MXDABRDEE

T4 FEEDMORBRAERKRIE L
EREHEAWHEEICET S8R

BH BX

BROEMBFERARICENT, £M% (HDL] -HOFHE - L. £W%E T 5]
EODEBEME, LHITRHNTLOTELRVEREMTOMBTH D, BIRABHIZK
STEDEHRFREBESCBEIIENTED YA D FiEEWIE. ESDIEBEER 4B =R HI1
FRREICT DHALLBOEMO—DTHY . ChFETHLHMEEMEZHBEHIHFOMBAA
RUMOERHIZHAIATE,
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BODIPY BEADARGICESTWES AP FILEMOREBRAREERIELLE ZTOEEKER

(ARDER] EO—RFREICIIADHEURERE (T4 OR) TT0RfE (Fo7
A42) 12350 N EBEOENAXEZLELT S50, BRAOHEBEZTECHBEBEDE
SHAMEELLEDHE,., ENAHICTHIELEZAERNERRICVDAICESIGLEERLOH AL
LHLFRENZL, RERAMATOT7 oA DEMEEICT I AFHEZL. HFHRELE
REVDBLTH-OBEHICRIT. HELEOMLEELEZ LU, FAlX, HX@ALELTHMS
715 BODIPY (Boron dipyromethene) DFMRARIGICEDE RIEREAIRALICLY —XKF7
DA DA TA D FMEEMORREARETITHE o 1=,

[(AROAR] A KREELRREBICEWVWTRE Lz, 4 ZIC Phenol 8% E A L = BODIPY
FEADOARNLEBHFIKFHNL Phenol FE A DL BE RS (Scheme 1)IZTE VT, ERIEEF
IREDREIL. BLULREEBOMREAZBEM L L. 4-phenoxy BODIPY FEEXEZE K. 4
SIIZE A L = Phenol FE&AD HOMO T RIILF—LARJL (LLF HOMO LRNJL) EZFD5H
REME L VREZMEELEDOBERERE LI=(Tablel), ZDHE. BODIPY DEXLETF
IR ¢ IZEA L TIX. HOMO L RJL-0.24 hartree iR ZEHERE L THEHADELNEAS L
(Table 1), EA##E & L T 4 4L phenyl £/, 5 BODIPY ~DAFLEFHE (PeT) HE
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Scheme 1. Reaction scheme of light- Table 1. HOMO energy level of the incorporated phenol

induced phenol release from 4-phenoxy derivatives and spectroscopic and photochemical properties
BODIPY derivatives. of 4-phenoxy BODIPY derivatives.
ROH HOMO* ﬂ,ah ** [nm ¢ il ** ¢ u **
3-NMe, PhOH -0.186 503 <0.001 4.6x10°
3,4-(OMe), PhOH -0.224 503 0.001 7.1x10*
4-OMe PhOH -0.228 502 0.002 1.3x10%
7-Hydroxycoumarin -0.245 501 0.31 35x10%
4-COOMe PhOH -0.248 502 0.57 1.4x10*
4-CN PhOH -0.260 502 0.58 1.2x10°
4-NO, PhOH -0.267 502 0.56 1.4x10°
*calculated with Gaussian98W, unit: hartree *Measured in CH,Cl,
DHNB-
(3)10_3 . (b) (C) DHNB-m7HC (d) mOPh(OMe),
* < 100 T g 1
10+ * E 80 g
< * T 60 =
105 8 0 8
=} o
= 20 =
106 | e DHNB- 2 2
DHNB-m7HC mOPh(OMe)2 0 20 1;0 6I0 8IO 1(l)0- 0 iO 4;0 éO 8‘0 160
HOMO (hartree) ¢, =10.83 ¢:=0.01 Irradiation (J) Irradiation (J)

Figure 1. (a) HOMO energy level and uncaging quantum efficiencies of 4-phenoxy BODIPY derivatives.
(b) Chemical structure and fluorescence quantum yields of DHNB-m7HC and DHNB-mOPh(OMe),. (c-
d) Photoreaction time course of DHNB-m7HC (c) and DHNB-mOPh(OMe), (d) upon irradiation of 620
nm light.

WTWBIENTEINTz, —AXRGEFINEH ICEHL TIE, PeT IZ& DHENLEELE
WTWHEWEEZONDIFTERFTEBEVREEFIREZRLIZA, PeTICKUBEXLLTWLDS
LEZONDFERDZCEEVWRIGEFIREZRT Z EMNALMNIZAEY (Figure 1 a).
4-phenoxy BODIPY ZFEEDKRIGIZIE. 4 £ phenyl EH 5 BODIPY ~D PeT BNAET
HEIZENTEEINT,

CHORFENDAEN SR T 515, BODIPY OniEBRZMELEREERFENRK
T % % DHNB (Dihydronaphtho-BODIPY) #HEA&E# & L. Phenol 8% EAL-FERK %
B K (Figure 1 b)), TONDXAEMNBLIURLILEZNHEEZRELE. TOHER.
7-Hydroxycoumarin Z& A L= DHNB-m7HC [ DHNB ¢ EHEDEVHEXEEZHB L. K
GEFINEL EH, > f-—AT. 3,4-dimethoxyphenol #&A L~ DHNB-mOPh(OMe); (&
PeTICKDHADBEXAMNBB SN . ARICDETNER S I-(Figure 1c, d), Bl 5. DHNB
FERELEZZERICEVTE., PeTIZK 2HADEAKENBOTLIZTEARINS R
IREFIREZHLTWVWAZENALMNICZHE Y, Phenol FEAXRD RIS, Phenol 35
EAMN D BODIPY AD PeT AU ETHICEELYBCTRRIIEREL -, T,
&8 L 7= phenyl 2D HOMO LA L ZFAE T S5 & T, DHNB % 600 nm LLEDRIERKE
BONEBBRIAELETITADERELTHRARETHLIZ EAALMNICHE ST,

RIZ. BODIPY 74 2 Rt EMDERICFATIREM Z2R9 728, BODIPY DXREIZED
E. 500 MM DAIRETT U4 DalREL T4 DO FERX AR S cHA ZB% L (Figure 2 a).
HelLa i~ D @A & & -, Histamine (HA)IE HeLa #ifE LD H1 S 8EKZ N L T/IME
EhoD Ca" M ZFEL., MBEICBT2—BHEDHILYYLEELRZ251ERIT,
CHA [EF 2Ry A THRBRALBHIKENIZ HA ZRHETE 2 LR S i-H, Hela #
BIZEWT cHA BATCTABHZTHE>TH—BHED Ca” LRIFIBRAShEMN o1,
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Figure 2. (a) Reaction scheme of histamine release from cHA and cHA-COOH. (b-c) Confocal fluorescence
images of cHA (b) and cHA-COOH (c) in HeLa epithelial cells. (d) Time course of cHA-COOH and histamine
in aqueous solution upon irradiation of visible light. Irradiation intensity: 21 mW/cm?2. (e) Time course of
nomalized fluorescence intensity of Ca?* indicator Rhod2 in HeLa cells upon irradiation (gray bar) of 470-495
nm lightin the presence of 1 uM cHA-COOH with/without 1 uM pyrilamine. (f) Fluorescence increase in HeLa
cells upon irradiation of uncaging light under various conditions. Error bar: Standard deviation; Scale bar: 50
pum.

BODIPY IZH¥ T % cHA DHXICEY ZD R HEZHRELIZEZ A, cHA X ZDFWEA
HEDHIZ HeLaMifEICER Y AFEh., REEICEBL TS Z END M > =(Figure 2 b),
SO EMD, RBHEICCHANHBRNIZEELTEY ., @EMNMRICHAN T RESA
BhofzfzHICHRBIEENE oGz EEZ NIz, £ZT. BODIPY D 2,6 iIIZh
IWRFOEFEALESYSA P FERS T2 cHA-COOH ZB%(Figure 2 a). Hela #ipast
BICEAMLTZEZOSMZHEHABREL, HRENERIZT—HRICHT LTS Z &(Figure2c). ¥
ARy FPETHA ZRBHIKEMICHRET 52 & 52 L =(Figure 2 d), cHA-COOH #
BMAREETICARABHZT A LA ARMRENLE—BHD Ca” BELEIE
BEh, COKBZIEX HL BEEH| pyrilamine I1Z2& > TEIRMICEEE S = (Figure 2 e),
CHA-COOH EFE T COXBH EHMREEZZSI SR SUM o2 &b s &RIZ—
BRIZCHM L= cHA-COOH M L B EN-HAAR HIZEZREZN L THRBIGEEZFRE L L
Exzbhb(Figure2f), LEDHERI L., BEBMHICKD7 4D FLEYMDBE Y 45 Al
HMETHESZET, BODIPY S A PEELETA D FEEMEIRER— A FRETREL
AP KEemE LTERRBICERATRETHDIZENRESNT,
2%
4 F Rapamycin DEHAE#HESEIEIZEL % small GTPase D BFATHIEM L
[(AERDOER] #WARANICH TS Rho 77 = 1) —small GTPase (LT Rho GTPase)D % A
Ty O DOFEMAEMEGEE, MinE. BB, MR, 2BE Vo HGHRE
BIZHFEICEHL-o-TWS, HIlEEIZCSTH2MBAS I FILORNIE., iEOEBEAR



IEEMICE > THLMNZHE>TETILVSA., Rho GTPase DIRAZFEWICEHL TS 5ITFEWL
MREZ{/DIHICIE. CNETOAREEMCMZ T, s Rho GTPase DFEM %
Subcellular LA THIEH T 52BN BLETH S, Johns Hopkins KZE®D Inoue I,
Ramaycin 5 &{k(Rapalog) IZ& % FKBP-FRB AT OZ&1t % F AL T. Rapalog {KFH
% Rho GTPase /ML #FE T HIXRBREME Lz, CORZFAL T, Rapalog DFHFT
MRS %A 8ICT 5474 ¥ K Rapamycin ZBF 9 11, Rho GTPase O i Ze [ H 1 A3 ]
BEICHBEEZDOND,

[(AEDARZE] Rapamycin D7 4 L FIEEMET I EFTHHDOBEF A HEH. WTFhi
RBHREDNY I T30 FEEEZ+FICHH TETE 5T . Subcellular LRIILTORAR
BATOZERIEER SN TOAL, FAX, XERMD Y > H—T Rapamycin L EBE %
4 L1z Rapamycin EHEBEEAARZFHREFHT S5 & T, Rapamycin DN\ v I 55DV RiE
ME+DICMA =74 2 K Rapamycin BNBEARAIGETH D EERAT-. T bbb, ERELE
BERIELHERNCEESIESILT, MEBENTOATO_ELFEIUHZFEELICX
b, ABHFICKY) DoA—DDUHEIhDd L. BEEBMD Rapalog H RS ER L T D A 1K
HEh, BAMNEBATOZELZFEET ELEZ 5N 5 (Figure 3), EHE- NN FOMREE
R7 & L TIE Avidin-Biotin X7 %, U h—DOHXHEAEBAAEL L TIX. 4,5-Dimethoxy
a-methyl nitrobenzyl £ %4#£F L. Rapamycin cRb Z& . PBS H@BEI £ D Avidin &EA&
LA XEBHSLTHEET S & T cRb-Avidin 548K cRb-A 258 1=,

F9. YFP-FKBP BMEEBE(YF)LMMELICHIET 5 FRB (LDR)® I & 71z Hela
HMRBIZX LT cRb-AZHML., UV BE %1774 o7-, Rapalog IZ& % FKBP-FRB Z &1t (&
YF OMBEZTEFET S5, MESEICT L cRb-A FET UV B ZTH R, B
FHEEND YFOHMRERITIEREINI-—AT,. UVEBEHRLZLOGEEF YF OMBERT
FEB Ehd . cRb-A (X Rapamycin DNy S 55O KEEZ+RIZHNA 54D K

£ )"
HE-Rapa
' (chemical dimerizer)

+ byproduct

/

CV’T Plasma
membrane
FRB .

3& Localized \
POI ! dimerization
Cytoplasm POl

Figure 3. Schematic of spatially confined protein dimerization using caged rapamycin-avidin
conjugate (cRb-A) and UV light. UV irradiation cleaves the linker between rapamycin and biotin,
resulting in the release of chemical dimerizer (HE-Rapa) and its by-product. The released dimerizer
then diffuses into cells and induces dimerization between FKBP-POI (protein of interest) and plasma
membrane anchored FRB only in the proximity of the irradiated region (shown as a blue circle).
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Figure 4. Spatially confined ruffle formation
in a transfected NIH3T3 cell induced by
localized UV irradiation with cRb-A conjugate.
(a) Confocal fluorescence images of YF-Tiam1
before and after local UV irradiation at 365
nm (yellow circle). (b-c) Frequency of ruffle
) formation in each quadrant with local or
(b) (©) . global UV irradiation in the presence of cRb-

A. Cells were divided into quadrants with the

. P P |
irradiated spot in the area i (b) and ruffle
formation was counted in each quadrant (c).
Scalebar: 10 um.

Rapalog & L TH#EET 5 Z &AM o T,

RIZ. BFE L T- cRb-A Z BT Subcellular L X JLT® Rho GTPase &Mt =R A1,
NIH3T3 #if8(Z. Rac FMHILEFTHSH Tiaml & YF ORMAZEHE. YFP-FKBP-Tiaml
(YF-Tiaml) & LDR #HB S - EERBMMEIZHS VT, Rapalog (F#EBEEICH TS
7YV ITDOHEBEFET S, cRb-A BFETRANG UV BHEZTH &R, uv Bat
BEgHNLBHIMLAEEOMBIZHICERLEZZ 72UV IRENER SNz (Figure 4 a),
HME%E 4 KRR i~iv ITRBIL. ERBTOS 7 VI RBEOBEEEZE=L LI-ER. BT
UVEBSHZTHE - i RETEETOMBBTS IV VI DOEENROLNIZDICH LT, £
NDHMDERBRTIEFEIFTEALEOMBTS 7V VI BRITBR S, > f=(Figure 4 b,
p<0.0002), — A CHIRE2EIZx T 5 UV BHF IXHMBIGHEATOS 7Y VI E2FELE:
(Figure 4b), CDHEEMN 5. cRb-A & UV BEIZ &k > T Rac @ Subcellular LRIJLTDH
FTREMEIEDNAIEETH DI ENREINT,

B

AHET, FAFT A KEEMICEALT2 DOMEEITH -1, BODIPY 5 A4 DHEEL
THAW-REE—XFHETZA D FLEMOREEMETIE. BODIPY 741 P RFERZ I Y
ZFHFE. HeLafifEICIGA L. BODIPY 74 2 FIEEWMHA 500 nm L EDRIAHXT—HF7
DA AN DERICRAAREGR T A CELE L THATES L ERLTz, £1-. DHNB
MN600 N EVSKYREROABHTT U4 DaBELG T A PEE LTHANMETHD
ZEH LTIz, AFELT-BODIPY 74 2 FEEWIL. 500 nm LLED AR T—HFREE
AREGRIOTDTA D FMeaMTHY . MBRADHEBEBHEOS S L BHEBERD LT
HEENMNL. BIMEARCHEHBELARAILTON D FRGEELE LTOXENHFINDS, E2
BIZBTS. 74P FLEYVOEBBEESRILERICE DO -MERRNS JFILEIEHAET
[&. Rapamycin D4 4 2 KL &% . Biotin 4 L T Avidin L EE&KIESE DT & Ty
9559 FOZELEEZH14I L . Subcellular LR JLT®DH Rac DAL FATHIEMEILIZER
Ltz RFEERacUNDU T FILEBEANILBBICHRAIGETHD EEZ DN, HifE
WEGREDHBEBICETE2L T T GERBOL YHMAGRRICEET S EAEFS
ns,






