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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

Neutrophils play an essential role in the innate immune response. We developed a new
non-invasive technique for the in vivo imaging ofneutrophils labeled with quantum dots, up to
100 um below the skin surface of mice. The quantum dots were endocytosed into vesicles in the
neutrophils, allowing us to track the vesicles at 12.5 msec/frame with 15-24 nm accuracy. Most
intriguingly, the vesicles containing quantum dots were transported at higher speed than the in
vitro velocity of a molecular motor such as kinesin or dynein. This is the first report in which
non-invasive techniques have been used to visualize the internal dynamics of neutrophils. In this
symposium, I'll report recent progress in the molecular mechanism of the vesicle transport in the

neutrophil.

We developed new imaging methods to visualize molecules under noninvasive condition. We
focused on the ear auricle of mouse for observation of tumor cells because very thin (about
150-200um) and limited hypodermal tissue. We developed a novel xenograft model of the ear
auricle with breast cancer cells in order to observe them noninvasively by spinning disk
confocal (CSU) system. We injected two kinds of human breast cancer cell lines,
KPL4-EB1-GFP and MDA-MB-231, into the ear auricle of SCID mice. It is known that
KPL4-EB1-GFP is easily form tumor tissue at subcutaneous of mouse backs, but
MDA-MB-231 is not. Tumor composed of both cells was successfully formed in mice. This
indicates that the ear auricle is suitable position to form tumor. To image the molecules, specific
antibodies to recognize these cells were labeled with fluorescence quantum dots and then
injected to tail vein after the formation of tumor. We successfully performed real time
observation of quantum dots within breast cancer cells and on its membrane under noninvasive
condition.

Figl. Noninvasive imaging of MDA-MB-231-GFP
-tubulin cells in tumors. Intensities of sequential 25
images in movie were averaged to reduce the noise.
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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

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

To address these drawbacks, we focused on polyrotaxanes (PRXs) that consist of B-CDs
threaded along a polymer chain capped with a terminal bulky. Especially, we have developed
biocleavable polyrotaxanes bearing terminal disulfide linkages. Herein, the biocleavable PRXs
have tremendous advantages that allow them to overcome all of the problems of -CDs in NPC
disease therapy: (1) masking of the toxic effect of B-CD derivatives, as the hydrophobic cavity
of B-CD is occupied by a polymer chain to avoid non-specific inclusions; (2) retardation of renal
clearance, thus prolonging blood half-life, because of its high molecular weight in comparison
with B-CD derivatives, and (3) the ability to release threaded B-CDs via cleaving the terminal
linker of PRXs under intracellular environments to achieve therapeutic effect.

In this regard, the biocleavable PRXs composed of B-CDs threaded along a Pluronic P123
chain and a terminal bulky trityl groups via cleavable disulfide linkages were developed. The
biocleavable PRXs showed negligible interaction with the plasma membrane, leading to
avoiding the toxicity of B-CDs. Additionally, the lysosomal release of threaded p-CDs from the
biocleavable PRXs by the intracellular cleavage of terminal disulfide linkages was found to
achieve approximately 100-fold higher cholesterol removal ability from NPC disease-derived
cells than HP-B-CD. Consequently, the biocleavable PRXs is considered to be noninvasive and
effective therapeutics for NPC disease.
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EEVVaXATESF A U —/[sarcomere length (SL) nanometry] & fiv4 L7 (56
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IR DT T VBN ZE ORI T SR RS T B AE RS 1 DB A A DENRE
MNEDIHNTEALL TLHIDV R LEFEZ D723 DIE LN T 5, f50 -3 5 Fidt
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Z LIRS LT, DR OB OB D T X M CaE =TS h, £
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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 um in SL causes a dramatic
change in its contractile performance. We conducted cardiac nano-physiology studies under
various conditions.

First, we developed an experimental system for simultaneous nano-scale analysis of
single sarcomere dynamics and [Ca®*]; changes via the expression of AcGFP in Z-discs in
neonatal cardiomyocytes of the rat. We found that following treatment with ionomycin, neonatal
myocytes exhibited spontaneous sarcomeric oscillations (cell-SPOC) at partial activation with
blockage of sarcoplasmic reticulum functions, and the waveform properties were
indistinguishable from those obtained in electric field stimulation. Therefore, the auto-oscillatory
properties of cardiac sarcomeres may be involved in the regulation of cardiac beat. Moreover,
the myosin activator omecamtiv mecarbil markedly enhanced Z-disc displacement during
Cell-SPOC. Our experimental system has a broad range of application possibilities for unveiling
single sarcomere dynamics during excitation-contraction coupling in cardiomyocytes.

Second, we developed a novel experimental system allowing for Ca®* imaging in the
whole mouse heart at the cellular level. We found that randomly occurring Ca®* waves and/or
transients became synchronized by electric stimulation. Imaging of intracellular Ca®* in the
intact heart will greatly enhance our understanding of the molecular mechanisms of the
excitation-contraction coupling in vivo.

Third, we conducted 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 in the left ventricle, and measured the length of a single sarcomere at 100
fps in cardiomyocytes under a fluorescence microscope (combined with a confocal unit and a
piezo objective scanner). We also 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 um in both phases even in the
same myocyte. Furthermore, by moving the objective lends in the Z-direction, our
nano-positioning system enabled us to image sarcomeric motions during a cardiac cycle without
out-of-focus problems. Our in vivo cardiac imaging system will be widely used by many
researchers to gain in-depth information of the molecular mechanisms of various heart diseases.
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Transport nanodevice immobilized specific biomolecules

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

To obtain a stable and highly sensitive bioimaging fluorescence probe, polymer nanoprobes were
prepared using biocompatible phospholipid polymer. We have found that the polymeric nanoparticles
embedding quantum dots (QDs) covered with phospholipid polymers showed resistance to cellular uptake
from HelLa cells. On the other hand, when an arginine octapeptide (R8), which was one of the cell
penetrating peptide, was immobilized at the surface of the nanoparticles, they could penetrate the
membrane of HelLa cells effectively. In this study, we investigate effect of oligopeptide on
internalization and transportation of the nanoparticle into cells. Also, we prepared new type of
nanoprobe by conjugating between the water-soluble and amphiphilic phospholipid polymer with
molecular beacon (MB).

Poly(2-methacryloyloxyethyl phosphorylcholine (MPC)-co-n-butyl methacrylate
(BMA)-co-p-nitrophenyloxycarbonyl  oligooxyethylene methacrylate)s (PMBN) was synthesized.
Polymer nanoparticles containing ZnS-overcoated CdSe QDs (PMBN/PLA/QD) were prepared by
solvent evaporation technique. During the preparation procedure of the PMBN/PLA/QD, sonication
time was one of the important factors to make higher bright fluorescence efficiency. We got good
fluorescence quantum yield above 30 % was achieved. Two kinds of oligopeptide were immobilized on
the surface of the PMBN/PLA/QD. That is, cell penetrating oligopeptide R8 and nuclei-transport
oligopeptide NLS. Transportation into cytoplasm and cell nuclei was depended on the ratio of R8/NLS.
The NLS alone, no particle did not observe in the cytoplasm, however, increment of R8 induced
penetration of particle through the cell membrane.

Synthesis of a cytocompatible, noninvasive hybrid nanoprobe composed of a MPC polymer and MB;
that is, poly(MPC-co-BMA-co-N-succinimidyloxycarbonyl tetra(ethylene glycol) methacrylate (PENHS))
(PMBS)-MB was carried out. The PMBS-MB is not only able to resist the nonspecific adsorption of
proteins and digestion by enzymes, but can also penetrate living cells for the noninvasive monitoring of
intracellular reactions. Through a series of investigations, the extracellular stability, cell membrane
penetration, and availability for intracellular use were determined for the PMBS-MB. The distribution and
dynamics of a biomolecule (i.e., mRNA for glyceraldehyde 3-phosphate dehydrogenase, GAPDH) were
monitored in living cells using the nanoprobe. The results show that the PMBS-MB nanoprobe is a novel
and valuable tool for the real time study of biomolecules in living cells. We conclude that the MPC
polymer-MBs nanoprobes will promote the development of noninvasive monitoring intracellular
biomolecules and bio-reaction, can be used to deepen our understanding of basic cellular processes, and
could also be applied toward the early detection, accurate clinical diagnosis, and effective treatment of

diseases in the future.
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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) AFM allows us to specifically detect the sub-membrane cytoskeletal structures in living cells.
We visualized he cytoskeletal network and its dynamic remodeling process. Upon cell
detachment or during mitosis, cells possess a similar round morphology however they can be
recognized based on their distinct mechanical properties as determined by AFM measurement
so that mitotic cancer and normal cells are softer than suspended ones.

2) Failure to restore cell membrane disruption after injury and subsequent influx of extracellular
molecules leads to rapid cell death. Identification of critical events during membrane resealing
may lead to development of targeted clinical therapies. Using a novel combined
Stamporation-AFM technique, membrane of adhered cancer cells is slightly punctured with a
Stamponeedle either on the nuclear or peripheral regions. The target area is scanned by
guantitative imaging mode of AFM before and after induction of physical damage. Actin barrier
formation is assessed in the injured cancer cells after poking with the Stamponeedle.

3) We propose a new imaging method using upconversion (UC) nanoprobes (NPs) that emit
light via both near-infrared (NIR) light and electron-beam excitation, where UC is a process in
which longer wavelength, excitation light is transduced to higher energy emission light. NIR
light allow us to image deep tissue region because NIR light is insusceptible to absorption,
scattering, and autofluorescence. UC phosphors described here will allow the realization of new
imaging method covering the nanometer to millimeter scale, i.e., the molecular to in vivo scale.
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Evaluation and regulation of cellular functions through
In-situ nucleic acid imaging

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

DNAzymes are DNA sequences that produce enzymatic activity. After the first example of
DNAzyme was demonstrated by Breaker et al. in 1994, various types of DNAzymes having
diverse enzyme activities were reported’. Among them DNAzymes having ribonuclease

activity were extensively studied. Single-turnover Multiple-turnover
. [Substrate] / [DNAzyme] = 1/1.5 [Substrate] / [DNAzyme] = 30/1
The DNAzymes were examined 1O Reactontmeimin o 15 3 6 10 20 0 15 30 60 120 240

i i ubstrate - - -
inactivate target RNAs anddetect subetrac () (D (0 _-asan

. . . PLL-g-Dex
divalent metal ions. Detection of )

DNA/RNA sequences was also

Product

demonstrated with modified

o Mo » -~
DNAzymes. Further enhancement of Substate

L . PLL-g-Dex
DNAzyme activity is demanded for its (+)

practical applications, especially for Product

nucleic acid imaging. Fig. 1 The role of PLL-g-Dex in DNAzyme cleavage

Low turnover efficacy caused by slow reaction. 25°C,0.5 mM MgSO,, 500 nM substrate with
. " /orod either 750 nM DNAzyme (single-turnover reaction) or 16.7
conversion 0 enzyme/product DNAzyme (multiple-turnover reaction) in the presence

complex (EP) for enzyme/substrate ©f PLL-g-Dex or absence of PLL-g-Dex.

complex (ES) is a bottleneck of DNAzyme activity. To improve the turnover efficacy we have
focused on the cationic comb-type copolymer (PLL-g-Dex) that accelerates DNA hybridization
and strand exchange reactions> °. We assumed that the copolymer could accelerate the
conversion of EP for ES to enhance overall activity of the DNAzyme.

DNAzyme reactions in the absence and presence of PLL-g-Dex were carried out under
single-turnover and multiple-turnover reaction conditions. Figure 1 shows PAGE images of
reaction mixtures. As increase in reaction time the band intensity of the substrate decreased
and that of the product increased. Under the single-turnover conditions slight difference in
reaction rate was observed in the absence and presence of the copolymer. Under the
multiple-turnover conditions faster reaction was observed in the presence of the copolymer.
These results indicated that the copolymer accelerate the turnover process in the DNAzyme

reaction.

References

1) D. A. Baum and S. K. Silverman, Cell. Mol. Life Sci., 65, 2156-2174 (2008).

2) W. J. Kim, T. Ishihara, T. Akaike, et al, Nucleic. Acids. Res. Suppl., 1, 151-152 (2001).
3) L. Wu, N. Shimada, A. Kano, et al, Soft Matter, 4, 744-747 (2008).

29



AO23FE (W)

FRY R b

FAfEm L

1.

S. Yusa, M. Morihara, K. Nakai, S. Fujii, Y. Nakamura, A. Maruyama, N. Shimada,
Thermo-responsive liquid marbles, Polym. J., in press.

2. A. Maruyama, N. Sonda, K. Yamasaki, S. Kidoaki, N. Shimada, M. Maeshiro, M. Miyazaki,
Cationic comb-type copolymer excludes intercalating dye from DNA without inducing DNA
condensation, Curr. Nanosci., in press.

3. H. Saneyoshi, N. Yoshida, N. Shimada, A. Maruyama, Y. Ito, H. Abe, Polycation-assisted DNA
detection by reduction triggered fluorescence probe towards point-of-care testing, Bioorg. Med.
Chem., 23, 6851-6853 (2013).

4. K. Kawai, T. Majima, A. Maruyama, Detection of single-nucleotide variations by monitoring
the blinking of fluorescence induced by charge transfer in DNA, ChemBioChem., 14,
1430-1433, (2013).

5. M. Nishihara, K. Imato, A. Irie, T. Kanehara, A. Kano, A. Maruyama, A. Takahara, H. Otsuka,
Reversibly Cross-linked Polymeric Micelles Formed by Autonomously Exchangeable Dynamic
Covalent Bonds, Chem. Lett.,42, 377-379 (2013), DOI:10.1246/cl.2013.377.

6. N. Shimada, M. Nakayama, A Kano, A Maruyama, Design of UCST Polymers for Chilling
Capture of Proteins, Biomacromolecules, 14, 1452-1457 (2013)

7. A. Kano, Y. Taniwaki, I. Nakamura, N. Shimada, K. Moriyama, A. Maruyama, Tumor delivery
of Photofrin® by PLL-g-PEG for photodynamic therapy, J. Controlled Rel., 167, 315-321
(2013)

W - B -

1.

N. Shimada, A. Maruyama, Thermoresponsive Polymers with Functional Groups Selected
for Pharmaceutical and Biomedical Applications, ACS Symp. Ser., Vol. 1135, pp 235-241
(2013).

Zoftt (HiE, XE, 8. ERBAER F9RY)
HFHEE

1.

Cationic Comb—Type Copolymer Enhances DNAzyme Activity, International Symposium on
Smart Biomaterials 2nd Hoffman Family Symposium ~Date: March 24-25, 2014, NIMS,
Tsukuba

2. AFAUMESESFIT KD DNAzyme DIEMEAL, PR 2 5REWE - 7 /3 AGEEALRIBFSEHL
SRFEMFZE TIRHEAR A T 1 v« /S A AHEREM B~ D JRBR A F5 M) L 72 AR5y 8 F- BT o
BAZE)  [B-2] ¥ERIUARIY T A, 201443 A 14 B, #ALKRE

3. NRITF Ry tu = BN K 2 IR RS G, MM < —, 2013
410 A 31 H

4. Chilling capture of preteins using functionalized UCST polymers, 4th International
Advanced Biomaterials Symosium, Changchun, China, Sep. 30,

5. HERELSFEERD T v m UGS GE RG-S D IR £ TR LER T A
=TIV TN AT T A 201349 H 19 B, ik, UL TERT

7R —FIEE)

I HTK in AR, 2013 412 H 25 A, AR5 IR SCAIRS Ef

2. HABbE DEMHER ), 2014653 5 17 0, o) AT i

30



AO3 BE (3¢)

DAY 27 ATHEERTE O 47 TR I AR 2D < FriR IR

WIEAESE - ALK REFEBEESRIIIER MM 546

1. AFFEOBE

AWFFEHED B2 T 2121, DS A ORISR Y o S Hi o ik & 2k
DT NGEL 725, AFEEIL, TX# Computed Tomography (LA T X # CT) & &t 4 Hv
e TR NEIRIERRSE ) & THORT R & O T 08 AU RS WA BR % )
B LTINS LT, B F 3 U L Eil Tl X B CT A A — 0 7 FEEH
LTy ha—T 47 JhifaE, ELTEA AV ITHELTEF Ry
NeWE Ly U ha—F o 7@t 2R 2R Lz, 2 Okl %[RKRHZ A
WHZEIZEY, XFRCT &N TR—DB L FHXNY) VAR Hid A A=V 7528
WP LTz, EnAfiEzlcix, 27 e—7 L LTE&T Ry 2RV, A
RIS LR ORI L L Z SN S/N L TERILT 5 Z SIS L=,

2. FEOERLEW

ENER O 1 LI ATH D 355 AL ENT < 725 TV D, AWFFEHETIE,
RIS AARHIE DTS ZAT 5 T2 0I2, FRMREOREN MO L LT, BAY v
FATHERRRE A I = X A ORI & Z USRS < HEEIEOAREZ B L TW\Wb, BN
A A=V ZVEE RWFFRREEE T D TRER R IR BR B 1238 1T 2 401 BUG % 7 &Y
(B - BEIT D700, D IERT A= —%EHT 5] L) BEICH L, K
XREMNTEDLEBZTWD, BxITT /R TE2 AW @EE « SEERA A—Y
VBRI L. DA OB AMEBEZE E CICHERZK > TV,

MO T, XBCTA A—T o T edmlA A—V v 7 x@E Lz 3 Eifg ik
DR Z R I Tz, —MBTTHIERR DS A O PN IIXFRCTIRE 3T odr, U v Hio e
FALEFRREIS, BT R Y UREIOR AR BN Thi s, EEE. X#CT TR 2
STEBAEEB DN DS D U /8 HIRFANIC L0 & TEE SNAUIRIRIRIFE L 72 5,
LovL, HAESIEMER ) v N8Ry NI =2 2 F LT DD ) SR O
THIDEE L, RS UTXRCT T S L U 3 Ei &2 BT AR S LGER S 5,
B Z XN DGR % < THLN T L E - 7284, Filiho % < AHE A EN
Ba. HAWIROY U REIESEDO Y URE L BRBT AR EORAICFNITRE Y
/b, ZOLIRAEE LITBRFOTHOB(ICEERN S, SR 2 1387/ b1
VU a—T 47 LIEXBRCTIER T/ R o0& Ry ey U ha—T7 4
YU R R LI, D ERFCY UREI R L —— WS 2 &
IZ X VXERCTTHTRTICHRE CE - v F ) Vo iz . ERROBRIERRIET I8 A

31



AO3 BE (3¢)

ROHERE - T DT 2T A A=V ZIEOREEZRRT-, LLEIZ kv ks
MANZBNT, L0 EEERE T U B2 MO AR A D E HIff S D,

i ST A DIRFEHGECHERR U o EiEL, TRBRR2 NI & o THMEEE . HUas AU
ZIOWE, BROFREEENZMI SN D, A IIEFEE TIZ, A OEFEBER F =
A ST U RRORB R L WO 2 W T Ge kTR ks EE T 5 B O
BHFEIC R U Tz, AREEEII D ARRRIEMEALIR f-Protease—activated receptor 1 (PAR1)
(ZHER L. ME OPARIPUE Z i & S TZH06 T/ K2 W 72 28 A B2 T 12 &
0. DA DFFIERNEZ TR 5 2 Wik O BR%E 23 A 7= (A01 F@ 1 BE & o FL[FIAFSE) .

3. R

LS AIZET R B LR Ry Ve U ha—TFT 00 7352 L ThL Ot
LAt EEmOAsZ L&D L LI, ML FORE ZIZIFEFR —ICESTHZ
& THEENTORIFONMRICENH N MR Lz, v ) b a—TF 7 LIk
T2~ ADREY (EOW) IZHEAL, 24 Frf#%Ic~ D 2 FTHRO RGO Z1T). X
BRCT A A=V U TBIVHENA A=V T E To T2, TOMR, Wy ha—T v
7F I RAIE, BIEERBRO G EZ R L, Fl—OREY VO T 2T NA A=V Tk
1792 SRR LTz, X CT TA A=V U P ENTBEY) VA T bhi=0b ) v 7k
EERTDO X DICARE—ICEE SN, BITHEICB T, BxlZ7 2 HokrFx
Y UREIDET SR A A=V T ERAT o TR R TR OARE Ak, R
IR 2 U U NER Y UREIITIRAT DR 2 AL L TV D Z E B ST LT
Xz, U XEDY NFHISOFANERIL, DAY TS &2 5 & 2 95
MNTHHEBEZLNT WD, Lo TH IR TFOARY 57X, U 23BN TRAER D
EBZVGHWENEA A=V TREERZEEZR LTS, DV U U HIND T ki
FFAEEBAL 2 FEAC AR ~AUE, DAORBWIRE R LRt s, Bl EDZ Ehn | ARAfF
FEDXHRCT A A= TN E - T, B F Y o8 FICEiT 5T ki ORE—5y
MaHBRICIRZ 2 Z ENTELERIIRE W, 2, iV ha—F 4 7 F I hif%
~ 7 AHREZEA LTAER, mRICALE T DY R fiaE o, R ASICHE e 54
BDOR— TNV U REiET 2T NA A=V 7352 LI lEh Lz,

PARIFLIR G AT 28T 7 Wit 2 v, b ML AR O e e ik g . 217\,
ME OB FEHTH AN T ASTAER, DS AR I AFTE T D PARL O FE Bl & A (= b FE AR AT
THZ LTk Uiz, BERT — 4 % VW, PARIODFEHL & & 38 fa [t oo FR BE I % 7
NTAER BAELL R R 1T MELINIC RS LT B TR, PARLODFEBLE D
BfEmE > TWZZ ERH BN E R o7, F-PARIORELE L% HH E TOHIMO
BRZFHRT- & A, PARIFEBLE &l E CORRORIZ, RO EBEMES RO,
LSBT E BITIERIE AL L, PARIBEHEIZL » CTTHHI SN D FRLERIED S F /37
A—=2—DEHZAEL TS,

32



AO3 BE (3¢)

Clarification of molecular mechanism of lymphatic metastasis
and development of new therapy for cancer metastasis

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

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 sentinel lymph node detection method using both
X-ray computed tomography (CT) and fluorescence imaging. Another is cancer pathological
examination method with immunohistochemical test of fluorescence imaging.

To develop sentinel lymph node detection method using both X-ray CT and fluorescence
imaging, we made silica-coated gold nanoparticles and silica-coated Quantum dots (QDs)
nanoparticles. The silica coating was performed using a modified Stober method based on the
sol-gel method. Gold nanoparticles or QDs were mixed with tetraethylorthosilicate
(TEOS)/ethanol. Then a sodium hydroxide solution (a catalyst for the sol-gel reaction of TEOS)
was mixed with the solution containing gold nanoparticles and TEOS or QDs and TEOS. As
silica is relatively biocompatible material, it is expected that the silica-shell prevent aggregation
and allergy of core in vivo. Recently, sentinel lymph node diagnosis for cancer surgery is
growing in importance because cancer cells metastasize to other parts of the body via lymph
vessels or blood vessels. To apply these silica-coated nanoparticles to sentinel lymph node
detection, we injected two kinds of nanoparticles mixture into lower legs of mice. Then X-ray
CT or fluorescence imaging was performed to examine distribution of these nanoparticles at
subcutaneous of lower legs. The results showed that both nanoparticles were localized to lymph
node via lymph vessels. Distribution of both agents was almost correspond to each other.
Therefore, dual imaging technology with silica-coated gold nanoparticles and silica-coated
quantum dots might be useful for development of sentinel lymph node detection method with
high accuracy and highly-quantitative sensitivity.

Pathological examination with immunohistochemistry (IHC) using 3.3'-diaminobenzidine
(DAB) is the gold standard for cancer diagnosis. IHC using DAB is a poor gquantitative method
because horseradish peroxidase activity depends on reaction time, temperature and substrate
concentration. 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. To develop new IHC with fluorescence imaging, we previously labeled
estrogen receptor (ER) with immunohistochemical test using fluorescence nanoparticles and
succeeded in visualizing ER expression level in breast cancer tissues. In this year, we newly
targeted Protease-activated receptor 1 (PAR1) protein to investigate risk of cancer recurrence
with IHC using fluorescence nanoparticles. PAR1 plays a critical role in various cancer
metastases. The anti PAR1 antibody-conjugated QDs were made and applied to IHC of human
breast cancer. The results showed that PARL expression level correlated with risk of a cancer
recurrence. Therefore, this may became effective method to predict cancer recurrence after
surgery with high accuracy.

33



AO3 BE (3¢)

Ffram 3
1.

N

FRY R b

Kobayashi Y, Fujisaku T, Mine E, Takezawa T, Nakagawa T, Gonda K, Takeda M, Ohuchi N.
Immobilization of magnetite on core-shell particles. International Journal on Intelligent Electronic
Systems 6: 40-45 (2012).

Kobayashi Y, Morimoto H, Nakagawa T, Kubota Y, Gonda K, Ohuchi N. Preparation of Gd
Complex-Immobilized Silica Particles and Their Application to MRI. ISRN Nanotechnology 2013
(Article ID 908614): 1-6 (2013).

Kobayashi Y, Matsudo H, Nakagawa T, Kubota Y, Gonda K, Ohuchi N. In-vivo fluorescence
imaging technique using colloid solution of multiple quantum dots/silica/poly(ethylene glycol)
nanoparticle. Journal of Sol-Gel Science and Technology 66: 31-37 (2013).

Kobayashi Y, Ayame T, Nakagawa T, Kubota Y, Gonda K and Ohuchi N. Preparation of
Agl/silica/poly(ethylene glycol) nanoparticle colloid solution and X-ray imaging using it. ISRN
Nanomaterials 2013 (Article ID 670402): 1-5 (2013).

Kobayashi Y, Morimoto H, Nakagawa T, Kubota Y, Gonda K, Ohuchi N. Fabrication of hollow
particles composed of silica containing gadolinium compound and magnetic resonance imaging
using them. Journal of Nanostructure in Chemistry. 3: 62 (2013).

Suzuki Y, Roy C, Promjunyakul W, Hatakeyama H, Gonda K, Imamura J, Pillai B, Ohuchi N,
Kanzaki M, Higuchi H, Kaku M. Single quantum dot tracking reveals that an individual multivalent
HIV-1 Tat-protein transduction domain can activate machinery for lateral transport and endocytosis.
Molecular and Cellular Biology 33: 3036-3049 (2013).

Kobayashi Y, Morimoto H, Nakagawa T, Gonda K, Ohuchi N. Preparation of silica-cOated
gadolinium compound particle colloid solution and its application in imaging. Advanced in Nano
Research 1: 159-160 (2013).

Kobayashi Y, Inose H, Nagasu R, Nakagawa T, Kubota Y, Gonda K, Ohuchi N. X-ray imaging
technique using colloid solution of Au/silica/poly(ethylene glycol) nanoparticles. Material Research
Innvations 17: 507-514 (2013).

KR

1.

HEM g, IR, URE, ZHE, IMREH . KINEHTX R CT A A= T ~DF IR+
WSRO ALK FE FR R RS 22 % 2 5 61-66 (2013 4F)

HFHEE

1.

MEHSER T 2 B2 WIS EEA A — D VTR ES: - [BESE) A A~T U7
I F— 2013455 H 2 A BIEKRS

Gonda K, Kobayashi Y, Ohuchi N. High Accuracy Imaging of Cancer and Peripheral Artery Disease
with X-ray CT and Fluorescence. 7th International Symposium on Nanomedicine. November 7-9,

2013, Kitakyusyu.

34



AO3 HE (7)

MRS ZITIT DT 7 F B OUNE Z HIS 5 20 F8HE Of#T

WHEREE « A HBRPEZRMREAE 2R #BE
RN A EBRPEFRES A TR O

1. FFZEOREE

AR ZUT W CTHIRIE, R O RIZBIICZ DEE R b S/ 5, TD L5 el
AT RICHUNE &7 7 FUBROBIERRCIARIC LV B2 hbivd, RIFEICE
WCE AL, a2 b 2 FilliE{s 7T 5 SHCBPL & Supervillin(SVIL) % [F]
E LT, ZNODX R BTSRRI b S, & D PO KRR IRy
EDOENNCRTE LTz, £ LTT 7 F U BHOIGEZ (2 L, sy R oM T 2 Hlf# L
Too ZAUTEA T I v 7 IR B#& DR Z I 2 0 FHE O —im 2 B M2 LT
W7ETH 5,

2. FRDOERLEW

FR Y ZUZ BV THEEL L 72 D N A SIS S OMIIC il S D, & O 5Bl E
IR FERCIBL DA LA B E T D72, Ml RITZ < MR v U — 7 THIf S
NTW5S, ER UGB RN RIS E) L7tk 2 O F RIS m Oy NE BERE L
7z central spindle &\ 9 #EIEDEAL S 415, Central spindle FIZIIMIAESr ST HAZH 7R
PLK1 <° AuroraB &t W) 77 A X —E0, SR 77 IV —H U ERE
%< OEERKRFNEFRT 5, PLK1 <° AuroraB 7 central spindle b % X7 & %
U b3 5 Z £12 LY central spindle & [7] Ui EOMIEE 2T 7 F o &I A4
UMMBIRDT I F U NERT S, 0T central spindle L X LRI E 2L
AT OV UEEDMERE S du, MG LA R I T S, b O—# D
MR < OBHME 7y TR CHIE STl 0 | IREIPHOFE CTRAT S LTV Dl EY
FORAR L EARTECTH D, £ EORBITHIINANZL D B LAYk DR
EMENEE L TR Y | MR 05y T OB I -C O BB ORI b F 575 Af
BEMENDH D, Fexid7 T 437 A0 siRNA Z W ic L v, filsZickir 5
AR 4 2 THIAE 3 2 5807 7o 72 43 TS D iR B 2 3 A T

3. B

MR ZNC D22 DF R BITRENCY UMb En g, b L <IEFEBIA Ut
THZERHONTND, T CHRAFZDL I F NI E T —H =A% T
R L, M2 B0 5 FIReMED & Dt & v /7 B A 200 [FE LTz, £61C
*t4 5 siRNA ZHIIZEA L, MR 2T B D3 36 & 2 0 8REIZRT Lo, £ O
FHEEOMRSZCBE T 58T 2REL, THDOHX 7 EG% GFP @G & v 3
7B L UTHIIIC LS 7=, £ LT SHCBP1 & SVIL L9 % L /327 E 7 central

35



AO3 HE (7)

spindle ([ZJR7ET D Z L 2VHIBH L 7=,

SHCBP1 OfEGZ ™7 ER Y b2 '@ THRET L7 & 2 A, central
spindle (28 % MgcRacGAP AT 52 &, 72634 FHDEY 5% AuroraB (2
X0V UL END Z ENgnoT-, FI22 0V Rk SHCBP1 @ central spindle

~ O JAE Z ] 1 Central Cleavage
‘ﬁ" 2= L *'J Eﬁ spindle furrow
Inhibit

L7, sEHB7Z20F GAP activity
78 O R R
SHCBP1 X
AuroraB (211
Uitk ind
z & iS
MgcRacGAP 7>
HITWEEL, €
DR MgcRacGAP 23 D Racl Z RNEME(L L. 7 7 F B OUGHED 3 Z 0 #
N NETTHZ ERHLNE ST (K1),

SVIL 134 & 220kDa OE KT 7 F LS Z v VB THHZ EMmbhTns,
SVIL OFEflR RfEZ Gt L & 2 A, 53 FICIE central spindle BICRFEST 5 Z &2
A LT, SHICHEEZ 7B Vb EEOTEE T W THRE L2 A,
central

spindle {Z)R) 42

Furrow ingression

£ % PRC1 <" Central spindle zone 4 ;:;g:;te Cortex@
LREOTHD Ol
: 1 :
L N * 7= 238 /—\ PLK1 5. Coordinated
H cleavage
FHOEY A A furrowin
H = g
. : T577 T602 T577 T602 \Na _3’
NY b i PLK PRC1 PRC1 no
oz &N PLK1

T > 3 T *
VIR R R L7 & 2 A, PLK1 W9 central spindle ([ZRfET D7 0T A
T —RBIZLV Y vBlbshbdZ &, £-20Y VLA PRC1 & OfEAS SVIL @
central spindle JRTEIZMETH D Z LAV L7z, & HIT SVIL OREZf#fT L7- & Z
. SVIL U vgfh, 7z SVIL O I A > & OFRSGHEIEN RN EB 1T 57 7 F v
BREOIGEICEETHDL Z ERgnoTz, PLK1IZX Y U Bk &7 SVIL i PRC1
LHEET 5D Z & Tcentral spindle RIZRfEL, £ 2 CIA YU E/AETHZETIA
oERIEAL L, T FUBRONMEEFET O Z LALLM Lo T (K2),

36



AO3 HE (7)

Novel molecular mechanisms for the regulation of actin cytoskeletal
dynamics during cytokinesis

Atsushi Natsume'
Takeshi Senga®
'Department of Neurosurgery, “Division of Cancer Biology,
Nagoya University Graduate School of Medicine

Cytokinesis is the final step of cell division that physically disconnects two daughter cells.
After the separation of chromosomes, bundles of antiparallel microtubules, called the central
spindle, are organized, and an actomyosin-based contractile ring is assembled on the inner face
of the plasma membrane at the division plane. Constriction of the ring by myosin motor activity
generates forces that drive the ingression of the cleavage furrow. One of the major regulatory
mechanisms to ensure the accurate progression of these processes is phosphorylation by mitotic
kinases, such as polo-like kinase 1 (PLK1) and the Aurora-A and Aurora-B kinases.

MgcRacGAP is localized at the central spindle and utilizes its GAP domain to inactivate Racl
in order to induce furrow ingression in mammalian cells. We found that SHCBP1 is a binding
partner of MgcRacGAP and phosphorylated at Ser634 by Aurora-B. A phosphorylation site
mutant, S634A, was prematurely recruited to the central spindle and inhibited furrowing. An in
vitro GAP assay demonstrated that SHCBP1 can suppress the MgcRacGAP-mediated
inactivation of Racl. The inhibition of Racl activity rescued the furrowing defect induced by
S634A expression. Thus, Aurora-B phosphorylates SHCBP1 to prevent the premature
localization of SHCBPL1 to the central spindle and ensures that MgcRacGAP inactivates Racl to
promote the ingression of the cleavage furrow.

PLK1 is a widely conserved serine/threonine kinase that regulates progression of multiple
stages of mitosis. We found that an actin/myosin Il binding protein, supervillin (SVIL), is a
novel substrate of PLK1. PLK1 phosphorylates Ser238 of SVIL, which can promote the
localization of SVIL to the central spindle and an association with PRC1. Expression of a PLK1
phosphorylation site mutant, S238A-SVIL, inhibited myosin Il activation at the equatorial
cortex and induced aberrant furrowing. SVIL has both actin and myosin Il binding regions in
the N-terminus. Expression of AMyo-SVIL (deleted of myosin Il binding region), but not of
AAct-SVIL (deleted of actin binding region), reduced myosin Il activation and promoted defect
in furrowing. Our study indicates a possible role of phosphorylated SVIL as a molecular link
between the central spindle and the contractile ring to coordinate the activation of myosin 11 for
the ingression of the cleavage furrow.

37



AO3 HE (7)

FRY R b

TR ST

1. Natsume A, Ito M, Katsushima K, Ohka F, Hatanaka A, Shinjo K, Sato S, Takahashi S, Ishikawa Y,
Takeuchi I, Shimogawa H, Uesugi M, Okano H, Kim SU, Wakabayashi T, Issa JP, Sekido Y, Kondo Y.
Chromatin regulator PRC2 is a key regulator of epigenetic plasticity in glioblastoma. Cancer Res.
2013;73:4559-70.

2. Hasegawa H, Hyodo T, Asano E, Ito S, Maeda M, Kuribayashi H,Natsume A, Wakabayashi T,
Hamaguchi M, Senga T. The role of PLK1-phosphorylated SVIL in myosin Il activation and cytokinetic
furrowing. J Cell Sci. 2013;126(Pt 16):3627-37.

3. Asano E, Hasegawa H, Hyodo T, Ito S, Maeda M, Takahashi M, Hamaguchi M, Senga T. The
Aurora-B-mediated phosphorylation of SHCBP1 regulates cytokinetic furrow ingression. J Cell Sci.
2013;126(Pt 15):3263-70.

4. Yamashita Y, Ito Y, Isomura H, Takemura N, Okamoto A, Motomura K, Tsujiuchi T, Natsume A,
Wakabayashi T, Toyokuni S et al: Lack of presence of the human cytomegalovirus in human glioblastoma.
Mod Pathol 2013.

5. Kato Y, Natsume A, Kaneko MK: A novel monoclonal antibody GMab-m1 specifically recognizes
IDH1-R132G mutation. Biochemical and biophysical research communications 2013, 432(4):564-567.

6. Kaneko MK, Morita S, Tsujimoto Y, Yanagiya R, Nasu K, Sasaki H, Hozumi Y, Goto K, Natsume A,
Watanabe M et al: Establishment of novel monoclonal antibodies KMab-1 and MMab-1 specific for IDH2
mutations. Biochemical and biophysical research communications 2013, 432(1):40-45.

7. lwami K, Natsume A, Ohno M, Ikeda H, Mineno J, Nukaya |, Okamoto S, Fujiwara H, Yasukawa M,
Shiku H et al: Adoptive transfer of genetically modified Wilms' tumor 1-specific T cells in a novel

malignant skull base meningioma model. Neuro-oncology 2013, 15(6):747-758.

38


http://www.ncbi.nlm.nih.gov/pubmed/23720055
http://www.ncbi.nlm.nih.gov/pubmed/23750008
http://www.ncbi.nlm.nih.gov/pubmed/23750008
http://www.ncbi.nlm.nih.gov/pubmed/23704356
http://www.ncbi.nlm.nih.gov/pubmed/23704356

AO3 BE (%)

% RO EEERZFIA L4+ /MR O il

WHEAEHR - AR AEER AT aW R
SRR - ERFEAAEEREOEET AR M
SIPRMTIEE « A RRFEH T ) N AT, AW 2 — AR 4TI

1. FFFROBEE

ZAVE TIT PEG AEE DRI ssDNA A #&& L7z ssDNA-PEG ARE 23— AR [HI<0
AIRRE LOEEICAEN THDL 2R L TE T, TORMEIEIEN L, ARELITIAIH
FFURY —LFEITTFT R E2MR~SEASE D2 2l ATc, DNA N7 X A8
—varEFAHALT, A2 U 28 L7 Y R Y — A% NI PNE
~HRESEATEDLZ N hotz, ZHICKY, RSB CRIE L 72 25 ERETT R
FEHOJRKDO—>ToH 5, NEMIENE COIGHBRFEO LR A MH 35 2 LN TE T,
F72, MRI EAITH DWAbEk T /b A BN OMAIC E THEAT L Z LN TE,
MRI 2 R A M&2m ESEHZENTE,

2. FRDOERLEW

ARNTIEZRES, TRDLDLFHWVEAEZBE TR A ATy ZITHEER LT
W5, DNA D _EHOHEA, HUit - FukSUS, VT X — - UG FHHAEFEM, B - &
BEHHAAEA, Mk - MR AER . SIRIBREERE 2 . EMITE 0L OfFmE T,
TAEB T — 2= D OFMAEAER IO RENBHIE T2 2 & TR TR TS TS
FEo 2V AEAERZITH) 2N TEDIEN0 TR, AT v ZICHAEEHAD
on-of f #4T> T35, EMEEOAREIL “BOFHAEIEHOBEMN" IZHEA TS &
STHHME TIHRNEZ X TWD, AT, HiEE DHAEEREEFTICHTRE L T
WAHZELHY, MLV DEAF Iy 7 AERT S, PIOMESIKEZ K S
BB, T PRAOES TZOEESEOFTE A F I v 7 ITHAEDONEEZE 2 TV
%o MERTEA G RO BN, BNAMBOEEE &) BAICAEHDIEE A EDRE T
ZOMRBDLE AT I v 7 REEICEET D, ZOWMBOMIIELHNLT DL HIZ, 20
WRICEGT 20 F2H o L, MAEREREZRD, JEET LV EZHBEL TZDH
AT Iy I RIBEOHEFEAED S, JSHE TIE, BEERBE~ORRM, £7-. iPS M)
HEAE LTI, 2 DEGIKTH DHBEIKDIEM A 7 ) —= 0 T ~DOUFE ]
BEIZ 72 D ABFTRIT. £ ST ) A — ORI EEAN S HEER (AT 4 2)
ZIRIND T AT 4 DO TH 5,

3. &R

39



AO3 BE (%)

(1) FB LA EH U R Y — A ONEMBEANE~DERIC L 2 FEREE OB

HEREEZO K ThH D, WEMINETOIEMERFEREE AL T 5729,
ssDNA-PEG-IR'E % fli ] L 7= FAI DL E A R AT, PR LAl CHDHEX IV EEFH AL
U AR Y — 51T oligo(dA),~PEG-DPPE %, t b & Ik PN B M AR (HUVEC) (2
oligo(dT),,—PEG-DPPE Z#{EH &7z, MEZIRETHZ &I2L Y, HUVEC RmEIZ Y R Y
— LN[EE S, REERGE & ISR~ IAEND Z ER ot iz, BX
SVEEGH VR Y —2L% HUIVEC (IZ[EEH, antimycin AIZLDBLA ML RAEH 22L&
Z A, REEWERICIE UC HUVEC N OTEMERE E A &0 i L,

WIZ, 7 v MO E O C R E O 21T
olz, 7y MUEEfE, EREELECSE
el 2 A, BMIME DRSS (Fig. 1(B)),
L2 L, FERTIZ oligo(dA),~PEG-DPPE ¥ L ¥
oligo(dD) , Effi % I E GH VR Y —LZIEK
EERBNIRICHEDRE L 72356, Bl AE OREZRE D ] &
N7 (Fig. 1(C)), —F, EXIEGHIV RV —A
DI Z ER LI B I3 Idl s RS A b o7
(Fig. 1), BLELY, MAEPNE~EZ IV EEH , |
UARY —LEFEEST S LT, BEREEZARIC gy ﬁg@mﬁ%ﬁ% DTy FEE
M TE D 2 LYol AL O TEM 5

(2) MRI BIED 7= DERBMB~DER(LERT / KL F DIEH

eI O 2 Bebgk T/ ki (SP10) TiEakd 5 Z & T, MRI &AW =IER R
BETEORBEZENE Lz, N 7Y AR CHASMAEIC U 7R OMIa 22 m 2 DNA
ATV EAE—=2 9 C&FM L TSPIO AT, ThafEEESE25 2 &L TSPIOo
S 2 ER U 7o, SPIO AR FRME Sy | X BEASRRIEE 55 & Ll L T2 OTIRFE TR & 22k
R LT, Zva—ZRBMRBRICBNTHRIEDA v a U VEAREEZRL, SPIO
RO« FREESRIC K D EBHERE~ DR BITBIN Ch 2 Z L R S LT, £z, TEM
BRIC L VBRI D — HOMICEEMRO T e o1
FY—npic sPlo plhiaEhTwakerai [ oo =« W 0
bz, BT, HEET Ta—A 7V izsik ‘..ﬂ ! L
[E7E L MRL #fp 247 o 72 & 25, SPIO MRS N . ::}L.. .

- i ‘ ©2) ‘

AR L LTBIBIS I, 537

fbTxHz LARENEFig 29, Moz en [0 0
5, BRI — 9>~ SPI0 Bk L Z DA % A y
TSRS EL 28T, ML O= I ARNERE g g () ek o, ()

BB ENTET, SPIO #Zi#% (a-2) MELLFEE, (b) (a)D
MRI (75850 mi{%)

40



AO3 BE (%)

Three Dimensional Tissue Regeneration Through Multipoint
Molecular Weak Association

Hiroo Iwata®
Yusuke Arima?, Yukihiro Okamoto?

! Institute for Frontier Medical Sciences, Kyoto University,
2 FIRST Research Center for Innovative Nanobiodevice, Nagoya University

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

Ischemia—reperfusion damage is a problem in organ transplantation. Reactive oxygen
species are produced in cells by blood-mediated reactions at the time of blood reperfusion. We
developed a method to immobilize and internalize antioxidants in endothelial cells, using
vitamin E-loaded liposomes. The liposomes loaded with vitamin E and human umbilical vein
endothelial cells (HUVECSs) were modified with PEG-lipids carrying 20-mer of deoxyadenylic
acid (oligo(dA)z) and 20-mer of complementary deoxythymidylic acid (oligo(dT)y),
respectively. The liposomes were effectively immobilized on HUVECs through DNA
hybridization between oligo(dA)z and oligo(dT),. The liposomes loaded with vitamin E were
gradually internalized into HUVECSs. Then, the cells were treated with antimycin A to induce
oxidative stress. We found the amount of reactive oxygen species was greatly reduced in
HUVECs carrying vitamin E-loaded liposomes. Additionally, an ex vivo experiment using rat
heart demonstrated that damage of capillary induced by ischemia-reperfusion was efficiently
reduced by pre-injection of (dA),,~PEG-DPPE and (dT),—carrying liposome loaded with
vitamin E through coronary artery.

A labeling method for islet cells with superparamagnetic iron oxide nanoparticles (SP10s)
based on DNA hybridization is proposed for monitoring of transplanted islets by magnetic
resonance imaging (MRI). The surfaces of SPIOs were modified by via Michael reaction by
reacting oligo(dA),, bearing a terminal thiol group at the 5’-end ((dA),0-SH) with maleic acid
functional groups on the SPIOs. The SPIOs were immobilized on islet cells which had been
pretreated with (dT),—PEG-DPPE through DNA hybridization. Transmission electron
microscopy observations revealed that SPIOs were initially anchored on the islet cell surfaces
and subsequently transferred to endosomes or exfoliated with time. The SPIO-labeled islet cells
could be clearly detected as dark spots by T,-weighted MR image, whereas non-labeled islet
cells could not be detected.
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Study of nano-carrier for novel DDS method

Osamu Itano

Department of Surgery; Keio University

The poly(MPC-co-BMA)(PMB) and poly(MPC-co-BMA-MEONP) (PMBN) can
solubilize poorly soluble drugs due to its amphiphilic character in aqueous media, and these
polymer showed a good cytocompatibility. In addition, the MEONP unit in the PMBN chain is
an active ester unit that can immobilize proteins, including antibody. Aim of this project is that
to formulate hydrophilic substance using PMB and PMBN as a nano-carrier for intravenous
injection.

Photodynamic therapy (PDT) of cancer is a noninvasive optical therapeutic method in
which the topical or systemic delivery of photosensitizing drugs is followed by irradiation with
broadband red light. Verteporfin, a hydrophobic photosensitizer, has not yet been applied in
cancer treatment despite advantages such as longer wave length and a short photosensitivity
period. PMBN was conjugated with an anti-EGFR antibody and mixed with verteporfin. The
fluorescence intensity in A431 cells in vitro was threefold higher after exposure to
verteporfin-PMBN-antibody complex than after exposure to verteporfin-PMBN. 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. In addition, Verteporfin-PMB stayed in
sentinel lymphnodes, and could treat metastasis on epidermis in animal model. 12.5%
metastasis rate was observed in treated group while 56.3% in non-treated group.

The NF-xB/Rel family of transcription factors is involved in the development of
cancer. This family is constitutively activated in many human pancreatic cancers. DHMEQ
inhibits NF-kB activity by preventing nuclear translocation and has been shown anti-tumor
effect. However, because of its hydrophobic property, DHMEQ has to be administered
intraperitoneally or subcutaneously every day. Therefore, it is necessary to develop effective
drug delivery system (DDS) of DHMEQ for clinical application. We used PMB to formulate
DHMEQ and this formulation showed good stability and anti-tumor effect in vitro and in vivo.
In AsPC-1 tumor-bearing mice, DHMEQ-PMB intravenous injection group (every three days)
showed higher anti-tumor effect than control group (intraperitoneal injection of DHMEQ-CMC
suspension, every day).
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PSGL-1/PNIPAM-SH

PSGL-1 dimer
PSGL-1 monomer

1:Native HL-60 cell

2:ManMA(-) PNIPAM-SH(-)
3:ManMA(+) PNIPAM-SH(-)
4:ManMA(-) PNIPAM-SH(+)
5:ManMA(+) PNIPAM-SH(+)

Fig.1 Western blot analysis data showing PSGL-1 antibody
reactive bands.
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Imaging and model analysis of molecular function in cells

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

In order to introduce alternative functions into mammalian cells and control them

under ambient conditions, poly(N-isopropyl acrylamide) (PNIPAM) was immobilized on the
cell surface. Cellular aggregation could be regulated by temperature change. In addition,
separation of PNIPAM-conjugated glycoproteins was successfully performed.
NIPAM was polymerized by reversible addition— fragmentation chain transfer (RAFT)
polymerization. The GPC results showed that Mn of PNIPAM was 1.2 x 10* with a
polydispersity of 1.16. Thiol termination of the resulting polymer (PNIPAM-SH) was generated
by treatment with ethanolamine. N-Methacryloyl mannosamine (ManMA, 5 mM) was in
contact with HL-60 cells for 3 days to deliver methacryloyl groups to the carbohydrates of the
cells. RPMI-1640 medium containing 2.5 wt% thiol- terminated PNIPAM and 0.05 wt%
Irgacure 295920 was added to the cells after which the tissue culture dish was exposed to 743
W cm? UV light (365 nm) for 15 min at 4 °C. the viability of the cells was preserved even
after the immobilization with PNIPAM. The thermoresponsive nature of the
PNIPAM-immobilized cells was determined by phase-contrast microscopic observation. At
25 °C, the cells were homogeneously scattered. This is the ordinary nature of non-adhesive
HL-60 cells. In contrast, cellular aggregation occurred at 37 °C, which is a temperature higher
than the LCST of PNIPAM.

Oligosaccharides are attached to various proteins embedded in the plasma membrane
or directly to lipids. We then confirmed the formation of PNIPAM-glycoprotein conjugates
and separated them using the thermoresponsive nature of PNIPAM. When PNIPAM was
immobilized on ManMA-treated cells, an anti-PSGL-1 reactive band with a higher molecular
weight was observed and the original bands from monomeric and dimeric PSGL-1 were faded.
In contrast, a molecular weight increment of PSGL-1 was not observed for non-treated cells
This result indicates that PNIPAM is immobilized on PSGL-1 through the thiol-ene reaction.
The thermal treatment was performed after the immobilization of PNIPAM on the
ManMA-treated cells. When the lysate was warmed to 37 °C, precipitation formed. Only a
smear band due to molecular weight increased PSGL-1, which is conjugated with PNIPAM,
was identified and native bands of PSGL-1 were completely diminished. Furthermore, any
anti-PSGL-1 reactive and was not observed from the lysate of native cells after the thermal

treatment.
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Molecular mechanism of a ciliary disorder by bio-nano-imaging

Hironori Ueno
Aichi University of Education

Mucociliary clearance on the surface of the tracheal lumen is an important component of lung
defense against dust mites and viruses. Fluid on the surface of the tracheal lumen flows from the
lungs to the larynx as a result of effective ciliary motion. Though we developed the methods for
nano-scale kinetics of ciliary motion and the three dimensional axonemal structure in the last
year, we still don’t know an influence of the disease such as bronchitis on ciliary function.

In this study, we examined the development of bronchitis mouse model using
lipopolysaccharide (LPS) spray. In order to verify the LPS effect on respiratory cilia, we examined
the immunofluorescence staining using anti-acetylated tubulin antibody, and also we stained actin
filaments using phalloidin conjugated florescence to verify the cell shape in model mouse. Though
respiratory cilia were remained on the ciliated cells after a day as the control experiment, most of
them were missing from the ciliated cell after three days, whereas most of respiratory cilia were
recovered on the ciliated cell after seven days. However, recovered cilia didn’t have appropriate
length. They seem to be shorter than it of the normal cilia.

Next, we also developed the knockout mice missing a gene of the ciliary components.
The mice have abnormalities related to ciliary defects such as hydrocephalus. We will try to
examine the ciliary motion using nano-precision imaging technic and the three dimensional
structure by cryo electron tomography to clarify the missing component in cilia.

Finally, we are now examining the analysis of motion using high speed camera and
three dimensional structure of mouse sperm flagella using cryo electron tomography. We
already obtain the waveform and three dimensional structure of the sperm flagella, and compare
with it of respiratory cilia to analyze the relationship between the structure and waveform of
cilia and flagella.
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Mechanism of light-dependent endosomal escape of
photosensitizing molecules

Takashi Ohtsuki

Department of Biotechnology, Okayama University, Japan

Intracellular delivery of macromolecules such as proteins and nucleic acids is important for
therapeutic and biological applications. Thus many delivery strategies have been studied.
However, sometimes an inefficient transfer of macromolecules to the cytosol often occurs due to
their endosomal entrapment. One of the methods to overcome this problem is to use a
photosensitizer and light for disruption of the endosomal membrane. This method is referred to
as photochemical internalization (PCI). It has been considered that the endosomes are disrupted
by reactive oxygen species generated photo-dependently from the photosensitizer. However,
“photosensitizing reaction” and “cellular localization” of photosensitizers have not been
separately discussed in the previous reports. In addition, it is necessary to compare many kinds
of photosensitizers to discuss their property important for PCI. In the photo-dependent cytosolic
RNA delivery method (Ohtsuki et al., J. Control. Release, 2009) that is one of the PCI strategies,
an RNA carrier protein bearing a photosensitizer moiety are used. The localization of the “small”
photosensitizer is strongly affected by the “large” RNA carrier protein. Thus, by using this
system, we can discuss only “photosensitizing reaction” and the factor of “cellular localization”
can be ignored.

First, we screened fluorescent dyes 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 (®A) 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 -
® - ®A). It was suggested that 'O, generation quantum vyield of the photosensitizer in the
hydrophobic solvent was highly related to the endosomal escape efficiency. Moreover, an
intracellular RNA delivery experiment using ‘O, inhibitor and 'O, scavenger suggested

that photo-dependent 'O, generation is necessary for photo-dependent endosome disruption.
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ABFFE TR, AX 2 E—HIENICEBW T mRNA 2 E BT 25 HiEEBE T & L
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Yo AT a0 — T OYLEOEE T IC IEN T e — T OB E R L OYER) mRNA
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Z DGR F)d TH—AMRNIZ BT mRNA N5 fE$ 2 mfR 248 2 D IR L7z,
F£72. mMRNA E&IBINEZ W T~ U 2PN OB In R BA L2 2 b2
EDD, RIEOISHAMEOR S /R LT,
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Iz, T/ RNA OFEREERIEHIAE mRNA 234 5 BRSO Ch v | Hifa
BB ARG ORI L 5 2 v R BRBLEBEOHRT 21T> T\ 5D, 2O L 5 i
fa g % A L Uzl SRS O B EIC S TRIFRIEOBRIC B W T ZE 2121 T
HD, LNL72R 6, MaPNIZI T 2 FERHEENS W TEZ AU B 53 % K- [R E 55
EBAZT, ADZRLREAF 7 AIARATH S,

—J7. BEfFOIEN mRNA OfETE & LTk, 89 RNA 28 & > X B % L fR A
ERT 22 DTE 5% TSN EHRAT 2 HIER—KBTHL DD, ZOHEFRAT
4 TIZRBLL TWADNTESE MRNA ZAERICT 5 2 ENTE RN & Fwmity o
ZEIZERY . AR mRNA 3521F D HE7R I (RIERENTHIS° RNA 43 ff%) 2521712 < <
2o TLE D &V ) BENHE STV,

T ENG, AR TITHEIZEB VT mRNA ORFEZLCIRD T\ E & 6 2
% 1= O mRNA #i - & B biE A B LT mRNA 2421 & U= Hiflaigae 2 B Ed 5
FBREIROAIRZ BIE Lz, £, ZThE AW THIENIZEIT 5 mRNA D % A F
R AEMHT L EEFE _OHME LT,
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T 72, Cy3 Ik AR L7 20 SRR EE D7 F & A 2'0-methyl RNA 70— 7 %~
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MRNA [INATVE A XS T, £ OECA MBI KB Lzt | 2Ot B otiE
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yFrATE—TL mMRNA EORE G - fREERR EE O G | E 4 0> COST Ml iz R BLL
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TFHI7ZEINAY mMRNA S B FEDBH 21T -7, £9°. GAPDH mRNA ZHEAL 7= siRNA
EZRLE IS IR 7o, — EWFH SiRNA Z/EfSH7-% 12 GAPDH mRNA ZE &L 7 &
25, siRNA 1EHRFRMEAFEAY72 mRNA I B O SR STz, fit T, 7 e —7 28 AL
TRl — AR X LT, #DIEL mRNA & & fENT 21T o7, FCS T OMVIRLIZED
MRNA FEBLEOBHCIE, L — I — R E-CREMEE L Ic i a8 % 52 L i b 21T
ST, ZOREFR . EEVEA OBV TIE mRNA EBEOA BRI LITB SN0 T0
(2RI, SIRNA ZAE A S B2 IBO Cl, BNt 40-70 BRIV T mRNA 23] &
ELITHA L TWDER 22 T,

WIZ, R MRNA E BT EO A AMEZ /R T72012, mMRNA BB & BIRICZE(LL, SHiC
FNPNHMCICEHERERA A THRGE L TRANINRRA BN | ~T AN O FEAHEST
2> mRNA FBELE 2O AR AT, v~V ATV LIc NS T o F e A7 m—
Th~vAral T a AliEAL, —ERFHEELIZOE | FCS IZIVAnE B LU
MNIZRB W7 a—7 0 B A B REEA BUS LT, ZH AT L7 5, S5 fifn & ARk,
T F A7 m—713 GAPDH mRNA L DG EFRBERLD i 5325 A TODDITHEL
SR o — 7 IR L L TS LT, S6I2, ZFEEZ O —Miaiins i Ec
EBEFLTZEZA BENICB W TR ZIL mMRNA [HIZEALRBL QR0 oiTRL, —
HIRHAZ B WTIIEZEIZIB VT mMRNA LULs ERL TV, — 5, HIE I BV TS
ABFEDOEATICEDL ST —E B SN, 2O RIT, ZREZOMAN TIT&E 3
DIHISCTRY, MR T 5/ mRNA OAREAT5IL, 8 S REIER N
R BAR - OB NSNS FHZ /R L TRY, ARIEICL IR - BPEERE (Maternal-to
-zygotic transition, MZT) Z R THE X DD ZEZ I BN LT,
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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 regulation through various step of processing
throughout the cell. Direct observation of endogenous mRNA in living cells promises a
significant comprehension of these refined regulation. Recently a number of fluorescent probes
for mMRNA have been developed including our fluorescent linear antisense probe. However,
quantitative analysis of intracellular mRNAs has been difficult. In this study, fluorescence
correlation spectroscopy (FCS) was used to quantify the hybridization reaction of target mMRNA
with fluorescent antisense probes. When antisense probes hybridize with mRNA, which forms
large complexes with various RNA binding proteins, they have slower diffusion constants than
unbound probes which is in a free state. Antisense 2'-O-methyl RNA probes for GAPDH mRNA
labeled with Cy3 were microinjected into the cytoplasm of COS7 cells and the fluorescence
intensity of confocal volume was analyzed by FCS. As we expected, probes hybridized with
mRNA showed slower diffusion times than those of unbound probes. Two fractions having
different diffusion times were observed, suggesting that we could detect both antisense
probes-mRNA hybrid and unbound probes. The fraction ratios of bound and unbound probes
were different among cells, reflecting the different concentration of expressed endogenous
GAPDH mRNA ranging from 32.0 nM to 109 nM with an average of 71.7 nM. This novel
method to quantify endogenous mRNAs in single living cells is helpful in monitoring and
characterizing endogenous mRNA, especially under regulations. Then we next applied this
method to the observation of mRNA decay in living cells. Time-lapse quantitative analysis of
GAPDH mRNA during siRNA-mediated RNA interference allowed the monitoring of mRNA
decay in live cells for the first time. These results indicated that our method will be powerful
tool for monitor the gene activity in real time.
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% < OFBEALTLIL MR CTITMAAIALTI D~ A 7 a7 at v L0 EHIER TH
N5, ZhERBRIZ, BRZERT 2 MR OFHCHIEIC R L ThH, £ 08 TliE
T HMAIART ) T aey HIAENTHL EEXDND, RIFSETIL, JtL& DNA OFF
PG L, 7O, EHROLE, WESED = S>OMieE B L7+ h=
v 7 DNA 7ty Y ORBEEZIT->TWND, SFEIL, S/ 7ntydorarsrs Iy
VR ATREZR . AMMBIEAE 512 L % FRET (R ORBRICR ZEE L=, F7=, WHIH
FrZe S Zat y WEEIO 720 BHFRALLTONAR Y DT LA AR T 5 2
ENTE, 7T/ 7aybOPESEORETELE LT, o L X—B 2
(2 & % DNA ettt OBE 2 7R L7z,

2. FRDOERLEW

AERZRRT DHIIRIE, Z2< OWE () THREINTEYEL AT LA TH D LIF
FRIZ, 7 fEHRFT Yy U7 & LTSRS AT AL LTHI—ABND, 2D LD 70/
Fa % 2 D= A EHA - S 2 7211, EiRE Lo L MEmiaiida —FL T
WHF /Tty b REHTH D, DNA IR AECHIEZLE mVIEE U - HlE9 5
ZEMARRTHY , SEIEREMRG T LEOMAERBNERETHZ b, T/ 7R
Ty OB ELE LTER WD, 72720, B FOAROEEFTIEn RN E D
AV —=T7 2 —AERPARE L, MlaEREED~ 7 a X r— L THELNDEHRE T 1t
Y EWEICKR ST 2 LT LV, — 07, MISRIIEEEEZ b 72 AT A TH Y,
ZOEMRIZIE, SESERAT A TOHFEREREHNFIA T AL RD BN D,

Fexix, SR (7R L et ROBEIEEEN LI+ h=v 27 DNA 7
mt oy OB EZMED TE 7o, SEEATOIEHIC LV | REZ2IA 72 HIE 8 ) HiI4E . DNA
FOGFRDOEFELR RSN D, ZOFERELGFNTHD DNA 2% v v ARV Rig#ld,
IR E AT, SO, FEIRREEZ M) & T A0 FamBEBELETH Y | B
DNA b~ sy ORLE & | a3k = kL — B #8) (FRET) 12 X 0 A & F4T77 5,
AWFFETIE, WY R, HATICRB W T EOKEEEZ 152 7' 0 7T AR OEHL O 7=
D, AN BT LV FATT SR AW E R E ATRe R F A BT 5, £7o., etk
OIGEVEACHIE~EH U CHERE 2 3 L. ARAEH - flf o7z 0>y — L & L ToR I &
B & 2524 5,

63



5
il

3. lRE
DNA A¥ ¥R/ R LA ES 7 1 s I 5T 5Tk Alexa 568
LUT, 777 4_—54y T2 V2 FRET OXHlAE2 |\ cy55 _7157 " Cy5 !

|

OB A E, IO FEICED FRET = % /LX —{55E E cﬁlww
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ADH—DHAR Y NULGFHILT | AL OGS/ E I T
OFIFENES72, £ 2T, SO SAAZFNTLY, [\l
RAR LG NS7e AR N ZE BT D e a ATz, i
AR FHE ., KB B b 7 VT VR LM A O T SEFZE AL TfTo72, —fHlEL T,
MPGJ DIIRD AR ST LA O FERAERZ K] 2 1T, BT EIRRAOIEZ Eo AR
IRV ADAEREMER LT, ZOHM O ALY, 22/ FI DR ERI T /7 ety
Y EBRE T 52 LN A REE TR D,

F Tty O, LE—F— 5T ORET WAL WOtRED Y
FNE—LLCBENS, ZOT I~ L B o
FHC LA RO BEELNC. 5 FERENTO B 06
SFOMEEREICL R TED, Bl g, =pay B 8‘2‘

—OBVEHIZED IEFED DNA 221 (i) ©&5 00

L&z BB, 2T, Black Hole Quencher (BHQ) % OFF° 103%3%‘)0 >0 60

W= BT 3L — D342 kD DNA JiiH

VTR, SR DNA L BHQ &gl ) 0 BURBIGICI I & BOLMEE

7o AEAHE] DNA C o ARSENERT 2, ZOMEZSAHSIZE A LIZEZ A, JERUHIZED

BHQ bt 32 & SO E A3 A _ELT= (IK3) , ZOfE 1%, BHQ MHDOEAT /L — A DNA
WAL TR, /7ty o T1ELTO DNA IR IRE THHZ LA R TUND,

2 AR b7 LA AR R
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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. As a solution 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.

DNA scaffold logic is a computing method 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 programming in the DNA
scaffold logic, we developed a scheme for optical switching of FRET paths. The system consists
of a common donor and two pairs of an acceptor and an activator. Because the energy transfers
to activated acceptors, FRET path can be controlled by activating one of the acceptors
selectively using external light with different wavelengths. Experimental results demonstrated
that the output of the system was changed depending on the state of activation of the acceptors.
This method can be applied to switch executed operations. To achieve such control of
nanoprocessors in parallel and in local volumes, generation of suitable light patterns is
important. We investigated a method for generating an array of light spots whose size was
smaller than that determined by diffraction limit. An original algorithm was created to design
phase modulation distributions for that purpose. Experimental results confirmed that a variety of
sub-diffraction-limit spot arrays were generated in accordance with the design result.

We also constructed a method to activate a specific DNA by releasing it based on
photothermal effect using black hole quenchers (BHQs) as a physical action in nanoprocessors.
Double-stranded DNA composed of a strand modified with BHQs and its complimentary strand
was prepared. This system was incorporated into a strand exchange reaction to confirm the
validity. The reaction rate increased when the BHQs were excited to produce thermal energy.
This result indicates that the thermal energy from the BHQs contributes to release and activate
the specific DNA.
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MMRBREAFRLZ 725 Y v MVEBT A Z0A|H L

% DELFER G~ D B

WHERERE - A HBRFPRTPR T2 eR i #iE
BEENTIEE © 4 BRPRFR TR B 5E

1. FFZEOREE

AWFFETIL, ML FAREORE 2/ T 2WHMZEMAZ N TRZ/EV L (7=
AUy PVZER]D) EORTELCDIBMRIICDH A RT 4 7 AT+ 25 2 & T in
Vivo IZBIT D0 F 7 T 0T 4 VIR OBBERGREEZIT >0, ZAVE CTICHIBMER E
DOEN D ST ERAREZEET HZ LT, 7o M) v MAVZERMICEBIT 545/ A
—HERIETDHE L HIT, B—DEE R T2FE~NICHT D7 8 i LWFZE~D &
B &2 X -7z,

2. FEDERLEBH

R 1 EAETAEREIL. Bl TR 2 pb (2x10™L), 7T U 7 TIEK 2 fL

(2x10"°L) TH Y. ZD & D MU INERIN TR & ek - AL RO A RFZE RIS
fH SN TIThiLTWD, 20k 57 NEREKM T &b en sz AT
ICHHL LIRS L, AMEREEOAEICE £ 53, 2R E TIIm TEfc L v
Tt umAOIEE, SLIEE mMADOI ha RUTZEFILHELIEANVTR
TR DOZERIS 2 ERL U, 43 T OPEHBREE IR S 7= 22N CAALESOR D £ D X
VIR EZ T DO ERHRRCHEE LB U THIT 217> C& 7z, £/, 20X 9 72k
INERE VTSR ERIRRZ, 0127 707 4 7Rl O CTHIBNEREZ BB L7 R T
HFIEROER ATV, HlRET 5 2 & T, RUSEEDOHIBR 2 A b7 RIS IZ B 5 &
RI A= E BIE LT,

ARAEFE 1L, PR ICHEST L C & 7= p-galactosidase (-gal) DOEBRZDLEELE & B2,
DY TUT 4 TEIERWC IV ZTORE, EbITE~vA 78T v =734
ZDF LWFIHEE LT, BBEL7ZBA T 5 15 & LTRAT, £z, st
FFZE L LC A HBRKFOBEBLEAELEL X2 T — b —a 2 % AW ER R oOWE
TR ISR T pt At D 7o, R KRFEOAREA - fhEeA L iE. MPC R ~—
THEINT-&T Ny b OIEIHII Rk 53 5 il a 1T - 72,

3. B
INET p-gal OFE L LT FDG (di-O-p-galactoside) % U CRESE SGE E OHIE
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AT CETM, ZHUTIIW L O OfEER H - 72, O & -DIL FDG 23 g-gal 12 & 0N
K3 S 1T Fluorescein 23RS 2L 2 BEEISTH Y, HKTH D FMG

(mono-O-B-galactoside) © TN TILH LN NEIHTHI L, L2 BEERIETH D
728, Fluorescein OAEFUTKEI N 0D Z e ENboTz, ~A 7 m «F ) F ¥ /13—
TN R T 1 Gy F R BUGIE BERRAT I 3V T, EREH D IERAZAE 5 e e DR
EPNRERSEICREREEL 525 2 b FRFTAE T 5 1 BERERIG ORE SR & JIEE
IZEHICTE B R0 FNREE L= FE % FDG 5 5 TG-pGal (2-Me-4-OMe TokyoGreen
O-p-galactoside) ([ZEE T 5 L& Lin, ZORER, BEMSHIE 5 pEETH, +50
TR T 7RO bR KOBERCHEEIZE L2, ZTRETEY bREORWHIE
MDA[RE L 2o T2,

NI FOFERE LTI, ZRETEDF27 7 U7 4 7#AlE LT PEG8O00 X°
PEG20000 72 & & HIW T E 7223, PEG 2D b DNKDIEZAR T I E720 | BERS 1L
FMHEAERZ4 T 2 mREME 2 R E TE Iy o 7272, Ficoll (44518 400) % FuCHE%
TSR E A~ DRI DN TRFI 24T 2 7253 PEG % AW ZBE D X 5 22 BEEE 72 AR E]Hs
B Vioax DILTFRI AT U ZAEH Ky O E W o Tl aNE R e holc, 202 &)
5H . PEG Z D DO KOIEMIZEEEY 5 2 5 2 L CRERIE SN Z 5. 2 T
WHZ EERALMNE LT,

ZORDBREEERGF 2 WS TFEROMIZ. LN~ A 7 aF ¥ o N—FT S AD
FIREE LT, Ml bHBEL . B 2LV TETF v o N—~BETHZ &
28D LI LT W E B AR O EBRIZRIH T E Wit o D 7o, Ml &
L. BMFHMagkcd 5 HL-60 (Human promyelocytic leukemia cells) % V>, £%HiffE
#X 3K (Nuclei EZ Prep, Sigma-Aldrich #L) Z H W TKE 2 B+ 25 2 & T,
GAPDH(glyceraldehyde-3-phosphate dehydrogenase)® mRNA M #EEZ - L CED K 9 7%
HAART AT ATHBITLTCNDDONEELFaT7—E—arz Tkl L, &L
TeELFa T —bE—a MRS E S OF ) Iy — & T U X ARSI EAT DA
U F=—00E s B L 72 total RNA ZiIL7Z & 2 A, S0 RIE AR Sz,

(R - BHSEA & O FESE)

£72. MPC RV ~—THEINZ&T Ny N ORI H Rt 2 miEak
B (R EalBR, BRI 21T o 7R R, FRCET Ny MEE BAICHE S mrEisls s
T, W ENITEN T LB E A bic, Zhid, REZHEEL THD MPC AR Y
~ M SN T A= OREN B Ny b OORHT 55 FI U L0RE%
EESTEABEMERB 2 bivd, BORLRY: - AlRAeA, R4k & oILFEBE)

LB, AHrEiisdiskic s 2 88090, S GIZITEBN LR E4E LT, 7= A b
U MVZERTAE U DBERERICICET 28T A =2 253425 L & bic, Lt
LRGBS ~ORHZITV., T/ RFDF ) AT 1 v & L TORKIG
M ZRIFIZ AN R 2179 2 & T, T/ AT 4 O LWEIZE G LT,
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Development of femto-liter space devices mimicking intracellular
environment and its application for biochemical reaction

Noritada Kaji and Yoshinobu Baba

Department of Applied Chemistry, Nagoya University, Japan

Micro and nanometer-scale chamber array on a chip becomes a powerful new tool for
bioanalysis since it could stochastically capture and measure biomolecules at a single molecule
level. This experimental concept was introduced and elucidated by Prof. Noji at 2005 and
applied for single molecule enzymology and measurements of ATP synthesis by F1-ATPase.
This kind of small science inspires us proceed a next step of micro and nanofluidic research
since at nearly the same time we had developed nanosapce-based nanopillar array chips for
high-speed DNA and protein separation. Our fundamental interests are how reaction-space size
affects an enzyme activity and how small space we could extrapolate enzyme kinetics in small
space from old enzyme Kinetic data in bulk. So we have measured a single B-galactosidase
activity in various sizes of micro and nanochambers, from 5 pm to 500 nm cubic, and found that
the activity gradually decreased according to its chamber size. Because the specific surface area
increases according to the decrease of the chamber volume, non-specific adsorption might be a
factor to suppress the activity. However, several experiments including surface coating and
repetition of the enzyme capturing elucidated that non-specific adsorption is not a major factor
affecting the activity. To discuss these unexpected results of the enzyme activity in the small
cavity, molecular crowding effect which confine the diffusion of enzyme molecules and change
water activity in bulk was also investigated.

Another application of micro and nanochamber array was for a single nucleus analysis. In
the field of gene delivery systems, it is still unknown that virus vector showed much higher
transportation efficiency of plasmid DNA from cytoplasm to nucleus in contrast to non-virus
vectors. To improve gene transportation efficiency, which directly lead to increase transfection
efficiency, gene transportation mechanism through nucleus membrane should be cleared. But
unfortunately there are no experimental protocol to quantitatively evaluate the transportation
efficiency through the nucleus membrane. So, in this study, nuclei were extracted from cells
by gentle detergent treatments and captured into a PDMA or PMMA microchamber at a single
nucleus level. After the confirmation of capturing a single nucleus into a microchamber,
nucleotides and nuclear membrane stained nuclei, transportation of mMRNA by molecular beacon
were observed.

These micro and nanochamber-based experimental system would bring a new insight of a

single molecule science.
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nanopore-based nanobiodevices. 17th KAST International Symposium on "The Multi-Omics and
Nano Biotechnology for Human Disease Research". Seoul. (2013)
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MBRNA A — P 7T o8 mRERR T 0 —7 DA%

WIEAEH - A B RERF G TR W &

1. FFFEOBEE

RNA NEFOARBEEEN IR 2 (ZHABNNZ 2D 2H 52800 ITHEAMINIZISITS RNA
DOEFREMENT 237F H SN TD, o 1ZZNFETIZ RNA % B (SR H AT RE A v AT A
L& 27 —bE—2 (ISMB) DBIFE I L TUND, AAFSE Tl i h DI it 25
ISMB ZBHFEL ., Zivd W ARMBINIZI TS RNA OEEA A= 72 BEELTD,
AR Cy3 2By THA LAV AT LAELF 25— —a (ISMB) & HV =Ml Y
AA—=T L TICDWTIREEAT o7, Eio, BB EFI AT 5221285 T ISMB OEEFIfi
P ESEHZ LRI,

2. FREDOERLBH

HERINIZH 1T 28k % 72 RNA @i (R7ENE - BBLE) TR0 boiic
WTEEREEZH - TWD Z ENTFERALMNIRY 50bH 5, TOH, MIEHNICE
WT RNA ZF[f{LT 57 —TBROLNTND, ZOXHIRTr—TICELFa T
—bE—a3 L (MB)BH DM, KD MB IZRIMICOENEA SN TWEEDIT, Ny
7Ty REHIC L DBEENRRKE R E 72> T e, ZAUTH L, Fx 1T AT AN
MIZAREZEALIZA VAT AELF 2T —E—a (ISMB) Z% L7z, 207 m
— 7R MB LR TAR Y 7 7T 7 REENNESNEWIFIERH D, T 2T,
AHFFETIZZ D ISMB 2 HIZHET D 2 LI L » THEERE LERRH 7 v —7 %
L, FERICHIBANA A=Y U I~RBET 2 L2 BT, FEFEIX Cy3 #EEEA
L7 ISMB ZBi% L, S RNA 2B TH D Z L AW b Lo, AFEI
ZEAWZHIAN RNA A A — 0 7 KOV ISMB 5 B EEE MM DO fF 52D\ TR
MEIToT,

3. AR

2'-OMe RNA # VW= BERMHER ISMB DB 3%
PR VN TET= ISMB I X DNA THE ST A7z
D MBI E A LT BRI R 5 R R Lo T
RSN FREVER D -T2, ISMB RS-
é\\\%%ﬁ;—@y& %ztézfoe@ RNA ?ﬂ”@c?*ﬁsm#é_ KL o, o
ENWEEL 72D, T, AWFFETIL 2-OMe RNA

|z - PN e rx X1 BEZEMmMMEA ISMB O L
ZRESITE A LTZ ISMB 2 & kL, DO HeE & Y 5-OMe RNA 0L 1
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BER MMM OWTHE 21T 272, BARRITIX 300
2-OMe RNA IZEFHL, & RimIE AL
ISMB Z& L7 (X1), 2-OMe RNA (X RNA @
QNLBRFESILCNDTZO I, LR ) i SR 1T &
D05 % Z I NWZERASNTWS, Z0
2'-OMe RNA %Ki 2 mer 372 AL7- ISMB
IZOWTET RNA BB REILI2L A, TEk
B ISMB E[RIFEFED SIB t (7 F w7 75T
VRE) BRI ZEN o T2 (K2) . AR TA TR 250 500 650 00
FTOWHNF LB T DI Lo THRER M Wavelength / nm
AL 72, 2 DOFES. DNA OB THERRE D 2 2-OMeRNA ZE A L7 ISMB (2
ISMB 2L T 2'-OMe RNA {E i ISMB [ZE£5 (2 £H =7 b RNA OB

KD ED 112 FEEE TR SNADZEN LMo T2,

— Without Target

N

[

o
T

— With Target

= = ™)
o a1 o
) o o

Fluorescence Intensity / a.u.

a1
o

ISMB Z W =NTEMHE MRNA A A—T 07

TALVETIT Cy3 HHEEA ISMB & HIWCEE LSV TR BLL 72 GFP @
MRNA DA A=V IR TD, LnLARAD, TR R BLL 722 TR NIc BT 55
FEMENEAL T DA REME D~ T2, 2T, ISMB Z W= HINAENE mRNA DA A= 7
[ZOW TR E T T, #—7 v heLTiE Xbox fEA 47378 (XBP1) ® mRNA EL7-, =
@ MRNA [ 3/MERIZFETHZENHHITWD, REIZEE/LSI7- Hela AIRRIZHL
ISMB %38 AL L — W — BRI CRila 28122 L7 (IX13) , ZDfE S, A PG ISMB
® Cy3 ORI BIEIS N (K3, Fo, MR RTET A ZENHBILTND U AL T
ARAY AT —F (PDI) DG Yt z4T -7~ (X 345) . ISMB LA fa |2 kA% —ELT-
ZEMB XBP1L mMRNA 13/ NRIZEEL TOBZERIHB N7 (M3 F) . BLEDZEN
5. ISMB Z W CHEE(L L7 MEIC 81T ANTEME mRNA 2/ i T 52 LnbhoTe,

X3 ISMB IZ &% XBP1L mRNA OfHifE R, (/) PDIfuzEdets (h4e) Cy3 %)t
(i) EhRADE WS,
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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 RNA imaging. Last year, we synthesized ISMB tethering multiple Cy3
fluorophores and guenchers (Nitro Methyl Red), which showed high detection ability both with
DNA and RNA. We also applied this ISMB to visualize GFP mRNA, which was transcribed
from plasmids, in fixed Hela cells. This year, we synthesized ISMB modified with 2'-OMe
nucleotides to suppress nuclease digestion in cell. We also applied ISMB tethering Cy3 to
visualize endogenous mRNA in fixed cells.

Digestion of MB is one of most severe problems in cell imaging because emission from free
fluorophores causes false-positive signals. ISMB, which is composed of DNA, could also be
digested in vivo. In order to suppress nuclease digestion, two 2'-OMe nucleotides were
incorporated at each terminus of ISMB. It is reported that 2'-OMe group suppressed enzymatic
digestion by nuclease. ISMB with 2'-OMe group showed almost the same S/B
(signal/background) ratio compared with ISMB composed only of DNA. We also evaluated
nuclease resistance by measuring emission intensity of ISMB in cell lysate. Fluorescence
intensity of ISMB-2'-OMe was half that of ISMB-DNA. Accordingly, incorporation of 2'-OMe
group strongly suppressed nuclease digestion.

In this study, we aimed to visualize endogenous mRNA in fixed cells. We synthesized ISMB
targeting mRNA of X-Box binding protein (XBP1). When ISMB was added to fixed Hela cells,
emission from Cy3 was observed at specific foci. We also performed immunofluorescent
staining with antibody against protein disulfide isomerase (PDI), which is localized in the
endoplasmic reticulum. Merged image clearly demonstrated that XBP1 mRNA is also localized
in the endoplasmic reticulum, which is consistent with previous reports. Accordingly,
endogenous mRNA in fixed cells was successfully visualized with ISMB.

73



5
il

FRY A b
EAFHRL
1. Hiromu Kashida, Naofumi Higashiyama, Tomohiro Kato, Hiroyuki Asanuma,  Evaluation of
intrinsic spectroscopic properties of chromophore assemblies by shielding with cyclohexyl base
pairs within a DNA duplex. Bioorg. Med. Chem., 21, 6191-6197 (2013)

%03{143 (B, ZE., 5. ERBHAHRE B8R E)
Hiromu Kashida, Outstanding Oral Presentation Award, The 40" International symposium on
Nucleic Acids Chemistry, 2013 4F 11 A 14 H

2. BHE  PERRSTICX D8RR 2R Uittt ofli)  EAMEERE6
3MmIEAE 201443 A (PE)

3. EEHE [ ANLHHESSOBIZIC X ot oRIf | SUMN X &0 74 FaFsE
B oM e (BfFRH) 2013427 A5 B, dbjui

4. BHE  BERARDFIC XD EHEE 2R Lo EretEme oRIf ] AL FERE
94 RFME (THMEE) 20143 A 290 (FiE), A HERT

74



5
il

BEVRAmEICBIT D Z 7 BERMEEERICRIET

BFITTUOT 4T DRE

MRS © INEHRPRFBEE R R AT Ebe gk 2—
SIRMIGERE L IKERFPRZPEGEE RO R SERE T OHAERE

1. BFFEDOHEE

AMTEEOMERFIC IV T, BERLUG Y 7T URE, BEHIER &0 % 37 B
HEEAPELERBE Z2H- TS, T D OMAERIT, AR & RER TRIGHE
PEBTLHERHLZLPHMbNTWD, FlAIE, ZHEEOLEES TR
fe L7017 0T 4 » ZIRIBIC & 2 MIAN OBREL T Tl A ERCPUEE 23K
SLEHT L LHEN SN D, Foxld, MRNOEKRREICEREZYL T, 5 F7 707
A TGS EENC RIETRBEEFTNTE T, SEEID 7T 0T 14 v 7HIOM
- EE EHUR OBLAMER KO EMED, IR B L OME S PR E 7 & DB
FICRE B A 5252 L2 R LT,

2. FREOERLEW

AN DBRBEI I Z IO Ry TR EIREICER LT+ 7 T 0T 4 v 7IRBIC
e ZTOXIBRBREFCEEIERY VNV EMBEERAPIERLISREIDIZ EIZE -
THIN S AT DIHRET D, 7 T UT AV VRE N TIE, 7707 4 VT ORED L5
IZON T REEDRIED X X B OGRS 5, — 7, S OB 12O T,
B 53 F DILBOEEE DS KIEIAR T3 2 720 | JEHAHH O SOG CIERISIEEME T T2 b
DEEZBND, LIzhHo> T, MIORLEWZ X ESEET HI1TIE, ZAE THr
DHILTHSTFHHERTOL R BRIFIGTIERL 72 70T 4 7 BRETICEBIT 5
BT ERIBUSIZOWTERZ RO 2 Z & 3O TEETH 5,

AR CIE, MRE TS 2 2 8 BRIOBISLSNT B CO S b3
2 AFET D, BlAIE, NEMED G THEGIETh DI EHE 7 11T & 37 i
BEEN T B LT v h—2 o I PEET 5, 0, VU ROEEICL > TR
ML SN R OMBIN B A A ATMEEIZT o —V 73 TEBY  EHT ¥
THE = PREET DI LI Lo THIRRNIZY 7T VMBS LD, 2D OEHR R m
BT D% X BRORISITAMEENC L > TEEREKEZ OB, /7 70T 47
BRI FCRIZMICONWTIEHEVER SN TI2h 2T, & 2 TR T, MiaN
(BT D EEAE COLZ N7 B A ERICESEZ YT 517 T 9T 4 T HRRIG
DY L OB HEENC RIF T LIRS Z LA B & LT,
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3. pRFR

K7 T AF LG (SPR) AT 34 E I LOMRMT 7 0 77 ME B 1B & iV 2, SPR 4
—TF T DEAEREICH Efﬂﬁkﬂ:$ T PE(SAM)ALEE A 1T > 7=, HS~(CH,),,~COOH X
N F L7 Va— L EG) & 4y \2H 4% HS-(CH,,,~EG,OH & HS—(CH,),,~EG,-
OCH,COOH #i&4& u‘_{gﬁﬁ%ﬁﬁ WT 2 @*ﬁ@ SAM(SAM-COOH, SAM-EGCOOH)% {E#iL
LTze ZO53 FRuGDINRF VNV EEEKEEDI VRV AIRBL R N-ERaF VAT AN
TIEMEAL LT, EEbd2HUREL T EGE (thEGF-AF, Wako)d EGF-His GE{n-3E A K%
AR i R R, HUREL THL EGE fitfk (MAB636, R&D System)Z [\ 7z, EGF [
TE IR E, TEMAL L7 et 10 pg/mL 0 EGF ¥RHR IS L THERLL 7=, EGF 134y 71
BAFAET BT Ha ML THEM LA T 52 CIRFICE E LS B, BGF-His [H 7 5
BX ML L7256 % 10 mM AV-(5-amino—1-carboxypentyl) iminodiacetic acid ¥ & IZIRIE
LT, RMAIZNTA EAE AL, 40 mM NiSO, &% VT Ni* & NTA 2 iZF L —RL72 1%, 10
ng/mL @ EGF-His #HRIZIR{EL TIERL7Z,

RY=FL 7 V=z—)L (PEG 600, Wako, Mw = 8300). dextran 70 (dextran, HE{LFK, Mw
= 70,000). Ficoll PM70 (Ficoll, GE Healthcare, Mw = 70,000)% Dulbecco’s Phosphate
Buffered Saline {2 0~10 wt DR EECTEWMEL . 7T 0T 4 T IRIEE LTz, 70T 42 VU
WH LTz 2 ng/mL OPUIEZHUR E E FAR EIZHEL, SPR Z W CEE(LHUR TR DRE S -
it e R 2 B R L7,

@PE % (C) Ficoll (A) PEG it (B) Dextran % ) Ficoll
PR L S ST 4 L M R S r " ©Ficoll e

222222222222222
//////////////////

X 1. SAM COOHJ:’CO) EGI‘ fZCf*/\:Er“ rﬁ%{ X 2. SAM—EGCOOIIJ:TU) EGFWZISF/\JEI“ mdzfc
77957 4 7HK|I(A) PEG, (B) dextran, (C) Ficoll. 7595 4 7HKI(A) PEG, (B) dextran, (C) Ficoll.

EG $HO rrEh4IC XD SAM-EGCOOH (X EH E LR D M E 2B R H HIZAE X DZEMN
T, NIV TTT 7 BEE FCD EGE &HLEGF HUAEDFEE BUGIZ DWW, BELHL
JROME N EELSI TS SAM-COOH &L R72 5L TS, £Z T, SPR #riEE W

T, ZOFEA BUGIZ DWW CTEY )RR 21 T o T2, ZETICHA LTZ SAM-COOH D3R
(¥ 1) Tlx, BB () 12777 F 40 THIDBEE N ELIBRDIZON TR T L, 0
X770 T 40 T HRIOFERIZ L > TR > T, ZHUL, 790 T 42 7 Bk OB 8%
ETLZNLTHDHE 2B, A RERE 25 SAM-EGCOOH Of#: (1X] 2) TiX, 4, DK T
1% PEG IV TSNS, Z O EiX SAM-COOH LR TR ER ST, F
7=, F7=. dextran &S Ficoll IEEEIZIBWTIL, &, DZAVIZ/NEL BT OB IME A D3 RIE
ENic, ZOZ BT, ERICHEELSNHURO /B8NS 770 T 4 TBREE FIZBWT
ko, DK T2l 3525 R L, Fe, &, 20 L RO IS5 AR A2 R~ L7,

UL DTSN, 5370707 10 7 FlOFEE I LOE ELHUR O ATEh A | YEBOH & 35
OB IR RGHE 72 & D) ) PR E IR A 52 DT EDRIBS LT,
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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 macromolecular crowding is that macromolecules are dissolved at high
concentrations. In the environment of molecular crowding, excluded volume effects of
macromolecules alter activities of particular proteins, and then these reaction rates are subject to
influence. There are a number of reactions at the microscopic solid-liquid interfaces in the
internal of cells. The aim of this study is to analyze the molecular crowding effect on protein
interactions at solid-liquid interfaces. We used here a surface plasmon resonance (SPR)
analytical method for antigen-antibody interactions at an interface under macromolecular
crowding conditions.

As a model surface, we prepared SAM-COOH and SAM-EGCOOH for
surface-immobilization of antigen. SAM-COOH, as a monolayer of HS-(CH2),;-COOH, forms
arigid layer. And SAM-EGCOOH, as a mixed-monolayer of HS-(CH,)1;-(OCH,)e-OCH,COOH
and HS-(CHy)11-(OCH,)s-OH, forms flexible tethers on a rigid layer. EGF and EGF-His were
used as an immobilized antigen. After introducing and activating of carboxyl groups on the SPR
chips, EGF or AB-NTA was immobilized. The NTA introduced chips were treated with Ni**,
and EGF-His was immobilized by chelating His-tag to Ni**-NTA. On SAM-COOH,
immobilized EGF was non-oriented, but EGF-His was oriented. On SAM-EGCOOH, EGF and
EGF-His were immobilized with a flexible linker EG. Poly(ethylene glycol) (PEG; Mw = 8300),
dextran (Mw = 70,000), and Ficoll (Mw = 70,000) were used as a crowding agent at a
concentration of 0, 2, 4, 6, 8, and 10 wt% in phosphate buffered saline.

The association and dissociation processes of anti-EGF antibody on the EGF immobilized
surfaces under crowding environment were measured by SPR. From these results, we obtained
association rate constants (ko). On SAM-COOH, k,, deceased with an increase in the
concentration of the crowding agent. On SAM-EGCOOH, k,, deceased with an increase in the
concentration of PEG, however this trend was not obvious than on SAM-COOH. And, in
Dextran and Ficoll medium, ko, did not decrease clearly but rather slightly increased.

It was suggested that the crowding agents and the mobility of the immobilized antigen affect
the kinetics of such antigen-antibody interactions.
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BB Ox v V7 THHI{MES ) ~T U 7 VOFIENEZED Sy A T = R LR,
MR & b 72 O MIRFIERE DO FRFRE . T/ AT 4 o DI D oy FF+:
ERER L, TEREmANL—T v NERIR 7 V) —=2 7 ~D5 AR, B ER O
M OMEEBET Z2MERNSH D, T TRAAI AT 4 v 7 A e A AP —
EHAA DR T, MIEESIEE ORFE A A4 & B E - EEEICET A2 Licky, F
J MBFOHI R SR AL R T TOELEROSIS T BN ToA F
I DfEE, T 7 RSB TE R 3 5 —REI 722 ) R T A b 72 b Rk E M % E &
By - —FAUTFHLS 2 2 & 2 BT
3. KEE DR

RIE~—H—ThbHE b C-RUGHEZ /37 (CRP) 1%, SAEHNLHFRAICIER L
THIARIETEAL & B ARGIE IR A A W50 3 2 28, IH 2988235 CRP 23 & X 5 ICRIEF
A A XA L CRRRkT 200 & WO TEBEEI IR CTh D, AR 7 O BT 72
TEVEIVASRE 12 A A - IREE - pH 25 (b & W o 7= BRA L2 000 NBRBE 25 Lo s 1 & o
WEZEALNEI & &2/ b Z LIZER L, Ca¥ % L7= CRP & T DO FIKTH 5 M
UUMEEDARAR Y val » (PC) #é DMHAERHOMAEZKZ /2572, 22T, N
AFIAT 4 w7 ATREBREAL v T HZ2a L, MR
HWUNEREE A N THNCEE L=k —7 T v b 74— &2V, CRP 37 DI%
PEALEERE (2 B9~ 2 B L2 8T A — 2 2L 2MZ L7z (K1), —2>H? Ca* 7 CRP
ICHHE SN THIDTCRP X PC HLFEAL., —DHD Ca" BN CRP ICHWiAEND &
PC I L OBFMEN S DICEEEE DL EBHLNE o (K2), Ziuk, Mo
WEREI NS T DA T AREN 12 MM THHZ L E2BETH L. M ZPEERT %5 CRP
X Ca* N — DO LOEA L TWRWZ LD, Lan-> T, BT Ca BE N &

79



5
il

KRR CIX, MH D CRP IZZ DEFMLITEILICHER T DL ND 2 EIcRD, DFEV, &K
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Evaluating nanobiotechnology-related medicines using sensitive

ion-sensitive field-effect transistors
Tatsuro Goda
Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, Japan

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

Secondly, we have created an in vitro condition that mimics the progression of
inflammation/infection on a sensing platform to investigate how biomolecular dynamics
changes by the local ionic microenvironments. A novel concept underlies the use of engineered
phosphorylcholine (PC) polymer as an alternative receptor for the human acute phase protein
C-reactive protein (CRP) on eukaryotic cell-membrane. In addition, we replicated the local
ionic microenvironments of a pathogenic site by using a conducting polymer-based organic
bioelectronic ion pump (OEIP) that can deliver [Ca*] and [H'] with a well-defined,
spatiotemporal control. Since Ca®*-dependent binding of CRP to the engineered PC surface
models the interactions occurring on the cell membrane, the biomimetic interface allows the
binding constants to be determined. These values denote why the serum CRP level needs to be
elevated for 100- to 1000-fold in acute-phase. Moreover, our data reveal the local ionic
microenvironment to be an essential parameter in transforming the CRP binding Kinetics,
indicating a hidden mechanism on site-selective activation of circulating CRP in damaged tissue.
Under conditions promoting active binding, we further show the recruitment of both
complement component 1g (Clq) and the tissue-constructing protein fibronectin (FN),
demonstrating the initiation of innate immune response as well as the wound healing process

triggered by the CRP activation.
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(Kigasawa et al., Int. J. Pharm (2010), Kigasawa et al., J. Control. Release
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F7x Ly AT 5 2 & TIHEREAICHIEAICERE L, S HITEV RNAL R 2R L
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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. Previously, we found that
imperceptible electric stimulus (IES) 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. Recently, we found that cellular entry mechanism was endocytosis, and
phosphorylation of versatile proteins including cell signaling-related proteins was stimulated by
IES by exhaustive analysis of protein phosphorylation in the cells treated with imperceptible
electricity. In the present study, we confirmed that IES enhanced cellular uptake of various
nanomaterials, such as PEgylated nanoparticles, developed by collaborators. Moreover, we
found that IES induced Ca?* influx and depolymerization of filamentous actin in the cells. In
addition, intracellular trafficking of liposomes internalized by IES-induced endocytosis was
enhanced by IES treatment. In conclusion, it was suggested that endocytosis and intracellular
trafficking were enhanced by IES via depolymerization of filamentous actin and Ca**-influx.
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DL, BERARRMICGRRT 2 2N mo TV, E5IC, IRV U EN LIk
[ DN VI NE OB B & G T2k 535 Z L VR I T D,
AR £ COMFFRIC L V. 1Rk L7125 % o 0 DT — & — 58I (K5H-GFP) D #il 3 N 43 A7
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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. However, it is not fully understood about the
system coordinating complicated cellular event, such as neuronal morphogenesis. It will be
important to understand the systems that regulate 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 has been reported that the motor domain of kinesin (K5H) is accumulated in axon
in hippocampal neurons. In addition, 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. In this project, we analyzed the signal intensity of
K5H-GFP in each branched axonal terminal and found that K5H-GFP is transported to the
particular axonal branches. Furthermore, we found that there is a positive correlation between
signal intensity of K5H-GFP and axonal branch length. In the present study, we performed
long-term multipoint time-lapse imaging of branched axons and analyzed the growth/retraction
of each axonal branch. By quantitative analysis of obtained time-lapse images, we found that
axonal branch which contain high ratio of K5H-GFP show lower retraction value (less than
1.2um/hr, whereas it varied between 0 — 6um/hr in the branches that have lower ratio of
K5H-GFP). On the other hand, there is no clear correlation between growth value and
K5H-GFP signal intensity. Next, we asked if the microtubule stability is different between
longer axonal branch and shorter axonal branch. Neurons are introduced with tubulin-GFP
vector and subjected to the fluorescence recovery after photobleaching (FRAP) analysis. We
found that in shorter axonal branches, microtubule turnover is faster than that in the longer
axonal branches (K#=0.0366/s vs K,4=0.0126/s). Consistently, immunocytochemical analysis
revealed that tyrosinated tubulin which is known to mark the unstable microtubule is indeed
significantly abundant in shorter axonal branches.

Collectively, these results demonstrate the novel intracellular system that control
axonal branch pattern by locally regulating the kinesin-dependent axonal transport.
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Development of walking nano—*-meters

Madoka Suzuki
Organization for University Research Initiatives, 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.

In this fiscal year 2013, we completed the development of a ratiometric nanothermometer
(RNT) for intracellular temperature measurement in real-time. Both the thermo-sensitive
fluorophore, p-diketonate chelate europium (IlI) thenoyltrifluoroacetonate, and the
thermo-insensitive fluorophore, rhodamine 101 that was used as a self-reference, are embedded
in a polymeric particle that protects the fluorophores from intracellular conditions. We showed
that the ratiometric measurement of single RNT spots was independent of the displacement of
the RNT along the Z-axis. The temperature was successfully determined at the location of each
RNT under a fluorescence microscope regardless of the dynamic movement of living cells. To
illustrate the novelty of the spot-by-spot intracellular thermometry, we followed the temperature
change in individual RNT spots in a single HeLa cell together with the Ca®* burst induced by
the Ca”" ionophore, ionomycin. The temperature increased differently among different spots,
implying heterogeneous heat production in the cell. In some spots, we showed that the
temperature gradually decreased, while in others it remained high. There was a positive
correlation between the average temperature elevation within a cell and the increase in Ca*.
This result suggests the Ca®* concentration-dependent activity and/or number of heat sources.
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Novel Bio-function of Antigen-loaded Peptide Nano-assemblies 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 p-sheet peptide
nano-assembries as carriers. The preparation of antigenic peptide-loaded nanofibers by
self-assembly of B-sheet peptide containing T-cell epitope and hydrophilic block, and their
cellular uptake are reported.

The building block peptides consisted of four minimum essential elements, and were
designed as a simple model for the construction of antigenic peptide-loaded nanofibers. They
were composed of a B-sheet forming block (FVIFLD; B), an antigen block (*’SIINFEKL**;
OVA4gs7), a flexible-linker block (GSG), and a hydrophilic block (oligo(ethylene glycol);
oligo(EG)1,). The B-OVA-(EG);, solution in PBS was incubated at 60 °C for 24 hours,
nanofibers with a length of a few micrometer were formed. The length of B-OVA-EG;, was
controlled to 810 + 460, 280 + 210, 120 £ 90, and 40 + 20 nm by extrusion through membrane
filters with pore diameter 1.2, 0.45, 0.20, and 0.02 um, respectively. We investigated the effect
of nanofiber length on their cellular uptake by RAW264 cells and the cellular internalization
pathway. The amount of cellular uptake was significantly affected by the length of the
nanofibers. Interestingly, the short nanofibers with a length of 40 nm was internalized by
non-endocytosis pathway, in contrast that the longer nanofibers with a length of 120 nm — 800
nm via endocytosis pathway. The size-regulated peptide nanofibers are expected to be useful as

a novel delivery carrier of antigenic peptides into cytoplasm of antigen-presenting cells.
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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 membrane proteins are important because extracellular signals are received and
transmitted with the proteins on the interfaces. To investigate such biochemical and biophysical
functions, giant liposomes (giant unilamellar vesicles (GUVSs)), which have cell-sized diameters,
have been used recently for reconstitution of cell membrane proteins as artificial cell systems.
Particularly, researchers have a great interest in reconstitution of biological functions that would
be expressed by multi-component protein systems related to cell-cell and cell-matrix
communications. Transmembrane protein receptors are also interesting because of their work in
transfer of cell signal molecules over such biological membrane interfaces. In the present
project, we attempt to GUV-based artificial cell systems in which recombinant membrane
proteins are reconstituted into a functional bio-nanomerchinery. We have here selected model
transmembrane proteins including G protein coupled receptors (GPCR), extracellular matrix
receptors (integrin (ITG) o/B) or membrane enzyme effectors (adenylate cyclase (ADCY)) for
the present demonstration. We used our novel method based on a baculovirus (Autographa
californica nucleopolyhedrovirus (AcNPV)) /insect cell (Sf9) gene expression system that
would enable us to prepare proteo-GUVs containing such desired recombinant membrane
proteins.

First, we examined membrane fusion between baculovirus budded-virus particles (BVs) and
droplet-transferred GUVs through direct observation on single GUVs using a confocal laser
scanning microscope (CLSM) and obtained the fusion profiles of both intact and capsid-free
BVs that showed the membrane fusion was caused by their GP64 activated under acidic
conditions (pH 4-5). Second, we demonstrated that fluorescent protein-tagged (TagRFP,
TagGFP2) transmembrane proteins were incorporated into membranes of giant liposomes that
were generated using the droplet-transfer method or the gentle hydration (natural swelling)
method; GP64 (in N-terminus) and GPCR (ADRB2, CRHR1), ADCY®6, ITGA2, ITGA3 and
ITGB1 (in C-termini) were directly observed on GUV membranes using CLSM. In addition, we
verified enzymatic activities of recombinant ADCY incorporated to giant liposomes. Finally, we
developed a procedure for efficient entrapment of proteins into inner phases of GUVs generated
with the gentle hydration by switching pH of hydration solutions around the pl of such target
proteins. The improvement would be of use to reconstitution of artificial membrane models.
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HYHFS N2 B DG DIKEE
%?w&bf%wk%&%%ﬁ%%%?&yﬂﬁg(H}+M)ﬁﬁ§ﬁ%ﬁ%ﬁﬁ
BAMMEE (AFM) (C XV BIE2 L7 (Fig. 1), = ORI, P22 MM 8% kS L TH Y |
ZDOINEDELRD, EGF ORGGMOWmER LU M TH o7z, L-oT, Zh
i T, MicroBCA M H3Reb 7 & /X7 E R i (349 + 22 ng/cm?, 3.38 nm?molecule)
MOEFRLTEZL DI, EGF-HIS 37 >
CY L SR BICRFIL TV A L EL S |
N5, £, =V 7Y A NI —HEMNL, 5
JEA3 1.89 £ 0.01 nm & 537/ V) | EGF-His |3 H
J@ThHsH LRI,
ZOZODFERING | BMHEFZ LRV
X, BETHS7 =V U7 R0 EICE Fig. 1. AFM images of the substrate immobilized
FILTW5D &t b, with EGF-His.
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WEARHE & TIZ, ¥ 7 TV REO BN - fketE 2B L CAEYFRIRHIE R &2 - CAzdE
LT&E, FRLT & s LT, EGF ZAED Y VRRKIZ X 5 v 7 IMRZED TG
BT HE 4 HOMBRIZEWTY YEMEENKIE 2B T 2AN R o7 mTh 5,
ZOBENEWRT 2 b OIIh, DF 0 | BUARLEN v 7 F MRiEkGElIC 27208 5
TVADRERENTITBIAEND Z LIk > T T FAENED LT D00 EHHND
R BEHEOLEKEE (TIRFM) g U — —dEBMEE (CLSM) 12 X 0 HHEF
EGF-His OiB# 1T - 7=,

Fig, 2A 3 L\ 2B@IC R &N 5 kL
T, B 21 h £ TTIEL IRIER
DR D NS T=DIZXF L, £
NZWmE 5 LR MEFEZ N
BOEMNE ORBENFED BT,
—J7 T, Mla A TR R I
FAEISEHA TR, IZIEHEHT A
Lo T= (72 h T 1.5% M)

S L — P — a1 K
. KN O A594-EGF-His A 4
ICOWTBBL7ZE 2 A, FE%E 2 A
%Iz 005 MIRN TRESE D

b L e s
BLEDMEE SR, COBRDEE 5y 2 (A) TIRFM images of EGFP-NSPCs (upper) and

XiE L iz NS/, surface-immobilized Asg-EGF-His (bottom). (B) Relative
Rl it W% = fluorescence intensity (RFI) of surface-anchored A594-
STy TNHORERENG AT EGF-His. We analyzed a RFI of A594-EGF-His incubated

with (@) and without (O) cells in the medium. (C) CLSM
25570, Mg ~HFF EGF-His images of EGFP-NSPCs (green) and Ase,-EGF-His (red).

v N - Left: cross-sectional images of X-Z axes, Right: Z-sectional
FRIAEN TS Z &R 4: LT, images of substrate surface (red: Asg4-EGF-His).

(A)
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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 function 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 can regulate growth and differentiation of various stem cells by
applying the characteristics of chimeric proteins. However, the action mechanism of the
immobilized proteins isn’t understood 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] Biomateirals 29, 4403-4408 (2008), [2] 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 efficiently 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) fused with oligohistidine (His) were used as the model proteins
(EGF-His). Moreover, 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).
Neural stem/progenitor cells (NSPCs) were used as a model stem cells for the assay concerning
signaling transduction with surface-immobilized EGF. In this year, | investigated about surface
characterization of EGF-His immobilized to substrate using MicroBCA analysis, atomic force
microscopy, and ellipsometry measurement. And the detachment of EGF-His from the surface
and the internalization of detached EGF-His into cells were evaluated using TIRFM and CLSM.
From these results, it was shown that cells continuously received the signal from
surface-anchored EGF-His. However, surface-anchored EGF-His were gradually detached by
receptor, and finally internalized into the cells.
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Development of self-assembled fluorescent nano-probe for detecting
enzymatic activity in living cells

Eiji Nakata
Institute of Advanced Energy, Kyoto University, Japan

In the field of nanomedicine molecular science, the enzymatic activity is one of the useful
parameter to understand the condition of living system. And also, it is very important as the
trigger of medicinal and biological agents. Thus, the methodology to monitor enzymatic
activities in living system are very important. Among them, 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 biomolecules such as enzyme are therefore important for
fluorescence imaging. 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 is based on the lactone formation under a hydrophobic condition.
A certain kind of derivatives formed self-assembly in an aqueous condition and existed as the
lactone form. We explored the structure-activity relationship of the derivatives and developed
a rational design strategy for self-assembled fluorescent nano probes.2  Based on the
knowledge, the ratiometric fluorescent nano probes which could be monitored esterase activity,
as the model enzyme, in the living cells were designed. In addition, we focus on developing
the fluorescent pH nano probe activated by photo-irradiation. The designed fluorescent pH nano
probe could work in living cells effectively. And more, new types of ratiometric fluorescent
probe to monitor enzyme activity such as nitroreductase were designed. By using these results
in combination, we would like to rationally design a ratiometric fluorescent nano probe for
specific enzyme in the cell.

[1] a) E. Nakata, et al., Bioorg. Med. Chem., 17, 6952 (2009). b) E. Nakata, et al., Chem. Comm., 46, 3526
(2010). c) E. Nakata, et al., Chem. Lett., 39, 734 (2010). d) E. Nakata, et al., Bioorg. Med. Chem., 21,
1663 (2011). [2] E. Nakata, et al., RSC Adv., 4, 348 (2014).
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1. FFFEOBEE

KA L, RFEMRBEZFEOED T TH S NADH ([2HOWT, MIFPNBREEZ IS HE 5 808
BAL OFERE 2 et U7z, RIS UM o/ B S 2h S K OB RO RIE D D,
HIBEPNIZI T 5 NADH O A7 MV ONLE R L OHESEFm OB kX, ¥ _"78
& OMEAERIZHES NADH JEMOFEREZRLE L THRHTE D Z &b hotz.
NADH o B ZZ30t 2 -V T, AN BRBEZE I D9 NADH & Z o x 2 B & oA/
DZAE - NADH A OFEEREOZLbZ EBEMITRETEZ 5 2 L 2R LT 5.

2. FREDOEREBH

AWFFENE, =HTFETIT O 2L TE LR TFRRECHFMA A= TV AT A
(Fluorescence lifetime imaging, FLIM) & AR NIZ L D AFTET D # W E O # K
(Autofluorescence, F ZZdt) & MG b7 HFE Ot HMmA A —2 2 7 (AFLIM)IC L -
T, MIEANOHEA 7237 A—2 —DEBMEEITH 2L EZHNET S, HNHFEMOER
PEZRND Z LIZL - T, AFLIM (1T X 2 EBREOMIINEREA A —2 0 ZHIEETT 9
ZENTE D, FILHFRENEMOELOEMOMI 21T, BFHE2 AW ian
BEOFERMAEZ BT, 61, SEmRNIEREE S LT, Rtk n o tim
ZHEL, FEOCEEREDOMR - Fi-/oMlalNt o o v ZFOREEMEZ Sl OWTHE L 7=,

3. AR
NADH(Nicotinamide adenine dinucleotide)?> AFLIM % 7= flIE NERBERHII 242 L,
IR pH, SAHIN, 7R h—3 ZADF O E 2Bt L TW\W5b. NADH IZ X%
T v 7Tk, NADH O YA A ORI LTI TH D Z L2 HW TR Y, 4
Z X, MRRNOEIEART MVITKRERE I AT 10nm @R 7 R L, Milaio
WO T L VR 105 < 225, LavL, NADH OHOEZE L O IZ R T
b, EEMLEREITH Z LN TER. AWFZETIE, NADH OWRINIS X OvHESED 4k
SRR L ORI EDRIE D B, NADH OO EE OB DR 2 £ 52 LTz,
NADH DO AR L LaOt e OBVER M % Fig. 1la & b IZZNEHRT. M
fih & L CIABEDOMME T A — 2 — T D Er(30)% VT D . IO MM 2389 1 (E1(30)
OERHIN) T D122 T, dFEMITFL 720, MRIEBREE A NADH 0 M 57 ik L
EEEMESEL 2 Enbnd. i, sOUEITBEOHEINIZ L > TREEY 7 FLTW
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L. ZORERIE, MIEATO NADH OE0tZEi 02 kiL, NADH JHPHOFE BRI X
LT EERELTWS. HIlANTH 7B LG LT NADH 1%, JEEZ 7 X 7 gk
ETHEHEN#EEEZ RS, T, NADH EPHOEREE L, Mk D B A
ERERDBREEZ D, ZOWDWDLWENROT-DIZ, 2 "7 B EHAFEA LR L
b, WCITFEEE Y7 ML, dtFMIIm Lz E26n%.

BEEARAFE DREFIL, BHDEOREN D HLRFE 5. NADH (2 0.7 MV em ™ D4
RS AL, WL - @AY MV OINTEGIC X D ALy (BRI L OVE
Brat e A7 MV ERIE LTz, NADH OFELWIN AT RV BIERhE I 5 BHR-1-
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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 environments using
multi-photon autofluorescence lifetime imaging. We have previously shown that the
autofluorescence lifetime of NADH that is a representative autofluorescent chromophore
became shorter with increasing intracellular pH, indicating that pH in a cell can be evaluated by
the fluorescence lifetime of NADH without dye labeling. However, the mechanism of the
change in the fluorescence properties of NADH with cellular environments remains unresolved.
In the present period, therefore, we have measured the external-electric-field effects on
absorption and fluorescence spectra of NADH to explore the possibility that polar environments
induce the change in the fluorescence properties of NADH. It is found that the fluorescence
lifetime of NADH is markedly affected by the application of an electric field. The magnitude
of the field-induced decrease in the fluorescence lifetime is ~ 0.02 % at 0.7 MV cm™.  This
result indicates that the polar environment around NADH markedly affect the fluorescence
properties of NADH. NADH exists as free and protein-bound state in cells. NADH in
protein-bound state is surrounded by amino acid residues of a polypeptide, and these residues
produce local electric field for embedded NADH. The magnitude of the local electric field
depends on the interaction between NADH and the enzyme, and the change in the fluorescence
properties with cellular environments can be considered to reflect the change of the polar
environment around NADH that is caused by the interaction with amino acid residues in the
enzyme. The present study therefore indicates that the measurement of the fluorescence of
endogenous NADH is useful to clarify the change in the interaction between NADH and the
enzyme accompanied by physiological processes. Since the magnitude of the change is
proportional to the square of the field strength, the field-induced change in the fluorescence
lifetime (Aze) of NADH may be estimated by the following equation: Aze / 7z ~ —4|F|’x10%,
where ¢ is the fluorescence lifetime at zero field, and |F| is in MV cm®.  If the difference of
the fluorescence lifetime in cells (~ 1.2 ns) and in water (~ 330 ps) is only due to the change in
the local electric field affecting NADH, the reduction of the magnitude of the electric field from
water to cells is estimated to be ~ 40 MV cm™, which is consistent with the theoretical
evaluation of the difference of the local electric field in a protein and in water.
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BEREMERZ A 28 R BRI I 97511, B 2 RE 3 235 7T C b Dl D AR I Al i
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0. FEENESE L L CHTIESCRERLRRIC 5175 DDS OiFM:CENAE |- K& 72 84 K F A+
IRTA=BERIETHIET, FFHIRT R 1R E TR BRI ~D)S % B
fd, WEAEE AT LT pH ISZEMEIRE YSK ZH#ilAiA A 72 MEND (YSK-MEND) %
T I 31T ATE MR B2 I T IR 2 REL ., b3tz YSK-MEND (1240
A4 LA mIRNA OFEIPE R C RUFR T A 2 VIR B LT,

2. FZEDERLEBHY

FEEH T AEH RNA (SIRNA) (2L > TRIED X > X7 B OFRBUHIEIN AIHE L 72 0 | A
BRI R 72T 7 /7 ay—ThbHE L HIT, siRNAIZ L 2B BEBS T OB
I OIRIE~DOISAPHFFE SN TS, £, ¥ X7 8% =2— K L7\ non-cording
RNA ®—->7TC& % microRNAMIRNA) LB (5 7 D E& R BN B 5 L 2% e EmBl
GEFELTHND I ERHALNERSTND, 2O mIRNA [T —AREFEATR RNA
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ISHARHIE ST D, L L, siRNA X AMO O K 9 2B REVERZIE 1T A BB O KIENE
BT T, EDOEEDOETHERIZEE SN TH RATHR G-I T, B E T Dl O
FaDHIZIZBRETE e, 6o T, ZIH DEEA~OISHITENFAY7: DDS AR A K &
L oo TN D, Fox 1T E OFRIEEY AT A& L TEMREME= e — TS )
&R (MEND) DBH%EZ 10 T %, MEND 23 55810 B AEAIRER ~DBAT. HEH)
FARE R CORTE, MIIRNBIRBICE S, BAINZR—E DT ) R f-OEhE % 3 kot T E 2l
D > CTIEMICHIE L, EO X5 RN GFIET 20BN ET52 8T, L%
R CTLEEMITENT- MEND 2B 35 Z ENA[REL 70D, TN EFEHT DT, &£
RFERR I BV TREFBE CRIFH] DDS 28153 T 2 B B 5, ARBFZETIX, ARFITHEK
IZBWTHBESNLIENTA A=V U THEMTEMAGD D 2 LS FATREREIRIEE Y A
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BIFH miR-122 LEZ R WMESN TS, —T7, YSK-MEND ~ AMO122 ZEf A9 524
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720 (B . Imghkg &5 {54 5 1
®TH miR-122 BHEEAIK FIE5Z
EDFRETHY (KA | Fez i
PES ML 27— LREOK T
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HEME 2SR EHU7- (Takahashi M, et al.
Nucleic Acids Res. (2013), Hatakeyama
H, et al. J. Control. Release (2014)) .
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2. YSK-MEND (245 siRNA OfFfigi~D%Ee: C BFRIEFE~DIH

YSK-MEND DT~ 5L RIZ K IE S MEND Ot R LD k2513 60~80 nm
FREE, FNEEMRELE O pKa 13 6.4 (I b IFIROIERBR T D /o 7 27 N3N
THEY, 2153 1< siRNA ZEERETHHIEN RSN, Eitmitickummibsiz
YSK-MEND DFI&IZF51T% 50% /7 & 0wl he7e i G- & ED50 1% 0.06mg/kg THY ., FEH
IRV B BT/ I X ISR RE ChhoTe, 22T, kb S4L7z YSK-MEND % fl W iF4¢
TRIRASOIEZ AT T2, T A ZAERTIRIE . RO BRAEA O 28 A% C v e 3 CPR
ZIEIET D, £ T YSK-MEND (ZEF CBUFFR D A2/ (HCV) 1T % SIRNA (RO H RE IR
EFWFERT NFIEESE A BRI E) 5L TERAN R AR LT, ENITIEE AT~
A HCV ZH:fits . 6 B Eifi s HCV IFRET V&2 ERLL . HCV-siRNA #f A
YSK-MEND % EFilREV IR G- L7224, IFgICH1T5 HCV a7 Z _7EOE R b,
15D HCV mRNA @ 2 8 LA EOFRIZ il 2822 L | FFRIGRN RIS, BLE
£V YSK-MEND [Z7 A /v AR S 4G HE~ DIt H O 7T g 23 7n 2 4172 (Watanabe T,
Hatakeyama H, et al. submitted) , 7= k. YSK-MEND X8 i s 2 P E T v
IZBWC, BB G FE /v F T2 LT, A %I REOIS R IICH T -
YSK-MEND DBiFZ 1D T & Th D,
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Development of a pH-sensitive lipid based nanoparticle for nucleic
acids delivery to liver and tumor

Hiroto Hatakeyama
Faculty of Pharmaceutical Sciences, Hokkaido University, Japan

Small interfering RNA (siRNA) and is thought to be a new class of medicines because this
can inhibit the expression and function of any genes of interest. MicroRNAs (miRNAs) are
small noncoding RNAs that influence diverse biological functions by regulating gene
expression post-transcriptionally. The regulation of miRNA is also thought to be a potential
mean to treat diseases. However, these funcitonal nucleic acids show poor biodistribution due to
their molecualr weight and hydoropilicity and less function as it is. Therefore, drug delivery
systems should be a key technology to realize nucleic acids therapy. We developed a lipid based
nanopartilce, Multifunctional Envelope-type Nano Device (MEND) with pH-sensitive YSK
lipid (YSK-MEND). Investigation of three-dimensional dynamics of MEND (Pharmacokinetics:
PK) in target cells as well as target organs should identify rate-limited steps to deliver the cargo
efficiently into target cells. The aim of this study is identification of the critical parameters
which influence the dynamics and functions of YSK-MEND in intra cells and liver and tumor
microenvironment and application of YSK-MEND for liver disease and tumor therapy.

The clitical parameters of YSK-MEND for efficient knockdown in liver were identified.
According to the information, optimized YSK-MEND was systemically adminostrated into mice
which resulted in efficient target-gene knockdown in liver (ED50: 0.06 mg siRNA/Kg).
Anti-miRNA oliconucleotide (AMO) conposed of 2’-OMe-4’-thio-RNA developed by Prof.
Minakwa (The University of Tokushima) shows high affinity with target sequence and stability
in biological condition. AMO against liver specific miR-122 (AMO122) was encapsulated in
optimized YSK-MEND. The YSK-MEND(AMO122) significantly inhibited miR-122
expression in liver and reduced plasma cholesterol level for 2 weeks after i.v. injection
(Hatakeyama H, et al. J. Control. Release (2014), Takahashi M, et al. Nucleic Acids Res. (2013)).

We also applied optimized YSK-MEND for hepatitis C virus (HCV) treatment. siRNA
against HCV developed by Prof. Kohara (Tokyo Metropolitan Institute of Medical Science)
encapsulated YSK-MEND showed efficient knock down of HCV core protein in liver in HCV
infected chimeric mice carrying human hepatocytes. Futhremore, the treatemt of YSK-MEND
showed long-term suppression of serum HCV mMRNA level. These show the possibility of
YSK-MEND for liver disease treatment (Watanabe T, Hatakeyama H, et al. submitted).

The optimized YSK-MEND also induced efficient gene knockdown in tumor in kidney
cancer xenograft model. YSK-MEND could be applied for tumor treatment.
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3. pRFR

Z 3VE TG L C & 7= polyamidoamine dendron & poly(L-lysine)h & 72 % 1 F4 M
45+ (PAMAM dendron-PLL) 723K,/ A % ) — ) VIRETRIEH TR T R ) ~—_2 7
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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, thiol group was introduced to lysine residue in
PLL tail, since thiol groups can form disulfide (SS) bond in response to reductive environment.
Model compounds, rhodamine 6G and fluorescein, were loaded in to SS-linked nanocapsules,
and the release property from the nanocapsules was evaluated by dialysis method. Interestingly,
cationic rhodamine 6G was almost no release from the nanocapsules due to effective
electrostatic barrier of SS-linked PLL membrane. Cationic rhodamine 6G could not distribute
into the SS-linked PLL membrane, and it might be difficult to release to outer phase. From such
property of the SS-linked nanocapsules, doxorubicin (DOX) was selected as drug for the
evaluation using the cultured cells. The viability of HeLa cells treated by free DOX and DOX in
SS-linked nanocapusles was evaluated by MTT assay at varying DOX concentration and
incubation time. At relatively short incubation time, DOX in SS-linked nanocapsules did not
show a decrease in the cell viability. However, when samples incubated with the cells for
enough time period, DOX in SS-linked nanocapsules could exhibit comparable anticancer effect
in the case of considering the cellular uptake amount of DOX. This suggests that SS-linked
nanocapsules destabilized at cytoplasm and DOX was released from the nanocapsules.
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(X o THHlE S5 50 F BUS DI BLkRE Bi; SALTFIRAR

fRla BEE 35, BAERIZIE. 1) A7 2 —5 > FRIROEHEA~AIT, RNA induced
silencing complex (RISC) & FH'E & siRNA & D4 1Bk, 2) B IRGEIRE DlalEE~
[, TLR3 & siRNA & O F Btk 2 1 5 0129 5,
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3. RRE

(1) RISC & siRNA & D5 FRBIRMEEE - MIILNIZEA SN siRNA FE T, SKRImEDO Y
VAL A% T, Argonatute2 (Ago2) HHlr& Lo ¥ /N7 EHEEE RLC (RISC loadmg
complex) ZJZAT %5, Z 0 RSC DIEHIEFRIL, siRNA “AHD &6 5 DEH %A RISC |
WAL HEZRELTEBY, 7 X =7y NMIROBREZ AT D, HEREKREIZZO
RISC R D 57 1-iRbstts 2 H NS 5 72012, 77 I VT 734 A (3-Br-3-deazaA 1K
(3Br-deA) & 7-Br-7-deazaA f& (7Br-deA)) %3 A L 7-&-FH Renilla luciferase 1) siRNA
AR L. Ago2 & siRNA D~ A F— 27 L — 7RI TCOMENERDOEEEZP SN LTE

- (MR k33 inq1- 5'-aaacaugcAgRaaaugcugtt-3':sense
7 (Iﬁk 24 ﬁ};) siR1: 3" —ttuuuguagguguuuuaggag 5' :antisense
ﬂﬁﬁjz 25 EB‘E%;* \_@{tﬁm@ ﬂxl‘i%\_” siR2: 5 —-aaacaugcagaaaaugcugtt-3"'
3'-ttuuuguacgucuuuuAcgAc-5"'

MRRET 5720 V2 fililafi 2 NIH/3T3 gga. 315; (Ahackugoagasaaugcugtt:3*
HifE (= Afi3k) 7225 HeLa fllla (&
N3 (TR U CREFT 21TV, siRNA
A BRI TCO~YA F— T —
7 &S LT ORI 2 B4 LT . h
(X 2), SHICERRDBELBTEENEL I . . ‘
7= siRNA ZRliEERkc L, 7 I vy — cont. natural siR1 siR2 siR3
NDBENZE VGO AEFEREER @2 SRNAGE#E R SHe LR 1= 511 HRNAZ) R
DOFFIL, B2 DRSBTS — R HH 2 & 75:6?}3 L7,
(2) TLR3 IZ & % siRNA D T3R8 . LR X 5 ICHFEE BB LIy I vy —
VISR B E R EERRAMIICA I TH L Z & 75>/Tém‘:o T TRHWTIR
% HREINEFHEOHER TH D TLR3 (2L 5 siRNA D5y 18k AE IR 5
Z &1 L7z, TLR3 538 Bl HEK293 iz 7 X VT /8o A& A\ L 7= 45 siRNA %
HAL.HBEINDAREISEET NI 75 A7 74— (SEAP) 7 v AI2LD
M L7, DRSS, 2 AEH S RUHERIC 3Br &3 A L 7= siRNA (siR3-3Br-deA) TH#X
T INEPII SN D Z ENRA LN E o7 (K 3), ZHIZL Y TLR3 X A4 RNA
DRI T D~ A F— 27 N—7 LFELEHT 5
ZEIZ o THRGEISELHEL TNWDH T &
2R EH, TRL3 & siRNA OFAA/ERER O HT
T2/ MR a2 2 TR LTz,
FROEICTIINTARA AEZHALL
siRNA |%, & DEANEIZ L - T RNAI 2hE &
TLR3 %4 L7 H SR G I  e X 78 B B3; TLR3ZE St L1= B R R & G2 0§l
Nilze ZOFEBRERIZEY siRNA [TEA LT I VT /8, A8 8L AFED A
T — I N—T BB NIV A TN —T DONKREE L UTHERE L. BE-E LB O
FEAAERARSRI IO THEH Y — L Th D Z LR ST,

-
|~
=]

Il 3Br-deA
(Minor)

Il 7Br-deA
(Major)

=1
=]

@
o

B
o

Relative Fluc/Rluc ratio (%)

8 Il 3Br-deA
° (Minor)

Il 7Br-deA
=0 .‘ ‘ (Major)

Relative SEAP activity (%)

D-PBSnatural siR1 siR2 siR3
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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 siRNAs and aptamers.

In my previous report, | described

about the utility of the chemical device “, H H
ot . N—-H=----0 N N—H----0
consisting of a set of 3-bromo-3-deazaadenine & ¢
) N “Ne-eH=N N Nt/ SN----H—N N
(3Br-deA) and  7-bromo-7-deazaadenine W ‘n=/ N W N= )N
(o BN o
(7Br-deA) nucleosides (Figure 1), to elucidate o ,é‘,’ ~
. . . minor groove
molecular interaction between siRNA and 7Br-7-deazaA:U 3Br-3-deazaA:U
RNA induced silencing complex (RISC) Figure 1; Strictures of chemical device

proteins. In this year, | confirmed the generality of previous insights about this interaction using
different cells and sequence.

With these successful results in hand, I also investigated molecular interaction
between siRNA and toll-like receptor 3 (TLR3), which recognizes dsRNA and stimulates
innate-immune response. | evaluated this response using the siRNA consisting of a set of
chemical device and HEK293 cells forcibly expressing TLR3 by SEAP reporter assay. As a
result, no alteration was observed when the chemical device was introduced into central position
of sense strand and 5’-side of antisense ggq. 5'-aaacaugcAghaaaugcugtt-3':sense

3'-ttuuuguacgucuuuuacgac-5' :antisense
strand (Figure 2, siR1 and siR2). On the siR2: . 5'-aaacaugcagaaaaugcugtt-3'

i i 3'-ttuuuguacgucuuuuAcgAc-5"'
other hand, drastic attenuation of SEAP

response was observed when the 3Br-deA

ina- 5’/ -ARacAugcagaaaaugcugtt-3"'
siR3: 3'-ttuuuguacgucuuuuacgac-5"'

®
o

Il 3Br-deA
(Minor)

J I 7Br-deA
‘ (Major)

was introduced into the 5’-end of the sense

@
(==

strand (Figure 2, siR3). From these results,

w
=]

it can be concluded that modification of the

w
=)

™
o

minor groove at the 5’-end of the sense

5]

Relative SEAP activity (%)

strand is critical for molecular interaction D-PBSnatural siR1 siR2 siR3

between siRNA and TLR3 protein to reduce Figure 2; Sequence and innate-immune response induced by
siRNA-TLR3 complex
its innate-immune stimulation.
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HREAD FREOLEEBEROBE L TN E AW
T ATEBR o —7 DO

MFZEREE - R KET7a T 4 T A = A%E =4 Kl

1. HIFEDORE

RSy o B B 1 & e LT, B IR 1 DERSL 7o 50 FWPE DB TSRO BR K
VRS D, BERIGEVED ., IRE, pH, A A v HEFIIKE FET 20132 ol
Thon, TOlD, MIENOERSFOWIEZ BT L 720213, D FREDEEN
VETHD, 2 TABIZETIE. ODNA DMFE(ET L MlakE N 2 b5 L 72 S280% 2
LT, QS LIZKRERAREZMNT, MAZEANTHET 28E (T rx7—8)
EROBKREEEZ T TE L bzl Le, £, @I LW FEKEZ DT 1A
TEBET T —T7OREL TE e, TOX DI BHIOWFFEGTE 2 ER TE 7,

2. FROEFRLAW

HIRPN X, TR B EE D ARGy (400 o/L) DAFEAET 207 T 0T 4 7l b,
F72. DNA BFEET HMIRENICIE, YaEnFEL, —EodAMEE L T
%5 DNAZDHDONRKEIZHFAEL TS, —JFF, BF OALFERIT, 1o/l LLFOA#E
TRVBEECEITEND, 2D K D RikBRE ToEBRSMIL, MIRNEREE 2 B L TE 5§,
EEGCT 10— T OMRE 1 08 MIREEN T HRBRE N & REOTE 2R3 2 &3]
RENE D DIENTIEZR VY, & 2 CTARIFZE T, MIBREE DLl 2 5k A, M7y
TERBEEICH D M NCHIaEE N CIEtE 2 R I HERE Y T2 skat T 2 et a2 G o o L %
HAD, o, BP0 B, N TEERER ZR -T2 ERmbonTn5
DNA IUE L AMEEEH R CE D87+ 7 a—7 2R T2 L bilAnd,

3. AR

BARTEROREF & MFKIZIZ, DNA OEHEHETH L “EHOLEAMERLETH D,
L2 LI Tl FEEYERY 72 DNA OREIED, BARTH MO I ELCH B OFIE & Hil# L
WD ZEBHLNIRY ODOb D, HIEERIEZTEM T 2 RENREERSN, 77 =
VZEATE (G Y vTF) HERIITH D, FEOEREDOTE AT O G U v FEFINIL,
PUTE ¥ AMEIEZ A LT, MladFamisst & L Ci#rEd 5,

AR TIE, WELEAMEICRROICHES T 2baWICEB L, (1) MlagNT
FpRAIcT 1 27 DNAICKEAT 5 ) 2 RoBI, KO (2) DNA MU &+ AMiEic
A L Cm< a3 T 2B, OB EEDT-, B (1) kv, SEMNRT
7 A7 —BIEMERER OB ARV | R ARI DO U — RMEEMIZEN D, i
B (2) 1%, MEANSMZIEIT 5 DNA THE O EAMEDORICA A —V 0 721 5,
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PITFIZ, #NEFNOMEIZO W T LN R E2RT,

(1) MBEENTHLREMIZT e AT DNAICHEETD U H v RO

MIENIL, 5727 707 4 7IRET, 77/ A DNA bFET 5, ZOBREAZ{LY
FEfil U, Bk 2R BT B R, A EHKZ b oKy 7k

/El\q:@ k DNA p—qi %ﬁh*%%@ﬁ%ﬂ’rﬁ%ﬁg*ﬁ Lf: k : 6 N ! onm THE JOURNAL OF
EV o FRE LD, AERE LAY RIIC = PHisicAl

DNA IUE LEAMEE LA T 22 ERR Mz, —
7 EBREE Y A RE LT, 2RETOREHOIF &
o E %5 L IEER & b LA IE . MR AR 5
T, WELEAME LG TERNI RSN,
EHICHEREN Lo, B EEBRE L LAY
EAEMEZ DAY OMBEBERE T ToTr X 7

— P PR IE ., 23 AR TE LT k3 2 BRI e
R AR o T, T ARFSECHESE LT (LR 1. ASHFZE CRESE L 7= MR
Rl 2B R AL N C DRERESY T D1E SR VE BN EBR %

FHICEHTHL Z Lavrmeanz (K1),

(2) DNANELHABEICHEES L TR BEAERAET 2LEHMORFRE
DNA WESEAMEY Vo RignAski~—70
—LLTHLAMTHS, DNA WESEAREEY B
Rt 7 AT 5 8 L ARSI e S
LRNWZ ERRETH D, S HIZ, fitad v 7T
EWT HZ L b METHDH, AMFETIEL, WELEA
WEDOF -2 e LT 77 = VRO R OB
KYEICER Lz, WESEAMED 77 = UEEK
(G-IvT v k) & FDEFICH DN — 7T,
B IEDNERE L, mWBUKEEZAE L TnD, 20
KO TRBOKYER 7 v MTHEA LR LT 2WEIC,

BRI BRI T AT R —T b D,
Fexla 2 R 7 0 —7 L DNA JUE 5+
ABEDOBIFIMEZRF LT A, FAT7 T T
(ThT X2 L) 2%, DNA UE S HAMEE EEST 2 2 & CHRIEFELE TR LI
THZEW RSN, SHIT, ZHLEAMEZIZU S, o DNA BT 5 HhE T
FE<ENEZRL LN EboRaiiz, £o, MO &R A0 BeE 2 128
TE7e (M2 7T),

X1 2. ThT (F) & G-BLT
v b (VDW EF V) ITFEA
L7= ThT o= (F)
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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 eukaryotic chromosomes contain telomeres, which are composed of 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. Importantly, the G-quadruplex formation of telomere DNA protects from
elongation by telomerase, which leads to immortalization of cells. In fact, most of cancer cells
overexpress telomerase and have longer telomere regions, in comparison to normal somatic
cells. Therefore, G-quadruplex ligands have been developed as anticancer reagents and as
G-quadruplex probes. Here we focused on two projects: (1) Properties of the G-quadruplex
ligands under cell mimicking conditions to obtain quantitative parameters which are useful for
rational design of G-quadruplex ligands, functioning in living cell nucleus. (2) We further
attempted to develop a new G-quadruplex ligand which can show bright fluorescence emission
upon the complex formation with G-DNA G-quadruplexes even in the presence of excess
double-stranded DNA molecules.

(1) Properties of the G-quadruplex ligands under cell mimicking conditions:

G-quadruplex-binding and telomerase-inhibiting capacities of G-quadruplex ligands were
examined under a cell nuclei-mimicking condition including excess double-stranded DNA
(ADNA) and molecular crowding cosolute (PEG 200). It was found that the cell
nuclei-mimicking condition is effective to predict capacities of G-quadruplex ligands in the cell.
In addition, the antiproliferative effect of an an anionic copper phthalocyanine (Cu-APC) on
normal cells was smaller than that on HelLa cells, indicating that the cell nuclei-mimicking
condition is also useful to predict side effects of ligands.

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

investigated the binding mechanism of Thioflavin T (ThT) with the human telomere DNAs.
Fluorescence titrations and electrospray ionization mass spectrometry (ESI-MS) analyses
demonstrated that each G-quadruplex unit cooperatively binds to several ThT molecules. ThT
brightly fluoresces when a single ligand is bound to the G-quadruplex and is quenched as ligand
binding stoichiometry increases. Both the light-up signal and the dissociation constants are
exquisitely sensitive to the base sequence and to the G-quadruplex structure. These results are
crucial for rational design of G-quadruplex ligands.
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