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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

The detailed molecular functions of purified proteins have been investigated deeply in the
biophysical and biochemical works. However, physiological conditions in the cell environment
are very different from those in in vitro assays of purified proteins where the experiments are
performed; for example, the ion composition is different in the cells and the assays cells have
adaptor proteins and cytoskeletal networks that are not present in the assays. Therefore, it is
crucial to measure the molecular functions of motor proteins in cells to understand the
molecular mechanisms of vesicle transport by motor proteins. We planed to measure the force
and movements generated by myosin, dynein, and kinesin in living cells to understand the
molecular mechanisms of movement within cells. In the previous works, the force of vesicles
driven by motor proteins was measured the conventional optical trapping. The refractive index
and size of the vesicles had not determined accurately in the previous works. We constructed
apparatus to be able to measure the force independent of these factors. The momentum changes
of photon was directly measured from the angle of scattered light and number of photons.

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

3 um/s is about three times of velocity of
dynein and kinesin. 3D image of vesicle transport in

neutrophile.
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Real-time imaging of cardiac muscle in vivo

Norio Fukuda
Takako Terui
Fuyu Kobirumaki-Shimozawa
Department of Cell Physiology, The Jikei University School of Medicine, Japan

A number of studies have been conducted in tissues and cells to elucidate the
molecular mechanisms of myocardial contraction. However, because of many
differences between in vitro and in vivo conditions, the dynamics of myocardial
sarcomere contractions in living animals is not yet understood. In the present study,
we developed a novel system allowing us to conduct real-time imaging of single
sarcomeres in the beating heart in vivo. First, anti-a-actinin antibody-quantum dots
(QDs) were transfected from the surface of the beating heart of the rat in vivo. The
striated patterns with ~2.00 um intervals were observed after perfusion under
fluorescence microscopy, and an electron microscopic observation confirmed the
presence of QDs in and around the T-tubules and Z-disks, but primarily in the T-tubules,
within the first layer of cardiomyocytes of the left ventricular wall. Then, we
expressed GFP at sarcomeric Z-disks (a-actinin) by using the adenovirus vector system
in living mice, and conducted real-time imaging of the movement of single sarcomeres
under fluorescence microscopy. SL was found to be ~2.00 pm in the isolated heart
during diastole. This value is close to what was obtained previously by others in rats
under a similar experimental condition using various experimental techniques, i.e., in
X-ray diffraction (Yagi et al., 2004) and two-photon imaging (Bub et al., 2010).
Moreover, we successfully observed striations of cardiac muscle and measured the
length of single sarcomeres in the open-chest mouse under anesthesia at 10 nm
precision. It was found that SL was ~1.70 and ~2.00 um during systole and diastole,
respectively.

Likewise, we demonstrated that microscopic heat pulses induced contraction in
intact cardiomyocytes of the rat. The temperature increase, AT, required for inducing
contraction of cardiomyocytes was dependent upon the ambient temperature; that is, AT
at physiological temperature was lower than that at room temperature. Ca®" transients
were not detected during the course of contraction. We confirmed that the contractions
of skinned cardiomyocytes were induced by the heat pulses even in Ca*"-free solutions.
We consider that this heat pulse-induced Ca**-decoupled contraction technique has the
potential to stimulate heart and skeletal muscles in a manner different from the

conventional electrical stimulations.



AO1 BE (1)

SR

FANTRR SC
1. Higuchi S, Tsukasaki Y, Fukuda N, Kurihara S, Fujita H. Thin filament-reconstituted skinned muscle
fibers for the study of muscle physiology. J Biomed Biotechnol. 2011;2011:486021.

2. Oyama K, Mizuno A, Shintani SA, Itoh H, Serizawa T, Fukuda N, Suzuki M, Ishiwata S. Microscopic
heat pulses induce contraction of cardiomyocytes without calcium transients. Biochem Biophys Res
Commun. 2012;417:607.

3. Kobirumaki-Shimozawa F, Oyama K, Serizawa T, Mizuno A, Kagemoto T, Shimozawa T, Ishiwata S,
Kurihara S, Fukuda N. Sarcomere imaging by quantum dots for the study of cardiac muscle physiology. J
Biomed Biotechnol. 2012 in press

Zoflt (il XE. FF. ERBEGRE B9y
L BT AAEHESRS WRR23AEREE AR - R FHMERENE B A B 2 S
A b DDAV A AT A A= 7 ORI 201243 A



AO1 BE (V)

HHRR P E BBV RLE 53 112 K D A 243 F R RS AT

WHEAEE - BOXERERIRT: ERMRESERT B
SYFRMEGEE - RORUREE KRB TR 5esh BB
FOXERSERRST: ERMEERT 1R R
FOXERERRT: AR EISEET A K

1. FFFEOBE

RPN 25 - BUGHRMT D 7= O DAY — L & LT, BREOMPN S I 2 A4 5 R
Ua XXt azaml, TOAKE OMEIEROEREEIT Lz, BEEMIZIE, 5
FUMERY v 2 X4 L & OB SR ECORER I AR MRS B LM
o & OMEERZBEI L, RY a &30 OB FERICHKET 58 B2 MR LT,
29 LM E S LSRR IZIE, MIIN TO 0 SOSHNT &2 E B S BRAIC E
i LT,

2. FEEDOERLER

INETIZ, RN TOMT R n X3 Nl 2815y U 7B ZHELEL
B TSI X DB T & OBEEIRTEREE & = OB X 58 a7 I EE ) 2 Ml
%Tﬁiﬁﬁﬂfﬂ“@%é EEWLMCLTE, £, RNY o X XV OBIRS DR}
WE - F8Ih o 7o rfBIPEICEH L, filaEr & 7 4% — 5'//\7’%3&%*/\@“5)73/%
NFER)aZ XY UROBRRS FICEALT, LT ¥ —2 X7 8 L O EAE
RIZBIT 5 AEEOIR A LI L TE T, ZHUC LD BRSO RN RS B
&wokﬂ@ﬁ%%kKLTUﬁyF—Vt7&~%®§mmE¢%%m@Luﬁéﬁ
BAEMRBEOITHRTE D Z L2 EENITRT & L HIC, ZMHEAERICE 2 28K T
DAEMEDZN R ZH BN L TE T,

ABFFECIE, RN CORMEERLIGSC pl ZUICSE L TREEOBR AL L., £
DIFHE b LIHRNESE Y 7V Z A A‘(“ﬁ%ﬁ“é LEbl ER kb LIl
MR NTRIR DS ATRE 20 oy DR EH & BEe 7. BARMICIE, IR+ CTh oK/ 7T
X A2~ U (CD) ARtk S o 18503 Bl L 72 R )D§%#/%%%%$ELT Ch iR
hm“%ﬁ&®WE¢m@m@Wﬁ&EKﬁ@ £ % CD OEENMWESCRTEM: O FIHE & iR
L. ZhEES Ry FROEOESFICE D FRET L MAA DB THONEHNf#TT 5,
BT, MREAREHSUGCE KEBMRERUSIC X 5 D OIREE b E=FIAT 52 &
T, MIENEZE S IERROME COABREX S, 2 X0 EEKNICIE, EkNTo
HEZ G LI LT MBEARISISISE L TEREN T 52T/ AT 4 v O TRV H LT
D,

FEIRN T D3 PRI 8 2 VIR REARHT IC B L 72 BHEIC L0 F 2 AT 4 v vy



AO1 BE (V)

FRFIZBIT D551 /3T A —F —Z AT 5 72 DI B 72 HlT O e KOV H R

I o TV, BARIIZIR, AL TGN DM NISEBREV R 5 FIZ & Ry b

BEEATDHIEIZE - T, MIEANES & OB TO FRET 2 A0L BE (7)) & 3[R L CREMT
T5HZENTE RN OMNSEEIR COERKIEE U T VZ A LMTIBHIAREL 725,
F72. A3 BELEHET 5 Z LT, JRREIRIA D4y B 2 BB L CHI N 2T & IRIR O
HCOICHANAREE 72D, 29 LI #EIZ LY | MilaND FRUSZET 57 — & /&
18> 2 W BB AT L MRS D/ T A —F —Z sl A L, B2 5408
FREA~T 4 — RNy 7352 LIk BN TOFR5E s — X2 Al L T <,

3. R

AAEEET, MAN TO 5 F M BOSZ RT3 28 A9 75 F DR L T BRIR S FE L Ca
-2 7aFH AR (@ -CD) | BUIRE L TRV =F L7 UVa— L (PEG)E VT4 D
AR N o i 2% PEG KimlZfH AR aX 25 L, ZOMBIN 5 1 BRSO HbkE L
IRDIRMT 2 AT o7z, BARAIIZI, MIIPNIESCEREE N T+ o0 A7 4 Nis G Mlia/ M@
WN72REK pH N CHfETH7 84—V EAEZNZEH PEG WAREIZEA LR ng¥4 %
B LTz, D LT, o0 EOBEE S B ORI N2, MifaEs 7 g & D
AR, BEOHIFRN I A A4 572012, CD RIS BRAM: 3 (AR 38) H AV
AFHME(CAFATI)ZF V) ZE AL, ZThbRIuZ x4 2 T, g
(pDNA 3 LUV siRNA) E DB G ARTE Rl d T OB ER U R R A AT LTz, 7z, Mlla st i 2
HeLa M H e MTT 7> BAIZIVFHI L7z, EIZ, A LIBEIZARY o &3 O fifa
2R BN A S S L — Y — BRI EE IS L O FACS IC K0 E BRIICH#T95 B 89T, CD HIgH Iz
WE (a—F3BLOT AL vA) BHE AL,

HFA ANk E AN LT RN D VR a2 2 b7 =AM Ch DR E DA KT
FRAZ DN TIE, pDNA TIEATF A2 /T =4 2 IR AE LT B A A3 FRD HALTZ 28, siRNA Tl
FENRIFER RO BT, FTo TGRS O KU FEYEFENT 35 | sIRNA & DGR H
pDNA JOHH THHZ LIRS NTZ, ZHLTfE DG, pDNA & siRNA ETIEAV X —H T4
Y THLRIaLX Y EOEEIRTE RO DR R > TWDLZENRH LN E R oT, Fo,
T2 DA F Ao MEa AT HMBAN SRR 250 OflaEtEEZ MTT 7oA icky
LT, RTHREL THWZRY ZF L oA TIEh F A 8 AR 7258 R FEE AR
DO, RVa &Y O@EMEILIT LTI THY | BF A AR EERIFEEDIRNZ &0 D
Mole, ZEY, BT A A E AU N AR e 2205 Tk, BT A N
HAZIVTUND CD OEENPECRY o %5 5 8128 D 50 FRIE 72 812 o Tl R B i
ZRE T DI 75RO AR Z B L COAL O LHERIS T2, A% 1T, B E A E AL
T AR N Ay R E AR v 2 2 A LD MR E O AEH B L = R YA h— T AD A AL
(& T, HIZEHFMICHETL TUOKTE TH D,



AO1 BE (V)

Analysis of biomolecules using cyto-responsive supramolecular polymers

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

Biological systems including cells and tissues are sophisticatedly hierarchical and
dynamic, and they always inspire us to design materials for the possible applications.
These structures are basically constructed from the building-blocks via several
intermolecular forces such as van der Waals interaction, intermolecular hydrogen bonds,
electrostatic interaction, and sometimes hydrophobic effects in water, and are directly
related to performing a variety of functions such as intercellular signal transduction
through plasma membranes, intracellular metabolism triggered by cytoplasmic calcium
increase, and cellular proliferations. In the last quarter century, many scientists have
studied interfacial phenomena between these biological systems and artificial materials
surfaces in order to design functional biomaterials for medical uses. Throughout these
researches, it has been well recognized that biological responses to these surfaces
include complicated acute and chronic reactions, eventually leading to cellular and
tissue rejection in living bodies. In order to solve these problems, one may understand
and realize any differences in the structures and their functions between natural tissues
and artificial materials. From this point of view, it should be stated that one of the
dominant differences would be the mobility of molecules constructing these materials,
and quite a new approach is strongly required to design biomaterials which can perform
far-reaching properties in future advancing nanomedicines.

In these perspectives, we have studied supramolecular-structured polyrotaxanes
as novel biomaterials, because many cyclic molecules are expected to move along a
threading polymer chain. One of the characteristics seen in polyrotaxanes is the mobility
of cyclic compounds, and they can be freely rotational and sliding if any intermolecular
forces with the linear chain and the neighboring cyclic compound are eliminated. In
particular, polyrotaxanes consisting of a-CD molecules and a poly(ethylene glycol)
(PEG) chain are feasible in the structural components as biomaterials.

In this study, we prepared a variety of cytocleavable and/or ligand-immobilized
polyrotaxanes to examine interaction with cells in terms of (1) extracellular bindings
with proteins, nucleic acids, and/or lipid membranes, (2) intracellular reactions with
proteins in endosomes/lysosomes and/or cytoplasm, (3) cytotoxicity, and (4) delivering
proteins and/or nucleic acids to cytoplasm or nucleus of target cells.



AO1 BE (V)

= 4

¥EY X b
T am L
Y. Yamada, M. Hashida, T. Nomura, H. Harashima, Y. Yamasaki, K. Kataoka, A. Yamashita, R.

Katoono, N. Yui, Different mechanisms for nanoparticle formation between pDNA and siRNA using

polyrotaxane as the polycation, ChemPhysChem 13, in press (2012).

2. Y. Yamada, T. Nomura, H. Harashima, A. Yamashita, N. Yui, Quantitative and mechisim-based
investigation of post-nuclear gene delivery events for transgene expression by biocleavable
polyrotaxanes with well controlled cationic density, Biomaterials 33, in press (2012).

Rt - R - E

1. N. Yui, Emerging biomedical functions through “mobile” polyrotaxanes, Supramolecular Polymer
Chemistry (A. Harada, ed.), Wiley-VCH, Weinheim, 2012, p.195-204.

2. HWIHME, TRV nZxr) OB FEEICE2EMx v VT KLRERE L STl
AT VT (AR, KE R P TR . =X T — = A (2012)

Z DMt (B, « RERF. ERRAEERE. FERY)

1. m#@EF%%%L LA F~T VT ARRERGT] 55 56 [Hlmy T BEERF. @it
201147 H 14 H.

2. HFHMEZ TRV mX X242 MO8 ) FUEicBig 2 £ KR F12EY 7 - F

a— TSRS R T AL KR, 20114211 A 1 H.

3. HFHE DB OBMRHEZIED Lo A A~ 7 U 7GR G ) RS AL B8
P RO AL R, 2011412 4 2 H.

4. HFHRE DB OBRREZIED LTEAER AL A~ 7 U 7V ORERIR B AR

TSR EAZE I —, i, 201243 4 3H



A02 BE (=)

NA F oy FaaEMRAN S FiakT 31 R

FRRES - HRKRFLERMER AR — =
STAMTEE  RONRF LSRR L thE

1. FFFEOBE

HIRR A %t G & Uz Mifash 2 & oW Eigc, MlaN COBE 2, ML OFRERERIE 4 &
JE LN BIBIR L, 2O T Z2 AT 2MIBNY T 7 e —7 2AlR4 5,
IHIZ, 20T —T%FH LU CTRERRROZ\ MBI & D43 DELY A I
Pz, MRS~ MBI CoOPEE, MR O M E N~ BB /01 CE
BIICELRT D,

2. FROBEZLEW

AMFFETIL, MR DR BAYZREBALIS , BRI A A A0 T2k L, Bis FRB
B2 BOG S ST 2 BB RE R B DWW T TRV FERIICERiF 2 32 & & b IT, BEIRITK
T BN F o3 IR, Mild a2 i & 3 2 el RN, & O IR AT =R~
DEbEEE - mE ML Y — 2 DR CORE T 5 B AR T 0 2 LA HIEL T\ 5D,
INAEELT, MENTOSRISDBRE L —FRIIELEEZ TR D,

FERFEF L, ARBAIERY ~—~7 U T MOV T2t TE TRV, 2-
A7V aAFXRL TR ARY L) o MPC) Z—my s LTETeR Y ~—%Al
WL, ZhaRMAT 52 & T, MaSLMMkSON 2 eI U, AU, AL
BRI 72 & DAERNIEL DA IR T /N A A ORI 2 EHL LT,

MPC == MAHARDEENNIC K 0 AKIEPE)

OMPHBEIEE T 5 2 LN TE, ZOKENE — RMAE

PR ) L

MPC HY v —2FIATHZ LT, AVY—  jorpzmm /-  arme

FORTEARLCND, Sbic, T e [0S AL
TRENS ™7 HE MR KN TS s . ® "’
~N e

W BT, Bz 72 SEPEMPC R Y ~—
AL, ZHUC X0 EERESCHUAE [EE
THZ LT L TV D, FRC—D DR T EICEEONA AT EEGSE, Thbsyy
T ORISR LV R T ORGRME S A HE CE 5 2 LALLM LT, 2hb
DMPC R Y ~—TF /KA DWW T OEMEFN R & | & OMIBSE 2 95 2 & T, fllfa
BREERTAN, fRIAT 2T A RAEAEHET D,

— 07, WBEMED MPC AR Y <= —723, MIEM A 43 T PE80S L 0 @il U, MAaE N O R E
NSRS 2 2 23 A Lz, AR Y ~— (4315 30KDa) OMMARMyLHL - 2R
BIIHATHO TOMATH D & L HIo, R ~—ITfEA SE S 1y Nyt O&E

120 =7/ NFICHBOMIEEMRREL 7N R



A02 BE (=)

ERARECA A= 7T H 2 LIRS LTe, 2RO DOR Y v~ —n I ERT 5591
EXET A A L LT MR I C B L e R E BT D L L B IS T A= —
XLV AMEICRILT S Z L2 HIET,

3. BRE

T HINVEARITED AR LT poly(2-methacryloyloxyethyl phosphorylcholine
(MPC) —co-n—butyl methacrylate (BMA) —co-p—nitrophenyl oxycarbonyl—4, 5
oxyethylene glycol methacrylate (MEONP)) (PMBN) &. poly (lactic acid) (PLA) %
FAWTEBEZARIEIZ LY QD NE Y UVIRE AR Y ~—7F /7 ki1 (PMBN/PLA/QD) Z FAHL L 7=,
LU 72 F ki 0 Z i R EE - BRMER (TEM) 812 . EhrY Y HeEL (DLS) JIE . WU & OV
AR MVRIE ZATV, R R OOE R 2584l L 72, PMBN/PLA/QD & 47 & 77 )L
F=r RS, A7 X7V (G8), BLIRV—7 o A&t X _XTF R
(G6R2, G4R4, G2R6) % Y »FREE AR (PBS) W C 24 K] 4°C TR L, 7 ¥ =%/
A2 N ERENZELA U724 peptide-PMBN/PLA/QD & ERL L 7=, F / ki ¥ DOHIFENERL Y
AR EBIERT 572012, glass bottom dish (2 10%0D 7 MG VR IMLiE (FBS) % & Te ks & A
T 1.0x10% cells/cm® DFEE T N5 4 (HeLa) a2 #8558 L 24 WefH, 37°C CTriik:
FTelLiz, TOHK, KN 100 nM (2725 L 9124 peptide-PMBN/PLA/QD %1z, 2 K
] 37°C TA v F aX— |k L7z, PBS TV A4, FBS & te5HIlCAZHA L . F / hiF D
HIIRPN R Y JA Zx % S8 0 L — U — B EE TRIER L=,

FAEL L 7= PMBN/PLA/QD 1Z /K H CLEIZ S #E L7z, DLS PIEAER KL O TEM B LY 4 75
20 nm D K& X PMBN/PLA/QD (Z QD 23 1 75 S AFEENA I N TWD Z ERbnoT,
F7-. QD WARIR TFT /R ORI AT MV RO ART S VB RITRD B
RnoTr, THOHORELIY, KFEZFND Z L T ONFEEMEAZHERF L7225 QD
ERPIZHHESED ZENARETH D LV 2 b, HESEEMBIEG L0 | MRS
7'F K ToH % R8 ZEHE( L7 PMBN/PLA/QD D HHIIEN~DE Y IAZPBLZE STz, &
— 7 T RS A 7 2T F R (G6R2, G4AR4, G2R6) ZHEG SH7-54 . HlaXN
SOV AAIZRKERBANRBDO LI, TV o=y b (6) ODFEICLVRFED
AENRL RDEPHAONE o Te, ZHUE, 37 X7 F ROMakgEmME % hld
HIRFE LT, 72 BOLEEES T Tt 2O BEE L Tiudzesen
ZEERLTWVWD, ZHLE D PMBN/PLA/QD IZAHAEIC X 2 FERF B2 HL D A S Z ] C
XRENAA AT OBBEZBIRAEETH D720 HIlAN ~OWE L EE 2 DERICHR
RRENANA 0T OEREFD T & DRV EBITIHIT SA A ThDEVZ D,

HIREIC X 2 FERF S 72 B A B Z I35 Z & 3 FTREZe QD N Y U IREAR Y ~—
F ORI ERE LT, ZOF SR IEINA A A A= T TR AL LTHARETH
HTEDBTRBEINT, Sk, D ONFRMEZTEN LTV T AL A LA A= THED
PG ATV, MIIEREE T oI HEH ~D R A BT,



A02 BE (=)

Molecular transport nanodevice immobilized specific biomolecules

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

We developed new polymer nanoparticles embedding quantum dots with artificial cell
membrane-biointerface as a highly sensitive bioimaging probe. These nanoparticles were prepared by
assembling phospholipid polymer as a platform and oligopeptide as a bioaffinity moiety on the surface of
the nanoparticles. They showed high resistance to non-specific cellular uptake from HeLa cells due to the
nature of phospholipid polymer with phosphorylcholine groups. On the other hand, when arginine
octapeptide was immobilized on their surface, they could permeate the membrane of HelLa cells
effectively and good fluorescence based on quantum dots could be observed. Thus we obtained stable
fluorescent polymer nanoparticles covered with artificial cell membrane, which are useful as an excellent
bioimaging probe evaluation for biomolecular function in the target cells.

To confirm the selectivity of uptake to cells, effect of chemical structure of octapeptide was examined.
Many research groups reported that arginine-rich peptide is useful as a cell penetrating peptide. However,
the abilities of other oligopeptides to penetrate the cell membrane have not been well characterized. Thus,
we evaluated the function of various octapeptides as a cell penetrating peptide by using our
PMBN/PLA/QD as an analyzing tool. We selected the octapeptides having simple sequences constructed
from just one kind of amino acid, tyrosin (Y, hydrophobic), asparagine (N, hydrophilic), glutamic acid (E,
hydrophilic and anionic), histidine (H, hydrophilic and weakly cationic), lysine (K, hydrophilic and
cationic), or arginine (R, hydrophobic and cationic). Only K8 and R8 conjugated PMBN/PLA/QD could
internalize in HeLa cells. It is well known that R8 and K8 work as a cell penetrating peptide. This result
indicated that the hydrophilic and cationic nature of oligopeptides play a key role in the cell membrane
permeation. In order to understand the mechanism of cell penetration induced by these hydrophilic and
cationic oligopeptides, it will be required to investigate the relationship between surface cationic density
on the nanoparticles and cell membrane permeation.

It is important to understand the effect of sequence of octapeptide composed of inert and active amino
residue for internalization to cells. We prepared a series of octapeptide by glycine(G) and arginine(R) as
G8, GGGGGGRR(G8R2), GGGGRRRR(G4R4), GGRRRRRR(G2R8), and R8. Although the surface

-potential of original PNBN/PLA/QD was slightly negative, it altered by immobilization of octapeptide
on the surface. Image of cells examined with fluorescence microscopy is shown. After applying the
various nanoparticles, they started to internalize into the cells. However, we observed that only
R8-immobilized nanoparticles could internalize into cells.

The PMBN/PLA/QD is good probe for evaluation of biomolecules to understand their performance.
And R8-peptide is effective to induce cell internalization. Moreover, R8-PMBN/PLA/QD is a most

suitable material for conducting the kinetic analysis of cell membrane permeation.
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Development of a nanoprobe for measuring the molecular dynamics in living cells

Jun Miyake
Takanori Kihara, Chikashi Nakamura*
Department of Engineering Science, Osaka University, Japan
*Biomedial Research Institute, AIST, Japan

In living cells, there are many huge 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 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 have aimed to analyze the macromolecular dynamics, simulate physical
structures, and finally discuss the dynamic molecular reactions in cells. Particularly we have
aimed to quantitatively measure the intrinsic mMRNA dynamics and reactions inside cells by
developing a nanoprobe for mMRNA using a fine nanoneedle. Our research will be a platform for
better achievements in nanomedicine molecular science.

The amount of total MRNA in a cell is approximately 0.5-1.0 x 10° molecules. The transcript
copy number is up to 5 x 10° and mostly in the range of 50to 500 copies. For example, from the
results of quantitative PCR, GAPDH mRNA in a Hela cell was about 1.0 x 10° copies and its
concentration was estimated about 3.4 nM. Thus, to analyze the dynamics of mRNA in living
cells, we have to develop an mRNA detection system with nM sensitivity in molecular crowding
conditions. To this end, we modified the nanoneedle with molecular beacon, which is a highly
sensitive nuclear acid probe. The developed nanoprobe could detect as small as 1 nM RNA in
solution, but the reaction time required for 100 nM of RNA was 10 min. By using the nanoprobe
for GAPDH or beta-actin, we succeeded in selective detection of the mRNA inside the cells.
The estimated concentration of intrinsic GAPDH mRNA was approximately 3 nM by reacted
fluorescence intensity of the nanoprobe, but by reaction rate of the nanoprobe, the appeared
concentration was estimated 10°-fold high rather than the above concentration. Probably this
contradiction will be a one of the effects of physico-chemical features on macromolecular
dynamics in a cell.

Moreover, we built a measurement system for mechanical property characterization of
floating round cells, which have negligible asymmetric acto-myosin tension. This system can
evaluate the mechanical properties of many cell types under the same conditions of cell shape.
we also succeeded in detecting the non-Newtonian behavior of molecules surrounding the cells
using FCS system.
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Evaluation and regulation of cellular functions through
in-situ nucleic acid imaging

Atsushi Maruyama
Naohiko Shimada, Arihiro Kano
Institute for Materials Chemistry and Engineering, Kyushu University

In situ-imaging of nucleic acids, such as messenger RNAs and microRNAs, could be a
promising tool to understand a molecular basis of cellular functions. Both highly sensitive
DNA probes and effective cytosolic delivery systems are required to construct the imaging tool.

Polycationic carriers with amino groups responsive to endosomal pH (between 7.4 to 5.5)
provide efficient gene transfection, being a promising carrier for intra-cellular delivery.
Polyethylenimine (PEI), chitosan, the polyamidoamine (PAMAM) dendrimer and
poly[2-(dimethylamino)ethyl methacrylate] (PDMAEMA) are examples of polycationic
transfection reagents with weakly basic amino groups that are protonated at endosomal pH.
The efficacy of these reagents is thought to be due to their lysosomotropic activity. Osmotic
puncture of lysosomes through the proton buffer effect was proposed. An enhanced membrane
disrupting effect through direct interaction with the protonated amino groups was recently
proposed. To date, weakly basic amino groups, such as the imidazole group and ethylene
diamine units, have been examined as endosomal pH-responsive groups. However, lack of
readily incorporable basic groups with pKas around the endosomal pH has made polymeric
carrier design difficult. Very few basic groups with pKa in the appropriate rage occur naturally,
limiting our ability to design biocompatible gene carriers design.

We focused on the a-amino groups of naturally occurring o-amino acids as endosomal
pH-responsive groups. The a-amino groups of the o-amino acids in an aqueous buffer have
pKa > 9 and could not respond to endosomal pH. While basicity of the a-amino group is
reduced by electron-withdrawing effect of the neighboring a-carboxyl group, its protonation is
promoted by the neighboring a-carboxyl anion. It is, therefore, possible to reduce the pKa of
the a-amino group to the neutral pH range by converting the carboxyl group to a nonionic ester
or amide group. Further, the pKa of amino groups can be decreased when cationic groups are
densely arranged along a polymer chain. Hence, polymers having a-amino acids as pendant
groups are potential carriers with endosome-escaping function.

Amino groups of linear poly(allylamine) (PAA) or poly(L-lysine) (PLL) were coupled with
a-carboxyl groups ofa-amino acids (Gly, His, Lys, Arg, and Orn). Acid-base titration
indicated that Lys-, Arg-, and Orn-pendant polymers had both strongly basic groups and
endosomal pH-responsive a-amino groups. These polymers, like PAA and PLL, formed stable
complexes with DNA. Lys-, Arg-, and Orn-pendant polymers were effective transfection
reagents independent of the backbone polymers. The pH-responsive a-amino groups enhanced
transfection activity as shown by the observation that acetylation of the a-amino group resulted
in a considerable loss in transfection activity.  These results strongly suggested a
lysosomotropic activity of the a-amino groups. Among the a-amino acid-pendant polymers
tested, the Orn-pendant polymer exhibited the highest transfection activity/toxicity index.
Since PLL with a-amino acid-pendants is composed of naturally occurring amino acids, it is
expected to be biodegradable, and these reagents have promise as cytosolic carriers.
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Three Dimensional Tissue Regeneration Through Multipoint
Molecular Weak Association

Hiroo Iwata'
Yusuke Arimal, Yukihiro Okamoto®
! Institute for Frontier Medical Sciences, Kyoto University,

? FIRST Research Center for Innovative Nanobiodevice, Nagoya University

New methodology using ssDNA-PEG-lipid as a cell adhesive will be presented to display
cells in certain area on a glass plate and to regenerate 3D tissue using cells as building blocks. When
a ssDNA-PEG-lipid solution is added to a cell suspension, the hydrophobic alkyl chains of the
ssDNA-PEG-lipid spontaneously form hydrophobic interactions with the lipid bilayer of the cell
membrane. The ssDNA which is presented on the cell surface can be used as an adhesive to
immobilize cells on various surfaces.

Various patterns can be drawn on glass plates using cells along the patterned aaDNA.
Solutions of ssDNA-SHs were printed by an inkjet printer onto a glass plate covered with a gold thin
layer. ssDNA-SHs were immobilized onto the surface through the thiol-gold interaction. Cells with
ssDNA’-PEG-lipid, in which ssDNA’ was complementary to the ssDNA sequence of the
ssDNA-SHs on the surface, were applied to the surface to induce cell attachment through the
ssDNA—ssDNA’ hybridization.

The ssDNA-PEG-lipid was utilized to immobilize cells on a cell aggregate. ssDNA was
introduced onto the surface of HEK293 cells with an ssDNA-PEG-lipid, and ssDNA’ was introduced
onto the surface of cell aggregates with an ssDNA’-PEG-lipid. Then, the ssDNA’-cell aggregate
were mixed with the ssDNA-HEK293 cells. The HEK293 cells were immobilized on the cell
aggregate surface through DNA hybridization. Although the HEK293 cells existed as single cells on
the aggregate just after immobilization, the surface of the aggregate was completely covered with a

cell layer after 3 days in culture.
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Lice YU ha—7 47 Tlid, TEOSZMELE LT, ISR - BRef] - IREEZR & DRf
SNz, RIGGOREOREIELEZE L, B—7v ) W a2 E@EREERT 5 2
LI LTe, YU ha— & Ry MZRIEZ FICHEAL, ANEEEZ KRG LT L
A EAEBICHESE LToRE Y N Ei~OBITHERBL DT, wERR Sz Y oo
iz, Y T CHBENOE T Ky MbEEZFM Lz 2 A, U WEIZ K
> TET Ny FOMHERRIAEIZ SN TND Z R ghole, ZTOX I I
I FOEF Ny MEEAISIL, Tt Em ES g2 b, B Ry b
BALICE D R U LAEHBIH L TWD Z R s s,

[EFHEAL A=V T Invivosy A A= 0 7Tk, ARBEFHOBRBIZEET
Hd, ZOFEFABOPF T, BEAFOWEERZ TS 5 M HT A A =X KON ALY
L7, HARTIX, A, INREZE, D55 ER 7R L i a4k ik BE s B SEIR o 4 UL k%
b5, Ko TABRNRMEI/EA =X LOBFIIEECTH D, MEHETIT, M
BN B R] T (VEGF) 0 % D AR (VEGE-R) 72 & MW HIlEIA 7 & L T EE R E 2 3
7L TWo, MEFHEA =X LOKRFHIBMET LT ARAHTHLH, ZivE
TONERE TIZ TR O RIELCTRIEN A = XL~ L 52 T\, xldond
OERZYEL . BB RN M EFAEZ SR FTET AT AEEE L, €
TV~ 7 AR O i T A 2 AR SR U7, TN 20 B . RRfeei e ifn & 51 E
NHEINL T\, RIZETF Fy N EVEGFEREE SE -7 v —7 2 {E# L (VEGF-&
TRy B, EERBIEREToTo, A A=V 7 TIRMEFEDEZ > TWD TIE DSy
IR ) & i T AR S A S vy T OEHRES) ISIER LTI 21T > 7o, £ ORER,
M B CIXEME & EFEOM TRERBWVIIR N7, —J7, &I
B CIXVEGF-& 1 F v F23MEA L7ZVEGF-ROGARIZE WA R H4v7-, 4 H B Mk
TILMLE I 5B & 1 3 BRSO TVEGF-RO AR IC K& REWT R b oz, L
2> L9H H ORI Tl 2k # O VEGF-RIZ, I DO EFE O 351272 > T,
X HZ14H BHOREMA T, 9H B X0 il EHAICHE S &0 MA R 5512
Do BT, AT OVEGF-RIZ, & OEMTOK 3HFET—ETHo7, UL E
OFEFRN S, OIMEFAEIMTHON D EA T, PHFEIE B < HWicHad T, VEGF-R
DA SAEFEEENTHIINT 5 = & (L E BT A HEEIRVEGF-RO 53 I 0T 7 3% &
THATHY , T X - TMEERRER > & O Syl (12 5 A2 S FHEEAYIZ 3538 S T
L Z L. WYMo T-, I E TIIVEGF-R10-20F2 (B FIFEL T 5 = & BN 7- 2 &
ORERICHEETHL ERERFLONTE I, AFZEICLY ., Fox i3RI BRI <.
Bric 2 MEFAEA T = XL OWEREHEES D Z LTI LT,
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Clarification of molecular mechanism of lymphatic metastasis
and development of new therapy for cancer metastasis

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

To clarify molecular mechanism of lymphatic metastasis and apply the mechanism to
development of new therapy for cancer metastasis, we aim at the improvement of a quantitative
in vivo molecular imaging method from various aspects like a fluorescent material, the living
body operation technique, the imaging device, and the image analysis, etc. In this year, we
mainly got two results. One is for the "development of fluorescent nano-particle using
silica-coating technology ". Another is for the "visualization of angiogenesis mechanism".

Quantum dot (QD), which is bright and photostable nano-particles, is expected to be a
good tool for in vivo imaging. Previously, we succeeded in imaging a DDS process and
metastatic cancer cells in mice and lymph vessel networks in pig stomach with QDs. However,
the oxidation of QDs in tissues leads to elevated levels of cadmium toxicity and decreases in
their photostability. We prepared QD/SiO, core-shell nanoparticles that consist of a single QD
and a uniform silica shell. We varied the shell thickness and evaluated the photostability of the
nanoparticles with high-accuracy single-particle imaging measurements, demonstrating that the
photostability was severalfold greater than QDs alone. Moreover, in vivo fluorescence imaging
showed that subcutaneously injected QD/SiO, specifically labeled the lymph node. The silica
layer also enhanced the photostability of QD/SiO, in SLN tissues.

Vascular endothelial growth factor (VEGF) plays a critical role in angiogenesis. However, as
vascular imaging at the molecular level is impossible, the detailed in vivo dynamics of VEGF
and its receptor (VEGF-R) remain unknown. To understand the molecular distribution of VEGF
and the VEGF-R, we prepared ischemic mice with a new surgical method and induced
angiogenesis in the gastrocnemius muscle. Then, we made a VEGF-conjugated QD and
performed immunostaining of VEGF-R-expressing cells with the fluorescent probe,
demonstrating the high-affinity of the probe for VEGF-R. To observe the physiological
molecular distribution of VEGF-R, we performed in vivo single particle imaging of
gastrocnemius in the ischemic leg with the VEGF-conjugated QD. The results suggested that
only a 3-fold difference of VEGF-receptor distribution is involved in the formation of branched
vasculature in angiogenesis, although previous ex vivo data showed 10 to 20-fold difference in
its distribution, indicating that a method inducing a several-fold local increase of VEGF-R
concentration may be effective in generating site-specific angiogenesis in ischemic disease. This
new in vivo imaging of ischemic mice could make useful contributions to understanding the
mechanisms of angiogenesis and to developing a VEGF-R-related drug.
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BANZRBIT D Akt FEEZ 2737 Girdin D&RE|
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1. AFZEOBE

VHL & fs I3 InHE s 7 (tumor suppressor gene) & L CEREINTHY ., &=
F IR RIC X > TZEOBEBIRENTHE L, BRI LR B 25 EEEZ2 6 Tn
%, VHL {517 HFIR 412 VHL & A (pVHL) (£ 12, E3 ubiqutin ligase A E L
TORELF L, 5K+ HIF (hypoxia—inducible factor) UKBRZEFHENNT) D4y
FEHIE 21T > T %, RIRFSIRARICEH WV T, pVHL (2K D HIF D= e F b & o
Hif) & 41, VEGF (VGEF: Vascular Endothelial Growth Factor) i&{n DR G 2Rt 5,

Girdin X, VEGF Z4) L7=AED M H 4 (postnatal angiogenesis) T Akt &K{FAIIZ

BEH->TND 2 Enn, AFFETIE, KERSE T OIRIETO Girdin OMIEEEER L O

FARRTEDMERF & . FOHREEZ G Lo, IREEROIRIET, Girdin OFB LA NSRS
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2. MEDEZRLER

T4y ebyoYb e U RY (VHL) JROJREIE, efafRko 3p25 SEIIZ/FET 2 von
Hippel-Lindau % (VHL) Iz FDOERTH D Z N> T 5D,

VHL s 13 intlE s+ (tumor suppressor gene) & L CEikESNn TV, Eix
I 7 I ZE RIC K > TEOBBIENTER L, EELRBZ5EEZ12 61T
W5, VHL BIs 722 bEIER &5 VHL &£ E (pVHL) [£ 312, E3 ubiqutin ligase HEA L
L COMREZFH | EIRE [N+ HIF (hypoxia—inducible factor) (KERZ#FHER ) D
SRR 21T > T D, (REEFIRREIZIS\VNC, pVHL (2L 5 HIF OB X F A1k & 43 fiF
D3N S A, KR & 7R AR T DERE AR T 5, VEGF (VGEF: Vascular Endothelial Growth
Factor) bZM O DBIRFD—2TH V| MEDFE - iR - MR e EOEHAZFFO,
VHL J5 CHRFERY 72 L8 2R IE-CH TR e B e B I A O 3G RS BH3E Td U | VEGF b
EEB LTS,

VEGF &, & WAL ORI RO, A& FEwm IO TLEICE 53 594 M A
T B MR O MR A b AR R R RN ThH D3, — T, flx OFEHie T
HLREBUTENRD LTV D, BN T, VEGF NMEHAEZ LT 2 & TRESCHE
FOMAEE @O, FHEOMRIE, 2, BBICEF L T2 b0 LB 6T,

VEGF FEUZ X B MG E L, ZAUTSE D MlEERIL, A2 T 7 F N1 h—)b
3-FF—F PIK)MRKIC L DY v AL F=rFF—F AKT (PKB) DU UERLIEM:IC
L0 SN TND, ZOREER, (RERHFEFHLMER T 1o HIF1 o) 72 & DGR T DG/
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D& RE DS AR AR R oD (/B8 8 A4, AR AE S, (RN AR5 2 K72 LT FlEE
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AWFFETIE, Girdin OMMIEE AN O FREE T oMt OMiR & . £ D&E
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I HESNARER T THLZLITAMIEN DL RBINDLZETHY, Hied Girdin O 57 1 HEfiF
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Girdin Maintains the Stemness of Glioblastoma Stem Cells

Atsushi Natsume
Senga, Takeshi
Nagoya University School

Glioblastomas (GBMs) are the most common and aggressive type of brain tumor. GBMs
usually show hyperactivation of the PI3K-Akt pathway, a pro-tumorigenic signaling cascade
that contributes to pathogenesis. Girdin, an actin-binding protein identified as a novel substrate
of Akt, regulates the sprouting of axons and the migration of neural progenitor cells during early
postnatal-stage neurogenesis in the hippocampus. Here, we show that Girdin is highly expressed
in human GBM. Stable Girdin knockdown in isolated GBM stem cells resulted in decreased
expression of stem cell markers, including CD133, induced multilineage neural differentiation,
and inhibited in vitro cell motility, ex vivo invasion, sphere-forming capacity, and in vivo tumor
formation. Furthermore, exogenous expression of the Akt-binding domain of Girdin, which
competitively inhibits its Akt-mediated phosphorylation, diminished the expression of stem cell
markers SOX2 and nestin and migration on the brain slice, and induced the expression of neural
differentiation markers GFAP/ 1l Tubulin. Our results reveal that Girdin is required for
GBM-initiating stem cells to sustain the stemness and invasive properties.



AO3 BE (%)

FRY A b

w3

1.  KishidaY, Natsume A, Kondo Y, Takeuchi I, An B, Okamoto Y, Shinjo K, Saito K, Ando h, Ohka F,
Sekido Y, Wakabayashi T. Epigenetic subclassification of meningiomas based on genome-wide
DNA methylation analyses. Carcinogenesis, in press.

2. Natsume A, Kato T, Enomoto A, Kinjo S, and Wakabayashi T. (2011) Girdin maintains the stemness
of glioblastoma stem cells. Oncogene, in press.

3. Ohka, F.,, Natsume, A., Motomura, K., Kishida, Y., Kondo, Y., Abe, T., Nakasu, Y., Namba, H.,
Wakai, K., Fukui, T. Wakabayashi T. (2011). The global DNA methylation surrogate LINE-1
methylation is correlated with MGMT promoter methylation and is a better prognostic factor for
glioma. PLoS One 6, e23332.

4. lwami, K., Natsume, A., and Wakabayashi, T. (2011). Cytokine networks in glioma. Neurosurgical
Review 34, 253-263; discussion 263-254.

AR - DL - BKE

. HBEZE MEGRERCEL 53y @R (2010) pp50-55.

2.  HHBE THRROMERFZ-MERICBIT 22V =37 07 2] BAREGEKRL (2010)
pp34-42.

3. EHBAEE NBE2RF-NER-7 ) D8 OERFT 7 A AARRKRE (2010) pp56-62

4. EBESE WESERFEY 7 —7 b7 2% 3 EFEERE (2009) pp34-37.

T (HE. B, . ERBFRE. 8RR YY)

1.
2.

B HEE [Glioma ([Z331F DI | BER BRI Bl — 20114511 A 4 H
BEHSE MEEMESEO T E Y =37 0 7 A8 | M)A I —
20114£9 A 16 H



	WEB版　平成23年度研究成果報告
	「ナノメディスン分子科学」領域全体と総括班
	A01 班（ア）樋口秀男
	A01 班（イ）福田紀男
	A01 班（ウ）由井伸彦
	A02 班（エ）石原一彦
	A02 班（オ）三宅淳
	A02 班（カ）丸山厚
	A03 班（キ）岩田博夫
	A03 班（ク）権田幸祐
	A03 班（ケ）夏目敦至



