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Development of single-molecule methods measuring energy conversion processes of
biological and synthetic molecular engines
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We developed new single-molecule measurement method to visualize the
movement and energy conversion process of biological, artificial, and hybrid molecular engines that
convert energy while moving autonomously. Major achievements include: 1) development of a method to
track the movement of biological and hybrid molecular engines with atomic-level localization
precision, 2) development of a method to simultaneously track the movement of multiple types of
molecular engines with high time resolution and high localization precision, 3) development of a
method to track the movement of artificial molecular engines in living cells, and 4) elucidation of
the operational mechanisms of molecular engines using the developed method.
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FFBAIREEIC LD 1 o FRt L, AR EN D - ORMIELRC8h & 2 SRR CHMITE 5 AT
b5, PIZITREEZEOREIL, &/ hir%2 7 v —7IZHOTHEERSEE O X % v v D—JFn)
EFOFEM A2 ME L7- (Isojima, Nat Chem Biol 2016), F7=/0#HE DL, #t7n—7%
P Tz @l 14y FRHE 2 BR%E U Tl OIRE - S5 2 B8R L, B B0+ D % BiKE
ik & BhROEHRRRE A B 5252 L7z (Kasai, J Cell Biol 2011; Kusumi, Nat Chem Biol 2014),

AERFEEN 3112 K D = 3L X — B HEE O BRICIE, MEEE(ECE X 72107 TR <L ABTFEROGR
WEEED 1 7RI 2 0ER S D, PRSI X DL PG - WEEED 15 1-3HK0.
X L OEAFHINCIE, BAROHIEE N KE S HBKL TV (Funatsu, Nature 1995; Ishijima,
Cell 1998; Nishizaka, Nat Struct Mol Biol 2004; Watanabe, Nat Commun 2014 %),

S HIT, BB EN 7 720TF TR < ALFO S TRl DL T2 N TR ENV T3 R OTEH 25 T
b, NLTHRENOREFNITT /) H—03%1F 515 (Feringa, Nature 2011), 7/ 7 —I3&E
NARTF BN iy & 72 250 23 Blis U CHEMR A @B 92, -/ — 0B X 3R b oV
ELTCHIER I N TV DD, B E W2 N T O8O E2 o 1 il 8
HIZED I —HoOHMER Lo/ ->7- (Ikeda, Angew Chem Intl Ed 2014),
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FrEI A gT By TR TIk. RIRICHAE L WMEN e A R oK - AL - AT
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T A7 Uy RS TOBEE N, &, =X W% vtk 5 @R ffee - mir
BEERE 1 FaHELZBE L, 81X 20 Lo %X —LHO A 2 F e L ~L THL
JERNCHERT A Z L2 B E Le, BRMIZIE, TRt BIZEY AT,

WE&REF /) 7u—7 1 5FsHllEDOBI %

b R 2RI T /vy RE T o — IO R TEMEE 1 R oA B USRS & A
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BB RBREES T B AR TAKR « N TRENV Y 1O il - 290t 1 0 it 2170, )
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. ARFHEAFZEICIE S P), ol R O BEMEE (Bl AFM) IC X5 1Rt b S EnTn
Too LINLZRN G, @l AFM % #1249 20058 8 O NE DN AFIFER TR & L TR
ERIC L VIR DD Z Lo 2729, @i AFM B O AT IR . AR RS £I121T
GO TR,
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WERF/ Fu—7 1 5 FEHED B
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SHPEER (B L — Y — R RIS ORI YA XD/ NS e E ) T —
7" (K% 10~30 nm) T & REE /3 ERE « AL E R ERERGL 1 70 74 A—Y v 7 &2 R[felc Lz,
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nm D&F K+ T, 1ADNERTHEEL 1ms O
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After binding at 0°, ATP is cleaved at 240°,
Pi is released at 240°, ADP is released at 280°

Thyd" " = 0.5~0.7 ms (5)

@,
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6 . Muraoka, Nat Commun 2020), £7-. ALA A
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73 (Nehme, PLoS One, 2017). 1 3L ~)LTD
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CO1-1 BEDF AR Lz, % GPCR O v 7))
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(Yamamoto, Protein Sci 2022),
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@ GPCR 23 9~ 2 b [ 52 35 1 & o it B
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