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K3. TxF AT/ Fa—7 (BRAUKEREERTE AN

N ZA1T7EVRDOWNF
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) AT HTEICHIIUTZ (K4, SCR4) o I8 35 K UG & R
BRI TOD FHEGEZIAfEE L, SHICH THEEICHR T 2 M &
B ZDFAERHSMC Uz RV I ARV 7 DR D —D
BIFIVT 4 D EETEHETH12M R BIEFIVEID RV
TRV DEM. LY F A= EEH LTV S, & W RFME 2
EONCREBEZDF IV TADNIEIXICEM - FIETIEDEH
FELTWVW3,

4. 72T AV RIVIAREZ DR THAT AV RV T2

EHEEXER

1. (a) Ratchet-free solid-state inertial rotation of a guest ball in a tight tubular host, T. Matsuno, Y. Nakai, S. Sato, Y. Maniwa, H. Isobe, Nat. Commun. 2018, 9, 1907.

(b) A hybrid molecular peapod of sp* and sp*-nanocarbons enabling ultrafast terahertz rotations, T. Matsuno, S. Terasaki, K. Kogashi, R. Katsuno, H. Isobe, Nat. Commun. 2021, 12, 5062.
2. (a) Aromatic hydrocarbon macrocycles for highly efficient organic light-emitting devices with single-layer architectures, J. Y. Xue, T. Izumi, A. Yoshii, K. Ikemoto, T. Koretsune, R.
Akashi, R. Arita, H. Taka, H. Kita, S. Sato, H. Isobe, Chem. Sci. 2016, 7, 896-904.

(b) Acyclic, linear oligo-meta-phenylenes as multipotent base materials for highly efficient single-layer organic light-emitting devices, A. Yoshii, Y. Onaka, K. Ikemoto, T. Izumi, S.
Sato, H. Kita, H. Taka, H. Isobe, Chem. Asian J.2020, 15,2181-2186.

3. (a) Finite phenine nanotubes with periodic vacancy defects, Z. Sun, K. Ikemoto, T. M. Fukunaga, T. Koretsune, R. Arita, S. Sato, H. Isobe, Science. 2019, 363, 151-155.

(b) A nitrogen-doped nanotube molecule with atom vacancy defects, K. Ikemoto, S. Yang, H. Naito, M. Kotani, S. Sato, H. Isobe, Nat. Commun. 2020, 11, 1807.

4. A minimal cage of a diamond twin with chirality, T. M. Fukunaga, T. Kato, K. Ikemoto, H. Isobe, Proc. Natl. Acad. Sci. USA 2022, 119,e2120160119.
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XS ORI EZE L UTHREL TV E I IO TEIZ X R VEILES>TIROLNTVET, L Lk
Mo, BRARORZ U NNTHIZ T N2> TOSETEDEFE VS H—O HINICh > TEILL TE /272, B
THRLNZZS7EOBFEICIERDHOFE T, AT LIS, HRFDZ L IS E DI BRI B IEHENTE
SREFRGH, T ASIERFITRT DY =)L m>T0ET B O HIE, SNSDERMDZ R
TR TICROWEDNEWE T ZETT, HINAROEL OB 2SR N TR 52 & T, By HEE T
HRTIFHRTUCHZZ B X0 EMERER 0] E &R Tk L In R B — VeI L TOE T, iz, B
BT OBERER R D Z NI R, HARIIIEENZIINTHW RN EBEHFELTOVET,

Bl SN2V N\VBIR EMEEDRAGVHAE"BRZS"KII1CTS

#2780 H (fluorescent protein: FP)IZ AL DEDICED 2 INTE T IFTRAVF U F X7 F Y ABRETHOM > TR T #EA N EIZZ
DRGEICAHBEEOL 2T 2 FE ORI ZEO T A D EZF > TOE 3 R E LI #DE A /8 B2 I— R 2DNAR HFE LT X TOHY)IC
HALTZORHNTHEYNCRIREE SN TEET . Z59 5L T O Z O IEICE A S TN TEDDTT, COKIFRIENICI—RE N
(genetically encoded) #7722 1X, WF784 7 B D TR RLA RO BIA N O BEHIRSE ML N S 7 F IV EE DN OB ET 2 VT BIA S K5Ik 728,
MY 2 D2 DI MR IDE LT,

R AL AR E T o T B ERMFRNE R, FRDFDER 8T8 72 RE DY AZLIEE L TE D% & EOEHRED) St (BDEHER) A
HAF 2 NCEAET HHINNAZ LY —(FERF) N LT 5T LT, T Ueamdia Fiva 2 & RT3 2 Ml O A L 2Z2 S AP E TV
LN ORI OB S ANE D XS ICAR BICBIA WIS 7 VS 72, A B AR BIESRT 2N TELD T BRI iR
FICHNBTEMNTEZEDART MVEHLT ., Kb BV (=R ERI0) I B2 A 3 2RO I U TR T /RO R AR 2 A 7 GEE T 57
O BRI EDIREZFIHT 5 & TRV ERNTZ B L DATREICRDE T,

ARG AL AR RICTE & 22240 E . 2 ST L I 7)WSA AT — 56 0 A I E P B § 222 B s N L — = 7 52 )

£ MR T OV MBI B a3 A Te b DV — T TRUC KT ENTED (1) Z D /5 iEam3 2 <OF L WIFZEREIC B IR - @ D ATRE T

PR TR DR — =2 &, 7 HF ST BRI RDT A7) O — B 1% 5+ ) 7 RO RO I B i D 5 5,
II INETORR 1
BBV E SR N\ ERER DR

CampbellifZ7E = E TN K T, HANRDOE(L DR N TIWICHEE L7z directed evolution” (&AM
1) WS FEZE VT Y Y THRE A Y R 7B ORI IR L. 2 < O REORIFEOR 4 725 T
ADIEHZTT> TEE U HI 2R R Te B IR BRI A DF TRt 2 2 X & FE L, EHITEIEG
IEE L TED R BIRANZ(L T % 2 (photoconvertible) 2 2 SV EEFAF LE LIz, 2N 50D
WORBDE 2 280 B B — A N OB O A A ISR D RN (2) P BIRIG A A— W T e B 2D
JCHZATREICUE Uz Z D% A BIE B8R Z K LT & DO AHIHZ EHHIR T 5 — s Kbk i,
H4> 73278 (dimerization-dependent FPs, ddFPs) &% L E L7z (3). COFHME EMIIIN TR 787 i

ERHHEEZ BT 258 DH LW T T a—F TF, KOEE T T/ EOMREZ IS B #REIHREFIEOAIH-ddFP & PhoCl-

e NN A s 9 : 5 BRI BARICEEVREOHREN 2 /Y
DARARINTH LUV EE RS 2> 787 B photocleavable protein (PhoCD &7 LT %S (4), PhoClZz2{# B CEER PP, Rk PhoCh) & 2 dstiL. &) < if

HREIERDRERZ >\ BHEED L HI A& B EEIC L
Fll

ST ETHIERBL FHHAMRA 2B RTE, BT T2 THITS 5 2 E AR XD E 9

Bl TNETORR2: MiEES ZFRL T 55 BORETRORE

ETVEI O MRETEE 2 T RILd 2 & Id A OB HE - thit 2 M R 2 PR 9 % 72
SOTRIIET T O—F TS MR EN 2 AT HIL T 2 72DITd, A A IREE TG B A AL, it
(LEME D2 R A B8R D BT S, Campbelliffi %1 GECOV Y —X LI N
A G EOCaz Rz FFE L MRS H D2 A A= 0 T LW ) B2 U SRERT T
YIORE L LT2(5), COWSE TR B W BAFE L e R Ca? fiE R HER-GECO 11 &I T 5t
DWFFREDBIFET 2O MR BEHOCHRIEDOHEL ZDE LT (6, 7)o TNHGECOT Y —XE,

2. GECO¥—X
Campbel AR ZEISEET I— PG ERERROERN —2 -7,
IN ETILZLDREPCHRMIE HISEEZEB T2 8mE (GECOY ) — X) = HICEV L TEE LT,
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ARG I 2 R 2 Rk I % e ISR DT L OB NV —TICRH ENTOE I Bl fh 72 B3 L7754 (near-infrared,
NIR) #)tCa? 45" TH HNIR-GECO 1 2 #72ICGECOT U — I M A F L7z (8), Campbellfiff 9128 Tid I, Ca? LISV 2 i1 - Fo Ar ta g o
RO ODHFEL TR, HIZIL IR HOCE I E R R TH S QuasAre ) —X (9, 10)*0, AREHDEIHB) BN HFRHEFlicR 1, R
BT VR IV BEHOCHR R HER-IGIUSNFR (1 1) BT 5N E T,

I AT —< 1 RBICB I B EMFPNIRIVE—HEORE (0™ o

BRI % 5 0 RIS P B0 & 5 12 A 50k L SR A TSR C B | = Yo *
BUTOEY, COSRIRAIEND, B ED KL (BRI O AT 3L, TROfe ) Y

SRR HED LR VEDILS TLE S RIS, 2 < OPRO FRERIENE T 3L F—HOMMD R 11k 02 i
LTV BEBEALNTOET, RSN T ORI —HIC, T OFHEIZIMAT 3L F— (R, FIC AL OR
FI. D2 BB L T B /e S B BIE LT IS AT O 2 19 MO IR T RIS 3 v — )L
MRV D T3V F— 2155 eI B NHRER 2 EORERA L TV B D0 2B T 5N TEEE A,
7 CTYBI R TR R MNP R K 3 2 i PERERS RS TR L SIS SEBR CRIB O (R B A2tk
ZAELESE LTVE T, —flE L TR B 3. & E%IEindicator (iILACCO)

BRI AN DFLREIS N 2 W1 T D mkkRESS ABISBRIRIVF—HHEDREBHNF T EEDFILFHEE

o i IS LD E A AU IR E O LB 3 (1LACCO) £ R5
AREWELTET(12) CELte. TEIHILACCODXRE BB R L CNE T,

Bl AT —2: 2V INTE B FI\1 7w FEI (chemi-genetic) HAIETEDEHR

RO Z FRHCA A= 27§ 212 DITI GRS ZD TBISRICH W B RN T E L HD OO HZ IR § 2 003
NHOET M ZDTDOIEFICH LT 7 H—F H¥ chemi-genetic #5227 S DBAFE T, Chemi-geneticH )t 2>/ 787
HEiE ATRPORERRN T 2 RED X >/ SV EICA REDEORENEAR A LTV S WD IRHCBR D Heayn &
ZOSTE GG 1) DINA TV RIS AR TS falr, AR FAL A58 % Tl chemi-genetic# 2 > /R T H 2 #i R D 5
BRERD RIS AT 372D DS EITo TOE T, CAUIERIZFRE A THI D RN TV A T 27 Iafge i e 9. AL 7B
Bz dOER IR TV Y RE A G DB Te2l#HL (4. Chemi-genetic 84> /(o2&

WAA T Dchemi-genetictiREEDFICEEOFAA TS, Chemi-genetic## 4 >/ WV EIF ABHSAMEN fz &R E
HER (K RAlling model) K2 N TBICHEEREELTVLS,
BAFEBHF (Y IVB) DNATVYRBFTT,

— .« M4 — 357

M BAZE T — 3 RN B R ER DHRTE

HOCHRRIR D E2 iRV IS E THRIR 7% C& T BT DRI A A — 2 27 S AR RSB A T RRIC R D E 9 3R D e e/
% (NIR window) EFHIN S AEARFIREAD R L2 B § 2 R I3 K16 50-1350 nm T Bk L AR E Tl JE7RI '
TR DY 2 RIN LB FE S B A F O — R REORFE TR Z/E L TOE T, NS OREER., AR B2 R
DRHF DI RHEDIER LY — )V BT 5 T8 T KO FEE R 505, oA
W F S P T B 2 TEAR v s e X5 EFRN BN I E
AR TR RECT BEMRE Y —VEBBTLE00EI0E - Sesnasn s X omis, 154 LD BRRENL /L ILHED
NEOIRFREM O HTLT, CHECRARTHTEF VI 855>/ B dAT REHBEAR > TOE S, BR0fling
HTOBAEN A A— VT HATREL 755 TLED. modellFEAMINADRFE U2 ERLTLET .
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1. Ai et al. “Engineering and characterizing monomeric fluorescent proteins for live-cell imaging applications”. Nature Protocols,9,910-928 (2014).

2. Ai et al. “Fluorescent protein FRET pairs for ratiometric imaging of dual biosensors”, Nature Methods, 5, 401-403 (2008).

3. Ding et al. “Ratiometric biosensors based on dimerization-dependent fluorescent protein exchange”, Nature Methods, 12, 195-198 (2015).

4. Zhang et al., “Optogenetic Control with a Photocleavable Protein, PhoCl”, Nature Methods, 14,391-394 (2017).

5.Zhao et al, “An expanded palette of genetically encoded Ca* indicators”, Science, 333, 1888-1891 (2011).

6. Wu et al. “A long Stokes shift red fluorescent protein Ca* indicator for 2-photon and ratiometric imaging”, Nature Communications, 5, 5262 (2014).
7. Shen et al. “A genetically encoded Ca?* indicator based on circularly permutated sea anemone red fluorescent protein eqFP578”, BMC Biology, 16,9 (2018).
8. Qian et al. “A genetically encoded near-infrared fluorescent calcium ion indicator”, Nature Methods, 16, 171-174 (2019).

9. Hochbaum et al. “All-optical electrophysiology in mammalian neurons using engineered microbial rhodopsins”, Nature Methods, 11, 825-833 (2014).
10. Zou et al. “Bright and fast multicoloured voltage reporters via electrochromic FRET”, Nature Communications, 5,4625 (2014).

11. Wu et al. “Genetically Encoded Glutamate Indicators with Altered Color and Topology”, ACS Chemical Biology, 13, 1832—1837 (2018).

12. Nasu et al. “A genetically encoded fluorescent biosensor for extracellular L-lactate”, Nature Communications, 12,7058 (2021).
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