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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 developed new imaging methods to visualize molecules under noninvasive condition. We
focused on the ear auricle of mouse for observation of tumor cells
because very thin (about 150-200um) and limited hypodermal
tissue. We developed a novel xenograft model of the ear auricle
with breast cancer cells in order to observe them noninvasively by
spinning disk confocal (CSU) system. We injected mixture of
human breast cancer cell lines, MDA-MB-231-tubulin-GFP and
MDA-MB-231, into the ear auricle of SCID mice to reduce the
background fluorescence for GFP-cells. The cancer cells were

clearly imaged

Brain tumor stem cells (BTSCs) populate in a small portion of tumor and are responsible for
the recurrence of the tumor after treatment. BTSCs have also been known to have high
resistance to radiotherapy and chemotherapy. Despite such well-known properties, the
difference in membrane functions between BTSCs and non-BTSCs remains unclear. A potential
factor is dynamics of the BTSC membrane protein marker, CD133. Thus, we evaluate dynamics
of CD133 labeled with quantum dots using confocal microscope. BTSCs showed higher
motility and expression level of CD133 than that of non-BTSCs, suggesting that dynamics of
CD133 might be a key property in membrane functions of BTSCs.

Protease activated receptor 1 (PAR-1), has been known to be one of the most essential
membrane protein that mediates intracellular signals promoting cell motility, which is closely
related to cancer metastasis. Since the machinery of vesicles carrying this PAR-1 proteins plays
a key role in signal transfer, we imaged the trafficking of PAR-1 carrying vesicles, mainly
focused on the moment of endocytosis, to analyze the movement of activated PAR-1 after
internalization. Our triple-view method consisting of dual-focus fluorescence and phase contrast
optics, enabled us to track endocytotic vesicles in 3-dimension. Also, using confocal
microscopy, we were able to diagnose the characteristic movements of PAR-1 proteins with
respect to their relative position in a cell.
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(HEE-SS-PRX) ZAFEH SH 7= D
JaRfaa L 25n— L E&EEZEE L
8. HEE-SS-PRX % HP-p-CD LY
Mﬁ&i&%f#f‘ alL A7 a— )LEOHD

SR b MleEF oA — N7 7
=Y — A% LC3 FURTYt Lok -

B NPCL MG IE BN & bl L le i I i
T LC3 [t/ Mas A gL < j

VM2, HEE-SS-PRX (B-CD /1 MM)  seessmimasn — — © - “omor o ecssmiomanis - - o
AR SRR, E RN & AR e
£ LC3 ISR LTcas, 75 L0 P v s v oy e
HP-B-CD (10 mM) #{EF S 7234  HEE-SS-PRX (I mM of B-CD) for 24 h. (b) Total cholesterol in
FORALIE NPCL A K0 b LC3 BB 770 G Hlts et it e 0 i co
INFRLDOEEINNER® H4U7-, LC3 &, 72 normal and NPCL fibroblasts treated with HP-B-CD andP123/8-CD
HBNCA— F 7 7 U—IT L0 ERW

a2 T Hpe2EAE U= AL 7 1y M XY Pl L 755 5R . HP-B-CD TIX LC3-II,
P62 TN FE R AFRIICHE NN L. HEE-SS-PRX Tl LC3, p62 &AM R IFHI I LT,
L EDOFREFR XY, HP-B-CD & HEE-SS-PRX (X2 L A7 m— L ORUMER &) ficEs
WTIHANREDEITIH Db DDEEONRETH LM, A — 7 7 ¥V —IZ% L TUIIEK
KFOVEM Z R LTz, FEIZ HEE-SS-PRX X, A — F7 7 3V —A¥72 5 TNT p62 EDJH
VEHLTELTZELY NPCLHMEO A — N7 7 V—ARerUE L WD EEZOLND,

HEE-SS-PRX IZ X2 A —F 7 7 V—EUBEA N =AL2zH\LNET LD
MRFP-GFP-LC3 IZ &L D A— R~V VYV — AR OF i 21T > 72, NPCL AL TIZA— RV
VYV — LDFREETH %D mRFP-GFP /Nu s IEHE M L 0 & MR (AR > 7223
HEE-SS-PRX (2 & 0 IE& e & [FIFLE £ T mRFP'-GFP /Mas gLz, ok &, U
Y — DNEER OTENE L RBLEDOBLITRRO b -7- 2 & K0 | ERROfERITA—
U Y Y —LEHRREIZLD2HDTHDL EEZ NS,

YUY —AZBTAHI VAT LOREEEP A — N7 7 U—DORKEETH D
F—RrU VY=L EREL TS ET 5L HEE-SS-PRX IZL D a2 L AT B —/LER
ENA— 7 7 OO EFLICHFES L TWDH EE X BN D, HEE-SS-PRX I X 54
— N7 7 V= REOKRELEIX NPC JHOAR L4 — F 7 7 U—EEDK FARD 5
DRI AVEIR BRI T 2 BT lIR S & L USRI T X 5,

Filipin

anti-LC3

' --

50

40

30

20

10

otal cholesterol (nmol/mg protein)
>
3

Number of LC3-positive puncta.’ce\l

B
3

o4



AO1 BE ()

Analysis of biomolecules using cyto-responsive supramolecular
polymers

Nobuhiko Yui'
Tomohiro Konnno?, Ji-Hun Seo?!, Atsushi Tamura®
'Institute of Biomaterials and Bionengineering, TokyoMedical and Dental University, Japan
“Graduate School of Engineering, the University of Tokyo, Japan

Niemann-Pick type C (NPC) disease is an autosomal recessive lysosomal trafficking disorder
caused by the dysfunction of NPC1 protein, which induces the chronic accumulation of
unesterified cholesterols within lysosomes of cells. This abnormal cholesterol accumulation
leads to wvarious clinical symptoms, such as progressive neurodegeneration and
hepatosplenomegaly, often resulting in fatality at an early age. Nevertheless, there is currently
no effective therapy for NPC disease, although various methodologies have been examined in
attempt to establish NPC disease therapy. Recently, hydroxypropyl-p-cyclodextrin (HP-B-CD), a
derivative of cyclic oligosaccharide, has received tremendous attention as a potential therapeutic
for NPC disease. It has been revealed that the intravenous administration of HP-B-CD reduces
the cholesterol content in various organs, leading to a remarkable prolongation of the life-span
of NPC disease model mice. Despite the significant therapeutic effect of HP-B-CD, it has
limited therapeutic due to its toxic effect at high concentration.

We have recently developed B-cyclodextrin (B-CD)-threaded biocleavable polyrotaxanes
(PRXs) which can release threaded B-CDs in response to the intracellular environments as a
therapeutics for NPC disease. The biocleavable PRXs exhibited effective cholesterol reduction
ability and negligible toxic effect compared with hydroxypropyl-B-CD (HP-B-CD). In this study,
we investigated the effect of biocleavable PRX and HP-B-CD on the impaired autophagy in
NPC disease. The NPC-patient-derived fibroblasts (NPC1 fibroblasts) showed an increase in the
number of LC3-positive puncta compared with normal fibroblasts, even in the basal conditions:
the HP-B-CD treatment markedly increased the number of LC3-positive puncta and the levels of
p62 in NPC1 fibroblasts, indicating that autophagic flux was further perturbed. In sharp contrast,
the biocleavable PRX reduced the number of LC3-positive puncta and the levels of p62 in
NPC1 fibroblasts through an mTOR-independent mechanism. The mRFP-GFP-LC3 reporter
gene expression experiments revealed that the biocleavable PRX facilitated the formation of
autolysosomes to allow for autophagic protein degradation. Therefore, the B-CD-threaded
biocleavable PRXs may be promising therapeutics for ameliorating not only cholesterol
accumulation but also autophagy impairment in NPC disease. Therefore, our designed
B-CD-threaded biocleavable PRXs have great potential for the treatment of NPC disease.
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DR S FEERED T ) A A= 7 L EE~DIR

WHRRETE - R BESERRY \HEAS
SHEMIEE - A SERRT NEE
Sy HEMEIEE - BRREORT KILEEKRER
1. FFFRDOBEE
21 ki TOMER ORER ) & MR, FITRWTEVIEEHEEZ R L TV D, Fx i,
“Cardiac Nano-medicine” &9 3B Z Ak L. nm fEEE CREEZWr-CIRIE N R OB E
ZRRBICT 28 LWEIR OB A B L T\ b, ARG “Cardiac Nano-medicine” @
T & 725 “Cardiac Nano-physiology” DOAFFEIZE Y FHA T, DABITIS 1T B UUHE D HEA
BT ax7 (<20 um) LRI FHEAERTHY | 20K S3~0.1 um 21k
L7272 THDIBRDO R THERBICHE IR ERERE L 52 5, LEEN-T, Hrax
TRERCTHREE ORRERED Z LITDIROKIEZ RS ECREZEREO —SOTH
%o FAlX, GFP % in vivo DMEIZIGH L, B b ONTEE T~ 2B WL
AT OREESE nm ORFECTRET HH20 Y AT DEBET L2 LI L, 20Tk
Y a AT ES ) A Y — (SLnanometry) &g L7- CFfamsC : 1),

2. FROEFRELAW

DARIAE (i :~100 pm, %58 :~20 pum) TIE, KH51A12~2.0 pm® MG CAE T D8
11/ NG (T JEDAZ 8\ Gl RRE D 7B A A B 23l i PN Ca i B oD SRy T i) B - Ak L
Ca™* DAL T 7 F 2 5y T34 43 T OfE G . Z U CATPIIK S fRSSUs % 5 &2, D
AR R 0 72 Z O B (BB A ) 13, MR N Z — B O ISR IEL ., A4 8
PED NI TERE N L CHEE T2 DA~ SRS, DA ZED 50 85 Tl L
fiel PN A i ERERE & DB DS A ICIED I RS TOD A, 1 EAE DRFFEINZE ] /) fiFFELC
LC100 nmEh_ EDZEALZ R R ELT-H D ThH -T2, Fox OFETIE, DAFMIRN T/ 8k T
A A VEIRESC Sy T D ZEEE A in vivolZ BN CEIER - 2B REE TR L L, DOl ED )
R LTEIHERECZ DU X LEHE, FRICRREICELREA D= AL RH 2 B
E LTS, MERDEZAEWENT 70 —F TR TH - T2 DEBFRERSZ DR
E2 PRI E SV TER L, DIRAFFRICIMAIN 72 8 LWFGE 0 B 2 Al 95 2 &
ZHEL TS,

AWFFETIX, mm LV OB EZ LG 705/ NEVEIR O Ul 50 i Al N R BT O A 4
T DEECA A BN EEE nm RS E TR CEDBAMT AT LEBEE I 524128 - C, ER
5T OEMMBE DI TR EN OV X AFRETHE L A 2 T 0 EB DT 5, Fie,
IR DT T VBN ZE ORI T SR IS T B AE RS T DB A A DENRE
DEDINTEALL TLADY X IMEFEZ D72 D35 E B HINZT 5,



AO1 BE (v)

3. R

AREEDN NATFAL: “Cardiac Nano-physiology” (22T, MARE L OMEHED L~z
BWTHIRZITo T2, EORR. Baid, LDHMBENOI LI ATE (~20 um) &
25 (3 nm) - KefH] (50 fps) S3fFRE CRITHEIRNZBAR T HZ LITHIILZ (SL
nanometry), £7z. SL nanometry Z4A & TW\WA~ T A IZEA L, TERDFETIIARAEE
ThoDBHBTOLGHBEAY L AT OBXRINHED N H—LhoTW3
Ca " DI ERZ D Z LITHATHO THRI LIz, UT. ThbOREOHEMETET,

(1) DFpHARESR : 7 > FOSELHHIIEO Z #112 GFP 2B & &, O o
T XA TIZOWTEEMIZR T 24T - 72, v a A 7 EZLORIERE L. 3nm (7 £
TP 50 fps) Th o7, Ziud, RSOV L a AT REHIRE TH Y . f#EhH
Ol 2 DB —H )L 3 2T Ot % AlREIC T 584 T 5 (SL nanometry : #X 1), Z D
REISHL T, LARIEEIE (omecamtiv mecarbil : OM) D IEZNFEAM 2 5/~ 72, OM %
Nz 2% & cell-SPOC KFDH /L a AT DEVE N H A F I v 7270 727 hIF T 46
NEFLTWDZ ERENT, TRbb, xRS LY Oifiliao £ 5O
WZHEHAI S A7 A%, EEZOFMEARE L THLERL WL EEXDLND, £z, SL
nanometry Z 74+ (IR) L —H#— (B £ : 1455 nm) 1T X 2 BlIIEE & A bE. (KR
E 0 b T H~1CEmWEIECENTEE (~10Hz) O /La A THRE) (HSOs) &k
SEhnZ&zRHLE GasC4), HSOs I3 in vivo DEIC B W TREIROFE A ICE G LT
WD AEEMER S B,

(II) In vivo = A FEEk : /NEIY) in vivo DBV T DAFHIIRN O T 7 45 71 H %
T CTE DRI AT LA EHE LT, T7hbb, =7 & in vivo D&V T,
P ATOEER (HED B Y H—& LTEIN TV S) Ca®* DBl E & 522 (10 nm) -
IkefH] (100 fps) Z3fERECTHE R 5 2 L ITHA THIO TRlEI L7e GasC&fi®) . In vivo .0
RN O Ca® JEBIC DWW T, B e firik 2 A ICBA% Uiz, F70, REMRLE
BT db APEBERLLGIE & IR REIC O W TRE L, SRR EN L T2 VF L
—EEAHENE < 725 LW D Frank-Starling #ER L2 AT ORINWT T A N (T
JFrT 4T AE) O “on-off” PHAMAFL TEAT D L aMmE L. GR2),

(D) iPS Hi R/l 22 V2SR« ~ & & iPS filld 2 o baB i L, fEhd % iPS O
Biafsd Z SITE LTz, 2h b OMIICITFHERESTER S TRY | a7
[3#9~2.0 um TH -7 GEITIERT) . BHE, iPS OFfldZ 2R L L, ~ 7 20
lEIC Al £ OR&REZ invivo 7/ FHINZ X o TEEMICKETT 2 FiE 2T Th %,

(IV) BAVEGTIC K D i« B2 1%, ZBER T > b & B L 72O A o IR % 36°C
MHEC ER-SED L, MEFICHHIER AT 5 2 & 2#HE L T\b (BBRC 2012),
AERE . FR L7z in vivo DA A—D 0 ZTOERZRICAFELZSH L, fAEHIL TV 5
DI BN T H B K o TOAHMBE O IUHE R T 5 Z & 23R S v GasUrERCH) .
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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

We conducted cardiac nano-physiology studies under various conditions.

First, a change in myocardial length dramatically changes the heart’s pump functions on a
beat-to-beat basis (i.e., the Frank-Starling mechanism of the heart). Given, therefore, the
importance of accurate measurement of sarcomere length in cardiomyocytes, we developed a
novel experimental system for simultaneous nano-scale analysis of single sarcomere dynamics
and [Ca®']; changes via the expression of AcGFP in Z-discs in neonatal cardiomyocytes of the rat
[i.e., sarcomere length (SL) nanometry]. We then 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.

Second, 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. The
present experimental system has a broad range of application possibilities for unveiling
sarcomere dynamics in cardiomyocytes in vivo in health and disease.

Third, recent advances in muscle physiology have enabled identification of the factors
involved in length-dependent activation, viz., titin (connectin)-based interfilament lattice spacing
reduction and thin filament “on-off” regulation, with the former triggering length-dependent
activation and the latter determining the fraction of myosin molecules recruited to thin filaments.
We found that various mutations occur in the thin filament regulatory proteins, such as troponin,
in the ventricular muscle of failing hearts, which consequently alter the Frank-Starling
mechanism.
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Transport nanodevice immobilized specific biomolecules

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

To obtain a stable and highly sensitive bioimaging fluorescence probe, polymer nanoprobes were
prepared using biocompatible phospholipid polymer. We have found that the polymeric nanoparticles
embedding quantum dots (QDs) covered with phospholipid polymers showed resistance to cellular uptake
from HeLa cells. 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. In this study, we investigate effect of oligopeptide on
internalization and transportation of the nanoparticle into cells.

We prepared new type of nanoprobe by conjugating between the water-soluble and amphiphilic
phospholipid polymer with molecular beacon (MB). We conclude that the MPC polymer-MBs
nanoprobes will promote the development of noninvasive monitoring intracellular biomolecules and
bio-reaction, can be used to deepen our understanding of basic cellular processes, and could also be
applied toward the early detection, accurate clinical diagnosis, and effective treatment of diseases in the
future.

Active control of cellular circumstances will be the key technology for progressing cell
engineering. To achieve this, we consider the control of chemical reactions in cells by using an
intracellular magnetic stirring device. It is consisted of the Fe;O4-encapsulated anisotropic polymer
nanoparticles covered with phospholipid polymers. This is a new intracellular device, which rotates in
cells and enables the direct analysis of intracellular circumstances and control of cell functions. In this
paper, we report the fabrication of Fe;Os-encapsulated anisotropic polymer nanoparticles by the
conventional suspension polymerization and the following processing with thermal treatment and the
suitable surface modification for the use in cells. Fe;O4-encapsulated polystyrene (PSt) spherical
nanoparticles were successfully prepared by the soap-free polymerization. The diameter measured by
dynamic light scattering was about 150 nm and a neodymium magnet could collect it. The physical
anisotropy was given to the nanoparticles by stretching the nanoparticles-embedded poly(vinyl alcohol)
(PVA) film at 160°C which is above the glass transition temperature of PSt (102°C) and PVA (85°C).
After the physical stretch, the major axis was enlarged to about 330 nm and the minor axis was shortened
to about 130 nm. The nanoparticle could rotate by alternative magnetic fields. = That is world most
small magnetic stirrer has been obtained. Next, we are now modifying the surface of the polymer

nanoparticle to internalize into cells and rotating in the cells.
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Development of a nanoprobe for measuring the molecular dynamics
in living cells
Jun Miyake', Hirohiko Niioka', Nobuyuki Tanaka', Takanori Kihara®
'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) measurement of cellular membrane stiffness by using laser ablation

When femto-second pulsed laser is focused on cellular membrane, transient pore is formed by
laser-induced ablation. Cells have membrane-resealing process and it is reported that actin filaments
are related to the process and cellular stiffness. We defined D,, as the size of pore to measure the
stiffness. D,, of Hela cells were larger than that of TIG-1 cells (n = 50, P<0.05) and AFM results
show Hela cells are softer than TIG-1 cells. These two types of cells were measured with laser
ablation method and AFM after a treatment with cytochalasin-D that constricts polymerization
of actin filament. Results show the treated cells tended to exhibit larger D, than those of
non-treated cells. As an conclusion, softer cells tend to show larger D, and cellular mechanical
property can be evaluated by the laser-induced ablation method.

(2) CRP2 regulates actin filament structure

CRP2 (cysteine rich protein 2) is a smooth muscle specific LIM protein. CRP2 works as a
transcription cofactor of SRF (serum response factor) in nucleus and binds with actin filaments
in cytoplasm. In this year, we have examined the physical effects of CRP2 on actin filaments in
vivo and in vitro. From small angle X-ray scattering analysis, cross sectional radius of gyration
of CRP2 bound actin filaments increased about 1.7-fold as compared with that of actin filaments.
CRP2 bundled actin filaments and CRP2 over expressing-smooth muscle cells showed higher
cell surface rigidity. Furthermore, other CRP family, CRP1 and CRP3, also bound with and
bundled actin filaments. Thus, we assume that CRP family regulates physical properties in
muscle cells by contribution of actin filaments bundling and stability.

(3) Development of bimodal (high-spatial-resolution/near-infrared light imaging) nano-probes

We propose new imaging nano-probes that emit light under both near-infrared (NIR) light and
electron-beam excitation, where light emission under electron beam excitation is calls as
cathodouminescence (CL). Due to electron beam excitation, the spatial resolution of CL
microscopy is on the order of nanometers. NIR light allow us to image deep tissue region
because NIR light is insusceptible to absorption, scattering, and autofluorescence. Y203:Tm,Yb,
Y203:Ho,Yb, Y203:Er,Yb nano-probes emit light around 800 nm, 1200 nm, 1530 nm
respectively under 980 nm excitation. CL imaging of each nano-probe shows nm order
high-spatial-resolution. The phosphors described here will allow the realization of new
imaging method covering the nanometer to millimeter scale, i.e., the molecular to in vivo scale.
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DNAzyme [Z—#%! 1?*‘/2]‘~/§“*j3$75°1155< FOUEDPNILE 2 HiD, A —2 A —
— RN A O LTI, ISV LRI Fr D DNAzyme 7>HOfEREL DNAzyme ~DHk
’%-E#&@#*AMETM ERDHDLH, Bx X W TFA TN EEAKRTHD
Poly(L-lysine)—graft—dextran (PLL-g-Dex)?3, DNA CFrEEHIAR BAER L. EERRE] O 3
L BBONATIF AR —var Rl T 522 HE L TE[2], £2 T,
PLL-g-Dex DEAININZEY  DNAzyme DX — A — S— 3 a] L, Z 32U EED SO E D
M BB RIAENDDTIIZRWINEE R T2, — 7 BIREIONAT VYRR & mo 5 E Tl
BBOREZEOL LKA THLIEEZOND, AT WTF AU MEEHET D
poly(allylamine)—-co—(allylurea) (PAU) 25 A=
PR T TRk O=a 7 L —h —
B DT LaAE L T&72[3], PAU ZI
ZHZET, ke PAU OFFEM E/ERIC
IOVEBEaT L X —MZEML.
DNAzyme B O3EEE A RS AIREIC 725 E

—PLL-g-Dexl-)

rate of reaction (%)
-]
=]

——PLL-g-Dexi+}
BT, ZZT UL ED 2 FEOT A o
1] REH} REHX]) 1GCH) alH) Hal0 Fodli]
I\i 5 /\% \_‘/)l/ \T DNAZyme }i}l_’g \—th‘j‘é Li_mml'ge.:-
R ARG, Fig. 1 Effect of PLL-g-Dex(N/P=2) on
3. & DNAzyme reaction at 50°C in HEPES

buffer (50 mM HEPES, 150 mM NaCl,
11C PLL-g-Dex ZMATZBROIE & 5mM MnCls, pH 7.3), [substrate] = 50
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DNAzyme OIJHfER %~ PLL-g'Dex OIFINZ LV IGHENRE L EH L2
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— 5T, PAUfF/E FIZHB W T, HEFNICE R um FE O SN S HBIE Rk , 2
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21277, PLL-gDex JE/F(E FIZB W T, PAU 174 FOREY & PAU JEAF(E FEERD &
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DS EAET S Z ENbr-o7z, —J . PLL-gDex f#(£ FIZH T, PAU f74£ F(X
3 Fk#Y) & PAU FEAFAE T(MEHFM & b3 5 & PAU fFAE DA, 0.2 f5ICHE X
KFLTWDHOD, = b o —/L(EHY)
ICHD b 9 EROSEES LT
ZENDbroT,
PLEDOFER X 0 PLL-gDex (X DNAzyme
OS2 IES 2 olzkt L, PAU (383
HZENproTz, —Ji. PAU fffEF ¢ S —
t, PLL-g-Dex ONHBE D REEEND 2 U s s aseo soon st sama
ER Do T, PLL-g-Dex N Hemelase
DN Aayme R . o, ey B LB DrED
XD arkiN— ]‘ﬂ‘éﬁﬁi ZX2DNA® at 50°C in HEPES buffer (50 mM

PEEEZ L0 . DNA B A~OSHNRE 2 5 HEPES, 150 mM NaCl, 5mM MnCls,
R Rt . 5 pH 7.3), [substrate] = 50 nM,

nod, [DNAzyme] = 2 nM.

20 s P, PLL-g-Dex{-}

40 =—PAU), FLL-gDex{+)

ata of resction (%)

e PALNH), PLL g Duaxl=}
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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.

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 previously described 10-23 DNAzyme. [1]

Here, we evaluated the cationic copolymer in 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.

Considerably higher cleavage activity

was observed in the presence than in the

absence of the PLL-g-Dex (Fig. 1), 10

suggesting that the copolymer promoted © 80

turnover of the target. We then g 60

decreased the MNAzyme concentration 40

while holding initial substrate and target &

concentrations constant. At lower 20

MNAzyme concentrations we observed a 0 PR

significant decrease in MNAzyme Time (min)

activity in the absence of the copolymer, Fig. 1. MNAzyme A reactions at different
MNAzyme concentrations in the presence (filled
symbols and solid lines) and absence (open symbols
was observed in the presence of  ang dotted lines) of PLL-g-Dex. Squares indicate 200
copolymer. At 2 nM of each of the NM MNAzyme; circles indicate, 20 nM; triangles
indicate 2 nM. Reactions were performed at 50°C in
25 mM MgSQO, with 200 nM substrate, 2 nM target.

but only a slight decrease in the activity

partzymes, the copolymer increased the
cleavage rate by 50 fold relative to

cleavage in the absence of copolymer.

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

[2] J. Gao, N. Shimada, A. Maruyama, MNAzyme-catalysed nucleic acid detection enhanced by
a cationic copolymer, Biomater. Sci, in press
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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 develop a diagnostic method of sentinel lymph node in cancer using both X-ray CT and
fluorescence imaging, we made new nanoparticles for multimodal imaging. X-ray Computed
tomography (CT) is one of the most widely used clinical imaging modalities. The X-ray CT
imaging has resolution with around several tens of micrometers and can visualize at levels
ranging from small tissues to whole body by high penetrative power of X-rays. Recently, X-ray
CT apparatus with further high resolution has been developed intensively although
tri-iodobenzene as X-ray contrast agent have been mainly used. Au nanoparticles (AuNPs)
attract lots of attention as useful contrast agent than conventional iodine agent in that X-ray
absorption coefficient. Additionally, it is easy to control surface modification of the AuNPs.
Quantum dots (QDs) is one of recently-developed fluorescence nanoparticles and used for
various biological imaging. The brightness and photostability of QDs is much greater than those
of conventional fluorescent dyes or proteins. Fluorescence imaging has the resolution with
hundreds of nanometer and high quantitative sensitivity because the fluorescence signal
intensity is proportional to the intensity of the photon excitation energy. However, as the
fluorescence imaging was affected by optical scatter and absorption in cells or tissues, tissue
permeability of fluorescence is not well. Therefore, fluorescence imaging is suitable to visualize
at levels ranging from molecular to small tissues.

Here in we developed new contrast agent which consist of AuNPs and QDs. To make
silica-coated QDs conjugated with AuNPs (QDs/SiO,/AuNPs), silica coating of QDs was
performed using a modified Stober method based on the sol-gel method. Then AuNPs were
conjugated with silica shell surface of silica-coated QDs using APES. To examine a potential of
QDs/SiO,/AuNPs as sentinel lymph node tracer for cancer diagnosis, the particles were injected
into tumor site of tumor-bearing mice and then X-ray CT and fluorescent imaging was
performed. We could visualize an identical sentinel lymph node with X-ray CT and fluorescence
imaging. Moreover, by imaging QDs/SiO,/AuNPs distribution in lymph networks using X-ray
CT and fluorescence imaging, we have succeeded in precisely identifying the inflow of afferent
lymph vessels into the sentinel lymph node, where lymph node metastasis begins.
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The landscape and clonal architecture in lower grade glioma

Atsushi Natsume, Takeshi Senga*
Department of Neurosurgery, Nagoya University, Japan
* Department of Tumor Biology, Nagoya University, Japan

Background: Lower grade gliomas (LGGs, WHO grade II/lll gliomas) account for
approximately one third of all gliomas. Although LGGs are typically slowly progressive, their
clinical course is invariably indolent and most patients ultimately succumb to death. In contrast
to glioblastoma, our knowledge about the genetic lesions and clonal evolution in LGG is still
incomplete.

Methods: To obtain a complete registry of gene mutations involved in LGG pathogenesis and
their role in clonal evolution, we analyzed whole exome sequencing and/or targeted sequencing
of 757 LGG cases from Japan and the Cancer Genome Atlas consortium. Clonal evolution in
LGG was investigated using multi-time point/regional sampling in 14 cases with LGGs.

Results: Massive parallel sequencing revealed LGGs were clearly grouped into three subgroups
with or without IDH1/2 mutation and 1p/19q loss of heterozygous (LOH). Type | tumor with
IDH1/2 mutation and 1p/19q LOH had a most favorable survival and harbored mutations in
TERT promoter, CIC, FUBP1 and NOTCH1. Type Il tumor with IDH1/2 mutant/1p19q intact
subtype represented TP53 bialleleic inactivation and/or ATRX mutations. Type Ill tumor with
IDH1/2 intact showed GBM like mutation profile and poor prognosis.

Large scale samples allowed to obviously detect strong positive/negative correlations with each
other driver genes. Extensive analysis of variant allele frequencies among co-existing mutations
revealed temporal orders of gene mutations in each subtypes.

Multi regional/time-points sampling analysis supported mutational order and revealed a close
correlation of regional heterogeneity with the history of clonal evolution, illustrating the way by
which a tumor expands from its origin to surrounding regions, while increasing intratumor
heterogeneity and spatially intermingling different evolutional branches in periphery.
Conclusion: Our findings delineated the landscape of gene mutations in LGG. LGG had
mutually exclusive mutational patterns with hierarchical order in discrete subtypes. LGG
contiguously developed and generated heterogeneity through acquiring new mutations in a
complex but ordered fashion. Prominent regional heterogeneity raises a potential concern that
sequencing of bulk tumor may not detect rare, but important mutations.
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Three Dimensional Tissue Regeneration Through Multipoint
Molecular Weak Association

Hiroo Iwata®
Yusuke Arima?, Yukihiro Okamoto?

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

We have reported that cell surface can be easily modified with single stranded
DNA-poly(ethylene glycol)-phospholipid conjugates (SSDNA-PEG-lipids). The ssDNA
presented on the cell surface acts as an adhesive to immobilize functional molecules, materials
and various cells on the cell surfaces.

Polylactic acid (PLA) has been widely used to prepare 3D scaffolds for 3D tissue regeneration.
Cells, however, hardly adhere or proliferate on PLA surfaces due to its hydrophobicity. In addition, it
is difficult to arrange different kinds of cells into specific positions. We examined a simple and rapid
method of inducing cell adhesion on PLA through DNA hybridization. Cell surfaces were modified
with ssDNA-PEG-lipid, and the cells could then attach to PLA surfaces modified with
complimentary ssDNA' through DNA hybridization. Use of ssDNAs with different sequences
allowed for attachment of different kinds of cells to PLA fibers and films in a spatially controlled
manner. Additionally, cells proliferated well in a culture medium supplemented with fetal bovine
serum. Cells attached through DNA hybridization exhibited formation of focal adhesions and F-actin
when incubated in a serum-containing medium. These results suggest that the coexisting modes of
cell adhesion through DNA hybridization and natural integrin-mediated adhesion machinery caused
no serious effects on cell growth. Thus, the combination of a 3D scaffold made of PLA and cell
attachment through DNA hybridization on the PLA scaffold is a promising method to fabricate 3D
tissue engineering constructs.

For the development of cell surface engineering, it is important to understand the behavior of
sSDNA-PEG-lipids on cell surface. We employed supported lipid bilayers (SLBs) to recapitulate
cell-cell interaction through DNA hybridization. While ssDNA-PEG-lipids were homogeneously
distributed over both the cell membrane and the supported lipid bilayer, the ssSDNA-PEG-lipids were
recruited at the cell contacting region upon cell attachment. This result suggests that lateral diffusion
of ssDNA-PEG-lipids are slowed when associated with their complementary ssDNA-PEG-lipids at
the opposite lipid bilayer. Next, we prepared SLB modified with two kinds of ssDNA-PEG-lipids
with different ssDNA sequences (SegA and SeqB). When the SLB was incubated with cells modified
with SeqA’-PEG-lipids, the SeqA-PEG-lipids were recruited at the cell contacting region. In contrast,
the SeqA-PEG-lipids were excluded from the cell contacting region when cells modified with
SeqB’-PEG-lipids attached.
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Application of Fluorescence Lifetime Imaging to the Evaluation of
Intracellular lon Concentrations

Takakazu Nakabayashi
Graduate School of Pharmaceutical Sciences, Tohoku University Japan

Fluorescence lifetime imaging (FLIM) is a very useful method to investigate environments in a
single cell because the value of fluorescence lifetime is independent of photobleaching and
experimental conditions such as fluctuation of excitation power. We have previously shown
that FLIM of endogenous fluorophores can be used to evaluate intracellular environments such
as intracellular pH. In the present study, we have investigated the optical properties of some
exogenous fluorophores to be used for the lifetime-based sensing of intracellular environments.

We have measured the pH dependence of the fluorescence lifetime of the Rhodamine
derivative called AcidiFluor in buffer solution. AcidiFluor having excellent photostability
exhibits the strong fluorescence in acidic conditions, which can be explained in terms of the
acid-base equilibrium between the fluorescent protonated species and the non-fluorescent
de-protonated species. The fluorescence decay of AcidiFluor is found to be strongly affected
by pH of the medium. The fluorescence decay profile is mainly composed of the nanosecond
and picosecond lifetime components, and the relative contribution of the two lifetime
components to the decay profile depends on pH. These nanosecond and picosecond lifetime
components are assigned to the fluorescent protonated and the non-fluorescent de-protonated
species, respectively. The average fluorescence lifetime was calculated from the
preexponential factor of each decay component, and the correlation curve between the average
fluorescence lifetime and pH in buffer was fitted by the following function:

Te=a+ E:[1+ 0 rl M
Eqg. (1) was derived from the assumption that the observed pH dependence of the average
fluorescence lifetime only comes from the acid-base equilibrium in the ground state. This
result indicates that medium pH can be evaluated by the fluorescence lifetime of AcidiFluor.
We have also measured FLIM of AcidiFluor in HeLa cells. The fluorescence lifetime in HelLa
cell is found to be different from that in buffer solution.

We have compared the fluorescence properties of representative photosensitizers for
photodynamic therapy (PDT) in normal and cancer cells. The value of the fluorescence
lifetime is different within a cell and among cells, which reflects the different intracellular
environment around photosensitizers from each other.  This result indicates that FLIM is useful

to investigate environment of PDT dyes within a cell.
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. Takakazu Nakabayashi and Nobuhiro Ohta
Sensing of Intracellular Environments by Fluorescence Lifetime Imaging of Exogenous
Fluorophores
Analytical Sciences, in press.
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Single molecule imaging of endogenous mMRNA 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 mMRNA 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
the binding ability 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 cells, reflecting the different affinity of various antisense probes.

Next, we performed single-molecule imaging of endogenous GAPDH mRNA in COS7
cells using high-affinity antisense probes. By optimizing the fluorophore and imaging
conditions, we were able to detect single-molecule mRNA in the cytoplasm and inside of stress
granule (SG). These results indicated that our method will be a powerful tool for detailed
observation of RNA metabolism in real time.
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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 focused on the axonal branch morphology and tested the possibility
that axonal transport might play roles to regulate the axonal branch pattern. Previous studies have
revealed that the motor domain of Kinesin heavy chain (K5H) is accumulated in axon in
hippocampal neurons. We found that there is a positive correlation between signal intensity of
K5H-GFP and axonal branch length, suggesting the possibility that axonal branch pattern is
regulated via axonal transport. We further performed long-term multipoint time-lapse imaging of
branched axons and analyzed the growth/retraction of each axonal branch. By quantitative analysis
of obtained time-lapse images, we found that axonal branch which contain high ratio of K5H-GFP
show lower retraction value. These results indicate the existence of novel system that maintain
branched axonal pattern via controlling axonal transport.

By fluorescence recovery after photobleaching (FRAP) analysis using tubulin-GFP,
We have found that in shorter axonal branches, microtubule turnover is faster than that in the
longer axonal branches. We also tested whether microtubule turnover is depend on the amont of
K5H in each axonal branch terminal. However, no significant difference was observed
(Ko#=0.0014/s in low K5H branch, K,#=0.0020/s in high K5H branch). Next we analyzed the
growth of microtubules by expressing GFP-EB3 in neurons. Time laps imaging data revealed
that velocity of EB3 is about 0.1um/s in both longer- and shorter axonal branches. There is a
significant difference in the frequency of EB3 near the branching point (0.096/um in shorter
branch, 0.046/um in the loger branch), whereas there is no significant difference when that is
compared near the branch terminal (0.12/um in shorter branch, 0.10/um in longer branch).
These observations support the idea that microtubule turnover is depending on the distance from
the axonal branch terminal rather than regulated directory by kinesin.

We also analyzed the amount of F-actin using Lifeact, and found that there is a
positive correlation between the intensity of K5H and Lifeact in each branch terminals.
Furthermore, time-lapse image analysis indicated the time dependent correlation between two
molecular indicators.
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Mechanism of photochemical internalization
using photosensitizing molecules

Takashi Ohtsuki

Department of Biotechnology, Okayama University, Japan

In many drug delivery strategies, an inefficient cytoplasmic uptake of the drug often
occurs due to endosomal entrapment. One of the methods to overcome this problem
is to use a photosensitizer and light for disruption of the endosomal membrane. This
method is referred to as photochemical internalization (PCI). It has been considered
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 PCI. 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 discuss only “photosensitizing reaction” and the factor
of “cellular localization” can be ignored.

In this study, we designed and prepared peptide-photosensitizer conjugate
molecules (photosensitizing peptide molecules), such as a photosensitizing RNA
carrier and photosensitizing apoptosis-inducing molecules, for the PCI strategy. The
photosensitizing peptide molecules are considered as examples for a drug-carrier
complex covalently attached to a photosensitizer. In addition, molecular mechanism
of the light-dependent endosomal disruption was elucidated using these
photosensitizing molecules. Correlation plots between photoresponsive parameters
and endosome escape efficiency suggested that 'Oz quantum yield of the
photosensitizer was highly related to the endosomal escape efficiency. This was
confirmed by the experiment using 'Oz quenchers. Involvement of cholesterol in the
endosomal escape was also suggested. By time-lapse imaging of endosomal escape of
the photosensitizing molecule, we observed pH increase in the endosome followed by

the endosome disruption.
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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 c 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 c 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.

We achieved the fabrication of the nanofluidic chip for measurement of cytochrome c at the
single molecular level in this year. The nanofluidic chip contains a micro—/nanofluidic channel
hybrid. The nanofluidic chip was fabricated in the glass substrates using two original techniques.
One technique is site-specific nanopatterning of arbitrary features in nanofluidic channels.
Another technique is low-/ room-temperature bonding of glass nanofluidic channels. In the 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 = 10 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.

In order to capture cytochrome ¢ molecules, we proposed to immobilize the capture antibody
of cytochrome ¢ on the gold nanoarray via self-assembled monolayers. Hence, we further
performed the formation of nanoarray of self-assembled monolayers (SAMs) on the gold
nanoarray in the nanofluidic chip via well-known thiol-gold interactions. All liquids were
introduced to the arrayed nanofluidic channels through the microfluidic channels by air pressure.
The capability of formation of a fluorescein-disulfide SAM nanoarray on the gold nanoarray in
arrayed nanofluidic channels was confirmed by using a fluorescence microscope.

Currently, we are focusing on the immobilization of capture antibody of cytochrome c in the chip

for single molecule detection.
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Fabrication of Nanosheets for Bio-imaging of Tissues/Floating Cells
~Nano-wrapping to provide water retentivity and fixation~

Yosuke Okamura*
* Institute of Innovative Science and Technology, Tokai University, Japan

We have developed free-standing ultra-thin films (often called nanosheets or
nanomembranes) for biomedical applications. The nanosheets possess a thickness of less than
100 nm and represent unique properties such as good adhesiveness, amazingly flexibility and a
high degree of transparency ™. On the other hand, for bio-imaging, tissues and floating cells are
typically observed on the glass substrate, to which physiological buffer is added to avoid drying.
However, tissues and floating cells are gradually dried during observation due to evaporation of
water. Moreover, it is often difficult to be come into focus due to moving them into buffer. To
this end, we develop the nanosheets as a bio-imaging tool of tissues and floating cells to provide
water retentivity and fixation on the substrate. In this fiscal year, we propose a water-repellent
nanosheet composed of fluorine-containing polymer (CYTOP, Asahi Glass Co., Ltd.) for
tissue-imaging.

An aqueous solution of 10 mg/mL poly(vinyl alcohol) (PVA) as a water-soluble sacrificial
layer was pipetted onto a silicon wafer (SiO, substrate, typical size: 40 x 40 mm). The substrate
was spin-coated for 20 s at 4,000 rpm, followed by drying at 70°C. The PVA-coated substrate
was then spin-coated with a 10 mg/mL of CYTOP solution under the same conditions. When the
substrate was immersed into water, the water-repellent nanosheet was instantly detached from
the substrate by dissolving only the PVA sacrificial layer with water. The thickness of the
nanosheet was approximately 20 nm and the nanosheet represented the water-repellent property,
yielding the water-contact angle of 111 + 1°. Moreover, the thickness was proportional to the
concentration of CYTOP utilized for spin-coating.

When only alginate hydrogels as a model were incubated on the glass substrate for 24 h
under the conditions of constant temperature and humidity (25°C, RH: 50%), they were
completely dried within 10 h. However, the hydrogels wrapped with the water-repellent
nanosheets were significantly prevented the evaporation of the water. On the other hand,
poly(methyl methacrylate) nanosheets (water-contact angle: 68 + 1°) were no effect on the water
retention. Moreover, we demonstrated that the water-repellent nanosheets were also prevented
the drying of the mouse spleens and firmly fixed on the substrate due to the high adhesiveness
of the nanosheets. These water-repellent nanosheets therefore would be a helpful tissue-imaging
tool to provide water retentivity and fixation.
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1. Yosuke Okamura* and Yu Nagase. Fabrication of Bio-friendly Polymer Nanosheets for Biomedical

Applications. Trans. Mat. Res. Soc. Japan 39, 379-384 (2014).

Yu Nagase* and Yosuke Okamura. Synthesis of New Biocompatible Polymers and Fabrication of
Nanosheets. Biomedical Engineering, one chapter contribution edited by InTech (2015) in press.
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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 2014, we completed (1) the development of a novel fluorescent
thermometer probe targeting the endoplasmic reticulum in single living cells, and (2) the
construction of in vivo monitoring method of calcium dynamics in muscles of a live insect.

(1) Fluorescent nanothermometers can measure intracellular temperature as fluorescent signals.
In this study, we reported the first thermosensitive fluorophore, ER thermo yellow, that
selectively targets endoplasmic reticulum (ER). ER thermo yellow stains ER evenly in various
kinds of live cells including primary culture cells, and visualizes the intracellular temperature
gradient imposed by external small heat source. In HeL a cells, we demonstrated that ER thermo
yellow can monitor heat production by the abrupt increase of intracellular calcium level.

(2) Calcium ions (Ca”") works as a second messenger in the cell that converts these stimuli
received at the plasma membrane into the intracellular cascade of signaling. Fluorescent
calcium indicators are widely accepted as convenient tools in biology. However, delivery of
these chemical dyes into living animals for fluorescence imaging remains still challenging.
Genetically encoded Ca®* sensors are other options to visualize Ca®* dynamics in vivo, but the
applications are limited only to model animals such as fruit flies, mice and rats. Here we
introduce a non-invasive and simple method for staining live beetles, in which chemical
fluorescent dyes can be orally dosed. When a chemical Ca** indicator, Fluo-8, AM, was orally
introduced into an insect via food, we found that the indicator diffused from the insect digestion
system to the target muscle tissue. The fluorescence intensity of Fluo-8 and the frequency of
electrical simulation were observed, indicating the orally dosed Fluo-8, AM, was successfully
cleaved into Fluo-8 in muscle cells and monitored Ca®* dynamics of the cells. This novel
method will potentially enable researchers to monitor various signaling events in a variety of

insect tissues including muscle and nerve systems.
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Evaluating nanomedicine molecular science using sensitive
ion-sensitive field-effect transistors

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

An integrated microdevice for measuring proton-dependent membrane activity at the surface of
Xenopus laevis oocytes has been achieved. By establishing a stable contact between the oocyte
vitelline membrane and an ion-sensitive field-effect (ISFET) sensor inside a microperfusion
channel, changes in surface pH that are hypothesized to result from facilitated proton lateral
diffusion along the membrane were detected. The solute diffusion barrier created between the
sensor and the active membrane area allowed detection of surface proton concentration free
from interference of solutes in bulk solution. The proposed sensor mechanism was verified by
heterologously expressing membrane transport proteins and recording changes in surface pH
during application of the specific substrates. Experiments conducted on two families of
phosphate-sodium cotransporters (SLC20 & SLC34) demonstrated that it is possible to detect
phosphate transport for both electrogenic and electroneutral isoforms and distinguish between
transport of different phosphate species. Furthermore, the transport activity of the proton/amino
acid cotransporter PAT1 assayed using conventional whole cell electrophysiology correlated
well with changes in surface pH, confirming the ability of the system to detect activity
proportional to expression level.

Further, we discovered that the ISFET covered with the monolayer of eukaryotic cells on the
gate insulator detected a time course of the cell membrane disorder caused by external reagent
at high spatiotemporal resolution compared with conventional end-point assays without the aid
of optical setting. An instant addition/removal of NH4CI solution to the bulk phase surrounding
the cells induced pH oscillations at the cells/ISFET nanointerspace. The temporal pH changes
resulted from the imbalanced NH,/NH; equilibrium reaction because of the selective
permeability of NH; out of NH,” and H" across the healthy plasma membrane. Impaired
semi-permeability for these ions in damaged cell membrane when challenged by nanoscale
materials attenuated the imbalanced state of the equilibrium at the point of addition/removal of
NH,CI, yielding the decreased transient pH signal. The results from cells-ISFET measurement
were consistent with traditional hemolysis assay (correlation factor: r = 0.91) for a wide variety
of reagents and were relevant to existing cell-based toxicity and proliferation assays with
advanced features on simplicity and high-throughput analysis. An integration of tiny ISFET
sensors comparable to the size of single cell (about tens micrometers) on a chip would obtain
the signal on cytotoxicity from individual cell among the population of cultured two
dimensional cell monolayer without destroying the intact state.
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WIEAEH - A B RERF G TR W &

1. FFFEOBEE

RNA 23EEDAERBEEE IR & (IZHHENIZ20 D05 HZ EM 5, ITAEMIFRIZIIT S RNA O
BT S E B S TS, T4 X2 ETIC RNA & (2 AT e g 7= 7 e
e a— 7 ThhHA AT LELF 25— —a (ISMB) DI IZEIIL TWD, A5
TITEICERED DEERMEZ RO ISMB AL . ZhvE W HIIENIZISIT 5 RNA D
WA A=V T BFRL QWD FEAEE S TORIIZID UL = Cy3 25y - E AL
72 ISMB DBAZEIZR L TWD, S4EE LI Cy3 HECE A ISMB % W =M PN A A—
TN OWTRREEI TS T,

2. FREDERLEW

ITHEOIZEIZ X0 . FIREZNIZ I T RNA 238D CTHER R BERE 2 1> T\ b Z L3
Bnkieolz, o T, MIENIZBWVTWHD - 2T EOL 5V RNA B LT
HMEHD Z &L, MENICB T 20 FRISEEET 25 9 2 TR THEHETH H, Ak
WTRNA ZAf{LT 5 70— D—DIFLFaT7—E—a(MB)RH D, ZD MB
I, RECHOE AR RO AENES Lo ~T B8 DNA TH Y . 11 RNA 237
FELRWERIITEENIEE A EBIRENRVEVIBEZAL TS, LHLARBE,
PERD MB IXRIIZAZENEAS SN TWVIEEDIC, KRORELE (FV—Y 7)) 10
RT B 7 7T 0y RIEHRICL o THIGMES 7 FARBIEIND &0 ) RESR H
olz, Flo, R MB TIREOLAR A BHECEA LZBRICE QBRI D L )
WS o7z,

ZTxt L, AT AT LNBICAFERLEALIA VAT LELF 2T —E—a
(ISMB) ZBA% L7, ZORER, 7B MB LLER_TT Y =V Va5 2 LT
Ry 7 7T RENCEMHI L, #EEE LT MB L &KE 72 RNA R I AR
L7z E7-, 8B LEBEATE LIk > T, FICEBRERBENATRETH D =
EE BN Uiz, WEEE E CORGBEIBICHIT D FRICE D | mR TERFIILEHR
DIZE o TSN AT AT T 7 MEEAKRENT LUEA ISMB 2075
Z I LT, BERER RNABREIZKRE) LT-, £7-. #Ek0 Cy3 iFER Ciidioy
ALTZBICACHEEDRBE S LD &0 ) IR o 7203 B Cy3 FHE R A ARk L.
INE 25 FE AL ISMB B Lic, £ O/R, BCIEEZMET5 2 &k - T,
Cy31 0 FEHAISMB LV HIX5NICHEEEZRBRHNFRETH L Z & A R Lc, ARE
EIXZ 5D ISMB Z AWM RNA A A —2 0 72O THET &7 7,
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3. R

ZHVETIT Cy3 #EE A ISMB & H W CEE(LS /IR Z IV TR BLL 72 GFP @
MRNA DA A=V T L TS, LINLZRAD, SREIFEBLL 72 R TITNAENE RNA Lk
L CHREANIZ T D IRTEMEN LT B TREME S B o T2, £72. RNA FBELEDL R Th-oTz,
Z T AL ISMB 2 WM NTERE MRNA DA A= 72OV TREE T o7,
S —7y R CIRMIFENIC LEER M 2 AFAE T DI EEIHIL TS B-actin @ mRNA tL7-,
F7°, B-actin mMRNA #4—/7" > 3% ISMB Z A& L . in vitro T RNA R HHEEZFHIL 7= &
ZAH A= RNA IRINTE Y SOBFOIREE DS 105 5 K228 B b7 (X
1), ZZT, 2O ISMB Z W AN RNA A A— 0 7 %3k Ao, BARAIIZIE HeLla fliaz
EELL, Triton X ZEIUHIRPNIZZ0 ISMB 238 AL dhHE S L — —BEEsE T/
Mz LT, £, v ba— L L TR T TIVESIE RO ISMB 2 A kL . 2V [RIEED
FIETHIBIZEA LB 21T o7, TOREE, 22—/ ISMB TIIFEEA B S2)>
T2DIZHEL ., B-actin % —47 whEL72 ISMB MOITFR VI el g2 sz, it~ T EE(LS
AVTZAIRINIZ 350 VT B-actin mMRNA Z % Y FTRE ThHZEN BT oT0, Fio, fEA LR
ST MB e 22 <BIEE LT LA Wi A VO 7V ERIFRE OF Bl s
(1), —##%7 FISH (Fluorescence in situ hybridization) £ T3 Y67~V U EZREZTRIIL
BT A Lol 7 e — T 2 BRI Lo CRET AU ER DD, LD D, T
FEAEOREIZ L > TRERDRESLELHIND VORI R D BT, FHUTKL | ISMB 134
— 7y FRLTOFNZ mR<IE TE 5720 | PEHRED 72 TH RNAZHE AT RE THH LU
FlRM®HD, L EOFERNE, Cy3 HHCE N ISMB 3 Beif B EARZ e FISH 7' —7 & L Ci
HE T 52L& B 5|2l 72 (Kashida et al., Bioorg. Med. Chem., in press, DOI:
10.1016/j.bmc.2015.02.030) ,

FEIAN LRI FEL L T, B LERF O ES A IEHEZ AL TR~ —F/E T
(BT DB EIRIT IZ O W TIRIT 21T o 72, F72. ZIVETIZ9 DD FE/ /L — 712 ISMB
R HE L LR TR A D TS,
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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 ISMB targeting B-actin mRNA, and investigated its
detection ability in cell. We also applied this ISMB to a wash-free FISH probe.

We first synthesized ISMB targeting B-actin mRNA and investigated its sensitivity in vitro.
Strong emission from Cy3 was observed in the presence of the target RNA, and S/B
(signal/background) ratio was as high as 105. Then we added ISMB to permeabilized HelLa
cells and the emission of Cy3 was monitored by confocal laser scanning microscopy. Strong
emission was observed with ISMB that targeted B-actin mMRNA whereas no emission was
observed with control ISMB with scrambled sequence. Hence, we concluded that B-actin
mRNA was successfully visualized with ISMB. Interestingly, similar emission was also
observed without washing procedures. In standard FISH experiments, fluorescently-labeled
RNA probe is added to permeabilized cells, and unbound probe is removed by washing.
However, results are highly dependent on efficiency of this washing process; stringent washing
causes no signal emission whereas strong background emission was often observed after
incomplete washing. Since ISMB can suppress background emission in the absence of the target
RNA, it has a potential as a wash-free FISH probe.
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“Molecular design of Cy3 derivative for highly sensitive in-stem molecular beacon and its
application to the wash-free FISH” Bioorg. Med. Chem. in press, DOI:10.1016/j.bmc.2015.02.030
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1. FFFRDOBEE

Fxlx, INETICHOELORERFERDIKERF CACERL LT T r—
TORRBICHKII L TWD, ZOF ) Fa—T7 1%, MIGFE FOEES X ORI &
DEMERRRE T CORERBCESR AR L T D —JF, BERISET A2 )72 &
FHZEAT 2 2 LT, MINOT AT VK REEESC = b 28R 72 & ORI
JEERRTHBURIEL D Z AL MNE o TWD, AFETIE, ZhEToInb
MR EAENL, HENENE UBERISE T Xy U 7T ABE L, O/
e & I FLHPEIZ DWW T Y 7 & A MZFH T2 2 & 2 B E 35,

2. FROEFRELAW

KT v 7 FYNRY =27 A(DDINZEBW T, SAERHNEISE PEFRAR OB R 1%, S
EORFZEMP R Z R 25 B THEFICERATH S, P CHEEXISE MY T—&
L7cF /7 %% U700 ORI BHHIEIL, HRAEFRN R ZEN L3252 & T, B
BRI YR EL TREL T2 0FATH L, T E THEE DI, KIRRFCTHD
LA LT dOob BB RN BRGSO Z N =& LTI 52 LT &
KRR LT RT T/ T —T ORI L TnWD, L3 ZoF ) Fa—71%,
b HREOENAFEW 21X SNARFIZX L CHUKH e BHIL A E AT 5 Z & T, KRR
H1C 100 nm BREOH CESREZIERT 5, ZOHCESKIT, d0ttFELFHKE LT
A LTRSS IO T, MR MK T 72 E ORGP RLET DREE T2k
THBD TREIHFAEL TN D, ZDO—FH T, BRI ET DB 2 EAT S Z
& T, R L ORISHIESCHICEB L, B ERE T s =—2 ) ) T u—7Th
% (#7100 st 28 k), BECZ o B CE/RR S ) T —7 T, = AT VK fiflsR
K= MR 7 ) a v REG ORISR 22 EOMIaNEEREZ Y 72 A MY
HZEEH LTS, o, FFETAREHELT, AT/ e —T7 3 @o A CE
HERTHDL s  BEOBERZREA DY~ AT RIGEEDT ) 7 a— 70l o
BHILEDENEA Li=F ) 7 a—T ORIRMNHED E#iff S b, & 2T AT TIE,
WS Tu—TEFALT, ACERRT /1 U 7 2R L, MIENEESRE SR E D
W R OIS THE LKA Z it 3 210 4 7/ %% U 7 OBE & OV HoETE & [F]
REC AL L CRMET 2 2 L 2 B E LT 5,

3. &
(F0 1) SEMREHCES V=T ) 7 a— 7 oAl
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(7 v FBA A VBRI S ) Fu—T7)H

Fx oBaCEALT T a—TE, BT D BUKMELRE IO BUKME B L E 5 A R
ETH LT, HOEARELEOBREZH SN UOHENTHZ N TE5, B Zo
RS AFIAT 2 2 & T, AEORGHERHCE S W= TF ) e —T ORI EE L 72 B,
AEFEIFIZOIGHABIE LT, 7 v BA A NUSE LU THBET > VU LV Z R L LT
AL, flix D> VRO bBUKEERILES ZfRIE S LT, TBDPS #&E Lo
(K1), gFF L7 SNARF-OTBDPS %, #iffL72i@Y . KERP THCEA KL K
LTWe, FFETARERALE LT, HOEAREB L RS TWE e, ARIMKGHE LT
W U VDK CREICHFIE L TCND I ERHAL N Irotz, £12, TOA A
BIRMEZFHMI L7 & 2 A, BIFFEY | 7 v FA A 0ox L TEIRMIZIEE L, gt e
"WTHZERHALNERoT, 2O END, Fx OBKEERILERZEE S LZH
CEALT ) T e —T OEMHAERGTOF AL R~ T Z LIS LTz,

no F Cl Br I
C . 0° -
‘ AT Fluoride ion gf/ o 5}' -
N O_AL 2 —_— IF + i
L IJ A buffer R S *5‘ f
<9
- Self-assembled X
SNARF-OTBDPS SNARF-OH
non-fluorescence fluorescence AcO" NO3z HCO; H,PO, Ni

M LEBRRGHI LW T v RA A VISER T/ 7 e —7 ORI

(tD2) =br Yy Z2—VIREMNT ) 7a—7 OREN

INETIZ=rhn ¥ 2—EE NV —L L)/ Fe—7% SNARF #HAF
¥ & U TR LT & 72(SNARF-OBn(pNO2)), L2>L7eNR B, ZDOISHESMERNZ &0
—R & LT, Ml ToORERmIZ ISV TR OBIZZET 5 LW HMERH - T,
W3 O FH#H % Rhodol IZE W L7254 (Rhodol-OBn(pNO2), HOEAMEIZMAFFL
DOHEDENELZ RIBIZHET D Z EITRIILTWZZ &0nn, Zive AW KIGH
HMkORNEMH= e ) ¥ 72 —FEomtiziM L7z, & LLZRKBEIC
SNARF-OBn(pNO2) % 72 (% Rhodol-OBn(pNO2) ZRM L7 & = A, alBRE N TORRE
FEA T B AL Fn fLFEIRE. Rhodol-OBn(pNO2) Tl Bl ZedbmlE A iR S, —J
T, SNARF-OBn(pNO2) TiL, ¥->< D & Lz KEENER Sz, 2D OfEHE
X R CISEENZ A L T THIRERDO R 5T/ Fx V7 L LTHATED 2 L %
R LTEY . S%EDOISEMEOZER L HEOHBBRIZ OV THRHE L TV <,
(Zoft) HALKY:  hMRSERZEEZ . F L RT KilE sz, KIS RY: T Bk
e & OB ILFRIBFIE,
[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 rational designable characteristics of fluorescent nano probe, a
fluorescent nanoprobe to detect the fluoride ions present in aqueous solutions
(SNARF-OTBDPS) was designed. ! Among the various silyl group which well known as the
fluoride ion selective leaving group, tert-butyldiphenylsilyl was selected based on our rational
design stategy for self-assembled fluorescent nanoprobe. The designed SNARF-OTBDPS
formed self-assembled cluster and showed good selectivity in the detection of the fluoride ions
versus other anions. Furthermore, the silyl ether group in SNARF-OTBDPS displayed high
stability against hydrolysis, owing to the formation of self-assembled clusters. In addition, the
rapidly responsible nitroreductase-activated fluorescent nanoprobe based on Rhodol
chromophore was applied to monitor the activity of endogenous nitroreductase in E. coli.

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). [2] E. Nakata, et al., RSC Adv., 4, 348 (2014). [3] E. Nakata, et al., Bull. Chem. Soc. Jpn., 88,
327 (2015).
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“Self-Assembled Fluorescent Nanoprobe for the Detection of Fluoride lons in Aqueous Solutions”
Bull. Chem. Soc. Jpn., 2015, 88, 327-329.
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“The Rational Design of Latent Ratiometric Fluorescent pH Probe for Intracellular pH
Measurement”
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1. FFFROBEE

Tz X2 NFETIT, #F9EFICE > T siRNA 5% IR AR NI £ Tt 2 Hf
ERENLL TN D, Bz 1, 9 BRI Lo THIEFE O B A Z Rt <o i PN 26 6 3 TR L
TWDEREL AL T, ABFFEICEB W TEDORRGEE FEY L ZE~DO R A H 5L THRWAEA T
WD, ZILETIZ, I EIIZE > TR E N = R A= ATHRVIAENAZ L, &5
(2 T FIREER DIEMAL L TRl 2 D R A h— R L IEME LS
HZEEFHL TS, 2014 1T, ZNHOH RIZH-S& M5 EIIC LM kIC
DUVTHRFIZATV, AL O TIHE, BEEL O, TRP F /L DB G- O REM,
FOSERIFEIC L DI O M E SO T U A% AL LT,

2. HEDERLEEM

TxlZZNETIC, AF 2 P74+ TR (TREEDRIC K D8 Rz W= Rt L) |
£V siRNA R° CpG AU FiZWE 7 EFKMER 43 1% BB (in vivo) (1T#h= K< {i@é
D E BT, @ RNAL FRCHUER SRR S 2R+ 5 2 LISl L TWnD

(Kigasawa et al., Int. J. Pharm (2010), Kigasawa et al., J. Control. Release
(2011)), ZOZ &L, HETEFIC &L > TS HIIE L TEEShZZ L Z2FIRL T
Wb, BT, MIERAERIC XD HIRN & 7 ED ) R b A MRS LT &
Z A AR BGA BRI NEE C B 53 5% < O Z T ED ) VB TUEL TV D
ZEDBHBNITIR S TND, ZOREREND | MEFETICEL > TR~ D7 IARERDE
PALENDZET, R YA b= A S S NEMLS, = R A b= RRFE
SNDHZETT IR R ERIIAENDEEBIT, TDIA LTS E O ARG NS S Lk
FTHIEDIRESNC, TNHD T &b Hx 1T, MUEIERIC L VMl 7 F VRED g
PEAL U S SRE DELY SA I & B0 INE A1 U T2 BB Nl 53R B 23 TTaE L 2h = o < /e
ICEREIND | EWIRERE L T, AL CIE, M STIETE(L 2 "Ik L,
JRIR & 72 553 FROG/ ST A—Z & T2 & THBFH) DDS ~EBT 22 &2 HIEL T
WD, AFEEEIL TS T ALIRIRH 35\ CHERE N 5 TUE A RR R T D8k LT DR & LY
70 e EFALE R ORI ENL AL, AP T 25 Ca® F v 1/ LBLE A
D, ELFaT—b—arz W E ~OEERTR., ZREL,

84



5
il

3. B

155 B P VBRI O R S FE A, 28 A L& FEAT 3~ 5 728D . MERR IR AL 28 kI Ko TR ISR AT
LN E R T H103E THD DIBAC,(3) (Bis(1,3—dibutylbarbituric acid)trimethine oxonol) f#4E
TICBWT, 7 AR JEHES AN NIH-3T3 (%95 B iR L= & a0 IR 2 LA
LTz, £ DR DIBAC G MELEHIAD (22 Fr— L) IZHbH DR EHIA NS AN, 155
BB 52T, L HIEPIZEIAEIL, BB E R THIENILNER ST,
B HEAE(LL 72 DIBAC,(3)DFH I JEIREE T, £ 30% 4R L TV iz, K91 % Dtk
FEZEAIE, 1mV OB b Z R T ZEMND, M EITAERIZEY , MR EAL 3K 30mV
BALT HIENHALNEIR STz, ZOFER DT 2 13, IS EIRHNKIC L > T, BALKAE
Ca” Fr XNV DIEMEALZ I LTz Ca® RARFHFEINDDTITZRVINETAEL, F7IZ TRP Fv
FIVDIBEE L TWADTITAR W EHELL L 7=, TRP (Transient Receptor Potential) F ¥V,
A A T RNADPBEDA—/X—=T 7V —D—FETHY, 6 DDO77IU— (TRPC1~7
(Canonical), TRPM1~8 (Melastatin), TRPV1~6 (Vanilloid), TRPA1 (Ankyrin), TRPP1~3
(Polycystin), TRPML1~3 (Mucolipin 2){F{£d %, TRP T F/U1d, Bk & 2 BERI T Gl -
BRI - BN ZE L) AL I BRI T 5B =L LTI R BTV D, 2D
T2 2 1%, BT E T 5 TRP Fv 1L 8, 059 B IRALERRF TR E S d, Ca® 3
PEDOHIIES 7 MR EEE AL AF L SNDDO TIHRONEE 2T, TRP AF A F ¥ 1L
FH 52 Al SKF96365 ( 1-[2-[3-(4-Methoxyphenyl)propoxyl-2—-(4-methoxyphenyl)ethyl]-1H-
imidazole hydrochloride) (220N ER 5 TLHEIC %D B2 MFt L=, FOFEF. 10u M
? SKF96365 (FAESAHIZIN T, BRI C L 28 KT~ UL F A VR Y — ADH
e N S TUE NI S A ZENBH BN Lo T, DD ZENG, I ERAFRIZ L - T,
TRP F ¥ RNV EZI LTz Ca2+iit ADSFHEIIL, ZAUCKVMIEN T 7 T U BZE B IEMELL .
AR BUA A2 36 KL OV AR B s 03 TLHE T A Z LR Sz,

ORI AL T, U R A =2 A THAHZEITHONER>TNDEN, Zhlb
WO TIAENT-H DO I EE TELDODNIRH ThH -T2, T~ ALURY
— LW T~ SIRNA Tl 7 U NICHER TEDA, 2R R Y —
LNZRDOPENNTONTIE, TRV — 2B 82 D THHIBILEEK, B m—7 73
RN BS TN, ZOTEEFFERT 272012 FEIRN D4 i B K518 B e sz o0 B 3%
L7zl FaTF—bE—ar (MB) ZHWAZLELTZ, ZZTld, Vo7 =27 — B EIHE B16-F1
A7 ) —< IR LTV 7 27— BRI E A MB ZERIIL , P9 E T ALER L7214 |, H2LA
BT CEIZR U, MG T MB 28 8E UL, V7 =T7—F mRNA EBIRLZ MB 234
BTHIET, BOEPBIEESND, EERIC, O ERLEERZ ICBIZRLI2EZA, MB DR
A YENBIEIS N, ZOZEDD, EFERAFLICL ST MB 23SBIAEI, Ml E Tl
ESNDIEDERI NI, 4% MB ZH W IR 2 1TO 28T, MBI IC L5
ARRE UA A Js KOV A Nl 5 T HE OFEREDMIE I CX D LB 2 Tud,
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Clarification of mechanism of faint eectricity-induced acceleration of
intracellular transport, and expansion into innovative DDS

Kentaro Kogure
Department of Biophysical Chemistry, Kyoto Pharmaceutical University

Recently, we succeeded in the induction of potent RNAI effect by in vivo transdermal delivery
of siRNA via iontophoresis (Kigasawa K, et al., Int. J. Pharm. 383 (2010) 157). lontophoresis is
known as a noninvasive technology for enhancement of transdermal drug delivery via faint
electricity. Thus, it was suggested that sSiRNA was delivered into cytoplasm by electric treatment.
Based on this, we hypothesized that cellular uptake mechanism and intracellular transport must
be changed by electric stimulus. Previously, we confirmed that faint electricity enhanced
intracellular transport of liposomes taken up by endocytosis. In the present study, we examined
the effect of faint electricity treatment on fluorescent signals of DIBAC,(3)
(Bis(1,3-dibutylbarbituric acid)trimethine oxonol), which is known as indicator of membrane
potential. The fluorescent intensity of DIBAC,(3) increased 30%. It was indicated that
membrane potential of the cells was changed by faint electricity. From this result, TRP
(Transient Receptor Potential) channels were considered to be candidates as the cause of
membrane potential change. In order to confirm the role of TRP channels, especially voltage
dependent TRP, in the response to faint electricity, the effect of TRP inhibitor, SKF96365
(1-[2-[3-(4-Methoxyphenyl)propoxy]-2-(4-methoxyphenyl)ethyl]-1H-imidazole hydrochloride)
on intracellular transport of liposomes internalized via faint electric treatment. As a result,
intracellular transport of liposomes induced by faint electricity was inhibited by the addition of
SKF96365. Moreover, the cells were treated with faint electricity in the presence of molecular
beacon, which can show fluorescent signals by binding with mRNA in cytoplasm. The
molecular beacon was developed by Dr. Kashida, who is a member of the Nanomedicine. We
examined the faint electric treatment with molecular beacon encoding anti-luciferase sequence
against cells stably expressing luciferace. As a result, fluorescent signals derived from molecular
beacon were observed in the cells treated with faint electricity. This result indicates that
molecular beacon associated with mRNA after delivery into cytoplasm by faint electricity. In
conclusion, it was suggested that faint electricity accelerated intracellular transport and
cytoplasmic delivery of extraneous subjects by activation of cell signaling via membrane
potential change.
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Molecular transport system emerged from cell surface engineering

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

Carbohydrates located on the outermost surface of the cell membrane contribute to
various forms of communication between living cells and their environment. Recently, the
biological and therapeutic functions of carbohydrates have been clarified and many
glycopolymer bioconjugates have also been designed. Although these approaches are very
successful for use in the regulation of cell-material interaction, almost all synthetic
glycopolymers have simple carbohydrate residues because the structure of natural carbohydrates
is very complex.  In addition, some may not interact uniquely with specific cells and instead
show affinity to a broad range of substrates. In the current study, synthetic substrates
incorporating metabolic engineered glycoproteins of mammalian cells were prepared for the
first time and selectin-mediated cell adhesion on the surface of synthetic hydrogels was
demonstrated.

The cells were incubated with N-methacryloylmannosamine (ManM) for 3 days to
deliver methacryloyl groups to the glycoproteins of the cells. Redox radical polymerization of
methacryloyl functionalized glycoproteins with MPC and a crosslinker resulted in a transparent
hydrogel. The hydrogels prepared with untreated HL-60 cell lysate did not exhibit staining
after treatment with Coomassie Brilliant Blue and Periodic acid-Schiff stain reagents. In
contrast, the dyes remained in the hydrogels prepared with ManM-treated HL-60 cell lysate.
The surface density of P-selectin glycoprotein ligand-1 (PSGL-1) on the hydrogels was also
detected by gold-colloid-labeled immunoassay. On the MPC hydrogels prepared with lysate of
untreated HL-60 cells (without ManM-treatment), very few IL-l1a stimulated HUVECs were
observed. In contrast, a large number of IL-1a stimulated HUVECs adhered to the hydrogels
prepared with the lysate of the ManM-treated HL-60 cells.

We succeeded in preparing a hydrogel bearing natural glycoproteins of leukemia cells
and the selectin-mediated adhesion of cytokine-stimulated endotherial cells on the hydrogel was
also observed. In living system, selectin-mediated cell adhesion is considered an essential step
in leading to inflammation, reperfusion injury, rheumatoid arthritis, metastasis, infection, etc.
Thus, novel synthetic materials, which regulate these bioresponces, could be obtained. The
metabolic oligosaccharide engineering with ManM is robustness for creating biointeractive
synthetic materials because this is the first effort to use glycoproteins as monomers for
conventional radical polymerization, which is the most practical polymerization method.
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Cell-mimicking systems based on naturally-occurring osmolytes
and synthetic polymers

1.  Daisuke Miyoshi

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

One of the most distinguishing features of the molecular conditions in cells is an
environment crowded with proteins and cell organelles. In addition to the macromolecules that
cause the crowded environment, small hydrophilic molecules such as metabolites and osmolytes
are highly accumulated in cells, resulting in the properties of intracellular water being quite
different from those of a dilute solution. The intracellular environment is possibly a key
determinant of the efficiency of broad cellular processes, including tumor generation,
susceptibility to diseases with aging, intracellular phase separation, molecular compartmentation,
and metabolism. 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 two projects:
(1) Developing precisely mimicking system for cell nucleus, where there are abundant of
histone proteins. (2) Mimicking cell cytoplasm by use of zwitterionic biomolecules such as
osmolytes and

(1) Developing precisely mimicking system for cell nucleus: A synthetic copolymer
consisting of a polycationic (polylysine) backbone with hydrophilic graft chains can be
used to quantify the structure and stability of DNA in the presence of cationic molecules,
because their water solubility. We studied the thermodynamics of DNA structures in the
presence of a comb-type copolymer of a polycation backbone and dextran side chains:
poly(L-lysine)-graft-dextran (PLL-g-Dex). It was found that at the parallel
conformations involved in both DNA duplexes and the DNA triplex were significantly
and specifically stabilized by the cationic copolymers. Moreover, DNA structural
switches responding to the cationic copolymers were further designed.

(2) Development of a new G-quadruplex ligand with bright fluorescence signal: About

30% of the volume of the cell interior is occupied by large biomolecules, small metabolites, and
osmolytes, leading to molecular crowding conditions. In particular, there are large amounts of
zwitterionic molecules. Here, we studied the thermodynamics of the canonical DNA duplex and
non-canonical DNA G-quadruplex structures under molecular crowding conditions using
2-methacryloyloxyethyl phosphorylcholine (MPC), as a model compound of a naturally
occurring zwitterionic molecule. It was found that MPC stabilized the DNA G-quadruplex
structure, whereas it destabilized the DNA duplex.
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A numerical model of red blood cells infected by Plasmodium
falciparum malaria

Yohsuke Imai
School of Engineering, Tohoku University, Japan

Red blood cells infected by Plasmodium falciparum (Pf-IRBCs) adhere to endothelial cells
because of proteins exported from the parasite. Cytoadhesion of Pf-IRBCs to endothelial cells is
mediated by ligand-receptor interactions. Ligands on the surface of Pf-IRBCs, PfEMP1,
interact with various receptors on endothelial cells. Examples include intracellular adhesion
molecule-1 (ICAM-1), Thrombospondin (TSP), and cluster of differentiation 36 (CD36). Each
receptor has different biochemical characteristics from other receptors. For example, the
dissociation rate of PFfEMP1-TSP bindings is approximately 10" s* while that of
PfEMP1-CD36 bindings is 10 s*. Such differences in biochemical characteristics cause a
receptor-dependent behavior of Pf-IRBCs on the blood vessel wall, detachment, rolling or firm
adhesion. However, the relationship between the Pf-IRBC behavior and the biochemical
characteristics has not been fully understood, because this problem involves not only
biochemical interactions of proteins, but also fluid and solid mechanics of cellular flows.
Pf-IRBCs also adhere to healthy RBCs, and form a cluster of RBCs called rosette. It is
difficult to track a flowing rosette in experiments, and the behavior of rosettes in
microcirculation has not been reported. In this study, we develop a numerical model of the
dynamics of Pf-IRBCs under flow condition.

A Pf-IRBC was modeled by an oblate ellipsoidal capsule with ligands on its surface. We
employed the boundary element based method for cellular flow, coupled with the finite element
method for membrane mechanics and the Monte Carlo method for ligand-receptor interactions.
The deformability of the Pf-IRBC model was determined by a numerical test, mimicking an
experiment of single RBC stretching using optical tweezers. We simulated the rolling motion
and firm adhesion of Pf-IRBCs on a planar surface under simple shear flow. The rolling
velocity of Pf-IRBCs increases almost linearly with the shear rate and the dissociation rate.
We also simulated rosette formation under flow conditions and show that the adhesion between
Pf-IRBCs and healthy RBCs is very stable.
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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, recently,
guantitative exosome analysis, such as in urine, serum, and saliva, 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 100 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

For fabrication of nanodevices, ZnO nanowire structures (100 nm in diameter and 2-3 pm in
length) were fabricated in polymethyl methacrylate (PMMA) microchannels for highly efficient
separation of exosomes in 1 mL sample volume. The separation efficiency was evaluated among
four methods: using the nanowire structures embedded in microchannels, ultracentrifugation,
and exosome precipitation kit. We confirmed that around 10° exosomes were captured on
nanowire structures due to electrostatic interaction between negatively charged exosomes and
positively charged nanowire structures, and nanometer-scale spacing between nanowires.
Comparison of among three methods showed nanowire structures were superior to other two
methods. Introduction of lysis buffer triggered extraction of miRNA in captured exosomes, and
extracted miRNA from urine and serum exosomes were analyzed in microarray. Extraction
efficiency using the three methods was evaluated by scatter plots. Number of miRNA types
was also used to evaluate the extraction efficiency among the three methods. The evaluation
data showed nanowire structures showed the largest number of extracted miRNA types. Since
the nanowire structures could achieve highly efficient extraction of miRNA in exoxomes,
undetectable miRNA using ultracentrifugation or exosome precipitation reagent became
detectable miRNA using nanowire structures.
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Elucidation of the innate immune systems activated by siRNA using a
nano-chemical device.

Kazuhiro Furukawa, Noriaki Minakawa*

Graduate School of Pharmaceutical Sciences, The University of Tokushima, 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. Since this interaction occurs in a strict and specific manner, an understanding of
how proteins bind structurally to nucleic acids is critical 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 /B’ H‘N_H____o N H‘N_H____o

(3Br-deA) and  7-bromo-7-deazaadenine Nd ‘N----H—»_\B g’ J \N____H_Ny_\x

(7Br-deA) nucleosides (Fig. 1), to elucidate ™ 'w=/ Ob—N,\.rr' W)= Ob—N}',
Br

molecular interaction between SiRNA and
RNA induced silencing complex (RISC) or
toll-like receptor 3 (TLR3) proteins. In this
year, we studied innate immune responses
induced by siRNA with nano-chemical device using Whole Blood Assay (WBA) and attempted
to develop a photoaffinity labeling system using nano-chemical device.

We carried out WBA to evaluate whole innate immune response induced by siRNA in others
of the interaction with TLR3. As a result, drastic attenuations of the IL-8 level were observed
when the 3Br-3-deazaAs (3Br-deAs) were introduced into the 5’-end of the sense strand (Fig. 2,
siR3 and 5). However, these tendencies obtained by WBA were different from that of TLR3
dependent assay. Thus, we attempted the

minor groove

7Br-7-deazaA:U 3Br-3-deazaA:U

Fig. 1 Structures of nano-chemial device

siR1: -aaacaugcAgAaaaugcu grt 3! :selt'l_sestrantd "
ni H 3! —t uuuguacgucuuuuacgac-5 : antisense stran
photoaffinity labeling to detect a receptor aiRg: 5 -aaacaugeagaraangeugte-3"

protein, which plays critical role to induce (7 reusguacgueuuAcghe 5!

' _ARAC nagasa: U _31
siR3: 5’ -AAacAugcagaaaaugcugtt-3

innate immune response with siRNA. First, to R
i . . : siRd: _, _—aa_a\,augcagfaaaangm.gth'—3
investigate whether radical generations were 3'-ttuuuguacgucuuuuacghc-3

siR5: 57 -aAacAugcagaaaaugcugtt-3'
" 3'-ttuuuguacgucuuuuacgac-5"'

occurred or not, 7Br-7-deazaA (7Br-deA) and
3Br-deA nucleoside units were photoirradiated.

20000 M
However, both 7Br-deA and 3Br-deA were -(YBlrn ggA
inactive against irradiation. Accordingly, we 5000 i (Major)

25000

I 3Br-deA

IL-8 (pg/mL)

explored a new nano-chamical device with a
trifluoro diazirine group at C7 or C3 position
of deazaadenine ring instead of a bromo group. ’ PP @ e 0 5&*’* 406
With this new device, the studies of receptor

. . Fig. 2 The results of WBA
protein detection are currently underway.
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1. FFFROBEE

B BRA & LC, BISAKITH 5 doxorubicin (DOX) ~3 hav RU T H—4
T 4 VT ReE AT 595 721 triphenylphosphonium (TPP) %3 A L7= DOX-TPP % &
% L7z, DOX, DOX-TPP K ONZNETIZT /I T BA~DONEUMNRARETH H Z LM
fER I LT % rhodamine 6G DB H MRS K 2 —EIAMRFE Ak % singlet oxygen
sensor green Z ARt 7' m—7 L LTHWTREHME L, 2416 3 >O(LEWH EHIEH & L
TOBEZ AT HZ 2R Lz, £72. DOX & DOX-TPP TiLMilaNENREIZ#E VA3
EUDZ ENREBEI N,

2. FRDOERLEW

AERRICBW T, ARSI B G L7 t+F ) A— ML R —1d
BOTHREE (7 8BE1EK) PEE AL, BEICHS LcBisEZE bz s 0 CE
ERAEREEDO B A>T D, ZOREHITHL VA NVAIL, = RYFA Fh—T R
IZ Lo TR~ A E N DEBRRIZHE W T, MilaN=2 R Y —AIZBT 5 pH K F% |k
U — & T e E 2 2@ U TR S 2 AW Lo, BIZIE, Ml E 28 L
THEANEBEL FEANOEN~ERBALTH 7Y FIEGEDFREEICHE SN T A LA
WG T 2RISR T D, 2087y RO BPEEhAIREEZ LA, Z OMRETRRIICB U
TEERQBEERLR>TWD, AR, BRE DT LRI T F KNS 0 F 4 %
BTN R RTF RTA VO AL T 5 A— 3 VEIZ X0 & T80 ZkoohE
WENHIE SN DI LY ARBICH SRR ~— X 7 LV E2 R TE, I, 42
FEREEE AIZ LV R ENEDENT= T A M T ) B TR GELND &V D FEA
ZRZ 7T IVNRY =275 (DDS) ~ERT DD THD, WFAUMETF ) T E
VB N O ITCEREE TR T 5 V2L 7 ¢ FiEAIC L0 ZElk T 52 Lok v #
WESFHRHL =R T IoD7a N ARy DHRICE T R Y — AR HE S S
PED LIV MBOARRROMUNREZC AT L O 2T ) W TNV BT D,
Flo. ZOF 7 BT BASNEREAZNET 52 LI2X o T, BEEBRIC K D EHK
FOIE M B FEA bl & 18 U 72 A R O BT & 0 {GRE R 2 /R 485 I ) 2R ik
~DREHZX 5,
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AF AT T 7T RVICHET L BEHEEHIE LT W TF A a5 Y
— ZMH R S TWD Z &S, rhodamine 6G (Rh6G) & doxorubicin (DOX) %
IR L7, Rh6G MR 2RI/ L, DOX IIZIZRIET 5 Z EnmbnTind, £
2T BRI B W REBEN I Fa v RUTIRAA—VE 5252 LR
BANADROFEICBWTEETHL Z ENRESINTNHDT, DOX 7312 b=
R THRAEEMNET DD N T o= VR AR =T A (TPP) A28 AT HZ L
et L, BUOGRREZ B 1 IR,

H o

mf\ﬁ“ O{H ol TT
NHsCF QPQ
®

1. DOX 4y~ TPP £ A SO
fa &l % AV TPP 2% Y COOH % o{b&aW%E DOX LIS EEHZ &2k
DOX-TPP % 137=, #& DO fERRIL, 'H X OV ®C NMR 12 L » TfT o 72, #3572 DOX-TPP
& DOX DML AR DEW & BT 5 72912, HeLa fIIBIC WL &% & Z N E G FE L
1 R O L — — R S BMETS 2 X 2 127~ T,

2. DOX KT DOX-TPP THLEE X 17= Hela Al L —HF —HAE US4

D DOX ALEE S L7z Ml D iets, (LkR &M & oBERG D, DOX-TPP AL i

AR OE NG, M ER L OEREGDE
DOX DA, 1KE#Z TITMIREIZOM L TWAE LD EALILE M, BENIZHA LT
WHLDOHRLNE, —J, DOX-TPP Tk, M IZOAREHENBIE S, I
B L TWRWZ LR S 7o, A%, K0 RFFMEEE Lo mba % oiai
DATDOFAMAAT O BN B D03, TPP FEDE AT LV M NEIREZ 225 Z & 3D
ITHDH I LEIREENT, DOX, DOX-TPP T} Rh6G (22U CHAT i e S i — B TE
eS8 A4 RBE % singlet oxygen sensor green Z i H 7' 0 —>7 & UL CHWCEHME L 72/ 8., =
oA —EHEEAEKELZ A L, TORENFRRE CHD Z L3RI,
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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.

It is known that rhodamine 6G (Rh6G) and doxorubicin (DOX) have the ability of reactive
oxygen species (ROS) generation by sonication. Also, when both compounds were incubated
with the cultured cells, Rh6G distribute to whole cytoplasm and DOX can localize to nucleus.
The author try to modify the intracellular distribution of DOX molecules. For this purpose,
triphenylphosphonium (TPP) group was introduced to DOX molecule through the condensation
reaction between primary amine of DOX and carboxylate of (3-carboxypropyl)
triphenyl-phosphonium bromide, since TPP group have high affinity to mitochondria. For thus
obtained DOX-TPP and DOX, intracellular distribution was compared. DOX-TPP did not
distribute to nucleus and showed different distribution with DOX. The author succeeded the
change in intracellular distribution of DOX molecules. Also, ROS generation ability of DOX,
DOX-TPP and Rh6G were evaluated by using singlet oxygen sensor green as a fluorescent
probe. These compounds showed singlet oxygen generation by sonication, and there was no
significant difference among these molecules.
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