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[RRDEA > F]

@ ZLHOUEEFROARA v FHFL, TNRFENITHEET X/ VEORTZ, LAnrbA
THICEIY HeF Rz xR,

@ SOEHELREHIINEL TRITEMIIAEZZ DAy FRFaikstl. ZO—HDBEIZD
IEETBANLR /0 BR T %AIH,

@ FHERLI~TZEWMIIISAL, BREE MigEs), EnTFRIE. SAMWEE. Mignts
EXEIELMBEENTRAA v F > I TEB T & A E ORI S H 108 2R <,

(FRFIEEEE])

Jt 7% L THEREAN DFRFE DA F ORSRE T 1R B RAMTIE. EanDIEEA R 5 7= DIFT
V=0, FERBTRET BT DRTE L TRERIFAFEONTWET, LA L, INETDH
BRI DZ 3. RKIARRONZER /0B, RIRZ VXV BITEET e asET 52
ETEONTE /7=, T DHBEPHEREICIZERAYHY £ L7

ZHEBEIHFERF4® WA FROFEN IR, SIHEETRIRRESE. SHECHH G
KU, HERAT) . GEEAFAFRLAAFTRION a5, BB XS FFR4E) . BER
RERFRTFRAARRIOEANEF SR, RPTREERIR O ORI L — 7k, BAHAOEERHISE
MR ONRMERMZ YO O ATRICAIY Y FERERFEL X LTz, ZOF R KTEAIUYE
DBIDTF CERA v FHF) #GBNICERET L. TOREDICOMEET DALR /0 B
A FIFOFERICL>TEYST 2HDTY, ARIN—TEZDFEZANS Z & T, BRI CIEHE
AET. BOAREEET 2 LEE L. RENERET 2 LMBEET 2L WO UBARFONRA v FHF
EANLRINIBEDORT %, HWRTYDTRIE T HZ LI LE LTz, SHIT. ZORRLI-RT
AEWIRRICIGET 5 2 & T, BHRmE. MRER). BnTRIR. SREENL MiEoeay, &%
I E AR E T ETIRECE AT L EREL £ LT

KRG BHROXEEE AT OINDTF L R I BORT % BIEICAY H 7= DFH A2
THHOTHY . MREOHIR AT AW REREOTEEA R LT 2 b0 L #iFanZ
ERS

AIARRRIE. 2026 54 B 23 H 18 (BAKRH) (4. FiiiES [Nature Chemistry) (Z388
INBHFETT,
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(AROER]

MA@ E L, R /X0 D WD - EZT - EORFEAEERT 20 IS& > THERICHIES
NTWEd, 207, 2V BEORBERCREEERIET 250iE. EarDEEA0 R
HEREDHIE, EEBEICPWTEETY, B THHIL. BT 250 - I5H - KREZBEICFETE
21-8, MBERODTFEIEST-24 LV 7 LSRR TIMECE 2EBN-FERTY, 25 LIZEFEREED
LT, INETIC, AZRR VI VBENRBTDHELRT (F 7MY 227147 R) 9% Feifeeid
INGFE R INGBRTEPVRAIREDBTAENREEE (TEFT P 2T 40 R) INFERS
NTEELT LA L. INODIEROFRIIKRABRD Z VRV EZRERE L TWBT0H, 2788
DI & BiES - FEBED BIEAHIENE L WEEC, SRR CIEGEI A tBR Z 0 E L 35
BENDHDHHE, HETOBHREICHND Y £ L1,

Z ZTHRMR T, BHOKRA v FIEREZIFOINDTF CERA v FHF) #REBNIEETL. £
DREDIBIEIEGT DALRX /X BZEUST 5 2 & T A THEE LBBENRBE N DBIEICRA v
FCEDIDFERIRTBORT % NTHITHEET 2FE50REEABHELE L (M1),

ALY FRFD AIHESALTZU—
ENSRE CIZ
1., ..
tb?/a
@ * AL T I ‘)/'
o —t (TRAP display)
KA Y FRFORFEDEESIC
i A WEB HEETBATYVINVE

1 AR OB

[(FARDOARA - FR]

AR TIE. K TEIT Y BHLE/IDFE. TNIRFRRITEETEIATLR VRV ER T DORT %
TohroRlHT 2 FEEEELE LT

9. HRA v FHTF & LT orthotetrafluoroazobenzene (FAzo) ICEB L £ L7, FAzo lZ. &
@7‘5’6 trans ZUA 15 cis BI, KEBH T cis BH 5 trans BIA & RERITEENTIY B I 5IC
cis IWLRETHD EWH AL ET, TOMEICLY, MlBICAX -V 25207 W
g T MECE D L L BT, HBFHBOWRELMHEFLPT VWO TFELTEETT, IbIl, &/
JBICL DRAEET B7-0, TFILE (Et-FAz0) BLUAILKRFILE (Ca-FAzo) #EAL
717‘:7\4 v FRFEREET - AL E L (K 2a),

RIZ, TNHD FAzo H5FD cis BUTRRMNICHES T 2 ATR /3B X 7“®HR’E%§itJ>Li L7=
?MN%& v IRY'ETH B Anticalin ZEEE (1, K 10BEED T A 77 ) —%FEE L. TRAPdisplay i%
ENZLBERETVE LT (M 2b), ZDFER. cis B FAzo jﬁbf%m;ﬁwliti@ﬂ'l‘%% L.
trans BUZITHEE L BEWAT R /8 BEEUST 5 Z IS L £ LTz, Et-FAz0 ICIEET 210 %
AzoTagl. Ca-FAzo IZ#E53 5 H D% AzoTaglée &and L £ L7
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I I, HaloTag Y > FZ&ElE L7- FAzo 9 F%ZF\), HaloTag & AzoTag o 75 5 EHIEI =
MLy 27 LAEIERICEEL £ L7-(M3ab) WTNDRTICEWTH, FEILBEIC L Y AzoTag
IZ cis B FAzo & iEE L THIFENCREER LS, KEABHICL VRIS 2 Z L MERINE L
7= (M 3cd)e ZDIEFHRT—ILTRI Y EVIRL OXBFITH L THREIHREL £ L7 (M
3e).

FARLHHE SR AT LEBWA Z & T, JREF F—HETH S PIK D> 7 FIUREZIL
m& LI-HBREIE D BATH7AR 2R & Z AU S MFDES) D RFZE R A rlEsIEI I L £ L7z (K
4), 5T, Raf/ERK REEOHNH, BEFHIFHML GPCR PEAMATF O L v FF —E D iEMH]
1, ffEMtFEL L, S FI MR E T cE2 & ZFLE L7z, ZNUITKY A
THICEIE L7 FAzo & AzoTag DT AN HERGIRIEDI O DN Y —IL 705 T EDVREN
L7

a
0
R, F ; .
H _N F F
N7 o e}
F E N\./\o/\-./o\)j\N/ R
H
o

trans®! cisBY

b S'M]]]]ID]]]]IEB‘ TRAP reaction
3 5 T == mome Gmew o= mn |

DNA S A 751)— T7RNA:T'J>‘7 +z
PCR > 2 ¢

%E Puromycin
Py l linker (PuL)

l - Et-FAzo (1)

:5;\)1\0,_, Ca-FAzo ( )

Anticalin-cDNA/mRNA/PUL &k Anticalin-mRNA/PUL &4

2 cis B FAZo ICHERT DAL /X0 BEDORS
(@) Et-FAzo $ & U} Ca-FAzo D&,
(b) TRAP display D&, cis B! FAzo IZfEE T 2 ATLX /X0 E %R - BUSd 2 F 5% RT,
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a b R= 3~ Et-FAzo-HTL (8)

[}
FAzo U##F HaloTag U F M Ca-FAzo-HTL (9)
L L OH - La-rAzo-

o o
e 0 s~ Ag~o AN :CalAM)-FAzo-HTL (10)

R
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. H »
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FAzo-HTL KRas4B(CT) —_— I W @ﬁ(n
L F

o o
H
_~ (CAAX) N\/\O/\/O\)LM/\/O\/\D/YN\/\D/\/O\)LN/\/O\/\D/\M’CI
H H
o

- v
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HaloTag VA F

FAzo |) /i ¢ Uvh—
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~— Ha\oTag HaloTag
-mCherry™

—;
47
+ By uxﬂ

trans &/ Yocis® .

+Et-FAZo-HTL e
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S
-
-
-
-
-
-

o

— AzoTag1
— AzoTag16

&l BmiRFP670D

AL (F/F)
o
@

)
i
&
X
]
&
n
0-NES HaloTag-

e ¥
5t @™ 06
< 2

, M- NES ®

AzoTag
.mlﬂFF’G?O 0.4
0 5 10 15 20
AzoTag1/16-miRFP670-NES d +Ca(AM)-FAzo-HTL B0 (59)

HaTE) + H + EoK

70-NES HaloTag-

AzoTag16

3 AzoTagl/Et-FAzo $ & U AzoTag16/Ca-FAzo R 7 DRI

(@) AzoTag & HaloTag IZ & 2 —EAME > X T L DR,

(b) AzoTag-HaloTag ZE£#tF| DL FHEE,

(cd) BBEABLOLERDEGFICLY ., AzoTag BiE X >/ BOMEANREN AIERICZIL T 5
I & HER R R, AT —/L/3—[4 10 um,

(e) BEABLUREARY R LB LD, AzoTag BEE X >/ B OISR O KIEHI

FE i,
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a HRRRRDZEH
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“J;J L',!,_I!!" e\_\'
HaloTag™ ‘\_g'
HanTag m " J"-'J) "'_\L‘.'««
g m Q- g
U PRSP, 9 Z W&
-:' 3 Lifeact-mScarlet
qﬂ&ﬁ (@RaEImT—H—)
msy -
Emz‘ﬁ 2l @
' PI3K —

AzoTag16-miRFP680-p85isH2

| e
URHR L f= ilsk
[ st

Lifeact-

Cell area change |

BRgtal (m+0) 1645} (m+0) 3045 (m+0) 465 (m+0) 6043 (m+0) 7653 (m+0)
164 (OD+m) 3043 (Du) 4645 (O+m) 6043 (O+m) 764 (O+m) 904 (O+m)

K 4 RS PISK SEHE(L DRI £ 5 RS H DAL

(@) AzoTagl6 % @ha L 7= PI3K % A7 REfEse tH DS hlE D =,

(b) AzoTag16-miRFP680-p85g,. HaloTag-KRas4B(CT) (HaloTag™). Lifeact-mScarlet % #3858
L7z Cos-7 MRBDARFN G XA LT TAHEQENR, KORBAIBHICL Y HREEHAGE N
DT HTRT s AT —IL/3—(F 20 um,

[RRDEZR L SERDEEL]

AFERDEERRIL, RRZ /N 0BHEEE T HIERELITIERY | BAOKSERFEZFF O/
NFHEEBIICRET L. ZNITHEETAALZ VX0 BA D FILEOFEL>TEETA &
T, BBITIS LR A v FRFE RV IRTBORT ZEOH S BIEICAIH T 55 L UMEELEESE
DHFEREMELLIZZ&IZHY T,

FA% L 7= FAzo-AzoTag 7714, BRI CIXIEEEY. BEX TG, KENXTHMT 2L K
RIOE%ZRL, AEHEHERLREEMEHSTEL L VLWORREZEFLET, JhickY, MilgRar/xo&
OEBVERCREZRER - ZENICSVEE THEITE, MigPEREDA H X LZDFLNILT
fRAAG 2 7= DN OIBRI ARSI & 725 Z A HIFEINE T, & DICERFEIL. FDER

(invivo) ~DISABHIEFICAZ EEZX b, REBEZITLH, BERROMIHR B U 1-ES
HFTRBER & Fi-aGARERM ORI ICORA 2 RIEEMEN D 1) £ 7,

Strld. AFEE, IPEERCHABRERORTEUNELR D S EFIERINDTF R v FHTF) ~
ERFY % 2 & T ARICIH U CERETATREAL IR ERANT ORI A EA, EREESRIE, NAFT 7/
AY— Bl EFELVSTHREWAEICHT-LERE b /-0T T e FINET,
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(GEES50)

CE1) XEEF GNP zxTA0R)

HZRR N BEERDENR /X BICHET 5 2 &£ T, T DIEE/ERCREZ S TH
9 28T, "FFlE LT AA XFFEkD 7 ) 7 o 0L (CRY2) LZDFEER Y
/78 (CIB1) ORTIREMNEITFLNS,

GE2) &u/0BRY:
BEDIDFEFRIEETEIEDTEDZ R /NVEDZ &, FIZIE EREDERIR >
INOBIZR N ERIERE L THIICRIRS Y, WD FICHEAEEEZEE L (LalsE
FAWaZ &T, TOFENR IRV BEZERNEHRT HIENTED, R/XTVEXTIE, kY
NOMDDFADFEN DL BRO/IDFERFENITHEE TE 20 TCH S, Rk
72D & LT, HaloTag %> SNAP-tag 72 & hi% 5,

CE3) ILFNELEE TEF TPz 2T A0 R)

HNNET DI FERVINVERTEBIHEDE DI ET, VRV BRTHfE LTE
W& >0 BORBVERNCRTEZ X THIEd 2500iT, —MRICIE. I FISEn R RERE %
BAL, HKBHEICLK>TINENT LT, ZVRVBERTEDEREFET 2 5ENHEWL
LNTET-,

(F4) TRAP display /% :

MRNA $2REZEE & LB ERNEINED—D, 7 2 /B % 7 > X LM LT-fERTE
BONLIR o ROERBOFH b, BRODFIHEET 20 DENELCGEVHT Z AT
X5, AR IN—=THINFETIIHE LI-F.TH 5 (T Ishizawa et al.,, . Am. Chem.
Soc., 2013, 135, 14; T. Kondo et al., Sci. Adv., 2020, 6, eabd3916)
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