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(M E3F3 0001) HEFEH 1: Kim, H.J., Lee, S.J., Park, S.Y., Jung, J.H., Kim, J.S.: Detection of
Cu(II) by a chemodosimeter-functionalized monolayer on mesoporous silica. Adv. Mat. 20, 3229.3234
(2008)

(M E3&3 0002) HIE3E3 2: Kim, H.J., Hong, J., Hong, A., Ham, S., Lee, J.H., Kim, J.S.: Cu2+ -
induced intermolecular static excimer formation of pyrenealkylamine. Org. Lett. 10, 1963.1966 (2008)
(ME3 &3 0003) wWESFES 3: Kim, Y.-R., Kim, H.J., Kim, J.S., Kim, H.: Rhodamine-based "turn-on"

fluorescent chemodosimeter for Cu(II) on ultrathin platinum films as molecular switches. Adv. Mat. 20,
4428 .4432 (2008)

(M &3 53 0004) H]E3FE3 4: Dodani, S.C., Leary, S.C., Cobine, P.A., Winge, D.R., Chang, C.J.: A
targetable fluorescent sensor reveals that copper-deficient SCO1 and SCO2 patient cells prioritize
mitochondrial copper homeostasis. J. Am. Chem. Soc. 133, 8606.8616 (2011)
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AQ W, B owge) WAF AW A ohrh,

HhE-& gk Ax2AIZ fEl 878 ol &3t A EH7]A Fadsglth. 2 ARvtEO Y 24S 9
& Ag)7t 2 60 (Merck, 0.063-0.2 mm)< o] &3}gith, ®A& urE 3 2uleE 189 Merck 60 F254 2127}
A (28 AAL AE, F4 0.25 m)S o]&3te] Fadsgrt. tE EE AYdELS Sigma-AldrichZFH
Qg Qe ol ol gatgdth. H 2 UC NR AHES Varian 300 2 400 Mz 2ZAelA CDCl,eH
CDsOD (Cambridge Isotope Laboratories, ZRE.Z]A], MA)E o] &3&te] =A3stPct. BE 3}sto]% & Y F

AZA TMSe IAE o] &3te] ppm #OoE 7SS TE. 94 HPLC ¢S E48 Zorbax C18 (3.5 pm, 4.
X 150 mm)3} Shim-pack VP-ODS (4.6 < 150 mm) Z&S H|3F Agilent HPLC(Agilent 1100 AJ2]=), ofH]&
€ XBridge C18 (5 pm, 19 X 150 mm) ZHS 4|3+ Waters HPLC(Waters 600)E o]&3te] F3saict. #4
9 238 HPLCE 918 &2 4.5 nl/&EolAtt. o)E4E 93] ¢F8&H A (0.1% v/v TFAZF 23te &) 92 <&
=49 B (0.1% v/v TFA7} 238 ofAEYEZ)E o] 83t & ;Luﬁe AFskodek.  ESI deF wdwAle
LC/MS-2020 Series(Shimadzu) 71715 o]-&3to] A A5},

FA

at7) e 16 Ak ow e vl ol HEE 1 #AeA. A6l Bnw w bl shaE 35
2 A=zs9Ytt (Lee, Y.H., Park, N., Park, Y.B., Hwang, Y.1 J., Kang, C., Kim, J.S.: Organelle-
selective fluorescent Cu2t+ 1ion probes: revealing endoplasmic reticulum as reservoir for Cu-
overloading. Chem. Commun. 50, 3197.3200 (2014); Maryanoff, B.E., Reitz, A.B., Duhl-Emswiler, B.A.:
Stereochemistry of the Wittig reaction. Effect of nucleophilic groups in the phosphoniumylide. J. Am.
Chem. Soc. 107, 217.226 (1985)). 3}¢t& 29 @S fl8iA, EdESFLRoERS vVl sigke 39 4
AFE71E AAG § DF SOl 1-E-3-3-(Hudetn| ) T2 d) 72 B r]o]n| =9} 4-(N, M-t H " olr) ) 7] 2]
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A QA2 BEE 25 53T (51.0 mg, 44%). i NMR(CDCl3, 400 MHz): & 8.58(d, 2H, J=4.1 Hz),

8.37(d, 1H, J=8.5 Hz), 8.30(d, 1H, J=8.0 Hz), 7.81-7.54(m, 15H), 7.56(t, 2H, J=7.4 Hz), 7.16(t, 2H,
J=6.0 Hz), 7.01(t, 3H, J=6.6 Hz), 6.76(d, 1H, J=8.9 Hz), 4.40(s, 4H), 4.37(t, 2H, J=6.1 Hz), 3.80-

3.61(m, 14H), 3.29(t, 2H, J=4.6 Hz), 2.72(t, 2H, J=6.7 Hz) ppm. C NMR(CDCls, 100 MHz): & 172.5,

171.3, 164.7, 164.3, 156.0, 154.6, 152.8, 149.4, 136.9, 135.4, 134.9, 133.6, 133.5, 133.0, 131.5,
130.7, 130.6, 123.9, 122.8, 118.3, 117.5, 115.2, 108.1, 104.5, 70.7, 70.3, 70.0, 68.3, 60.5, 59.2,
53.6, 50.8, 39.9, 38.7, 35.3 ppm. ESI-MS: m/z(M+) ZIAFA] 926.4, A=A 926.7.(Mt).

(b) s}3HE 1°] 3

zagez pg-D-ZFEIH=AE (3IFE 5) (8.2 mg, 0.38 mmol)$t FE 2 (35.0 mg, 0.38 mmol)S F-
THE (1 mL)o] &&AHT. e, of~2m32HAJEF (1.8 mg, 0.04 mmol)d} FAFFE](11) (2.3 mg, 0.04
mmol) 9] &8 H7IeFer. A 9 EFES Aol WA wwHkedtk. HPLC AAl ¥ 3FE 1 (22.0

ol
ol
mg, 51%)& F53FAUTE. I NMR(CDsOD, 400 MHz): & 8.52(d, 2H, J=4.4 Hz), 8.30(m, 2H), 7.88-7.69(m,

15H), 7.67(t, 2H, J=7.4 Hz), 7.26-7.20(m, 4H), 7.14(d, 2H, J=7.8 Hz), 6.81(d, 1H, J=8.6 Hz), 4.81(d,
2H, J=12.5 Hz), 4.60(d, 2H, J=12.3 Hz), 4.43(br, 2H), 4.32-4.27(m, 3H), 4.24(t, 2H, J=4.9 Hz), 3.88(t,
2H, J=6.2 Hz), 3.81(d, 2H, J=3.2 Hz), 3.77-3.68(m, 6H), 3.62-3.40(m, 10H), 2.67(t, 2H, J=6.3 Hz) ppm.

“C NMR(CDOD, 100 MHz): & 174.5, 165.9, 165.8, 157.1, 156.4, 154.2, 150.2, 138.7, 136.5, 136.5,

135.9, 134.8, 134.7, 134.0, 132.8, 131.7, 131.5, 125.5, 124.3, 120.9, 119.7, 119.5, 118.8, 116.4,
108.5, 105.7, 104.2, 76.8, 74.9, 72.4, 71.4, 71.4, 70.3, 70.3, 69.1, 62.9, 62.6, 60.0, 51.3, 40.5,
40.0, 35.9, 34.7, 30.8 ppm. ESI-MS: m/z(M+) AIAFX] 1144.5, A ZX] 1144.6. (M+).
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CuIDe W Z2n 19 2Yshy 54 W] Ga4 IDZ BA) 9 EAsks FEld Z2n 19
Wivis 3 @9 WsE ALY, RE 3 %a 9% e HEPES $%89 (20 i, pHl 7.4)014 AA55
DNSOSt & gl Beah eghth. FAMOR, 33 FFF Zol SF=E 1 2L GSH, ATP, Val, Tyr, Thr,
Tau, Ser, Pro, Phe, Met, Lys, Leu, Ile, His, Gly, Gluc, Glu, Gln, Asp, Asn, Arg, Ala, Li(I), Na(l),
K(I), Ca(II), Sr(II), Ba(Il), Co(II), Mg(II), Hg(II), Cd(II), Fe(II), Fe(III), Cu(Il), Zn(II), Mn(II)
I NI(IDS 33 A Be BA =] ol Fulalgity.  $-3100(Scinco) BFFEAR F5 AHEHS =
4otar AM=RZE 88 RF-5301 PC #3337 (Shimadzu) & ©]8&38l JF ~HAEHAS FAHsAT}. F
o & S48 ARE AY 79 (5T 4 o)l @ik, 7] 2 wE E9F 3 nn®E 486 nmoll A A7IA AT
RE 4 542 YA =10 (Z7F pH 7.4¢] HEPES €5-8&<N)ollA skt

= la 2 1bi 27} 461 o (RE A, £=6.5 X 103 M cn )7} 543 nmell A atﬂ A71E Yegs dae 1
9] 2 P A~AEHS TAIZ Aoty FAXOZ | 486 nmoll A 173 T HEPES &89 (20 mM, pH

5 2l ] ]
7.4) F Cu(Il) (5 uM)el HA (HFAA) =L =4 () ejoA ﬂu%l(SuMﬁlwwm<*ﬂEa (1la)
I P A~FEH (1h)S A AoEA, & 1a % 1bE FZFsE, 5 puMY Cu(ID)7F = AEolA 509 nm
(B2, =45 x 10° M cn )2 FAOE Y2 F5 Merh gehgdar, ol Fubale] 543 me] 3% W=
= cu(IDe 714l o8] 23 At

5&%&, HM e W wE IFE 19 FF A 2F9EDS & 22 E 2b =AEYT. FAH SR,
L9 Cu(ID (0-7.5 ul)7F EAk= Aeold 33E 1 (5 n)e F3F W& =29 Eq (2a) (MY 2
( ) 5% =4 543 molA 3= 39 dF AVIE Vet 3, HEPES $&89 (20 mM, pH
) StE 19 Cu(IDY &g Job's E1E EAISE Ao=ZA, BE 2HAEHLS 486 mollA o718
HEPES k%€ (20 mM, pH 7.4 Ldar, W& A7IE 543 mmoll A AT, = 2a 9 2bE F=E3MH,
Cu(ID) & F7MA71HA H71E o 543 nmow stet= 19 #FF A7l T35l dst= 486 nmoll A 7]
A5 e Cu(ID7F EA 8k el A 108744 AAf ZHaskdvk. W3k, 543 nmoll A 3t8HE 19 & A1717F
Cu(ID 9] Fxo weh 1 FEF7x Agoz #Aadtes e B o, Job's TF2 3E 13 Cu(1D7F
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112 23 d5& YER AT

s, Cu(IDF 7 9 A #A FFHol2o gk stE 19 3 vkgS dlstr] A Bed =dddA 3
BS Hrreo (= 3a 2 3b).  FAFCR, 50 uMY Z4F 93E 94 (1, TEE 9= 2 Li(l); 3,
Na(I); 4, K(I); 5, Ca(ID); 6, Sr(II); 7, Ba(Il); 8, Co(ID); 9, Mg(ID); 10, Hg(ID); 11, Cd(ID); 12,
Fe(11); 13, Fe(I1D); 14, Zn(1D); 15, Mn(11); 16, Ni(II); 17, Cu(I) (5 uM); 18, Cu(II) (5 ul) + 7]Ef
w50l e sh3hE 1 (5 ul) o ol A8 (3a)& =AI8H e, Cu(lD) (5 ul)e] FA (HAA) ==
EA (AAD) 3 e pl (410004 st= 1 (5 ul)o FF wEs Yehuitt. EE 29 E-S 486 nmol
Al e71gk & HEPES €89 (20 mM, pH 7.4) FolA A3, WE M7= 543 ol A S350, B4 2

2 Fo SR 19 PP AvlE OE Bl EASHE FHAARE Cu(IDel da HuHen syHhe
A% % & g

vt olZ¥E HFE 1o uIDel thal £ AuYL wolts AL §58 & Aok o o

oMb, BEE 18 AU pi (-1004 PRI 6 U 109 pi WANA Cu(ID Sl Fz

AFEQAT. ool wal, A4 BAAA 19 FF AVl ARH da Cu(IDste] AP o ool A 19

DPAZISl AR Hohgel oo AEHUL, THelw By, A3 1e b ARsom Blel
FEAIN WIDE HEHoz 958 + Yot

LAk 2o g2 AA By BAE e A4 Ags FelA sEE 1% ZALeF T (E 4a B 4b). FAHL
2, Cu(Il) (5 pMo] &A= AelolA GSH, ATP, 3]~Eld ; a 94 el H7te 33t
5 1 (075 e g3 wE ~9EH (4a) 2 GSH (1 F sro] Cu(11)(0-1
mDe] H7bel W& S3E 1 (1 ulDe F3F HE ~HEY (4b)E& EAESIT. EE HEH LS
o]7]3F & HEPES €+&89(20 mM, pH 7.4) =olA AU W= Al7]= 543 nmol A %—Xgé}
= =l

Axe, Sl ATPS) 5| 2ElRel 4e)d £AdA S 19 Fe Agsel W ot A% Aty
otk ey, ABAGA SI2ERe] e gPEel £Be Ul A @, AP Tl AdE
2 Ng(ID F% ool ot g 19 $4 Aol o3 g1 AEY 5w s JAac. 2T 4

A9 @y wskE e 5 ke doldh. o

= Hd
2, GSH7F &A1t Aol Al Cu(ID e #H7HA 3heha 1] #
A, SEHE 1o] AX Ul Cu &4 ol HdsiA v
5518 19 AP ol

WoUHAEe 3 ) sk ohASRPgeuA (ASGP) FEAS H4 Atelo] AwAE FelA wdl AxFE
A HepG2E o]&3te] Cu FF4 ZHdoA 8] o] AEW =& H st v} t} (Mersch-Sundermann, V.,
Knasmuller, S., Wu, X.J., Darroudi, F., Kassie, F.: Use of a human-derived liver cell line for the

detection of cytoprotective, antigenotoxic and cogenotoxic agents. Toxicology 198, 329-340 (2004);
Spiess, M.: The asialoglycoprotein receptor: a model for endocytic transport receptors. Biochemistry
29, 10009-10018 (1990)). 3}¢& 15 vEZ=dotz Shlish= TPP 719 J&d5 SH6h] 98 stee 13
3N Mz g8 AEALV|H EAX A LysoTracker Red DND-99, ER-Tracker Red®} MitoTracker&
sxAsT. FAA SR, Hepa2 AEE 108 &t stgh= 1 (1 plD3} 3 wiekstar, Alzar]ad 44
(Z+Zy 0.5 pM LysoTracker Red, 0.1 pM ER Red ¥ 0.1 pM MitoTracker Deep Red)oll thal] & As}3ict.

& 5ol =AjE mpe} o], HepG2 AMlEe] o323 F8 AR shehe 1o 2 iy &34 (ER)ol =483
5 et vk, ol Ad= 3= 13 MitoTracker el Hile] A4 ks A& HoF= Z0=2A],
SHHE 10] o]E5 AXEA HIEolAR] RXE Zlethe A vttt Eeke He, TPP7P 7 Bgte 12
FevR vEZELor FeR UEhA etk Aol UlEJ—‘:FJOF o AeE AR doles MEIZE
gob g A7) Jlof Tasta ol Y] wAE I9A A4 mEZ=gol W S4dv= A
o] &efA lo] MEFZ=gol AESE Agety] 9l PP &S st HAAv. A7) el whef, &
oAM= stghe 1o] ZHEe A oo &) AfAde] 5T ¢ dvkar FAST. BE ASP FEA=
AW IEAJEA| L ojs] T dEEe s Av|ep deHor WAstE =, o= o]fol <IEAIEAXA
EHEOREE FEAVF daFor o olsE

A, Cu A=A 23olA ghE 19 93 Weks 7= Frkshr] flelA Hep2 AEZE 3ol ofw] Hilsof
A= 3% Cu #3H2 Lol & vtk 1583 200 pM CuCly (Chen, Y., Zhu, C., Cen, J., Li, J.,
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He, 1 W., Jiao, Y., Guo, Z.: A reversible ratiometric sensor for intracellular Cu2+ imaging: metal
coordination-altered FRET in a dual fluorophore hybrid. Chem. Commun. 49, 7632-7634 (2013)), 7A]7F 1.0
mM CuCl, (Lim, C.S., Han, J.H., Kim, C.W., Kang, M.Y., Kang, D.W., Cho, B.R.: A copper(I)-ion

selective two-photon fluorescent probe for in vivo imaging. Chem. Commun. 47, 7146-7148 (2011)) % 7A]
ZF 100 uM CuCly, 24A1ZF 100 uM NaVO; AA2] (Moriya, M., Ho, Y.H., Grana, A., Nguyen, L., Alvarez,

A., Jamil, R., Ackland, M.L., Michalczyk, A., Hamer, P., Ramos, D., Kim, S., Mercer, J.F., Linder,
M.C.: Copper is taken up efficiently from albumin and alphaZ2-macroglobulin by cultured human cells by
more than one mechanism. Am. J. Physiol. Cell Physiol. 295, C708-C721 (2008)), Al W +2]<] rj& A<
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