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Fluorocarbons (FCs) and F-alkylated moieties offer a unique combination of properties,
including extreme hydrophobicity, lipophobic character, quasi-insolubility in water, yet
spreadability on a water surface and high volatility relative to molecular weight [1,2]. F-alkylated
surfactants provide an effective driving force for manipulating thin soft matter films self-assembled
at the air/water interface. pH-Sensitive microbubbles with outstanding shell elasticity were
obtained from F-alkyl phosphates [3]. The reinforcement of the interfacial film allowed grafting of
magnetic nanoparticles [4], providing novel dual-mode MRI/ultrasound contrast agents. F'C gases
profoundly modify the formation, stability and behaviour of phospholipid interfacial films. The
phospholipid adsorption kinetics at the air/water interface was strongly accelerated and the
interfacial tension at equilibrium was strongly decreased by a FC gas [5]. The latter facilitates
replacement of albumin by phospholipids, which has important fallout on the design of novel lung
surfactant substitutes [6]. A FC gas allowed recruitment and immobilization of a fluorinated
biomarker across an interfacial phospholipid film [7]. We will also present the spontaneous
generation of ordered ensembles of liquid FC droplets that spontaneously undergo synchronous
motion on water [8]. The droplets are ejected as linear surface jets and form quasi-hexagonal
patterns. Such dynamic self-assemblies capable of collective motion may mimic the complex
organization of living organisms.
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[#& 5 125 AN AR pH BR5E (pH6.0~6.9) 3 R RIS S LTV b
B X ZAUCHEE LUK pH 815 T &V DNA SIWHE I 2 7~ 3@ 8 S5 AR D BR 3 %
H¥§ L 7=, minor groove binder T& % framidine 1% = H A A E 2D, lK

\Z T A L RS, ZAulE, framidine A4 minor groove binder (2%
LHT HHEERECTH 5, @RERICHEROME LTG5 T, sV DNA
DIWrRE-CHE G RE L & D@ BIEARD B TE L LB X
oo ZD XD REEIEARDOBHIIT pH #i TD 2
AR D FEMETEE DR B 2 672 L, £ D%

B A T 5 BT L0 AR ORER £ B3 5 .\/\N\ o NS
H LW AFIDOBEFIC SN BT, BETH 5, \T\/C“/ >c{.<"_t']
A a1, KI5 bemp BT -0 “RZEEAICTEH L N \gz o

% @ DNA BIWHEMEIZ W TR L7 o THiS 75,

[5282] bemp., T T I U & A F b L=
Mesbemp, tacn % cyclen (22 X 7= bee BefiL 72 &R L, OSSR Z ST, £
o OHGEA & DNA OREEERONE 2 F I EAREATOI L »> TIT - 72,
F7-. Bkx 72 pH 28T 5 DNA GIWEME 2 H1lE L7,

[ EBR] p 7 LY —LD 262050 MU TH 7 a /) (tacn) &2
VAU RIEELTH D bemp BT O EEHEEREZ SR L, EOEIKRE HW-
DNA W& DORIE R L O DNA (X9 Db & EBORE 21T > 72, pH 6.0 D
ik pH FEIB CTEEAR DS DNA (258 < #5546 LAV DNA BIEHEM: 27~ L 7=, Mesbemp
B L QXN bee BN DEEARIZ bemp D H D & b, DNA UIWEMEN KE KT L
72o F72. Mesbemp BN FDEEARILZ bemp D H D & e, FEATEHDKE K
TT2ZENDmoTz, ZNHOFERNG, DNA DY VEET AT )LD IR R

(ZBWTEHARIZ BN LT KR S F DB tacn D N-H & DNA D U g X7
IVEE DK FE RGBS DNA ORI X 5 OB @ & 2o~ 2 & 3
BT Tz,
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RS LT 1999 4RI, SR ) — 2D 2 27 K 22D O’ Halloran BF CHELEFZE B
ELT. DNA FE SN2 —E AV ZntR OBREITEL o 2 RIMREN 7 a—7
DB EED DS E 2 T2 1], Mz WL H A 2 ~FL VI HEET S
LT ONZEPI DR, fBNO/NG 1~ RHZS 7 VRS 1O
LT B W R E DTS, TNETIT, LU AR EOE 70— 2], W]
WNZZF LA AR T 57 0—7 5 73], mRERMEBIL KR 7 a—7
[4]. RIREEIS MRIGERFAILIRD L H BNV T B T R 1 [S1DBAFIZ %S
LTW%, KT, TF L HALMBALKFRE T 0—T1%, SBEFREDO KA =K
ATz L->1DTHY, NMF AL ANAT =R T 0—T LI EZEDTES
2=—l7u—7ThH5,

TFLUHRL BMFNVEL D—DTHY, ZOZENA ETR] IZX>TRI VY
SINTVWS, ETR] ZEAEOHERIZHDAA L ZHLTHBY, ZOFHDHAF L ~DT
FLUHAD 1 KA ETRIZWERSREE AL BRL, = F L HRADHEE T
BITIEELTOBEEN TV, HLlE, TFL UL 1 Bl ZEhTRERBO A
FATHEHL, BEMT UM AT DB EEHRZ T AL Ulc, SEEDOIRNAFY
7NN T n BRI TOBD, TF L UAEE FTIRTFL & n il
BEBHL. TU L LOAFL LD 1 BMIIRNEND, ZOREEEIIZRY,
ITFL I ADEREE T L b2y DM ARZ VB L O H# AR MLV ELEL T
AT ZEDBTES[3],

JBEE LK FE 4 71— MBFh (Metal-based Fluorescence Probe for Hydrogen
Peroxide) I%, NAMEERIIV A XL —BD AW ALY M Tikat Uizo NA
KGRIV AT —BIE, BEELKFEEK)ILL. compound 14 compound 1T &IRIE
NAHRRALTE P2 AL, A % 1B BRI T 5. CORIL I REDBEE LK
RO TH R THELITT B0, BRE ORI RDSNDRPERAREIZIEL
FHEN TV, e, EEDIVCR)F 3T ¥ —8 (HRP) 7 ust X +
AmplexRed Z T, BER K IGICEDECAME D@L K EZE Ik 3528
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MR[RETH D, A1, 2D HRP/AmplexRed ¥ AT LDKEREE 15+ TEMK TXD
HAT =T 2 E KT AIEA TEIUT A SR E W E L U TR 3 20 &0
WRALK R Z S, SR ITHRN TRIETESEE 2, BERANIZLT,
HEDIVCRNNZ XY —BORBRE BB TEDLN Ly T2kl 7507 Th-ol. H
MU FkEE AL AmplexRed ¥ V/Z MBFh1 I, #EHEVY IV A—2AF X ¥ —BHIK
HT M EBBILKFELRETEILHTEZDH, Miud k&R ORIz Ek->T
MR PEE 3 2 LK R BN 328X TE A o7 [4al. LAL., WMFTLTITH
TOWAERMIERLABEDO I ZEBFR DB T[6], KP TRV XT ¥ —EBEI BT
LHL SR IE L, HOET7u—7 BIEN IR L 72[6d], BASEL 7c WAL Bk B 1A
Fe-mepaq Z (LK E LD )L ITH T D0 FEladlT AU L, KntEEii~<
Totb R, SRR LR R LN T BT TR, tM A —F —DilEg Lk KL
KIGUR RN T4 A —5 —THER T BT LD nh ot Zo7u—
7% A431 MDA, RGBSR RN ¥ EGF ORIBLICHER, A431 ##
RS PEE 3 %R L K FE 2 A T HOE W L3 5205 TE T2 [4b],

AR BTEERIE DT D5 TALZEAR OFRILSIE K 70/ 7 ATl ThE
TLRHCL, RO ==V OB HIZE L, —BILER, —BILRFEIZRSHE3D
EHAZET IR LU THHIN TOSHALKFRITH UTERE, nlERIZ K
THHKTO—T 5 OB Z DL M TH S, BUZZDH%ERHILEMELT,
Hong-Cai Zhou HIZX>THIRINTZAK P TR EL Metal-Organic Framework
PCN-222 D&% BRI Z T 7)o RAEFEITMT T, PCN-222 Z2b LT AR LICH
{LKkFETO—75r F-OMIKEPEEA ., fREBE b L SR E L2 1T, R H0k
BB (AT 07 S MNZKDEAREA) 2T, Ml EE T DAL KET ADpE
AR, BOER, HRANOYL BB REE n[ LT AN T 355 B TH S,
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DOYEDIAEW & 72 DB T HIHH D VXHET 28I/ v I XU ) v
7T MERZETOND, ARERICH D RXREWEE NAITEE Lz THEE
RRMR] ZAERL L, D & & DAEEBNZEIRZ D Z & T, FERWE DAY
RIEEREMARDL R FIETH D, ZOFIECLVZ OMRNY 7S
IAREERRBE DRI SN TE 72, L LN D, 20X ) B s T HRIEICHE D T
T, B ETHERNMENY VX BIZRESNTLEY, EERNOEEA
IR THAT 2 0 ARWE ANy 70 ED & 37 B LS OWE D
O A ERRERE 2 BR R T D BRICITEH TE RV R %,

FriiznEcizcyzZesTH A Y UEFIHLC, KRRPOABSLMET T
BT 28 FIbF A D S LIt B L T& /e, A THilBEERIED O
Doy FALFE ) 7 ey =7 N T, ZhVE T T TE B b % Hiflh &
LC, RN TIERME 2 BRI T 21bam (K Iy —)u) ZBR% L,
I HIZING EEBRITERNICE G35 Z & TEMWEO B IMRE] %
TERL, R 72 RN E O LB REIR R~ T 70 —F 2175, BAEMIZI,
TRl 2 ROEERNYEICHEE LTRE 21T 9,

1. N —FRLIRE DO ABBBETRR « Tox (TLLANIZKH CT—@k k3 (CO)
ZIEFITE VBRI L > THIIR T 28ADA L7 s U v/ r7ma T X AR Y
»BSY 135" hemoCD” & 45 L 7=, hemoCD O CO #& S HERE XA FRS: FC
LD T, v~ AR T v e EOAEKRNICEFEET HAKRMED CO % E &
ANZHIE U CIRBEH SN Z &390y CTWnWb L L7223 T hemoCD %4
RIZE G35 &, RN THRRAE L TWANREME CO 2 —RFICRZ LTz
(e v 7 B RRE) ZVERRT D 2 E N ARE L 72 D, HIFE hemoCD % >
T CO RZAIRRERIZE T D BN OB FIHBRILD ZLIT DWW TR E 2 D
TEBY, REHE Y DL WNEME CO DAEFMEEIC G LT RSB L=7
SHNVY—VEFH LT 7a—F L TW5b, AIFZEIC LY NIKME CO D4
HILE HAEBBEREDH G0N 0 Do b B, ARG TILZE DREERIZ OV T—
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HERIT T D, S DITHBENIZI T ANEME CO D> 7 F AR EKRE & A3
B\, M E M 2 F 72 72V hemoCD D/ k& O — BRI e~ 7 F
RCTHLZAVITNX = BEANLTZHRTr I DY — VOB LED T
BY 2, CORMAREMR: L F & CHllaBSE e % 157 5 LD L LD
25D, ZOfFEFEIE hemoCD % 47 X 1Y —L & LCTHW, MIlANO CO %
(e v 7 XU RiE)] ~EEE ) MIfEN CO AWRTHIRIEMER 72 & ONIK
P CO DIYERBEFFRI %2 b S LI &2 BT %,

2. MBANTOI VAT a— LR > 7057 F A U (CD)FKPoEH
ST CHEENSFTHDL AL AT a—)L L AR AR L, HRkED =
VAT =V bS5 2 < nbmonTng, iF, ZoWmE
DHONER SISO TWD, T2 BHERD K 512 CD % DDS I23817 % 3y
Xy U7 ELTHATZ2OTIEZRL,CD BiKkZHE Y L LTHE L, AEKRNOD
REZ VAT o0 — L EZBE S DA ANEAN I N TWD, Fx IZLRINIZ
hemoCD % ffANIZEESHE D BT, FEEEESTF K THLH A7 XTIV
¥ =2 (R8)% CD IZifgA L 7= R8-CD ZBA%E L 727, Ju 2 CD I /KIEMEN & <, #l
Rl 2 Z5 i 5 B 2 FF 72 7203, Tz 23BH%E L72 R8-CD I, FEFITHIR L
< MR A Z5 i L CHEFRE N~ L BliET 5, 2D R8-CD OMEI, Fa i
JEWNIZE®ET S DDS ¥+ U7 & LTHRIHTE 27210 T, Milal~ikiE
THKERMER A My & LT, filuNa L 2T 0 — L 28R L\l SE5
RIEL LCORMANEZ NS, I VY —2FEO—FETH Y, BIEH
RECEDaLVATe—ARNY VY —2NICERFICEBT /DM
[Niemann-Pick 7% C ] TiX, CD OMEN~DEANFEL > TNDH Z &
725, R8-CD OIE RN+ EZX Db, AT ey =y T, MlaiN=
VAT a—/)LOFREITO ZENTE L7 I 1Y —/LR8-CD 1T\ T, #f
JANTO 2 L 27T 12— )L OABERERRR ORI = L AT 1 — /L ORI X
L BT IEOFTHIBRSE 2 00 S,
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Hex OWFGE T N—T"TIIA A IR Z 70 & LT, flix O3 HIFIE
EAWDZEICLY, EHESCH A T 7 ATERENSKE TR ERET LT
WD, AT ERIIIF AL LT =AU ORER SN D FIR TIRIKREEDOE T
b, NFFRT =F D FRHEIERLNIZEDMAGDLEYE TS ED 2
IRV BEOWRIKIZR DL 5T 2 ENAEETH D, HIETIX, A
TR E R T OBFMELER S TEBY ., ¥\ EORMRGOBESR
FOSDIEMAL, SA F~ ADMWMERIR Eigx 2T T —F R o Tnd, 1
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oo ZTOXRIBARY—BRE LSRG T HAT I T A0 ZH LN L,
HRTFE DDV EHELNIL TN 72D, ix Op %R T 7a
—F =TT, KRR OT —<vHEEICHERL T Z L2/l LTINS,

AW FEICE O RENTITUTOMIELZHEET 5 Z & 2EE L TWD,
1. HEE L — =B L 5 RLUSERE O

EMBELISLT 0 b BB R EOEANRPOET 7 g, BB T
DEREE (B OAMOKEME) Lo TREREELEZ TS, BEa#E L —¥—
(2 K D R oy i i P il R 4y e 72 BT K0 Bl 5.
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WP [N PTHE -15 TIEOERIE OFE R E U 2 SOy 1 O E Lo Pk /e &
DHFHEAT I T ANFMTE D, BMRSF0 02 LRI Bl & OBMER 5y
FOEAFT IV A% IT 52 & 2L TV,

3. WNBEMEE b DWW A A R TORIERD B E DOFE

IR E & A b oo R (NA A~ AR EDOKIEFEM) 1ot L, w0t
WML S HWTA A RIR & DROSIEFE D ZEH Rl 23305, Flo, &
FFBIRCH N F M A A= 77l LB LT, A4 RIROA A ki
fEdm O b DR IREE S OR B E I DT 5,
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WP DA F 2 ORFENZHFET D Z L1, WY L0 L L CEERS
FThRL, FEEAASAGBZOSBHICBWTCHERERRETH D, TOPT
FriZonE T, WL A F 0 L OFENRMEEER GEEmE) 23, =
A RIRE TR SN DFRFEEICH L TCED L I REEBEBEZ D00, L0 )
SUCEE LTI ZED TV D,

M1IZZNETITHOLNTWDMRM RO 1FITHY . KEAEREETH S
IATFNEY DV DIRAEIRIC THEPRy72 ] Tdh 5 NaBPh, 212 72 RITE N
TRRALSNTEHRFEEDORAM LBMETE THDH, ZORTIE 3-AFLEY
CUMBEEE nm OfEL UTIREV, Zu0s 20nm FEEOMKE CHEE L CROFE
DENT A TEEZIERT D, &0 AT BELERO LA LN TN D
(¥ 1(a), KS, et al., PRL, 2009), £7fHETIL, ZOBEKRERVIEED Z
& TRHEIR OREIE S A BBV S 1L, WIROTEIMEDRE L < Kbitd, &
FBG LB I (K1), ZTD XD, KEAMEEIHEI 2T %2 Nz
TEWHR Tl AR D> o TV TR EN TWAIC LD 6T, FmElE
PERIVEIRSC i 0 THIR C R O D K 5 IR BIN D Z & M Fex OAfF5E
MBB LN > TS,

+ @ before shaking , " after shaking [ENAS
: AN K

L ', " A
20nm | _'
4 - TR

K v*
(C) o
e : |

(@) (b)
X 1: (a) /K/3-AFI)LEY P> /NaBPh, DIRAVAIR CH RN IND T AT
fE s ORI, (b) FRASERORICIEMREGTE, WRERYIBE-% (F
X)) TIEAHERE O RRCRBME DK T2 L&, Mo T 7 VOB TR LD &
D IRFEN T,
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2 =TT, MlEOESRR#EE HIT o ET VlBEERL, 20
NEBICBIT 20F, D FEAERO I FEROZEE 2 RA+ 25 2 & 2 B
LTW5, Midi3AEE TWDHETH VD, RO M 2 TV 2 %F
MOPTHEAREN R DD —2>THD, ZOFFHHENEEICERND DN, H
COEEN PO ZE M AN F — VTERIC R O N 2B IMEE TH 5, -l (bR T
X, R&ZOIMUDORE THEDLWEBEIZ XV B FREERS MR S D
EVBZNR, MROLSIZanAd FAF—/)L THREBOREWERTIE,
IEEEOBN T 1t AR ERORE A SBT D 2 L2y, kL LTHEMD
LEZELSED Y XLREMAF — R8N 5, ZHAEYDOFREDOWN D
DX, ZTOLDBRERBMANESEKEZ O, TNORMEORM 2@
THEMER LR, BHLTWD & LTHMTE 2700 L/,

ZOHEEDIZD, EEYOX S an A FEMRERMENOIED HT 2
EMHRRTH D, TOXIRRIT, A b LS W LR 20 TR T 5
ZHOETNEREET S L LB, R, bl s ATty
7% & DA RIMERE & Bl 72 M E TR 2 720 D51k " T TH A D,

ARFEFTIL, Bk, MWARF @, mBEESFReKLEDanA FReH
WT, MR A T IV A RTRERRIOS LI ENTEDLZ EERT,
&I, MR E R T RICHEOME TH D AR —IREN
REND” L0 RUCHER L, BMERITEOS CH CEEN S 2 Atk 1 Y, AEShiE
PV E R Y, AL A RN L CEBNREE 2 2 2 DK R RN pH
2 i U C B < lEBEE S THEA R YRR 5,
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WFEIZBNT,  EIRICTI RIS & b ICRBIRFLENEZ b V7V —nxT ) 2R LT,
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(3] 74 b A B =D kkE [3 - 7]

SFfEREROT 0 LUV ORMEEERLEZ, w7 v LYV TOEENC S22 2 L 2Rl
TV =T ORCR D D WIS, FRIME L WAEE O R B REHC KV rIERIS, BT
LERIC, HDHVITEIER T 5, HACRIIC L DR REFAEIRTNEI~50 WPa 2 bEEL, itk
RO 180 f5IZ b 72> TN B,

(4] 40 rA v F o7 [8]
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[(#E] FexlZ=ocMlaE St etomtgelb 2 /&8I, B OHBEXTF R
EH LIz A Fae X AMEtoBRZED TWD, XFF RiL, 7/ BESIC
LV SIRREEOHRE Z B G ICHIE T 5 Z E N TE D, AR TIEHHA vV =
IR TNVFENE LT, EERBFEOEWRY Q- A2 7 VA LA F T L
RARI NN NOT T 7 MEAIC, BCMBIEAY 27 7 =& PEG 02675
Ty 7 RY)w—%FHALLEATTF R-KRV~v— A7 UK (ly) (Fig. 1A)
e Lic, FNVRMERB L O =Roe~ Y » 7 AMA~DOIEHIZOWTERET 5,
(#5582 & E£%] PEG FEATUMHIE A VT, Fmoc BEMRARIEIC L VIERT 2 /1
BIOAX 7 VAVBRE KRGS Tvran® /) ~—%HK LTz, &
D~ rE /) ~v—& MPC Zkkx IRkt CHEET 5 2 & Tly(X=6.10,20,
28, 32, 40 %) &1&ET, 1, LD T T 7 FR A)

U~ — I LERE S5 wt%) ([ZBW T, A e 2 <
ST Ay N E ORI R W
— MEGAEERER L, 757 FRIZETT o-4,

Bk 2 TR TR SR (G D NA R a 7L & AL
L7z, F72. WTNhOZF LV 0T HENZ 5 e

e
Lo () M 1% BT BT 0 H b GIEHD P\ — y,ﬁﬁmy
LIZE o, (i) 30%FEE TIE2Il (G '<G™), > O (o2
(i) Z DBOFT 2% 1%ICFET & GEITIH ;'r“’. Sl

DB X% 8 EF CTHIFICHIE L, (v
WIZENS HIZEET L E nWo e fEN oA
YV A TNVREREAT LI E bbbl
Fig. 1B 1%, 13-/ 1 R 7 UVIC#Efila % N
ST HMEEE L%, iz Y
L CHNBETIToTMRTh 5, Afiuh
KOFFEOENNZEBES, ZONA R
oA VNEEMBRO kT~ Y v R L

o N . Fig. 1 (A) Chemical structure of
LCHRETS 2 2 &S iz, £, 20 peptide-polymer hybrid (1) and schematic

FOVITHIR 21T E A EER ST Z L <, illustration of peptide network. (B)

. . Multi-photon  fluorescence  microscopic
VU UUMNBHRHHTEAZ Eb o 726 image of cartilage cells after incubation for 2
days in 1,4-hydrogel.
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FEniE, BRRESCAIEIRE ., B MREOf, FLIEICREE L /- mhiikre/e &, £
U (2 > CHEERERHEZ R THHEABESR TH D, IO N7 v AKR—
5 — B L2 AFZERCRIC K o T BSR O A FERECRE L O D 1T T
IFBIICEBl SN TETWVWD D, High h TV AR—FZ =03 ED K 5 ITHidh % i
KL, ERSFICHNEZZITETONIONWTIE, ZNETITEAEH LT
SINTELT, WEHITFEORRDMELE > TN D,

FTexld, ZOFEEMRIT D2 L2 B, Wl - BRSO e E R %
BE3E DIEMEALICEI D B 53 F A 1 = R BT OWTHE S A - - AT % FEfa L T X
7o BRI, MBFERERAT A Y 74 27 7 2 —F (TNAP) OIEMHIZIE, /M
R N URICRE SN D RS WK ICRIET H2h N7 v AR —F —
nT5-ZnT6 ~T X A <—L  ZnTT REX A ~—DNVHEOKEZ RI-+Z L %
AL TEY., MEAAv—DBERRIZONTOWN OO REZIR L TEX 7,
BE, IO b7 v AR—X— |2k D TNAP OFRM LiE % FHEIZ L,
i, D43 YRR« JBEE AR T B B SR M % 3 D TR AV L S W TR 2 6D TN D,
AT, ZOFTH, DAL OBEEENGEFERZED DL~ N v 7 A A Za
77—t (MMP) RCREEMIKEESR (CA) 72 EIZEREZ YT, ZDOIEMHE(IZE
HAMEN R T v AR—F — T O TORITRERZ B LT\,

RN TOMEROFEAREENT “ME”, A", “SAF” v H 3 H>0F—
J—RTREFEIND LD, BICBIKITES, BT AR—Z—L, Z1
DISREDOHEL 72 A EHE ) T TH H720, AU GG O V- FEER a LA, #l
RS BHE T 28 LW 0 P~ D RBICE T 2 Z L Z2HifF L T\ 5,
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A F IRRITI A ER O FRIE ORI T, 27 v 2B W TIIRD X 9

RANEBLOREEZ L > TN D,

AR 1) WBETELARKEDTD, KESOBHN . 2) iEA R P
TRERWK. 3) WOMEEEZ L Z & TYIMLFENRMEEZ T = —=
YITED.

R 1) MEENRRENWZ ENRL. 2) WHE, BENKIVKREW. 3) @H
DAEIABIC LTS 232072 0 V. 4) A A RIS X - Tk
L7/t PN

AR TIL, EEREET L E L TORY T NA~DA F ARIRDO S Z L,

B AR(Escherichia coli K-12)~D M & ORI, fiRE2RFIR L.

REMEITT ¢ A 7 JEEE TN, BERRZWVIEE, KEZ2MHIEMERNED

ND. BUKPED K Z WA F U HIRIZ DN TR S 7 L — FRME R R O 45 il B (log

Pyp) THIERALL T TR 2o 72m3, HIEFER &7 VRO

IERENMIMHBE L TWVDE EEZ LS.

Table Diameter of inhibition zone and distribution ratio

ILs Diameter log Pow  log Pws

[cm] [-] [-]

[Omim][Tf,N] 2.20 0.79 2.61
[Hmim][Tf,N] 2.07 -0.02 2.79
[Paaq1][THN] 2.07 0.41 2.66
[Naaa1][THN] 2.01 0.43 2.27
[Mppyr][Tf2N] 2.10 -0.84 2.40
[Emim][CH3SOs] 0.75 &K =3 —
[Emim][BF,] 0.85 &K =3 —
[Bmim][BF,] 0.73 &K =3 —
[Hmim][BF4] 0.92 <K =3 —

[Omim][BF4] 0.91 « =3 —
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[15 5] BEMOERENO 7 0 — 78 A D3 e TR N AR 248 2 5 BR O fift4 iE
EEHREIIERE LSEZRINTVS, LorL, B EIC L - TITEAH L7
WHEIR L B2, M EEGTRARAED D EWVRE CEREARAaHFE T, Kt
e, JEITRALE M, OB FRREICFORIN L2 | BRI IBIE
BEERET D, LML, AEROT RV —AEPEEZ X I DNAMESE TH D
BERIR DTN R ORI B A ROBREISE 2 T2 Z L BIKREZETH 5,
Fo. HEREARITHERT L EEZFUIRTE 28I, B N T E O
BE - BMEICOICHP IR SN D, FAULEICHERAEM BTG E L, %
OB LD B & A IR O BB DT 21T > T\ 5,
KEBFRE LTHHTE 2MBBRAERNEGHROMEE VI3 0EFL L
IO T 2 X7 T U0 Zin, BEECHEMOEREORR TH L &35
ZHNTWD, BHIROS T 7 N7 7 )T & 55, SRR N85 L CHl
fff3 %2175 O T, ZHIRAYOR b EMARET LV E B VR D, KRS T/
NI TV TO—EHTIE, BREFOBEEER (7827 L, MBES) KA
BT DRI, BRI AR A R AT 9 KRB MM 5-10%)3 % 34 [ E 21T 9 FE A
i (~NTrYZAR) ~EEMT D [RAKZR], ZoABETIE, BHRET
ANEM ST LE S EFRBEEREFE (8 Frnrb—8) £l THIESE S
72O, BB ERETDINAOROE X R VEEAKRTH DR 11 GR
1) #3825, R I OHERITNEGHIEICEHN 22 b E b6, ZOFED
&l % OAILD N A IED AL D — b T Z A LT T REIANNT b A A —
DU Lo GEMMRET 5 Z LITEBI L[], EnUCs&EfiE, ®EARY
MRS @t A A — Y U VMBI T ~ CBELA R MVEREE &
VOB & REMEOENERALICTHZ L, BLOHIIRMEIZE S
T HBIB T ORBLE RN S X7 EOEN TR L b E o %
bZBHT 252 & bRATE, 20 ORFERLZ AGEH CTITHRI Lz,
[FEBRFE S & Z5R) KRR T 2 XTFT 7 O—Fii Anabaena variabilis % %23
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DR LTS AREER S 5,

i ATFOYAR 1000

\ .
p—1 i 0 L i DERERZ~D
800 o -+ 37 hour MIEZARIMIL gog | 3T hour P
P s+ cor e 97 hour LB ERRTHD
;',‘i,: 600 - | 600 | | BALSTRBIE
LE ATOU AR
400 | 400 -
& (EREEMA)
0- T T T il 8- '
600 650 700 750 750
FEE(hm)
| | 1 | |
10 . 104
& 08+ 081
i’“ O 20 W 5 20 nW
% 06 - 0.08 nW - 08 « 008 nW E e
EE BANTASZR - 047 FEMBD [ ;fil.:l:a)‘
02 - @ﬁ%iﬁﬁ - 024 iﬁ%m% - fﬁﬂﬂﬂﬂfﬁi’é;ﬁi
U0 T T : T & | | T O'O_J| T T T T T | e/ D —{RTFEH
00 05 10 15 20 25 00 05 10 15 20 25
B¥ME(ns) ErfE(ns)

ZEREEMAL TSR T 235 L ORISR AR L T D & FiRT 58
L 53], LoLl, AR TIEIZEO L ) REREEMIIL2ERETH -7,
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[1] S. Kumazaki* et al., Plant Physiology, 161, 1321 - 1333, (2013).

[2] S. Nozue et al., Biochimica et Biophysica Acta 1857 (2016) 46-59.

[3] N. Ferimazova et al., Photosynth. Res. 116 (2013) 79-91.
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AR TIL, KPP TRBIHERZLEITRT 22 ENTEL NI TH Y
7/ (tacn)E U X s MEE L THEHA L, CBEELENRT ST ) —L
WAL & b D B ALELAL 7 2,6-bis(1,4,7-triazacyclonon-1-ylmethyl)-4-methylphenol
(Hbemp) % F T ZEZERIDSEA[Cua(n-H20)(bemp)|(ClO4)s (1) 2 Ak L7z, 8814 1
WKHFTLRETHDH & EKMNFRIREN OB BN L, HisM X s
AT, 7 = ) RV EUEL T 7 T HEIZ L0 TG L EL S, CueeCu
FBREEDS ) VY = AT RER 1 DA T 5 2 ENTEDLMZIARETH Y,
minor groove ([ZHEAT DT OICME R = H AR Rinh FA4 L OfEEH LT
WD ZEMRESNT, pH EDRK R, #EA 11X pH 5 FTOM pH fHEIT R U
T a ) A RN L, T =) X VBEET I TEB LT S
ZEMbinoTn, 85K 112X D DNA MK FRIEMED pH A7 TirX, 10 B
ST pH 5.5 T 71%, pH 6.0 T 81%MD 77 A I KDNA O—AREHTIWNZ X 5 Form
I AR S v, —J5, HPEfEIRCTH 5 pH 7.4, 8.0 TlX DNA YIWnIFA S Z &
72735 7=, F 72 minor groove binder & FHV 7= DNA D AN/K 43 fi#BELEHIE CTiX. I
KRR E S HE ST, 85K 1 & DNA OfEAEHIE ITC ORIEH S pH 6.0
TL7Ix10°M' THY, =2 brE—ZLAS)PETH D Z L5, BUKMEH A
TEHBIIZ LY DNA EFEGT 5 2 LR Sz, £72 DNA & OfSGERR X
O DK GIFRIGHEIZ DWW TEEIR 1 & B3 2 s IR & it L7z & 2
A, TESACAKD T NEET S 2 L2 LY DNA KGR KR E < HEL,
FTBRIRT IV OBRBFRFITHEAET DKEOHN L 70513 E DNA LSk L
DFEETERDBREL D ERbhoTc, ZTOIZ ENE, AUFFETHUW bemp
TR Ao Rl S e 73 7 § NI DNV 1 N 4 el e o 73 a3 S O el N e o/ MDA
THY ., BIRT I VDAENDNA DY VYT AT S ZKERKEICLVIE
MALT D Z EDRBEENT, ZORERIE, BRIKRT I &2 S o TSRO DNA
K3 FRFEAR B3 2 8T 7= 70 i R % - 2 7, AREEIRIE, BAMIED DNA % Ff 2
HIC O T & DRIWER OD 22 WIS ARIDBRZEIC SR 5 E iR S5,
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RVT7 4 U2 MOF &1, IV B2 8 D& RA T ~OENEL 2 AT 5
W7 4 ) RN REE L T 5 &R AMIER (metal-organic framework,
MOF) T& %, MOF (ZZALHMEITH Y | T AWERLFBEEZ VD & T Dk~ 72
JEHRMFFED R S AL TWD DS, I CThARLT 4 U MOF IZARNLVT ¢ U KR
DO AW, R, AREERERE O 72 DT HifliZ2 MOF % 8 2 2 BEREMEAEL & 70 2
EHIfFFSN TV D, AWFFETIE, ERERM T TLIELRFNVT 4 U > MOF & v
T, ANT 4 U U ERSERICH T D AR ETE OB, BLO, H#
BEDE RO 7Ta—7 L LTORHAZBEEL TV,

BEIZ. Hong-Cai Zhou % (3. tetrakis(4-carboxyphenyl)porphyrin (TCPP) D &kEk
& Fe-TCPP & ZrCly 70 6 KEA L TH 5 4L 5 ziriconium-porphyrin MOF

(PCN-222(Fe)) 7NMEJAVY pH OKFUIZEBWTLETHDH Z &, S HIT, EERR
h, 4B ZETH D Z LA RE L TWD, FITH S I1%, PCN-222(Fe) )3 A A
RERETEMED 1 D TH DNV AF U H —BIEEEZ /R T2 & bR L TV 5[],

H\
o o
H
/

5 ~

2rCl,, benzoic acid, N,N-diethylformamide

120°C,24h

0 = Q

0 o
<} o,

PCN-222(M)

T2 1%, Zhou & DHE[INTHEV Y, Fe-TCPP & Co-TCPP 7> 6 ZF N F I /KEVE L
IZ &1 . PCN-222(Fe)$ & U PCN-222(Co) % &% L 7=, XRD JIiEIZ & ¥  PCN-222
K o 2 AR 2 #EsB L T 5, PCN-222(Fe)ds L O PCN-222(Co)id, W9
NHHMAKHR, 24 FFRIZETHH Z L &BR LIz, LavL, U U iRE A al
7K (phosphate buffered saline, PBS) " Ti353f# L. Fe-TCPP & %\ X Co-TCPP
PRI Z A2/ L, Vv a=usf Aty EmEIcHEeT 57
DT, PCN222(M)DNEfET 5 & &2 TV 5D,
[1] D. Feng, Z. Y. Gu, J. R. Li, H. L. Jiang, Z. Wei and H. C. Zhou, Angew. Chem.,
2012, 124, 10453-10456.
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Thermo-responsive polymer brushes from amino acid-derived vinyl
polymers and their applications in cell-sheet engineering

OV-HisE - /51T

[FlSAL RS BT PR - AR e LR

E-mail: nhigashi@mail.doshisha.ac.jp

(2] AT "B 2 fUSaicf AT 28 E Vbl T bR, TORBRE
FLERDO, MR & BRI ER & W) BE R mE 0LV THIET 52 & ThH
5o YRR TIXZINFETIZT 2/ BHERIBEISEME=1LRY) ~—DR 2D &

7o NS T 2 ORI X > T LCST

RIS UCST BUCISERAZRETTE 52 &,

SHICERDT I VBEOLEAMICLEVHERIEELZAEICHETE L2 2HL
T U7 Y, ARARZE Tl & OBFPE LG TE AT I BBk = AR Y ~—%
AREmMEMLIH LA~ — FREOHMEZ HIE L7 (Fig. 1),

[(HERBELUEE] ATRPIEICE Y, N-T 7
VoA )y 7= XAF ) AT )b
(NAAMe)x & /v — L L CHRE/ 77 &
BEAToT, H7AREIZXHOLNLUD 3-7
R/ 7L M) RV TUEMA L
72Db 2-7aEA Y T7F I LT eI REK
b S TRRERAL 2 BN LTz, BEIZIK/ A
& ) —)v (viv = 1/1), BENL+FIZ PMDETA,
CuBr,, ®EITANZT A3/l fEaE AT
60 CT 24 W47 ->7-, ATR FT-IR A%
J MKW RE T T NEAOEITE
A L7, £ poly(NAAMe) DR & [ A
Fim B C ORI ENE A el L7z, Fig. 2(A)
IXIASME CHREL L7 poly(NAAMe) DK HC
DHFBBREZBEEICH LTy hLEZHD
Thb, KFTO LCST £ 16 CTHDHZ
EMbnD, —F Fig. 2(B) 1M % KIZE
BSH, KyaoEifAZEECH LT ey
I\Lf:?b@f*z%pé REL EHE D &
10 T 5 15 CITT TE Y BUKRY 72 3R m
~OZAERBIE S, BEEmr BlckB T
72 IR IS B2 R T 2 ERbho T, %
FRFIZIX, 2ok m & HWO 72 IR R R
SOWNWTHHET S,

1) N. Higashi, R. Sonoda, T. Koga, RSC Adv.,
5, 67652 (2015).

Thermo-responsive )Y
amino acid-derived / %k”

vinyl polymer

Figure 1. Thermo-responsive poly(NAAMe) brushes on
glass surface.
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Figure 2. Temperature-dependences of poly(NAAMe) in

pure water (A) and on glass surface (B). Turbidity was

measured at 1 wt% during heating (1°C/min) process.

Contact angle was measured using captive bubble
method.
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ZORISORIFEY E LT COIXE U ~ILTF (v kA A L ITENEA SN D,
CO DAPEREZ R DT DICRAERTHDLHO DELBTZE /) v 7T T MHDH WD
X/ w7 BT e ANAREIAMEIE L TLE WV, COARKDAFERED 1%
BRI ARD 2 ENTE 20, £ 2 TR TIL, KN T CO DA% BINEY
(ZHEHE T 2 A AL A Y hemoCD Zffi» T, AN ETHHNEAENME CO & T/ v
JHET ] REEANEFEL, 2O L XOAEKRNMIGETND Z LIk ->T, CO
DAEFEREMEIAIC T 7 0 —F T B E kAT,

hemoCD %~ 7 A DIEFEIZ#E-95 & | hemoCD O JRH ~D ki 23l < 47z,
JRH @ hemoCD (1% CO 23 EA L T = Z & 225 hemoCD (21X~ 7 ARNIZTF
ET2NEME CO ZHtE L TR LR S 2 EN B 5 Z L 3o Tz,
hemoCD D% 512 K > TEND CO % —iIIZ R Z S W7~ U AN Tld, B
# HO-1 OB MS FEINTHE Y . AR CO DRZITE - T, ~LREHN
REISNDZERHGNERoT, —J7, BE&EMII(HepG2 Mifd) z H T
hemoCD % £ 5-9 % KR & AT oxy-hemoCD  CO-hemoCD
- f:}ff\.ﬂ:,: %\ HO-1 0)%% ! + é < ip. 1n]ect10n>_< urinary excretion
Honehol-, 2D LinG, CO-Hb oxy-Hb

hemoCD [T 8 ¥ & KN T I 1,0, iﬁﬁ!ﬁfﬁylaﬁféifm‘)“ ALAS-1

CO-Hb 735 CO R%EH = &lc o °

Lo T BNTR LTz & 9 7 miet-Hb — 0 hemin:>—HJO-1

B2 A S = X LT HO-1 %3 ) .

ATV T L o
bilirubin
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ruT XA N ACDIIAKRFIZIBWTH A REKMEIL G AN T 51k
BarT e, Y V7 ELTCOHNRALNTE T, & HICIHE
TIL, CD ZHWTARNTAKEIZERE Lo a L AT v — L7 EOREMEYE
OB I KRB R 2Z2 EET 2L WO mELH Y | BIECD 04
NG T D2EEITETETEE-TE TS, L LR S CD IZIEHm
ez Fim 3 HMHEN <, ZOEETITEET 2L MM BEonTLE D,
% 2 CARZETIE, CD ICHINESEBEE 2 T 5 LIAbBWE Gk L, £ OWMERE
MmzE1T -7,

B-CD ODUOE SDHE —h KR E A7 X T NX = XTF K TEMM LT
R8-CD, BLUVTESE 0-A F/MUIATH D R8-CD™ 25k L7z, R8-CDY® (X7 A
Nt & LTKEEERLVT 4 ) o 2IEFITm< e L, aBikBo £ £ Thlly
WA EIDIAEN DREF DB S it LM RBRMEEIC L D2/l A~2 fv
B2 MEAICERVIAENZRLT ¢ U i3 R8-CDY & Oaaikhe 2%
STWND I ENRBINT,

O X IMARAMEI Y (Blood Brain Barrier, BBB)

Zim %z B L7z CD O& k&7 A 7=, BBB IZ
X7V a—2 h T v AR —H —(GLUT) %%
FELLTBY, 2Tk 7 a—2 3Rz
Ok SAVTIMN A~ E RISV IAEN D, T
F, IV a—RyTEX 7 ELTEANLZEN
(53273 BBB % i L CIMPIc BT & 5 |R8-COY] %%
eGSR O, AT, SATIRED R= ~
BFEEBEIC LT, CD OF—HoKRIE~ .
DN E— 2B TS TOEAE R, T DR A o

OH

NH2+ TFA-

1) S. B. Park et al., Chem. Comm. 2014, 50, 9251-9254.
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IR A ¥ AT 10— /)L T 5 24S-hydroxycholesterol (24S-0HC) (%7 /L
VA RO R NIE B ORI T THIIN L T D 2 & iR AR e
AHETAHILERRESINTWD., £, AEEE CTh D cholesterol
24-hydroxylase DZMMNT LY A <= —JFFIIEDMERRIK T & L THE SN TE
D, 24S-0HC & PR B OBV RIZ STV D.

INETHEAIL, BANR—E 8 ZRELL TR\ E MR EEHIE SH-SY5Y
FIRIZ 3BUNT, 24S-0HC M H A N—PIEERFEME 2 7 F AR Th 5
Necroptosis Z#FE T 5 Z & A BT LTz, KWL TIXE ORASE X 71 = X A
WIZOWTHI LT HZ L E2HE L, IBEOEIIZE B LTLL T O 217
STz,

PR E A2 4ed 5 Nile red TRl ZYeta L7 & 25, 24S-0HC #5384 fu 56
DO E N SN D Z L2 /AL, aL AT e — DT AT
IWALEESE T D Acyl—-CoA:cholesterol acyltransferase 1 (ACAT1) DFHZEH|S
SiRNA (2 X W = 2T A b2 T2 &, NEMIRARREE AT 5 & & Hig,
24S-0HC FF M HERRZE 23 Bl S 4v7-. & 2 CHRIIBNICERE L7 IR - IZ DWW T HPLC
P DART B EMEEA AW CTHIE Lz & 24, Ml @RI\ T 4 fllE
DEHAREAFINEIAEE N = 2T VEES L2 24S-0HC = AT ARNER L TWD Z
EERHBLNIC LT, [FIESNIAIENEA 24S-0HC & RIRFRINT 5 & Mgt H
BB L 7= 2 & D, FEORETII/ZRL, &KL LT 24S-0HC = AT /LR EHE
THZENMISEEZFETH BN, FEFHMEZ W BT L
v, 24S-OHC ALEEAE TIZAERAL U=/ Mafk & f5E U 7= RG2S A S
TWAHZ ExERM L. U EDORERND, ACATL IZX D 24S-0HC D= AT Lk &
FENGARAEIE O AT, 24S-0HC B MEMIBSEIZ 35 1T 2 HE eI A <> N Th
BT EDRIBENT.
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Fxix, BRENGHRALO Y T A K
HEEREMEN T WS 7 4 o H—H LRI EH D

FIH4 F2H4 F3H4

BIBLUCEV A TVWD, ZRETIZ, Spl G0 09 LF9.
D2OBDT 4 v H—(F)DWENA A ™ . N
EEIAL T B CysoHisy B Hisy BEINLICZ o) G (o) O O MO

F S H 72 F2H4 Z/F8E L[ 4-nitrophenyl wa T x'r'-i‘?/,,;' e o
acetate DT A T /LEEA & B B BN IR 53 fiFt Q‘QL\;Q GO f;iC“J G0 GO GO r;‘z;f;
THIEERRM LI, TOXIRERET . gmme Tl e
T CARNFZE T, Spl High 7 4 o H— & f\': JONOW0! OWOWON0
RIBDENENDT 4 v H— KA v E GRG0 0 G G0 G )
Hisy BUCZE X o ZE R SFXHAK=1.2 BETE s st S nutonot s e i

3)\ é E ﬁ:ﬁ‘ ,{:]\ 7 /r V jj‘_ & V/\O 7 )%i‘ ﬁ:jjl] zine finger proteins based on Sp1 zine finger scaffold.
KafEReZ A9 % FIHA B L OVF2H4 2@l S ¥ 724 7 ¢ > 7 —1{K 3F-FxH4(x=1,
)DL, i b DOREIER L OREAERE IC SV CREICRET 21T - 7o,

[958 07 1E]

Sp1-FxH4 (x=1,2,3) % Fmoc [EFH & pRIEIC L 0 FH PSSM-8 X7 F K& hlitk % H
WTAAL L, 3FxH4(x=1,2), 3F-Fx 35 X OV 3F-FxH4(x=1,2)IZ KIGHE &% 77 B %
BACIERL L 7=, CD & TlE. Spl-FxH4 & 7 R{KE L O Zn(IDENIAA D ki
ERIZOWTHRHF LTz, &5, FLy 7 MEICED AU X7 LAF RiZ
X9 R A HER L OUIMBE ORGET &2 1T o 72,

[FE R L OB

FxH4(x=1,2,3)® CD A~~7 K~ VHIE TIX, F1H4 3 LT F2H4 1T Zon(IDfFE(E FC
BPo BEEA TR L CEY ., FIH4 X T VX MMEEEZER L TV D Z EMIA LN E
72077, 3FxHA(x=1,2)& W=7 o7 MEDFER NG, §_XTDOX /NI ET
DNA IZRT G EZ b EMALNE 72572, F72. 3FIH4 OHIZ2 OD
RNy RBHER SN2 L6, 3 7 42 —0 FIH4 1T L 0 HE DNA Oy
IThoiv 2 DONY RBREULTZEFZ 2 bz, RIZ, 3F-FxH4(x=1,2)8 L O}
3F-Fx(x=1,2)Z AW =77 MIETIE, W HIAFRE D DNA 55 H A%
RLT=Z &5, DNA BAMEIE Splwt M3 IC XV IREL TWH EEZBILD,
F72. AU 2 DNA OER) GC BAINEZ ST D &, 2 DD RE O FEEHE
DEEINEL -T2, 4 7 47— FIH4 OE45y T DNA O =
S>TWbHEEZOND, UUEOREFR I Y, 3F-FIH4 7% 3F-F2H4 L0 A4 ) I X7
VAF RE LD RMICEIRT 5 Z LGN E o7z,
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EMNEE S OERNICB W TRIZERIZAER S AT L EERESE WD, 22
T, PERBIO VAT MIEMICR LD X O 72 BAN - ARINRERNEL 5 2
HZENTEIR, EMERM LT LS ML TP AT AR TE LD TR
WhEEBZ LD, RIFFETIE, pH Al FIZBIT Dk~ Ietligia b oo A LA
VIRRANT IV (A e ENBA T AL LTEEIZ L o THRERK S LT WD
%) Okkx 72 IR - TR @B A SKHL L, Z O A I = X LD &
WL CTAERMREZ BT D &k 9 X 7 V2Rt T 220D ET LR E LT
NTAHZEEHME LT, ERBIOHEET VIC K 2 EEEEORGT 2B Z
7otz Fig. 1 O 7 VO JEWIR)EE), Fig. 1 O Al ipEB) DOBIEHE
%%%? RNV OEARER) CIIAN R E T EHERONR U 7 VRS & alis &
RHAZHV R L, A RO DI HEE) 2 Rl S ¥ 72, wRYES) Tl

F‘$%0)J\‘/7ﬂ/ﬁ>rﬂj pHARNZ ) > TT A — 30D K ) 78 & g S ¥ 587
DBIEI NI, D DR 7 L OEEEREZ WEIC RS2 & L bic, 15
SN ERICESNT, LFEKRIS (v a— 20tk ZFH LTy
VAR EF pH BEhE A H LSBT 558 % B L2,

T N e Fmﬁbw ORI
{{(" '"\* ) ‘s) ,( B .4) -.a%}_._. '/',
r=a0Hoo s% 305 __: 40s 50s }:IM‘OH ."5‘35 .)71‘_2_'755).;?,
i. - 4 a ﬂ .o_. ..' |

ol e

LG ow\, L0 B0 e

.
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Fig.1 The left figure is time course of a vesicle shape change. 1 M NaOH aqueous solution diffuses from the left
side of vesicle, and the initial pH of vesicle solution is approximately 8.0. The right figure is time course of the
reversible extrusion of pseudopod-like structure. 100 mM NaOH aqueous solution diffuses from the left
side of vesicle, and the initial pH of vesicle solution is approximately 8.4.

[1] E. Nawa, Y. Nishigaki, D. Yamamoto and A. Shioi, Soft Matter, 9, 7832 (2013).

[2] E. Nawa, D. Yamamoto and A. Shioi, Bull. Chem. Soc. Jpn., 88, 1536 (2015).

[3] E. Nawa, K. Owaki, D. Sakashita, D. Yamamoto and A. Shioi, Colloid Interface Sci.
Commun., 8, 10, (2016).
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TR, MPEHMEZE O 3Bz W T, W o TH CHLfRb) (BT 2503 Al
1T CWnWa, BlzIE, 2o FiEdh. 707 a7, B BEEB, B+
7o EOEIT B CARRIL OB TH B3, BTG - P I FE O < EREY 7
HOHM(ETH D, —J7. BZ Jnls E O LpiiBRE s s, BARR TITADORE
ke &L BRI Y XL0RE = O ERRR L & bIc B bt 5 X9
VM RICHEN DR E 2 E37 TH O RS, 22T, BRRESRO
Z L MIEHIBR TH DI bbb b3, iR & LR TRNIEFICHEMETH
HIZOFEMIR A B = R LDOHANRIZICHEA TRV ENBARFEDO—D20
PR L Tp o TN D, RWFE I =280 T Cfiib) oflz8RrL, TX5
BO S TN BHET VAN TCHI R HAE LTWA, Al KEIZH F L
k7%$§§®&ﬁ®§¢$@ﬁ 2B LT, BBREWVIE PR N B S v
D Cs

2. ERAE
ARV (B 91 mm) ([ZEHiKZ 30 ml Wi, D BT vFRMTHD
perfluorooctylbromide (PFOB) ¥ 7213 perfluorodecalin (PFD) % %% pl fi# F L7 RF D
%%%v%&uxn—v(WWﬂwwm Keyence) # HHWWCTHIZE L=, £7-. K
e Y B I N O el 7 7 R (/J/’~—JVE&) EIEMEO T LR EDFEC
iﬁD%ﬁmﬁTLt@ %%( FHR) DBIEHLITo T,

3. BRLER
3.1 PFOB ® B kAL
H@B%mﬁmsuHﬁFLtﬁwﬁ%%Elm%ﬁoH@B%*ﬁﬁﬁTﬁ
% & —B#Z L CKIE Al fﬂ@%ﬁ(ﬁﬁ~um)%ﬁmb X 1(a) D5
\Z PFOB M RATHIZZR% T 5 Z & CHEBRIZ /K2 g Li-Z=Angsni,
JEF LN HIREEK X < 725 & PFOB/K D FLIE Cdb 5 M JE G 17 Ve o 13 Bk
ERIRICIERL L, 2 7 a¥ 4 XD E LT 1(b) X 52 PFOB A 5 22 4L
Ao CEfEMICEH Sz, 27 efioBHiEIEFIC) XIS LT L%
—EDE W THEHRICHEE ST, BRI —®oelid s L7z 2 7 aiiiids
&L CHfEE#EiR L, X1 () DX ~FH TRz —kochdd L7,
F D%, K110 ERE TAI L, PFOB X 7 ajilie< o7- Y,

(water phase) _M .
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3.2 PFD O HRZEE L PFD E 4 Wik o H Al EH)

%m%m%mfmm%MwLﬁTLt%@@@%EzmﬁﬁoWD%*@K
T2 EMEEEA @D L 2D LTSRN IRICHE Y %@%(&ft#
2T 4 B TEBIRTZIEN D FRR BN, &5, F DN S
IR @@io_méﬁ@ﬁﬁ%mﬁbto%@E%ﬁi@@io L]
ELTRFTREEEZ & VRN G —35Z &@<k£w &om%ﬁmﬁ
%TTEWQ%%%ﬁD@LtO::T PFOB D35 E I 13 /K il AR\ s (2 Bk
N EEAZR L, F 26 A7y — KAy RpZe F“ﬁ/\&' UNEZRBINDH D,
ZOFEBOBEVNL, 7 v ERMORBEEERL L OKFRA~DIEAED T R
DEWVIZERTAHDTHDIHEEZLIND,

F7-. U ) —ABEE T L, FOIEIC PFD i F L7= PED/ U / — /LB E4
WA DEF ORET %2 X 3 1279, PFD Z{ii M4, O DR OB Z V. PFD
WY ) — VAT 5 X o e WEEER R SN, S5, 250 T{#EiE
ARV MLOBEZTS< EH#IT M 228 L S, BEL —FEREE 2R H 7208 b IFE
F VIR RV (2 JE [BhEB) A TV, R U CREIC B L e o 72, RIS, AED
7V 2 E DT PED A3 F L 7= PFD/Al 8 &R DO IEE Ok 2 X 4 12”71,
U ) =)V & T B & RERIC A RLER) 2 7R L=y, BREWZ L2/ —u
B CIX PED 2NV J — LR Z 8| LN HIEEN L CWV=Dlokt L, T §E4 A
WAHEPEFD BT VI EEM LN SEENEEZ1TH 2 & nbhot,

(a) 2.4s 4.5s 11.53 ‘oo 29.25

10_mm 10 mm { ‘ 1{;)9g1_mv ﬁ:; 'o:i(é mn:1
lzmﬁf@mm®ﬁaﬁ%m

u@wm)/—wM@A%%®@®®mM(wmm
(b) PED/Al AR D IEE OEHF (15 min)

4 T
ﬁ%@%ﬂﬁuﬁ?bﬁ//7”ﬁﬁf H O E, BRER - HAE
@ﬁk@ﬁtﬁa%ﬁﬁﬂ& VERBESELZLNTE,

S35 3R
[1] D. Yamamoto, C. Nakajima, A. Shioi, M. P. Krafft, and K. Yoshikawa, Nat. Commun.,
6, 7189 (2015)
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[(62 ] « A imikid, RT3 HF4LR0T7 =4 it ko T, flix DREE
RTZEDRMONT WD, IF, KRR E A AR L OFFAMPEIC S B S
7240, T LWFZEBIRE N EA TWDE, ZD XK 5 7oA A IR AT Het: &2 B4 L
TWLIZHTzo T, A FVHRIEFTORFHA T I 7 ZADOFMER LT D
ZEIEETH D, WETOST ORSEE I HEERL, WE L RO A
EIC Lo TRESEELZIT D, AREERTIEI, A4 RIKO T F A OFESE
ERRAICEZ X0, WEOTOWHEB L OEEESY A T I 7 ABRED L I
EACT DDk FHN WS F(— LR SE CONTRIZ R > THiat L7o iR %
WwET 5,

[328R] CO DWW IR T, 7 == A7 a7 a2 o OIARBER )G %)
U 72 @8 PE RS T-(TG )T L > TRE LTz, CO DIalfizsfz ke 1 [FAr A
H("0)E B 2572 CO ZHAE L. "0 OHEHEFI T 2 NMR % & 5\ Tl
L, MR AIE Lz, A A ikiAE LT, 7 =4 ZNTf 2k —
L. TIAFIHEOE WA I XY VU L F 42 (CCiIm", Cy CiImH e, BT
NFNVHEEZ L ORAR= D AT A 2 (Paaas, Pgss ) CHIE 21T o 72,

[ 5 & #%2] Fig.l {2 298K @ C,CiIm”

O R R L LT WL R g & oL - -
BRAE R AR £ 00 & 9 1o b f

e B P /N R/ A s R ek 41 1 S

W ESERZIER L L O 7 Tliete § L .
MAERLTODZLBbND, ELAL B ] S
TInTIET VX NBEDOENA F IR T il : i [[([4:,1.],1[1[:1{]
TXIEEN RN 3D 5E, 2106 OfEE 00 bl A A [Py INTH)
[ CO ML 7 R DTEB O & 13 o ikeees

20T AR BR B N LA o
Fig. 1. n/T dependence of 7,5 of CO in various
R LTWAZEEZRLTWVA, ILs at different temperatures.
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R Z AT ABIREEPCERE, 7T 2F v 7 DR &L L TREW A
BEHON, AETREREMENESWIE LS\, ARUFZE CTIEEEEA SR
{LEMN XA A N X - GEITTANIT R FEL SN D FHR RS OFER 2 17,

RSBGPS T A A IR F LG 2 R L. IBE—ESRMET (30
7255 00C) IZBWTH#ET S Z & THEITT 5, AN A AV RIKIET M7 4
7 FIVRAR =D AXEERME (S 1 3°C) C, WIS & L@, A%
WHEISHELTL, 3—Y 27X ra®BA7, Fig 112 °CNMR TR
BOGSDORRREEAb &~ T, A, — R FBEELEShieE/ JaeXEr
CIRBENTZ, TOF /) saa NP DRXZMOKERFIT. XA 42D
DHT2hINTZ ENFENART VTR BB LT,

DA AR EDI LGRS, FNLSMNIRSHE CHERILERH AT b
A, KOFIVEED XA A AR LT LIS L7z B CRUS IR AN K St
EHAR/I0ITER T LI, Z2DOZ8nh, FWA T IR FEKRFEFHET DHZ
ETIEILMHEAE R D ZENHERI SN D, A AR &0 S BUKMEBREE N CTXER
AFUPNEMLEND Z &0, BEFEISDFIZ 72> TND Z ERbhoTe,

Fig. 1. The time evolution of “C

NMR spectra for the dechlorination

of 1,3-dichlorobenzene.
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Protect effect of ascorbic acid against double-strand breaks in
genome-sized DNA evaluated by single-molecule observation
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The protective effect of ascorbic acid (AA) against double-strand breaks
(DSBs) in DNA caused by various sources of radiation was evaluated by
single-molecule observation of giant DNA (T4 DNA; 166kbp) through the use of
fluorescence microscopy. Samples were exposed to three different forms of radiation:
visible light, y-ray and ultrasound. With regard to irradiation with visible light in the
presence of a photo-sensitizer to induce active oxygen, | mM AA reduced the damage
down to ca.30%. The same concentration of AA decreased the damage caused by y-ray
to ca.65%. In contrast, AA had almost no protective effect against the damage caused
by ultrasound.

Summarizing the results and discussion we may conclude as that: 1) The
significant protective effect of AA against photo-induced damage may reflect the
effective diminish of reactive oxygen species (ROS) by AA. 2) There exist the
protective effect by AA but a little bit weaker than the case of photo irradiation. This
may be due to the generation of plural number of ROS by single photon of y-ray.
Surviving oxygen species against the diminishment effect by AA may cause DSBs. 3)
As for the DSBs by ultrasound, physical damage caused by the shockwave through the
generation of cavitation dominates. Thus, the chemical effect of AA is considered to be

negligible small for the protection of DSBs.

Time

Gamma-ray Dose

I

Figure 1: Representative images of

single-molecule observation

Ultrasound Pressure
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Many physical, chemical, and biological systems exhibit a cooperative
or sigmoidal response with respect to the input. In biochemistry, such
behavior is called an allosteric effect. Here, we demonstrate that a system
with such properties can be used to discriminate the amplitude or frequency
of an external periodic perturbation. Numerical simulations performed for a
model sigmoidal Kkinetics [Figure 1] illustrate that there exists a narrow range
of frequencies and amplitudes within which the system evolves toward
significantly different states [Figure 2]. Therefore, observation of system
evolution should provide information about the characteristics of the
perturbation. The discrimination properties for periodic perturbation are
generic. They can be observed in various dynamical systems [2] and for
different types of periodic perturbation. (SCEk[1] Abstract & b, FEidFE£#.)
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Synthesis of Cyclodextrins Bearing a Cell-Penetrating Peptide
Hiroaki Kitagishi, Atsuki Nakagami, Naomi Hasegawa

Department of Molecular Chemistry and Biochemistry, Faculty of Science and

Engineering, Doshisha University, Kyotanabe, Kyoto 610-0321, Japan

The use of cell-penetrating HaN._NHg# TFA- HaN,_ N TFA-

\/
peptides (CPPs) for intracellular N

delivery of molecules across the
cell membrane has been paid much
attention because of their potentials
for therapeutic applications. CPP is
typically a short peptide consisting
of less than 30 amino acids with a
high basic amino acid density. Figure 1. Structures of R8-CD and R8-CD™".

Among CPPs, oligoarginine

peptide is known to show high efficiency to translocate through the cell membranes. In
this study, we show the oligoarginine-conjugated cyclodexrtrins (R8-CDs) as
non-covalent intracellular delivery tools for guest molecules of CDs.

We first used a water-soluble porphyrin as a fluorescent guest molecule to
demonstrate the non-covalent intracellular delivery. The UV-vis and NMR
measurements revealed that R8-CD™® formed a stable 2:1 inclusion complex with TPPS
in aqueous solution. The cellular uptake of R8-CD"* complexed with TPPS was studied
using HeLa cells. The fluorescence confocal microscope and flow cytometry
measurements revealed that the inclusion complex was taken by the cells and localized
in the cytosol. The structure of the inclusion complex was studied using
BODIPY-labeled R8-CDY, which showed fluorescent energy transfer (FRET) between
TPPS in the inclusion state in the solution. As a result, clear FRET phenomenon was
observed in the living cells. The result suggests that the supramolecular complexation
between R8-CDY* and TPPS also occurred in the living cells.

Then we used a fluorescent molecule having an adamantane tag as a guest
molecule for the intracellular delivery by R8-CD or R8-CD™. In this case, the
adamantane tag was more preferably captured by R8-CD than by R8-CD"¢. Therefore,
the adamantane tagged fluorophore was effectively delivered into the cells by the
complexation with R8-CD.

R8-CD R8-CDMe

Ref. H. Kitagishi, F. Chai, S. Negi, Y. Sugiura, K. Kano, Chem. Comm. 2015, 51,2421.



Regular motion of an oil/water interface depending on

several kinds of cations

Akihisa Shioi

Department of Chemical Engineering & Materials Science, Doshisha University

Moving colloids driven by chemical reactions can move in characteristic ways that resemble
the movements of living matter. Typical examples of this are systems that exhibit chemotactic
and stimulus-responsive behaviors. Self-moving colloids containing liquid droplets have
recently been studied in depth, where the Marangoni effect plays a crucial role.

An oil/water interface containing an oil-soluble anionic surfactant, bis(2-ethylhexyl)
phosphate (DEHP), has been found to exhibit self-agitation!. Spontaneous motion and tension
oscillation of this oil/water interface responds to specific cations. lon exchange between the
anionic surfactant and cation caused the instability. The results showed that the surfactant-
cation combination forms an oil-soluble complex with reduced surface activity. These
molecules are aggregated at the oil/water interface. This aggregation retarded the desorption
rate of the complex. We were able to generate ion-selective instability by imposing mechanical
and electrochemical perturbations to the interface at equilibrium. The results from these efforts
suggested that the aggregation is a type of thermodynamic transition and is required for the
onset of instability.

When a float was put at the interface, it exhibited back-and-forth, intermittent, or vibrational
motion depending on the cation species present. Most forms of biological motion are sensitive
to the presence of specific cations, such as Ca®", Na*, and K'. These cations affect the
macroscopic characteristics of the motion. If ionic (chemical) control of the macroscopic
motion can be achieved without using biomolecules, then biomimetic motion can be used in
numerous technologies using colloidal systems. Moreover, an understanding of how the
macroscopic nature of spontaneous motion is produced depending on the cation species
provides insight that could aid in the design of colloidal systems in which biomimetic motion
occurs. In this study, interplay between microscopic desorption and the macroscopic flow

provides a unique spatiotemporal pattern.

Reference

(1) Shioi et al., Langmuir, 16, 8383 (2000); ibid, 18, 5516 (2002); ibid, 27, 14131 (2011); ibid,
31, 11005 (2015): Chaos, 22, 037111 (2012): Bull. Chem. Soc. Jpn, 79, 1696 (20006); ibid,
87, 863 (2014): J .Chem. Eng. Jpn, 48, 80 (2015)



Synthetically and Biologically Useful Molecules
Based on Bioinspired Complexes

Yutaka Hitomi

Department of Applied Chemistry, Graduate School of Science and Engineering, Doshisha

University, Tatara Miyakodani 1-3, Kyotanabe, Kyoto 610-0394, Japan.
E-mail: yhitomi@mail.doshisha.ac.jp

Our research interests have focused on two topics mainly; the first one is the development of
synthetically and biologically useful molecules such as selective oxidation catalysts,'
fluorescent probes for hydrogen peroxide,” catalytic antioxidants,®’ ethylene-gas probes, '’
photo-responsive NO donors'' and so on. All the molecules have been designed based on
inspiration from metalloenzymes or metalloproteins. The second one is the development of
biologically useful molecules with unique structures, which include membrane permeable
reagents for photodynamic therapy,'” and gold nanoparticles covered with manganese
porphyrins in a monolayer as non-gadolinium-based MRI contrast agents.”'® In this
presentation, I will introduce our recent research results concerning the reaction of iron
complexes with hydrogen peroxide.
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Divalent cation shrinks DNA but inhibits its compaction with

trivalent cation

T. Kenmotsu, C. Tongu, Y. Yoshikawa and K. Yoshikawa
Faculty of Life and Medical Sciences, Doshisha University, Kyotanabe 610-0321, Japan

We have performed single DNA observation on the higher order structure of giant DNA molecules in
solution in the presence of cations with different valences by fluorescence microscope [1]. T4 phage DNA
molecules (166kbp, contour length 57 pum) as a giant genomic DNA was adapted to evaluate the
conformational change. Figure 1 shows long-axis length of T4 DNA molecules observed by fluorescence
microscope as a function of concentration of Mg(2+) with 0 and 0.1 mM SPD(3+). As has been well
established, spermidine, SPD(3+), causes compaction on the giant DNA, where the conformational change is
induced as all-or-none first-order phase transition[2]. Whereas, divalent cations, such as Mg (2+) and Ca
(2+) induces loose shrinkage, characterized as gradual change of the conformation. Interestingly, it is found
that Mg(2+) induces unfolding of the compact DNA in the presence of SPD as indicated in the Fig. 1,
suggesting the competitive, or antagonistic, effect on the condensation of DNA. Here, it is to be noted that, in
general, shielding efficiency on electronically charged species has been usually interpreted as the summation
of the effects from the surrounding counter ions with different valences: Debye length Ap~ I''?> where ionic
strength I~ZciZ?. The discrepancy from the classical Debye picture is attributable to the correlation effect of
negative charges along the double stranded DNA chain. Based on the argument of counter ion condensation
on polyelectrolytes, we may expect the present of relatively large number of counter ions on highly charged
DNA. Thus, it is essentially important to evaluate the effect on the ion-exchange between the intrinsic
monovalent cations and multivalent cations, when multivalent cations are added to the solution. In the
presentation we will show the semi-quantitative reproduction on the antagonistic effect with a simple theory
by introducing the change of the net translational entropy of coexisting cations as shown in Fig.2 [2].
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Figure 1: Experimental: Long-axis length of T4 DNA Figure 2: Theoretical: Normalized long-axis length of
molecule observed by fluorescence microscopy with DNA with MgCl; in the solution of 0 and 0.1 mM SPD
MgCl; in the solution of 0 and 0.1 mM SPD [1]. [1].
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Chemo-sensitive liquid droplet: Attractive/Repulsive motion

against gas stimuli

Hiroki Sakuta
Lab. of Life Physics, Grad. Sch. Life and Medical Sciences, Doshisha Univ.

We report the chemotactic behavior of a liquid oil droplet, stimulated by a gas. We will show
experimental verification on the formation of self-moving object with the ability of chemotactic response, by
adapting floating oil droplets on a water surface.

It is found, for example, that an acid droplet of oleic acid indicated the repulsive motion against
ammonia vapor, negative chemotaxis against unfavorable gas. We observed the motion of cm-sized droplet
of oleic acid in response to ammonium vapor as shown in Fig. 1. After ca. 1 sec on the administration of
ammonia vapor, the droplet began to move toward the opposite direction of the stimulating gas, continued
the motion for the length of several cm, and then finally stopped. From the analysis of the profile of the
time-dependent motion, we evaluated the driving force on the initial stage of the escaping motion and got the
value of several uN as the driving force. The mechanism such chemotactic behavior will be discussed in
terms of the induction of spatial gradient of interfacial tension caused by the generation of surface-activity
with ionized oleic acid. We have measured the flow profile to analyze the chemotactic motion in
detail. It was confirmed that the flow on the two-dimensional surface play the most predominant
role on the self-propelled motion after the exposure to the gas stimuli.

On a similar system, we found the occurrence of positive chemotaxis, attractive motion, of aniline
droplet to the hydrochloric acid vapor, as shown in Fig. 2. In this experiment, the interfacial tension close to
the gas stimuli is expected to increase because the positively charged aniline complexed with hydrochloric
acid tends to dissolve into the bulk aqueous layer, i.e., a gradient of interfacial tension is generated between
the sides of the droplet.
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Fig.1 Repulsive motion of oleic acid droplet against NH; vapor.* Fig. 2 Attractive motion of aniline
(a) Snapshots of an oleic acid droplet moving away from vapor. droplet toward HCI vapor.* Super-
(b) Spatio- temporal diagram of droplet motion imposed images of motion
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Artificial GFP Model from Peptide-Polymer Hybrids

Shin-nosuke NISHIMURA, Nobuyuki HIGASHI, Tomoyuki KOGA
Department of Molecular Chemistry and Biochemistry, Faculty of Science and Engineering, Doshisha University

INTRODUCTION

The green fluorescent protein (GFP) is recently used in various fields, especially in molecular biology
field, because it shows fluorescence via intramolecular cyclization of p-barrel-surrounded
Phe-Ser-Tyr-Gly-Val (FSYGV) peptide core. The fluorescence emission mechanism of GFP has been
actively investigated, however, there is no report on the accomplishment of GFP-like cyclization of the
FSYGV peptide core by chemical approach. To establish an artificial GFP model using peptide-polymer
hybrids, various peptide-polymer hybrids inspired by GFP-high order structure were newly designed
(Figure 1). The strategy in this work is quite simple, namely GFP-based FSYGV oligopeptide is employed
as core segment and amphiphilic block polymer is introduced at both N- and C-termini of the peptide as
hydrophobic and hydrophilic segments instead of B-barrel structure of native GFP. In this study, various
hybrid polymers were synthesized and their fluorescence properties were examined in detail.
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Figure 1. Chemical structure of peptide-polymer hybrid and its structural model in solvent (Left). Polymer
species employed in this study as hydrophobic (R;) and hydrophilic (R,) blocks (Right).

RESULTS AND DISCUSSION

Objective peptide-polymer hybrids (1-5) were synthesized by combining a solid phase peptide
synthesis using Fmoc chemistry with an atom transfer radical polymerization or a reversible
addition-fragmentation chain transfer radical polymerization. These hybrid polymers were characterized
by '"H NMR and GPC analyses. Water-soluble hybrid polymers 2-5, except for 1 that was insoluble to
water, were subsequently subjected to the fluorescence study. Interestingly, hybrid polymers 4 and 5,
which have common PNIPAM as hydrophobic segments, showed green fluorescence with an emission
maximum at 510 nm in water (Aex = 472 nm), although 2 and 3 did not. Furthermore, fluorescence
intensity of hybrid polymer 4 with PAA as hydrophilic segments increased stepwise and drastically by
repeating thermal cycle from 4 to 60°C. Thermo-induced increment in hydrophobicity of PNIPAM
segment, as well as their conformational change, seems to promote the transformation of linear FSYGV
peptide core into fluorescent cyclic one. On the other hand, PDMAEMA-containing hybrid polymer 5
showed similar thermal effect as of 4, but the fluorescence intensity was significantly lower than that of
4. Thus, the fluorescence behavior of this peptide-polymer hybrid system depended on the character of
both hydrophobic and hydrophilic segments.



The physiological roles of endogenous CO
revealed by its selective depletion in the blood

Saika Minegishi', Hiroaki Kitagishi', Shigeru Negi”, Koji Kano'

'Department of Molecular Chemistry and Biochemistry, Faculty of Science and Engineering,
Doshisha University, *Faculty of Pharmaceutical Sciences, Doshisha Women’s College of
Liberal Arts.

Carbon monoxide (CO) is continuously produced in mammalian organisms. The major
source of endogenous CO is the degradation reaction of heme by heme oxygenase (HO). The
endogenous CO is bound to hemoglobin (Hb) in blood and circulates in the CO-Hb form. The
functional mechanism of CO in biological systems have been o,
extensively studied, but not fully understood due to the difficulty "

in preparing the loss-of-function phenotype of CO. L ‘a
We previously synthesized a supramolecular complex, hemoCD, N

which is composed of Fe(Il)porphyrin and per-O-methylated % S

B-cyclodextrin dimer with a pyridine linker. It has been found that ,

hemoCD is capable of capturing endogenously-produced CO in Figure 1. Removal of CO in the

blood of rats (Figure 1)". living organism by hemoCD.

In this study, we used hemoCD as a CO remover and the depleting effect of CO from the
blood of mice was investigated. As a result, the gene expression level of heme oxygenase-1
(HO-1) in the mice liver was temporarily but strongly enhanced as measured by quantitative
real-time PCR. The result suggests that the biological feedback for the CO homeostasis was
activated by the HO-1 induction (Figure 2)”. The concentration of hemin in the plasma of
hemoCD-dosed mice was increased, indicating that the HO-1 induction can be caused by
accumulation of free hemin. The removal of CO causes the formation of cell-free oxy-Hb,
which is quickly oxidized to met-Hb by the reaction with reactive oxygen species such as
H,0; in blood. Cell-free met-Hb readily releases free hemin in blood that triggers the
induction of HO-1. It is assumed that endogenous CO plays a crucial role in suppressing the
autoxidation reaction of ferrous Hb to met-Hb through its ligation to the heme iron. These
results suggest that the major role of endogenous CO in blood is to adjust the free hemin
concentrations in the bloodstream.

| Induction of HO-1 | . Removal of CO

\ heme oxygenase
(HO)

HoOC COOH Hooc COOH
heme biliverdin

Figure 2. The homeostatic feedback system of endogenous CO.
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Phase transition in a single giant DNA molecule: Differences between
1-propanol and 2-propanol aqueous solutions

Yue Ma, Yuko Yoshikawa, Koichiro Sadakane, Tadahiro Kenmotsu, Kenichi Yoshikawa
Faculty of Biological and Medical Sciences, Doshisha University, Kyotanabe 610-0394, Japan

1. Introduction

During the past couple of decades, it has been
found that long DNA above the size of several
tens kbp exhibits unique conformational
characteristics, as has been demonstrated by
single molecular observation in bulk solutions
with high sensitive fluorescence microscopy. '

Here, we will report the effect of isopropanol
isomers on the higher order structure of ADNA
(48 kbp) through single-molecule by fluoresce
microscopy. We performed the comparative
study between 1- and 2-propanols. 2-Propanol is
often used to isolate DNA molecules from cells
through the generation of precipitation.
l-propanol is used as a solvent in the
pharmaceutical industry mainly for resins and
cellulose esters.

2. Methods
2.1 Single-molecule observation of DNA
molecules by fluorescence microscopy

ADNA (48 kbp) was dissolved in
propanol-water  solution with a  final
concentration of 30 uM in nucleotide units. The
fluorescent dye YOYO-1 (final concentration:
1 uM) was added to the DNA solution, together
with the antioxidant 4% (v/v) 2-ME. All
observations were carried out at around 24 °C.
2.2 Measurement of the long-axis length of
single DNA molecules by fluorescence
microscopy

Figure 1(a) exemplifies fluorescence images
of DNA molecules in propanol-water solutions.
The long-axis length, <>, was evaluated as in
the corresponding schematic representation of
Figure 1(b).

3. Results and Discussion

As showed in Figure 2, for DNA molecules in
different concentrations of 1-propanol solutions,
two minima of average length appear at 60%
(v/v) and 80% (v/v). In 2-propanol solutions,
the average long-aixs length of DNA decreased
and transited from elongated coil state to folded
globule is generated around 70-75% (v/v).
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Figure 1. Fluorescent image of single DNA in
50% and 10% 1-propanol solution, together with
the schematics

Above 75% (v/v), DNA maintained as folded
globule and the average length of DNA
molecules remains essentially the constant. The
observed large difference of the effect of
propanol isomers on the DNA conformation
will be discussed in relation to the
nano-structure of alcohol solution.?
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Figure 2. Average long-axis lengths of DNA, <L>,
vs. the concentration of propanol isomers.
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Preparation and Characterization of a Series of Iron(I1I)
Hydroperoxo Species Having a Carboxamido Ligand

Ryosuke Sakai

Department of Applied Chemistry, Graduate School of Science and Engineering, Doshisha
University, 1-3 Tatara Miyakodani, Kyotanabe, Kyoto 610-0321, Japan

Iron(III) hydroperoxo species is the last detectable intermediate species prior to double strand
DNA cleavage by the iron complex of a glycopeptide antitumor antibiotic, bleomycin.' The
DNA strand scission has been proved to be initiated via the abstraction of the C-4' hydrogen
atom of the DNA deoxyribose sugar moiety; however, it is still of intense debate whether the
iron(Ill) hydroperoxo species is directly responsible for the oxidation of DNA or is a
precursor to generate another oxidants such as iron(IV)oxo species/OH radicals or iron(V)oxo
species. Recently, the direct H-atom abstraction by iron(Ill) hydroperoxo species was
experimentally and theoretically proposed by Solomon and co-workers.” However, what
controls the stability and reactivity of mononuclear nonheme iron(IIl) hydroperoxo species
has not been clarified yet. For example, iron-bleomycin has a carboxamido ligand to the
iron(III) center, but its role on the formation and reactivity of iron(III) hydroperoxo species
has not been explored.

Previously, we have reported the design and synthesis of an iron(IIl) complex with a
nitrogen-based pentadentate ligand having one carboxamide functionality, Fe''dpaq (dpaq: 2-
[bis(pyridine-2-ylmethyl) Jamido-N-quinolin-8-yl-acetamide).? In this study, we have prepared
a series of iron complexes supported by dpaq ligands with a substituent group (R = OMe, H,
Cl or NO;) on the 5 position of the quinolone moiety to explore the effect of the electron
donor ability of the carboxamido ligand on the stability and reactivity of the corresponding
iron(IIT) hydroperoxo species.*

Prior to the generation of iron(Ill) hydroperoxo species of Fe(dpaq®), Fe''dpaq® was
converted to the corresponding methoxide complex, [Fe(dpaq®)(OMe)]", by treatment of 1
equiv. of triethylamine in methanol, which was assigned by UV—Vis, EPR, and ESI-MS
spectroscopies. Addition of H,O, to the solution of the methoxoiron(Ill) complex at —40°C

slowly generated a reddish purple H,NOC mE
s OH

specieswith a broad band at ca. 530 nm NH, R o

over 30 min. ESI-MS measurement P R NQ@

suggests the formation of 1 noc \,Fe/\Nj\/ =N

[Fe"'(dpaq®)(OOH)]". EPR spectrum of N/_N\ l 04 (}»N \ )

the reddish purple species showed HoN CH? Of-l

signals at g = 2.28, 2.16, and 1.96 for R R

= H, similar to those of low-spin ABLM
(g=2.26,2.17, and 1.94).
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Single molecule imaging approach to reveal molecular motions and
functions in cellular events.

Hideaki Yoshimura

Department of Chemistry, School of Science, The University of Tokyo

Live cell fluorescence imaging, especially single molecule imaging, is a powerful technique
to reveal molecular mechanisms of physiological functions through analysis of the dynamics of
biomolecules in living cells. Single molecule imaging elicits variety of intracellular molecular
motions such as directed movements, transient stalling of diffusion, and colocalization of
molecules, which provide information to understand mechanisms of living systems. Despite its
usefulness, single molecule imaging approach has not applied for endogenous RNAs. We show
here a novel RNA labeling method in living cells, and single molecule imaging studies using this
RNA labeling method to understand the function and mechanism of a non-coding RNA in living

cells.

Non-coding RNA (ncRNA) is a recent target of interest in its physiological roles and
mechanism of its functions. In this study, telomeric-repeat containing RNA, TERRA, is selected
as the target ncRNA. TERRA is a transcription product from telomeres, consisting of a
subtelomere region and a telomeric repeat sequence of (UUAGGG),. Several hypothetic roles of
TERRA in telomere maintenance have been proposed such as transporting telomere-related
proteins to telomere regions, stabilize RNA-protein complexes on telomeres, etc. However, which
roles TERRA really takes is still unknown. Analysis of TERRA dynamics in living cells will

provide clues to reveal the mechanisms of TERRA functions.

We developed a fluorescent probe to visualize TERRA in living cells with using a sequence-
specific RNA-binding protein domain, PUM-HD, and reconstitution of fluorescent protein
fragments. After binding the probe to a TERRA, a fluorescence protein reconstitutes on the
TERRA to evoke fluorescence emission. Single molecule fluorescence imaging of TERRA in
living cells using the present probe showed that the diffusion motion of TERRA was categorized
into two modes: the free diffusive mode and the stationary mode. A noteworthy point is that some
TERRA molecule around a telomere switched their diffusion modes between the two; some
diffusing TERRAs were transiently confined around a telomere. This result suggests that TERRA
takes a role to transport some telomere-related proteins rather than a stabilization factor of

telomere complexes.



Structural Variety in Polyelectrolyte-Surfactant Complexes (PESCs)
- Dependence on pH and Composition
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Complexes of surfactants with biopolyelectrolytes are a very interesting way of forming nanostructured
hybrid materials, which typically have a high degree of biocompatibility. Of course, due to the large
variability of different biopolyelectolytes (differing with respect to chain stiffness, charge density,
location of the charge, ...) and surfactants (types of head groups and hydrophobic parts), an almost
endless number of combinations, with a large variety of different structures is possible (see Fig. 1) [1].

In our investigations we studied in a systematic fashion structure and properties of such complexes for
different types of biopolyelectrolytes, in particular: cationically modified cellulose JR400, (modified)
chitosan, and hyaluronic acid (HA). They became combined with oppositely charged surfactant and
the formed structures were studied by means of light, x-ray and neutron scattering (SLS, SAXS,
SANS). This mesoscopic structural information was then combined with the rheological properties
observed, which can vary by many orders of magnitude for an otherwise identical composition (by
mass/charges), depending on the choice of biopolyelectrolyte and surfactant.

From our investigations we then can draw conclusions regarding how especially the molecular build-
up of the biopolyelectrolyte controls the mesoscopic structure and dynamics - and thereby the
macroscopic properties of these systems. As an
example, the high stiffness of the HA and its location
of the charge close to the backbone render it a
molecule that is only weakly interacting with
oppositely charged surfactant. Accordingly its
intrinsically high viscosity is little affected. Very much
in contrast, JR400 with it much more flexible
arrangement of the charges allows to have much
stronger interactions with the surfactant and by
forming extended mixed aggregates an enormous
enhancement in viscosity is achieved [2]. Most of
these systems are quite pH-sensitive. Therefore,
especially when combining chitosan with carboxylic
acid surfactants, one can achieve systems with
extreme pH-dependence, which can be employed
for selective sequestration purposes [3].

These examples show how by appropriate choice of VA "4 4 & %

components from biopolyelectrolytes and surfactants

and their smart combination one can achieve biofriendly hybrid materials with tailor-made properties
for applications from the fields of drug delivery,

viscosity control or sequestration. Fig. 1: Different complex structures for
surfactant/polyelectrolyte complexes
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Synthetic Molecules for Cell Biology and Cell Therapy

Motonari Uesugi, Ph.D.
Institute for Integrated Cell-Material Sciences (WPI-iCeMS) & Institute for Chemical
Research, Kyoto University, AMED-CREST, AMED
Gokasho, Uji-shi, Kyoto 611-0011, Japan

In human history, bioactive small molecules have had three primary uses: as medicines,
agrochemicals, and biological tools. Among them, we have been focusing on the discovery
and use of biological tools. In addition to tool discovery, our laboratory has been interested in
exploring another application of small molecules: small molecules for cell therapy. Although
small molecule drugs will continue to be important, cell therapy will be a powerful approach
to curing difficult diseases that small molecule drugs are unable to handle. Stable, completely
defined molecules, which are usually amenable to cost-effective mass production, may be able
to help the clinical application of cell therapy.

This presentation provides a quick overview of the recent results we obtained regarding
several unique molecules. These molecules were originally discovered by phenotypic cell-
based screenings of our in-house chemical libraries. Molecular understanding of their
mechanisms of actions led to the design of mid-sized molecules that can be used both for basic

cell biology research and for cell therapy applications.
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Photo-triggered Catalytic Formation of Hydrogen
Peroxide inside Cells via Nitric Oxide Release from a
Manganese Nitrosyl Complex
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The development of photo-caged generators of bioactive small molecules has been received
attention because these compounds can allow the spatially and temporally controlled release
of biologically relevant small molecules.! Recently, we prepared a water-stable manganese
nitrosyl complex that can release nitric oxide (NO) under light irradiation at 650 nm.> The
manganese nitrosyl complex showed strong cytotoxicity after light exposure (ICso = 17 = 1
uM), although it showed no cytotoxicity for Hela cells under dark (ICso > 100 uM). We found
that the cell death is caused by a manganese(Il) complex (UG1) generated from UGINO
through the photo-dissociation of NO, but not by NO released by manganese nitrosyl complex
(UGINO). In addition, we found that the manganese nitrosyl complex induces changes in cell
morphology by photo-irradiation. Similar morphological changes were observed when Hela
cells have been treated with H,O,. Mechanistic studies in vitro revealed that manganese(Il)
complex consumes dioxygen and catalytically produces hydrogen peroxide (H,O;) only in the
presence of reducing agents such as ascorbic acid and glutathione in aqueous media. These
results indicate that UGINO is a photo-responsible NO donor but also a photo-caged catalytic
generator of H,O, (Figure 1).” In this presentation, I will report the mechanism of the catalytic
H,0; generation by the manganese(Il) complex.
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Figure 1. Photo-induced generation of H,O, from a manganese complex (UG1) inside a cell.
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Hydrogen peroxide (H,0O;) has been known to be a harmful metabolic product, and a
component of immune response to microbial invasion. Nowadays, it is also acknowledged as
a messenger molecule related to cell proliferation, migration, and differentiation."? H,O, can
be visualized using fluorescent probes with unique H,O,-responsive components. For
example, Chang and coworkerds reported a series of fluorescent probes using oxidative
conversion of an arylboronate ester to a phenol derivative by H,O,.>> Owing to the reliability
of this methodogy, most of H,O, fluorescent probes utilize the arylboronate ester as a reactive
site. However, the arylboronate ester reacts with H,O, slowly, taking several minutes to give a
fluorophore. Therefore, the low reactivity of the arylboronate ester becomes a problem
especially if researchers try to monitor intracellular H,O, generation in real time. To
overcome this issue, we have developed a mononuclear nonheme iron complex having O-
alkyl resorufin via a propane (C3) linker, MBFh2 (MBFhC3).® MBFhC3 is capable of
reacting with H,O, to release a red-emitting fluorophore resorufin in seconds, which is
apparently much faster than organic reaction-based fluorescence probes. With MBFhC3 in
hand, we succeeded in visualizing intracellular H,O, endogenously produced by A431 cells,
which overexpress epidermal growth factor receptor (EGFR), upon stimulation of epidermal
growth factor (EGF).

In this study, we synthesized and characterized three derivatives of MBFhs, whose
linker length is systematically varied from a chain of two to four atoms. MBFhC2 and
MBFhC4 have ethylene (C2) and butane (C4) linkers between the iron complex and O-
alkylresorufin, respectively. We recently found that MBFhC2 showed much higher efficacy to
release resorufin upon addition of H,O, than MBFhC3 does. With the new efficient H,O,
fluorescent probe, we found that intracellular generation of H,O, can be monitored not only
with A431 cells but also with HeLa cells, even though the latter cells express lesser amount of
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Development of Fluorescent Probes for Reactive Oxygen
Species Based on C-O Bond Cleavage
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Doshisha University, 1-3 Tatara Miyakodani, Kyotanabe, Kyoto, 610-0321, Japan

Reactive oxygen species (ROS) are produced via NADPH oxidases in immune response to
bacterial invasion. In addition, ROS production at physiological levels are believed to be
necessary in regulating diverse cellular processes such as cell migration, differentiation and
proliferation.! ROS are also generated during mitochondrial oxidative phosphorylation as well
as during disulfide-bond formation in ER protein folding. When ROS are generated over the
capacity of cellular antioxidant defense system, they cause damage of biomolecules (DNA,
lipids, and proteins). Therefore, imbalanced metabolism or overproduction of ROS results
into a range of disorders such as aging, cancer, and neural disorders (Alzheimer’s disease and
Parkinson’s disease). In fact, elevated levels of ROS have been detected in almost all
cancers.? Therefore, it might be useful to develop prodrugs that can be transformed to active
drugs under cancer cell environments with high levels of ROS. We have developed a
mononuclear nonheme iron complex having O-alkyl resorufin via a propane linker as a
fluorescence probe for hydrogen peroxide (MBFhC3).> MBFhC3 reacts with hydrogen
peroxide to release a red-emitting fluorophore resorufin in seconds via oxidative cleavage of
the linker between the iron complex and resorufin. However, the conversion of MBFhC3 to
free resorufin is not quantitative. To improve the efficacy, we focused on the oxidative C-O
bond cleavage of benzylic groups, because Taki and Chang co-workers independently
reported fluorescence probes for iron, cobalt and copper ions, which release a fluorophore via
reductive dioxygen activation on the metal center followed by the oxidative C-O bond
cleavage of benzylic groups.*® In this study, we have prepared three derivatives of O-alkyl
resorufin having a metal chelator, and examined whether they can release resorufin in the
presence of glutathione (GSH) upon addition of hydrogen peroxide or peroxynitrite (Scheme
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Scheme 1. O-alkyl resorufin derivatives studied here.
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Extremely High Turnover for Direct Oxidation of
Benzene to Phenol with H,O, Catalyzed by
Dicopper Complexes
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Abstract: We found that direct oxidation of benzene to phenol with H,O, is rapidly and
efficiently catalyzed by a dicopper(Il) complex with 6-hpa ligand [Cu,(pn-OH)(6-hpa)](ClO4);
(1). The catalytic activity of 1 for the direct oxidation of benzene to phenol with H,O, at 50°C
in MeCN is extremely high where turnover frequency/1 h and total turnover number/30 h
exceeded 1000 and 12000, respectively. Here, we report the high reactivity, high selectivity,

and high efficiency of 1 for the catalysis of the conversion of benzene to phenol.

Although particulate methane monooxygenases catalyze conversion of methane to methanol
via O,-activation at the dicopper center,' yet a bio-inspired dicopper complex that can oxidize
low reactivity substrates, such as methane and benzene, has never been reported.

Recently, Fukuzumi and Itoh reported that mononuclear copper(Il)*
and nickel(Il)’ complexes, [Cu(MeCN)(tmpa)](C1O4), (2) and
[Ni(OAc)(tepa)](BPhy) (3) catalyze direct oxidation of benzene to
phenol with H,O,, where 3 showed the total turnover number (216
h) of 749. We applied bio-inspired copper complexes to this reaction,

and found extremely high activity.

Here, we report the synthesis, structure, and high reactivity of
dicopper(IT) complex with 6-hpa [Cu,(n-OH)(6-hpa)](ClO4); (1).
The catalytic activity of 1 for the direct oxidation of benzene to
phenol with H,O, at 50°C in MeCN is extremely high where
turnover frequency (h™") and total turnover number (30 h)
exceeded 1000 and 12000, respectively. The yield of 12000

oxidized product based on benzene consumed is 99%, E’

where the relative yield of phenol and benzoquinone is 96 §

and 4%, respectively. The H,O; efficiency is at most 50%, &

dependent on the amount of benzene used. The KIE value g

for CgHg/CgDg 1s 1.08. When H21802 was used, B0-atom ©

1nclc;rpolr§t1on rate in phen'ol is 952 % On addition of 20304080
H, "0, “O-atom was not incorporated into phenol. time (h)
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Can only ssDNA be detected by anionic gold nanoparticles?
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In the last decades there has been a drastic rise of studies about gold nanoparticles’ (AuNPs)
interaction with DNA. For example, a colorimetric method which quantifies the monomer-
AuNP interaction has been recently described.' One of the most interesting applications of the
interactions AuNPs-DNA lies in the ability of DNA to adsorb on the AuNP surface, giving the
complex increased stability to salt-induced aggregation.” This phenomenon allows to discern
between single stranded DNA and double stranded DNA, since the rigidity of the latter
minimizes interaction between the nucleobases and the gold surface, so it does not protect the
colloid from aggregation. However, when anionic AuNPs were added in samples containing
different dsSDNA concentrations and a fixed amount of salt (NaCl), it was observed that
aggregation did not happen after a certain DNA concentration. That fact, which was not
expected, has allowed us to develop a colorimetric detection protocol for dsDNA strands in
aqueous media. The main difference of our system with previous citrate capped AuNPs studies
lies in the fact that these works were centered in the detection of short chain ssDNA,’ while we
worked with calf thymus DNA (CT-DNA) (double-stranded, more than 10.000 bp). The method
was also applied to fragmented CT-DNA (around 1500 bp) with no result changes observed in
respect to those obtained with long CT-DNA.

In order to explain those results, it is important to note that numerous works about the effect of
the medium on DNA have been described up to date. For example, cationic gemini surfactants
cause a compaction of the structures, although this effect reverts at higher concentrations of
surfactant.* In the case of anionic silica nanoparticles, compaction is followed by unstabilization
of DNA at the higher particle concentrations.” In our case, the observed effect allows DNA to
accommodate cations and interact with AuNPs, in turn protecting the particles from the effects
of the salt, and works for both single and double stranded DNA chains. Furthermore, viscosity
and DLS studies show that anionic AuNPs, in ausence of salt, cause a bending effect over DNA
molecules.
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Playing 3D Templates in Nano/Micro Scales
- Block Copolymer, Algae, Diatom, and Protein -

Tomokazu Iyoda

Chemical Resources Laboratory, Tokyo Institute of Technology
JST-ERATO Supra-integrated Materials Project

Our motivation to develop templated materials in nano/micro scales is placed on
manufacturing processing as engineering materials so as to break stereotype of materials
science, which have achieved remarkable outcomes individually in all the fields classified by
the kinds of substances but often faced fatal difficulty in their own processes upon integration
with other materials and their technological transfer. Less care has been taken of applicability
of their fabrication processes than their new structures and properties, since they are scarcely
used as they are solely but often integrated with other known materials and technology. Most
of new functional materials have been created by accidental finding and its optimization in
time- and effort-consuming exploratory research. Development of their fabrication processes
integrated with other known materials almost holds true. Here, I would like to propose the
following process-directed materials harmoniously integrating plural required materials as
innovative exploratory research.

Herein, I would like to introduce our recent research on function-integrated
nano/micro-materials: The first is amphiphilic liquid crystalline block copolymer thin film
which shows perpendicularly oriented hexagonal cylindrical nanostructures with high aspect
ratio through liquid-crystal-induced microphase separation, which a wide variety of nanodot
and nanorod arrays are fabricated as a universal template processes. The second is mass
fabrication of one-handed metal microcoils biotemlated from coiled algae for chiral
metamaterials in teraheltz electromagnetic wave. The third is protein condensate
stoichiometrically mixed with PEO-based detergents, segregated from water and preserving
native activity.

[1] Chemically Directed Self-Assembly of Perpendicularly Aligned Cylinders by Liquid
Crystalline Block Copolymer, N. Yamashita S. Watanabe, K. Nagai, M. Komura, T.
Iyoda, K. Aida, Y. Tada, H. Yoshida, J. Mater. Chem. C, 3, 2837-2847 (2015).
Longitudinal and lateral integration of conducting polymer nanowire arrays via
block-copolymer-templated electropolymerization, H. Komiyama, M. Komura, Y.
Akimoto, K. Kamata, T. Iyoda, Chem. Mater., 27, 4972-4982 (2015).

[2] Single molecule electroluminescence and photoluminescence of polyfluorene unveils the
photophysics behind the green emission band, Y. Honmou, S. Hirata, H. Komiyama, J.
Hiyoshi, S. Kawauchi, T. Iyoda, M. Vacha, Nat. Commun., S5, 4666 (2014).

[3] Spirulina-templated metal microcoils with controlled helical structures for THz
electromagnetic responses, K. Kamata, Z. Piao, S. Suzuki, T. Fujimori, W. Tajiri, K.
Nagai, T. Iyoda, A. Yamada, T. Hayakawa, M. Ishiwara, S. Horaguchi, A. Belay, T.
Tanaka, K. Takano, M. Hangyo, Sci. Rep., 4, 4919 (2014).



Dynamic Self-Assembly Induced by Fluorocarbons
Applications in Materials Science and Medicine
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The dynamic self-assembly of locally interacting entities to form patterns with higher-
level structures and complexity plays an essential role in nature, science and
technology. We will show that fluorocarbons (FCs) can provide highly effective self-
assembling entities, either in the form of individual molecules or as large molecular
ensembles,’ owing to unique combination of properties, including extreme
hydrophobicity, Iipophobicitg, spreadability on aqueous surfaces and high volatility
relative to molecular weight.

We have recently established that attractive fluorine-fluorine interactions can arise
between a FC gas, perfluorohexane, and a C,Fz,+1-labelled compound across a
phospholipid monolayer, allowing recruitment and immobilisation of the fluorinated
compound in the phospholipid layer. This new phenomenon allowed preparation of
microbubbles loaded with a C,Fs-labelled hypoxia biomarker with potential applications
in diagnosis.® Further examples will show that controlling the kinetics of adsorption and
the structural organization of a variety of compounds (proteins, polymers, biomarkers,
etc.) and nanoparticles at interfaces self-assembled from phospholipids or other
surfactants using FC gases has potential applications in microbubble-mediated drug
delivery and ultrasound imaging,* as well as for the design of more effective lung
surfactant substitutes.®
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Molecular metamorphism through s-dimerization of
viologen radicals
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The ability to control the structure and organization of molecular materials has emerged
in the past decade as a major scientific objective that is mainly motivated by exciting
foreseeable applications in nanoscience. Enormous technologic interests are indeed at
stake in being able to devise molecular objects that could respond to external stimuli by
changes in structure and function. These particular properties can lead to applications in
various domains as (i) in molecular electronics, (i1) in analytic science, with switchable
hosts allowing the controlled binding/release of pollutants or drugs, (iii) in materials
science with the development of adaptive supramolecular polymers.

In this lecture, the syntheses and detailed physico-chemical properties of a series of
switchable molecular architectures whose movements are triggered by
electrochemically driven self-assembly of organic radicals will be presented.'™
Particular emphasis will be given to porphyrin based molecular tweezers allowing
redox-controlled binding/release of guest molecules or to control the organization
within self-assembled coordination polymers.”’ The dynamic properties of these redox-
responsive molecular architectures and molecular materials will mainly be discussed on
the basis of electrochemical, spectroelectrochemical and ESR experiments supported by
quantum chemical calculations.
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Playing with two metals cations and porphyrins : A new dynamic game
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ABSTRACT

Among the various strategies encountered in the supramolecular chemistry of
metalloporphyrins, axial ligation of an exogenous ligand to the metal cation bound in
the porphyrin N core is the most popular.' Very little attention, if any, has been paid to
the dynamic binding of metal cations (translocation) to the N core. In this context, we
have initially described the formation of a Pb(II) bimetallic porphyrin complex
according to a translocation-coupled transmetallation process:2 translocation of a lead
cation (Pbl) from the N-core of a
porphyrin to a hanging carboxylate
group is coupled to a transmetallation
process with a second lead cation
(Pb2). A novel hanging-atop
coordination mode in the dinuclear
species is responsible for the dynamic
and stereocontrolled binding of lead
to the porphyrin core.

We have extended these findings to Pb(Il), Bi(IIl), Cd(II) and TI(III/T) bimetallic
complexes of a bis-strapped porphyrin ligand with an overhanging COOH group on
each side of the macrocycle.”” In the presence of acetate anions, these complexes
exhibit a unique intraligand coupled migration process of the two metal ions, that
resembles the motion of spheres in a Newtow’s cradle device. The process is under
allosteric and/or acid-base control, and can be classified either as compartimentalized or
non compartimentalized translocations.

'2-ball' Newton's cradle-like devices
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Viologens undergo two reductions at a low redox potential and with a high degree of
reversibility. Three stable redox states are thus accessible, among which the radical cation is of
particular interest for its ability to form n-dimers under appropriate conditions.' These properties make
viologens the perfect candidate for the design of effective redox responsive materials. During the past
decade, viologens have been widely exploited as a key component in redox responsive molecular
machines” and materials, such as liquid crystals,’ with potential applications in optoelectronics,
conductive materials, and information storage. To be fully effective, the n-dimerization of viologens
requires a confined environment. Therefore, to favor n-dimerization, the choice of substituents on the
viologen is crucial. Our aim is to use the n-dimerization of viologens as the driving force for the
construction of molecular assemblies or as redox-triggered expandable and shrinkable structures and
to investigate the electrochemical responsiveness of discrete species of bis-viologens cyclophanes on
surfaces. Our latest results will be presented, including the preparation of bis-viologen cyclophanes.

Redox addre
contractile cyclop

' Bookman, T. M.; Kochi, J. K. J. Org. Chem. 1990, 55, 4127-4135.
? Fang, L.; Fahrenbach, A. C.; Trabolsi, A.; Botros, Y. Y.; Stoddart, J. F. Angew. Chem. Int. Ed. 2011, 50, 1805-1809.
? Tanabe, K.; Yasuda, T.; Yoshio, M.; Kato, T. Org. Lett. 2007, 9, 4271-4274.



Carbon Nanotube-Templated Synthesis of Covalent
Porphyrin Network for Oxygen Reduction Reaction
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The fabrication of functional hybrid materials that preserves and combines the properties of
their building blocks is a central issue of nanosciences. Among the different classes of
nanomaterials, carbon nanotubes are promising for electronics, catalysis and composite
applications. Within the context of sustainable development and renewable energy, we and
others envisioned the use of functionalized or doped carbon nanotubes in electrocatalytic
systems.'” In such systems, the catalytic sites need to be supported on conducting materials.
Carbon nanotubes, thanks to their electrical conductivity and their high surface area appear as
the ideal material for that purpose.

In actual proton exchange membrane fuel cell devices (PEMFC), the reactions at the
electrodes and in particular the reduction of oxygen is performed by platinum nanoparticles.
The cost of platinum encourages the development of new catalysts based on non-noble metals.
In nature, the reduction of oxygen is performed by iron porphyrins in the active center of
enzymes. Thus bio-inspired catalysts based on cobalt or iron macrocycles have been
extensively studied for oxygen reduction reaction (ORR).**

Here, we describe the formation of a covalent network of porphyrins around MWNTs. Our
approach is based on adsorption of ethynylporphyrins followed by the dimerization of the
triple bonds. The nanotube acts as a template for the formation of the polymeric layer. The
nanotube hybrids were characterized and tested for the ORR in a series of electrochemical
measurements in acidic conditions. Compared to similar systems in which monomeric
porphyrins are simply physisorbed, the nanotube hybrib showed a higher activity, a higher
current density, a lower overpotential and a four electrons reaction pathway.’

Figure. Representation of a MWNT with cobalt porphyrins polymerized at its surface for oxygen
reduction reaction.

References
(1) Zhang, W.; Sherrell, P.; Minett, A. 1.; Razal, J. M.; Chen, J. Energy Environ. Sci. 2010, 3, 1286-1293.
(2) Morozan, A.; Jousselme, B.; Palacin, S. Energy Environ. Sci. 2011, 4, 1238-1254.
(3) Zagal, J. H.; Griveau, S.; Silva, J. F.; Nyokong, T.; Bedioui, F. Coord. Chem. Rev. 2010, 254, 2755-2791.
(4) Morozan, A.; Campidelli, S.; Filoramo, A.; Jousselme, B.; Palacin, S. Carbon 2011, 49, 4839-4847.
(5) Hijazi, I.; Bourgeteau, T.; Cornut, R.; Morozan, A.; Filoramo, A.; Leroy, J.; Derycke, V.; Jousselme, B.;
Campidelli, S. J. Am. Chem. Soc. 2014, 136, 6348-6354.



Non-noble metal Electrocatalysts for Hydrogen economy

Bruno Jousselme

IRAMIS, NIMBE/UMR 3685, LICSEN, CEA Saclay, F-91191 Gif sur Yvette, France

E-mail: Bruno.jousselme @cea.fr

Electrolysers and Fuel cells are important devices for the development of sustainable energy
conversion and storage and have the potential to revolutionize the way we power our Society, offering
cleaner, more efficient alternatives to the combustion of gasoline and other fossil fuels. However, the
viability of an economy based on hydrogen is related to the development of catalysts without scarce,
expensive noble platinum group metals catalysts (PGM) Pt, Ir and Ru) as presently used. Thus one of
the first objectives of the LICSEN group with collaborators is to develop new, cheap, efficient and
stable catalysts based on carbon nanotubes for cathodes and anodes of fuel cells and electrolysers.
Thus, the catalytic activity for both the production and the uptake of hydrogen of nickel-based bio-
inspired catalysts covalently bound on carbon nanotubes'” will be presented. This extremely stable
material operates in highly acidic environment and is compatible with the Nafion® membranes.
Moreover, they are highly selective with the substrate unlike platinum nanoparticles which are
irreversibly polluted by gases or organic traces. Similarly, new materials for oxygen reduction reaction
(ORRY’ still based on modified carbon nanotubes will be discussed. These catalysts were synthesized
by heat treatment of a mixture of carbon nanotubes, a nitrogen precursor and with or without a non-
noble metal catalyst.*> ORR activities studied by electrochemistry show really good performances for
N-enriched carbon nanotubes in basic condition but in acidic condition, catalysts present still a high
overpotential with a number of electrons involved below four. Recently, nickel molecular H, oxidation
catalysts and noble metal-free O,-reducing materials were combined, to fabricate a noble metal-free
PEMEC, with an 0.74 V open circuit voltage and a 23 pW cm > output power under technologically
relevant conditions.® In a second part of the talk, Photoelectrochemical (PEC) cells for solar hydrogen
production will be discussed. PECs are studied in many configurations and photoelectrodes are mainly
constructed with crystalline semiconductors and/or rare materials. With the objective of producing
hydrogen at a lower cost than fossil fuels, organic semiconductors (P3HT:PCBM bulk heterojunction)
have been coupled to a noble metal-free low-cost catalyst (MoS3) for proton reduction. Tested in a
three-clectrode configuration this photocathode performed the hydrogen evolution reaction (HER) at
the reversible hydrogen electrode (RHE) potential with 50 pA cm 2. 180 pA cm > were obtained when
MoS; was mixed with TiO, to enhance electronic transfer between P3HT:PCBM and MoS3.” To
further improve the performances, we sought to increase this charge transfer between P3HT:PCBM
and MoS; with different interfacial layers. With an organic layer the performances were greatly
enhanced: 1.8 mA cm” at RHE potential were obtained. A metallic interfacial layer made the
photocurrent increase to 8 mA ¢cm * with an anodic shift of the HER onset potential of 0.6 V, close to
the Voc of the P3HT:PCBM solar cell.® Recently, the performance and stability of
P3HT:PCBM\MoS3-based photocathodes were considerably improved by changing the hole-
extracting layer (HEL).
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R AL 23 BRI 22 L TV DML 2 v T 280t 7 — 7 2 FRLL . A ICBRYE LTz
R 2 A A=Y ZHEEEZHWT, invivo (EERZOEF) 28T 205 MIEOEERF
il 2Ll Ui, ARGy 7 v — 7SR AR D3 AFAE S 2 7 E DMLk~ D B IRA L 23 T & 5 (14
HERL, BEEPTHIT CORENLEIET DAL v THREOLMAIAETND Z & T, E LS
PEZ BRI TE D 2 & 2R LT, 70, 8068 U7 BIZ X 0 ERHIIEZ Z ~ b L,
BOF 7 m—T L@ R EOENY 7TV ERRECHET 2 2 LT Mo RTELL &I
P Z ) TV Z A LTEBAL L, B E2ENT RS & s LEIEMRHEISH TR Th 5
LxRLT,

Glucose transporter 4 (GLUT4) &A@ NEIHEDS AR DR A F AKX o A DHEFFICHMADEHED—
DOTH D, GLUT4 1E, NERMEHZFOIERE THY . A 2 U VRIIC L0 | MR
ITLZNa—2ZWMY AL I EBRMONTWD, ZOHIdNEIRED RE 1T 2 BB RIF O JRIA & 72
Db, B ORI AEMBT: - EFEORICBT O RERFEL Lo TV D, Ll
236, GLUT4 @ N fEARBESIE, MRNBEIRE~OXENCE L Cidimend v, B ST
W, £ T, HE OV LIEERE 7 ~WEIETH D PYP (Photoactive yellow protein) %
TN A A=V T EHEIGH LT, GLUT4 O8iEZ af ks 2 & & bic, N AT O
BB 2~ T, R, BEREIREE TITZFFEOEME T, PYP & 7 & OERRSUGIZEWEOGRE 2 B 5 S
w5 7T e—7) 2L, Bl2oE SN L TAMBNOEAEZ Al b2 &1z
LTS, RBFETIE, BRLIEREOHENCERT HLEBOREN T v —T 252 LT,
GLUT4 OENEED IR ZEM A A — T TEM ORI 21T > 72, Z O 200 U, SRR E A &
GLUT4 B8 R RS Bfk 2 FI VAT BUEAENT 95 2 & T, GLUT4 @ N #5& T gH oM fa N B g2 ¥
T AMERE A BT LT,
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“Real-time Intravital Imaging of pH Variation Associated with Osteoclast Activity”, Nat. Chem. Biol., 12,
579-585 (2016).
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GLUT4 N-Glycosylation in Intracellular Trafficking”, Nat. Chem. Biol., 12, 853-859 (2016).
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1. FHEEEC X D&

AFNARUFH R RS, g, Ve EORfTE THREEE L, WHiEEr it
T5Z LI Ko TERREIZERITROWEOLEaFELHEL Z LICIILEZ, 22
THEEZROIX, BERTTHLIMAESY V2T 8I2L-T, ETERE
AL LTOHRESETWL 2L TH D, —EHOLEWE IV TOSTED Hifg Dk
e, QM E R OBIRE 3D A A—Y 7, @~/VF AT —STED A A —
> 7, @M ORRRHER 72 SN LT,

2. VoFXRTvFEax Yo7 B

XY T BRI OBERTERkL AT ol FICEE L 5 2 L TER
TN 5T 52N TE D, Fxld, VoAFT NCEBLIET VA
LA 13600 nm LA EDO R R SEBICRING LK A2 o2 LA R L
Too FERICE =4 I ERICOWTHRET L72#ESR, 700 nm BA EOUERAMEE T
FBHREVZ MLeZ M, —0F LV THBO TEWRLEEEZ AT 5
ZEEHLMNT LT,

[1] E. Yamaguchi et al., Angew. Chem. Int. Ed., 54,4539-4543 (2015).
[2] C. Wang et al., Angew. Chem. Int. Ed., 54, 15213-15217 (2015).
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[1] Fujita and Ohno, Biopolymers. 93, 1093-1099
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JCEBA D Z L TSRS EIETERRIEAREE DI Fig 2 Structure of 1.
DHIfFIN D, Fexld, BWIRT T
222 E T % 6-hpa Bl + D 4[5S o, .
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K& (Fig. 3), F 72 CeHe/CsDs @ KIE i, 0 ——s5—s—a—50

R B 2R OB U EARD K time (h)
RO, USROS, T2 Tine e oot b 08
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T& 7= (Kurokawa, et al., in revision) .

(B) EFEOMHFKEANIZ, DNA Lo VI8 TF U wmmE Anbd &, 2
JarNERLZENHFRD, A AORGRDZI 7 a VI LT, RE O
PERZPE LIRER, 27 a7 VoI A4 Aokl LT ER L,
BEDIK) 60 um TIF SV 7 FVOFEMEROK) TREOM S 2 Ff>Z & &2 L L7z,
Tk, IREER T VORBHEEZEDL Y v 7 AEREHET 52 & %
RIE LT 5 (Sakai, et al., submitted)
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1. #E

HE B4R TH D cisplatine <° oxaliplatin 72 £ 1% DNA (Z#E< A L TE
DEBAEHE L, DAMBOMIEZ G 5, ZIVDI3k~ RN IR Z2 T
7=, FURAAIE L TR BRRFIA SN CE 7228, EFMIcb/ER L, R,
e, BB & O EWER 279,

Z 2T A IZRWER O 72 N T2 2B
AFIDOBFEZ BHE L. Fig. 1 IR T k% 72

:*Zﬂﬁ@ﬂ{ﬁ%%ﬁ%ﬁ% LTC&7, 72, DA (\\N OH N/> Me.[ j Me
MR ER AN & 13, () R - & T &, 2
B H0,. (2) $08k78 & DT & OB i o A

Z o, F Z T Hy0, 12 L 5 DNA Of{ky)

W7 2 (Rt % 4 B B IR 2 B % C X Ui, Al Y@Y

IEFIOD/RVHRAFIOBIEIC o225 L o W1 I o vA)
LEZOND, AEL HBT I FRIE (N N§2<2~ !
BT - Hbcamide 2 & L. =0 _izggs " W Fhemide: |
K73 HyO, 777E . i@\ DNA BR{LUIWms M _ ” [
o L?:é)ﬁi&%;%bo Fig. 1 LB Db

2. WMEBIUOELE

Fig. 1 ® Hbemp, HMesbemp, Hbee 72 & D7 X U " RZAVENL F O 12 8ids AR 13
H,0, 12 & 5 DNA GIEHEMEME S . 2 E TIZE G SN TW A5 & FIERIC,
TS DEEERNH0, ESUGT DI EICE VLR L CWD B XTI, T 2T,
AR TIERF v M AT I FES THEA S8 72 RN T & B (2B %
L7c, T O “BEEERIE HoO, & B LT H 3. &V DNA SIE M2 7R~
L7c, 2 ORI HyOp 36 X OBEADIREIZ{KAF L T DNA OUIWEMENZ{b+
% Z L L7e, £ @ DNA k)

MTIC X % Form I ERGHIED IO, o0 | o
FERAFME% Fig. 2 1279, 600 &v = 80 |

5 JEH (USRI T DNA O Form11 £ €0 Pt
28 90%LL FAERL L. 120 43 T Form III :40‘ =375 uM
NEMTHZ EHIHLMNI T, z 20 =500 M
INHDOZ END, IO KEHREER 0" '

[E23 A MBS AETE T D Hy0, & KU @ <0 4 el

~ N . Time (min)
L7 EICORITEREZRL, D
FEHNZ BV DNA B L Y MHE M 2 4 Fig. 2 bcamide O _IEHSERDIFIET
T4 LR . BER O (CHT D DNA BREYIENC L 5 Form 11

Ao s L E NG,  FIUEED HO REKTEHE
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1. 5

T, Bus AR DOIFFEIZ 35T G-quadruplex DNA 237EH STV 5,
G-quaruplex DNA (7 1 A 7 SHISUCAE(E L 23 A OFEBLREICBI G LTy
57 mE—F BN THLMHET DI ERME SN TN D, £ 2 TERMIC
G-quadruplex DNA & &4 DILEMREDBE N ED b TWD, T EBER
PERIE DNA 2K R E 72 3BT Ko TN 2 SOG 2R3 5 F 03 5
NTW5D, Fex X ZALETIS, FrRAIZ DNA 2 U89 5 2 & 3 T& 2 8K
ZBIF L C& 7z, ARBFIETIL. G-quadruplex DNA Z3BIRIZEGFRT 5 Z LIk
Y G-quadruplex DNA |Z %14 53R % [0 B S8, DSAMILO DNA & 55791
OIWr9 2 i8R R OBF A~ B L7-, 4 liX, dibenzoimidazolylphenyl #§i& %
> G-quadruplex DNA O %5 S HJFEEEINL 2 AT HEAT 252 B9 & LTE
B 1 (Fig. D AR % AT D THET 5,

2. FEhR

dimethyl 5-hydroxyisophthalate & J5iUEl & U T & 3 & 3 BEEORIS THAM L
720 IRIZ 2-hydroxyethylpiperazine % J5UEk & L C 2 BEMED UL T/ T 2GR L
72, S BIT Scheme 1 I{RTUSITIHNWT, 3 & T xffig S, SbiCZnaz
K[ T 22 L2 LY BROEY 1 ORIBKMETH 2 HBULEY 9 2GR LT,

3. FER L BE

FglK%ﬁké%l%é@#ék@m%&%@éﬁiﬁ%ﬁotoikF%
2 VTR TAL AW 2 1FEERN D FFEIHE > TER LT ALAW 1 ORIBMATH 215
Y 9 13{bEW 3 LALEW T DREEIZ L D AR L72(Scheme 1 /), Z Z Tl {1k
AW 3,7,9 DEFRIZHOWTCREIR T 5,

IbEW 3 DAL« 5-hydroxyisophthalic acid & filif&: O ATEE 2 MeOH (21 2
TINENS 5 & A TF VT X7 )V 4 B3R LT, Z L% propagyl bromide & i &,
IKEER A 7 o N AL LT 5 #4572, 5 % THF (2% 72 L, LiAlH, T LT
E R URTHD 6 2457-, 6 & CH,CLH, PCC THILL TY 7T E KIK
ThD 3 55T,

{bE% 7 DA RK - 1-(2-hydroxyethyl)piperazine & 5-chloro-2-nitroaniline % K,COj3
OFFTE F.DMF H1,110°C T—M s SEHE=tmT7 =V K8 BER LT,
8 % EtOH (Z¥A/ L, PA/C =N Z., KBEWMLTT 257,

EEW9 DERL: 3 & 7 % EtOH IZA, NaxS$h0s F71E . 2250 F ThUG &8
L& HROIEM 9 N EHNT,

=

i

OH H

j L NN NN
(\N
S
WL ow WY sHa
L5
o n\/\o/\/o\/\N’N\‘N M\ hw k/N‘M H’N\)
E&o{;g Figure 2. Chemical structure of 2.
~
H\N(\Nj OH EN/ﬁN’H Nt o~ NYé\:N
N Nz 8,505 N .
k/N\H H,N\) @ 0HC©CHO : HO’\'NCN_@NN’ %‘ (—NQ-NH "N-@Nx
N O Q
k,u Ho™~ “on

3 7 9

Scheme 1. Synthetic scheme of 9.

'OH

Figure 1. Chemical structure of 1.
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ILVEREEFE (ROS, Reactive Oxygen Species) [FAEKIN T~ 1 7 7 — U041
RN D N7 T VT HFET 572012 NADPH 4 F v & —EBIZ L - TAFES
DD, FDOMD ROS ITAEKNDERITHNZ X > T D W ITEESR DR TS DE
AR E LTI L DNA IECHIfEZ 5| S B2 b TE iz, iTFE D
NHITIAT, w7 u 77— P ERDS O O 2ME L~ r 0 H0, %2
MO EICED L v 7T VimEE E LTAREL, U kiR
ZIEMALT D Z ERH BN INERZHE D TV AH(S. G. Rhee, Science, 2006,
312, 1882).

Bxld, 2o I mEmEE L TAE

. . 0 O(CH3)y~n~
Eéﬂémwwﬁ%4f—vyﬁ%mﬁOT:[I:T erﬁQ)

S cIT
L, B EBER AT 7 LB R A U L7 6 N X'w
JBESEAR H,0, 67 1 — 7 CT& 5 MBFh n =2 (MBFhC2)
n =3 (MBFhC3; MBFh2)
( Metal Based Fluorescent Probe for n =4 (MBFhC4)

Hydrogen Peroxide) Z#t% L C & 72 (4nal. Chem., 2011; Chem. Commun., 2013; Bull.
Chem. Soc. Jpn., 2014). ¥§lZ, MBFh2 (MBFhC3) (IMifulE&iEHf CHLEThH
D, LRAIIEEER T OB XD A431 MRS EAT D H0, 2 80T 5
ZEMNTES.

AR TIL, BB LBEEEREE _8000
TIOVEER & T tH (0-77 v
FNLLINT 4) EEBEST
VX VR OB DB AR

(MBFhC2 # & U* MBFhC4) #
BITZICER L, H0, HHIGH s00 7;0 1000

& &t ﬁﬁ L. ©o ﬁj: % ’ [Figure. Time-course of the fluorescence re::]es:so)f:\mh (5 uM) to H,0,(100 pM).

MBFhC2 % 0.5 pM @ H,O, (Z%F
LTHHRELSFROHEAEME L VIV T 4 AR L, E O2hRITEEH O MBFhC3

(MBFh2) O 9f5ThHoHZ xR LT,

MBFhC2

N
o
o
o

4000F
MBFhC4

MBFhC3

A4

Fluorescent Intensity (a.u.)

o

W\\?

o
N
w
o
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BELQLOBFRREZEH T HHEBRICKDEERZD
HEBFUVEREBILETERM E DHERE
mA S Bk
BARFRFPE LR
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TEHEREERE D~ CTh D A— = FF A KT =42 T PH M0, )L, EIT
S har R T OEFCERPORIERY E UTAERKL, MRIZEEA F L2
EHZDZEPMONTND. D 0y ZKEBIBILKFRITAE LT DA — 33—
FF¥ T KT 4 A L2 —ESODNEMEZ AT 55 F1%, MlRANOEELA b L X A%
W22 E06, filbHl e L COHAREFEIN TS, ZHETIZ, A
FERTIE, WAVRFH I N7 =4 VBN 2T 585K L OZF0H %%ﬂ
SOD iEMEEFTHZ EaHELTWD. £, ZTOIEMHEITERLETENM I IED
U7 T AN BTS2 EVHBI L7E[1]. L L, T4 SODIEMHE AT S
&JRIERPEITTAFE T, MEEETTL, IEERIEMmEELERT S 2 L THillec
FRfbA MLV AZE 2D ERMESINTWVWD[R]. £2 T, SODIEEEHT L7
RBEREEFE -7 4 FEOSSEEREZ R, BILHITHHT AL v BRFTE
T, MROBETIEMEZ AN U2 R, EEAD RS SWIEEZ R~ EO
FERE BTz, L EOREEMN S, ARBFZETHU - 138-226 mV vs. NHE O i
DORRbIEITCEN 2 A3 28RS TIE, 8k 2 MR ZE ThH 5 = b m BN,
SOD {EMEA R <, B2, IBILAITFAE FICB W T HIEMERRSRE 2 A/ L2212,
AN OTEMEFR R IR 2 e b VR ICIR T S8 2 Z i s D, ABEKRT
1%, 4FEOEREHAD SOD JEMEF L OWEFE DR ITIEMEZ T T2 <, EEMNO
TR BRSOV T O MET 5.

SODJEE B ETEN
7.2F
g‘\% T 71k { o R < -
% R=NOj |
eq,c| §_=7|’.
o . -
d 26y R=0Me RiH* 5fR=0Me R.C:'{zNO,
e'(dpag®)ciicl b of s
R= OM ,H, Cl and NO,) o8

" i " £ .
120 140 160 180 200 220 240 120 140 160 180 200 220 240
Redox potential (mV vs. NHE) Redox potential (mV vs, NHE}

275 Sk
1. Y. Hitomi et al., Chem. Commun., 2015, 51, 8702-8704.
2. 1. Batinic-Haberle et al., Inorg. Chem., 2014, 53, 11467-11483.
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72 /BEHBEE LR v —: LCST o) BEHIE & HIRE B 5+ D&l
OXR BT - FHifhE - TEEZ

[FlSAE RS BRLAEER BERE s 7 - R bt
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(=]

INETIT I/ BARE=ALRY ~—NREISEMZ Rt L2 R LT
7z, F72. AWAT I oOREEIZ o T LCST B<° UCST AUz Bkk %
BEHTEDHZ L, SHICERLT IV BEOLESLIC LV FHIEBIRE 2 ATE
IZHEICE 2 Z EZHOLMNI LTn, Fx L Z OREWE S EIAFHEIZER L.
FLnA~— hREOFAMZ HIE Lz, BRI, Rimbiihs ATRP Bl kb
T Bk = AR v —& &I 5 5L (Fig 1) Z8H L. ZORERNE
PEDIRF 72 & NS RE = B ~ DI il 7=,

[FE 5L & B 5

HIAREIT 7=BLO07 ) vk =1%F 7 ~—(NAAMe, NAGMe)
ZREBEM ATRP (2L 0 7T 7 b9 252 & CREGEMDOREAIH-7-, BES
DOHEFTIX, ATR FT-IR A7 MV X OER LTz, kL@ +7 7 v DF ¥
F 78— g 0%, 'NMR 22 hL2R 5 TNC GPC IZ L W iTHo T, £7-.
KWK O WEEREIC LY., LCST T F L F 1 PNAAMe T 17 °C.
poly(NAAMe0.70-co-NAGMe0.30) 1Z. 22°C . poly(NAAMe0.66-co-NAGMe0.34)
1L 25°C THDHZ N, 77U rOBEANTEIREM~7 kLT,

WA 8157 TAE AR 1 OIS S B 2 iR TP R a v E S L Dl A I E L K 0 G
L7, EDOMBLDEEM HILE LR - TEAA N/ NS <20 | RS BKT
b3 BLCST RIDIE Az E %2R L
Tro BHBRIRNZ L2, FHZ 77 bR
J=—IlZBWTH 7 U v OFREEN
REL DI EHBIREN EFH L, K
HFTOLCST Exflia L TWb, 2O X
HZ. HELHIC L > THRE O AR
DIREHIZHIBE TE D Z Lo Tz,
I 25 Hb b T~ 7 A SR ME 3
MR AR LTz, EREoftR, £ N e
MIAR L BEINTZZ b, 20 i*? _—
FMATHAR T Z A L TR &l
L7z, &5, avvimiEAD O
T4 BERESEE L7104 °C DFETE
WM 2 3G S5 STy — b
WA HIBE L 7= (Fig. 1) , 72, AU ~—
OFEFE (EBIEE) ICX U RBHRE L RIERRETH D Z ENPFA LN T,

ey VR Ag |
7C
“

N

cooling
(T<T)

Fig. 1 Molecular structure of
polymer brushes and cell-sheet
detachment by phase transition.
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(] Fxld=woclaE st ez 3V ¥ — %2R L CGEEIT 551
VAT A~ORERZSIEIC, BOMBRIEST T REIGH LA Ka 7 uvkrkt
DB EZED TWDH, NLXTF R, 7 I BBELHINT L0 SRS & HE <05
WISEMA B2 R GIZFEBLTE D, A TITE CHMB(L~TF N & 7 VE
ICEAT L ETHOEAER Y NI T L= RDH LNZ A T D
A R NVOREEIToTe, TIUH T VO pH ISEMESCHMEZ HET 5,

(FEREEBE] WMl TFA—VEEZA L, HCEASHORLRD 2HBEDORTF R
CEsC BL U CLE)C Zif L7z, bz~ LA I NES 4 /3l PEG & Kt
SHDHZETFERERANA RV (s, Loy i Lo, F 72 AR D

WZF A —NVE%2HT 5 CLE), & 4 573
M PEG RimlZHEA LTZ 2wk (H CAHAR
L7 )b AR LT (Figure 1), {52845
T 1gg KM Ly XXy NT—7 T -
— LD ZREEE(T X LA
o B-Tr— MIZEESWT pH AR 7288
UHEZE 2R LTc, — . 2ums 1.
pH ZAbiZxt L CRIRIIC Y L — 7 LR
BERTZENDNhoTz, NA Ruarv
(2 Wt%) DETRER MR (G) D pH K A7 %
FREt L7z, pH 6 {137 Tl G’1% 20 Pa
REDY WVIRIEETH 7223 pH 5 1%
BElZ Iz HEM L, pH 3 131 Tl 650 Pa
Ligotz, O pH HEHBIZATF RO T
VHE DT o B-— MEBE R
pH & L<HIELTERY, XTF KD p-
= NMERIZ L0 Al R 2R G R T
SN TWDHZ EERLTWS, Fo
RIRNZ LAY IVIRTED 20k T ERMEIC
T 5 LRI b L, pH ZAkIZk L
TEBISET D EnbhoTz,

Cys-Glu;-Cys

e

cys-(Leu-GIu);Cy: ‘('\ftt?
ot

Cys-(Leu-Glu),
1

&iﬁ“ﬁ;@

PEG-4AMAL ;

TCEP in NaOHaq
24h . 1t

Tes, Tgpe
iy 1 - = >
pH
>
-— » L O
( £ -
1t
Self-assembling
2 PEG-4MAL  peptide
(LEW \ )
.\ _ \K v
K N =N

Bl uff ¢ .
o N
o, S R

; & n "

pH .
- —
Figure 1. Schematic illustration for the synthesis of

pH-responsive  peptide-hydrogels  with  self-
assembling network frame.
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[#51]

2002 4F, — ALK FE(CO)VDMER U X AOGRENCBE G35 2 L ms shi ),
Lm%/E%WCWEL#ﬁTL@VCOﬁ%HUXA@%@K%WTE@ii
BN D DI OFEMIIRIEHEI S TWRW, RBFFETIEX. A CO
BRESFTHD hemoCD (BRLT7 4 V> [ vr7uFxx Y U EAR %
~ U ZEREICERE L, AIRYE CO ZBRE LTCBROKEHEIR T #E(Perl, Per2, Cryl,
Cry2) ® mRNA R EB&EZ U T VZ A A @@g o
PCR {£IZ & 0 JUE L 7= (Figure 1), CO Br i MS Study on the role of CO
FIC & BEH CO ML & FEFHD X °] f;mmmmmmmw“mk
LEEOBEIZ OV T, FEM 7oA 2 iR Figure 1. CO receptor “hemoCD” for investigation of the

ST physiological role of CO.
[ s L OB 23]
hemoCD %5 L7~ v ADFENIZE < : s
W, FFRHBFREORBL &L — B L . gjg == hemoCD
EHEARo T, G 4 MG ECHY T .
5 LD REEAVE B (Figure 2), BV S |
T hemoCD #2512 & Il CO M 25k % E%??F%'?@ZE?F%

*ﬂi ni‘ L 7:_ CE 5 #X‘A’ﬁ:‘; 30 T& @H$HJ§2W T CO administration of hemoCD (14:30)

Figure 2. The mRNA levels for the clock gene (Perl)

B3I U h 3 5 O ATHgPN TIidsg i in the miceliver.
THZENDPoTZ, ZNEY, ~ T AMH CO ZERET 5 &fFEN CO BEIX
B N THIL, 20U U TREHER OB EN (LT D 2 L VR
STz, RWFZEICZE Y in vivo TO CO BV BANKFEH Y X AR E L MK
ETZERPIDOTH LN E o7z,

[ 2% k]

1) E. M. Dioum, J. Rutter, J. R. Tuckerman, G. Gonzalez, M. Gilles-Gonzalez, S. L. McKnight, Science,
2002, 75, 2385.

2) H.Kitagishi, S. Minegishi, A. Yumura, S. Negi, S. Taketani, Y. Amagase, Y. Mizukawa,
T. Urushidani, Y. Sugiura, K. Kano, J. Am. Chem. Soc. 2016, 138, 5417.

3) S. Minegishi, A. Yumura, H. Miyoshi, S. Negi, S. Taketani, R. Motterlini, R. Foresti, K. Kano,
H. Kitagishi, J. Am. Chem. Soc. 2017, ASAP.



FEMRKFT SN, F A= A 2 —
FLREEMS THIL B I ERE D 72 8 D4k F 80l 0 Bl 7 JL S T %
2016 FFE WG S

PO 8

RIFRMA X XFA—)JL 24S-hydroxycholesterol [2& 3
HRRE A DX LOBEI

T B 2R
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dF A A AT 1 — )L Tdh 5 24S-hydroxycholesterol (24S-0HC) IXAXN
Dab AT a—/UWEFEEZ RO ETEHEEREHIZR LTS, =TTy
A =g (AD) SCEREFRAVE B ONE IR CHINT 5 Z EMEINT
W5, F£77, 24S-0HC DA RN#3% TodH 5 cholesterol 24-hydroxylase MDZHIMN
AD FIEDSERRIA 7 & L THE I TI Y, 24S-0HC & AD OFSECHEST & DB
DRIBE N TND.

I FETH AT, b MEREIEMACE SH-SY5Y MR\ T, wFEl7e 24S-0HC
NI A=V IEEAFIE T 1 7T LHIIASE CTH 5D necroptosis FEDMIALIE % 555
THZE, IHIZHIHEPE T acyl-CoA:cholesterol acyltransferase 1 (ACAT1)
(ZXV AT LTz 24S-OHC &R T 2 Z L 2R L7, ARUFIETITZ DM
FABEA T = X BZOWTHLMNCT D2 E2AME L, LLFOffTE2{T-7=.

F PRSI ERE LR ICE A L, HPLC 550 DART B &0k % AW CHIE
L=k 24, MR EEIEICBW T 4 FEOREFHARAFIEIIER ) = 2 7 )Lk
A LT 24S-0HC AT RN ERE L TWDH Z EEALMMNI L. FESNEZAE
HENIEE A 24S-0HC & [RIRFIRINT 5 LML L2 Z & D, FREDFE Tl
72, &RE LT 24S-0HC = AT I/URNERET 5 Z L M2 %5855 &
X BT, WIZEFBEMEEIC L ABIZ3T\\ T, 24S-0HC ALBEAM e CIIAER AR
W& DIEA & /MR O R L2 BIE S 4, ACAT FHEHIC LY 2 b O
ORI ME S D Z L2 AR Lz, MMaEEEoZRnB O b2 &b
IR A R LV RAIZOWTHATLIZEZ A, ARLAIREZEELTHDLND
unfolded protein response (UPR) fRE&DIEMEALAER I 4172, F 72 ACAT BHE
FIAVERIZ I 0 UPR OIEPEIL2M G S 7= 2 & D, 24S-0HC D= 27 AKIZfE -
T/PEA RV ARAELCTWDL Z RGN E o7, UL EOREFED G, ACAT
IZE D = 2T b &7z 24S-0HC AN L, BF 7B EZ KT 5 Z
EDNEEA NV AEFESTHZ LT, MIENS] X SN D AREERE 2
b7z,
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[#F7E A #Y]
AR, WiEh T 4 H—H LRI
(ZFP)IZHI R NI B W THR B > 7 sp1-F123 </_\H> <A‘> </\>
TW%"%?6FVF/&X 2 ST ST
4’ /%J DX 9 foﬁ %‘:%7’; LW *p1P1 _Spi2 Sp1F3
A A[REMEN RIA X ﬂ“(‘ W5, A W Sp1-F1: QHI__|C|HIQG|C | GKVYGKTSHLRA
Tl 3 DOT A = FAA & oy — B f,iim

AL, LRy 7 ApEkEL Wb T
W% Spl ZFP & AV, %7 4 v — oS R KKEA

TWSY|A |GKRFTRSDELQR KRT TGE
PE* *|A PKRFMRSDHLSK IKT QNKKY

A
A

]\v )( /]1 \/:135 J: U\ 3 7 /r \/7’\7“—‘{2&0)1:% Sp1-F2(M4A): RPFA | C|TWSY|C GKRFTRSDELQR
Lj:s J: U\Eﬁ"ft}im'l‘i%iﬁg'l‘i DNA Sp1-F3(M13A): KKFA | C|PE* *|C PKRFARSDHLSK KT [l QNKKY
A}
- _ Figure 1. Sp1 zinc finger protein (Sp1-F123) with 3 zinc finger domains.
F{Il\ﬁlé Z DO T *ﬁ Ed‘ %?T D 71::0 Each domain has a typicall Cys,His,-type zinc finger motif as a DNA-

binding domain. (A) Primary sequence of each Sp1 finger domain (Sp1-F1

(red), Sp1-F2 (green), and Sp1-F3 (blue)). (B) Primary sequence of mutant
”ﬁﬂﬁ]ﬁ] peptides of Sp1-F2 and F3 (Sp1-F2(AAHH), F3(AAHH), F2(M4A), and

F3(M13A)). Mutated amino acid residue is heighted by red color. Cys and

% - 4 V4 jJ — ]\ )( /r / j’ ZD His residues participating the Zn(1Il) coordination are vellow and blue boxed.
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Table 1 log Py/s of ionic liquids

log Pyys
Tonic liquid
DPPG DPPE/DPPG
[emim][BF,] 2.41 2.49
[hmim][BF,] 2.38 2.45
[omim][BF,] 2.36 2.37
(a) 26 b) 14
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Fig.1 Difference in phase transition temperature between vesicle and vesicle

with ionic liquid (a)DPPG (b)DPPE/DPPG
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[ 2 36 2 LIRENC (LA A B 5 218 ] O FEREIZ AR AE L C R 72 [ /X
Z—rPAECLHZEZ A LIEOTRET 5.

[52BRk] EBRIERE % Fig1,2 (2R3 .Fig2 O SEBRE] T, FEEREERT oo FEEE 2 Bk X
Bl b sERLE 03)57@’55?55% L7,

[R5 & & 22] Fig3 I3 L 2 — X OREGIREN T D3I ¥ — 2 ORFZEf]
2y FaLd LT EE%E%tmjtéﬁt & E1T0.1m LU OFEfETIE 1:1 Hpﬂ L.
0.1~0.2m DOEHETIX 1:22 ORIBINEL Z > TV D Z EBRL)D D 708
[FIRRDIRBNLL 2N R S 723 Gk 2 Z 4 HEE I AL R o Tz, JVL@L%TI
% Fig.4 (2" 7 Figd L0 BEBEZERM O K 255051 L S OfLE 2 2 S 7= 2
LD, fha LTSI IRE FIXBREOFHREF > TWoH & EADND.

[5&3Cik]

T. Kousaka, H. Kawakami and T. Ueta; Synchronization of electric fireflies by using

square wave generators, IEICE Trans. Fundamentals, vol. E81-A, No.4 1998.
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Fig.3 Lighting rhythm due to the distance

2

/ /

1:1 4 1:2 4 Quasi period

Circuit 1 ’ Circuit 2 ‘

A\ N NPT v \ distance

Fig.2 Experimental Setup. Fig.4 Phase diagram
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(et 5 15] %@H#Faﬁ}i%ﬁﬁﬁﬁ imﬂzn%ﬁfﬁ{tﬂ% D DOfffT FiE L LT,
W DIRMEE R 2 RN ¢ Z &Il 92 & T, e w4 2 51,
Time delay map %’:%Hﬂ L7-. T1me delay map DAERTFEZ X 1 IZRT.

[FEH L BER] FERRITERTT L7 Woodbase DAEFT & &5 7 /v~ MEWKH T
Y, HEH, T #k’ﬁ& T TR 2 T o7, — Bl LT, t=1.1lms D

S EE 4y O Time delay map Z[¥ 2 (2R3, KIZ, {ERK L72 Time delay map % &

BT 5H7EE LT, A=A b DAY dnllx, e XM T 0%
ERT 5. —f#ilE LT, t=1.1ms ®'FEHES O Time delay map & A k77 A
IEL7Zb D& 37T, A@IEE t O ORI 42 £

4 3.4)

(a) 1 () 4 %

© 3
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Fig.. 1 Scheme of the analysis of degree of symmetry breaking of time-translation, as exemplified on
the case of sawtooth wave pattern: (a)Time profile,(b)Time delay map.
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Fig.2 Examples of Time-delay map of a Fig.3  Time-reversal symmetry-breaking
as depicted by histogram. .

sound with woodbase: 7= 1.1ms

[(ZZ k] dchfnde, HF—, R OBT [ UG « JE8 - 0BS54, (1994),
pp. 28-58, Mttty A =T 47 1 7
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BORERNGESE L2052 LamiE L&, 12

[55B7] Fig. 1 ITRTHEERIZT, 7=A WA miEHAzEs6sdv ) 3>
A AT E F BRI 2 I L, J#AHF @ polyethylene $71-(PE ki1 )D#Eh & 218
o 7=. Fig. 2 \TRTHEM(c) % () E TEID L= E & EM(a)D on, off 28] 0 &
I AE CEREIToT-.

[f55R & B8] BEAMT S L, PE RT3 ROEMME CAERERZ L.
MR 2 ) 29 EER T, PERL 23 LA B S 72705 b Ak LelT 7. (Fig. 3(a))
F7=, FEWO on, off ZY) Vx5 FEER CTIXREEBIT 5 PE K7D F I 2L
A U7z, Fig. 3()IIFEI Y & 2 Fifg T 3.3s MO G HE 2R LTz,

Silicon Oil containing
/ DEHPA (0.5M)

Slide grass
- 1
Camera
|
I

Fig. 1 Experimental setup

Droplet

/
/ (c)

!
(c’)
Fig. 3 Rotational motion under 150V steady DC electric voltage :
Fig. 2 Arrangement of (a) time successive snapshot interval 0.33 s, (b) time successive
electrodes snapshot interval 0.33 s

[ 3Cik] [1] M. Hase, et al., Phys. Rev. E, 74, 046301 (2006). [2] M. Takinoue, et al., Appl.
Phys. Lett., 96, 104105(2010). [3] T. Kurimura, et al., Phys. Rev. E, 88, 042918 (2013).
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R EBEREETH 5, 50CLL EDOIRESME T, DNA OEREEIZTZWVW L TED L
INHVERT 2 D0 E T~

[528R] ARG CILESHAI D SPD & 438 D 3(3) (3)4 % FVNT DNA % &EifE =
HOCTEMREEIC X D DNA — 4y F 8153 % 24°CH 5 60°CE TIREZ (LSBT 7=,
G5 & &22] [ 112 SPDIT & v M L7= DNA, [ 212 3(3) (3)4 125 0 ¥ L
72 DNA @ 24CHh B 60 COEEBMES % TN TR LTz, 50COKED 1, 2
Z 5.5 &, SPDIT L U A L7 DNA IIMLEERE L T\ D Z & 2300503, 3(3) (3)4
(2 X 0 EEME L7= DNA [XUEEfEIRBED £ CTH D, 2K 2 D 60COEEE B THD
&, VekfiE L 7= DNA 28 iidekfis L C U5 28, SPD DR & B UVER Ay FOLZ iR L T\ 5.
IO E X EHE, SIERIORY) T CIRIRE BRI O BLEEHE O
ORERY, ZO7-OMENEDOEEDIREICENDDL EEZLND.

24 C 50 C
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1 0.6mM SPDIZ X D EEHEL 72 0.1 uM T4 DNA OKIEEE T O Ye a4
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[ 3282 Il A 200 £ CHA7R L 7= Albumin & HIOIEAER % 200 pl 1ERL L,
Albumin D% 0 ~ 150 mg/ml & L7z, vt v MEE Fig.l 2 HW il
Z FA R HICaE LARR OBCHEBR 21T > 72

[FE3 & B2 MloORSERZ A REOKERE T, a0 FRMERETETNE
N TIT - - EBRFE R4 Fig2 (ORT. AMAH /KBRS T 3o 7 Z o o EH)
(2 & o THIRRIE L3R L C L E » 7203 0 TIRMEEREE N CIXZERI 72 B SR
RBAHMERT 52 2N L. ErFRMREE T CIdMiaFR 2384 5
Z & TRl OFROHERRATEDN R Ly F oW e =3l R 52 &
TREEOZ L ha B— 3 KIZAWMAO 2 ER RS 2 fFF cE o L& 2

%. XJZL/;
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Objective Lens
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Laser Foous— QR
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____________ >
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Fig.1 Cell-manipulation by laser tweezers.

[ k]
[1]S.Hashimoto, et al., Chem.Phys.Lett.(2016).
[2] S.Asakura,et.al., J.Polym.Sci.(1958).

Fig.2 Experimental example on
the formation of cell-cell contact

by laser.
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Ml AZ ANTZBRED L O REEA DR LT, £, L—V—IZ X HHik
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[Z25R] S2BREEE & Fig.1 ("3, ARRRBO KR O L & N 2 & SRS
TTHEIZEL, HIRRLE ICHED & 5 8152 LT, Fig.2 1T &, Fig3 I[Z FEiO#E

ziém? F7o, WHENICHEET 2/ L —F—%22T5 2 & THlln R

ENBIEL L=, Figd \[CBIEX 2T,

[ﬁ*% L&) LD PEG-rich M TIXWETE A mICHIRAFEL, THEO
dextran-rich A0 CITIEIRAMBICHIBIAFAES 2 Z E R ENIT o7, ZDZ L
2> BT dextran-rich 7235 AT I IBIRAYICHLE S 4L, @0 FOREED L3N0 5
z ODfE%%iﬁE 25 EBRT. WHAICAAET DAL L —Y— 2 R 5
FTREMNITICEBWTHIREBIERTRETH D Z LW pnoTc. L—HF—DFFER
TUUXMIED FEENDME T L2 Z & CHIAHEE LB 2 65b.

[£75 3CHR] Kanta Tsumoto, Masafumi Arai, Naoki Nakatani, Shun N.Watanabe and Kenichi
Yoshikawa. Does DNA Exert an Active Role in Generating Cell-Sized Spheres in an Aqueous
Solution with a Crowding Binary Polymer? Life vol.5 (2015) pp. 459-466.
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Fig.1 Laser experimental system Fig.2 Photograph of PEG-rich phase
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Fig.3 photograph of dextran-rich phase Fig.4 Lases induced rearrangement of cell
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ARFETIE L. %R, 2. HAMEEZFES, 3. ZOEETHDH LW D Flh2i-
TEOREMO =R X—EHEEZ AL > TOFEZAME L, 4
VIR O B R IEESRICOW CEENE — FEOEBBRZ R LICHRET S, v v
— VICHEBR KIS &2 KA E LT lem BREDOERITHEL, O REii= x>
BUEHTT5E= XU B Ui B EB) 21TV, Fig la-d) IR L7 &
I 7B — RO I, Al — DO EBREMHIZI O T H PN E OE VI &
o CTIEE EAGES) (PO ), Fig. 1b)) £ 72 13 ARSES) (0 (23 T, Fig. 1a)) 23
#Z % (Fig. 1). W& O & KSR OFFBIREZ N T A —F—L LIcb DD
EEIE— F%& Fig. le) [ZFHK E L TORLE. MR E L THONERT— FDO X
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a) ' Orbital motion b) ' Reciprocal motion N
) A A A P
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Fig.1 Mode bifurcation of the droplet motion in two dimensions . a) When the initial position is center. b) When initial
position is edge. c) Regardless of where you place anywhere reciprocal random motion. d) An example of random
motion. e) Distribution map.

Reference 1)Y. J.Chen, Y.Nagamine and K.Yoshikawa,Phys. Rev. E, 80, 016303 (2009)
2) H. Sakuta, N. Magome, et al , Appl. Phys. Lett. 108, 203703 (2016)
3) Y. Sumino and K. Yoshikawa , Eur. Phys. J. Special Topics 223, 1345-1352 (2014)
4) F. Takabatake, N. Magome, et al, J. Chem. Phys 134, 114704 (2011)
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P—= LTy, ZMHTF A AREZAN T S TR BRIt 217 -
7eo £ LT, #XAT#% O DNA O ) FHEEZ R L. DNA O &ERIgEZE
L& EEAIZFHIT 5 Z L2k 0, mEEEDLZEEIT OV TOMEEIT- T
DTH|ET D,

[32B2] Figure2 2 EBR DA % 7~ TADNA(166kbp) Z SPD(spermidine).
MgCls, %72, Figured3 |28 77 b7 V' A REEBHA(T) &K% H O ClRfE S &
7= DNA ZE £ 1.06um ® YAG L' —H—Z2H N TCL—H— 1 7 v 7L, @ER
FEBREE T ~FERA L 21T o 7,

(R & BE2] PR R R %4 Table 1 1T/”77, SPD TEifE Sz
DNA [T#5 TR TIMRAEZHERDH O MR E < o TND Z E N R TE
720 FE77, 5-H-Y TERifE SH7- DNA & MgCl, THEfi S H 72 DNA Ok )52/
T BTy TIRERITR TRE RN 2N E W FERME LN, 5-HY &
2 MiDERA A ERIC L —EOEMREBAE R L, SR E ST B &
R EIBRWZENHIALE, 2o Enn, RERTIEITEMIC LS DNA
EEE ISR T D L ERDOTC AL TH D 2 & IR S L7z,

DNA su‘mplc NaCl sample globuler DNA laser focus

.’ »
objective lens E E ?age E E

Figurel. Fluorescence images of (a) the coil

state and (b) globule state of the T4 DNA

Figure2. Schematic diagram of experiment

observed by fluorescence microscopy. Scale bar

is 5pum. HN o NHg

N o Table I. Hydrodynamic radius of T4ADNA
Ve ;7.7.N(r7 -
)
;:'i'rl'"”"'pt OH Before transportation(um) After transportation(um)
T SPD 0.28+0.09 0.50+0.17
HsN NH;
. . 5-H-Y 0.84+0.28 0.82+0.27
Figure3. Chemical formula of MgCl 0764025 0.80.0.27

tetrazolato-bridged dinuclear
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Nanocrystal self-assembly driven self-organization
in nematic liquid crystal
Kaustabh Dan, Koichiro Sadakane, Takahiro Kenmotsu, Kenichi Yoshikawa
Doshisha University, Faculty of Life and Medical Sciences

E-mail address: kaustabhdan@ gmail.com

We report one step, eco-friendly and green synthesis of noble metal nanocrystals such
as Au and Ag using nematic liquid crystalline molecule MBBA
(N-(4-methoxybenzylidene)-4-butyalniline) as template as well as reducing agent. A
detailed time evolution study on the growth of nanocrystals were carried out through
scanning electron microscopy (SEM) and transmission electron microscopy (TEM)
which reveals simultaneous co-existence of both equilibrium faceted and
non-equilibrium dendritic or tree like structures which is unique because of the
involvement of two different kinetic processes in a single reaction environment. This
complex growth protocol of the dendritic or tree like morphologies is believed to follow
a diffusion limited aggregation mode where nanoparticles cluster formation occurs by
sticking of particles together with random path to a selected seed in contact allowing the
particles to form a growing structure. The surfactant provides significant control over
the nucleation and directional aggregation which gives rise to a non-equilibrium system
thereby favouring the formation of dendritic structure. Combined analysis from grazing
incidence X-ray diffraction (GIXRD) and selected area electron diffraction (SAED)
indicates that the nanocrystals are in fcc cubic phase and they are polycrystalline in
nature. The optical properties of the nanocrystals were investigated through UV-Visible
(UV-Vis) spectroscopy which exhibits shift of the characteristic plasmon resonance
peaks of Au and Ag towards longer wavelength with increasing time and precursor
concentration indicating increase in the particle size in the solution. During nanocrystal
assembly, a distinct change in the optical texture from nematic to smectic is observed
accompanied by considerable increase in the Nemeatic-Isotropic transition temperature
and associated enthalpy indicating self-organization of the liquid crystalline phase. The
molecular basis of the macroscopic self-organization of MBBA is investigated through

fourier transform infrared (FTIR) and UV-Vis spectroscopy.



