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Jezitsh, BIfE, CREST TATP/GTP 7SERENY 2 & o /"7 H~ v F ) — OBpIHE M
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INETOFETIE, ZOX I REBEZBET DI ERRWRRIE o7, ZOmfEx BE—4
FHIEETHZ LT T EOP 0 BARIET HE@ENRE R LRI D (K 3-4),

532 nm laser beam Polarizer

EMCCD

Optical filters

Camera lens\

Laser intensity
stabilizer

\

Variable attenuator

Mirror

50 pm capillary Shutter

Syringe

3-4 @t b AR Lic— o FELIAERE "
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(iv) ¥ b b &fliolc—4r THIEER
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OF THE UNITED STATES OF AMERICA, 105, 37, 13859-13864, 2008.
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ORI BF7EIEOMEE (20022004 4E)) https://kaken. nii. ac. jp/grant/KAKENHI-PROJECT-
26282213/

38


http://www.ncbi.nlm.nih.gov/pubmed/?term=Kamagata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22690958
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kawaguchi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22690958
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iwahashi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22690958
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baba%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22690958
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fujimoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22690958
http://www.ncbi.nlm.nih.gov/pubmed/?term=Komatsuzaki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22690958
https://kaken.nii.ac.jp/grant/KAKENHI-PROJECT-26282213/
https://kaken.nii.ac.jp/grant/KAKENHI-PROJECT-26282213/

Sambongi, Y; Goto, Y; Takahashi, S, “Long—term observation of fluorescence of free
single molecules to explore protein—folding energy landscapes”, JOURNAL OF THE
AMERICAN CHEMICAL SOCIETY, 134, 11525-32, 2012.

[2] Oikawa, H; Suzuki, Y; Saito, M; Kamagata, K; Arai, M; Takahashi, S, “Microsecond
dynamics of an unfolded protein by a line confocal tracking of single molecule
fluorescence”, SCIENTIFIC REPORTS, 3, 2151, 2013.

[3] Oikawa, H; Kamagata, K; Arai, M; Takahashi, S, “Complexity of the folding
transition of the B domain of protein A revealed by the high-speed tracking of
single-molecule fluorescence time series”, JOURNAL OF PHYSICAL CHEMISTRY B, 119,
6081-91, 2015.

[4] Murata, A; Ito, Y; Kashima, R; Kanbayashi, S; Nanatani, K; Igarashi, C; Okumura,
M; Inaba, K; Tokino, T; Takahashi, S; Kamagata, K, “One-dimensional sliding of pb3
along DNA is accelerated in the presence of Ca®* or Mg* at millimolar concentrations”,
JOURNAL OF MOLECULAR BIOLOGY, 427, 2663-78, 2015.

39


http://www.ncbi.nlm.nih.gov/pubmed/?term=Sambongi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22690958
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goto%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22690958
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22690958
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oikawa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23827883
http://www.ncbi.nlm.nih.gov/pubmed/?term=Suzuki%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23827883
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saito%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23827883
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kamagata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23827883
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arai%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23827883
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23827883
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oikawa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25938341
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kamagata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25938341
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arai%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25938341
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25938341

3.2. 2005 FERRFAERE

3.2.1. ATy FRE SR ZRAV-ERS FOREGEEA (FIL %)

(D HAEDHR 5 L EFFFREAR S D ERAK R

O HEDRLL

EWIHRD T O ARG FRIEAER DX Y N T — 27 DBBERET 5 Z LIZ L > TR E
NDVATLTHY | EmBIGOBRZEE 2, FE> ) 7 XA MHERET ITI3Z 0=
G % T D AR F AR 2 IR ) TV X A MBI T A FERRO BN D, 2T,
ERGFEFABETHLI T /A== A XOMAMIE L EKE T 7 XE L0 (SPR;
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Ueno, T; Hanaoka, K; Nagano, T; Urano, Y, “Unexpected Photo—instability of 2, 6-
Sulfonamide—Substituted BODIPYs and Its Application to Caged GABA”, CHEMBIOCHEM,
1, 17, 13, 1233-40, 2016.

[2] Egawa, T; Koide, Y; Hanaoka, K; Komatsu, T; Terai, T; Nagano, T, “Development
of a fluorescein analogue, TokyoMagenta, as a novel scaffold for fluorescence
probes in red region”, CHEMICAL COMMUNICATIONS, 47, 4162-4164, 2011.

[3] Mizunuma, M; Norimoto, H; Tao, K; Egawa, T; Hanaoka, K; Sakaguchi, T; Hioki,
H; Kaneko, T; Yamaguchi, S; Nagano, T; Matsuki, N; Ikegaya, Y, “Unbalanced
excitability underlies offline reactivation of behaviorally activated neurons”,
NATURE NEUROSCIENCE, 17, 503-505, 2014.

[4] Egawa, T; Hanaoka, K; Koide, Y; Ujita, S; Takahashi, N; Ikegaya, Y; Matsuki,
N; Terai, T; Ueno, T; Komatsu, T; Nagano, T, “Development of a Far—-Red to Near-—
Infrared Fluorescence Probe for Calcium Ion and its Application to Multicolor
Neuronal Imaging”, JOURNAL OF THE AMERICAN CHEMICAL SOCIETY, 133, 14157~
14159, 2011.
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D HMEDRSL
RNA DFRBRE N T (L (SELEX) H:fi 2 R L €. BROEER) 31125 2 R 1 72 il
Ttk RNA 43 - % AllBk L 720 RNA 50 F- I RESRAN 5 C V-SSR C I 72 < i 4 i L C 38k
LTS ZERRSI, ENHEHNTZH LW (RNA & Y—) OBZS, Mlaist
DAFIEVER A DOFHENT 34 A (RNAE Y =2 L—HF —) OBR%E. T3 O FEREM: RNA ARk o
T DN AR L, & /30 B L RNA 04 THHEICRIT 2 2B & & $12, RNA %3
W ER~T U7 ZHIAT 2RI OFHA - 53 B AR O fe 28T L0 RNA FIZE D fife N7
ZHELE (M 3-7),
YL MDA - RIVEY YA bhA4 Y - RILELZBR
EEARRERMER

&S Frc \\ jv/
CEiE\ BlAcoreZ i > & & O B:E{L

\ &
OHEGl@RIN

FAoe— D ONMRE. XBEHFEICLSMERY

T24=74— RAME

B, TEAMNT SRERELDTTIT—-
"““”fz b DR DHR. R MI
Protein A
REUREE BER. O
BIADRS
AW
1RO PR
HEZSUCREA SAEZY ERRLEAR D gpmume
BFRR, RUT T
b2y 13- %:gg;g;? BRLARNAF v TORR primone
YAFLODNR
HE F2E S B3

3-7 SELEX Hiffiz W=7 1 ¥ =7 kO E?

@ HEPOHARHR

(i) MIREZEME « U A2 R4 2 RNA & o3 — R OVER SR OB %

" JST_CREST WFZefs T E (WFERE [ZHMRNA /o ¥ — « £V 2 L—F — D% (2005-2010
HJE)) http://www. jst. go. jp/kisoken/crest/report/sh_heiseil7/seimei/02nakamura. pdf
5 JST_CREST BFZE#& Tt & (MFZEiffE TZHMRNA T/ EoWh— -« £V 2 L—F —OF%] (2005-2010
AEJE)) http://www. jst. go. jp/kisoken/crest/report/sh_heiseil7?/seimei/02nakamura. pdf

46



AR R 12 BL L TV D FIRICHH T 2 E 2 7 m—F A HURO B R N EE e = & 1%
FEWERFZE NS R ZE D R IBIZ 7 L —F 20T T D, £ 2 C, AR E IR LT
DRV H o RE X —4 MZ SELEX HEIC LY RNA 77 2 ~—%AERL L | FRIEfEdT &
Fhi L2 BT, B — ST ARBOBWY AT AR L, BARICIE, IL-17 77X
~—ZAEH L, 85 M AE 7z IL-17 126 2 MO E VR A i L 72 BT, B Oz
BOET NN~ T A% MWW in vivo FEEERZ T2, SRR T 21T o 72, & N3V
BIEDET )V~ T A Th 5 IR B O MHNERIZ (EAE) E7 L~ U AT, o THEW
FIEIMHN R AR L., VU v~ F AT T L~ 7 2 Tld, FIEIHILE K OG0 B4
WL,

(11) #HAEPN RNA RIHRAL S 27 A DBAFE

BEA7F D RNA B8, MRSk RNA D341 ETH V| MAEN RNA OFERRIZIZAE 2 vy, Z
ZC. in vivo RNA k% FIREIZ T D721, @ LEMITHK L TRk tED RNA 7 7 4 <
— %Al L., TOESIEZ 7L L TEED RNA REICAINT 5 in vivo BELRZREE LI,

(iii) PUA 1gG 12xl9 2 RNA &> —D % HAH] A

R HIHUARIE, BRI 2 VTS S, RSO EE CHURIZBRMED & 5 Protein A ff
JERHWHN TN D, LarL. Protein A BIE A W2 SR CIIHUAR Z BRMESIE T Tl
HLENRBH Y . ZOBBETHAENENES U ITBET D aiEENER ST, £2 T,
PR Z R HECIART 22N TE D b 16 HEM RNA 77 X ~—RHg 2 ERL L7, Zh
IR0 ERPESAE T CoelE LB 5 O IR A WD 7 TR PR E S B o E M LIC K&
K HFHTED LD LI SN,

(iv) RNA mRAEE 2385195 RNA 7 7" &~ — DB

— AT RNA VSKT T 2 R B e BUROIERII R EECH 5, £, SRERE S Qoo ie
X DR T v — 7 1%, EEERTERRICKTE L2 b DO TH Y, RNA O @i 2554 2 =
LT TERD 0Tz, £ T, ERIRNA & HEEALSClde < MRS L - TERFkT 5 RNA
T T HEw—&ERLL . FEENER RNA (non—protein—coding RNA. ncRNA) 4Rk~ 2 KRT 7 %
~—DEREEZ B TE DY — IV EF L, AR E I RNA M5 2 385%
T2RNAT S~ =BG D700 ERR L LT, ALY RV A L (RNA BEFR)
DI IS A FREE & LT @RISR 2N LTz, F72, ZO@BIRIZE 5T, KIROD RNA (R
[ZF T RNA-RNA AH AR IR G- LW C v —T 145 L7 v a v E{TV, Cv—F
T AR FRARZRIEEF — 7 (T 72 ~—) ODBIRFITHE) LTz, Z DFRITEE~ 72 RNA 1
TEARIT R U TR R 7238 EE 2 B> RNA & o — D BRICILHICRI AT % 2 &L 3l T
&%,
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(v) MG & 2R BTk DB R RNA & 2 — D BR S

FHIJE Tk, AMLI-MTG8 Z#{RFE & T 2 EBIE TR I, I bA ¥ v /37 En
BT HZENIEDORERBERE 2> T D, B0 R RO DI T ERE 2k
DBIRNMBE L SND,Z 2T AMBME ¥ > 37 BOBERENEEZ R T 57012,
T CIT/ERLF A AMLL 38 LY TGS #&& T 7% ~—4%tk B L, AMLI-MTG8 ¢ AML1 B4y &
MTG8 ER5y DN EIUTRRFIC T 74 ~—%fE G S5 Z LT LTz,

@ MEMRICEEL-ELARAIY X b IH|UR (#EEIH ~y 73 61)

[1] Cheng, Z; Saito, K; Pisarev, AV; Wada, M; Pisareva, VP; Pestova, TV; Gajda, M;
Round, A; Kong, CG; Lim, M; Nakamura, Y; Svergun, DI; Ito, K; Song, HW, “Structural
insights into eRF3 and stop codon recognition by eRF1”, GENES & DEVELOPMENT, 23,
9, 1106-1118, 2009.

[2] Ohuchi, SP; Ohtsu, T; Nakamura, Y, “Selection of RNA aptamers against
recombinant transforming growth factor-beta type III receptor displayed on cell
surface”, BIOCHIMIE, 88, 7, 897-904, 2006.

[3] Wang, JY; Takeuchi, H; Sonobe, Y; Jin, S; Mizuno, T; Miyakawa, S; Fujiwara, M;
Nakamura, Y; Kato, T; Muramatsu, H; Muramatsu, T; Suzumura, A, “Inhibition of
midkine alleviates experimental autoimmune encephalomyelitis through the expansion
of regulatory T cell population”, PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES
OF THE UNITED STATES OF AMERICA, 105, 10, 3915-3920, 2008.

Q) AEBEER T RO ERERR

AWFFERRREIARI IS BUARR A BB SR SE (S)  TRRAHMEICIRAT L 722\ B REE RNA O
WFFE) (2006-2010) . JEAEGTEVE WIS ER AT B PR B B4 TR Y = —~ F 1Tkt
T 57 7%~ —RNA BT D BT | (2009-2011) | #4 T #21T BHAFFEE A B4 ST ZE (A) TRNA
DIER I ZFIH LT EHR LR (2012-2015) 72 EOHFZERHED 5TV 5D,

@ HEEMOES~DER

(1) FRBRE NHE(LTE (SELEX) & W72 N7 7 & ~— DAl k>

b b IL-17ASKE U TR L7 7 77 % ~ — O30T & E3EBI & B9 & U7 ai{b 980
% i U=, BIREA 7 7 & ~ — 1% IL-17A 1% U CigEfEE SR 50pM s \WEFfME 2 & 5| %
BRA~DREG 2 B E T 2, RBVE NS &Ml © &R IL-17A BHERN R Z R L,
2 T~ U AJRHEE T /L (BAE &7 /L & FFE I T 7 /1) IZ W TR AR R AEMHI 20 R 23
ez, F, IL-1T IR 6 FEOY 7 X A4 THRFEEL, £D H B IL-17A & IL-17F

X PRI E AR A SRR ZE (S) KAKEN (WFFZERRRE TARARMEIZARTT L 72 WOEEEEYE RNA OFFZE | FFFEAEEE
(2006-2010 4EH£)) https://kaken. nii. ac. jp/ja/grant/KAKENHI-PROJECT-18107005/

48



O 2 FENTERERA V= Th 5, IL-1T13 2 BEREZ AT D720, EERNICITFRTE 2
IR AL-17TA/A & IL-1TF/F) E~T v 2 R AL-17TA/F) BFE L, Bl 1L-17A 77 ¥~
— R FOPURR BT L AT B NTHIUS S R AT D701 [L-17A/F B OBEERED ] H 2°C
ENTWAR ST, 2T, IL-17A/F ~F 1 2 BKIT%F LT subtractive SELEX 247\,
FE 2 EIKICRZ LW IL-1TA/F ~T 1 2 &IRRR 72T 7 2~ — ORI B L7212,

(11) SELEX £t 2 R0 L7z EHR PR & £ OVE RIS O

SELEX Hffix WA HIZ XLV FCeF2 7 7 Z~—% Al L, BET L COHIDMR, 6
WCHEEDOBEHREBET NV TOBNTED 2R L, BREIHE ORI L THELERE
S OBEFNRE/RT 2 L 2 LR, $2, ifHERRE s LAl L=t — b ¥
XWX T T E v — L ATX & OEERD X B E L 2. A DR T & nic L
PR A iR L 7=,

@ #HE - BE~DKEERMEY

R, 2003 45, T FE v — LW LW A TOAA FEIRSEBIE 2 THT 531 4
R F v —EERASEY R v 7 2L, 2012 FICHEKRFIRE & RRICFEREORE
AR Le, BB &0 2 X7 L, RNA 7 7 2 = =08 “PIRZVERD” |12
LT E 21 2 (HEA) 215D 6 DT, HUREEK LML TV 5, 128558 0 R Fil
A= —DERORBERT &, ZHICHIS LD —X T4 77 ) —nb3 < \nwE
. BERIZ 1 DORELE TE RIF T, VAR v 7 03B ZED TE72®]MNIE 8 b
D, JLEBAFEAY 3 M, BAEBASEDY 5 T, 20 5 HREARRSEMR ISR M L7z BB A
@ RBMO04 1%, BMICIRAZIRET DX VX7 EOBZ #HETHH DT, ELEREFRLEL
BWIRWNE B AR ORI L 72 5, RITERD DTz Rk, KRB ABE R L
W6 L CRE BB EAIIRF SN D, £72. HAEBIFE SO RBMOOT |3 5 B 28 MEiE Rk
BEIERGE (R E OR/DIRE) (kT 2RI L e D ATREME N H b | 2018 LT
KETERRBR OGS TE SN TWND

@ LtiE. MEEHEBRRERIARBRICEHEL-ELRRER/I) X~ 4F|RUA

[1] Ishiguro, A; Akiyama, T; Adachi, H; Inoue, J; Nakamura, Y, “Therapeutic
potential of anti-interleukin—17A aptamer: suppression of interleukin—17A
signaling and attenuation of autoimmunity in two mouse models”, ARTHRITIS &
RHEUMATOLOGY, 63, 2, 455-66, 2011.

0 Bl i Bh A BRI (A) KAKEN (RFFZERREE [RNA O 1 2 FIH U7- R 3R ERER ) WFR Sk o
B2 (2012-2015 4E£)) https://kaken. nii. ac. jp/ja/grant/KAKENHI-PROJECT-24241074/
UOAAGERHH TIPOAERESR VAR v (4591) M2 ) 3B BFLICHF] (2014429 A 30 A)
http://kabu. nsjournal. jp/kobetsu/22315. html
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[2] Adachi, H; Ishiguro, A; Hamada, M; Sakota, E; Asai, K; Nakamura, Y,
“Antagonistic RNA aptamer specific to a heterodimeric form of human interleukin—
17A/F”, BIOCHIMIE, 93, 7, 1081-8, 2011.

[3] Jin, L; Nonaka, Y; Miyakawa, S; Fujiwara, M; Nakamura, Y, “Dual Therapeutic
Action of a Neutralizing Anti-FGF2 Aptamer in Bone Disease and Bone Cancer Pain”,
MOLECULAR THERAPY, 24, 11, 1974-1986, 2016.

[4] Kato, K; Ikeda, H; Miyakawa, S; Futakawa, S; Nonaka, Y; Fujiwara, M; Okudaira,
S; Kano, K; Aoki, J; Morita, J; Ishitani, R; Nishimasu, H; Nakamura, Y; Nureki, O,
“Structural basis for specific inhibition of Autotaxin by a DNA aptamer”, NATURE
STRUCTURAL & MOLECULAR BIOLOGY, 23, 5, 395-401, 2016

@ ZFhih
2003 4FE 8 H 1 HITKHASH Y R I v 7 23/ 7, 2014 4E 9 H 25 A ARG |~
— X B,
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XREFMRANHRERR ;nL—7—1ck 55> A
KORBEORMANIE

v #. SERCRESS, B
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X 3-8 & X7 EkE R O G R

@ HEPOHEHE

(1) 7= M L—V—WBEHC X 25k SR B o IR AR
7 = b ML= —REIC K DR ARV TX, L= A6 0F v
BT — 3 URAEPMBERAEDOREICEECHL L EHALMNILE, ¥y ET—v 3
IINER & G 2 4 0 IR L 72 8 B RAZITITAE T 223, EOUHERFIZ, ¥ ¥ BT — 3 VA
CERAERRE & X IR E S £ DA L, 2 OmBRE LSRR 2 RET D
TLEBRBEINT, —H T, FYET— 3 COWREE IR, BRI Z LT E SRR
TEIKDHRBEICERN D Z E SIS, £ 2T, BRO @M L 2R RTE A, ¥ ET
— v a YO E RS OO, ZOREZIMGIT D Z LTI L, MR AERRNH TS

2 JST_CREST WFZefk T (AFSEiRiE X o X7 BoeaibabAlnk) (2005-2010 4E5))
http://www. jst. go. jp/kisoken/crest/report/sh_heiseil7/seimei/03mori. pdf
3 KPR COE 71 75 L http://www. fel. eng. osaka—u. ac. jp/coe/study/study_mori. html
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FERPIF O, S HIT, L—PF N ENEEE TN S | v BT — 3 VTR E)
TLZEEFML, Frv 7 —3a VEBIDER I NI ERE X /X7 B & BERIZBAT L
e NVHIZEAT D E W H LWZ U8 EERE N 21242 U, FERRISHR SR Lk
KO 2R LT,

(1) TSR X 2 @ d B e o & Ak

WIR DN EREA~DZ X7 GG, RKOREEZREST 5 2 & 2R L,
B I RSO Y ' F— AR EREICB W T, A7 v THREBREZHIE Lz, £ Ok
B THETREBRANCE B TS AL O X A S AR 2 MR 3 ) b3 2 Mol Sk F Tl
TIEDHME & Bz, AT v FRRERENE T TH DL Z L0 nhotc, 2O &I, 1
BV VAR Tl A OB K D FESTEOIK T2 fl S b = k%mW?5 ES
7oy BEZ LRI AerB S, WL DD H LR SR OERNL (BRKKE) BE, RO~ A 7
7 R EE & X BAE S AT 0 MERE ORI 21T o 7o, 2 ORGSR, WEIRBHFRIC X 0 fE s ofsfr
BRI B3, —H T~ A 7 a REGEENBDT5 2 ER3000 . 2 X s i
SYRRED ] LI EE N B &y 9 ATREMEA IR STz,

(1i1) #ERE L& v 77 B O i RIS

4 LR RRBREE AR, KIBVESY VR BRI U &35, #iiEa by vy B ok
pfEIZB LT, ILAPED m WIS T TORIT AT 9 L & bIS, IS ORG b &
D TR I ORIRSMHR R L Db 2T, ke b2 v X0 B d i E i ks B L
Tid, HPET-EHRIE R HIV protease—KNI272 A, RNA 7 7 % ~——1gG A1,
Tomato mosaic virus 130K, #¥HEVE Biotin & {AR-Avidin &K% O Mk & ST O
7 &L 14 EORIIZ R L, B LSS S b OB 22 5 L7z, £72, B L
5 Ry R AL 2 AR AL G I B EBA L. BODIPY RaEtr m—7 0 ¥ 7
WA w7 AT L—RAH LT X MBI ORS il & ST I b sl LTz,

@ MEBMRICEEL-ELARM R b IFHLUNR

[1] Adachi, M; Ohhara, T; Kurihara, K; Tamada, T; Honjo, E; Okazaki, N; Arai, S;
Shoyama, Y; Kimura, K; Matsumura, H; Sugiyama, S; Adachi, H; Takano, K; Mori, Y;
Hidaka, K; Kimura, T, Hayashi, Y; Kiso, Y; Kuroki, R, “Structure of HIV-1 protease
in complex with potent inhibitor KNI-272 determined by high-resolution X-ray and
neutron crystallography”, PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE
UNITED STATES OF AMERICA, 106, 12, 4641-4646, 2009.

[2] Nomura, Y; Sugiyama, S; Sakamoto, T; Miyakawa, S; Adachi, H; Takano, K; Murakami,
S; Inoue, T; Mori, Y; Nakamura, Y; Matsumura, H, “Conformational plasticity of RNA
for target recognition as revealed by the 2.15 angstrom crystal structure of a
human IgG-aptamer complex”, NUCLEIC ACIDS RESEARCH, 38, 21, 7822-7829, 2010.
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[3] Yoshikawa, HY; Murai, R; Sugiyama, S; Sazaki, G; Kitatani, T; Takahashi, Y;
Adachi, H; Matsumura, H; Murakami, S; Inoue, T; Takano, K; Mori, Y, “Femtosecond
laser—-induced nucleation of protein in agarose gel”, JOURNAL OF CRYSTAL GROWTH,
311, 3, 956-959, 2009.

(2) AR ABITAR T R DM & HRIKR

AUFFERREIM IS, BRI R SRR E (B) 584V 7 GaN fifdn B R AT O0F
FEBAFE) (2008-2010), #&TH#IT, SEimAURIRFELEINBASE (ALCA RFE AT — 18 A L F
FER AL GaN /3L 7 fE B RN ) (2011-2012) | B PR # Al B & B 98 (B) [ —H—
T IENEC L D H X7 EHRERALEA ) (2011-2013) | Jesmfaf R L HARBR % (ALCA) 144
TRF N R 8 A L FHBR AL GaN 7] (2012-2016) . BF22RIFZE 2w Bh 4 HAREFZE (B)
(V=P =X r BT = a2 YT K DR ZTEHIE) (2014-2016) . FHEAFFERL M) &
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X, 2 < OBRENE S L XY B oy OFSRRICHE S 4 TN ENREG A & 281 L C & 72108,
TETa—TIHWDRKOF T, TOFX A=V L ATHD, ZIUTLD XBOETHRT
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[2] Ogawa, N; Hirohata, Y; Sasaki, YC; Ishikawa, A, “Time—resolved measurement of
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KT DTFEE LTUTD 2 2OFEEZRAT, OFTRER T 77 4= EIND A
70 X 5 (AR 2 SRR & U CREMEEIR A 2 0 RIC/ERL, @8R 0 B4HI#R > & FIB Y
HIZ LD 7 L— R EIEY . 207 L — KA LIRS 2 ERL, b ol TFEIC
Ko TIER E NI & BT L7 FIE (=2 b7 X MR %ﬁmwn&%wTMﬁb
FAENZUTV AB MLARMRMERE 2 #5372, ARTIEOMZEIX, D%, HADOE FBHMEIFH I

AT SNERBERK N BHBRRY  FFHE #EE).,

@ #HE - BEADRRHES S
KIS DL 7 V— T THERE S VT LA &2 VL IR [EIFZEE T & 5 K[E Bayler College
® Chiu Z /v —71%, 2013 AL ZE FBMEI 2 W T, U A VA EO/MITR AT
IR & STRRNCIRT 5 Z LIS e, BT 28O —FE [F 8% (7 /T
U7) ) Ozl L CTEZRL, MlRREIZE Y DN o A VAR, by h—FR—b
TEDSED S DNA 720 2 NENCIEAT 2 &, 1T DNA 28 & /37 B ZAfi - TRl UIE D4
ZESHE, AOER L72 DNA 2 0AA FH THIH L2, VA NV ADARRED L 5 72O
ERRT DML BIE TE o, RBITERERE (R4 F v —) iBflicsnic o ZofEE
X ARIO T A NV AEGD T - IRRIEIC D03 5 2 L BHIfF S, [EFRSCAEWFOFFEIC
B AOAHZETE FBREE DA IMEDNGEA Sz, &I, 2013 Fi2iE, A~—F 7+ 27
EDOFENA SR EROBMEE, A~— b7+ VBMEEEZHEI L, 20144 [L- eyel &L

TRELRENEE X — T e Y e s b (INAEZEE BRI E 5 Aharonov-Bohm R A R L7
I FRB DBAZE ) WP )
https://ir. soken. ac. jp/?action=pages_view_main&active_action=repository_view_main_item_detail&
item_1d=3247&item_no=1&page_1id=29&block_1id=15
8 EP BAT 4 aNHA N [0 AN AREGL 2 SERBICBIEE AR 23T (2013 4F 10 H 25 H)

fE BT [ A~ RBEMEIA S TAR ABRFF Ok L4 E 026 (2014456 A 17 H)
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THRFE L, BFFEE TRV —fRD N2 b DOm0 BL2ED Tz, 5%, FROBERRE~D
BARLHRBACL DA =T A /) _—=va Ui 8 RIKWERDPEIR SN D,

@ L&, MEEHEBRRERIARBRICEAEL-ELARBX) X~ 4F|RUA

[1] Dai, W; Fu, C; Raytcheva, D; Flanagan, J; Khant, HA; Liu, X; Rochat, RH; Haase-
Pettingell, C; Piret, J; Ludtke, SJ; Nagayama, K; Schmid, MF; King, JA; Chiu, W,
“Visualizing virus assembly intermediates inside marine cyanobacteria”, NATURE,
502, 7473, 707-10, 2013

[2] Taylor, DW; MA, E; Shigematsu, H; Cianfrocco, MA; Noland, CL; Nagayama, K;
Nogales, E; Doudna, JA; Wang, HW, “Substrate-specific structural rearrangements of
human dicer”, NATURE STRUCTURAL & MOLECULAR BIOLOGY, 6, 662-670, 2013

[3] Iijima, H; Fukuda, Y; Arai,Y; Terakawa, S; Yamamoto, N; Nagayama, K, “Hybrid
fluorescence and electron cryo—microscopy for simultaneous electron and photon
imaging”, JOURNAL OF STRUCTURAL BIOLOGY, 185, 107-115, 2014.

[4] K. Nagayama, T. Onuma, R. Ueno, K. Tamehiro, H, Minoda, “Cathodoluminescence
and Electron—Induced Fluorescence Enhancement of Enhanced Green Fluorescent
Protein”, J. Phys. Chem. B, 120 (2016)1169—1174.

73


https://www.ncbi.nlm.nih.gov/pubmed/?term=Dai%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raytcheva%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flanagan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khant%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rochat%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haase-Pettingell%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haase-Pettingell%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Piret%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ludtke%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nagayama%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmid%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=King%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=24107993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24107993

3.3.4. invivoF/ A A= U TR EEKESRIBOZREKEO F5)

(D FHAEDHR 5 L &R DR R

D HMEDRSL

AMBIFICBIT DA T =D 1 DI, HEROEMAE S LV TEHRET 22 & Th
Do ZOT—/VZ AT TARIFETIE, B ERORREE 5 L~V TEET 572012, v v
AR T OAEREIN ST 55 F D% E 1 55F00F ) A— MVKEETA A=Y 7
(FI/ARA=D U 7) T HHM EEEBABRRE L, in vitro OMifaH & 13E 5 fE{K T oA MKE
ORI Z BIE L7 (K 3-13),

‘ ' BiTEED25
BOIVHABFFOMEM mgcyg A FIAA—DU G S ERR

EFFYNTF—L RHFE—L

¥ EREREA AT TS

SAVUFOFUICEHERDIN vivo F/AA—D0T N\
#BEE - AR ANE

Bh€ > RN
BHRGHF—L DEF—Ls o5 hiAHRa
2 : TR iy

HiftF—L

o

3-13 Furvxy ko
@ P OFERR

(i) B+ KRy bEFIH L/~ R in vivo TD 1 43 1#1%2

PR AHITo D/ —1 7 F 2 (HUHERZ HUR) 23 £ D K 9 7R I8 TS IZRET 5004 6
MZTHZEEZHMNE LT, HRA~T T RADREHRD L AN—t 7 F BT Ry R &V
THEAL, FERZIC in vivo T /A A=V T 5B To 1=, TOFRER, "—kTFF L -BET
R M, mEMTZ i, ME 2T 0 ki, £ LTl gL OMad S LR s
AHIRNZ T2 80 FE & DA HE S LHIRLN 2 dit S 4v7z RS EE 30nm » 33ms), 245

60 JST_CREST AF7E#& THREE (WFEAE Tin vivo T/ A4 A= 0 ZHAN OB 3 & A (EEMERE DR |
(2006-2011 #JE)) http://www. jst. go. jp/kisoken/crest/research/s—houkoku/02_03. pdf
U g O e AE TR AtE Rt

74



ERRICBN T A= T F ATV I E o720 2RV IRTZ L AR AL, 2% [Stop
and go] AMN=AL LTIz, Stop THDIX, Wiy NI EREORYy NU—2IZ b
Ty TEND F N BIERRORER T O TH Y, Go THDI1E, HLHCCHE
Bkl LD 2 EARIR ST, 1o T, IR OEYREE B 2 T2 L &2, EEOHE
L72% [Stop) REOHMNEE CTHDHZ LN T,

(ii) &S Ky b &AW FBIIEREE OB %%

%8 Ry h&EAWT, in vitro DI AL U077 F UMBHED 1 45T OiibE A K5 3A,
0. 1pN, 2ms THIE TZ 2B O LME LT o7z, ZOT—FZ LI LT, in vivo (T
T AR OIHENC DD NET 7 F UBHEOHRON LRI TE L L Ok o7z,

(ii1) &+ Ny Mol 7 2 B — R TE R OHIE DR IR

B Ry FRIEO YT AT T A48 . LERTER. T T AYED 3 BRI
WZOWTHRFHFE L7z, 1ERLSN D T T A —XDH A X, HEHHE, &1 Ry MMr#dks
PR R U7, dOtREEHROMIZ, T4 AT LA B, A Y — IRy AR
WA ATRE Td D, (FrFEPRHRE PCT/JP2010/72777 Y =4 VB X » THERL L 7= -
KT KL F oy BRI 7. AR, H5TE. LRRER)

@ MEARICEEL-ELGARAIX X b IFHLUUAN (#EEIH by 7 3 4D)

[1] Tada, H; Higuchi, H; Wanatabe, TM; Ohuchi, N, “In vivo real-time tracking of
single quantum dots conjugated with monoclonal anti-HER2 antibody in tumors of
mice”, CANCER RESEARCH, 67, 3, 1138-1144, 2007.

[2] Watanabe, TM; Higuchi, H, “Stepwise movements in vesicle transport of HER2 by
motor proteins in living cells”, BIOPHYSICAL JOURNAL, 92, 11, 4109-4120 , 2007.

[3] Kaya, M; Higuchi, H, “Nonlinear Elasticity and an 8-nm Working Stroke of Single
Myosin Molecules in Myofilaments, SCIENCE, 329, 5992, 686-689, 2010.

(2) AR ABITAR T R D##G & HRIKR

AWFFERE T 41, FHAIFCE BB SR TE (A) [P 255 1 oy A8~ TN, 147
1% LRl ~] (2011-2013) . BHA0F7e#mfiBh a8 Pl s g 78 (WFoeaaisde 228 T
NN FREBED T ) A A= 7 LHSRED =T UEMT ) (2011-2015) , BHARFZEEA#Bh 4Bk
BERURA TSR [~ 0 ZANIFHREE 1 4378155 (2013-2014) 72 EDOWFELED 5TV 5,

D R2EMOES~DEH
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(i) A =253FD 1 1 RE

FHLE FWEAY A =253 DIRGE & BB A = OIS ORIE 21T > 7o, £ OFER,
A =513 6N ORE RN EFETHRRNINBS D | RRF A =0 D% 571 LR
E T o7, HEEZ A = O F71%, ADP, AMPPNP, #F27: L CIIHfE A CTdh - 7275, ADPVi
FAE T CEFEE ThoTo, T NERIFANIINZ D AN T o7, XA =2 ORI~
DOHBITIZHRTH D Z ERPA LN T oTz, Fiz, MIENIZ PAR-1 X > /7 B3 R4
A h—YASNDEEZE 3 KTHNZEREEE (~10nm) (ZHIE 21T 725 R, MR & M
WIZZ Y KA b= 2T 27200 T2 < MIEND DRI R 2 KOS b3 R =,

(11) AFHERPNER D /N e s A o fig B o

ZHVETICHFE LI2FERE in vivo BIEHINA WD Z & T, v U AHSAIZBNT, 1§
PEAL U7 G R ERINES O/ Ml s 1L, LIE UIE 4dum/sec ICHET D2 ERHAL N E 2o
Too HIINTEH—DE—F—Z RV H WREX A = 0% 3T 0) OEREE T~
lum/sec TLNRWIZ EvD, ZHUCIE, EEOET—% —Z X7 BHR i L T#h< X572
RIMOKEZ L > TINTWd EFRENT, ZOmE/Maiko X0 G 7 FE A B
HNTT 57212, QD(Quantum Dots) ZNa L72BH BV /N Z RO IETESE D B I ER
T D FIELMNL L, ZORBM U2 ERNENC I T 2/NMa o E 2t Lz & 2
A, = ZHEANTEIII SN -BE L RERIC 2um/sec &8 2 2 i NIas 7S S B B &
DI EVHERENTZ, ZO LI L TR IR FERICHNEREAREAICHD /=
B —VEER SEZE 2 A, 2un/sec UL ETOmEB/NMIRENRE SR oz, —JF
T, TIZFoDE—H—F LRI ETHD myosin 11 OLEAITH S blebbistatin <2,
myosin IT O B CIEMEHIE 24T > T 5 ROCK DFLEHRITH 5 Y-27632 Z1EH SE72FRIC
t. 2um/sec LA ECORBUNMaEEOBE IR E BT 5 2 LRl s,

(iii) ~ 7 AIRE 1 55 7HE

R T LR LV O/NElRk 2 BT 2720, BIDWET Ry FOfERE T 72, &
T Ky b % 40nM CHRIRZEFR Z AV CREICHEIT 5 2 & T, # 10 fE~%k 100 (8FLE O &
TRy MCXDEERER LTz, B2, ~ U AMEBICK L TR T Ky hodiagisET

SRR A B & AAERFSE (A) KAKEN  (WFERRE TRB AR5 1 ARy, 1 1% L THllla

~—| WFZERROMEEE (2011-2014 4EBE) ) https://kaken. nii.ac. jp/ja/grant/KAKENHI-PROJECT-

23247022/

8 RPN E AR A RTINS (WFE AR S A) KAKEN  (WFZEafeE [Ham sy THEEED )/ A A —

VT LSRR ODETIVIRNT ] RO (2011-2015 4FEE) )

https://kaken. nii. ac. jp/ ja/grant/KAKENHI-PLANNED-23107002/

0 BRI TR A B S PRERA B 2EAF S KAKEN (RFZERRAE [~ 0 AWNIERTER | 78l B R o2
(2013-2014 #EBE) ) https://kaken. nii.ac. jp/ja/grant/KAKENHI-PROJECT-25650047/
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X DD EMER LTz, DAMBICEBRENCREEL LT\ 5 EGRR X 2Pk 2 &1 Ky MIHES
LT, vV ADRFRINGIEAN LTz, £ 1 REE& I 4 IR HE T, LB ABIE A 1T -
Too TORERT VX TTHEOBE—ET Ny NEBIET L LI TERVR, ZhT
THNTBENARETHD Z EBHLNE R oTe, T kT OH 6% TEICHIRL O i % [7)
ET&E B,

Q@ #HE - BE~NDERMES

Bl OB ORFFE 7 N — I3 HALKR T & LR T, S A DOEBBIEMALR 1 0 &% &R E T
TDHEERIE Lz, 2 E T, \IBAKIOFINEHTR O TR E2ZWT 572018, BWAD
FERRED k9 DR RS G SUG & FILR U 72 071k it k) v o T& 7z, L
L. ZOHEE, BERRISIZ X D3 AMEEDNREE, R, B EICAA S, EHRTOfF
TEEOE &M L) BDAR+37E o7z, BEEMRNE . BDAOBWREENEL 725720,
ERMEDEWHIEORBENRERFEL /oo T, ZOMEA MRS 5720, e /K
T D 1VRIAA A=V 7 L BGIRNT 2 AT TR ORI FIEORRE 21T o 72, Zhid, A
PABRRIZAFAE S 2 23 A DRI IEMEALIR T PARL 2565 F / Ki - CHERE L. Z ORI F4 1 kit
PFOFHMT HHMINC LV AREL Fe T, S BT, ZOHEEFHTHE Lzt ARk D
BWHNIGH L7 R, FIRBGRONAFRY A7 20E X< BEb+ 52 Licksh Lz, 2o
FRAIT, 23 A DETHL S T DB BURESR) ~DItH & & Iz, DABEOFI 2 7% T
HIZWHE~RRET 2 Z E RSN 5,

@ LiE. #mERRRAERIARRRICEAE L -ELARBXY X ~4HURA

[1] Shingyoji, C; Nakano, I; Inoue, Y; Higuchi, H, “Dynein arms are strain—dependent
direction—switching force generators”, CYTOSKELETON, 72, 8, 388-401, 2015.

[2] Kikushima, K; Kita, S; Higuchi, H, “A non—invasive imaging for the in vivo
tracking of high-speed vesicle transport in mouse neutrophils”, SCIENTIFIC REPORTS,
3, 1913 ,2013.

[3] Ichimura, T; Jin, T; Fujita, H; Higuchi, H; Watanabe, TM, ‘“Nano-scale
measurement of biomolecules by optical microscopy and semiconductor nanoparticles”,
FRONTIERS IN PHYSIOLOGY, 5, 273, 2014.

O ALK DEd T 2R a ey, BNAOMEREZ SRERZ BT 5 FEORR] (2015649 H 24 H)
http://www. tohoku. ac. jp/ japanese/2015/09/press20150918-01. html
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TRENET T T 4= THE THAEWRDE ORE 2 ERITTER G & L THIEIEE O
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@ HEPOHAERE

(i) 3MT % 7 DBA%E

MT 2 71X, @G X v NV ETHHAZaT A3 A 2 M) % 3 s Lzt DT,
IR I W T BAMEE TR WRE ISR E RO BB 7 TR X —RBMT 5 Z LR TE
%o ONMT & 7 DIEMEMRFED -0, KT 14 BEEZERTIRBEY ¥ XX X708
GroEL <2, MR A~ 7 RNEEEBICHEIET D Y # > 7327 B PSD-95 |2 3T & 7/ %18 s
FINZREA L CHIMAN TRELS Y, IR INT-&R Y 7 AY — OB T HEMEBIR 21T
ST, FOFER. T &# 73R OB BB OBIEH 7 — MUk & L CHifla & o~
NIEOEFIWCHERTHD Z L 2R LT, & OITE#SROHR, mHEEON &2 B i L
TTNH L RIEE LT, HEERIOEY VX7 GFP 12 SMT ¥ R A S48
AERLL7-, Z OB MBS 1T O LT, VAT AR — 7 & PULICBSE L-H
Gt A7 L& U, BIEETIE & T FIEO M) b RIRFICHRET 2179 2 L 12 XKD 3T
FIC E D=0 F LV OBRIEANRIEETH 5 Z & 2R LT,

(ii) M+ ve 7T 7 0 —Hili O

B E BB ORI, AR SN2 B 7720 T < JBIOESR B IRIRF B (7
TV T)TCE DD T A= MO GRRETENL D THRELBIETELZ2 L Tho,
ZOREEAENPLOD, AE TOVLIRIEICITV KR LB OB A2 TRIc 2 £y 1
NEZT 7 4 —HITOBRICERY AT, ZORER, 7 T4 FTE TR INET T 7 4 —FT —
Z ORFR, JEAmEHREE) 1% (CEMOVIS) | - FFHBBERE DL FiF, 7 b TS, Mk
B OB T BEMBEHIE > AT A L BT AT AOWER EORENTE LN, 7 T4 F
BIRINES T 7 4 —OEBTIE, ZNE TOYRBE CTIIRFHER » - KRIREDO Ry
THEEOBRNTE D2 L AR L, £l L LT, B/ METIE, 2 E TO®E &I
BT 7T oREE R L, UA VARG Bl T, MRRNO DA V2R L TED
EIEEE & B0 D RETF o — T HEEREIICE U CBRE R & &1 7, CEMOVIS TIE, &b
D EDE CEMOVIS OEFHENET T 7 4 — L0 D HITREOERNL, I R ALY
DI o —IEIRIA &V O R E ST, S-S A HHBBEELEE Tl MR T RITE
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