the dasscal Kelvin—Voigt model, yielding the
spring conttant and viscosity. The obtxined results suggest
that the monolayer of menoparticles is predominantly elastic,
forming atwo-dimensional physical gel As the global shape of
the signal exhibited a dear nonlinearity, we further analyzed
the data with the higher modes in the Fouder seres
expangon The imaginary part of the higher mode signal

171 Monlinear Rheology
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wiat stronger than the real part, suggesting that the disipative term mainly cavses the nonlinearity. Intiguingly, the response
function messured at larger strain amplitude became asymmetric, accompanied by the emergence of even modes. The
significanice of interactions between nmanoparticls was quantitatively amessed by calculating the potential of mean force,
indicating that the lateral correlation could reach up to the digance much lrger than the partide diameter. The influence of
surface chemical functions and core metal has also been examined by using Au nano particles capped with partially fuorinated
alkanethiolte and Ag nanoparticles capped with myristic scid. The combination of dilational theology and correltion analyses
can help us precisely control two-dimensional colloidal amembly of metal nanoparticles with fine-adjustable localized serbice

plsmon resomance.

B INTRODUCTION

A number of sudies have demongtrated that micrometer-scale
particles form two-dimensional (2D) colloidal ssemblies,”
whose phates can be modubted by salts, sudactants, and
polymess™* To date, 2D amembliss of ranometer-scaled
particles have been investigated mostly wsing metal or
semiconductor nanopartices taking sphedcal or rodlike
structures.” Highly ordered awmemblios of these nanoparticles
have been drawing attention towand the optoeectronic device
applications whliring localized swbee phemon resonomoe
(LSPR).S® Albhough the precise contrel of interpartidle
distance i crucal for the fabrication of LSPR materials, the
fabrication of macroscopically uniform 2D sheets of Au or Ag
nanopartides remained challenging. Recently, Tamada and co-
workers succeeded in the Bbrication of 2D sheets of Ag"" and
Au nanoparticles.’’ Monodispersive metal nanoparticles

- ACS Putlications  © 20 Amedcan Chamical Scciay

13025

capped by organic molecules form an ordered monolayer at
the ar/water imterBce, which can be tranderred onto a
tmnsmission electron microscopy (TEM) grid by the
Langmuir—Schasfer (LS) method Swch manoparticle mono-
layers can be applied not only for understanding the
fundamental principle of LSPR but alse for vadous
applications, such as }nfn-rvuohhm imaging in the dose
proximity of the asrface. ="

Like other srf ctant molecules, nanoparticles residing at the
air fwater interdace reduce the surbce tergion and make the
interface more elastic. Here, the mechanical properties of the
interface depend on the phase behavior and hence the hierl
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@ Newly S{fnthesized Lipid-Porphyrin Conjugates: Evaluation of
Their Self-Assembling Properties, Their Miscibility with
Phospholipids and Their Photodynamic Activity In Vitro

Julien Massiot,™ Véronique Rosilio,* Nada Ibrahim,® Akihisa Yamamoto,® Valérie Nicolas,®
Oleg Konovalov,*! Motomu Tanaka, ™ and Ali Makky*®!
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Optical Fluid Pump: Generation of Directional Flow via Microphase

Segregation/Homogenization

Hiroki Sakuta,'® Shunsuke Seo,’ Shuto Kimura,' Marcel HErnhqg.”@ Koichiro Sadakane,’

Takahiro Kenmotsu,'® Motomu Tanaka,* @ and Kenichi Yoshikawa* '@

"Faculty of Life and Medical Seiences, Doshisha University, Kystanshe 6100304, Japan

Yastitute of Blomaterals and Ricasoleailar Systems, University of Stuttgart, Stuttyant 70569, Germany

Vnstitute Br Integrated Cell-Material Seences, Kyoto University, Kyoto 606-8501, Japan
"stitute of Physical Chemistry, University of Heidelberg, HeideTberg 69120, Gernany

N Center fior Integrative Medicine and Physos Institute for Advanced Study, Kyoto Universty, Kyoto 806-8501, Japan

ABSTRACT: We teport the succesful genention of directional liquid-flow under
statiomary bser imadiation at a foed position in a chamber. We adopt a homogeneous
solution consisting of 3 midure of water and triethydamine (TEA), with 3 composition
near the ertical poind for phase segregation. When geometrical stymmetry i introduced
around the bhser foous in the chamber, continsous directional flow i3 generated,
accompanied by the emenpence of water-rich microdroplets ot the laer foos. The
emerging microdroplets tend to etcaxpe toward the sumounding bulk sohstion and then
merge/ annihilte into the homogeneos solution The essential feature of the directional

fow are reproduced through 2 simple mumerical simulation wsng fheid dynamic egua tions.

In general, ol /water systems edst s either 2 h T 18
solution or 3 macrosc opically segresgated solution, " which
can be interpreted in terms of a frst-order phase tramsition
The phate coevistence on 3 micrescopic sale is intringically
uimstable in the abience of 2 surfactant wnder equilibricity. This
implies the posible occcumence of dynamic phenomena,
inchading the emergence and annihdation of microscopic
segregation under thermodymamically open conditions.
Recently, it has been shown that a foamed baer can generate
microscopic phaesepantion in 3 homogeseos  swhition
composed of oil and water under a condition that is near the
critical point for 3 phose trangtion® ™" When the homoge-
neois solistion is enched with ol fdear the bimodal line in the
P}nz iliasp:n. water-nch nii‘.'l:ﬂrlruPH!- SudcesEve emerge
from the kiser focus under constant bser irmdistion. “ % The
genenated waterrich microdroplets tend to escape from the
forus because of the lower dielectricity compared to that of the
oilrich medium. As they travel into the perdphery, the
microdroplets disappésr by merging into the homogeneo s
bulk in the absénce of 3 bser-induced dielectric potemtial
Here, it & expected that the emerpence of sveral micno-
droplets at the luer foam will came an ncrease in local
prissure due to 2 trantient incese in the total ol//water
interficial area, which & mcommensumate with molecular
packing. In this article, we propose a mew methodology for
producng an optically dhven micropump by applying such
kind of dymamical phenomenon with the emergence/
annikibtion of micodroplets cansed by a omsed hser

w7 ACS Publications  © 218 A Chimiea Seciy

There has been growing interest™ ™ in the shbject of
micropumps below the millimeter scale in the medical and
microengineering belds, such as in the we of micopumps in
bicderiors, small fel celk, and drsg-delivery equipment
However, micropumps smaller than 3 micrometer scale do not
seem to be avaibble for practical application. Trials that
invohe the dowmsizing of exsting pump have encounterd
derious dificulties becavse of the relatively grester effecs of
visoosity and fricion in a microscopic system. However, it i
well-known that laser trapping i5 2 wieful tool for tramporting
objects smaller than the scale of several tens of micro-
metere' ™ Geverdl sudies have shown thal centimeter-
sized objects at an mtedface cn be tmngported by lser
through 2 thermocapilbry effect ™™ Thue methods for
trarporting objects o 2 seale between several milimeters and
several tens of micrometers are needed * Recently, Wang ot al,
reported that directional flow on the scle of several em &
generated by the use of 3 laser beam, through the
photoacoustic effect™ The dhiving broe is sttrbuted to the
generation of cavity caused by haer imadistion. Although this
methodology seems to be inferesting, we have to consider the
posible effect of chemical damage induced by the breakage
shock of the cavity ™
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Biopolymer-Based Minimal Formulations Boost Viability and
Metabolic Functionality of Probiotics Lactobacillus rhamnosus GG
through Gastrointestinal Passage
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FCenter for Microbial Ecology and Technology (CMET), Faculty of Bioscience Engineering, Ghent University, 9000 Ghest,
fCenter for Integrative Medicine and Plysics, Institute for Advanced Studies, Kyoto University, 806-8501 KEyoto, Japan
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ABSTRACT: The delivery of probictic microonganisms 2t food additives via oral
administration is 2 strightforward strategy to improve the intestinal microbiota
To protect probiotics from the hash environments in the stomach and small
intestine, it is necesary to formulste them in biocompatible camers, which Enally
release them in the ileum and colon withowt losing their viability and fumctons
Despite major progresses in vanous polymer-based formulations, many of them are
highly heterogeneous and too lirge in size and hence often “Felt” by the tongue. In
this shudy, we established 3 sew fommubition for probiotics Lactobage rhammnosns

LG I pakymser
famidatkors

%
A

Clhi kot  +)

GG (LGG) and systematically correlated the physicochemical properties of Amlliniet:
formubtions with the functions of probiotics afier the delivery to different ™= B, Furlemmed LOG
gastmintestingl compartments. By reducing the stiming speed by 1 order of il Cotems

magnitude during the emukification of pohalginate in the ce of xanthan
gum, we fabricated microparticles with a size well below the limit of human oral
sensory systems To improve the chemical stability, we deposited chitosan and
polyalginate bhyers on particle sufaces and found that the deposition of 2 20 nm-thick layer i already auficient to pedectly
sustain the viability of all LGG. Compared to fee LGG, the colony-forming units of LGG in these formulitions were by factors
of 1F brger in stomach fheid and 10* brger in small intestine fluid The metabolic functionality of LGG in polymer
formulstions was amessed by measuring the amount of lactate produced by LGG ina human gastoo intestina simulstor, showing
5 ondens of magnitude bger values compared to fee LGG The obtaxined results have demonstrated that the minimal
formubation of LGG established here boosts not only the viability but also the metabolic functionality of probiotics throughout

ol uptake, pasage through the gastrointestinal tract, and delivery to the ileum and colon.

B INTRODUCTION

The human colonic himen containg a hr# number of bactera,
amounting to 1 trillion per g of stool, that live in 2 symbiotic
rebtionship with their host Dysregulations of the natural
intestinal microbiota can lead to severe, potentially Bl
disorders like inflammatory bowel diseates awch & Crohn's
disease and ulcerative colitic’™ A healhy intestin] micmobiota
can be SLTPm-bﬂ] by an uP'hl.e &Pmﬁﬂﬁu IECT (AN i,
whode metabolic activity suppods the natural gastroimtetinal
microbiota” The beneficial effects of probiotics are (1)
inhibition of binding and growth of pathogens either by
blodking their binding stes or by secretion of antimicrobial
substances like lactic acid, (1) improvement of the intestinal
epithelial barrier, and (3} modulation of the host immune
respongie by smtaining the homeostasis of intestinal micro-
biota™* It is known that colon epithelial cells are protected
froam physical abrsion and the attack of pathogenic bacteria by
a mucus layer consisting of mucn proteins, whose surfice is

w ACS Publications  © s Amerieans Chamiea Seclasy
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covered by phospholipid Lyers™” However, once the homeo-
stasis of gastrointestinal microbiota i broken, pathogenic
bacters start producng phospholipase that degrades phos-
pholipids As a consequence, the mucs hiyer can no longer
hold its bamier function According to the International
Scientific Association for Probiotics and Prebiotics, the
maximum benefit @ obtained by a minimum iotics
amount of 10° colony-forming units (CFU) administrated
per day” Probiotics have been used widely as food additives in
a large scale since the 1980s, and the most commercially
avaibible probistics are Lactobadlhes or Bifidobacteraon ™"
Ome of the major problems in the delivery of probiotics via
ol administration i that 2 sbstantial amount of the bacteria
cannot survive under harsh environments in the upper
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Lipid-coated mesoporous silica microparticles for
the controlled delivery of f-galactosidase into
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p-Galactoddase has been drawing increasing attention for the treatment of lactose intolerance, bul its
daivery has been mpeded by degradalion under gastde cordilions. We have demonstrated el he coating

ol mesoponous Silca microparides [dameter = 9 pm, pore gre = 25 nm) with dicleoyiphosphatidyieholire
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maribranes Sgrificantly improved the loading capablity and protected the enzyres from the ks of lunclon
under simulated gastnic conditions. Once the panide are Farsiemsd (o simulated intestinal conditions,
the digestion of phosphatidychobne with pancreatin led to the refesse ol fundional f-galacdtosdase The

caoating of mesoporous siica nanoparticies with & single phospholipid bilayer opens up a lange potential

rscliimaternials-b

Introduction

f-Galactosidase ([-Gal) is found in animals, plants and micro-
organisms’ wherein it is responsible for the hydrolysis of
terminal glyeosidic bonds of polysacchaddes, mainly lactose,
into glucose and galactose residues. Its deficiency in the small
intestine causes a worldwide common disease called lactose
intolerance”® To overcome the inconvenience of this disease
while continuing consumption of dairy products, patients need
to either eat lactose-free foods or take lactase supplements as
tahlets or as functional food ™ However, the development of food
containing fHGalis challenging, since the ereyme can kose its activity
through pH and temperature changes, during processing, but also
after ingestion, all along the gastrointestinal mransit.

To improve its activity in food, encapsulation of p-Gal was
proposed. Far instance, encapsulation into organic |eg camageenan-
based hydrogels” or inorganic feg St and Calith) particles was
suggested to provide protective matrices for fGal, in which the batter
iz shown to be mare pH-tolerant and have higher thermal stahiline®
Among these, silica carriers are gaining increased interest in oml

* Uutversite de Lovraine, CNRS, INOM, FS8506 Mancy, Fenee
Fmal andwee pocnihuntv-lorraine. fr

* Pipeical Chemicry of Riogpstenys, Heidalbe g Unteiry, Im Neumbetmer Feld 253,
SR Heidk [berg, O ermay

 Conter for Intgratve Mediine end Fhycls, ol for Advenced Snady,
Epedn Dntersery, SOG8501 Kjets ignan

4 Untrersetd de [orratne, VRS, I, FER000 Epmal, France

+ El 1 oy i on | EET) le: Thermagrasimric anakps.
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towands the controliad release of orally adminsrated drugs oF enmnes o Be integine.

delivery,” including for the delivery of active ingredients® or
probiotics™ ™ According to the L% Food and Dug Administration
(FDA) and the Fumopean Food Safety Authority [EFSA) amorphous
forme of silica and slicates are genemlly recognized as safe for oral
administration in amomnts of up to 1500 mg.** Because of their
tuneable pore size; high pore volume and large surface area,
amorphous silica can entrap not only organic drugs, but also
enzymes. "> This fact is also related to the presence of silanol
groups (Si-0H ) on the pore walls, which can physisorb various
compounds through H-bonding. ™™

The design of “smart" carriers for drug delivery through oral
administration requires not only the biocompatibility of the
matrix but also responsiveness to endogenous stimuli such as
pH, temperature or enzyvmes. The hiocompatibility and safety
of silica can be improved by functionalization with various
chemical groups, such as polvethvlene glyeols,*” or by coating
with lipid bilayers."" The biocompatibility and the halflife of
lipid-coated silica were observed to be 10-fold higher than those
of bare gilica.”® On the other hand, silica particles coated with
lactose derivatives were capable of releasing their load in the
small intestine, triggered by f-gabctosidase.”® Another responsive
material was designed by Popat ef 2l and concems dual pH- and
ermyme-riggerad release from mesoporous silica particles coated
with succinylated soy protein isolate™ Specific release of the
encapsulated drog occured upon digestion of the protein coating
in simulted intestinal fluids containing pancreatin,

Some of the authors have reported the coating of porous
silica particles with synthetic lipid membranes,* sarcoplasmic
membranes from rabbit muscle,™ and human red blood cell

J Mater Chem B 2018, 6, 5633-58319 | HEIZ
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ACTIVE MATTER

Emergence of coexisting ordered
states in active matter systems

L. Huber'*, . Suruki™*}, T. Krlger™, E Frey'§, A. B. Bansch®

Active systems can produce a far greater varety of ordered pattems than cormentional
equilibrium systems. In particular, transitions between disorder and either polar- or
nematically ordered phases have been predicted and observed in two-dimensional active
systems. However, coexistence between phases of different types of order has not been
reported. We demonstrate the emergence of dynamic coexistence of ordered states with
fluctuating nematic and polar symmetry in an actomyosin motility assay. Combining
experiments with agent-based simulations, we identify sufficiently weak interactions that
lack a clear alignment symmetry as a prerequisite for coexistence. Thus, the symmetry of
macrscopic onder becomes an emengent and dynamic property of the active system.
These results provide a pathway by which living systems can express different types of

omder by using identical building blocks.

he distinctve feature of active matter is

thee doscal supply of energy that 15 ransdued

it meechand el motion. Examples inchsde

assembles of self-propelled colloddal par-

teles (7-5), self-organidng systems com-
poeed of blopolymers and molecular motors
{6-5, and layers of migrating ellks (10, ). These
systems exhibit & ich phenome noogy of collec-
tve phenomena ad emergent properties, with
features absent in passive equilibrium systems
Selfpmpeled collodal particles inemetng sole-
1y by sterie repulsion have been predicted (12, I5)
to shiw phase separation into an ordeved, sold-
like phase with a disordered gaslike phase, sim-
1ar to experimental ohservations (2-4). Active
systems composed of md-shaped particles, oyto-
skeletal filaments, or colloldal particles with
veloolty algnment interactions show an even
broader range of odlective behavior, inclwding
polar clusters (I, 5-7), nematic lanes {§), and
viortex patterns (8, B), which, in al] cases, phase-
separate with a dihnte sorople disordered back-
ground. Theoretical studies have shown that,
in principle, algnment interetions can explain
how these different types of odentatonal order
and the transitions between them emerge on
the hasts of either agent-based (15-21) or mean-
fleld maosdels (20-28). All these stndies tacitly
assume that, 45 in systems in thermal equilib-
rium, the symmetry of the obeerved marmsmple
order i largely dictated by the smmetry of local
allpnment interactons. But to what degree is
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the symmetry of the macroscople order con-
strained by the symmetry of the micmssoplc
intermctions? More broadly, can active sysems
depart fmm these constraints awd expres a
multitede of different ordering simul tanecwsly,
as s the case br lving systems such as actin
stress fibers and flopodia (29, 3057

To stwdy these fumdamentsl questions, we wse
thee high-density actonmosin ot tyassy (Hg 14
which i ideally sulted ip address the micmscople
preoesses that underdie pattern formation in active
systems (6, 7, -4 By sensitively tuning the in-
termctions between the myosn-driven flaments
with a depletion agent, we can cbserve the emer-
gene of & phase in which nematc ad poarorder
stably coexdst. The complete phase diagmm is re-
ocovered fom agent-based dmulatons of self-
propelled fillaments, in which weak alignment
interactons quantitatively reprsduce the exper-

generically lead to dynamic opexisence of three
phases ({sptmple, nematie, and polar)

In the actomyosn motlity assay, hydmlysis
of adenosine triphosphate (ATF) enables actin
Mlaments to actively gide over a lawn of non-
processive heavy meramyodn motor proteins
{31, 32). Previous stidles have shown that in-
creasing the flament density beyond a critical
value results in the emergence of polar clusters
and waves (6, 7) (Fig. 2A). These pattemns are
produced by collislons in which 8lanents may
align in & polar or nematie fashdon. The degree
and gymmetry of the aignment depends on the
change in the relatve odentation of the inter-
acting flaments, A = 8., - &, where 6, and
B are the anges before and after a collislon
event, respectively (Fig. 18). In theomtcal shedies
(15-28), these collidons have been ddealized by
asuming that Alaments either aim in a seetly
polar or stialy nemate fishion wpon oliding
{Flg 1C). However, in actizal experimental actve
matter systems (8, 8, 34, 35, the degree of
alignment cansed by a single collision event is
weak, that is, the relative chamge in flament
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orlentation is small, | — | €x (Fig. 1DL
Muoreover, the resulting alignment exhibits
nelther perfectly nematie nor perfectly polar
symmetry. Instead, depending on the collidon
angle B, in the motlty assay, there s a weak
tendency to favor elther alignment or ant-
alignment of the Alaments (Fig. 1, Cand D)
How, then, can such weak interactons without
a clear allgnment symmetry on & local scale lead
to ool lective onder at the system level, and what
features of the local interadions determine the
global smmetry of the marmseople state?

To answer these questions, we tuned the local
interactions between the flaments by adding
polyethylene gyod (FEG 35 kD), a depletion
agent, ab concentrations of up to 3% (wWiv) to
the asay (Fig. 1D and fig 511 The observed
change in the binary collsion statisties can be
attributed to the exehd ed-volume effect of the
PEG molecules, whidh forces the filaments closer
to the bottom surface covered with maotors, en-
abling each to interact with more motors on
avemge, with a concomitant increase in mobor
processhity (Fig. 1EL This reduces the incldence
of collislons wheme flaments just pass over each
other (#) and Increases the Hkelihood that Ak
aments will repel each other sterically, thus
enhaneing the tendency to align nematically
[Flg. 1D, (36)] This techndgue ensbled us to
ocontnmsly modulate the symmetry of align-
ment interactions at the micmsacopic level and
probe the mbustness of pattern formation in
the gliding assay at high filament densities.
Despite the mther minute changes in interac-
ton charmcterkstes cansed by adding PEG at a
concentraton of 3% (Fig. 1D}, we found that
polar locks no longer form. Instead, the moving
Mlaments quickly, within a fw minutes, seli-
organize nto a network of “ant tralk™ (Fig. 28
and movie S1). In contrast to the unddirectional
filament motion found within polar clusters,
the flaments that form these “lanes™ move bi-
directomnally, as do many colondal ant specles
{37 Because the fllaments move along these
tracks in elther directon with equal probability
(Fig. 2C and fig. 53), the overall onder 1 nematie,
mot polar, and gale; his & quantified by the
local mematie onder (lg 524) and the auto-
correlation functon of the flament orken tatons
(g 52, D and E). Moreover, whereas polar dus-
ters propagate throwgh the system at undform
speed, nematie lanes form state networks with
brmnches spanmdng wp toe several hundred mlem-
meters in length (Fig. 2B). Fllaments are alan
seen o contnously leave amd enter the tralk
(Fig 2D and miowie $2) snch that these hrandwes
remain fived in orentaton and showly grow and
shrink at thelr ends (fig. 52F) These presses,
opermting on a time scale of minutes, lead to a
slow meorganizaton of network architecture,
with new branches forming (movie 53) while
others contrmct (movie 54 Note that these
networks are lsotropleally odented and that
no notable actin bund Hng was observed below
% PHG.

This fundamental gualitative duange in maoro-
soople onder, from propagating waves of polar
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Emergence of Strong Nonlinear Viscoelastic Response of
Semifluorinated Alkane Monolayers
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ABSTRACT: Visoebsticity of monolayers of fuorocarbon/
hydrocarbon tetrablock amphiphiles &if FnHim ) ((CFa,. CH, }-
(Co sHyy ) CH-CH(CF,, ,CH)(C, H,, )) was charac-
terired by interfacial dilational dheclogy under periodic
osillation of the moving barries at the air/water interface.
Becase the frequency dispertion of the response fmction
indicated that di{FnFm) form two-dimensional at the
interface, the visosty and elasticity of dif FnFim) were first
analyzed with the dusseal Kelvin—Veigt model However, the
global shape of stres response functions deady indicated the
emergence of 3 nonlinearty even at very low surface presmres
(x= 5 mN/m) and small strain amplitudes (u, = 1%). The
Fourer-transformed response function of higher harmonics
exhibited a clear increxte in the inten gty only from odd moed e,

Nonlinear Fit
7
B
-
4

¥ B

D100 300 500 70O
fimHg

comesponding to the nonlinear elstic component under reflection becawse of miror symmetry. The emergence of strong
nonlinear viscoskaticity of di (Fnfim) at low surface pressures and strain amplitndes i highly unigue compared to the nonlinear
viscoelasticity of other surbotant systems reported previously, suggesting a lage potential of such fleorocatbon,/ Ty drocarbon

maolecules to modulste the mechanies of interfices wsing the self-awembled

domaing of anall molecules.

B INTRODUCTION
Microscopic and messscopic structural patterns’™ such =
stripes and bubbles, can be found in various systems, incheding
noble g molecules” ferrofiuids® blodk copolmers,” and
surfactants” on substrates. These equilbrism patterns edibit
the modulation of order parameters, resulting from the
mtﬂ?h‘y of variows molecubar interactions

The characteristic length scale of pattems (stripe width and
domain size) under equilbrum iz determined by the
competition between interactions among homologous species
anud the line tendon y. Sufscants with pedfluorocarbon blodks
have been wsed for designing new types of colloidal
suspendiond, targeting versatile medical applicationa™ Differ-
et Fom the sgesy conformation femmed by hydrocadbon
chaing, pedluorocarbon chains form helices of dx tums becasse
of the lager van der Wk mdiss of fluorine, 138 A, and
behave like a stiff rod” When the surfactants with
perfluorocarbon chaing are confined at the air fwater interface,
dipolar interactions between terminal CF, groups immersed in
the mediem with a low diedectric comstant (air) tend to
elongate the domains, competing agains the line tension that
tends to minimize the length of the domain boundary.

<7 ACS Publications  © s Amedcan Gumical Soriay

Previously, we reported that bpids with semifluerinated tak
form stripe patterns at the air/water interface near the gas—
liguid coexistence phase, wheress the mme lipids that only
possess hydmocardbon chains form droubir domaine ™ Oelke et
al reported that perfluorinated lipids form circular, solid
domaing when they are i ed into pholipids with
hydrocarbon dhaine’® Although the siee of doming formed by
lipidds with hydrocarbon chand is heterogeness becuse of
coalescence of small domaing, the domaing of pedhsorinated
lipidds seemed highly wniform, showing almest no sgn of
coalescence. This Anding suggested that the interactions
between fluorocabon domaing are predominantly nepulive.
In Bct, the potential of the mean force acting between
flusorocarbon domains suggested that the fuorocarbon domaing
form a hexagonal order and the latera] correlation between the
domaing can reach over a distance that is § times larger than the
domain size itsell " The equilibrum sze of domains (03-2
pm) exhibited a distinct dependence on the length of
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OPEN Intracellular calcium signal at the
leading edge regulates mesodermal
-sheet migration during Xenopus
s gastrulation

Pablishadonlio: 15 P 202 : KentaroHayashi®*, Takamasa 5. Yamamot® & Naoto Ueno2 ™

: Dunng the gastrulzation stage m animal embryogenesis, the cells leading the axial mesoderm migrate
: toward the anterior side of the embryo, vigorously extending cell protrusions such as amellipedia. it

;i theught that the leading calls snse gradients of chemost tractants emanating from the ectodarmal
¢ gells and translate them to initiate and maintain the cell movements necessary fior gastrulation.

: However, itis unclear how the extraceilular information is converted to the intracellular chemical

: reactions that lead to motion. Here we demonstrated that intracellularCa?t fevels in the protrusion-

¢ forming leading cells are markedly higher than those of the following cells and the axial mesoderm

i cells. We also showed that inhibiting the intracellular Ca®* significantly retarded the gastrulation cell

: movemnents, while increasing the intracellular Ca?+ with an ionophore enhanced the migration. we

. further found that the ionophore treatment increased the active form of the small GTPase Racl inthese
. cells. our results suggest that transient intraceliular Ca’+ signals play an essential robe in the active call
. migratien during gastrulation.

: Gigstrulatlon 15 one of the most important processes In the early development of a vartety of animals. In ver-
i lebrates, this dynamic remodelling process Is achieved by the coordinated movements of three germ layers,
- which contribute to the development of varioss organs In thelr proper pesttions in the body. In the experimental
: wertehrale model Xemopus izevis, the gastrulation movements begin with vegetal rotation of the mesodermal
¢ sheel'. Subsequently, the leading edge mesoderm (LEM]), the most vegetal mesoderm reglon, touches the Inner
: sida of the blastocoel roof (BCR). The LEM then shows directiona]l migration toward the anterior end on the
. fibronectin-rich BCR™®. During this process, axlal mesoderm following the LEM undergoes convergent exten-
. ston, In which cell movements elongate the embryo proper along the anterior-posterior axls and narmow the tssue
: mediolaterally, eventually Sorming the rod-shaped notochord®. On the other hand, the prechordal mesoderm that
: [folbows the LEM cells plays essential roles in head formation™.

: The LEM has an indispensable nale in the directionsl migration of the mesodermal sheet, and disrupting this
| migration causes severe morphological defects in the embryo, such as sbnormel notochord formetion and spima
: Bifida™. This anterlor Bssue migration & thowght to be regulated by chemoattractants and/or by cell responses
! o mechanical signals. As chemoaliractants for the direcled tissue migration, PDVGF and SOF-1'" secreted from
: the actoderm have been implicated, and the LEM ceils are thought to recetve these chemokine stgnals via thetr
. respective receptors™. On the other hand, the LEM cells’ sensing of local mechantcs] Interactions between the
¢ leader cells and follower calls has been reported o determine the asymmetric formation of cell protrustons and
: the oriented movement of LEM cells". However, how such mechanical signals are interpreted by the cells remains
: unknowm.

: Intracellular Ca?+ signalling regulates a variety of physiological events, including cell proliferation, spop-
| tosls, differentistion, and cell migratlon™. In cell migration, C2®+ signaliing regubates the effectors required for
| cytoskeletal remodelling and the estabiishment of focal adhestons™ = Ca®* signalling 1s essential both for the
¢ homeostasls of adult animals and for developmental processes such as organogenesis'™™. 1t 15 generally thowghl

. ‘Department of Developmental Biology, Mational instioute fior Basic Biology, 32 Nishigonaka, Myodai), Okazaki,
i aichi, 4458503, Japan. ‘Department of Basic Biology, School of Life Scence, The Graduate University of Advanced
! Studies (SOKEMDAL, 38 Mishigonaka, Myvodaiji, Okazaki, sichi, £44-8583, Japan. Correspondence and requests for
: matenals should be addressed to ML jemait: nwenog@ nibb.ac jp)
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Ib-AMP4 insertion causes surface rearrangement in the phospholipid bilayer
of biomembranes: Implications from quartz-crystal microbalance with
dissipation

Xiaobo Fan™™*, Agatha Korytowski®, Ali Makky®, Motomu Tanaka®, Michael Wink™**
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ARTICLE INFO ABSTRACT

Ecpsrds Mast antimicrobial peptides exert their rapid bactericddal satvity through & wigque mechanism of baceria
Lipall bilaper membranesdismption. However, the maokscnlsr events that imderlis this medhamism remain partly noresolved. in
wﬂlﬂhl P this study, the frequency shift (AF) obtaimed through quantz orysial micobalwnes with dissipation ((eCM-D)

indicated that the inital binding of Ib-AMPS within the lipid membrane staried at a entical 1b-AMPS con-
ceniradion that excesdsd 100 pgsml Cincular dichnol sm messurements provided evidence that 1bAMP4 oomms
in & f-sheet configuration which & adapted for insertion mio the lipid membrane. Monolaper eyperiments and
the: value of dissi pation alteration {AD) shimined through QCM-D showed that the presare inoessed within the
phospholipid bilayer upon peptide insertion, and the ncrease in presame subsequently forced the bilayer to
wrmkle and form pores. However, D oontimued to incresse indioting that the membrans srface underwent o
dramatic maorphol ogical transition the membrane surfee lkdy bomme porous and oneven 2 b AMPS pro-
jecied from the external surface of the lipid bilayer. intersive peptide insertion, however, soon plateaned 1 min
after the addivion of Uh- AMPS.. This behaw iour comesponded witth. the results of hacteric dal ldnetios and Hiposome
leakage socays. A mudden deorease in O sronmpanisd bya nagligihle dermmse in Foorred afier replaong thelh
ANPS solution with HEFES buffer. This result implied that the bilayer surfece resmn ged and that poration and
wimkling deoreased withowut funther peptide msertion. Transmission ekecinon microscopy results indicaed that
jpore formation ocewmed during b-AMPS insertion but evenmally subsided Therefore, the modes of acfion of
AMP i bacteria] membranes could be sladsied throngh OM-D.

Tiosiny
At ibaial prptite

chammel Form ation.

Different hypotheses have been presented for the AMP transiton
stage, inchiding the clamic barmel-stve, oroid-pore, and capet the.
aries [6,7]. However, the detailed malecular events involved in AMP

1. Tntroduetion

Electrstatic interactions betwesn lysing or arginine mesidues of
peptides with phosphate gmups of phosphalipids in lipid bilayers ane

particulady strong [1]. The highly conserved positive charges of basic
aming acid residwes in antimicrobial peptides (AMPs) provide evidence
that electrostatic attraction drives the initial binding of AMPs with their
target microbes [2-4].

When AMP: bind to bacterial membranes, they will first undergn a
transition stage, during which their membrane binling affinity changs
thmugh alterations in their geometdc conformation:. AMPs then ume-
dergn a self.promoting  ssoeciation o mulimerzation and become
perpendiculardy orented to the phaspholipids in the mcterial mem-
bne |5.6]. Fi:n:u]]y, the membrame beoomes leaky through hale or a
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trmsition are By from clear due i the limitations of presently available
mondtoring techniques Although electron microscopy has been s
cemfully applied to cbserve subcellular strictures, its tedious sample
preparation procedures and for nonereal time amlyss maks an appli-
catim for dynamic processes difficult

Lipsrstmes ane important model systens in this context. Ex pansion,
omitraction, and bending are the thres moin fomms of defommation in
lipserane bilayer [B]. Expansion and contracion are within-plane mo.
tions that are evahoted on the basis of compressihility, which come
spomels iy the changs in presse ve ares per molecule ina mem brme.
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Flexible Modulation of Electronic Band Structures
of Wide Band Gap GaN Semiconductors Using
Bioinspired, Nonbiological Helical Peptides

Sven Mehlhose, Nataliya Frenkel, Hirotaka Uji, Sara Hélzel, Gesche Miintze,
Daniel Stock, Silvio Neugebauer, Armin Dadgar, Wasim Abuillan, Martin Eickhoff,

Shunsaku Kimura,* and Motomu Tanaka®

Modulation of the electrenic band profiles of wide band gap GaM semiconduc-
tors is achieved by the macromolecular dipole potentials exerted from ordered
deposited on wet chemically cxidized GaM surfaces functionalized with ami-
nosilanes. The selective coupling of either N- or C-terminal to the amino-termi-
nated surface enables one to control the direction of the dipole moment, while
the number of amino acids determines its magnitude. After confirming the for-
maticn of highly ordered peptide monolayers, the impact of macromolecular
dipole potentials is quantified by electrochemical impedance spectroscopy.
Maoreover, the chronoamperometry measurements of ferrocene-terminated
peptides suggest that the transfer of electrons injected from ferrocene follows
inelastic hopping, while the current responses of peptides with no ferrocene
maoieties are purely capacitive. Finally, the same functicnalzation steps are
transferred to GaM/jAIGaM/GaM high electron mobility transistor structures.

such as  hydrophilicity hydrophobicity,
lubrication, antibiofouling capability, and
biocompatibility ¥ For example, the depo-
sition of densely packed, organic mono-
molecular films sizbilizes GaAs surfaces
against oxidation in ambient atmosphere
as well as in agueous environments by
the suppression of surface states The
prafting of organic molecules does not
only change the surface but also aliers
surface charges (monopoles) and dipoles,
which results in dhanges in electron
affinity and band bending ™ This offers
much larger degrees of freedom in tuning
material properties of semiconductors
compared to the classical inorganic doping
and the deposition of additional incrganic

the 2D electron gas by the deposition of bicinspired peptides is a promising
strategy for the macromolecular dipole engineering of GaM semiconductors.

1. Intreduction

The chemical coupling of organic molecules o semiconductors
has been drawing increasing attention a= a method to provide
semiconductors with new and controllable surface properties,

layers.

For example, the dipole moment of an
organic molecule projected in the direc-
tion normal to the surface p, causes a
change in the surface dipole potental,
AW == A, where A is the area per mole-
cule. This concept was demonstrated by the use of electrolyte-
gate field-effect transistors with gate surfaces functionalized
with small molecules P#*4 For example, the lateral resistance
of GaAs/AlGaAs heterostructures was linearly proportional
o the projected dipole moments of 4'-4-mercaptobiphynels
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2D Spherulites of a Semi-Fluorinated Alkane: Controlled
Access to Either Radial Or Ring-Banded Morphologies

Xianhe Liu,™ Salomé Mielke,™ Christophe Contal,® Damien Favier,™ Akihisa Yamamoto,™

Motomu Tanaka ** and Marie Pierre Krafft*™

Polyorystalline aggregates with an esentially spherical outer
bowndany, called sphenulites, are observed to form from a lange
variety of compounds, induding organic compounds and min-
araks " Two-dimensional sphenulites have bean charactedzed in
films resulting, for example, from solvent evaporation during
casting of liquid drops of solutions of sudh materials on solid
substrates. Concentric ring-banded spherulites constitute an
intensely investigated sub-class of sphenulites that wsually pos-
se4s chiroptical properties. Such ring-handed spherulites are
formed by polymers je.g. polyethylens and polylethylene adi-
patell,” but also by varous small organkc molecules [eg.
phithalic acid,™ aspirin™® hippuric ackd™ mannitol™ testoster-
one propionate™), and by inorganic compounds (ag. potass-
um dichromate and boric add™. A major distinction needs to
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be made between spherulites that have a twisted crystal maor-
phology which is responsible for the ,banded” optical texture,
and spherulites that have a real wavelike topography with
actual valleys separated by ridges The former do not necessa
rily have a Jreal® redief, while the latter can exhibit extinction
bamds or not Lately substantial interest has focused on non-
birefdngent fng-bandad spherulites™ The latter have only
been observed with a few polymers and never with small mal-
ecules. Improving control over the monphobogy of 2D sphens-
lites. and wnderstanding their mechan isms of formation, which
can involve a twisting of the orystal or a rhythmic crystalliza-
tion process, both being able to act in interplay are needed in
onder to tailor mew material characteristics

Here we report first that a simple semi-fluorinated alkane,
CoF 25 gHy (F10H16), when deposited as a thin film on solid
surfaces (glas or silicon wafers), foms non-birefringent 20
spherulites To the best of our knowledge, this s one of the
rare examples of non-birefringent 20 spherulites obtaimed with
small onganic molecules. Remarkably, depending on the experi-
mental conditions, we could obtain radialonly or ring-banded-
only spherulites. We attained contral of the monphology of the
spherulites by adjusting key experimental parameters that
govern cnystallization. We provide evidence for two enystalliza-
tion events that include an initlal outwards crystallization start-
iy from a nudews that gemerates radial fibrous sphenulites,
followed by a rhythmical precipitation that produeces concen-
tric rimgs.

CaFan+1CeHm 1 (FrHim) diblodks are highly hydrophobic am-
phiphilic, amphistedc and amphidynamic molecules that dis
play a marked propensity for self-assembly, nanooomparmen-
tation and manostrocturation ' in their bulk solid state they
fosrm fibers, liguid crystals and gals ™™ Frdm diblock monslay-
ers actually consist of highly monodisperse, disk-like domains
(20-40 nm in diameter) that form ordered hexaponal lattices 2
Such diblocks have also been wsed as film and shell compo-
nenits for modifying and controlling film phase behavior, emul
son fabiling liposome stability and permeability, and fiber for-
mation ™™ Mo spherulite was ever repoted to form from FreHm
dibllocks.

Films of CF,CHy, F10H16 were prepared by casting
chiloroform/ethancl solutions of the compound on glass plates
or dlicon wafers. Two different film thicknesses, 1.5 and 3.5+
02 pm, as determined by interferometric profilometry, were
obtained by setting the concentrations of the solutions at 1
and 4mgml~, respectively. When the films were heated
above the Botropic temperature of FIOHE [F4+2°C, a5 detesr-
mined by differential scanning calorimetry see Suppaorting In-

ChemfyrChem W18, 15, 9 -33 Wilary Onling Library
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A physical biomarker of the quality of cultured
corneal endothelial cells and of the long-term
prognosis of corneal restoration in patients

Aklhisa Yamamoto©'5, Hiroshl Tanaka®s, Munetoyo Toda?, Chle Sotozono?, Junji Hamuro?,
Shigeru Kinoshita®, Morlo Ueno(22* and Motomu Tanaka 01

ion of the corneal endothelium reduces the transparency of the conea and can cause blindness. Because corneal endo-
thelial cells have an axtremely limited proliferative ability in vive, treatment for corneal endothelial dysfunction invelves the
transplantation of donor corneal tissue. Corneal endothelium can also be restored via intraocular injection of endothelial calls
in suspension after their expansion invitro. Yet, because quality assessment during the expansion of the cells is a destructive
process, a substantial number of the cultured cells are lost. Here, we show that the 'spring constant’ of the effective interaction
potential betwean endothelial cells in a confluent monolayer serves as a biomarker of the quality of corneal endothelial cells
in vitro and of the long-term prognosis of corneal restoration in patients treated with culture-expanded endothelial cells or
with transplanted corneas. The biomarker can be measured from phase contrast imaging invitro and from specular microscopy
invivo, and may enable a shift from passive monitoring to pre-emptive intervention in patients with severe corneal disorders.

portion of the outer casing of the eye, and Its posterior surface

15 lined by a monoayer of cormeal endothelial cells that keep
corneal transparency mainiained by regulating the flow of water into
the cornea: Pathodogical damage or corneal disorders such as Fuchs
endothelial cormeal dystrophy, accompanied by the subsequent
loss of corneal endothellal cells, 1s compensated for by the natural
spread of the remalning corneal endothelial celis'. However, when
the corneal endothelial cell density decreases from the normal level
(= 2,000 cellsmmF to fewer than 400 cellsmm-?, this event leads to
an abnormal swelling and thickening of the cormea, known as cor-
neal endothelial dysfanction; its severe type s termed bullows kera-
topathy®. Ultimately, this can result in a loss of ¥isual acuity (Fig. 1a).

Annually, approximately 200,000 comeal transplantations are
performed in more than [ countries’, and more than half of these
cases are corneal endothelial dysfunction, including bullows kera-
topathy. Al present, the surgical treatments for bullous keratopathy
include penctrating keratoplasty®, Descemet’s stripping automated
endotheltal keratoplasty® and Descemets membrane endotheltal
keratoplasty”. Since human comeal endotheltal cells have extremely
limited prohferative ability tn vivo, all of the ireatments mentloned
above Inevitably mvolve the use of a fresh, donor corneal Hssue,
Including endothelimm** .

In 200, the presence of a rho-assoctaled protein kinase (RIOMCE)
Inhibitor was found to significantly promote the profiferation of pri-
mate cormeal endothelial cells in vitro®, which enabled the cultiva-
tion of human corneal endotheltal cells from donor corneas n vitro
(Fig. 1b). A strategy was then developed to restore human cormeal
endothellum by Injecting the suspenston of cubtured corneal endo-
thelial cells (Fig. 1c)™ Briefly, after the removal of the detersorated
cormeal endothefial cells and abnormal extracellular matrix from the

| he cornea 1s a layer of transparent tissue that forms the anterior

basement membrane of the patlent’s cormea, the suspension of culil-
vated cefls is injecied Into the anterior chamber of the patlents eye
with & ROCE mhibitor. With the pattent then being placed tn a prone
posttion, the injected cells sediment, adhere onto the posterior surface
of the cornea, and successfully restore a corneal endothelial cell layer
via self-organization. This therapy leads to the recovery of cormeal
transparency and thickness and, hence, good visaal aculty (Fig. 1c)
Compared with the widely used corneal transplantations, the restor-
ton of cornea via cell injectton is bess invasive and less stressful for
the pattent, which dearly indicates the sophistication of the procedure.
Since 2013, over 50 dindcal trial cases have bern performed, resulting
im the restoration of cormeal endothelium via this cell injection therapy:

At present, the quality of in vitro cultured human corneal endothe-
lial cells ts assessed by flow cytometry, with surface markers fiollow-
Ing the previously reported protocol”™ . As shown In Supplementary
Fig. 1, CD1664CO24 /CDI05 /CD44- cells are currently defined as
‘effector cells” for corneal endotheltal cell ingection therapy'™ . Since
effector cells share several common phenotypes that resemble those
of healthy human corneal endothelial cells n vivo'®, the percentage
of effector cells, ¥ug.e. 15 used a5 an indicator to dassify the qual-
ity of cultivated human corneal endothelial cells (Fig. 1d). However,
Inttle 1s understood about how the expression of surface markers is
correlated with the restoration functions of endothelial cells. Hence,
a function-based quality assessmenl of In witro cultured cells s
still a challenge. In contrast, transplanted donor cormeal endothe-
lum after keratoplasty has been evaluated by specular microscopy
(Supplementary Fig. 2/ using some parameters based on clinical
fAndings, such as the cell density, its coefficlent of warlation, and the
proportion of hexagonal celis*™. In fct, several recent studies have
suggested the tmportance of ‘untformity’ In phenotypes; however,
they remained as phenomenoslogical observations™,

‘Center for integrative Medicina and Physics, institute for Advanced Study, Kyoto University, Kyoto, lapan "Department of Oghthalmology, Kyoto
Pretectural Liniversity of Medicine, Kyota, Japan *Departrment of Frontlar Medical Science and Technotogy for Ophthatmology, Kyobo Presectural Liniversity
of Medicine, Kyoto, Japan. *Physicai Chamistry of Blosystems, instifute of Physical Chemnistry, Heldelberg University, Heidelbarg, Germany. “These authors
contributed equally: Akihtsa Yamamodo, Hiroshi Tanaka. “e-mail muenogrkato kpu-m.ac.|p: tanakadoun-haldelbeng de
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Forceful biomarkers

The physical properties of living tissues are a compelling source of biomarkers of health and disease.

colours. Step counts arc a biomarker

for physical activity, blood pressure is
a clinical biomarker for hypertension (and
a risk factor for stroke), and hacmoglobin
concentration for anaemia. Most biomarkers
of discase — such as the concentration of
chloride in sweat for cystic fibrosis, serum
levels of the prostate-specific antigen for the
prognosis of prostate cancer and mutations
in the BRCA genes for breast-cancer risk
— are biochemical, cellular or genomic.
This is a direct result of staggering advances
in technologics for biosensing, single-cell

lyses and g ics. In comparison, the
physical properties of ensembles of cells and
the extracellular matrix making up living
tissucs — that is, the propertics that affect
their morphology, structure and mechanical
propertics — have been a much less prolific
source of specific biomarkers.

Many physical discases have tissue-level
hallmarks, and morc of such microscopic-
to-macroscopic biomarkers {rather than
of the molecular or cellular kind) could
aid the understanding of discase risk, or
help with diagnosis, prognosis or patient
monitoring. For instance, carcinomas —
malignancies of epithelial tissue that account
for more than 80% of all cases of cancer

B iomarkers come in all sizes, shapes and

Figure adapted from. Yamamoto, A etal.
Nat. Biomed. Eng. hitps:.//doi.org/101038/541551-
079-0429-9 (2019), Springer Nature Ltd.

analyses). When biopsied tissue is not

editorial

abnormal mechanical properties; such as
solid stress and stored clastic energy, which
only recently have been quantitatively
mapped in excised human tissucs. And

as shown earlier this year; for some types
of brain tumour, solid stress is also a
biomarker of the neurological dysfunction
caused by the tumour’s compression

of adjacent brain tissue, which then
experiences reduced blood perfusion

(as seen with magnetic resonance
imaging in patients).

This issue includes an exemplary
discovery of a new tissue-level biomarker
for the health status of corneal
endothelium: a measure of the average
‘spring-like’ force that a cell in the
endothelial monolayer experiencesas a
conscquence of its interaction with the
cell’s immediate neighbours. The balance
of forces that the cells experience and
exert affect how the cells in the monolayer
arrange themselves and thus their collective
degree of order. This can be modelled
by using basic concepts in statistical
mechanics, as shown by Motomu Tanaka,
Morio Ueno and colleagues in an Article.
In particular, the researchers measured
such a spring-like force by calculating the
second derivative around the minimum

news & views

TISSUE TRANSPLANTS

A prognostic biomarker of corneal repair

A non-invasive biomarker of the degree of collective order of monolayers of corneal endothelial cells cultured for
transplantation predicts the long-term prognosis of corneal restoration in patients.

Jodhbir S. Mehta, Viridiana Kocaba and Gary S. Peh

nclinical practice, the most common
type of tissuc transplant isthat of the
cornea. Corneal transplants usually

replace dysfunctional corneal endothelial

tissue — the corned’sinnermost cellular
monolayer. Advences over the past two
decades have refincd the transplantation
methods for such tissue: penctrating
keratoplastics (the replacement of the entire
cornea) are being gradually substituted by
safer and selective transplantation methods
that replace only a layer of cdls' (such as
Descemet stripping automated endothelial
keratoplacty and Descemet memb
endothelial keratoplasty), and more
recently the injection of tissue-engincered
corncal-cndothclial cclls’™ has been tested
in paticnts. These newer procedures all

rely on allogenictissuc transfer, and their
most serious conscquences are long-

term endothelial-cell attrition! (2 natural
sgeing process where the endothelial-cell
monolayer progressively thins) and tissue
rejection (however, rejection risks are
drastically less than that for penetrating
keratoplasty}. Cellular atirition following
corncal transplantation increases steeply

in the first year, followed by continual
endothelial cell loss at a rate of 5-10% per
annum’. Current methods to assessing

in vivo endothelial cell loss involve specular
microscopy (Fig. 1a) or in vivo confocal
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Hemoglobin S and C affect biomechanical
membrane properties of P. falciparum-infected
erythrocytes

Benjamin Fréhlich!, Julia Jger?, Christine Lansche?, Cecilia P. Sanchez®, Marek Cyrklaff, Bernd Buchholz?,
Gerge Theophile Soubelga®, Jacque Simpore, Hiroakl ta®, Ulrich S. Schwarz® 2 Michael Lanzer i &
Meotomu Tanakam ™7

During intraerythrocytic development. the human malana pasasite Plosmodium falcipannm
alters the medhanical deformability of its host cell. The underpinning biological processes
involve gain in parasite mass, changes in the membrane protein compaositions, recrgani zation
af the cytoskeletons and its coupling to the plasma membrane, and formation of membr ane
protoesions, termed knobs. The hemoglobinopathies 5 and C are known to partiafly protect
carriers from severe malaria possibly through additional changes in the enythrocyte bio-
mechanics, but 3 det alled guantification of cell mechanics iz still mizsing. Here, we combined
fidker spectroscopy and a mathematical model and demonstrated that knob formation
strongly suppresses membrane flectuations by increasing membrane -cytoskeleton coupling.
‘W found that the confinement increased with hemoglobin & but decreases with hemaoglobin
C in spite of comparahle knob densities and diameters. We further found that the meémbr ans
bending modulus strongly depends on the hemoglobinopathetic variant, sugpesting increased
amounts of imeversibly oxidized hemichromes bound to membranes.
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Paradiohgy, Unvessttddnioum Hesdeh e, I Neverfhammer Feld 124 851020 Hesdelharg, Genmany. * Departrment of Hemadolagy and Onmiogy, Univesity
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Dynamic Contact Guidance of Myoblasts by Feature Size and
Reversible Switching of Substrate Topography: Orchestration of Cell
Shape, Orientation, and Nematic Ordering of Actin Cytoskeletons
Philipp Linke,* Ryo Suzuki," Alihisa Yamamoto, Masaki Nakahata,*® Mineko Kengaku,!®
Takahiro Fujiwara," Takuya Dhmcf"" and Motomu Tanaka* '@

"Center for Integrative Medicine and Plysics, Institute for Advanced Study and Mostitute for Integrated Cell-Material Scences,
Eyoto University, 506-8501 Kyoto, Japan

*Plysical Chemistry of Bissystems, Institute of Physical Chemisiry, Heidelbery University, D&9120 Heidelberg, Germany
lDer'l:rr!rlt of Material Engineering Science, Graduate School of Engineering Science, Osaka Undversity, 560-8531 Osaka, Japan

“Electronics and Photonics Research Institute, National Institute for Advanced Industrial Science and Technology, 305-8505
Tauluba, Japan

© Supporting Information

ABSTRACT: Biclogical cells in tissues alter their dapes, Uhsmn §5% 1%
positions, and orentations in response to dynamic changes in “H
their physical microenvironments. Here, we investigated the

dymamic response of nyoblast cdk by Rbncating aubstrates
displaying microwrinkles that can revemibly change their 0pm e
direction within &0 s by axial compression and rebxtion. To _ )
guantitatively amess the collective order of cells, we introduced P o ks
the nematic onder pammeter of cells that takes not only the “
distribution of cellwrinkle angles but also the degree of cell

elongation inte account On the sbeellibr level we alo Fuladhesicn

calculited the nematic order parameter of actin cytoskeletons -
that takes the rearrangement of actin filhments into

condideration The realts abtaned on abarates with different

wrinkle wavelengths implied the presence of a chamcteristic wavelength beyond which the order paameters of both cells and
actin cytoskeletons level off Immunoflucrescence bbeling of vinculin showed that the focal adhesions were all concentrated on
the peaks of wrinkes when the wavelength is below the dharsctenistic value. On the other hand, we found focal sdhesions on
both the peaks and the troughs of wrinles when the wavelength exceeds the characteristic level. The emergence of collective
ordering of cytoskeletons and the adaptation of cell shapes and crentations were monitored by bve cell imaging after the
seeding of cells from susgpensions. After the cells had reached the steady state, the orentation of wrinkles wat abruptly changed
by 90°. The dynamic response of myoblsts to the drstic change in surdface topogmphy was monitored, demonstrating the
coordination of the shape and cdentation of cells and the nematic ordering of actin cytoskeletons. The “dynamic” substrates
establiched in this shedy can be wsed a8 3 powerul tool in mechanobiology that helps s understand how cytoskeletons, cells,
and cell ensembles respond to dymamic contact guidance cues.

B INTRODUCTION guiding the alignment and migration of various cella*™ ™ One
Mounting evidence suggests that biclogical cells not only of the straigh thrwand ways to model contact guidance in vitro
transduce chemical signak from the surcounding envison ment is to fbricate two-dimensional substrates displaying aniso-

but als adapt their shapes and fnctions to the physical tropic pattems posessing different biochemical fonctions'* "7
microemvimmment, such as mechandcal erties of exrac- . T .

elhslar matrives mﬂhﬁ}.LJFﬁu’th]f,FﬂiPmﬂ:}nnﬁdﬂuhg o m“u] PT“Pemd' M = Ihm“ strategys
of stem cells hag drawn increasing attention due to its cracial ~ PUstotes diphying pacilelly aligned wrinkles, ddges, and
mole in the maintenance of dem cell fanctions and the
regelation of linespespecific diffecentistion ™ BCMs often Special Issue: Interfaces and Bidogy 1: Mechanabiology and
show highly anisotropic topography that influences the Crpobiology

morphology, directional order, and migration behavior of Rewived: September 1, 2018

cells, which is called contact guidance™ ™ For instance, Revised:  October 29, 2018

fibrous ECMs made oot of colagen type | play major roles in. Publiched: October 30, 2018

o ACS Publications & 208 Ameicn Cumical Seciy 7538 ml:;:i;:,:,;:ﬁf
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Preface to the Interfaces and Biology 1: Mechanobiology Special

Issue

deas that forces can regulate tisswe development emerged in

the Lite 1800s from observations by Wollf on the adaptation
of bone tisme to mechanical stress,” comobomted by Row™
and Thompson® in their studies of embryonic development.
Tools to test these hypotheses did not evist unti the eady 215
century when it became possible to measure and to mani pulate
physcal forces in living cell Mechanchiology was “redis-
coversd”. Nowadays, there is ample evidence that most cells
can sense the mechanical properties of their environment and
that mechanical forces modulste biological processes in cells
This special itsve of Langmuir it 3 testimony to the vibrancy of
this feld, especally from the viewpoint of inmterfacial

IO

In this ismuee, Janmey and collesgues discus how the
machinery that dowves cellubr processes, such 2 motility,
division, and differentistion, changes in response to signals that
originate on interfaces within celk or between cells and the
surrounding matric ¥ Tanaka et al. report that cells cultured on
dymamic substates orchestrate the dmamics through changes
in their shape and cptoskeletal onder” Kidoald and Moryama
determine the critical stiffives gradient in 2 cell culture matrix
necessary to indisce cellubr durotavis”® Using micro- and
nanopillar arays 2 cell culbure substrates, Ding and colleagues
investiga te how the topography of the substrate affects the sze
of the cell nudews.” Atomic force microscopy (AFM) coupled
with advanced computational technigues allow Stadler et al to
gain new insights into the biomechanical h ity of
living cella® Lin et al. applied magnetic AFM to reveal the
evolution of biofilms formed on substrates of different
stiffness” Merkel et al m.cmwu- how an applied cydic strin
:ﬂ'aﬂnmﬂoutgwﬂg Solabe et al observe that cell
adhesion proteing accumulite in cells upon application of a
tensile Joad on actin'' while Tay et 2l describe the
mechanoregubition of 3 cancer-associated broblist phenotype
within 3D hydrogel networks ™

The importance of membranes that define the interfice
between cytoplamic and exoplasmic spaces is highlighted in
several artides collected in this #sue For ingtance, on the bass
of an all-stom molecubr dymamics stady Sokabe et al
demonstrate that several biophysical mechaniams depend on
the membrane thickness"" Fhang et ol syntheszed 2
conjugation-based rigid molecule for plasma m.ﬂ'lﬂ:!me
imsertion to megilate the cancer cell membrane permeab ity ™
Okamoto and Tokunou observed the mechanomodulation of
cofactor alignments in 3 multheme membrane protein
comples, altering its binding afinity to minerals ™

In vive, cells are tightly connected to each other via cell—cell
adhesive junctions that act as medanosensing compleves in
multiceluler architectures. These complexes tend to respond
collectively to mechanical cues. Casademunt and colleagses
report that the wetting transition from a 3D cell aggregate to 2
cell monolwyer is affected by the mbsrate stiffness,”® while
Winnik et al obsere that manoparticles reduce the extent of
spreading of 3D cell aggregates on a substrate ™ Uking

o ACS Publications  © 2 Amerien Cumiea Ssciay

photoac tivable hydrogels, Nalanishi et al asses the interplay
of chemical, mechanical, and to}:og-aP}m:] regulation during
the collective migration of cells.

We hope that this Langmuir ismuee, which stresses the
importance of intedaces and sudfaces in mechan obiology, will
entice biologsts and surbice scentists to work together in 2
quest to neolve the interrebtions between mechanical cues
and cellubar behavior for isolated single celks and ensembles of
cells found in conmective tissves. We thank the awthom and
reviewers who contributed to this issue, the Langmur editorial
office, and the staff Fom ACS Publications for their assstance
and suppart Jun:rlg ithe preparation and Ptlb]u‘hml of this
special issue.
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In Brief

Gillciller Balta ot al. show that CDA95
receptor activation is determined through
the presentation of its ligand at a certain
intermolecular distance. The type of
signaling triggered by CDS5 is, however,
decided by the cellular environment.
CDA5 triggers survival in cancercells in
contact with other cells and death in
isolated ones.

B ey

3] i
Wrvanra bmiae

Highlights

& Specific intermolecular spacing of CD95Ligand induces
efficient CDO95 clustering

& CD95 clustering triggers apoptotic and survival signaling

» CD95 signals survival in the presence of cell-cell contact

o Col-cell contact increases levels of phosphotyrosinated
proteins including CL95

|! Nowember 19, 201 9% 2018 The Authors.

Gillciiler Balta et al, 2018, Cell Reports 28, 22052306 cell
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OPEN New Class of Crosslinker-Free
Nanofiber Biomaterials from Hydra
Nematocyst Proteins

Theresa Bentele™*, Federico Amadei™*, Esther Kimmle®, MariamVeschgini®, Philipp Linke®,
Mariana Sontag-Gonzélez®" JuttaTennigkeit!, Anthony D. Ho™*, Suat Ozbek " &
Motomu Tanaka®*”

Mematocysts, the stinging organelles of cnidarians, have remarkable mechanical properties.

Hydra nematocyst capsules undergo volume changes of 50% during their explosive exocytosis and
withstand osmotic pressures of beyond 100 bar. Recently, two novel protein components building

up the nematocyst capsule wall in Hydra were identified. The cnidarian proline-rich protein 1 (OPP-1)
characterized by a "rigid” polyproline motif and the elastic Cnidoin possessing a silk-like domain were
shown to be part of the capsule structure via short cysteine-rich domains that spontaneoushy crosslink
the proteins via disulfide bonds. In this study, recombinant Cnidoin and CPP-1 are expressed in E. colf
and the elastic modulus of spontanecusly crosslinked bulk proteins is compared with that of isolated
nematocysts. For the fabrication of uniform protein nancfibers by electrospinning, the preparative
conditions are systematically optimized. Both fibers remain stable even after rigorous washing and
immersion into bulk water owing to the simultanecws crosslinking of cysteine-rich domains. This makes
our nanofiters clearly different from other protein nanofibers that are not stable without chemical
crosslinkers. Following the guantitative assessment of mechanical properties, the potential of Cnidoin
and CPP-1 nancfibers is examined towards the maintenance of human mesenchymal stem cells.

Nematocysts are harpoon-like organelles characteristic of the cndartan phylum'. The development of Hydra
nematocysts, which comprise four different types, ocours in the body column of the polyps In specialized cells,
called nematocytes. After maturation, nematocytes migrate towards the tentacles and are mounted in so called
“hattery cells” (Fig. 1a)*. Nematocysts consist of a hollow capsule body, to which an inverted tubule 1s attached
that in the case of the large “stenothele™ type of nematocyst has a stylet used to perforate the prey’s Integument and
allow Injection of pepiide toxins to paralyze the prey (Fig. 1b)*4.

As blomaterials, one of the unique charactertstics of nematocysts s the outstanding mechanical toughness
of the capsule wall structure. Maturation of the capsule invodves “wall hardening™ and build-up of an iInternal
osmotic pressure of about 150 bar. After discharge, the elastically stretched nematocyst capsule shrinks to 50% of
Its original volume signifying the release of kinetic energy during the explosive exocytosts”. Actually, the nemat-
ocyst discharge 1s one of the fastest events in the animal kingdom, generating an acceleration of more than 5
million g™, The nematocyst capsule comprises protein complexes crosslinked by Intermolecular disulfide bonds
between cystelne-rich domains (CRDs), which are found at both C- and N-termind of various nematocyst pro-
telns (Fig. 1c)'. Among those, minicollagens are major structural proteins possessing short collagen sequences
{Gly-X-Y) flanked by polyproline stretches and terminal CRDs". Previous data on nematocyst proteins contain-
Ing CRIDs have demonstrated that these are tightly integrated due to disulfide reshuifling into the capsule polymer
and can only be released as monomers by reducing agents™-'=. We have recently demonstrated that the CRD can
b used as a versatile crosslinker module to create linear or branched polymers from diverse proteins'™.

1Centre for Organismal Studies, Department of Molecular Evolution and Genomics, Heidelberg University, 69120,
Heidel berg, Germany. *Physical Chemistry of Biosystems, Institut e of Physcal Chemistry, Heidel berg University,
59120, Heidelberg, Germany. 'Department of Medicine ¥, University of Heidelberg, 69120, Heidelberg, Germany.
*Center for Integrative Medicine and Physics, Institute for Advanced Study, Kyoto University, 506-8501, Kyoto,
lapan. Fresent sddress: School of Earth and Environmental Scienc es, Science Medicine and Health, University of
wollengong, N5W 2522, Wollongong, Australia. "These suthors contributed equally: Theress Bentele and Federico
Amadei. *email: suat.oezbek(@cos.ni-heidelberg.de; tanaka@uni-heidelberg.de
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on Intestinal Epithelia: Correlative Effect of Protein Expression and
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ABSTRACT: The oral uptake of probistic microomgamsm o food additives i
one widely used strategy to sustain and improve the homeostasis of intestinal
microbiota that protect the intestina] epithelia from attack by pathogenic bacteria.
Omce delivered to the ileum and colon, probiotics must adhere and form colonies
on muas that coats the surboe of intestinal epithelial cell. Although an
increating amount of kmowledge about the genetic and molecular level
mechanims of probiobcs—mucus intersctions has been accumulated, htde i
known about the phymicochemical aspects of probiotics—muscus interactions
under physological shear in intestines In this study, we established well-defined
models of intestinal epithelial cell monohyers bated on two major constituents of
gut epithelia, enterocytes and goblet cells. First, the formation of a polarized cell
monobyer sealed by tight junctions wa monitored by tonsepithelial electrical
resistance over time. The establishment of tight junctions and secretion of muscus
proteins (mudn) was confimed by immunofluorstcence staining. In the next

step, we mestured the elasticity of cell monolayer sudfaces by indentation wing particle-atdsted atomic force microseopy. The
effective elastic modulus of goblet cell-like cells was 30 times smaller compared to that of enterocyte-like cells, which can be
attributed to the secretion of 2 3 um thick mucin layer. As probiotics, we used Lacfobaglhe damnoss GG (LGG ), which i one
of the most widely used straing a8 food additives To investigate the dynamic adbesion of LGG to the intestine model surfice,
we transferred the epithelial cell monolayer into a microfluidic chamber. A distinct difference in dynamic adhesion between two
cell types was observed, which could be attributed to the difference in the muecin expression amount. Remarkably, we found that
the dynamic LGG adhesion is enhanced by the increase in shear stress, showing a masimuem binding eficency at 03 Pa. Finally,
we examined the persigence of LGG adhesion by a stepwise increase in the shear stress exerted on adherent LGG,
demonstrating that LGG could withstand high shear stress even beyond that of physiological stress The obtained results
present 3 brge potential to guantitatively understand the influence of engineered foods and probiotics on the homeostatis of

microbiota on the suface of intestinal epithelia

B INTRODUCTION

The human gastrointestingl tract is the brgest organ in the
body formed by a2 dngle byer of intestina] epithelial cells
posesing a surface ama of 300 m”" The surface of
gastrointestinal epithelia iz exposed to an extremely high
bacteral load, mnging from thousands to trillions of bacteria
per milliliter of luminal contents from stomach to colon® In
imtestinal ePciﬂ'ldia, individual cells are comnnected by 'hg}lt
jumctions and anchored on the basement membrane by
hemidesmosomes® The modt abundant epithelial cels
throwghout the intestine are enterocytes serving a8 the primary
durface R mstoent dbsorption, whode apicl ambee is covered
with microvilli * Enterocytes are interspersed with goblet cells®

- ACS Publications  © 8 Ameteins Camiesl Seciiny 529

which screte high molecular weight glycoproteins, mucing
(=2 % 10f Da)® Ameng diferent mucn proteins, mucin 2
(MUC2) is 2 major constituent of mucs layers that builds up
a protective barder on the epithelial arfaces sgpang pathopent
and toxing™™ It is notable that mucin done is not able to
protect ntestina] epithelia againg the bactenal invasion The
layer of phospholipids serves 25 a protective barrier, among
which phosphatidfcholine (PC) and hyso-phosphatidy choline
(lyso-PC) account for more than 90%." It hes been reported
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Chapter 2

i

In Vitro Dynamic Phenotyping for Testing Novel Mobilizing
Agents

Motomu Tanaka

Abstract

A new method to quantify the influence of mobilization agents on the dynamics of human hematopoietic
stem and progenitor cells (HST'C) is introduced. Different from the microscopy-based high-content
screening relying on multiple staining, machine learning, and molecular-level perturbaton, the proposed
method sheds light on the “dynamics” of HSPC in the presence of exirinsic factors, including SDFlaand
mobilization agents. A well-defined model of the bone marrow niche is fabricated by the deposition of
planar lipid membranes on glass slides (called supported membranes) displaying ligand molecules at
precisely controlled surface densities. The dynamics of human HSPC, CD34* cells from umbilical cord
blood or peripheral blood, are monitored by time-lapse, live cell imaging with a standard phase-contrast
microscopy or a specially designed microinterferometry in the absence or presence of mobilization agents.
After extracting the contour of each cell, one can analyze the dynamics of cell “shapes™ step-by-step,
yielding various levels of information ranging from the principal mode of deformation, the persistence of
deformation patterns, and the energy consumption by HSPC in the absence and presence of mobilization
agents. Moreover, by tracking the migration trajectories of HSPC, one can gain insight how mobilization
agents influence the “motion™ of HSPC. As these readouts can be connected to a theoretical model, this
strategy enables one to classify the influence of not only mobilization agents but also target-specific
inhibitors or other treatments in quantitative indices.

Key words Supported membrane, Cell adhesion, Cell migration, Theoretical model

1 Introduction

The dormancy of the most primitive hemaropoietic stem and pro-
genitor cells (HSPC) is maintained by the bone marrow niche via
several ligand-receptor interactions. Mounting evidence suggests
that mesenchymal stem or stromal cells (MSC) play key roles in
sustaining the niche funcrions [1, 2]. One of the important molec-
ular axes is the homophilic interaction between N-cadherin mole-
cules expressed on both HSPC and MSC, which supports the long-
term maintenance of the primitive HSPC pool in the bone marrow
niche [3-5]. On the other hand, CXCR4 expressed on HSPC
specifically recognizes stromal cell-derived factor lo (SDFla or

Gard Klsin and Patrick Wuchter fads), Stem Call Mobilizstion: Methods and Protocols, Methads in Malecular Biology, vol. 2017,
hittps://dai.org/ 10,1007 A78-1-4839-8574-5_2, © Springer Science+Business Madia, LLC, part of Springar Natura 2019
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Influence of Perfluorohexane-Enriched Atmosphere on
Viscoelasticity and Structural Order of Self-Assembled
Semifluorinated Alkanes at the Air-Water Interface

Salomé Mielke,”™ Wasim Abuillan,*® Mariam Veschgini,*! Xianhe Liu,” Oleg Konovalov,™

Marie Pierre Krafft,* and Motomu Tanaka®™*®

Abstract: Semifluorinated alkanes FnHm self-assemble into
nanometer-sized surface micelles at the air-water interface. In
this study, we investigated how an atmosphere enriched with
perflucrohexane (PFH) influences the interfacial viscoslasticity
and structural order of a monolayer of FnHm by the combina-
tion of dilational rheclogy and grazing-incidence small-angle X-
ray scattering [(GISAXS). The monolayers behaved predomi-
nantly elastic which can be attributed to the strong dipole
repulsions of the surface domains. Enrichment of the atmos-

1. Introduction

Perfluorocarbon compounds hawve been draining increased
attention because of their unique physical and chemical
properties.”™ The strong C—F bond makes fluorocarbon
compounds very stable compared to hydrocarbon compounds.
The low polarizability of fluorine atoms is the reason for very
low cohesive forces between fluocrocarbon segments. Moreower,
perflucrocarbons are known to be inert to biclogical systems,
which allows for a diversity of biomedical applications."

The weak intermolecular cohesion is one of the unique
physical characteristics of flucrocarbons. It makes the solubility
of respiratory gases very high™ Therefore, perfluorocarbons
enriched with cxygen could help patients with acute respiratory
distress syndrome (ARDS) continue breathing ™™ They have also
potential for lung surfactant replacement.” " To date, several

[a] 5 Michke, Dr: W. Abuillor, Dr. M. Veschgini, Frof. Dr. M. Tangk
Physical Chemistry of Biosystems, institute of Physicl Chemistry
Heidelbarg U D-69120 Heidelberg (Germany)

. de

[&] Or. W. Abuilian
Instifute of industrial Science, The Unbeersity of Tokyo
153-0041 Takyo Japan)
[c] O X Liu Prof Dr M. P. Krofft
Institut Charles Sodron (VRS LPR 22)
Unibwarsity of Strashourg, 23 rue du Loess
67024 Strasbowg Cedex Franca)
E-mait: krafft@unistrafr
[d] Dr. 0. Konowalow
European Rudiation Faciity (ESRF)
Granobie Cedex 9 38053 (France)
[=] Prof. Dr. M. Tanaka
Institute for Adwanced Study, Kpoto Unfversity
G06-8501 Kyato (iapan)
Supporting information for this article is available on the WWW under
hittps:doi.ceg/ 10,100 ephe. 301200316

ChempPhysChem 2019, 20, 16081705 Wiley Online Library

16598

phere with PFH lead to an increase of the compressibility and a
decrease of the elastic modulus without altering the structural
ordering of the FnHm molecules into highly comrelated nano-
domains, suggesting the adsorption of PFH molecules to the
free spaces between the domains. The capability of FnHm
domains to retain the structural integrity in the presence of PFH
gas is promising for the fabrication of stable microbubbles for
sonographic imaging.

studies have shown how fluorocarbons interact with imterfaces.
For example, fluorccarbon gases reduce the tension at the ain/
water interface by 2-5mM/m, suggesting their adsorption™
More recently, we reported that perfluorchexane (FFH) gas
facilitates the displacement of albumin by phospholipids™
suggesting that PFFH gas can potentially be used to improve the
therapeutic treatment of ARDS patients as it allows phospholi-
pids to reach the alveolar surface by removing the serum
proteins.

Another unigue characteristic of FFH is its extremely low
water solubility, (2.7 %107 mol m™ for perfluorchexane), which
is two orders of magnitude lower than the water solubility of
nitrogen or oxygen (048 molim®)."** This property makes
microbubbles of PFH vapor attractive for ultrasonic image
diagnostics.”™ In general, microbubbles wsed in sonographic
imaging suffer from the collapse of bubbles due to the
dissolution of standard gases into water™™ Owing to their
extremely poor water solubility, PFH gases are expected to
significantly increase the lifetime of microbubbles."*™ However,
the microbubbles of perfluorocarbon gas alone are not stable
encugh in physiological fluids. They need to be further
stabilized by coating the vapor'water interface by surfactant
molecules.”™ PFH was found to exert a co-surfactant role with
regands to phospholipids forming monolayers at the gas/water
interface ="

Promising candidates as bubble shell components are
semifluorinated alkanes CoFingCaHan: (FMHm diblocks). Pre-
vious studies showed their capability to stabilize phospholipid
vesicles™ ™ a5 well as fluocrocarbon-in-water emulsions.™ At
the air'water interfzce, FnHm molecules form highly mono-
disperse domains with the size of 28-34 nm.™ Recently, we
employed grazing incidence small angle X-ray scattering
(GISAXS)™ ™ and demonstrated that these compounds sponta-
negusly self-assemble into hemispherical domains taking hex-

uwum«mmbanWaCnMan
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Local traction force in the proximal leading process triggers nuclear
translocation during neuronal migration
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Somal translocation in long bipotar newrons is regulted iy A00My0Sin CoNITactile forees, yet the precise
spatiotermporal sites of force generation are imknown. Here we investifate the force dynamics generated
during somal transiocation using traction farce microscopy. Newrons with 3 short leading process gener-
ated a traction force in the growth cone and counteracting forces in the leading and trailing processes. in
COMirast, meuTons with 2 long leading process generated a force dipale with opposing traction forces in
thie promimal leading process during maclear transkocation. Transient acoumukation of actin fMaments was

f"""""‘,:mlm__m ohserved at the dipole center of the twa opposing forces, which was zbalished by inhibition of mmyosin 11
M activity. A swelling in the leading process emerged and generated a traction force that pulbed the mecleas
Tiatics e when nuclear transiocation was physically hampered. The traction force in the leading process swelling

Artin 'Was ancoupled from somal transiocaEtion in Heurons expressing 4 dominant negative mutant of the KASH

Myesin-Tl protein, which disrupts the interaction betwesn cytoskeletal components and the mudiear envelope. Our
Sweelling results suggest that the leading process is the site of generation of actomyosin-cependent traction force
Nesprin in iong bipalar nearons, and that the fraction force is transmitted to the mudeus via KASH probeins.

£ 2018 Eisevier BV, and japan Neuroscience Society. Al rights reserved.
1. Introduction positioned in a transient cytoplasmic swelling or dilation in the

proximal leading process before nuclear translocation, where it

Meuronal migration is 2 fundamental step of mammalian brain
development. Post-mitotic neurons, arsing from newaral progeni-
tor cells in the proliferative zone, extend a leading process toward
their migrating direction and translecate the nucheus and other
organelles into the leading process until they reach their final des-
tination in the brain (Cooper, 201 3), Defects in newronal migration
thus cause brain malformation and severe neurological disorders
[Gleeson and Walsh, 2000 Extensive studies have implicated a
synergistic interplay between the actin and microtubule cytoskele-
tons in noclear translocation as well as neurite outgrowth during
neuronal migration. It has been reported that the centrosome is

* Corresponding authaor.
E-muif odéress: umeshima@icems kyoto-uac jp (H. Umeshimal.
1 Presentaddress: Instifute of Biomaterials and Biomolerular Systems (IBEBS), Dmi-

versity of Stuttgart, Stuttgart, 70559, Germanmy.

hittprs- ol orgl 10107 6/) s 18 04001

DEEE-0102/e 2018 Bsevier BY. and Japan Neumscience Socieby. All rights ressned.

organizes polarized arrays of peri-nuclear microtubules (Tsai et al,
2007). The minus-end directed motor dynein then transports the
nucleus along the microtubule arrays toward the centrosome in the
leading process {Shu et al, 2004; Tanaka et al., 2004}, On the other
hand, contractile forces exerted by actin and non-muscle myosin-
Il are also indispensable for nuclear translocation (Bellion ot al,
2005; He et al, 2010; Martini and Valdeolmillos, 2000 Schaar and
MoConnell, 2005; Solecki et al, 20097, However, the precise sites of
actomyosin force generation remain controversial, and may drive
2 pulling force at the nuckear front or a pushing force at the cell rear
depending on cell type and context.

Generally, actomyosin forces are transmitted to the underly-
ing =substrate via cell adhesions, and are converted to traction
forces that drive cell movement (Case and Waterman, 2015;
Munevar et al, 2001). Traction force microscopy (TFM]) allows
for quantitative assessment of the direction and extent of cellular
forces transmitted to the substrate, Recent studies using TFM have
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1 | INTRODUCTION

Abstract

A hybrid coating based on multilayers of proteins and biopolymers was developed to
enhance the protection performance of alginate microbeads against addic conditions
for delivery of probiotics (Lactobacillss rhamnosus GG). Zeta potential measurements
and quartz crystal microbalance with dissipation confirmed layer-by-ayer deposition
of protein-polymer layers. The stability of protein-based coatings during simulated
gastric fluid (SGF) treatment was monitored by micoscopy. Protein-coated micro-
beads were partially dismantled, whereas polymer-coated microbeads were intact
after a sequential treatment in simulated gastric and intestinal fluids. This suggests
that hybrid formulation offers an advantage over the coatings based on biopolymer
multilayers in terms of better release of bactera. Uncoated adginate microbeads
completely dissobved and could not protect bacteria after SGF treatment whereas
microbeads with hybrid coating showed increased physical stability and a modest
demease of cultuability of 3.8 log units. Therefore, this work provides a concept for
future protein-based hybrid coatings for bacterial delivery systems.

KEYWORDS
alginate, chitosan, lactolerrin, Lyyer- by-lyyer, microencapulstion of probotics

Tao improve the stability of slginate particles, one approsch could be
forming a protecthe and stable membrane on the surface of alginate

The: encapsulstion of probioties has been a subject of a growing interest
in the: scientific and commencial platforms in the past decade becaese of
the wslnerability of probiotic bacteds to low pH of stomach” in the
abvsene e of 8 successful delhery sysbem.

Alginate- based microbesds are one of the most shudied encapsuls-
tion systems for dalivery of probioties™ " dueto the abilly of slpinate to
form hydraged by calcium croslinking at milld conditions® However, the
alginate hydrogel matrix is not physically stable, especially in acidic pH of
the: stomach due to profonation of carboondic groups of alginate below
the pla of lginate {24-3.77 and subsepuent matrix disolutibn. Maore-
over, it can be destabilized eadly with chelators such as phosphate, Lae-
tate, and citrate a3 well a3 non-gelling cations such as sodivm and
ragne-shum ions which are present inthe human body. '

milcrobasds via the Layer-by- layer LbL) technigue wsing natural colloidal
materials Lbl offers tallorable properties of the end coating such as
thickness, strscture, and surface properties. ™ Therefore, such aurface
madfication can reduce the porosity of alginate micobeads, and limit
the parmea tion of ackds into microbaads during the gastric pasags '*
The vast majority of shedis imestigated coating alginate beads
with chitosan™™ " due to its cationic nature at pH below its pKa
arcund 657 However, chitosan ks not a food approved ingredient by
ELL, and has an antimicrobial effect which is a matter of debate ™4
In the contest of Ll coatings of bacterta containing alginate beads,
il probeing with varying lsoelectric podnt {pl) could slso be consdened.
Lactoferrincanbe considered as an alermatie to chitosan due to its net
positive surfsce charge st neutral pH pl ks arcund B-%"). Sodium

Bioterhnobygy Progess. 20192502804
it/ doil ong 1 0 1002, brtpr 2804
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Long-Range Lateral Correlation between Self-Assembled
Domains of Fluorocarbon-Hydrocarbon Tetrablocks by

Quantitative GISAXS**

Wasim Abuillan® 9 Mariam Veschgini* ™ Salomé Mielke” Akihisa Yamamoto,*
Xianhe Liu, Oleg Konovalov,™ Marie Pierre Krafft,"" and Motomu Tanaka*®®

The structure and lateral correlation of fluorocarbon-Fydro-
carbon tetmblock difF1 0Hm) domains at the ain'water interface
have been determined by quantitative analysis of grazing
indidence small-angle X-ray scattering (GISAXS) data. The
measured GISAXS signals can be well represented by the full
calculation of the form and structure factors. The form factor
suggests that difF10Hm) domains take a hemizllipsoid shape
Both major and minor axes of the hemialipsoids monctonically
increased in response to the elongation of the hydrocarbon

1. Introduction

Spontaneous formation of hierarchical patterns by self-assembly
of small molecules is one of the key stategies that biclogical
systems utilize.™ An increasing number of studies have been
conducted to understand the basic prindples of self-assembly,
since the comtrolled assembly and positioning of nancscale
objects is highly elevant in supmmolecular chemistry™? and
ranotechnology. ™ In particular, the szif-assembly at the airf
wiater or oilfwater interface enables to confine the building
blocks amd hence the pattems in a two-dimersional space
Mouting evidence has indicated that the shape, size and
uniformity of self-assembled patterns strongly depend on the
chernical structures of molecular building blocks, sudch as low
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blocks, which can be explained by the concominant increase in
van der Waals interaction. The structure factor calculated from
the GISAKNS signals suggests that the domains take an
orthorhombic lattice. Remarkably, the lateral comelation can
reach owver a distance that is mome than 14 times longer than
the distance to the nearest neighbors. Our data suggest that
quantitative GISAXS enables the optimal design of mesoscopic
self-assemblies at the ainwater interface by fine-tuning of the
structures of molecular building blodks.

molecular  weight surfactants™®  and blodk
copolymers™="™

Surfactamts with perflucrocarbon blodes have been used to
design new types of colloidal systems, targeting versatile
medical applications."*"" Owing to the larger van der Waals
radius of fluoring, 135 A, perflusrocarbon chains form helices of
six tums with larger cross-sectional area (~0.3 nm® compared
to hydrocarbon chains {~0.2 nm*). This results in a stiff, rod-like
conformation that is distinctly different from the zigzag
conformation taken by hydrocarbon chains*™ As fluorine has
a lower polarizability compared to hydrogen, the cohesion
between fluorocarbon chains is weaker than the cohesion
between hydrocarbon chains, Interestingly, fluoro- and hydro-
carbon chains are very poorly misdble, although both dhains
are highly hydrophobic. It has been reported that the “di-
blocks”, linearly connected fluore- and hydrocarbon chains,
form seff-assembled micelles in both fluorecarbon and hydro-
carbon solvents, "™ and forming a stable monolayer at the
airfwater interface.

A previous atomic force microscopy (AFM) study showed
that FnHm maonolayers transferred from the ain'water interface
onto  solid substmtes consist of highly monodisperse
domains.*"** The grazing inddence small-angle K-ray scatter-
ing (GISAXS) yielded the lattice pammeters of FnHm domains,
dencting that 20 to 40 nm-arge domains take a hexagonal
lattice. The systematic dependence of the domain diameter on
the block ratio between Fn and Hm™ ™ was comoborated by
theoretical investigations.”™ However, the calalation of the
lateral correlation distance between FnHm domains from the
peak width might be ermomeous, when each domain does not
consist of a single crystallite. We overcame this problem by the
quantitative calculation of structure and form factors. Our
quantitative GISAXS analysis revealed that the correlation
between FnHm domains can acually reach owver a distance,

amphiphilic
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oPEN
Controlling the shape of 3D microstructures by
temperature and light

Marc Hippler® u, Eva Blasco® 3, Jingyuan Quz", Motomu Tanaka® 5"5, Christopher ES:I’T}E’I‘-KMG|lik3?,
Martin Wegenerz"‘ & Martin Basm'le«_.la'w

Stimuli-responsive micostrudtures are aitical to oeate adaptable systems in soft robotics
and biosciences. For such applications, the materials must be compstible with agueous
environments and enable the manufaduring of three-dimensional structures. Paoly(N-iso-
propylacrylamide) (pNIPAM) is 2 well-established polymer, exhibiting a substantial response
to changes in temperature dose to its lower critical solution temperature To creste complex
actuation patterns, materials that react differently with respedt 10 3 stimulus are required.
Here, we introduce functional three-dimensional hetero-microstructures based on pMIPAR.
By wariation of the local exposure dose in three-dimensiona laser fithography, we demon-
strate that the material parameters can be altered on demand in a single resist formulation.
We explore this concept for sophisticated three-dimensional architectures with large-
ampiitude and complex msponses. The experimental results are consistent with numerical
calculations, able to predict the actuation response Furthermore, = spatislly controlled
response is achieved by inducing a ol temperature inorease by two-photon shsorption of
fomusad light
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Mechanical stimulation of single cells by reversible
host-guest interactions in 3D microscaffolds

Marc Hippler'*, Kai WeiBenbruch®?, Kai Richler®, Enrico D. Lemma®, Masaki Nakahata®,
Benjamin Richter®, Christopher Barner-Kowollik™®, Yoshinori Takashima®, Akira Harada®,
Eva Blasco™, Martin Wegener'**, Motomu Tanaka'™' ', Martin Bastmeyer™*

Many essential cellular processes are regulated by mechanical properties of their microenvironment. Here, we
introduce stimuli-responsive composite scaffolds fabricated by three-dimensional (3D) laser lithography to simul-
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taneously stretch large numbers of single cells in tailored 3D microenvironments. The key material is a stimuli-
responsive photoresist containing cross-links formed by noncovalent, directional interactions between
B-cyclodextrin (host) and adamantane (guest). This allows reversible actuation under physiological conditions
by application of soluble competitive guests. Calls adhering in these scaffolds build up initial traction forces of ~B0 nN.
After application of an equibiaxial stretch of up to 25%, cells remodel their actin cytoskeleton, double their
traction forces, and equilibrate at a new dynamic set point within 20 min. When the stretch is released, traction
forces gradually decrease until the initial set point is retrieved. Pharmacolegical inhibition or knockout of
nonmuscle myosin 2A prevents these adjustments, suggesting that cellular tensional homeostasis strongly de-

pends on functional myosin motors.

INTRODUCTION

In cell biological research, more and more attention is drawn to bio-
physical cues that influence cellular behavior in addition to bio-
chemical cues (1). For example, adherent cells have been found to
be more spread, more polarized, and more contractile in stiffer
environments, they migrate differently, and stem cells differentiate
into different cell types (2). Cells are able to recognize and trans-
duce mechanical stress and strain patterns by mechanosensitive
maodules such as ion channels, cell adhesion sites, and the cyto-
skeleton (3). The mechanical input is ultimately converted to bio-
chemical signals that guide not only the dynamic rearrangement of
actin stress fibers and the actin cortex (4) but also gene expression
and the response to soluble ligands. Although several approaches
have been established to stretch cells, it remains challenging to
maonitor the cell response to mechanical stimuli.

Mechanical stimulation of cells is most commonly performed by
preumatic, piesoelectric, or electromagnetic stretching of deform-
able polydimethylsiloxane substrates or thin membranes (5). Here,
cells are typically adhering to two-dimensional (2I) substrates in
random morphologies. Other approaches such as optical tweezers,

Tinstiute of Applied Physics, Karsruhe InstEute of Technology (KIT), 76128 Karisruhe,
Germany. *Zoodogical Institute, Karisrube institute of Technology (KIT), 76128
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atomic force microscopy (6), microplates (7), or micromanipulators
(8) offer precise displacements in 31, but these technigues are hardly
scalable to study a large number of cells. In addition, a fixation of
cells in the stretched state is not possible. Moreover, all available
techniques require complex setups to trigger and control the stimu-
lation. A detailed description and comparison of these methods
can be found in several reviews (9, 10). Here, we propose a different
approach using 31 scaffolds based on stimuli- responsive, supra-
molecular polymers to simultaneously stretch a large number of
single cells in tailored 310 microenvironments.

In the past, 3D laser lithography has successfully been used to
manufacture cell scaffolds with tailored geometry and spatially |,
functionalized surfaces (11). However, the transition from passive
to active systems requires responsive materials that can be stimu-
lated on demand (12). In recent years, a large number of these ma-
terial systems with numerous applications in the macroscopic (13)
and microscopic (14, 15) regime have been investigated and exten-
sively reviewed (16, 17). One crudal constraint for the application
in cell biology is a specific physiological stimulus of the material
that does not influence or alter the behavior of the cells. Despite a
number of studies demonstrating the dynamic control of cells using
hydrogels responsive to temperature { 18}, pH ( 19), enzymes { 33), or
illumination with ultraviolet light (21), these applications are limited
because the formation and cleavage of bonds are often performed
under harsh conditions. Supramolecular polymers (22, 23) could
provide an advantage over the abovementioned materials, if appro-
priate host or guest molecules are selected for the stimulation (24).

In the following, we first present a stimuli-responsive photo-
resist containing cross-links formed by noncovalent, directional
interactions berween f-cyclodextrin (host) and adamantane (guest)
maodeties. The resulting hydrogel microstructares fabricated by 3D
laser lithography exhibit large volume changes by stimulation with
the soluble low-molecular weight guest molecules under inlog
conditions. Mext, we combine this material with conventional photo-
resists to fabricate composite scaffolds consisting of protein-repellent
base structures, protein-adhesive parts, and the stimuli-responsive
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Nanofocused Scanning X-ray Fluorescence Microscopy Revealing an
Effect of Heterozygous Hemoglobin S and C on Biochemical
Activities in Plasmodium falciparum-Infected Erythrocytes

Benjamin Frohlich, Yang Yang, Judith Thoma, Julian Czsjor, Christine Lansche, Cedilia Sanches,
Michael Lanzer, Peter Cloetens, and Motomun Tanaka®
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ABSTHACT: While there is ample evidence suggesting that cariens
of heterceygous hemoglobin § and C are protected fom  life-
threatening malaria, little is known abowt the underhang biochemical
mechanizms at the single cell level. Using sancfocused scanning X-
ray fueorecence microscopy, we quantify the spatial distrbwtion of
individual elements in suboellular compartments, induding Fe, 5, F;
Zn, and Cu, in Plomodion folponrm-infected (P falipanom- o
infected) erythrocytes carrying the wild type or vardant hemogobing
Chor dats indicate that heterozyrous hemoglobin § and C significan thy

Frozen Hydrated
Erythrocytas

X-ray 1
(th =25 nij:::,:

a

Delemr%;

modulate bischemical resctions in paraitized erythrocytes, sch a0

aberrant hemoroin mineralization and a delsy in hemoglobin degradation. The hbe-Fee scanming X-ray Seorescence imaging has
great potential to quantify the spatial distrbuwtion of elements in subeellubir compartments of P. falsparum-infected erythrocpes and
wrravel the biochemical mechanisms underpinning disease and protective traits.

Mah:’n still remains a major public health isee ciwed by
some species of intracellubr protoses from the genus
Plasmodiom (P}, among which P. faldperen & responsible for
miwt of the malada-rebted deathe Afler 2 parasite (meromoite)
imades 3 host erpthrocyte, the parsite is enclosed in 2 parasite
compartment (PC) and hence sepamate from the ervthroote
gtoplam (BEC) Hemogobin constitutes >95% of the
erythmocyte dry mass and is 3 central point of the parasite
metabolism.' After =24 h postinfection, termed as the
trophosoite stage, about 40% of hemoglobing (Hb) is degraded
in a digestive varuale (DV), which i 2 compartment nsde
PC* The proteclytic digestion of Hb in the DV results in
aming ackds and heme The former is uwiilized for the
development and growth of the paragite, while the liter iz
stored 24 hemosoin crystak.

Intriguingly, it s widely known that cardens of certain
heano globinopathies, variont formi of hemoglobin caused by
genetic mustations, m]}- lln-duP Bﬁ-ﬂh‘::ﬂﬂg comnditions
during 3 maliris infection. However, the undedying prndple
of the protection mechanism is only partly wdenstood. Two
very common representatives of such hemoglobinopathies are
heteromgous hemoglobin § ("sicke cell trait”, HbAS) and
hemogobin C (HbAC), both of which are chamcterized by a
single amino acid substiidion in cne of the fglobin chaing,
compared with the wild type hemoglobin HhAA" To date,
however, the effect of hemoglobinopathies on bischemical
reacticns in P fadparum-inkeced entlrocytes b mostly
been studied in cell populations and not at the single cell level

© 200 A cas Oarical Sechaty

v ACS Publications

I this study, we quantitatively asessed how the metabolic
activity of P. faldparum is affected by the hemoglobinopathies
HbAS and HbAC uvsing eement-specific. scanning X-ray
fluorescence micnscopy [(SXFML*™ The e of 2 nano-
focused synchrotron beam enabled the bbelfree, chemically
imaging ingide single red blood cells and the quantification of
the spatisl subcellubir distriutions of target slements with
nancmeter resohstion and trace level sensitivity. ™

B RESULTS AND DISCUSSION

As gchematically dhown in Figure 1a, for Suoreicence mapping,
the cryofived sample was contimsoudy scanned with a focused
X-my mnoprobe [ 1705 keV) foomed down to 2 beam sive of
about 27 ¥ 37 nm® On one side of the sample, 2 multielement
85D detector (Rayspec, UEL) was placed neady orthogonal (a
= §7) to the beam path, collecting fuorescence signals. Panels
b and ¢ of Figure | repretent the sme infected HbAA
eryihrocyte at the trophoroite stage (2436 h postinvasion],
as 2 virtual slice cloubited Fom a phase contrast tomography
reconstruction and by flucrescence mapping, respectively. The
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lon-Mediated Cross-linking of Biopolymers Confined at Liquid/
Liquid Interfaces Probed by In Situ High-Energy Grazing Incidence
X-ray Photon Correlation Spectroscopy

Federico Amadei, Judith Thoma, Julisn Czajor, Esther Kimmle, Akihisa Yamamoto, Wasim Abuillan,
Oleg V. Konovalow, Yurdy Chushkin® and Motomu Tanaka®
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ABSTRACT: As manifested in biclogical el membranes, the confine-
mienil of chemical mactions at the 21D interfaces signihemntly improves the
reaction efficacy. The mnterface between two liguid phases is used in
varous key processes in industries, sich 2 in food emulsfication and
floatation However, monitoring the changes in the mechanics and
dymamics of molecules confined =t the Hguid/lquid intedfaces still
remaing 3 scientific challenge becume it & nontrivial to access the
interfice buried under 3 liquid phate Herein, we report the in situ
monitoring of the crosslinking of polyalginste medisted by Ca™ jons at
the ol /water interface by grazing ncidence X-my photon correlabion
spectroscopy (GINPCS). We fist optimized the reaction conditions with
the aid of interbicial shear thealogy and then P)u-h-mml GIXPCS wing a
high-energy sy tron Xeray beam (22 keV') that guarantess sufficently high transmittance through the o phase. The intensity
autocomelation functions implied that the formation of a percolated network of polyalginate is sccompanied by increasing rebwation
time. Moreover, the rebaation rate scales linearly with the momentum transfer paalle] to the interf ce, suggesting that the proces i
driven by hyperdiffusive propagation but not by Brownian diffusion Our dats indicated that high-energy GIXPCS has potential for
in gity monitoring of dhanges in the dynamics of polmen confined between two liguid phases.

B INTRODUCTION the formation of Glms and domaing ot the liguid/lquid
Confinement of chemical reactions in 3 2D space significantly interface by discriminating the interbcial W:Mh
improves the reaction rate and eficency of the reaction: the bulk. Hm-er, despite a MAF proee in feckdt yeaos,
rebtionship between the mean difusion time for the three  fheologicl mesrements yield response funclions averaged
body collision r and the efective molecular radins ris (7.0} o over macroscopic length sales, bud they are not able to
— T v in 2D, while that in 3D is {7y} & 7. In biological cell provide insights into the enderlying microscopic behaviors.
membranes, mumerous biochemica] resctions are confined and When we look af the time domain, ntedace rhealogy
reguelated in fresr the membranes One obviows eample i the mesurements can be pedormed under lmited Fegquency
catalytic digestion of phoipholipids by phosgpholipase A2 3t the conditioris. Therefore, the influence of resctions and struchere
membrane fwater interfuce, showing the highest efficiency near formation on the dvamis of molecules confined 3t the
the phase separation boundary.” Muliphasic catalytic reactions Liguid/ liguid interface is brgely unlnown.

at the liquid/liquid interBee ame alio attractive for catalyst Xeray photon correlation spectroscopy [J{PCS},T detecting
separation and product recovery in orgnic transformation’ temporal correlation of scattered photons, has been wed to
To date, variows took, sch 2 emubiong Janus particles, and measure the dynamics of disordered systems, such as collective
microfluidic d“""'-’f'- have Been proposed to increse the diffusion of colloids near glas transition,” aging of metallic
reaction efficiency.” A sol—gel tramsition at the intedface i also ghiss” and dymmics of polymer dhaing in sohutions and gek '
an important proceis for stabilizaton of food colleids and
microencapsulation of enrymes and cella®

Despite 3 wide variety of applicitions in Sifferent felde, iy~ Bebed Awgus 1, 2020

sitn monitoring of changes in the dynamical properties of =~ Revied:  September 3, 2000
melecules confined 2t the lguid/liguid interface is sl an ~ FPublished: Sepember 2, 2000
experimental dallenge becaute the liguid/lquid interface is

not easdly accesible Interface rheology™ i one of the tock to

monitor the change in viscoehsticity of interfaces coused by
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Specific localisation of ions
in bacterial membranes unravels
physical mechanism of effective
bacteria killing by sanitiser

Judith Thoma*’, Wasim Abuillan™**, Ippei Furikado®, Taichi Habe?, Akihisa Yamamoto®,
Simone Gierlich?, Stefan Kaufmann®, Klaus Brandenburg®, Thomas Gutsmann®,
Oleg Konovalov®, Shigeto Inoue®™” & Motomu Tanaka™™"

Antimicrobial resistance is a major threat to public health. Althowgh many commercial sanitisers
contain a combination of catienic surfactamts and aromatic alcohols, the physical mechanisms where
these two substances bind to or how they disturb bacterial membranes are still largely vnknown.

In this study, we designed a well-defined model of Gram-negative bacteria surfaces based on the
manolayer of lipopolysaccharides with uniform saccharide head groups. Since commaonky vsed X-ray
reflectivity is sensitive to changes in the thickness, roughness and electron density but is not sensitive
to elements, we employed grazing incidence X-ray fluorescence. In the absence of Ca®*, cationic
surfactants can penetrate into the membrane core with no extra support by disturbing the layer of
K* coupled to negatively charged saccharide head group at z=17 A from the airjchain interface. On
the other hand, Ca** confined atz=19 A crosslink charged saccharides and prevent the incorporation
of cationic surfactants. We found that the addition of nonlethal aromatic alcohols facilitate the
incorporation of cationic surfactants by the significant rovghening of the chainfsaccharide interface.
Combination of precise localisation of ions and molecular-level structural analysis guantitatively
demaonstrated the synegtestic interplay of ingredients to achieve a high antibacterial activity.

As stated in a report issued by the World Health Organization in 2004, antimicroblal resistance 15 8 major threat
to public health'*. This 15 due to the overuse of therapeutlc agents by over-prescribing antthiotics In the chins-
cal treatment of human patients as well as livestock In the farming industry**. Although the development of
antimicrobizl agents ts necessary for the sustainshle soclety, It &5 often overlooked that 2 proper use of sanitisers
already enables us to achieve a sufficient hygiene bevel a5 well as to reduce the number of antiblotic treatments®.
Bacteria, including pathogenic and non-pathogenic speces, form colonies, often called biofilms, In households,
Industry sectors, and hospitzls. A recent multicentre study reported patients” bath basins 25 potential bactertal
reservodrs, which may become a source of transmisston of nosocomial infections’.

Currently, chemical sanitisers, such as quaternary ammonlum compounds (QACS), bishiguanides (chlorhex-
idine), and polymeric biguanides, are among the most commonly wsed disinfectants®*. For example, benzalko-
nium chioride (BAC, Fig. 1) 1s 2 cationic surfactant widely used as a sanittser™'”. The mechandsm of QAL activity
is believed to imvolve (1) the electrostatic binding of positively charged quaternary nitrogen to negatively charged
lipids on bacterial membrane surfaces, (2) the Integration of hydrocarbon chains of QACS Into the hydropho-
bic core of bacteriz]l membranes, which results in (3) the disruption of cell membranes and subsequent boss of
cytoplasm®***!, Howewer, although QACs have been extensively used since the 19308, some bacterial strains have

physical Chemistry of Biosystems, Institute of Physical Chemistry, University of Heidelberg, 69120 Heidelberg,
Germany. *analytical Science Research Laborstories, Kao Corporation, 1334 Minato, Wakayama, Wakayama
Prefecture §40-0580, Japan. "Center for Integrative Medicine and Physics, Institute for Advanced Study,
Kyoto University, Kyoto 606-8301, Japan. *Research Center Borstel, Leibniz Lung Center, 23845 Borstel,
Germany. ‘Eurcpean Synchrotron Radistion Facility (ESRF), 32043 Grenoble, France. "Present address:
Brandenburg Antiinfektiva GmbH, 23845 Borstel, Germany. "These authors contributed equally: Judith Thoma and
wasim Abuillan. “email: abuillani@uni-heidelberg.de; inove. shigeto@kao.com; anaka@uni-heidelberg.de
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OPEN  Glycogen accumulation,
central carbon metabolism,
and aging of hematopoietic stem
and progenitor cells

Lavra Poisa-Beiro****, Judith Thema****, Jonathan Landry®, Sven Saver®,
AkihisaYamamoto®, Volker Eckstein®, Natalie Romanov™, Simon Raffel?,
Georg F. Hoffmann®, Peer Bork®”, Wiadimir Benes®, Anne-Claude Gavin®"*,
Motomu Tanaka®** & Anthony D. Hol4

Inspired by recent proteomic data demonstrating the upregulation of carbon and glycogen
metabolism in aging human hematopoietic stem and progenitor cells (HPCs, CD 34+ cells), this
report addresses whether this is cavsed by elevated glycolysis of the HPCs on a per cell basis, or

by a subpopulation that has become more ghycolytic. The average glycogen content in individual
CD34%s+ cells from older subjects (> 50 years) was 3.5 times higher and more heterogeneous compared
to younger subjects (< 35 years). Reprasentative ghycolytic enzyme activities in HPCs confirmed a
significant increase in glycolysis in older subjects. The HPCs from older subjects can be fractionated
into three distinct subsets with high, intermediate, and low glucose uptake (GU) capacity, while the
subset with a high GU capacity could scarcely be detected in younger subjects. Thus, we conclude
that upregulated glycolysis in aging HPCs is caused by the expansion of a more glycaolytic HPC
subset. Since single-cell RMA analysis has also demonstrated that this subpopulation is linked to
miyelyid differentiation and increased proliferation, isolation and mechanistic characterization of this
subpopulation can be vtilized to elucidate specific targets for therapeutic interventions to restore the
lineage balance of aging HPCs.

Glycogen accumulation upon aging has been reported in cells such s nerves, neurons, astrocytes, and muscle
cells'* Glycogen is the storage polyglucosan {P(G) and pertodic actd-5chaff (PAS) reaction has been established
a5 the method to detect ghyoogen and other palysaccharides®. Glycogen content 1s usually bow In blood cells bt
high levels of glycogen are characteristically found in the leukemia cells of patients with acute lymphoblastic
leukemnia (ALLY"™. Before immuno- and modecular diagnostics for classification of acute leukemias has become
routine, PAS-staining comstitiuted an essential histochemical method for the classification of acute leukemizs.
Glycogen accumulation in form of PAS positive granudes was prominently found in the blasts of ALL and was
reported to Indicate progoostic significance®.

‘Department of Medicine VW, Heidelberg University, Im Mevenheimer Feld 410, 69120 Heidelberg,
Germany. *Molecular Medicine Partnership Unit Heidelberg, EMBL and Heidelberg University, 65120 Heidelberg,
Gemmany. "Physical Chemistry of Biosystems, Imstitute of Physical Chemistry, Heidelberg University, Im
Meuenheimer Feld 253, 59120 Heidelberg, Germany. “Center for Imtegrative Medidne and Physics, Institute for
Advanced Study, Kyoto University, Kyote 605-8501, Japan. *Genomics Core Facility, Evropean Molecular Biology
Laboratory (EMBL), Meyerhofstrasse 1, 52117 Heidelbeng, Germany. *Division of Child Mewrclogy and Metabolic
Diseases, Centre for Child and Adolescent Medicine, University Hospital Heidelberg, im Mevenheimer Feld %30,
59120 Heidelberg, Gemany. "Structural and Computational Biology Unit, European Molecular Biology Laboratory
(EMBL), Meyerhofstrasse 1, 65117 Heidelberg, Germany. "Department for Cell Physiclogy and Metabelism, Cantre
Medical Universitaire, University of Geneva, Rue Michel-Servet 1, 1211 Geneva &, Switzerland. "Present address:
Max Planck Institute of Biophysics, Mas-von-Lave Strale 3, 60432 Frankfurt am Main, Germany. ¥These authors
contrbuted equally: Laura Poisa-Beire and Judith Thoma. =email- tanaka@uni-heidelberg.de; anthony_dick.ho@
urz.uni-heidelberg.de
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Abstract

Ample evidence has demonstrated that biological cells not only react to biochemical cues from the sumounding
microenvimnments but also sensitively detect the mechanical properties of the extracellular matrix and neighboring cells to
adapt their shape, function, and fae. Mechanical aspscts in biology, called mechanobiology, have boen atracting biologists,
chemizts, physicists, and mechanical engineers. However, most in vitmo sudies to date have heavily relied on covalendy
cmss-linked hydrogels with prefixed and hence unchangeable mechanical properties, altwugh dwe mechanical properties of
the cellular micreenvirnment are never uniform or static. From this context, stimuli-responsive hydrogels are highly
atractive as sumpgate materials that can simulate dynamic physical micreenvironments in vivo, This review tries to provide
a comprehensive overview of previous achievements, present pitfalls and challenges, and future perspectives on e necent

development of stimuli-responsive hydrogel materials for the dynamic control of cell behavior.

Introduct on

During the past two decades, mechanobiology has drawn
increasing  afention a2 an  imerdisciplinary foum  for
resgarchers from the fields of materials science and hiome-
dical science. Mounting evidence sugpest tat hological
cells not only passively semee hiochemical cues b ako
actively react to mechanical cues from the sumounsding
microenvirmment [1, 2], For example, the fomation of
newite branches of neuwronal cell [3] and the smiation of
acomyosn bundles in cadiac myotwhes [4] is significantly
improved on hydrogel sulstrates possessing elastic moduli
comparable o those of the native extracellular matrix.
Researchers from regenerative medicine have also suggestad
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the impontance of mechanical compliance in de regolation of
stem cell differentiation Mesenchymal sem cells injectad
imto de blood vessels of a lever undergoing fibrosis did not
lead to dwe regeneraion of hepaiocyies but insead led o
miadifferentiation into ductal cells [3]. In 2004 Discher and
coworkers showed tat te lineage-specific differentiation of
somatc sem cells can be regulated by the elastcity of che-
mically croas-linked polyacrylamide subsirates functionalized
with type I collagen [6]. Altough later stdies have shown
that subsirate elasticity i impontant but not the only deter-
mvinmt for the fate of stem oells [7, 8], tis study made many
materials scientists aware of the crucial roles of mechanics in
regulating cells, To date, a numiber of chemically croes-linked
hydrogels have been synthesized as models of e extra
cellular matrix [9]. The fine adjustment of cross-linker con-
centratons and the reaction tme [10, 11] enables dwe control
of bulk elastic modui {Young's moduli) of hydmogels ex situ.
Suwch materials have been used i gain insights inio the roles
of elasticity compliance betwaen cells and the extracellular
matrix in optimizing cell morphology [4, 12, 13], regulating
migrainry behavior [14, 15], controlling stem cell differ-
entation [16], and engineering tissue [17].

However, these ex sitn approaches to mechanically regulate
hiological cells have overlooked one key aspect the micro-
emvimnments of cells are never gatic but highly dynamic.
Drynamic changes inextracellular matrix a6 ffress significanthy
inflwences vanows cellular functions. A number of stidies have
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Interplays of Interfacial Forces
Modulate Structure and Function of
Soft and Biological Matters in
Aquatic Environments

Motomu Tanaka =

? Physical Chemnistry of Biospsterms, instiute of Physical Chemistry, Heidalber Uniersity Heidelberg, Germany, 7 Canter for
Integrative Mecicine and Physics, Insfiute for Advancad Study. Kyoto Uniersiy Kyols, Japen

Water had besan considered as a passive matrix that merely fills up the space, supporting
the diffusion of solute molecules. In the past saveral decades, a number of studies
have demonstrated that watar play vital roles in reguiating structural orders of biological
systems over several orders of magnitude. Water molecules take versatile siructures,
many of which are transient. Water molecules act as hydrogen bond donors az well as
accepitors and biochemical reactions utilize water molecules as nucleophiles. Neadlass
to =ay, the same principle holds for the synthetic materials that function under water: the
conformation, dynamics and functions of molecules are =significantly influsnced by the
surmounding water. This review sheds light on how the structure and function of soft and
bictogical matter in aquatic environments are modulated by the orchastration of various
intarfacial forcas.

Key d=: soft matter, biosy

interfocial & finjini

3 F pecular reflectivity

INTRODUCTION

Water shares about 6065 wt% of an adult human body, whose most prominent example is cytosolic
fhuid inside ~ 100 trillion (10") cells making up our body. Mounting evidence suggests that water
is not a simple continuum supporting passive diffusion of solute molecules. On the contrary,
water plays more active roles in controlling the conformation and dynamics of biopolymers and
proteins over several orders of magnitude both in space and time (Ball, 2017). For example, *H
spin relaxation studies on bacteria cultured in D50 showed that about 85 % of water in bacteria has
bulk-like dynamics (t ~ 10~ 5), and the dynamics of the rest of water is slower by one order of
magnitude (Persson and Halle, 2008). Most strikingly, a very small fraction of water (~0.1 %) shows
a significantly slow dynamics with T ~~ 10~ 5. Thus, if one considers the interafacial interactions
between water and biological matter, the interactions inevitably involve both free (bulk) and bound
(hydrating) water.

If we look into biological systems, a variety of interfacial interactions are combined to sustain
living systems in water [ Alberts, 2017). For example, epithelial cells establish stable, specific contacts
with neighboring cells. On the other hand, cells in connective tissues, both in loose and dense
connective tissues, hardly make any contacts with their neighbors. The intercellular space is
filled with various biopolymers, acting as “cushions” and “lubricants” to help tissues withstand
compressional and frictional stresses, respectively (Figure 1A). Moreover, the layer of oligo- and
polysaccharides coating the outer surface of cell membranes, called glycocalyx, plays major roles
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Editorial: Interfacial Water: A Physical
Chemistry Perspective
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Editorial on the Research Topic
Interfacial Water: A Physical Chemistry Perspective

Earth is called a "water planet,” as it is the only planet possessing massive quantities of liquid water
on its surface. Water is essential to sustain our life, as 60-65 wi% of a human body consists of
water. Because of the increasing demand for more efficient use and management of water, the
United Mations defines "Clean Water and Sanitation™ as one of the Sustainable Development
Goals (SDG 6).

Liquid water is one of the most ubiquitous materials on earth and is closely associated with
life. Its anomalous behavior is recognized as the origin of a variety of phenomena in chemistry,
biology, and geosciences and the underlying aspects of liguid water have been investigated from
the viewpoint of physics. However, for reasons that inchude a lack of full understanding of liquid
water (despite the accumulation of a vast body of experimental and theoretical data), the role of
water at interfaces has vet to be fully ducidated. For example, ample evidence suggests that water
maolecules near the interface take various transient structures depending on the interacting surface,
while the presence of water molecules significantly modifies the physical properties of surfaces.

This special issue of Frontiers in Chemistry—Physical Chemistry and Chemical Physics aims to
shed light on interfacial water from different angles.

Tanaka {article 165) provided a comprehensive review on how the interfacial “forces” are
counter-balanced and define the structure and mechanical properties of soft matter and biclogical
matter in aquatic environments. Following the classical concept of disjoining pressure described
by Derjaguin, this article exemplifies several surface sensitive techniques, such as high energy
X-ray reflectivity and specular/off-specular neutron scattering, that enables the quantification of
maolecular-level structures and significance of interactions in aquatic environments. The perspective
article by Cao et al. (article 626) further extends the topic to “looking at water near the solid/liquid
interface.” They nicely summarize recent progress in non-contact atomic force microscopy and
simulations enzble to visualize hydrogen bonding network and weakly bonded water clusters.
They conclude that the continuous improvement of AFM imaging and AFM modeling will bring
about more comprehensive understanding of the structural, mechanical, dynamic, and functional
heterogeneity of intricate interfacial water systems.

In this Research Topic, two papers deal with physical properties of water molecules interacting
with biological membranes. Hydration of biological membranes is a biologically relevant issue,
as many of key biochemical reactions are confined to the close proximity of membrane surfaces.
Yamada and Seto’s minireview (article 8) provides a compact summary of the application of the
quasi-elastic neutron scattering (QEMS) technique on hydration between lipid membranes. Such
technigues, quantifying the diffusive dynamics in explicit geometry, will help material scientists to
unravel the dynamics of water confined in nanochannels, such as polymer-based electrolytes for
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ABSTRACT: Semiflvorinated alkanes self-assemble into 30—40 am-lage surface
domaind (hemimiceles) at the air/water interfice. They have been dawing increasing
attention to stabilize microbubbles coated with lipids, which are used for enhancing the
contrast in sonographic imaging Although previous stedies suggested that semi-
fluorinated alkanes increase the stability of phospholipid membranes, little is Inown
about how semiflvorinated allanes inflsence phase behaviors and mechanical properties
of hpid-costed microbubbles. As 2 well-defned model of miccobubble sudfaces, we
prepared monchyers congsting of 3 midure of phospholipids and semifluornnated
allanes at the airfwater interfice and investigated the influence of hemimicelles of
semifluorinated alkanes on the phate behavior and interfacial viscoehatic properties of
phospholipid monolayers. Hemimicelles are phase-sepanted from phospholipids and
accumulate at the phase boundary, which strongly modulates the comelation between
solid phospholipid domaing. Intringuingly, we found that the mived menmolyer of
semiflucnnsted dlane: and phosgpholipids poseiies inear and nonlineir vibcoelstic

properties comparable to those of phospholipid monolayens. Since the miving of semifluorinated allanes and phospholipids enables
one toovercome the intringically low stability of pure semifluorinated alkanes against the change in the axrface area of microbubbles
through the partial dimclution of gas into the aqueows phage, this is 2 promising strategy for the stable coating of microbubbles in

ultrsound dizgnosis.

B INTRODUCTION

Semiflvorinated allane diblock molecules (C,Fp.CouHanop
FrHim) have drawn increasing attention during the last decades
due to their sceptional physical and chemical properties®—*
Thete inchiade 3 stoong dipole moment resulting mainly fom
the CH;—CF; junction and the CF; terminal group and a
highly hydrophobic and oleophobic nature of the mole
cules."™ Long semifluorinated allanes (n + m > 23} form
stable la:rlgmui:r monalayens at the air/water interface and self
assemble spontanecusly into monobyers composed of highly
mhfm-m, circular domaing with diameters between 30 and 40
nm, so-called surface hemimiceles ™™ These hemimicelles,
schematically represented in Figure la (inset), are very stable
againgt coalescence, and their size can be regubted by the
balance between fuoro- and hydrocarbon t lengtha™ "
Grazing-incidence amall-angle X-my scattering (GISAXS)
revealed that the FnHm hemimicelles adopt a hexagonal
paracrystal bttice on water and that the bteral correbtion
between the micelles reaches over a distance that is B—20 times
losger than the dumeter of one micelle, depending on the
length of the FnHm molecules '

Recent studies demonstrated that the self-asembled Frim
hemimicelles confimed at the air/ water interface posess unique
viscoelastic propertiea™ """ Dilational*® and shear” teology

& 0N Amarcas Tramicad Ssclaty

A ACS Publications

Tl

mexurements revealed that the sysem is predominantly
elistic, which cn be attnbuted to very poor compreiabiity
[~7 m/N} and strong dipole repulions between the
micelles™ A posmible explanation for the low interfacial
viscosity is the strong hydrophobic nature of the semi-
Auorinated alkanes, which resulis in a low Fiction betwesn
FnHm monobyers and the water subphase ™

Such unique mechanical properties of surface domaing of
semifluorinated alkanes open up a broad vadety of biomedical
applications. One potential application is to stabilize micro-
bubbles that are uted 2t contrast agents for wltrasound imaging
and dreg delivery."*~"* So fir, commercial microbubbles used
for ultrasound dizgnostics are coated with shells made of lipids
or albumin. """ However, increasing the control over micro-
bubble size and sability characterstics is a sought after
challenge. Pure monolyers made out of Fnfim hemimicelles
poseis very low hieral compresibility and thus tend to
collapse under a slight decrease in the swrbee area ™ Thus, we
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Force generation by a propagating wave of
supramolecular nanofibers

Ryou Kubota®', Masahire Makuta? Ryo Suzuki@ 3, Masatoshi lchikawam £ Motomu Tanakam 34 &
Itaru Hamachim 155

Dynamic spatiotemporal pattems that arise Fom out-of-aquilibium biochemical react ions
generate forces in Iving cells. Despite considerable recent efforts, rational design of spa-
tiotemporal pattemns in artificial molecular systems remains al an early stage of development.
Here, we desoribe force generation by 3 propagating wave of supramoleoular nanofibers.
Inspired by actin dynamics, a reaction network is designed to control the fosmation and
degradation of nanofibers by two chemically orthogonal stimull Real-time flusrescent ima-
ging successfolly visualizes the propagating wave based on spatistemporally coupled gen-
eration and collapse of nanofibers. Mumerical simulation indicates that the concentration
gradient of degradation stimules and the smaller diffusion coefficient of the nanofiber ane
critical for wave emergence Moreower, the force (0005 pM) generated by chemophoresis
and/or depletion force of this propagating wave can move nanobeads along the wawe
direction.
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Extreme deformability of insect cell membranes is
governed by phospholipid scrambling

Graphical abstract

Drosophila XKR

Constitutive
phospholipid scrambling

Cell membrane deformability 4
Resistance to mechanical stress {

Highlights
» Compared with mammalian cells, Drosophila cells have a
highly elastic cell membrane

s Drosophila XKR promotes membrane deformation by
constittive phospholipid scrambling

= Phospholipid scrambling affects actin cortex dynamics and
lipid bilayer mechanics

s Deformability of mammalian cells can aleo ba enhanced by
phospholipid scrambling

Shiomi et al, 2021, Cell Reports 35, 109219
June 8, 20321 @ 2021 The Author(s).
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In brief

Shiomi et al. show that Drosophila cells
possess a cell membrane with extreme
deformability and resistance to
mechanical stress, where constifutively
active phospholipid scramblass XKR
disturbs the asymmetric distribution of
phospholipids and promotes the
deformability of cell membranes by
regulating both actin cortex dynamics
and mechanical properies of the
phospholipid bilayer.
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Dendronized oligoethylene glycols with
phosphonate tweezers for cell-repellent coating of
oxide surfaces: coarse-scale and nanoscopic
interfacial forcesy
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Aesch, @™ Stefan Kaufmann® and Motomu Tanaka 0929

Dendronized oligoetiyiens gycols (dendron OEGS] with two phosphanate groups jphosphonate hveerers)
have been drawing significant attenBon as a new class of coaling materiak for superparamagnetic iron
ide surlaces. However, despite dendron OEGE showing oulstanding stabiity in physiclogical flusds in
previous shidies, itk & undersiood aboul their structure and mechanical properties Herein we repaort
the srace and inlernal structures and mechanical properties of dendron OEGs, and quantitatively
deterynine ther abiliy to awoid non-spedfic adhesion of blood platelels. To gain irsight into e
imerfacial lorce interaclions, we measured the coarse-seale surlace fonce aclng on osll-sired paricles
and mapped the RANOSCORIC pinning centers by 125t lorce mapping.
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Introduction

Owing to their excellent magnetic properties and high trans-
veme mlamation, over the past several decades super-
paramagnetic iron oxide panoparticles have been drawing
increasing attention for a variety of medical applications, such
as contrast enhancement in MBI and hyperthermia cancer
theranostics *# A key prerequisite for their medical application
iz the chemical functionalization of nanoparticles to achieve [i)
high stability in physiological fluids, (i) contral of the particle
size below 100 nm, without aggregation, and (iii) the presena-
tion of high saturtion magnetization. In the absence of surface
coating materials, iron oxide nanoparticles tend to form pm-
sized aggregates. In addition, it is clear that iron oxide nano-
particles for medical applications should not non-specifically
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adhere to vascular endothelial celk or blood cells, particularly
platelets. To date, several polymers have been developed for
coating the surface of oxide nanoparticles, incuding poly-
ethylene glyeol [PEG)* demran,” and polyvinylpyrrolidone,
amongst others* However, despite significant pmgress, a per-
sisting limitation of polymerbased coatings is that high
maolecular weight polrmers tend to form thick organic “shells”
that generally increase the hydrodynamic diameter of particles
and cause problems following administration.

To increase the grafting density and enable the flexible
adjustment of structures and functions, Felder-Flesch and co-
workers proposed the grafting of dendritic oligoethylene
glveols via phosphonate chemistrv.** In contrast to widely-
used linear polymer brushes, dendritic molecules allow for
the discrete control of entities with monodisperse size and
physical properties by changing their generation.™ Phosphonates
were chosen for the surface coupling because they realize a much
higher gmfting mte™ and stronger hinding than the carboglate
anchors more commonly used for the surface coating of oxide
nanoparticles ** The replacement of carbooylates with phospho-
nates also offers an advantage in terms of the magnetic properties.
In-field Mosshaver spectroscopy and SQUID measurements have
sugpested that the coating of oxide with carbosylates leads to spin
canting in the oxide lyer, resulting in a decrease in the net
magmetiation. In contrast, coating with phosphonate did not
screen the magnetic properties.™ The coating of iron mdde nano-
particles with thin layers of dendronized oligoethylene glyeol wis
phosphonate chemistry therefore realized versatile, robust, and
high relazation MR contmst agents™ To date, dendmnized
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Id1 and Id3 Are Regulated Through Matrix-Assisted
Autocrine BMP Signaling and Represent Therapeutic

Targets in Melanoma

Georg Sedlmeier, Vanessa Al-Rawi, Justyna Buchert, Klaus Yserentant, Melanie Rothley,
Anastasia Steshina, Simone Grdfile, Ruo-Lin Wu, Thomas Hurrle, Wilfrid Richer,
Charles Decraene, Wilko Thiele, Jochen Utikal, Wasim Abuillan, Motomu Tanaka,
Dirk-Peter Herten, Caroline 5. Hill, Boyan K. Garvalov, Nicole Jung, Stefan Briise,

and Jonathan P. Sleeman*®

The tumerigenicity of cancer cels is highly influenced by the extracellular
matrix (ECM) through mechanisms that are poorly understood. Here it is
reported that a variety of 30 ECM microenvironments strongly induce
exprassion of 1d1 and 143 in melanoma cells. Genetic ablation of 1d1/1d3
impairs melanoma cell outgrowth in 3D Matrigel culture and inhibits
melanoma initiation in vivo. Mechanistically, 3D ECM microenvironments
hinder diffusion of endogenously preduced bone morphegenetic proteins,
thereby fostering autocrine signaling and 1d1/1d3 expression. A compound
screen identifies new coumarin derivatives that potently inhibit both 1d7/1d3
asxpression and melanoma initiation in vivo, Together, the findings reveal a

1. Introduction

Phenotypic plasticity is thought to en-
able a subpopulation of tumor cells to
support the initiation, long-term mainte-
nance and therapy resistance of mmors.[!]
Plasticity can be acquired by tumor cells
through exposure to appropriate environ-
mental signals.?l The extracellular matrix
(ECM) within the tumor microenviron-
ment, a complex and dynamic neswork of
secreted proteing and polysaccharides that
includes collagens, laminins, proteoglycans
and hyaluromnic acid 1] is thought to provide
such signals through its biochemical and
physical properties!*£| In mice, the effi-
ciency of tumor initiation increases with the
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Physical Concepts Toward Cell-Material
Integration

Chack far
updntes

Motomu Tanaka and Akihisa Yamamoto

1 Interfaces: Where Materials Meet Cells

One of the most crucial steps in cell-material integration is the optimization of
cell-material interactions. Namely, materials should not cause the protein denatur-
ing by nonspecific adhesions or interfere with the endogenous functions of biologi-
cal cells. Typical examples include stents and artificial heart valves, as the nonspecific
adsorption and accumulation (fouling) of serum proteins might cause a serious con-
sequence. On the other hand, cells should not interfere with the structural integrity
of matenals by irreversible chemical reactions or enzymatic degradation. The place
where cells meet materials defines the “interface™ between two different worlds.
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Critical role of lipid membranes in polarization and migration of cells:

a biophysical view

Erich Sadmann’ « Motomu Tanaka ™ 2
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Abstract

Cell migration plays vital moles in many biologically relevant processes such a8 tissue morphogenesis and cancer metastasis, and
it has fascinated biophysicist over the past seversl decades. Howewer, despite an increasing number of studies highlighting the
omchegraton of prokeins involved in different signaling patvways, the finctional roles of lipid membranes kave boen cssentially
overlooked. Lipid membranes ane generally considened o be a finctionless two-dimensional matix of proteins, although many
proizing regulating cell migration gain functions only after they are recruited to the membrane surface and self-organize their
fumctional domains. In this review, we summarize how the logistical recruitment and release of proteins to and from lipid
membranes coondinates complex spatiotemporal molecular processes. As predicted from the classical framework of the
Smoluchowski equation of diffusion, lipidproien membranes serve as a 2D reaction hub that contribuies o the effective and
robust regulation of polarzation and migration of cells involving several competing pathosays.

Keywords Lipid membranes - Cell adhesion - Cell polarization - Cell migration

Introduction: cell migration driven
by membrane protrusion fretraction

Directional migration {crawling) of eukaryotic celks is one of
the most relevant processes not only for simple, unicelular
organisms like amocha bt also for highly developod meta-
zoans such as mammals { Abercrombie 19800, In general, cell
migration ¢can be categorized into two groups mesenchymal
migration and amoeboid movement. Mesenchymal migration
iz characterized by the formation of actin-contining protme-
sions, such as lamellipodia, near the spreading front that i
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followed by retraction of the trailing end. Amocboid migra-
tiom i= driven by the extension of protnesions at the front side,
called pseudopods, which pull cells forwand. Pseudopods
might consist of actin-free blebs and lamellipodia-like stnse-
tures, such as wopods of hematopoietic stem cells or
inwadopodia of cancer cells.

From the viewpoint of noneguilibrivm stwtistical physics,
cell muig ration is alsoan interesting subjoct hecase the front-
rear asymmetry is caused by spontaneous symmetry break ing.
A simple equation describing mstability-driven motion for the
movement of a spherical droplet, or a circle in a two-
dimensional (20 projection]), including the velocity of center
of mass v, friction +and the deformation tensor &, dw'dr= 9w
- ﬁ—af._‘.vr is mot sufficient to describe cell migration. Cells
adhere to the contact surface, such as the evtracs]lular metriz
or ather cells, generate forces and actively deform while
crawling. A number of stdics have shown that a cell un-
dergoes thythmic deformation by protreding and retracting
the plasma membrane during migration, Membrane protr-
zions ane formed either by (i) generation of actin netwaorks
mediated by the Amp2/3 complex, such s lamellipodia and
inwadopodia (for cancer cells); (i) Arpl3- ndependent exten-
zion of actin bundles, such as filopodia; or (i) actin-free
meemibrane blebs oniginating from intracel lular hydoodymamic
presaures (Schaks et al. 2019).

4} Springes
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Functionalized supported membranes for
quantifying adhesion of P. falciparum-infected
erythrocytes
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ABSTRACT Tha pathology of Plasmodium falciparum malariais largaly definad by the cylbadhasion ofinfactad arythrocytas to
tha microvascular andothalial lining. The compleaxity of the andothalial surface and tha large ranga of interactions available for
tha infeciad arythrocyte via parasite-ancodad adhasins make analysis of ertical contributions during gytoadharance challanging
todafina. Hare, wa have axplored supported membranas funciionalized with two important adhasion recapiors, ICAM1 or CD3G,
as a quantitative biomimeatic surface o halp undarstand the procassas invalved in cytoadharenca. Parasitized arythrocytes
bound to the recapiorfunctionalized membranas with high afficiancy and salectivity undar both stafic and flow conditions,
with infected wild-type ervhrogtes displaying a higher binding capacity than do parasfized heterozygous sickle cells. We
further show that the binding efficiancy decraased withincraasing intermolacular recapiordistance and thatthe call-surface con-
tacts wara highly dynamic and increased with rising wall shaar stress as the call undarwent a shape transiion. Computar sim-
ulations using a deformable call modeal explained the wall-shear-stress-induced dynamic changes in call shape and contact area
via the spacific physical proparies of erythrocyies, the density of adhasins prasenting knobs, and the lateal movemant of ra-
captors in the supported mambrana.

SIGNIFICANCE Adhasion of infectad arythrocytes to the microvascular andothelial lining is the key event that dafines
pathalogy of Plasmodium falciparum malana. To dissect critical contributions involved in the complex interacion batwean
parasitized arythrocytes and the endothalial surface, supported membranes functionalized with impotant adhasion
receptors ICAM1 or CD36 were usad as a well-definad biomimetic surface. In combination with computar smulafions, our
expanmants revealed that the cytoadhasion of parasitized heterorygous sickla cells is raduced comparad to infacied wild-
type arythrocytes not only because of reduced moaptor-specific adhesion but also bacause of changas in the cell shapea.
Thus, our work highlights how malecular and cellular aspacts synargize in the adhasion of P. falciparum-infected
anythrocyias.

INTRODUCTION

Tropical malaria is an infections disease caused by the
unicellular cukaryotic parasite Plasmodiom falciparm.
An estimated 229 million people were infected with

P falciparum in 3019, of which 408,000 patients died of se-
vene complications (1), The pathology of P. falciparm ma-
laria is associated with the intraerythrocytic life cycle of the
pamsite. As the parasite develops within red blood cells, it
changes the stmcture and function of the host cell (2.3).
Most notably, infected erythrocytes acquine cytoadhesive
propertics and sequester in the deep wvascular bed by
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adhering to the endothelial lining of microcapillaries (2.3),
thus escaping cleamnce by the spleen. Sequesterad infected
erythrocytes can obstroct tissue perfusion and elicit local-
ized inflammatory reactions, among other pathophysiol og-
ical sequelse, which together comtrbute to severe discase.

Biophysical Joumal 120, 33153328, Auguat 17, 2021 3315
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Modeling the effects of malaria on red blood cell
binding at the vascular interface

Luke A. Clifton'.”
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Malara is one of the largest diseases
affecting tropical and subtropical re-
gions, with more than 200 million
cases and between 400000 and
500,000 deaths annually, dispropor-
tonately afflicting the young, eldedy,
or immune compromised (1,2). Infa-
mously spread by infected mosqui-
toes, the disease is caused by
several parasitic species of Plasmo-
dium (P falciparum, P. malarige,
B vivax, P ovale, and P knowlesi).
Sympioms of the disease can include
chills, fever, nausea, anemia, vomitl-
ing, and flu-like symptoms, such as
body aches and malaise; in extreme
cases, it causes seizures, coma, and
death. The progress of the disease is
directly linked to the life cycle of the
parasite. After infection from a mos-
quito bite the Plasmodium enters the
liver, where it undergoes asexual
reproduction. The parasite then enters
the blood stream, where it infects the
red blood cells (erythrocytes) and
again undergoes asexual reproduction
multiple imes that eventually results
in the bursting (lysis) of the infected
cell and release of the Plasmodium
back into the blood serum, enabling
new erythroeyte infections. It is during
this stage that male or female forms of

Submitted April 23, 2021, and accepted for
publication July 2, 2021

*Correspondence: luke clifton @stfe.ne uk
Editor: Tommy Mylunder.

hittps: ffdei.org/1 0.1 0164 bpj 2021.07.004

© 2021 Biophysical Socicty.

the Plasmodia can develop, renewing
the Plasmodium life cycle if ingested
by a female mosqguito. It is also during
this blood stage of the disease that the
most symploms are seen because of
the combined effects of the blood
cell lysis, the by-products of Plasmo-
dium reproduction, and the accumula-
tion of Plasmodium-infected red blood
cells in capillaries.

Regions infected with malaria show
a tendency to have a much higher prev-
alence of the sickle cell trait in the
population. The camiers of this trait
have inherited one gene that encodes
for nomal hemoglobin and one that
encodes a version with a single point
mutation. If an individual inherits two
copies of the sickle cell gene (one
from each parent) they will have sickle
cell disease, named because of the
shape of the red blood cells formed,
which causes a number of health com-
plications. If only one copy of the gene
is present, the blood cells have a
normal appearance at rest but can
become sickle shaped under stress con-
ditions. Individuals with the sickle cell
gene are more resistant to malaria,
meaning this trait confers a genetic
advantage, hence its persistence in the
population despite the disadvantages
it brings. The reason for this resistance
is only partly understood.

P falciparum is responsible for
~50% of malaria cases and causes
the most malaria-related deaths. Dur-
ing the blood stage, P. falciparum-in-

3240 Biophysical Journal 120, 3240-3241, August 17, 2021
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fected erythrocytes bind to the blood
vessel walls (composed of endothelial
cells), with the accumulation of
infected erythrocytes causing restric-
tions in blood flow in microvascular
tissues, such as capillaries, causing
local inflammation and preventing the
removal of the infected blood cells in
the spleen. The sequestration of in-
fected erythrocytes in the brain it is
associated with the severest forms of
the disease. P falciparum-infected
erythrocytes bind to endothelial cell
surfaces because of the manipulation
of erythrocyte membrane composition
by the parasite. Inside the erythrocyte,
the Plasmodium produces a protein
(P falciparum erythrocyte membrane
protein 1 (PFEMP1)) that makes its
way to the red blood cell membrane
surface, where it is localized in para-
site-induced knob-like protrusions on
the erythrocyte surface. From here,
PfEMP1 can interact with several pro-
teins found in the endothelial cell
membranes, anchoring the infected
erythrocyte to this.

In this issue of Biophysical Journal,
Frohlich et al (3) have developed
planar endothelial membrane models
on solid support materials containing
the eukaryotic membrane proteins
intercellular  adhesion molecule 1
(ICAM-1) and cluster of differentia-
tion 36 (CD36), both of which PIEMPI
can utilize as adhesion receptors to
bind the infected erythrocytes to the
vascular lining. The interaction of
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Interplay of Trans- and
Cis-Interactions of Glycolipids in
Membrane Adhesion
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Glycolipids mediate stable membrane adhesion of potential biological relevance. In this
article, we investigate the trans- and cisHinteractions of glycolipids in molecular
dynamics simulations and relate these interactions to the glycolipid-induced average
separations of membranes obtained from neutron scattering experiments. We find that
the cis-interactions between glycolipids in the same membrane leaflet tend to

QFSNALEESS strengthen the frans-interactions between glycolipids in apposing leaflets. The trans-
Edited by:  interactions of the glycolipids in our simulations reguire localmembrane separations that
;‘g:m'nm E’m are significantly smaller than the average membrane separations in the neutron
oy scattering experments, which indicates an important role of membrane shape
Frarci Moo, fluctuations in glycolipid trans-binding. Simulations at the expedmentally measured
R e G"m average membrane separations provide a malecular picture of the interplay between
g x,  Oiycolipid atraction and steric repulsion of the fluctuating membranes probed in the
Xran JFaokong University, China expedments.
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stacked membranes in cellular organelles (Stoffel and Bosio, 1997 Boudiere ct al,, 2014), Besides
glycolipid recognition by proteins (Lin and Rabinovich, 2005; Amawd o al, 2013),
glycolipid—glycolipid interactions have been investigated in a variety of reconstituted or synthetic
systems induding nanoparticles and surfaces functionalized with carboh ydrate tips of glycolipids (de
la Fuente et al,, 2001; Hemdiz and de la Foente, 2002; de la Foente et al,, 2005), atomic force
microscopy setups (Tromas et al., 2001; Bucior et al., 2004 Lorenz et al,, 2012; Witt et al, 2016},
reconstituted vesicles (Pincet et al., 2001; Gourier et al,, 2005 Konze et al,, 2013), as well as supported
membranes (Yu et al, 1998}, and stacks of membranes (Schneck et al, 2011; Latza et al, 2020}
wntaining glycolipids. Experiments with giant vesicles and stacks of membranes indicate that
glycolipids can mediate stable membrane adhesion (Gourier o al., 2005 Schoeck o al, 201 1; Latza
e al,, 2020), but a molecular view and quantifiation of the glyalipid-glycolipid interactions that
lead to membrane adhesion is still largely missing.
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Water modulates the lamellar structure and interlayer correlation of
poly(perfluorooctyl acrylate) films: a specular and off-specular
neutron scattering study
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Abstract

Comb-like polymers with pendant-like perfluorocarbon side chains self-assemble into smectic lamellae and have been
extensively used as water-repellent. hydrophobic coating materials characterized by large water contact angles (6> 1207), As
poly(perfluorooctyl acrylate) films are “apparently hydrophobic ™ (8> 1207), the interaction of such materials and water
molecules has been largely overlooked. To unravel the molecular-level interactions between water and apparently
hydrophobic polymers. specular and off-specular neutron scatiering experiments were conducted at defined osmotic pressure
Mg, The poly| 2-[(perfluorooctylethyl)jcarbamate ethyl | acrylate (PFAUr-Cg), which had a carbamate linker, transitioned
to another lamellar phase at 89 °C. At T= 25 °C; the lamellar periodicity of PEAUrCy slightly increased with decreasing
osmotic pressure, while the vertical comelation length increased. However, the poly|iperfluorooctyliethyl] acrylate iPFA-Cg)
that did not contain a carbamate linker directly transitioned to a disordered phase at 84 “C. The lamellar periodicity of PFA-
C; was larpely independent of the osmotic pressure, suggesting that PEA-C, was poorly hydrated. Remarkably, the vertical
correlation length decreased with decreasing osmotic pressure. Because hydration facilitated by the linker modulated the
smectic lamellae of the poly{perfluoroalkyl acrylate), water molecules could be used to optimize the self-assembly of
apparently hydrophobic liquid crystalline polymers.

Introduction hydrocarbons (1821 A?%), Because of the large steric
requirements of fluorine, fuorocarbons adopt a helical
Fluorocarbons and hydrocarbons possess distinet struciural — conformation and form a rigid, md-like chain [3]. The
amd physicochemical properties [1, 2]. The cross-sectional  cohesion between fluorocarbon chains is weaker than that of
area of fluorocatbons (27-30 A%) is larger than that of  their hydrogenated analogs becmuse the polarizability of
fluorine is lower than that of hydrogen. Becmnse fluor-
ocathon chains are both hydrophobic and oleophobic [1],
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De Novo Synthesis of Free-Standing Flexible 2D
Intercalated Nanofilm Uniform over Tens of cm?

Prince Ravat, Hikaru Uchida, Ryosuke Sekine, Ko Kamei, Akihisa Yamamoto,
Oleg Konovaloy, Motomu Tanaka,* Teppei Yamada,* Koji Harano,* and Eiichi Nakamura™

ﬁamdwmmnmmwum
much attention both as materials per se, and as a platform to study atoms
‘and molecules confined among nanometric layers. ngh-pm:ishrlm
‘of such structures has, hmhmadlﬁqﬂﬂakulng the conventional
top-down and botiom-up approaches, Th-damnmﬁutsuﬁ!-m
nanofilm Intercalating a hydrogen-bonded network betwaen two layers of
fullerene molacules Is reported here. The two-layered film can be further
Jlaminated into a multiply film either In situ o by sequential lamination. The
3 nm film forms uniformly over an area of several tens of cm? at an air/water
Interface and can be transferred 1o either flat or perforated substrates. A
=ﬁmmﬁgﬂmh*pw wmmwm&.ﬁmm

1. Introduction

Fundamental problems 1o be solved when designing an ideal
synthests of 2D nanomatenals™" mclude mild condinons,
pre- and posisynthetic strucmral comrol, strucral untformiy
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over an area as large as possible, and
robusiness and flexibiliy w be free-
sanding and wansferable. These issues
rear thewr head in the fabncavon of 2D
intercalated nanofilms. as the materials
find an Increasing number of applica-
uons such as charge transporung mate-
rial, energy swrage. elecronic device,
and bawery maertal™"  However,
only a limited level of conwol has been
realized by etther of the wo conven-
tional approaches: Top-down inserang
mtercalant w a material or
bortom-up assembling layers and imerca-
lants together (Figure 1a). The wop-down
approach breaking apart the preformed
layered structure of 3D marerials provides
a quick and scalable access w the locally
precise mtercalated strucmre, b lacks
the conrol of long-range strucral uni-
formity as to the thickness and the area of the 2D film. The
bottom-up approach. on the other hand, can benter control the
uniformity of the film. Relying on self-assembly of numerous
butlding blocks, however, 1t 1s tmrinsically unsunable for
making robust film n a scalable manner. We concetved of a
de novo synthests, where the prelamellar blocks and tmerca-
lants spomtanecusly form a lamellar soucare, which s fur-
ther laminated or imercalated postsynthevcally (Figure 1b).
To this end, we designed an ociopuslike conical fullerene
amphiphile (CFA. 1) rangling ns sicky legs w form a 2D
hydrogen-bonded nemwork (Figure 1c). We repon here the syn-
thests and propertes of 3-nm-thick fullerene film (FF) at the
alrfwater tmerface, which feawres a hydrogen-bonded water
newwork tmercalated between the o CFA layers (Figure 1d).
Under ambient condivions during a few hours, the pemapod
molecule 1 m toluene1-buanal fwater spontaneously forms a
3-nm-thick untform film over several wens of cm®, We can also
prepare In st a mulaply film etther by using larger amoumnt
of 1 or by repeaung the whole procedure mmiuple times
{Figure 1b). The laner approach will provide a method for
laminaring differem 2D films sequentially one afier another.
The film can be wansferred w a variewy of far or perforaed
substrates, and a 6-nm-thick film tn humid air on a gold comb
elecirode shows prowon conduciviry up w0 14 » 104 § cm!
{Figure 1e}. The film in vacuum (Figure 1d) was found wo bend
reverstbly under electron beam trradiasion at different eleciron
dose rates (EDRs). suggesting differental charging of wp and
bowom layers 71

{0 2071 WikepVCH GmbH
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CDK7/12/13 inhibition targets an oscillating
leukemia stem cell network and synergizes with
venetoclax in acute myeloid leukemia

Lixiazi He™, Christian Arnold®, judith Thoma®, Christian Rohde™?, Maksim Kholmatov™,

Swati Garg™™", Cheng-Chih Hsiac®, Linda Viol™®, Kaiging Zhang®®, Rui Sun®, Christina Schmidt’,
Maike Janssen®, Tara MacRae'®, Karin Huber, Christian Thiede'*(®, Josée Hébert'>"*,
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Caroline Pabst™®”

Abstract

The heterogeneous response of acute myeloid leukemia (AML) to
current anti-leukemic therpies is only partially explained by
mutational heterogeneity. We previously identified CPR56 as a sur-
face marker associated with poor outcome across genetic groups,
which characterizes two leukemia stem cell (LSC)-enriched com-
partments with different seff-renewal capacities. How these com-
partments self-renew remained unclear. Here, we show that
GPRSE™ LSC compartments are promoted in 2 complex network
involving epitheliakto-mesenchymal transition (EMT) regulators
besides Rho, Wnt, and Hedgehog (Hh) signaling. Unexpectedly,
Wnt pathway inhibition increased the more immature, slowly
cycling CPRSTCO34™ fraction and HhEMT gene expression, while
Wnt activation caused opposite effects. Our data suggest that the
crudal role of CPRSE lies in its ability to co-activate these opposing
signals, thus ensuring the constant supply of both LSC subsets. We
show that COK?T inhibitors suppress both LSC-enriched subsets in
vipp and synergize with the Bcl<2 inhibitor venetoclax. Our data
establish reciprocal transition between LSC compartments as a

,Judith B Zaugg™* [ &

novel concept underlying the poor outcome in GPRSE™E" AML and
propose combined COK? and Bel-2 inhibition as LSC-directed ther-
apy in this disease.

Keywords AML: CDKT Inhibition; GPRSS: leukemia stem cell; self-re newal
Subject Categories Cancer; Signal Transduction

DOl 1015252 2 mmm202114990 | Recelved 14 August 2071 | Revised 5 Febru-
ary 2022 | Accepted 7 February 2022 | Published online 7 Marnch 2022

EMED Mol Med (2023) 14: e14990

Introduction

Acute myeloid leukemia (AML) is a hematologic malignancy affect-
ing both young and elderly patients, for whom intensive therapies
are often not an option (D&hner er al, 2015). Assessment of cytoge-
netic and molecular genetic aberrations has become the gold stan-
dard for risk stratification and for guiding therapeutic decisions for
AML patients harboring targetable mutations (DShner e af, 2017).
Targeting mutated proteins by small molecules such as IDHI/2 or
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Abstract: Comprehensive proteomics studies of human hematopoietic stem and progenitor cells
{H5PC) hawe mevealed that aging of the HSPC compartment is characterized by elevated gly colysis.
This is in addition to deregulations found in murine transeriptomics studies, such as an inceasad
differentiation bias towards the myeloid lineage, alterations in DNA repair, and a decrease in
ymphoid development. The incease in ghycolytic eneyme activity is caused by the expansion
of a more gly colytic HSPC subsst. We therefore developed a method to isolate HSPC into three
distinct categories according to their ghicose uptake (GU) levels, namely the GUMER GLSET 5
GU™ subspts. Single-cell transcriptomics studies showed that the GUY#® subset is highly enriched
for HSPC with a differentiation bias towards myeloid lineages. Gene set entichment analysis (GSEA)
demonsirated that the gene sets for cell cycle arrest, senesene-assodated secretory phenotype, and
the anti-apoptosis and P53 pathways are significantly upmegnlated in tleU“ﬁ"pnpn]nﬁm With this
series of studies, we have produced a comprehensive proteomics and single-cell transcriptomics atlas
of molecular changes in human HSPC upon aging. Although many of the molecular deregulations
ame similar to thosa found in mice, there are significant differenices. The most unigue finding is the
assodation of elevated central carbon metabolism with senescence. Due to the lack of specific markers,
the isclation and collection of senescent cells have yet to be developed, espedally for human HSPC.
The GUM#k subset from the human HSPC compartment possesses all the transeriptome characteristics
of senescence. This property may be exploited to accurately enrich, visualize, and trace senescence
development in human bone marrow.

Keywords hematopoietic stem and progenitor cells; aging; senescence signature; central carbon
metabolism; ghycolysis

1. Introduction

The regenerative power of a living organism s reflected by the potential of its somatic
stem cells to replace damaged tissues, especially in a biological system that 1s characterized
by a high cell turnover such as the hematopoietic system [1,2]. A living organism is hence
as old as its somatic stem cells [3].

In murine models, aging of the hematopoietic system is reflected by a decrease in
mgenerative potential and in the competnce of the adaptive immune systern [4-10]. The

Tt [ Mol 5. 2022 23, 3028, httpa:/ [ doiorgy/ 10,3390/ gms23063028

hitps:/ fwww midpi comy' journal/ s
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One-Step Synthesis of Gelatin-Conjugated Supramolecular
Hydrogels for Dynamic Regulation of Adhesion Contact and
Morphology of Myoblasts
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Stefan Kaufmann, Yoshinori Takashima,* and Motomu Tanaka®
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ABSTRACT: Hydrogels possessing fine-adjustable and switchable elasticity Strong adhesion  Cell on Weak adhesion

uate the mechanical nments of biological cells, which Cell-adhesive ;
emi microenyin of biol are e ) Host-guest gnlo
T

Imown to change dynamically during development and disease progression.
In this study, a supramolecular hydrogel conjugated with gelatin side chains

was synthesized. By systematically screening the molar fraction of +E~1- coaMs -
supramolecular host /guest cross-linkers, Young's modulis of the substrate - ]
was fine-adjusted to the level for myoblasts, E = 10 kPa. C2C12 myoblasts Reversible T~

reprodudbly and firmly adhered to the gelatin-conjugated hydrogel via focal
adhesion contacts consisting of integrin chisters, whereas only a few cells
adhered to the gel without gelatin side chains. The elasticity of the gelatin-
conjugated hydrogel was switchable to desired level by simply adding and
removing free gnest molecules in appropriate concentrations without interfering with cell viability. Immunofluorescence confocal
microscopy images of fixed cells confirmed the adaptation of focal adhesions and remodeling of actin cytoskeletons on the gelatin-
conjugated hydrogel Timelapse phase-contmst images demonstrated the dynamic response of the cells, manifested in their
marphology, to an abrupt change in the substrate elasticity. Gelatin-conjugated hydmogels with switchable elasticity enable the direct
and reversible mechanical stimulation of cells in one step withowt tedious surface functionalization with adhesion ligands.
KEEYWORDS: supramolecular hydrogel, gelatin, reversible crosslinks, switchable elasticity, mechanosensing

. INTRODUCTION widely wed as models of the extracellular matrix (ECM)

Amph evidence suggested that the fate a.rd functions of bacause Young's mudulu.s of these hyd:ugelx can be ﬁII.L
cells are directed not only by biock 16 but ad]usqt'?s by the cross-linker cm.cmuanclm and reaction
also by the bwghymﬂl pmpern.es of the surrounding time."" However, polymer n.ebnrucr]m. crcm-]m]md by ccrvahl:tt
microen £ The f of parallel acto-myosin bonds are not able to alter the elasticity reversibly. It is well
bundles in myotubes® and neurite branches by neuronal cells* established that extracellnlar microenvironments are not static
is optimal on substrates with chstiaty simiar to that of the 0t M @]&Wm‘_bﬂimm ome. The structure and
native extracellular environment. Using chemically cross-linked FDPHT ﬁh‘::e =g yufﬂ:e bome
polyacrylamide substrates coated with type I collagen, Discher 0 many diseases. For “‘“}P’*ﬂfm&”‘;‘m‘mﬂ he bone
and co-workers demonstrated that the differentiaion of 11 !
mesenchymal stem cells is directed by Young's modulus E of osteomyeloma, * and remodeling of the BCM plays ,l“’?“’l“
the substrate.’ Studies conducted over the past two decades 1 C1ronic obstmctive pulmonary disease (COFD).
indicate that mechanical incomplisnce between calls and their ~ O"S5 ANy metastatic cancess am characterized by the
environments may result in the misdirection of cell fate. For upregulation of matnz m.eta]lupmmases that ﬂlﬂ&t and
example, mesenchymal stem cells injected into a fibrotic lver m.adul.tethemed:mﬂlpmparmufﬂ:eﬂ:h{ All these
differentite into ductsl cells, mot hepa . because a findings indicate that there is a clear demand for a new class of
fibrotic liver is much stiffer than a healthy liver.® Praybyla et al.
reported that human embryonic stem cells (hESCs) detect Received:  December 26, 2021
with high sensitivity the estidty of hydrogel substrtes and Accepted: February 15, 2022
undergo ﬂ-camnmﬂl'fnt dependent mesoderm differentiation Published: March 29, 2022
accmdmglj'
To achieve ideal mechanical compliance between cells and
contact substrates, chemically cross-linked hydrogels have been

X N & HDT The Authors Publihed oy -
W ACS Publications fmetcan el 3092% 2505 m".q::rm mimuﬁw
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Loss of ASAP1 in the MMTV-PyMT model of luminal breast cancer activates

AKT, accelerates tumorigenesis, and promotes metastasis

Caroline Schreiber?®, Annette Gruber®, Sven Rotiwag *, Supriya Saraswati ®, Sha.nnun Harkins*,
Wilko Thiele *, Zahra Hajian Foroushani®, Natalie Munding *, Anja Schmaus ™
Melanie Roﬂ:de_r,r‘*b Arno Dimmler?, Mntnﬂ:lu Tanaka = *, Boyan K. Garvalov ™ . ;

Jonathan P. Sleeman ™" !
Elmpm Center for Angloschmee (ECAS), Medival Facudey

 BUTET,

Heldelberg L)

Jrumfnrh‘ﬂaycﬂ anad Chemical Systems - m&npadmjmnmmm{muw] Mmqugrm; Campus Nerth, D- 70344

Kerlsruhe, Germumy

© phydral Chemiary of Binsygems, instinte of Phydeal Chemisry, Heldelberg Unfuersty, 69120, Heidelferg, Germammy
2 Vinsemdtus- DNakonissen. Klindn, 79135, Karlouhe, Gormany

* Cemger for fntegrative Madicne and Plysics, nstnee for Adwmeed Study, Kol Universty, 6068507, Kyod, Jopan

ARTICLE INFO

ABSTRACT

Keywards:

ASAFT

Luminal breast camcer
Metastasis

Inwaston

AKT

Hyperplasin
MATTV-FyMT

ASAP] in » mudti-domain sdaptor protein that regulates optockelets] dymamics, receptor recpeling and intrs-
ﬂxmuﬂm]hmumﬂ!wﬁmmmam#mmﬂm
promote cell migration, invasion and metsstasic. Although amplification and exprecsion of ASAP] hag been
associated with poor survival in breast cancer, we found that in the autochthonow MMTV-PYMT model of
huminal hreast cancer, ablation of ASAP] resolted in an saclier anset of timor indtiation and ncressed metastasiz.
Mmhmmﬂmﬁmiﬂl&mmﬂ]&mmmlhmtmm
cells was sufficient to replicate the enhanced tumarigenicity and metactaciz oboerved I the ASAPT-null MMTV-
PMT mice. Losa of ASAP] in MMTV-P3MT mice had no effect on proliferation, apoptociz, angiogenesiz or im-
can accelerats mmor initistion s promote dimemination. Mechaniotically, these effects were azoociated with a
potent activation of AKT. Importantly, lower ASAP] level: comelsted with poor prognoci and enhanced AET
activation m humem BB /luminal bresst tumors, validating our fndings in the MMTV-PyMT mouse model for
thiz mibtype of breast camcer. Taken together, our fndingn reveal that ASAP] com have dictinet functions in
different temor types and de ate 3 homor activity for ASAPT in luminal bresot cancer

P

L. Introduction

based on the expresion of the eztrogen receptor (ER), progesterone
recepior (PR} and hurmnan epidermal growth factor receptor 2 (HER2) [2,
). Each subype has a different prognosis and requires a different
treatment regimen [4]. Luminal breast cancer, the most frequent type of

Breast cancer iz the most prevalent type of cancer in women in the
Western world. Advances in early diagmosiz and the development of
therapeutic strategies hawve improved the life expectancy of patients
conziderably, with the relative 10-year survival of breast cancer patients
in Genmany currently at 82% [1]. However, aroumnd 25% of these women
eventually succumb to their dizeane, mainly due to the concequences of
metastasis.

Breast cancers can be soatified into different molecular subtypes

breast cancer, iz positive for the expression of ER and PR, but iz mainly
pegative for HERZ. Luminal brezst cancers are subdivided into luminal A
and huminal B according oo their proliferation rate. Bazal tumors, on the
other hand, are negative for ER, PR am] HER2 (triple negative) and have
the worst prognocis of all breast caneer subtypes.

ASAP] (AdGAP with SH3 domain, ankyrin repeats and PH domain 1)
iz a cytoplasmic adapror protein that iz also lmown az AMAP] and

;-atq)miing author. Buropean Center for Angioscience (BCAS), Medical Paculty Mannheim Heidelberg University, 63167 Mannheim, Qermany.

** Corresponuding author.
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Superiority of Mature Differentiated Cultured
Human Corneal Endothelial Cell Injection

i)
2

Therapy for Corneal Endothelial Failure

MORIO UENO, MUNETOYO TODA, KOHSAKU NUMA, HIROSHI TANAKA, KOJIRO IMAL JOHN BUSH,
SATOSHI TERAMUKAIL NAOKI OKUMURA, NORIKO KOIZUMI, AKIHISA YAMAMOTO, MOTOMU TANAKA,
CHIE SOTOZONO, JUNJI HAMURO, AND SHIGERU KINOSHITA

« PURPOSE: To investigate the safety and efficacy of cul-
tured human corneal endothelial cell (hCEC) injection
therapy with mature differentiated (mature) cell subpop-
ulations (SPs) for corneal endothelial failure (CEF).

+ DESIGN: Comparative, interventional case series.

» METHODS: This study involved 18 eves with CEF that
underwent cultured hCEC injection therapy, categorized
into 2 groups: (1) 11 eves administered a relatively lower
proportion (0.1 to 76.3%) of mature cell SPs (group 1
[Grl]), and (2} 7 eyes administered a relatively higher
proportion {=90%) of mature cell SPs (group 2 [Gr2]).
From 1 week to 3 vears postoperation, corneal endothe-
lial cell (CEC) density (CECDY), central corneal thickness
(CCT), and best-corrected wvisual acuity (BCVA) were
recorded, and the CEC parameter’s “spring constant™ was
calculated. The proportion of mature SPs was evaluated
by fluorescence-activated cell sorting analysis based on
cell-surface markers.

» RESULTS: At 3 vears postoperation, corneal restora-
tion with improved BCVA was attained in 10 of the
11 Grl eves and all Gr2 eyes, the median CECD in
Gr2 (3083 cells/mm?; range, 2182-4417 cells/mm* ) was
higher than that in Grl (1349 cells/mm?; range, 746-
2104 cells/mm®) (P < .001), and the spring constant ver-
ified the supericrity of the mature cultured hCECs, From
24 weeks through 3 years postoperation, the median per-
centage of CECD decrease was 3.2% in Gr2 and 23.6%
in Grl (P < .003). CCT recovery was prompt and con-

Supp'lermenta] Material available st AJO com.

Acceptel] for publication November 8, 2021,
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stant in Gr2, while diverse in Grl. No adverse events
were observed.

« CONCLUSION: Our findings showed that mature cell
SPs for hCEC injection therapy provide rapid recovery
of CCT, better CECD, and low CECD attrition over 3
vears postsurgery.  (Am ] Ophthalmol 2022;237: 267-
277. © 2021 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license
(hitp://creativecommons.org/licenses/by/4.0/))

( ': URRENTLY, THE TREATMENTS FOR MODERATE
comeal endothelial dysfunction and comeal
endothelial failure (CEF), classically termed "bul-

lous keratopathy,” include Descemet stripping automated

endothelial keratoplasty,'? Descemet membrane endothe-
lial keratoplasty,®’ and penetrating keratoplasty,®" all
of which require the use of a fresh donor comea. The
postoperative outcomes of Descemet stripping automated
endothelial keratoplasty and Descemet membrane en-
dothelial keratoplasty procedures are quite well known.
However, for mild comeal endothelial dysfunction, such
as stage 1 or stage 2 Fuchs endothelial comeal dystrophy

(FECD),? Descemet membrane stripping only (DS0O), a sur-

gical procedure that involves the removal of a small central

comeal area of the Descemet membrane with guttae and
degenerated endothelium, has been proposed.” The ben-
efic of DSO is that it does not invalve the use of donor
corneal tissue, whereas the disadvantage is a relatively low
comeal endothelial cell (CEC) density (CECD) postoper-
atively. Moreover, the long-term efficacy of DSO has yet
to be fully elucidated. Previous studies have reported the
preliminary findings between the administration, or no ad-
ministration, of Rho-associated protein kinase (ROCK) in-
hibitor eye drops following DSO. '™

Ideally, for cases of comeal endothelial dysfunction or

CEEF, the optimal therapy would be a minimally invasive

procedure that reconstructs the comea with a high CECD

of homeostatic ordered CECs, thus maintaining a normal
healthy comeal structure for a long-term period post treat-
ment. Toward that end, we previously reported our novel
surgical procedure involving the injection of allogenetc cul-
tured human CECs {(hCECs) with a ROCK inhibitor into

© 2021 THE AUTHOR(S). PUBLISHED BY ELSEVIER [NC.
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Time—strain inseparability in multiaxial stress
relaxation of supramolecular gels formed via
host—-guest interactionsy

Takuro Kimura,® Takuma Aoyama,” Masakl Nakahata, (9° Yoshinor Takashima, (¢
Matomu Tanaka, & Akira Harada @' and Kenji Urayama @ =2

Supamolecular hydrogels utilizing host—guest interactions |HG gets]) exhibit large deformability and
pronounced viscoelasticity The indusion complexes betwesen f-cyclodextrin {host] and adamantane
{guest} units on the water-soluble polymers form transient bonds. The HG gels show significant stress
relaxation with fintte equilibium stress following the step strain. The stress melsxation process reflects
the detachment dynamics of the tramsient bonds which sustain the initial stress, while the finite
equilibrium stress is preserved by the permanent topologica cross-links with 3 motaane structure
Monlinear stress relaxation experments in biaxal stretching with sarious combinations of two
orthogonal strains unambiguously reveal that time and strain effects on stress are not sepasbie. The
relsyation is accelerated for a short time fame (<107 ) with an incresse in the magnitude of strain
whereas it is retarded for a longer time window with an increase in the anisotropy of the imposed bisoist
strain. The time-strain inseparability in the HG gels is in contrast to the simple nonflinear viscoelasticity
of 3 dual crosslink gel with covalent and tansient cross-links in which the sepambility was previoushy
validated by the same assessment We cumently interpret that the significant susceptibility of the
detschment dynamics to the deformation type results from the structural chamsctenstics of the HG gels,
ie, the host and guest moieties covalently connected to the network chains, the considersbly low

rae Wlsoft-matter-jaumal

Introduction

Polymer gels are unique soft solids which possess reversible
deformability and the capacity to retain a solvent of several
times their own weight, These unparalleled features enable a

2 Peparoment of Mar lar Scisnge and Engi
Technobygy, Sakpo-ku, Kypato 8065555, fapan
* fhepartment of Materiols Engineering Science, Craduat School of Engineeing
Sdone, Osaka Uniersiy, 5608531 (saba, fapan
f Institute for Advaned Co-Creation Studies; Osaka Uriversity Suwgg
ikaka 5650871, lapam
2 Cemter for Intgrasve Medidne and Phsis, Ingnme fir Advancad Study,
Kwwo Univerciry, 6068501 Kpoto, fopan
# Ppsical Chemisery of Riogetens, Istiote of Pipsical Chamisry, Heiddbery
Lnfvermsy 63120 Heidelbarg Germory
I The Institute of Scientific and Industrial Ressarch, (kaka University, [harak,
Osaka 5674047, Japan
¥ Department of Magrial Chemitry, Groduas School of Enginerning, Eyom
Universiy, S15-8510 Kyofo, fopar. Emal: wrmpamna ke 2 sghipolo-wac, jp
1 Electronic supplementary information (EST) awmilable: Double garthmic pots
of Asversus tfor differe nt trpes of stretching atvatous degrees of imposed strain
for HGG3 4, the pmducibility of the stress nelaxstion behavior for HGGE32,
and the fites] resilts of sgn (2] o the ¢ dependence of f for several gypes of
stretching for HGGA3-0. See DOE: httpedoiang/10.105 9/ d 2o 85
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This journal is @ The Royal Society of Chemistry 2022

concentrations [<0.1 M) of these moieties, and the slidability of the pemnanent motaxane cross-links.

wide range of possibiliies for their utilization in food, cos-
metics, and biomedical applications, and tissue engineering;™
however, a major applicaton issue to be overcome is the
enhancement of their mechanieal toughness® A promising
approach for this issupe is to utilize temporary bonds (eross-
links) which repeat the attachment and detachment processes
within a characteristic ime for 8 mechanism of energy dissipa-
tion. Several studies®™ have demonstrated that polymer gels
become pronouncedly tough and viscoelastic by introdudng
varous types of transient bonds. For eample, dual cross
linked (DC) polyfvinyl alcohol) (FVA) hydrogels” utilize the
ecoomdination of free borate ions on hydoog groups in the net-
waork strands as transientbonds, and the polyampholyte physical
hydrogels have fonic bonds with a wide distribution of strength.®

Harada ef al reported a new class of supramolecular gels
with high fledbility, toughness, and sclf-healing capacities
utilizing host-guest (HG) interactions between the side chaing
as transient bonds,*1? For example, linear, water-soluble poly
mer chains possessing fow units of Poyclodextrin |f-CDy; host)
and adamantane (Ad; guest) can form hydrogels cross-linked by
inclusion complexes (Fig. 1a). The HG hydrogels are reversibly
extensible while remaining insoluble even in good solvents,

Soft Matter, 2022, 18, 4953-4962 | 4953
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Modulation of viscoelasticity and
interfacial potential of
polyelectrolyte brush by
lon-specific interactions

Akihisa Yamamoto®, Kentaro Hayashi®, Al Sumiya®
Felix Weissenfeld®, Satoko Hinatsu®, Wasim Abulllan®,
Masaki Nakahata®** and Motomu Tanaka™**

I erter for integm tve Medions and Physics, Instriute for Adanced Sthudy, Kyolo Unsversity. Kyoto,
Japan, “Degartmont of Matenals Enginesnng Soence, Graduate Schood of Engmesning Scenon, Osalka
Unnesity, Osala Japan, “Physical Chemsty of Bosystems, instiute of Physcal Chemisary,
Hesdefherg Unversity, Heidefberg, Genmamy, “Depariment of Macamobscular Scence, Graduate:
Schoot of Science, Osaka Unvesity, Osata, dapan

Polyelectrolyte brushes have drawn increasing attention because their
physicochemical properties can be modulated by adiustment of the pH and
ion concentration. Here, we report the controllied grafting of poly acrylic acid
containing cysteine side chains onto supported lipid membranes to allow for
the modulation of visooelasticity as well as interfacial potential by ion-specific
interactions, that is with cadmium jors. Quartz crystal microbalance with
dissipation indicated that the resonance freqguency increased and the
dissipation decreased as the cadmium concentration increased, attributed to
the dehydration of brushes. Systematic varation of the molecular structune
demonstrated that the coexistence of thiol and carboxyl moieties is necessary
far the wviscoelastic response, suggesting that these structural festures,
common with maturally occuring proteins, form complexes with cadmium
ions. Analysis of the height fluctuation of colloidal particles by reflection
inteference contrast microscopy indicated that the change in the
viscoelasticity of the polymer brush layer atters the curature of the effective
interfacial potential Intrguingly, we found that modulation of the viscoelasticity
and interfacial potential caused by calcium jons is weak, suggesting that the
interaction is lon-specific. Polymer brushes that can atter the interfacial
potential through changes in the degree of hydmation opens new avenues
for the design of smart. adaptable surfaces.

TS,

polyelectrolyte brush, ion specificity, Intedface viscodastidty, quart: crystsd
microbalance, microlmerferametry, intedacial potential
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Receptor-Functionalized Lipid Membranes as Biomimetic
Surfaces for Adhesion of Plasmodium falciparum-Infected
Erythrocytes

Motomu Tanaka @ and Michael Lanzer

Abstract

Here, we describe a detailed protocol of how to manufacture biomimetic, host receptor-functionalized
membranes and how to use them in adhesion assays. Receptor-funcionalized membranes have the advan
tage that the receptor identity and the receptor density can be controlled, which, in trn, enables studies on
the kinetics, dynamics and biomechanics of receptor /ligand interactions. Such information is difficalt to
obtain from currently wsed in vitro systems, including coltured primary human microvascolar endothelial
cells or receptor-coated surfaces, which often display either multiple receptors or receptors with uncertain
density and arranpement.

Key woards Cell adhesion, Host receptor, Supported membranes

1 Introduction

Erythrocytes infected with B falciparum acquire cvtoadhesive
properties and sequester in the microvasculature to avoid clearance
in the spleen [1, 2]. While cywadhesion ensures the survival of the
parasite in the human host, it leads to severe clinical manifestation
in the patient, e.g., by occluding vessels, disrupting tissue perfu-
ston, and causing microvascular inflammanon, which can lead o
organ dysfunction and the symptoms associared with cerebral and
placental malaria. Recognizing the pivotal role cymadhesion plays
in the pathology of faleiparum malaria, numerous studies have
addressed the underlying pathophysiological mechanisms and iden-
tified three families of parasite-encoded, surface-presented variant
anrigens thar can mediare cyroadhesive interactions wirth host
receptors [1, 2]. These are the RIFIN, the STEVOR, and the
PEEMP1 families. Both RIFIN and STEVOR antigens can promote
rosctiing of parasiized erythrocytes with uninfecred red blood
cells, albeit with different specificities for host receptors—ABQO

Anja Tatiana Ramatedt Jensen and Lars Huild (ads ), Malana immunology: Targeting the Surface of nected Enythrocytes,
Methods in Molecutar Biology, vol. 2470, https=//doLong/10.1007/978-1-07T16-2189-0_45,
& The Authonis), under exchemie licanae to Springer Scence+Business Media, LLC, part of Springer Naturs 2002
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lon-specific nanoscale compaction of cysteine-
modified poly(acrylic acid) brushes revealed by 3D
scanning force microscopy with frequency
modulation detectiont

Akihisa Yamamoto, © ™ Takahiko Ikarashi, ©® Takeshi Fukurmna, "< Ryo Suzuki, D+
Masaki Nakahata,™ Kazuki Miyata (0** and Motomu Tanaka &*

Stimuli-res ponsive potyelectrolyte brushes adapt their physico-chemical properties according to pH and
ion concentrstions of the solution in contact: We synthesized a polylecnylic acidl bearing cysteine
residues at side chains and a lipid head group at the terminal and incorporated them into a phospholipid
monoisyer deposited on a hydmophobic silane monolayer. The ion-specific. nanoscale response of
potyelectrodyte brushes was detected by using three-dimensiona scanning force microscopy BD-5FM)
combined with freguency modulation detection. The obtained topogrmaphic and mechanical landscapes
indicated that the brushes were unifarmly stretched, undergoing a gradusl transition from the brush to
the bulk electrolyte in the absence of divalent cations. When 1 mM caicium ions were added, the
brushes were uniformly compacted, exhibiting a sharper brush-to-bulk transition. Remarlably, the
addition of 1 mM cadmium ions made the brush surface significantly rough and the mechanical
landscape highly heterogeneous. Cumently, cadmium-specific nanoscale compaction of the brushes is
attributed to the coondination of thiol and carbowyl side chains with cadmium ions, as suggested for

Recaved Znd June 2022
Accepted 14th Seplember 2022

DOl 1010390 2na0 0350

rae i nanoscale sovanoes

Introduction

Stimuli-responsive polymers have attracted interest for use in
various drug delivery and microenmpsulation applications
because these substanees can protect and/or rdease materials in
response o the sumounding environment! In particular, poly-
clectrolyte brushes have been grafted on sorfaces to give the
materials adaptable functionalities. In these cages, the physical
propertics of the surface can be modulated based on the elec-
trostatic properties of the odemal media (eg, pH and salt
concentrations] >~ The strocures and mechanicsl properties of

polymer brushes have beenmeasured experimentally using X-ray/

~Coster for Inggradve Maliine and Physos, st for Adveued Stady, Kpoto
Unmvermiy, Kyoto s06E50T, fopan. Emaid: pmamotogbfusa dwidhod-uacip
*Divizion of Nano lfe Sdmcs Kanmawa Umersiy, Kanazmea S20-T1192, Japan.
E-mod: bmapara@ staff. kanmawa-u ac jp

‘Mo Life Somee fmriue (WH-Now LS, Kononneg Universing Konarawa 920~
TI%2, fapan

‘Inpariment of Motk Engneering Scene, Graduge School of Engineering
Soionce, Osaka Dhiversity. Osaka S60-8531, fopan

*lepariment of Mormmolaular Scence, Gradwe School of Soewe, Osaka
Universdy, Oszka Sui-043, fapamn

‘Fipsim] Chemistry of Bospsiems, [nstiute of Phpical Chemisity, Heidelbery
Universiyy, 69120 Heidebery, Germony. E-mail fonaka @uri-hedelbery. de

¥ Elsctronic sipplementary infirmation {ESI) wvailahle. See
hittpey dod org 10, 1039 d 2 nal035 0c

# 2022 The Author(s). Published by the Royal Society of Chembtry

naturally oocurning, heaw metal binding proteins.

neutron reflectivity,™ quarte crystal microbalance with dissipa-
tion (QCM-D),™ tribology,*™ and microinterfe rometry, '~

Among the varous techniques, atomic force microscopy
(AFM) is commonly used to investigate the mechanical prop-
erties of polymer brushes vig nancindentation,** Recently,
Fukuma et g, developed three-dimensional scanning foree
microscopy [3D-SFM) based on frequency modulation AFM
(FM-AFM),” which has been utilized to construct force maps of
material surfaces. During the measarement process, a canti-
lever tip seans in the vicinity of the interface both parallel and
perpendicular @ the surface, and the frequency shift of the
oscillating cantilever 15 recorded in 3D space. This technigue
has been successfiul in visnalizing the 3D force maps of the
suifaces of various materals in water, e, mincrals,* gra-
phene™ graphite,™ and supported phospholipid bilayers>* A
key advantage of this technigque is that it can be used to inves
tigate the density distribution of water at the solid fwater inber-
face. By exploiting this unique functonality, 3D-5FM has been
applied to observe the ammonizmediated hydration of poly(-
vinyl alcohol) coated surfaces.®® However, to our knowledge, no
experimental studies hawe demonstrated the potential of 3D-
SFM to detect dmamic modulations of hydrated polymer
brushes driven by extemal chemical stimuli.

In this study, we functionalized the surface of planar lipid
membranes (Le, supported membranesP**? with poby{aceylic

Nanoscale Adv, 2022, 4 5027-5036 | 5027
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Stimulus-Responsive, Gelatin-Containing Supramolecular
Nanofibers as Switchable 3D Microenvironments for Cells
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Abstract: Polymer and/ or protein-based nanofibers that promote stable eell adhesion have drawn
increasing attention as well-defined models of the extracellular matrix. In this study, we fabricated
o classes of stimulusresponsive fibers containing gelatin and supramolecolar crosslinks to emulae
the dynamic cellular microensironment in vivo. Gelatin enabled cells to adhere without additional
surface functionalization, while supramolecular crosslinks allowed for the reversible switching of
the Young's modulus through changes in the concentration of guest molecules in culture media. The
first class of nanofibers was prepamred by coupling the host—guest inclusion complex to gelatin bafore
electrospinning (pre-conjugation), while the second class of nanofibers was fabricated by coupling
gelatin to polyacrylamide functionalized with host or guest moieties, followed by conjugation in
the electrospinning solution (post-conjugation). In situ AFM nano-indentation demonstrated the
meversible switching of the Young's modulus between 2-3 kPa and 0.2-0.3 kPa under physiological
conditions by adding, mmoving soluble guest moleculss. As the concentration of additives does not
affect cell viability, the supramolecular fibers established in this study ame a promising candidate for
various biomedical applications, such as standardized threedimensional culture matrices for somatic
cells and the regulation of stem cell differentiation.

Keywords gelatin nanofiber; electrospinning; supramolscular crosslind; in sitn AFM nano-indentation;
elasticity switching

1. Introduction

Tissue homeostasis in multicellular organisms is sustamed by the continuous remiod-
eling of cells and extracellular matrix (ECM}. Proteclytic degradation of ECM, such as
the digestion of fibrous collagen by metalloprotease, enables cancer cells to invasively
migrate into tissues [1,2], In the case of muscle damage, the accumulation of fibrous type [
collagon near the damage kads to an increage in ECM elasticity, which activates muscle
mgoneration through the proliferation of sem cells [3]. To date, matching the mechanical
properties of cells and ECM, known ag mechano-compliance, has been modeled using
hydrogels that exhibit the elasticity of ECM [4]. However, an increasing number of studies
have shown that the behavior of a2lls on two-dimensional (21D} substrates is distinctly
different from that on three dimensional (3D) ECMs invive, Momover, type 1 collagen
and fibronecting two major classes of ECM proteins, ane fibrous and form “mesh-like™ 30
microenvirenments [5-7).

Polymer- and/or protein-based nanofibers are considered well-defined models of
natural 30 ECMs [B-10]. Gelatin, a hydmolysate of collagen, has been widely applied

Pulymers 2023, 14, 8407 httpsc/ /dod org,/ 103360 polym 14204407
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Discreteness of cell-surface
contacts affects spatio-temporal
dynamics, adhesion, and
proliferation of mouse
embryonic stem cells

Esther Kimmle®, Zahra Hajian Foroushani®, Stephan Keppler?
Judith Thoma', Kentaro Hayashi®, Akihisa Yamamoto®,
Martin Bastmeyer®** and Motomu Tanaka ™**

Pry=cal Chemestry of Bogysterns, instiute of Physical Chemistry, Hedeliberg Unieersity, Hedefbes,
Genmany, “Zootogical insttute, Cell- and Newobiology, Karsnihe instute of Technology, Karisuhe,
Genmany, “‘Center for | tegmtive Medicne and Physics, institute for Advanced Study, Hyoto Unversity,
Kyomwo, Japan, ®istiuie for Bdlogcsl and Chemecal Smtems - Bological Information Procesging
JIBCS-RIP, Ksdsaphe im#tute of Technodogy, Eggemsiein-Leopadshaten, Genmany

The self -renewal and lineage -specific differentiation of stem cells are regulated
by interactions with their microemdonments, called stem cell niche. Stermcells
recehe both biochemical and biophysical cues fram their niche, which leads to
the activation of signaling pathways, resulting in the modulstion of gene
expressions to guide their fate. Most of previous studies are focused on the
effect of substrate stiffness using hydrogels with different Young's moduli, and
information is lacking on the effect of the discreteness of cell-substrate
contacts on stem cells. Using mouse pluripotent embryonic stem cells
ImESCs) as the model systern for early development, we guantitatively
investigated the migration, dynamic deformation, and adhesion of mESCs on
sparse and dense gelatin nanofibers deposited on glass surfaces, with a
continuous layer of gelatin coated on glass substrates as the control After
caonfirming the maintenance of plurpotency on all the surfaces thraughout the
experiments, the cantroid trajectories were monitomred wsing timelapse imaging.
The mean sguare displacement analysis indicated that both the diffusion
coefficient and exponent were largest on sparse nanofibers, while the
diffusion coefficient of mMESCs on dense nanofibers was comparable to that
onthe control Moreover, power spectral analysis of the shape deformation in
the Fourier mode indicated that mESCs predominantly underwent elliptic
deformation [mode 2}, with the largest energy dissipation on sparse
nanofibers. These data suggest that mESCs can deform and move on sparse
nanofibars owing to the discrete cell- suiface contact points. Intriguingly, using
a self-developed technique based on laser-induced shock waves, a distinctly
larger critical pressure was required to detach cells from manofibers than from
continuous gelatin This finding suggests that the continuous but weak call-
substrate contacts suppress the deformation - driven mESC migration. As oneof
the key biological functions of stem cells, the proliferation rate of mESCs on
these surfaces was determined. Although the observed difference was not
statistically significant the highest prolferation rate was observed on
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1 Introduction

Modulation of wetting of stimulus responsive
polymer brushes by lipid vesicles: experiments
and simulations¥

Felix Weissenfeld §* Lucia Wesenberg,3” Masaki Nakahata ™ Marcus Maller (5=
and Motomu Tanaka (0 ==

The imteractions betwesn vesicle and substrate have been studied by simuiation and experiment. We
grafted polyacnyic acid brushes containing cysteine side chains at a defined area density on planar lipid
membmanes. Specular X-ray reflectivity data indicated that the addition of Cd®* ions induces the
compaction of the polymer brush leyer and modulstes the adhesion of lipid vesicles. Using micro-
interferometry imaging, we determined the onset level, [CdCl;] = 0.25 mM, at which the wetting of the
vesicle emerges. The characteristics of the interactions between vesidle and brush were guantitstively
evaluated by the shape of the vesice near the substmte and height fluctuations of the membmne in
contact with brushes. To analyze these experments, we hawe systemnatically studied the shape and
adhesion of axially symmetrc vesicles for finite-rmnge membm@ne-substrate interaction, ie, a relevant
experimental Characteristic, through simuistions. The wetting of vesicles sensitively depends on the
interaction range and the approximate estimates of the capillary length change significantly, depending
on the adhesion strength. We found, howewer, that the local tenswesslity condition that relates the
maxima curvature st the edge of the adhesion zone to the adhesion strength remains rather acourate
aven for a finite interaction range as long as the vesicle is large compared to the imermction mnge.

cells but alse highly dynamic. For example, the freshwater
polyp Hydra is able to regenerate the complete body with a

Physical contact of cells to their neighbors - cell adhesion -
plays a key role in 2 wide wricty of biological processes. Cell
adhesion modulates a romber of biochemical signaling
pathways™ and tissue morphogenesis driven by forces acting
between neighboring cells.” On the other hand, impaired cell
adhesion functon is often associated with diseases, such as
cancer metastasis. A significant reduction of cell-eell and cell-
matrix adbesion causes the invasive migration and release of
cancer cells into blood circulation® Ample evidence has indi-
cated that cell adhesion is not only a static atmchment between
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new head and foot by de rovo pattern formation from disso-
ciated single cells by sorting cell-cell contacts.™® On the
molecular kevel, an inereasing number of experimental studies
have shown that the dwmamic rearrangement of adhesion
muolecules and their ligands plays eritical roles in immunolo
gical response” and cell apoptosis.® Such experimental findings
have been qualitatively recapitulated by using a phenomenalo-
gical model of adbesiorvinduced phase separation” or by
assuming the presence of strong pinning centers.' However,
the quantitative combination of experiments and simulations
still remains challenging.

Therefore, a large number of studies so far have been
performed to physically model cell adhesion using rather
simple, artificial lipid vesicles in the presence and absence of
specific ligand-<receptor-like interaction pairs (stckers). Cell
adhesion in equilibrivm has been described within the frame-
wock of wetting physics, irrespective of the different origins of
adbesion on the molecular level.' 1% In analogy to the shape of
liguid drops on substrates, the shape of a cell or a lipid vesicle
can be fine-tuned by tailoring the membrane-substrate inter-
action, Wz, that quantifies the free energy of placing a unit area
of the membrane a distance, z, away from the substrate, Wz) is

Soft Matter, 2022, 10, 2401-2504 | 2491
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Wnt/B-catenin signaling induces axial elasticity

patterns of Hydra extracellular matrix

Mariam Veschgini,' Ryo Suzuld, +* Svenja Kling,” Hendrik O. Petersen,” Bruno Gideon Berghaim,®
Wasim Abuillan,” Philipp Linke,’ Stefan Kaufmann,! Manfred Burghammer,* Ulrike Engel,** Frank Stein,®

Suat Ozbek,? Thomas W. Holstein2%* and Motomu Tanaka!-27.%

SUMMARY

The extracellular matrix (ECM) plays crucial reles in animal development and dis-
eases. Here, we report that Wnt/j-catenin signaling induces the ECM remodeling
during Hydra axis formation. We determined the micro- and nanoscopic arrange-
ment of fibrillar type | collagen along Hydra's body axis using highresolution
microscopy and X-ray scattering. Elasticity mapping of the ECM ex vivo revealed
distinctive elasticity patterns along the body axis. A proteomic analysis of the
ECM showed that these elasticity patterns correlate with a gradient-like distribu-
tion of metalloproteases along the body axis. Activation of the Wnt/-catenin
pathway in wild-type and transgenic animals alters these patterns toward low
ECM elasticity patterns. This suggests a mechanism whereby high protease
activity under control of Wnt/f-catenin signaling causes remodeling and soft-
ening of the ECM. This Wnt-dependent spatiotemporal coordination of biochem-
ical and biomechanical cues in ECM formation was likely a eentral evelutionary
innovation for animal tissue morphogenesis.

INTRODUCTION

Theextracellular matrix ECM) regulates the homeostssis of animal tissues, supporting the structuralinteg-
rity and cell functions.! ECM remade ling plays vital roles inregulating not only behaviors of single cells” but
zlso the momphogenesis of tissues, where it is sccompenied by large-scale deformations, such as tissue
irvagination during gestrulstion or the immigration and comvergent extension of cells. ™" Many diseases
are sla cheraderized by the significant remodeling of ECM, such as the myelofibrosis in bone mamow
causing panoytopenia® and stiffening of pulmanary ECM in firatic lung tissues.” However, despite accu-
mulating knowledge on panicipating proteins and key signaling pathweys, little is understood how ECM
elastidty comelstes with tissue momphogenesis.” Bamiga et al. indented cut pleces of Xencpous laewis’
mesaderm with &tomic force microscopy (AFM) and demonstrated by using head mesodem of difierent
a0e &5 well 23 hydrogels that the collective migration of neural crest cells during morphogenesis requires
astiffening of mesaderm.®* However, direct elasticity measurements of the ECM as a function of monpho-
genesis hawve not been reparted so far. The use of 8 model animal with 2 simpler biody design is therefore a
straightionward strategy.

In this paper, we investigated the temporal progression of ECM el asticity during tissue growth in the frash-
water polyp Hydra. Hydra is & memiber of the »&00 million-years-old phylum Cnidaria and & paredigm for an
2lmast unlimited growth and regeneration capability. Compered to bilaterian animals, it has s simple, sack
lie body plan with 2 body wall omposed of an ECM, called mesagles, whichseparates twa cell layers; an
outerectoderm; and an inner endoderm. Previous sccounts showed that the mesoglea plays an important
rolein asexusl reproduction of Hydra threugh budding Mesogles undargoes dynamic remadeling in arder
to support the deughter animal fbud) s temming out of the main body sxis of a mother Hyu:ﬂ'u_'c"uﬁuishody
axis s an oral-aboral §0A) axis with an oral "head” end an sboral "foot”. It is equivelent to the posterion
anterior axis of bilaterlans ffor detsils, see the review by Holstein™).

Intriguingly, the moleculsr composition of Hydrs mesogles is very similar to that of wertebrate ECM,
containing heparan sulfate, laminin, and fibronectindike molecules as well as fibriller {type | and 1) and
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Higher-order mesoscopic self-assembly of
fluorinated surfactants on water surfaces

Motomu Tanaka'=, Mare Pierre Krafft? and Andresa Pasc’

Abstract

Surfactants containing fluorocarbon chains have been increasingly studied because they self-assemble into a variety of
microscapic and mesoscopic domains and tend o form highly ordered patterns at the air'water interface; these
pattems are clearly different from those formed by their hydrocarbon analogs. Focusing anthe fluorinated surfactants
possessing unigue physical chamcteristics, this review describes the relationship between the line tension and dipole
interaction, which is the comprehensive principle governing the pattem formation of two-dimensional self-assemblies.
This review further discusses several key experimental and analytical techniques that are useful for characterizing the
shape, size, corelation, and viscoalasticity of hierarchical self-assemblies on water surfaces. Finally, several biomedical
applications, including biomimetic surface coating, multimodal contrast agents in medical diagnostics, and controlled
delivery of gases (O, and NO) for axygenation and antimicrobial effects, are introduced to highlight how the unigue

physicachemical properties of fluarinared self-assemblies can be applied in mawenals science.

Hig her-order pattern formation by molecular self-
assemblies is a universal phenomenon

A wide range of organic molecules (including surfactants,
liquid crystals, and diblock copolymers) have various hier-
archical two-and three-dimensional patterns and textures™,
Exmmﬂ.c.chtulardmnairﬁ.stripﬁ.nrdchh'ﬂmstﬂ
structures have bem found in Langmuir monolayers of
lipids and surfactants at the air/water imterface™", Three-
d.m.mszmnl lamellae, inversed hexagonal tn.l:n}]ﬁ. and

Notshly, a small set of structural parameters leads to very
similar patterns, independent of the detsiled molecular
structures. For example, Israelachivili, Mitchell, and Ninham
theoretically accounted for the shape of self-assembled
mnstraint = wiAl where v is the volume of the hydro-
phobic core, A i the surface area (area occupied by a head

Comesponchence: Mo Tanaka jtanskagn-hesdelihey de]
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group), and [ is the axal length of the surfactint molecule’,
This simple geometric constrint can be appliad to predict
the morphology of varous supramolecilar architectures
h?ndb‘yawﬁeuaﬁ.d}'afnnlecubwi&diﬂcrtntshﬁ
and structures, including phospholipids, liquid crystals, and
block copolymers. ]‘hweucr.ﬁ!d\mmdnrist'l:lerq;}hsurle
and periodicity of patterns can range over several orders of
magnitude, from tens of nanometers (eg, periodicity of
phospholipid “ripples”)™ to hundreds of micrometers (eg,
stationary patterns driven by chemical reactions)'®. As
comprehensively summarized by Seul and Andelman from a
theoretical viewpoint®, these patterns are stabilized through
interplay between competing intermolecular interactions
characterized by the spatial variation of order parameters. As
described more explicitly in. the following sections, this
fluorinated surfadants on water surfaces because the com-
petition of line tension and dipole interaction plys domi-
nant roles in the formation of varions hierarchical structures.

Fluorinated surfactants: What make them unique
compared with hydrocarbon analogs?

This review aims to provide a comprehensive overview
of the physical principles governing the formation of
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Cell Shape and Forces in Elastic and Structured
Environments: From Single Cells to Organoids

Rabea Link, Kai Weiflenbruch, Motomu Tanaka, Martin Bastmeyer,*

and Ulrich 5. Schwarz*

With the advent of mechanoblology, cell shape and forces have emerged as
essentlal elements of cell behavior and fate, in addition to blochemical factors
such as growth factors. Cell shape and forces are intrinsically linked to the
physical properties of the envirenment. Extracellular stiffness guides
migration of singla cells and collectives as well as differentiation and
developmental processes. In confined environments, cell division patterns are
altered, cell death or extrusion might be Initiated, and other modes of cell
migration become possible. Tools from materials science such as adhesive
micropatterning of soft elastic substrates or direct laser writing of 3D
scaffolds have been established to control and quantify cell shape and forces
In structured envirenments. Hereln, a review Is given on recent experimental
and modeling advances In this field, which curremly moves from singla cells
to cell collectives and tissue. A very exciting avenue Is the combination of
organolds with structured environments, because this will allow one 1o
achleve organotypic function In a controlled setting well sulted for long-term

and high-throughput culture.

1. Introduction

hormones, and cytokines has been appreci-
ated from the very start of cell culbure ex-
periments, the insight that spatial control
of cell adhesion, the physical properties of
the extracellular matrix zs well as the me-
chanics of the gptoskeleton and the nuclens
might be equally important for cellular deci-
sion making are rather recent insights. Not
surprisingly. it was tied to the development
of now tools that allowed rescarchers to
control the oxracellular environment. This
development started by transferring tools
from the microfabrication of electronic de-
vices into the life sciences, most notably
microcontact printing to gencrate adhesive
islands to control cell adhesion to planar
substrates.*! Pioneering work showed that
cell fate can be controlled by the size of
the adhesive islands: cells only survived on
large islands and triggered apoptosis on
small ones.P! Later it was discovered that
this switch is related to the translation of
the transcription factor YAF/TAZ into the
nucleus in mechanically stressed cells ]

Apart from geometry, extracellular stiffness has been found

During the last decades, cell mechanics, forces, and shape have
emerged as important elements of the way biological cells in-
teract with their environment!"! While the importance of con-
trol of cells through biochemical ligands such as growth factors,

to be a major regulator of cell behavior, and again this insight
was tight to advances in materials preparation. Soft elastic sub-
strates were introduced into cell culure mainly to measure cell
forces from their deformations. 4] However, it was then realized
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ARTICLEINFO ABSTRACT

Keywords:
Human hematopoletic stem and progenitor cell
Acusie myeloid beukesmin

Adhesion of hematopoietic stem and progenitos cells (HSPCa) to the bone marmow niche playa critical roles in the
mamtenance of the et primitive
anse myelnid leukamia (AML), beranoe (i) leukemis-initiating cally adhered to the morow niche are protecesd

HEPCo. The interactions of HSPC-niche interactions are clinically relevant in

S fromm the cysotoxic effect by chemotherpy and (i) mobilisation of HSPCs frocs healthy donors bone mamrow is

Eﬁ;q:f”“”“ crvicind B the effective st cell B T L L O T
for the HSFi:mohlz.'mm, !I:er_lfenz an:nal'hgﬂ:.e En:rmm:mtslacnln ez were nﬂﬁnuu]lymllmml'hamd
mw;mﬂ:ﬂhmmkﬂw&&&dmmmchmﬂnmdﬁzmmﬁ
phynical hinmarkers for quansgtarive indexing of diferential effacts of cinical agens on homan HEPCs.

Introduction ey molecular interactions between HEPCs and their cellular niche have

Functions of somatic stem cellz are tightly conmolled by the balance
between self-renswal and differentiation This balanee iz In oom rego-
the so-called “niche™ (Moore and Lemischla 2006). In the caze of he-
matopoietic stem and progenitor cells (HSPCs), the adhesion to the bone
marrow niche has been shown to maintain the dormancy of the most
primitve HEPCz (Fig. 1A). Ample evidence has indicated that meszen-
chymal stromal eells, osteoblasts, and endothelial cells fimetion as the
=urrogate niche in the bone marrow, supporting HSPC maintenance
{lapidot et al, 2005; Mendelzon and Frenette, 2014; Ho and Wagner,
20407; Morrison and Scadden, 2014). It has been reported that the co-
culture of HSPCz and mesenchymal stromal cells increazes prolifers-
tion and rmaintenance of HEPCs (Walenda et al | 2000 Wuchter et al.,
2022). Furthermore, HSPCs are frequently found in the vicinity of blood
vessels, uggesting that HSPC: might be maintained in a vascular niche
by endothelial cellz (Kiel et al | 2005; Ding et al | 2012) To date, several

been identiffed Uzing mouse models, it has been shown that long-term
HSPCz adhere to spindle-chaped osweoblastz expressing M-cadherin,
suggesing that the homophilic MN-cadhenin interactions are imvolved in
the maintenance of dommancy (Thang et al | 2003; Calvi et al | 2003}
Wein et al. showed that the N-cadherin expreszed on HEPC: mediates
interaction with mesenchymal stern cefls (Fig. 1B) (Wein et al., 20109,
and Méndez-Ferrer et al demonstrated that mesenchymal stem cellz
expressing nestin phyzically azsociate with HSPCs and act as niche calls
(Méndes Ferrer et al, 2010). The overexpression of N-cadherin in
HSPCz Aurther resulted in the enhancement of cytoadhesion and the
suppreszion of HSPC divizion in vitre, suggesting that N-cadherin-
mediated adhesion mupport: maintenance of long-term pools of HEPCs
(Hosokawa et al, 2010). Another key molecular axiz is the interaction
between stromal cell-derived factor 1a (SDF1a) and itz receptor CXCR4,
which haz been showm to regulate the mobilization of HSPCz (Mohle
er al, 1998; Ponomaryov et al | 2000; lapidot and Kollet, 2002; Dar

al, 2005). SDFla iz a multifnctional cytokine that serves az a
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ABSTRACT: Lipopolysaccharides (LPSs), the major constituents
of the outer membranes of Gram-negative bacteria, play a key role
in protecting bacteria against antibiotics and antibacterial agents. In
this study, we investigated how a mixture of cationic surfactants and
aromatic alcohols, the base materials of widely used sanitizers,
synergistically act on LPSs purified from Escherichia coli using
isothermal titration calorimetry (ITC), surface tension measure-
ments, and quartz crystal microbalance with dissipation (QCM-D).
ITC data measured in the absence of Ca™ ions showed the
coexistence of exothermic and endothermic processes. The
exotherm can be interpreted as the electrostatic binding of the
cationic surfactant to the negatively charged LPS membrane

=t

mﬂmbrane M - Thermodynamics
— - Interfacial viscoelasticity
E cal P

surface, whereas the endotherm indicates the hydrophobic interaction hetween the hydrocarbon chains of the surfactants and LPSs.
In the presence of Ca™ ions, only an exothermic reaction was observed by ITC, and no entropically driven endotherm could be
detected. Surface tension experiments further revealed that the co-adsorption of surfactants and LPS was synergistic, while that of
surfactants and alcohol was negatively synergistic. Moreover, the QCM-D data indicated that the LPS membrane remained intact
when the alcohol alone was added to the system. Intriguingly, the LPS membrane became highly susceptible to the combination of
cationic surfactants and aromatic alcohols in the absence of Ca® ions. The obtained data provide thermodynamic and mechanical
insights into the synergistic function of surfactants and alcohols in sanitation, which will enable the identification of the optimal

combination of small molecules for a high hygiene level for the post-pandemic society.

B INTRODUCTION

Both pathogenic and nonpathogenic bacteria overgrow, secrete
extracellular polysaccharides, and form biofilms. An increasing
number of studies have shown that biofilms cause many
problems in household, medical, and industrial settings. In
2014, the World Health Organization issued a report stating
that antimicrobial resistance, cansed by the overprescription of
antibiotics to human patients in clinics and livestock in farming
industries, is a major threat to public health."~* One problem
in the medical sector is the transmission of nosocomial
infections in hospitals. A recent multicenter study showed that
bath basins used by patients are potential bacterial reservoirs
that might transmit nosocomial infections.” Therefore, there is
a strong demand for the development of "new” antimicrobial
agents. However, it is often overlooked that we can achieve a
sufficient hygiene level and reduce the number of antibiotic
treatments if we appropriately use existing sanitizers.”
Quaternary ammonium compounds {QACs), bisbiguanides
(chlorhexidine), and polymeric biguanides are the most
commonly used disinfectants.”~" Since the 1930s, benzalko-
nium chloride (BAC, Figure la), a cationic QAC surfactant,
has been extensively used as a sanitizing agent.'™"' The

& 2023 Amarican Chamical Sockty

A 4 ACS Publications
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mechanism of BAC activity involves the following steps. First,
positively charged quaternary nitrogen atoms bind to
negatively charged lipids on bacterial membrane surfaces via
electrostatic attraction. Second, the hydrocarbon chains of
BACs are integrated into the hydrophobic core of bacterial
lipids, which results in membrane disruption and hence
bacterial death.”"""*

As the outer surfaces of Gram-negative bacteria display a
dense layer of negatively charged glycolipids called lip-
opolysaccharides (LPSs, Figure I1c), the disruption of the
LPS layer by the integration of electrostatically attracted
cationic molecules has also been widely accepted as the
functional mechanism of cationic antimicrobial peptides. The
interaction of cationic antimicrobial Fephde—s has been studied
using various methods, such as SPR'? and ITC," which have
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Bio-Metamaterials for Mechano-Regulation of Mesenchymal

Stem Cells

Natalie Munding, Magdalena Fladung, Yi Chen, Marc Hippler, Anthony D. Ho,
Martin Wegener,* Martin Bastmeyer,* and Motomu Tanaka*

1. Intreduction

Cell behaviors significantly depend on the elastic properties of the

microenvironments, which are distinct from commonly used polymer-based
substrates. Artificial elastic materials called metamaterials offer large freedom
to adjust thelr effective elastic propertles as experienced by cells, provided (1)
the metamaterial unit cell Is sufficlently small compared to the biclogical call
skze and (i) the metamaterial is sufficlently soft to deform by the active cell

contraction. Thus, metamaterials targeting bio-applications

(ble-metamaterials) appear as a promising path toward the mechanical
control of stem cells. Heareln, human mesenchymal stem cells (hMSCs) are
cultured on three different types of planar periedic elastic metamaterials. To
fulfill the above two key requirements, microstructured blo-metamaterials
have been designed and manufactured based on a silicon elastomer-like
photoresist and two-photon laser printing. In addition to the conventional
morphometric and Immunocytoechemical analysis, the traction force that
hMSCs exert on metamaterials are Inferred by converting the measured

dis placement-vector fields inte force-vector fields. The differential responses
of hM5Cs, both on the cellular level and the sub-cellular level, corralate with
the calculated effective elastic properties of the blo-metamaterials, suggesting
the potential of blo- metamaterlals toward mechanical regulation of cell

behaviors by the arrangement of unit cells.

Metamaterials are rationally designed arti-
ficial solids in that the atoms of ordinary
solids arc replaced by tailored functional
building blocks serving as umit cells that
can be armranged into a periodic lattice.
This concept allows for chimining effective
metamnaterial behavior that goes beyond
that of the ingredient materials and that can
be highly unusual or cven unprecedented.
Thereby, metamaterials have enabled novel
behavior and potential applications in
mechanics!! electromagnetism optics 121
and transport.l?!

Here, we investigate the possibility of
appl:ring metamaterials as bio-materials,
called “hio-metamaterials” in the following.
The targeted application is to mechanically
control the behavior of living cells adher-
ing to the bic-metamaterial via its tailored
effective elastic properties. It has been un-
clear and has been debated whether the
effective metamaterial properties have amy
relevance at all for the behavior of living
cells. Moreover, the meaning of effective
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Extracellular calcium functions as a
molecular glue for transmembrane
helices to activate the scramblase Xkr4
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|®|check for updstes The “eat me” signal, phosphatidylserine is exposed on the surface of dying
cells by phospholipid scrambling. Previously, we showed that the Xkr family
protein Xkr4 is activated by caspase-mediated cleavage and binding of the
XRCC4 fragment. Here, we show that extracellular calcium is an additional
factor needed to activate Xkrd. The constitutively active mutant of Xkrd is
found to induce phospholipid scrambling in an extracetlular, but not intra-
cellular, calcium-dependent manner. Importantly, other Xkr family members
also reguire extracellular calcium for activation, Alanine scanning shows that
D123 and D127 of TML and E310 of TM3 coordinate calcium binding. Moreover,
lysine scanning demonstrates that the E310K mutation-mediated salt bridge
between TM1 and TM3 bypasses the requirement of calcium. Cysteine scan-
ning proves that disulfide bond formation between TMIL and TM3 also acti-
vates phospholipid scrambling without calcium. Collectively, this study shows
that extracellular caldum functions as a molecular glue for TMI and TM3 of
Xkr proteins for activation, thus demonstrating a regulatory mechanism for
multi-transmembrane region-containing proteins.

Phospholipids are mymmetrically distributed in the lipid bilayer of
plasma membranes, wherein phosphatidylserine (P5) and phosphati-
dylethanolamine (PE) locate at the inner leafler of the membranes
while phosphatidylcholine (PC) and sphingomyelin (SM) locate at the
outer leaflet™, To maintain the asymmetrical distribution of phos-
pholipids, P4ATPase functions as a flippase to translocate PS and PE
from the outer to the inner leaflet in an ATP-dependent manner’,
However, asymmetrical distribution of phospholipids is atered in
various physiological situations to adapt to the environmental chan-
ges. For example, PS is exposed on the cell surface of activated pla-
telets by phospholipid scambling (PLS) and functions as a scaffold for

coagulation Factors®, PS is also exposed on the apoptotc cell surface,
where it functions as an “eat me” signal* for apoptotic cells to be
engulfed by phagocytes. In these processes, scramblases non-
specifically and bidirectionally translocate phospholipids in the lipid
laver without energy consumption’ .

We previously identified two families of scramblases: the TMEMLG
family'®"?, calcium-dependent scramblases, and the XK-related (Xkn
Family*", aspase clesvagedependent scramblases. The Xkr family
proteins are comprised of ten transmembrane (TM) helices including
two a-helices which are partly embedded in the membrane: one i
positioned betwemn TM2 and TM3, and another between TMé and
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Delivery of probiotics and
enzymes in self-assemblies of
lipids and biopolymers based on
colloidal principles

Jens Risbo*, Tommy Nylander®*** and Motomu Tanaka®"*

Yo partment of Food Science, University of Oopenisgen, Fredessicsheng, Denmas, “Divison of Physiost
Chemistry. Department of Chemistry. Lund Ussversty, Lund, Seeden, “Nanclund, Lond Linsersty, Lund,
Swreden, “LINKS institrte of Advanced Meutson and X-Ray Scence Lund, Sweden, *Sohond of Chemical
Engineering and Tansations, Nanotismcenos Resoanch Center, Sungioyuriosan: Lnmesity, Suwon,
Repuibiic of Konea, *Piysical Chemstry of Bosystems, (ethte of Phiyscd Chemety, Hedebeng
Uniersity, Heideiherg, Genmany, "Center for imegratve Medicins and Poysics, institrts for Advanced
Study, Kyoto Universty, Kyoto, Japan

Food is a complex soft matter, because various components, such as proteins,
lipids, and carbohydrates, are self-assembled wia non-covalent colloidal
interactions and form hierarchical structures at multiple length scales Soft
matter scientists hawe shown an increasing interest in understanding the
general principles governing the food structure formation. During the last
several decades, an increasing number of studies have shown that the
maintenance. of healthy gastmointestinal tract and its microbiome s essential
for human health and wellbeing. The realization of the imporance of the
gastrointestinal microbiome has led to the development of probiotics. which
are defined as living bacteria that confer a health benefit an the host. Probiotic
bacteria and enzymes can be delivered to the intestinal system by formulating
appropriate carrers and including these into food ingested by humans. Despite
this simple statament, it involves many challenges in the field of soft matter
science. This review aims to highlight how the key conoepts in soft matter science
can béa used to design, characterze, and evaluate self-assembled formulations of
probictics and enzymes based on lipids and biopolymers. The topics covered in
this review indudes the emulsification of oil-water mixtures, the self-assembly of
lipids and polymers at interfaces, the electrostatics and wscoelasticity of
interfacies. and the wetting/adhesion of colloidal particles.

T
self-assembly, Upids, polymers, colloids, problotics, enzymes, foods

1 Introduction: food science and soft matter

Food is 2 complex material, consisting of macmmolecules, such as proteins, lipids, and
carbolydrates, together with water, minerak, and many other minor but nutritionally
significant compounds, auch & vitaming and polyphencls, These components are self-
asernbled via colloidal forces and formm hlerarchical structures st muliple length scales The
understanding of such forces s fundasental to not only understand the sructures naturally
present in plant and animal tissues, but also how they can be disrupted and reassernbled into
new structures with higher nutritlonal value by employing approprate processing It Is

noteworthy that food structiures are not constant but are prone to danges during harvesting,
storage, distribution, and digestion. Soft matter scientists have shown an increasing interest
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Antibacterial Synthetic Nanocelluloses Synergizing with a Metal-
Chelating Agent

Takeshi Serizawa,® Sacko Yamagucl'li, Kai Sugiura, Ramona Marten, Aldhizsa Yamamoto, Yuuki Hata,
Toshiki Sawada, Hiroshi Tanaka, and Motomu Tanaka
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ABSTRACT: Antibacterial materials composed of bicdegradable and . =
biocompatible constituents that are produced via eco-friendly synthetic Cﬂhnm.: . [ Mam.l'
strategies will become an attractive alternative to antibiotics to combat :}I'ﬁfh“ﬂ‘llc s g L cheluhr:g
antibiotic-resistant bacteria. In this study, we demonstrated the D o agen

antibacterial properties of nanosheet-shaped crystalline assemblies of
enzymatically synthesized aminated cellulose cligomers (namely,
surface-aminated synthetic nanocelluloses) and their synergy with a

metal-chelating antibacterial agent, ethylenediaminetetraacetic acid e ——
(EDTA). Growth curves and colony counting assays revealed that the Er;'fs“gcl
acrericida

surface-aminated cellulose assemblies had an antibacterial effect against
Gram-negative Escherichia coli (E. coli). The cationic assemblies
appeared to destabilize the cell wall of E. coli through electrostatic
interactions with anionic lipopolysaccharide {LPS) molecules on the cuter membrane. The antibacterial properties were significantly
enhanced by the concurrent use of EDTA, which potentially removed metal ions from LPS molecules, resulting in synergistic
bactericidal effects. No antibacterial activity of the surface-aminated cellulose assemblies was observed against Gram-positive
Staphylococcus aureus even in the presence of EDTA, further supporting the contribution of electrostatic interactions between the
cationic assemblies and anionic LPS to the activity against Gram-negative bacteria. Analysis using quartz crystal microbalance with
dissipation monitoring revealed the attractive interaction of the surface-aminated cellulose assembly with LPS Ra monolayers
artificially produced on the device substrate.

KEYWORDS: cellulose oligomer, crystalline assembly, anfibacterial cationic polymer, bactericidal activity, ethylenediaminetetraacetic acid,
S

aric action  Dead bacteria

1. INTRODUCTION functionalities."*~'® Because of the limited attractive inter-

. . tions between cationic hydrophilic polymers and the
Antibacterial materials that suppress the uncontrolled growth achions befween - £z - .
of pathogenic bacteria have attracted considerable attention for zm.tlm:mm.c lipid bilayer of memmalion cells, nmrEI _mh-

fing bacterial infections or mitigating barterial vinslence I:I-iclEl'lil pullgllmers have been_ shown .tu_e'xhlblt Iughe_r
1n¥ the fields of food, cosmetics, and medicine.”* Due to the biocompatibility than cunveutmn_al cationic dephnl?lc
unfortunate evolution of antibiotic-resistant bacteria,™® ﬁﬁﬁuﬁ?ﬁﬁﬁétﬁl e;m ::':hﬂ‘?;c. slnlnzie;
antibacterial thetic polymers have been developed as - - ;
i i g b e il LB R I T e
synthetic polymers include ignability of the chemical is still challenging to obtain cationic polymers that exhibit
structure, stability under bti.ulngi:alg fitions, processability, bactericidal activity and are biocompatible with mammalian
and low skin penetration compared to low-molecular-weight cells.

. . . . 3 ; g Cellulose is a naturally abundant polysaccharide that exists
ofganic or inorganic antibacterial materials. Antibacterial in natre as lGine fhers, '+ Recently, nanocelluloses,

memﬁixﬁpzﬂ:t;,ﬁﬁ &Fﬂ?ﬂ:ﬁ i:iig:;; including cellulose nanofibers and cellulose nanocrystals, which

which have been designed with inspiration from cationic host -
defense [:u!l:ll:i.i:lea'L1 or biocidal cationic surfactants (eg, RE“_"“d’ September 21, 20203
benzalkonium chlorides).'? Cationic and hydrophobic groups Revised:  November 2, 2023
of polymers interact electrostatically and hydrophobically with Accepted: November 2, 2023
the anionic lipid bilayer of bacteria, disrupting the membrane Published: November 15, 2003
stroctore and thus killing bacteria. An emerging alternative

polymer design is the combination of cationic and hydrophilic

& 2023 Tha Authors. Fublished by
| ACS Publications Amercan ek 5055 a6 " A s e 30, 7, 35

-353-



REVIEW

ADVANCED

www.afm-journal.de

Printed Electronic Devices and Systems for Interfacing with

Single Cells up to Organoids

Mahsa K. Saghafi, Srivatsan K. Vasantham, Navid Hussain, George Mathew,

Federico Colombo, Barbara Schamberger, Eric Pohl, Gabriel Cadilha Margues,
Ben Breitung, Motomu Tanaka, Martin Bastmeyer, Christine Selhuber-Unkel,

Ute Schepers, Michael Hirtz,* and Jasmin Aghassi-Hagmann*

The field of bioelectronics with the aim to contact cells, cell clusters, biological
tissues and organcids has become a vast emterprise. Currently, it Is mainly
relying on classical micro- and nancfabricatlon methods to build devices and
systems. Very recently the field is highly pushed by the development of novel
printable organic, inorganic and blomaterials as well as advanced digital
printing technologies such as laser and inkjet printing employed in this
endeavor. Recent advantages In alternative additive manufacturing and 3D
printing methods enable Interesting new routes, In particular for applications
requiring the incorporation of delicate blomaterials or creatlon of 3D scaffold
structures that show a high potentlal for bioelectronics and bullding of hybrid
bie- finerganic devices. Here the current state of printed 2D and 3D electronic
structures and related lithography techniques for the Interfacing of electronic
devices with blological systems are reviewed. The focus lies on In vitro

applications for Interfacing single cell, cell clusters, and organcids. Challenges

1. Intreduction

Cassical approaches for manufacturing
electronic devices in bioelectronics have
come a long way and feature an impres-
sive track record in what kind of measure-
ments are feasible nowadays on single cells
up to tissues, organoids or even in vivo 'l
In particular, the development in micro-
fabrication for electrodes and microelec-
trode arrays (MEAs),*5! and complemen-
tary metal-oxide semiconductors (CMOS)
technology!® hawve given rise to 2 myr-
iad of applications in monitoring™®! and
stimulating!®!% single and groups of cells.
Still. these approaches have inherent dif-
ficulties in respect to organic material in-

and future pros pects are discussed for alk printed hybrid blofelectronic
systems targeting blomedical research, diagnostics, and health monitoring.

tegration, biocompatibility, and for appli-
cations that require fexible devices. Addi-
tionally, when biomedical applications are
aimed at, disposability and manufacturing
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Reversible Host—Guest Crosslinks in Supramolecular
Hydrogels for On-Demand Mechanical Stimulation of

Human Mesenchymal Stem Cells

Philipp Linke, Natalie Munding, Esther Kimmle, Stefan Kaufmann, Kentaro Hayashi,
Masaki Nakahata, Yoshinori Takashima, Masaki Sano, Martin Basimeyer,
Thomas Holstein, Sascha Dietrich, Carsten Miiller-Tidow, Akira Harada, Anthony D. Ho,

and Motomu Tanaka*

Stem cells are regulated not only by biochemical signals but alse by
biophysical properties of extracellular matrtc (ECM). The ECM Is constantly
monitored and remodeled because the fate of stem cells can be misdirectad
when the mechanical interaction between cells and ECM Is imbalanced. A
well-defined ECM model for bone marrow-derived human mesenchymal stem
cells [(hMSCs) based on supramolecular hydrogels containing reversible
host-guest crosslinks Is fabricated. The stiffness (Young's modulus E) of the
hydrogels can be switched reversibly by altering the concentration of
non-cytotoxic, free guest molecules dissolved in the culture medium.
Fine-adjustment of substrate stiffness enables the authors to determine the
critical stiffness level E* at which hMSCs turn the mechano-sensory
machinery on or off. Next, the substrate stiffness across E¥ Is switched and
the dynamic adaptation characteristics such as morphology, traction force,
and YAP/TAZ signaling of hMSCs are monitered. These data demonstrate the
Instantaneous switching of traction force, which Is followed by YAP/TAZ
signaling and morphological adaptation. Periodical switching of the substrate
stiffness across E* proves that frequent applications of mechanical stimuli
drastically suppress hMSC proliferation. Mechanical stimulation across E*

level using dynamic hydrogels Is a promising strategy for the on-demand
control of hMSC transcription and proliferation.

1. Introduction

The ooracellular matrix (ECM) is a cru-
cial component in maintaining the struc-
tural integrity and functionality of cells, as
well as regulating the homeostasis of ani-
mal tissues.!!! Remodeling of ECM plays a
significant role in regulating not only the
behavior of single cells but also the morpho-
genesis of tissuest? Cells respond not only
to extrinsic biochemical signals, such as
gradients of chemokines or growth factors,
but also to the biophysical cucs from their
surrcunding microcnvironment, including
the topography and stiffness of the ECM.
The adhesion, morphology, and migration
of cells are influenced by the bulk Young's
modulus of ECM model substrates when
ome uses chemically crosslinked hydrogels
functionalized with ECM proteins.?l My-
oblasts differentiate into myotubes with
pronounced actomyosin striation when cul-
tured on hydrogel substrates possessing a
Young’s modulus similar to that of the
native ECM.I*l The Young's modulus val-
ues of hydrogel substrates influcnce the
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Structure-changeable luminescent
Eu(lll) complex as a human cancer
grade probing system for brain
tumor diagnosis

Mengfei Wang >, Masaya Kono?, Yusaku Yamaguchi?, Jahidul Islam?, Sunao Shoji®,
Yuichi Kitagawa®?, Koji Fushimi®, Sora Watanabe®, Go Matsuba®, Akihisa Yamamoto®,
Motomu Tanaka®”, Masumi Tsuda™®, Shinya Tanaka™® & Yasuchika Hasegawa>*"

Accurate determination of human tumor malignancy is important for choosing efficient and safe
therapies. Bioimaging technologies based on luminescent molecules are widely vsed to localize

and distinguish active tumor cells. Here, we report a human cancer grade probing system (GP5)

using a water-soluble and structure-changeable Eu(lll) complex for the continuouws detection of

early human brain tumors of different malignancy grades. Time-dependent emission spectra of the
Eu(lll) complexes in various types of tumor cells were recorded. The radiative rate constants (k,),
which depend on the geometry of the Eu(lll} complex, were calculated from the emission spectra.

The tendency of the k, valves to vary depended on the tumor cells at different malignancy grades.
Between T=0andT =3 hofinvasion, the k, values exhibited an increase of 4% in NHA/TS (benign
grade |l gliomas), 7% in NHA/TSR (malignant grade lll gliomas), and 27% in NHA/TSRA (malignant
grade IV gliomas). Tumor cells with high-grade malignancy exhibited a rapid vpward trend in k, values.
The cancer GPS employs Eu{lll) emissions to provide a new diagnostic method for determining human
brain tumor malignancy.

Cancer is a major public health problem in every country of the world'?. Increasing the universal awareness
of early cancer diagnosis is key to increasing the chances of successful treatment’ ", Bioimaging technologies
based on luminescent molecules are powerful approaches for locating and distinguishing tumor cells. Lumi-
nescent molecules have been developed as non-invasive probes for early cancer diagnosis. Luminescent organic
dyes exhibit tunable fluorescence properties associated with structural modifications. Pu and Yuan summarized
recent studies on near-infrared (NIR) shifting fluorescence using structurally modified hemicyanine dyes for the
bioimaging and diagnosis of cancers in mice®”. Urano reported a membrane-permeable hydroxymethyl rhodol
derivative for fluorescence-guided diagnosis of ovarian cancer in mice™. Metal-free thermally activated delayed
fluorescence (TADF) materials are attractive next-generation organic dyes for biomedical applications. Hudson
and Algar described red-emissive TADF polymer dots for time-gated cellular imaging of human liver cancer
cells'™"!. Among luminescent molecules, transition metal complexes show potential advantages in bioimaging
and cancer diagnosis owing to their long phosphorescence lifetimes. Ma and Leung developed design strategies
for transition-metal-complex-based cancer diagnosis'™". Thomas et al. mainly concentrated on phosphorescent
Ru(IT} complexes that bind DNA and other biomolecules such as cell probes, therapeutics, and theranostics'.
Luminescent lanthanide complexes with long-lived 4f-4f transitions have also been reported for biomedical
diagnoses'®. Parker and Biinzli reviewed the current developments in water-soluble lanthanide(111) cyclen- and
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Organic Material Engineering, Yamagata University, Yonezawa, Yamagata 992-8510, Japan. *Center for Integrative
Medicine and Physics, Institute for Advanced Stedy, Kyoto University, Kyoto 606-8501, Japan. "Physical Chemistry
of Biosystems, Institute of Physical Chemistry, Heidelberg University, £9120 Heidelberg, Germany. *Department
of Cancer Pathology, Faculty of Medicine, Hokkaido University, Sapporo, Hokkaido 060-8638, Japan. “email:
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1. RPXRFEDZANIIONT

2019/10/7

(=&

SRR EFIDES - EEIZDWT
SR ERFIDEE B IC DWW T
SR ERFIDEZEFTBIC DWW T
Z D

[#E‘Zi]

FHEPFIDBEEIRRICDOWNT
EEOEW

A ITIRR

Z D

el e

s

2019/11/14
(==
1. FHEOZANIZONT

2020/3/4
G

DWW T

1. B8 - HEFRFOIFSHEIZONT
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2020 £ E

2020/6/3

(5%

1. SBROFBHESTEICDOWT
(3R]

1. ESRAEIRFAOEZSRRICONT
2. FBEDEW

3. AT

4. Zos

2020/6/15
[E=
1. HRMFERDZANIZDOWNT

2020/11/17

(=%

1. SEOFEZETEICOWT
(3R]

1. ZFRHREFIDEZIRTICDNT
2. BEDEW

3. AT

4. Z Db

2021 &

2021/5/12
[%E%%
1. SHEROEFEEBEICOWT
1.1 FHAERERFIOEZETHE
1.2 HE:HE
1.2.1 BN T7HLS & 0EHEE
1.2.2 %2R - F2HE DEE
1.3 Zofs

2021/11/12
{%%
1. SBOEFEETHIZCOWT
1.1 FHAERERFOEZETE
1.2 EE:tE
1.2.1 BN T7HL S & 0@
1.2.2 DAAD-mK [f] 7B7 7 A
1.3 Zois
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2022 £ E

2022/6/22
(5%
1. SEBOEFETFEICOWT
1.1 FIAZEERFIDE = 5118
1.2 EEE
1.21 NATILRILIKEDLDFES A
1.3 Zoft

2022/11/10
€=
1. SHBROEFEEEICOWT
1.1 FHARERFOEZETHE
1.1.1  MREEKERHFZE B DEFEBIEA D F(E

1.2 FZEEE
121 T aVRE—KEHLLDOHEETA
1.3 Zofts
2023 E£E
2023/6/6

(=%
1. SBROEFHEFEICOWT
1.1 FRAEERFOEZETE
1.2 ZEZEETE
1.2.1 HeKKSSaGOn HizxE£EH
1.22 H40 [EFELHE] AR
1.2.3 [E Winter School
1.3 o

2023/11/6
€
1. SHROFETHICOWT
1.1 FHAREBFIDEZ ET1E
1.1.1 BR®HES Q829 H)

1.2 Z=E:E
1.2.1 EPR Winter School
1.3 Zofs
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FAREH (4)
ENER - MREBEESNK
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Hf K

RITE  HBTE A (2017~2019 £ )

TUNERIE D BRI ZE L & FB U 7o 8050 B oD 1 AE I B0 32487
KE HE k. 98 FIFEE BERF BFHRRD

(#3%8) 43,550,000 9 (E#EEE) 33,500,000 F (E#EEE) 10,050,000 M

BRI E 455081 - 28R B (2016~2019 £E)
[BRPEIES X7 LOFREFRRKICE T 2 BRES D BRI
K&k HHF k. 98 #HK =2

(#%8) 18,460,000 A (E#HZE) 14,200,000 F (E#HREZE) 4,260,000 H

BB #HEMBREAT (2019~2023 £&)

[KEEEMEI OB T - A 4 HeeRn)
& HF K 28 FEHES (KRKFE KFERERTFHM)

(%&) 117,130,000 A (E#:H#2&) 90,100,000 3 (R#E#ZE) 27,030,000

RS FeeMisBiEsafse (2019~2023 £)

[k E e Rl DRI ICBE S 2 KR IER R ]

RE MEEESE GERARE AZRIZFZRMER) | 28 Hb XK

(#%8) 158,990,000 3 (E#HH#ZE) 122,300,000 F (R#EE) 36,690,000 H

BE  EBIR A (2020~2022 £E)

IDAKREE - A/ A FOBREZEE E T 2YEBHINNA A~ —H—DEIE]
K& HE k. 98 KE & (R#EAF EFHER BlHIARD

(#4%8) 44,980,000 F (E#E#RE) 34,600,000 F (%) 10,380,000 H

FhE HASTEERIERT (2019~2020 F£E)

[9RF D HFHEFETE EEDFHRE]

& HF Xk

(#8%8) 3,692,000 3 (E#eRE) 2,840,000 1 (E#HEZE) 852,000 M
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FitE HASHERRER (2021 FE)
[98F D AREEEEEDRF]
& HEf K
(%) 2,431,000 F (EE#%) 1,870,000 F (F#E#EE) 561,000 [

AAZRE S AEAHREBRB~WEZE (JSPS BRIDGE fellowship program)
(2018~2019 £ )
[Xh/ " AF B —HROEER Y b7 —7581{t]
KEF HF X
(¥%8) 150,000 3
Bastmeyer #i% (MAaBEZIR) DIBEFZEL L TEE

HeKKSaGOn Working Group (2021~2023 F %)
“Next-Generation Biomedical Science”
&= HAF K

(#8%48) 42,400€ — PED2EDTHTE

REKZF « DAAD /8— hF—> v 77045 L [AIDA] (2023 )
& HF Kk
(#:%8) 980,000 [
N AV {@l/<— bk F— - Bastmeyer % (WEFEHIR) + DAAD £V
Ny FvT 77y FEES

RITE  HEBETTE B (2023~2026 FE)

[EEe FARARBIREABTEENOR T DI NI T VR =Y a3F 0 B —F]
RE¥ AT X (EMHEIERKT) . 518 B Kk E2HE (FEFIERKX
F) . EBEKX CREALERAY - REL HWSKE) . FERE (RHFILIERX
%)

(#%8) 18,850,000 F (E#ERE) 14,500,000 F (RIEERE) 4,350,000 [
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thABEA

RIFE  H&E C (2016~2019 FE)

[pREEE O YIE O ICANT /- iEEERR & Bt W FMEEER O BEE]
KF ILARBEA

(#8%8) 4,680,000 3 (E#EEE) 3,600,000 F (&) 1,080,000 H

RIFE  HBPE B (2020~2022 FE)

[ZRTHERDORREE 44 F 27 X : BFKFEEEDEEFEDRIR]
RE LAEBEA, 218 LEBFBRX (RPHFILERAT - BR. SUSEE)

(#%8) 17,680,000 A (E#XE) 13,600,000 [ (E#HREZE) 4,080,000 H

FEAF WLTx (2019 £E)

MRk - ESEE O ERICED < MIEREEER O E R L EMEEDHIEET L
]

K&k LARBEA

(#%8) 1,600,000 1 (B##FE) 1,600,000 1 (E#EEFE) 0M

HifteE EREEMAFRINERES - ERERMITE B (2018~2021 F£E)

TEFENET VT NA ZOMRARE Y TILEZA LEZRY > JEAMTICET 2 BME R
52l

KE HME B (RZELHERERFE) . 28 LABEA

(#8%8) 17,940,000 A (E#H=2E) 13,800,000 F (FEHEEZE) 4,140,000 M

Hie MRSt F—AX—a—FKL— 3> (2020 £E)
[HRE DR A EICET 2MRFKERDI-D]

K& ILARBEA

(#%8) 100,000 M
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e BABLEBAEEKAS (2018~2019 £E)

(077 2 REICEBEL - ATEFRBEGER)Z AW REHE & EERRIGD I8k ]
K&k LARBEA

(#:%8) 6,000,000 4

Fte FAEIFHREMRERFE (2019 F£E)
[vV7 b~&2—432 - IR OMFTICH T 28I E]
K&k LARBEA

(#3%8) 100,000 M

RITE  EBHFE B (2023~2026 FE)

e PABRARESRICE T 2MEAEEDOFFE—HIIHTT 2 NEMIEOISEHEE D]
K& LWARBEA, 518 EBEX (REFILERAT - BREL ZRIES)

(#%8) 18,460,000 A (E#=ZE) 14,200,000 F (E#REZE) 4,260,000 {
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A

Gl

RiftE FHFPEB (2016 ~2019 FF)

[BEE FZDESEDLE— FENT)

R #wAK B

(#%8) 4,160,000 9 (E#E&EZE) 3,200,000 3 (EEE&RE) 960,000 [

RITE A& C (2019 ~2021 )

(AR ICZ A EE R L b ERE B UL 7B E RO BRIH T o Rl
Rk % =

(#%8) 4,420,000 4 (E#=RE) 3,400,000 F (E#REZE) 1,020,000 H

Hie HAEIFHIRMRESE (2019 F££)

[EayEBR, EEYBR. 7774 7YX —YEZOWRRISTT 2BHE]
Rk % =

(#%8) 100,000 M

RIFE  EBRFIT B (2022 ~2024 FF)
[HEHWMEICLZE RSHILH/ A4 KOBFEREHSIERMTORIR]
RE #HK =
(%=%8) 17,680,000 F (BEi#E) 13,600,000 [ (FH#E#%Z) 4,080,000 M

M fEAER

Wﬁ% EFR B (2022 ~2024 &)

(AR ARSI EE ZRTT - ZRTTRBEMEZ AW e b iPS g0 BrgHI6E)
K& M EREB

(#3%8) 4,550,000 3 (E#H&EE) 3,500,000 F (MEEE) 1,050,000 [
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