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Anthony D. Ho

Dr. med.
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EEMARCRYESES - EaWET =7
(2011-2014)

Thomas W. Holstein

Dr. rer. nat.

INA TRV KF

Center for Organismal Studies 2%

ATV RFET HT I —HF
(2015-2020)
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Dr. rer. nat.
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Kick-Off Symposium
Center for Integrative Medicine and Physics

4@ (iCeMS-CiMPhy) "‘
%ﬁﬁ April 11, 2018 PN
e Institute for Advanced Study, Kyoto University xujas

~

-
Forces and Mechanics
@,

(9))

Pioneering Physics Tackling Clinically Relevant Issues
Open Academia-Industry Collaboration

Nurturing Global Talents beyond Disciplines

'S - B
“Dynamic” Phenotypes Collective Order

.

Supported by
NAKATANI FOUNDATION

- o re—ry g

Xy IF TV VRYILADRRE—
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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 M 2 . b2 & HEAEY) F oAt D ¢

JH Y SIS (World Premier Institute) & L CHfENZ L. #7172 1@ WFFEEE 0 &
NWFgERRkE L TRECEBL T T3, S HIcEEERc, R
MEADZTFMERM & L CHRAEY: - PHEf%E+ v £ — (CiMPhy) 25:3%iE &
NHHELR o722 &1, T2 EICEFELWIRY T3, A ITFRICES
FEI I B D Discipline ZE A L THi L WiE BRI EFERZ FAH T 5 C &
o TR CTHAIM Z2HFZEEMTH b, iCeMS & DT X - THERIC
FeBR T 7= HrEIR O sk & KRS W E C e ifF s hC v F, g
RFE O HPRBIZ L Z O OWMHRDE—~AFTH V. Fe5ric Z DHARF
KZ7ZATWEEFZ2DDLELTHET, X oHICHPERITHED R
DHERPETFTMRFE ORI IEENIC D KEAFEEE D > T b, FEHI
Beic B 2 RO FHEE ORI 78 LCOMEEIC D HIRL Twiz72
J2b0 L lHRELTE Y 9,

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 Gottingen, 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)

AT IRB S & v BRS¢ & —
Director, JSPS Bonn Office

HpskdedE, & o I3 A E LRI IREI 2> & 5K &
LEWTEBE~ DRI RFIF K IC X > C [P L EFZER] F
T %D B2 RIEZ RS- I ND 2 & ko2 L filv, b
LV BECHL BT T3, ARV ICIMEL Tlk, Hfdon
A TNV 7 KFETO TIHHERS, HMPIMR TR D 72 0 DOk 7z &
R, % L CHERRY: WPLIC B 2451 e 7e 8B G 8 % Jric o
FEHFICF->TEYELEZ— AL LT, WIinkkdEoHFntr s
DB o TREL—HE A IN RN b L,
YT DS HOFRICHAT W2 L TR Y £ 37, SRimivsEis
W ospekofil 2 0 EMCER Z#E 2 CAA 5T, THSOHEME
fhe Lanodbnfrlz CABHoEFICH TR ZzEI NS
Bk B ok 2. o KB EAE D ) —
A=l LTl EECTEY 9, RSP OHETE THAD,
SEDFy 7A T« 2 VRY 2T ARHEF ORI E )RR %
522X5hdb0l ) ET LoD ZLTELET,
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Bl Ayte—

T a2~V IRKE - Erich Sackmann £E#i%

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.

Utd, Finland (2011) Summer School

4

Munich (2018) Visit to Erich’s Home

e

Ziirich (2014) 2D Polymer Conference

,24,

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)

[FEAERF N ) R BYEARETERT, Bi%

Professor, Doshisha University (Japan)

A NBIROFTHTH L WIIFME DA X2 — D TLE H T W
. FoXLDHVF Y VAR EALBRER D2 EARE
WADRELT 200, ol VELAICLTET., FLEHFWVIT
. ZAHEL B, BECHEIN, PV L HREICY
VINVICRHINETLOMFEL 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

:T':l-'r-?w |'| v, ~asyv,

N

311{"}5
:“ %’I
Cross-disciplinary, international winter school for graduate students and

junior researchers from medicine, physics, mathematics, chemistry, biology,
and engineering sciences, etc.

g

ConfirmedIlecturers:
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 (NAQJ)

Organizer:
M. Tanaka (Kyoto / Heidelberg)

Local committee:
A. Yamamoto, R. Suzuki

M. Yoshida
i AR
NAKATANI FOUNDAﬂON s ® HeKKSaGOn  DWIH Tokyo
St alienbaniad ST g elsringn ; % NETWORK OF UNIVERSITIES L0000 ES

X Lond der Ideen
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beormnedical engineering

A physical biomarker of the quality of cultured
corneal endothelial cells and of the long-term
prognosis of corneal restoration in patients

Moty Comimcts e S’ Vemsbogs s (hn b Ay Mot s
v Emenas’ W U gk Mty T
T r

ERENS $RHE - NHERNE, WS - LN, SEATEX
MH-AREE. FRESS RRNEES . EFR (MEFOEX, B
EAFRR) . MR -@ZF

BEYS T2 (20196108 % - 12-13R)

v.4I/1 BRMERONE, BENIC
' 0 (R

NOARRES. # 5MEah Ul e hoasm rean
TRATLETAL, ERATONS e LAY, ARNAEBANT

ne I PHERR (R FAASAPR WAL COOT, mBYARS
/ BU L HRANEBDR. OBRIN RN EAMT LML, AN
NEPO L PR ATYNAN G, ¢

e BRTART LY, BEORNSAS

" Emw

& IR RD P AR MATRLE. RUTOSROZE | b BURLTLMREAUN
IFAPHSEH DR ) g bdecun it susrlf [gprotmcorimsasmscic

LT, BaRLEA NGEAYE R Fr—oLn naaiiaen s
SEBANTASITEONL N T BATHRLISY TS LcdAn. B

ns . .
P~ w 2 13 LS S LRy CLENMRYRALBNTANINS
* | @% wz ARNTHETS TAMAS ) RN FEMIARAKR (AR C

*v 54 v=a2—ZR2¥ (Nature Blog)
v =

BOEND THE PAPER
Using physics to corneal cell quality:
Developing a physieal biomarker for ¢ornea
restoration therapy

BRIXNR (7TH236290E) . BXEFRNMN (TA29E29@) . RTMEAEFRFRE (2020518%8) &
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How a gastrophysicist gets Ole G. Mouritsen 12
inspired by the Japanese cuisine
BRPRE
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German-Japanese Worksop

| Aquatic Materials Made to Order]
(34 - 5H)

B NATRTRE

NARFERFARERP ST ATREAT (FRALEER)
[RESERE  RECHAT - BET 37 Y 7 ALEERORIEE)

MEXT Grant-in-Aid for Scientific Reseanch an  Innovative Areas
: o 2 Area Number. 6104, FY2019.FY2023

AR
Aquatic Functional Materials ﬂggi:ﬁ&
Hh ® (2FEHEA03 (ERERR) IR
FA Y#l%8E (Deutsche Forschungsgemainschaft)
German Excellence Cluster [3D Matter Made to Order ]
AR
w iEDETQEEEERR Martin Wegener #12

(H=Z =T ITHS)

Uwe Bunz 3%
Germany's Excellence Strategy (A FhITKE)

- 20821 - 390761711

H 3K &£ M. Bastmeyer #i2 (MaFH/FR) FHIC
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HeKKSaGomUniversity Alliance

ThMerman -Japanese University
Premdents Conference

"Howuwniversties can contribute to building healthy,
safe"and resilient societies"
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WG1: Next-Generation Biomedical Sciences
- Fusion of Molecular Engineering, Imaging, and Modeling -

. Lead Coordinator
~  Motomu Tanaka (Biophysics) UINIVERSITAT
Institute of Physical Chemistry, Heidelberg University HeeLsERG

Institute for Advanced Study, Kyoto University

Zoological Institute, Karlsruhe Institute of Technology

Hireshi Suito (Mathematics)
Advanced Institute for Materials Research, Tohoku University
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Life as a Matter of Interface Dynamics
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7 —<3 ! Medicine and Numerical Analysis - Activities in Heidelberg -

NATURLVIRTEBEIN—T LERRRET-TWLS
YT - EFMREBISF T4 THlE T

Thomas Hofer Anna Marciniak Czochra
Professor Professor UInivERSITAT
DKFZ dklel Inst. Appl. Math. Oﬁlﬂqm:nm_;
Infectious Disease (HBV) Cancer (Leukemia)
Anil Dasanna Judith Thoma
Senior Scientist
PhD student
Inst. Theor. Phys. UNIVERSITAT
(now in Saarbriicken) Inst. Phys. Chem. OII'I.I..I:D.E.L}!.-I:Mr
Cancer (Leukemia)

Infectious Disease (Malaria)
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Research Project on Nonequilibrium Statistical Physics - 8w
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YWuknwa Institute for Theoretienl Physics, Kyvoto Universiny
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2023594218 - 228 (Géttingen)

HeKKSaGOn — Network of Universities
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a e

9th Japanese - German University Presidents’ Conference - 21/22 September 2023

Working Group 1 M 5w &

L
® ./~ ® HeKKSaGOn . EREEIEE

@ NETWORKOF UNIVERSITIES i )

WG1: Next-Generation Biomedical Sciences

- Fusion of Molecular Engineering, Imaging, and Modeling -

S~ Le inator
-.;. Motomu Tanaka (Biophysics) iR, UnivesiTAT
W'l Institute of Physical Chemistry, Heidelberg University (U | [IDFLBERG

Institute for Advanced Study, Kyolto University

Martin s SKIT
Martin Bastmeyer (Neurobiology) reeredir
Zoological Institute, Karlsruhe Institute of Technology
! g Hiroshi Suito (Mathematics) ,@
= Advanced Institute for Materials Research, Tohoku University j
s
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Nakahata (Bio-inspired
materials)

Fujiwara (Biochemistry
autophagy)

Salg (Bioprinting and
multiscale cancer
imaging)

Suito (Mathematical % 33
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International Session : Medicine and Numerical Analysis

Professor

Leukemia

Junior Group Leader
Physicist, Physician

Matl. Center Tumor Research
Hepatitis B Virus

Mathematician, Physician

Stefan Kallenberger O N C-l—
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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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A. BERMRHT = BRME L - - SRR W B i OB

Al AIEBEEEICAV S BIERMA (in vitro) O SBME BREARE (in vivo) DF
FBiFHEZ —2 DA THIEEICT 2MEBRAINA T2 —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 LRSS -
EFEREN WaEENE :
8) b&DOERFE

RERF - FEFILEMKRFEAHRFIEEFEE

AAZEFHE. BV 4 T > X, Nature Blog 7% & TR

CONTRIBUTOR NATURE BIOMED EN ,'P ™ ,;(/,'4"' //
BEHIND THE PAPER ! AE

Using physics to tést eorneal cell qua]i”.cyv
Developing a physical biomarker for cornea
restoration therapy

h—X—O—FRL—Iavitdy o4t 2, AEREREE - BIRERS L TEX
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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 MREEHE - ) . N TILNILTKRER
BRIMRAEL A.D. Ho #i% MaEE¥E - G) LoHEHR

1
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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 KRR MAAR A.D. Ho 3% MLAREHIE - £) . NS F4Y
SR V. Benes EEMIEE (F) |, A.C. Gavin 2d% () & OHEREWE

EMBL &

European Molecular Biology Laboratory
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B. Fi-7EtH - BATEFOEE

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 Frihiich’, Julia Jager®, Christine Lansche?, Cecilia P. Sanchez?, Marek Cyridaff, Bernd Buchholz®,
Serge Theophile Soubeiga®, Jacque Simpore®, Hiroaki to®, Ulrich 5. Schwarz@ 2, Michael Lanzer®? &
Motomu Tanaka® 17

INATILRIL Y KF RREFERRZTAT M. Lanzer 233,
INA TV Y K BB RAT U.S. Schwarz |
iz & OHERMR

B
i Wi
i A
g 1
- ’J.“-‘

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)

KRN ST AR P. Cloetens EEHTZR
B, N TILANIL T KRS BAE AT
M. Lanzer 3% & O H[ERFI

I 1 ‘_._. %

UNNWERSITATS
ELIMNIELM
HEIDELBERG

counts(i,j) = 108
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B3. A F A VEREZEEREEEFETIIA—ILOHEA2EHEFEENICHEER%2MR L
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)

TCEMATRI2 TR H L% E AT
RE. ERMBE R 0. Konovalov
FEARE S & DHFRRE

N

R

S —
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ESRF 037/ A—FLHETHEEY
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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

RRMN ST SeHHE Y. Chushkin ZEMFFRE O & DR

THE JOURNAL OF

PHYSICAL
GHEMISTRY
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B5. BfRGEBEMBEEROBITE. 7/ 7+ —H XA XBREDWEL. #HERK<y ToEH~
EHET, BETAE FSOMBAREBOBI A Wnt 7 FILICk > THIEIEhTW
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 T IRV KFE R

T.W. Holstein #i% (MLamEEH

S ) NATIRIL T KF

AVAR=D v T z—U.

creel w5~ () . W (G SRS

S YEHERE M. Burghammer £ Heldeibers
MREa (A) & DOHRAME
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C. ffaf/MNRIEDEEE T TIL DS

C1.CD95 ICL B A AMBEDTH b —2 ZRH, BHEMEDH 2 LEICH A DIETEN LY
WE&HBHI L% CDI5 YA P TEEEREL L MRRET TV ERVTHESA

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

Galea 5. Galculer Balta, Comealia Monzel,
Susanne Klaber, ..., Yvonne Samstag,
Matomu Tanaka, Ana Martin-Villalba

Comaspondence

tanaka@uni-heidelberg.de (M.TJ,
amartin-villal badkiz- heldelbeng.de
(AL

In Brief

Giletler Balla et al. show that CDS5
receptor activation is determined through
the presantation of its ligand at a coertain
intermolecular distance. The type of
signaling triggered by CD95 s, howaver,
decided by the cellular snvironmant.
CDAS5 triggers survival in cancer cells in
contact with other colls and death n
isolated ones.

f KA YHDRAE L % —(DKFZ) A. Martin
dk : . Villalba #id% » & O H[EIHZE

"W
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C2.BEZB2XFIDL—Y—TV T4 I LRBRETEEYFTSLVERWVWT, —H#
AFIEZTZy b7+ —LERIH

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)

) \.‘
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- AT <P

Karlseuher Institut fOr Technelcgie

~

H—ILZI)L— T TRKFE YEFE M.
Wegener #i%. BEMF M. Bastmeyer%ﬁl
® MRBEEHIR) | KRAFEFMR
=5 E®R B & OHFMR

H—ILRI—TIRKFE, NATIINLIRE JREREHAT LYY —X

B TPETA (pusssvasng i PETa {protesn sdsorteng Had guarst hyciroage
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C.TEEz#FrTer FTHEFELR BaFe Fasi] 2RAVWT, b MEERRHE
fREAVEED [FExzRLUSRE1E] X 91t - g% 1L 2 W FRIBOREKRE] % #ZEA

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
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RRAFEZHER 58 &
wHIR () . N TN
7 RFmbEm&AE A.D. Ho
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& DHFIE

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

s ARVANCED
MATERIALS

# Special Issue: Biomaterials
for Regenerative Medicine
Guest-edited by: Shengmin Zhang
WILEYSVEH and Antonios G. Mikos
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C4 BEE2XAFIDL—Y—-—TIV T IZRELE [HEHAXZ22TITL] %
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

ST

Karlsruher Institut fiir Technologie

H—ILRIIL—TTRAFE YiEx
M. Wegener #i%. BE4EDF M.
Bastmeyer #i% (MaEEH
%) 5L OHEME
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D. ZDfthpFEdiT - D ERHh

DI. EEXH nm OEFME L LBZ 75— LV ESFOKATOWHMIEE:Z X EEAER
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
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z,z7 15:00  Wellare and Contarance Sy ¥
o = 1630 MAXEAR TraRaeN

5. Motomu Tanaka,
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10.

“Supported membranes as a platform for dynamic

D
= =i}
rm

phenotyping of primary human cells: Quantifying the effect

=
1

SHILINDY:

of intrinsic and extrinsic factors” (3B{F#EH)
American Chemical Society Spring Meeting, Orange County
Convention Center, Orlando, USA, April 2, 2019.

Motomu Tanaka

“Supported Membranes: Platform for Dynamic Phenotyping of S‘\wT .

< .
Diseases” (BiEH#:H) Charles -

Institute Colloquium, Institut Charles Sadron, Strasbourg, France, GAWS ihraTRA- STRABOO
May 7, 2019.

SADRON/
-

Motomu Tanaka and Akihisa Yamamoto

“Human Corneal Endothelium as 2D Colloidal Assembly”

(Keynote)

Okinawa Colloids 2019, Bankoku Shunryokan, Nago, Japan,
November b, 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 mote
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:i&%)

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 A S
wedNESS

Mechanics” (£555E%&)
Swedish Neutron Graduate School (SWEDNESS) Summer

Symposium “Neutrons in Life Science and Biomaterials” (Online), June 17, 2021.
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11.

12.

13.

14.

15.

16.

17.

18.

Af K
“ERRANE DB D EDEFYEZORE" (BEEFHE)
BEAEREAEMAR, REH - REFILERKF, 2018 F£4 A 4 A.

B K

“REXA T I XD oRHIMBEER" (BEH#EH)

FBlIE RZRK-NATARLIK-BHT—0>ay
[FOBR L EF] | REbm - REARF. 2019410 A 10 H.

B K

“BRIREF ORBEICT ) AT BYRF (BEER)
FEBRFE MACS a0 % T L, F> 74 VBIE,
2020 £ 7 A 17 B.

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

LS
B X s AL REMEEE OKBBTRIMEA - RAX A+ 7 A OBEHA’
(B

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

i o e cwmoms
“RED b HAR < E - REOWIRLSBRE L BES i
HERICERT 5 94RE (REHBE) S
KRS EBETEHRA - RERMIREEEZ 52 B
* 54 U BfE. 202147 B 20 . e g e s
A R

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

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

F 74 . 2021 F 10 A 22 H.

Af K
CEYMYE - VT MY AR EEFOERERST (BHHEH)

_85_



ELIRIAAREYYEBERER Y VRV UL F T4 R
2021 11 A 25H

CHF K

“REDCHBEAITEBRRRDL A F I/ R7 (BEFEE)

B I3EIAOA FELORECFHRE - BE0FHE - PHEERL L TS0/ K -
RERS, RILE™ - [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| MRS ZR-NTANLVIKR-BHT—7> a3y 7 m#HH -
FEARZ, 2022 £ 9 A 30 H.

LI

“Quantitative biomarkers for human diseases: from collective cell ,

order, spatio-temporal dynamics, to modeling” (3B1¥:&8) ’ A[MR

Special Tea Time, e - HiLKF MEEIZSFEVITA.
20233 A 28 H

=3

Motomu Tanaka

“Bio-metamaterials: Mechanical Regulation of Single Mesenchymal
Stem Cells by Unit Cell Arrangement” (EiHz8)

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” (81F
EHE)
Kyoto Winter School 2019 “Quantifying Dynamics of Life”, Kyoto University, Kyoto,
Japan, March 15, 2019.

2. A BEA
“HRERZEHOTEEICL 2BEEMREEBE L MAEANROFRNZINEORR” (1BF5HE
®)

E1E [HELIHCHLOVBERAR] BT —7 > 3y 7—ERERF EHEBRZ— 1L
g - dpmEARF. 2019 F 8 B 19 A.

3. A BEA
“ETRIEEICL DM - BB O EETME : b FAERROBAER - HLsignEl &
BHE)” (BiF#EH)
£ 1 B RASEMEE — Heidelberg K% — IR iTHEMS workshop T#IE & EZ] . RE
- REPAKF. 2019 F 10 B 10 H.

4. A BEA
“HRRERHKFEOEEICL 2 b FARAEOESMEE BEREBO FRTAEORE (R
)
AN/ NAFBY —HREFAR 7EH - JREKRF, 2019 F 11 A 156 H.

5. A BEA
‘v NEBARBEERRICEITAMBERE - FEFTIOHEEHNNNA A —H—DRE" (A
F#EH)

£ 69 EENFime. T4 . 202049 5 17 B.

6. LA BEA
“YHEIDZLH - BE)E— FOTEEICL B~ Y AEEIRFLZOHR]" (BFEH)
EB2RRK-NATIIRNILVIK—EBFT—v>ay ) [EFEHE] . 74 B,
2020 £ 9 A 18 H.
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7. A BEA
‘b FARNROESME E BERRICE T SMRERKRS ICED W FRNZENEDH
7" (BiF#EE)
B2ARK-NATIRILVIR—BRT—v>ay 7 [EFZEHR] | 74 B
2020 29 A 19 H.

8. A BEA
CR=U TV RFRERY-TR2 b FARAKRBEMRBROBANKFES & BiEE D
R (BEFHER)
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” (3B1F:E%)
The joint Kyoto Univ. — KIT meeting (Online), December 11, 2020.

10. LARBEA
‘TEBEZT VA NS 2MFORE /Foh S DEEHIEAM" (EEFHE)
RERFEFEINGRAR, F 74 B, 2022 F6 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. (LARBEA
‘NIRRT — RBITICK 2SREE T VICH T 2 BERIEOREHRE" (BE#EE)
FBIERK-NATUNVIK-BH T—0ay 7 [EFEHE] | JEH - REKZE.
2022 9 A 30 B.

13, IhARBEA
“HRREEBKE ICE O FARAKEMBEORRATERTME (BEFHER)
B3R RK-NATIRVIK-BW T—0 > ay 7 [EFEHEE] | ®REBH - TEKRE.
202210 A 1 8.
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14.

15.

16.

17.

18.

19.

Akihisa Yamamoto

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

Physics of Soft and Active Matter in Different Spatio-Temporal Domains, &R + &R
KF, 20233 A9H.

Akihisa Yamamoto
“Morphological dynamics of mouse pancreatic cells from different precancerous

lesions”
STATPHYS28, FAHKX - R A%, 2023 £ 8 A 8 H.

L ABEA

“WIREHEET DAY ] BRIREZICO 4 2 #fdES) L Bk (BE5HE)
EREAMSEFRAFR EFZ2RI5~8E TP TYYHIESZ~, TAREK - BRXK
5,2023 8 A 29 B.

I ABEA
‘RLDAVERZICHET 57U AFEMAROETES A I 7R
HAYEFRE 18 RIFR, ilam - BILKRF, 2023 £ 9 A 18 AH.

L ABEA

"“RAMACSHEE 7077 L [EREICH T 2EEANMIEESHOBIEE T L ORE] OBRY
A" (BR#EE)

FAE [EFEHE] 7—27 3y 7 LE™ - B/ILKF, 2023 F9 A 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”
(BH#ER)

Kyoto Winter School 2024 “Towards Holistic Understanding of Life”, R&E - REZ K,

2024 £ 2 A 27 H
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A

Helo

1. Ryo Suzuki
“Deformation as a Quantitative Tool to Understanding Self-Organisation in Multi-
cellular Organisms: Development and Diseases” (3B1F#EE)
Kyoto Winter School 2019 “Quantifying Dynamics of Life”, Kyoto University, Kyoto,
Japan, March 20, 2019.

2. #WKRE
“HREROBRER ) 0GR EBR ST 2 - NTOBELEF LA/ A K=" (1BF
B
8 1 ERAESFHT — Heidelberg K% —HF iTHEMS workshop [#IB & EF] | REB
M - RABASF, 2019 & 10 A 10 H.

3. ®KE
“BINERENTE AW KBRA LA/ A FOEBBEOEEFM" (BEER)
B2RRK-NATURVIR—ERT—7ay 7 [EFEHRB] | 274 Rk
2020 =9 A 18 H.

4. /AR E
“EMERAEMIRBICE I RO NFRERE" (BRHHEE)
B2MARK-NATIRIVIR—EBRT—v>ay T [EFLEHR] | 74 VB,
2020 £ 9 A 18 H.

5. #KE
‘B R T OBEBEICHT 2 MEEETK CHBET - BRETLDOE— FETE LU Wit
2T PIVEEBOEBER - (HEFHE)
BIERK-—NATILNVIKR—BRT -0 ay 7 [EFEHERE] | 78 - REK
. 2022 10A 1 A.

6. #HARKE
‘bR T OBEBIEICHT DMK & AR
BAYEF < 2023 FEFRR, 7 74 VBMfE. 2023 £ 3 A 23 A.

7. BWKRE
TORIFOUBBRRICETZEHEEORL ZHRFIREOHEE"
BAYEF = 2023 FEFRR, T 74 VEE. 202343 5 25 B.
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10.

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 MIFUVBBRRICBITZER/NNZ—VOERA DXL

BAYESS B 718 [HFRARE, heat - BALKRFE, 202349 A 17 H.

#A B

“RAMACSHEEZ7R 77 L [HREBICE T 2EFNMRESHOHIEE T LORE] OEY
HA" (BEFHER)

FAaM [EFEHE] 7—0 >3y 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” (3BiF#E)

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” (1Bi5#8)
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”. =#FAZ. 2019/3/18
RRAR—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”
FI0REBAMREENFEARE B 5 OEAREEMFRERKRE. X7 —F—ILAE.
2018/6/7
2. OWlEBEA
‘it FIESEmEELEZ B W /kBREO h2EE 0 EE”
[kEHEMR B 1EEFX I -, RERIKF - 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. # > 24 >, 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
£ 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, ZE + REFAKF,
2023 F£3 B 9 H.

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

#h B

1. PR 2. Bl BE. B K
“RFEAEME AFM 2 AW - F2SEERIEY ~ 7L o NFEFERIE"
FAR [EFEHEE] 7—7>ay 7, LETH - B KF, 2023F9 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 BO51OHAREEMFSERARE. &7 —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” . A%, 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. &8 FR. PE EM, LO EE. 7 E B, B
“Gelatin z BB ¢ ¥ 2B FMEORR L =ZRTTEHZ L L TORA"

%69 BEnFitima. 4> 74>, 2020/9/17

Ok ARBE. WA BEA., KA X—. Fl R, &5 &FE. HP K

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

FAR [EFEHE] 7—0>ayv 7 UE™ - BILKFE, 2023 F9 A 29 H
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ERATA7

2019

1. Hep K, “IEEMEOIETE %66
HfEESNE, 2019 F5 A 16 B. A"

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

3. HT K, hABEA, “AESL. BRTHME WK MigmB0ERHERE
HH TZ3E New 7 = —7 21,2019 7 B 23 H. “$7H"

L DIERFERE"

I

4. \LARBEA, HP K, “AEELE. BRTHE =K. Ml
HYIILZHE, 2019 & 7 A 23 B. “$siE"

\

5. HY K, hABEA, “WRERWLFILEKR BEAARORE. FHEOHIER
HARAENEEFIR, 2019 £ 7 A 23 B. “sE"

6. H K, LABEA, “BEANBEEEOH L VWHBEEZOREICKI) - YWEB~Y—H—TF
H“oOFR #RIREIC -
REAKFESLRAYY—X,2019F 723 8. “FLAYY—R"

7. HYF R, IhABEA, “RRERTMLFAIEKR BICBEOHER, mBEHMICHER
BAREEFE R SEeE), 2019 £ 7 8 29 H. “HFE"

8. WARBEA, He K, “EEMROFME. LA
HREY AT X 20194 10 A5,20194 10 A 1 B. “M&8"
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2020

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

2. P K, “REEEREBFFERTILI—VICLDINEERA DA LERF - HFRT—
JLCHRRRR”
TEMRASHH =2 -V Y —X,2020F 10 20H.“FL XYY —=R"

3. HAF K, “TEE. EORREICHT 2HEHDIER A 5 =X L%z IZARR"
BETHEZE, 2020 £ 10 A 28 H. “3aE"
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BAXT 4T

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 =21 —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, 20197 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:l_xﬂ

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

Technology Networks, https://www.technologynetworks.com/tn/news/stretching-rack-
for-cells-developed-340879, 2020 £#9 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. “F& 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 b Za—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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10.

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

FIHA2BH. 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 =
__L_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 BH. “*v b =2 — X"

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

A%y k=a—2x"

Motomu Tanaka, “'Stretching Rack' for Cells”

Mirage News, https://www.miragenews.com/stretching-rack-for-cells/, 2020 &£ 9 A 24
H.“%y bZa2a—X"

Motomu Tanaka, “'Stretching Rack' for Cells”

Nanowerk, https://www.nanowerk.com/nanotechnology-news2/newsid=56235.php,
20009 824 H. “*y bzZa2a—Xx"
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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 BA.“% v b= 2 —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.“x vy b =2 —X"
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$£9E EREHEMES (2018/10/3)
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£ 11 E EFHEEMES (2019/10/3)

mEXAML
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B BT ERED
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£ 12 EHYESEMES (2020/2/17)
BEIAML
[ERZWBMNT — RBITICK 284 F 27 A ~ FERENFZRD
F—REHET Y v ISADT T A—TF]
mEE
AR SR #E (WNKFE X - 747 - A XX+ YRR
/[ BALEERAT EHABEREME L 2 —)

£ 13[E EXHEEHEs (2022/4/13)
BEXAML
[ZA4T7AAXA=2 2 712K 5RNEHEMAE Centriole DEE
EEE
+& FN B
(RERF KEREFZHARR FRREER - HEHEIBARD

£ 140 EXHEEMESR (2022/12/7)
EmEXAML
[REBEDEEETTILEZDHA]

EEE
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Nature Biomedical Engineering (2019). American Journal of
Ophthalmology (2022)
[REFIREmMBELE T AW BKME Y v bR Y v —EERBE DKy FIC A
£ B HEEEH ] "’

I . _ _ . NEUTRONS
SR E #HE (WNKF) | BB B8R #2558 (KHoKF) FOR SOCIETY
Bruno Demé &+ (Institut Laue-Langevin, France) bt
i
Polymer J. (2022) 0 %}\i&/{é
(75— L > S5k B DRI O RS B S AT ooty

P SR— B - RE E=R AR ERAE - BERHRAD
Oleg Konovalov 184 (European Synchrotron Radiation Facility, France) (:_,

Advanced Materials (2021) HERF
[€TF >+ /774N T 5 b~ iPSHIBOESN &L RIBEICET %)
NE SR B - B F AR (RERE - TEHRRD _m_
Yong Chen #i#% (Ecole Normale Supérieure, France) '
Stem Cell Reports (2018) ENS

[EmEHEAE - RIBKMERE DL L BEBE. RRRH DO EEMT]
Anthony D. Ho #ud%(Heidelberg University, Germany)
Scientific Reports (2020) .

[ HE BWTFRRIL T 1V v HRESFEREOBEBEEHA -
Ali Makky ##3% (Université Paris-Sacley, France) EAQI|S\_/S§ELSA|$6
¥ Makky HEZ3ZE /N A T~V BRI RZ K2 OB

Oleg Konovalov 184 (European Synchrotron Radiation Facility, France)

UNIVERSITAT
HEIDELBERG

| TUKUNFT
SEIT 1265

Chemistry - A European Journal (2019)
[N X B FHEED I EZ BWTRE,/ REFR@EICHE T VL - /fu/ﬁﬂé’d
Oleg V. Konovalov t&= - Yuriy Chushkin {8+

(European Synchrotron Radiation Facility, France)

The Journal of Physical Chemistry B (2020) ES RF

The European Syncl
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(7 vk T7ILh > aFo B SR IC K 2 ZRITTEKRE OB EY IERET
Marie Pierre Krafft #u% (University of Strasbourg, France) University |
ChemPhysChem (2018) ‘! ‘ of Strasbourg

(U XIREBIOEICE Z2MEF O/ 7Y 7RENIWT S 5 FRERF O]
HL #E BEs (EX)

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

[/ BAEICETL2EES /HFD 2 RrBCEAROKFE
& & IERRORE M

FHE 208 OWIAS - SEDBELFEH R \\ﬁ// %
A0 BE EHE (REAY - THHERD gl_g gﬂ;
=) Hi— #4g (AEAS - £HERPH) s S
Langmuir (2018)

[ X N AaEELEZ B W ehF B SR A A0 R IR |

Marie Pierre Krafft #3%(University of Strasbourg, France)

University

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

of Strasbourg

ChemPhysChem (2019)
[BERXFEE A FEOBRERR CBEEDRAIYENIA v F 7]

S| B HiE (AEAS - BTHH) Tn

AQ AT ERE GEEAY - KERTPHRR) MEISE!
T (e —

ML A ARITE IO LT - BBHE — K 0488 &
Bl ER MR (REHSREWRF. KBRS - EEHER) :
T e

[ 774N 2F VBRSO TFICLP2EEREA A OBIRIEIRA D ZX L]
hAE R BhE (KBRKZF - KFEBRER TR R)

WA S THHERE (ASRI) Q SPring..8
SR @

[ R OYHIVEN R E L -MREICEE S EBE DR E ]
TH S B - kR BiE B B EE BHs (RERF - EEHRED

iR RS Ku : p
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IRAEARRIC 551 5 BB O 1= 6 0/ f A~ — h— DBIF

A S B (SRR

BT BRE (BEELTA AV RS Y=y H) (I SHIMADZU
5o B o

[BEREAAA IS /A K EIED MDA
PRI & #0918 B4 RKE (RBAS - EEFRE) Ku : p
R

(R B O Z R E — I AR .
BRE 5 %8, BE RA ERE (REAT - EFHRR) Ku - p
R

[e MBS 2 U+ — < R A OB £ ST 5 EXHT 70

— 7 O RE T

Bl a5 %8 (GLEEAS - THFHRH)

Meh s 20D, 2M BEE EKE (UEEAY - EEHRE)

Scientific Reports (2023)

[ 70 S QTR A M ) T S0 00 T S S T4

T BN (BRIKFE - BEHER) (" ,
TR M— 2%, Ee R—BR EZIR (GERAKF - FEEE ki F ;ﬁ:ﬁi X7
R

s+

(MEMEAERTERT /IO —REETINZTY PREE@E O
el #R FERIEAT  -PWEEBEIFR) o

ACS Applied Bio Materials (2023)

[3 RUERBEREEREMR AN 774 b7
TFUVEREBNTF I I VOESEA A U KENRKRE
BEMEEILDEE ]
=H B AR, BE R R (@RKF)

U FERIBNE (RBRKF)

Nanoscale Advances (2022)
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[E b 77X M FETILOFEHRICHTET MY v
7 ANFREOFE]

B B MR (C1-3-0kRTILER. X
EHAZF - iCeMS)
Fap &Y -l

#wK =

e T[EFSOBEBRICHITZEMEDTEN & BREFOBIR]

Thomas Holstein #d% - Suat Ozbek % ﬁ:’?@:ﬁ:ﬂ
(Heidelberg University, Germany) s
A Fth B+ (Mechanobiology Institute, National University of éigjgﬁMNQT!
Singapore, Singapore) National University of Singapore
KimZEfm
(AR ICE TR RE AR L b EAMR Z F W 7o BB 2Rk O Eh R I 21T |
BH B8 iR (REKRF - TEHRRD
BT HE (BEETAR - ERE) a4 AIST '/
RE 8 TARRE EERMHBEFELHR BERTXY
Langmuir (2019)

[ANTHBATFL S5 27 7 A N—DEFEAEHH T H O]
R B (REBAT - THWIRY)
)l A BT (GREBAS - EBHRAYERE)
Nature Communications (2020)
(AR CHR L 7= SBINEA Y 7 RSB RIRAC RIS Ku i p
T Bl KB - A B B - B BB BhES n
(RBKRZ - ERFHRA)

TOETO METROPOLITAN UNIVERSITY

Karel Svadlenka ##0i% (BR#BITAS - HIPRIZ) HRRA M K%
T

[BIETBITE B WIEF LS /A RORY— 5 EERER LGBt ngE Koo Unieniy
B w
(ERE 8 BT (BREERAS - EE)
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‘iR AEfR T

REY > 7LD S EHBEE ICE D EDETEDDHT ey
Bl B Bk (MEREZEMERR. LERT - EFMERD &
BEREET

[ EARAE & 1 & 2 iz T BRAE AL O SE IR A ES) DU E
ot Be—EB #dR (BALEWTFFT)

T S HR (EBBKRFE) P
AR R B (KIRKS - KEBRER T2 RED @

RS {5 RIK=H
[EEEEAAFLS /A FEIEED BTN ]

PR H0S, BH RA OEKES (RBAY - EFHER) Ku [l p

B f "
[FRREAN AN T L&D R T T 57— Xkrd DFEHMAAHZX L]

SR Z Hi% (RHKS - iCeMS)

Nature Communications (2024)

BEAER

=5 &E R (KERAXE - &FHEAIHRER)
ACS Appl. Polym. Mater (2022), Polymers (2022)

[(ERTTRIBER VT F ) 77 AN—DFEICK 28BN CEES X T L D]
Martin Bastmeyer #20#% (Zoological Institute, Karlsruhe
Institute of Technology, Germany) \“(IT
Front. Phys (2022) e e ol

[EAREE & (2 & 2 AT R AT 0 SEF RO A EE) D 16 %
gl BE—BR IR (BRALRAFCRT)

7 S HR (LBERTF) P
AR R B (KIRKZ - KEBRER T2 RED &

T i RIK=H

[BAFRIHEEEA LY 77 RN & 2 BRI 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 7z > THO,
HIMOMRAMZ ZARITED L COERBZMIN - AMBRZFEL CEFE LT, Z
NoDEBEZHHLNT 2014 FITIE KA VEF - Gauck KFEtE (HEF) Ao Siebold
B AMEERICURESNE Lz, 72 Eitel BRIZAMPHF~OEBRICE > T
2021 FICIBAAKEEZRESINTLET,

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

Bastmeyer #%, HILKF - KBEEHIRICBEIREZZPBEWL TETL - EHYEE %]
EICFTHH L 7=377-% WG [New-Generation Biomedical Science| #{t&K & L TIRZE.
BAEZEDORBEREZBTCRLZ—FIEE LT,

FAYIZ 2LV RITREZ=" WPl 7077 L, FFiEE & W > 7-BFEORE
Az bz F<MO2F5ZEICKYVBADRY 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 L & 57272 6 KEEGDENRTY,

HeKKSaGOn Alliance

HeKKSaGOn

1 NETWORK OF UNIVERSITIES

Heidelberg, Kyoto, Karlsruhe, Sendai, Gottingen, Osaka

UNIVERSITAT | &Saos :gg(lT
HEIDELBERG | /5 ) '
Zukunft, Seit 1386 :‘._ <) e b ol gy e ) —

oy
h5E0.5

WG1

Symposium “Life Sciences Meet Natural Sciences™
July 30, 2010

AY H /

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

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

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

9200 Welcome: Motomu Tasaka (Hesdelberg)

HBLFATR (H
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P& - BrhA Siebold BE# K4 VEMEME - Gauck X#iE& VIRE (2014 £)

Y= P RERA (20145F68)

B FAVAERER (~A) »)

F4 7EB#NE J. Gauck kM BRVKERI21TINE, SRAFARE - HoluR
(%) EHolstein®iR () Lt EMONET
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20184 F6EWGEE (- KR

HFEFIDF v 7 F 7EZBAD ORI NIZARETIE. N YT A4 FhoHFPE Ho 2.
Holstein #3&A 702 27 b — X — %0 58 A2ICB8d % Collaborative Research
Center CRC873 +> Bastmeyer #iIxH 70> 17 b =X —%2FEH B~ LKLY 70O

2"7 L Biointerface ##8/L. BAY A KA L IEH7ZICb > 72EIb K - KESUIRH

WPIH#L= AIMR 2. KBRK - #ic/ MZdRA MR E L TOMIRmBOEE S X7 LR LIS

DWTHEML E L7

FREAD B IE, BAZKR (BEFEH) HEPEBNET DT 7 LIZOWTNL T
~)L 7 HPHFIE L DO WL DhDOBIEZE S TBA. Svadlenka HEHUIE (BFE) H#F%
BERE95 MACS HBE7AYV 7 LZBNT 270 E. AMBRYRFEEL NILTORRE
BicoWThEmLELZ, SITERAVIZEE - RRN7 &L THEERBEYDH B,
RIRK - FUHBIZ (b2 TH) PUUSEDO LA - HAHEIHL BLORBESMLZE
FHELICHBLE LT,

WG1 | Life and Natural Science Fusion |

Foll=i% (2018547 )

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. Sakal (ChemEng)

- Heidelberg

A. Ho (Med), T. Holstein (Bio), M. Tanaka (Phy

- Tohoku 2
H. Suito (Math)

g e A. Yamamoto, M. Nakahata, R. Suzuki
& (Junior faculties, HeKKSaGOn graduates)

MG OHARME - LEBMBSEFHRELEM
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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/ZBARTIIHFBAFEHRIRZ
B 2HFMEE [KEHEEME] AR — b LB NE LTz, INZEER

TEmLER. [BEF] [#08] (MRIZE] LKV T7+—HXTEHE ZOREZ
A AH S, Bastmeyer HiR (£¥F) LKEER (%) HEIRKREL Iz
ETDZENEERAFHELTHREFY E L, INITA-> THT - Basmeyer « /KEED
2020 FE(ZIRFE L 7=#17=7%2 WG [New-Generation Biomedical Science| |5 &%
BT2021 FElcxEx—bLE LT,

WG1 [Life and Natural Science Fusion |

F7hl=E (2019%F98)

BenATNRNY

s September 12, 2019, Heidelberg
($® HeKKSaGOn

| L P L
| @720 sarwoms o usevoRsmes

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

UNIVERSITAT ('T
Oﬂr.mu.am; S_ N

Chair: Motomu Tanaka (Heidelberg/Kyoto) [
Co-Chair: Martin Bastmmt (KIT)

AV 8—r2y 7REPBPELZ BRIV VT [howtop

researcherscross borders | [CEEICRAN S % e
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2021 F ES8EIWGHE (N -HtXFE, #7314 )

AAFHROFBREINRFICL > TEEINAESEEREZETIE. —#DTATZ
LDF A4 ICK > TRfESINE L7z, Bastmeyer #i% (EE%WH—) - 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 B X BB L 7-OEHFEZ T, BED M VEFRE
BeZoRoBM-EREEICOVWTESIREZITVLE LT,

WG1 | Next-Generation Biomedical Sciences

% 8 BIRiE (2021598 )

vl
< ® HeKKSaGon .'-....-.u

| e e

WG1: Next-Generation Biomedical Sciences
- Fusion of Molecular Engineering, Imaging, and Modeling -

Ll Coordinutor
Motomu Tanaka |Biophysics) USIVERSITAT |
ingtituie of Physical Chemistry, Hesdeioer University H’"_"{"'f'
ingtituin for Advanced Study, Kyoto Unhersity
Coordinators
Martin Bastmeyer (Hourobiology) M
Zockogical inashule, Kartsnde inittuls of Technology
Hireshi Sulto [Mathematics)
o o i o ok T

Ty

Malecular Enginearing

linge ] K. Geusbeni {Mam)

Madeling
Imaging { Analysis in vitro & in vivo n
"3‘ g U Schwacs (Poyn)
¥ a0 (Eng) |
L | LERARR (WS
:..m tnlf‘:; B e B Mlﬂldb | sa-HE ARGt whudend 3313
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2023F FIEWGEE R-TvT14v75Y)

AAFICEBTEHIRAENSAUICHZE IRFERSFEIT. TvT 4 VT VY KRFIC
BOWTHE - A 740N A7 Yy FEATHRESNE L7, BFA 2 HEICHT:
ViERZHE®H7- WG [New-Generation Biomedical Science] ® X —7 4 > 7 Tld, M
HEHH 15 20BMSMEICKH 10 ZDF > T4 VSMEZMA. SEOHEARARD
BN TR, BEEBRPAMEHRICOVWTHERZITVE L7, 2 BEICIE., S0
ROFARBIE - ILARBIE - MRBYE - SkH KD, TN NOHRAB L ERICK HHHRK
e BRIZBE T 2 REREDZANCHRIES - HEAXFORRICOVWTHELEL
Too Flz. ZREFJRIICIEINA TILNIL T KFIZEHE LT New-Generation Biomedical
Science" L BLT—o v ay TafEL. BHibK - KEHIR EF) . NA TR
LK - Salg BE (BF) . KBRK - MBI ((EFIF) . KRK - BRI ()
BAEETY) I(CL2BHEEERTBEL . IRICIHT 2EERY b7 -7 DEL 2B
TITWE L7

WG1 | Next-Generation Biomedical Sciences |

%9 [E=E (2023%F98)

L]
® % HeKKSaGOn o]

& e
L THR OF AR P

WG1: Next-Generation Biomedical Sciences
- Fusion of Molecular Engineering, Imaging, and Modeling -

Lead Cogrdinator

| Motomu Tanaka (Biophysics) UnaivERSITAT *_
Instituto of Physical Chamistry, Heideiberg Univorsity HEmELRERG | |
Institute for Advanced Study, Kyola University T

Martn Bestmerer oursbiiopy T

e emir e T

Zoological Institute, Karsruhe Institube of Technology
" Hiroshi Sulto (Mathematics) ﬁ

Advanced |nstitube for Maberials Reseanch, Tohoku Uinkversity
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EFFEHE (2)
T EHIAMEBEESTFICE (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,

FRICHRIm R MR EE (BRERLY) [Vv7 by - BRICET 2FEFHELA I
Z] (2013 - 2016, & - REARF h4E—HIR) DEHELTHS EU FPT [Non-
equilibrium dynamics of soft and active matter] (2012 — 2016, %% - CEA Hugues
Chaté #3%) ICBVWTE7TAY 7 b =X —FF A VSEKED LY £ LHEHD,
2012 FITENA TR ZICHEWTHMILY >R 7 L [Physics of Active Soft
Matter] Z=FfEL £ L 7=,

1995 FICX X — b LI BMOIEFEFRAMER Y b7 =2 D 25 FFICH/-5 2020 F
ZEa LT B Y RY Y L e RERFERY BT CRES 2~ <. BfAHE
FEADHLE L TEFEZED TWAIAFMT—FEIAL 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

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. On
(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!
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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 o)

Motomu TANAKA (Heidelberg / Kyoto) Ay

Ryoichi YAMAMOTO (Kyoto) ’ -

Masaki SANO (Shanghai / Tokyo) Mol

Hartmut LOWEN (Diisseldorf) " .

Helmut BRAND (Bayreuth) ety

Hisao HAYAKAWA (Kyoto)

For registration, please visit: https'//www2.yukawa.kyoto-u.ac.jp/~german-japan2022/index.php
R'YiTP ’ NAKATANI FOUNDATION
~ BT . L B Preeyg
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EFREHRE (3)

sreefiTeRis [KEMEEME] & F41 YT oL VX
2 5 RF— [3D Matter Made to Orderl] DE#¥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
£9, IOICHFPIIRFICASK - MEREEHIE (ERKRF) ObEeRL— kL1 #FF
firsEis [7KEREEMEL] ICHFTEMRRE LTSMLTWET,

HAREIZ2OARDES LT 20HEN/EENTH S I EICEBL., BMOSHL /M=
Rz 2B CIETYF Y —NEENDZIOTIEEERF LI, ZOE—H L LT BHM
ER> v RY 7 L [Aquatic Materials Made to Order| #1bE., £TEEREE L T/NA
TN TORMEICD ITEBEZED X LT, BLAEA O IO T HOoHFRMEDL HETIC
BAR A = EfMalred 2ikneml, EMEELR>TLEWELED, [8
DFTINE 3 RTBHEBEZRMEI T TC—MREEZNFENICRET 2] tLwWigas - B
th - Bastmeyer O FHFEHIR (X ERES Science Advances S5ICEBHER T OF THREL
F L7z (BTN AF4 58B) , HAF & Bastmeyer & 512 DAAD (K A 2 MHi3siR
TREEE) CFRBREONN—- =2y 7O T LEERT 2R ES bR 5 EEML
ZEDTVET, EILABBIEMEEHER (REAFLERE., BRITBAHRFERT
THEHE) "REZBED2EBRERARRY B [EEAET LT /N4 XOMEEKHE Y 7
WEALEZRY v EANICET 2 BMARHAR] ODEMRE L L TEBIFO ).
Korvink 3% (H—ILRIL—TTK) L EHRMMERZTIRE, MEBOEBERR Y b7 —
7 DRBICEY HATWET,
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2020 &

German-Japanese Worksop

| Aquatic Materials Made to Order]
(34 - 5H)

B NATRTRE

NARFERFARERP ST ATREAT (FRALEER)
[RESERE  RECHAT - BET 37 Y 7 ALEERORIEE)

MEXT Grant-in-Aid for Scientific Reseanch an  Innovative Areas
: o 2 Area Number. 6104, FY2019.FY2023

AR
Aquatic Functional Materials ﬂggi:ﬁ&
Hh ® (2FEHEA03 (ERERR) IR
FA Y#l%8E (Deutsche Forschungsgemainschaft)
German Excellence Cluster [3D Matter Made to Order ]
AR
w iEDETQEEEERR Martin Wegener #12

(H=Z =T ITHS)

Uwe Bunz 3%
Germany's Excellence Strategy (A FhITKE)

- 20821 - 390761711

H 3K &£ M. Bastmeyer #i2 (MaFH/FR) FHIC
BRILA vi—  BEBEB

HPHFEFTEERLLT-2OEHRSEOXRISH o &
BifEody 7= Y EBELE-N. aoFHEnl-»

HfEsHaiict Y4 F TOREZRS (KEF6E)
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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

-164 -



AHERR (1)
B4 232 —RT—)L

PR - B EHIh 6 KFES (HeKKSaGOn Alliance) DA D FT20124F9 8 (2
F£—RHMmEEY~—X2 —/)L [CROSSING BORDERS: UNRAVELING PRINCIPLES
OF LIFE WITH QUANTITATIVE TOOLS] %Ry > aBHlEN—=FT T aLT Vv RILY
INOFIEZZITTANATILNLY TREL £ Lz, Z4idHeKKSaGOn Alliance® X~
N—ROKERE L EFHREEZTRE LIZHDT, BERE FAYHSEH40EIZED
FEMNSMLE LT,

ZDH, REAFHREHEREBFTEOTIENDT., 2016FE3RICE_ABDOEKRY 1 > X

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

LE L7, ZZTldHeKKSaGOn Allianced%BX T, FMFEI AT (¥ HR—I)
O REILOSMERY ., JVEBREBENIRR I —ILERY F LT,

F=EBEDOEEY 4 % —2Z%2 —JL [Unraveling Dynamics of Life] (&R ME® KA
Y RIFE A/ R=v 3> Tr—F L FR (DWIH Tokyo) HREDITIEDE & (220194F
BRICEEMRRCHELE L, AR -HAP LI 2~V IRKFETEHICHERZ
A 72Joachim Raedler#i® (I 2 v~V KRF) P0EULITHTZ > TRRDOH 5 Atul
Parikh#% (HY 7+ V=T RET—EZR) BE. BELI2WRENBNZED, S
MPEEBEZEFRL TCWELEKEELREE LAY £ LT,

FEHEH DX 7 —)L [Towards Holistic Understanding of Life] (&3 0 73T Z R
BACINFELEA, 2024F2R ICHAHEICIRA [EFEHE]| HRETHEEL T
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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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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 (NAOJ)

Organizer:
M. Tanaka (Kyoto / Heidelberg)

Local committee:
A. Yamamoto, R. Suzuki

M. Yoshida
NAKATANI FOUNDATION S0 HeKKsaGOn sl

Land der [deen
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Drate:
Venue:

FROGRAM

KYOTO WINTER SCHOOL 2019 PROGRAM
“QUANTIFYING DYNAMICS OF LIFE”

March 11 -20, 2019

2* floor Seminar Room, KULAS/iCeMS Main Building (#77)
Kyoto University

Yoshida Ushinomiya-cho, Sakyo-ku, Kyoto

KUIAS

Monday, March 11

8:45- 945

0:45 - 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)
Luwnch Break

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

Basic Japanese 1

Mr. Ke1 Kubo

Break

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

Tuesday, March 12

845 - 945

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 5 “Origin of Life out of Equilibrium™
Prof. Aml Parikh (UC Davis)

Break

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

Lunch Break

Presentation 1: PhID projects — Session A

-
>
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Wednesday, March 13

845 - 945 Lecture 7 “Stem Cell Research at Crossroads™
Prof. Anthony Ho (Heidelberg University)
9:45 ~ 10245 Lecture 8 “Micro-NMR for Metabolomies™
Prof. Jan Korvink (Karlsruhe Instiate of Technology)
10045 — 11:00  Break
11:000 - 12:00 Lecture 9 “Modeling Flows"
Prof. Hiroshi Suito (Tohoku University)
12:00 - 13:30  Lunch Break
13:30 - 14:30  Lecture 10 “MEMS Technology for Biohybrid™
Prof. Shoji Takeuchi (The University of Tokyo)
14:45 — 16:45  Japanese Calligraphy
Ms. Kazumi Toru assisted by Ms. Hisako Moun
At multi-purpose hall (International Seminar House)

Thursday, March 14

8:45 - 945 Lecture 11 “Cell Based Therapy for Cornea Restoration™
Prof. Shigeru Kinoshita (Kyoto Prefectural Umversity of Medicine)
9:45 — 10245  Lecture 12 “Mechano-Regulation of Stem Cells”
Prof. Satoru Kidoaki (Kyushu University)
10:45 — 11:00  Break
11:00 = 12:00  Lecture 13 “The Hydra Stem Cell System™
Prof. Thomas Holstein (Heidelberg University)
12:000 = 13:30  Lunch Break
13:30 - 14:30 Basic Japanese 2
Mr. Kei Kubo
14:30 - Presentation 2: FhID projects — Session B

Frday, March 15

8:45 - 945 Lecture 14 “Modeling Materials™
Prof. Tomohiro Havashi { Tokve Institute of Technology)
9:45 — 10:45  Lecture 15 “Methodology for Control of Self-Organizing Systems"
Prof. Hiroshi Yoshikawa (Saitama University)
10:45 - 11:00  Break
L1100 - 12:00  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)
12:00— 13:30 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

845~ 945 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 Lwnch Break
13:30- Presentation 3: PhDD projects - Session C

Tuesday, March 19

845~ 945 Lecture 19 “Materials and Life: Supramolecular Materials™
Prof. Akira Harada {Osaka University)
945 - 1045 Lecture 20 “Cellular Mechanobiology™
Prof. Martin Bastmever (Karlsruhe Instiute 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 Lunch Break
13:30 - Free Time
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Wednesday, March 20

B45— 945

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 (Kvoto Umiversity)
Special Program (2): Lectures by Junior Faculties

“Charged Polymer Brushes: Dynamic Modulation of Hydration States and

Interactions™

Prof. Yuji Higaki (Oita University)

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

Multicellular Organisms: Development and Discases™

Dir. Eyo Suzuki (Kyvoto 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 (NAGI / MPIfR)
Discussion & Evaluation
Farewell Farty at Camphora
Farewel] Speech

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

Iursday, March 21

Departure

End of the Kyoto Winter School 2019 Program
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& : Institute of Microstructure Technology
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K4 Anthony D. Ho

24 kJL:  Prof. Dr.

KF Ruprecht-Karls-Universitat Heidelberg
i : University Hospital
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KF Ruprecht-Karls-Universitat Heidelberg
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g - Zoologisches Institut
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Kyoto Winter School 2024
“Towards Holistic Understanding of Life”
February 19 — March 1, 2024
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KUIAS

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

Date: February 19 — March 1, 2024
Venoue: 2™ floor Semunar Room, KUIAS Main Building
Eyoto University

Yoshida Ushinomiya-cho, Sakyo-ku, Kyoto

PROGRAM

Monday, February 19

9:45 - 1045 Welcome & Orientation

10:45 - 11:00 Break

11:00 - 12:00 Lecture 1 “A Hitchhiker’s Guide to the Bottom of the Ocean for Chemists™
Prof. Shigeru Deguchi (JAMSTEC)

12:00 — 13:30 Lunch Break

13:30 - 1430 Lecture 2 “Form of life through successive invasion processes and transitions:
the invasion analysis™
Dr. Ryosuke Iritani (RIKEN)

14:30 — 1445 Break

14:45 - 15:45 Lecture 3 “How Sensory Epithelia Shape Their Cellular Patterns™
Prof. Karel Svadlenka (Tokyo Metropolitan University)

15:45 - 16:45 Campus Tour escorted by KU students

18:00 - 20:00 Welcome Reception at KUIAS main building

Tuesday, Febmary 20

0:45-10:45 Lecture 4 “3D Cellular Microenvironments to Study Cell Mechanics™

Prof. Martin Bastmeyer (Karlsruhe Instifute of Technology)

10:45 - 11:00 Break

11:00 - 12:00 Lecture 5 “Cytoskeletons and cortical development: How does the neocortex
develop to establish the prototype of neuronal circuits during development by
nenronal migration and collateral formation?"
Prof. Makoto Sato (Osaka University)

12:00 - 13:30 Lunch Break

13:30 - 1430 Basic Japanese 1

14:30 — 16:45 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 (Kyoto 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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Neutron Scattering Reveals Water Confined in a Watertight Bilayer
Vesicle
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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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OFEN Simple Physical Model Unravels
Influences of Chemokine on Shape
Deformation and Migration of

e Human Hematopoietic Stem Cells

z s 4 ;
e L \ Takao Ohta™**, Cormnelia Monzel*®, Alexandra S. Becker*, Anthony D Ho® &

Motomu Tanaka™*

i e studied the dynamic behavior of human hematopoietic stem cells (H5C) on the in vitro model

: of bone marmow surfaces inthe absence and presence of chemokine (SDFLo). The deformation and

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

: ligand miolecules. Since HSC wsed in this study were primary cells extracted from the human umbilical
: cord blogd, it is mot possible 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 previously, our model focuses
: onthe nonlinear coupling between shape deformation and translational meotion and is free from any

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

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

: observations of wman primary cells opens a large potential to numerically identify the differential

: pffects of extrinsic factors such as chemokines, growth factors, and clinical dregs cn dynamic

i phenotypes of primary cells.

: Thebalance between self-renewal and differenfiation of somatic stem calls is regulated by their microenviron-
* ment {called stem cell “niche™). For example, the dormancy of the most primitive hematopoletic stem cells (HSC)
: 15 maintained by adheslon to and interaction with the bone marrow niche'>. Interactlons of stem cells with the
: marrow niche actually play cructal roles in blood cancers. In acute myelold leukemia, leukemia inititing cells
¢ remain dormant in the marrow nlche and thus can hardly be diminated by chemotherapy*£. HSC-niche interac-
: tions are regulated by a chemokine, stromal cell-dertved factor Lo (SDF o), secreted In the bone marrow, which
¢ 15 spacifically 1dentified by CXCR4 protein expressed on HSC ™.

: To date, several clinical drugs Interfering with SDF 1o-CXCRA Interactions have been approved for cancer
¢ treztment. However, the exact mode of function of such drugs (antagonist, agonist, or inhibttor) compared to nat-
¢ urally oocurring SDF 1 still remains controversial, because the drugs might harm the function of HSC through
. off-target effects. Therefors, it 1s highly important to develop a nove toaol to quantitatively sssess the influence of
: chemokines and drisgs on human HSC fiunctiions beyond the commonly usad cell phenotypes.

: Recently, we fzbricated the surrogate niche model surface based on planar lipid membranes displaying pre-
¢ disaly defined concentrations of Hgand molecules SDDF 1« or N-cadherin''. By means of a self-developed force
: messurement assay, we have guantitatively discriminated the adheslon strength of healthy HSC from that of

¢ 'Department of Physics, The University of Tokyo, Tokye, 113-0033, Japan. TToyota Physcal and Chemical Research
: Institute, Nagakute, Aichi, 420-1192, Japan. *Center for integrative Medicine and Phy sics, Institute for Advanced
1 Shudies, Kyoto University, 606-B501, Kyoto, Japan. *Physical Chemistry of Biosysterms, Institute of Physical
¢ Chemisiry, Heidelberg University, 65210, Heidelberg, Germany. ‘Department of Me dicine ', Heidelberg University,
. DE9120, Heidelbeng, Germany. “Present address: Experimental Medical Physics, Heinrich-Haine University
: Disseldorf, 0225, Disseldorf, Germany. Takao Ohia and Comelia Moenzel contributed equally to this work.
! Comespondence and reguests for matenials should be addressed to T.0. (email- ohta@daisyphys.s.u-tokyo.ac jp
¢ of M.T. {ermail: tanaka@uni-heidelbarg.de)
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OFEN Dynamic cellular phenotyping
- defines specific mobilization
“mechanisms of human
i’ hematopoietic stem and progenitor
et cellsinduced by SDF1a versus
_synthetic agents

Cornelia Monzel**, Alexandra 5. Becker?, Rainer Saffrich(5%%, Patrick Wuchter®®, Volker
: Eckstein®, Anthony D. Ho* & Motomu Tanaka®*

Efficient mobilization of hematopoietic stem and progenitor cells (HSPC) 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 hawe been applied in the clinic, NOX-A12 and AMD3100 iplarixafor), 25 compared to a naturally

. pocuming chemokine in the bone marrow, SDF1o. We found that NOX-A12, an L-enantiomeric RMA

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

: wiathe CXCR4-SDF1o 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. In contrast, 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-212.

: 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 oooming chemokines.

: Functions of somatic stem cells are strictly governed by an appropriate balance between self-renewal and differ-
: entlation. This balance 1s in turn regulated by interactions between stem cells and their microenvironment-the
: so-called “niche”. In the case of hemztopoletic stem and progenitor cells, the dormancy of the most primi-
¢ Hve HSPC is maintalned by the bone marrow niche by means of several key molecular Interactions between
¢ receptor-lgand palrs'-. For example, It has been suggested that homophilic, N-cadherin-medisted adheston
: between HSPC and messnchymal stem cells {(MSC) supports long-term malntenance of the primitive HSPC
¢ poal** Another key molecular axis 1s the interaction between stromal cell-dertved factor 1o (SDF1eor CHCLLZ)
¢ and Its receptor CXCHA, expressed on the cell surface of HSPC. This axis plays a significant role in homing and
: migration of HEPC™-5.

: In recent years, peripheral HSPC have largely replaced bone marrow-dertved cells for autologous trans-
: plants, and they have become the major source of stem calls also for allogenelc transplantztions' ™. Eficient

: *Physical Chemistry of Biosystems, Institute of Physical Chemistry, Heidelberg University, 69120, Hesdelberg,
! Germany. ‘Department of Medicne V, Heidelberg University, 65120, Heidelberg, Germany. Ynstitute for Integrated
¢ Cell-Material Sciences, Kyoto University, 606-8500, Kyoto, Japan. *Present address: Labor stoire Physico-
: Chimie, Institut Curie, CHRES UMRGE, 75005, Paris, France. “Present address: Institute of Transfusion Medicine
: and Immunology, Medical Faculty Mannheim, Heidelberg University, German Red Cress Blood Service Baden-
! Wiirttemberg — Hessen, 52157, Mannheim, Germany. Correspondence and reguests for materials should be
i addressed to A D H. {email: anthony_dick ho@urzuni-heidelberg de) or MLT. femail: tanaka (@uni-heidelberg de)
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Nonclassical Interactions of Phosphatidylcholine with Mucin Protect
Intestinal Surfaces: A Microinterferometry Study
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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
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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
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Cell surface flip-flop of phosphatidylserine is
critical for PIEZO1-mediated myotube formation

Masaki Tsuchiyal, Yuji Hara® ¥, Masaki Okuda’, Karin [tol’, Ryotaro Nishioka!, Akifumi Shiomi’,

Kohjiro Nagaa!, Masayukl Mar, Yasuo Mo, Junichl lkenouehi®, Ryo Suzuki™3, Motomu Tanaka® 435,
Tomohike Ohwada® Junken Acki”, Motol Kanagawa®, Tatsushi Tada®, Yosuke Nagata™, Ryaichl Mateudam 7,
Yasunor Takayama', Makote Tominaga'® & Masate Umeda@!

Myotube formation by fusion of myoblats and subsequent elongation of the syncytia
essential for skeletal muscle formation. However, molecules that regulate myotube formation
remain elusive Here we identify PIEZON, a mechanosensitive Ca* channel, as a keay reg-
ulator of nyotube formation. Dwring myotube formation, phosphatidylserine, a phospholipid
that resides in the inner leaflet of the pl aama membrane, is transiently exposed to cell surface
and promotes myoblast fusion. We show that cell surface phos phatidyl serine inhibits PIEZON
and that the inward translecation of phesphatidylserine which is driven by the phospholipid
flippase complex of ATPIA and CDCSO0A, is required for PIEZOT activation. PIEZON-
mediated Ca** influx promotes Rhod ROCK-mediated actomyosin assemblies at the lateral
cortex of myotubes, thus preventing uncontrolled fusion of myotubes and leading to polarized
elongation during myotube formation. These results suggest that cell surface flip-flop of
phosphatidylserine acts as a molecular switch for PIEZON activation that govemns proper

| Depastrment of Synthetic Chemistry and Biokagical Chemmistry, Gracuste Schadl of Enginesring, Kyata University, Kyoio S15-8510, Japan. ¥ AMED-PRIME,
Jaan Agency fior Medical Reseaech and Development, Toloyo mmhmmjtlemﬂﬂd Biohgy Famlty of Sdences, iyusiu Univessity, Fuiouoia
BIS-035 5 h:arl.“h:lil.rlticr Infegrated Cell-Watenal Scsences (WP sCaM 5], Kyata Univessity, Kyato B06-8501, h:an.s Physcal Chemisiry of
Biosystems, Instivte of Physical Chamistrg, Univessity of Haddiberg, Heidelberg 5120, Germany. 'S'lahama'rdl;}?ﬂca'ld Medicnal Chemistry,
Grduste School of Prarmaceutical Sdences, The Uniersity of Toinyo, Takyo ME-00E3, h:nn.-" Department of Moleoular and Cellulr Biochemistry,
Grduste Scaal of Pharmamatical S dences, Tohao Uninersty, Miyagi S80-8578 Japan & Diision of Meuralogy/Maoksoubsr Braim Soene, Kabe Univessity
Gaduzie Schodl of Medicne, H'Snguml?.hmmquaITnﬂu‘l Meumiogy, Division of Neurosoence, Graduate 5 dhaal of Medicine, The Unisersity of
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Low Cell-Matrix Adhesion Reveals Two Subtypes of Human Pluripotent Stem
Cells
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SUMMARY

We show that a human plusipotent stem cell (HPSC) population cultured on a low-adhesion substrate developed two hPSC subtypes with
different colony momphologies: fat and domed. Motably, the dome-like celks showed higher active proliferation capacity and increased
several pludpotent genes’ expression compared with the st mono layer cells. We further demonstrated that celbmathx adhesion medi-
ates the interaction between cell mor phology and expression of KLF4 and KLFS through a seram response factor (SRF-hased regulatory
double loop. Our esults provide 8 mec hanistic view on the coupling among adbesion, stem cell morp hology, and plutpotency, shedding

light on the critical role of celbmathx adhesion in the induction and maintenance of hPSC.

INTRODUCTION

Somatic cells can be reprogrammed to induced pluripotent
stem cells (iP5Cs) by ectopic expression of four ranscrip-
tion factors {Oct4, SoxZ, KIf4, and c-Myc [OSEM]) (Takaha-
shi and Yamanaka, 2006). During the reprogramming pro-
cess of iPSCs, the endogenous expression of (CT4, 50X2,
and KLF4 increased sharply in the early phase and dropped
modemtely in the late phase, while the cell-matrix adhe-
sion (represen ted by thefocal adhesion (FA) proteins which
link cells with their surmunding matrix) 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
cellmatrix adhesion and motility. On the other hand, in
contmast with cell-matrix adhesion, the cell-cél adhesion-
related protein epithelial-cadberin (E-adhering was upre-
gulated during the reprogamming process (Hansson
et al, 20012). It has been reported that elimination of E-cad-
herin prevents somatic cells from reprogramming to plu-

142 Sten Cell Reports | Wol 11 | |n—|s¢.|]u|, LIy ]I]IB|®]I]IBTI1= Aauthor{s).
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ripotency (Liet al., 2009) and that enhancement of E-cad-
herin can elevate the repmgramming efficency of iPSCs
(Chen et al., 2010) 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). In addi-
tion, compact colonies and E-cadherin-mediated cell-cell
adhesion are required for iPSC survival and stemness (Oh-
gushi et al., 2010). Furthermore, substantial remodeling of
cdl adhesive micoenvimnment is a prerequisite for re-
programming. For example, high cell-matrix adhesion rep-
resents a barrier toward iPS5C reprogramming (Cin et al.,
201 4), while cell-cell adhesion promotes iFSC eprogmm-
ming (Caiazzo et al., 2016; Downing et al, 2013). Collec-
tively, the above studies suggested that low cellmatrix
adhesion and strong cell-cell adhesion are hallmarks of
high pluipotency, and that both features are intimately
coupled to the reprogramming process.

To further investigate how cell adhesion properties affect
the hPSC culture and pluripotency, in this work, we em-
ployed a nanofibrous substmate (Liu et al., 2014) and plat-
form for singlecell isolation and culture. We revealed
that there exist twodistinct subty pes of cells in the conven-
tional PSC population, which differ in their morphology,
gene 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’, Berjamin Fréhlich?, Dimitris Missirlis?,
Marilou Tétard®, Benolt Gamain(® >, Bernd Buchholz®, Cecilia P. Sanche?, Motomu Tanaka® 3,
Ulrich 5. Schwarz® & Michael Lanzer®”

Sice cell trait, a common hereditary blood disorder, protects camriers from severe disease in
infections with the human malaria parasite Plsmodium falciporum. Protection is assodated
with a reduced capacity of parasitized erythrocytes to cytoadhere to the microvascular
endothelium and cause vaso-oodusive events. However, the underpinning cellular and bio-
mechanical processes are only partly under stood and the impact on endothelial cell activation
is unclear. Here, we show, by combining quantitatie flow chamber experiments with mul-
tiscale computer simulations of deformable cells in ydrodynamic 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, knob density and membrane bending. As a consequence, the extent of endothelial cell
activation was decreased. Our findings provide a quantitative unders tanding of how the sickle
cdl trait affects the dynamic cytoadhesion behavior of parasitized erythrooytes and, in tum,
endothelial cell activation.

'Dq:aﬂrnu'rl of Infectious Disemes, Parzsinbigy, Untversititxdinioom Heidelherg, Im Neuenhesmar Feld 324, 65020 Hadetharg, Gemmany. Y mttiote far
Thearesical Prysics 2nd Birluami-Center for Quartitative Balogy, Hetdebarg Univesity, §5120 Hedebarg, Germany. ¥ sl Chemisty of Biasystemns,
Urreersity of Heidelberg, 65120 Hesdelherg, G-eﬂ'na'rr.“'D-eparrn-uﬂ of Cellular Biophysics, M Plinck Institrte for Medical Resesech, $3120 Hesdelherg,
Gesmany. ¥ Université Sarbanne Paris Cité, Universié Paris Didenat, Insesm, |NTS, Unité Bialogie Inégrée du Globule Rouge, UMR 5134, Sewere Makria
Patfogeneses Group, Labomtore dExcellence GR-Ex, Pams 75739 ﬁ'mé'DmMmu'rl af Hematology and Onmbgy, Univesity Thildrens Hospetal,
Medical Faculty Mannhesm, $8167 Mannhesm, Genmarmy. These authors contributed equally Christine Larsche, Anil i Deeana. Comespondence and
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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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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 Synthesized Lipid-Porphyrin Conjugates: Evaluation of
Their Self-Assembling Properties, Their Miscibility with
Phospholipids and Their Photodynamic Activity In Vitro
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Optical Fluid Pump: Generation of Directional Flow via Microphase

Segregation/Homogenization
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Takahiro Kenmotsu,'® Motomu Tanaka,*11® and Kenichi Yoshikawa*'®
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ABSTRACT: We meport the succesful genention of directional liquid-flow umder
stationary baer imadiation at a foed position in a camber. We adopt a homogeneous
solution consisting of 3 mivture of water and triethyamine (TEA), with a composition
near the ertical point for phase segregation. When geometrical snymmetry is introduced
around the hser focus in the chamber, contimsows directional flow is generated,
accompanied by the emergence of water-rich microdroplets at the laser focss. The
emerging microdroplets tend to escape toward the sumounding bulk sohdtion and then
merge/anmibilae into the homogeneos solution The essential features of the direetional
flow are reproduced through a simple mumerical simulation wsng fhuid dynamic equa tions.

Simulation

I:n genenal ol /vater systems exist 2 either a hauno?mm
solution or 2 macroscopically segregated solution," " which
can be interpreted in terms of a first-order phase transition
The phate coevistence on 3 microscopic scale is intringically
ungiable in the abdence of 2 surfactant under equilibricity. This
implies the posible occumence of dynamic phenomena,
inchading the emergence and annihdation of microscopic
segregation under thermodynamically open conditions.
Recently, it has been shown that a focused ler can generate
micrscopic  phatesepantion in a ows  sohstion
composed of ol and water under a condition that is near the
critical point for 3 phose transition™"* When the homoge
ot sohation i4 endched with oil near the bimoadal line in the
phase dizgram, water-rich microdroplets successively emerge
from the kiser focus under constant bser irmdistion. “ % The
genenrated 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 perphery, the
microdroplets disappear by merging into the homogeneous
bulk in the absence of a bser-induced didlectric potemtial
Here, it is expected that the emergence of several micro-
droplets at the laser foom will came an ncrease in local
pressure due to a trangient incresse in the total ol/water
interficial area, which @ incommemnsurate with molecular
packing. In this article, we propose a mew methodology for
producing an optically doven micropump by applying such
kind of dymamical phenomenon with the emergence/
annihibition of microdroplets caused by a focused hser

o ACS Publications  © 218 Amaricas Chmiea Seciay

5Tz

There hat been growing interest™ ™ in the subject of
micropumps below the millimeter scale in the medical and
microengineering felds, such as in the we of micropumps in
bicgendors, small fsel celk, and drsg-delivery equipment
However, micropumps smaller than a micrometer scale do not
seem to be avaibble for practical application. Trials that
involve the downsizing of existing pump have encounterd
serious difficulties because of the relatively grester effecs of
viscosity and friction in 2 microscopic system. However, it i
welFknown that laser trapping is 2 wieful tool for tramsporting
objects smaller than the scale of several tens of micro-
meters """ Several studies have shown that centimeter-
sized objects at an interface can be tmangported by bser
through 2 thermocapilbry effect ™™™ Thus methods for
transporting objects on 3 scale between several millimeters and
several tens of micrometers are needed * Recently, Wang et al.
reported that directional flow on the scale of several cm &
generated by the use of a laser beam, through the
photoacoustic effect™ The drving force is attrbuted to the
generation of cavity caused by hser iradiation. Although thic
methodology seems to be interesting, we have to consider the
possible 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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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 fi-galactosidase into
intestinesy

lleana-Alexandra Pavel, (8* Maxime Girardon® Sarah El Haj.* Stéphane Parant,”
Federico Amadei” Stefan Kaufmann,® Motomu Tanaka ™ Vanesa Fiemro, (97
Alain Celzard, B° Nadia Carnilho® and Andreea PasciB+

p-Galactosdase has been drawing increasing attention for the trestment of ladose intolerance, but its
difivesy has been impeded by degradalion under gastde cordilions. We have demorstated trat e coating
ol mesoponous silica micropartides (dameter = 9 pm, pore Sre = 25 nm) with diolecyiphosphatidyleholire:
mennibranes sgnificantly inproved the loading capablity and protected the enzymes rom the kess of funclion
under simulated gastric conditions. Once the partides are Fansiemed to simulated inedinal conditions,
the digestion of phosphaticyicholine with pancreatin led to the release of fundional f-galacdiosdase The
coating of mesmporous silica nanaparticles with a single phospholipid bilayer opans up a large potential

rscliimaierials-b

Introduction

f-Galactosidase (f-Gal) is found in animals, plants and micro-
organisms’ wherein it is responsible for the hydrolysis of
terminal glyeosidic bonds of polysaccharides, mainly lactose,
into glucose and galactose residues. [ts deficiency in the small
intestine causes a worldwide common disease called lactose
intolemnce® 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 fGal is challenging, since the ereyme can lose its activity
through pH and temperature changes, during processing, but also
after ingestion, all along the gastrointestinal transit.

To improve its activity in food, encapsulation of f-Gal was
proposed. For instance, encapsulation into organic |eg camageenan-
based hydrogels]” or inomganic jeg S0, and Ca(i0h) particles was
suggested to provide protective matrices for fGal, in which the latter
iz shown to be mare pH-tolerant and have higher thermal stahiline®
Among these, silica carriers are gaining increased interest in ol

* Universite de Lorraine, CNRS, [30M, F 4506 Mancy, Frnce
Fimail andwee pocrfunty-lorraie.
* Pirpcical Ch ¥ o Heldelbesy Univerxiry, bm Neumbeimer Feld 253,
920 Heide lherg, Germany
 Conter for Inegratve Medidine and Fhycis, lsnge for Advenced Sndy,
oo [ntersiry, S0G-8501 Kyets Jopan
4 Unfversitd de Lorraine, CNES, JI, F-88000 Epinal, France
+ Elecmonie suppl y indorme on [EST) availahle: Thermogravimeste analysis.
See DOA: 100039 Ethi 1142

This joumsl & @ The Royal Sodeyy of Chemissy 2018

towvards the controlled release of orally administrated drugs of enzynes o he intestines.

delivery] including for the delivery of active ingredients® or
probiotics.® ™ According to the 1% Food and Dug Administration
(Foa) and the European Food Safety Anthority (EFSA) amorphous
forms of silica and silicates are generlly recognized as safe for oral
administration in amounts 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 enzymes. The biocompatibility and safety
of silica can be improved by functionalization with various
chemical groups, such as polvethylene glyeols,"” or by coating
with lipid bilayers."" The biocompatibility and the half-life of
lipid-coated silica were observed to be 10fold higher than those
of bare silica."® 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 res ponsive
material was designed by Popat ef 2l and concems dual pH- and
ersyme-iriggered release from mesoporous silica particles coated
with succinylated soy protein isolate™ Specific release of the
encapsulated drug occured upon digestion of the protein coating
in simulated 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, 5633-5639 | HAIZ
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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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University, 6062501 Kyoio, bpan

* Thase quihars conirbufed aqualy Bo s work.

 Fresentt adtress Cenfier for Infegrave Medicine and Physics,
Insatute b Adnces SRy, Koo Liniversiy, 62401 Ky, lapan.
flomespanding adthar. Email: frey @mude (EF ) abnis chid
mytunce (ARE}

Huber of al | Solnee 361, 25-258 (30E) 20 July 2018

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

- 288 -

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
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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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OFEN Intracellular calcium signal at the
leading edge regulates mesodermal
-sheet migration during Xenopus
isell o gastrulation

: e : e ]
ot onlie: 2 ey 1R . KentaroHayashi**, Takamasa 5. Yamamoto® & Naoto Ueno(2 ™

: During the gastrulation stage in animal embryogenesis, the cells leading the axial mesoderm migrate
: toward the anterior side of the embryo, vigorously extending cell protrusions such as lamellipedia. it

;i thoug bt that the leading cells snse gradients of chemost tractants emanating fram the ectedermal
¢ gells and translate them to initiate and maintzin the cell movements necessary fior gastrulation.

: However, it is unclear how the extracellular information is conwerted to the intracellular chemical

. reactions that lead to motion. Here we demonstrated that intracellular Ca?+ lewels in the protrusion-

. forming leading cells are markedly higher than those of the following cells and the axial mesoderm

¢ cells. we also showed thatinhibiting the intracellular Ca®+ significantly retarded the gastrulation cell

: movements, 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
: gells. our results suggest that transient intracellular Ca?+ signals play an essential role in the active call
: migratien during gastrulation.

¢ iastrulatlon 15 one of the most important processes In the early development of a vartety of animals. In ver-
i tebrates, this dynamic remodelling process 15 achieved by the coordinated movements of three germ layers,
. which contribute to the development of various organs in thelr proper positions in the body. In the experimental
: wertehrate model Xemapus lzevis, the gastrulstion movements begin with vegetal rotation of the mesodermal
¢ sheet'. Subsequently, the leading edge mesoderm (LEM), the most vegetal mesoderm reglon, touches the Inner
¢ sida of the blastocoel roof (BCR). The LEM then shows directional migration toward the anterior end on the
: fibronectin-rich BCR™®. During this process, avial mesoderm following the LEM undergoes convergent exten-
¢ ston, In which cell movements elongate the embryo proper along the anterior-posterior axls and narmow the tissue
: mediolaterally, eventually Sorming the rod-shaped notochord®. On the other hand, the prechordal mesoderm that
: follows the LEM cells plays essentia] roles in head formation™.

: The LEM has an indispensshle nole in the directiona] migration of the mesodermal sheet, and disrupting this
| migration causss severe morphological defects in the embryo, such as sbnormal notochord formation and spia
: Bifida™. This anterlor tissue migration i thought to be regulated by chemoattractants and/or by cell responses
: to mechanical signals. As chemoatiractants for the directed tissue migration, PDMGF” and SDF- 1" secreted from
: the actoderm have been implicated, and the LEM cells are thought to recetve these chemakine signals via their
: respective receptors™. On the other hand, the LEM cells’ sensing of local mechantcal Interactions between the
. leader cells and follower calls has been reported to determine the asymmetric formation of cell protrusions and
¢ the oriented movement of LEM cells'. However, how such mechanical signals are interpreted by the cells remains
: unknown.

: Intracellular Ca** signalling regulates a variety of physiological events, including cell proliferation, apop-
: tosls, differentiation, and cell migration™. In cell migration, C2*+ signalling regulates the effectors required for
: cytoskeletal remodelling and the establishment of focal adhestons'-'®. Ca?* signalling 1s essantial both for the
¢ homeostasls of adult animals and for developmental processes such as organogenesls'™™. 1t s generally thowght

. 'Department of Developmental Biology, Mational institute fior Basic Biology, 32 Mishigonalka, Myodaiji, Okazaki,
: Aichi, 450585, Japan. ‘Depariment of Basic Biology, School of Life Scence, The Graduate University of advanced
! Studies (SOKEMDAI, 38 Mishigonaka, Myoedaiji, Okazaki, ichi, $44-2583, Japan. Correspondence and requests for
¢ maternials should be addressed to MLLL jemail: nwenog@ nibbuac jp)

SCIENTIRCREFORTS | 078 £M33 | D010 103R/c51 558-00.8- 2074 T-w 1

-290-



BEA - Eiomombranes 18560 (2018) 617-£23

Ciontents lists available at ScienceDinect

BBA - Biomembranes

journal homepage: www.elsevier. com/flocate/bbamem

]IHE"x lil

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™"*

* e Digreniics Dopor s, Mot S, Sosshosss Universty, Sanflg, China
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ARTICLE INFO ABSTRACT

Mot antimicrobial peptides exert their mapid bectoniddal satvity through a unigque mechanism of beceria
membranesdismption. However, the mokscular events that underlie this mechamnis m remain partly nomesolved. n
this stmdy, the frequency shift (AF) obtaimed through quanizorysial micobalanes with dissipation ({pCM-D)
indicated that the initial binding of Ib-AMP4 within the lipid membrane staried at a critical Ib-AMP4 con-
coniration that exvcesdsd 100 pgsml Cincular dichnoism messurements provided evidence that IhA MP4 oo
in & f-sheet configuration which i adapted for nsertion inin the lipid membrane. Monolayer eyperiments and
the value of dissipation alteration (AD) obiined through QCM-D showed that the presame inoeased within the
phospholipid bilayer upon peptide insertion, and the increase in presame subsequently forced the bilayer to
wrinkle and form pores. However, D comtimued to incresse, indioting that the membranes surface undewent a
dramadtic morphol ogical transition the membrane surfce lkdy bomme porous and mmeven as - AMPE pro-
jecied from the external surface of the lipid bilayer. ntersive peptide insertion, however, soon platesned 1 min
after the addition of Ih- AMPS.. This behawiour comesponded with the results of hacterid dal linetiss and liposome
leakape amsays. A mdden deoreass in O sconmpanisd bya nagligibl= derrmse in Faormed after replacng thelb
AMP solution with HEFES buffer. This mesult implied that the bilayer surfece resmman ged and that poration and
wirinkling deoreased without funther peptide insention. Transmission elecinon microscopy results ndicaied that
pore formation oocwmed during h-AMP4 nsertion but evenimally subsided Therefore, the mode of action of
AMP in bacterial membranes could be o daied throogh QCM-D.

Fepaords
Lipidl bla ez

Mlerslrane fou s nyese sl
WikskEsy

Prrisg
Aspisimid peplile

1. Imtrosdhss tioom

Electrastatic interactions betwesn lysine 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 residues in antimicrobial peptides (AMPs) provide evidence
that electrostatic attraction drives the initial binding of AMPs with their
target microbes [2-4].

When AMPs bind to bacterial membranes, they will first undergo a
transition stage, during which their membrane binding affinity change
thmugh alterations in their geometric conformations. AMPs then un-
dergo a self.promoting ssociation o mulimerization and become
perpendiculardy oriented to the phaipholipids in the acterial mem-
brane [5,6]. Finally, the membrame becomes leaky thmugh hae or a

=i preaeall na X Fan, Seth L [+ "5

== Corepomdense o M Wisl, IPME. Heidellery Usiersity, 60130 Heildbery, Qerssy.

Emal addremer 100001951 fom adn o (X Ras), wheljesi b de . Wisk).

It /il o 10 100 5 blassess POTT 10005
R d 3 Jaly M7 R
Avallable ooline 36 Deiobar 2017

D005-2735, 5 2017 Elsevier EV. ATl dghis resoread.

d i reviad fers B4 Octebey 7, Aosepiad 35 Oosber 2017

whammed form ation.

Different hypotheses have been presented for the AMP transition
stage, inchuding the cdaxic barmel-stave, oroid-pore, and capet the.
aries [6,7]. However, the detailed malecular events involved in AMP
trmsition are Bir from clear due 1 the limitations of presently available
monitoring techniques Although electron micmscopy has been sc.
cemfully applied to observe subcellular structures, its tedious sample
preparation procedines and for nonerealHme amlyss make an appli-
cation for dynamic processes difficult.

Liporsomes are important model systens in this contest. Ex pansion,
omitraction, and bending are the thres main forms of deformation in
lipewome bilayer [B]. Expansion and contraction ane within-plane mo-
tions that are evahated on the basis of compressibility, which come.
spomls to the change in pressure v area per molecule in 3 mem bomne.
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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®, Chie Sotozono?, Junjl Hamuro?,
Shigeru Kinoshita?, Morio Ueno™2* and Motomu Tanaka®*

Dysfunction of the corneal endothelium reduces the transparency of the cormea and can cause blindness. Because comneal ende-
thelial cells have an extremely limited proliferative ability in vive, treatment for corneal endothelial dysfunction involves the
transplantation of donor corneal tissue. Corneal endothelium can also be restored wia intraccular 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 between endothelial cells in a confluent monolayer serves as a biomarker of the quality of corneal endothelial calls
in witre and of the long-term prognesis of corneal restoration in patients treated with culture-expanded endothelial cells or
with transplanted corneas. The biomarker can be measured from phase contrast imaging in vitro and from specular microscopy
invivo, and may enable a shift from passive monitoring to pre-emptive intervention in patients with severe corneal diserders.

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 maintained 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 endothelial cells, 1s compensated for by the natural
spread of the remaining corneal endothelial cells'. However, when
the corneal endothelial cell denstity decreases from the normal level
(= 2,000 cellsmm—2)* to fewer than 400 cells mm-?, this event leads to
an abnormal swelling and thickening of the cormea, known as cor-
neal endothelial dysfunction; its severe type s termed bullows kera-
topathy®. Ulimately, this can result in a loss of ¥isual acuity (Fig. 1a).

Annually, approximately 200,000 corneal transplantations are
performed in more than 100 countries’, and more than half of these
cases are corneal endothelial dysfunction, including bullows kera-
topathy. At present, the surgical treatments for bullous keratopathy
Include penetrating keratoplasty®, Descemet’s stripping automated
endotheltal keratoplasty®” and Descemet’s membrane endothelial
keratoplasty”. Since human cormeal endotheltal cells have extremely
limited proliferative ability in vivo, all of the treatments mentioned
above mmevitably involve the use of a fresh, donor corneal Hssue,
Including endothelium®*? -,

In 2009, the presence of a rho-associated protein kinase (ROCE)
Inhibitor was found to significantly promote the profiferation of pri-
mate corneal endotheltal 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 suspension of cubtured corneal endo-
thelial cells (Fig. 1c)*. Briefly, after the removal of the detersorated
cormeal endothetial cells and abnormal extracellular matrix from the

| he cornea 15 a layer of transparent tHssue that forms the anterior

basement membrane of the patient’s cornea, the suspension of culti-
vated cells is injected into the anterior chamber of the patient’s eye
with a ROCE mhibitor. With the pattent then being placed in a prone
position, 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 wisual acuity (Fig. 1c).
Compared with the widely used corneal transplantations, the restora-
ton of cornea via cell injection s less invastve and less stressful for
the pattent, which dearly indicates the sophistication of the procedure.
Since 2013, over 50 dindcal trial cases have been performed, resulting
In the restoration of cormeal endothelium via this cell injection therapy.

At present, the quality of in vitro cultured human corneal endothe-
lial cells is assessed by flow cytometry, with surface markers fiollow-
Ing the previously reported protocol™ . As shown in Supplementary
Fig. 1, CD1664/CD24-/CD105 /CD:44- cells are currently defined as
‘effector cells” for corneal endotheltal cell injection therapy'™ . Since
effector cells share several common phenotypes that resemble thiose
of healthy human corneal endothelial cells in vivo'®, the percentage
of effector cells, ¥ e, 15 used a5 an Indicator to dassify the qual-
Ity of cultivated human corneal endothelial cells (Fig. 1d). However,
Inttle 15 understood about how the expression of surface markers is
correlated with the restoration functions of endothelial cells. Hence,
a function-based quality assessment 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 clindcal
fndings, such as the cell density, its coefficient of variation, and the
proportion of hexagonal cells™™. In &d, several recent studies have
suggested the importance of ‘untformity’ in phenotypes; however,
they remained as phenomenological observations™,

‘Center for Integrative Medicine and Physics, Institute for Advanced Study, Kyoto University, Kyoto, Japan. “Department of Ophthalmology, Kyoto
Prefectural Uiniversity of Medicine, Kyota, Japan *Department of Frontler Medical Scence and Technodogy for Ophthalmology, Kyoéo Presectural Uiniversity
of Medicing, Kyotn, Japan. *Physical Chemistry of Blosystems, Instifute of Physical Chernistry, Heldelberg University, Heldelberg, Germany. “These authors
contributed equally: Akihlsa Yamamodo, Hiroshi Tanaka. “e-mait muenogkotokpu-m.ac.|p: tanakag@uni-heldelbeng. de

HATURE BMOMEDICAL ENGIMEERING | wwew.natura cormuatbiomedang

-294 -



Yamamoto et al., Nat. Biomed. Eng.
Editorial & News & Views THA"

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 anacmia. Most biomarkers
of disease — 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

logi bi i ile- ol

for g, sing

B iomarkers come in all sizes, shapes and

in tech
1

yses and g ics. In comparison, the
physical propertics 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 more 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

Figure adapted from. Yamamoto, A_etal.
Nat. Biomed. Eng. https://doi.org/10.1038/541551-
019-0429-9 (2019), Springer Nature Ltd.

analyses). When biopsied tissue is not

news & views

TISSUE TRANSPLANTS

A prognostic biomarker of corneal repair

A non-invasive biomarker of the degree of collective order of monolayers of comeal endothelial cells cultured for
in patients

transplantation predicts the long-teem prog!

editorial

abnormal mechanical properties, such as
solid stress and stored elastic 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 experiences as a
consequence of its interaction with the
cell’'s immediate neighbours. The balance
of forces that the cells experience and
excrt affect how the cells in the monolayer
arrange themsclves 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

sccond derivative around the minimum

I$ of cornedl restoeath

Jodhbir 5. Mehta, Viridiana Kocaba and Gary S. Peh
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Hemoglobin S and C affect biomechanical
membrane properties of P. falciparum-infected
erythrocytes

Benjamin Frihlich!, Julia Jager?, Christine Lansche?, Cecilia P. Sanchez®, Marek Cyrklaff, Bernd Buchholz®,
Serge Theophile Soubelga®, Jacque Simpore®, Hiroakl Ita® Ulrch S. Schwarz® 2 Michael Lanzer @3 &
Motomu Tanakam ™7

Dwring intraerythrocytic development, the hwman malaria parasite Plesmodism falcipanim
alters the mechanical deformability of its host cell The wunderpinning biological processes
invohve gain in parasite mass, changes in the membrane protein compositions, reorzani zation
of the cytoskeletons and its coupling to the plasma membrane, and formation of membrans
protruesions, termed knobs. The hemoglobinopathies S and C are known to partially protect
carriers from severe malaria possibly through additional changes in the enythrocyte bio-
mechanics, but a det ailed guantification of cell mechanics is still missing Here, we combined
flicker spectroscopy and a mathematical model and demonstrated that knob formation
strongly suppresses membrane fluctuations by increasing membrane-cytoskeleton coupling.
'We found that the confinement inoreased with hemoglobin 5 but decreas es with hemoglobin
C in spite of comparahle knob densities and diameters. We further found that the membr anse
bending modulus strongly depends on the hemoglobinopathetic variant, suggesting inoreased
amounts of imeversibly oxidized hemichromes bound to membranes.

. Piysical Chemistry of Biooystens, Heidebarg Univessity, Im Meuenhesmes Feld 253, 6900 Heidebarg, Gmanr.l Institute for Theomtical Physc and
BioQuant-Center for QuanSiatie Balogy, Philosophermaeg 15, Hadelberg Unversty, 85020 Hu:|d:|u? Gesnany. ’Dt;nrrn-u'rl aof Infactious D,
Parastalgy, Unvesittddinioom Hesdebersg, I Mewenh amer Feld 324, 5120 Hesdebarg, Genmary. * Department of Hematology and Onolagy, Unrvesity
Chidren’s Haspital, Medical Facully Mannieim, 68167 Mamheim, Germany. * Bomaleadsr Researhienter Fatm Annigoni, Uniersity of Ouzsgad augou, 01
AP 364 Ouegadougou, Buridna F:uu.aDq::rInu'n of Medhanral Engnesrng, O Unrersty, Susts, Osaion 5650071, pan. -'IG:ntr for Intesgrai e
Medcine and Physics, Ingtitte for Advanced Study, Kyota Unisesity, Kyoto S06-8501, bpon Corespaondence and mquests for materiak. should be addressed
ta WSS {email schwamiidphysun-hedeberg de) or o ML {email michoel lrmenipmed uni-heidebarg de) or fo M T, {email tanalaiiuni-hesdel arg ded
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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
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lDer'l:rr!rlt of Material Engineering Science, Graduate School of Engineering Science, Osaka Undversity, 560-8531 Osaka, Japan
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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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3D Cellular Architecture Modulates Tyrosine Kinase
Activity, Thereby Switching CD95-Mediated

Apoptosis to Survival
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Highlights

& Specific intermolecular spacing of CD95Ligand induces
efficient CDA5 clustering

& CD95 clustering triggers apoptotic and survival signaling

« CD95 signals survival in the presence of cell-cell contact

« Cell-cell contact increases levels of phosphotyrosinated
proteins including CDG95

Gillciiler Baits et al, 2019, Gell Reports 26, 2205 2306
@ Mowember 19, 2019 € 2019 The Authors.
httpsy/doi.org/10.1016/].celrep. 2019.10.054
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In Brief

Gllciler Balta ot al. show that CDAO5
receptor activation is determined through
the presentation of its ligand at a certain
intermolecular distance. The type of
signaling triggered by CDA5 is, however,
decided by the cellular environment.
CDA5 triggers survival in cancercells in
contact with other cells and death in
isolated ones.
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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

SCENTIFICREPORTS| (2019 219116 | https:/idoiong/10.1038/541558-019-55655-0

-301 -



LANGMUIR -

puls acs orgfLangmuir

Shear-Enhanced Dynamic Adhesion of Lactobacillus rhamnosus GG
on Intestinal Epithelia: Correlative Effect of Protein Expression and

Interface Mechanics
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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

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 (HSPC) is introduced. Different from the microscopy-based high-content
screening relying on multiple staining, machine learning, and molecular-level perturbation, the proposed
method sheds light on the “dynamics™ of HSPC in the presence of extrinsic factors, inchuding SDF1 e and
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 trajectores 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 cnables 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 hematopoietic stem and pro-
genitor cells (HSPC) is mainrained 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 facror la (SDFla or

Gard Klsin and Patrick Wuchter fads), Stem Call Mobilizstion: Methods and Protocols, Methads in Malecular Biology, vol. 2017,
https://doi.org/ 10,1007 A78-1-4839-8574-5_2, © Springer Sclance:Businass Media, LLC, part of Springer Nature 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
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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 bipolar newrons is regulzted by a0tomyosin contractile foroes, yet the precise
spatioternparal sites of force generation are umknown. Here we investigate the force dynamics generated
during somal translocation using tracton force microscopy. Neurons with a short leading process gener-
ated a traction force in the growth cone and counteracting forces in the leading and trailing processes. In
COmirast, neurons with 2 long leading process generated a force dipale with opposing traction forces in
the proxima| leading process during maclear transkocation. Transient acoumukation of actin faments was

fﬁunuisl:mlpim chserved zt the dipole center of the two opposing Torces, which was abalished by inhibiticn of myosin 11
M activity. A swelling in the leading process emerged and generated a traction fonce that pulled the nuclens
Traction farce when nuclear translocation was physically hampered. The traction force in the leading process swelling

Actin ‘Was uncoupled from somal transioCation in NErons expressing a dominant negative mutant of the KASH

Miyasin-Fl protein, which disrupts the interaction betwesn cytoskeletal components and the nudear envelope. Our
Sweelling results suggest that the leading process is the site of generation of actomyosin-gependent traction force
Nesprin in long bipalar neurons, and that the traction force is ransmitted to the nudens via KASH proteins.

© 2018 Elsevier BV, and Japan Neuroscience Society. All rights reserved.
1. Intreduction positioned in a transient cytoplasmic swelling or dilation in the

proximal leading process before nuclear translocation, where it

Meuronal migration is a fundamental step of mammalian brain
development. Post-mitotic neurons, arising from neural progeni-
tor cells in the proliferative zone, extend a leading process toward
their migrating direction and translocate the nucleus and other
organelles into the leading process until they reach their final des-
tination in the brain {Cooper, 2013). Defects in nenronal migration
thus cause brain malformation and severe neurclogical disorders
[Gleeson and Walsh, 2000 Extensive studies have implicated a
synergistic interplay between the actin and microtubule cytoskele-
tons in nuclear translocation as well as neurite outgrowth during
newronal migration. It has been reported that the centrosome is

* Corresponding authaor.
E-muil address: umeshima@icems kyoto-u.ac jp (H. Umeshima).
1 Present address: Institute of Biomaterials and Biomoleoular Systems (IEBS), Usi-

versity of Stuttgart, Stuttgart, 70659, Germanmy.
hitps-Tdoiorgl 101016/ meres I01E 04.00]

IEE-0102/& 2018 Elevier BY. and Japam Neumscience Society. All rights ressned.

organizes polarized arrays of peri-noclear 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 et 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
a pulling force at the nuclear 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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Hybrid coating of alginate microbeads based on protein-
biopolymer multilayers for encapsulation of probiotics
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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

[a] e W.Abuilan,” Dr. M. Veschgini® 5 Mislks, Prof Dr. M. Tanaka
Phyysical Chemistry of Bicsystams, Institute of Physical Chemistry, Heldalberg
Univarsity, D-69120 Heidatberg (Garmarny)
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[b] Cr. A Yamaemota Pref Dr. M. Tanaka
Cantar for Integrative Medicine and Physics, lnstitute for Advancad Study,
Moto University, S06-8501 Moo Japan)

[=] X Liw Prof. Dr. M. F. Krafft
Imstitet Charkes Sadron (TNRS UPR 22)

Univarsity of Strashouwrg, 23 rue du Lowss
F-57034 Serashourg Cedax (France)
E-muils krafftunistraf

[d] Dr. Q. Konowalor
Ewrapaan Synchratron Rodiation Facility (E5RF)

Granoble Cadasr 9 30053 (Framce)
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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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Controlling the shape of 3D microstructures by
temperature and light

Marc Hippler@u, Eva Blasco® 3, Jingyuan {]uu, Motomu Tanaka® 5'6, Christopher Bzrner-Kﬂwalﬁk?‘?,
Martin Wegener™* & Martin Bastmeyer'®

Stimuli-responsive microstructures are aitizal to oeate adaptable systems in soft mbotics
and biosciences. For such applications, the materials must be compatible with agueous
environments and enable the manufacturing of three-dimensional structures. Poly(N-iso-
propylacrylamide) (pMIPAM) is a well-established polymer, exhibiting a substantial responss
to changes in temperature dose to its lower critical solution temperature To create complex
actuation patterns, materials that react differently with respedt to a stimulus are required.
Here, we introduce functional three-dimensional hetero-microstructures based on pMIPAN.
By variation of the local exposure dose in three-dimensiona laser lithography, 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-
amplitude and complex responses. The experimental results are consistent with numerical
calculations, able to predict the actuation response. Furthermore, a spatially controlled
response is achieved by inducing a local temperature inorease by two-photon sbsorption of
focused light

1 Zonlagimches, Institut, Zel- und Neumbiclogie, Kafsnhe Imflute of Technolagy (KT Fritz-Haber-Wisg 4, 76131 Karkruhe, Garmany. @ Institut r
Angesandte Physik, Karknuhe Institute of Technalagy (KIT), Woligang-Gaede-5traBe 1, 76131 Kassruhe, Ganmany. 3 pacrame ecular Architeche s, Insfiut
fior Technische Chemis und Polymenchemie, Karkrnubhe institute of Technalogy (KIT), Engesersirasse 18, 76128 Karbsuhe, Genmany. £ institut fir
Manotechnalogie, Karkauhe Institute of Technalagy (KIT), Hesmann-von-Hebmhaoliz-Pistz 1, 76344 Fggemten-Leopoidshaten, Germany. © Physical
Chemistry of Basysters, nsditute of Physical Chamistry, Heidebery Univemsity, kn Neuenheimes Feld 253, 63120 Heidelberg, Genmany. S imstitute for
Integrated Celt Material Scence (WP iCaMS), Kyobo Universty, Kyato 606-B501, Japan. 7 Schaal of Chemistry, Prysics and Mechanial Enginessing,
Queensland University of Technalagy (QUT), 2 Geosge Sirest, Bishane, QLD 4000, Australia ® nsfiut fir Funkinelle Grenzdlichen, Karkruhe Institute of
Technology (KIT), Henmann-von-Helmholtz-Flatz 1, 7634 4 Eggensten-lsopoldshaien, Ganmany. Comepondence and requests for materak should be
addreszed o MW, {amait marbnwegenenfiiit adu) or o MB. {emait bashmeyeniiitadu)
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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-

Copyright © 3020
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Wiorks. Distributed
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Commans Attribution
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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,
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S60-8531, Japan. *Cantra for Materlals Sclence, Queensiand University of Tech-
nology (GUT), 2 George Straet, Brishane, QLD 4000, Australia. *School of Chemistry
and Physics, Queensland University of Technology (Q/UT), 2 George Street, Brishana,
QLD 4000, Australla. Tinstitute of Manotechnology, Karsruhe Institute of Tech-
nology (KIT), 76128 Karkruhe, Germany. "Department of Macromolecutar Scance,
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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 5 and C on Biochemical
Activities in Plasmodium falciparum-Infected Erythrocytes
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ABSTRACT: While there is ample evidence suggesting that camiers  Frozen Hydrated
of hetercrygous hemoglobin § and C are protected from lfe-  Erythrocytes
threatening malaria, little is known abowt the underhing biochemical .
mechanizms at the single cell level. Using nancfocused scanning X- -
ray fhorescence microscopy, we quantify the spatial distribution of  %T8Y -
individual elements in subcellular compartments, induding Fe, 5, B, (@~ 2% "M_——2
Zn, and Cu, in Plemodion folfpanmm-infected (P jalsipanom- ol
inficted) erythrocytes carrying the wild type or variant hemoglobing N
Oher data indicate that heteroxngous hemoglobin 5 and C signifcantly  Detector
maodulate biochemical resctions in parasitized erythrocytes, such a0

aberrant hemoroin mineralization and a deby in hemoglobin degradation. The hbe-free scanning X-ray fluorescence imaging has
great potential to quantify the gatial distrbwtion of dlements in adbeellubir compartments of P. faldparum-infected erythrocptes and
unravel the biochemical mechanisms underpinning disease and protective traits.

1
. i

Mah:’n still remains a major public health isve caused by In this study, we quantitatively awessed how the metabolic
some species of intracellubr protosoa from the genus activity of P. faldparum is affected by the hemoglobinopathies
Plasmodiaem (P.), among which P. faldparien i responsible for HbAS and HbAC wsing eement-specific, scanning X-ray
maoat of the malana-relted deathe After 2 parasite (merozoite) fluorescence micndcopy (SXFML* The we of 2 nano-
imvades 2 host erythrocyte, the parasite is endosed in a parasite focused synchrotron beam enabled the hbelfree, chemically
compartment (PC) and hence sepamte from the erythroote imaging inside single red blood cells and the quantification of
gtoplam (BEC)L Hemoglobin constitutes >95% of the the spatial, subcellubir distributions of target elements with
erythrocyte dry mass and is a central point of the parasite nanometer resohrtion and trace level sensitiity.
metabolism.' After =24 h postinfection, termed as the
trophozaite stage, about Eﬁ of hemoglobins (Hb) is degaded W RESULTS AND DISCUSSION
in a digestive vacuole , which & a compartment inside ) — ,
PC2 The alytic digestion of Hb in the DV resulte in As schematically shown in Figure 1a, for fluorescence mapping,
e D it alleed. e e the cryofived sample wa continuoudy scanned with a focused
P b prael b e e bt T J{-ﬂymnﬁpu'obe 1705 ke V) focused down to a beam size of
e m“"‘” H e, : ! abuout 27 3 37 mm®. On one side of the sample, 3 multiel ement
Nttty 18 i weidiely | AT e 85D detector (Rayspec, UE) was placed neardy orthogonal (a
T : - = §7) to the beam path, collecting fluoretcence signale. Panels
}nrrlhﬂul:mﬁpuﬂnd,vmtﬁbnmﬁfhmwghhncmdﬂ]by boaad el B 1 b W e irdectid ETRAL
genetic mastations, rarely dﬂ-dl‘:ll:! Life -f]'neahng comditions & PUH g :
: i : s B erythrocyte at the trophozoite stage (24-36 h postinvasion ),
during a maliri infection. However, the undedying prnciple 1 3
2 " ; as a virtual shice calcubted Fom a phase contrast tomography
of the probection mechanitm i only Paﬂ]y undenstood. Two reconstruction and by fluorescence mapping, respectively. The
very common representatives of such hemoglobinopathies ane
heteromygous hemoglobin § ("sicle cell trait”, HbAS) and
hemoglobin C (HBAC), both of which are characterized by a Rewived: November 10, 2019
single amino scid substitution in one of the Fglobin chaing ~ Acccpted: March 25, 2020
compared with the wild type hemoglobin HhAA® To date, Poblldud: Mach 13, HN)
however, the effect of hemoglobinopathies on biochemical
reacticig in P falaparum-inkced enfthrocytes has mostly
been studied in cell populations and not at the single cell level
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ABSTRACT: As manifested in biclogical cell membranes, the confine
ment of chemical reactions at the 2D mnterfaces signiheantly improves the
reaction efficacy. The intedface between two liquid phases is wsed in
various key processes in industries, such a3 in food emulsfication and
floatation. However, monitoring the changes in the mechanics and
dynamics of molecules confined at the lquid/liquid intedfaces still
remaing 3 scientific challenge becaue it & nontrivial to access the
interfice buried under a liquid phote Herein, we report the in situ
monitoring of the crosslinking of polyalginate medisted by Ca™ ions at
the ol fwater interface by grazing incidence X-my photon correlation
spectroscopy (GINPCS). We fist optimized the reaction conditions with
the aid of interficial shear theclogy and thea %erﬁmml GIXPCS using a

high-energy synchmotron Xeray beam (22 keV') that guarantees sufficiently high transmittance through the o phase. The intensity
autocomelation functions implied that the formation of a percolated network of polyalginate is accompanied by increasing relaxation
time. Moreover, the relaxation rate scales linearly with the momentum trandfer paalle] to the interfice, suggesting that the proces is
driven by hyperdiffusive propagation but not by Brownian diffission. Ouwr data indicated that high-energy GIXPCS has potential for
in sity monitoring of changes in the dymamics of pohmens confined between two liquid phates.

il Metses & More |

B INTRODUCTION

Confinement of chemical reactions in a 2D space significantly
improves the reaction rate and efficiency of the reaction: the
rebtionship between the mean diffimion time for the three
body collison rand the effective molecular mdivs ris (Tap) =
— I r in 2D, while that in 3D is {ryp} o 7' In biological cell
membranes, numersus biochemical resctions are confined and
regailated in fresr the membraned One obvioss example i the
catalytic digestion of phospholipids by phospholipate A2 at the
membrane fwater interfice, showing the highest efficiency near
the phase separation boundary” Multiphasic catabytic reactions
at the liquid/liquid interfice ame ako attractive for catalyst
separation and product recovery in orgnic transformation”
To date, various took, asch as emubions, Jams particles, and
microfheidic devices, have been proposed to increse the
reaction eficiency? A sol—gel transition at the inteface is also

the formation of films and demains at the liquid/Tquid
interface by discriminating the interBicial properties from the
bulk. However, despite a major progress in recent yeam,
rheological meanrements yield response functions averaged
over macroscopic length scales, but they are not able to
provide ingghts into the underlying microscopic behaviors.
When we lock at the tme domain, mtedace rhealogy
mexurements can be pedormed under limited Fequency
comditions. Therefore, the influence of resctions and strchure
formation on the dymamis of molecules confined at the
Lliqueid/igquid interface is brgely unknown.

Meray photon corrdation spectroscopy (XPCS),” detecting
temporal corelation of scattered photons, has been wsed to
measure the dmamics of disordered sysems, such a8 collective
diffusion of colloids near ghas transition,” aging of metallic
gha” and dynamics of polymer chaing in sohstions and gels "

an important process for stabilization of food colloids and
e poencapiilation of enryimne mnd cella®

Despite a wide variety of applications in different helds, in
situ monitoring of changes in the dynamical properties of
molecules confined at the hquid/liquid intedface is still an
experimental challenge because the liguid/liquid interface iz
not easdly accesible Intedface rheology” it one of the took to
monitor the change in viscoehsticity of interfaces caused 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®.
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Germany. *Molecular Medicine Partnership Unit Heidelberg, EMBL and Heidelberg University, 65120 Heidelberg,
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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@
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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
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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

Motomu Tanaka ** and Hideki Seto™
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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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Influence of Semifluorinated Alkane Surface Domains on Phase
Behavior and Linear and Nonlinear Viscoelasticity of Phospholipid

Monolayers
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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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Revised: Demmber 13 2019
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Force generation by a propagating wave of
supramolecular nanofibers

Ryou Kubota®', Masahire Makuta? Ryo Suzuki@ 3, Masatoshi Ichikawa® 2, Motomu Tanaka® 34 &
Itaru Hamachim 155

Dynamic spatiotemporal pattemns that arise from out-of-equilibriumn bisdhemical react ions
generate forces in living cells. Despite considerable recent efforts, rational design of spa-
tiotemporal patterns in artificial molecular systems remains at an early stage of development.
Here, we describe force generation by a propagating wave of supramolecular nanofibers.
Inspired by actin dynamics, a reaction network i designed to control the formation and
degradation of nanofibers by two chemically arthogonal stimull. Real-time fluorescent ima-
ging successfully wisualizes the propagating wave based on spatistemporally coupled gen-
eration and collapse of nanofibers. Mumerical simulation indicates that the concentration
gradient of degradation stimulus 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.

| Dapastment of Synthefic (hemistry and Bickagicad Chemistry, Gasduse Schaal of EI?'I&I!I‘E Kyoto Unsersity, Koo, Mishiopo-ioy, Kyata SIS-8510,
Japan. Jl:hq:nrrnu'ﬂ af Physics, Kyoto University, Salopo-ioy, Kyoto $06-8500, Japan. ¥ Center for Integmative Medicine and Physics, Institute for Advanced
Study, Kyoto Univesity, Salopo-ioy, Kyolo S06-8501, h:ui*ﬁﬂprmlﬂ'm‘nﬂwui Biosystamns, Institrte of Physical Chemistry, Hesdelbhers Univessity, 85120
Hesdelberg, Genmary. * IST-ERATO, Hamachi lnnosatine Maleculr Technology for Neuroscience, Kpoto Univessity, Kasura, Nishiiopo-ioy, Kyoto 615-8530,
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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

& Drosophila XKR promotes membrane deformation by
constitutive phospholipid scrambling

= Phospholipid scrambling affects actin cortex dynamics and
lipid bilayer mechanics

& Deformabiity of mammalian cells can also be enhanced by
phospholipid scrambling

Shiomi et &l, 2021, Cell Reports 35, 106219
June 8, 2021 @ 2021 The Authoris)

e
hitps: fdhoi.org/10.1016/.celrep. 2021 108219
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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 constitutivehy
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 forcest

Julian Czajor,i® Wasim Abuillan,;* Dinh Vu Mguyen,® Christopher Heidebrecht, @2
Evan A. Mondarte, ©° Oleg V. Konovalov,® Tomohiro Hayashi, ©°° Delphine Felder-
Aesch, @™ Stefan Kaufmann® and Motomu Tanaka (929

Dendronized cligoetiylens glycols (dendron OEGS) with two phosphonate groups iphosphonate tweezers)
have been drawing significant attenBon as a new class of coating materials Tor superparamagnelic iron
eodde surlaces. However, despite dendron OEGE showing outstanding stability in physiclogical fluids in
previous sudies, Bitle is underood aboul their structure and mecharnical properties. Herein we report
the surlace and intemal structures and mechanical properties of dendron OEGs, and quartitatively
determine thar ability to avoid non-spedific adhesion of blood platelets. To gain insight into e
interiacial foree interactions, we measured the coarse-soale surlace lorce acng on cell-sized particles
and mapped the nanoseopic pinning centers by Tast torce mapping.

Receved 1t Aprl 2021
coepted 108 May 2021
DO 301039 dirad@ 571F
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Introduction

Owing to their excellent magnetic properties and high trans-
veme mlaation, over the past several decades super-
paramagnetic iron oxide nanoparticles have been drawing
increasing attention for a variety of medical applications, such
as contrast enhancement in MRI™ and hyperthermia cancer
theranostics *# A key prerequisite for their medical application
is the chemical functionalization of nanoparticles to achieve; (i)
high stahility in physiological fluids, (i) control of the particle
size below 100 nm, without aggregation, and (iii) the presenva-
tion of high saturmtion 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

“Fitysical Chemicy of Biomctems, Instinde of Piysical Chemicry, Heidelbery
Linifvess ity, @9120 Heldalberg, wy. Bmal heid elbery. de
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adhere to vascular endothelial cells or blood cells, particularly
platelets. To date, several polymers have been developed for
coating the surface of oxide nanoparticles, incuding poly-
ethylene glyeol [PEG),* dexran,” and polyvinylpyrrolidone,
amongst others* However, despite significant progress, a per-
sisting limitation of polymerbased coatings is that high
maolecular weight polkmers 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, FelderFlesch and co-
workers proposed the grafting of dendritic oligoethylene
glveols vz 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 gafting mte™ and stronger hinding than the carboglate
anchors more commaonly used for the surface coating of oxide
nanoparticles ** The replacement of carboovlates with phospho-
nates also offers an advantage in terms of the magnetic properties.
In-field Misshaver spectroscopy and SQUID measurements have
suggested that the coating of oxide with carbosylates leads to spin
canting in the oxide hyer, resulting in a decrease in the net
magmetization. In contrast, coating with phosphonate did not
screen the magnetic properties.™ The coating of fron mdde nano-
particles with thin lavers of dendronized oligoethylene glveol viz
phosphonate chemistry therefore realized versatile, robust, and
high relaxation MRI contmast agents.™ To date, dendmnized

RSC Ak, 200, N, TI2T17733 | 17727
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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 =3

Motomu Tanaka and Akihisa Yamamoto

1 Interfaces: Where Materials Meet Cells

One of the most crucial steps in cell-material integration 1s 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 materials by irreversible chemical reactions or enzymatic degradation. The place
where cells meet materials defines the “interface™ between two different worlds.

M. Tanaka (=)
Physical Chemistry of Biosystems, Institute of Physical Chemistry, Heidelberg University,
Heidelberg, Germany

Center for Integrated Medicine and Physics, Institute for Advanced Study, Kyoto University,
Kyoto, Japan
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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

= Maotomn Temles
tanaka@uni-heidehag.de
Erich Sackomum
saclarmm @ phtum de

! Physics Deparmmant E22E27, Tachnical Univessity of Mumich,
Jarmes Frande Strasse, 85747 Garching, Germany

* Physia] Chamis oy of Bicsystems, Institnte of Physical Chemistmy,
Heidelherg University, §91 20 Hadelberg, (Germany

*  Center for Integrative Medicine and Physics, hstituee for Advanced
Sely, Kyoto Univessity, Kyoto S06-E50 1, Japan

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

Benjamin Frahlich,' Ari K. Dasanna,® Christine Lansche,? Julian Czajor,’ Cecilia P. Sanchez,* Marek Cyrklaff, “
Akihisa Yamamoto,* Alister Craig,” Ulrich S. Schwarz,>” Michael Lanzer,* and Motomu Tanaka '
'mmmwmmﬁm Instiute ol Physcal Chemisty am’mmmrTm«m Phvysics and BioOuant-Canter for Quaniitative

Biology, Hedmelbeng Uiniversity, Heidalberg, Gesmany; “Depanmeant of Infectious Dissases, Parasioogy, Univens itk dinkum Heideberg,
Heidelery, Genmany; ‘Cantar for infegrative Medicine and Physics, Institule for Advanced Stdy, Kyolo University, Kyoto, Jagan; and
*Lverponl School of Tropical Medicine, Liverpoo!, United Kingdom

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.
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Modeling the effects of malaria on red blood cell
binding at the vascular interface
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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-
tionately 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. malariae,
B vivax, P ovale, and P. knowlesi).
Sympioms of the disease can include
chills, fever, nausea, anemia, vomit-
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 i
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 times that eventually results
in the bursting (lysis) of the infected
cell and release of the Plasmodium
back into the blood serum, enabling
new erythrocyte infections. It is during
this stage that male or female forms of
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the Plasmodia can develop, renewing
the Plasmodium life cycle if ingested
by a female mosquito. It is also during
this blood stage of the disease that the
most symptoms 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 parly 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-
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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 (PFEMPI1)) that makes its
way to the red blood cell membrane
surface, where it is localized in pama-
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,
Frihlich 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 cisHnteractions 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
strengthen the trans-interactions between glycolipids in apposing leaflets. The trans-
interactions of the glycolipids in our simulations require local membrane separations that
are significantly smaller than the average membrane separations in the neutron
scattering experiments, which indicates an important role of membrane shape
fluctuations in glycolipid trans-binding. Simulations at the expedmentally measured
average membrane separations provide a molecular picture of the interplay between
ghycolipid attraction and steric repulsion of the fluctuating membranes probed in the
expenments.
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1 INTRODUCTION

Glycalipids are abundant components of biological membranes and play important roles in cell-cdl
interactions (Schnaar, 2004; Day et al, 2015; Varki, 2017; Poole et al,, 2018) and the interactions of
stacked membranes in cellular organelles (Stoffel and Bosio, 1997 Boudiere et 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 Fuente, 2002; de la Fuente 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 Kunae 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 e al., 2005 Schneck e al, 2011; Latza
et al., 2020), but a molecular view and quantifiation of the glycolipid-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 characierized by large water contact angles (8> 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-specu lar neutron scattering experiments were conducted at defined osmotic pressume
Myg. The poly | 2-[(perfluorooctylethylcarbamate lethyl | acrvlate (PFAU-Cg). which had a carbamate linker, transitioned
to another lamellar phase at 89 °C. At T= 25 °C; the lamellar periodicity of PFAUr-Cg slightly increased with decreasing
osmotic pressure, while the vertical comelation length increased. However, the poly[(perfluorooctyl)ethyl] acrylate (PFA-Cg)
that did not contain a carbamate linker directly transitioned to a disordered phase at 84 “C. The lamellar periodicity of PFA-
C; was largely independent of the osmotic pressure, suggesting that PFA-Cg 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, fluorocarbons adopt a helical
Fluorocarbons and hydrocarbons possess distinet struciural — conformation and form a rigid, md-like chain [3]. The
and 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 because the polarizability of
fluorine is lower than that of hydrogen. Becmnse fluor-
ocathon chains are both hydrophobic and oleophobic [1],
linearly connected fluorocarbon and hydrocarbon chains ae
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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 Yamamaoto,
Oleg Konovalov, Motomu Tanaka,* Teppei Yamada,* Koji Harano,* and Eiichi Nakamura®

Of a varlety of Intercalated materials, 2D intercalated systems have attracted
much attention both as materials per se, and as a platform te study atoms
and melecules confined among nanometric layers. High-precision fabrication
of such structures has, however, been a difficult task using the conventional
top-down and bottom-up approaches. The de novo synthesis of a 3-nm-thick
nanofilm intercalating a hydrogen-bonded network between two layers of
fullerene molecules Is reported here. The two-layered film can be further
laminated Into a multiply film either in situ or by sequential lamination. The
3 nm film forms uniformly over an area of several tens of cm? at an airjwater
Interface and can be transferred to either flat or perforated substrates. A
free-standing film in alr prepared by transfer to a gold comb electrode shows
proton conductivity up to 1.4 x 10~* 5 cm™. Electron-dose-dependent revers-
Ible bending of a free-standing &nm-thick nancfilm hung in a vacuum is

cbserved under electron beam irradiation.

1. Introduction

Fundamental problems o be solved when designing an ideal
synthests of 2D nanomatertals™" include mild condinons,
pre- and possynthetic strucural comrol, stucmral uniformivy
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over an area as large as possible, and
robustness and flexbiliy w be free-
sanding and wansferable. These issues
rear their head in the fabncavon of 2D
imtercalated nanofilms. as the materials
find an Increasing number of applica-
tions such as charge twransporung mate-
rial, energy swrage. elecronic device,
and banery matertal™" However,
only a limited level of conwol has been
realized by ewher of the wo conven-
tional approaches: Top-down insertng
imtercalane w0 a layered matertal or
borom-up assembling layers and 1merca-
lants together (Figure 1a). The twop-down
approach breaking apart the preformed
layered structure of 3D marerials provides
a quick and scalable access w the locally
precise mtercalated strucmure, bur lacks
the control of long-range stucral uni-
formity as to the thickness and the area of the 2D film. The
bowom-up approach. on the other hand. can bener control the
uniformity of the film. Relying on self-assembly of numerous
butlding blocks, however. 1t 15 imrinsically unsutable for
making robust film in a scalable manner. We concetved of a
de novo synthests, where the prelamellar blocks and imerca-
lants spomtaneously form a lamellar strucwre, which s fur-
ther laminated or intercalated postsynthecally (Figure 1b).
To this end, we designed an ocopus-like comical fullerene
amphiphtle (CFA. 1) wangling ns sricky legs 1o form a 2D
hydrogen-bonded network (Figure 1c). We reporn here the syn-
thests and propertes of 3-nm-thick fullerene film (FF) at the
airfwater imerface, which feamres a hydrogen-bonded water
network inercalated between the o CFA layers (Figure 1d).
Under ambient condidons during a few hours, the pemapod
molecule 1 tn wluene/1-butanol fwater spontaneously forms a
3-nm-thick untform film over several wens of an®. We can also
prepare in st a muliply film either by using larger amoune
of 1 or by repeanng the whole procedure mulnple tmes
(Figure 1b). The later approach will provide a method for
laminating differemt 2D films sequentially one afiter another.
The film can be wansferred w a variety of flar or perforawed
substrates, and a 6&-nm-thick film tn humid air on a gold comb
elecirode shows proton conducttviry up w0 14 % 104 § cm?
{Figure 1g). The film in vacuum (Figure 1d) was found wo bend
reversibly under electron beam trradiavion ar different eleciron
dose rates (EDRs), suggesting differental charging of wop and
bowom layers. 1

{©) 2021 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
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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
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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
{HSPC) have 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
tymphoid development. The incease in ghycolytic eneyme activity is caused by the expansion
of a more glycolytic HSPC subset. We therefore developed a method to isolate HSPC into three
distinct categories according to their glucose uptake (GU) levels, namely the GUMER, GLsET g
GU'™ subsots. Single-cell transeriptomics studies showed that the GUM#® 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, senescene-assodated secretory phenotype, and
the anti-apoptosis and P53 pathways are significantly upregulated in ﬂwCU“B"pupuialiun 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
ane similar to thosa found in mice, there are significant differences. The most unique finding is the
association of elevated central carbon metabolism with senescence. Due to the lack of specific markers,
the isolation and collection of senescent cells have yet to be developed, espedally for iman HSPC.
The GUMgk subsat from the human HSPC compartment possesses all the ranseriptome characteristics
of senescence. This property may be exploited to accurately enrich, visualize, and trace senescenos
development in human bone marmo.

I(eywmﬂs hematopoietic stem and progenitor cells; aging; senescence signature; central carbon
metabolism; ghycolysis

L Introduction

The regenerative power of a living organism is reflecked by the potential of its somatic
stem cells to replace damaged tissues, especially in a biological system that is characterized
by a high cell turnover such as the hematopoietic system [1,2]. A living organiem i hence
as old as its somatic stem cells [3].

In murine models, aging of the hematopoietic system is reflected by a decrease in
mgenerative pobtential and in the competence of the adaptive immune system [4-10]. The

Int [ Mol Sci 2022, 73, 3028, hitps: // doicrg,/ 103390 /ijms23063028
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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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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
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ARTICLE INFOQ ABSTRACT

Kiyreards: ASAP] in 2 mudti-domain adaptor protein that regolates optookelet] dynamics, receptor recprling and intras-
ATl celllar vegicle trafficking. It expression iz associted with poor prognosiz in a variety of cancers, and cn
Lumunal breast cazcer promote cell migration, invasion and metsstaziz. Although amplification and expression of ASAP] hag besn
ﬂ::::h mwmmmmtmz,mwhmhmwwwd
AET ]:mmalheadm,zhlmmntfhﬁ?] rezultad in an =arli=r opzet of wmer indtiation and meressed metastsiz,
Hyperplasin Thiz waz due to tumor cell-intringic effaciz of ASAP1 ﬂl:EI:u:l:l, anMP]d:ﬁuﬂtymhm st mot i einommal
MMITV-PyMT cells was sufficient to replicate the enhanced tumorigenicity and metastasiz oboerved i the ASAPT-noll MMTV-

PyMT mice. Loca of ASAP] in MMTV-PyMT mice had no effect on proliferation, apoptociz, angiogenesiz or im-
mmumne cell infilratdon, but enhanced mammary gland hyperplasia and tomor cell invazion, indicating that ASAPL
cam accelersts mumor initiation and promote dimemination. Mechaniotically, these effacts were azpociated with a
potent activation of AKT. Importantly, lower ASAP] level: correlated with poor prognoei and enhanced AET
activation in humam ER+ /luminal bresst tumors, validating our findings in the MMTV-PyMT mouse model for
thiz mibtype of bresst camcer. Taken together, our findingn reveal that ASAP] can hawve dictinet functions in
different temor types and demonotrate 2 tomer meppresgive activity for ASAP] in lnminal breast cancer.

based on the expremsion of the estrogen receptor (ER), progesterone
L 1 — receptor (PR) and human epidermal growth factor receptor 2 (HER2) [2,
3)]. Each subtype has a different prognosiz and requires a different
treatment regimen [4]. Luminal breast cancer, the most frequent type of
breast cancer, iz positive for the expression of ER. and PR, but iz mainly
negative for HERZ. Luminal brezst cancers are subdivided into luminal A
and luminal B according to their proliferation rate. Bazal tmmors, on the

Breast cancer iz the most prevalent type of cancer in women in the
Western world. Advances in early diagnosiz and the development of
therapeutic strategies hawve improved the life expectancy of patients
conziderably, with the relative 10-year survival of breast cancer patients A 7 v
nG = Iy at 825 [1]. B . around 25% of these ::terhand,mmga:::ﬂh;lzl:;tPRMHERz{mhmm)mdm
eventually suceumb to their disease, mainly due to the consequences of B S DrONIIAS cancer subtypes.

T : o ASAP1 (ATFGAP with SH3 domain, ankyrin repeats and PH domain 1)

Breast cn be ified into dif modecul I is a cytoplasmic adaptor protein that is also konown az AMAP] and

* Corresponiding author. Buropean Center for Angicecience (BCAS), Medical Paculty Mammheim, Heidelberg University, 68167 Mamnheim, Gemmany.
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Superiority of Mature Differentiated Cultured
Human Corneal Endothelial Cell Injection

=

Therapy for Corneal Endothelial Failure

MORIO UENO, MUNETOYO TODA, KOHSAKU NUMA, HIROSHI TANAKA, KOJIRO IMAL JOHN BUSH,
SATOSHI TERAMUKAL 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 eyes 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
[Gr1]), and (2) 7 eyves 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 (CECI}), central corneal thickness
(CCT), and best-corrected wisual 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 years 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 = .005). CCT recovery was prompt and con-

Supp'lementa'l Material available at A]O.com.
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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
years 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/bv/4.0/))

( : URRENTLY, THE TREATMENTS FOR MODERATE
comeal endothelial dysfunction and corneal
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 (DSOY), a sur-

gical procedure that involves the removal of a small ceneral

comeal area of the Descemet membrane with guttae and
degenerated endothelium, has been proposed.” The ben-
efit of DSO is that it does not involve the use of donor
comeal 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

CEE 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 allogeneic cul-
tured human CECs {hCECs) with a ROCK inhibitor into

© 2021 THE AUTHOR(S). PUBLISHED BY ELSEVIER INC.

D002-8394/536.00
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Time—strain inseparability in multiaxial stress
relaxation of supramolecular gels formed via
host—-guest interactionsy

Takuro Kimura,® Takuma Aoyama,® Masaki Nakahata, (8 Yoshinor Takashima, (B¢
Matomu Tanaka, & Akira Harada @' and Kenji Urayama @=*¢

Supramolecular hydrogels utilizing host—guest interactions (HG gets) exhibit large deformability and
pronounced viscoelasticity The indusion complexes between p-cyclodextrin (host] and adamantane
[guest] units on the water-soluble polymers form transient bonds. The HG gels show significant stress
relaxation with finite equilibium stress following the step strmin. The stress relaxation 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 a rotaane structure.
Monlinear stress relaxation experiments in biadal stretching with wvarious combinations of two
orthogonsl strains unambiguously reveal that time and strain effects on stress are not sepasble. The
relaxation is accelerated for a short time frame (<107 5} with an increase in the magnitude of strain
whemas it is retarded for a longer time window with an increase in the anisotropy of the imposed bisodsl
strain. The time-strain inseparability in the HG gels is in contrast to the simple nonlinear viscoelasticity
of a dual crosslink gel with covalent and tansient cross-links in which the sepamability was previoushy
validated by the same assessment. We cumently interpret that the significant susceptibility of the
detachment dynamics to the deformation type results from the structursl chamcteristics of the HG gels.
ie, the host and guest moieties covalently connected to the network chains, the considersbly low

rac lifsoft-matter-joumal

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
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concentrations [<0.1 M) of these moieties, and the slidability of the permmanent rotaxane cross-links.

wide range of possibiliies for their utilization in food, cos-
metics, and biomedical applications, and tissue engineering;™*
however, a major application issue to be overcome is the
enhancement of their mechanical toughness.® A promising
approach for this issue is to utilize temporary bonds (cross-
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
various types of transient bonds. For eample, dual cross
linked (DC) polyjvinyl aleohol) (FVA) hydrogels” utilize the
coomdination of free borate ions on hydrogy groups in the net-
work strands as transientbonds, and the polyampholyte physical
hydrogels have ionic bonds with 3 wide distribution of strength.®

Harada et al reported a new class of supramolecular gels
with high fledbility, toughness, and self-healing capacities
utilizing host-guest (HG) interactions between the side chains
as transient bonds.®1? For example, linear, water-soluble poly-
mer chains possessing few units of freyelodextrin (B-CD; 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, 20232, 18, 495I-4962 | 4053
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Modulation of viscoelasticity and
interfacial potential of
polyelectrolyte brush by
lon-specific interactions

Akihisa Yamamoto®, Kentaro Hayashi®, Ai Sumiya?®
Felix Weissenfeld®, Satoko Hinatsu®, Wasim Abuillan®,
Masaki Nakahata®** and Motomu Tanaka™*

I enter for Intego tve Medicne and Physics, institute for Adwnced Study, Kyolo University, Kyoto,
Japan, “Department of Materials Enginesning Scence, Graduate Schood of Enginesring Soience, Osalka
Uninesity, Osala, Japan, “Physical Chemsty of Bosystems, Instiute of Physical Chemistry,
Heidelberg University, Heidelberg, Genmany, “Deparmment of Macmmolecular Scence, Graduate
Schoo! of Soence, Osaka Unwesity, Osai, Japan

Polyelectrolyte brushes have drawn increasing attention because their
physicochemical properties can be modulated by adustment of the pH and
ion concentration. Here, we report the controlled grafting of poly acrylic acid
cantaining cysteine side chains onto supported lipid membranes to allow for
the modulation of viscoelasticity as well as interfacial potential by ion-specific
interactions, that is, with cadmium jons. Quartz crystal microbalance with
dissipation indicated that the resonance frequency increased and the
dissipation decreased as the cadmium concentration increased, attributed to
the dehydration of brushes. Systematic variation of the molecular structuwre
demaonstrated that the coexistence of thiol and carbouyl moieties is necessary
for the wviscoelastic response, suggesting that these structural features,
cammon with raturally occuring proteins, form complexes with cadmium
ions. Analysis of the height fluctuation of colloidal particles by reflection
interference contrast microscopy indicated that the change in the
wviscoelasticity of the polymer brush layer alters the cunature of the effective
interfacial potential Intriguingly, we found that modulation of theviscoelasticity
and interfacial potential cawsed by calkcium ions is weak, suggesting that the
interaction is ionespecific. Polymer brushes that can alter the interfacial
potential through changes in the degree of hydration opens new avenues
far the design of smart, adaptable surfaces.

WD

polyelectrolyte brush, jon specificity, interface vicodasticty, quartr erystal
microbalance, microlmerferometry, interfacial 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-functonalized
membranes and how to use them in adhesion assays. Receptor-funcionalized membranes have the advan-
tage that the recepror identity and the recepror density can be controlled, which, in turn, enables studies on
the kinetics, dynamics and biomechanics of recepror /ligand interactions. Such information is difficult to
obtain from currently wsed in vitro systems, including coltured primary human microvascular endothelial
cells or receptor-coated surfaces, which often display either multiple receptors or receptors with uncertain
density and arranpement.

Key wards Cell adhesion, Host receptor, Supported membranes

1 Introduction

Erythrocytes infected with B falciparum acquire cyroadhesive
properties and sequester in the microvasculature to avoid clearance
in the spleen [1, 2]. While cymwadhesion 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-
sion, and causing microvascular inflammatdon, which can lead to
organ dysfunction and the symptoms associated with cerebral and
placental malaria. Recognizing the pivotal role cymadhesion plays
in the pathology of falciparum malaria, numerous studies have
addressed the underlying pathophysiological mechanisms and iden-
tified three families of parasite-encoded, surface-presented variant
antigens that can mediate cytoadhesive interactons with host
reccptors [1, 2]. These are the RIFIN, the STEVOR, and the
PfEMPI families. Both RIFIN and STEVOR antigens can promote
rosetting of parasiized erythrocytes with uninfecred red blood
cells, albeit with different specificities for host receptors—ARO

Anga Tatiana Ramatedt Jensen and Lars Huiid (=ds ), Malana immunology: Targeting the Surface of infected Eythrocytes,
Methods in Molecutar Biology, vol. 2470, https2/doLong/10.1007/978-1-0716-2189-0_45,
& The Authonis), under exchuahe licanse to Springer Science+Busineas Media, LLC, part of Springer Natune 2022
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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
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5027

Akihisa Yamamaoto, ™ Takahiko Ikarashi, ©® Takeshi Fukuma, %< Ryo Suzuki, (B*
Masaki Nakahata,™ Kazuki Miyata (0** and Motomu Tanaka &*

Stimuli-responsive pobyelectrolyte brushes adapt their physico-chemical properties according to pH and
ion concentrations of the solution in contact. We synthesized a polylecrylic acidl bearing cysteine
residues at side chains and a lipid head group at the terminal and incorporated them into a phospholipid
monolayer deposited on a hydrophobic silane monolsyer. The ion-specific. nanoscale response of
potyelectrolyte brushes was detected by using three-dimensiona scanning force microscopy BD-5FM]
combined with frequency modulation detection. The obtained topogrmaphic and mechanical landscapes
indicated that the brushes were uniformly stretched, undergoing a gradual transition from the brush to
the bulk electrolyte in the absence of divalent cations. When 1 mM calcium 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 significantty rough and the mechanical
landscape highly heterogeneous. Cumently, cadmium-specific nanoscale compaction of the brushes is
attributed to the coordination of thiol and carboxyl side chains with cadmium ions, as suggested for
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Introduction

Stimuli-responsive polymers have attracted interest for use in
various drug delivery and microenapsolation applications
because these substances can protect and)/or rd ease materials in
response o the surrounding environment In particular, poly-
electrolyte brushes have been grafted on surfaces to give the
materials adaptable functionalities. In these cases, the physical
properties of the surface can be modulated based on the elec-
trostatic propertics of the external media (e, pH and salt
concentrations) 2~ The strocdures and mechanical properties of
polymer brushes have been measured experimentally wsing X-ray/
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naturally cccurning, heaw metal binding proteins.

noutron refledivity,™ quarte crystal microbalance with dissipa-
tion (QCM-D),™ tribology,*™ and microinterfe rometry.*~=

Among the various techniques, atomic force microscopy
(AFM) is commonly used to investigate the mechanical prop-
erties of polymer brushes vig nancindentation.“** Recently,
Fukuma et al, developed three-dimensional scanning force
microscopy (3D-SFM) based on frequency modulaton AFM
(FM-AFM),” which has been utilized o construct force maps of
material surfaces. During the measurement process, a cant-
lever tip scans in the vicinity of the interface both parallel and
perpendicular to the surface, and the frequency shift of the
oscillating cantilever is recorded in 3D space. This technique
has been successful in visnalizing the 3D force maps of the
surfaces of various materials in water, e, mincrals,* gra-
phene,™ graphite,™ and supported phospholipid bilayers®* A
key advantage of this technique is that it can be used to inves-
tigate the density distribution of water at the solid water inter-
face. By exploiting this unique functonality, 3D-SFM has been
applied to observe the ammonia-mediated hydration of poly(-
viny alcohol) coated surfaces.® However, to our knowledge, no
experimental studies havwe demonstrated the potential of 3D-
SFM to detect dynamic modulations of hydrated polymer
brushes driven by external chemical stimuli.

In this study, we functionalized the surface of planar lipid
membranes (Le, supported membranesP** with poby{acrylic

Nanascale 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 cell 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 supramolecular crosslinks to emulate
the dynamic cellular microernvironment 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 prepared by coupling the host—guest inclusion complex to gelatin before
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 molecules. As the concentration of additives does not
affect cell viability, the supramolecular fibers established in this study are a promising candidate for
various biomedical applications, such as standardized three dimensional culture matrices for somatic
cells and the regulation of stem cell differentiation.

Keywords gelatin nanofiber; electrospinning; supramolecular crosslink; in sitn AFM nano-indentation;
elasticity switching

1. Introduction

Tissue homeostasis in multicellular organisms is sustained by the continuous remod-
eling of cells and extracellular matrix (ECM). Proteolytic 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 [
collagen near the damage keads to an increage in ECM elasticity, which activates muscle
mgeneration through the proliferation of sem cells [3]. To date, matching the mechanical
properties of cells and ECM, known ag mechano-compliance, hag been modeled using
hydrogels that exhibit the elacticity of ECM [4]. However, an increaging number of studies
have shown that the behavior of cells on two-dimensional (2D) substrates is distinctly
different from that on three-dimensgional (3D) ECMs invive. Momover, type 1 collagen
and fibronectin, two major classes of ECM proteins, are fibrous and form “mesh-like™ 30
microenvironments [5-7 .

Polymer- and/or protein-based nanofibers are considersd well-defined models of
natural 3D ECMs [8-10]. Gelatin, a hydrolysate of collagen, has been widely applied

Falymers 2022, 14, 4407 https:/ /doi ong,/ 103390/ polym 4204407
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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 Chemistry of Biogystems, Institute of Physical Chemistry, Hadelberg University, Hesdelbem,
Genmany, “Zootogical insttute, Cell- and Newobiology, Karsmuhe institute of Technobogy, Karisnuhe,
Genmany, “Center for |ntegmative Medicne and Physics, Institute for Advanced Study, Kyoto University,
Kyoio, Japan, finstiuie for Bidogical and Chemical Sytems - Bological Information Procesging
(IBCS -BIP, Kadcmihe Is$tute of Technoboqy, Eggemnsiein-Leopaddshaden, Genmany

The self -renewal and lineage -specific differentiation of stem cells are regulated
by interactions with their microemdronments, called stem cell niche. Sterncells
receive both biochemical and biophysical cuwes from their niche, which leads to
the activation of signaling pathways, resulting in the modulation 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 stern cells. Using mouse pluripotent, embriyonic stem cells
[mESCs) as the model systern for early dewelopment, we gquantitatively
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
confirming the maintenance of plurpotency on all the surfaces throughout the
axperiments, the centroid trajectories were monitored using timelapse imaging.
The mean square displacement analysis indicated that both the diffusion
coefficient and exponent were largest on sparse nanofibers, while the
diffusion coefficient of mESCs 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
nanofibers owing to the discrete cell= surface contact points. Intriguingly, using
a self-developed technigue based on laser-induced shock wawves, a distinctly
larger critical pressure was required to detach cells from ranofibers 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 proliferation rate was observed on
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Modulation of wetting of stimulus responsive
polymer brushes by lipid vesicles: experiments
and simulationsf
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The interactions between wesicle and substrate have been studied by simulstion and experiment. We
grafted polyacnylic acid brushes containing cysteine side chains at a defined area density on planar lipid
memhbranes. Speculsr X-ray reflectivity data indicated that the additon of Cd®* ions induces the
compaction of the polymer brush layer and modulates the adhesion of lipid vesicles. Using micro-
interferometry imaging, we determined the onset ewel, [CdCl;] = 0.25 mM, at which the wetting of the
vesicle emerges. The characteristics of the interactions betwesn vesicle and brush were guantitstively
evaluated by the shape of the veside near the substate and height fluctuations of the membmane in
contact with brushes. To analyze these experiments, we hawe systematically studied the shape and
adhesion of axially symmetric vesicles for finite-range membrane—substrate interaction, Le. a relevant
experimental characteristic, through simulstions. 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, however, that the local tanswermsslity condition that relates the
maxima curvature at the edge of the adhesion zone to the adhesion strength remains rather accurate
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1 Introduction

Physical contact of cells to their neighbors - cell adhesion -
plays a key role in a wide variety of biological processes. Cell
adhesion modulates a number of biochemical signaling
pathways™ and tissue morphogenesis driven by forces acting
between neighboring cells.® On the other hand, impsired cell
adhesion function is often associated with diseases, such as
cancer metastasis. A significant reduction of cell-cell and cell-
matrix adbhesion causes the invasive migration and release of
cancer cells into blood circulation.® Ample evidence has indi-
cated that cell adhesion is not only a statie atchment between
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even for a finite interaction mnge as long as the veside is large compared to the imeraction mnge.

cells but alse highly dynamic. For example, the freshwater
polyp Hydra is able to regenerate the complete body with a
new head and foot by de novo pattern formation from disso-
ciated single cells by sorting cell-cell contacts.®® On the
molecular level, an inereasing number of experimental studies
have shown that the dmamic rearrangement of adhesion
molecules and their ligands plays eritical roles in immunolo-
gical response” and cellapoptosis.® Such experimental findings
have been qualitatively recapitulated by using a phenomenolo-
gical model of adhesioncinduced phase s:cpnmtinng 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
adbesion in equilibriom has been described within the frame-
work of wetting physics, irrespective of the different origins of
adhesion on the molecular level. ' In analogy to the shape of
liquid drops on substrates, the shape of a cell or a lipid vesicle
can be fine-tuned by tailoring the membrane-substrate inter-
action, Vz), that quantifies the free energy of placing a unit area
of the membrane a distance, z, away from the substrate, Wz) is

Soft Matter, 2023, 18, 2491-26504 | 2401
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Wnt/B-catenin signaling induces axial elasticity

patterns of Hydra extracellular matrix

Mariam Veschgini,' Ryo Suzuki,-* Svenja Kling,” Handrik O. Petersen,” Bruno Gideon Bergheim,”
Wasim Abuillan," Philipp Linke,' Stefan Kaufmann,! Manfred Burghammer,* Ulrike Engel,** Frank Stein,®

Suat Ozbek,* Themas W. Holstein,2%* 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 high-resolution
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/f-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 contrel of Wnt/Bcatenin signaling causes remodeling and soft-
ening of the ECM. This Wnt-dependent spatiotemporal coordination of bischem-
ical and biemechanical cues in ECM formation was likely a central evelutionary
innovation for animal tissue morphogenesis.

INTRODUCT KON

The extracellulsr matrix (ECM) regulates the homeastasis of animal tissues, supporting the structuralinteg-
rity and ezl functions.! ECM remadeling plays vital roles inregulating nat anly behaviors of single cells” but
zko the momphogenesis of tissues, where it is accompanied by large-scale deformations, such as tissue
imvagination during gestrulation or the immigration and comvergent extension of celle. ™ Many diseases
are ska cheraderized by the significant remodeling of ECM, such as the myelofibrosis in bone mamow
causing panoytopenia® and stiffening of pulmonary ECM in firotic lung tissues.” However, despite accu-
mulating knowledge on paricipating proteins and key signaling pathways, little is understood how ECM
elastidty comelates with tissue momphogenesis.” Bamiga et 2l indented cut pieces of Xencpous laewis’
mesoderm with atamic force microscopy (AFM) and demonstrated by using head mesoderm of different
age as well as hydrogels that the collective migration of neural crest cells during morphogenesis requires
astiffening of mesoderm.** However, direct elasticity measurements of the ECM as a function of monpha-
genesis have not been reported so far. The use of 8 model animal with 2 simpler body design is therefore 2
straightforward strategy.

In this paper, we investigated the temporal progression of ECM el ssticity during tissue growth in the fresh-
water polyp Hydra. Hydra is & member of the »&00 million-yeas-old phylum Cnideria and a paredigm for an
almast unlimited growth and regeneration capability. Compared to bilaterian animals, it has a simple, sack-
like body plan with 2 bodywall omposed of an ECM, called mesagles, whichseparates two cell layers; an
outer ectoderm; and aninner endaderm. Previous accounts showed that the mesoglea plays an important
rolein ssesxusl reproduction of Hydra through budding. Mes agles undergoes dynamic remadeling in order
to support the daughter animal fbud) s temming out of the main body auis of a mather Hyd'rﬂ.'c"uThisbody
axis is an oral-aboral §0A) axis with an oral "head” and an sboral “foot”. It is eqguivalent to the posterior
anterior axis of bilaterizns {for detzils, see the review by Holstei n'3).

Intriguingly, the moleaulsr composition of Hydrs mesoglea is very similar to that of vertebrate ECM,
wontaining heparan sulfate, laminin, and fibronectindike molecules as well as fibrillar {type | and 1) and
non-fitrillar frype IV) collagens."*"*"% Hydra ECM combines two major ECM functions that are separated
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Higher-order mesoscopic self-assembly of
fluorinated surfactants on water surfaces

Motormnu Tanaka'™, Mare Pierre Krafft® and Andreea Pasc’

Abstract

Surfactants containing fluorocarbon chains have been increasingly studied because they self-assemble into a variety of
microscopic and mesoscopic domains and tend to form highly ordered patterns at the aivwater interface; these
pattems are clearly different from those formed by their hydrocarbon analogs. Focusing an the flucrinated surfactants
possessing unique physical chamcerstics, this review describes the relationship between the line tensian 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, correlation, and viscoelasticity 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 (0, and NOJ for cxygenation and antimicrobial effects, are introduced to highlight how the unigue

physicochemical properties of fluorinated self-assemblies can be applied in materials science.

Higher-order pattern formation by molecular self-
assemblies is a universal phenomenon

A wide range of organic molecules (including surfactants,
liqquid crystals, and diblock copolymers) have various hier-
archical two-and three-dimensional patterns and textures™,
For example, circular domains, stripes, and chiral crystal
structures have bem found in Langmuir monolayers of
lipids and surfactants at the air/water interface™". Three-
dimemnsional lamellae, inversed hemgonal micelles, and
arystals”, and diblock copalymers® ! have also been found.
Notehly, a small set of structural parameters leads to very
similar patterns, independent of the detiled molecular
structures. For example, Israelachivili, Mitchell, and Ninham
theoretically accounted for the shape of selfassembled
mnstraint p = wAl where v is the volume of the hydro-
phobic core, A i the surface area (area occupied by a head
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group), and [ is the axial length of the surfactant molecule™,
formed by a wide variety of molecules with different sizes
block copolymers. However, the characteristic length scale
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
review specifically focuses on two-dimensional assemblies of
fluorinated surfactants on water surfaces because the com-
petition of line tension and dipole interaction plys domi-
nant roles in the formation of various hierarchical structures.

Fluorinated surfactants: What make them unigue
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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ARTICLE INFO ABSTRACT

Keywards:
Human hematopoletic stem and progenitor cell
Acute myeloid benkemin

Adbesion of hematopoistic stem and progenitor cells (HSPCE) to the bone mamow niche playe critical roles in the
maintenance of the moet primitive HSPCe. The interactions of HSPC— niche interactions are clinically relevant in
arute myelnid leukamia {AML), beranoe (i) lenkemis-initiating cells adhered to the marow niche are protecesd

ivorkpmi ” fram the cymtoxic efect by chemotheragy and (i) mobilization of HSPCs fram healthy donor bone merrow is

‘ﬁﬂngf“““ crucial for the efective stem cell pransplantarion. However, althongh many cinical agents have been developed
fmﬁgHSPthE:mm,heﬁecncmaibyﬁemmlﬂlumummmaﬂyﬂﬂuamdhaﬂ
mh@mﬂ:ﬂwmﬂmﬁmmmmmmhﬁmﬂ
phomical hiomarkers for quansitarive indexing of differential effacts of clinical agens on homan HEPCa.

Introducton key molecular interactions between HIPCs and their cellular niche have

Functions of somatic stem cellz are tdghtly conmolled by the balance
between self-renewal and differentiation. This balance iz in oom regu-
the so-called “npiche™ (Moore and Lemischla 2006). In the case of he-
matopoietic stem and progendtor calls (HSPCs), the adhesion to the bone
marrow niche has been shown to maintain the dormancy of the most
primitive HEPCz (Fig. 1A). Ample evidence ha: indicated that meszen-
chymal stromal cells, astecblast, and endothelial cells fimetion as the
aurrogate niche in the bone marrow, supporting HSPC maintenance
(Lapidot et al , 2005; Mendelzon and Frenette, 2014; Ho and Wagner,
2007; Morrison and Scadden, 2014). It has been reported that the co-
culture of H5PC: and mesenchymal stromal cells increases prolifers-
tion and maintenance of HEPCs (Walenda et al | 2000; Wuchter et al
2022). Furthermore, HSPCs are frequently found in the vicinity of Blood
wvessels, puggesting that HSPC: might be maintained in a vascular niche
by endothelial cellz (Fiel 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 zpindle-chaped oswecblastz expressing M-cadherin,
suggesing that the homophilie N-cadherin mteractions are involved 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 stemn cellz (Fig. 1B) (Wein et al., 20000,
and Méndez-Ferrer et al demonstrated that mesenchymal stem cellz
expressing nestin phyzically associate with HSPC: and act az niche cellz
(Méndez-Ferrer et al, 2010). The overexpression of N-cadherin in
HSPCz further resulted in the enhanrement of cytoadhesion and the
suppression of HEPC divizion in vitme, suggesting that N-cadherin-
mediated adhesion mupport: maintenanee 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 has been showmn to regulate the mobilization of HSPCz (Méhle
et al, 1993; Ponomaryov et al, 2000; Lapidot and Follet, 2002; Dar

al, 2005). SDFla iz a multifunctional 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

8523

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

M. Munding, M. Tanaka

Physical Chemistry of Biosystems
Institute of Physical Chemistry
Heidelberg University

69120 Heidelberg, Germany
E-mail: tanaka@uni-heidelberg.de
M. Fladung, M. Bastmeyer

Cell and Meurcbiology

Zoological Institute

Karlsruhe Institute of Technology (KIT)
76131 Kzrisruhe, Germany

E-mail: martin_bastmeyergkit.edu

The ORCID identification number(s) for the author(s) of this article
can be found under hittps-f fdoi.orgf 10.1002/adfm_202301133
© 2023 The Authors. Advanced Functional Materials published by
Wiley-¥"'CH GmbH. This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial License, which permits
use, distribution and reproduction in any medium, provided the original
work is property cited and is not used for commercial purposes.

DOL 10.1002) adfm. 202301133

Adv: Funct. Mater. T024, 34, 7301133 2301133 (1 0f 17)

Y. Chen, M. Hippler, M. Wegener

Institute of Manotechnology and Institute of Applied Physics
Karlsruke Institute of Technology (KIT)

76122 Karlsruhe, Germany

E-mail: martinwegenerkit.edu

A.D.Ho

Department of Medicine ¥

Heidelberg University

69120 Heidelberg, Germany

A.D.Hao, M. Bastmeyer, M. Tanaka

Center for Integrative Medicine and Physics

Imstitute forAdvanced Study

Eyoto University

Kyoto 606-8501, japan

M. Bastmeyer

Imstitute for Biological and Chemical Systems— Biological Information
Processing (IBCS-BIP)

Karlsruhe Institute of Technology (KIT)

76344 Eggenstein-Leopoldshafen, Germany

£ 1023 The Authors. Advanced Functicnal Materiaks: published by Wil VCH GmbH

-350 -



nature communications

3

httpsy/doi.org,10.9038/s81467-023-40034-2

Extracellular calcium functions as a
molecular glue for transmembrane
helices to activate the scramblase Xkr4
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[®]check for updates 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 extracellular, but not intra-
cellular, calcium-dependent manner. Importantly, other Xkr family members
also require 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.

Phosphalipids are symmetrically distributed in the lipid bilayer of
plasma membranes, wherein phosphatidylserine (P5) and phosphati-
dylethanolamine (PE) locate at the inner leaflet of the membranes
while phosphatidylcholine (PC) and sphingomyelin (SM) locate at the
outer leaflet™. To maintain the asymmetrical distribution of phos-
pholipids, P4&ATPase 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 phaspholipids is alersd 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 phosphalipid scambling (PLS) and functions asa scaffold for

coagulation Factors®, PS is also exposed on the apoptotic 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
layer without energy consumption’”,

We previously identified two families of scramblases: the TMEMLS
Family®®, calcium-dependent scramblases, and the XK-related (Xkn
family™", aspase clemvage-dependent 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 betwem 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®™*

Y Department of Food Science, University of Copenhagen, Fredersiccheng, Denmas, “Division of Physical
Chemistry, Department of Chemistry, Lund Universty, Lund, Sweden, *Hanolund, Lund Unisversty, Lund,
Sweden, *LINKS instiwrte of Advanced Meutson and X-Ray Science. Lund, Sweden, “Schond of Chemical
Enginearing and Tansiational Nanobicscence Resesnch Center, Sungioyuniosen Linivemsity, Suwon,
Repubic of Konea, *Physical Chemistry of Biosyshemes, Insftute of Physical Chemistry, Heidebeng
Uniersity, Heidelheng, Genmany, “"Center for integratve Medicne and Physics, institute for Advanced
Study, Kyoto University, Kyoto, Japan

Food is a complex soft matter, because various components, such as proteins,
lipids, and carbohydrates, are self-assembled via non-cowalent, colloidal
interactions and form hierarchical structures at multiple length scales Soft
matter scientists hawe shown an increasing interest in undemstanding the
general principles gowverning the food structure formation. During the last
several decades, an increasing number of studies hawe shown that the
maintenance of healthy gastrointestinal tract and its microbiome is essential
for human healtth and wellbeing. The mealization of the imporance of the
gastrointestinal microbiome has led to the development of probiotics. which
are defined as living bactera that confer a health benefit an the host. Probiotic
bacteria and enzymes can be delivered to the intestinal systern by formulating
appropriate carrers and including these into food ingested by humans. Despite
this simple staterment, it involies many challenges in the field of soft matter
science. This review aims to highlight how the key concepts in soft matter science
can be used to design, characterize, and evaluate salf-assembled formulations of
probictics and enzymes based on lipids and biopolymers. The topics covered in
this review includes the emulsification of oil-water mictures, the self-assembly of
lipids and polymers at interfaces, the electrostatics and viscoelasticity of
interfaces, and the wetting/adhesion of colloidal particles.

METWORE
self-assembly, lipids, polymers, colloids, problotics, enzymes, foods

1 Introduction: food science and soft matter

Food is 2 complex materal, consisting of macromolecules, such as proteins, lipids, and
carbolydrates, together with water, minerak, and many other minor but nutriticnally
significant compounds, such a vitaming and polyphencls. These components are self-
asersbled via colloldal forces and form hlerarchical structures at muliple length scales The
understanding of such forces is fundame ntal to not only undersand the structures naturally
present in plant and animal tissses, but also howithey can be disrupted and reassembled into
new structures with higher nutritional value by employing approprate processing It s
noteworthy that food structures are not congtant but are prone 1o canges during harvesting,
storage, distribution, and digestion. Soft matier scientisis have shown an increasing interest
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Antibacterial Synthetic Nanocelluloses Synergizing with a Metal-
Chelating Agent
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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
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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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