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MrEEREDOBEE (I£30) : To elucidate the mechanisms of intermittent blinking kinetics, we developed
a series of novel data-driven time series analysis and modeling techniques to extract the underlying
kinetic scheme directly from single molecule (SM) quantum dot (QD) fluorescence experiments. These
include the development and application of the change-point analysis that allows us to correctly extract
the on and off intensity dwell-time statistics, and the development of a novel kinetic scheme (KS)
construction methodology which unveils the most unbiased KS capturing the full statistical information
from time series. The developed methods have demonstrated their high reliability and applicability not
only in SM QD experiments, but also in a wide range of other SM measurements, such as in the SM
enzymatic turnover experiments and the SM F1_ATPase rotation assessments.

RATRTERE
s I )]
[ERES S RIEES & &t

2009 4 1, 100, 000 330, 000 1, 430, 000
2010 4E B 1, 200, 000 360, 000 1, 560, 000
2011 4E B 1, 200, 000 360, 000 1, 560, 000

PR

Gy
woRt 3, 500, 000 1, 050, 000 4, 550, 000

RRSEF - AR
BEOLE - B - T/ - ~A 7 aflf - F BT ) L FH A =R
XF—U—F 10O, &Ry b, T804, WG, Stk

1. HrEEBBNPI0E R 7%, 1 K> b (Quantum Dot, QD) ® X
— T =X, W, FUS T NIRERMAR AT FRICB W T HIEHEICH

HoTh, B EXIEC TR REENE MEND, ZOFFRIIRALNOEED “HN
295, TGO L ONENE HEOIREE ESEEE” MY THIHON QD IZBWVWTY
DR ZLIZHE L, FUVHEBRED X FHETLZEEZHRL TN D,

I, NERHHENZ T IZS VT CBEE & QD DHEE b L— A (BRI & LT,




BESTREBEOOLEDICFDOM KRR T
Vox o THERBDS (K1), 7TV rx
THEL QD IZRLT, L owtaFE ST
WICBWTHERBPICFEEL, 1| O FRERIIDND
BN EOBEEN R EEELLRET
HIZATCREREDOLDIZRSTND,
QD OT VxR, BRI, BT OR
gL “” REOLWFEFDTF U E Ly T
LEZLNTWDS (RIETIE 2 DL EDIR
EREH SN THD), LrLaens, i
LOY Y TITROVHE AR L, B “BF”
REEOKMEMRSMAIT 4 D 9 HiC
o T, R&ENMELD (RNEHEHT 1.1~
5 2.2 DR EDEA. REShD) Z&
BEBNTWD,

BE, 7T 5 (BRm@mm) 71013 e
WEET Y X T ORRKEE T RN
DOBEMBEL I Z TNDE, v~ T AEME D
DEBEFVDHBEINC L > TaT7 RO L.,
ZEMBNTHED - - @R BRI B T 5, £
DOFER., BF Ry hOaTan s I AICH
EL., BRADHEL-REBLIEZ S LT
%, —H, Q) NEMOMAR T L, H®
A — Y BRIk T FENT
REIRBEIC 72D, BB SN TWDET VITREME
FIHLL TR EARMNITZ IS LBy B
KHEZ LD XD ITHERT 20 B R > T
%o FaIIBGERIINCET VAR T DD T
72 <, 1 B FIERIIEHR NG H - & Tl
PERED E < M OIRIE R T T VA BB
HITs77n—F%L 5,

TH5Z L, WEBLOEEAr—1N07 Y v
XUTEAFITRIBITSH, Ry NT—F
R L BB A A T I 7 2D OB & ST
THI L,

(3) EREORERFIHTIEE QD HE ORI RE
RF, BIERFFERE RS, Rt LOAR A~
7 MR E SR E T v 1xvT —F ~— %
fb+sz L,

(4) BrizlTBHB LI ERA T — VRS
Brickv., BEfFo QD 7V v V7 EFF LD
FUPEEIRT L,

3. WFREROFEL

(1) QD 7Y 70 “BH” “BF” REEXS
W95 1= 8O O LA si#iHT D BR% -

QD PEIT & 2 RERFN TR AT 1T A e
RN LAV DBTOT — I YR
ENDZ ENL, ZOREAR R L UL D
HWAlE LT, IRETHIZEE =S L
ETVMEIEICHE > T e, DFD, B A X
BLOLEWEOEBMFHEIZ LY ZnE
NERZDVAVRBRINSNTWEFEICR D,
LU S, LEVMEIL signal-to—noise
(SN) ERZENFEE < 2 WEEAICRIENAE T
NN, ZERRHEENREE L &E
265 (X 2a,2b B8),

intensity 5.0

ety (2.

1. (a@-(b) H—&T7 Ny hOENLFNL—RZD
REB, ()-(d) “B” “B REOMIEMERD
i

P 1M i
(TN

X 2: (a) SN D@ E B+ TR WGEIZE N
T, LEWEEEZRWS Z L2k ) ZofERIcHh
BLOEHEBRE UGS, (b) ZAbAMTIC X
LA, 2SI R F OFEHAOREE N 2L L

M Th D LERSN TN D,

2. OB

(1) ET VTV —DZERATr—LVIRERIT
Eawm LT, NERAEEE (1. e MFAVRFRH]
A —)VDIFAE) OREEHFETHZ &, =
LY, BpDRMA 7 —MzBiF 502
FELAPLEDHAF I AT IRTE
5% EIRREER X~ b T — 2 (SSN) N Hr
mRELTHELNDEEZZDBND,

(2) HBipDREDLE A/ —1 SSN 275 QD
TV X T OFEARM IR A A B ST

AL SR OB ORMBESEZRD 5 72
(2, SRR & L CRIBE &2 BGE LTz - &b
RN LWV IR LT, D
FEEORICB W TEILEARAETD V)
RINIARGER AT, 2D OFEEH 72 FRIC &
SEWERINOFIFH 72 LS = RO L
T2e D7V X I TF—HOMiIch, ZOF
EIIER & e BB F 07 — 2 120 W RE
THDHI ENRESIN TS, FlziE, BXA
N7S A, MR E DY AT A FOBEERH
FHEONE A SRt 3 D BEROEN T — & B AR A
Hi9 SMEESE 7 — o A — " —FBR  ATP Ik 4y
fi# L7z F1_ATPase [Hlifin7e & Cili il C & 7=,

(2) — I FRERIIGE W DHEE S S IREE
Bxry NU—27 O LR TEOR %
ZAbR/ bV REATIZ 20 il S 7 B
—Hf dwell-time RERFNIERZITAIET D QD
TV XU T OREEBERY N —27 (=%




XT 4T AR —N KS) BT A9 2T
KEFERTHD, LLAENRS, 414 F v
FNVCBNTERINLTWD L DT (e g
Kienker, Proc. R. Soc. Lond. B, 236, 269
(1989)) . dwell-time MiRAT—Z O H O
IR POt EE 5 25 KS 13FEMIC
MR GFET D, #1595 &, dwell-time K
RHNT — & OREFHB 72 FEREE # S KS & —
HOWKRET D ZENTE R (K 3a-d),
Fxix T _XTOAREZR KS O7e/T, [H
OFTHEREE DL, KA ODEBMW
(unbiased) 72 KS 2MITHHH) M52 &
ZHELT, BRITGFETD KS 27 =X D
32 HiEwm 2 oI Lz,

(a) E la E 1

(b) j 7/

Stationary State Distributions
Jalta)s folts),

Jablasts)s Toallnala)s
.ﬁ!htl(rﬁerﬁer(tl}’ .ﬁ:crf:(fbgfusﬂ’:)v

(c)

Space of
Kinetic Schemes

qy kinetic schemes
e.the same Sta- ;
tionary Staté Distritsu- .
tions. o

FORES MM TRl SN D) T X TOREK
B A BT 5 KS 44 (X 3d 12filr LT
%) THREEN Db DL LTESR

%5 (X 3d D k=50 KS IZxths), Fio, &=
IND KS BB DI E B S TZFERS
T =X E AR DGR A % TR
THMEEZEAN LB ) FEHEICNL - T
b unbiased 2 KS ZLUL T DO XL H ITEFHET B,
T70bb, K 3e X oD/ KS BER L
TWAR, TBED KS Tid, BB {ai) 0.

B L OUREE (bi) OBNIEBZIEE L T
WOIZRT LT EBED KS TiEFn ooz
NODDEBNEET S, a,b O 2 fEH 78]
T —2MhoiE, HRICFEET HRE R B
L OMREE (bi} OWNEBOERBICE L CTlX, —8)
AL T ENRARARETH D, TNz, T
BEDKS DIZHI N LY biased 23> T 5 &
HIWF S5, LRI, KRB {ai} B L OVRAE
{bi} DNEE OG- O FICB T, RE
PO ERHERICB T Yy /o=
v hueb—|ZESNWT, &b unbiased 72 KS
ZIEET 5,

4. WFIERRR
(1) BRI ZHWZ QD 7Y %o 7Ok
R A -

FTOMRR, BADEME QD OBERS N
LA L TWA (30~1200counts/100ms)
e FEAED QD OFEE L 100 ~
400counts/100ms THAHZ & ; X 4b, 4c (T
RTE DT, FMOMOTERERESLEDK
EIDOHWIEITIIAMEREEN N &R
Fholz, —H, W, BRRED S Z — 03 QD

(e) Observed time series: ...baabbbaaaaab...

Prob(...bya a b-b biasaja asabs...)

Sy :@b
uncoupled model
3t /T TRIPEREAY & < unbiased 72 KS DS
Fik (@) BRRED L~ DGR S 45 kR 5,
(b) ZDRERFIERNOROD LN DT TOEK
HBEEZRTEFTIRESMEE £ . (o) KS EMDZ
22T (b) DEFAIRBELSAAEFHET S KS sk, (d)#Z
DFRSY KS BN D “SFl” 72 KS D, /e KS
=W B D720 KS, (e) H oLt unbiased
72 KS OB,

Be/hD KS ZRERVIE RN HRO B D (F

008 H —
a.a7 (a) 1 s

066 E (b)
005 1

on4 - {32
0o {8
ooz - 18!
oo - | £as

IEXJ 120 0-1 05 0 dﬁ ‘| 15 ‘E s

\ , ) \
C W 40 60 O
nelay time (12,6 ns258) Ing lifetime

' '
Q 1000 2000 3u00 4000 5000 BLOD o0 a0
tima (0,18}

EN |
Gy

4. QD 7V > F U TRERFIOFEENT, (a) &
KR b B —iETRD A EHF MmO & xtis
T LHFMART bv(b), (a) DOIEAR : EBRT
— X %74y ML EDFKFE, () QD DIEE
FL—2 (d) FALHEEIC L0 e S -y
BN




LTS, 5 QD (IHREICE < WTE
L. BRREEICFE < BT 5D ﬂb E3N)
D 1%, WT, 1TEAE O, WRRREICH
EL, BOBRE~ECHICERT S, 12E
NEDBRE ML —2 X ZNOOFM O K
WWEBTDHLDEEZDZ ENRTEDN,
ZDOLDHONMIEL B b L XK
—VHOBBEELGETHI E Lot
BEHEEIEIC L 0 IRE S - FmiER5
I 10-40 (unit=342ns/256) 0)?%%3j<§:<§‘
HWVWTWD (¥ 4d), FFEFETRE D
FE A ﬁﬁﬂiﬁf&%%@ﬁﬁﬂkﬁwm
BAZRELTWSETHD (Kic, d), KL
HEE S = F ﬁﬁﬂfi %Vﬁﬁﬂ’A
ENTWDLEONOERRZE, =& 21X, H
EKE%#%(T%%o)ﬁﬁﬁﬁbfw<
B4y, BRI RY7R Y, BBRET A LN T
X570, ERRRAEIIK L THIREDOLE
IRENT 2 AT 2D 2 E NEIFTE B,

(2) — o FRERFIASO LA RREHT DI
B Ry b7 Y oo ZHEERPIA X
— LZALMNTT B0 D 1 Rt 2
B9 57200, BEEIC X D REER E@K
WA RET A 720, SRE e kR AR
Ptﬁbwﬁm,@miﬁ%%%LKOZ@
EALRMEATIC K - T, AR fE T 1 o1
%%W@ﬁﬁﬁmﬁ%gﬁ%K%ﬁTéz
EMAREE 725 (K 5), Z D2 bAMHTEIR,
A+4378 SN HETOERNBIZEZ TSN T § FEE
O ZER LV EfICHI T
HIEMWHIALZ, —FT, E=07BXT
L& VMEEIC K D artifact ‘i{m@l %{EJ
ENZBWNTHEEMICFEL, Bl 1 5
TR S — /ﬁ~ﬂ~%%ﬁﬁwfﬁmé
LT3 Dynamic disorder DEEIILTUVA
Big (e L CART L7 — A — 3 —KFH
OFNZHBEANFET D) b7 — Xz L 5
artifact NFET D Z & ZREBT D RN
5507~ (ACS Nano 2012, 1 H B DA T A
MZEBH ST,

2o

IO M FEEBROFRRBIZL Y . ARG D
A% 20 PR ) HP U A% B S oD SEIRE ) 8L 23 PT e
polz, THVETIE, BIERT LTS
B, ©OF 0V ZEMESIIREE & E DR To
Do N ELIEBRBICLVA LS SLER
AT —nOpb ZTHE—FEREREEESREIC L
DWIEIFETE LS TE7 (#l, Nat. Chem.
Bio., 2, 87 (2006)), U2 LIk~xix, BEE
@%ﬁ%ﬁ%ﬁ%#é%éx&~wimﬁ
JEDARE VRS 2 R E T DT, B A
®ﬁﬂﬁﬁﬁﬁﬂ@E%ﬁh$W@@ﬁ%
b, T TICRINTZBNT —FICEENLI R
TOHMWFAEZ L DX D& bR Y 23720 KS
O, S EET LD~ L
7o (BEFRH (2012 47)),

intensity

X5, BERFl% W= QD 7Y % o 7 DAL S AEMT
OB, FEEBITIIRFIRRE, N7 7T T ROREWD

HEIK LTI OSNTITHERTH DRI B,

(3) ~FEEEF— L F—N—FERITLD
SERBMEBEDET Ak

BEETTO a2 r M LTIE, WY
DIRVHEGRI A — 2iEE L. ERlloR L
7-HERF D QD DA v —F 7RIS EHS
HZET, I M BEEY — A —n—%F
BROBLS D KS HEE Ot H 2 fH B CHH I 4

(a) S+F {b) ES (c) EP

;‘ﬁ"—‘ :)
ﬁ =

(d) E+P*

Fedtidin

.:, .:Q

> _ 04
(e (8) ¢
£
= {a)=(b)=(c) IBw
-1 [ P . ]
5 7 32
B ] R e
2 3 §
(d) time event lag
Pravious Current
{_ﬂ (h) Cycle Cycle
= R N, i
= = f \ i
= ES —| s
g 2 PN /|
E N
g S r/S “'.
—
| 2B N
= " 50 " nni ) 150 8 e \ ~'-==l‘l S«
urmnover time (ms =
) = h ‘f-

X 6. SM & — A — —FERIZK DR BWY 2372
W KS OfERE, (a)-(d) SMEEE X — 2 F— N—5
BRoAM (S E, E: B3, ES: %$ HE
HWER, EP: @%éﬂ%@@é% Px: (Pt
)., (o) PRBRESNDE BIO “w”
HRHE T oD IRF AT %ﬁ&—yﬁ~ﬂ—ﬁ%ﬁ
EULHGRICOARBRIND 7+ b D/X—2R

I X BIREERR, () #2722 FE IR E & o
JEAr— TR LTe 4 — A —"—Ff o e %
N7Z 5 (Ko R) [S] GR: 10uM, #k: 20 uM,
50 M, B 100uM). (g) 100 MIZ AE UM
FETHILERTERT —FbEMBINT
MR E B (=T — =X D Ky b
50 M, FH: 100uM, (h) [S] =50uM (k
HAX—21) & 100uM (FREAF—H)ICEDHE
HENTIBIRY DRV KS, FIEDY A 7 L R
BERBITR T, 8L LFRDOY A 7 W7 L —TC
For, OEE@DELLY, EfIT(h) THEES
N7z KS I & » THE LN ITfREEZ R LT
%

M 6. ZEA T — /L OBIFEDER, B &
N Escherichiacoli B -galactosidase @ SM
B & — o A — N — 2R % i R IR [ PRE R 571



NS LR, ZoofERIcE, T
—Z b E N L0 KB KS DX
U= TR WO AN G, R D FER
JEDB—fER R TO AT Y RS
BB DR (i e. BIIEELF) BAEL D ED
EREAREIC LT,

5. EaRRALE
(WFZERFE . IFTE o M ORI FE# 12
T F#R)

CdERERm ) (B 7 1)

@ Tatyana Terentyeva, Hans Engelkamp,
Alan Rowan, Tamiki Komatsuzaki,
Johan Hofkens, Chun Biu Li, Kerstin
Blank, "Dynamic Disorder in Single
Enzyme Experiments: Facts and
Artifacts"  ACS Nano 6 (),
346-354(2012), ##t

@ Naoki Miyagawa, Hiroshi Teramoto,
Chun-Biu Li and Tamiki Komatsuzaki,
‘Decomposability  of Multivariate
Interactions' Complex Systems
20,165--179(2011), 7wt

@ Naoki Miyagawa, Hiroshi Teramoto,
Chun-Biu Li and Tamiki Komatsuzaki,
‘Spatial Heterogeneity of Multivariate
Dependence’ AIP Conference
Proceedings "International Conference
of Numerical Analysis and Applied
Mathematics 2011" 1389, 991-994
(2011), &HA

@ Tamiki Komatsuzaki, Chun Biu Li, and
Shinnosuke Kawai 'Robustness and
Diversity of Transitions in a Sea of
Chaos and Stochastic Fluctuation' AIP
Conference Proceedings "International
Conference of Numerical Analysis and
Applied Mathematics 2010" 1281(1),
1582-1584 (2010), 77t

® Y.Matsunaga, C.B.Li, T.Komatsuzaki,
“Collectivity at Different Space and
Time Scales in Multiscale Protein
Dynamics”, Physical Review E, 82,
016213-016225, 2010, i

® Chun Biu Li, Haw Yang, and Tamiki
Komatsuzaki: "New Quantification of
Local Transition Heterogeneity of
Multiscale Complex Networks
Constructed from  Single-Molecule
Time Series", Journal of Physical
Chemistry B, 113 (44), 14732-14741
(2009), #HatH

(@ Chun Biu Li, Mikito Toda, and Tamiki
Komatsuzaki 'Bifurcation of no-return
transition states in  many-body
chemical reactions'  Journal  of
Chemical Physics 130, 124116 (2009),

A

(% #E] (G 28 1)

)

B, SFAR, IR, Ml R
TRBH N 2 — o DG I W & 2 D5y
fEATREME ). A ARWER B 67 [EHEIRK
& BEWEFRREEE ESTRF v L8R
(201243 A 27 A)
TERK, WEEH, BHEM, K
#t, Chun Biu Li, /MAIRERE @ [—4
FRERFND S WO ZWoTHH
TRV — Y O 1 B R AR R 0O B
JE1. AARMBERY 67 BIFER KRS, B
FRERFE BT v 82 (2012
F3H27H)
S HIIED,, {1A15 2, SFAK, Chun Biu
Li, /Rl ERE @ BEY AR Y — AT F
N6 BRI 32 O 25 IR ot 25 B g A B d 0 B
JE1. AARMBERY 67 BIFER KRS, B
FRERFE BT v 82 (2012
3 H27H)
Chun-Biu Li: “Data-Driven Modeling
of the Complex Kinetics and Dynamics
from Single Protein Motor Rotation
Experiments 7 , Quantitative
Developmental Biology, RIKEN Center
for Developmental Biology (CDB) (2012
F£3H26H)
KIER, AR <m, SFAR, FIRME,
AMRIGERE T2 SO RIETTIA 2 b o8
RTO, FOLD T - Kk 2 —EH
(2o T DA G . B AR5
67 BIERRE . BAVE R R = b
FyiiA (201243 A 24 H)
Chun-Biu Li : “ An information
theoretic approach to dynamical
irreversibility from time series” |,
DYNAMICS OF COMPLEX SYSTEMS
2012, JeyFE R (fLERHT) (2012 4 3
H7H)
Tahmina Sultana, Hiroshi Teramoto,
Chun Biu Li, Tamiki Komatsuzaki :
“ Extracting the Reaction Network
Buried in Single Molecule Time Series
of Epidermal Growth Factor Receptor
(EGFR) and Growth Factor
Receptor-Bound Protein 2 (Grb2) in
Cytoplasm ” , IGP International
Symposium 2012, Hokkaido University
(201243 A 2 H)
Naoki Miyagawa, Hiroshi Teramoto, Chun
Biu Li, Tamiki Komatsuzaki, “Spatial
Heterogeneity of Multivariate
Dependence”, International Conference
of Numerical Analysis and Applied
Mathematics, Greece, September 19 -
September 25, 2011




Z. Liu,
Komatsuzaki

C.Li , H. Teramoto , T.
[ Extracting Protein
Dynamics from Single Molecular Time
Series], 7R atRwmes (FLIR) 2011, #L
o _ovag vty — (FLiR)
(201149 H 23 H)
Sultana Tahmina, Komatsuzaki Tamiki,
Li Chun Biu, Teramoto Hiroshi
[ Extracting the reaction network
buried in single Molecule Time Series
of Epidermal Growth Factor Receptor
and Grb2], 2 FFFEtRma (FLIR) 2011,
gz R v a vt & — (FLigH)
(20119 H 22 H)
K W, W& B2, FAR &, &R
JB, Mg B 0 T oo E
b ORI I T D RS ORTENE] L 573 17
St (FLng) 2011, AL = >R g
o Z— (L) (2011429 A 21 H)
I wAL, SEAR S, A2 R, el )]
o T ERE A D < DALk RIERE
DEFL), sy FREEER e (FLIR) 2011, AL
o _Xovagrtrg— (FLiR)
(20119 H 21 H)

Chun-Biu Li : [Learning the Kinetic
Scheme with Minimum Excessive
Information from Dwell-Time Time

Series]. %49 [l H AREW B FFLS
Sejd N KPR FPE (B T) (2011 4F 9
A 17 H)
Chun-Biu Li : [Complex Dynamics and
Kinetics from Dwell-Time Time Series].
Telluride Workshop on The Complexity
of Dynamics and Kinetics in Many
Dimensions . Telluride Intermediate
School (201146 H 20 A)
Chun-BiuLi : [Data—Driven Modeling of
Single Molecule Expriments from Time
Series Analysis ] . Seminar . Rice
University, Department of Chemistry
(UsA) (201146 H 17 H)
C. Li 1 “The Hidden Markov Modeling
with Exact Information Content of
Dwell-Time Time Series” , “Dynamics of
complex systems 2011 — HKFfEI3&E
DOIEFHME & FRIFTREME O R 5
FEaENrLO®RST — 7, ALEKRT
(kL) (201143 A 7 H)
C.B.Li, T.Komatsuzaki : “Innovative
Single Molecule Time Series Analysis
of Supermolecular Motor Proteins”, 2nd
International Symposium on Photonic
Bioimaging, B/ b =kad L v
(b)) (2011452 A 6-10 H)
& RE, R B 0 TR
IS HEHET Y 7 ), 5536
[EIER = VX —Fgees /R feik [

E 1D AP (o S N [ D N 7V ANEN
BRAEGRA 288 (K ) (2010 45 11 A
18-20 H)

C. Li and T. Komatsuzaki :
plus one is more than two:Theoretical
challenges in learning from the next
generation single— and multiple-
molecule experiments” , A¥WFE T2
%4 8[EMES, HALKRFIINNF v /3R

(L) (201049 H 20-22 H)

C.B.Li, “Single Molecule Time Series

“When one

Analysis of Supermolecular Motor
Proteins” , Seminar at Instutite for
Molecules and Materials, Radboud
University, Netherland (201048 H 3
H)

21 C.B.Li, T.Komatsuzaki, "fE#E4sy>+E—
2 — D HFHIRE R BN, FHaF
N A A 5 [B & %, Gakushuin
University (CEREIEEX) (2010 4 6
H 24-25 H)

22 C.B. Li, “Time—dependent Perturbation
Analysis of Small Nonintegrable
Hamiltonian System”, invited talk
Dynamics of Complex Systems Seminar,
Department of Mathematics, Hokkaido
Univ., Japan (201046 H 9 H)

23 C. Li: “Transition to Chaos above the
Reaction Threshold: Bifurcations
Resonances and Future Challenges”
Workshop on dynamical systems theory
and reaction dynamics toward large
systems, Kyoto (201041 H 5 H)

24 C. Li : “Handy Guide to Analyze Time
Series from Biological Systems: Some
Simple but Powerful Tools”. #&FKF
EFRHER SRR FHEI S —A
(2009 4£ 12 A 15 H)

(XMF) Gt41F)

@ C.B.Li, TKomatsuzaki, Springer,
“Extracting the Underlying Unique
Reaction Scheme from a
Single-Molecule Time Series”, Cell
Signaling Reactions: Single-Molecular
Kinetic Analysis, 330, 2010

6. WrFERRR

(1) WFEREHE

25 JEE (LT CHUN-BIU)

AEHRE R - B REAITERT - HEBER
WFIEHE &5 90397795

(2) WFgEs R

AL

(3) EHENFTEA

/NRAIR Bk (KOMATSUZAKT TAMIKI)

JLHEIE RS « A FHAIIERT - 2%

WFgeE &5 : 30270549




