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Development of single-molecule measurement with angstrom precision

IINO, Ryota

13,400,000

V1-ATPase

We have developed an optical microscopic single-molecule method based on the
scattering imaging of plasmonic metal nanoparticles, and achieved atomic-level (angstrom-level)
localization precision and microsecond time resolution. In addition, the developed method has been
successfully applied to linear and rotary molecular motors such as kinesin and V1-ATPase to
elucidate their chemo-mechanical coupling mechanism and elementary process of motion in detail.
Furthermore, we have developed a dual-color, high-speed/high-precision single-molecule measurement
method using silver and gold nanoparticles as probes, and a method estimating chemical
state-dependent free energy profile from the single-molecule trajectory of the movement of molecular

motor.



B X C—19, F—19—1, Z—19 (tm)

1. WFIEBIAE S WOy 5

MBI L D 1 o FRHl. RS T —% —0EHFREO A LE BRY & LT 1990 4
RAATICEIEL L. AARDOIFFEE N K& < Bk LT & 72, R BEMEE 0 22 M fRfe 3B 2N & 02
IR, 108G (5B MEE) OFIMIEE ZESL 5 Z L T1 nm ONLERER
EEERTE, T ET—F—NEATI v 7 ICEETEI T NAXA LTEHAITES, ZD 11
A FHIE] 1. X —DOEEERE OIS LT T,

1017 F /75Hlo7a—7 L LTI HWLBNIDIFEOELRY AF L E—XTHD,
#wHAFRIL VNS v —T7Thh, o 1FE—F—LD1 : 1E#BRNIES &V OFEEFD,
— . /oD 74+ NCERRLND T2, FHUORR S AREIL S U RN IRA &0 5 KEN
b5D, IBIT, RAHICRREAT 57O REMOBERIIRN#EECH L, RV ATF L vE—X L K
T Tu—T7THY, B S/NOEBERELND DT~ A 7 afbOREMHENER T, i
H LW, L LKOFMHEEPIARELS O FE— X —OHHREIZZMMH L TLED &I X
BERHD, THHDOREDTD, 55T —Z2 —OVEEIEEIIZAIZITI 50N 5> TV,

Fax DL CEEZERET /) 70— L5 1 5 FEHE, ERROXREEZTLRTE, fE—
2 —DOIEEEREICIE D Z N TE D, & VR am< AL L, 1| nm ONTERTEHE &~
A 7 a OB SMRREEZ ER T H Z N TE D, &F 2R FI20 ) B K OREERPUIT Y ¢ X
HIFE/NEL | FEOIIEEZEYIORUTS T — X — O A LESFIC AR OB H H 72 8)
TEBHIENTED, FAEALET, REMBIENAETH D,

2. WIEDOBK

AETIHERE T T —T 2 0, A1 S TEHEON ERERE 271 L -LicdE L
e M1 Ay 72 ba—LGHE BT 5, KAPEEHEAR) =708 —%—, [l
FTE—F—IZEA L, BEPOEMERERETL oy FRHIlT25 2T, IRETIZE X TV
MNol-@B & kT 5, Zhick ., —HrEER OB, SRR e 1L — 2B O,
DTE—HF—%BRT 27 2= b ) BOWREEORIEN RBEEE21TH, &'/~
0 —7%2HNT, HFE—F —DFEL I 2G0T H AR & 25 - S0 E R SR E CRlER
THFEEHFEEOCMBEORV A TH S, AFETHET 2 PRI TFE—F =71 Th<
RS TR O SRR CEH FTRECTH V. T oAIEN:, BEMEITE W,

3. WO Lk

(1) 1FA v 7R Fa—L3HHEDOR 3

Fox NUARIBHZE Uc &8 b — 3 — BB B 2 S DIck#Em Lz, BREY 7 A4 XDk
WL REIRA T —2 0 R Y 7 Mg/l BREEE LI X 285 Bt © T OIS ICH D AT,
Flo, THRVar LR ERHWEEERPDE TR ABE LTI BN L —F— U — %R AT
REIC L7, BB LEFEEZ ) =T HFT— X —% 3 U 0@ A L GEBZRRZ ATk L, 3
VOATEEEF ORI~ FANCEEE L TWA Z EERE L, &b, B ki s e ) ki T
77 Xe IR EOBEWICER UBELI RO BWVEEN R LZMEZFH L, 2hEno
LB RICE bR L —F—IC L AL T 2 7Y o — iR R A s by, 87 ki
F. oF R T EHAL CRIBHCEHAT AT a7 Al T —EmEak g 1 D FEHlEL R L,

(2) Vi-ATPase @ 1 43 F-&tHll
1A 7 A ha—L5HEA . BN Enterococcus hirae HikD[EIHRSyfF— 5 —V, -
ATPase (Zi ] U L5020t Ol 2 i L 72,

3) ALZERREITIRAF LIRS FE—F —DHBTRLX =T 07 7 4 L OHEE

R FET =2 — 1 5 FOEBOINIB T DeFRELE [Rn) REgs L, Bh~itars
TMCED ZOREBEB 2T o7, Elo, A AHEEOFHAA T, ALFIRBIKAFRY E B =%
NF—=T 0T 7 A, JEERE, IREHEREECEEHEE T 2 FEDOREZIT o1,

4. WFTERRE

(1) 15FA4 7 A bo—LFREOBE

FTPANLEREREEDO FTIREZ RO D2 BRERFET D720, AFHLIRE ORI %2 2 2 CRHll 21T
Sz, TORER, MEREREILT7 4+ N BROFEFRICHFAIL TR ETH L E2ER L, 20
FEFIT, MEREREZED LML K< —& Lz, 51T, /RO L —V — KR IR



MEEDONLE R EREE O FIRMEF 3 A T A -

b, g (EEECMOS 1 A7) OfFE A HEL
DOFFIN FIRMEZRD D Z L2 RV E L

720 WRAEAE A FE D & LB I EREEE O 1)

FEXBED, THFRa LR AN 40nm
T A R B 0> A 5 B L — B — I LB T/
MBE A PR LT, i RBIc 35 2 & T,

INETHBL L XD 1 HICENR LT ASHH

TmL—HP RO TEZ, Zh . HEN
R0k L XSG A A NS
ARERERRE A O D Z L AlREIC L
7o I BHSEO Y Y B A X k)N
XL T D LT, FEofafnE s L,
INHOHBIZEY, ALERERED T
FRAEZ 1.3 A ECrhhaEsZ &2k
Lz (K1),

T, ALEREREE & R fREE O BY
RIZOWTHMFEL 72, E—HF—H& X
7B OB, ALFEOSFERED I U ALEISE 5 &4 & LI @8N~ 4 7 afbo
e A r — )V CHEIT T 5, B— 4 — X L X BN E) < A2 RS H121E, @O E R ER
T, BRI RS LI L 72 D, Loy L, R0 fRRE S ALER ERE L N L— KA 7 OB
RIZH D, FERDMERENEVIEE, B 1 7 L—ATHLND 7+ F U EDME T L, (LB R ER
ENMETF 5720 ThH D, SRR LLERIT, ANERELZSEODLZ LR TED20, il
DOFEIGER 1 TRl E BT 5, EBE, 33 us ORI FRET 5.4 A O EIRENRE 7 1
L7z,

WIT, T ROk L ALERERE OBRIZOW T HREE LT, &/ KL -l2h) D18 M
TP OREHEIRPUL, T— X — X U RV EOBZ ZHE L2 WEREIC /NS W I LR S
NTWDHN, EBICKIEREZ TIF5Z ENTEUE, BAERSFoBE 2051 5 /e 2 X v (KT
x5, LU, FIRENERTEHED N — R 7OBRICH D . BRI T IS CTRGRLIRE
IEIIC T4, KR 20 nm, 30 nm, 40 nm D4&F 2 K123 U C el U7 f55. BELiR
ENRIEED A FIZWH L TRELS BT D E 2R L, Lo, B L-BAMBEEE CIIA
FHETRE 2 @O D 2 & THUNSRL - b IRVBELE A1 B, K30 nm TH 1.9 A OAE
RTEREE DR FTRECTH - 7=, ) -

K51, BTE L7 i e R e o A wpEmaRE
IR 1 o FRHIEE AV, SRy Un Py —

30nm
&/ NF

JC%T;‘cBﬁI;‘ zl?qumz)

B 1.4 ki ONLERERSE & AR E D
Bt%, (B) B 40nm OBFA, MEREEEDOT
MRAEIE 1.3 &, (F) EAE 30nm OFE, (ERE
FEEED FIREIX 1.9 A,

MINEIESSIRE

WoNE EEB T T oM EBIE LT (M
2)e XX DRFORITHIEL 40 nm D
T R fEEAE L, 10 us ORI E
RECROBNE Z 3B L=, Jeirif
ZETIE, /NE D DAL T R I ETT A W)
WXL CAHMITES S (70 v EET
D) ZEBHALNERSTRY, v
WL —JF AN ElEE L7223 & EE S 5 Al
BEMEDSRIR STz, Al & BITEW
e e CHIZR T 5 2 LT, #/NVEIC
fEa LTV 5 22 BEd 2 B o8 = 538
DM o T, DB DB AT mIT
s ULAMNZmN S B E RNA N> T2
ZEMD, TRV UITMENIZENER L RN
HEMELTWD Libm LT,

Tl R T R ERWET 2TV
BT —EEEREE 1 R, kIR
40 nm DERTF ) RiFIZPE 404 nm D L—
P— KifE 40 nm D&F J KT 520
nm O L—HF—ZRPKE L THWSZ &

fiE  MNE ->
AT A1
F2UY s »
>y
%7
XYV ORBEINES SEN OB
B AR
AT AT X
& i SEE SRR
BRI RRAE 3
10 us Jg
16 nm

EERE JEEERE
. || ]
B —>

FRIVDEHHNED SBEN BRI OHAER

K2. &F ki trERRBIZOTEFRVOE
#, (A) T3 OFEDPBUNE D SEEN 2 At
DO, (B) A& 23M/INE 2 b BfEd 2 B 0 4
F R OE) X,

T, MBFETaT Va2 —WHFERD 2 D
DOF ¥ XV TCRIFFICBIEE T 5 Z & A3 ATHE
THo72,2 DDF ¥ FIIVE DY T F LD
7 a A N—7RERIE7ITEL 8.9
us ORFRSFREETD U U IRE /51 DYk
BOEEY D 1 53 1 2 2Rk LT,



(2) V,—ATPase @ 1 4y+=tHI
Vi-ATPase O [RIHAHHITRIEE 40 nm D4F /KL )& ]
T EEGEB O AR 7 — 7 L LTRY S ,
1 120 i)
7,100 p s ORFHSAERE TlRlERIER) 2 1 ;' gomﬁwww
%%%I‘(Eu#é Z & KEEIJJ 1/77:_0 %@%%\ 1 ° % E%lﬁ](i 'J ) oo
fED> ATP OMAKSEIAEY T 5H 120° oF B -
EASDIc, 40° & 80° Ok 0 pEifg 0 VrATPase ORIEER O

i 360 C fsr

D (4727 v ) HicEs 2L d gt ot B T B YRR
MHTHERALLE (®3), £, ATP ks =2 M—f ' gy T B LA ”#
fENBOERGEAV, SHICSERY o8 L ]
@ ADP Z Mz 7= EBR T, ARo[alfizs B (1) B5RS (2 U )

(Vo i 5372 6 B CIRIFRTEI D) ITHEA IS [4. Vi-ATPase DNy 7 AT v T D
=807 % L <id—40° [ DT HER S ATPHI

280

B TIZ 3D, 80° ¥ 7 2T v FRHITDEIL & w0

T 1o, A TAODORESESELN, = ¥

AUB DRSEHB AP DASFREIED 450 & e

= (4), [EHEES) ORI O 456 y AR
BRI A2 LT, 40° T AT v FHID 0 il

ADPEFEE 2.5 ms

J/'\ #E 0.5~0.7 ms

FEFE (ATP OFEAS . ATP OV L REES D "
U ﬁi)‘i‘ﬁ HYE ICRRRE

ﬁlj ﬁmiﬁk% ADP O)ﬁ#ﬁﬁ Jiﬂ?iﬁk%} > 0 -1 | v ADPH R (C |

ﬁ&@ﬁ*l’%ﬁ) XﬂETé k %Eﬂ % 75 Lﬁ_o ATPEE S |.ox1ofr;{ 1

ST, 1 FRHAITHELNZMERE X #i S

K AR IEREAT IO X ARSI L s by 5. VimATPase DL 2B pk A%,
%= LT, Vi-ATPase DAL 150 L1 it
ETNERELEZ (X5),

AWFGETH 202 LTz Vi-ATPase DAL ) FILBBEME Tl RUOSAERRI DOV VD FEIZ Vi-
ATPase MOfRBEL . & 9 —DDOSAERKY) O ADP 1X% 0 b FEEES 5, FEafx DR %%~5~
Fi-ATPase & DLEE CTHIRIEW DL, Fi-ATPase TIXZ DIEFE 1 (ADP 25, U U ERng) 7M.
THD, MIPNIZIZATP & ADP O BIFEEL, L ATP OIEEEIL ADP @ 10 fEREFEWZ &
BEIHNTWD, ko T F-ATPase 23HIPN T ATP MK FREDOW RS Tdh 5 ATP AT 9 120
Wi, 20X e MINEREE FC ATP Tid7Z2 < ADP ZRIICH AT D 0N H D, Fi-ATPase

IR D ATP Akl U VBB Z IR/ 95 2 & TATP DA ZBHVTND EEZ BTV
5 fth 5, HIFEN CTD Vi-ATPase D& ENL ATP IR X DA A > oSt (BEXLFART
VU VDIERR) THY ., ZOBREIXY EEL ADP DL L LRI L THLRMBERVWEE XS
M6o_®i9h\EAW%e&WAW%e®w%ﬁiﬁﬁ%%®éwﬁ\%m%hméﬁ%ﬁ
BB L BHACER L TWD Z L AVRIR ST,

B ITAKEENED Vi-ATPase 7217 T72 < . V-ATPase &K (V, & V, OEAKRLE) Zxtg s L,
TR T R X BN L ORI O W THEE LW E B X TN D, V-
ATPase 1L, 7/ VA AOZF VX —FEHEETHY, T/ A XOREEE L LS 2D, A
2% V-ATPase DT F )V X —ZEHOHMA DL~ L S HITHEEIE D Z L TREk, ARICES
L7cT /A ROREREE OB N 5 gt ifrE S 5,

(3) LR BBITERTE LT-AER DY B —F —DEBRT XX —T 1 7 7 A LVOHETE

%@Kif\i{ BFET—Z—DEBOET WALELIT T2, R SFE—F —0E#NL, (LR

WKIRCCHI Y DI HHZ (VX =70 7 7 A )V LOJEBER TH D EEZX DI ENTE D,
Ewm 3z 0E, M6A TRT XIS, %%@ﬁ@@%%@¢f\m3%%l®am1*w
X—if b CiEST 280 GRe) SbFRE2 OB 3V X —m ECEET 580 (FHE) |
DIFDHTENTESL, LorLli, ZOPREOUIVEZ 2 1 5 FHITCREST S Z &iﬁ%

TIE7eW, 2T, fb5kaeEs [fEi7-) kgL LT, B~ a 7T a2 HWTEDIREE
BEalmhifi-7- (X6B),

ORI TETNIESNT, ETARENTZTEED 15+ OES OB #EA L
TWAEDETHET MR (L) 2HR L, £/, HHTZ XL X =707 7 A 2OV TH D
NEDTREND ZEAEHFERLELTCET Y /L, ZOXELHEFBEOBETREIND
BREREANT=T T T Y X0 S RHEE ORI T, LSRRI R
AT RXLX—T a7 7 A, YRR, REREREE ER A HET S TIEEZREE LT,

WIZ, BB LEFELZ) =T 0FE— X —ThHHXTF—BITEH LTz, FF—ErnHg%s
YR LIRS B 1 G ANEE T 2B O T — 2 I Z O FEEAEA LR, T0HE%ICH DEH
HRHBHZ XL —T 0 7y A N EHET DN TEE(®T), ZORENSFFF—FiT



PRV = p L X — BB A 2 T T v L EE) T 5 2 & RS2 1 Mo &A%,
FESL DMK RO & AR EBEZ X L RIENGI 0 B 5 Z & T, 1 FimtkiEsh 2 B L
TWBDZERHLNE o Tz, REEIZE D, Box BLFTHE"S L7z Burnt-bridge 77 7 =7 >
TF v MEBICHEN 2 525 2 LN TE T,

A BhzILa7ETIL
VR FEBRS TN
W
2
" Offvsion  £,(x), D, F;{x} D,
% Prob. of

binjted  py(LAtlf0) Pz'[i atlf 0}
fransition

X6. (A 15070OEBHOPBRE ., eI HEFEREBEGFNIAHZ ALY —T 07 74
v (B) ABZFIREE %fﬁhtjﬁ L LTI B a7 ET L,

A B
E 4
—20 =
£ 42
= 13 a6
= * e KEEA®
FF b=t [ @ P
¥, a -4
2 ] 0,34 9,36 0.38 .40 -65 00 05 10 15 20 25
[ B & [s] {2 x [nm]

X7. A FFr—Y1H0FERIIBITS 1 HmMEES, B) #EIN/-({LFREKRTFE
BMEHBHTZRLX—Fa 77 AL,



5 5 0 2

lida T, Minagawa Y, Ueno H, Kawai F, Murata T, lino R

294

Single-molecule analysis reveals rotational substeps and chemo-mechanical coupling scheme of
Enterococcus hirae V1-ATPase

2019

J. Biol. Chem.

17017-17030

DOl
10.1074/jbc.RA119.008947

Ando J, Nakamura A, Visootsat A, Yamamoto M, Song C, Murata K, lino R 115

Single-nanoparticle tracking with angstrom localization precision and microsecond time 2018

resolution

Biophysical Journal 2413-2427
DOl

10.1016/j .bpj .2018.11.016

Okazaki K, Nakamura A, lino R 124

Chemical-state-dependent free energy profile from single-molecule trajectories of biomolecular 2020

motor: Application to processive chitinase

J Phys Chem B 6475-6487
DOl

10.1021/acs. jpch.0c02698

Nakamura A, Okazaki K, Furuta T, Sakurai M, Ando J, lino R 17

Crystalline chitin hydrolase is a burnt-bridge Brownian motor 2020

Biophysics and Physicobiology 51-58

DOl
10.2142/biophysico.BSJ-2020004




10

2020

89-95

DOl

Ryota lino

Rotational Substeps and Chemo-Mechanical Coupling Scheme of Enterococcus hirae V1-ATPase Revealed by Single-Molecule
Analysis

Tokyo ATPase Workshop

2019

Ryota lino

High-speed single-molecule imaging analysis of protein molecular motors with plasmonic nanoprobes

Seminar in IBS Center for Molecular Spectroscopy and Dynamics

2018

Ryota lino

Processive chitihase is a Brownian monorail operated by fast catalysis after peeling a rail from chitin crystal

Workshop on "Molecules, Materials, Devices and Systems"

2018




15 AMO

2018

2018

2018

Monique Honsa, Kimitoshi Takeda, Akihiro Otomo, Hanjin Liu, Tomohiro Shima, Ryota lino

Performance of step-finding algorithm based on the Schwarz Information Criterion depends on noise and data points per dwell-
time

The 58th Annual Meeting of the Biophysical Society of Japan

2020

Akihiko Nakamura, Naoya Kobayashi, Takahiro Kosugi, Rie Koga, Nobuyasu Koga, Ryota lino

Improvement of thermostability and catalytic activity of a PET degrading enzyme derived from metagenome database

The 58th Annual Meeting of the Biophysical Society of Japan

2020




https://groups.ims.ac.jp/organization/iino_g/index.html

https://ww.ims.ac.jp/news/2020/07/28_4729.html

V1
https://www.ims.ac.jp/news/2019/10/25_4457 .html
https://groups.ims.ac.jp/organization/iino_g/index.html

https://www.ims.ac.jp/news/2018/11/28_4134.html




