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WFFERL T DOBEZE (3530) : We have demonstrated that clear visualization of single molecules
in cells enables their molecular quantification. The object of this research is to clarify
structures and their changes of DNA and protein complexes that are formed transiently
and locally. We examined fluorescent protein-labeled nuclear proteins, such as
transcription factors, RNA polymerase II and nucleosome remodeling factors, by
simultaneous multi-color single-molecule imaging using HILO microscopy. Quantification
on molecular dynamics and interactions with multi-dimensional analysis and
10-nm-resolution analysis of the images enabled us to classify states of the proteins and
interactions. This approach provides a tool to understand yet mystifying mechanism of
regulation and expression of genetic information.

In parallel, we carried out single-molecule force measurement and molecular dynamics
simulations on the same subjects. Quasi-statical unfolding of single molecules of
staphylococcal nuclease and double-stranded DNA by constant-rate mechanical stretching.
The mean energies to disrupt elementary structures were a few times of the thermal
energy (1~3 kBT), which agrees with their stochastic feature. The results showed that
entropy is a key property on the “genetic information field”.

AR TERR
(BHEHAL - 1)
[ERS T Rt & i

2008 4EJE 42,700, 000 12, 810, 000 55, 510, 000
2009 4EJE 17, 000, 000 5, 100, 000 22, 100, 000
2010 4EJE 15, 300, 000 4, 590, 000 19, 890, 000
2011 4EJE 19, 800, 000 5, 940, 000 25, 740, 000
2012 4EJFiE 15, 300, 000 4,590, 000 19, 890, 000
o Et 110, 100, 000 33, 030, 000 143, 130, 000




WHIEsT 8 - B
B oo FL - ABH - EE: - B

U= IRTFAA—VLT | IHTFREL SFVAT L TOHE, 3UTA A—Y

VT RNTF T —A A= 7 HILO FEBIE,

1. WFIERHAE SO 5

HARZHLELTCHAELZ LA A—
UL, BRI E o THREL T
W5, K& hmtEe LT, AX7-MlaTo
A A= T L EERIT~EBEL TN,

TEKIT, YOO H LWERZREEL 15
TGOS EZRHm L CE TR, XL
A ERERAE BN 104 A=V
LY, HREERO 1 5FA A=V T
AJHEIZ L 7=(Tokunaga et al., BBRC, 1997).
HIRNEROBIER LA TEBY . TOHTHHE
JEREHILO) BRI VA, 1E 3k D ¥ 5T FREAYE X
Db SIN LS 2~8 @\ vE B E 2R E R 2 b
7= & % (Tokunaga et al., Nat. Methods,
2008), A FA A=V T DB TIE,
AR RN EERFREB L o TWVD
(Megason & Fraser, Cell, 2007), 143FA #
— 7%, RN BT HEEE L AR EEH
B DRt R A, 22 - R - S FRED B
ELTERT DI EMNTE H(Tokunaga et
al., Nat. Methods, 2008),

HAFI v 7L, ¥EDORIIZREE
DO RFTEICRR L CE Z 2 8EEHR 1)
RIS D70 012iE, FHE TR, e o
Oy F s LR EEEICA X T T
FHEICE D, 1A A= 7D LTV
5, IHIZ, MIEANTEEEHRNVFHIITE 5
EWV ) R ARMFZEREERICE LTV B, A
L. 1R EaBEics T 28
TefEI A P LR S5 FNTE D,

2. WEoOHB

10 A A=V 78IS 5 - EREE
Ye o AR D R FT fE IR — BRI HE S D ek
TR L AL E A S ST D - OIS EEAL
T 5, BRI E 2 BREE L, MifRENst o
PyisofiiE A RO E LT IZ2ni)
FHMT 5, EBAED 15FA A—2 0 7 EHH
Hafic, JeBReEmZ L TE Tk, fif
TRHBANED 1551 A A=Y T % EBLT
X HPAMBIE A BB A Th oo, EHIZ
YHMOOICBREGRET D, Rk, I
WIS OEAE LEAKER L, BEIC
ERIAEERE L CTHEL TS, Lad,
T OREEIL, BE - ER - 21 - xRl
DEMBRBIZBWT —ERE TR LA F
I v 7T %, DNA OLREET—F -
—EIZE DD TiH L, BRRIISL, BT
D IR N e 8 O Jmy AT fE I (R SR L C BB Y
Wi Z %, ToEMx L, @R 20l
FHAEAR 2N 22T 6D & D FEREITARAME D 5
BN, E A ORFZE[Y CEBEBIEGHI T X

5T R

HEWI 1T A A= TEREMTOR
PEZAL., MmN To [ZFo]) #llaHE
ETHZEEAME LT,

3. WD Ik
(1) BAMSEA A= T AT I - EEfR
Hry 27 LS
SRR 1 A A=V v THEIE L
LA i b L7 AR D BEIS SR 2 . BEICHE
HHEHOLOELET D E &b, FRBd
IR EIT o7,
(2) EHRZAREE LS A A= T
BB @OENT 7B LTt
BETHER L-Z o VENT L., Thbk
MR TRILE L <ITERY IAA I A 3
L, (DTHZ L7z 1 i cA Mg
BHEIToT,
(3) BN FoEES Jffricks (2o
i1 BH]
FFANESCOE SIN oS A2 AL, E
ETHRENEIC R Bk - BE - MAE
FHIRERE] - fRBEE SR - DEBURER - WBRRYEh R
Pl WoTo, S TENEE & A 1A BRI B
DrEEY LS OREEL A A=V
TR OFENT > 53R O (Tokunaga, et al.,
Nature Methods, 2008), W#f] « Z2[#] « 25l
S (EE) DK E L TERT 2 2D
7~

4. WF7ERE

(1) BAMSEA A= T AT I - EEfR
Wro 27 LS

F IR ONZEDRIMEZ LTV, AN
ERFICEEN O 1 o 7R 3 BRER R IS IT D
< Kot refes B L, SR % it
L7z, BEMEO R U 7 b &2 i/ NRICT 2 FETER
HOBALREIT-oT2, 400 F TOLEHEN
ZRRFICBIZICTE 5 1 0 FHMEBEIC VT
B X RE O O LI RERF IS kTS T &
% PC il 27 A, ZalFEME& RS PC
VAT AEMBERRE LT, MRNETO S
SIN Lb Wi 2 A L, fMIENEIZB T 55
TH - PR - AR ELVEFIRRRY - MRBETE SR - PR
TR¥L - WBFRANENRE R & N5 728 T A —F A&
SRSy - BRI - ERoBEEE L TRD D=
D OMEMEE BN Y 7 b AT LA EBREK
B L7, TR, MEOKEOm L L
(2. X0 EEE I XS E RO
Ehilob LT,

(2) EHRZARE LS A A= T
RNA Polymerasell (KPR « AR 2218
+ & O ILFEISE) . NFKB 2 Of5 5K



T & = OMABEAEM G F 0y T
actin-related proteins D7 v~F U E
TV ITRFRAT T A 7B 2
78 CGRAEKRY: « 5 B 2+ & st
L) . A F Ak - 7T FALEEM e A
ko (RBRKR: » AR ZAE L & O fEigPN L [F
WF2E) . PML body % > /37’8 - S o8
I e ~TarzuavF o R T HEORR
B X OGRS 1 (REARRT: - A1
il RO « P R 15 HasE s -
JE AL & OfEENIEFENFZE) (ICERE
T, HEARKE 15 FAA -V T EAEE
oA TR L (1),

1. 7kF ik
Effit A kv (R)
& RNA polymer-
ase IT (k) DA
a2t R 145+
A A= T1
e ORFZE
4 & o I
%), #5577 7 b
UV — O AFAE % 7~

e, /N—, 5um,

(3) BN T+OERT /JENTICED (20
1 &

DTERE L M AEERICEDL S EE
fEMTRERIL, MlRE T AT LE LTI
2b—varT5ET, EREONEZ EN
HEETHoT-HDTH D, TEMIBIZKIT S
T IVAREETE AL O B EENT NS . K 50
BT DWNEBIEN S T F N nELR 7 X
T b ROV T FIVREOHIE & 1T R
20, HRO B EHERELRENOEA~E Y
TFNVPRIZEIND I ENRHALNE 2o T2,

1 5 F G HEWR 2805 L, 0 FEIRED
BHEFENRT A —22ERILLEZ (K2), =
NOBEEMHEREREND ., IBEICEb S 5T
Hr7a~FrVET7 ) 7R OREZERM
M7 0 TENEESC ) TREOEWRH LN E 72
0. EE-HAMEHOSTENREE 720 | Y7
DEEME & oy FHERE & OBIEN R ST,

2 HRGK¥ Spl
D15 FHEE e A
EL N BIET MO N S/
it JRHEE L
& OILFEFE) , W
B & YEBOREE - fx
KEEIEHE - A AAE
O (HTE) IRERE -
B AR AR & v o
7o, T ERERE
fiEHT, /N—. Bum,

—Ji. ZEECRE 150 FA A= 0 TR

Bro#riz72 BB & LT, 10 nm 3 fERE TD 4y
T - > FINENEE & AR EAER O E BT B
WEIT -T2, $72 2 00 Wi W EEEE R
2 kB RRE DY FR A TH D 0.61 X B
0¥/ R O EZ T 720, F Ok S
FOMIEEFHI L, Z OO BEEZ 2R o
Bt L L TR Te, Z OMMMG E &ML,
LB “57 BT 5, mrEes o FiEED
BtREH oMM T D N TE I,

(4) Mg~ 27 A “B” 1ZBiFb=r br
v — O E M

A RO AP L D, Z oo
7 & N-,C-ili K & HEIERIIZ 5] -3k Y unfold
SHD 1l E . 4 F8) /1% simulation
ZATo7, 1Rl MD 22— 3
UHNBW—EEIR LT, 10T OHIERRKIC
B BiafEIE, FEFITH AT I v T THEED
ThHY (K3), HOKEINE|-IEHHAE
Dlog lZHFILTWAZEERHLE, T
1, = hrt—=log (IKHEE) 26, fHA
TERT& 5 “RE” o - smE, b=k
o E—8, ‘7 OMEEICEE R RE A R
LTWbHZ EERLTWD, (Fukagawa, et
al., BIOPHYSICS, 2009),

& erg Ianscape N’ 3. )
) 1%y F 3
- & il & MD
:.r\.' 2 I o2
[ - Sl — 3
24 ;IR
L + A& D
) B 7Y e
v fir

4 (BIO-
3 | PHYSICS
0 , 2009)

c-helixZ2HEEL TS T7S/BREY

[FIEEIZ, DNA 2 B 58 A O Rt 2 5| B
L T < unzipping @ 1 4yFHlll & 4y 8 5
¥ simulation Z{TWVENT L7z, 0 T8
simulation fE N6, =2 fr E—%R DT,
NFHT XX —HIE L = b e B —
% i L, DNA unzipping 6= bz B'—
ERLFX = TEH L AMGERRICHE
EOHRGEZLTWDHZ EERHLE,

PLEORERIT, FREOR S OIEFITEE
DOFBEAEHOEMMNEE LT “WB” AL
TWAHZEICERLTEY, HAFEHORESR
zefl CIRREED) ol 2bbz=r hr—
O, B ORMEICKRE ez e - T
WHZ LR L TnD,

5. FreREIRLE

(WFFeEA . WHIEo R e O IE4 1
(ES )



[ﬁEmL nHHjC] (%1‘ 15 ﬁ:)

(DHotta K, Nashimoto A, Yasumura E, Suzuki
M, Azuma M, Iizumi Y, Shima D, Nabeshima
R, Hiramoto M, Okada A, Sakata—Sogawa K,
Tokunaga M, Ito T, Ando H, Sakamoto S,
Kabe Y, Aizawa S, Imai T, Yamaguchi Y,
Watanabe H, Handa H, Vesnarinone
Suppresses TNF o« mRNA Expression by
Inhibiting Valosin—containing Protein,
Mol Pharmacol, A #HiA, Vol.83, 2013
pp. 930-938

DOI: 10.1124/mol. 112. 081935

@ Hashimoto-Tane A, Yokosuka T,
Sakata—Sogawa K, Sakuma M, Ishihara C,

Tokunaga M, Saito T, Dynein-driven
transport of T cell receptor
microclusters forms the ¢SMAC and

regulates T cell activation, Immunity,
A5 A, Vol.34, 2011, pp.919—931
DOI: 10.1016/j. immuni. 2011. 05. 012

OFHINAEAF, KL EE, B(LF, &
EHRETD 1014 A= 7§,

AT ((KEEEE), 488 %, 2011, 42-43

http://www. tkd—pbl. com/book/b94529. htm
1

@Yokosuka T, Kobayashi W, Takamatsu M,
Sakata—Sogawa K, Zeng H, Yagita H,
Tokunaga M, Saito T, Spatiotemporal
basis of CTLA-4-mediated negative
regulation of T-cell activation,
Immunity, #& &4, Vol.33, 2010, pp.
326-339
DOI: 10.1016/j. immuni. 2010. 09. 006

® Shiina N, Yamaguchi K, Tokunaga M,
RNG105 Deficiency Impairs the Dendritic
Localization of mRNAs for Na+/K+ ATPase
Subunit Isoforms and Leads to the
Degeneration of Neuronal Networks, J.
Neuroscience, Fif, Vol.30, 2010, pp.
12816-12830
DOI: 10.1523/JNEUROSCI. 6386-09. 2010

® Shiina N, Tokunaga M, RNA Granule
Protein 140 (RNG140) : A Paralog of RNG105
Localized to Distinct RNA Granules in
Neuronal Dendrites in the Adult
Vertebrate Brain, J. Biol. Chem., ##H:
A, Vol.285, 2010, pp. 24260-24269
DOT: 10. 1074/ jbc. M110. 108944

(@ Fukagawa A, Hiroshima M,

Sakane 1,

Tokunaga M, Stochastic emergence of
multiple intermediates detected by
single—molecule quasi-static
mechanical unfolding of protein,
BIOPHYSICS, 4 #é A , Vol.5, 2009,
pp. 25-35

DOI: 10.2142/biophysics. 5. 25
®Miletic AV, Graham DB, Sakata—Sogawa K,

Hiroshima M, Hamann M]J, Cemerski S,
Kloeppel T, Billadeau DD, Kanagawa O,
Tokunaga M, Swat W, Vav links the T cell
antigen  receptor to the actin
cytoskeleton and T <cell activation
independently of intrinsic Guanine
nucleotide exchange activity, PLoS One
A5 A, Vol.4, 2009, pp. e6599
DOI: 10.1371/journal. pone. 0006599

© Fukagawa A, Hiroshima M, Sakane I,
Tokunaga M, Direct Observation of
Multiple and Stochastic Transition
States by a Feedback—controlled
Single molecule Force Measurement, Anal
Sci, # Ft A, Vol.25, 2009, pp.57,
Selected as Hot Article Award
DOI: 10.2116/analsci.25.5

O A T =, HIAETF, HERDER

EICL DN TORE 145 8lEE, 4
Y EE, AEHCEE ((KIEBEE), Vol. 49, 2009,

pp. 318—321
https://www. jstage. jst. go. jp/article/
biophys/49/6/49_6_318/_article/—char/
ja/

O BEE 10T AA—V 7 TER
WeEEbhizZ tilFy Ly, BEHE
KRB R, A (REEE), Vol. 54,
2009, pp. 772-778
http://www. ncbi. nlm. nih. gov/pubmed/19
462763

@)NAEA, KL EE, R 7
FTAD1TFA A= T Ly TEE
e, EHE (KE#E), Vol.8L
2009, pp. 218-222
http://www. jbsoc. or. jp/event/magazine
/pdf/81-03-10. pdf

Yokosuka T, Kobayashi W, Sakata—Sogawa
K, Takamatsu M, Hashimoto—Tane A, Dustin
ML, Tokunaga M, Saito T, Spatiotemporal
regulation of T cell co—stimulation by
TCR-CD28 microclusters through PKC 0
translocation, Immunity, % 3 H ,
Vol. 29, 2008, pp.589-601
DOI: 10.1016/j. immuni. 2008. 08. 011

WHEA .2, TR D EVE, MRk 7 AW
W DS F A A —3 7, Clinical
Neuroscience, £t @t M (K H #h & ),
Vol. 26, 2008, pp.1062-1063
https://www. chugaiigaku. jp/modules/sh
op/index. php?main_page=product_info&ec
Path=3_66&products_i1d=918

O L=, HIIAET, EERLEH
ETRATS DHIREMIG, KRR

AT T A T A A= T TRRE

#% SIAEMBIG” | EipEchiE, ELA
HE M (K EE ), Vol.26, 2008,
ppl163-168.



https://www. yodosha. co. jp/jikkenigaku
/book/9784758102940/index. html

(Fa%R] Gegh)

(DTokunaga M, Fukagawa A, Sakata—Sogawa K.
Single molecule imaging in living cells
and stochastic features of inter— and
intra—molecular interactions. The 10th
NIBB-EMBL Symposium 2013 “Quantitative
Bioimaging”, NIBB, Okazaki, 2013.03.19.
(FAfrafkTE)

@Tokunaga M, Fukagawa A, Sakata—Sogawa K.
Single molecule imaging in living cells
and stochastic features of inter— and
intra—molecular interactions. 1st
Bioscience and Biotechnology
International symposium, Tokyo Inst Tech,
Yokohama, Jan 2013.01.13. ({IBFp#R)
Ok L=, WEIIBER, HIAELF. BT
BOFHDOIERDTOXA T I v I K. K
KhtE RS 24— L——T T4
TUARRYURD T L, KRR, O
X, 2012.12.18. (BF#EH)

@ Sakata—Sogawa K, Tokunaga M.
Quantitative analysis of single molecule
imaging of the physicochemical field for
genetic activities. Symosium at The 50th
Annual Meeting of the Biological Society
of Japan, Nagoya Univ, Nagoya, 2012. 09. 23.
(FAfrafkTE)

® Tokunaga M, Ichikawa A, TIto Y,
Sakata—Sogawa K. Quantitative
spatiotemporal dynamics of T cell
signaling using single molecule imaging.
Gordon Research Conference Single
Molecule Approaches To Biology, Vermont,
USA, 2012.07. 18.

(B)Sakata—Sogawa K, Takimoto J, Tanaka T,
Kaisho T, Tokunaga M. Dynamics of
transcription factor proteins in nucleus
by single molecule analysis. Gordon
Research Conference Single Molecule
Approaches To Biology, Vermont, USA,
2012.07. 18.

@ Ito Y, Sakata—Sogawa K, Tokunaga M.
Development of stimulatory lipid bilayer
system for quantitative analysis of T cell
activation by single molecule imaging.
Gordon Research Conference Single
Molecule Approaches To Biology, Vermont,
USA, 2012.07. 18.

® Ito Y, Sakata—Sogawa K, Tokunaga M.
Quantitation of molecular dynamics and
interactions in T cell activation by
single—molecule microscopy with a lipid
bilayer  system. 17th  international
Bophysics Congress, Beijing, China,
2011. 10. 30-11. 03.

© Sakata—Sogawa K, Okada A, Ito Y,
Tokunaga M. NF-xB activation mechanism
regulated by IxBa. 17th international
Bophysics Congress, Beijing, China,
2011. 10. 30-11. 03.

(0 Fukagawa A, Hiroshima M, Tokunaga M.
Stochastic and dynamic behavior of
quasi-static mechanical wunzipping of
single—base pair of DNA on 2D maps. 17th
international Bophysics Congress, Beijing,
China, 2011.10.30-11.03.

Takimoto J, Tanaka T, Kaisho T, Tokunaga
M, Sakata—Sogawa K. Dynamics of

spatial-temporal regulation of NF-kB
inactivation. 17th international
Bophysics Congress, Beijing, China,

2011. 10. 30-11. 03.

(2Tokunaga M, Sakata—Sogawa K. Dynamics of
proteins in the nucleus by single molecule
analysis. International Symposium on the
“Physicochemical Field for  Genetic
Activities”, Awaji, 2011.01.26 (FR45akTH)
O KT =, +IIAZET. Molecular
dynamics in living cells using single
molecule imaging and quantification, 5
33 [\ HAD M FRES - 5 83 M H AL
{bF e REGRKRE, A EBRSEYS, 5,
2010. 12.09. (FFFFH#TH)

@Tokunaga M. Single molecule imaging in
living cells and stochastic feature of
molecular interactions. Universitéat
Heidelberg - Tokyo Institute of Technology
JOINT  WORKSHOP: Life Science and
Biological Technology, Univ Heidelberg,
Germany, 2010.07.16. (GB{FHEH)

@9 Fukagawa A, Hiroshima M, Tokunaga M.
Stochastic and dynamic pathways detected
by quasi-static mechanical unzipping of
single—base pair of DNA and MD simulations,
Gordon Research Conference Single
Molecule Approaches To Biology, Lucca,
Italy, 2010.06.27-07.02

(®Sakata—Sogawa K, Tokunaga M. Dynamics of
transcription factor proteins in nucleus

by single molecule analysis. Gordon
Research Conference Single Molecule
Approaches To Biology, Lucca, Italy,

2010. 06. 27-07. 02

AR T EE, 15 FEREVAT LICE
T AHER. BRFINSHEAHY VR T T A
EMmENRE S A T AFF Hdn OB RYBAE -
TR -HEAEBRR LT, BRI,
PEIX, 2010.05.07. (FBFFH#EE)
(®Sakata—Sogawa K, Tokunaga M. Detection
de molecules uniques sur cellule vivante:
presentation d une nouvelle technique de
microscopie a fluorescence. 27eme
Rencontre Scientifique Francophone de
Tokyo, la Maison Franco—Japonaise, Tokyo,
2010. 04. 03 (FBAF#EEH)

Tokunaga M. TIRF principle and
applications with a focus on biological
samples. DKFZ/EMBL Practical Course,
Advanced Training Center of the EMBL,
Heidelberg, Germany, 2010.03.08 (#E{F:%
{#)

@) Sakata—Sogawa K, Tokunaga M. Single
molecule Microscopy for Immunological
Cell Signaling. Sweden—Japan  Joint




Coloquium, Karolinska Institute,
Stockholm, Sweden, 2010.01.19 (RFHE)
21 kI EE, HINAET. MiaNEt 1
DAA A= 7 EEEMAT, # 32 FIHA
NTEMFERES T—DvayT, Rv7
o SR, REIE, 200912, 11, (FB1F6EH)
22 HIAEF, WKL EE. HEROLHH
EIZ L DM 1 5 FA A=,
B 32 B ARG FAMTFRES U—F v ay
7, XY 7 g A gk, Bk, 2009.12. 10.
AT

23 HJIAET, (KT ETE. SRRtk
{EWIEREFED 1 53 1A A—T v THRPr, HAR
FALFRRBE 82 [E] ARV T A, MR
—F7A TR, 2009.10.21. (GRAF#RH)

24 WKL ENE, HIINAES. AETMiT
D1 EOEN X 2B S, 5 58 mlEsy
FEERE VURTY T LEBET —~ BRI,
HEACKZE, FEAR, 2009.09.17. (FRA5#ETH)

25 A EVE. A X TMlaTH 1 1 H %L
HICBlD, =7 AN =L T h=J AV
RYT L —HTESHEFOLER > —, B
WF, Fade, BFE, 2009.05.20. (BFFH#R)

26 Tokunaga M. Single Molecule Imaging in
Living Cells. 4th Global COE International
Symposium Program, Tokyo Inst Tech, Meguro,
Tokyo, 2009.5.12. (FBfrEEH)

27 Sakata—Sogawa K, Tokunaga, M. ingle
molecule imaging and quantitative
analysis in living cells. Curie Institute
Seminar, Paris, France, 2009.01.19. (I3
FFRAETH)

28 Sakata—-Sogawa K, Tokunaga, M. Single
molecule imaging and quantitative
analysis in living cells. EMBO Workshop
“Visualizing Immune System Complexity” ,
Cetre d’ Immunologie Marseille—Luminy,
France, 2009.01.15-17. (Pf5aE05H)

29 ME£ Mz, IO FnE, Kk =LE. RNG105
deficiency impairs the dendritic
transport of Na+/K+ ATPase subunit isoform
mRNAs and the formation of neuronal
networks and synapses. 5 31 [A] H A&R4 4
Wr e - 8 81 IR AL FEREER
RE VURTT L, FER—FETRT I,
FE, 2008.12.11. (A4

30 HINAEF, UKL EFE. MEBEICRT
LHRET T VARES FHBEAERO 1551
A A= 7 LEEMENT. 5 31 FIAARST
RS - 5 81 M H ARELFERRES
FRE RV UL, MEEESEY,
F, 2008. 12.10. (FRFF#E)

31 MUK L=, WINMEZ, HIIAETF. 1
AR s A A=V Ty I 2l —va s
WROREE. BAREMYIR TR 46 [BIFS
URTT L, wmAEERESEY, @i,
2008. 12. 03. (#AFFEH#TH)

32 fk T EVE, HIIAET. M1 o1A
A=V 7 EtER, BIFARY VRV T LA
TR« BAMFTE~OEHEB 2T 71—
F 1, HRAF, 7, 2008.09.02. (FRFF#E)
33 Tokunaga M, Fukagawa A, Sakata—Sogawa
K. Single molecule imaging by HILO
microscopy in linving cells and stochastic

multiple intermediates
detected by single-molecule protein
unfolding. Gruss—Lipper Biophotonics
Center Seminar, Albert Einstein College
of Medicine, New York, USA, 2008.08.25.

emergence of

(FfrafkiE)

34 Fukagawa A, Hiroshima M, Sakane I,
Kuwajima K, Tokunaga M. Stochastic
emergence of multiple intermediates

detected by single-molecule protein
unfolding. Gordon Research Conference
Single Molecule Approaches To Biology, New
Hampshire, USA, 2008.08.17-22.

35 Sakata—-Sogawa K, Tokunaga M. Single
molecule imaging and quantitative
analysis of transcription factors in
living cell by HILO microscopy. Gordon
Research Conference Single Molecule
Approaches To Biology, New Hampshire, USA,
2008. 08. 17-22.

flLEIN - 34 1F

7t 69 1

(&) Gt 1)

OEX I ELE, HIAET, LE, F 3K
BARME 2 v A MMeo 54, 2009, 3
(399-401)

(PE M PEME)

Otk yt GE 1)

AR BRMEE S AT A

T B AL, AT EYVE, HIIAET,
TLERHEE, SRS

MR VR RY T N7 T )ay
— R, B RFEANR R TEKRTE,
MNEATBOE NEA LA ST AT

FHYE - AR

&5 ¢ KEFE 2010-145571
HEEEH H - 201046 H 25 H

EPNst o] [EHN
(Z Dfth)
R B s

http://www. toku. bio. titech. ac. jp/

6. WFIEE

(D) W RERE

Ak HELE (TOKUNAGA MAKIO)

HOX TEERT - KEPiA B Toemrsest -
Ee

9% 5 : 00192659

(2) WFge /s

L

(3) EHEHF TR

+JII - AZEF (KUMIKO SAKATA-SOGAWA)
W TR - KEBeA Bl ToEmrse st -
=

&5« 20291073



