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Figure 1. Structure of RhoNox-1 and its detection mechanism'
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Figure 2. Structure of previously reported Fe(II) fluorescent probes>* >
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Figure 3. (a) Open (quinoid)-Close (lactone) equilibrium of RhoNox-1. (b) Plots of
absorbance at each maximal wavelength in the visible region against pH. Each maximal

absorbance value was adjusted to 1.0. RhoNox-1 (black) and Rhodamine B (red).
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Figure 4. Structures of N,N-diethylrhodol (DER) and hydroxymethyl-DER (HMDER). Open
(quinoid)-Close (lactone) equilibrium of HMDER and its pK.,. value are shown in right. 3
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Figure 5. (a) Detection mechanism for Fe*" based on N-oxide-controlled spirocyclization.

HMRhoNox-M is shown as a representative. (b) Structures of RhoNox-1, HMRhoNox-M,
HMRhoNox-E, HMFluNox-M, and HMFluNox-E.
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Scheme 1. Retrosynthetic strategy of HMRhoNox-M, HMRhoNox-E, HMFluNox-M, and
HMFIuNox-E
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Figure 6. Absorbance spectra of (a) HMRhoNox-M, (b) HMRhodamine-M, (c)
HMRhoNox-E, (d) HMRhodamine-E, (e) HMFIluNox-M, (f) HMRhodol-M, (g)
HMFIluNox-E, and (h) HMRhodol-E at various pH (1.67, 2.07, 3.30, 4.75, 5.38, 6.18, 6.67,
6.80, 7.00, 7.34, 7.94, 8.24, 8.85, 10.35, 11.14, 11.56, 11.98, 12.24) (left) and plots of the
absorbance at each maximal absorption wavelength against pH (right). All data was collected

by using the dye concetrations of 5 4M and 0.5% DMF as a co-solvent.
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Figure 7. Absorbance spectral change of 2 yuM (a) HMRhoNox-M (b) HMRhoNox-E (¢)
HMFIuNox-M (d) HMFluNox-E upon addition of 20 zM Fe*" (left) and plots of absorption at
550 nm (a, b) and 520 nm (c, d) against time (right). The data were acquired in 50 mM
HEPES buffer containing 0.2% DMF as a co-solvent under Ar atmosphere, and
Fe(NH,4)»(SO,),*6H,0 was used as Fe** source.
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Figure 8. Fluorescence spectra of (a) HMRhoNox-M, (b) HMRhoNox-E, (c) HMFIuNox-M,
and (d) HMFluNox-E at 0, 10, 20, 30, 40, and 60 min after addition of 20 #M Fe’'. Dotted lines
and bold lines indicate fluorescence spectra at 0 min and 60 min, respectively. The insets
indicate the plots of relative fluorescence intensity at 575 nm (a, b) and 535 nm (¢, d) against
time. All the data were acquired with a probe concentration of 2 M in 50 mM HEPES buffer
(pH 7.4, 0.2% DMF) at 25 °C under an Ar atmosphere. Fe(NH,),(SO,),*6H,0 was used as a

ferrous ion source. Excitation was provided at 550 nm (a, b) or 515 nm (c, d).
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Figure 9. LC-MS analysis of the Fe**-triggered deoxygenation reaction of (a) HMRhoNox-M,
(b) HMRhoNox-E, (¢) HMFluNox-M, and (d) HMFluNox-E. The each probe (50 #M) was
incubated with 200 M Fe*" for 1 h in 50 mM HEPES buffer (pH 7.4). Fe(NH,)»(SO,),*6H,0
was used as Fe’" source. The corresponding deoxygenated dyes, HMRhodamine-M,
HMRhodamine-E, HMRhodol-M, and HMRhodol-E were used as the authentic samples in a,
b, ¢, and d, respectively. The reaction mixtures were analyzed by a LC-MS system using a
reverse phase column (Waters symmetry C18, 3.5 um, 4.6x75 mm) eluted with HPLC
gradient as follows; H,O/MeCN containing 0.05% formic acid (80:20 to 50:50 over 20 min
for a, b, and ¢, and 90:10 to 70:30 over 20 min for d). The absorbance at 254 nm was
monitored. Total ion mass spectra were simultaneously measured to give the mass peaks as

follows:
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(a) 389.1 (calcd for [HMRhoNox-M+H]" = 389.2) at 11.0 min, 373.1 (calcd for
[HMRhodamine-M+H]" = 373.2) at 10.2 min, and 359.2 (a demethylated product of

HMRhodamine-M, [M+H]" = 359.2) at 9.1 min.
(b) 4452 (calcd for [HMRhoNox-E+H]" = 4452) at 12.4 min, 429.2 (calcd for
[HMRhodamine-E+H]" = 429.3) at 16.1 min, and 401.2 (M = a deethylated product of

HMRhodamine-E, [M+H]" = 401.2) at 13.8 min.
(c) 362.1 (caled for [HMFluNox-M+H]" = 362.1) at 16.8 min, 346.1 (caled for
[HMRhodol-M+H]" = 346.1) at 17.2 min, and 332.0 (a demethylated product of

HMRhodol-M, [M+H]" =332.1) at 15.6 min.
(d) 390.1 (caled for [HMFIluNox-E+H]" = 390.2) at 8.7 min, and 374.2 (calcd for

[HMRhodol-E+H]" = 374.2) at 9.9 min.
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Figure 10. Fluorescentce response of 2 uM (a) HMRhoNox-M (b) HMRhoNox-E (c)
HMFluNox-M (d) HMFluNox-E upon addition of various metal ions (1 mM for Na", Mg, K",
and Ca>", and 20 M for all other metal ions). All the data were acquired in 50 mM HEPES buffer
(pH 7.4, 0.2% DMF). Bars represent relative fluorescence intensities at 575 nm (a, b, Ax = 550
nm) and 535 nm (c, d, A, = 515 nm).
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Figure 11. Fluorescence response of the probes against various reductants, reactive oxygen
species, and chelator. Bars represent relative fluorescence intensities at 575 nm (a, b, A =
550 nm) and 535 nm (c, d, Aex =515 nm)

1: apo, 2: 100 M Na,S,0;, 3: 1 mM sodium ascorbate, 4: 1 mM cysteine, 5: 1 mM
glutathione, 6: 100 x#M NaNO,, 7: 100 uM O,", 8: 100 zM H,0,, 9: *OH, 10: 100 M
NaOCl, 11: 100 M NOC-5, 12: 100 pgM 2,2’-bipyridyl and 20 M Fe(NH,),(SO,),*6H,0,
13: 20 uM Fe(NHy)»(SO,4),°6H,0. All data were collected with 2 M probe after 1 h
incubation in 50 mM HEPES buffer (pH 7.4, 0.2% DMF as a co-solvent) at room

temperature.
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Scheme 6. Molecular design of Ac-HMFluNox-M and Ac-HMFluNox-E
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Scheme 7. Retrosynnthetic strategy of Ac-HMFluNox-M and Ac-HMFIuNox-E
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Figure 12. Confocal fluorescence microscopy images for Fe*" detection in HepG2 cells by
using (a) HMRhoNox-M, (b) HMRhoNox-E, (¢) Ac-HMFIuNox-M, or (d) Ac-HMFIuNox-E.
(1) Images of HepG2 cells treated with probe at 37 °C for 30 min. (2) Images of the cells
supplemented with 100 zM Fe”" at 37 °C for 30 min and then treated with probe at 37 °C for 30
min. (3) Images of the cells treated with 100 uM Fe*" at 37 °C for 30 min, and then 1 mM
2,2’-bipyridyl (Bpy) and probe at 37 °C for 30 min. (4) Images of the cells treated with 1 mM
Bpy and probe at 37 °C for 30 min. (5), (6), (7), (8) Bright field images overlaid with nuclear
staining (Hoechst 33342) for the same slices of (1), (2), (3), and (4), respectively. (9)
Quantification of data in (1), (2), (3), and (4). Statistical analyses were performed with a
Student’s ¢-test. **P < 0.01, (n = 3). Error bars show + s.e.m. Scale bars indicate 30 gm. All the
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data were acquired with the probe concentration of 1 u4M (for HMRhoNox-M and
HMRhoNox-E) and 5 uM (for HMFluNox-M and HMFIuNox-E) and by using ferrous
ammonium sulfate, (NH4),Fe(S0,),*6H,0 (FAS) for Fe®* source. Excitation was provided with
555 nm laser for (a) and (b) or 488 nm laser for (c) and (d).
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Figure 13. Confocal fluorescence microscopic images of HepG2 cells supplemented with
various concentrations of Fe’* and stained with (a) HMRhoNox-M, (b) HMRhoNox-E, (c)
Ac-HMFluNox-M or (d) Ac-HMFIluNox-E. (a), (b) The cells were treated with (1) 0, (2) 5,
(3) 10, or (4) 20 M Fe(NH4)»(SO4),°6H,0 for 30 min in MEM. After washing the cells, 1
1M HMRhoNox-M or HMRhoNox-E was added, and the cells were incubated for 30 min. (c),
(d) The cells were treated with (1) 0, (2) 10, (3) 20, or (4) 50 M Fe(NH,4),(SO,),*6H,0 for
30 min in MEM. After washing the cells, 5 4uM Ac-HMFluNox-M or Ac-HMFIuNox-E was
added, and the cells were incubated for 30 min. Excitation was provided with 555 nm laser
(a), (b) or 488 nm laser (c), (d). (5)—(8) Bright field images of the same slices of (1)—(4). (9)
Quantification of data in (1)—(4). Statistical analyses were performed with a Student’s #-test.
*P <0.05, **P < 0.01 (n = 3). Error bars show + s.e.m. Scale bars indicate 30 um. Pearson’s

colocalization value was caluculated by ImagelJ.
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Figure 14. Co-staining experiments of (a) HMRhoNox-M (1 M), (b) HMRhoNox-M (1
M), (¢) Ac-HMFIuNox-M (5 pM), or (d) Ac-HMFIuNox-E (10 4M). In (a) and (b), HepG2
cells were co-stained with the probe and Lyso Tracker® Green. (c), (d) HepG2 cells were
co-stained with the probe and ER-tracker'™ Red. (1) Images obtained by detecting the signals
from the probes. Band path filters of 570—-650 nm with a 555 nm excitation and 500-540 nm
with a 488 nm excitation were used for HMRhoNox series (a, ¢) and HMFluNox series (c, d),
respectively. (2) Images obtained by detecting the signals from the corresponding organelle
targeting dyes (Lyso Tracker” Green for (a) and (b), and ER-tracker™ Red for (c) and (d)).
Band path filters of 500-540 nm with a 488 nm excitation and 570650 nm with a 555 nm
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excitation were used for Lyso Tracker™ Green (a, ¢) and ER-tracker™ Red (c, d), respectively.

(3) Merged images of (1) and (2). (4) Bright field images of the same slices as (1)—(3).
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PESRME T r —7 OBIBRMEE DA F & 720 . RhoNox-1 & RIARICTE oL fEE 725 =
ENRRE ST, FEBRIC, Fig.6 OFERD 5, HMRhoNox-M 5 & U8 HMRhoNox-E (% pH
SEEICBWCRAICHEREZ L - T LT, —HRMEL L TFELTNDH I L
Nond, I T, £ pHIIBIT D7 a0 —7 0w NaEE b LU, BESMETICkT
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Figure 15. Fluorescence spectral change of (a) HMRhoNox-M (2 pM), (¢) HMRhoNox-E (2
uM) upon addition of 20 4M Fe(NH,4),(SO,),*6H,0 at pH 5.0. pH profiles of relative
fluorescence intensity of (b) HMRhoNox-M (2 M) and (d) HMRhoNox-E (2 pM).

HOGHREE O pH I AEM R 22 . HMRhoNox-M 5 X O HMRhoNox-E (Z2OWTHT722 > 7=
& T A, BEVEREIIZ 381 2 BER A H R O O IR S S RV TERE S V7R 2> o T2(Fig.15b, d),
RhoNox-1 & [AIERIZ, N-4 %3 KD HOMO 2>5 Ok & BB (PET, photo-induced
electron transfer) & 72 (37" 1 — 7 /3173 TICT(twisted internal charge transfer)fRHEZ & 5 =
CICEOWENEE TWALZERRRNE L TEZLND P fE T, BRIESM T (pH 5)

23517 5 HMRhoNox-M 35 1. U8 HMRhoNox-E @ “ffi#k A A 253 2 B & 0 A
N7 MVEICLVREI LT & 2 A, BRI TICE W TS, AMlgkA A 123 58
72 turn-on B OHCIEE &R T 2 L D35> T2 (Fig. 15a,¢),

PLEDOFER XY, HMRhoNox-M £ X TY HMRhoNox-E # HW 7oA A —v v 7
(Fig.12, 13) CHIER SN2 EIL, BBMEA VR T2 & D pH ZE L OFERTIE2 <,
TEDNZ AR A A & DRISITHRT 5 Z LR ENT,
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EhE FSORTzYIURMICEYER L@, A 0BRE

(REDEBRAHE S VERRAIZETD FS R T 1) O]

FINEIE TORFIZEB VT, HMRhoNox-M 23 =X h Tl IR A &
offon 2 FZ A MERL, IHIT, Al VY — AR CfligkA 4 A RHTE
HZ ENbooTe, £Z T, HMRhoNox-M ZJEH L, h 7 A7 = U A/(THIZ L Y ik
WIZERET D kA A Ot kA To, T 13, HRICBWTEEAIND X /N
B ThV ., MEMNZ 4D &3 2 KM~ OERERED F.LEH - TnD, §k2 JFiT&
fte L7 Tf (holoTf) 1%, AR LD TEZHERTR)EFESG L, =2 R A b—TRIC
LN ~ERVIAEND 2 T, = FY—AN~D7 1 F ALY =
v RY —ANDERME L 72D & holoTf 7 B ZAli D8k A A2 D3RS 5 %5, T, 8k
ISR (STEAP3)C L 0 = AMli#kA A > 23 TAlighkA A >~ & B S P, £ U gk
AF N AEBA A b T AR =2 —(DMT) &R H L CHIRE it & s >
ABZALDBHEEIN TS, DLEORBKIC I VEY IAE I, MRNICERE L7 gk
A F v O AR Tz,

(FSoRT7 ) DNBHIRICE T @A A DA A= T]

HepG2 ffEIZ 5 uM @ holoTf Z ¥R LT 30 43fElA > F 2_X— kL7221 uM D
HMRhoNox-M THlifid & 30 73 [FALEL L | 90O A A — 2 0 7 & 54 LTz, % OifG F. holoTf
T LU=/, e —7 O TP LMl & bt L C, ARy 7 Lo
K% UT-(Fig.16a, b), £7=. TR OFAMIMEAITHL TR KT A7 = U > (apoTh)”
% holoTf &I MZ 7= & A, @Y 70N LT (Fig.16c), 52, =2 KHA
F—=Y ZADMEEFITH DT LT B U 7 A(NaN;y)? OFHfF Ry R A h— 2 e
192 4°C & # CTholoTf A 728G ThH, #6T 7F/LIRE T control DR &
[FIF2 % C & o 7= (Fig.16d, e).

PLEDOFER XV | holoTf OAERIZ L VR L7z 7 vid, A7zl >
¥ RYA h—=3 2 %& LTIV IAEN T gk 4> & HMRhoNox-M O Ui R T
L2 DR ENT-, 725, HMRhoNox-M %5752 T, FTIv A7 =0 v
(Z X VB A FENT A A Z2 A LT D Z EITRE LT,
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Figure 16. Confocal fluorescence microscopy images for monitoring Tf-induced iron uptake of
HepG2 cells using HMRhoNox-M. (a) Image of HepG2 cells incubated with 1 uM
HMRhoNox-M at 37 °C for 30 min. (b) Image of HepG2 cells supplemented with 5 M holoTf
at 37 °C for 30 min prior to treatment with 1 M HMRhoNox-M at 37 °C for 30 min. (¢) Image
of HepG2 cells supplemented with 5 M holoTf and 25 M apoTf at 37 °C for 30 min prior to
treatment with 1 M HMRhoNox-M at 37 °C for 30 min. (d) Image of HepG2 cells
supplemented with 5 M holoTf at 4 °C for 30 min and then treated with 1 M HMRhoNox-M
at 37 °C for 30 min. (e) Image of HepG?2 cells supplemented with 5 M holoTfand 1 mM NaNj;
at 37 °C for 30 min and then treated with 1 M HMRhoNox-M at 37 °C for 30 min. (f)—(j)
Bright field image of the same slice of (a)—(e). (k) Quantification of data in (a)—(e). Statistical
analyses were performed with a Student’s #-test. **P < 0.01 (n = 3). Error bars in (k) show = s.

e. m. Scale bars indicate 30 gm.
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N-Z % RORBEFELIZ L A0 FNAE rERORM « PABRGIZ AR L LT, FHiiz/r

gk A A o a7 1 — 7 & %5 HMRhoNox-M, HMRhoNox-E., HMFluNox-M, ¥
& OVHMFIuNox-E % 72 (ZB%& L 7=(Scheme 10).,

Ry _

Ry ’ .
fnS O S  Fe) SN e— '
O o de-oxygenation;
g % P

R, = -Me or -Et oo o u
non-fluorescent R, = -N(R,), or -OH highly fluorescent

Scheme 10. Graphical abstract (Fe(Il) fluorescent probes based on spirocyclized scaffolds)

WHFIZE Fafd v AFNIEE NoAF Y REEAT D ZE T, pKeya B & BRI~
7 bSPTIR X v e B RSN E T D T e — T REA BRI LT, B
LT e — 7GRV 2, BFUSHNCE BN Z T E A LR Ebhrole, &
BT, TAEkA ATkt 2N EEEOm EAZ R E LT N-A ¥ RE O LIRS
RS 27 0 — 7 O bATR - T2 R, @ off-on = b T X b LIREHEE &R
3" HMRhoNox-M % F. 9 Z L IThEI L7z,

AR LT a—7i32hei, AfahicB vy gk 42~ turn-on Bl
eI 7~ L, HMFluNox-E # W e 56 2 BR & | MINAE L L o ZAl#kA 4 &k
Hd 2 Z Ligkth Lz, &512, HMRhoNox-M ZIGH L, FT7 A7 = U UHIlKIZ &
DER LI Mgk Ao 2T 22 EICbPI Lz, AT, e kefAFrm K
— VAt & L7z HMFluNox DBRFEIZ BRI LT Z &b N-A ¥ RofbFa i
el Uz kA A BRI AL v F U T VAT DI BT I ARy G A
T MO BISHATRETH 2 Z & R IFF ST,
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Bm Ok L7 X 91z, kA A 3, ZOEHFR - B FiEEMES R S
AUTE D, MENICE T 255 @RI & S C& e, ZZC, FigI7\ZH
RIPNIZ I D 8EA A ik - BEEHIE S 27 A OBINS X 2R3, $ki%, M Lok
FOBLIE T N T U AR—F —Fid=r R A b= ALV EY IAE ., g
PIZER D SA E TS ITRR & 7o M N KB 2k S v, BP9 - I S ™,
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FeZ* 7 O Fe2+

TIF
¢ OK/reductase O

DMT1:divalent metal transporter-1
FPN: ferroportin-1
Tf:transferrin

labile iron pog TfR: transferrin receptor
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Figure 17. A schematic model for intracellular iron homeostasis.
o T, AlERA A DENEE - BEREZ MR 570 ITiT, Mg TIEAR < A
FEZBIT D Mgk A A DIREZE N Z KB LTI 2 083 & 5 &35 2, flld/ s
B LoLT Mk A A AT E DEOE T r — T O 2 EE L7z,

(MR Lt T_{figka 4+ 2 RHETEHEALTO—TDORH]
REIZBIT 2R TITMIEANS O — b o = A & UCTHRET 2 MilaicE R L,
Fig 17\2R L7218 Y | AR ISR O ~OlE D & U THEREL TR . FEEIC
M LTk, P A7 2 UZRRIBR(TR)Z LIz RY A b—3 AT X 5 8EE
DIARR T = a IRV F U (FPN)IZ L B EROPEHEE N T e b TS, - T, ek k-
28T D AMigkA A DE@E M CTE DEN T m—T BT L 2 LN TEIL,
Bz 2R EREIE IR 123010 2 Mgk A A DB A NI T H I ENTELHLEZ M
fafE o7 oY o7 L, R kA A AR ATRE T E D T e — T ORI A
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Figure 18. (a) Design of a membrane-anchoring fluorescent Fe(II) probe, Mem-RhoNox. (b)
Concept of a membrane-anchoring fluorescent probe for the detection of Fe(Il) on a cell
surface and in internalized endosomes.

Fig. 18(a) |\ KR T > A U > 71 “Aligk A A 8 7" 2 — 7 (Mem-RhoNox) D A i& %
R, CAlERA A IGEIALE LTERT UV NAF Y FEEE RN Lz, iUk
D N-AFL R AmERA A ISERALE U CTHRET 2 2 LTz, EXF VD N-
T UAEE I U CHIERE T > 0 U o TR il A iA T T E N ATRE & T D, MU
B Y AL E LR, Ml U S NRE R &BRED m\ L I b A VR IR
Lic, £, Pu—U P ilaEz2 ZRT 5 2 L 2T 5720, 7 ho=FLr sy a
—NaEte) ARG E VI PANVEDRICT ART X UMEBAN LI, T AT
FUMOMBAD T NV R F VIETABRMEHEOTIRY , ZOWEIZK D ERO U UHRH L
DEEXIEICL Y 7 u—7 OGRS ME S D & &7,

LI EDF%FF)> 5 Mem-RhoNox 1%, Fig. 18(b)\ 2~ L O WCHIRE Bl 7> h 0 v 7 L,
MR 231 DS TR U ligkA Ao 2t T 5 LB, o, = F
YA b= ANELCTBRIC Y RY—LELICT o) 7T 52, FT AT
=)z YA b= 2A0BBR TR SN D Mgk A2z Y — LA CESE
EFE=F VT TEDLEBRT,
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[Mem-RhoNox & & T Ac-RhoNox D& FERER ]

RN\)J\ o) L, NM RN\A o) L, NMO Nor
S CUNNYS s 0§ S S0 g SUUUEYs a8

° “copH Q OO

Mem-RhoNox (R = Cy5Hyq)
Ac-RhoNox (R = Me)

: N\AN’{\/OVJ\N/\ (\NMOV%NJj/HYR condensation HU O O OH * HOMO%A\NHBQC

onden:
m-CPBA O ~Co,tBu Lo £BUO,C o reaction °
_ _
‘o) . HOJj/NHFmoc
Q g o +BUO,C
0

Scheme 11. Retrosynthetic strategy of Mem-RhoNox and Ac-RhoNox

NEFER DV A TN T T Ly v~ 87T 74— L DEERERZ R L, RO
WT ZRT X RO T VAR D B N-A R L R LTtk O RGBS THRET D
HEHE & U7 (Scheme 11), fRANET 0V o 7HEiEZ FFon — & I URFEKIL, BT Y
SRR T 20— I NCT NI F L) a— ) R — T AT X UGS
B, 7OV F UBREIRRES SETERT DR E L7,

T 2V MAVERITRARE T o Y v s & U TCTHERE T SRR TH D Z L

O AN BIZH1T D AlEkA A L OFRUNITIFEE LW Z LR TFREN D, £ 2T,
F oy MIZBWT ligkA 4> & 7 a—T7 OGN Z B T 5 <L e R
N NVFEORDVICT B FNIEEEA LT-ET WVEEY Ac-RhoNox HXEF L, ZDH
RIS DU T Scheme 11 (27~ L7, Ac-RhoNox 1373V A VDDV IZT & F
WHEEEANT D Z & THERT D& Lz,
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Scheme 12. (a) Synthesis of Mem-RhoNox and Ac-RhoNox. (b) Synthesis of
Mem-Rhodamine and Ac-Rhodamine
FPTMEORE TN - TERT UV UBEEL AT 20— 4 I VFER1 24/ LT,
FEV T, 1 DR Boc {LEATRV, T T =F LU 7Y a—n Y v h—2" L OfFERIE
(2R D AbEW 3 & 2 TRRIER 38% CT1372, 3 D N-Boc EafRE LTI-&RICT AT F
2AIE R Fmoc-Asp(OfBu)-OH & fii e &4, 2 TR 60% T 4 Z157-, Wiz, ©2Y
P UAZEY 4D N-Fmoc Ri#BEEZREL, HONTZE T I &2/ VLI F U LS
SEDH LT, 2 TR A0%DIERT S ZHR L7z, RIZ, m-CPBA Z W25 O N-F %
v RS LR 40%), %I TFA IZXK D -7 F L= AT VORiR#EEIT > T,
Z ZC, Mem-RhoNox DEFHUCES L CTHiA O TLC pWra3fE L, vV 77 1< 0DS %
H{KL L7z TLC ZMaf L7225, Mem-RhoNox & & % 5115 AR v hSEE S 5 &4
TN STz, L LRRD, VA=A Uh (L U7, CHROMATOREX) #%#H
K& L7ZTLC Z W =5A12 Mem-RhoNox &5 2 B D AR vy NRESITEH I,
SOICAMPIDOAR Y b EDFHENFAIRETH L Z LA R LTz, £ZC, VA —nTl
AT N T oy B  A S50 U, mifiE 72 Mem-RhoNox % 60% D IR TS Z &1
% L7z,
75 WbEY Ac-RhoNox %, Mem-RhoNox D& KT MAE 4 2 HFEFEEE L.
Mem-RhoNox & [RIERDRREE THMEITIe o7, £7 . 4 D N-Fmoc fR#ERK A XY v
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IR THM LTz, BT, SRR ERIERIC N-A ¥ RIb L BARX U IEEOBIR#ES 6 12
WA L7z, BARTE U7 AERWITNEFE > U 1 S e K AR IEREE ChH 7= 0D 1iFH
ODS {2 & 0 BB ATRETH U | #ER & L TET LB Ac-RhoNox % I 87% T
iz,

Mem-RhoNox 35 £ O Ac-RhoNox D&k & (FHIZ, N-A %2 RiEEL 2720
Mem-Rhodamine 33 & OF Ac-Rhodamine DG b i L 72, £V ZHUTERTHIR S B XL
U6 DANVARF VL TEAIC KV BRGES D 2 & T, 46%8 LT 87%DIHE TR,

E=H FaRy bRIZHTS Ac-RhoNox D #kiEE1E DT
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Figure 19. (a) UV-vis spectral change of 2 uM Ac-RhoNox upon reaction with 20 uM Fe(II).
Dashed line and solid line indicate the spectra before and after incubation for 1 h, respectively.
The data were acquired in 50 mM HEPES buffer containing 0.2% DMSO as a co-solvent, and
FeSO, was used as Fe(Il) source. (b) UV-vis spectrum of 2 uM Ac-Rhodamine in 50 mM
HEPES buffer (0.2% DMSO as a co-solvent).

9. BT U EEY Ac-RhoNox 3 L2 TN Ac-Rhodamine DWEIN A~ 7 R IVHIE & FEhi L
7o Ac-RhoNox I At REIIZ 55V WL 2 FF D (g0 = 6,100 M ecm™'; Fig.19a, dashed
line), —J7C N-4F ¥ F&FF/2720> Ac-Rhodamine 1%, FIHDEHEBIC IRV 2R L7
(40 = 116,000 M™' ecm'; Fig.19b), Z Ol Fi%., % —# CTidak L7~ HMRhoNox <°
HMFIuNox & [FIERIZ, BOUGHTIE N-A %3 NI X0 FEdOMED X v r Bk iEn 2 E b
AL, N-AF 2 R&EFZ720) Ac-Rhodamine [Z9RHEEED S /) A RAMEE & L CHEET
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HZEERLTWVD, VT, Ac-RhoNox Z Mgk A A4 > & 1 Rl St S/ 721N
AT MR RE LTc & 2 A, AIMDGTEBIC B 1T 2 WO OHE K3 BL5E S T (Fig.19a,
solid line),

PLEDFEF LV Ac-RhoNox I%, HMRhoNox > HMFIluNox D354 & [FIERIC, SGATIE
FlizAER T 7 N RS L UCTIFE L, AMMigkA 42 L ORISHITX ) A RigE~L
T D Enbirol,

RIZ, FOEART FAREIZ LD £ T /LAY Ac-RhoNox OERISEMEZ 7l L 7=
(Fig.20),
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Figure 20. Fluorescence spectral change of 2 uM Ac-RhoNox upon the addition of 20 uM
Fe(Il). The dashed line and solid lines indicate the fluorescence spectra at 0 min and 60 min,
respectively. (Inset) Plot of the relative fluorescence intensity at 575 nm against time. FeSO,

was used as the ferrous iron source.

Ac-RhoNox (XSGR F & A EHIEEFFIZ20 2 DD 2 72 (Aan = 575 1m, @=n.d.;
Fig.20, dashed line), 5\ T, “AligkA Ao & 1 BRIIG S ®T2 & 2 A, 20 fE0H
% % 7~ UT-(Fig.20, solid line), Z D5 H1%. Ac-RhoNox (ISR, N-4F ¥ RIZ L DM
SR RRLFEA M D A v r BRI D& AT & 0 8RO E A R T, gk A A i
X B iR FEARIC X 0 3REOEME D Ac-Rhodamine (Aen = 575 nm, @=0.44)Z4E% L2 & & %
bihvd,

F72. CAlERA A KT D Ac-RhoNox D S EE (ks = 1.1 x 107 s, Fig.20, inset)
X, 70 hH A FTH D RhoNox-1 (kops =3.6 x 10 s LEHER L TEWZ E RSN E
Rolz, FHETHR L2 X 912, RhoNox-1 [THMESM: FTx /) 4 REfEEE L0,
ARG BRI BRI & 7R T (6490 = 24,000 M em™), — 5 T, Ac-RhoNox 1% A &' 82k
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el U CR WS 283 2 2 LTV P, fiE> T, Ac-RhoNox 3 EICA E R
BRALEIE & U CHIET 729012, RhoNox-1 L L CEWKIGHEEZ R LTZEB XD
N5, £72. Ac-RhoNox 2355 — T/ L 7= HMRhoNox-M(Fig.8a, ky, = 2.2x107°s ) & b
1 L CRUNEENMEN T & b bovoTz, ZOKIKIL, HMRhoNox-M 2352412 PABR A
e UCFET 5 2 & &, HMRhoNox-M @ N-A4 3 3 REPHONARFEE N/ NS WZ &0
RIZHDHEEBEZDBND,

UEDRERLY, AR LY e =713, 7 hI7=F Lo 7 a—nl o h—7
ARG XL NSTEEZGTHH DO, ZHVE TITHFE LT E 2 k1 A a0t
Ta—7 PO L ERRICHERET D Z & SRR STz,
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Figure 21. Plot of fluorescence intensity changes of 2 #M Ac-RhoNox upon reaction with
multiple concentrations of Fe(Il) (0, 0.2, 0.5, 1.0, 2.0, 3.0, 5.0, 10, and 20 M) for 1 h.
Statistical analyses were performed with a Student’s #-test. **P < 0.005, (n = 5). Error bars
show + S.E.M.

Iu—TREZ 2 M L L, BRAxRIBEO MM A IS E A,
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Figure 22. LC-MS analysis of the Fe(Il)-triggered deoxygenation reaction of Ac-RhoNox.
Ac-RhoNox (50 uM) was incubated with 200 M Fe(II) for 1 h in 50 mM HEPES buffer (pH
7.4). FeSO, was used as Fe(Il) source. The corresponding deoxygenated dye Ac-Rhodamine
was used as the authentic sample. The reaction mixtures were analyzed by an LC-MS system
with a reverse phase column (Waters symmetry C18, 3.5 pum, 4.6x75 mm) eluted with a
gradient as follows; H,O/MeCN containing 0.05% formic acid (90:10 to 50:50 over 30 min,
0.5 mL/min). The absorbance at 254 nm was monitored. Total ion mass spectra were
simultaneously measured to give the mass peaks as follows: 633.3 (caled for
[Ac-RhoNox+2H]*" = 633.3) at 16.6 min, 625.3 (calcd for [Ac-Rhodamine+2H]*" = 625.3) at
16.3 min.

Ac-RhoNox & “Ali#k A A > DR 2 LCMSIZ K 0 ZEHIIC R L7-, Fig.22 FB: X
Ac-Rhodamine®HPLCTF v — h & 7R L, HEB:IE, Ac-RhoNox & Afli#kA 4 > & 1RF ] S
SHIZBEDOHPLCTF v — F Th D, TEUI, N-A % FEMLA K72 721 Ac-Rhodamine
HPLCTF ¥ — h&7R"d, it LT, kA A2 & OIS ORER, Ac-RhoNox 3 {HE
S, BifRFELIATH D Ac-Rhodamine23 4% L CTW D Z ENghnoT-, £/, #F—FET
ik L 7ZZHMRhoNox*°"HMFIuNox & (L5472 0 | JBN-7" /L 3 /UABSUSIE &0 RS 2 il A
B IIERS S VT, R LSS D HET L TV D 2 &R S Tz,
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turn-on B O CIEE Z R 2 & D33 Do T2(Fig.23).
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Figure 23. (a) Fluorescence response of 2 uM Ac-RhoNox upon the addition of various metal
ions (I mM for Na(I), Mg(Il), K(I), and Ca(Il) and 20 uM for all other metal ions). (b)
Fluorescence response of Ac-RhoNox against various biological reductants, reactive oxygen
species, chelator. Bars represent the relative fluorescence intensities at 575 nm. All of the data

were acquired after 1 h incubation in a 50 mM HEPES buffer (pH 7.4, 0.2% DMSO).

Excitation was provided at 540 nm.
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Figure 24. Fluorescence microscopic images of HepG2 cells treated with (a) Mem-Rhodamine,
(b) 5, and (¢) Ac-Rhodamine in HBSS at 37 °C for 30 min. The dye concentration was 0.2 uM

in all of the experiments. (d)—(f) Differential interference contrast (DIC) images for the same

slices of (a)—(c), respectively. Scale bars indicate 30 um.

%9, Mem-RhoNox O RTENE 2 FERR T 5 72012, N-A 3 R AFRFIo 7\ 0 sk
D FE T d %5 Mem-Rhodamine C HepG2 AlfiE 2 ALEE L | BEHIPEIF £ ICHEA A —
7 & EM LTz, TORR, MIROEWELRICEE Y 7T ARR L, 7u—T R R
TET 28BS LTz, S5, MNP BITEEY 7T AR BIEI N R o T
Z &6, Mem-Rhodamine OMIFINEATIR, R TEZHL-UZHDH T LRIBI N
7~ (Fig.24a),

RIERD FIEIT T, VAR BRENLS -7 FOVEECTIRES N5 5 TRl A LEE L7
&2 A MR BICRT HH0t Y I ViFBR ST, MlaNC Y SRR b T
MH, AR SITHENASEBITLTWD Z LN o Ta(Fig.24b), Z D Lnn, T A
T X UBRAIBHO VAR U RIR, 7 e — T OMIfRIEZE & BT D 72 O I L E O
B THDHZ ENDD T,

HIZ, 7L A NVEORD D ICT B F LA Fi> Ac-Rhodamine Tl 2 LLEE L 7=
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A, BEBIZEBWTEIE Y 7T ARBIE SV o To(Fig.2de), ZDZ b, 7
VX NANVIITHEBEA~D T B U v T DOREE B TH D Z ENgnolz,
DLEDOFER XY e THIRF L7z & B0 MilaED YV SR8 —HEE & fH A/EH
T DDO/NVI NI E | ORISR % B < VAR o RO ME D HfafE
~ORFHIMADHEEEThH H 2 L RSN,

(MR LIZH T 5 Z{fifk 1 A > D]

T, MR EIC 31D Mem-RhoNox O “Ali#kA A I & 2 341 L 72, HepG2
AlfEZ 1 uM D Mem-RhoNox C 10 47 HJALEE L | BEHIVESEF2 12 10 uM DR T »E=1T
LERFAS)ETRINM L, 1 531 3% LU 30 R IS HORBEMEEIC TBIZE LT, Mgk
A AETINES (1 5%) I RFEAEEET T FABRBEIN o0, 15 5
AR B30T DB i e o 7V OB R DNBLEL X 4T (Fig.25b).

BT, Fig25h THBIEZ SN T-@®EIGE N MEE LB T 2 mgkA 4 &
Mem-RhoNox DUGHR T 5 Z & MR T 5 72 MIEBE M OIRW A 4 F L
— X —=Th5T 7 xuFxH I (DFOY! HAF T ¢ MigkA 4> ORINERZ Ehi L7z,
T, REREITROICEL, FaXy FRIZEBWT DFO N7 r—7 & TffigkA 4
CDORGEEET D 2 & BHER LTV D (Fig.23b), { A—2 0 7 OfER, F 2y b
ZHRTDFER L, DFO f#1E F ClXaty 7 o Ramfl sni, 772bb,
TAMERA A BN X BIER S AT ORI, MRSMIE RIC T D gk A A &
Mem-RhoNox D JSHIR T 5 Z & AR S U7 (Fig.25¢).

5T, TAERA AU RMEOSE . 30 Sy ORIEE Y 7 ABEREICIE L A E AR
IRNZ NN o T2(Fig.25a), T DOfESRIEL, Mem-RhoNox 2373 L Tt &2 9 2 & Ji
< MRS BIZ L ERNCAFEL TNWD Z AR LTV D,

VL EDOFER LY | Mem-RhoNox [ZAARMRE FIZ 0 FRFF S v, MIBRfE B © —lhgka 4
AP TE D Z Dol
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HepG2 #fifid 2 Mem-RhoNox THLEE L 722, —fliO8kA 4> THL I =BT U E
=7 LERFAC) IR LT & 2 A ZAM#kA A U BINO5GE & ik U TS IFELH T
HDHHDOD, 30 FEISHIREE EIZBIT 28N 7TV ORI BIEL S T-(Fig.25e), Ri
FICFLR L7 L 212, 7o =713 = MMo8kA Nk L T INEE RS 2V (BB
RIERBR(Fig.23a) = & D, RBERIZHKIENL O TH D & & 272, KB, Fig.17 (R
L7c & oIz, MfuiE OB TR D kA A % Mgk A Ao ~LiEur L., ARkl
T2 B A AN AR A A b T AR—FZ —(DMT1)Z 4 L TR~ & BV 1A
FNHHEENIERBENTWDEN, $k1 4 Oz FHE L, M T gk 422
FAELTND Z & ZEHENICFER LIl ) 2 2 ¢, A5 S kb RS
& BT 284 A OBRITSINTERT 5 2 & it d ~< | SiB iRz aie
NADPH {& (7% DO BL5EA] T & % diphenyliodonium chloride (DPT)** % i\ 72 3% o SOt
DHEFERZITR o7, EOFER, DPI OIAFETIZIB W TIE, FAC IR X 20K
D BEASHH S T (Fig.250).

PLEDORER XV . Mem-RhoNox i~ 724 A — 0 7 EERN D | FEERITERA 4 DEL
D IAFIBFRIZ BT, MR L C =gk A A DB S, AhEkA A AL DT
EBISTHZ LN TE T, £, ZMBkA A ABRIC K A8 7 /v O RIT Al gk
A A OEAE L I LTRSS TH o 7223, ZORERIT, ZAligkA A2 OERELY AR L
TAERA A EBERIN LG A SR L CH A LT TN EL S EERLTEBED
WEHEIFFTHLOTH D,
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Figure 25. Representative confocal microscopy images of HepG2 cells labeled with

Mem-RhoNox for the detection of Fe(II) on the plasma membrane. Cells were labeled with 1
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uM Mem-RhoNox for 10 min and then treated with (a) vehicle, (b) 10 uM ferrous ammonium
sulfate (FAS), (c) 10 uM FAS in the presence of deferoxamine (DFO), (d) vehicle, (e) 10 uM
ferric ammonium citrate (FAC), or (f) 10 uM FAC in the presence of 100 uM
diphenyliodonium chloride (DPI). DIC images for the same fluorescence image slices are
shown at the right. Imaging pictures were taken at 1, 15, and 30 min after each treatment.
Scale bars indicate 20 um. (g) Quantification of the fluorescence signal data in panels (a)
(white bars), (b) (gray bars), and (c) (black bars) (h) Quantification of the fluorescence signal
data in panels (d) (white bars), (¢) (gray bars), and (f) (black bars). Scale bars indicate 20 um.
Statistical analyses were performed with a Student’s #-test: *P < 0.01, **P < 0.001, and n = 3.
Error bars show + S.E.M.

FE/RE Mem-RhoNox DIEAD : SR Tz vIckZ8EYAHDERIE

[(FSURT Y UITEBEMYAAHEBICET 55%E]
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WANT, holoTETRR HARMN = KA h—T A% L THIEBNICRDIAZ, =2 R
Y — LA Z T 5D Z & T holoTf 7> b =AfigkA A4 > 288+ % %, v, =
R Y — AEICAFAE T 5 8538 0% 3R (STEAP3 Y™ (2 L W =AMk A Ao 28 “Aligk A A4~
BTSN ER L Mgk A AR B Y — ABICFEET S lie)E h T v AR—
A —1(DMT)Z#H LRI S s > LEOBIEN 2N E TICiRB S T
WHMN, = R — LT MMOgkA AU RNiERET D2 Lk, = K Y — A
STEAP3 1 X ONDMT1 MF(ET DA PP BB HEE SN2 A D =X L TH Y |
ZF OEABITEN TR Do T,

Z ZC. A% L7z Mem-RhoNox % Hv, ARBIGOMEHTICHE F LTz, /- TFakatl
TRL7ZE 91 Mem-RhoNox X h T 27 =V vy R A h—3 ANFHE S =B
2, TETR AR E I RY—2N~EWMViAEND, TDTd, =2 KV —AN
THU S vz ZAEk A A & B C X UL (Fig.18)., KA =X L wEEEHT 5
ZEMTEDLEERT,

ZIZTC TR T 2 R A b=V RET TR URTFEED = RYA b —
VATHDHIZD, BYTL R Y — AOEAEIF~100 nm TH D LHEE SN D %, holoTf
IZREA LTV OEIT 2 IR FTh D Z b, g2 0= Y — A TR S 7o B
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DR RV — LANORFFTH7REkA A L IREIT~6 1M B 2 Hivd (FEBROHESH),
Z ZC. Fig.2l DEREKMEERBROFER LY, e —7ORHRAIL 6 M L0 +52IK
W E D3 TE Y Mem-RhoNox [IARBLR Z T T 5 72 DIZ+ 3 7R EEZHF LT
LHEBZ. UUTICHE AP LT,

(FSURT Y VICEBHEMYRAHBEDS A—D U T]

HepG2 #ifa% 1 uM @ Mem-RhoNox THLEL L 721412 5 uM @ holoTf Z ¥ L. 30 43
WOXA LT TATA TENA A=V T EFE Uiz, T2 55 EBRIZ OV TR,
Wy FHDIC) i H CEEITERIR L7 Mg O MAEEE iz 10 A0 x5k (region of
interest, RODZ 7% & L. 4% ROLIZHT 2 #OGME 2 Pk L 72 l(n=10) Z IR 16 L T
Ty L, FOENT T T ORIZEAY A B L 7= (Fig.26g).

Z OFER . holoTE WIMZIZ =2 R Y — MERD mRO# N> 7 F VBB S dL, RO T
KR ORI K ERCHIFIEZ 351 2t s 7 F /0 b R L 72 (Fig.26a), — 2 CRI%E
Nzt R —LEOEEy 7 vix, = KV —ANT Mem-RhoNox 728 AffigkA1 4
Y EMG L, HHEOEME D Mem-Rhodamine 23EK L7- Z EICERT L B 2015, &
7= HIRERECAA PN X2 33 1) B ey 7 U RIE, =2 R Y — A O ~D U 4
A7V THEERBIORN I ATV YRy NT— 7 BIBICERT 2 B2 55 %,

e T, holoTTRIBIZ KL W A Uzt v 7P VRN, =0 RY — AT gk A 4
U ENDBIBICHKT D 2 LB MEND DHT2OIZ, Fig.26(b)—(e) |~ 34 FEBHE A
ERWT, FT7 VA7 2 U &I L7o8RILY A OPLEER A 1772 o 72, & PHEA
OFEAIZE L CLATFIZHZE LTz,

« 7RI AT = L (apoTf)  : holoTf ® TR ~DFEE & AR ES 5, !

- 74t F N U 7 2 (NaN3) D ATP AR FE=  RY A F— A& HET 5,

- W7 =7 A(NHLCD) Y RY — AL ERRE L, 81 42 OilElEx
mid 5, Y

77 =1 %% I (DFO) L IR B DR A A R L— 2 —TH Y |
T RV — Az AEh, = RV —2Aarh

T SN gkA 4 Z itk 3%, —7F T, holoTf
OEZESRA A &gl k< 2 LT\ (Fig.27),
PLEDOHERIETF F T holoTf 2RI L7-2E 2 A, @ty 7 F /L OHEKIL holoTf D
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DA Ll U CHEIZHH S 7= (Fig.26b—e), Yt T v E=0 A& HERE L THY
TG AW THED 2 HHOE O RDMBIEE S V7203 (Fig.26d), — OFERIT. HElbT
Fo U LT L DB IABLDOIENED 60%RETHHZ LICERL TS EEZD
ns,

SIHiz, BERFORDLOVICw U TR ERE LI R T A7 = U > (Mn,T) THEME
BB LT= L 2 A, 8T 7O RITAE L BlE SR h o T2 (Fig.26f). Mn,Tf 1%
holoTf & [AEEDOHE C= 2 RY A h—2 A ZICL o TVIAEN, = RY =L T~
VHUAF U ERHT A ERMENTNS B T, FF ATy R
A F—T ZAOWIRIZE T H—HD A H =X L HIKIE, Mem-RhoNox (Z & 5 @A % 5|
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Figure 26. Representative confocal microscopy images of HepG2 cells labeled with
Mem-RhoNox for the detection of Fe(Il) on the plasma membrane. Cells were labeled with 1
uM Mem-RhoNox for 10 min and then treated with (a) vehicle, (b) 10 uM ferrous ammonium
sulfate (FAS), (c) 10 uM FAS in the presence of deferoxamine (DFO), (d) vehicle, () 10 uM
ferric ammonium citrate (FAC), or (f) 10 uM FAC in the presence of 100 uM
diphenyliodonium chloride (DPI). DIC images for the same fluorescence image slices are
shown at the right. Imaging pictures were taken at 1, 15, and 30 min after each treatment.

Scale bars indicate 20 um. (g) Quantification of the fluorescence signal data in panels (a)
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(white bars), (b) (gray bars), and (c) (black bars) (h) Quantification of the fluorescence signal
data in panels (d) (white bars), (¢) (gray bars), and (f) (black bars). Scale bars indicate 20 um.
Statistical analyses were performed with a Student’s #-test: *P < 0.01, **P < 0.001, and n = 3.

Error bars show + S.E.M.

[holoTf IZ%}d % DFO MELEDFER)
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Figure 27. Absorbance spectra of 20 4M holoTf upon addition of various concentrations of
DFO (10, 20, 50, 100, 200, and 400 @#M). All the spectra are overlapped. All the data were
acquired in 50 mM HEPES buffer (pH 7.4, 0.2% PBS) at 25 °C.

holoTf | E#kA A LENZ L TR Y | AIHEEHEEUZ FRVRIN 2 7= 3728, 8R1 A 2 3 e
L72IRFED apoTf 13 Al GREIRI S WV & £F7- 72\, HEPES #EfE& +. holoTf 2%t L T
BFEPEEED DFO IR L, BINA~Y ML ZHIE LT & 2 A, DFO O EZICBE D
57, holoTf IZ—EDWILE AR LT, fit> T, DFO I holoTf 7> b Bk A A4 % 5
TR, T b Fig.26e (2B 29063 7T IOVHROMSNIL, = FY — A
TUEHE L7284 A % DFO IR L2 Z LI XD b D THDH Z ENERLTWD,
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WIZ, = R —NEFBEANT X T THLHZ b, pH b7 a—71252 %
WA ffesB U 7= (Fig.28,29),
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Figure 28. Absorbance spectra of (a) Ac-RhoNox and (c) Ac-Rhodamine at various pH (1.64,
2.08, 3.30, 4.64, 5.38, 6.80, 7.18, 8.26, 9.69, 10.44, 11.18, 12.44). Plots of absorbance of (b)
Ac-RhoNox and (¢) Ac-Rhodamine at each maximal absorption wavelength (495 nm and 550
nm, respectively) against pH (right). All the data was collected with dye concentrations of 2
4M and 0.2% DMSO as a co-solvent.

Ac-RhoNox ¥ JX O Ac-Rhodamine D4 pH (ZF51F D WU A7 hVHIE %2 Sk L7z &
ZAH, ENENpH OZICEAD BT, —EDWRINARY MLZR LT,
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Figure 29. Fluorescence spectral change of (a) Ac-RhoNox and (¢) Ac-Rhodamine at various
pH (1.64, 2.08, 3.30, 4.64, 5.38, 6.80, 7.18, 8.26, 9.69, 10.44, 11.18, 12.44). Plots of
fluorescence intensity of (b) Ac-RhoNox and (c) Ac-Rhodamine at maximal emission
wavelength (575 nm, respectively) against pH (right). All the data was collected with dye
concentrations of 2 M and 0.2% DMSO as a co-solvent. Excitation was provided at 540 nm.
Ac-RhoNox & Ac-Rhodamine O pHAKAFMEZ H AT MAVRIEIC LIV ER LT 2
A WL AR MV OBGE LRRIZ, T2 pH OZEIZBE DL 6T —EDE AT
V7% 7R LTz (Fig.29),
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Figure 30. (a) Fluorescence spectra of Ac-RhoNox after addition of 20 M Fe(Il) in the
acidic condition. Dotted line and solid line indicate fluorescence spectra at 0 min and 60 min,
respectively. (Inset) Plot of relative fluorescence intensity at 575 nm against time. All the data
were acquired at every 5 min for 1 h with a probe concentration of 2 4M in 50 mM HEPES
buffer (pH 5.0, 0.2% DMSO) at 25 °C. FeSO,4 was used as a ferrous iron source. Excitation

was provided at 540 nm.

FE S NI T D ek A A 2 S E & iR L 7= (Fig.30) . pH 5.0 IZFRBL L 7=
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WIZ, holoTf ALERIZ L W B SNy 7 A ORIE, hFo A7) v K
YA P— ZAOWMBTELTEZ S NY—2ANTEELEBRTH D 2 & & B I THER
DR HEIAERR U7z holoTf & D~ VT T —d A A— 0 7 % Fhi LT (Fig.31),
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Figure 31. Co-staining experiments of Mem-RhoNox with AlexaFluor 488-labeled holoTf.

After incubation of HepG2 cells with 1 M Mem-RhoNox, the cells were treated with 1 £M
AlexaFluor 488-holoTf for 20 min. (a) Signals from AlexaFluor 488-Tf. (b) Signals from the
corresponding deoxygenated dye of Mem-RhoNox. (¢) Merged image of (a) and (b). (d) The
DIC image for the same slices of (a)—(c). Scale bar indicates 20 xm.
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Vyxy KA F—U ZAOBRIZB W T mEMIC AT 5 gk A 4> 2B
DT L,

(a) DIC (wide field images) (b)
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Figure 32. Time-lapse fluorescence imaging of holoTf-triggered Fe(Il) release in primary
cultured hippocampal neurons (DIV15) with Mem-RhoNox. Cultured neurons were sparsely
express green fluorescent protein (GFP) for single neuron visualization. (a) The wide-field DIC

images overlaid with GFP images of the control (left) and holoTf (1 uM)-treated cells (right).
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Scale bars indicate 40 um. (b) Quantification of the fluorescence signals from neurons after
treatment without (black) and with holoTf (red). The fluorescence intensities inside the entire
neurons were measured and plotted every 1 min. Error bars show + S.E.M (n=3). (c) Magnified
images of the same slices of each area in (a, left). Scale bars indicate 10 um. (d) Magnified

images of the same slices of each area in (a, right). Scale bars indicate 10 ym.
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control holoTf
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(c) DIC and fluorescence images of holoTf-treated cells
DIC 1 min 5 min 10 min 15 min 20 min 25 min 30 min
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f‘f‘f‘f‘ﬁf‘ﬁ

Figure 33. Time-lapse fluorescence imaging of holoTf-triggered Fe(Il) release in primary

cultured hippocampal neurons (DIV15) with Mem-RhoNox. Cultured neurons were sparsely
express green fluorescent protein (GFP) for single neuron visualization. GFP images are
overlaid for clear visualization of the neuronal processes. (a) Wide field green fluorescent
protein (GFP) images of control (left) and holoTf (1 uM)-treated cells (right). Scale bars
indicate 40 um. (b) Magnified images of the same slices of each area in (a, left). (c) Magnified

images of the same slices of each area in (a, right). Scale bars indicate 10 um.
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Figure 34. Time-lapse fluorescence imaging of holoTf-triggered Fe(Il) release in primary
cultured hippocampal neurons (DIV15) with Mem-RhoNox. (a) The representative wide-field
DIC images of the control cells (left), and holoTf-treated cells (middle), and holoTf with
DFO-treated cells (right). Scale bars indicate 40 um. (b) Quantification of the fluorescence
signals from neurons after treatment without (black), with holoTf (red), and with holoTf in the
presence of DFO (blue). The fluorescence intensities inside the entire neurons were measured
and plotted every 1 min. Error bars show + S.E.M (n=3). Magnified DIC and fluorescence
images of the same slices of areas 1, 2, and 3 (cell body) in the left panel (c), middle panel (d),
and right panel (d) in (a) at 1, 5, 10, 15, 20, 25, and 30 min after the treatments. Scale bars

indicate 10 um.
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fili L 7= & Z 5. Ac-RhoNox (T ik A 125t L TRIRAI DB 22 8 & 2R 9 2
EBR o T,

Mem-RhoNox % W= AMAHE A A —2 0 7 OfE R, Mem-RhoNox [FAHENE iz
JRTE L AlRaREE ¢ AligkA A v AR ATRE Cd D 2 L AVR S e, £72, Mem-RhoNox
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BRIT, AN TR OZ LT LEBGB TR CTHY . EITHROMK T & L THEHE
EPSCE RSO EE B2 BT 5 — 07 ERNICIREE I 2 3T FERE G 8k
(BHER) BIFELTWD, BHEEE, MIaNORITHRE - KEEOBLE2 D EIC
flie LCHEELTRY ., TOEMRNERICEENEET > TS, o, Mgks 4
X7 =2 UG ES U TE G E DTG RTE A AR T 5 2 b SRR A A A& &
ADRREEN RS 2 5 & 2 U, BB TR A MR BN A BN D Z L 2R
I TWsd, ZOXHIT, HHEDHEFHEHEEMEDNRINTWVDIZE NN D BT,
ZDERWT T D M A A 2R T HE IR FENEETH Y | 2 OFMRZFE)IC
BIL CIEZ < ORI & S TE 7z,
BAFFEETITEEIC, 29 LI B HBEOBREAZ M T 5~ N-AF 2 Fofbyz
ML Ui gk A A v i 7 1 — 7 (RhoNox-1)% BA%E L T\ 5, AHFSETlE, RhoNox-1
BEET LT —T BT R N-AX Y RICE D Al A AU Y AT A% 3k
E L. S B AT e —T 2R LT,

LU IZHFFED RS UG & LT i 2 2599 %,

1. N-FF2 FOfbFa e U gk A 4 #0077 —7 RhoNox-1 #5612,
kA Ao ~DIEEMB L offon =22 F T A Ml EZ A E Lizk B 7 1
—7 & LI, 22T, I FRNAE e BB ORI B IO IN-AF
I J&E BH 0> STARFE E K8 OS5 HMRhoNox-M, HMRhoNox-E, HMFluNox-M,
F L OVHMFIuNox-E %%t L7z,

2. BRLEAETm—7138EY | A n B {EEDOZEEZ T TH Rtz 2<
FFiz 9, BOKISHIR O off-on 2 b7 A NEFER LT-, £72, N-A % NEH
DNLARFE T % (K38 S #72 HMRhoNox-M 1%, ik A A 12t U Tle b @O s
WEARLE, &6I1C, 26070 —7 13 MigkA 4 RIRANITISE L, AR
NORHMERITB W THHE 722 MighkA AUy — L R0 55 Z E0REn
7=

3. FaXy NMOREIZEW T bEN7ZMEREZ 7~ L 72 HMRhoNox-M % T4
MR A A — v 7R L= & 2 A, HMRhoNox-M (% VU V¥V — A RTENE%
R, AN DN Z T A8k A A2 DRI BT, MIBRNTEMED g1 A2 b5
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W X0 R U7 gk A A oI b ks LTz,

4. v—HF I FICHAET B ) o 7 ER KO N-A ¥ REL &S A L7
fa R R 7 1 — 7 Mem-RhoNox Z##%at L., &k L7z, 72, FaXy i
B DHEIC L0 T 5720 DFT LAY Ac-RhoNox D#EEFE AR BT
-7,

5. A7 MVRIEDRER, T /LG Ac-RhoNox 1T gk A A BN 22808
ISEER L, EDORIGHEE T RhoNox-1 2 B[R~ 7=, F7=, e, A —
> 7 DOFER . Mem-RhoNox [F%FHE U (TR EICR7E L, Al#kA 4o 2
TEXHZ Enbhots,
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FEICBEY HER

1. General

R FTRE 20 e 3R IS X ORI AR 7 L T b IV 72, 'THINMR AX7 kb
1. JEOL & ECA 500 (500 MHz)35 X TV JEOL #1: INM-AL400 (400 MHz) % H > CHIE
L. HIEESIIEAFE(L 7 0 kL A(CDCL) £ 721X EAKFEL A % 7 — /1 (CD;0D)
W, 'THNMR (b5 7 b & § flH(ppm) TR L. 7T hIFAF LT oDV
7Ly hE—27 % 0ppm DFEHEL L7z, BC-NMR % JEOL # ECA 500 (125 MHz)$ &
TNJEOL #1: INM-AL400 (100 MHz) % FH U CTHIE L 72, BIEFRELIX CDCL; % 721X CD;0D
Z A7z, 'THNMR 1 Z/b% > 7 b % § filfi(ppm) THFL L, CDCL 2t L CHIE L 7=
AT CDCL D Y F Ly by F % 77.0 ppm DFEUEE L7z, CD;0D DAL,
WIS kDO ©—27 % 49.0 ppm OREHEL U7z, FEAEKJ )X Hz TELEZ, v 7
VD 5y HEE L, s=singlet, d=doublet, t=triplet, dd=doubledoublet, td=tripledoublet,
gq=quartet, m=multiplet & B&FC L7, & 70 fEEEE & Hr(HRMS)IZ, JEOL £ JMS-T100TD
EHEAL, RVxFL o7V a—(PEG)ZIEMEYE L L THIE LT, #MED T LY
n~ k22 7 ¢ —(TLC)IZ Silca gel 60 Fasy (Merck) % FVY, UV(254 nm)IL, V€V
TTUBRZ LD EA, b L IFELAFRROEE TR L, (ke oriliixy
U 7147 v AP-300S (Taiko-shoji)ds & ONEME T /L X F-(Wako pure chemicals, activated,
basic, 200 mesh) % V7=,

2. HMRhoNox-M D&

Preparation of Tetramethylrhodamine®’

3-VAFNT I 7=/ —/(100 mg, 0.73 mmol) & K 7 X LEER(55 mg, 0.37 mmol)
ZneatFff . 150 CCTI2RFINAA L7, EIRE THA LItk BREEZ Y 57
Fhrma~ 777 4—(CHCl;: MeOH=10:1to 5: 1) THHL L | tetramethylrhodamine
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% 1%7-(45 mg, 31%, as a purple solid),
'H NMR (500 MHz, CD0D) & : 7.99 (dd, J = 7.5 Hz, 1.2 Hz, 1H), 7.56-7.47 (m, 2H), 7.11
(m, 3H), 6.79 (dd, J = 9.7 Hz, 2.4 Hz, 2H), 6.65 (d, J = 2.4 Hz, 2H), 3.07 (s, 12H).

Preparation of HMRhodamine-M>"? 8

| |
O

Tetramethylrhodamine (120 mg, 0.31 mmol) % it /K THF (7 mL)(Z%&& L . 0 °C CLiAlH, (49
mg, 1.28 mmol)Z Il %, EHRFEHEK T, EiR CIRFMIRH L7-, MISIRIZH,0 (49 ul),
15% aq. NaOH (49 pL), RUWNTH,O (148 pl)&2 > < Y L F L, IR TR L <
BRI LTc, BT 4 FEHAWZIERIC X 0 REMEOIE 2 BRE Uitk RO 2 8+
T E Uiz, B8 % CHLCL, (50 mL)WZIAME L, 1AK% 7K(50 mL)Fs L OMEfI &K (50
mL) CHei L, BHE & it~ 7 % o v L CHolipth VI 2 J8E TR & Lz, BT

551 7- 7% A MeOH (7 mL)IZ¥&f#% L. chloranil (228 mg, 0.93 mmol)& Il 2., =R T3
RERIREE L7, £ 74 FEAWTZIRIEIC X 0 RIEMEO I A bRE L= th, ROSTRE: %
WIETHELE, Son-EkiEx2v V5V BT 670~ 7T 7 4 —(CHCL -
MeOH= 100 : 1 to 8 : 1) T L, HMRhodamine-M % 15:72(93 mg, 77%, as a purple

powder),

'H-NMR (500MHz, CDCl3) & : 7.34 (d, J = 3.9 Hz, 2H), 7.28-7.23 (m, 1H), 6.93 (d, J= 7.7
Hz, 1H), 6.77 (d, J = 8.7 Hz, 2H), 6.48 (d, J = 2.4 Hz, 2H), 6.42 (dd, J = 8.7 Hz, 2.4 Hz, 2H),
5.24 (s, 2H), 2.95 (s, 12H).

Preparation of HMRhoNox-M

| +| o
_N l 0 l N
O

HMRhodamine-M (90 mg, 0.24 mmol) % EtOAc (18 mL)IZ¥&f# L. 0 °C Tm-CPBA (83 mg,
0.48 mmol) & N 2, =R CIRFRITHEHE L7, ONRIEEZ )= TR E L, REET Y b7
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NHT AT v~ 7T 7 4—(CHCl; : MeOH= 50 : 1 t0 20 : 1) THifd L. HMRhoNox-M
% 1572(64 mg, 71%, as a colorless powder),

'H-NMR (500 MHz, CDCL3) & : 7.93 (d, J = 2.3 Hz, 1H), 7.45 (dd, J = 8.6 Hz, 2.3 Hz, 1H),
7.39-7.38 (m, 2H), 7.29-7.26 (m, 1H), 7.05 (d, J = 8.6 Hz, 1H), 6.91 (d, J = 7.4 Hz, 1H),
6.81 (d, J = 8.6 Hz, 1H), 6.48-6.46 (m, 2H), 5.30 (dd, J = 20.0 Hz, 12.6 Hz, 2H), 3.58 (m,
6H), 2.98 (s, 6H).

PC-NMR (125 MHz, CDCl;) &: 154.5, 151.5, 151.3, 150.9, 144.5, 139.1, 129.9, 129.2, 128.4,
128.2, 128.2, 125.7, 123.8, 120.7, 114.2, 111.7, 109.2, 109.0, 98.5, 83.3, 72.1, 63.2, 63.1,
40.3.

HRMS (ESI+): m/z calculated for C,4H,sN,O5" : 389.1860, found 389.1871.

3. HMRhoNox-E D&%

Preparation of HMRhodamine-E*’

O
G

n—& I B (1.00 g, 2.09 mmol)Z li/KTHF (50 mL)IZf#&# L, 0 °C TLiAlH,
(317 mg, 8.35 mmol) & Mz, EHRFHK T, EIR TSR Lz, MIGHK Z0 °Clzim
HIL7-1%. LiAlH4(634 mg, 16.7 mmol)Z B0 L, EHRFPHK T, SIS 2 INEGE S
PECISIRFRRIIR R U T, IROSIE % 2810 & Tt L7214 HyO (950 wl). 15% aq. NaOH (950
tL), WWTH,0 2.85mL) 2w ->< W L F L, BRTIFFRIE LWLz, BT A4
k& WIS L0 REMEOTRRE & TR U7t SOGTABEZ T TR E Lz, i
T, 7% 2 MeOH (50 mL)IZ¥fi# L. chloranil (1.54 mg, 6.27 mmol)Z /Il %, =R{E C3Kf
FIEER L7z, £ T4 M &2 AWIZIERIC L0 REEORE &2 BRE Uitk ROSEREE % )8
JETFHEELE, o RIEEZ VDTNV T 57 v~ 87T 7 ¢ —(EtOAc : Hexane
=1:1, then CHCl; : MeOH = 10 : 1) C5%¢ L, HMRhodamine-E (764 mg, 85%, as a purple

powder). & 157-,

'H-NMR (500 MHz, CDCl3) 8: 7.33 (d, J = 5.7 Hz, 1 H), 7.25-7.24 (m, 2H), 6.97 (d, J = 7.5
Hz, 1H), 6.71 (d, J = 8.6 Hz, 2H), 6.40 (d, J = 2.9 Hz, 2H), 6.34 (dd, J = 8.6, 2.9 Hz, 2H),
5.20 (s, 2H), 3.33 (q, J = 6.9 Hz, 8H), 1.15 (t, J = 6.9 Hz, 12H).
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Preparation of HMRhoNox-E

h (6

MAOG O
a5

HMRhodamine-E (267 mg, 0.62 mmol) % EtOAc (20 mL)IZ¥&f# L. 0 °C Tm-CPBA (214

mg, 1.24 mmol)Z iz, =R CIRFIIHE L7, ROSEE AT TR E L%, RiEx

YUBTFNTIT AT~ N7 T 7 4—(CHCl; : MeOH= 20 : 1 to 10 : 1) THRLL .
HMRhoNox-E % 1372 (145 mg, 53%, as a pale purple solid),

'H-NMR (400 MHz, CDCl) 8: 7.78 (d, J = 1.9 Hz, 1 H), 7.38-7.37 (m, 2H), 7.29-7.25 (m,
2H), 7.03 (d, /= 8.7 Hz, 1H), 6.92 (d, /= 7.7 Hz, 1H), 6.77 (d, J= 8.7 Hz, 1H), 6.43 (d, J =
2.4 Hz, 1H), 6.41 (dd, J=8.7 Hz, 2.7 Hz, 1H), 5.29 (dd, /= 16.2 Hz, 12.3 Hz, 2H), 3.73-3.65
(m, 4H), 3.38 (q, /= 7.2 Hz, 4H), 1.18-1.13 (m, 12H).

BC-NMR (125 MHz, CDCl5) &: 151.7, 151.0, 149.0, 148.8, 144.4, 139.2, 129.6, 129.4, 128.3,
128.1, 125.5,123.8, 120.6, 115.5, 111.1, 110.7, 108.5, 97.5, 83.3, 71.9, 66.9, 44.4, 12.5, 8.3.
HRMS (ESI+): m/z calculated for C,gH33N,05": 445.2486, found 445.2501.

4. HMFluNox-M D&%

Preparation of NV, N-dimethylrhodol methyl ester
|
(0] (0] N
N
O COOMe

N, N-¥ *F)Lr K—/1** (602 mg, 1.32 mmol)ZMeOH (30 mL)IZIAfE L . EEREER(1.5 ml)
Zpo <Y LT LIRS, ROSEIR 2 BRI T I8RFAIHE L7z, iR E Thun L
Tetle. BOSSHRIZIRIBKFE T MU U L&A, AT RO AT A4 & Hn
TIEIE ATV BRE L, SO BEAE TR E LIRS, RiEE2 T VTNV T I
v~ ~JZ 7 4 —(CHCl; : MeOH= 20 : 1) CHifd L. N,N-dimethylrhodol methyl ester
% 15 7= (a red solid, 393 mg, 80%),
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'"H-NMR (400 MHz, CDCl;) &: 8.21 (dd, J = 7.7 Hz, 1.0 Hz, 1H), 7.71 (td, J= 7.5 Hz, 1.4 Hz,
1H), 7.65 (td, J= 7.5 Hz, 1.4 Hz, 1H), 7.31 (dd, J = 7.5 Hz, 1.2 Hz, 1H), 6.83-6.80 (m, 2H),
6.63 (d, J = 2.4 Hz, 1H), 6.55-6.50 (m, 2H), 6.45 (d, J = 1.9 Hz, 1H), 3.62, (s, 3H), 3.12 (s,
6H).

Preparation of HMRhodol-M

|
O

N, N-dimethylrhodol methyl ester (393 mg, 1.05 mmol)% il /K THF (30 mL){Z%&#% L. 0 °C
TLiAlH, (80 mg, 2.10 mmol) & AN 2., ZEHRIFMK T, =i CT25MFHIEEE L7, SUGHK
%0 °CIZH A L7=%. LiAlH, (80 mg, 2.10 mmol)Z BN L. “EHRFEIHK T, |ILT25
REHEEE U2, BOSIRKIZHL0 (160 L), 15% aq. NaOH (160 L), YK\ NTH,O (480 uL)
Do D LT L, BRC2KRHB LR L, 74 FEHWIERICE Y R
EVEDILE A R LTt OS2 )T TR % Uiz, 5%k 2 CHYCL, (50 mL)ZIEfiE
L. 7K(50 mL) & OMEFIEHEK (50 mL) THed L, A8 2 it~ 7 % > 7 L TR
PRI T F R 25 LTz, eV T 15 B 372787 2 MeOH (30 mL)(Z¥f# L | chloranil (716
mg, 2.91mmol)Z M %2, =|IE C4RFRIFE L=, v T4 b & AWZIERIC L v Ristko
WA BRE L%, RONABEZ T TRE L, BiEE v VWAV T L a~ KT
Z 7 4 —(BtOAc : hexane =1:2to 1 : 1) T/ L, HMRhodol-M (98 mg, 30%, as a red
solid). #4372, HMRhodol-MONMRH|E # CDCl;X°CD;0D C/T72»7- L 2 A, A1
B D BABRAUAE 1E & PABRAUBIE O FHLIRAE & L CIFEE L Tz, BISRIBE 2 A FIC 45
R BEHENTALEMD H H5 mga 1 M HCI/MeOHIZ AR L, A2 8E FEET 5
Z & . HMRhodol-M DI ##57-, Z Z T4 5 i1 72HMRhodol DA % F\ T
NMRIHT & TS LT= L Z A, F /A FEEE SRS 2 A7 MBI,
'H-NMR (400 MHz, CD;0D) &: 7.74-7.68 (m, 2H), 7.59-7.58 (m, 1H), 7.33-7.30 (m, 4H),
7.17 (d, J=2.4 Hz, 1H), 7.12 (d, J = 2.4 Hz, 1H), 7.03 (dd, J = 9.6 Hz, 2.0 Hz, 1H), 4.34, (s,
2H), 3.41 (s, 6H).

BC-NMR (100 MHz, CD;0D) &: 169.3, 161.3, 160.7, 160.4, 158.7, 141.2, 133.6, 133.2,
131.9, 131.6, 130.5, 129.7, 128.9, 118.5, 118.2, 117.5, 116.6, 103.4, 97.6, 63.1, 28.2.
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HRMS (ESI+): m/z calculated for CxHyNO; " : 346.1438, found 346.1451.

Preparation of HMFIluNox-M

|
Holol+N
(37

HMRhodol-M (34 mg, 0.098 mmol)% EtOAc (4 mL)IZ¥&fi# L. 0 ° CTm-CPBA (34 mg,
0.20 mmol) & Nz, ==IE CIRFEIEEE L7-, F0U0 ° CITmAI L, m-CPBA (34 mg, 0.20
mmol) % B L 72 #4412, BOGVATR % SRR CLREFRIR IR L7, SOSIRBEZ T TR A LT
BRI E VDTNV AT A a~ 87T 7 4 —(CHCly : MeOH=10: 1 to 8 : 1) THh
L. HMFIuNox-M % 1572 (21 mg, 58%, as a white powder)

'H-NMR (400 MHz, CDCl3) &: 7.83 (d, J = 2.9 Hz, 1H), 7.47 (dd, J = 8.6 Hz, 2.3 Hz, 1H),
7.35(d, J=7.4 Hz, 1H), 7.30 (t, J= 7.2 Hz, 1H), 7.17 (t,J = 7.4 Hz, 1H), 7.03 (d, J = 9.2 Hz,
1H), 6.73 (d, J = 8.6 Hz, 1H), 6.69 (d, J = 7.4 Hz, 1H), 6.55 (d, J = 2.3 Hz, 1H), 6.46 (dd, J =
8.6 Hz, 2.3 Hz, 1H) 5.24 (s, 2H), 3.50 (s, 3H), 3.49 (s, 3H).

BC-NMR (100 MHz, CDCl;) 8: 159.8, 153.7, 151.5, 151.0, 144.4, 139.0, 129.9, 129.4, 128.4,
128.2, 126.1, 124.0, 120.6, 113.7, 113.4,112.8, 110.5, 103.1, 83.3, 72.1, 63.1, 62.2.

.0
~

HRMS (ESI+): m/z calculated for C,,H,NO,": 362.1387, found 362.1389
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5. HMFluNox-E D&%

Preparation of HMFIluNox-E

a9

HMDER? (100 mg, 0.27 mmol) % EtOAc (10 mL)IZ¥Ef#E L. 0° CTm-CPBA (93 mg, 0.54
mmol) & N % | =R CIRFRHEHE L7, BUSHKZ0 ° CIZm A L7212, m-CPBA (34 mg,
0.20 mmol) & 1B L, SSVANR & SRR CIRFRIFR R U7z, SOSTABE 2T TR & LTt
2, ARV TNV T e~ 7T 7 4 —(CHCl; : MeOH= 20 : 1 to 10 : 1) Tk
1. HMFIluNox-E#% #37-(102 mg, 97%, as a white powder),

'H-NMR (500 MHz, CD;0D) &: 7.81 (d, J = 2.3 Hz, 1H), 7.42-7.39 (m, 3H), 7.27 (m, 1H),
7.12 (d, J=9.2 Hz, 1H), 6.81 (d, J = 8.0 Hz, 2H), 6.65 (d, J = 2.3 Hz, 1H), 6.55 (dd, J = 8.9
Hz, 2.6 Hz, 1H), 5.33 (s, 2H), 3.88-3.84 (m, 2H), 3.66-3.62 (m, 2H), 1.11 (g, J = 6.7 Hz,
6H).

PC-NMR (125 MHz, CD;0OD) &: 160.1, 152.4, 152.0, 149.7, 146.0, 140.0, 131.3, 131.1,
129.7, 129.6, 129.3, 124.5, 122.1, 117.2, 116.6, 113.6, 112.2, 103.0, 84.6, 73.5, 67.7, 8.6.
HRMS (ESI+): m/z calculated for C,4H,,NO," : 390.1700, found 390.1695.

6. Ac-HMFluNox-M D& Rk
Preparation of AccHMRhodol-M

|

o) o) N
T
O

HMRhodol-M (51 mg, 0.15 mmol)% £V > (10 mL)IZI&ME L. MEKEEE(312 4L,
33mmo) A ANz, . =R T 3 RpfiE#E Lo iRIC, RS2 BE TR A L, KiEx
YUBTFNAT AT e~ N7 Z 7 4—(CHCl; : MeOH = 100 : 1 )IZ X FHERIL,
Ac-HMRhodol-M % 1572 (40 mg, 69%, as a pale red solid).

'H-NMR (400 MHz, CDCl) &: 7.35 (m, 2H), 7.28-7.25 (m, 2H), 6.97-6.91 (m, 3H), 6.80 (d,
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J=8.2Hz, 1H), 6.74 (dd, J = 8.7 Hz, 2.4 Hz, 1H), 6.48- 6.45 (m, 2H), 5.28 (s, 2H), 2.96 (s,
6H), 2.29 (s, 3H).

C-NMR (125 MHz, CDCl3) & : 169.1, 151.5, 151.4, 151.3, 150.7, 144.8, 139.3, 129.8, 129.3,
128.3, 128.0, 124.1, 120.6, 116.5, 109.6, 109.1, 98.7, 85.6, 71.9, 40.4, 21.3.

HRMS (ESI+): m/z calculated for CosH»,NO, " : 388.1543, found 388.1552.

Preparation of Ac-HMFIuNox-M

|

o) o) N
T OoLC
(3

Ac-HMRhodol-M (37 mg, 0.15 mmol)Z EtOAc (5 mL)IZ{&f# L. 0° CTm-CPBA (33 mg,
0.19 mmol) & N 2. IR TOSHFMH R Lz, W2 E FEEL-%IC, miEaE v
HFNH T A ua~ NI T 7 4 —(CHCl; : MeOH= 20 : 1 to 10 : 1) THRIL |
Ac-HMFluNox-M % 372 (35 mg, 90%, as a white powder),

.0
~

'H-NMR (500 MHz, CDCl;) & : 7.95 (d, J = 2.3 Hz, 1H), 7.52 (dd, J = 8.6 Hz, 1.7 Hz, 1H),
7.39-7.38 (m, 2H), 7.27 (m, 1H), 7.09 (d, /= 8.6 Hz, 1H), 7.00 (m, 2H), 6.87 (d, J = 8.0 Hz,
1H), 6.81 (dd, J = 8.6 Hz, 2.3 Hz, 1H) 5.35, (s, 2H), 3.61 (m, 6H), 2.30 (s, 3H).

BC-NMR (125 MHz, CDCl;) & : 169.1, 154.6, 151.2, 150.6, 150.4, 144. 2, 138.5, 130.0,
129.7, 128.72, 128.69, 125.6, 123.8, 121..9, 120.9, 117.6, 114.9, 109.9, 109.2, 82.9, 72.9,
63.0,62.9,21.1.

HRMS (ESI+): m/z calculated for C,4H,,NOs ™ : 404.1493, found 404.1503.

7. Ac-HMRhoNox-E DH& iR
Preparation of Acc-HMFluNox-E

5

0 0 INC
T
O

HMDER-Ac* (100 mg, 0.24 mmol) % EtOAc (7 mL)(Z¥f# L. 0° C Tm-CPBA (3 mg, 0.48
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mmol)Z I A, IR TR L7, W2t TR A L7RIC, miEzT U7
BT Ly va~< 7T 7 4—(CHCl; : MeOH=30:1to 10: 1) TH#L L, Ac-HMFluNox-M
% 1572(102 mg, 99%, as a white powder),

'H-NMR (500 MHz, CDCl3) & : 7.89 (d, J = 2.3 Hz, 1H), 7.39 (m, 2H), 7.36 (d, J = 8.0 Hz,
1H), 7.28 (m, 1H), 7.09 (d, J = 8.6 Hz, 1H), 7.03-7.01 (m, 2H), 6.89 (d, /= 8.0 Hz, 1H), 6.82
(dd, J=8.6 Hz, 2.3 Hz, 1H), 5.37 (s, 2H), 3.74-3.65 (m, 4H), 2.30 (s, 3H), 1.17-7.14 (m, 6H)
C NMR (125 MHz, CDCl;) & : 169.0, 151.0, 150.5, 150.3, 144.2, 138.4, 129.6, 129.5, 129.0,
128.6, 128.5, 128.1, 123.7, 121.9, 120.8, 117.4, 116.2, 111.5, 109.9, 82.9, 72.8, 67.2, 67.1,
21.1,8.4.

HRMS (ESI+): m/z calculated for C,H,sNOs": 432.1801, found 432.1819.

8. BB L OHAANT PIVHIE

EEAN AT A~ 7 h Vi, Agilent 8453 photodiode array spectrometer (equipped with
a Unisoku thermo-static cell holder (USP-203))Zfifi L CHlllE L 7=, HEE/VIX, HKE
1em THEREA3 mLO b D2 FV o, dEA~T FVIIEI, JASCO FP6600 % i
MU CTHGE U7z, M S > RIS nm, #OGHIS > FiEIE6 nmiZ 5 E L CTRIE L7z,
AR VTR em TRIER R 3 mLO b O % Vi,

WU AT SV K 2 pKeya DB

PRy RTET D72 00IZ, W AT R ViTkk 4 7Z2pHICHHEL L 72200 mM U > iz
W CHE Lo, AIRAEIR 0D e KIRUHE Rl 31T 2 I D 2 b A pHIZX LT 1 v
L7277 7%, KaleidaGraphZ HIVWTEL T DR (eq.1) F 721d(eq. )1 & ¥ /b 3k
kD=7 7 4 v T 47 2477 o7, HMRhoNox-M . HMRhoNox-E .
HMRhodamine-M, # & O*HMRhodamine-Ei&(eq.)C LV 7 4 v T 4 7 %&{TR\W, &
H E I 72pKa % pKeyofi & L7z, HMRhodol-M#5 L O"'HMRhodol-EiZ, (eq.2)iZ LV 7 «
VT 47 L, B SNTopKaE pKeyaf & LTz,

A, + A, x 1077 -PKD
- 1+ 10®@H-PKa) (eq. 1)

AO + Al X IO(PH—PKal) + A2 X IO(PH'PKuI‘PKaz)

A
1+ IO(PH*PKM) + 10(PH’pKal’pKa2} (eq 2)

(pKa.: and pK,;, are the acid dissociation constants of probe; 4, is the initial absorbance at each
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wavelength at pH =1.60; and 4, and A, are the maximum absorbance at each wavelength

associated with the corresponding pK, values.)

& B R PUPE SR

&R RIUERBR O Z2 SRMFIILL T O®@ Y Th 5, KBB4 EMEMnSO, CoSO,,
NiSO,, FeSO,, FeCly, CuSO4, ZnSO,)IE10 mM®D A kv 7 KIEHK 24 7" 10— 7 T (2N
2. WEREZ20 M E LTz, TAHVEBRBA T BLOT ALY HHESREA 4
(NaCl, KCI, MgCl,, and CaCL)iX1 M®D A b v 7 /KIA#E % HEPESFE T 1 CAIRN L. #ix
KREZI mME LTz, —liOdHA 4> DOBATE, Cu(CH;CN)4JPF, & MeCNIZIARE L |
10 mMOBEFEICRB L= b D% 2 by ZIRIRE LTHER Lz,

oAl Al A2 SN xtd 2 R E R

HEPESFEHEE . 2 aMD 7 00— 7 Z LU N OFMF TIRFFAEL L | 4527 b v
HE % S2ht L7,
Na,S,0; : 100 M (from 100 mM stock solution in water).

Sodium ascorbate: 1 mM (from 100 mM stock solution in water).

Cysteine : 1 mM (from 100 mM stock solution in water).

Glutathione : 1 mM (from 100 mM stock solution in HEPES buffer). A bk v 7 &k
TINEFF 2 DB THIEL 725720 KBRS N U U LKEHE T
A& pHZ 7 AICTRE L=,

NaNO, : 100 M (from 100 mM stock solution in water).

O, : 100 uM (from saturated KO, solution in DMSO (ca. 1 mM)®).

H,0, : 100 M (from 100 mM stock solution in water).

*OH : 200 uM H,0, & 20 gM FeSO, A 1RF1 L, Fenton/JisiZ X 0 «OHZ F 4
SHT,

NaOCl : 100 M (from 100 mM stock solution in water).

NO : 100 M NOC-5 (from 10 mM stock solution in 0.1 M NaOH aq.).

Bpy + Fe(I) : 100 £M 2,2’-bipyridyl (from 10 mM in stock solution in DMSO)D f71E

TT7a—7%20 uM FeSO, & )i S ¥ 7=,
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9. LCMSZ FA\N e RIGHEAT

HEPESHEE (50 mM, pH 7.4)H, 47 10— 7(50 M) % Fe(SO4),(NH,), (final, 200 1M)
& IR CIRFM UG S 72, LC-MSIT L 2 ST, HP 1100 LC system (equipped
with Agilent 1946B ESI-mass system) & Waters symmetry C18 column (3.5 pum, 4.6 x 75
mm) % A LT3 L7z,

10. MEfEEEE

Human hepatocellular carcinoma (HepG2)#ffifeiX, 10% fetal bovine serum (FBS, Gibco).
1% Antibiotic-Antimyocotic (Gibco), 2 mM glutamine % ¥ )1 L 7= modified essential
medium (MEM, Gibco) Z 85t LCTEA L .37 °C, 5% CO,f v F 2 X—F —% H\ T
B LTe, dilA A=V 72 FET HBR21E, Advanced TC glass-bottomed dishes
(CELLyjey ™ Cell Culture Dish, Greiner){Z1.0 x 10° cells/well & 72 % X 9 (ZHepG2# i %
FEREL . 2R MR LIRICERIEMN L,

1. EEREEA A =TT

AR A A — 2 7Tl Zeiss LSM 700 laser-scanning microscope system 2 fifi ff L C 3
BRA A=V TR AR Uiz, SRINMFERR TR0 L o XA L, i@

FRBLO N T A7 2 ) CIRINER TIZ40E MRS U o R LTz, £ 5RO

FEMIILL NITR LT,

PRESIN - L — b FEBR

B Z# FBS KRIRMOMEMIZ R L7-%., WMB7T =0 Lk KM
Fe(NH,)5(SO4),*6H,0 (100 M from 10 mM stock in H,O0) & 0 L, 37 °C T304 [l 1 > %
2_X— [ L7z, £DO#%, HBSSTHMifZ3mIYeH L7z, #il T, HBSSIZIME L7245~
2 —7(1 uM or 5 M) T304 [HALER L 721212, MIfdZHBSSTlEMed L, w1 A —
Uy TBIE T o7, 2, 2’-bipyridyl (Bpy)& V2 ¥ L— NEERTIX, 1 mM®Bpy
(from 100 mM stock solution in DMSO)% 7' &2 —=7 L [RIRFIZII %2 72, ~F A M LD

Yett. D 7= 12, Hoechst 33342 (1.0 ug/mL, from 0.1 mg/mL stock solution in water) % 7" 12
— 7 LRFFICIIN L7z, o, BTOREICEWTERIRINER DL E 13K E, F1L—
k FEBR DA 1XDMSO % vehicle & L CTIRINL 7=,
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AR IC 3T D 7 e — 7 O R AE
FRLBRININFEER & ARk OO 15 T I L 7z,

HeYuth Bk

U — A FEERTIL, Lyso tracker® Green DND-26 (50 nM)DHBSSIAIR % #llfid
[Nz, 37 °CT2HEMA > % = _— |k L7z, /IRyt F28k ik, ER-tracker™™ Green
(500 nM)DHBSSIEIR & fAEIZ N 2. 37 °C T304 A > % 2_— k L7z, Liiodm
ALERF% . HBSSIZ £ AP 2 3E1T720, %7 17— (1 M or 10 uM in HBSS) T3047f#]
37 °CTA »FaX—h L7z, TO%, HBSSTHMEZ 1EHEE L, HlA A—V
% ke L7,

T AT 2 U YSHINER

HepG2 i 2 Fit(a)~(b) DS f CALEE L 7= %, #ifd ZHBSSClHEIVEH L, 1 uM
HMRhoNox-M OHBSSIA# T304 ], 37 °CTA »F =X— h L7z, HBSSTHifd %1
BV L, #A A= T a2AT o Tc, A A—2 0 7 ER O T I X Imagel & VM=,
a) Control 3£k
MEM (containing 30% PBS)Z LE L | 3057[#37°CTA »F aX—h LT,
b) FTUAT =V UEINFER

5 ¢M holoTf (from human blood, Wako Pure Chemicals, from 100 #M stock solution in
PBS)DMEMIAE & MIAEIZ AN L, 304337 °CTA »Fa~x— K L7z,

¢) apoTflZ & %5t AFH IR

5 uM holoTf& 25 uM apoTf (from human blood, Nacalai Tesque, from 100 xM stock
solution in PBS)OMEMIFI Z MIfEIZ M L, 30453f37°CCTA o F =X—h L7z,

d) KRNI K 5= R A F— ADOFHEFEER

5 ¢M holoTfOMEMEIK Z AERLIZEM L, 4°C T30 A v Fa2~X— K L7,

e) 7T MY ULBIC L D= R A b= ZADHEER

5 ¢M holoTf& 1 mM NaNj (from 100 mM stock solution in PBS)(DMEMAE % FE I Z ¥
L., 37°CT30MA »Fa— kLT,
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B_EICEY HER

1. General

Rl FTRE 720 e 3RS X ORI AR 7 L T b IV 72, 'THINMR AX7 kb
IZ. JEOL %t ECA 500 (500 MHz)}3 & Y JEOL % INM-AL400 (400 MHz) % F N CHllE
L7z, WEBBITEKFEZ v a i A(CDCL) F 21T EAKFELA ¥/ —/1(CD;0D)
ZAWz, '"HNMR 1327 & § fEH(ppm) TERIL L, T R T AF LT oD
7Ly hE—2% 0ppm OHEHEL L7z, "C-NMR ZETFH v 7Y 7L LTI 720,
JEOL #: ECA 500 (125 MHz)35 & OV JEOL #1: INM-AL400 (100 MHz) % F N CHIE L 7=,
HIEVAESEE CDCl; £ 7213 CD;0OD % v /=, 'H-NMR [3L%> 7 b % § fl(ppm) TH
L L. CDClL ¥t & UCRIE LA 1X CDCL o MU 7Ly by 7L % 77.0 ppm
DIHAEL L=, CD,OD OHAIE, WIEEHK DO — 7 % 49.0 ppm DHEHEL LTz, FEE
EEU )X Hz TR LT, VY7o 58d8E L. s=singlet, d=doublet, t=triplet,
dd=doubledoublet, td=tripledoublet, g=quartet, m=multiplet, brs=broad singlet & I&7iC L 72,

By fREEE B HT(HRMS) 1,  JEOL £ JMS-T100TD Z#fH L., AU =F L7 =2
—/U(PEG) % 72 1% YOKUDELNA (JEOL)Z#EH#EWE & L CHIE LT, gt 7 L7 m
~ N2 7 4 —(TLC)IL Silca gel 60 Fas, (Merck) % 721 DIOL TLC (Fuji Silysia,
Chromatorex)% VY, UVQRS54nm)WX, UV EV 77 UBICL D2/, b L3t
BRHROE N TR L7z, (L& OREIZIZT Y I 7 vV HAK AP-300S (Taiko-shoji).
¥ A — V4K (Fuji Silysia, Chromatorex), % 7-1% Sep-Pack C18 cartridge (Waters)% >
720

2. Mem-RhoNox3 £ U"Mem-Rhodamine® &%

Preparation of 3

0]

BocHNKOMN/\ NM \A\NHBOC

%

W EOREIHE > THIBRARK L7z e —& 2 UiFE A1 (378 mg, 0.565 mmol) % EtOAc
(5 mL)IZIAfE L. 0°CT4 M HCVEtOAc (5 mL) & F L7z, SR CTISHFMIE#R L=,
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BOSVRREE 2 )T TR £ Lz, S0 EaERE B /KDMF (20 mL)IZ¥Afi# L, EtN
(787 L, 5.65 mmol) &2°* (1.70 mmol)Z I X 72#. 0 °CIZ#H#HI L, DMT-MM (470 mg,
1.70 mmol) & N 2. 7=, ZEHRFIALK . FBIR CTI7THRIHREE L7125 KOSIAIRIZEtOAC (50
mL)Z Nz 72, SOGIRAHR % /K (50 mLx5), fafiREE/KFEF U v LAKEEK(S0 mL).,
BRI AR (50 mL) THEH L. BitliE~ 27 R o 7 b Tzt . I A T T E LT,
Btz VTN T L~ 7T 7 4 —(CHCl; : MeOH =20 : ) TR L, 3 %
1572(263 mg, 49% for 2 steps, as purple oil),

'H-NMR (CDCl;, 400 MHz) &: 8.02 (d, J = 7.7 Hz, 1H), 7.67 (t, J= 7.5 Hz, 1H), 7.62 (t, J =
7.2 Hz, 1H), 7.16 (d, J = 7.2 Hz, 1H), 6.70 (d, J = 2.2 Hz, 2H), 6.66 (d, J = 8.8 Hz, 2H), 6.60
(dd, J = 8.8 Hz, J = 2.2 Hz, 2H), 5.09 (m, 2H), 4.26 (s, 4H), 3.73-3.64 (m, 32H), 3.52 (t, J =
4.8 Hz, 4H), 3.30-3.26 (m, 12H), 1.44 (s, 18H).

BC-NMR (CDCls, 100 MHz) &: 169.5, 167.7, 155.9, 153.0, 152.4, 152.3, 134.8, 129.5, 128.8,
126.9, 124.9, 123.8, 112.1, 110.0, 102.4, 83.4, 79.1, 70.7, 70.5, 70.44, 70.42, 70.3, 70.1, 48.6,
48.1,44.6,41.3,40.3,28 4.

HRMS (ESI+): m/z calculated for [C53H82N6N32017]2+: 590.2761, found: 590.2765.

Preparation of 4

(e} (e}

o (o]
FmocHN\:)LH/{\/O%)LN/\ K\NMO\/;}” NHFmoc

B N o N
Co,t-Bu ~ O O J t-BUO,C
O
0

4

3 (37 mg, 0.033 mmol)% CH,Cl, (1 mL)IZ#fFE L. 0°C T kU 7 /LA 1 FE#E(0.5 mL) Z i
U, IR TS5 R Uic, WIEZHEE FREEL, kL Mro o CHh L7212
mLx3), YT F /LT —F )L TG L 72 (3 mLx3), 55728 G E K% ik DMF (2 mL)
(VMR L. EtsN (22 4L, 0.16 mmol) & Fmoc-Asp(Oz-Bu)-OH (38 mg, 0.093 mmol) % /Il 2.
720 0 °C 2 A L 7=# . HOBteH,0 (14 mg, 0.093 mmol) & EDC+HCI (18 mg, 0.093 mmol)
FIRAWRICI 2, EHRFEK T, BT S Rl Ulo, ROSEIR 2 BT TR L7z
%, FRii4 CHCL (10 mL)IZIEfE L=, SO IRA R A SRIBEAKSET R U LK
AR (10 mLx2) & fafn & /K10 mL) THEE L, Wit~ 7 R 0 LN TR, TR 2
JE TR ELE, EEY DTSN T L7 a~ J T 7 4 —(CHCL; : MeOH = 20 : 1)
TR L, 4 21372(36 mg, 64% for 2 steps, purple oil).
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'H-NMR (CDCl;, 500 MHz) &: 8.02 (d, J = 7.4 Hz, 1H), 7.75 (d, J = 7.4 Hz, 4H), 7.63-7.60
(m, 6H), 7.39 (t, J = 7.5 Hz, 4H), 7.30 (t, J = 7.5 Hz, 4H), 7.14 (d, J = 7.5 Hz, 1H), 6.92 (m,
2H), 6.67 (m, 2H), 6.64-6.61 (m, 2H), 6.57-6.53 (m, 2H), 6.06—-6.05 (m, 2H), 4.53-4.52 (m,
2H), 4.41-4.37 (m, 4H), 4.23 (m, 6H), 3.74-3.44 (m, 40H), 3.21 (m, 8H), 2.87 (dd, /= 17 Hz,
5.8 Hz, 2H), 2.67 (dd, J= 17 Hz, 5.8 Hz, 2H), 1.44 (s, 18H).

C-NMR (CDCl;, 125 MHz) 8: 170.8, 170.4, 169.5, 167.8, 155.9, 152.5, 152.3, 143.7, 143.6,
141.2, 135.8, 134.8, 129.6, 128.9, 127.7, 127.0, 126.9, 125.0, 124.9, 123.9, 120.0, 112.0,
109.9, 102.4, 81.6, 70.6, 70.5, 70.43, 70.40, 70.3, 70.2, 69.5, 67.1, 51.2, 48.6, 48.1, 47.0, 44.6,
41.3,39.4,37.7, 28.0.

HRMS (ESI+): m/z calculated for [C94H112N3Na2023]2+: 883.3812, found: 883.3829.

Preparation of 5

o} (e}

H 9 Q H
C15H31TN\5)LH/€\/O>4\)LN/\ (\NMO\/%HJS/NEQSHM

o = N o N
Co,t-Bu - O O J +-BuO,C
S5

(¢}
5

4 (36 mg, 0.021 mmol)Z MeCN 2 mL)IZIAfE L, B U /(800 pl) A1 T L7z, il
T 1 REREMRAE L7 2 IR A 8 E N R R L, JRIE 2~ 0 0 THE L72(5 mLxS), 5
b=y 7 Ak & L 2 F (16 mg, 0.063 mmol) % MK DMF (2 mL)IZEEfiFE L .
0 °C ¢ HOBt*H,0 (9.6 mg, 0.063 mmol) & EDC<HCI (17 mg, 0.063 mmol) % S #z N
RTFIT, BREBFMRT, =R T 23 Rk Uc, ROSEIE AL TIRME L. 7RE
(ZK(10 mL) & JN % 72#%12, CHCl; THhH L72(20 mLx3), A#&)E % fafiixfe/KE 7 b
U 7 2ZKEE(30 mL) & faFI A KK (30 mL) TYE L, Wit~ 7 % v 7 A CHREE . ¥
BAWIETHEELE, JBohikiEEz V5N T 570~ N7 F 7 —(CHCl, :
MeOH =30: 1) THRLL . 5 Z1572(14 mg, 38% for 2 steps, as purple oil).

'H-NMR (CDCls, 500 MHz) &: 8.03 (d, J = 7.5 Hz, 1H), 7.66 (t, J = 7.4 Hz, 1H), 7.63 (t, J =
7.4 Hz, 1H), 7.17 (d, J = 7.5 Hz, 1H), 6.97 (brs, 2H), 6.84 (brs, 1H), 6.69 (d, J = 2.3 Hz, 2H),
6.66 (d, J = 8.6 Hz, 2H), 6.60 (dd, J = 8.6 Hz, 2.3 Hz, 2H), 4.75-4.73 (m, 2H), 4.27 (s, 4H),
3.68-3.50 (m, 40H), 3.26 (m, 8H), 2.81 (dd, J = 16.6 Hz, 4.6 Hz, 2H), 2.58 (dd, J = 15.8 Hz,
6.0 Hz, 2H), 2.21 (t, J = 7.4 Hz, 4H), 1.62-1.60 (m, 4H), 1.44 (s, 18H), 1.27-1.24 (m, 48H),
0.88 (t, J= 6.9 Hz, 6H).
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PC-NMR (CDCl;, 125 MHz) &: 173.3, 171.3, 170.8, 170.7, 169.7, 167.9, 153.1, 152.6, 152.5,
135.0, 129.7, 129.0, 127.1, 125.1, 124.0, 112.2, 110.1, 102.6, 83.6, 81.6, 70.53, 70.50, 70.47,
70.44, 70.35, 70.33, 70.26, 49.27, 49.25, 48.7, 48.6, 48.15, 48.13, 44.7, 44.6, 41 .4, 39.3, 37.2,
36.5,31.9,29.7,29.6, 29.6, 29.5, 29.3, 29.2, 28.0, 25.6, 22.7, 14.1.

HRMS (ESI+): m/z calculated for [C%H152N3Na2021]2+: 899.5428, found: 899.5425.

Preparation of 7

o o o

o 9 H
C15H31W/N\:)LN/{\/O>\)LN/\ o (\NMO\/%N)H/NYCHHM
) (@]

: 4
(O N o N
co,t-Bu - O O < +BuO,C
(3L

o
7

5 (84 mg, 0.048 mmol)% EtOAc (9 mL)IZ#f# L, 0 °C T m-CPBA (9.1 mg, 0.053 mmol)
A, SR T 1 RERIEEE Lo, PO A 0 °C IZIm A L 721212 m-CPBA (3.3 mg,
0.019 mmol)Z BN L, =K T 30 /oMiR#R Uiz, SONEBEZ )T T £ Lok, FRif
VTN T e~ N7 T 7 4 —(CHCl; : MeOH=20 : 1 to 5 :1 to 3 : 1) TH5H
L. 7 #%372(23 mg, 22%, a pale purple solid),

'H-NMR (CD;0D, 500 MHz) &: 8.05 (d, J = 10.3 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.69 (t, J
= 7.2 Hz, 2H), 7.63 (t,J = 7.4 Hz, 1H), 7.53-7.57 (m, 1H), 7.10 (d, J = 7.4 Hz, 1H), 6.90 (d, J
= 8.6 Hz, 1H), 6.79 (d, J=2.3 Hz, 1H), 6.69 (dd, J=9.2 Hz, 2.3 Hz, 1H), 6.58 (d, /= 9.2 Hz,
1H), 4.62-4.60 (m, 2H), 4.50 (d, J = 13.7 Hz, 1H), 4.32 (d, J = 13.7 Hz, 1H), 4.20 (s, 2H),
4.16 (d, J = 13.7 Hz, 1H), 4.04-4.02 (m, 4H), 3.56-3.42 (m, 36H), 3.25-3.23 (m, 4H), 2.65
(dd, J = 16.0 Hz, 5.7 Hz, 2H), 2.45 (q, 2H), 2.19-2.10 (m, 4H), 1.48 (m, 4H), 1.32 (s, 18H),
1.18-1.16 (m, 48H), 0.79 (t, J = 6.9 Hz, 6H).

BC-NMR (CD;OD, 125 MHz) &: 176.0, 173.0, 171.2, 170.9, 170.2, 170.1, 156.7, 154.4,
154.1, 153.4, 136.9, 131.5, 130.6, 129.8, 127.6, 126.1, 125.1, 122.1, 113.9, 109.8, 103.1, 83.6,
82.2, 71.74, 71.67, 71.58, 71.56, 71.51, 71.48, 71.45, 71.42, 71.29, 71.26, 71.1, 71.0, 70.4,
51.3, 45.7, 42.6, 40.5, 38.6, 38.5, 38.1, 36.9, 33.1, 30.80, 30.78, 30.76, 30.74, 30.63, 30.51,
30.48, 30.3, 28.4, 28.4, 26.9, 23.7, 14.5.

HRMS (ESI+): m/z calculated for [CosH;5:NgNa,0,]*": 907.5403, found: 907.5382.
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Preparation of Mem-RhoNox
o (o]

H 9 Q H
c15H31WNiQLH{Vo>:)LN/\ pNMo%H%NECmHm

© Scopm o O ° O\Ny HO,C
O

(¢}
Mem-RhoNox

7 (7.3 mg, 0.0041 mmol) % CH,Cl, (1 mL)IZ#%5f# L, 0 °C CTTFA (1 mL)Z i | L7212,
IR T 2 Refiee Lo, AT TR E LRI, ikx e T L7, 15
LN A VAN Y TN T A a~ 7T 7 4 —(CHCl; : MeOH = 100 : 1
to 50 : 1) THEEL L, Mem-RhoNox % 437-(4.1 mg, 60%, as a pale pink solid).

'H-NMR (CD;0D, 500 MHz) &: 7.98-7.96 (m, 2H), 7.82-7.71 (m, 1H), 7.70 (t, J = 7.4 Hz,
1H), 7.65 (t,J= 7.2 Hz, 1H), 7.59-7.57 (m, 1H), 7.12 (d, /= 8.0 Hz, 1H), 6.99 (d, J = 8.6 Hz,
1H), 6.74-6.72 (m, 1H), 6.69 (dd, J = 8.6 Hz, 2.0 Hz, 1H), 6.58 (d, J = 8.6 Hz, 1H), 4.60—
4.59 (m, 3H), 4.34 (d, J=13.7 Hz, 1H), 4.20-4.14 (m, 6H), 4.00-3.98 (m, 1H), 3.61-3.37 (m,
39H), 3.25-3.20 (m, 4H), 2.81-2.75 (m, 2H), 2.71-2.68 (m, 2H), 2.57-2.53 (m, 2H), 2.12—
2.11 (m, 4H), 1.48-1.47 (m, 4H), 1.18-1.16 (m, 48H), 0.79 (t, /= 6.9 Hz, 6H).

PC-NMR (CD;0D, 125 MHz) &: 176.2, 173.9, 173.2, 170.8, 170.3, 170.2, 154.4, 153.9,
153.4, 153.3, 136.9, 131.7, 131.3, 129.8, 127.6, 126.2, 125.1, 123.1, 116.6, 116.5, 114.0,
111.4, 109.5, 103.0, 83.4, 71.7, 71.6, 71.52, 71.45, 71.41, 71.3, 71.2, 71.1, 70.9, 70.5, 70.4,
51.3, 45.7, 42.6, 41.2, 40.5, 37.9, 37.1, 37.0, 36.9, 33.1, 30.8, 30.6, 30.5, 30.4, 30.3, 26.9,
23.7, 14.5.

HRMS (ESI-): m/z calculated for [CggH 35N304,] : 1655.9696, found: 1655.9670.
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Preparation of Mem-Rhodamine

C15H31TN%N&OMN/\ (\NMO\/)Z

N
O Scon o O ° O N Ho
S5

(0]

Mem-Rhodamine
5 (6.5 mg, 0.0037 mmol) % EtOAc (1 mL)IZ#f# L, 0 °C T 4 M HCVEtOAc (1 mL) % il
L7z, IR T 20 FFIRER L7122, ROSIEAIRICA~F Y (5 mL)Z MMz 7o, AU
L 2 I8 E L CUE F e X4, Mem-Rhodamine % 457-(4.3 mg, 68%, as a purple
solid)s

'H-NMR (CD;0D, 500 MHz) &: 8.16 (d, J = 7.4 Hz, 1H), 7.81-7.80 (m, 1H), 7.73 (t, J=7.4
Hz, 1H), 7.68 (t, /= 7.4 Hz, 1H), 7.24 (d, J= 7.4 Hz, 1H), 6.97-6.95 (m, 6H), 4.59 (t, /= 6.6
Hz, 2H), 4.21 (s, 4H), 3.66-3.46 (m, 40H), 3.39 (t, J = 5.4 Hz, 4H), 3.24-3.20 (m, 4H), 2.70
(dd, J=16.9 Hz, 6.0 Hz, 2H), 2.55 (q, J = 8.0 Hz, 2H), 2.11 (t, /= 7.4 Hz, 4H), 1.48 (t, J =
6.9 Hz, 4H), 1.17-1.15 (m, 48H), 0.79 (t, J = 6.9 Hz, 6H).

PC-NMR (CD;0D, 125 MHz) &: 176.1, 173.8, 173.2, 170.5, 169.0, 158.0, 157.3, 134.6,
131.8, 131.5, 130.7, 130.7, 129.6, 115.3, 114.5, 99.9, 99.8, 71.58, 71.48, 71.46, 71.43, 71.32,
71.26, 70.9, 70.5, 51.3, 48.3, 47.8, 45.1, 42.4, 40.4, 36.94, 36.86, 33.1, 30.81, 30.76, 30.6,
30.50, 30.47, 30.3, 26.8, 23.7, 14.5.

HRMS (ESI-): m/z calculated for [CgsHi35NgO51] : 1639.9742, found: 1639.9729.

3. Ac-RhoNox 33 X % Ac-Rhodamine D&f%

Preparation of 6

(o} o [0}

MSYH%H&OMN/\ ﬁNMOV%HJ%HTgMe

o = N o N
COo,t-Bu ~ O O < t+BuO,C
O
0

6
4 (84 mg, 0.049 mmol)Z MeCN 3.5 mL)IZHEMEL ., EXY P (1S5mL) & F L7, =
IR C 1 RERMRE L7 RIS B2 8 E TREE L, Bl &~ 3 o THdg L72(5 mLx35),
‘ol s aEiREZ e ) 20 Q mL)IIEM L, HEAKFERE(14 4L 0.15 mmol) Z i
L721210, SR T 2 REfIIHR L7z, ROSHEEAIE TR E L, BiEx bro Tl
L7z, BoniEiz s V5 Vvh 7 57 va~ 757 ¢—(CHCl; : MeOH =50 : 1 to
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10: ) THEILL, 6 21572(38 mg, 62% for 2 steps, as purple oil).

'"H-NMR (CDCl, 500 MHz) 5: 8.02 (d, J = 7.4 Hz, 1H), 7.67 (t, J = 7.2 Hz, 1H), 7.62 (t, J =
7.2 Hz, 1H), 7.16 (d, J = 7.4 Hz, 1H), 6.98-6.95 (m, 4H), 6.69 (d, J = 2.3 Hz, 2H), 6.64 (d, J
= 9.1 Hz, 2H), 6.60 (dd, J = 8.6 Hz, 2.1 Hz, 2H), 4.76-4.72 (m, 2H), 4.27 (s, 4H), 3.73-3.63
(m, 32H), 3.52-3.51 (m, 4H), 3.42-3.41 (m, 4H), 3.28-3.25 (m, 8H), 2.81 (dd, J = 16.6 Hz,
4.6 Hz, 2H), 2.61 (dd, J = 16.6 Hz, 6.3 Hz, 2H), 2.02 (s, 6H), 1.44 (s, 18H).

BC-NMR (CDCl3, 125 MHz) 6: 171.2, 170.6, 170.2, 169.7, 167.9, 153.1, 152.6, 152.5, 135.0,
129.7, 129.0, 127.1, 125.1, 124.0, 112.2, 110.1, 102.5, 83.7, 81.6, 70.6, 70.5, 70.44, 70.38,
69.7,49.6,48.7,48.2,44.7,41.5, 39.5,37.3, 28.1, 23.3.

HRMS (ESI+): m/z calculated for [C63H93N8021]2+: 631.2616, found: 631.2627.

Preparation of 8

O o} e}

o 9 H
MeW/N\i)LH/{\/OMN . pNMO%u)ﬁ/NTMe
°© \Cozt—Bu bN O °© O Ny +-BuO,C °©

6 (34 mg, 0.027 mmol)% EtOAc (1.5 mL) & CH,Cl, (0.5 mL)DIEA AR L, 0 °C
C m-CPBA (5.2 mg, 0.030 mmol)Z I % 7=, =i T 1 REEHHR U 722 T RS I 4 U+
THEEL FBEZ YISV T L a~ N7 T 7 4 —(CHCl; : MeOH=30: 1 to 20 :1
to7: 1) THH L, 8 Z157-(8.6 mg, 23%, as a colorless solid),

'H-NMR (CD;0D, 500 MHz) 3: 8.04 (d, J = 13.2 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.70 (td,
J=7.4Hz, 1.1 Hz, 1H), 7.64 (t, J = 7.2 Hz, 1H), 7.60~7.56 (m, 1H), 7.12 (d, J= 7.4 Hz, 1H),
6.92 (dd, J = 8.9 Hz, 2.0 Hz, 1H), 6.81 (d, J= 2.3 Hz, 1H), 6.72 (dd, J = 8.9 Hz, 2.0 Hz, 1H),
6.59 (d, J = 9.2 Hz, 1H), 4.62-4.59 (m, 2H), 4.51 (d, J = 13.7 Hz, 1H), 4.39 (d, J = 14.3 Hz,
1H), 4.21 (s, 2H), 4.16 (d, J = 14.3 Hz, 1H), 4.01-3.98 (m, 4H), 3.64-3.37 (m, 40H), 3.28—
3.26 (m, 4H), 2.64 (dd, J = 16.0 Hz, 5.7 Hz, 2H), 2.44 (q, J = 8.0 Hz, 2H), 1.87 (s, 6H), 1.32
(s, 18H).

“C-NMR (CD;OD, 125 MHz) &: 173.1, 173.0, 173.0, 171.4, 171.3, 170.9, 170.2, 170.2,
156.7, 154.5, 154.1, 153.4, 153.2, 136.9, 131.5, 130.7, 129.8, 127.6, 126.1, 125.1, 122.2,
114.0, 111.4, 111.3, 109.8, 109.1, 103.9, 103.1, 101.5, 96.3, 95.2, 93.5, 87.5, 83.6, 82.3,
71.73, 71.66, 71.55, 71.49, 71.47, 71.43, 71.39, 71.28, 71.25, 71.03, 71.98, 70.4, 58.3, 51.4,
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45.7,42.6,41.3, 40.5, 38.6, 38.5, 38.1, 28.3, 22.6, 18.4.
HRMS (ESI+): m/z calculated for [C63H93N8022]2+:703.3237, found: 703.3263.

Preparation of Ac-RhoNox

Mewnﬂu{vo)})(ih‘/\ ) K\NMO\/%

E [oN
T MO
2

(6]

Ac-RhoNox

8 (29 mg, 0.021 mmol)Z CH,Cl, (1 mL)IZ#fE L, 0°C T TFA (1 mL)Z{if§i T L7z, =ik
T 3 IR L 72RO 2 TIRME L. IRV T M T LT, fbh
7-¥%# % Sep-Pack C18 cartridge (MeOH: H,O = 0 : 1 to 1 : 5to 1 : 2) CHRIL
Ac-RhoNox Z#1572(21 mg, 81%, as a pale pink solid),

'H-NMR (CD;0D, 500 MHz) &: 8.04 (dd, J = 10.3 Hz, 1.7 Hz, 1H), 7.95 (d, J = 7.4 Hz, 1H),
7.86 (t,J = 5.7 Hz, 1H), 7.69 (t, J = 7.4 Hz, 1H), 7.63 (t, J = 7.4 Hz, 1H), 7.57 (t, J= 9.2 Hz,
1H), 7.12 (d, J = 8.0 Hz, 1H), 6.92 (d, J = 8.6 Hz, 1H), 6.78 (d, J = 2.3 Hz, 1H), 6.69 (dd, J =
9.2 Hz, 2.3 Hz, 1H), 6.58 (d, J = 8.6 Hz, 1H), 4.76-4.74 (m, 1H), 4.59 (t, J = 6.6 Hz, 1H),
4.50 (d,J = 143 Hz, 1H), 433 (d, J = 13.7 Hz, 1H), 4.20 (s, 2H), 4.15 (d, J = 14.3 Hz, 1H),
4.01-3.98 (m, 4H), 3.63-3.36 (m, 38H), 3.27-3.23 (m, 4H), 2.67 (dd, J = 16.6 Hz, 5.7 Hz,
2H), 2.55 (q, J = 8.0 Hz, 2H), 1.87 (s, 3H), 1.87 (s, 3H).

BC-NMR (CD;OD, 125 MHz) &: 173.2, 173.2, 170.9, 170.3, 170.3, 156.3, 154.5, 154.1,
153.4, 153.2, 136.9, 131.6, 130.7, 130.7, 129.8, 127.6, 126.2, 125.2, 122.3, 114.0, 109.7,
103.1, 83.6, 71.74, 71.66, 71.57, 71.51, 71.48, 71.46, 71.42, 71.29, 71.25, 71.1, 71.0, 70.4,
51.5,45.7,42.6,41.4,40.5, 22.6.

HRMS (ESI-): m/z calculated for [C60H78N8022]27: 631.2616, found: 631.2627.

Preparation of Ac-Rhodamine

Mewnﬂu{yo%ih‘/\ (\NMOV)Z

N
© Scom o O © O N Ho
O

(0]

Ac-Rhodamine

6 (7.7 mg, 0.0062 mmol)% CH,Cl, (0.5 mL)Z¥f# L. 0°C T TFA (0.5 mL) % F L7=,
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R T2 R L. ROSIRBEZBIE TR E LRI, b= T L7z, 5b6h
72 5% % Sep-Pack C18 cartridge (MeCN: H,O=0:1to 1:5)CFkiHl L, Ac-Rhodamine %
1572(6.4 mg, 87%, as a purple solid),

'H-NMR (CD;0D, 500 MHz) &: 7.95 (d, J = 7.4 Hz, 1H), 7.66 (t, J= 7.4 Hz, 1H), 7.61 (t,J =
7.2 Hz, 1H), 7.11 (d, /= 7.4 Hz, 1H), 6.78 (d, J = 2.3 Hz, 2H), 6.73 (dd, /= 9.2 Hz, 2.3 Hz,
2H), 6.64 (d, J=9.2 Hz, 2H), 4.58 (t, J = 6.6 Hz, 2H), 4.21 (s, 4H), 3.58-3.52 (m, 32H), 3.39
(t, J=5.7 Hz, 4H), 3.34-3.32 (m, 4H), 3.30-3.23 (m, 4H), 3.21-3.20 (m, 4H), 2.67 (dd, J =
16.6 Hz, 5.7 Hz, 2H), 2.65 (dd, J= 16.6 Hz, 6.3 Hz, 2H), 1.87 (s, 6H).

BC-NMR (CD;0D, 125 MHz) &: 173.3, 173.2, 173.2, 170.4, 170.4, 155.0, 155.0, 154.9,
135.8,131.2, 130.3, 126.9, 126.3, 113.8, 111.7, 102.4, 71.63, 71.56, 71.53, 71.47,71.41, 71.3,
71.0,70.5, 51.6, 45.6, 42.6, 40.5, 22.7.

HRMS (ESI-): m/z calculated for [C60H78N8021]2_: 623.2647, found: 623.2632.

4. WINIB L OEOEA~NT FAVRIE

SO RTIN A~ 7 R LXK, Agilent 8453 photodiode array spectrometer (equipped with
a Unisoku thermo-static cell holder (USP-203))Zfifi f L CHlllE L 7=, EE/VIX, HKE
1 em THIEREDN3 mLO b D Z Ve, HEAT FVRIEIL, JASCO FP6600 %
MU THIE U7z, RS 2 R IES nm, #OEH S > RibgE6 nmiZ ik E L CTHIE L7,
VUi A 5 VOB R 23 em THIEREA3 mLO b O & iz, ZTO AT b
NPEIZBNT, 7 —7 B LS T DR AR OREIT2 4M (from 1 mM
stock solution in DMSO) & L 7=,
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pHAEK A7 R
pHIKFMERRBR 21772 9 BRI, KA ZRIREICHHERL L 72200 mM @ U > BRFEEHE H Tl
JC  ARAEY

5 B AR E
SR UER 1T . HEPESFEE 1%(50 mM, pH 7.4)™ . #aser PL&E I R & 3 &

Quantaurus-QY absolute photo-luminescence quantum yields measurement system

(C11347-01, Hamamatsu Photonics) % FW CHIIE L7z, .

& JE PSR

K385 4 )@ fE(MnSO,, CoSO,, NiSO,, FeSO,, FeCls, CuSO;,, ZnS04)i%10 mM®D A k v
7 IKESHR % HEPESFEHIR H CAIR L, BofCIREA20 uM & Lo, T V@A 4
BIOT A Y HHEEEA 4 L FE(NaCl, KCl, MgCl,, and CaCL)IZ1 MDA k v 7 /KIR
K % HEPESFR AR F CAML . REREA 1 mM & Lz, —fliD#l1 42 DG4I
Cu(CH;CN),]PE,ZMeCNIZVAfR L, 10 mMOEEICHB LI b DE2 A by Z7IRIRE L
THEMA L=,

Tl FR A T T D SRR PERER

HEPESHEER ', 2 uM D Ac-RhoNox % LL F O CIRFAIE L, #E AT ~v
HE A FEh L 7=,
Na,S,03 : 100 ¢M (from 100 mM stock solution in water).

Sodium ascorbate: 1 mM (from 100 mM stock solution in water).

Cysteine : 1 mM (from 100 mM stock solution in water).

Glutathione : 1 mM (from 100 mM stock solution in HEPES buffer). A kv 7 ¥
TNE T DR THIEL 25720 KT U 7 LKESHE T
BofépHZ 7427 T LT=,

P-NADPH : 200 M (from 10 mM stock solution in water).

NaNO, : 100 pM (from 100 mM stock solution in water).

O, : 100 M (from saturated KO, solution in DMSO (ca. 1 mM)®).

H,0, : 100 M (from 100 mM stock solution in water).

*OH : 200 M H,0, & 20 gM FeSO, % 181 L Fenton s tZ & ¥ «OH
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BRAEIHET-, DMSOIZE R I LDy o Fx—LiDb
72 DMSOD X U [IZDMF % iV T Ac-RhoNox D A kv 7 ¥k %

L7z,
NaOCl : 100 uM (from 100 mM stock solution in water).
NO : 100 M NOC-5 (from 10 mM stock solution in 0.1 M NaOH agq.).
holoTf : 20 uM (from 100 uM stock solution in HEPES buffer (50 mM, pH 7.4)).

DFO + Fe(Il) : 100 uM DFO (from 10 mM in stock solution in water) D {7-/E F T/ 1 —
7 %20 uM FeSO, & i 7=,
TR AR K B R DT E
2 uM Ac-RhoNox% 50 mM HEPESHEE i (pH 7.4) ' TH-Hi)R L (OFeSO, & =5l T 1
MRS SE 7RIS, R ER 2 HE Lo, Kt iE96-well plate (Greiner) | C 5
L. SIS ORIEIZGlomax® Multi Detection System (excitation = 525 nm, emission =
580—640 nm) % U T,

5. LCMSIZ & 5 )i f#tT
B L RO S CHEE LT,

6. HfuREE
B L RO KM TSR 21T/ > 1=,

7. FERENA AT T

AR A A — > 71X, Olympus IX83E 37 RUBAFEE(130 W/KER 7 >, EMCCD 7 A
7 (Hamamatsu Photonics, ImagEM), 7 AHlfHIZEE S AT —2 A F 2 X—% (STX
series, TOKAI Hit, Japan), 7 4 A7 A% ¥ s IHEHa=v F (DSU)ZMHEH L THE
A NA A=V TR AR LTz, d0tA A —2 2 ZEIL, Mem-RhoNoxis LT
Mem-Rhodamine FH 3 D2 ) % #1239 5 554 13 Rhodamine filter set (excitation = 532-554
nm, emission = 572-642 nm, and dichroic mirror = 565 nm)Z £ ] L. Alexafluor488-TfH
kDA T 2 A IXFITC filter set (excitation = 465-500 nm, emission = 516-556
nm, and dichroic mirror = 495 nm)Z{EH L7z, 2 TDA A —T > FERIZEWT, 60
FEOMWRMNY L > X2 L, B#iiXHank’s Balanced Salt Solution (HBSS, Gibco,

containing calcium and magnesium without phenol red) %z %R L 7=,
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HERE L~ 0D SR {ENE O R RE

HepG2#fificl 2 HBSS T2[RI¥E# L 721% . Mem-Rhodamine (0.2 M in HBSS).5 (0.2 4M in
HBSS). F7z!XAc-Rhodamine (0.2 zM in HBSS)% I 2. 7=, 304737 °CTA > F 2 —
hL72f%, HBSST2MIP L, ZNENENA A=V T2 T T,

ARSI C D BRI ENE D fifERR

HepG2iJil 2 HBSS C2[al ¥4 L 7% . MemRhoNox (1 £M in HBSS)% iz, =iE T
105/ A % a_X—hF L7, HBSST2E ¥ L%, ME%E210 oM
Fe(NH,)»(SO,),*6H,0 (FAS, from 10 mM stock solution in water) % 721310 £M ferric

ammonium citrate (FAC, from 10 mM stock solution in water) CALEL L, 304737 °C T
v a2— | L7z, HBSSIZ X 0 e 2 1T 220 g0 A =2 7 & E i LT,
BA A F L—F — OTRINLBETORESR OPHEERR Tld, deferoxamine (DFO, from 10
mM stock solution in water) & 7= /X diphenyleneiodonium chloride (DPI, from 10 mM stock
solution in DMSO)DAFEIE F THIMIIZFAS £ 72 1ZFACZ SN L 7=, Control FEBRIZIB T
1%, %3 % EDvehicle (FAS, FAC, and DFO: water, DPI: DMSO) & Iz 7=, &5 7z
WA A—T 2 7 EHRIL, Imagel & U THENT L 7=,

b7 AT = V) SRR
HepG2#ifi 2 HBSS C2[ml ¥ L 7% . Mem-RhoNox (1 xM in HBSS)% iz, =iE T
GyfA % a— b L7, M2 HBSS T2yt Lotk LA ISR &R THA
LT TRESA A=V T EE L, G A 153 B30 R L,
(a) Control: HBSSD# T3047f#37 °CTA »Fa~— |k LTz,
(b) holoTf: 5 uM holoTf (from human blood, Wako Pure Chemicals, from 100 #M stock

solution in HBSS)MHBSSIAIX T304 f#37 °CTA v F aX— |k L7,

(c) holoTf + apoTf: 5 uM holoTf& L V25 uM apoTf (from human blood, Nacalai Tesque,
from 100 zM stock solution in HBSS)(DHBSS¥F#K TALEE L, 304337 °CTA v F =
~N— kL7,

(d) holoTf+ NaNj: 5 M holoTf} X ' mM NaNj; (from 100 mM stock solution in HBSS)
DOHBSSEHE CTHLEE L, 3043f#137°CTA »F a— b LT,
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(e) holoTf+ NH,CI: 5 pM holoTfF £ U220 mM NH,CI (from 2 M stock solution in HBSS,
pH was adjusted to 7.4 by addition of 2 M NH; aq.) /O HBSSY&K CALEE L | 304737 °C
TAVFaX—hLT

(f) holoTf + DFO: 5 gM holoTf3 L T'00 M DFO (deferoxamine, from 10 mM stock
solution in water, pH was adjusted to 7.4) MOHBSSIEHE CHLEL L . 3047837 °CTA »
FaX—hLT7,

(g) MnTf: 5 pM MnTf (from 83 uM stock solution in 50 mM HEPES (pH 7.4), prepared
from apoTf and MnCl, as previously described”™*) (OHBSSIFIE THLELL . 3045 [
37°CTA »FaX— kLT,

WAL N T VAT = U v & QI EER

HepG2#ifi 2 HBSS C2[al ¥ L 7% . Mem-RhoNox (1 xM in HBSS)% iz, =iE T
1055 A % 2 _X— k L7z, Mla%HBSS T2EIBEE L7, AlexaFluor 488-labeled
holoTf (1 M in HBSS)Z %, 37 °CT2043[#A > % = ~— k L7z, HBSSC2[EI¥EH L
Tetle. S NVFAT—wMA A=V T HRER LT,

8. ~ U AHRIERMAREMILDOFIREEE L BA A -V T ER
~ U A HRME S AR R R O R EE 2R

ICR mice (Shimizu, Japan)| L ER FE—HMlakt & o A 7 LR (1ICeMS) DB 5
Brftiak (2 CREA L7z, AMFZEIL. the Guide for the Care and Use of Laboratory Animals

N

from the Society for Neuroscience (2> TZ¥{T Z 41, the Animal Care and Use Committee
of Kyoto University DR [ 2 1F 72 b D TH 5,

HER AR AN O PIREE R IL, BEOREUEEEZMZ, LLFO#@Y I8 -7-, £
T, < U AR IEP0)H) O B A2 fiftH L. SUMITOMO Nerve-Cell Culture System
(Sumitomo Bakelite) % A\ CHENE & 231k S H 72, 201 S B 72 M 133.0-3.5% 10" cells/cm”
(4.5-5.0x10" cells per chamber) % & Cglass-bottom 8-chamber cover (Matsunami Glass,
Japan)IZ#EFE L 7=, 77 AR M AT ¢ w3 21X, poly-L-lysineZ MEM (supplemented with
10% horse serum (Gibco), 0.6% D-glucose, 1 mM sodium pyruvate and 1% pen-strep) | Z %
LIebDTRE L, a—T 4 T &2{TRolcb D&M Uiz, 3RM%, itz
Neurobasal-A (supplemented with B-27 supplement and GlutaMAX (Gibco))|ZA3H#a L 7=, &
D%, 37 °C, 5% COyf ¥ 2 _—Z —Z N TI5H AR L7z, GFPEAES hie
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AR 2 BRI 25 A01%. 558B4A2 B % IZpCAG-EGFP~ 7 A X K % Lipofectamine2000
(Thermo Fisher Scientific)Z F VW THEBAFEAMAIZ R T v A7 =72 a LT,

WA A=V T DS DR E

DIVIS DM 2 W28 oA A—2 > 7%, £ CTHBSSE R & LT L,
WA A= T HHGIILSMT103 A T A(GaAsP QUASARKE Hi#s, [RIEH A - 1 (it
WA A A= T TF v ) B HWTHRE L7e, #52(EPlan Apochromat 40x

objective (excitation: 561nm, detection: BP 575-610 nm, scanning speed: 3.15 usec/pixel,

optical zoom: X1)DZRIFCTHEM L7z, B2 AR—/L£IE] airy unitlZ5%E L7z,

F I RT =) DEIFER
DIV 15O 5 A 2 HBSS C 1A% L 7% . Mem-RhoNox (5 M in HBSS) % /il %,
FIRTI0 WA ¥ 2— b L7z, Mg ZHBSS T2l L7z, AR &I
THA LT TRAENA A=V T 2FER L, dOCEGZ 15352305 R L7,
(a) Control: HBSS®D# 37 °C T304 A > F 2_X— K L7z,
(b) holoTf: 5 M holoTf (from 100 zM stock solution in HBSS)?DHBSSA % C37 °C T30
A ¥ aX— kLT,
(¢) holoTf + DFO: 5 uM holoTf3 L T'00 M DFO (deferoxamine, from 10 mM stock
solution in water) MOHBSSY&EIK CLEL L, 37 °C T3040 A v F =2_X— K L7,
A A=V THEGORREIL, Z-stack BEREZ VT, AF ¥ U EIZ 5 DD Zslice &
R L7, 5 DD Z-slice O Tl bIEE D&\ E# % ZEN black software (Zeiss)?
Maximum Intensity Z-projection #§6E % IV CHiH L. fliH 1% % Image] CHEHT L 7=,
HOEEG 2 E LT D72 01T, Ml z & T ROI 25 E L. ROLIZE T D HOLIREA
b ZfifbT L7z,

9. TV RY—ALHITBITE Mgk F v DHEEEDEH
T RY—AD¥REE rx 100nm (=7 x 10° ecm) &9 5 &, =2 KV —LDEBWV
[em’ =V [mL]) IZLLFDO LI ICRTZENTE S,

4
V= §7T(r x 1075)3

FNTZU AT 2V UinbIE 2 DO8A AU BHIN LT, =0 R — LHIFEET
HERIF T DOFENLE(N)L, 2/Ny & 725 (Na: Avogadro constant), LA EL YD, = KNV —
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DDA A EREM, IMDIZLLTFD L 9 ITREN5,

_ (2/Ny)
~(V x 1073)

VIZEET 22 MIZETARUMCATHE, =0 RY—AFO8A 4 1BE ML,
T RY—L2D¥FErEZHOVTLUTO LY I2EEINS

M——stleM-—ZS M
_7'[7"3 []_7'[7"3“1]

B Y —2OEZAT100nmBEEIND7=Dr=05 AT L, EitoX
X0, = RY—AHO A A U REMIZELZ 62uM EHEE SIS,
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REITR T HREEE—
Ac : acetyl
apoTf: apo transferrin
Boc : t-butoxycarbonyl
Bpy: 2,2’-bipyridyl
DMSO : dimethylsulfoxide
DMF : N,N-dimethylformamide
DMT-MM : 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride
DFO: deferoxamine
DIC: defferential interference contrast microscope
DPI: diphenyleneiodonium chloride
DMT1: divalent metal transporter 1
EDCI-HCI : 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrogenchloride
Fmoc : 9-fluorenylmethoxycarbonyloxy
Fmoc-Asp(O-fBu)-OH : N-Fmoc-L-aspartic acid 4-¢-butyl ester
FluNox: Rhodol-N-oxide
FAS: ferrous ammonium sulfate
FAC: ferric ammonium chloride
GFP: green fluorescent protein
HOBt : 1-hydroxybenzotriazole
HEPES: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
holoTf: holo transferrin
mCPBA : 3-chloroperoxybenzoic acid
MEM: minimum essential media
MnTf: manganese transferrin
PBS: phosphate-buffered saline
ROI: region of interest
STEAP3: six-transmembrane epithelial antigen of the prostate 3
Tf: transferrin

T{R: transferrin receptor
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