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Imaging and model analysis of molecular function in cells

Hideo Higuchi
Motoshi Kaya, Taro Gakujitu*
Department of Physics, the University of Tokyo, Japan
* Department of Biotechnology, University of Kyoto, Japan

We image the vesicle transport in mice under a noninvasive condition. We developed a
non-invasive technique for the in vivo imaging of neutrophils labeled with quantum
dots, up to 100 pum below the skin surface of mice (Fig.1). The quantum dots were
endocytosed into vesicles in the neutrophils, allowing us to track the vesicles with high
spatiotemporal precision at ~10 msec per frame with 15 nm accuracy. When the
neutrophils were moving within the interstitium, the speed of the vesicles was very fast.
The speed is about four times faster than the in vitro velocity of a molecular motor, such
as kinesin or dynein. This is the first report in which non-invasive techniques have been
used to visualize the internal dynamics of neutrophils'. The observed high-speed vesicle
transport is likely important for the bactericidal function of neutrophils.

Noninvasive imaging method was developed to visualize GFP in tumor cells in
xenograft model mice. We chose mouse auricles to prepare tumor because of very thin
nd limited hypodermal tissue. We prepared a novel xenograft model in the auricle of
SCID mice with breast cancer expressing GFP and glioma cells. Tumors composed of
these cells were successfully formed in mouse auricle by improving injection method.
The structures of tumor, cells and tumor vessel were visualized by tissue staining. The
GFP cells were observed by fluorescence of GFP in separated tumors, dissection of skin
around tumor and without injuring. We successfully performed real time observation of
GFP within breast cancer cells under noninvasive condition.

Sarcomere is an essential unit of cardiomyocyte. It is well known that sarcomere has three state
(i.e. contraction, relaxation and spontaneous oscillation state) dependent of the solution
condition. In intact cardiomyocytes, we found hyperthermal sarcomeric oscillations (HSOs) that
is Ca2+ independent and high-frequency (~5-10 Hz) auto-oscillations induced by a rapid
increase in temperature to >~38 ° C. This finding suggest that the temperature shift the state
from relaxation to oscillation. We found that the HSOs was occurred in skinned cardiac
myofibrils. The skinned myofibrils are suitable for exchanging chemical compounds and

proteins. Therefore using this system, we will understand the molecular aspect of HSOs.
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~ U ABHBH KT T T D FARRICE U CRIE L 7=,
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3. AR
FHhE sy & LT #2,200 DR
yxF L7 a—i (PEG), BRIk
1L LToaCD b7 % PRX i
7=, A PRX |Z 1,3-propanesultone
ERIGEE S ZET a-CD EAZIC
sulfopropyl ether 23 A L7z (a-CD &
W 105, Rl ESE AL 102, o F
& 13,700), 1% HA7omil{k PRX &
BMP-2 ZiRGTHZ L TR A A
ATy AP U AEAIR
T 2 E CoOHE L FERIZ in vitro T
B biHE ., AR OIREER &2 R |~ AFEEERIBEF T BB AR
oL AR LT, fMZ81k. BMP-2 RE4EHE, BMP-2 BAEfE: BMP-2 10

Py, A e m g BMP-2/~/X U VREAEHEBMP-2 10 ng, ~/3 U >
BMP\ 2/5’“@‘“? PRXEEHICLSE e, BMP-2/FfiE b PRX BAKAE : BMP-2 10 ng.

BACH L TOAEMEALNET D

leh, = U ABHEE KBET NBT 2B HEDFHi 21T 72, ICR w7 A (5 M,
HE) OEAZEFIZ 3.5 mm BOFREEIER L, 27— AR > P2 BMP-2 (10 ng/mice)
R SERIBEICHA L7z, ‘B ORIT, —BEE#EIC X fit~A( 7 o CT HIE 2 TVE
TERDREIZE b 23l L7z (4 1), BMP-2 BAEREE TIIBM —0l% L © b 0Bk
ISHERR S VTZy BMP-2/~/8 U U RBAERE T, ~/3 U S XV SVRHLEIZFE S Hjmm‘if'rﬁ
BB BIEE S TAEFEEMET Lo b DD B Lo~ U 2 TITK S0%FRE O KIEHIC
HAEDRO bivie, BMP-2/FifR{ PRX BAERETid, MO S Z2 < AFR S 100%
TH Y. invitro TH LN IMEHEEEEH T RS 722 & 2% in vivo THiER SNz,
B REZ LT, BMP-2/fitEg{k PRX B HE CIIBAE % L v REBE I 2mIc ks L5
BRE B HAENHGE S, T2 5, Bk PRX ORI LV HHEE TORHZ
Hifi 5 L LIS, BIRRORMEGIERT 5 Z ERH LML R0z,

F 72, Alexa Fluor 680 THYEEk L 72 BMP-2 % H\ T in vivo TOFAFHIM % in vivo
imaging system (IVIS)IZ T L7z, £ DOF5H. BMP-2 AR &, BMP-2/Biliz{k PRX #
RERE T 2 W MRGE# & FRIFREE O BMP-2 BRI L T D Z &N b g i,a
ST, ARERLY | WML PRX & OEALITBAEENL TO D U — 2R ENRE
B ERFOEEZFOH D% invivo THILEL TWA Z & 75»?@5%7’:0

[1] M. Terauchi, G. Tkeda, K. Nishida, A. Tamura, S. Yamaguchi, K. Harada, N. Yui. Macromol.
Biosci. 2015, 15 (7):953-964.
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Analysis of biomolecules using cyto-responsive supramolecular
polymers

Nobuhiko Yui', Tomohiro Konnno?, Atsushi Tamura'
'Institute of Biomaterials and Bionengineering, TokyoMedical and Dental University, Japan
*Graduate School of Engineering, the University of Tokyo, Japan

Autogenous bone grafts are widely used in the clinical treatment, i.e., in prosthetic implants,
chronic osteomyelitis, and cranio-maxillofacial reconstruction. For substitution in bone grafts,
artificial bone substitute materials (i.e., poly(lactic acid) and B-tricalcium phosphate) and
various processes (i.e., cell-based tissue engineering, and the bone regeneration by growth
factors) have been extensively studied. Bone morphogenetic factor-2 (BMP-2), a secreted
growth factor that comprises the TGF-f subfamily, has attracted considerable attention for
promotion of osteoinduction. To date, various clinical studies have been conducted, and BMP-2
has been applied for the treatment of spine fusion, bone fracture, and periodontal tissue
regeneration therapy. However, because BMP-2 is unstable and readily deactivated under
physiological conditions, high-doses of BMP-2 are required to maintain the activity of BMP-2
in the long term and to regenerate a wide range of bone defects. It has been reported that heparin
and other sulfated polysaccharides promote the BMP-2-induced osteogenic differentiation,
presumably due to the formation of a polyelectrolyte complex with positively charged BMP-2
(isoelectric point: 8.5). Although heparin is one of the most interesting polymers in enhancing
the activity of BMP-2, clinical use of heparin is limited due to its strong anticoagulant effect.
Therefore, the development of sulfonated polymers that can enhance the bioactivity of BMP-2
without anticoagulant activity or other toxic effects is of importance in the design of drug
carriers and scaffolds for BMP-2.

Herein, we report sulfonated polyrotaxanes composed of sulfonated a-cyclodextrin threaded
onto a linear polymer for the protection of BMP-2 through the polyelectrolyte complex
formation. Note that the sulfonated PRXs showed negligible anticoagulant activity and
cytotoxicity, whereas heparin showed strong anticoagulant activity. When MC3T3-E1 cells were
treated with the sulfonated PRX/BMP-2 complexes, significantly high alkaline phosphatase
production and mineralized matrix deposition were observed compared with that of free BMP-2
and heparin/BMP-2 complexes. Also, the sulfonated PRX/BMP-2 complexes showed significant
bone regeneration in mouse calvarial defect model in comparison to free BMP-2 and
heparin/BMP-2 complexes. Altogether, the sulfonated PRXs are promising candidates for
enhanced osteoinduction of BMP-2 without toxicity and anticoagulant activity and would

contribute to clinical bone regeneration.
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LFHMRAS FEREDT ) A A=V v 7 LR~
WFERERSE - FOUEESER KT mEids
SrEMGEE RO SERRTY NEE
SrHEAESEE - RARREORY: KRILETKRER
1. BrFEDOBEE

21 Rl DO O] & PFRER, FAENZ I T OIS 13 RO TR OSE
CHEERLTWD, Frxld, “Cardiac Nano-medicine” &9 #7272 438 2 Ak L. nm
R BE TR B O RERZ W CIR IR SR DO EZ ATREIC T D8 LWERT OB Z HiE L T
Wb, AMEFE, “Cardiac Nano-medicine” @ 115 & 725 “Cardiac Nano-physiology” D
FeaHEE L7c, DICRIT DUME DIEARBAII L3 AT (~2.0 pm) &N D501
HEHERTHY ., ZOREEN~0.1 um ZL L2720 THORO R > THEBEICIER I R & 72
WREBLHZ2D, LR T, P arTRERSTHEE L OBIREZED Z L ILLIEO
REZHED L CIREHFEDO—D>TH D, Fxld, GFP % in vivo Ll lc 8 <&, it
RTHUDTEELYTAZBW T AL AATORES % nm FEECRIET S 2 & AR

TelR VAT LERFET D Z LI LT,

2. FRDOEREAW

DA (Kdih:~100 um, 8l :~20 pm) Tk, B#i5A12~2.0 um? G CHAET 584
1T/NVE (TAF) BRI 3\ TRt i o0 FE AU B AN AR N Ca™ Y B 0 SR Ty B A2 8L
Ca™ DILHENT 7 F v 53 1- L343 v 43 1 OfEA . Z L CATPIIK R Z 51 E 29, O
i AR R 72 Z 0 SO (B8 A 1 BE) 1, MR N E — B D F ANTABIR L, A4 @i
PEDE NI TEME U CHEE T D0l ~ SRS LD, DRI TED /3 B Tl DA
N O S LS REE D BIR S B IZIEVTH DIV TOD M IZEAE DRFFENZER 3 fEREIZL
T100 nmEh EDOZEALZ X RELT-H D Tholz, Fox OPETIE, OAFMIAAN T/ Il TO A
U ENRER Sy T DB Zin vivolZ B W T EIRER - 22 fRRE TR L L, DsdnEl ) X
LFHEIHERECZ D U X LEHE, FFICIRRNCEDIREA D= A LB HDH L HE L
TN D, HERDEZLEYFNT 7 0 —F TIERATRE Th - 7o DR BIRIECZ OFLE % 4y
TR SO TER L, DRI SCICMABIRN 2258 LW B 2 Al 2 Z L # BEE L
TW5,

AHFFETIX, BIZE LD/ NEME IR DD g O O MR N R T D AR5 1 D280
A ENREZ nm FEE THIMN CEDBAMS AT LEBRME T 52812k T, Ky oL D
EDINTU TLEAEN DY X TR Hi 2 A= A 3 Z BN 5, Fio, K DlEiR OE
TIVENEAE ORI T SRR 3T DR T DB SO A A DB RN E D EHIT A
(LU TLHDY R LHEFEZ D72 3D B BN T 5,
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3. R

REEDNNATAF: “Cardiac Nano-physiology” (22T, HiEE L OMEMEKD LT
WEZ2IT o7z, TORER, BxiZ~<T R in vivo DFREANOY VI AT E (~2.0 pm)
ZEZEM (20 nm) - K (100 fps) s3fRRE CEHEIT 2 BN Z IR T 5 Z L iR <H)
TR LT, iz, R LHMRICEEZAR L, HFIELY $~1°C BWEREIZEBWT
EiE (~10 Hz) OF A3 ATIRE) (HSOs) BEEINDZZLERH LA, UT. BE
DFEMZHRIE LD D,

(1) OO AR IEER : Fex IZMEFE, 7 > N OSE LMD Z #1112 GFP Z 38 &t
DN O L3 AT OZE % 3nm (I A T ;50 fps) ORETHIET 52 LI
%2 L Cv»% (SL nanometry : Shintani et al., ] Gen Physiol 2014), Z #uik, BiFERIZI0
TR REOT L a2 T EFIEE CH Y BT OLEOHE— L a X 7 O R
it % AIREIC 9%, AMEE. SL nanometry Z 774+ (IR) L —¥— (J%& : 1455 nm) |2
K DB E LA A DR, KRIBE D ST ~1°C BWFRFIZBWTHEE (~10 Hz)
OH 3 A THREE) (HSOs) NERLINDZ LRI L Gist1), BEBRGENZ LI,
HSOs 1% Ca” IRAFMED DARINAE (~1 Hz) (ZEE L TV 72, HSOs I in vivo DMl B8\ T
RIEEARDOFEAEICEE L TW D A[REMEN B 5,

(I1) In vivo =7 ZAFEE : /NEMW in vivo DEIZIWC, DFFRIIRN O T 2 55 1%

T CE D727 AT A2 E LT, T72b5, ¥ 7 X in vivo DIRIZIBW T,
FELELHHRA O L2 X7 Ofhx % &Z2M (20 nm) + FEH (100 fps) s fEHE CTHE X
HZ IR THD TR LT Gasl 4), TOREER, F—MANTH->THH/rax
T RAZIE~300nm b ONRT Y INFETDH I L, ENONEMT DL LK - TEfIo
BTN ERAHENTWD Z ERRA LN E R T, P axTEOE G E (w7
BNTA—=2ThD) AOENEL TR L, P32 7 ONHEHERE & Ol R >
TG E ORNZE A R h v 7Y TN FET D ERHL N ERoT, BT
For i, B FEEIELIMAIZERIE Lz, 77205, DlEi3h®E LT ol TH 572
B, WHE, b LITIEEO B — 7 BERICBW T Z iSO S XL NAET D, Fxld,
ELDENEOREZEREL L, ZhEd 1707 2—X I8 K7 2 —R2B WY
Ly R 2T ANCEN T 2 LI K o THRAD G ST B A i Lo, F25rt%, B4
FREE L DY A 7 VDT _RCOEESICBWTE SO S - -8l 2 k42 Z &1k
LTz, ARERRIT, 5%, DIEOAES X OYREOMATICIE L b T o &
Ezohb,

(II) iPS kOl 2 V228 © ~ » 2 iPS #ilaZ fbafiE L, 83 % iPS O
hafsnd 2 ST Uiz, 2300 ORI ERRHENTER SN TRBY . PLrax T E
I3K~2.0um Th o7z GasClERH) ., BIFE, iPS OAfilaZ R L <R, w7 R0
I REAE, & DORERE % invivo F/ FHENC X » TREMICHGTT 2 FEEBER T TH D,
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Nano-imaging of molecular functions in cardiac muscle
Norio Fukuda
Fuyu Kobirumaki-Shimozawa
Kotaro Oyama*
Department of Cell Physiology, the Jikei University School of Medicine, Japan
*Department of Physics, Waseda University, Japan

In 2014, we reported a novel experimental system for simultaneous nano-scale analysis
of single sarcomere dynamics and [Ca*']; changes via the expression of AcGFP in Z-disks in
neonatal cardiomyocytes of the rat [i.e., sarcomere length (SL) nanometry]. In the present study,
we investigated the effects of infra-red laser irradiation on sarcomere dynamics in living
neonatal cardiomyocytes of the rat. A rapid increase in temperature to >~38°C induced
[Ca®]i-independent high-frequency (~5—~10Hz) sarcomeric auto-oscillations (Hyperthermal
Sarcomeric Oscillations; HSOs). In myocytes with the intact sarcoplasmic reticular functions,
HSOs coexisted with [Ca®]i-dependent spontaneous beating in the same sarcomeres, with
markedly varying frequencies (~10 and ~1 Hz for the former and latter, respectively). The
present findings suggest that in the mammalian heart, sarcomeres spontaneously oscillate at
higher frequencies than the sinus rhythm at temperatures slightly above the physiologically
relevant levels.

Next, we developed a high-speed (100 fps) high-resolution (20 nm) imaging system for
myocardial sarcomeres in living mice. Using this system, we conducted three-dimensional
analysis of sarcomere dynamics during the cardiac cycle, simultaneously with electrocardiogram
and left ventricular pressure measurements. We found that (1) the working range of sarcomere
length (1.90+0.06 and 1.68+0.06 um in diastole and systole, respectively) existed on the shorter
resting distribution side and (2) the left ventricular developed pressure was linearly correlated
with the sarcomere length change between diastole and systole on the order of 100 nm. Likewise,
sarcomere length and left ventricular pressure changed in a reciprocal manner. This suggests
that in the epicardial surface of the central part of the left ventricular wall, the pressure increases
(decreases) when sarcomeric contraction commences (terminates) according to the cellular level
of the excitation-contraction coupling. The present experimental system has a broad range of
application possibilities for unveiling sarcomere dynamics in cardiomyocytes in vivo in health

and disease.
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NA F 53 FRERTIHIRN S Tk T A4 R

WEREE  HARR P L RER Al — 2=
SRR - ROARZE LSRR I L #hE

1. BEOHE .

MIANIC T KL T 2 8 B B, Mo pgﬁﬂ/Mw%wwmm
BB LT Ry —AEEEL 2D, L R
P A A=V I REOR LA BEL, B //@ggﬁﬁwm o
TRy P ZY VIEERY v —Tho o 1 Gros-snsomsn
QR BT BANFF L TF A @Wmﬁjmm < S @\
Ay PO R Y ~— TN %Rk g | SOATRIUeTE
ST L. B A B Lz, S DICHE

I A S B AL AT ORE & ki 7

B L CRRAT L. Sli7e gl 2 s L, i

2% LI ORI, [ROE A B DA 5 b A A BT 5 TR Al
BT, F7. MPC KU ~— OGS HEELE . UL IS UMAEAEEN L
TEMBL., ZHEFALES BT REER L, REET, MANEE~D0BITE
SEREH OB C & 5 pHIEEMF ) RT3 AF AR Ui, $7-. MIANIC 2 2=y
BAIE L, A0S DRZ B THIL T BRSNS /B T-o 2T AOAIELE F i
AT 277,

2. FROERLEHB

A T2 B WT, MIBENIZIB T 2 0 FRICERII L, b 207 5 HIEOM
NEMMBELEREINTWS, &V big, MlaNO pH Zbix, MRRNS FROS OFREIR 1 & L
TEZLNTEY, ZNZBIT 2 FEIEELE S OND, AL T, MiaN~0
T R A b= 2t MilaNCToOWmEERRICER L, £ OFHIK 1 THh 5 pH £k
VT IEA LTEET DAEBAT ) T34 208 %E B0 E Lz, BRI,
pH ZALITIGE U CREFFEN LT DR Y ~—0F O FHMES DI REB LOBEES
BICESE, EEN20mEEOET Ry MQD) /R ~—EEF 7 hira2ERL, =
DF 7RO pH AN & HIRRNEIT, MIlaNENE & /et L7z,

F 7o, KO A T 2O BITEV, T ITHEERERIE X 7= fia o4t
DL IND, X7 HITMEOEG - & bEERGFO—>8 LT, Mlaoiit
EHIEIT D ZEMTE D, XU BITE S T &, BEREEMER X OBIKMEZ & DR
FEN S D126, HIRPNICNIEL DREESC 2 o /R 7 DR R 2 I 925 Z & ICRiE
DEINTWD, INOOMBEEFRT DD, ¥ X7 EOME AL IO
WADIEEE O 7= 121%, flEEfMEZ A L, 2omble & A 2 v 7 Cofitd HH%hE
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FOoXxx V7 —0BUETHDH, £ I TCARIERIT~T U T VT O NG, Mg~
PSS R R ET AT ORISR v ) T — 2B LT,

3. HR

1) 7 7R FREEMAR Y ~— DB L, RET VX N2 REGITHE T 5 r[fi T
IN-PRZLE g4 &) (RAFT) %Al 4-cyano—4-(dodecyl-sulfanylthiocarbonyl) sul fanyl
pentanoic acid IZXA VBT UVHNVEAIZIVERKL-, £/ ~—& LT MPC,
2—-(N, diethylamino) ethyl methacrylate (DEAEMA) . ¥ X Y w-4-nitrophenyloxy
carbonyl (poly (ethylene glycol) methacrylate (MEONP) Z 23R L . poly (DEAEMA) -
block—poly (MEONP) —block—poly (MPC) (PDbNbM) Z &k L7=. Z #L%& VW NTHRIEE 20-30 nm
D/ Ri¥- QD/PDbNbM Z 8L L7z, JHiZ 0D pH ZAKIZ & % poly (DEAEMA) & 27 4 > |k O fif
£ IR R, RN b T D 2 2 RS LTz, QD & AR Alexa & DI
DFEIG T R F =R 8 (FRET) HREZFM L, #0EA7 o pH IKFER LT
Z @ FRET #h3 & OREH A 502 L7e, Alexa ZfE6 Lz /KL DI AT h v
T, pHIZIWE L TRET 5 2 L afEid L. ZDZA ki, poly (DEAEMA) & 274 > k@ pH
JEEIZ LD QD & Alexa M ORBEDOEITERT 2 Z L 2R Lz, F /BRI Al
MR TF R Th DA 7 27 0¥ =2 (R8) Z[E E{k L 7= R8-QD/PDbNbM-Alexa 7~/
BAfld=y R A = ARKICE DMABIT, = Y —LANTOBE), SbHicx
YRV —= LB RH T S oA, FRET B0 & ke LTt 272, i, =
RY—2HND pHIEF L&, ZTDH%DOT T N AR VBRI LD B Y — ARlEE %8
FERNCBIZE LTI O TOHREBITH 5,

2) WRISMER VX7 X % ) 7 — & LTMPC &, IRENC LY MRS 2= k&7
HALT, SIGMEY UHEEARY ~— (poly MPC-co-BMA-co-PL) (PMB-PL)) % &hLE L7,
PMB-PL [3OEIREHI RIS L, 1 S MEARISSUSAN5E T L, PMB-PL & /KERHE~D 5y Al
ELTCHIHL., poly (L-lactic acid) (PLA) O F Jhi¥ZFRASIL 7=, F 2 KiFDHA

Vimwm’ﬁﬁfé’kﬁf%ko5VN7E%PL::y%’IEmL JEHRET
e 1 MTHEEINTZE U XTED 90%LL ERT 2R bt S vz, Mifaks
km&%@m%Jﬁ?%MZﬁ%%%ﬁbtkw&ﬂ@iﬁ#i%%%if%%
PMB-PL/ PLA OFEFEIEAME N2 & Sbo Tz, MleZERE~T7F K, RS #[EHET 5 2
LD F R FITMBEICE D IAENTZ, ZOWRET, RET D & X T BT
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Transport nanodevice immobilized specific biomolecules

Kazuhiko Ishihara
Yuuki Inoue
Department of Materials Engineering, The University of Tokyo, Japan

Polymer nanoparticles were as functional in-cell devices were prepared using cytocompatible
phospholipid polymer. We have found that the polymeric nanoparticles embedding quantum dots (QDs)
covered with the phospholipid polymers showed resistance to cellular uptake. On the other hand, when an
arginine octapeptide (R8), which was one of the cell penetrating peptide, was immobilized at the surface
of the nanoparticles, they could penetrate the membrane of HeLa cells effectively. Here, we investigate
surface functionalization of the nanoparticles and transportation of the nanoparticle into cells.

To add novel functionality to QDs, we synthesized water-soluble and pH-responsive block-type
polymers. The polymers were composed of 2-methacryloyloxyethyl phosphorylcholine (MPC) polymer
segments, which contain a small fraction of active ester groups and can be used to conjugate biologically
active compounds to the polymer, and pH-responsive poly(2-(N,N-diethylamino) ethyl methacrylate
(DEAEMA)) segments. One terminal of the polymer chain had a hydrophobic alkyl group. The
hydrophobic group located at one terminal of the polymer can bind to the hydrophobic layer on the QD
surface. A fluorescent dye was conjugated to the polymer chains via the active ester group. The polymers
were easily bound to the QD, yielding QD/fluorescence dye-conjugated polymer hybrid nanoparticles.
Fluorescence resonance energy transfer (FRET) between the QDs and the fluorescent dye molecules was
used to obtain information on the conformational dynamics of the immobilized polymers. Higher FRET
efficiency of the QD/fluorescent dye-conjugated polymer hybrid nanoparticles was observed at pH 7.4(in
early endosome and cytoplasm) as compared to pH 5.0(in late endosome) due to a stretching—shrinking
conformational motion of the poly(DEAEMA) segments in response to changes in pH. We concluded that
the block-type MPC polymer-modified nanoparticles could be used to evaluate the pH of cells via FRET
fluorescence based on the cytocompatibility of the MPC polymer.

Photoreactive polymer nanoparticles for immobilizing and releasing proteins were prepared. A
water-soluble and amphiphilic phospholipid polymer, poly(MPC-co-n-butyl
methacrylate-c0-4-(4-(1-methacryloyloxyethyl)-2-methoxy-5-nitrophenoxy) butyric acid (PL)) (PMB-PL)
was synthesized. The PMB-PL underwent a cleavage reaction at the PL unit with photoirradiation at a
wavelength of 365 nm. Additionally, the PMB-PL took polymer aggregate in aqueous medium and was
used to modify the surface of biodegradable poly(L-lactic acid) (PLA) nanoparticle as an emulsifier. The
morphology of the PMB-PL/PLA nanoparticle was spherical and approximately 130 nm in diameter. The
carboxylic acid group in the PL unit could immobilize proteins by covalent bonding. The bound proteins
were released by a photoinduced cleavage reaction. Within 60 sec, up to 90% of the immobilized proteins
was released by photoirradiation. From these results and with an understanding of the fundamental
properties of MPC polymers, we concluded that PMB-PL/PLA nanoparticles have the potential to be used
as smart carriers to deliver proteins to biological systems, such as the inside of living cells.

We conclude that the surface modification of nanoparticles with functional and cytocompatible

polymer is effective to develop in-cell nanodevices for analyzing chemical reactions in cells.
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Development of a nanoprobe for measuring the molecular dynamics in

living cells
Jun Miyake'
Takanori Kihara?, Hirohiko Niioka',

'Department of Engineering Science, Osaka University, Japan
*Department of Life and Environment Engineering, The University of Kitakyushu, Japan

In living cells, there are many large filamentous structures, organelles, protein complexes, and
nucleic acids. The protein concentration in living cells is estimated to reach several hundred
mg/mL. The complex intracellular environment rises from awful molecular crowding
conditions in the cytosol. To learn about the dynamic molecular reactions in living cells, it is
essential to clarify their physicochemical structure and features like disproportional
macromolecular crowding structures, molecular diffusion, and excluded volume effect.

In this project, we aimed to analyze the macromolecular dynamics, simulate physical
structures, and finally discuss the dynamic molecular reactions in cells. Particularly by
developing a nanoprobe for intracellular macromolecules, we intended to quantitatively measure
macromolecular dynamics and reactions inside cells. Our research will be a platform for better

achievements in nanomedicine molecular science.

1) The cell surface mechanics reflects the structure of actin filaments vicinity of plasma
membrane. Then we can evaluate cell characters or states by measuring cell mechanics. We
found that there are 3 groups as a view point of cell mechanics. First is actin filaments
well-developed mesenchymal cell type; second is membrane related actin filaments developed
cancer cell type; third is actin filaments undeveloped HEK293 cell type. The mechanics of these

cells and the actin filaments showed different behavior in each cell adherent state.

2) Osteogenic cells form mineralized tissue through secretion of matrix vesicles. We found that
the exosome secreted from osteogenic cells work as a nucleus of mineralization. Furthermore,
we found that the exosome secreted from non-osteogenic cells work as a nucleus of
mineralization too. We think that exosomes secreted from many cells related with bone

mineralization in our body.

3) To realize the industry of regenerative medicine, numerous numbers of cells are
necessary and must be treated correctly, rapidly and automatically. We developed deep
learning program based on Convolutional Neural Networks (CNN) to recognize cellular
differentiations with phase contrast images. It was possible to classify C2C12 before and after

differentiation with 93% accuracy.
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Evaluation and regulation of cellular functions
through in-situ nucleic acid imaging

Atsushi Maruyama, Naohiko Shimada
Dept. of Biomol. Engineering, Tokyo Inst. of Tech.

Multi-component nucleic acid enzyme (MNAzyme)-based assays are one of isothermal, signal
amplifying DNA-detection method.[1] MNAzymes are composed of short DNA
oligonucleotides that function as partial enzymes or partzymes. Each partzyme includes a region
of a catalytic core, a substrate-binding arm, and a sensor arm. The sensor arms recognize and
bind to a target nucleic acid. When the partzymes are assembled in the presence of a target
nucleic acid, they form an active MNAzyme assembly that catalytically produces signals. The
signal results from substrate cleavage, generally upon release of a fluorophore from proximity to
a quencher. As multiple signals can be generated from a single target molecule, isothermal
signal amplification is possible. The MNAzyme integrated with various detection methods has
been widely investigated.

We previously reported that a cationic comb-type copolymer consisting of a polycationic
backbone and hydrophilic graft chains of dextran promoted hybridization of a pair of
complementary DNAs. The copolymer also facilitates the strand exchange reaction between
double-stranded DNA and homologous single-stranded DNA. Recently, we showed that the
copolymer considerably enhanced ribonuclease activity of the 10-23 DNAzyme. [2] The
copolymer facilitated turnover of the DNAzyme and stabilized the DNAzyme over a wide range
of temperature.

In this study, we showed that the cationic copolymer also enhances activity of an MNAzyme
derived from the 10-23 DNAzyme and increased MNAzyme sensitivity. Furthermore, the
copolymer enabled us to shorten the substrate-binding arms of the MNAzyme, decreasing the

optimum temperature of the MNA assay from 50 °C to physiological temperature.[3]

[1] E.Mokany, S.M.Bone, P.E.Young, T.B.Doan, A.V.Todd, MNAzymes, a Versatile New
Class of Nucleic Acid Enzymes That Can Function as Biosensors and Molecular
Switches, J. Am. Chem. Soc., 132, 1051-1059 (2010)

[2] J. Gao, N. Shimada, A. Maruyama, Enhancement of deoxyribozyme activity by cationic
copolymers, Biomater. Sci., 3, 308-316, (2015)

[3]J. Gao, N. Shimada, A. Maruyama, MNAzyme-catalysed nucleic acid detection enhanced by
a cationic copolymer, Biomater. Sci, 3, 716-720 (2015)
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Clarification of molecular mechanism of lymphatic metastasis
and development of new therapy for cancer metastasis

Kohsuke Gonda
Department of Medical Physics, Graduate School of Medicine, Tohoku University, Japan
Department of Nano-Medical Science, Graduate School of Medicine, Tohoku University, Japan

Recently, sentinel lymph node diagnosis for cancer surgery is growing in importance
because cancer cells metastasize to other parts of the body via lymph vessels or blood vessels.
To diagnose sentinel lymph node tissues in cancer with high accuracy, development of imaging
method of cancer tissues is important. The expression level of the targeted protein in tumor cells
is generally measured by immunohistochemistry (IHC). However, in IHC with
3.,3'-diaminobenzidine (DAB) (IHC-DAB), the intensity of DAB staining depends on the
enzymatic activity of horseradish peroxidase (HRP). Therefore, the staining intensity of DAB is
significantly influenced by the reaction time, temperature and HRP substrate concentrations.
The fluorescent label increases the quantitative sensitivity of IHC because the intensity of the
fluorescent materials is proportional to the intensity of the photon excitation energy in an
irreversible chemical reaction. Additionally, the fluorescent label provides an image with a high
signal-to-noise ratio through the use of dark background light and multistaining with various
wavelengths. However, general organic fluorescent molecules such as FITC, Alexa Fluors, and
Cy-5, have disadvantages arising from their poor photostability and autofluorescence
interference. Recently, quantum dots (QDs) have been used in various bio-imaging techniques
due to their greater photostability and brightness compared with general organic fluorescent
molecules. However, the high intensity of tissue autofluorescence is comparable to that of QDs.
This problem has impeded quantitative analysis using only the fluorescence intensity of QDs in
the presence of autofluorescence.

Here, we targeted protease-activated receptor 1 (PARI1) as a new biomarker for human
epidermal growth factor receptor 2 (HER2)-negative patients and made anti-PAR1 antibody. To
estimate PAR1 expression levels in HER2-negative patient tissues using the antibody,
user-friendly immunohistochemistry with fluorescence nanoparticles or quantum dots (QDs)
was developed. Previously, immunohistochemistry with QDs was affected by tissue
autofluorescence, making quantitative measurement extremely difficult. We significantly
improved the quantitative sensitivity of immunohistochemistry with QDs by using an
autofluorescence-subtracted image and single-QD imaging. The immunohistochemistry showed
that PAR1 expression was strongly correlated with relapse-free survival time in HER2-negative
breast cancer patients. Therefore, the developed anti-PARI1 antibody is a strong candidate for

use as an anticancer drug and a prognostic biomarker for HER2-negative patients.
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ARV ABERII RNA E 2 OX LRI ED LR DEERTH D | BWIEMERRSE 2 &0
2 RLRIZEVEREND, FOHREA =X LIARATHY . RNA OFIEE L0
VR BOBMPEE LTS EEZ LN TS, £72, A L AR O S 37
B O S IR B OIIE L BT L TV, a2 1I0 FAEMFNTIEEA A= 7D
FIEZHWTA N RAERIZR D A 1 = X LEFIT LT\, A N L AER O - 70k
IR -2 RE L, DX AT v 7 e RE & AR Z T L, BEd 20
DOFFAIZ S RF T2V EE 2 TV 5,

2. FROERLAW

RIS 2 AL TN DR 2 2B O A N L 22320 TV %, REGHARITERS
BRI L DALENIEE, RIS X 28I, 722 < DILFEWEIC L DA ML AZZT
TWo, MEERNO LRI LS E. WIEAR, £ L TRGEIZL D A L RITHIZ
EHLINTND, ZOXEHI7RA R LARMD S &N TIEIEFIZE < ORI D IR
BZDZENHBNTWND, AL RAEROBHIL, ZD X5 70E< DA ML RITHT
HRIED1DTH D,

AR ARERIIEICE R, B (4 200 4 478) | BREE, IEHEBEREOA ML
AL DECLDEREL —S5~A 7B A= UTED, X378 L mRNA S 72 5%
HEIRTHD, APV AZEMA T2 03IEE TA ML RABERITHIE A > TEEIF
RS, RN 72 72D & T HOMITIHR L TN, A NV ABRICRET 5 & X7
BDOWL DT, . RIEVERB. U A L R RYE . F L T Z M 22 A
(amyotrophic lateral sclerosis ; ALS) <> g5l 86 38 %1 JE (frontotemporal
dementia ; FTD) 7¢ EOMREMER R EICERET 5 Z E0Nmh->Tnvd, TDP-43
XA U AR RTET 5 LCES A BT 5 RNAFEG X v /X7 B ThHH, ALS D=E
FH ORI AT DEHEMRICRE L TV 5, Ataxin2 & A b L AR RES > 37 8
ThHHN, ZOBLBTOERITHMOFEENE ALS L OE#EAHE SN TS, A ML
AMERL EEICBA L THZ < ORFZERE Z72biv TR Y | Fuos AANT R 5 iitE-oss il i
DEFECAELFICET 5 Z LR dE SN TV 5D,
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AN L RABERIDOFERRA = XL 5T A 2 LT, R BOH N AFITE D 4y
THEAEDRRIIC O DN B A REMER B D, F 2 TH AT A N L AR OF - iR IR T %
FIEL., FOKENZOWTHTZB Z o7,

3. HR

A N VAERLEERT 5% ODRFIIT AT =0 7Y v onbebids (RGG AL
) ZHL TS, RGGEHNDT NF = NI AT ALEEE THS PRMTLIC XKD A5
MbEShd, £ THRAILHTZRA L ABRIERIA 2 RET S 72®, PRMT1 &0
G2 7 ORI T 2 5 278 o7z, T OfRERE < O RGG ELA A4 5T RNA
fia 2 /N7 B PRMTL &G L, A b U ARERLTRET 2 Z LV L7z, Fxid
ZOHRDON DD Z R BT L TE BICFER R 23 2 o7z,

UBAP2L 3= % F Ui A i & RGG ZBd5A 3
DHERERH DX N ETH %D, PRMTLIZ LD 70
SUMATFUALE N, E L TR MV ABERLIZRET 2 2
EnBlEsn (K1) . AMVRBERIZBITS
GFP-UBAP2L @ B1E% (Fluorescence Recovery after
Photobleaching; FRAP) # W THIE L Z A, X
N AERIIZES 1T 5 UBAP2LIZ X A F X v 27 IC#< =
ED o7 (K 2) , & 512 siRNA % T UBAP2L
DIRBLZIEI LT & 2 A, A NV AR ORI S iz,

UBAP2L ORREZE & BRI 572, UBAP2L EHAKREEK T4 v R0 E %
BHEOIICE VG LTz, ZOHE, FMR1 & G3BP1 &\ 95 ¥ U R ENEAET S 2
LR ho T, FMRL ITEEHEDOHREEBRDOFEAEE T+ THY . G3BPL XA kL AP
B RTET D2 VRV B ThD, MaEiELIRITL7Iz& 24, UBAP2L & G3BP1
IZRNA 2 L CTREA L TWD Z ERH B E 72 o 72, UBAP2 | UBAP2L Okt 7
T DM, BEZENZ &1 UBAP2 13 UBAP2L & B2 5B EERE KT 5 2 &3 0h
-7z, UBAP2 & UBAP2L I RNA Z &5 oG IAZTZAM L. RNA OFERS RNA O
FHIBHE L TWD & TSN D, ETMRREEBICEE T 2 2 RV H L EE IR E BT
L END, FREDEEMELEZ BNRD,
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Genetic analysis and imaging for elucidation of pathogenesis of human
diseases

Atsushi Natsume'
Takeshi Senga’
'Department of Neurosurgery and *Division of Cancer Biology, Nagoya University Graduate

School of Medicine, Japan

Various serine/threonine kinases are activated in cells upon numerous extracellular stresses,
such as heat, hypoxia and oxidation. These stresses activate four different types of kinases,
EIF2AK1, EIF2AK?2, EIF2AK3, EIF2AK4, which consequently promote phosphorylation of
elF2a at Ser51. The phosphorylation inhibits initiation of translation and induces formation of
granules that are composed of numerous mRNAs and proteins with specific domains or
sequences rich in arginine and glycine (RGG motif). Some proteins that are localized in SG are
associated with pathogenesis of neurodegenerative diseases, such as amyrotrophic lateral
sclerosis. Elucidation of molecular mechanisms of SG formation may give some insight for the
pathogenesis of neurodegenerative diseases.

Our proteomics analysis of SG components revealed UBAP2L is a critical component of SG.
UBAP2L contains ubiquitin-associated domain and RGG motif. UBAP2L is localized to SGs
when cells are treated with heat, arsenite, hydrogen peroxide, and sorbitol. Fluorescence
recovery after photobleaching (FRAP) analysis revealed that UBAP2L localization to the SG is
dynamic. UBAP2L depletion by siRNA transfection showed that UBAP2L was critical for the
organization of SG. Formation of SG is associated with cell survival in the presence of
extracellular stresses. Consistently, a number of UBAP2L-knockdown cells underwent
apoptosis after arsenite or hydrogen peroxide treatment. Further proteomics analysis revealed
that UBAP2L was in complex with G3BP1 and FMRI1, both of which are known to localize to
SG. Mutation of FMRI is associated with mental retardation of human. UBAP2L directly
associated with FMR1, but the interaction of UBAP2L and G3BP1 was dependent on the
presence of small RNAs, indicating that UBAP2L is a ribonucleoprotein. Interestingly, UBAP2,
which is a homolog of UBAP2L, was also a component of SG but formed different protein
complex. Further analysis of UBAP2L and UBAP2 functions in RNA processing and SG

formation may give insight for the pathogenesis of neurodegenerative diseases.
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TEALORAE — FEAR ], R — MRS ORI 21T > CTE 7=, AHFEIT ssDNA-PEG-
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6 L 151 L UL TIEBWHEERATH- TH, MR CEMEN/ME< = & TR
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XL EN oI,
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W%, DNA O _FEbHtA, U« BUESOL, Ve % — - Uy RHEAEEM, Bk -
FLEMEAEM, M - MR EER, mREREARE 2, AmiEE0% < OJRET,
“UEE T o DO EERITIORZNBHFET D 2 & TR TRIEEM TSR
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6, 10, 21 H#E XD ssDNA-PEG-lipid & h% L, DNA OF%EF2SHifaZ i C oM A/ER I
Eﬁ%@%%&tomﬁﬁlﬂ®mE¢%N?%—&(m)i%ﬂ%ﬂ,ﬂ;ﬁ7vc
Tholz, Ziuh 3 FidD ssDNA-PEG-lipid TIESf L 7= fild~FH# DNA % 4°C TH5&
Hi=tk, IREE EFIZHE O M4 DNA OfREEZ R ~7-, HEENFE W SRR CTH#f DNA
DFFEBEN FL &4, a2 C O DNAL xF OFREIXIR T & FfRETH D Z LR nhol,
MBI OV T E D ssDNA-PEG-lipid # AW T H 925 2 LT, MifukE:
5T ssDNA-PEG-lipid NEERE L72, Tl HEZ %5 &, 6 mer D ssDNA-PEG-lipid %
R TR & 3 %Ltﬁu,”% ZHIRT 5 L TS AR CE % &
Hff L7z, UL, 37°C IZB W T b MlafEE 1 TMER S e, 2id, Mifasess m
wxmwum&mm#%%b,%m%%_iDmEWﬁﬂix—&ﬁ%%émtk@&
EZbND, ZTOZENS, MEEESECEON UL, 19 F VAV OMREER T A —
AT TR MR L BEER O BET DU ERDH DL Z LN nnoT,
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Three Dimensional Tissue Regeneration Through Multipoint
Molecular Weak Association

Hiroo Iwata'
Yusuke Arimal, Yukihiro Okamoto®

! Institute for Frontier Medical Sciences, Kyoto University,
? Graduate School of Engineering Science, Osaka University

We have employed single stranded DNA-poly(ethylene glycol)-phospholipid conjugates
(ssDNA-PEG-lipids) for cell surface engineering. The ssDNA presented on the cell surface acts
as an adhesive to immobilize functional molecules, materials and various cells on the cell
surfaces. For rational design of ssDNA-PEG-lipids, it is important to understand
structure-function relationship of ssDNA-PEG-lipids. We examined the effect of DNA length on
intermolecular interactions at cell surface. We synthesized three ssDNA-PEG-lipids carrying
different DNA length (6 mer, 10 mer, or 21 mer). The melting temperature (T,,) decreased with
decreasing DNA length, indicating preparation of ssDNA-PEG-lipids with different interaction
strength. Temperature-dependent binding of complementary ssDNA’ to cells modified with
ssDNA-PEG-lipids was observed in agree with T, indicating that single molecular
hybridization at cell surface is similar to that in solution. In contrast, cell-cell attachment was
induced by ssDNA-PEG-lipids independently their DNA length. This could be explained by
local enhancement of hybridization since ssDNA-PEG-lipids were recruited at cell-cell contact
region upon cell-cell attachment. This result suggests that it is necessary to consider
intermembrane multivalency to design ssDNA-PEG-lipids for controlling cell-cell attachment.

We also aimed to develop a method to efficiently immobilize proteins onto cell surface with
retained bioactivity of proteins. Although cell modification with proteins through
physicochemical approaches is easy, rapid, efficient compared to biological approaches, it often
results in loss of proteins’ bioactivity. We employed ligand molecules which specifically interact
with tag sequences of recombinant proteins. We synthesized PEG-lipids carrying metal
ion-chelated nitrilotriacetic acid (NTA) or benzylguanine (BG), which interact with His-tagged
or SNAP-tagged recombinant proteins, respectively. His-tagged or SNAP-tagged enhanced
green fluorescent protein (EGFP) was immobilized onto cell surface with high efficiency and
low cytotoxicity. We then examined cell surface modification with cell-cell adhesion molecule
E-cadherin to engineer cell-cell adhesion. Modification of surface of T cell lymphoblast-like cell
line with E-cadherin successfully induced formation of cell aggregates through homophilic
interaction of E-cadherin. Additionally, E-cadherin modification could modulate structure of
aggregates consisting of two types of epithelial cell lines. There results demonstrate

functionalization of cell with recombinant proteins using ligand-PEG-lipids.
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Application of Fluorescence Lifetime Imaging to the Evaluation of
Intracellular Ion Concentrations

Takakazu Nakabayashi
Graduate School of Pharmaceutical Sciences, Tohoku University Japan

We have used fluorescence lifetime imaging (FLIM) to monitor cellular environments in a cell
because the value of the fluorescence lifetime remains constant with photobleaching and optical
conditions, performing quantitative measurements of cellular environments. In this project, we
have applied FLIM to a variety of bioanalytical sciences including the evaluation of ion
concentrations and the detection of biological molecules.

The formation of amyloid B (AP) aggregates is strongly related to Alzheimer's disease (AD)
and the distinction between the fibril and oligomer states of AP is important to clarify the
mechanism of the pathogenesis of AD because the AP oligomer is suggested to have high
toxicity. Thioflavin T (ThT) exhibits strong fluorescence with binding to AP aggregates, and the
fluorescence intensity depends on the aggregate condition. Therefore, it is expected that FLIM
of ThT is used to monitor the magnitude of the AP aggregation, especially to distinguish the
oligomer and fibril states. We have succeeded in separately preparing the oligomer and fibril
states and analyzed the fluorescence decays of ThT in the monomer, oligomer, and fibril,
respectively. The fluorescence lifetimes of < 30 ps and ~ 3 ns were calculated for ThT in the
monomer and fibril, respectively, and the fluorescence decay of ThT in the oligomer was found
to be the linear combination between the decays of the monomer and fibril states. Therefore, it
may be considered that the decrease in the fluorescence intensity from the fibril to oligomer
states comes from the decrease in the number of the site to which ThT is bound, not from the
decrease in the fluorescence lifetime. (Collaboration with Prof. Miyoshi (Konan Univ.))

H-Ras forms clusters by binding to galectin-1 (hGal-1), which results in the activation of
H-Ras. We have investigated the structural change of hGal-1 with binding to farnesyl
thiosalicylic acid (FTS) that is a model of the interaction site of H-Ras. From the measurement
of native PAGE, it is found that hGal-1 forms small-number aggregates in 300-800 uM FTS
and large-number aggregates in 800-1000 uM FTS. This result indicates that hGal-1 exhibits
the two-step formation of aggregates with FTS, which should be related with the formation of
H-Ras clusters. The fluorescence lifetime of Trp in the carbohydrate binding pocket of hGal-1
increases with increasing concentration of FTS, and remains almost unchanged at a high
concentration of 800-1000 uM. This result is consistent with that of native PAGE, and it is
considered that the interaction between the carbohydrate binding pockets is important for the
formation of the small-number aggregates, and the carbohydrate binding pocket is not

responsible for the formation of the large-number aggregates.
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Single molecule imaging of endogenous mRNA in single living cells

Kohki Okabe
Graduate School of Pharmaceutical Sciences, the University of Tokyo, Japan

In eukaryotic cells mRNA plays a key role in gene regulation through various step of processing
throughout the cell. Direct observation of endogenous mRNA in living cells promises a
significant comprehension of these refined regulation. Recently a number of fluorescent probes
for mRNA have been developed including our fluorescent linear antisense probe. However,
quantitative analysis and single molecule imaging of intracellular mRNAs has been difficult.

In this study, we quantitatively measured the molecular diffusion of antisense probes to
determine their binding abilities in living cells. When antisense probes hybridize with mRNA,
which forms large complexes with various RNA binding proteins, they have slower diffusion
constants than unbound probes which is in a free state. Antisense 2'-O-methyl RNA probes for
GAPDH mRNA labeled with Cy3 were microinjected into the cytoplasm of COS7 cells and the
fluorescence recovery after photobleaching (FRAP) of antisense probes was analyzed. As we
expected, probes hybridized with mRNA showed slower diffusion times than those of unbound
probes. Two fractions having different diffusion times were observed, suggesting that we could
detect both antisense probes-mRNA hybrid and unbound probes. The fraction ratios of bound
and unbound probes were different among probes, reflecting the different affinity of various
antisense probes. Based on the result of binding ratio of various antisense probes against
GAPDH mRNA, we found a rule about the sequence of the target mRNA and binding affinity.

Next, we performed single-molecule imaging of endogenous GAPDH mRNA in COS7
cells using high-affinity antisense probes. By optimizing the blinking-fluorophore and imaging
conditions, we were able to detect single-molecule mRNA in the cytoplasm and inside of stress
granule (SG). Single particle tracking (SPT) of GAPDH mRNA allowed to analyze the mode of
movements of mRNA in these compartments, which suggests that mRNA in SG show a variety
of dynamics reflecting its diverse functions. These results indicated that our method will be a

powerful tool for detailed observation of RNA metabolism in real time.
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¥ — 4 —fElk (KEH) 28 % < 3Bl S DR B B W CRAER I S v s 2 & &
R LTHRY, ZOWFOMIAZRAS D, FRIARFEEITF R O T CEEZENL
ZHIRTL LT, ROKREMHEOHEEICB W THLREEZH S 7 7 F ik
[ZDWTHULANZIT 21T o 7o, EORER, rIEHIR OBMEIZ, Arp2/3 2 L7277
T2 OFENBE G- 2 "TREME &2 B 5 Lz,

2. FEDERLEBH

PRSI TR AT 72 AR GE 2 AT W e N O | AHEIC o L7l sR N &7 — o AT - MERF
T %, H— DM RIS BT 22 Hih58 O 22 EME Z AT IS HIE 9~ 2 23 E B s ST
R, ARFEIRICE T D 2 E TOMRIZL Y . DIFEIER OFALOWMUINE DEWIZ LY |
F AT UPBNICHEL S D Z & TRFTHIZREE O R EM & HI# 3 2 ATRetE 2 R Lz,
Z ZCAMEREE TR, v v — & — ik (K5H) 232 < 3 Ed S 4L D SR sk Z 80
T, OBHEDIE SN OHEEZ B DN T D, XD it CHRIELEEZE S K1 &
LT, FBICHMUNG, 77 F A, S har RUTRME L7, BIEEONZEC X0 il
ROBCRERZ I 5 KoH & & 7 7 F it B O N R 22 RIIC IEO BN H 5 Z &
R LT SRV DO TIRTT 7 F U E I LToE L ERR R Z 5 ERE L.,
= DT A RIS 5,

3. B

WNTERIF R o v D3 AR L BERERLEE

NIEPES 2 v DDA IR A D TICEGFE L TR S D Z A HEShTnb, &
F COMNFETITIRHIFEEL L 7= % R o B — & —fElk (K5H) O340 2 fifht L C & 7=, /MK
TR DR FE B ATV R O U HURIC K 2 e MR . 24T - 7o R dih5R 5y
BRI 7 F AR &, BOVRIE EE SRR BIE SN, RIZF R >
D J1— T REE R (KOT) ARSI NI BL S B, F R A XDtz HE L, Z
DGR, MRBEEOF BRI PR INTZ, ZORERNOHEITR N7 — U HERFICB T DN
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ERF R AN K DEENRMETH D Z ENREINT,

T 7 F U HEIC K DM DR EME DAL

ZIVE TOMMT TR AF == TICB T DX 32 = F—HIk L 7 7 F ki
(Lifeact) DFIFRFBIELZATV, W& ORI ZE AN IEOHBEE R Lz, 727 F v
TRHE DFERE & & % U U NTRAT LT R L B DR RBR ZH O NNCT 5720, 77 F
i E A FEEA] Latruncul in A ZE5ZMARGIIZHKE G- L, XA LT T AL A=V 71K
D EHER N KEH D43 & AR 0B OBMs & & #Hl L 7=, Latrunculin A %5 L 7=k
FCIX KBH O 72 WEIZIB W T HEDO K bR S #ifl S o Em s i s
(Control: 0.019 um/min, Latrunculin A: 0.009 um/min, p < 0.005), FX T XL
DHNRAN O RE)— 7253 401L T 7 F > OBEREFIE 20 L TR & — o 2+ 5 2 &
DIRIE ST,

SR B ORI B D T 7 F ISy - DT

T 7 F RN %, Racl, PaKl, LIMK1, Arp2/3 Z5DKSREZ fRAT L. SR % &
T FURBEOBEEATRT & TY AT AR EARH TS 2 L 2RAT (M) ,
HiElE Clo, XA LT TAAL A= 712k, Latrunculin A 285 U 7- 81532 Cli 4
B « iBfER & BICPESND 2 L &R Lo, B RMICBIT 2 E2T 7 F il
(21X Racl Z#%C PaK1-LIMK1 & #5¢ < #8#& & WAVE-Arp2/3 &t < BRI HAE S Tunb,
FIT, TNHREOMEIC L DB AT L=, T OfE %, Pakl, LIMKI OFHEICZE
W E DA 2 &3 (TPA3: 0. 005um/min, p <0.001, LIMKi3: 0.010um/min, p <
0. 05) IBHMEIIZE L LAgW o2t L, Arp2/3 OPAFE Tl& Latrunculin A & FERICE - &
#fE (ck666: 0. 010um/min, p < 0. 05) LTI Z HND Z EAVRENT-, Tk V., Kbl
DR T L7282 508 DIRHMEIZ Arp2/3 Z L7277 F v OFIEHN B 53 2 ATREME S R
i,

INIHHER DL DL EPEDTEND NN L TAEL 2 ONIRHTH o 7=, REEDRL
BICLY, IRV -T 7 F IR OMEMERIC X0 R M8 OFEAERIE 2 /- L C il
SROYEE DIBAERHIE S D Z & HURE ST, Bk L AEER T L OB R Sz
T LT ARBETHE L LRI I\ CRATHIREE 2 9 5 o 2T Aok
DR STz, S HREEN Ry MR B EOMT NS X0 R 720 1 BOS O ST
BN G NC2 D 2 ERMfFER S,

1 1 - s .
/, Pakl[F—> LIMK1IBH Cofilinl— F-actinl RREEE B Np et SIRRCE S

T 2T T T kA O HIERR B FS K
Rac1l/cdc42(

\ L L OABFZEDFRHTIC VT2 B A,
WAVEM——s  Arp2/3[M——» F-actin
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Local regulation of molecular reactions in maintaining
axonal integrity

Yoshiyuki Konishi
Graduate school of Engineering, University of Fukui, Japan

The maintenance of cellular morphology is especially important for neurons to make
connection with specific targets. The mechanisms by which neurons locally control cellular
nanostructures, such as F-actin/microtubules remained unsolved. Our aim is to demonstrate
molecular systems by which neurons process spatial information and regulate cellular structure at
right position at right time. We have found that KSH-GFP (cleaved kinesin head domain fused to
GFP) accumulates into subsets of axonal branches. Furthermore, we found that retraction of axonal
branches that have high KSH-GFP signal is significantly lower compared with retraction of branches
that have lower KSH signal. In this year, we investigated the mechanisms by which kinesin transport
inhibits axonal branch retraction.

To analyze the function of kinesin mediated transport in axonal branch patterning, a
cleaved tail region of kinesin is expressed in cerebellar granule neurons. This region interact with
cargos, thereby inhibits endogenous kinesin. We found axonal branch length is significantly lower
compared with that in control neurons. We have shown last year that there is a positive correlation
between KSH-GFP signal and F-actin signal in each axonal branch terminals. To test if F-actin
turnover is involved in the axonal branch retraction, we pharmacologically inhibited F-actin turnover
with latrunculin A. We found that latrunculin A application significantly inhibit axonal branch
retraction (Control:0.019 um/min, Latrunculin A:0.009 um/min, p < 0.005). It has been reported
PAKI1-LIMKI1-cofilin pathway as well as WAVE-Arp2/3 pathway play major roles controlling
F-actin at axonal growth cone. Thus, we next investigated the roles of these pathways in axonal
branch retraction. Inhibition of PAKI1 and LIMKI1 with application of IPA3 and LIMKi3
significantly inhibited growth of branches (IPA3: 0.005um/min, p <0.001, LIMKi3: 0.010um/min, p
< 0.05), but did not affect on the retraction. On the other hand, inhibition of Arp2/3 with ck666
significantly inhibited the retraction (ck666: 0.010um/min, p < 0.05).

These results suggest that Arp2/3 dependent F-actin regulation at axonal branch terminal

is involved in the control of axonal branch retraction.
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St RBANEH 5 F % T2 PCI D53 7R

WHFERERE « BILR R TR A AR EIEFER R s

1. FFZEOREE

AR THERE T 2 =3I, BRIICHRNIIRAT 2 H D TRWED . F+ U TIZ
Lo TN E TRITA2MNERH H, F¥ U 7K o> Tl ERESABE M E
ZARENICEAT DRI LT UIEREE R 2008 BEALICMEO= R Y — LN b
Ty T THDH, ZOREOPIE D 1912 Photochemical internalization (PCI)
WD, ARFFETIL, PCTIEOHIE DM, B L, PCTIEIZR W THI A FTREZREIRE
AV a— FORFHEEHI DWW TG LT,

2. FEDERLEBH

Cell-penetrating peptide (CPP)IZHE FVECEIASE OFEM & S & CHIFENIZEA
TAHHETIE, BHPWEDOEZS RN RY —AZHCIAD R CLE YO REN LIZLIE
BIDH, 2O LIXCPP USNDOETES v U T &2 AW =8N ~O W EE A BB )
T, I<KMEICR2ZETHD, ZORBEORRIED 1 2L LT, F, & R«
Bz s ik (PCTE) NHAVWLRTWS, ZiUxFx UV 7otz xx V7
AL VEITNDWE & (2) A & 2 FRRFICiaRERIcimz, (D& @) Laxx=
VRY—ARNICERE SRS, tEH Ty Y — A S HiEThDb, &
FH OO LI EHE RNA EALS PCIIED 1 D TH S,

PCIIEIZBWT =Y RY —ABERRRET 5 OIL, =2 KV — NIZER L7 A
FhELYEFRESIC K 0 IR R L T2 Z ENHB E B DN TWAN, /EROHFFET
%, PCI DA IZBE D 2 HEHIOMEE & LT THIIRNRETE] & DEBREOR) &0 E
HBAEST TEmIN TR -T2, £, PCLIZHW LA HEEAIOME & PCT
DA OFBEZR U212, RSN R OFEN D22, 22T, A
ZETITIGEAI D RS ) IZE B LT, BRIIC L2 =0 B Y — MERRE O fif
ICHR D fHde Z LI Lz, F7o, EHIE EHE (NTFR) o Ea Y
=7 — NEXGHESI O A B L & 2 N+ 2 EAE (X7 F F) EOLESE
FEEANE E D TV WD ERE L7z,

3. E

FIHZE RNA 3 v U 7B 1 2 HHEEBER I DN T DM E = T AT
BOEHE%ZDO RNA O K Y — A GHIEENIER) DEAENKE SRR, Zh
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N—EHIEEEHE ('0,) EROESLHEBEAEN ERNTRBSRE, 202 LT,
F¥—OEIMIEY RNA D= FY —ARHAIH SN2 b biER I, &6
W0 10, DAERE . BBAREE £ TR E Z > TW DA D ERETT 57290, 10, & OEN
BV ENESR TS a L AT a— VD2, 2L AT o — LI ER 2
WA, RO = R Y — AFEEOHEN Loz, a L AT e —/L O
R Inic, £, —HEBEORFMOENNIRVEFHZ T Ty B Y — A
WENEZDZ L, = FY—ABIEETORIZ P EARAONDLZ &, EXH L
I L7 (K1) (Ohtsuki et al, Scientific Reports, 2015),

F7o. BRI PCI 2R ZITHGNE 2P 2 A — FOEFHREHC O W THLRE LT,
THEEAN 2 AT 2 B AE (7 F ) EOALEIL CPP (N K Tat) & Wil (C K) D J7 8 &
Mo tz, A ORI & LT LWESIH 570> TE 72,

X 1. CPP-RNA-EHEEAI = > ¥ 27— b W2 K — MRS
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Mechanism of photochemical internalization
using photosensitizing molecules

Takashi Ohtsuki

Department of Medical Bioengineering, Okayama University, Japan

The therapeutic efficacy of many drug delivery strategies is often limited by the inefficient
transfer of cargo macromolecules such as proteins and nucleic acids to the cytosol consequential
to their endosomal entrapment. One of the methods to overcome this problem is to use a
photosensitizer and light to facilitate the endosomal escape of the macromolecules, termed
photochemical internalization (PCI). It has been considered in this technique that the endosomes
are disrupted by reactive oxygen species generated photo-dependently from the photosensitizer.
However, “photosensitizing reaction” and “cellular localization” of photosensitizers have not
been separately discussed in the previous reports. In addition, it is necessary to compare many
kinds of photosensitizers to discuss their property important for PCIL. In the photo-dependent
cytosolic RNA delivery method that is one of the PCI strategies, an RNA carrier protein
carrying a photosensitizer is used. The localization of the “small” photosensitizer is strongly
affected by the “large” RNA carrier protein. Thus, by using this system, we can and focus can
be placed on the “photosensitizing reaction” of the photosensitizers.

In this study, we measured the photophysical properties of eight dyes (photosensitizer
candidates) and determined the respective endosomal escape efficiencies using these dyes.
Correlation plots between these factors indicated that the photogenerated 'O, molecules from
photosensitizers were highly related to the endosomal escape efficiencies. The contribution of
'0, was confirmed using 'O, quenchers. In addition, time-lapse fluorescence imaging showed
that the photoinduced endosomal escape occurred at a few seconds to a few minutes after
irradiation (much longer than 'O, lifetime), and that the pH increased in the endosome prior to
the endosomal escape of the macromolecule. We also found that several dipeptide sequences
were better as linker sequences for the attachment of a photosensitizer to a peptide in a

photosensitizing peptide molecule for PCI strategy.
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1 MEANRREOREEETLHT /) Fr RNt HW
MR FEIZ B30 B AR5 F D 1 43FF 3
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1. BFEOBE

ARIRZE . FASEZ 145 RS 1 J L~ CERAICHET 5 7212, 1 Hifa
TR 2D 1T MINEREE O RS = A 3 27/ F v vz DT MfasEIiZ o 5
KOEBERZ L NTED1DOTHDHY h7 1 b (cytochrome c) D 1 571 aHlTE % B
BT D, REFEIT, PR/l I RIS Lc, S 6T, BMEO 1/
WNEY (EaV v bbb pL=10"L) 2> R 7F57-012, 7o b)Y
v b (fL=10"L) UL Ok % BIE I 2 Hili 2 fesr L7z,

2. FROEFRLAW
a7 AR h— 2 (apoptosis) 72 b7 vl T S NT-HIEIEIZEE D 5 A1 DR
BN, B F 7213 RO R M B e E DR A 1 = X AR E IR IEIE OB ~DIL
WCER D, BURTIL, 7R F—= ZADOHZEIZBW T, MldER L~V TOT R h—
(2R B EEW e B R G FIERAFIH S Tnd, L, MlagERo 7R —
o A THAE R AR A 2 ORI O T R h— 3 AEITB X OMEMER R EIC LS
FERTHY, TRV AOFERA N =X LOBRE & OBEM: 2 82 HB I LT
THEOIZ, THRP=VRAZ 1l 155F UL TERAICEAE L2 uiEe b
RN, EZTAMZEO B, MR 1D 1 01 LoV TCTEEMICEET 5
72DIZ, TR M=V RCEDLROBEERZ LV RIED1OTHDHY hr/a b ¢ ITE
HL., MBICER L2 1RSI RKEDD 1 EBNREOR®AE BT ST/ F ¥ 1
NI ESNT, Y Forb e D1 FRHINEZIE L, 7R h—v 2T E T B
suahlc OEEDOHBERRREZHOLNNCTAZETHS, THRM—VRIZBITLHV Y
2AcZ 1P O1 0T LUV TERT DI i, MlaskzitL = 3 A0 %EHIcHE
V. ARSEDWIHIBLRE I 31 DAL F SRR D E &2 B2 AlRe . L, F/ AT «
VUM BAE CTh D MIEREEIZ BT 5 0 F UG~ D EROHEEIZ K E < BT E 5,
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3. R

FAaNHRBE LI horuab ¢ 1Ty 7%, 77 mETFy ZIChE I
AARDF ) F v xRN HERET ) T v A 2 H+ &L b, 1 KO F
v RV, MIMOETE k=Y v Mbpl, pL=10"1) XY 2H/h&WEt7 =
LARYw Ry (fL=10" L) FREZ2 LoD, HIRANEYE 1551 LUV T2
IR DB LTS, SHIC, AAREDOT ) F v R EEFTHZEICED, 14
FRAHE S IZE R UAREE AT 2 RN O L 9 200 T NARE - T2 22 M 2 8
THZLENTE S,

AL TIL, AT Y U MBEmIc S nERiEEFA LT, 1 o rEHllT > 7
NOET /T LA LTz B O T (SAM) 128\ T, g 10> N7
Bhch 1 THMNTHETS, 10 7lTFYy7NTY N7 a b o FAEEUAZ
ET HHIC, FA— VKL BRI LR EE S DR OEEL A% AT
SAM ZER &z, O£V, &FHEETFA— N2 FRBAESE, ) —HORET
OOHLINKRXINILETURDT I EBFEET 5 Z &I THiRZEE L1z, KIZ,
SAM R Z[EEL Lo HIUA T, KDL~ T, ¥ hruabck 1551
HALCHIE L, SoicedF et ARz e S8z, 2oket T LA b
LR T eV EORRNREAEZRIALT, A ML T T EY EMES Ry b
(QD) ZHHANIKR LA S, WA AV TU R AL cHEDQD DKy
MRS T FNVEBIETET, KoT1HFRHIITF Yy 7Z2HW e horabcdD 1 457
Mz RkTh Lz,

TV R ahc D] SFBRHEE S SIC 1 RANAEY ORI ST~ 5
21X, THIIRNAEY (pL L-Ub) OFEEL Y o E/hESWNWT = A U v MLVOGiKE
BIEICNY RYU T TEXHEMMBETH D, Lo LRns, T/ iikT v 7%y
Tv =2V y MBI OWEEZ BIECHIET 572D, T/ F % RV NI A 5
T (HIB LT - Fp) OREEREMBLET L, 7/ Fyxinimd TS THES
NI-ZERITH DI, ZO LX) REINIES LS N TWihoTe, LEOBERNG, F
J F e XVICHHBA R 72UV T (7)) OREER RO b TWe, Fex ik, &
R AAEEEETHY 7 b~ U TV MBI LI E R E ) BRI R A
ST, T F v R, FMEBIRE OHIE721F TRRE E B R8BI A~— RS LT (F7)
EERIGT A LICRI LT, ZOBMNA~— LT EFIHTAILE T, 7oAk
Uy hv (fL=10" L) L~vdDKEAECHIET S Z & 2R THld TEB L,
ZOMERRIL. ¥ hr v b ¢ O 1HFEHIIT Y 7 A& VT 1N ORERER 72
IHTICRIHCTE L7500 Tl (b, N A Lo 7 v ATEBIV 2 58 %2 70
b3 ETREIND,
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Measurement of single cell apoptosis at the single-molecular level
by using nanofluidic channels

Yan Xu

Nanoscience and Nanotechnology Research Center, Research Organization for the 21st
Century, Osaka Prefecture University, Japan

To precisely clarify the induction mechanism of apoptosis and its relations to diseases, it is
necessary to quantitatively understand apoptosis of single cells at the single molecular level.
The purpose of this study is to develop a method to measure cytochrome ¢ in single cell at the
single molecular level by using nanofluidic channels. Cytochrome c is one of the most
important proteins involved in the initial stage of apoptosis. Quantification of cytochrome ¢ in
apoptosis of single cells at single molecular level enables to approach the origin of cell death
and enable quantitative understanding of the biochemical reaction at the early stage of cell
death.

Last year, we achieved the fabrication of the nanofluidic chip for measurement of
cytochrome c¢ at the single molecular level last year. In the nanofluidic chip, two side
microfluidic channels are bridged by 100 parallel arrayed nanofluidic channels, with gold
nanoarray in each nanofluidic channel. The structure provides 16000 nanodot-shaped gold
array in the arrayed nanofluidic channels in the chip. Each nanofluidic channel has an
ultra-small volume of approximately 96 fL (fL = 107" L). Thus, the arrayed nanofluidic
channels are appropriate to handle 9.6 pL (pL = 10> L) liquid, which is approximately as
same as the volume of a single mammalian cell.

This year, we succeeded in the detection of single cytochrome ¢ molecules by using the
nanofluidic chip. A quantum dot-based immunoassay detection scheme was used in the
detection. According to Poisson distribution, single cytochrome ¢ molecules were captured on
gold nanoarray surfaces immobilized with cytochrome ¢ capture antibodies, in the nanofluidic
chip. After the formation of the immunocomplexes of captured cytochrome ¢
molecules/biotin-conjugated cytochrome ¢ detection antibodies/quantum-dot conjugated
streptavidin, the detection of dot-shaped signals of single quantum-dots representing captured
single cytochrome ¢ molecules was achieved by using a fluorescence microscope with an
EM-CCD camera.

In addition, to handle lysate of a single cell during the further detection of cytochrome c in
single cells, we made a breakthrough in the active regulation of femtoliter (fL = 107" L) -scale
fluids. Accurate, local assembly of nanobrushes of a well-tailored short-chain
thermoresponsive polymer in nanofluidic channels is achieved, using a site-specific
nano-in-nano patterning technique developed by us in combination with nanofluidics. The
assembled polymer nanobrushes enable the active regulation of femtoliter-scale fluids inside

nanofluidic channels, in response to an external temperature change.
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1. FFFEDOBEE

ARHRRE-CTRIERI DA A= 7%, T AR T TRERZ T T L7 IREE
THIETL2ONFEFETHD, L, BEKOZEFEIT L O AAKRRCE ki o
WP AT =V 2 BET OSSN N LIEUITEL 20 . Zh b Z2fRk4+ 54 A —
DU TEN DY 7 NEARBPEDBILTN D, AL TIX, AR SRRV I A A 8
TEETLDEIN [T/ T 7)) ZEEL, LA A= 7Y —LE LTOIG
Mz BT, EBE, AR OBKMBEERL O TERERE 7 v v 73 25 FiE
ZRESL L, BEEIEAA T 2 HKME L mWEBEE R T2 2 & THERHEBRORAK - Tk
ExFEBTE, Eo, ENfEEHEREE AW CGRiEfaT » e 72 b ks Lz,

2. FRDOERLEW
B &R 100 nm LT OMEBICIN T 2 &, F / JERA OF8kiE & @ sEst
WRBIT U Z 0w R E BRI A A T R g O A TR 2 O S
CEAMRE A TE D2 =— 2 BN 5 T b, s, ARz A A—T 07
THRE, BT ABMIARE IR AT T LIDREECBIET 20N HEFETH DN, HREIR
DR D FFR D HIEOCARAT — V2 BE T 5 L T OSNNHEE 725, MERZRFE &
T ORI TIX, 77 U @B L TEADNESE LRV, F T ZAER ECIRiEE T
DIZORIEMIREEN S DA A=V ZITEHE LV, (o) 26 B8EF /59ELS
AFFECTIL, AWM 2 IR TH s P
ETLHHM 1772y 7) #EL, HLn sl
ARA=T 7Y — & LTOISH %K % (Fig. 1), AIRRIR
R Tit, BOKEREIRZ AV L TR E 7 ) mpmmmy /suEs sy
Yy B L, ARHEERORK - RIEEFEBLT D, msEpE 5&1&2@% (;Fﬂiﬁﬁﬂiﬁ?k%)
BB TIE, RN A EBRICERTE 5 L9 \? 2 KO*/C
BB AL A& 5 U 7o M S C Rl e A AR T

H5AEMR
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Fabrication of Ultra-thin Films for Bio-imaging Tools of Floating Cells

Yosuke Okamura*
* Department of Applied Chemistry, School of Engineering, Tokai University, Japan

We have developed free-standing ultra-thin films (so-called nanosheets) composed of
biodegradable and biocompatible polymers for biomedical applications . Such nanosheets
have a thickness of less than 100 nm and exhibit unique characterizations such as high
adhesiveness, flexibility and a high degree of transparency . On the other hand, tissues and
floating cells during imaging are often put on a glass substrate, to which physiological buffer is
added to avoid drying. However, tissues and floating cells are dried during observation and it is
difficult to be come into focus due to moving them into buffer. In this study, we develop the
nanosheets for bio-imaging tools of tissues and floating cells to provide water retentivity and
fixation on the substrate.

For tissue imaging, we fabricated a water-repellent nanosheet composed of
fluorine-containing polymer (CYTOP, Asahi Glass Co., Ltd.). An aqueous solution of 10 mg/mL
poly(vinyl alcohol) (PVA) as a water-soluble sacrificial layer was spin-coated for 20 s at 4,000
rpm onto a silicon wafer (SiO, substrate, typical size: 40 x 40 mm). The PVA-coated substrate
was then spin-coated with CYTOP solution using the same procedure. When the substrate was
immersed into water, the water-repellent nanosheet was detached from the substrate by
dissolving only the PVA layer into water. The thickness was proportional to the concentration of
CYTOP from ca. 20 nm to ca. 800 nm, which exhibited the water-repellent property
(water-contact angle: 111 £ 1°). When alginate hydrogels as a model were incubated on the
glass substrate for 24 h (25°C, RH: 50%), they were dried within 10 hours. However, the
hydrogels wrapped with the water-repellent nanosheets were significantly prevented the
evaporation of the water. Moreover, we demonstrated that the nanosheets were also prevented
the drying of the mouse organs and firmly fixed on the substrate due to the high adhesiveness of
the nanosheets. The water-repellent nanosheets therefore would be a helpful tissue-imaging tool
to provide water retentivity and fixation.

For imaging of floating cells, we tested whether nanosheet wrapping works or not. To this
end, biocompatible nanosheets composed of poly(lactic acid) (thickness: ca. 60 nm) were
fabricated using the same procedures as shown above. When the floating cells were observed on
the glass substrate, they were moved and blurred by the Brownian motion. However, the cells
wrapped with the nanosheets were immobilized between the substrate. We will try to wrapping
of cells by using porous nanosheets to be stimulated them.

[1] Okamura, Y. et al. Adv. Mater. 21, 4388 (2009).
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Single fluorescent nanoparticles measuring the location and the
environment in living cells

Madoka Suzuki
Organization for University Research Initiatives, Waseda University, Japan

Cellular functions are affected by externally applied stimuli such as electrical, chemical, or
physical factors. In this project, we aim to develop probes and microscopy methods that can
measure the intracellular environment.

In this fiscal year 2015, we successfully developed the method to fabricate targeted
nanosensors for single-molecule imaging by a bottom-up approach [1]. Here the intracellular
probes were created by conjugating four organic dyes with single-chain avidin proteins via a
click reaction. The position of single probes could be determined with the accuracy of about 10
nm at 1 Hz. We demonstrated that the nanoprobes showed increased brightness and
photostability, both of which contributed the successful single molecule imaging under
conventional fluorescence microscope. By targeting ER with Cy5-probe, we tracked the
remodeling processes of ER at nm spatial resolution. ER-targeted TAMRA-probes enabled the
imaging of the temperature distribution on ER under externally applied local heating. The
development of thermosensors was further extended to the achievement of a novel
microthermography method inside small living organisms [2, inside front cover]. Regarding the
temperature measurement, we proposed the way to bridge the 10° gap between calculation and
measurement in single-cell thermometry [3]. The project has been extended to the development
of piezoelectric nanoparticle-assisted wireless stimulation of neuronal cells when we tested our
nanothermometers to map the intracellular temperature distribution under external heating [4].
We further investigated other cellular responses to local heating. In spherical cells, the plasma
membrane extended towards the heat source upon heating [5]. The high-speed neurite
elongation towards the heat source was found in neurites of rat hippocampal neuronal cells [6].

We revealed that the actomyosin interaction played major roles in both of these responses.
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Evaluation of nanoscaled cytotoxicity on plasma membranes using
ion-sensitive field-effect transistors

Tatsuro Goda
Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, Japan

The plasma membranes (PMs) are extremely thin (6—10 nm), stable, and semi-permeable film
that protect the cytosolic element from the extracellular space by blocking free diffusion of ions,
charged molecules, and macromolecules. External stimuli/reagents occasionally disrupt the PM
barrier by making transmembrane pores, leading to acute cytotoxicity as a result of uncontrolled
diffusion of mobile ions, charged species, and biomolecules through the pores. Therefore, the
PM toxicity and hemolysis are widely and routinely evaluated in biological and biomedical
fields. Traditional assays measure the release of biomarker proteins or fluorescence from the
cytosol through the pores across the PM in colorimetric manners. Despite the recent
development of a variety of methods/materials for efficient gene/drug delivery systems to the
cytosol, the hemolysis, membrane-toxicity, and cytotoxicity assays remain unchanged over 30
years, while leaving major issues for nanotoxicology testing; 1. The biomarker of interest
cannot detect the pores whose size is smaller than itself, which makes it difficult to evaluate the
true safety of recent nanoscale materials. 2. The fluorescent/biomolecular indicators often result
in false-positive by passively permeating the plasma membrane due to the altered
hydrophobic/hydrophilic balance of the PM as a result of the interaction with exogenous agents.
We discovered the generation of transient proton when we added a weak acid or base to the
solution surrounding cells cultured on a solid surface in a stepped manner. The stepped addition
of NH4Cl or CH;COONa induced pH transients in the local cell microenvironment as a result of
free diffusion of neutral NH; or CH;COOH across the PM and the proton sponge effect of the
weak acid/base. Further, this phenomenon was applied to the development of a distinctly new
system for detecting minute disorders of PMs in live mammalian cells. The system measures
transient proton generated by free diffusion of low-molecular-weight electrolytes (H" and NH,")
through the pores in real time. These ions are ultimately small (hydrodynamic radii of <0.33
nm) so that they are sensitive even to the formation of molecularly sized pores which was
otherwise not possible using conventional hemolysis because of the relatively large in size of
hemoglobin (hydrodynamic radius >3.1 nm) as an indicator. The relatively fast mass transport
of these molecules effectively ruled out the activity of inherently expressed ion pumps on the
plasma membrane. Silicon-based pH-sensitive transistors were used for signal transduction of
protons at the cell/gate insulator interspace so that the complementary metal oxide
semiconductor (CMOS)-compatible fabrication technique is straightforward to downsizing,

mass production, and multi-parallelization in the application of screening toxicants.
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WT RNA Z LT 57 e —70RkO6NTWD, ZOXHIRTr—TICEFLFaT
—E—a L MB)B B DD, HERD MB IEIRmICBRENFES I TWelzdlo, Ny Z
7T 0 RN L DIABHENRKRE R E 72> T, TSR L, a3 AT AN
HICOREREEALIZA VAT AELF 2T —E—ar (ISMB) 2% L, Z0O7n
— NIRRT MB LTy 7 7T 7 RERD/NENEWIRERH D, £ T,
AMETIEINOLOT 0 —T 2 HIZHRETH I LI L > TREREREBRE 7 7 —
TERRRE L, EEICHIENA A=V I NBETHZ LA BET, MEREX Cy3 2HE

1. Cy3 AV =7 —7 1 —7 DK
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B A L7- ISMB ZBH% L, EEEIZ RNA ZRHARETH D Z 2L Lz, A
L Cy3 LAl E D BRI RS G AT 22 LIC k> TAT MEERER=T
—7ua—J OB EITo T,

3. pRFR
ZHFETIT Cy3 BHCE A ISMB OB EIL TODAN, Z—7 M A IR AT D& O i
BEA LB LT D7D IR A OIK T A <R H T, £ TARIFETIIAT MEEEHT-
RN =T —7n—T7 DS EIT 0Tz, KIS GEH 2~ 7, DNA 859112 Cy3 2247 8 AL,
JHYEAIEL T Nitro Methyl Red #2453 78 A LTz, ZILETORERMNE Cy3 DFEN% Nitro
methyl Red 2VNERAICIENTHIENT D> TWD, F-INSDOFEIIRERREERET
KT D701, B CARMELSZE AL THRIEDE N THEZ 261D (K1), 2
IZRLUTHRA#RO7e RNA 777E T CIE R AER MBS ZEIc ks TRIEDBIES
NHZEEMRHLE(K1A),

TR AT MV ERIE LT R
212 T, #—7 v REFE T Tl Cy3
DFFITIFEA L BIES N2 5T, b
AR A MVRTE DOFE SR Cy3 &
Nitro Methyl Red BN A EETERL TS
ZEMBGIETR ST, FHUTKIL, AR
7RRERY RNA ZIRINLT-EZAIER 1T
Cy3 ICLDFINBlESI N, 2Dl
RNA L HEA BT HZ LI TESE
MO AAER SIS ZE 2R T
Do ZORER T FN—R I TTT R
(S/B) EbiE 180 LIEHITHEEE CTHHIL
WIole, Z—=7y M TDINERE K2, Cy3 BAY=T—7 1 —7Ic L 51 RNA
EOERD MB LIHRLTZEZ A BRLTZY s 5
=7 =7 a—T DFN10fEFEEL AR
ADENZ LW G3oTz, LLEDIINT Cy3 S AIO L E RS SRR AR 52812k
STAT IMEERER) =7 — 70— 2T HZLITH LT,

RN LRI SR & U TR KRB0/ NEEOR B SEAE & TSMB % FH WO 7l P A R i s
Mz OWTHRF 2D TR 0 E OSBRI, £, TOMIZHE W< DD
BN RIFEZ D TN D,
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Development of a highly-sensitive nucleic acid probe for in vivo
imaging

Hiromu Kashida
Graduate School of Engineering, Nagoya University, Japan

Spatiotemporal control of RNA expression has been attracted much attention due to its
relevance to various kinds of cell function. To visualize RNA in cell, monitoring tools with high
sensitivity are strongly required. Previously, we have developed In-Stem Molecular Beacons
(ISMB) by incorporating fluorophores (perylene) and quenchers (anthraquinone) into stem
portion of molecular beacon. ISMB could detect target RNA with higher sensitivity than
conventional molecular beacons, which tether fluorophores and quenchers at their termini. In
addition, incorporation of multiple fluorophores into ISMB drastically enhanced the sensitivity.
In this project, we aim to develop highly sensitive MB for in vivo RNA imaging. Last year, we
synthesized a novel Cy3 derivative and incorporated it into ISMB. As a result, ISMB tethering
two Cy3 fluorophores showed higher detection sensitivity than ISMB with one Cy3 moiety. We
also applied this ISMB to visualize GFP mRNA, which was transcribed from plasmids, in fixed
HeLa cells. This year, we synthesized a linear probe without a stem-loop structure, which
detected a target RNA with high sensitivity.

We selected Nitro Methyl Red as a quencher since it quenches Cy3 emission efficiently. In
addition, incorporation of a pair between Cy3 and Nitro Methyl Red into a DNA duplex
strongly stabilized the duplex. Therefore, we synthesized a probe DNA tethering two Cy3
residues and two Nitro Methyl Red residues. In the absence of the target, almost no emission of
Cy3 was observed although the probe has no self-complementary sequence. UV-VIS spectrum
indicated that Cy3 and Nitro Methyl Red formed a cluster. In contrast, Cy3 emission recovered
upon the addition of target RNA because the interaction between dyes was suppressed. As a
result, signal to background ratio (S/B ratio) of this probe was as high as 180. Interestingly, a
probe tethering Cy3 and anthraquinone did not show such a high S/B ratio, indicating that a
complex between these dyes are not sufficiently stable. Emission from this probe immediately
increased upon the addition of the target RNA, indicating response speed of this probe was
higher than conventional molecular beacons. From these results, a linear probe for efficient
detection of RNA was successfully developed by using the spontaneous clustering between Cy3

and Nitro Methyl Red.
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Asanuma and Kentaro Kogure Faint electric treatment-induced rapid endosomal escape for efficient
delivery of functional macromolecules into the cytoplasm J. Control Release in press.
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BOEERT/ *v ) 7T ORI
FFJEREH « SRS R F—BETERIJERT hE 2w

1. FROBE

Foe B3R L2 8O REFEEDKIERF THESES L)/ T e — 7%, WiEs
FHEHIES £ ORI 72 X OBREEC b 287 H CAEARA TR L C D — . BERIRA
HOL 2 Y 7R BT IS E AT 5 2 & T MIIAN O = 2T VK REEESR 0 = b m iR Tl
FR EOMBERISERTHET D ENHLNER> TS, AFETIZ, D)/
7 — 7 I A L L T SRS T R U T AR L. OB B iE
LRIV R RIS 5 2 L 2 A E T 5,

2. FROEFRLEAW

KT v 7 FYNRY =27 A(DDINZEBW T, SAERHNEISE MEFRAR O BE R 1%, S
FEORFZEMBeHEZ2 S 2700 B TIERICERATH D, P CHBERMIEZ MY H—&
LicF /7 %% U700 OIEFIBHHIEIL, HRABFERN R ZEN 3252 & T, B
BRI YR ELZ REL T2 0FATH L, T E THEEE DI, KIRRFCTHD
LA LT BB FERN, R EOKEE N H—L L THE L, S al
DEACERTF ) T a—T ORBIEHI L TND, L3l ZoF ) Ta—71x, HEHED
HO SR () 21X SNARFIC R U CBRKAY 72 AL 238 A U 7 3538 R0 KRR 1 C 100
nm FREDOH CEAGREIKT 52 LICERT 5, ZOHCEARIL, iz ek
ELTHLTOZRD D HIEESE T MR T 7 EOEARNREET DB T
IZBW T B CTLREIFEL TN D, DT, BEECITINE T D Bl 28 A
T 52 LT, R L OMISHESCHIZOE L, B EEET s 2=— ) ) T —
7T DHHI 100 E0HEEEAL), BEICZ OB CERRT ) T a—T T, = AT IVINIKS
RIS = b iR R - 7Y 3 v NG UIMIEE 72 & OMNEEREZ U TV 2 A LI
T2 Z LI LT D, 7o, FFETREEALE LT, KT o —7 138551
HOEAKRTHDLZ LD HBEOEZLRRBEAbE T~ VT RISE®DF ) Ta—T
MDA A EZNB LT ) 7 —7 ORI RS LS5, £ 2T, A4F
ZETIE, Yk e —T7EFAL T, BEAERR T /XX UV 7 2RI L, MlaNESR
RFFE DWW R OIS THNE LT3R 2 T 2R %E, 7/ v U 7 0@k UVl
R & [FRFC AL L CRHMET 2 2 & 2 B E LTV 5,

3. Bk
(D 1) KR TIEMEL S D pH SNBSS/ 7o — 7 OB

80



5
il

LRI DR T DSR2 L L U CLEAREEZ T D & PRI SR
PEARERAEA LT-HCEAM T ) T u— T OFEMA T Uz, oot i3,
EOWEDOHICL > THRET L LN TE D, EEOBHCERST T/ e —T71%, K
FAHANCIZE CEABREZER L TR, Bt Th O 23, KR ABZ 25> 2L T
HHEEEE L, pH 7 r—7 LCHATE 200, HOEASREZMERFL TS
BB B NE o, ZOMBANTORRAEZKRE L, MIRN~OEADT 1t 2D
0L MRV T G pHIIGEREZRBRE N & RIS R 2 & AR S, el %
MY —LF2 pHINEME T ) 7e—T7 L LTRIHTEZ EBHLMNE ST,

(FD2) SHETIEMEL SN D pH INEMES YT/ 7 e —7 ORA%

HOEAM T ) e —T0F /) Xx V7L LTOFRAICEL THRF L, 3 CEAR
F7a—7 L LTt INETIONBEMESE AW E L TE 7~ Rho-Bn(NO2) Z £ L,
xR A OWNEREEZMFT Lc, FHME LR DS B, RE¥ Y ey Dok, 7v
A7 < 757 4—7T, RhoBn(NOJ)OHEESK LR —T7 T 7 v a BT,
Dox HRDEEAHERE S 41, Rho-Bn(NO2) D H A ANIZ Dox 2Z8NEL I N TS 2
EMRIB E Tz, Rho-Bn(NOIZiE, = b U ¥ 7 Z—FB(NTRISEMEN 5 T
572, NTRIZ L % Rho HRENDOFEIEIZ L Y B CES KO S HERIE ST fTRE CTh
%o FEERTNTR TR L7 & Z A, BHE 7 Rho H2kEt D RIE & Dox HkD .o
FAED MR S 41, Rho-Bn(NO2) B CAEARICNE S 4172 Dox 73 NTR OFEIZ KV | B
HENZZ LRI,

(Z M) ALK PR, MRS KlE R, KRR RHSBCR
ez, AR e IR L #dR - A B E O s LRIV,

[1] a) E. Nakata, et al., Bioorg. Med. Chem., 17, 6952 (2009). b) E. Nakata, et al., Chem. Comm., 46, 3526
(2010). c) E. Nakata, et al., Bioorg. Med. Chem., 21, 1663 (2011). [2] E. Nakata, et al., Chem. Lett., 39,
734 (2010). [3] E. Nakata, et al., RSC Adv., 4, 348 (2014). [4] E. Nakata, et al., Bull. Chem. Soc. Jpn.,
88, 327 (2015).
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Development of the self-assembled nano-carrier

Eiji Nakata
Institute of Advanced Energy, Kyoto University, Japan

In the field of nanomedicine molecular science, the enzymatic activity is one of the useful
parameter to understand the condition of living system. And also, it is very important as the
trigger of medicinal and biological agents. Thus, the methodology to monitor enzymatic
activities in living system are very important. Recently, we developed a novel strategy to control
the fluorescent property of asymmetric xanthene scaffold, such as SNARF, that enables rational
design of fluorescent probe to monitor the cellular enzymatic activity.'!. The mechanism
underlying the fluorescence off/on switching is based on the lactone formation under a
hydrophobic condition. A certain kind of derivatives formed self-assembly in an aqueous
condition and existed as the lactone form. We explored the structure-activity relationship of
the derivatives and developed a rational design strategy for self-assembled fluorescent nano
probes to monitor the enzymatic acitivity.2! ' We hypothesized that the fluorescent nano probes
could be applied as the enzyme responsible nano-carrier.

To demonstrate the versatility of the self-assembled nanoprobe as the enzyme responsible
nano-carrier, the intensionality of doxorubicin (Dox), as an example of drug, in self-assembled
nanoprobe were confirmed. The nitroreductase (NTR) responsible nanoprobe Rho-Bn(NO,) was
selected as the candidate of nano-carrier. After treatment of NTR, the Dox were released from
nano-carrier with the increment of the fluorescence from disassembled fluorophore. The result
indicated the self-assembled nano-probe could be applied as the NTR responsible nano-carrier.

As the another results, a self-assembled fluorescent cluster comprising a
seminaphthorhodafluor (SNARF) derivative protected by a photoremovable 0-nitrobenzyl group
were designed and demonstrated as a dual-emissive ratimetric fluorescent pH probe in cell
cultures. By using these results in combination, we would like to rationally design the enzyme

responsible nano-carrier based on our self-assembled nano probes.

[1] a) E. Nakata, et al., Bioorg. Med. Chem., 17, 6952 (2009). b) E. Nakata, et al., Chem. Comm., 46, 3526
(2010). c) E. Nakata, et al., Chem. Lett., 39, 734 (2010). d) E. Nakata, et al., Bioorg. Med. Chem., 21,
1663 (2011). e) E. Nakata, et al., Bull. Chem. Soc. Jpn., 88, 327 (2015). [2] E. Nakata, et al., RSC Adv., 4,
348 (2014).
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Hirakawa, Kensuke Sumita, Kazunori Watanabe Shigetoshi Okazaki
“The molecular mechanism of photochemical internalization of cell penetrating peptide
cargophotosensitizer conjugates”
Scientific Reports, 2015, 5, 18577.
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1.  Eiji Nakata, 2015. 08.18, ISAMR, Taiwan
“The rational design strategy for latent ratiometric fluorescent pH probe”
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2. Eiji Nakata, 2016. 01.22, 7™ Japan-taiwan nanomedicine symposium, Japan
“The rational design of latent ratiometric fluorescent pH probes based on self-assembled SNARF
derivatives”
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EARHTIZ X DS BRRFME O MRS TLEME AR & 5
¥e 1\ DDS ~ 2 BE

FERERE  EHRFPRFEEER T /NE R

1. FFFROBEE

Fx XN ETIT, WETERIC L > T siRNA 5 4 I EA0IZ R NHIIRE £ CtET 5
iz LCnd, Foxix, MEEHTIC K - TR OB Y JA B AR AL PN 0 %
DILHE L TV D EARERA LT, £ OMGE L Y ikE~DREMZ HiE L TR A TW
Do ZAVETIT, MEEIIC L > THlRaBEEM AL L, SRER = KA h—
VATHRDIAENDZ L, EHIZy RY—AbHRE AR E N RETH 2 &
R LTS, 2015 %, HLFRIFIEIC L DREREMAZIR DM E L EA =X L%
FEAT L. P55 EMALERE L ) DA 2 I A F R IRH T2 2 2 R Lz,
EOICVRRBE T LY AT o OFBUHIENC K 0 5RO iE R HIZ A Eh Lz,

2. HEDERLEEM

FxlXINETIT, A P77+ LU X (TRE5HEFIC KX DR o 2R E AN 1<
£V siRNA X° CpG A U TR e EBUKMERE A2 BN (in vivo) IR L IRES
THE BT, @ RNAL FRCHUER SRR S 2R+ 5 2 LISl L TnD
(Kigasawa et al., Int. J. Pharm (2010), Kigasawa et al., J. Control. Release
(2011)), ZDOZ LiE, HMHBEMIC L > TP MIE L TEESNIZI L E2EBKRLT
Wb, I HIT, MEERAIRIC X HHIRN & x 7B D) b A R iET LT &
Z A KR BGA BRI NEE C B 53 5% < O Z T ED ) VB TUEL TV D
ZEDBHBLMNITR S TND, ZORREND, TREFEIIZ L > THix O 7 F MARER D
EHfbsns 2 & T, = R A F—ABEY X7 EHRNER LS, = R¥ A |k
—UANFHEIND Z & TR ENIRVIAEND & L BIT TV IAE Tk
WVE OABINEENTUHET 5 Z ENRB I NI, TN EnbIka L, [TR55ER
(KM 7 F IAREDTE ML U SR E DY AT & 380 INE 2 A1 L 72 5 R ik

BT LR X S HIIEIZEZESND | E WO REL AL Tle, RAGHIFETIR, M
RaNERETEME L2 FTEE U, R & 72 2 0 IO/ T A —& % R4 2 & CTHEH DDS
~ET A2 R BEL TV D, AFEIEL M BRI IZ 35N T In-stemmolecular
beacon (ISMB) DA E L DFEALMENT 21T 5 & & HIT, FBERENERLIR iRed DA
Bk LRI O R BLEIE 2 ME L7,
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3. pRFR
W EANIRZ KD R YA M= A REAT T 57280 | 82 HAE R sIRNA O R B A A 2%t
T O N YA M= A ERN OB RET LT, ZORER . RIRAHE (4C) . BLU~
70t )Y A M= ALERRCH SA T EME T R YA AL EFN L > TR S
N2 Db, W ERICE DM IAAIL, v /e /A h— AD L5 = R A h—
AR CTHLIED DD DI, IHIT, BAKIFIEIERF R H T4 F X 12V Ths TRP
F ¥V OREA] SKF96356 (2L THIILEIA LD BIZHIfI STz, ZIHDZEND,
WIS ERAIRN Lo THTF A F v XN Z N L THTFT AR A L, M S 7T VR A
EHEALSNADZE TV R A M= ADFE RS, IS NI IA FN D EDHELR S
T2 EHIT, BIAEN T E OMIE N KB & T3 5720, 4l
B P A OB LTz ISMB & W CRiE a1 T 72, A7
I?*ffﬁ%fﬁfﬁﬁﬂﬂ@ WXL CL PR B ER R IC L v 7 =T —

IZxF9°% ISMB & AFS 72024 a0/ E I H9 278
OI=ZEMD (X1) | O E I DM E 521X, BB ITkS
H@@-’rﬁﬂ@*’f’“ ISR E B L TE R RE CTHDH I EMALNE IR ST, &

W2, RS EGTALER R B L ONE R DO NI EA e LT A, M1, MR S
1'15(% BT ALER B 1% 2 DA O i E CH e Bl g ST, 2o {Sﬁgﬁg)ﬁg@%%;ﬁﬁﬁ
ZEMD IS ERAE CTA LU R Y — AL, W TL— X7t
EELTBY, AEYINIRHELSCTWIERHELE SN, ZNHOZEND, 5 i LE T
PV RS e R S A M E (TR E TEL LRSI G o7, £Z T, {“'%/AJ%?%
FRM U B B Re MR & U CIE S K - )N B OB L2 iRed LS EIMA MG EHZE
AU, iRed 13, e/ IMERKEEFE D 570D shRNA JEHL_U 2 —TH0 4 F A KElE VD
L THRGIEBEA N CEXORMEEAL QD 22T A 77— BIZxd 5 iRed 17
£ FCHIEZMEERAE LA, MGEMHITBl RSN oT, VR 7 =TI
(LFN) 25t R E L T3 sIRNA O AN EVIA B EZ TR 5, ﬁ%zh‘/lri
LEN/siRNA #EAERE0Y | M55 B AL ERIC LD B IA B m DS & 720 | IR NS
2L DGR NIRDIAEN TWBZENISNE 2 -T-, ISMB D45+ 1% 10,000 F2E 7273, iRed
1%.200,000 LA EHDZ LMD, 3T ENTURY — ARHICEEL QD EE R, Bdy &
DA T X% AT (10,000 & 70,000) DT RV — LR AR LTZ, F0O8 R, M59E
FRALER 24 BRI IRV T, THFARTL 10,000 (HAMILE IR H ASHERS LM, TF ATV
70,000 (I RY—2HNIZHY, WMIFERICELDT R Y — AT & THIBRSI D2 &
DIRIBENT, £Z2C, iRed L RY — AR HIEHERIE 7 ma W N CIES E AL EEL
7c&ZA, LEN/iRed EAKIDEE L EWBIRFRBINHNEMES R INTZ, 2OV AT L
Z HAWIR R IE (LT VAT X9 5 iRed &7 muse L H7E N CHE RGN A2 185y B it L
FRU72E2 A, IR LI BB RE A B S, P85 EITE iRed 24l E D
HHZETHRIKE ST OF BRI TRE/R T L RIB ST,
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Clarification of mechanism of faint electricity-induced acceleration of
intracellular transport, and expansion into innovative DDS

Kentaro Kogure
Institute of Biomedical Sciences, Tokushima University Graduate School

Effective delivery of extraneous molecules into the cytoplasm of the target cells is important
for several drug therapies. Previously, we showed effective in vivo transdermal delivery of
naked siRNA into skin cells induced by faint electric treatment (fET) iontophoresis, and
significant suppression of target mRNA levels (Kigasawa et al., Int. J. Pharm., 2010). This result
indicates that electricity promoted the delivery of siRNA into cytoplasm. In the present study,
we analyzed the intracellular delivery of naked anti-luciferase siRNA by fET, and found that the
luciferase activity of cells expressing luciferase was reduced by in vitro fET like in vivo
iontophoresis. Cellular uptake of fluorescent-label siRNA was increased by fET, while low
temperature exposure, inhibitors of macropinocytosis and caveolae-mediated endocytosis
significantly prevented siRNA uptake. These results indicate that the cellular uptake mechanism
involved endocytosis. In addition, the transient receptor potential channel inhibitor SKF96365
reduced siRNA uptake. Moreover, to analyze cytoplasmic delivery, we used in-stem molecular
beacon (ISMB), which fluoresces upon binding to target mRNA in the cytoplasm. Surprisingly,
cytoplasmic ISMB fluorescence appeared rapidly and homogeneously after fET, indicating that
cytoplasmic delivery is markedly enhanced by fET.

Intelligent shRNA expression device (iRed) contains the minimum essential components
needed for shRNA production in cells, and could be a novel tool to regulate target genes
(Tarashima et al., Mol. Ther. Nucl. Acid 2015). However, general delivery carriers consisting of
cationic polymers/lipids could impede function of a newly generated shRNA via electrostatic
interaction in the cytoplasm. Thus, we examined fET of cells stably expressing luciferase in the
presence of iRed encoding anti-luciferase shRNA. Transfection of lipofectamine 2000
(LFN)/iRed lipoplexes showed an RNAi effect, but fET-mediated iRed transfection did not,
likely because of the endosomal localization of iRed after delivery. However, fET in the
presence of lysosomotropic agent chloroquine significantly improved the RNAi effect of
iRed/fET to levels that were higher those for the LFN/iRed lipoplexes. Furthermore, the amount
of lipid droplets in adipocytes significantly decreased following fET with iRed against resistin
in the presence of chloroquine. Thus, iRed could be a useful tool to regulate target genes

following fET-mediated cytoplasmic delivery with endosomal escape devices.
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1. Mahadi Hasan, Akinori Nishimoto, Takashi Ohgita, Susumu Hama, Hiromu Kashida, Hiroyuki
Asanuma and Kentaro Kogure Faint electric treatment-induced rapid and efficient delivery of
extraneous hydrophilic molecules into the cytoplasm J. Control. Release in press

TR - i - BRE
1. /NEfEREH, V8 ., BARE A3 b7 VAKX DEBER D DERNRFEA I =
A A Cosmetic Stage 10, 1-6 (2015)

ZOM (BB, ZE. 8EF. ERBAER. B8k Y)

1. 15 # 7 Kogure K. [ Noninvasive and effective transdermal delivery of
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FEHREEMZ R Lic A FHE S 2T A

WFIEREAE - BV R LA TR Al 2

1. BFFEOREE

ML DFREZREIZ L - THHMEARAEIREREL T O o THIREIZ 79 T O M 2 78
L, MfafEsr A oL RIET 5. ZoOMEMMT 22 L2k, ERNTO
EEIRA 2R ERIE N ATREIC /R D & B A B D. AWETIE, MO R 2 a4
LHEHZWET HZ LIk, EARMOMARE D 2B+ 2 Z LikAlz. BEHOAE
B RRRE S 2 8 THESEORUG D & T /VBRIRIEIC A Z 7 VA VEEZFE LT, ZOHERRK
FEHEZRA LT, Glimat, 0", BT 75 ~—7 &2 filaoRml e
T2 LTI LTe. AR, Mlaa ks Lo it onE R 2 TS 5720
DHRRFBEL LTHRTE 5.

2. FRDOERLEW

JEAESE OFEICH H D & D ICERAE DR O LT EMHAY, TRbbLETH
D, BITEIZ3 AT T AT L, ZOREITFEAEINL TWD. 2O EC
BT 7= B 7= 7 VB DOWMESL N E N TN D FRIEFIZ B Tl b EEAR DD R 72 L
BRI A T 2 A TH Y, O T X I EACHEA TR 120G U TG #R
FIEALFRE L O L RN OIEENED SN D . TP TFREO T ROBEOAIL, /-
FHEDBFIC L o TREVEEIEN O HALTOD D, FIIC & b7 HRIEIEAIDOF
TEF, £72, RFTHRAR T CIMARNICIER LB A2 ER TE Vw2 &2 Y, ik
TREFELESINTND., ZOLI RERND, T, REMEE HWIOEIERNE
HEZED TS, S fiaiaFE LA CoMias AW 25 FETH Y, RIERZ DT,
BRI & SIS K DIREDO T D BEOAMHEZENTE 5. 20— T, EERNICITRER
ARV MIANFAET 5 2 & 0mia s aE loisE (b2 s+ 2 2 & 72 Ema
BENHCOERNTHIELEEWZ L LN o TWND. &2 Tl 1L, mEMlaiaE
Z LD BRI T D 7o DI & BRI & T 5 0 A EMa o R im BT
D EEREIL, ERRICEMRATIET S 2 & ERAT.

3. R

SEEARO R I FEHLL TV protein tyrosine kinase 7 (PTK-7IZ5%F L TREEAIZHE &
TORBRT 74~ —(sge) 2 il O R ICERTL 7. N7 & F L~ /Y (ManNAc) D
BRI L DT TN OWEFITITEN, AZ7VaA L FZH D ManNAc 58K, N-AZ 7Y
BA = Y ManM, DEZGRLTZ. FrERED ManM 2 & eli i T~ v A~vrn”
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7— (RAW264.7) Z 2485 [ER5 3 L, RAW264.7 HIILORRICAX 7oA )V ILAFHE L.
Fl&EFEE, Riia T4 — A b L7z sge8(sge8—SH)E Y67 BV i B A (Eosin-Y)Z WAL, Al
e 10 43 IR U7 M A My B HCoeve L, LA FEBRICHV V2. RAW264.7 D
(&AL 7= sge8 % Alexa Fluor 488 T ALIN T AHMSHAEH S A2 LK 0ERELT-.
Ta—HY A A= F =BT RAK 2 2R, ManM ZLELL 72 RAW264.7 i
(ManM(+)) D 58 FE ASLER L TRV I (ManM ()R 1A 7 7 O HIE O Y50 12 b
ANPEEIZEL, ManME)DFEE I sge8 MEASILTWD I EE MR LT=. ManM ZLERNGT
A< —(ERICEHET RAW264.7 |25 28I TR BT,
RAT 47 O L R % OHEFEIE - B RETEEZ AL TV,
e T, PTK-7 2@ ® B BLL T2 e B i M i
(CCRF-CEM)ZFE-omITIRE L7235 30 Jy MEfih s/, ff
REX 3 ITRT . FAT 47 ORI ManMO) DR 1213 F &
A/ CCRE-CEM H2ZD BN DI L, ManMMH)IZIE 1 ManMt LS
%< D CCRE-CEM M3k L TV HZENRD B,
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Molecular transport system emerged from cell surface engineering

Yasuhiko Iwasaki
Department of Chemistry and Materials Engineering, Kansai University, Japan

Metastasis is the dominant trigger of cancer death. Cancer cells that have broken away
from the primary tumor, termed circulating tumor cells (CTCs), are the main components of
metastasis. Therefore, a system to eliminate CTCs from the metastatic routes is required for the
reduction of metastatic cancer. In the present study, surface modification of macrophages with

B

nucleic acid aptamers, so-called “eat-you” motifs, which can bind to membrane proteins of
cancer cells, was performed to capture cancer cells. In order to immobilize nucleic acid
aptamers on the living cell surface, synthetic reactive groups were metabolically delivered to the
macrophages. The metabolic labelling process of sialic acid is robust for the surface engineering
of living cells because this process can be applied for various mammalian cells. Recently, we
synthesised a methacryloyl-modified N-Acetyl mannosamine (ManNAc) analogue, termed
N-methacryloyl mannosamine (ManM), and succeeded in delivering methacryloyl groups to
sialic acid residues of mammalian cells.

Murine macrophage-like cells (RAW264.7) were used as a model for macrophages. In
order to deliver methacryloyl groups onto the carbohydrates of RAW267.4 cells, the cells were
incubated with ManM. Sgc8, has affinity for PTK7, which is overexpressed on the cancer cell
(CCRF-CEM) surface. Thiol-terminated nucleic acid aptamer (Sgc8-SH) was immobilized by a
visible light-assisted thiol-ene reaction. Eosin Y (EY) was used as a photosensitizer because it
is excited in visible light. Sgc8-immobilized on RAW267.4 cells were confirmed by treatment
with the complementary Alexa Fluor 488 Cs-immobilized DNA. The surface modification did
not show any adverse effect on the viability and phagocytic activity of RAW264.7 cells.
CCRF-CEM cell capture by RAW264.7 cells was significantly induced by the nucleic acid
aptamer immobilization on RAW?264.7 cells. Nucleic acid aptamers can be freely designed for
targeting specific cells, proteins or other biosubstances. Therefore, various ‘eat-you’ motifs
could be immobilized on macrophages thorough the bio-orthogonal process established. This
process would induce programmed cell removal and be a useful technology for the elimination

of CTCs and other pathogenic factors.

90



P>

*/EYU A b
FAhram L
1. Junya Yoshimoto, Arunee Sangsuwan, Issey Osaka, Kazuko Yamashita, Yasuhiko Iwasaki,

Mitsuru  Inada, Ryuichi Arakawa and Hideya Kawasaki Optical properties of
2- methacryloyloxyethyl phosphorylcholine-protected Au, nanoclusters and their fluorescence
sensing of C- reactive protein J. Phys. Chem. C 119, 14319-14325 (2015)

2. Rui Moriyama, Yasuhiko Iwasaki and Daisuke Miyoshi Stabilization of DNA Structures with
Poly(ethylene sodium phosphate) J. Phys. Chem. B 119, 11969-11977 (2015)

3. Shunsuke Sugimoto, Rui Moriyama, Takeshi Mori and Yasuhiko Iwasaki Chem. Commun. 51,
17428-17430 (2015)

4.  Arunee Sangsuwan, Hideya Kawasaki and Yasuhiko Iwasaki Thiolated-2-methacryloyloxyethyl
phosphorylcholine protectedsilver nanoparticles as novel photo-induced cell-killing agents Colloids
Surf., B 140, 128-134 (2016)

KDL - AERL - BLE

1. AlEREZ  THlkRmod &k ®&a1 (2015)

Zoft (BhE, ZE. BFF. ERBARE BERY)

1.

Invited lecture: Yasuhiko Iwasaki [ Design of mammalian cell-mediated biomaterials |

International Biomaterials Symposium at Clemson University (2015).

Invited lecture: Yasuhiko Iwasaki [Photo trradiation-assisted preparation of biointeractive PC

surfaces| ICBZM 2015 (2015).

Invited lecture: Yasuhiko Iwasaki [ Control of selectin-mediated cell adhesion on

glycoprotein-conjugated matrices|  Pacifichem 2015 (2015)

SH O E 64 RlE S FERFERRE EBHERAY—H

FRE AR BRI, LB, K, S B2

BAVE i X R ﬂﬁn%ﬁ%%\@%@ B« CiIX s A er (BEER)

g SBA NI IE T AT 1 o FRE - a7 vy 7 &a BN ORI )
MEMZERME 2 BIRE & 4 2 iR Bl ) « 1Y 7 b A =T = A ZADGFF)

91



5
il

MRS EAT D RBEMRE ST & ANLRSFLEWmE AW

HBRE T IV EBRR OB

WHEEE W RFET 0T 0 T A o R =4 Kl

1. BFFEOREE

ARGy 1 DFEREIC R B 2 KT T IRF D —212, AL DO FREN O 5, MidriEA
BT DIFRAE ST TF 7 T UT 4 o 7IREBIZH DITH L, ALFERI 7R ERD
17O 5 BRE NERIE I TFIREDSHRD THETH D, L7, RBEN TOER
MRz b EIZ LT, Ml TOERDFOUMEEZMIAT L 2 L PNEETH LS Z L6
DR DO h D, £ ZTAMZE T, O DL EEREE 29 572012, fHiK
WNOILFFFEE 3% EE LB EM D T2 O TENICEIREICFAET D7 /) LA
L7z, £7. QMIRE 2 b7 272010, MIREIZEE mM 2258 M BE b7
Y D iRFBEME 12 O Tlllg 2 LA R L 2 RBCR 2R L., Zh b
BREIZRW T, BMORERZENZ BT L72 L 25, BRO ARG )5 Fr 5L H)
CRZERSND ZLBHLNERoTe, @SHIZINLDHAZH LIZLT, WES
HAMEY T R flaN TRIET 2V AT Lz LT,

2. FEDOERLER

FHND Y — RMeBGoA A=Y v Zfibid 7 a—7 05172 E il BRE N T3
LTh, Ml CHRADEREZ B LW L0835 D, TOERIT, £ ORGSR
REZ2 E D0 TME, & DITIE, EEARS T & B L7-#Re oy TR0 EAER 2, Al
DEFBREICLE > TRELSET DI ENH D, TDTH, MRANO LRSS % fif
T 272 DITIE, RS T RN/ T A —4 ERIN S TERE /ST A — 2 OB % E &b
THZEBFEHATH D, AsE Tk, OMIENIC KREICTFET 27/ A E bt
LD, T2 MEn T EaRANW T T2 70T 0 T EFE L, TORE TOKR
WG OB FN R EVEE RN 5 2 & 2l A 7o, @ F 7= Ml 2 L9~ 5 72012,
MREIZKEICTFET DRELHRE D T2 T I I0T 4 VT EFR LI, ZD
BRI C, BBEEOB ) FRRERETMT 5 2 L 2 i, @36, 2D X o7y
AT LEIERTH 2T, MIENTOHHEET 293 AT LOBE LR,

3. E

QY VBT + I ULz EHERIT S OB T &2 AV o MR NBRE Db 8 (BT R
A A & ORI : MIZNTIZ, DNAZDObONG17 70T 4 T hFR L

92



5
il

TWb, 20X ) REBEEEZCFEMT 57201213, ABWO Y ViRE EHEKICHLOE
TN UETH S, AFFETiL, PEP+Na  {Poly(ethylene sodium phosphate)} % fv 7z,

Fo, CELBAME, SEOEAME, UE L AMEELZ KT 5 DNA $145%G L.

Z DWEEL EMIZ LIET PEP - Na DR A E &AL LT, ZTOFEFR. 73T DNA O
WA, PEP » Na lZ Ko TEEL LTz, R, Bl IEAEHERE

ECThDH, —HOLEAME L UEDS S AMEDORENIEE

Tholc, THIT, MIRESEND T OIRE Z RFANTE S

VIR, @ FMMEREDOSA . XA 4 iRMEDIRIC L -

TG 2L EILT D 2 L AURENT, & DI ik

Tl ZAUSINA THEBRIARERN SR S B S dv7z, e B pE ik

2BV T, KT OIEEIK FIZfE Bl D KFnBRBE DAL

DEETHDLZ ENRINTE, 2D ORERIEL, ikt

FHE LTSz,

QBZEFRE o F & AWM ENREOLFEEMS GRTRALILSEAE & DILFFF)
AR E NIC REIAFAET DIRBEME 5 T Th DIRFBITERG TOEMERTH D, D
e OIRFBOEMHREFTOMET DT BRETH D, 20D X 5 725%E %2 Fi-3 DM TMAO
(R RAFATIVN-AFTUER) ThdH, €I TARIFETIE, BEROFEERETHD
THELEAL, IFEERECTHLNUESTAICKHT S, TMAO & RFEOLR % & 81l
Lz, ORGSR, RFEIXM T OGRS Z RZENT 52 LRI, TMAO X,

UE O AMEE L BEICLE LT, — ., ZELEAMEIT, [KRED TMAO (2 X
S TEES I, BIRED TMAO TIEIAZEN LT, TMAO B3HD MY AF AT I v
EE2ETRS LA, —EOEAMEICK L CRBEOSREZ KT Z & brahiz,
ZOZENS, TMAO IZEEND R AT AT I VR, “EHLEAMEED 7 L—T
ICREART D 2 EDVRIB ST, ARSI D ORNKIC X - T, RBEFEI T OREMN
RESENRT DI END, 2O LD eI L > TEBOBEZ LN &R Z S, &
BTFEEBL7: EORIBEHINRITOIL TV D FTREMES R S 7,

@ AMBRERL mRNA IZIGELTTu 2 7 —EBHEREZBHT 3 AT ADEBE
AN T 6 U & W ARSI T 2 BAE & R vk

ERFET DV RN (FuvT7T=y) EMELEA

HEEZ AT 5 DNA Z2 VT, NAMMK TEZER

%D mRNA [ZISE L TCY U el T5v AT 2%

WELTZ, TOVATLEHNDZ ET, BAMIEER

BT v A7 —BIEMHEELE TE 2 AREMEA R S

Nz, TS ORCRIE, FrE#E TR S 7,

93



5
il

Cell-mimicking systems based on naturally-occurring osmolytes
and synthetic polymers

Daisuke Miyoshi

FIRST (Faculty of Frontiers of Innovative Research in Science and Technology) and FIBER
(Frontier Institute for Biomolecular Engineering Research), Konan University, Japan

Molecular crowding is one of the most distinguishing features between in vitro and in vivo.
The molecular conditions inside living cells is highly crowded with large and small
biomolecules. The large biomolecules includes protein, nucleic acids, saccharides, and lipids.
The osmolytes are typical small molecules occupying cytoplasm. However, most of the
molecular crowding studies have been done by use of nonionic and inert synthetic polymers.
Such molecular crowding conditions are not able to consider as precise cell mimicking systems.
Therefore, in this study we focused on the following two projects: (1) Developing cell nucleus
mimicking system by use of an anionic polymer. (2) Mimicking cell cytoplasm by use of
naturally occurring osmolytes.

(1) Developing cell nucleus mimicking system: A poly(ethylene sodium phosphate)

(PEP-Na), which has a nucleic acid phosphate backbone and created a cell nucleus-like
environment. The effects of molecular crowding with PEP-Na on the thermodynamics of DNA
duplexes, triplexes, and G-quadruplexes were systematically studied. Thermodynamic
parameters indicated that the factors for the stabilization of the DNA structures were dependent
on sodium ion concentration. At lower polymer concentrations, the stabilization was attributed
to a shielding of the electrostatic repulsion between DNA strands by the sodium ions of PEP-Na.
In contrast, at higher polymer concentrations, the DNA structures were entropically stabilized
by volume exclusion, which could be enhanced by electrostatic repulsion between phosphate
groups in DNA strands and in PEP-Na. Moreover, increasing PEP-Na concentration resulted in
increasing enthalpy of the DNA duplex but decreasing enthalpy of DNA G-quadruplex,
indicating that the polymers also promoted dehydration of the DNA strands.

(2) Mimicking cell cytoplasm: A We systematically investigated effects of molecular
crowding with TMAO as a zwitterionic and protective osmolyte and urea as a nonionic
denaturing osmolyte on conformation and thermodynamics of the canonical DNA duplex and
the non-canonical DNA G-quadruplex. It was found that TMAO and urea stabilized and
destabilized, respectively, the G-quadruplex. On the other hand, these osmolytes generally
destabilize the duplex, however it was observed that osmolytes having the trimethylamine group
stabilized the duplex at the lower concentrations because of a direct binding to a groove of the
duplex. These results are useful to predict DNA structures and their thermodynamics under

physiological environments in living cells.
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A numerical model of red blood cells infected by Plasmodium
falciparum malaria

Yohsuke Imai
School of Engineering, Tohoku University, Japan

Quantifying the relationship between the biochemical and biomechanical properties of a
cell and its macroscopic behavior is important to understand cell function and related diseases.
Plasmodium falciparum malaria is a typical example, in which red blood cells (RBCs) infected
by Plasmodium falciparum (Pf-IRBCs) express adhesion molecules (PfEMP1) and sequester in
the microvasculature through ligand-receptor interactions. We developed a numerical model
of Pf-IRBCs, coupling the biochemical interactions with the fluid and solid mechanics of the
cells and cellular environment. The boundary element method (or the lattice Boltzmann
method) for fluid mechanics, the finite element method for membrane mechanics, and the
Monte Carlo method for ligand-receptor interactions were used. We have performed a
large-scale parametric analysis using graphics unit processing (GPU) computing. At shear
rates found in capillaries and post-capillary venules, the Pf-IRBC model exhibited either
tumbling or tank-treading on the wall for a dissociation rate constant greater than 1 s, while it
firmly adhered to the wall for a dissociation rate constant less than 1 s”. This is consistent
with previous experiments, in which Pf-IRBCs firmly adhered on TSP and CD36 whose
dissociation rates were reported to be less than 1 s'.  We also examined Pf-IRBC rolling on
ICAM-1. Our results suggested that the interaction between PfEMP1 and ICAM-1 is a nearly
constant bond, with a dissociation rate ranging from 30 s™ to 100 s™.

We have extended the numerical model to analyze the flow and adhesion of leukocytes and
tumor cells. Cell adhesion to the vascular wall is an important process also for the immune
function and cancer metastasis, and thus leukocyte and tumor cell rolling have been extensively
studied. However, cell adhesion in capillaries whose diameter is smaller than the cell has been
poorly understood yet. We investigated the behavior of a cell in capillaries, particularly
focusing on a weak ligand-receptor bond condition. We found that an adherent cell exhibited
“bullet” motion in capillaries. Bullet motion effectively reduced the velocity of the cell, and
the cell had a nearly zero velocity under physiological shear rates. Our results suggested that
even through the ligand-receptor interaction between PSGL-1 and P-selectin, which is mainly
responsible for leukocyte rolling, a cell is able to establish the firm adhesion of the cell to the

wall in a small capillary.
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ZDFRENITRE# IREH V7GRN FAE L TR Y AR RR, ER T AT A2k
DIEHRE & U THEREL T D Z E RS> T D, FRIZ, B hOAEEFRIE L W
) —EOEYFE I EMBGIC BT, L AMO#RAE b= r vV Y — 20507
L) 2. &b IS =7 v Y — AR EORD | 1358 =7 Y Y — L&l
ET DT 4 VARG T4, 56 BAKIIRHERT 7 Y ) — N KD ERNGE S AT LD
KF) ~DOx7 Y ) —ADESGRHE SN TS, ZOXHIRTEROL &, MIEEED
fEBIZIE, SNETIATONTE YA M IA LV FEDOX I E BRSO H— 1%
Hls & LERFZE O HIBREEICB T 2= 7V — LD X L T GRS D31 Ty
THREDL LSRG E EEICEFET 2L ERS D, =7 VY — L& EBWIIHEITT 2
TeOITiE, EHEZR B & RIFRI OMIE ., Sifili 72 FEERER A 2 LB Th 5 F D% < O
bb, =7V —AOHTIZE W TR b RE RSO | Di%, MiakiE L - R - iR
FIZEENTWVDERES0-100 mFBREDT 7 Y Y — L& @ RICHHEEINT 5 2 & Th
%o BIEE TIZHE SN TV A FIETIE, =7 VY — A EREERE ST RE L VD
FETH-720  BRLNHEEHNDFIETH -T2 &, =7 Y Y — LEBERIT 5
TeOIIT R A BT 2EERLETH D, £ 2 TARIFETIE, =7 VY — L& EF
[ZBEEIR L, =2 Y Y — L DFEB RN ATV, =27 Y Y — NE B & LT AR
AT ARBHMEIR A MBI TIARERE DRSO 2 21T 5 Z L2 B L LT,
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3. pRFR

T )T SAA(F )OAY T 3 NIRRT AT L afxt o (PDMS) <1 7 a i i NI
(b dfign T/ UAYET A —DIHNTHDIAEE TER L7, Beig o Va Hk EICiE
2 mm, BX 2 cm OWEER T 4 N DANCNRE—=0 T L, 22U Cr [@H ANy BV T
ICEDERIL 727 . LU AR REL, TD%., Cr BEBERS T, TINBKBAKIEICIY
FIUAY OBIRIL R AT o7, Z2ITKRIELD PDMS Z it LiA 2 LS T2 I12ITA L
HAHZET Si Fatl LT /U A &4 0EL> T PDMS IZHRE L 7=, 20 PDMS |ZirES7-T
IOAXERTI0T I UA VR E DR L U OKBAE iiZ1T5 2L T PDMS DAL S /T
AYEAERILTZ, ZLCTH /UL ERESEZ PDMS (2~ A 7035 — G (R 2 FF g 2
mm, £ 2.0 cm, &S 50 ym OFEEEEEE T HILT, T /U4 T A AEERIL T2, #D5A
HIEVF )T AR OTNENO BRI Si FfE PDMS ¢ SEM B2 20, V=
VER FITRERL T e /U A Y O KRERS3 A3, PDMS (ZEDIAEI THRY, B TH o7
DIABIYT 70 A DIFR DR a e LT,

HWTZDORI TN 1 mL 23V PRI D& 50 pl/min TFH/UAY T /34 A~
ERL, Ry — 2% T /O AV RENES 7o, BRE DR 7V EREINL, ZL
TERETEDRY TV G ENDT Y — ORI L O E 2R E LT, ZDh %,
F IO T NAREARIOPRF T — BOPRFEN 1.4X 10" particles/mL TH->7=DIZ
KL T, v A7 — i ERR L OF /U T NAREAG DR T VDT
—ATIX 4.3X10" particles/mL, v A2703IF Y —EEROHL T /TAY T AZEAHZD
RY->7 LTI 1.1 X 10" particles/mL (272572, ZOZE LD~ A7 a3 —HEE KRR LD T
JIAXTSAATIL 69 %, v A7a3IF Y —EERHY DT ) UAY T /SAATIT 91%D Y
Y — MO LT,

RV T INVE NI D)) — BSEIES I U A TS AT TAfRE 1 mL &2
Vo VAR IZEDWE & 50 ul/min CEATAHZET, fifishio—r VY — BB RL ., 2212
WAIINTWDIR 7YY —5H 3K miRNA OffiHH A T o7, ZORERED | RFEITIERIE
EHEARTHE -V 7z Y — A -miRNA fliH 21T 252803072, &I,
T IIAY T SARDEGEIRIZIT DA AT DT 1T 2 BISL RS A B | BE IR
BEDRYF T NNET )TAY T SA 2% T miRNA OFfIHZITV), A28 7 L A2k
- miRNA FED[FA]E LA ED A1 To7-, 15 miRNA FiZ L= L2A, e
DRFAR TR AT SN2 miRNA SR, i S72<72 % miRNA FliMFEE S 528035070
T2y ZOREFIY | AT A ZFTIR HF miRNA IC LD IR Wi 21 TO721 Tl A £ Tl
EDIRNET T8 AT~ — T — DIRRI S B R T2 W 7 T N7+ — L ThHENH e
NHHLIE ST,
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Quantitative exosome analysis nanodevices toward cellular function
elucidation

Takao Yasui
Department of Applied Chemistry, Graduate School of Engineering, Nagoya University, Japan

Since exosomes contain microRNA (miRNA) and membrane proteins in and on them,
respectively, which can be a candidate to elucidate inter- and intra-cellar function, quantitative
exosome analysis received a lot of attention from researchers. Massive data obtained from
exosome analysis in less sample volume is of great importance to realize less invasive diagnosis
and effective searching for unknown biomarkers based on exosome analysis, however,
conventional methods can not fulfill such a requirement; it takes several mL of sample volume.
Also, it is significantly difficult to attain highly efficient capture of exosomes using
conventional methods due to exosome size raging from 50 to 200 nm. In this research, we
fabricated nanodevices by combining nanowire structures and microchannels and achieved
highly-efficient separation of exosomes from small sample volume for a realization of
quantitative exosome analysis

We fabricated PDMS-anchored ZnO nanowires in microchannel. For fabrication of the
anchored nanowires (140 nm in diameter and 2-3 "Im in length), we made patterned Cr seeds
layer on Si substrates photolithography and sputtering, and then, we immersed the substrate into
the nanowire growth solution to demonstrate a patterning of nanowire growth. We pored
uncured PDMS resin on the substrate and cure the resin. When the cured PDMS was peeled off
from the substrates, the nanowires were cracked and fully anchored in the PDMS, which could
act as the seeds for the following nanowire growth. Then, we immersed the PDMS into the
nanowire growth solution to grow PDMS-anchored nanowires. We conformed nanowire
anchoring by SEM imaging of each device making steps.

We demonstrated that the PDMS-anchored nanowires could capture the exosomes from 1
mL urine sample. We extract microRNA from the captured exosomes via sequential introduction
of lysis buffer, which break the membrane of the exosomes, into nanowire device. Comparison
of the amounts of the extracted microRNA between using the PDMS-anchored nanowires and
the conventional method showed that the microRNA extraction efficiency using the
PDMS-anchored nanowires is much higher than that using the conventional method. This result
indicates that we realized high throughput microRNA extraction from body fluid with little loss
of the microRNA amount using the PDMS-anchored nanowires, leading to acceleration for

discovering new biomarkers in body fluids.
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T BERT A R T W T B RSB FEBLUSAE OB RERIRAT

WRERES - BRY: RPFEE E AR mll SR

1. BFFEDOREE

AERNBLIZRIT ARS 3 E I AR T 528K, #ERFSh TR, 20
FEAAE A OfEIIL, MBS HR TS LTl TEETHD, MEERTHELIL, H
SOBHFE LT-F BT /A A% FIW L siRNA IZE > TRERESND 50 506 (RNA T-#%)
RICEL DB FRBLINGIE TLR3 24T L7 B IRGRIEINE) ORBUSEREIN A1 T70> CTETz,
SDOIT, ZOF IR T S A AEN siRNA ZFI| L C whole Blood Assay (WBA) 12XV 45
172 BRI IS B Rl L72& 2 A, TLR3 20 L& L3 &< BAa5 R 2 b #las
Nz, EZCTAEE L, DA —RAEAIRS NS 2T 2R T A A WA R
FU | SIRNA IZRDFESND H IR GSZICE I BLOGEL 2 D5 BARDIR E A7 I T2,

2. FRDOEREBEH

AR VAY RN O G N N M DY =]
IROUPEIRE X, TeRAEMI K 2 EE /R ARES
HHECTH D, Lol Z OB I T
BHECH Y, Bk L X — R R E D4y
TRBFEA T = XL BN SN TN RN
TRIDEHE LV,

RZEERE DI B ICBR LT BT
NAZA (K1 TTFETT=28RO TABLO3
PLIZBEANSNTZRBRT N AV Y —B L O~ A
T =N —T OSARREE & L C#EE) 2 HWT
SiRNA |2 & = TR J 45 9 1 SOt O Bl
%217 > C& 7, 7205, siRNA Offx
ILEIZZ DT NA AZEAL,TLR3 Z#4r L7z
B A IE IR DERREIC SV TR L7 i, BT/ BT A0a e T ]
SiRNA D& > ZAHO 5 KiGHTIZ~ A F— 7 N —TOS RS & 72 5 3Br-3-deazaA
(3Br-deA) A A L7256, RNA TR OMEIRE TLR3 &4 L7z B IR A & B
TEDLZENRHLMNE R ST, LML ZOMIEIZB T, X TONRY — 38 RIR
EDOMBEAEMZ 5 L TR T& 5 WBA Tl W AARGIEIGE AR ST 5 Z &0
HEMMNERoT2, T72bb, B MIBWT siRNA OHIFLPNE AIZLE D BRI AT
B L 7 D3N8 — i ARIRIT TLR3 TlXARAWZ LR S, ZhERIET 57
DIZH A — REERZFIH L7z WBA 2 Ehid 25 & & b IR BIR % i 2 fl e/ ik
RAITF IR T /A AD BRI ZHOREA TS,
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3. B
. - iRq- 5'- -3': d
(1) Cthl‘ Oqulne ﬁE—F‘ﬁo) WBA L\_J:é E % siR1: 3 —ttuauauagcuaaucggcl?cglﬁlauaua:cggcaucg—t5t' H :z?ig:ns;reagh’and

siR2: 5'-aaacaugcagaaaaugcugtt-3'

ﬁﬁmfgﬁ\?m: ﬂ—/*ﬁﬁg.}f}{/rxi‘__%ék siRNA * 3'-ttuuuguacgucuuuuAcgAc-5"'
- siR3: , 5t' t"magc‘f;cggcuacguauauauaa“f;aucgf5t,’3'
@ {f:EH H/EJA Ij:J 2\:%; ]\ L: /fiié 9 g % ﬁ E }l_‘\l__&: //“g /% 'ﬂ: %f siR4: ’ —aaacaugcagaaaaugcugtt-3"'

3 ttuuuguacgucuuuuachc 5'

WBA ﬁ:i@%ﬁ%@bf:&:%\ SiRl, 2 %J:UQ 4 c: siR5: . O -aRacAugcagaaaaugcugtt-3’

3'-ttuuuguacgucuuuuacgac-5"'

FBWTITIAE: TNF-aiff B RBAEBIESIL ) 2 () chioroquine I 3Br-deA

RODIZHL, 2 2GS ASAIEC 3Br-deA T B %Jd;A

AEALT SIR3 BEOS TIHERGEISED ¢ iZSZE

BABAS I (] 2), ZORBENRD =)

TLR3 EOFHAAEMATICIDEONIEODLIT s o o o o g0t g0

B E 0D, 37005 TLR3 OMIZHRGIZIR 20 b @) Chioroquine (SS{r;gtre)A

CEIS B DL T2 DS — L B Z RAENFAE € v + chloroquine
& 2500 - 7Br-deA

THZENHIRR I NI, AT, Ak .u;_ o0 | i'\"cﬂr;rr)oquine

RNA [ZIVAESND ARREICE I 4 ;

MY AILRFBENTOD SV RIEE oo s art o6 st o

&I TLR3 OftiZ TLR7/8 HAHW L PKR., 2 Chloroquine #7E F T WBA 12 & %

MDAS5 AREBFENTNS (F 3), ZHBDL ARSI LA RE Al

chloroquined

TIDELRDMH EAERZARI N ER DN ET D ~ 4\
7o £7T0E TLR ¥ 27D A —REAEHA

T#% chloroquine /77E T, F3% WBA %%/l TLRW%??\? o
o, EORER T ROT T A AE A wewn (e
SIRNA 2 W35 . B AR GIE IS A OIS B 3 Skt RNA 238 2 /3% — RSt A IR
{LIHFLALBESNRNZERWBYL o1 (] 2b), T72D5 siIRNA (X0 ShS
A AR DFEBUTIE TLR BREREHEIZ S TODHEBZ B, WBA (ZB1T HIEEZL
BI% TLR7/8 LM AR AN LD A TR Z T TV T LDVRIRENT,

LS

TLR3O
b PKRO MDAS5O

Q) HAER T BT ARADBERFE: Filkd WBA (KBS B RGO A2 b A
HI=HT LI DR — GRS B ERE T L T IR T A A% W — 785
SREOMRIERBEARFI LT, T70bb, RERFORDOVIERIGHERE THLN 7 VA
ENVAVIINE e - YN Dyt | DAY AV

BT A A (K 4) ZF%EFL, & X

IV AV Ra=y DB RIEEHENLL

7o X 2 \RULIZEEHINT Tl e Y

T IREEET S A A% A LTE siRNA

EFEPTHY, ZhbEHNWT

TLR7/8 D & 725 DN AAFE

BEDREERAZLTETDHD, B 4 ST BT S AOHEE 22 € 7 R
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Elucidation of the innate immune systems activated by siRNA using a
nano-chemical device.

Noriaki Minakawa

Institute of Biomedical Science, Tokushima University Graduate School, Japan

The interactions of nucleic acids with proteins such as enzymes and transcription
factors play a central role in numerous biological processes including the regulation of gene
expression. Because this interaction occurs in a strict and specific manner, an understanding of
how proteins bind structurally to nucleic acids is valuable in determining the mechanisms of the
biological process. In addition, this information is expected to provide clues for the
development of nucleic acids—based therapeutics, such as siRNAs and aptamers.

In our previous report, we described about
the utilities of the nano-chemical device
consisting of a set of 3-bromo-3-deazaadenine
(3Br-deA) and  7-bromo-7-deazaadenine
(7Br-deA) nucleosides (Fig. 1), to elucidate
molecular interaction between siRNA and
RNA induced silencing complex (RISC) or
toll-like  receptor 3 (TLR3) proteins. Fig. 1 Structures of nano-chemial device
Additionally, we studied innate immune responses induced by siRNA with nano-chemical
device using whole Blood Assay (WBA). As a result, reductions of the TNF-a level were
observed when the 3Br-3-deazaAs (3Br-deAs) were introduced into the 5’-end of the sense
strand (Figure 2, siR3 and 5).

Thus, in this year, we attempted the WBA
with chloroquine, which is a TLR-dependent
cascade  inhibitor. Each  siRNA  with
nano-chemical device showed drastic

siR1: 5'-aaacaugcAghaaaugcugtt-3"' :sense strand
* 3'-ttuuuguacgucuuuuacgac-5" : antisense strand
siR2: 5'-aaacaugcagaaaaugcugtt-3"'
" 3'-ttuuuguacgucuuuuAcgAc-5"'
siR3: 5’ -AAacAugcagaaaaugcugtt-3"'
* 3'-ttuuuguacgucuuuuacgac-5"
iR4: 5’ —aaacaugcagaaaaugcugtt-3"'
siR4: _, = 5
. . 3'-ttuuuguacgucuuuuacgAc-5
attenuations of TNF-a level in the presence of GRS 5’ -aRachugcagasaaugcugtt-3'
" 3'-ttuuuguacgucuuuuacgac-5"

chloroquine, indicating TLR7/8 might play a 2500 -

.. . . . . . 4000 | @ (-) Chloroquine Il 3Br-deA
critical role in stimulating innate immune _ (Minor)

i 1 g 3000 - I 7Br-deA
response depending of the siRNA. To further g% (Major)
elucidate which is the most critical receptor to 200 |
. . . = > |
induce innate immune response, we explored a |

500 -
gfzw‘ ‘nano—chamlcal device with a .tr.1ﬂuorc; S R G g0 g oo
iazirine 'group at. C7 or C3 position o 50 | b 4y Chiorocuine 3Br-doA
deazaadenine ring instead of a bromo group. _ (Mialor) _
. . . T 2000 - + chloroquine
Chemical syntheses of nano-chamical devices g %2 7Br-deA
. . . .. . 3 i f
with a trifluoro diazirine groups are achieved i ** i'\"cﬂl‘z;)oquine
z
using palladium couplings as a key reaction. 1000 é
500 -

With this new device, the studies of receptor

ol
. . O—?eet\a\“‘a\ R ‘5‘92 B é\?‘A é\?&’
protein detection are currently underway.

Fig. 2 WBA in the absence or presence chloroquine.

107



b
L

FRY R b
AL

L

KR - MR - BE

1. WEREE 5 HAE T2t 2 510 U 7= L E A DNA (Z X 5 R AISRATZE ) |
vz Ay —HiR, TEREZROAIR LSRR . 70-77 (2015)

Zoftt (HiE, XE, 8. ERBAER F9RY)

1 ZHE: MRBHF NEFEL, @IRE, I, 2k, AmmEiL, B AR
(L5 95 [MIFRZFFES (2015) FERHTEE [ntelligent RNA expressing device (iRed) % 7|
H L7 s TR BMHlE OBFE . 201545 4 1 H

2. FAFFEfkTH  Noriaki Minakawa, A New Approach For Gene Silencing Using 4’-ThioDNA |, 10th
AFMC International Medicinal Chemistry Symposium (AIMECS2015), 2015 4 10 A 19 H,
Korea

3. #AFFikTH ;- Noriaki Minakawa, [Development of RNAi Medicine Using 4’-ThioDNA | , The 4th
International Conference on Biotechnology and Bioengineering (ICBB2015), 2015 4> 12 H 12 H,
Singapore

108



P>
L

HRBUARRBORBER(L 2RI TDI T/ OB EL
FBE S FE~DRER
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1. FFFROEE

RPN TCERE 2 303 L CARRELT 2/ B e v~ Bl DRI A & n 3
HaRA 2 Ef N L, & D HeLa cells ~DOHLY iAA, BRE, HEE I ) FRIEN R Z M L
Too THEFNE, T/ D TREA~DE ALY =0 R A b= R L0 M~ Y
WENR, /TN OZ S RY — ABHEEIC L0 IRE~BITL, MlnEToT
T BNVDORLEENMZELED VU —RAIND T EBRERINT, 0%, FHEEHOMHE
BIZ X > THIFENIZB W TR D02 /R L, T OFER, Bip DAL~ ) 9%
B RAE 5 %, MRELZFHET D 2 & PRSI,

2. FRDOERLEW

ARRIZEB W T, ERES TAMMICE CHBE L7 HT 2 A— RV R —Ld
B THEAE (T 7 EAE) P AL, BREICIS LB EA ks m U CE
T EREREO—HE A > TS, TOREFITHL YA VAT, =2 R A h—T R
IZ L > TR~ IAE N DRI W T, Ml Y —AIZBIF5 pHIK F %
U — & DG b2 s O S 2 AR Lo, BT, Mg 2 B8 L
THEA~EREL, RN BENA~ERAL T 7Y REEEDOREICE SN T T A LA
BIGTF ARSI T 5, 208 7Y Ro " BSEr G2k, FOERERBIZHB W
THEERQBRLRoTWD, AFZEE, BHR&D T LRI XTF KNS5 0 F A4 %
BTN, R RXTF RTANEHD a7 5 A— g VBRI KV &5 8o = koo
ERHE SN D2V RIC LY BREAICHSBRRY v — X7 VAR TE, S 612, 42
EREE AN L O EENOENT- DT AT ) A 7RG VDA
ZRZ7yT7TFIUNRNY =27 L (DDS) ~NEBATL2HDTHD, WFA UM 7 ®
JLERRE N OB B CHELT A AL 7 4 FEEAICLVEENT DIk i
RESFRAL=RT I vo7Fa b ARG IDHBIZE D B Y — LG & A
DHEDLHZ LI XD HIRRBCARRE DM/ NREZ LB L O D ) W SV EREET S,
Fio, ZOF ) BT RANERERENET 52 LIk o T, BEREBAIC X 2SR
F OIENERS 2 FE A A2 38 U 72 B D B O3B K 0 TR & o 385 0% ) S ik
~DOREZH S,
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3. R
IHNETICERGIELHSL L, MRNGMARLRD Z & AR S 10T 2 A
(doxorubicin, DOX; triphenylphosphonium 235 A DOX, TPP-DOX) (22T, AlfaNE
TR CREENT DA TF A L MET ) I T A~DEAREOBREFZITV, WTFhol
HEANZ DWW T S 60%FRE DR THATE 25428 Lz, DOX #AF 17+
JUZ DU T HeLa M~V iAZ, MIlE TH DOX UV — A % L —H — 8 g
BERIEIC I VR L. (KD), 1 BRIV TIE, DOX O AN IR 1B mUik 2 8
LZEI, BDORTETRRD Do 7oy, 4 K1V Tl DOX A EEA~D 534 L
TWD ZEPER SN, 2T, 1 FFARIZENTIE, T/ A7 e Ry —4
WIZAFE L DOX 14 7B VINIZHRFF SIVTIRBE T3, 4 FEfite E Coflic T/ 7
BART RV —L0B Ml U MR EE TR ICISE Lic T I 7B O R ZEIC
LD DOX BNV V—2AZh=EBEZXLND, VU —ZAI7 DOX X2 B & DOHEEIC
FOBEA~NEDGHLTIEEEZ LD,

: DOX EH AT J B 7B K- THREL S 7= Hela cells @ L —W — 348 S BEM SRS

B ) R R 2 MTT assay (2 & Y 7l L7, HeLa cells (2 4 F¢fi] )/ 1 7 v
AR ST, WO AENTWRWF 2 e ZERE BERRRZITV, 512
20 WiRIEE 1% . MM AEMFRZ I L=, DOX IZHiAAAIE LTOMEZAEL TV ATZ
DORBEF WG 21T > T WIGEIC L IR AEFR O T MRS S =23, 851 R %
179 &, SBICAEFEMET Le, ZOMETIEL, BIZRTE L DOX 2 b H Ik RS
L IEVEREFEFE (ROS) Z/ERKL DNAIZK L CELA A —V 2 52 el dThH &5
Z Hid, TPP-DOX D56, TPP ZEDE AT LV EEA~RTE L7 < 72 % 7= O 5 IR
AT TV & TR OR FIIER I N 7203 BEHRBSIC LIV A
BEMIRATF RO TR SNz, ZiuX, TPP-DOX M @H RIS L » TAERKT
H5ROS NI Fay RUTAX A=V aEHEZEREOTHD EHsND, T/ 7L
~EPAT D E A ORI A BRI D 2 LI L0 B D ENA~DOIERIC X » TEEW
TIPSR N F L TE D LRI N,
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Creation of nanocapsules recognizing environmental change in cellular

uptake process for effective sonodynamic therapy

Atsushi Harada
Department of Applied Chemistry, Osaka Prefecture University, Japan

In the biological system, there are various types of supramolecular assemblies with dozens of
nanometers scale in which biopolymers precisely organize, and they carry the part of important
biological function through the dynamic structural change in response to micro-environment.
The natural virus which is the representative example makes membrane fusion through the
dynamic structural change in response to pH decrease in the endosome in cells in a process
taken in cells by endocytosis. Further, they move into the cytoplasm and arrive at the nucleus,
and then invade from pore of nuclear membrane a nucleus and it is intranuclear and releases a
viral gene based on the collapse of the capsid structure. Two step dynamic structural changes,
the detachment and the collapse of this capsid, becomes an important process in the function
manifestation. On the other hand, the author investigated that head-tail type polycation
composed of dendritic polymer and polypeptide could spontaneously form narrowly-distributed
polymer vesicles and this polymer vesicle was stabilized by introduction of cross-linkages. In
this study, the author develops the nanocapsules to sonodynamic therapy in drug delivery
system (DDS) field through virus-inspired design.

Doxorubicin (DOX) and its derivative which introduced triphenylphosphonium moiety
(TPP-DOX) were entrapped into hollow nanocapsules. The cellular uptake and intracellular
behavior of nanocapsules were evaluated using a laser confocal microscopic observation. At 1
hour incubation, red fluorescence dots were observed only at cytosol, indicating that
DOX-loaded nanocapusles located at endosome and/or lysosome. However, red fluorescence
were distributed to nucleus at 4 hours incubation. This results indicates endosomal escape of
nanocapsules between 1 and 4 hours incubation and the DOX release from the nanocapsules
through the destabilization at cytosol response with reductive environment. Further, in vitro
sonodynamic therapeutic effect to HelLa cells were evaluated by MTT assay. DOX-loaded
nanocapsules could show both anticancer effect and sonodynamic therapeutic effect, and the cell
viability effectively decreased with ultrasound irradiation. In the case of TPP-DOX-loaded
nanocapsules, there was no anticancer effect due to no localization into nucleus and only
sonodynamic therapeutic effect was confirmed. By changing intracellular distribution of
sonosensitizers (DOX and TPP-DOX), therapeutic effect could be switched from
anticancer/sonodynamic therapeutic effects to nucleus to sonodynamic therapeutic effect to

mitochondria.
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1. Satoshi Yamamoto, Eiji Yuba, Atsushi Harada and Kenji Kono Effective condensation of
multivalent anions into polyion complex micelles prepared from TiO, nanoparticles and
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2015 International Symposium for Advanced Materials Research (2015)

112



	00_coverpage_NMMS_2015
	01_text_NMMS_2015

