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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

Tumor was exposed by dissecting the skin and a epicedium, so far. Many biological systems
especially the immune system were activated by the dissection. To avoid the dissection, we
developed the method of non-invasive imaging. The auricle was selected for non-invasive
imaging because of thin and short hair. The auricle was illuminated by high power laser for
short time. We investigated the motility of vesicle in neutrophil, a kind of white blood cell, in
mice. Neutrophil is activated by the inflammation of TPA and goes out of blood vessel to cure
the inflammation. 1 day after the inflammation, many of neutrophil go out of the blood vessel.
We observed clearly the movement of vesicle containing antibody-quantum dot. The shape of
neutrophil becomes long and front domain may pull the cell. The velocity of the vesicle was
changed very much from 0.3 to 3.1 um/s. Surprisingly, the velocity of 3 um/s is about three
times of velocity of dynein and kinesin. The MSD plots
indicate that the “stop and go” fassion (figure).

Skeletal muscles are thought to be rigid structure, but it
must be always maintained. In non-muscle cells,
cytoplasmic dynein is bearing important roles for
intracellular maintenance. However, the roles of dynein are
not understood in skeletal muscles. In order to understand
the role of cytoplasmic dynein, we developed the in vivo
fluorescence imaging of mouse skeletal muscle which molecular structures are visualized by
using the gene transfer of GFP-fused proteins. Microtubules and cytoplasmic dyneins in in vivo
muscles were successfully visualized by expressing GFP-Tubulin and dynein IC74-GFP with
confocal microscope. The distribution and dynamics of vesicles transported by cytoplasmic
dyneins in living muscle differed from non-muscle cells, and these vesicles did not move along
the microtubule in living muscle. Meanwhile, dynein IC74-GFP were stably expressed in the
myoblast cell line C2C12 and, vesicle transports were observed in myoblast cell and myotube.
The dynein binding vesicles in the myoblast stage distributed as similar as in non-muscle cells.
However, in myotube, the vesicles mainly moved along longitudinal axis and the speed of the
vesicles was decreased to 20% of myoblast stage. Thus, the distribution and dynamics of vesicle

transport by cytoplasmic dyneins remarkably changed during the muscle differentiate process.
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N siRNA A4 7~ L, FFIC CD Bil% 52 @ PRX B W TR 30 55 WELD AR %
RU7TzZ, 20X 5722 PRX IZ XK DG siRNA A IZRBIT A5 A EMIX, PRX LT 2/
HKOEMBSCEAROE — X B L Vo il OFFEMEERICET IR0 b,
RSN x T 2 2 ENE & ORNCARBIBIR S R S iz, LLE XY | siRNA OHifapNE
ANZBWTEDFERPRS BT L2 DL E R o T,
3-3 M7 7 e —FIZ L% PRX/SiIRNA DL KV — AR

—7J5. RNA T-¥:OFFEIZITAMIEE T RISC BN LA TH L0, MRE~DBAT
BT RY—LAREEEE 2D, = RY — AR O 7 Fa—F L LT, Kif
72 TIE PRX ORERLES Tdh D CD OFIHICHE R A Y T, CD ITMiaE & Y U EHE,
AL AT RV EL EHRL (ZEAHA~EE) 28 TERA S bS50, = KV —
LAWNRFTEIIZ PRX 705 CD ZtH3 5 Z EMAHETHIVUR., = RY — LA RZE
B, FERE L THRE~OBITMESND EEZXT-, ZOX I REHOLE, =K
YV — LAWK pH BREE TUIAKDE S D = AT VS 2 R A L7 PRX (DMAE-
COO-PRX) Zi%at L. BEREEMN, =2 NV —ABLHEEDOFEAM %1772 > 7=, DMAE-
COO-PRX ZJRIMER L Pz S 7= L Z A pH 7.4 TIXELEMAE Z 572200 > 7223, pH
55 TIIAEICEHWELEHZ R LIz, 3618, HEKRox 2 Ry — ARz 2 L8
STBRPREE CREAT U725 R, IR0 AR PRXIIIE AR PRX L W FEICE VT R Y — A
PR 2R Uiz, £/, Bl PRX IZIENAK /3 iER PRX <° ExGen LV & &\ i
EFFEBINHIN R AR L. 10 nM & W 9 K FE T 550 40% DI R A 7T = & 38 &
NEpol, U bEofERL Y IR C PRX N0 25%5 24 2 & ¢, Lk
AR ~DEL Y IAZIBFRIZ I 1T 5 PRX OFBEMHAHR Lo E £, MlnER TRtk
BETHDLZY NY—AEBETE L2 ENRENT, PRX O ERSOD MRS
(ZBE9 2 ELBEA 0 SRR N SO AT | TR O SEBLC A T AR SE R B O IR IC 595
FEFIHHRERTH S,
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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

Biological systems including cells and tissues are sophisticatedly hierarchical and dynamic,
and they always inspire us to design materials for the possible applications. In the last quarter
century, many scientists have studied interfacial phenomena between these biological systems
and artificial materials surfaces in order to design functional biomaterials for medical uses. It
should be stated that one of the dominant differences would be the mobility of molecules
constructing these materials, and quite a new approach is strongly required to design
biomaterials which can perform far-reaching properties in future advancing nanomedicines. In
these perspectives, we have studied supramolecular-structured polyrotaxanes as novel
biomaterials. One of the characteristics seen in polyrotaxanes is the mobility of cyclic
compounds, and they can be freely rotational and sliding if any intermolecular forces with the
linear chain and the neighboring cyclic compound are eliminated. In particular, polyrotaxanes
consisting of a-CD molecules and a poly(ethylene glycol) (PEG) chain are feasible in the
structural components as biomaterials.

In this fiscal year, we prepared a variety of cytocleavable and/or ligand-immobilized
polyrotaxanes to examine interaction with cells. To wverify the relationship between
supramolecular structure and cellular uptake of polyrotaxanes, we synthesized various cationic
polyrotaxanes with different number of threading CDs. We found that the cellular uptake level
of polyrotaxanes increased with the number of threading CDs. Note that the cellular uptake
level of polyrotaxanes was remarkably higher than conventional methacrylate-based polymers.
From these results, we confirmed that the precise regulation of supramolecular structure of
polyrotaxane was important to achieve efficient cellular entry.

Alternatively, we examined to utilize the polyrotaxane to the intracellular delivery of siRNA.
To elucidate the supramolecular structure—function relationship of polyrotaxane in siRNA
delivery, a comprehensive study was conducted by varying the number of threading CDs and
modified amino groups on the polyrotaxanes, and the relationships between the
physicochemical characteristics of polyplexes and their biological activities such as cellular
internalization and gene silencing activities were investigated. The highly CD-threaded
cationic polyrotaxanes was found to form stable complex with siRNA, and resulting complexes

showed efficient cellular entry and gene silencing in comparison with conventional polycations.
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DR S FEERED T ) A A= 7 L EE~DIR

WHRRETE - HRBESER R \HEAS
SHEMIEE - RAOREESERRT NEE
SrHEMEIEE - BRREORT KILEEKRER
1. ROz
21 eACiE DO DR EFFER, ISRV TEWIELREZ R LTS, ZE
ThR% 22071 2> B OB OB IEN 70 ST E 23, WEZISH M 22 FEE VTR
REDFENT M THIL T D, Fxld, “Cardiac Nano-medicine” &\ 9 43 2 Ak L, nm
KBS CIRRERZ r-CIR IR 2N R OHE & ATRRIC T 2 HIN ORI & Hi5 L T\ 5, AL,
ZO+1H &% “Cardiac Nano-physiology” DOWFZEIZEY FHA TS, DLAFIZIS T B UNHE
DIEARHELI VLT AT (2.0um) EFHEIND D TEEERTHY, ZOKE XH3~0.1 um
BAELTEE T THLIBROR S THEEICE LWEEEZ 5 X5, LIeB->T, hrax7y
RERTHERR L OBIMRE R D Z 1L DIROMRE LR D E T b HEQRRED—DOT
HD, Terld, ®HY LRI ETHD GFP & invivo DIRICIEH L, E& 7z~ 220
THLAATOREL 100m OFETHET 53 AT LEWEd 5 2 LITl L,

2. FEDHERLBH

AR (Rl :~100 pm, %78 :~20 pm) Tl K87 A12~2.0 pm® @ THA1ET D1
1T/0E (T A8 O /AR 350 CHEBE IR 0> 35U BILEE A3 AL PN Ca™ I B O JR ATy =
FAEFHL, Ca¥ DIEENT /T2 1L v 3 T Ofb A L E L CATPIIK 3 R B 5 |
S, DM R 72 20 BOG (BB I RE) 13, MR N2 — E O J7 A= HEL .
A B PED E W ITERZ L Tl 2 DA~ RSN D, fEF, UAIv 77200
TEOMEN N FTOND, DFMFTEO 53 B Cld, DRI N O 1E AR RE L O BIFR AN RARIZE
DI ASHITODD NZEAE DIFFEDZE /M /3 REEICL TE10 nmlh EDOZB b E Rt ELTh
DTHY, Lok FEERAE RE YT DO FHETBRITELRL TWDITIHE o,

ABFFETIE. mm LoV DOENEZ L 725/ N E AR O Ll B0 /il e N R i 0 A {4

T DEEBRA A BN EZ nm K E THIHH CTEOBMT AT 22 H7 B L, 2hva ke
L CTARD FOERBEDIDCL TUlEmBEI OV X AR i 2 £ 72~ H 4 72% physical
sciences D F AL > THLINIT D, o, B LIBE DT T VEZAE LRl /58
WAZBTDENR G T OFEAL L OBRERE D ITEALL TLADU R AEFEIZ D727
LD T D, LT EBRERITET AL L, DRSS COL RN 14 A
FITADZEALDIDROV R LTI 2 G- 2 8% EREIC TR T 52O TELEFET
VBT D,
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3. gk
Cardiac Nano-medicine @ -7 & 72 % Cardiac Nano-physiology (22T, #fifd, {E{RD
W) bR E1T > 72, L NICEEMZ R0,

(D) S D iiin 2 2 F28R 7 > R O DML Z #7112 AcGFP 238l S+,
P a AT OEEMTZIT 572, VA3 AT EOREREIL3 nm Tho7z (50 fps).
ZHUE. GT 7 FUOERLD B/NESRETHDHZ EEMM LI, C A A T4 T
I TV Z AT\, & BT Ca® Ry T2 FLE L7z - COi DM 2 (K3 EE (~10° M)
O Ca'RIRICRFZET 5 &, a2 7 OFERO BHRE) (Cell-SPOC) MEIZ Xz
(MG > R . I, KR & oS0 GBI BESAL 2N 2., S FEMEAT 2 37
Too WIPRBERE 2 AP 72 L~L (3~5 Hz) IC BT A&, EEEN B L, EERN
Cell-SPOC IZHHL L7z, fEER#EY: - AT OFERETIL, —MIZ, Prax 7oz
(B LT, FAEREH] < MR CTh 5 L itd ST b, Fox ld T 2 FHRIE R 2 BRfE L
TINBIELWDE I DERRGE LT, £ OREE, AFRRMEIR, K4 OH—H /L a X
TUE, AR > RIS OE > T SPOC L & U CTHREE 5 28, b ans L &L
AT W CHEBREH O X VR4 U L7722, Bk <RI L 725 2 LR g,
T b, AR ERM T SIE OISV TH L a 2 7 O H I IRENE
BAfE SN TWNDZ EPRIBESIND, BT, ZOREIEH L TULARTRRSE (omecamtiv
mecarbil : OM, BLEBFF) OEBFHE 255 7=, OM &z 5 & Cell-SPOC D) & )3
AT I w7270, 77 MIFVUEENRER L THDZ E0NRENTE, Thbb,
ez DSERAFE L2 9h99 DI O B GR 1T, R OFMR & L THERL TV D,

(I1) Invivo =7 AZEER : Invivo = 7 ADJEIZIBW T, H—HY L a X7 o@E) & 2 3HE
RICBIE LT (AT 100 fps), 77205, a-actinin-AcGFP HBFHAHZ 77
JUANART Z— (ADV) ZAER L., ZhZ R - B L7z~ o 2000 &5 L
7zo ADV #5- 2~3 HRRICLIEEZRE L, KEHHELBIET D &0 £ 10% D0
HEREIZ W TRERUS S S R S 7z, B IEREDO Y L a A T Ei3~2.0 ym Th o7z, H—
PN A AT OREIOMEREEIX10nm TH Y FEFEEIZ QD 2> TELNMER & 1T
ERUCThoTe, ~UAEZ NIRRT, B L THALa X7 RE2FHI 2 & FfEHE,
JLIRARICB VTR T1.7 pm, ~2.0 pum & W EATF LN, WTFROMIZBNTH
Fl—HEAN T2 AT RIZE~03 pm DT Y XN A 572, S HICFHL I, ML
VARV HEE L, DO ICE bR IBRALVOMEE R LT, Thbb,
DR OB 2> B L7z —BIOEE 2 ~20 D7 = —XZHhHIL, /7 = —X
IZBW T L v X L, RO ST EiG 2 R T 5 2 L2 K- THhE 2Bk
L7z, ZOFER, DJEMO L0 N THEANE S TV D EIEZHEET 5 2 LI
Eh L=,
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Nano-imaging of molecular functions in cultured neonatal

cardiomyocytes and adult cardiomyocytes in the beating heart in vivo
Norio Fukuda
Fuyu Kobirumaki-Shimozawa
Koatro Oyama*
Department of Cell Physiology, the Jikei University School of Medicine, Japan
*Department of Physics, Waseda University, Japan

Active force in cardiac muscle is highly dependent on sarcomere length (SL), known as
the Frank-Starling mechanism of the heart. Indeed, a change of ~0.1 pum in SL causes a
dramatic change in its contractile performance, especially under partial activation states.
However, because of technical difficulties, no stuides have been conducted hetheto to
quantitatively analyze sarcomere dyanmics in the living heart in vivo. In the present study, we
developed an experimental system allowing for the real-time imaging of sarcomeric motions in
ventricular myocytes in the anesthetized mouse. We expressed AcGFP at sarcomeric Z-discs
(a-actinin-AcGFP) by using the adenovirus vector system in the left ventricle of the adult mouse,
and measured the length of a single sarcomere at 100 fps in cardiomyocytes of the beating heart
in the anesthetized open-chest mouse under a fluorescence microscope (combined with a
confocal unit and a piezo scanner). We recorded electrocardiogram and left ventricular
pressure simultaneously with the sarcomeric motions. We found that (1) SL was ~1.7 and ~2.0
um during systole and diastole, respectively, and (2) it varied by ~0.3 pm at both phases even in
the same myocyte.

Likewise, we conducted a study at the cellular level by developing a novel
experimental system allowing for the measurement of the movement of single sarcomeres in rat
neonatal cardiomyocytes expressed with AcGFP at Z-discs (spatial resolution, 3 nm at 50 fps).
We successfully induced transient sarcomeric contractions upon electrical stimulation (1 - 5 Hz)
and spontaneous sarcomeric oscillations (Cell-SPOC) after treatment with ionomysin in the
presence of ryanodine and thapsigargine. As found in adult cardiomyocytes, the sarcomeric
oscillations consisted of quick lengthening and slow shortening during Cell-SPOC. Studies
with electric stimulation revealed that the waveform properties at physiologically high electric
frequencies (4 - SHz) were statistically indistinguishable from those obtained during Cell-SPOC
occurring at the similar frequencies. These results suggest that the auto-oscillatory properties
of cardiac sarcomeres are involved in the regulation of cardiac beat in neonates. Furthermore,
we tested the effects of the cardiotonic agent omecamtiv mecarbil on Cell-SPOC. It was found
that omecamtiv mecarbil dramatically increased translational motions of the Z-discs along the
myocyte, supporting the notion that the compound exerts its cardiotonic actions by enhancing

the actomyosin ATPase activity.
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DREEMIZ X DMV AL EO B EZ KRG LTc, TORE, PEL &7 Y v~
(G1)-PMBN/PLA/QD % JRA LTIl X 72554 GI-PMBN/PLA/QD ASFMAENICEATT 5 2 &8
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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
nanoparticles with embedded quantum dots (QDs) were prepared and the surface was covered
with biocompatible phospholipid polymer. Semiconductor nanocryastal, QDs are promising
alternative to organic dyes for bioimaging. The QDs have novel properties such as optical
tunability, improved photostability, narrow photoluminescence spectra, and simultaneous
multi-color emission. However, their use has been strongly limited by difficulties in obtaining
biocompatibility of QDs. The polymeric nanoparticles embedding QDs covered with
phospholipid polymers showed resistance to cellular uptake from HeLa cells owing to the nature
of the phosphorylcholine groups. 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. Cytotoxicty of the polymeric
nanoparticles was not observed even after immobilization of RS. Fluorescence intensity of the
nanoparticles was not bleached during 30 h observation. Thus, we obtained stable fluorescent
polymer nanoparticles for excellent bioimaging probe.

Poly(2-methacryloyloxyethyl ~ phosphorylcholine (MPC)-co-n-butyl ~ methacrylate
(BMA)-co-p-nitrophenyloxycarbonyl  oligooxyethylene  methacrylate)s (PMBN) was
synthesized. Phospholipid polymer nanoparticles containing ZnS-overcoated CdSe QDs
(PMBN/PLA/QD) were prepared by solvent evaporation technique.

The PMBN/PLA/QD showed good dispersibility in aqueous medium including cell culture
medium. The morphology of the PMBN/PLA/QD was sphere and its diameter was 10 nm
determined with AFM. The surface characterization with XPS demonstrated that the surface was
completely covered with the MPC units. The optical properties of QDs did not alter even after
incorporation of them into the polymer nanoparticles. The R8 was immobilized to the
PMBN/PLA/QD (R8-PMBN/PLA/QD) for evaluation of dynamics of nanoparticles in cells. It
has the ability to translocate through cell membranes in a manner that does not involve the
typical endocytic pathways of internalization. The R8-PMBN/PLA/QD clearly was associated
with the HeLa cells and was found internalized at a perinuclear location after 2 h incubation.
During 30 h continuously observation with the confocal scanning microscope, the
R8-PMBN/PLA/QD internalized in cell were separated into two daughter cells by cell division
and the amount of R§-PMBN/PLA/QD in a cell decreased (Fig. 1). Also, the total fluorescence
intensity derived from R8-PMBN/PLA/QD in the cells was unchanged for 30 h. This indicated
PMBN/PLA/QD keep the photostability of QDs.
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1. BFFROMEE

MR N RS2 TR PN 61T 2 A0 B 4 D ELER AR IH BT D BRFE 21T o7z, Zh
XTI F ABHES PR T 4T A N R BRI T 22 LT LTz, 72, MifaZk)E
DT I F ABMEORERE - MIMEE & /3 RAECTIONI Uiz, OIS - MiaE LR ICE
T D5 T HEENE DT B LONRIK N F TICBIFs A ilLEkn—Y o ZEFOEE B REIZ OV
AT LT,

2. FRDOERLEW

PIpi % oy 1 ROS O/ G LU TEREL | Z VA RT3 DH 0 R ORESRIZIT, Mz S5
L7200 OB DR BRI 2T IR O ASRALDN R TR, FRISHER N3 & o1k
FBREFT2D | Z < OMHEMER G RO G IR kR % R VBB E R E R S5
FECHFET D 1070 T 4 TEEE L7205 TWN D, D728, fFENIZI 550 1 K na B
fift« BELF D T-OITIL, M O in vitro TITOALD LD 22 IR CO o1 ROGHFZE Tldze
<, EBEOMIINEREE T T BOGHIZE ., FRHTMIAN TO5y Il T B2 5.2 D5
Sy FEREIAIHLINCL, TOEREE T CONFIISENIETHZENNE LD,

L2LZR 230, MR PN 22 V3R EE (M i o IR IR T, 2 a i 5 70 CrEakL .
SHIZEDHFTO G+ D E BHIFRMT « 73 - S/ ST A—Z —D[REEATOZ LI IR EETH
Do DT FEEEOMBINEREE TIZ31T 55 T B8 - 45 1 G2 fEAT T RE7e FEBR R O
b A BB BB TRERE T VAR T 5L R, MR 5 BUOGHIFSE
DHEBEIRT T NI+ — LT HEEZBD,

AWFFEIE, MIENEREE T30 2505 1 RS O RE 72 ff i 4 rlRE L9~ 5 T NAE S DAl
ATV, ZNE MW IANIZ T 550 BOG D E =R MR NIZ 61T %57 F DOHEH
RHT, 22— al AT DI E T L OREEE HTRLO S RREA A— 0 7 FIE DB %
1THZE T IRSHIRNIZI T 2500 FERE - FUSTRIT O 7T v b7 - — LM Z BT,

3. E
(1) B NIZ IS 1T B ) A (R & L C OB B #& DO fEHT
T 2 I IGRIIN TAZ X0k NES (B 200-400nm, £ 10um) /B L . Fh a5 7
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Tu— T HEMTH LT, AN BREE T TOERS FOEEER IR T\D, 2T,
ML E IR CTHDT 7T ABHER LRI T 4 T A Mt Gl ZNHITH D5 AT
Jra—F NVHURE U NRE R ST 228 T MBNEREE T T SRR B
T LA ORI AT o7, FRTMIEAN THRZ 4 Z A RORBLES, 77 F Ml #
DSV FAEEREL CTORE % MR/ INEEHE IR 5 | E 8 BED J1 0728 B SR 3
HZEMDARETHLZ LA R,

Fo, T T ARSI TR N TR G A LD LT, M I B i 7 & B S AR
BRI T, 7T AMRE RS T PR SR U CRERR N S DV TR R B I AFEL T
WD HilE S RN T 52T 2 F I B R DREF-% Live THENTT5ZE73
AIREL2D, T T ARM Z HWCHIB OFERIZ /) FRET 24T 28 CL SRR NI IS
T I F AN E A DR E AT LT, M2 DOIEIENERIR Tdho T, T OFIECIRREIZ
KO FRE DN BT B LRGN Ie o T2, F, IEF M MRV, Z2DRBIEFE
ZAFAET DT 7 F ARMEDOHE & S 2 B2 > T2 b OISR > TOD T E BN E 25
77
(2) At N - F B D BRBRIC 381 503 1 O P B fE

FAAN 38 L ORI B 3 361 B0 TERBEA T D 1 CL 40 T OJE BB BI X E B/ e &
725, T, AR - MAE D BREE I Z BV T ARy~ F L RV BERRE DO RES D5y T DL
BENEDFH AT o7, MIBRJEIAEREEE L €, A LEROESGRFRIZI T DAl ka)E LT
Doy FIEBE O FHAZAT o7z, ZAUCEY M AL T27— 7 e IR AL E S AR T
AR T OIEBENRED KELSEALT 2T DD 7o T, ST, MINERBEEL T, #H
VB T B L OE N B/ IMEINIZ 31T 555 T DB BB A B BN LT, FRITEEN O W BiER bR
LTI T U OEENIDWTH LN LTz, 2O T OJE BN A FEIE L 352 L T,
AR B N - B NS B T D BRBRBE O HEZR AN AT REI /e D & 2 B,

(CR AEE2l MIe ST i DL Ul E R = P

A & BT AR RS~ R 7 ASRIRIZ Lo T 7= S TR Y, R T X is
FAET D, M E B CVER T2 BRER B2 BRAR 95720, IR F1%% F IS BT DA O 28
BB a—H I Ral—al TINT T DI L2 AT, TR 1207 i T CTHDORL T
EEAWT, AP R T =) VT BROBE I 21T o7, £ORER, AimEkor—Ir
IR N AR E ORI 5 1) 7 RN B ThY , T a2 BeBERICHIE 352
ETR—Y U TINBEEE AT T DR RS,

(4) BrIR B FREEA A— 0 7 FIEDBR%

AfRAE X G e LTeA A= 0 7 FEIZB W T, B BEMENA L nn A — & —DIEF 1T @2
W3 fRAEZ R DN CH D, BTSSRI T /70 ThIN, BRI E DR (Y
—RAIRy B ERT T =T R AAER T 5L ID RN TR T — D %
B iR CBLERATRE/ A A— D ' FIE O & BT,
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Development of a nanoprobe for measuring the molecular dynamics in
living cells

Jun Miyake
Takanori Kihara, Hirohiko Niioka, Chikashi Nakamura*
Department of Engineering Science, Osaka University, Japan
*Biomedical Research Institute, AIST, 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) We developed a fine nanoprobe (200 nm in diameter, 10 um in length) for study of
cytoskeletal components including actin cytoskeleton and intermediate filaments. We
modified a nanoneedle with antibody for the cytokskeletal analysis. The developed nanoprobe
could specifically detect these cytoskeletal structures inside cells.

2) We built a measurement system for mechanical property analysis of floating round cells,
which have negligible asymmetric acto-myosin tension. This system could evaluate the
mechanical properties of many cell types sharing relatively same morphological features. We
further clarified that normal stromal and cancer cells had different sub-membrane actin
cytoskeleton, and that the regulatory mechanisms for the actin cytoskeleton of these two cell
types were different.

3) We succeeded in detecting the non-Newtonian behavior of molecules surrounding and inside
of cells using FCS system. Particularly, we demonstrated that the behavior of molecular
diffusion largely altered during structural modification.

4) We simulated the hydrodynamic rolling behavior of leukocytes in blood using particle
simulation method. We clarified the importance of dissociation rates of the surface of

leukocytes and blood vessel.
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1. FFFRDOBEE
BARF DO LREBURREDARATIE, ML OBEREFE B, KR O e - R M TH
%o MEA Tl v A27umiRNA 72 8RO EZ IR I A 75 B L Ml RE 2 P05 Z L8 L2 s
NTWD, FE AN TZE IR B L ORI A E WA EEE T, ZNOEBR DA A= 7 ONT
FEREMIEH 9~ 5 FED RO DIV TND, TR 1, MR 7R e A i I QN R il 3 572
DOMEELTT A F 2 U RV A LA(DNAzyme)lIZVER L7z, AEE T, R v~
HEREZ i~ T- @ 0 TP EHZ X > T, DNAzyme 1% K& E&® 5 Z LIk L=,

2. MEDERLAR

RNA 7 —EBIEEEZ AT LY AL LT X U AR A L (DNAzyme) [1TEER RNA
Z IR 72 R X B BB T RBLOGIEED—2 L L THEH SN TE 1, £70, W
RERRELHIDOIFIEIC L W iEMALT 5 (4% ) VAP A L THD MNAzyme 1L, Eix
T-FEEHIEN N Z BN RNA DA A —2 v ZiE~DISHAA S TW5S, — 5T,
IO OBEREMERZIR ORRICIZ, 26 2RSS VAT AL O &
I ORDUIEEOM ERRD b, SO m Eoooic, iiia Ty &7 5%
e — 2 ADAY V—=0 7 IERRBEBOEN, A7V v ReEhd
HAH—=HL—=F =R T IV REDaryya— M ERRFI SN TE T,
INGIEEESE (BE) 55 (S) AW (BES) ORERUIMNEE k, DM LICH 535,
—H T, ELRRAMEEOM FICIE, ¥ — 0 d— R REFEmD D RN L
%, DNAzyme D F — » F—/3—|3, LITRT Zo0mfEN#E 2 bivd, DNAzyme
A (Product, P) & S

& (EP) MZ&iE Th KR Tix,

EP & S & OIS HIERE, —

75 BP ANZEE R @R Tk ES @

EREES>E 0N TV X AL

— a VIHEE SO DMERD

%o BRI, TexlIhFA L L

RISLEAA (X 2 (a) DGR N1

7V v FOREEREZA L S 1 RNase {&: DNAzyme O % — > A4 — /3 —ifif
BT, NA TV RIERGHE R
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MRS A HA N IR E 2 m D D Z L B R L T& 7=, Lo T, < LBHEEAEAKIZ, Km
R oo = A —R_—{ENER LI 25 LB X BT, AW TIL, DNAzyme
TEPEICRIE T < LBIILEARO R A T L=,

3. FRR

2 1AW= LRILE AR K ORREALS 2 7- 9", DNAzyme & LTI, @V EMEDEI S

T % 10-23DNAzyme % v 7= ',

. YRGS E v v IS — A —s3— (STO) KB LR~ LF T H — o F—s3—
(MTO) &, 25°CT1T o7, X 3 1

e s L, . (a) PLL-g-Dex(-) PLL-g-Dex (+)
SO DVEIR % PAGE CfEHT L 727k 5 Timefmin 0 15 39(, 0 20 0 15 39 s 10 20
T 5, WL IC S DAY IR s SRR e Pt @
B L. P Oy RBELIL, YW »
DEITLTCNWD Z ENbnD, STO 4

(b) PLL-g-Dex(-) PLL-g-Dex (+)
ﬁ:VC@i\ ﬂ:EAﬁK@%ﬁﬂg iéﬁ/\/éﬁﬁ Time/min 0 15 30 60 120 240 0 15 30 60 120 240

S -_ e A T AN S e

¥ g0 QRIS o: SR NP Sl e o i AV
BINCAHHBEERA L CWA R, ZoMAE »

MBS 2lOEEA T DRMPLET 3 oo 7B ERe AT AL — o F— s

& % DNAzyme JEMEIC 8% 5.2 70y RIF T TO L LEBEEAGHROZE (0.5 mM MgSO,,
e - 250) .(a) T INF =A==, [Substrate]
RIRBIBRTRVY, 07, MTO RAFTT 500 nM, [DNAzZyme] = 750 nM. (b) ~ /L5 7 /L% —

ST A AE(E F CHE IS ME v A —73—=5fF, [Sub 2] = 500 nM, [DNAzyme] =
WL, Z &I, EP AKORE
IR Tm 134 39 CTH Y, #—r A —"—RISZRTITIE, EP & S & OFLHIL AR
ETLMNENRD D, HESEN, ZOFHZHBMED IR, FOSEOm LIcHE Lz EE %
Lbivd,

WIZMTO LT, REEAZE X CHEAKROME LR Lz, TOfE, HEAKOES
DO PEED EFICEO RIS ER T E Lz, UL, EEARGEEF T, 0 R TRE
HETT L, AEOlERpEAS, & — A — i) S UIEHE R () ICBAT L T D 2 E DRI &S
iz, LTeRo>T, kZ B2 TCROMEYEELZR ETELZERBZND, £ 2
T, 2MihF A% Mgz b L0 iEEOE W Mn2E 2 CTHEAKROREBF LTZ, <

DOFEF. FEFRAC Mn2HZ X D2 UIWNEMERLEAERICE Y 10 FEamobh b ERbhoT,
HKEASENE L SONA TV v FEMEEZ & EEEEZm ELTnbd B2 b5,
PLE, LEAERIL, F—rF— " —iif2%Z{E L, DNAzyme {&ME% [ ETE 52 &R D0o
77
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Evaluation and regulation of cellular functions
through in-situ nucleic acid imaging

Atsushi Maruyama
Arihiro Kano, Naohiko Shimada
Institute for Materials Chemistryand Engineering, Kyushu University, Japan

DNAzymes having RNase activity can cleave a phosphodiester linkage in the complementary
RNA substrate with the help of divalent metal ion. The DNAzymes have been studied to regulate
gene expression and detect genetic materials. Increase in enzyme activity, especially turn-over
efficacy is, however, required for these applications. Slow dissociation of product from
DNAzyme and slow association of substrate to DNAzyme seemingly limited multi-turnover
reaction rate. We have shown that the cationic comb-type copolymer, poly-(L-Lysine)-g-Dex
increases stability of DNA hybrid by accelerating hybridization rate. Moreover, the copolymer
activates strand exchange reaction between DNA hybrid and its homologous single stranded
DNA. Thus, we hypothesized that the copolymer could increase DNAzyme activity by
increasing turn-over efficiency.

DNAzyme reactions carried out with 0.4 mM MgCl, at 25°C and substrate/DNAzyme ratio =
30 in the absence or presence of PLL-g-Dex were traced by gel electrophoresis. In the presence
of PLL-g-Dex, faster substrate degradation was observed. The copolymer accelerated the
reaction about 3 times. The effect of PLL-g-Dex on the DNAzyme reaction was further explored
under higher MgCl, concentration at various temperatures by fluorescent assay using the substrate
labeled with a set of fluorophore/quencher molecules. While the acceleration effect of the
copolymer was observed at lower temperature, it was reduced at higher temperature, > 40°C. We
considered that the decreased effect of the PLL-g-Dex at higher temperature was due to change in
rate-limiting step in the DNAzyme reaction. At the lower temperature the rate-limiting step is
formation of enzyme-substrate (ES) complexes. The copolymer promoted formation of ES
complexes by facilitating the strand exchange between enzyme-product (EP) complexes with
flesh substrates. With increasing temperature the rate-limiting step shifted to cleaving reaction
step because spontaneous strand exchange rate between EP and S was increased. To assess this
possibility we replaced divalent cations to more active Mn>* from Mg”". The reaction with Mn*"
is faster than that with Mg®" at higher temperature. This result indicated that at temperature >
40°C the rate-limiting step with Mg®" was the cleaving step. By replacing Mg*" to Mn®" it was
possible to keep the rate-limiting step at the ES formation step, so that the over-all reaction was
facilitated by PLL-g-Dex. In conclusion, PLL-g-Dex was shown to be useful to accelerate

multi-turnover DNAzyme reaction.
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1. BFEOBE

ARWFTEBED HAEZ T 21213, DAMRBROR A & SRNEDBIE N E 25, K
FET, TX MR CT 2 W o R 2 S AU B BRSE | & T 2 Wi -2 v iz
ks L 7228 AURERRRZ AR 3 ) IZBA L TR MG D vTe, DS AR TIZXHR CT A A —
VU HERME LT, @Mt LTHRBOF R AR Lo, Zo&T R
X B A7 ki B E 2 R L T\ A 7=, EPR(Enhanced permeation and retention)
NN Ko THAITD ARARIZE D A E R, #ER & LT umm LU T ORUNR 23 Ak o
ARSI Le, £ A2l Cid, W7 e —7 L LT, AERME 27
dOET SR EBRTE LTz, ZORFIIHROBET Ry O 10 FOWD S Z2FF->THWD
7=, BV S/N T AALBIE R T ORBLE 2 E BT D Z LTI LT,

2. FREOERLEW

ENFER O L ALIENA A TH Y M3 TN ENT L 2o TV D, ABFFEEETIL,
BRI I2 08 AARIEIE DBRFE AT O 7o, MR ROREH 2R & LT, AT &~
INTHEEERE A I = X LD & Z U ES HaRIEDOAPEZ B L TW\W5D, RELE
HERT HT20IE, AL VDA A=V TIEOBRBNREETH S, #EILTZA A
— DU AR, ARWFEREENM ST D TRIER AR ER B L2 d5 1T D 0 - PO & E BRI B
it « BET HIOIL, TR/ TA—F—%E8NT5] L) BEICRL, R&ER
HNTELHEEZEX TS, BDAREICIE, REETHAZKRME L, FH2s Ak z
IR BRI 5 Z E DA TH 5, Fox 3T 2 RF 2 M@ - SR ERA
A=V IEERRE L, DAL DA ETE CISHERZ K-> T\ 5,

NARRHEDBIFE T, XFRCTA A=V ZIC X DU ARMRIE E AT, XFRCTA
A=V U7X, CTIERAID & & XFRRIRE L BIBAMRIC & D 7o, AR D23 AU
k15 W A EEHINHIT T 2 DICHER R FTEDLI O ThH D, —F. BADOIREZK TlL,
Fos A D BEGE B E K F-estrogen receptor (ER) DR BLE %A | w0k 1% U T e th
B TCEEE T2 O 2 A7, ERIZ. L2 AIZEBUW T, progesterone
receptor<°human epidermal growth factor receptor 2 & W ONFRERZWr OIEHERG 2T
WS NA~——ThbD, ERIIENELEL 77 I —TH VY, estrogenlZ Lo
TIEME LS 7ok, DNAICHE & L, B 72 AR BN 1 ORRE 2 il 9~ 5, FAA TIX
T0%D BEDEREAE TH UV . EREGMEEE IZaromatasefHEH] (aromatase: estrogend fik
l23) ChlestrogenH| Tdh A tamoxifen DR L 72 5
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Clarification of molecular mechanism of lymphatic metastasis
and development of new therapy for cancer metastasis

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

To clarify molecular mechanism of lymphatic metastasis and apply the mechanism to
development of new therapy for cancer metastasis, technologies for an early detection of cancer
site and an accurate pathological examination of cancer tissues are very important. In this year,
our group developed two technologies. One is X-ray computed tomography (CT) with gold
(Au) nanoparticles for cancer detection and another is fluorescence imaging of
immunohistochemical test for cancer pathological examination.

CT is commonly used to make a diagnosis in hospital. Contrast agents are often used to
enhance contrast and thus improve diagnostic accuracy. Currently-used clinical contrast agents
are low molecule. The agents circulate in the bloodstream and before being excreted from the
kidney, move to extravascular tissue through the capillary vessel depending on their
concentration gradient. Thus there is a situation that the agents nonspecifically enhance the
tissue. To image tumor specifically with CT, we here developed a new contrast agent. Recently
enhanced permeability and retention effect (EPR effect) draw attention in the fields of imaging
and DDS of cancer. EPR effect is a characteristic phenomenon of tumor tissue. The endothelial
cells of the vessel in tumor are irregular in shape and lacunal. As the result, properly-sized
(10-200 nm) nanoparticle can pass through the vessel wall in tumor and be retained in cancer
tissues while not through the most of vessel in normal tissue. To perform CT imaging of tumor
using EPR effect, we made Au nanoparticle smaller than 50 nm in size . Au has higher X-ray
absorption coefficient than iodine which is a normally-used clinical contrast agent. As high
blood retention is desirable for effective EPR effect, polyethylene glycol (PEG)-supported Au
nanoparticles (Au/PEG) were prepared. The surface modification with PEG is often used to
increase the blood retention. We injected the Au-PEG nanoparticles into the tumor-bearing mice
and the distribution of Au/PEG was examined with CT and TEM images, showing that the
Au/PEG were well-localized to tumor by EPR effect and very small size tumor was imaged
finely with the Au/PEG.

In breast cancer, the estrogen receptor (ER), progesterone receptor and human epidermal
growth factor 2 were the first biomarkers to be recommended for routine clinical use. ER is a
member of the nuclear hormone family of intracellular receptors, and it plays a critical role in
cancer growth. Approximately 70% of breast cancer cases are ER-positive. Estrogen activates
the ER, which binds to DNA and regulates the activity of many different cellular proliferation
genes.  Pathological  examination  with  immunohistochemistry = (IHC)  using
3.3'-diaminobenzidine (DAB) is the gold standard for cancer diagnosis. IHC using DAB is a
poor quantitative method because horseradish peroxidase (HRP) activity depends on reaction
time, temperature and substrate concentration. However, IHC using fluorescent material
provides an effective method to quantitatively use IHC because the signal intensity is
proportional to the intensity of the photon excitation energy. However, the high level of
autofluorescence has impeded the development of quantitative IHC using fluorescence. We
developed organic fluorescent material-assembled nanoparticles for IHC and applied the
nanoparticles to IHC targeting ER. The fluorescent intensity of our novel nanoparticles was
10-fold greater than quantum dots. Therefore, the fluorescent intensity of our nanoparticles
significantly exceeded autofluorescence, which produced a significantly higher signal-to-noise
ratio on IHC-imaged cancer tissues than previous methods. This enhancement in the diagnostic
accuracy and sensitivity for ERs using our immunostaining method will improve the prediction
of responses to therapies.
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Convection-enhanced delivery of siRNA for the drug-resistant gene,
O°-methylguanine-DNA methyltransferase to Glioblastoma multiforme

Atsushi Natsume

Takeshi Senga*
Department of Neurosurgery, Nagoya University, Japan
* Division of Cancer Biology, Nagoya University, Japan

Glioblastoma multiforme (GBM) is one of the most frequently occurring tumors in the central
nervous system and the most malignant tumor among gliomas. Despite aggressive treatment
including surgery, adjuvant TMZ-based chemotherapy, and radiotherapy, GBM still has a dismal
prognosis: the median survival is 14.6 months from diagnosis. To date, many studies report
several determinants of resistance to this aggressive therapy: (1) O°-methylguanine-DNA
methyltransferase (MGMT), and (2) the blood—brain barrier. The blood—brain barrier blocks
most molecules that are larger than ~500 Da. Many drugs are denied access to the very regions
where they would be effective, thus limiting the clinical application of most anticancer drugs for
treating brain tumors. Each anticancer agent showed various permeability for BBB, although the
relationship of its permeability to therapeutic efficacy is not clear. Although several local
therapies are attempted to overcome this BBB or ‘blood-tumor barrier’, local therapies should
be more developed to deliver therapeutic agents in more distant locations due to highly
infiltrative nature of high-grade gliomas. A direct intracerebral approach called
convection-enhanced delivery (CED) may be used as a strategy to address these issues. CED
employs positive pressure that generates a local pressure gradient to distribute agents in the
extracellular space. Unlike diffusion delivery, CED is not significantly affected by the
concentration, molecular weight, or particle size of the agent. Furthermore, CED ensures high
concentrations and the homogenous distribution of a drug throughout a given target tissue. Here
we would like to present our preclinical studies to develop a novel CED-based siRNA delivery
for GBM.
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Three Dimensional Tissue Regeneration Through Multipoint
Molecular Weak Association

Hiroo Iwata'
Narufumi Kitamura', Yukihiro Okamoto®
YInstitute for Frontier Medical Sciences, Kyoto University
’FIRST Research Center for Innovative Nanobiodevice, Nagoya University

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

Ischemia-reperfusion damage is a problem to be overcome in organ transplantation. Reactive
oxygen species (ROS) are produced in cells by blood-mediated reactions at the time of blood
reperfusion. We used the ssDNA-PEG-lipid to immobilize and internalize antioxidant vitamin
E-loaded liposomes to endothelial cells. The liposome containing vitamin E and human
umbilical vein endothelial cells (HUVECs) were modified with poly(ethylene
glycol)-phospholipid conjugates carrying 20-mer of deoxyadenylic acid (oligo(dA)y) and
20-mer of complementary thymidylic acid (oligo(dT),), respectively. The liposomes were
effectively immobilized on HUVECs through DNA hybridization between oligo(dA),, and
oligo(dT)y. The liposomes containing vitamin E were gradually internalized into HUVECsS.
Amount of reactive oxygen species which was produced in HUVECs by antimycin A treatment
was greatly reduced in HUVECs carrying liposome containing vitamin E.

For direct monitoring of transplanted islet in real time by MRI, SPIOs modified with
oligo(dA),-SH were synthesized through the reaction between maleic acid and thiol for
labeling onto islet cells. The oligo(dA),,-modified SPIOs could be anchored on the surface of
oligo(dT)y-modified islets via DNA hybridization. We investigated the hypointensity of
SPIO-labeled islets on T,-weighted MR image. Non-labeled islets were not detected, whereas
SPIO-labeled islets could be detected as dark spots at the corresponding position to stereo
microscopy.

In addition to these results, we also attempted to fabricate three dimensional carbon
nano-structures for less invasive cell collection and cell assay. By varying the space
between carbon structures and wettability, we found the cell behavior become different.
Especially, with super-hydrophobic carbon nanostrucutres, we could collect cells in less

invasive manner.
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Imaging and model analysis of molecular function in cells

Osamu Itano
Sachiko Matsuda
Department of Surgery, Keio University, Japan

Poly [2-methacryloyloxyethyl phosphorylcholine (MPC) —co-n- butyl methacrylate (BMA)]
(PMB) and poly[2-methacryloyloxyethyl phosphorylcholine-co-n-butyl methacrylate -co
-p-nitrophenylcarbonyloxyethyl methacrylate] (PMBN ) form a stable polymer aggregate in
water that can enhance the solubility of hydrophobic substance. The aim of this study is to
investigate usage of PMB and PMBN as nano-carrier for verteporfin and DHMEQ, and evaluate
anti-cancer effect in in vivo and in vitro.

Photodynamic therapy is a noninvasive optical treatment method in which the topical or
systemic delivery of photosensitizing drugs is followed by irradiation with broadband red light.
PMBN was conjugated with an anti-EGFR antibody and mixed with a photosensitizer,
verteporfin (verteporfin-PMBN-antibody complex). Tumor-bearing mice were intravenously
injected with the verteporfin-PMBN-antibody complex or verteporfin plus PMBN without the
antibody. Irradiation was conducted at 640 nm with a dose of 75dJ/cm2. In A431
tumor-bearing mice, the intratumor concentration of verteporfin was 9.4 times higher than that
of the skin, following administration of the verteporfin-PMBN-antibody complex. Tumor size
significantly decreased within 8 days in mice treated with verteporfin-PMBN-antibody complex
compared with those treated with verteporfin-PMBN. PDT using a PMBN-verteporfin-antibody
complex offers a promising anticancer therapy.

DHMEQ is a powerful inhibitor for NF-kB which prevents its nuclear translocation. Despite
of its anti-tumor effect, DHMEQ has not been used in clinical because of hydrophobic property
and instability. To make the PMB-DHMEQ aggregate, DHMEQ and PMB were dissolved in
dichloromethane and PBS, respectively. Then, these solutions were mixed, sonicated and
evaporated. The diameter of PMB-DHMEQ and CMC-DHMEQ were measured using Zetasizer
nano. The particle diameter of PMB-DHMEQ was 7-8nm. CMC-DHMEQ showed multiple
peaks in size. Cell proliferation rate of AsPC-1 cells (a human pancreas adenocarcinoma cell
line) was measured by WST assay. PMB-DHMEQ showed higher growth inhibition than
CMC-DHMEQ. To develop liver metastases model of pancreatic cancer, .AsPC-1 cells which
expressing Gaussia luciferase were injected into mice portel vein. Metastases level of each
group was compared by measuring luciferase activity of mice whole liver homogenate using
Renilla Luciferase Assay System form Promega. PMB-DHMEQ showed higher inhibition of
development of liver metastases than control groups. PMB polymer is useful nanao-carrier for
DHMEQ and our results suggested that PMB-DHMEQ can be used in clinical in the future.
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Development of cell-based devices through methacryloyl groups
delivered onto the carbohydrates

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

Mammalian cell surfaces are covered with dense carbohydrates anchoring into the
plasma membrane. The carbohydrates on the cell surface contribute to most communications
between the cell and its environment. The incorporation of unnatural carbohydrates onto
living cells then provides an opportunity to control cell surface recognition and binding events.
Moreover, chemical modification of a variety of membrane protein connected to the
carbohydrates can be also made possible. We then here proposed
N-methacryloylmannosamine (ManMA) as a new precursor derivative of sialic acid.

N-Methacryloylmannosamine (ManMA) was synthesized by previously described
method1). After 3 days cultivation of human promyelocytic leukemia cells (HL-60) cells with
ManMA, the cells were rinsed three times. RPMI-1640 containing thiol-terminated 4-arm
poly(ethylene glycol) (PEG410K-SH) and Irgacure 2959 was then in contact with the cells and
were exposed to UV light at room temperature. PEG410K-SH immobilized on the HL-60 cells
was covalently labeled in the dark with Alexa Fluor 488 C5-maleimide dissolved in the culture
medium. The cell surface modification was also performed by using thiol-terminated
poly(N-isopropylacrylamide) (PNIPAAm-SH) in place of PEG4,10K-SH. The molecular
weight change of P-selectin glycoprotein ligand-1 (PSGL-1) of PNIPAAm-immobilized HL-60
cell was confirmed with a western blotting method. The selective collection of
PNIPAAm-conjugated PSGL-1 from lysate via thermal cycle treatment (4°C537°C) was also
performed.

The outline of the ManMA-treated cells could clearly be seen on the laser scanning
confocal micrograph. However, when the cells were not treated with ManMA, no cells
bordered with green fluorescence were observed. The result indicates that the methacryloyl
groups were delivered to the surface of the HL-60 cells by the ManMA treatment and the
functional groups participated in the thiol-ene reaction. From the blotting results of PSGL-1
in lysates of ManMA-treated and non-treated HL-60 cells after immobilization with PNIPAAm,
the molecular weight increment of PSGL-1 from ManMA-treated HL-60 cells was observed,
but not from non-treated HL-60 cells. Furthermore, the PNIPAAm conjugated PSGL-1 was

selectively identified by collection of precipitation generated at 37°C.
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Nano-imaging of ciliary motion and structure with light and electron
microscopy

Hironori Ueno
IAREO, Tohoku University

Mucociliary clearance on the surface of the tracheal lumen is an important component of lung
defense against dust mites, viruses. Fluid on the surface of the tracheal lumen flows from the
lungs to the oropharynx as a result of effective ciliary motion. However, the nano-scale kinetics
of ciliary motion, axonemal structure and the mechanisms by which discretely distributed ciliary
cells generate directional flow have been unknown. In this study, we examined the motion of
individual cilia with 7-9 nm spatial precision by labeling the tip of each cilium with quantum
dots, and detected an asymmetric beating pattern in individual cilia. Then, in order to
understand the molecular mechanisms of asymmetric ciliary motion, we analyzed the axonemal
structure of respiratory cilia by cryo-electron tomography and image processing. Interestingly,
isolated cilia from the mouse trachea have curvature in the non-active state, and the densities of
two of the eight inner dynein arms—dyneins b/g and e, which have been described in
Chlamydomonas flagella—were missing from at least two doublet microtubules in respiratory
cilia. These results suggest that the asymmetric axonemal structure contributes to asymmetric
ciliary motion. Lastly, we investigated the flow field generated by the asymmetric ciliary motion
of sparsely distributed ciliated cells in mouse trachea. Although the flow directions generated by
individual ciliated cells were unsteady, the velocity field was found to be directional. These
results indicate that mouse respiratory cilia with the asymmetric axonemal structure on sparsely
distributed ciliated cells can generate overall directional flow from the lungs to the oropharynx.
Now, we are examining the 3D fluid flow on the surface of tracheal cells and the impact of the
fluidic viscosity on ciliary motion. Moreover, we investigate the 3D structure of outer dynein
arm of respiratory cilia in more detail which is involved in some diseases, known as the primary

ciliary dyskinesia.
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EOHT,

2) HFFERNA EAZE ZF 7D, ZONHEEH ((B58) [T E I Z2 T
N5, JEEE RNA BAETIR, /NS ZORIEAIE 0 DRI R(E] 13R&E 7%
YU TEAEBDICKBE SN L TH DL EBEZONLTD, & LT DB
I WEREZYTCHEmT D2 ENTEDLEBZLND,

3. BRFR
1)RNA F % U 7 EEEZAM L, ZHUTER% 7GR E 2 G/ A S8 T
RNA % U7 DONRY TV MEERILZ, 22Tk, Rt (FE 590-645 nm) (2 X
Vbl T & 5 8 D NI EAMEMWE ., B X O, IR (740-790 nm) 1T XD
e T & % 1 2 FEO A E 2 Wi, ZO%, Rk JOWERIk
WOEBOHR N ZENEN ST T OH R IEEAZ RO 5 2 LR TET,
2) JCHIEAMEMEZ I L7 RNA F % U TSR LT, REapELEH Tz L&D
OB TR (O), '0,ERE TR (@), Z/KEKE X UOBUKERStED b & T
HE LT, £o, BLEOBARICERT 237 A =% (10— )IZD2NTH
AHEIC LV Rz, WIEAIEHE 2 L7 RNA ¢ U 7 Z v, RNA o= R
V— AN AEED% ., JERREIC L D RNA OMENILE (=2 RV —ABiH) o
EAEHT, INLORRENTA—FZUEDOEREZRL LADET, =K
VAR OEA LR BHEOEWAT A= ERELHLE, fRELT, =R
Y — AMEEOFEBENE DI 0, ERETFINETH L Z ENRnEaSn (¥3),

9
807
70}
607
501

'S
=3

S E RNAFY 7/ RNA EEK 301
20}

:}RNA$¥U7 N
0 0.01 0.02 0.03 0.04 0.05
St R 10,2F BB T UK

R 2. 5% RNA ¥4 1) 7 /RNA HE&HK 3. '0 &ERETY FY—LBIEOBER

HIREIPIRNAE A 52
(%)

54



5
il

Mechanism of light-dependent endosomal escape of photosensitizing
molecules

Takashi Ohtsuki

Department of Biotechnology, Okayama University, Japan

In many drug delivery strategies, an inefficient transfer of macromolecules, such as proteins and
nucleic acids, to the cytosol often occurs due to their endosomal entrapment. The endosomal
entrapment of macromolecules limits the therapeutic use of them. 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. Our photo-dependent cytosolic RNA delivery method (J. Control. Release,
2009) is a kind of PCI. By this method, RNAs are introduced into cells by an RNA carrier
bearing a photosensitizer moiety and entrapped within endosomes, and endosome disruption
and cytosolic RNA dispersion is induced by light.

In this study, fluorescent dyes were screened for effective photosensitizers in the
photo-dependent RNA delivery method. Here, we used eight kinds of photosensitizer candidate
dyes which could be excited by red light (wavelength 590-645nm) and 12 kinds of
photosensitizer candidate dyes which could be excited by near-infrared light (740-790nm). As a
result, we found three kinds of effective photosensitizers for red light and three for near-infrared
light.

Next, we examined the property of the photosensitizers, which are effective for the
photo-dependent RNA delivery method. We measured fluorescence quantum yield (@), 'O,
generation quantum yield (®,) of the photosensitizers in the water solution and the hydrophobic
solution conditions. The photo-dependent heat generation efficiency was approximately
estimated by the parameter (1 - @ - ®,). It was suggested that 'O, generation quantum yield of
the photosensitizer in the hydrophobic solvent was highly related to the endosomal escape

efficiency.
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AR A A —2 2 712 K D NFEEM R N A SRR TR O 78 BLAFHT

MRS « BUTR PR FEER TR 5ER M 502%

1. FFFROBEE

mRNA [TBE T REOHFE L L TEIV T Y . mRNA 5fif &1L U &35 2 O]
IR MARBIZEOBEREN TH D, A TIE, mRNA &4 & 7o —HifaNic s v
TEEMNTT D HEEB% L, 2z AW /EN O mRNA 7 i i o FZRE BTN
EVEDAN=ALEMIATHZEE2HNE LTWD, £7°, 80 YEE (FCS)
EHWT, ToFer AT v —T7 OIEE EEWNICHRF LIz & 2 A, IEBGEE OV
NE, 7 u—7 OfERIRIER X OV mRNA & OFEGIRIE R 2N E BT 95 2 &0
T& 72, &6, AHIRNICEIT % 70— 7 OEEEE & 5 A LR S FEH mRNA O
BEZBED Z EICHR Lz,

2. FEDERLEBH
BERAEMOBEBFRBUZB WO THLEE ZHH 9 mRNA O—FE|JTHRE, ety
vk, TR, DREOBRREN B Y | M OSRRBR T RBLA FREE LTV D,
FAEOM, mRNA (3N O DNA B OBEE R EMIEIR 2 2 B2 50 ES T Th
7% &R S TR, ITAE siRNA <2 miRNA 72 ED/Vy+ RNA CFERER RNA D3¢
AT XY | FEmAICEIRR &2 L ClRRFRBL A FHETT D HRENME 0+ MR 2 2 L 2R
Ihic, T/ RNA OFEREERISHIAE mRNA 238 5 BRSO Ch v | Hifa
BB ARG ORI L 5 2 v R BRBLEOHRT 21T> T\ D, 20O L 5 7eif
JE A2 8A L LA b L RIEE L W DS E OIS E RS 21 )
HERBERETH 27217 Tl < | MIRRIE M OFAEIZIE S <TRRIEDBF I W TR ks
T D, L6, MIaNIZE T 2FFREIEIC OW T2 UCBE 53 2 /1A E
DIMEBZ T, AH=ZALRL AT I AIRATH D, 2O b, AWFFE T
JEIZHB VT mRNA OFBBECIRLI | EZ L 5252 L2k, FIERHIE 2 816 L,
AR RE & B lE T 2 B HIN ORIk Z BRY & Lz,

3. R

AR NICI TS mRNA D8 A A—T 75T mRNA OFEEE, BYREMAT I3V TR
IRENTIE T D, — 7. ZHVETAZTMBLIZNTET 2 mRNA OF H7e8 ek B i <
AET-HNENIC BT ANEENE mRNA A A—0 7131EE A RBOMER CThHh -7, ABFFET
I INETICHRLEBIE T v F 2o 2 a—7 % W= A BRNIC BT ARAT 47 72

97



5
il

RNA 751 DA A= 7 Hiftiz i AL T, mRNA OE BT~ 35, A RNA ks
DR EIT, ENTZRREELEE OWNTENE mRNA ElFIEZIEMICTEHIETHD, FED
mRNA O A[HAL TIE, #OEEER L 7= 7 F 2 A 2'0-methyl RNA 70— 7 2 ANIZ T
AT VEARXSH | O 2w BB L0BIEL T2, 12/ mRNA &L T, #55[K 1 AP-1
DRERRS 3B 21— R LTS c-fos mRNA Ll R DE%FE 4= —R 3% GAPDH mRNA
IR, ZAUTFRA 7B D 20 HIEFRFE D Cy3 fEil 7T v T2 A7 a—7 %Gt kY
TR 7=, AL 727 2 —71% COST MlROMIE I~ 7l Y=l a ltiEAL,
OGS L — B H#) (FRET) CuOCRR (A% B8 1570 84 -V TEER) mRNA EOREG %
R LTz, 7238, HA A= 7 OFER MREIZ BN TIAIHO mRNA X —FRIZ AL T
AV

fEV N T, mRNA FBLEZFHMICHT T 2284 BfEL . AN W T v F A7 1
— 7 CH LR L 72 mRNA %8t 5648 B9 43 Y6 7% (Fluorescence Correlation Spectroscopy, FCS)
\ZEOFEMT LT, FCS 133 EE RUL T RICHVIE R SIS 2 /NS ik A i 3~ 5 ue e 77 1 D
T DEIDPOLEEMNTTHILIZLY, EOIEHIFR AR CELHRER TH D, £&T
COS7 M e AT T F e AT a—T e~ Aruf Y=y a Al F0E AL, Mgz
WAET 5D mRNA ENATVE A XS T2 M2 T FCS MIEZTT>72, FCS HIE
X0 Gon- B CFHBEREEAE T LT A, T T AT a—T T aNIZBW T, &
IROYLBIRF 2 A T2 R U CTEEL T, — U7 R RNA LTS & 228D TER N
Yha— A Ta—T7 2 E AU W TR FEA EDIEEIRFH O By LU TR S
Nizo UL EDOFERNS, 7o F o A7 0 —7 Ord OB FKIE, mRNA EOREAT K
OIRBEIR CThHDHEB 2 DIV, SO, A DIREDOT o F AT 0 —7 %8 AL TRERD
FEREATHT-LZAH, FNENOHINIZIB W TERARD 2 H T sl TS,
RIZ, mRNA &7 F AT 0—7 LOREG SOSORREEE (Ky) 3 L OME % ORIl IZ36
Fo7 T AT T—T L mRNA EOREA R fREEFRLE B O s | il 2 0 COST Mifiaic
FHHLL TS mRNA O &E4x RS o7z, ZHOMAIZIB W TRBEDOE &ZITV, BHL
mRNA & &% CICHNLSNIAL T EMIEN O mRNA OFE &L CThD— 57 11
FE FISH 75 (smFISH) (12&% mRNA 73 73w hofE FE e Ui, F7-, 5 HEIZLS
mRNA FEEEAK S REORER mRNA O A LA RETLIZ,

Alal, 7 F AT v —T % DTSSR NTE T 5 mRNA Z A LL , E5I2 FCS
WIE L Z DR B A T RfRHT 9D IEAAEE LT, ZHUCED, A E7- /% mRNA %481
LRLRNRL AR DOLGFTIZEIIT D mRNA ORBLEZ RIELHZENIREL o7, A %ITTN
FCHREECTH-TAMIENIZIB T HNTEME mRNA OB ~EISH T 5T ETHD,
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Quantitative analysis of endogenous mRNA in single living cells

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

In eukaryotic cells mRNA plays a key role in gene regulations. However, the function of mRNA
is not fully understood because direct detection of endogenous mRNAs in living cells has been
difficult. Here, we developed a novel method for the observation of specific endogenous mRNA
in living cells. Endogenous c-fos mRNA was visualized with fluorescently labeled antisense
2'0-methyl RNA oligonucleotides. To detect the target mRNA selectively, we utilized two
antisense probes having different fluorophores. These probes are complementary to an adjacent
sequence of c-fos mRNA and therefore fluorescence resonance energy transfer (FRET) occurs
upon hybridization. Two probes were microinjected into living COS-7 cells and the fluorescence
was imaged under an epi-fluorescence microscope. We observed FRET fluorescence and found
that endogenous c-fos mRNA was diffusely distributed throughout the cytoplasm of cells.
Furthermore, the estimation of mRNA level in living cells was investugated. Fluorescence
correlation spectroscopy (FCS) was employed to quantitatively analyze the kinetics of
hybridization of antisense probe and the target mRNA. In living COS-7 cells, two fractions
having different diffusion times were observed, suggesting that probes hybridized with mRNA
showed slower diffusion times than those of unbound probes. Using a model for hybridization
reaction and kinetic parameters such as the Ky value and the concentration ratio of bound/free
probe, the concentration of endogenous mRNA in each COS-7 cell was estimated. This novel
method to monitor and quantify endogenous mRNAs in single living cells will help us to

elucidate the characteristics of mRNA regulations.
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7% b=v 7 DNA vtk v V%R EEREEE DT L HIE

WFIFERES - RIRRZFERZEFEE A 2R N T

1. FFFROBEE

FIAN T OAMRS 1 OFHRSCHIE 2 BT ) T d DY — L L LT, o 1RICA
VIiAFr, DY THTIEREWR D T &N FREREMUBEE -7+ h=> 7 DNA 7k
v -OREEE AT T2, BT 2L X —#) (FRET) ZH\ 2% DNA A% v v R/L K
MELIZRBWT, AMBHEFICIVERE 20 /7 03757200 XEER LT, £0D
FEEFE L LT, FRET XTI BIT 57 7 B 7 X OiEMEZ RO+ (77T 4 ~_—
X)) AL CUIDHZ S Z LIk, FRET(EHREA M K LT 5 2 L IThEh L
Too Flo, HEREROKSEEROMNTIC LV . HIME B Offaxt il <0fF 5% i b e
E7aty P ORARFHEZI LT LT,

2. FEDERLEBH

R ERER T DHIBAR L, Z2< OWE (51) THRSNWEWEET AT L TH D L[F
FRIZ, 2 fEHRFT Yy U7 & LTI KBRS AT AL LTHI—ABND, 2D LD 70/
SR Z SRR « K32 72D I2id, EIRE LToo T E RN EHRE 5L C
WHF /Tty b REHTH D, DNA ILEUNIIEERIS &2 5555 2 L2 L0 RUGE)
VEZEEWVREETTH - HIHT2 Z ENAMRETH Y, Flo S I ERENRS T & OHALE
HENERETDHZ D, T/ 7aty O ELE LTER TS, ZILETIZ,
DA ERER D REHESCHRBA— b~ FUDRFEESNTWD, 7272 L, o RIMNE &
DA VB —T =2 —ANHFEET, MlEEED~ /v, ~7 A r— L THLNDIE
WE7Taty PEEICRKMRSEL Z L3 LV, —F, T/ AT 4 > U x4
ETHMIERIIEBEEZ L STV AT ATHY, TOHFRICOBRIC, SEIEHRA
r— NV TOIERE RN ST EH EEZ D,

Fexix, SR (7R EvrettRoOBEICEEN L7+ =y 27 DNA 7
2ty OB EAMED TE 7z, HHIFOIERIZ LV | REZEEA) 22 4 <> S il 8, DNA
B HR D FALDI R S D, AMFFETIE, JRIRMEICHEALTZ DNA 2 3% v > 7R /L Rl %
FENZ INTAAE I L 0 ET T HAHBE 2RI L CEITRRER 7 4 h=v 7 DNA V't v
T EMEES H, DNA A% ¥ AR L N, o FIEHa A1, st 1 ohEd,/ EEHR
REEZMDET 20 FimBliiBELETHY . BY DNA E~0E ey 7 OflE & . FRET 12X
WEEEFATT D, 20T ey hoHhE U BRI OTEIERE 24T\, TED
Rtk & VERBIR A 2 7”77, I EIICITIE B2 EOMIE B2 WG SIBRE o 2 7 AN & fERLL
AEREHE - IO 7DD — L e LTCORENEB BT 5,
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3. pRFR

TP, T A0V IDEZHFICHESE, DNA AF v vil/L Rz Ricky Fu s
TLATHFEEBR L., ZOFETIE AEED 2 AT (A, B) 1 1 OfmB#EE % |
AAB, “AAB., AA-B, “AA-B ® 4 FEIED AND JHEL & . 2N S DH A OmEAEEIC X
DFETTH, ERIT, 400 AND HREAZER DR ONEFITHILSE, KEFITLT
T AND VR 2 BRI FAT T DA H D, WEOMAGORIZEY, 22 AJ)1
HO o416 MEOTEOHFEZEETE 5,

O T FEBRT L L LT AN E A
V72 FRET O EsilE% (1 &) 2/ ERL
7o RFI—. T8 TH TIT4X=HD=ZDD

WD FNORRD, TV BT RIIT 0T 4 _X—F %

I UG AL & BESEIRETC X 2 RIEE LAY AT HE
ThbH, HHLIREEDT 7 F XL FF =060
FRET (2 XV B IRIEICEER T 5 DI1ICx LT, Rk
PEAEIRHETIE FRET (34 UZevy, EBRTIE, Cy3 &

KF—. Cyb #7777 #  Alexa405 & L < I FAM
BT VT AR—F L LTHW, RITZNDOHK
1 Z A& L7- DNA OFEEIC L - TIER L 72, ¥IH
REE GEPEIREE) ORITH L TRIEME L (K 660
mm) ZAFTDHECys MOEOEHKPMMET L, 77T
4 R—=H R (Alexad05 : #F% 405 nm, FAM : 3% 1 (1) FRET {5,
e 460 nm) ZPRHT 2 EEENEE L, T T (F) #0 3 U AR, 5
A R=HERSFTIEZDO X ) BREITE LD o1l e, 77T 4 X—X OfiE
2 X D FRET (G FHARIERIEI 2 SEAECX 7=, 77 7 4 X=X & LTIZIEMRIRRE~ D EREE
A%, Alexa405 T 0.41, FAM TO0.31 Th o7, IEMEREEIZD 72 < &b 500 BOLL_L#ER?
Sk, AEV L LCOFMHARMEN RSN, £70. FRET 5 BAREEIX Al L2 il <
x5z k%%«bk(ll?)

WIZ, DNA A v v AL RERERIZI51T 2 SOUGIEE HFE A FUEARAT L. & O AR
EEM LT, B Z0E, mﬁ%ﬁ@@ﬁ%%fkﬁ RIHEF HEIZ, e85 DNA O A &
IR LT T LS IEOMBABMRICIZRA W L A2/R LT, ZomMmAEF, HMESND AN
DNA #{Zxf LT, /&% DNA OB A B A RET D720 DFfa#t & 72D, AJJ DNA IR
HoEE RS L ZORED L EIZH L CEEMNRICEN G LIV, T 4 VX VAR
MRS L2 o EbbhoTe, Fo, MWERGEIE T + b=y 7 DNA 7
oty B A WHIEREIS 5 72D DN F— U AERRIEICOWTHE Lz, DEd o sw5

[Z R RFTENCHU NI AR > R4 T 5 | BRIZES 2 & T, 7 ET IR
ARy N7 U A AT B H BT RE T OKEHI S Lz,
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Activation control of nucleic acids using photonic DNA processors

Yusuke Ogura
Graduate School of Information Science and Technology, Osaka University, Japan

A living organism is a physical system composed of many matters, and it is also considered as a
sophisticated information system in which various molecules work as information carriers. Thus,
an information system that can deal both with matters as real objects and with the associated
information is useful to catch valuable information from the living organism or to control it
effectively. To realize such information systems, embodiment of the systems at a nanoscale is
essential to handle the information on site. As a solution to the requirements, we are studying
about photonic DNA processors, which are capable of sensing biomolecular information in
surrounding environment, computing the information, and actuating a physical action depending
on the result. In the photonic DNA processor, light is utilized to bridge the molecular system
(nano-world) and macro-world. In this project, we develop a photonic DNA processor whose
operations can be programmed through external light signals and apply it to control of the
activation of functional nucleic acids to demonstrate the capability of the processor as a tool for
biological control. For computing, we employ DNA scaffold logic, which is based on
self-assembly of fluorescence molecules according to molecular inputs and a signal
transmission through fluorescence resonance energy transfer (FRET) between the molecules.

To achieve optical program of operations based on the DNA scaffold logic, a scheme for
controlling a energy-transfer path depending on external light signals is proposed. The system
consists of three fluorescence molecules, a donor and an acceptor as a FRET pair, and an
activator. The acceptor is inactivated by direct irradiation with inactivating light, and it is
activated through the excited activator. In the experiments, we used Cy3 as a donor, Cy5 as an
acceptor, and Alexa405 or FAM as an activator. The fluorescence intensity of Cy5 decreased
after irradiating with inactivating light, and it increased after irradiating with excitation light of
the activator. This result indicates that the FRET signal transmission can be controlled as
expected. An experiment on repeated irradiation for activation and inactivation also
demonstrated the reversible switch of the FRET signal transmission.

Fundamental properties of DNA scaffold logic were investigated by numerical analysis of
the reaction rate equations. A result shows that the absolute intensity of an output signal and a
signal-to-noise ratio are not positively correlated with the initial concentration of the DNA
scaffold. This will be a valuable guide to determine the initial concentration of the DNA
scaffold depending on an expected concentration of input DNAs. Another result suggests that
the behavior is stable for variation of the concentration of the input DNAs when it is more than

a specific value.
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MMRBREAFRLZ 725 Y v MVEBT A Z0A|H L
F DEFERIE~DRH

WIEAER - A BRPRF LA ZER it i
BN - AW BRFRER TN B =R

FEDOBE
ARFFETIL, BN TEMICZ O ER L7277 = A b Y v MAVEBT AL ZARET S
72l (BARAIIZIZ 0.1 — 1 L0 P LFREDO K& K2 H T 2 MigEF v o3 —) 2F|H L
TR e MR EBR S A A48 L. MIRERBEIZ T D0 FROG. FrICEERUS D & 9 72
(BSOS % & B BRAR T~ 5 72D O J7ikdm & L L 7=,

2. MEDERLAR

%« BLF T2 FOOBL YA XDOF v 7 ETEBLT S pTAS(micro Total Analysis
Systems) DA ZEIL, THEDTF /T 7 /aV—D#RELHE ST, 47 a A r—/L
MHTF ) A=~ FD/ OB EB L SO0 5, ZDF ) Ar—LD2E/ (F /28
) IZBWTIE, A7 X bAADZE, v A7 A — /L TCHBIEINR o1 &
DI LWBRER NI 5720, T ik & L TERLZED, AT OISR E
B & BEROMEND [ 25k O, EHIZITZDISHAEZED T\ D,
ARFFE T, 2D X 5 2B LR 2 BLE 0 B OF ) ZERIORFFEICH LT, L0 &AW
ZHIRBAENSDOT Ta—F RN ENR W, TRb b 2 22 kmfm@ﬁﬁkwo
TeWPENR 72 5 D THIUX, Z DHIAFET D H X7 BT OREREIZ B A 5 O 8
ZRIFLTNDDTIHRNDNE WS BIEDO TR L ED TV 5, FRHTAEEIT, Ml
RANTA T EARREDOZEMY A A THH 7= b v MVZERM (0.1-1.0 L F2E) o
K& S BT HMBET v > —%2FH L CELA e ilnBR 5 2 8545 L, filaREICE
DAL ROG E ERICERE T D 12O O R ML T D 2 L A HIIC, & BITRE

IR AACFBOSICBE D 2 /3T A — 2 —O RS 2 B IR 2 D 7z,

65



5
il

3. B

BUMRZERE LT, 74 NI YT 74 —ICRVERILIEv Y ar~A 2 =D
PDMS(Polydimethylsiloxane) (il & F v > N—ZEE L7 b DO ZERL L. PDMS DE\ B
FEMEEFIH U CBISRMRIE & 1 N—H T ATHRBPANLVTES LT b0 v (K 1),
oA T\ - F ) F = NIZIE, BEFES T & LT B-gal(B-galactosidase) &, FEE 53T
& LT FDG(Fluorescein di-B-D-galactopyranoside)ZEf A L, £ DFEHMInE b &1 B-gal
OEEFERZEH L. (K 2), 2O X2 BlET v o\ —&2 AW EBRTIE, RO
MR, BER T OREHR ~DWRAEDPFERICKEREELZRITT 2O, ZbDOERZR
D ERWIZSERBCR OS] LTz, ZORER, WIS ET v o N — DS E A XD/
\ZHE- T, BERIEMEME T T 288034 fL 705 500 fL (EAEMAEE nm 205 10 pm OF v
vR—=) BREETOMTELBIERSN, ZOLH 7% TH A4 9% BNEG LTS ER
PhbES%, L0 EERNICGHET 7202, 9F2 775 4 > 74| (BSA. PEG8000,
PEG20000) Z MW CHIIANEREE 2 F8L L 72 EBR CTOMEt 21T o 7o, ZORR, 017 7
T 4 v T HIORE EFIZE, BERIEYE (turnover number) X ERTAHHLOD, HHIEE
PLEIZ7 2 SR T T2 EBRALMNE R ol £, IV RAERIX. 12707 4
VIRIORE FRICHBIL T ER T ERShoTe, TORENS, BERIEEX, ST
WEBPHIRSNIVTSNDIEE D TFEEOHRPMET T LD TL, —HTHTFrIv
T4 T HIBE bR T OKFRBICEENEE LY 52 5720, ZHUHORIMT LY,
MRy T LB L OBMMENEE Y . BRUSITET LT RocdBEabhd, 2
SOFEREMBINCE 2D &, MIETF v o —Z2 W THIRENEREE 2 FEEL9 5 7201213,
P OFIR L & BIZHAFT D/ TRE X LKOIEREE W72 LI0E TRUET 2 LN
b5,

66



5
il

Mimicking Intracellular Environments by Micro- and
Nanotechnologies toward a Better Understanding of in vivo
Biochemical Reactions

Noritada Kaji and Yoshinobu Baba
Department of Applied Chemistry, FIRST Research Center for Innovative Nanobiodevices,
Nagoya University, Japan

Most biochemical experiments such as biochemical assay and biophysical kinetic
measurements are done with so-called “diluted” solution ranged from few pg to mg/ml.
However cytoplasm includes high concentration of polymers such as DNA, RNA, protein, and
polysaccharide, from 200 to 400 mg/ml concentration range. These molecular crowding
conditions might strongly affect biochemical reaction kinetics as well as dynamics. One of the
major approaches to defeat the problem is adding molecular crowding reagents like PEG
(polyethylene glycol) and Ficoll into the reaction solutions and mimicking cytoplasm
environment. This biochemical approach is powerful to understand biochemical reactions in
cell more quantitatively. But some concerns are still remained; reactivity of molecular
crowding reagents and target polymers, influences on the higher-order structures of the target
polymers and so on. Therefore one of challenges to understand biochemical reaction in vivo
using test tubes is to find a suitable molecular crowding reagent depending on the intended
reactions.

To compensate the above drawbacks of the molecular crowding reagent system, we are
trying to apply cell-sized reaction chambers as a confinement space for biochemical reactions.
In particular, micro- and nanochambers ranged from 0.5 to 5 cubic um were fabricated by
“top-down” approach using electron beam and photolithography, dry etching, and PDMS
(Polydimethylsiloxane) cast. The fabricated micro- and nanochamber device was a powerful
tool to provide confinement space for biochemical reactions and enable single enzyme assay.
We applied various sizes of micro- and nanochambers for kinetic measurements of enzyme
reaction and revealed that the reaction space affects the kinetics of enzyme and the confinement
decelerates the reaction speed. The result indicates the reaction space become smaller and
smaller, unexpected influence was observed in this experimental system. So our grand
challenge is to understand the observed phenomena by comparing the molecular crowding
system, and develop precisely reproduced intracellular environment by micro- and

nanofabrication techniques.
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1. BrFRDRBEE

FxlL mRNA OHIFINA A= 72 BIL, MEERELF 27— —a (MB) DB
FaAT o> TCND, ST ZZTITOVETHL Cy3 SFEA 2 G AL . ZOFEREEE
FEBALIZA VAT AELF 27— —a (ISMB) 283 L7, 7=, Fex 3B L=k
—VELIE (SNA) 2 V2 MB OB ZATV N, 20 SNA-MB 7% RNA % 5 IR TE5
7200 Tld7el, mWEERMTEEZ RS2 L2 LUz, —5d MB IZBAL Ciiaic i 5
FTHZEZED HIEPN mRNA A A= IR,

2. FZEDERLEAHY

AIRINIZ 1T 2 mRNA O RFEMEITAII > R0 L O FRIZ I\ TEHE R HE 2 -
TWD ZEPEERALNTRY D2H D, EbFaT7—E—a (MB) I Tyagi HIZ
Ko T INEEBR e —7Th0, ¥—7 v MEFETFTIER LTS, ¥—7 v K
FAETFTTORFEXTHENIFEERDDH, TDH, ¥ 7°RNA WL Fik L
AT, mRELRBRHEAGETE D, L LARRD, 53O MB X RIBICAZENHE S
TNz, Ny 7 770 RIS DBEMHENRE2REE 72> Tz, i
IZxt L, BxIE AT ANERICOREEZEAN LA VAT AELF 27— —2 2 (ISMB)
R LI, 207 a0 —T7 3 0EREI MB LTy 7 T 0 RERED NI N E NS
FLENH D, 2T, AR TIZZDOISMB % EICHWBT 5 Z LI X » THEEKE K
it 7 e — 7 B3 L, EBICHRNA A=Y I ~RBHT S Z L2 iET,

3. R

Cy3 38 A MB DBA%

TIVETHE A TR THD perylene 57 FE ALTZ ISMB OBHFEITAIIL TS,
LL72730, perylene (i « 6 KNI E Ch A7, Milad A Fi il E-> TR
HBHESNLRN D o7, FloFh 21T, JVERE TR -%ET5 Cy3 28 ALL
ISMB #BHFL TWAD, BRI FEIC L > TEASN CLEI OBy T B A LT BRI E
DK T3 58O R DH T, 2T, BB IEIC LD E A ZIHIKWETHEL Cy3 758k
ZERL . ZIVEEESY TR AL ISMB OB 541772 (K1), £7 VB TREETT-7
LA, ZOFERITIERHW TV Cy3 #FER LR “HHE RLEILIRNZEN S
Dol o, BE FEAL THEEBAHEIE LW ERH BN oT2, £ T, 20D Cy3
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BOEALT ISMB & LTz, HHEANTMLE

BELIEZA, ZF—F v heleZd RNA JEfAE T

TIEHAIRIZEA L BEIN 2D o1, Z1UC

KL, #—747 N RNA ZINZ T2 AIEF TR

Cy3 ORIEMNBIESI, F—F v OFEIZLS

FEILTRE DL (S/B ) 1X 116 &7 otz Fiz, —

DT OOREEANLESE L T2 A, #

— 7Y MAE T TOIRIEREERUIZTZT TIidR

I 7T RFEESEB IR ST ZE D 55D

ST, LLEDZEND  HiHL Cy3 FHEREEE

FEANTHZENT IS TR0 B R E 7 1 Cy3 A ISMB % I\ /- RNA #
RNA HHHZ L=, iR

F72ZDISMB % WV, FENIZE1T S mRNA DA A— 2 7 %1777, GFP 7T AIRN&E A
L7z E e kL, ISMB Z 1z T L — W —BRMEE CRIE 1T o7, ZDOFE %, GFP
TIAIREEANLTIGE OH FIIVEIZRB W TRV BRI, 165 T, Box MBR%
L7z ISMB 23N mRNA A A— U IR A ATRE CTHHZENHDD IR 5T, A% IXR%E
L72 ISMB %> mRNA DA A— 0 7 RAERIEA A= 7 LR T 5T E ThHD,
SNA-MB DBA%

FxizznETick) ) — w2l h—E U TRHWZETELA TAZRR SNA (Serinol Nucleic Acid)
DOBHFIZARIIL TS, ZIETIZZO SNA X RNA K TUNDNA L@ Witz Rl —HH
AT HZEAHLINI LT, BT, Z0 SNA ORE1EIL DNA X° RNA &2 B AR50, &
WEERMHES R C& D, 22T ETET AELSIEGRL, SNA I[ZEFBZEANLTEOL
TEVERFEICRFIEIZ OV TIRET LTz, ZORER ., SNA DORIGIC BT L HEANLTBRITRbH
FVEET D2 ENERoT,

ZZT RIZZOFKGFE AW MB 26 L ., R A To72 (K2) , #—7y NEEME R
fJ% (BCR-ABL) ® mRNA LU, #HAaREL TRV HNEARELTTUNXF U205
Wz, ZORER, X — v RNA 77 FIZ

BT, IEHAE F L ARTHE RN 600

R LTZ, 20 S/B o7 o—7L

L CHIEFIZRmIRE THDHEN R D,

Fo BERMMEZRETLI2EZA, DNA %

HHIZEFD MB LB~ SNA-MB [V %

RMPEEFFOZEDR o7, ZD I

SNA-MB & i J8% B 7 A HH B S ONBE SR 1t

PERF O, 5%I1L20 MB & HWiz

MRNA A A= 7 RS2, 2 SNA-MB O E Ak
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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

Recently, localization of mRNA has been paid much attention due to its relevance to spatial and
temporal protein expression. To clarify roles of mRNA localization in living cells, monitoring
tools with high sensitivity are strongly required. 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 DNA and RNA with higher
sensitivity than conventional molecular beacons. In this project, we aim to develop highly
sensitive MB for in vivo mRNA imaging.

We synthesized ISMB tethering multiple Cy3 fluorophores instead of perylene to circumvent
effects of autofluorescence from cells. In our design, Cy3 fluorophore was attached with DNA
through amide bond to suppress quenching of dyes and to improve duplex stability. In addition,
Nitromethylred was used as a quencher. The ISMB tethering two Cy3 fluorophores showed
extremely weak emission in the absence of the target RNA. However, strong emission was
observed by the addition of the target. The signal to background (S/B) ratio was 116, which was
much higher than ISMB with single Cy3. We then applied the ISMB to monitoring mRNA in
cells. Hela cells were transfected with the target GFP plasmid and fixed with paraformaldehyde.
When ISMB was added to cells not transfected with GFP plasmid, almost no emission was
observed, indicating background emission was suppressed. On the other hand, strong emission
was observed with ISMB added to cells with GFP plasmid. These results clearly demonstrated
that ISMB can be applied to visualization of mRNA in cells.

Digestion of MB is one of most severe problems in cell imaging because emission from free
fluorophores causes false positive signals. Thus, we utilized Serinol Nucleic Acids (SNA),
which we have reported previously, in order to suppress enzymatic digestion of molecular
beacons. Although chemical structure of SNA is much different from natural nucleic acids, SNA
can form a stable duplex both with DNA and RNA. Thus, high sensitivity of target detection as
well as nuclease resistance is expected with SNA-MB. SNA molecular beacon (SNA-MB) was
prepared by attaching a fluorophore (perylene) and a quencher (anthraquinone) with SNA. The
S/B ratio of SNA-MB was as high as about 600, which was much higher than DNA-based
molecular beacons. Nuclease resistance of molecular beacons was also evaluated by adding
Hela cell lysate to MBs. Although fluorescence intensity of DNA-based MBs increased due to
enzymatic digestion, no increase in emission was observed with SNA-MB. Thus, SNA-MB

showed high resistance with nuclease digestion as well as high sensitivity of RNA detection.
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Bk & 725 X B ER TR CODMIBANIX 3 1770 T 4o 7 IRIEICSH D, 2D X
H7REREE T ClE. B RS T OHER N I E SN T A B R0 i i 3 Kk X < 25 )
THEHER D, Bz 1T, IR IT DENR S CoZ o~V MM A ERICE R A Y
T FITUT A7 NS FEEN R T BEZT S CND, SEEITIT0T 1 7B
TICBWT, B A EICB TR E 7T RXE L HBSHr O RENZ R L, FUR-HR GO
FEAHE B L ONEA &N, PUROEGIRIBICI R a2 LT,

2. FZEDEREBHY

HIRR N OBR BRI XS R D AR5y 73 200~300 mg/mL O i ISR LT F7 775
A TIRBEICH D, ZDOXIRBREE T CSES FAL L I ERE BN hREEZDZ LI
Ko THIIET AT NMIMEE T 5, 770 T 4> VBREE T TlI. BRI ThHZ "I EDHE
BRI RN RESENDTZD, 7T F 4 7 DREED EFICH>N T, BrEDREEHD &<
B OIERITIER T D, —MICZO I 70IEBEOB KT 7GR EAER O & 5
ERESE IWVRERBEESROIBICELES b CD, — 7, IKIEDOEN OB T,
B 53 DL FE S KIEIAR T 2728 | YERAE O SOG TIESUSEHE MK T 9550
EZZBIND, LTED > T MO IRD TN E JOESHEME 212X, ZVETHOHroH.LCh
ST TR TOL L GRS TIRRL, 7 T0 T 4 7 BB PB4 G [
IZOWTHYRATRD D LMD THETH D,

HER PN T, AR TICAE T 25 2 /B R O OSSN B S C O SO b 3 %<
FAET D, BIZIX, RENED 53 T HE AR THDOMIE o> T IZHiE 2 37 DM sz 4y
TEEAA LT v =2 I NER T D, T2 UH U ROFEGIZE > TEELEN =2
KOMIIANR A ATHIAREZ T > =V TSN TEY, ZIUIT X T Z =040 EET5
ZEIZE o THIRINIZ S 7 VMBS N D, 2O DEIR ST 52 7B R O SO
IXAEMITENCE > THEHERBEKREZL DN, 77U T 4V 7 BRE FCRIZMAICONTIEHEY
HEHSNTIAen oTz, ZZTAMIE T, MANIZB T DEIR S COX 7B A
TERICHESE YT D TITVT AV T W OFHIF L OEh A SR 82 I F - AT 5
ZEEEMEL,

3. LR
AW TIFRIE T T AEILIGIESPRYE T/ 70 T 42 VB N COHT RITIEB§

73



5
il

HZlwRATz, SPR EBBIOMNT 70/ 7 AT AELE AW, ORI HIX, 777
T AT B PICBWTUIAE R L TRELeD720  BEFORERIZBWTIEZ TV
T AT FNC LD R B L O M DI T A2 £ LD, ZIbEAfiH 729, SPR L —
F 7L SPR FDLF TV A LD IS LU TRIEHTRO AT A(S-LALLO, JEITHR 1.72)2 AL
7 A AR ol — N R0 I DB RIT R T A WA Z LT K ED Lo
BN 70T 4 7 IRRE (300~ 600mg/mL) Z HERF L CUOD A RHILER S [FIRR O R T3 % A
THIT7T 4 TEREE FIZEBWTEH SPR JIENFIRE THHZEZRLT,

o, Box XN TR REICHEESN -2 X SR E ISR BT D2 gD
FREAM AAEHZBU CHRE T 28O BRI Z I L T&ETz, TOWME T, #2378
THOFEL AW TEE S T ORIGCHEM B MM ZE SR NTFRE@E T 528128-
T 2B OB E<HERF LR ORL M [EE TEHZ&x LTz, ZohiEE v,
BRI BIT D2 ] F‘%HEVEFH%%bbf**f“ﬁﬁ%ﬁf%é%@k%mio ENTE

Tl 170 T 4 7 BREIZB T A EEALHUR — PR SSICE R 2 H T, £ O S5
IR THURDOEERE AR D BT OV TR,

& &3 5HUEEL T EGF (thEGE-AF, Wako)& EGF-His (EGF @ C K2 His X 6 Z @&
LT ™8, RIGHEFEBR 2R L TER), HURLL THL EGF Huk% v 7, EGF % [#]
ELTe B —F o713 N-ERaXF U AT U AIRBI OV R TV AIRE AW CEEL L7
TV R G A B CARR L HL ) 1% EGF IRIC &R 3528128 > TERIL 72, EGF-His
[ E R OFERIZIE, £9°, LR ERERZ2 HiETIEMAL L 72 % N-(5-amino-1-
carboxypentyl) iminodiacetic acid(NTA)EHRIZIRIEL . KT NTA B2 HE AL, ZD#%,
NiZ" &Nz TFL—MEL., %12 EGF-His #8121 L C. EGF-His % His-Ni*' [HlOf5 &%
MLCHEEL, RVTF L7 Ua—(PEG, Mw: 8300)&27 775 4> 7 HIEL THW -,
PEG %V lfEE A FR AT K (PBS)IZ 0.0~12.0 mmol/kg DI TIAfRSYE., 7905 407
WL U=, 790 F 4 TYEBECER LT 2 pg/ml OFUAZHUR B E I L . EEbht
JREGURDRE A - BB R % SPR THIE LT,

U5 F 4 T BEEE T COH EGF ik Dk & &l
EGF, EGF-His {2 PEG IR EE 7S EF-3 212040 THEM
FTHMEMIZHoTe, ZaUL, 7TUT 127 RO BT
FOPURDIE R EFLITDEEZONS, ZOBE WS B () Hi BGF ko fia i
I% EGF &Y EGF-His DA REN>Tc, — 7 FEEIHE & (h) 51 BGF Hufko i 4 e 50 BI%
FELREL (Ko ZZ T T T 4 2 7 BN DR FE D E LI BIZHON TR F LT, ZiUE, 27777 1 7 Al

OB IR DIEHR DMK F L= bEB 2 5D, ZOfETIE, EGF-His c,t% EGF
DI BREDSTZ, L EDIDN, FURDRIEFEGHERD 1770 T 4 VBB BT 5 [H
TR TH T OHUR — PR SOG | CEE M AF 3 2 e RSNz,
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Effect of macromolecular crowding on antigen-antibody interactions
at solid-liquid interfaces

Koichi Kato and Isao Hirata

Institute of Biomedical & Health Sciences, Hiroshima University, Japan

The condition of molecular crowding is that macromolecules are dissolved at high
concentrations. Such conditions occur in living cells which consist of proteins, polysaccharides,
DNA, RNA, etc. Under molecular crowding conditions, excluded volume effects of
macromolecules is considered to alter activities of particular proteins, and then these reaction
rates are subject to be influenced. There are a number of reactions at the microscopic
solid-liquid interfaces in the internal of cells. The aim of this research is to analyze the
molecular crowding effect on protein interactions at solid-liquid interfaces. Here, we examined
a surface plasmon resonance (SPR) analytical method for antigen-antibody interactions at an
interface under molecular crowding conditions.

We chose the SPR method for this purpose. To compensate for the reduction of detection
sensitivity, which is supposed under molecular crowding conditions, a high refractive index
glass (S-LAL10, n; 1.72) was used for an SPR sensor chip. EGF and EGF-His were used as an
immobilized antigen, while anti-EGF antibody as an antibody. After introducing and activating
of carboxyl groups on the SPR chips, EGF or N-(5-amino-1-carboxypentyl) iminodiacetic acid
(AB-NTA) was immobilized. The AB-NTA introduced chips were treated by Ni*", and EGF-His
was immobilized by binding of His-tag through Ni**-NTA linkage. Poly(ethylene glycol) (PEG;
Mw = 8,300) was used as a crowding agent at a concentration of 0 to 12.0 mmol/kg in
phosphate buffered saline. The antigen-antibody reactions in the crowding environment were
analyzed by SPR in real-time. Two pg/ml of anti-EGF
antibody was dissolved in the crowding solvents.

The association and dissociation processes of the
antibody on the antigen-immobilized surfaces under
crowding environments were measured by SPR. With
an increase in the concentration of the crowding agent, The association and dissociation processes
the association rates of the antibody deceased, but the of the anti-EGF antibody
binding amounts increased. These results indicated that
PEG strongly affected the interaction between the antigen and the antibody.

As demonstrated by our experiments, the SPR method allows us to analyze the
antigen-antibody interactions at solid-liquid interfaces under crowding environment. And, the
antigen-binding conditions on the surfaces affected the binding amounts and the association

constants under molecule crowding conditions.
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BoE Y DX v V7 THAHKET /=T ) T ILOHIBPNEZED ST A = AL, il
RAPNERIEIZ & b 722 D MIBEMEFE O TR PR E, T/ AT 4 v Dieb Dy TR P E %
HL, FERMREAL—T v KR 7 U —= 2 7 ~DIg AR, B ERO R BT
DHELMEET DMENR DD, AR TIE, N A7 b =7 A8z AT, EE
T o N - BEREVET ) ABE - BREIRT NS ZEEG S8, BAOA AU R E RS L
LC, BT 0T 7 RETON 1238, &5 W0ITHIa L ) k& O EER % &IRE -
B ICRH 2 2 &2k, BRSO TERE. T RN 2 iR E D — 2/
AN, MRRSETE « TR - TR ERE AT A —XIC KO ICEHME T2 Z L A2 H
WeT25, £, N AIAT 4 v 7 ZAEME AT, EERNITIFEET DHMNBBRE - /T
BB U CEEN T 2 A~ — b 725y Fi8 b 4 Bl 20N R a4 2, =
o L7oBEREMET 2 okt UL COREERT A, 22— Ty b7+ —ANIHND Z &
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EREEICHET 2 2 Lic kv, U/ MEt oM ERERE, SFEANL TR T TOELFEK
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B NI ERFRIORAET HAREEMCER L, BROR N7 o2& (FET) ZHl
L7z 8 (i il o3 — %2 AWT, 2 OEM & HEH E/ERICRET 5 &9 Bl 2 ik
BB LI, XU EOTNICERT S & ZOEMOMIEFT A —THY, 7
TAEIA T ADEMDONG Z~T AT HEMEA AT an,f FThD (K a), &
fitf D AR —VEIT R FERE O 73 FRFCE A B, LTS L B b > TnWD, £
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A A ISEBROF ST A% (ISFET) %W, MM Z R < TRz Sh bk
FAAE R L= =L LT, EEE (ApH=0.01), @FEHEOMEE (At=100ms), JF
RETHIRE N7 v AR =2 —IEHEZFHT 22 v 0 T Ty b T — AR LT,
Ta NCBREVRTT X VR N7 VAR —X—ThbH PAT1 O v U AT AINE B L
A Tu b ul rofMENTEACEE > T ISFET fif < pH 28/AMIIC E& L
oo =T, TR DLAKEEMY Ufga b T AR —4— (NaPi-Ilb) Z%EL L7 /iEic
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Lo T VlRe 7a h U RHTIZER SN2 TH S, FREIZ LT, NaPi-lle
JOPIT2 DT AR—=Z—{FEEZ T o by Ik > TGHETE 5 2 & AVHIA
L7z, 28, 7v hroB#EiE kb GAT1, ENaC 2B\ Tk, v 7 V3t shie
Molz, BUIE, Rt MIREZHWT, 7/ NS 2 MilaBEEEME A2 R L T b
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M. (a) JHETHIZR 2 v /37 EEM ORI K 55 FRLm s K O s 228 (b o 3.
(b) & ™7 EWaE & S AL ZE L O BERE.
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Functional Interface for Molecular Dynamics in Nanomedicine

Tatsuro Goda

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

There have been limited methods on the analysis of higher ordered structure of
protein on the surface in situ at the intact state. Herein we focused on sensing of the
heterogeneously distributed local net-charges of protein as essential information to
interpret molecular structure of adsorbed protein film on a solid surface. A
semiconductor-based transistor device enables to direct electrical readout of local
innate charges of the protein at the contact phase in a physiological buffer
environment owing to the predominant counterion screening effect. A comparison of
the electric charges with the adsorbed dry and/or wet masses determined by
conventional SPR and QCM techniques indicates time- and
concentration-dependent variations on the orientation and conformation of the
protein in the thin film. Further, we successfully integrated the charge sensor into
QCM device to achieve a simultaneous detection of adsorbed charges and mass onto
an identical sensor surface in real time. The local charge-sensing of protein gives us
a feedback for developing designer biomatetrials for tissue regenerations.

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.
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TWEDIE, 1 FEEOEGE T DR Th-oTo, ZOZEND, BRI BT 51555 B It LR RO
BARTZEE D ML NI IA 36 LOSHAR N B RE D ZEALIZEHERE DU\ T D RTREME LT
RNWZEDRBESNT, 2T, V7 UBIEE L ET DN S 7 E DMRE5S E {JIL@
&S TELL TODDTIF ARV AL T B ' triEa I Ta U~ 7] ®L%MK
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VARG E 2 AT LTt R VB bS 1.6 5 LA ETTHEL T F NI iﬁumﬁlyz
LURIZUARRAE DS LT Db D13 50 MR BTz, ZIbDoh | U iR{kns Tt L T
WDB L RTEITODWTIRNT ZAT 512224 Z<IBBNBLIOMREN DX R E Tho
7o, TR YA =V AR E I 5920 DONE £ T\ 2, ZOZEND, Bkl
IRFRD I, IS BRI L > TRIAL I IA R R A b= AL TWD FTHE
PEDRS RIS,
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Mechanism of Efficient Cellular Delivery via Imperceptible Electricity

Kentaro Kogure
Department of Biophysical Chemistry, Kyoto Pharmaceutical University

Recently, we developed the efficient novel system for delivery of functional nucleic acid
medicines, such as siRNA and CpG oligonucleic acid, into skin by iontophoresis, and succeeded
in the induction of potent RNAI effect and tumor growth inhibition (Kigasawa K, et al., Int. J.
Pharm. 383 (2010) 157., Kigasawa K, et al., J. Control. Release 150 (2011) 256). lontophoresis
is known as a noninvasive acceleration technology for transdermal drug delivery via
imperceptible electricity. In general, it is considered that the cellular entry of negatively charged
nucleic acids would be difficult due to the electric repulsion between the anionic polymers and
negatively charged cellular surface. Moreover, if the cellular entry mechanism was endocytosis,
the functional nucleic acids should escape from endosomal compartment after the cellular
internalization for avoidance of degradation in endosome-lysosome. However, endosomal
escape of naked nucleic acids having no functional device, such as fusogenic peptides or proton
sponge polymers, would be impossible. Actually, the potent knockdown effect was induced after
iontophoresis of naked siRNA (0.3 mA/cm® for 1 hr) on the mouse dorsal skin, indicating that
siRNA was delivered into the cytoplasm via electric stimulus. Recently, we found that
imperceptible electric stimulus induce cellular signal activation and change of physiological
state of skin cells. This phenomenon suggests that physical stimulus could induce biological
change in the cells. From these findings, we hypothesized that cellular uptake mechanism and
properties of endosomes under imperceptible electricity must be different from those under
physiological condition. Based on this hypothesis, we analyzed the cellular entry mechanism of
fluorescent-labeled oligonucleotide by confocal laser scanning microscopic observation. It was
found that the cellular entry mechanism was endocytosis in vitro and in vivo. In order to clarify
the detail mechanism of cellular entry and endosomal escape of the nucleic acid medicines, we
examined exhaustive analysis of protein phosphorylation in the culture cells after treatment with
imperceptible electricity. As the results, it was found that phosphorylation of over 100 proteins
including cell signaling-related proteins was stimulated by imperceptible electric stimulus. In
conclusion, it was suggested that cellular uptake of nucleic acid medicines was induced through

stimulation of cell signaling by imperceptible electric stimulus.
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YDy N7y T EATV, NIRRT RS O # R FE RS X OV T BN A R REH]
IZOTe D BIERCTE DEBRROMNIZRS LT,

(5) Hh5R I3 I 31 D KRR IR - D T
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Local regulation of molecular reactions in maintaining axonal
integrity

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

Recent studies have identified that each cellular event is regulated through complex
interactions of a large number of molecules. In addition, a single type of molecule often
contributes to the multiple cellular events, depending on the situation. However, it is not fully
understood about the system coordinating complicated cellular event, such as neuronal
morphogenesis. In solving such cellular puzzle, we need to know more about the
molecular-interactions generated in particular place of cells at particular time. The goal of this
study is to elucidate molecular systems by which neurons process spatial information and
deliver molecules or activate enzymes at right position at right time to establish and maintain
the axons. We focused on the axonal branch morphology and tested the possibility that axonal
transport might play roles to regulate the axonal branch pattern.

It is reported the motor domain of kinesin (K5H) is accumulated in axon in
hippocampal neurons. When KS5H-GFP was introduced in cerebellar granule neurons, it
accumulated in axonal tip but not in dendrites as observed in hippocampal neurons. We next
analyzed the signal intensity of KSH-GFP in each branched axonal terminal to test if KSH-GFP
is randomly sorted to each branch terminal. Quantitative analysis revealed that frequency of
relative signal intensity is not fit to a normal distribution, indicating that there is the active
system by which KSH-GFP is transported to the particular axonal branches. Furthermore, we
found that there is a positive correlation between signal intensity of KSH-GFP and axonal
branch length, indicating the possibility that axonal branch pattern is regulated via axonal
transport. To further investigate these phenomena, we set up the long-time time lapse imaging
system of neurons to observe the axonal branch formation and axonal transport in the first year.

There are several factors reported to regulate the kinesin transport. The degree of
post-translational modifications of tubulin that consist microtubules is different between
dendrites and axons, and is thought to be involved in the polarized transport of kinesin.
Preliminary results of current study indicated that the degree of microtubule modification is
varied among axonal branches as well. Further study in the second year is expected to clarify
whether microtubule modification is involved in the axonal branch morphogenesis and branch

dependent transport.
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Development of walking nano-*-meters

Madoka Suzuki
Organization for University Research Initiatives,
Waseda Bioscience Research Institute in Singapore,
Waseda University, Japan

Studies in cell biology and developmental biology have posted questions which should be tested
in live cells and animal models. To approach these problems, it is required to capture a series of
snapshots of the dynamic processes such as cell division, active transport of organelles and the
gathering and scattering of proteins. In the meantime, the inside of a cell is filled with soluble
proteins, cell cytoskeletons, organelles and other biological materials. These components create
a cellular environment which is different from diluted conditions. Furthermore, the intracellular
parameters such as Ca”", ionic strength and pH are fluctuated both in space and in time during
cellular activities.

In this study, we will develop a new method to quantify the intracellular environment that is
sensitive to specific parameters but not to others. Also, the method will have enough high spatial
and temporal resolutions. This method enables us to clarify the relationship between the activity
and the change in the cellular environment at the sub-cellular level.

This research stands on a combination of three components; 1) development of a new probe,
2) development of an optical microscopy system which fits with 1), and 3) evaluation of 1) in
the in vitro (purified proteins) and in vivo (cells). We repeat this cycle of development, so that
the probe and the measurement apparatus appropriate for the probe will be developed as a pair.

In this FY2012, we found the ligand which specifically labels the target molecule. We
reported a convenient screening method using ion trap electrospray ionization mass
spectrometry to classify ligands to a target molecule in terms of kinetic parameters. We
demonstrated this method in the screening of ligands to a hexahistidine tag from a pooled
library synthesized by click chemistry. The ion trap mass spectrometry analysis revealed that
higher stabilities of ligand-target complexes in the gas phase were related to lower dissociation
rate constants, i.e., off-rates in solution. Finally, we prepared a fluorescent probe utilizing the
ligand with lowest off-rate and succeeded in performing single molecule observations of

hexahistidine-tagged myosin V walking on actin filaments.
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1. Best Poster Presentation Award, "Fluorescent nanoparticles for the temperature measurement
inside living cells with spatiotemporal resolution." The 2012 Small Sciences Symposium
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—)b, EGyp) ZAX—V—Hl4 (GSG) Z ML TEALE 2 FHORTFRERe. ALz
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(Table 1), ZD~FF KD PBS 1 Table 1. Pentide Used in This Stud
" . repude used m 1S
COHCMBEENALT, 7 B-OVA-EGE FVIFLDGSGS?INFEKL—oligoEGu
JE/\O7O?:F%*EﬁzéJ@7D:+/77 B-OVA-TAT FVIFLDGSGSIINFEKLRKKRRQRRR
AN—ZAERLU T2, 50z T
77 AN — OfRHE R S 3 L ORRHENR I,
B-OVA-EG,, TIZ4.0+0.7 nmBL 5.8 +
0.8 nm, B -OVA-TAT Ti£3.8+0.5nm
FU'7.2 £ 0.9 nm THHE TEM BlE2B L
OY AFM BII0 /L H7-, FT-IR A
IR B-A BT PGS HR Figure 1. TEM images of peptide nanofibers
THE—2 (1631 ecm') BLRT & consisting of B-OVA-EGy; and B-OVA-TAT
LREEICHRT D E—2 (1656 cm™)
Db bz, £, ThbDE—7
FELE K 0 | BRMEZEKELS] (FVIFLD) 23B-
A NT U RiEEE LD AN—H—FLY]
(GSG) & HuJEELSI (SIINFEKL) (7 >
X ISR LD ERREENT, T
7 7 A 83— WAXD HIEN ST, - Figure 2. Schematic illustration of antigen-loaded
. N _ peptide nanofibers.

— MEEIZI T 5 KFERA B L O
— MBI 5 20=18.7°(d=0.47nm) BL 20 =7.7°(d=1.15nm) (Z[EHr
E—I B3 GEonT, L EORERBIRENLNT 4 770y s XTFREFT ) T 7 A 3—
DT 4 Ay aryOICEy, BonizXTF K 77 A4 3= Fig2 lorT X )
(2. BRHETZRBESN D3 B—— MBEEN O R 2 B A TER L, Zh 2 HUREH I OB MESH
DB D L) BEEEFOZ LB Iz (Fig. 2),
TUREZHEF SR - — M_TF RSV T 7 A 23— DO KD HRY A A

HOEHERR L 72B-OVA-EG1, 3 X UB-OVA-TAT F/ 7 7 A N—HAF T, RAW264 (< 7 A
Bk~ 27 v 77— i) Mz 30 4y, 37°C THEE L, 20 & & OMEEY A% 3t
S L — P —EEE (CLSM) 12X VW EIE L=, B-OVA-TAT F/ 7 7 A N—ZHViAE
M OBEBEE N SIEI Ny bRO®EX 7T ARG oIk LT,
B-OVA-EG,, 7/ 7 7 A N—% WV IAFE LI, MlaNEH» 60ty 7 Fric
Mz TRRELEEE b OF Y 7 T ADBBIEE Sz, BT, 2 OMIAEEEE )b o0t
T FNE, = R A =V RESRMETH D 4°C TB-OVA-EG, T/ 774 /3—D
WV IABZAT ST GBI b BRI, DL EORR LY B-OVAEG), T/ 7 7 A "—
ILERIR DT 7 R L 13872 > TN ~O B A 2/ CHIaREN & L < ISHMiam & B
DIAEND FTREMED RIR STz,
Reference
1. Fukuhara S. , Nishigaki T., Miyata K., Tsuchiya N., Waku T., Tanaka N. Biochemistry 51, 5394

(2012).
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Novel Bio-function of Antigen-loaded Peptide Nanoassemblies with
Anisotropic Morphology

Naoki TANAKA
Department of Biomolecular Engineering, Kyoto Institute of Technology

Non-spherical particles, such as nanorods, nanotubes, and nanofibers, have attracted much
attention as drug delivery carrier, since the particle shape may have a profound effect on their
biological properties, such as bio-distribution, cellular uptake, and intracellular localization.
Although the importance of controlling particle shape for nanomedicine applications is
recognized, there still is a lack of systematic and fundamental understanding of how shape
affects the biological properties.

Synthetic immunogenic peptides are ideal vaccine subunit components for cancer
immunotherapy due to advances in safety, stability, and design. However, peptides on their own
tend to be weak immunogens when administered alone. Cytoplasmic delivery system of
antigenic peptides has been required for effective cancer immunotherapy.

In this study, we develop the direct cytoplasmic delivery system of antigenic peptides by
using -sheet peptide nano-assembries as carriers. The preparation of antigenic peptide-loaded
nanofibers by self-assembly of -sheet peptide containing T-cell epitope and hydrophilic block,
and their cellular uptake are reported.

Two kinds of peptide conjugates consisting of four distinctive segments are designed for
construction of antigenic peptide-loaded nanofibers and are composed of a [-sheet assembly
block (FVIFLD; B) , antigen block (*’SIINFEKL**; OVA4.57), a flexible- linker block (GSG),
and a hydrophilic block (RKKRRQRRR; Tat,.s; or oligo(ethylene glycol); oligo(EG);,). The
-OVA-Tat and B-OVA-(EG), solution in PBS was incubated at 60 °C for 24 hours, nanofibers
with a width of ca. 5 nm were formed. To evaluate the uptake of f-OVA-Tat and B-OVA-(EG);,
nanofibers by cells, RAW264 cells, murine macrophage-like cell line, were incubated with
fluorescence-labeled nanofibers for 30 min at 37 °C. CLSM images of RAW264 cells taking up
B-OVA-Tat nanofibers showed dot-like fluorescence signals, indicating endocytosis entry, while
those of taking up B-OVA-(EG);, nanofibers showed fluorescence signals from cell-membrane
in addition to internal signals, indicating localization of nanofibers around cell-membrane.
Furthermore, when cellular uptake of B-OVA-(EG);, nanofibers were performed at 4 °C, the
fluorescence signals from cell-membrane were also observed. These results indicate

B-OVA-(EG),, nanofibers penetrate cell-membrane directly.
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1. FFZEOREE

HRBX, MNSA DI I 2= —a B L LT, MOz, MANEDB
th, FEA~DISE, 72 EOBIREEIFEDRDNTND, ZOREDLH 12D —F50y %
NTHIIHERR T 2 FER AR L. REH 2T L5 2 L 2R, BE o i~y
7 (MY A XY R Y —L) HETT VEROMEHIHW T, MR 5K & ol
BRI BEEZRDOS % Az A NV AR A BT ey 7 L UCTRIA L.
It RE 245 O S E 2 AR T 2V, BETLTW oD, AKX, 177 ) &
DI, BB AN ZRLFOEH, HENLT WU R Y — AMERIEE & O ARG DE ORRGEE
T o7,

2. FRDOERLEW

BI=HD 7 N —71%, MBI U s 242t 35 . My« XU YR Y — A
DB, WX R BEARDOER EAER L7 AN THIER OS2 D S LT, M9t E1T
STETND, BEILICATLARU I V~EY AL Z & THBRZHBEL LD B,
FI=HiE, N¥au AV AHET A VAT _Ra—TRA(BV) & URY—hE DR
DA FAWD HIEEER Lz, ZOFETIE, 9, BEX X7 E D cDNA =7 A /L
AT ) KA Z 7o BV ZEH L, B HRHIRR(SPO)NZEGL - R S8 5, 8588 B LY |
HA 2 R 7 G a8 LT BV #EINT 5, Zhxzx= 2 FY—A pH &I T. IR
JREAHBI Y X7 E (GP64) DIEMZ VT, BEMEIEE(PG, PS)EH V) iRV — A~
AL, X7V BICEW Y R0 B R AGATe, FETEERINC X5 Al LS RETH
DIAERE W E RS D,

FA7eBld, THETIZ, My 7T EEREO—>, G ¥ /X7 HIERIZ R
(GPCR) #RHE DELFR0, M | MR EAEIZ 55 & X 7 O ER 1T > T2,
WS OHLDE—DY T 2=y bR DX VX EOMIMIEE L TW5, —F, #
BOBERNTAT Iy ZITER LD OERBEBLT 2 RICOWTL, BT REANE
W, AN THfaS— 2 OREREFRELY v & A O FIEE ML T H7201201%, Hr L 7 L1E
TE~OIEHbEETHDH, KRETIE, T A7 27V 2R A XV RY —A ET
kT 5, SN - WIHOBREZ BHRICE X OGN EBRRZME L, EEMIT 3 ATRE & 72

5 XD NTHIBSRA~BF I 22 A ET 5,
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AAEREIX, BRI L T2 ROMRERMMNATREL 725 & 5 . ORRM 2RV 7 VAR E 7
07 YR Y — A ~DLEH

TFE DG, QMo sz 45

KR (727U )

DHEfFIZHL Y AL AT,

Ofifat A4 XY R Y — A
PESRIE & U TRzl A
REOLVHREET S Hfm 1 FUE@EE Y A Y — AL BV OR#E
i1 % (droplet-transfer method) &£ L72(1X 1), KA EICIEAK S Y VIREH S
FIROREOE T PR 7 NV Z T, ZIVE TORMEARFNETIER L2 R Y —
LEoeFEREL, A7 2T n—4 3 B(RI8) ik L7-B4R BV & RUHE
WEEC L VT L PG A SRR Y — L DfE %, B L —F—BAMEEIC LY
H—_O 7 )L L~V T LT- & 25, GP64 DEEREN IR T 5 551eME pH THEAY
DI 72 < R A B S (X 1),

QAT 7V o/ P Ta2=y T A Y 7+ —LEBIEDH B, ITGA2, ITGA3
L OVITGBI {22\ T C RN & > 23 7 B (TagGFP2, TagRFP)% % 7'+ L /- #t
ZIBB A ERIGANTENF 20 U A )V AEAEH L, Mz Z 2RI B O3B % | 53
R EIC iR L= (X 2), RRCHA A 2 3 S W7o fin BiE2s HEIN L7z BV 138k
BEEE N, 77 v E T A 4 Ok & L CERITTE ., W OMEANREET S Z &
Worrote, BAE, VAR Y — AR EA~ORE & B Lo TR SN Z R ED
EE ORI % FRET Z12 X 0 3SR TV 5, S 51T, fERNTIGE U= & [E)Y
L7ZBV ZIRAME LY ARY —L ETEHAKERSED Z LB ARENEBR L T D,

Atk BV BEIC & 0 #ASA AT ITGA2/ITGBL, ITGA3/ITGB1 %50 & (integration)
. NUI7MVEETHEREL, 27 =7 X(GRGD(S Bldl & Officy, I ETOYRHEES)
75 & &gt L, WK~ L 7o AR R - & oA BAER 23 AT dE 70 A M S 2 7 2
~ERE LW,

2:ITG FH Y A /L ALY U715 R0
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Reconstitution of nanomerchinery with membrane
receptor/cytoskeletal elements on artificial cell systems

Kanta Tsumoto

Kingo Takiguchi*
Graduate School of Engineering, Mie University, Japan
* Graduate School of Science, Nagoya University, Japan

Cell-sized vesicles (giant liposomes or giant unilamellar vesicles (GUVs)), have been employed
for reconstitution of cellular functions as artificial cell systems. Biological functions, including
cell-cell and cell-matrix communications, are chiefly expressed by the nanomachinery of
transmembrane proteins that work in transfer of cell signal molecules. By combining them, we
attempt to construct GUV-based artificial cell systems with the reconstituted membrane
proteins: As models, we have here chosen a system of transmembrane receptors (integrin (ITG)
a/B) and cytoskeletal elements. The novel method for producing proteoliposomes based on a
baculovirus/insect cell gene expression system would enable us to achieve the reconstitution of
these recombinant transmembrane protein complex systems on GUVs at will. In this study, we
have attempted to prepare GUVs with functional systems consisting of ITG and related
recombinant proteins. Here, we try (i) to improve the experimental system in which single
GUVs can be prepared using a droplet-transfer method and they can be fused with the budded
virus particles displaying the recombinant proteins, and (ii) to construct recombinant
baculovirus envelope particles expressing fluorescent protein-tagged ITG proteins.

The target gene encoding a human membrane protein with both the N-terminal signal peptide
and C-terminal GFP/RFP was recombined into a transfer vector, and the vector and a linearized
genome DNA of Autographa californica nucleopolyhedrovirus (AcNPV) were transferred
together into Sf9 cells. The transfected cells produced enveloped budded virus (BV) particles
that expressed the target membrane proteins on their own envelope bilayers. The recombinant
BVs were fused with GUVs containing acidic phospholipids (PG) at a weak acid condition (pH
4.0-5.5): the target membrane proteins could be incorporated into the GUVs. LSM observation
shows that upon fusion induced at low pH, the membrane proteins reconstituted on GUVs
prepared using a micro-emulsion droplet-transfer method without any leakage from inner
aqueous phases of single GUVs.

Human integrin o/f (ITGA2, ITGA3, ITGB1) with a FP tag were expressed on infected cell
membranes. ITGA/ITGB complex systems could be co-expressed when cells were co-infected
with two types of baculovirus (ITGA3/ITGBI1). In next step, we will combine these two
methods to achieve reconstitution of GUVs that contain both integrin complexes on the

membranes and cytoskeletal proteins within the inner compartments.
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2. Hisanori Yagami, Hiroshi Kato, Kanta Tsumoto, Masahiro Tomita, Monoclonal antibodies based
on hybridoma technology Pharmaceutical Patent Analyst 2, 249-263 (2013).
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Functional Artificial Cells| 6™ International Symposium on Nanomedicine (ISNM)(2012)
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HMHIESEEE 55 ¥ 7 EHBEEM 05 TR E

FERERE  BILRFEIG 7 A 7 A = 2 fm g 1k

HHFEDBEE

EWW%ﬁW@ﬁﬁ% HMez I TE 2 & 5 2B OB, srfllaEROES,
BREHEEROERICAAIRTH S, ZNETIS, oI EH—@maFEEENR,
R/ ATEEHIG 2 B SR CE 5 Z L2 R L TE TR Y MBtomWARMEZ R L T
s, EMICEE LTcZ X7 B OME~OERNIEE U TR 5582 2 fF1ET
Do T IZT, EWTEREHE & LSRRI A OFH L SEMIEE # oo B oAl
WAD =X LDOREEHFET LA AME Lz, ZTRNETOMAL LT, AMEE
SN BT ERECIERT 22 N ER 0 b VT MBERD SN & T,
n"\liér’ﬁé’ﬂiﬁ‘/& TIREEIT> TV D 2 & AR DRERM 6T,

2. FZEDERLEAHY

FHEEIR OB IRIZ T 7= A ORI IZ B\ CL B OMSRE & g ICHIlE T & 5 X
O IREANBAR N LEARRIR T 5, ABFEE L, @Mlao BE2RH#EZ BHE L, #hE
VXY B H R ST MBI U BE T AR SRICE D A AR, Z N T EER R A -V D
Z & T, BB M AR B SHIETE DL Z LA R L,

LUl e, X U8 BT V5 2 &2 & - CTlIagiE 2 b B < HiliEl©
TLHMBICHOWVWT, T XTHRHLNII2> TS0 TR, 2 E Tl IE. ()
BELET =7, ()BT Z =L LT WHETOT =7 %
LT, (i) 7 > =V U 7P D IR O =8, BHEX v XV EOREMETHD Z
EEHLMNT LT, LILARRS, BEEZ U SVENRED X ) T, WikH TofE
AL HEMIENTWD D0 Y| B TE TOWARWEID N E 4 HFIET 5, FRIZ, [H
EX N TEDOHEMNRED DL LTEILINLTND, M ~DHFFIC L > TH T
DHIAICID A E NI K 72D Z ST K » THERRI 2 S 7 F VR ERE Z > T D
EWVVD UL, BRI RIEAFIE LRV, EBIT, AWFRNiX, BeeX v/ 7 B ILH e
L A=A B BVIAENDE ZLICE > TUI LD TCU T T IUREEZIT) &2 D
T, AP RESTEHL TWD, ZNHDRIF, BEX NIV EDA T =X LD
AHBEI L LB B, XU T EHEEIOFERIZ E > TEME 725,

Z 2 CARFERRE T, (1) JEME 2 Lo B OB~ DOIERET L > 7 v niE
TR ORI, (2) 1EA X v 7 B OiEf GHIIRN~OBUAZDOHIE) LW o FHES v
N D HIEIARERE A HEH 95 F CIC e EAMBRICOWT, O E T A Z L &
HAYE ULAF9E 2 B L7z,
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3. ARFE

FEMEE & 2 7 G0 AR D A B = X L% AR, /6 F R R
FOHOEBAMEL 2 W e 2 X 7 B OEBEBINC X 28l 2 095 2 & THEMRT 2
ZEEHEELTWD, 24 FEIT, EICAEWTFRRMIZ RO E LTIFEEZED D & L
(2, HOCBERMER Z G LTZEE # "7 BEBEBI DT D & 37 B E K E 1T o T,
AT IS N2 F DLk

ARG & AR AR L2 M EE # v X7 B O BEHBNI W 2 B EE Z 37 B
I, AR RTEHIAG O 5 d K OAR A HERF 2 1272 5 R EEFER 1 (EGF) 124 Y Tk
AF VY (His) A Lz A7 %378 (EGF-His) # i 2L &L, BT
FHFELZISHLUTAK LT, £ LT, & AT U LIEZFIH LT Alexa fluor 594
(A594) ZA{E&fifi (AS94-EGF-His) L7-, AS59%4 {&fifitt T, EMEITMERF Sz,
BT E 5 N2 EIRIE & A 505 & D R

7 VM & U TR/ RTBRIIN (NSPC) Z Vv, BT Z o7 LTAY I
b AT DA i SR e # K+ (BDNF-His) % AT, NSPC D43 bh=R)s 6 [EE
B RO DWW TR 21T o 7o, ZOFMIICIL, W2 X7 BOER & Db
B, S BT, MO IEREEIC L 2B HOWTHLIRE L-, TR, — R
7N L 545 200 ng/mL BDNF H1CHi 28 L 7= A O bRz kb~ 564
[ & BDNF O 503, {EF &R TIRWIC H b 637, 2.5 GO biFEsh= 2 £
ZEWNyInoTn, TORRIT, X URTEREEIN TS Z LD, [ERATRE)
IZRDNRIZTTIE R F NI EBEEINTWD Z EIZ KDV 7T IVREDFEA~
DEENEZ BILD,

B EE S N2 B D 2T IR E Tl

FfRER/ BRI (NSPC) 2T LVl e L CHW., AV I b RF U Rh 3R HEhH
[N+ (EGF-His) #E7 /WX 7L L THWT, EEX /X7 Ehbiild~Dy 7
F IR DWW TR L 7=, RT-PCR (2 X 5 EGF Z&KD mRNA F I3 L O Western
blotting |Z £ 5 EGF KD Y (b A7l L7- & 2 A 5 [EE EGF IZ/EH S 7o
fa ik, U b AR RS, WEBE EGF IZ/EH S E7flan U Vb A k& LD b 3
FLL LS En’yinn . F7z, 1 EGF {EFH MR Oz xR ) »ERibix, EGF /EH
% 4 RFECIHAT 2 012x L, [EE EGF /EH DMl O IR Y i, B3 4 A%
THHkE L THET D2 &N ahole, —h. BEE EGF Z{EH I Mk 5
mRNA DR, [EE EGF 1EMFER (3, 6, 24, 48, 60, 72 h) (ZfEV, MR IZHEAD LT
LT ENghole, TRNOGORRNG EEX X7 EHIMER LIcE OB RITIRY
AFNICLK K20 MlaREEEIZE EED 2 T, XIBREROBIMNREANRLEL 7257
B mRNA ORBLOMEDF 7 L X2l —a VNI > TWNDHDOTIERNNEN)
WAL Tz, DF 0, ZORERIE, BEX /7 OGN T2y 7 F Bz E g9
LEERERTERNNEEZD,
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Molecular designing of protein-immobilized materials for regulating
stem cell function

Tadashi Nakaji-Hirabayashi*
Frontier Research Core for Life Sciences, University of Toyama, Japan

Application of stem cells is important for development of regenerative medicine.
However, the development of technique to strictly regulate the functioning of stem cells is
necessary for its clinical application. We have designed biomaterials conjugated with functional
proteins for regulating the stem cell morphology. For example, glass substrate and hydrogel
immobilized with proteins were developed to regulate growth and differentiation of stem cells
by applying the characteristics of chimeric proteins. However, the action mechanism of the
immobilized proteins isn’t demonstrated clearly. These unclear points will constitute a serious
obstacle to apply the protein-modified materials for clinical applications.

We have demonstrated three important points concerning action mechanism of the
immobilized proteins; (1) stable immobilization (anchoring) of proteins to the substrate, (2)
orientation of the immobilized proteins to easily react to receptor, (3) activity of proteins
immobilized to substrate. ([1] Nakaji-Hirabayashi, T. et al. Biomateirals 29, 4403-4408 (2008),
[2] Nakaji-Hirabayashi, T. et al. Bioconjugate Chem. 20, 102-110 (2009)) Moreover, it was
shown that the immobilized proteins efficiently gave signaling to the cells in comparison with
soluble proteins. However, it cannot be understood by what mechanism the immobilized
proteins transduce the signaling to the cells. To clearly understand the action mechanism of the
immobilized proteins, we evaluated the signaling transduction from immobilized proteins to
cells and the uptake of immobilized proteins by cells after signal transduction.

To investigate the mechanism of cell regulation with protein immobilized to substrate,
epidermal growth factor (EGF) and brain-derived neurotrophic factor (BDNF) fused with
oligohistidine (His) were used as the model proteins (EGF-His and BDNF-His, respectively).
EGF-His was labeled with Alexa Fluor 594 (A594) using Active Esterification for tracing the
protein reacted to receptor on cell membrane with total internal reflection fluorescence
microscopy (TIRFM) and confocal laser scanning microscopy (CLSM). Moreover, neural
stem/progenitor cells (NSPCs) were used for the assay concerning signaling transduction with
immobilized EGF or BDNF. In this year, I investigated about signal transduction with protein
immobilized to substrate by cell differentiation assay, mRNA expression assay, and receptor
phosphorylation analysis. From these results, it was suggested that cells continuously receive
the signaling from immobilized protein. To confirm my notion, the release of immobilized
protein from substrate will be investigated using TIRFM and CLSM. Moreover, the interaction

between the immobilized protein and receptor will be traced using infrared spectroscopy.
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b7, SOICENEZFA LZEBRIGHZ2 A2 BB L, MlaiEZ N O F CTHRIET
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ZDORZIRNFAE - IS I RE 2872 5 Z L e BEBET 200 A CELR
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AR L. HEE 7o —IEEOMHBERERICOWTEME L=, £, MlaNToOECE
AR ) T —T OEEOBIL L Z OBV ALEEEZ AL NIT D Z LTk Lz,

2. MEDERLAR

AR L AEMTEEN 2 =] A MIfRERBEIC W\ T, BER DB G- 3 2 A RSUGIE, Emik
RRZHMT 5 L CEETHS, £z, RIv I T IR =V ZATATOF /X% U T h
SOIEFILH DO N Y H—L LT, F 7 AT ¢ T BIT 2 MiaisRe il <o) A
DEPE L LTH, BERIIFEFICHERER AR > TWb, 207D, T HEEENKG
ZIRWAC UL L, HF LV THEET 22 81, 2OV AT LDEANFIAT S
7o D DI L L TRAIRTH D,

FxlTH OEA Leaob aRFEERPMINEESR & ORISE N T—& LT
HZEEIERFEHE L7, OFFION OAA v F v 7 RA[EE7Ze A ERM T ) T —7
ORI LT D, W BRI, Yo7 U BRE AT 28 E0EDO - TH
% SNARF (Zkf U CHIBINEESE & OFRERT) 72 RSIZ K0 Bk 5 B 2 &+ 2 2
& T KB TIZ VT 100 nm BEOIFHOEED H CHEGER LT 5 2 LN TE 5,
ZOEHILN, RO ER TS 2 8T, BOEARITESHICOB L, Hiks
ol NEERD A EET L VWO B TH D, ZNE TITEAT L EHELZ X
V== T HZ IR0 ED XD R b FERIRHE AT S EHA A E A LZBRICH
CEAEREZERT 2008 W) FEEEMAELFM L, A CEAM T ) e —T 05
IR FHECE — AR DESLIZ I L T D, AFEEIL, Z OBIEISHHEEZ & 512
L., Al—0OE#BEETH->TH, BATIHMELZZSELBRICACESN ) ) Tn—T
EIERT D ZEMNARETH 2O E G Lz, £/, R EHE LB SEEEIC,
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WY 7a—7% T, MlaNBEROCE BRI 2 FIMERE TE TR, Fo k)

105



5
il

IRAT) = A LN Ko THITEPIZER D IA L ER 2 OOV TREfl 223 i 2 3 2 72

277,

3. pRFR
OBCHEARMF /) T a—7 OEEIEYEEES (B AR - 55 = H#E4%)
INFETHEMROBELST S ) Fa—T L LT, SNARF O 7 =/ —/LIHEKEEI
X LT, Bix REE A2 EA LM 28 272> TH Y, SNARF #HEAFK L LIZH
CHEAMT ) T u— T OEERGHRIE 2 ST 5 2 LI LTS, A% ZOALD
HLEM T ) T u—T % IR L TV 5 2T BFEER~OEHMN B CEAR
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WHERFET NS, FRICHE _MRoa cELR ) ) Yn—T 0 CEAEB LT
D= b g & ORJSHEIZ O W TREVE N TRElIciHli 2 3 272 o 7, £/, 308
{4355k % SNARF 7>5 . Rhodol & 721X Fluorescein ~ & JL3ET 5 2 & T, HOEASKD
e DA L X O OFUSHEIZ DWW T Sl L7z (3 =), b omiaiEic, v
AR A REAR T e — T ARG U MRANEER OGO U TV 2 A St %
B, iz LTWn5,
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H LSRN T ) 7o —7 OMIaNERE &2 T 2 7= 010, B2 R 615
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DILEWIE, A CEAL LIRETHHTICEA L-aotBR B k0w e nglgz snsg
7o, wHBFEO A CEABREZ B CX 5, S bIT, BURETIZM G 08 etk
DHENENBI SN D720, ACEAIRIEL D L QRNE(LT D LT b, ZDI-
W, BHOEAKROREZLE VAR T AN TE D, £ TIOLEWEFRRIC
AW T oMBENEEZFHE L=, ZO/E, 2o CEAMELMET , e —71%, #
FANICBWTHHCESERE LTHFEIELTWA ZERH LN ootz £ ZOHY
AL FERE D RER 2 5 E O MUK N LB V) A B & FLER) CHIMI92 2 & T, B L.
R DFRFEEZ B 729 Z &P L,

[1] a) E. Nakata, et al., Bioorg. Med. Chem., 17, 6952 (2009). b) E. Nakata, et al., Chem. Comm., 46, 3526
(2010). ¢) E. Nakata, et al., Chem. Lett., 39, 734 (2010) d) E. Nakata, et al., Bioorg. Med. Chem., 21,
1663 (2011).
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Development of self-assembled fluorescent nano probe for detecting
enzymatic activity

Eiji Nakata
Institute of Advanced Energy, Kyoto University, Japan

Fluorescence imaging is one of the powerful techniques for continuous observation of
dynamic intracellular processes of living cells. Fluorescent probes bearing a fluorescence
switching property associated with a specific recognition or reaction of target biomolecule are
therefore important for fluorescence imaging. However the variation of visualizable
biomolecule is still limited because of the shortage of rational design strategies for fluorescent
probes. 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.l!!. The mechanism underlying the fluorescence
off/on switching of SNARF is based on the lactone formation under a hydrophobic condition.
A certain kind of SNARF derivatives formed self-assembly in an aqueous condition and existed
as the lactone form. We explored the structure-activity relationship of the SNARF derivatives
and developed a rational design strategy for self-assembled fluorescent nano probes (as called
1* generation). Therefore, we focused on the structure-activity relationship of SNARF
derivatives (as called 2™ generation) and the other xanthene scaffolds (as called 3" generation)
to expand this strategy, where fluorescent nano probes to monitor nitroreductase activity were
investigated as the model system. In addition, we focused on determining the mechanism of
the cellular penetration of the fluorescent nano probe. To achieve such purposes, the ratiometric
fluorescent nano probes were designed. Combining with the ratiometric fluorescent nano
probe, organelle specific fluorescent dye and inhibitors, the mechanism of cellular penetration
and the intracellular orientation of the ratiometric fluorescent nano probes were confirmed.
Based on this knowledge, we would like to design a ratiometric fluorescent nano probe for

specific enzyme and monitor the enzymatic activity in the cell in a ratiometric manner.
[1] a) E. Nakata, et al., Bioorg. Med. Chem., 17, 6952 (2009). b) E. Nakata, et al., Chem. Comm., 46, 3526

(2010). ¢) E. Nakata, et al., Chem. Lett., 39, 734 (2010) d) E. Nakata, et al., Bioorg. Med. Chem., 21,
1663 (2011).
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1. FFFROEE

HIRINIZTEN AR T 2 E OE (B R0 a2 Z &2k - T, HilaNokEg
YL TR C & D, AFEEIL, BFEIEWEOENFaE gt T o4 A—T
7 VAT AAFLIM)Z BUE L, RENZR B FENS Th D FAD @O AFLIM % -
FAZAN pH FHANZ DWW TG L7z, FAD O AN pH OB L T
THZ EAERL, HIBNO FAD O HZ it FamZz2 VT, M pH % HEYu (4 T
b LERELL,

2. IEDOEREBH

AWML, ZHFETITI ZENTELZN RS CHEMA A -V TV AT A
(Fluorescence lifetime imaging, FLIM)Z $8E L, AAKREI 2T 5 2 L7 <, EERNIZ
TEH B IAET D 8 WEWE O St (Autofluorescence, B F4t ) 2 W - MR EHEI 2 B f55,
WM O IR OCH LRI FE LW 2 LD, desRE R I bR CEEMEIC
B, S T ORBEOREE LA ERINICKRDD Z N TE S, T2 T, FLIM L H
FHN MG DT AFUNTFFMA A —V V7 (AFLIME V5 2 & C, Yt To
AIRANEREEA A —Y U ZJREEITH 2N TE D, AFERE AW CTERNEEITH -
DIZIE, BFEIOR S Od Ot FH b & ARSI L ORREZ AL TR Z L BUHE R
%o T DTeOIT HFHICH Iy DENFEM DA A YRR & DOWE & RAHAINTIT 96

3. BR

[£ 56 FRIRE AFLIM OBYE] TR O AFLIM IS W TEEEZ T, BLUFIOR
THEREGD Z LN TEI, 2N RRIC OV T, HERBEMEED B — A2 % v
DEZSHAFEMDOI T =B L, “HAFREIZ K D AFLIM 21795 Z &R TE 5.
UL, =P oRE Cl, SO0MEINVNS<RY, ARENEMA A -V 7D
HEIZZTE TR, BUE, AT —=VAXy JTRUIAFEL, &I~ 7 nF v
FT L— FNEEDEE TG E 2 VT, bR AFLIM 2 BEt LT D, B Y
7T 7 DOAFENEMA AT I K DN A B,
[BZFEOLHFmzZ AV oHIEN pH BlE]  Fex 13 H FEEa 5 Té 5 NADH (Reduced
nicotinamide adenine dinucleotide)® H ZF & .75 m 2 VT, HilEN pH % Y CHifgil
T& % Z & &% L7=(J. Phys. Chem. B 115 (2011) 10385), fx D SR Y TiT,
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AN A A R & Yt TA A —T 0
L7cHIDTORl & 72 %, AL NADH &
[FARICRFEI 22 B KAt T 5 FAD

(Flavin adenine dinucleotide)® H 525t Y. 75

ZRAWTHHIIEN pH %% O CHIE T

D2 &R Ul REE IR T & HeLa #HfE

WIZF1T 5 FAD O Y= oo pH (K17

PE% Fig. la & b IZRT, MRNTIE, 14

J 747 &Mz TN D pH &% L <
SHETERY, Hifsto pH 2+ 25 2 L1

2T, MIEAO pH ZZ{LSET L, £ Fig. 1  Representative fluorescence
SR 35 T, FAD OO R decay profiles of FAD in buffer solution
OFGRIZpH IZKF L T—ETH Y, #EEAUR  (2) and in HeLa cells (b) at different pH
G FAD OHOL AL pHIC e L7y, OF 30 7.0 and 9.0. Excitation ‘and
L2>L, HeLa Mif@iNTiE, MIfEN pH IZ)& U T FAD O8O GG RN Z L L, Mgk
pH OB PENE TGI8 Z L dbhro Tz, EEFMOME LA & EEE
P T RESERY, MlRNOENFmOMIT, FBEEERF O¥SLLTIZ> T,
HERLNCIL FAD 134 U X EFBEAERZ L7 Z 8 2 U B E L TEREICHFEL
T, B = vzl o O 3 KOV O MK pH KA1, FAD
LB RIE LD TR EERO pH 2L 28I L TS EE X bivd, Ml To
FOGIRE AT 4 Ry ORI THBL S h, POt FHmIE, MIEA pH 28 5.0,
7.0, 9.0 2BV TZNZEH 1.11 ns, 0.84 ns, 0.78 ns T ~7=, HeLa HdH > FAD ®
AFLIM % Fig. 2 \Z7”7 9, AFLIM {23\ T HfEN pH OHANIFE S FAD @ B F @ ot#
MO ZBIR LTV, FAD Od90tFHa & flaN pH & OO EMREERT 52 &
\IZ&X > T, FAD ZHw pH 5 pH 7 pH 9

T YT pH A A ©

— VIR TEDH L

W o Tz, AL L

D, BZEHEICRD DH
JFFMITMAEAN pH IC
LTHETHY, H
WAREHISE U THE
WKy &R L, ™ A0mm
faN pH % fEGuta Cwl

1ns 2ns 3ns 4 ns

C Fig. 2 Autofluorescence intensity images (a) and
HUETE D2 EDVRE  corresponding lifetime images (b) of HeLa cells at intracellular
ha., pH indicated at the top. (C) Intracellular pH dependence of

110



5
il

Measurements of Changes in Intracellular Environment by
Three-Photon Autofluorescence Lifetime Imaging Microscopy

Takakazu Nakabayashi
Research Institute for Electronic Science, Hokkaido University, Japan

The purpose of the present project is to investigate intracellular environment using multi-photon
autofluorescence lifetime imaging. Cells and tissues contain endogenous chromophores
showing fluorescence called autofluorescence, and the use of autofluorescence for investigating
cells maintains the original intracellular conditions without exogenous probes and enables
diagnostic tests without staining time. Fluorescence lifetime is an inherent property of a
chromophore and is independent of photobleaching, excitation power, and other factors that
limit intensity measurements. Fluorescence lifetime imaging (FLIM) techniques therefore
provide more quantitative information on intracellular environment compared with fluorescence
intensity imaging. FLIM of autofluorescent chromophores (AFLIM) is a promising tool for
understanding intracellular environment without dye labeling.

In the present period, pH dependence of the fluorescence lifetime of flavin adenine
dinucleotide (FAD), that is a significant cofactor exhibiting autofluorescence, has been
investigated in buffer solution and in cells. The fluorescence lifetime of FAD remained
unchanged with pH 5 to 9 in buffer solution. However, the fluorescence lifetime in HeLa cells
was found to decrease with increasing intracellular pH. FAD is regarded to exist in two forms
in living systems that are referred to as protein-bound and free FAD, and picosecond-lifetime
components assigned to protein-bound FAD were observed in autofluorescence of FAD in Hela
cells. The pre-exponential factor of the picosecond-lifetime component increases as
intracellular pH increases, resulting in the reduction of the autofluorescence lifetime with the
increase of intracellular pH. This result indicates that interaction between FAD and the
enzyme to which it is bound depends on intracellular pH, which induces the pH-induced change
in the non-radiative decay rate of FAD in HeLa cells. Fluorescence lifetime images of FAD in
HeLa cells at different intracellular pH were measured using a time-gated detection method. It
is shown that the fluorescence lifetime in the image becomes shorter as the intracellular pH
increases. The peak of the histogram of the fluorescence lifetime obtained from the whole area
of the image becomes shorter as the intracellular pH increases, which is in agreement with the
results of the fluorescence decays. This result leads us to a conclusion that intracellular pH of
a cell can be evaluated by AFLIM of FAD without adding exogenous probes. We believe that
AFLIM can be applied to measure changes in intracellular pH with physiological processes such

as apoptosis.
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pH Dependence of the Fluorescence Lifetime of FAD in Solution and in Cells Int. J. Mol. Sci. 14,
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1. BFFROMEE

BEREPERZIE 2 IR BB IS T 211X, B 2 HRe T 2 50T C & 2tk o fa i
JaDOHFIZETRITDMENRSH D, TDI=D, RN KT v 7T INRY =V AT A
(DDS) DBHFEMNR bR 7 Llpo T D, FEMRET. Bl 3 kITZEM o
EZIZENIETAAET 200 REEENIIE - CTIEMREICHET 5 2 L 13, DDS BiZsiC
o THBERIERTH D, AL TIE, BEREE AT /b7 ORI T 2 BiiERs
PEICKRE S BE B X DT A—FEWLNE L, BT R -AIRL L 28 /TG
~OISHZ BT, AFEIIEH pH ISE IR E 2 AR L, in vitro H5 8B MR, 28
FHAZ XV in vivo I AKARE CIEBIE T2 / v 7 XU U ARETH H 2 & & L
L. BrizicBase Uiz pHISEMET 2 BL 728 in vivo THERET 2 Z & 2 R L7=,

2. FRDOERLEW

FHEH T AREH RNA (siRNA) (2 X o THEED Z L7 E ORI A A EE L 72 D . RNA
T (RNAD (FAEMBAEIC R IR B RNy — L 7o TnD, EHIZ, siRNA
Z AW CRBBEE G T OB A G5 2 & TIRE~OICHARMfE SN TS, L
L. siRNA @ X 9 7o REMEREIR I T A B O KBS 57T, TOEE TIXTE L T 5
FROMPBOHIIZBETE 22\, 16> T, siRNA OEHK~OIEHIZZEM 72 DDS BiJ
DREREEL 2o TND, x T2 E TITHME OBREEEY AT h & L TEEREMET
g — 7RIS &R (MEND) OBRE A HESD TUv%, MEND 23 B G570 B A2 fisk
T ED X ITBATT D0, R CORTE, MNEIREICE S, B —HO
F ki OBEEEE 3 WKIT TR - EERIENC D - TIEMICHHR L, E 0 X 5 RifENFEES
HPAOLNETHZ LT, XV IENTLEMEICEILT MEND %325 2 & 23 AlEE
b, TNEFEBLT DI, EEHEBICSWCEBE CRRE DDS #8237 2 03
WD, FE, B Ny MOFHEOCERABE ORI, 1 511 A=Y ZTHEITOFRREIC
F 0 MR~ U ZERIZ BT SRR ONLEIFHROBEI A FIREIC /2 > TE TV
%, % Z CARTE CRBSNA R ICHA A— 7 15% MEND (2G5 28 T, AR
AR INBR I FEIR-CHI A N D) BR BEREIR (23515 D MEND OEREZ =k CITH 2 & ThkE &
7R E LU ST A~ ORER S L AT LD BRI LM AIRIEA~ OIS A% BT,
3. BRER

1) FH pH IREMED FF BB DAL in vitro BEREFFAR
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3T R EATHHH pH INEM A F A MR YSKO05 ARk L7=, YSKO05 %/
Bx o _o—712&Te MEND % 7 /L a2 — LRk Tl U, ki+£% 80-100nm. X [H &
FIEHE, F72 siRNA OE AR 90%LL EDT ki - ##5 L=, F7= MEND @ pKa
ITBELZ65THY W= Y — A7 MR CEICHWET 5 Z LRI,
Ny T =T —RRERB HeLa iz W 7z in vitto / v 7 X0 UEW AR L= & 2 A,
YSKO5-MEND [30ER D J1 F 4 AMENRE Z & e MEND & iz U 100 f5EME A B L7z,
RO N T A7 =7 v a U iR3ETh D Lipofectamine2000 & bbilg LT 10 5 2L EETE
P& R LTz, —74 . YSKOS-MEND [XAFEM S TIEHPETH D KNI Y IAZ T F
Z M MEND & FE_TIEW 728, YSKOS-MEND D/ v 7 Z 0 ARPELHIE PN B Y

ABEDT Y R — BB NE W ENERBERTH D Z &R STz, Mol
PAL Z WAL T ' =7 A THIHIT 5 & YSKOS-MEND @ / v 7 Z o UARMEXRLE S i
e, RY—L2HNOBMELE EREICL D T RY — AL DGR R
V—ABBHDOA = AL TH D LD/ I 7= (Sato, Hatakeyama, et al. J. Control.
Release, 2012)

2) YSKO05-MEND @ in vivo #REZEA

YSKO05-MEND 73 in vivo Bg 8% THERET 5 z)@:z)x WIDIZEE ~ 07 2 ~FRA 51 D
R 331 D AERE R D ) v 7 XA K VFH L=, ZOfE%R, fEkd MEND &
el LT 1/10 LUT O 58 CHFIsIE R & 41:%75:/ I T HI LI LT
SCERRUESR T, FEIE 2012-11952)

IZ, YSKO5-MEND (Z & % 28 AR~ siRNA 155 F“E’JUB%OD J I HET UL
DWTHHIE L7z, #1012 PEG JEE OEfMiEZ Rt L. AR Z R 72 OB e
PEG EilZ 5mol% T+ ThdZ & RH L. 5 mol%PEG [EE &R YSKO5-MEND (L4
& PEG-MEND) %MW CHiFt&2 T >72, & MNEMIlLE OSRC-2 % & FHAE L 7=
T WIZkE L C PEG-MEND % RN G- L lRE =X e —7"% L NE siRNA 222
VTR DA D RI CTHERR LIANENRE A FFAN L7=, £ ORER., JEE & siRNA JE[FE Tl
PP AR L, siRNA DRE = R — I LEICEHASINMPEZEERL TWD Z &%
it L7z, £ 72 siRNA % stem-loop primer qRT-PCR (Z & > TiE & L, 2 A4HRE -~ siRNA
DBATEMER LT-, & 512 4mg/kg @ siRNA £t 5-# T PEG-MEND % ## kN 5- L 24 I
1% O NEIEFA AR 1 OFERYE R T mRNA J8L 8 % real-time RT-PCR (Z TR L 7= & 2 A,
50-60%FEED /v 7 X0 U PR S Tz, 2O mRNA BEOJAD R RNA T2 0 L
WA Z L AR A 728, rapid amplification of cDNA 5' ends (5' RACE)-PCR %175 f:o
Z DGR HEAEE T mRNA O 23NN RNA T2 ML THZ L&A L7z, LA
FEED | in vivo BAMRRKICE W TERNBIR 742 / v 7 XU AR 25 & 5 MEND
DFEFLITRE) L7z (Sakurai, Hatakeyama, et al. Mol Ther, in press) ,
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Development of a pH-sensitive lipid nanoparticle, multifunctional
envelope-type nano device (MEND) for siRNA delivery to tumors

Hiroto Hatakeyama
Faculty of Pharmaceutical Sciences, Hokkaido University, Japan

Small interfering RNA (siRNA) is thought to be a new class of medicines for cancer
treatment because this can inhibit the expression and function of any genes of interest. However,
naked siRNAs are easily degraded in the bloodstream by ribonuclease (RNase) and cannot pass
through a cellular membrane because of its large molecular size and high hydrophilicity. The
final goal of this study is the establishment of nucleic acids medicine using a liposomal
nanocarrier, Multifunctional Envelope-type Nano Device (MEND). MEND is composed of a
condensed nucleic acids core which is encapsulated in a lipid envelope. Dynamics of MEND in
biological environment could be controlled by customizing lipid composition and introducing
functional devices in order to deliver MEND to a target organ as well as intracellular organelle,
which should lead the development of an efficient and safe delivery system for nucleic acids. To
identify rate-limited steps, three-dimensional dynamics of MEND (Pharmacokinetics: PK) in
target cells as well as target organs should be investigated as a function of time. The elucidation
of precise and detailed dynamics could be achieved by single molecular imaging using
innovative imaging probes and real-time observations. Through this study, the critical
parameters which influence the dynamics and functions of MEND in intra cells and tumor
microenvironment would be revealed.

We have synthesized a novel pH-sensitive cationic lipid, YSK05. A MEND including
YSKOS5 in lipid envelope (YSJ05-MEND) showed 80-100 nm in diameter, neutral surface and
high siRNA encapsulation efficiency, and apparent pKa was around 6.5. In vitro knockdown
efficiency of YSKO05-MEND exhibited 100-fold and 10-fold higher than that of a conventional
cationic MEND and Lipofectamine2000, respectively.

The systemic administration of YSK05-MEND into mice resulted in efficient target-gene
knockdown in liver (ED50: 0.06 mg siRNA/kg) in a dose-dependent manner. It is well known
that the modification of a liposome with poly(ethylene glycol) (PEG) extends circulating time of
period in blood and PEGylated liposomes are accumulated in tumor via the enhanced
permeability and retention (EPR) effect. As expected, YSKO5-MEND with modification of
5mol% PEG showed long systemic circulation and efficient tumor accumulation.
Biodistribution of PEGylated MEND was determined with Rl-labeled lipid and siRNA. After i.v.
administration of PEGylated MEND at a dose of 3 mg/kg, target gene expression was reduced
around 50% compared to the control. These results suggest that a novel pH-sensitive
YSKO05-MEND could be applied for in vivo delivery of siRNA to liver and tumor.
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DT VG % W R b |8 T AN 3 o
HE b OMLAEMIT XD R HRE
{b. Lys ZRIMIEHT I/ HAEALE
FA— VIO AT ¢ FEGIC
K B e L AT, 2ES
TN ERGT, BT HOEEE CRE
fbani=F /7 7 VOETCERET
TOREMEFMIE LT, 7/ 7L
DITEREND T/ 5 TA L RIL O Fig.1 Confocal images of HeLa cells treated by
BEICHALRERIEIC LV FFM L7 panocapsules.
AW ZENET T2 b DX, 7V
B FF APRE OISO IR o Teh A ZEEIT T2 b DI, MlEN 7
NWEBF A AARETORZEBHER SN, £ T, FEWET /L L LT Rhodamine 6G
) TN ST, TNV EER T DAY ~—% fluorescein THERK L |
HIRIA~DBGA & W O 2 L — P — R SBAMEIBIRIC LV 1T o 72 (Fig. 1. &
AR EALT 2 0 TRV TIEIR Y ~— L FEWE T IVE— DA Z s LT2 DS ARy
LT 2 T '/ATIE, YT T VORIBVE OB D HER S L7,
(2) =¥ KV —ANTHEET 5 pHISEMER 701 DAL & FrHEfRT
Polyallyamine (Zf& 4 fE/KY) % ROt <
HZEIZRY, IgEHmEE LTy v =
Vv (Suc), Z & U (Glu), AFNVT
JvE YL (mGlu) , ¥ 7 B ~F 2L (cHex)
W& a2 b ORY WVR U BRES, 55
NWIARY VR Ui OESE pH A FRiiL
FEIZEDRE LSRR, &b MIgHEE
Z D cHex [T A~_—H —HEiE & L
RTEWWEEE pH ZoR~ LTz, pH ISR
DFa—=v7%HB)E LT, cHex &
Suc 5 ME mGlu Z VY, & DAL

EEALSEDHZ LI LV EE pH ZHfilf#  Fig. 2 Change in pH inducing aggregation with

N - N . . cHex content for polycarboxylates bearing cHex
TED I epER S (Fig.2). and Suc (blue) or mGlu (red) as spacer.
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Construction of nanocapsules inducing virus-like structural changes
through tuning of ability of endosomal escape

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 recently found 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 drug delivery system
(DDS) field through virus-inspired design.

The nanocapsules destabilized in cytoplasm were prepared by stabilizing polymer vesicles
formed from head-tail type polycation composed of polyamidoamine dendron head and
poly(L-lysine) (PLL) tail. For the stabilization, SH groups were introduced to PLL tails, since
SH groups can form disulfide bond in response to reductive environment. Successful
stabilization of polymer vesicles was confirmed by dynamic light scattering measurement. Also,
the destabilization of reductive environment in cytoplasm was confirmed from the change in
light scattering intensity, and the entrapped molecules were immediately released under
reductive environment. Further, model drug release from nanocapsules in cytoplasm was
confirmed by laser confocal microscopic observation.

For the response to micro-environmental change in endosome, i.e. pH decrease, the
polycarboxylates bearing various spacer structures were synthesized through the reaction
between polyallyamine and various acid anhydrides including succinic (Suc), glutaric, methyl
glutaric (mGlu), and cyclohexanoic (cHex) anhydrides. For the polycarboxylates bearing two
types of spacers, Suc and cHex, with varying ratios, apparent pKa and aggregating pH could be
controlled by the introducing ratio of Suc and cHex. By combining these polycarboxylates and
nanocapsules showing reductive environment response, the authors might obtain the two step

dynamic structural change in cellular uptake process like a natural virus.
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Elucidation of molecular reaction by siRNA using a chemical device

Noriaki Minakawa

Graduate School of Pharmaceutical Sciences, The University of Tokushima, Japan

The interaction of nucleic acids with proteins such as enzymes and transcription
factors plays 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 short-interfering RNAs (siRNAs) and
aptamers.

In order to elucidate molecular interaction between siRNA and RNA induced silencing
complex (RISC) proteins, I developed a chemical device consisting of a set of
3-bromo-3-deazaadenine and 7-bromo-7-deazaadenine nucleosides (Figure 1). The 3-bromo
substituent is expected to act as steric hindrance of a minor groove of siRNA duplex. On the
other hand, the 7-bromo substituent is expected to act as that of a major groove.

With these considerations in mind, I introduce a set of chemical device into the siRNA,
and evaluated its RNAIi activity. As a result, no alteration was observed when the chemical
device was introduced into central position of sense strand (Figure 2, sil). On the other hand,
either 3-bromo or 7-bromo substituent at 5’-end of the antisense strand suppressed their RNAi
activity (si2), which would be arising from modification of seed region. Drastic difference was
observed when the chemical device was introduced into the 5’-end of the sense strand (si3).
RNAI activity, while that possessing 7-bromo derivatives showed equal RNAi activity to natural
siRNA. From these results, it can be concluded that modification of the minor groove at the
5’-end of the sense strand is critical for molecular interaction between siRNA and RISC proteins

to enhance its RNAI activity.
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Fig. 2 The energy-hydration

relationship of G-quadruplex.
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Structure and function of telomere DNA under cell-mimicking
condition

Daisuke Miyoshi

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

The termini of eukaryotic chromosomes contain telomeres, which are composed of
tandemly repeated long guanine-rich (G-rich) sequences. The G-rich strand can form G-quartets
of four guanines. An array of G-quartets stacking with each other results in a highly stable
structure called a G-quadruplex, which protects chromosomes from being recognized as DNA
strand breaks and from end-fusing and fraying. Moreover, there are more than 300,000 G-rich
sequences in human whole genome with various lengths and nucleotide sequences.

Most biochemical and biophysical studies of G-quadruplexes have been carried out in
dilute solutions. However, the intracellular environment is highly crowded due to the presence
of high concentrations of biomolecules (up to 400 g/L), leading to molecular crowding
conditions. It has been demonstrated that molecular crowding critically affects the G-quadruplex
in a number of ways. However, there have been no studies of long telomeric DNA under
molecular crowding conditions. Moreover, it is still not known how molecular crowding affects
the conformation and thermodynamics of G-quadruplexes.

We studied the structure and thermodynamics of long telomeric DNAs under molecular
crowding conditions and found that the long telomeric DNAs formed intramolecular
G-quadruplexes under the conditions and that their topology depend on the cation species and
molecular crowding conditions. Thermodynamic analysis showed that the effect of molecular
crowding on the thermodynamic stability of the structure was reduced for longer telomeric
DNAs. A hydration study further demonstrated that the interior of a G-quadruplex unit is
dehydrated, whereas the space surrounding the TTA linker between two units is more hydrated
upon structure folding. These results allow us to propose that the linkers between G-quadruplex
units have an important influence on the stability of the entire structure of long telomeric DNAs.

Moreover, we systematically investigated the effects of loop length on the conformation,
thermodynamic stability, and hydration of DNA G-quadruplexes under molecular crowding
conditions. Structural and osmotic pressure analyses, and thermodynamic parameters
demonstrated that G-quadruplexes with fewer stacking interactions within the loops not only
destabilized the G-quadruplexes but also released a larger number of water molecules upon
folding. These results showed that the stacking interactions within the loops determined the

thermodynamic stability and hydration of the whole G-quadruplex.
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