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AR R Cu® BRI TR S R R BYR 6 R EL 7
PK-15 2l A% 1& A9~ A
Wz g XAFE

7[[*: \//4 ZF a
v B
(“ ZEMNHEL TR AL T A28 221 730050)
CHEARO BB LM S ERE AT 22H 730050)

K L HER®  EEERC

WE  BOHERRT 1-Q R L)-4-(9- T )-3- R EREIL AL AR (PT), 38 58 AR SR SO BRETT S T 54
JE B IR, IFDETT T HAE PK-15 WG P AT 9O MR SR, B TS R SO IRET P1REIRIE i %
AR Cu®', SRR SRR O G AT SRR B, T 1 SR B B ARG I A AR A MR
SRR WEMEME, SOCEREL HTES T UM PK-15 A

Synthesis of Reversible Fluorescence Quenched Probe
for Cu®*" and Imaging in PK-15 cells

Zhang, Yingpeng™“ You, Caixia“ Yang, Yunshang™“ Liu, Xiaoyu*

Guo, Huichen” Dong, Yuying”
(“ School of Petrochemical Engineering, Lanzhou University of Technology, Lanzhou 730050)

(® Lanzhou Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Lanzhou 730050)

Abstract A new pyrazoline derivatre 1-(2-hydroxyphenyl)-4-(9-anthryl)-3-benzothiazole pyrazolin (P1) was designed and
synthesized. The recognition properties of the target compound P1 with metal ions had been investigated by UV absorption
and fluorescence spectrophotometry. The probe exhibits several favorable features, including instantaneous, reversible recogni-
tion, high sensitivity and selectivity to copper ions. Cytotoxicity test and fluorescent immunoassay results show that compound

P1 has good biocompatibility and low toxicity with its ICs, value of 376.558 pmol/L.
Keywords pyrazoline; fluorescent probe; copper ions; recognition; PK-15 living cells

T U <5 R T RS I R B A A 2 T R SR R
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RFBU. BB A A A b b A R T R AE AT
B AR I AR v 4y U T A 0, (S PR i 25
WREE I w, R TEAE R A A, B AN
BRI #E, GBI B2 5, S8R5
FEEPRECOL R, KRR AU Cu R VA AR A
WEL BTN R & R ) — R RE AR
PEfi o, T HEA ek Bk . i R L W R ) A
=CN NI P SN A= @ e st/ e i Fe) A
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REF P1AE PK-15 Al %€ ' AR S5 bt BE LR 2 W]
B RPERBLG, FHTZIRET AT LU SRAS U0 37 4 i 1)
Cu*', BAWEMAEYM TS, REHEEY PL Ak

B4 Eq. 1 k.
T SN Y
" ) o T )
AcOH ©OH N-p
AN X —_— 1
S N ¥ O O Reflux )§N W
HO S

118 °C

)

1 #BREITR
1.1 SFHRITSE/K

MLk S V2 A ROV, R T
PR IE IS R o, B- ANV RN B2 S S SEER, NI FE
PR . BRI T e P, 5k B R R, R
B RN ARG s, sz 2 K0T 2235 1)
HE. ASCRHZALEG ST, 0 2- IR e 5
&) 2 STEUK QI RIS 2] H brfb &4 P1.
1.2 &Y P1 RIS MAER
1.2.1 AFA4HL A4 P1 698 SRk 2

WL P1 55 7454 2 i 1E 252, 368, 388 nm A4
e, HAPAE 252 nm A BCRIRIE. 20 1 equiv.ff)
Cu*" Z Ja e KW 2T R 25 278 nm 4b, [F]IF 4R AR ED ]
WEE R R R B R T (B 1a AEED). #5590
A1 equiv. AL E 8 E 7, W Na*, K, Ag’, Hg”',
Caz+’ C02+, Zn2+, Mg2+, BaH, Cd2+, A13+, FeH, )':“JD&L&
WK SR, WE b fior. B Cu® g NG E
EI(F 22) 87K, B Cu® IRFERIIE K, 278 nm AR
FEMR R, it A SRR MERE SR y=0.0532x+
0.213, R*=0.9837, tnf& 2b.
1.2.2 4 Pl A& 5 & -FaviaF iR b FHm s
I

NT e P1 ST&E S FRARAI R, &8
Na+, K+, Mg2+, Ca”, Ag+, Hg2+, Ca2+, COH, Zn2+, Mg%,
Ba®", Cd*", Fe’", AP iR G(B 3). fEARMN Cu®" 2
i, (LB P1 ARG IOEHREMRER, M Cu®' Z 59
JeaE W R IRES. W 3 NAEE PR, EEIMTT, %
WO HEEOREARTNTEA. AEAGTERET
Na+, K+, Mg2+, Caz+, Hg2+, Ca2+, C02+, Zn2+, Mg2+, Baz
T Cd, Fe, AP EIARRE BB AL, AT
s & R B PR Cur AERE N cut I E TR, AE
WRE N 1.0X107° mol/L 19 P1 HF I 5 equiv.ff) Cu®*, %
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1278 2
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1 Cu?
g 0.6 P1 only and Na*, K*, Ag*,
-g . Hg?, Ca®*, Co?, Zn**, Mg?,
2 0.4 Ba?", Cd*, Al**, Fe®*
< -
0.2
0.0 T T T T T T
280 320 360 400
Wavelength/nm

E1 (a)P1(1.0X107° mol/LYyH N 1 equiv. Cu* ™45 AP 135
HEA(b) P1 (1.0X 107> mol/LYH 43 BRI 1 equiv. AR 48
BT Ja BN AR A

Figure 1 (a) UV-vis spectra of compound P1 with 1.0 equiv.
Cu**, and (b) UV-vis spectral changes of P1 upon additions of

1.0 equiv. various metal ions
Inset: the color change picture of compound P1 with 1.0 equiv. Cu®*

JEoR RIS ; 2 ER RIS E SRS T,
PR FEMITEI R4k, il 4 Fror. IWE 4 iTRLE H,
TE AT PR TAETERT, PRET X B 7 1 2 Dl 5ot AR
RS, S2Ieah FHEIIREN P1 X Cu* IPL T4 B
B, AN IR R R KRR
123 FRRKEA Cu® " sTR4AHL &4 P1 32 6 418 6%
P

EWRE N 1.0X107° mol/L f P1 PUS MM,
BE# Cu®" (0~10"* mol/L)IKFEEMIMNN, 14 968
WS, W P15 Cu A RIFISA1ER, St
Cu®™ (>10* mol/L)fFAERT, FREMEL AW P1 T K 5
SR FE AR, (M S AT LUE H LR g5 s O B
k. A RIZLPERIT AR y=—39.234x+523.41,
R*=0.9797, HliTi+HERKEFHH K,=7.34X10*
Lemol ', LIMEAYD P1 ) 6 U0 't 5 FEE AN b v A 25 1
AW, HE P X CutTRIRIREEINZE N 2.21 <1077
mol/L. VABRERZE T NAnilE S LG, BATISRE P1
RGN ETIEEN 024, A Cu*' 5, RLE T~
K E RS 0.065. L5 FHIE, ATLUE H P1 X Cu® i
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©
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[Cu)/(10% mol - L)
B2 (a)P1(1.0X 10> mol/L)HZHi AN Cu®" (48 SN AR
1H I ZE EURI(b) Cu 3 52 A &4 P12k UL 4 il 2%
Figure 2 (a) UV-Vis absorption spectrum about P1 upon addi-

tion of Cu** and (b) absorbance plot of P1 against the increasing
cutt

800 ;
> 7007 416
2 ]
g 5003 394 N\ 45
= 500
Q ]
o ] P1 only and Na*, K*, Mg?*,
§ 4001 Ca*, Co?, Zn?*, Mg,
2 3007 o B O P AT
S 2001 Cu*
2 ]

1004

0 f T T T T T T y
380 420 460 500 540

Wavelength/nm

E3 WEYPLX S8 ST RE R
Figure 3 Fluorescence response of probe P1 to different metal
ions
Inset: the color change picture of probe P1 with 1.0 equiv. Cu*" in UV
analyzer

R O ARG A1ER.
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B4 2459 P1-Cu® P TIIEW T
Figure 4 Competitive experiments in the P1-Cu** system with
interfering metal ions
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B5 (a) P1 (10 umol/L)HiZ#i NI Cu®" (115 6 5 A5 1 i 28
EIFI(b) P1 (3G REHEHE S Cu? IR ¥ 3 R B Rkl &
25 B (Aey =350 nm)

Figure 5 (a) Fluorescence emission spectrum of P1 (10
pmol/L) in the presence of Cu®" with concentration increased,
and (b) emission spectra of compound P1 as a function of Cu®"
concentration (Aex =350 nm)

Fedl— R4 Pl S48 TR &AW, I E L6
MR LR AT LS 2 H, 008 Cu® I BEOR 3, R A
P1 £ 278 nm Ab S /MR ISCBR BE Bil 2 AR Ak (B 6). 24 Cu®
THBE IR > HON 0.5 B, FREF P1 AT Cu® 48 A IE 278 nm
ARG R IS BB KAE, RAREMLEY P1 5 Cu®'h
1: 1445,
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1.2.5 R4 P1 69 7T 35 P F 52

FEREE P1+HCW? (1.0X107° molV/L)yEW i 2
VY LBR(EDTA)HR, B 1A & EDTA 1350, P1
M9 EoREEHTIR R, FdBl R RHRE P1 2l L%
HRBORA Cu* 1. F% &4 TN EDTA, BT
EDTA 5 Cu® (4% &% # K,=3.16X10" Lemol ' iz
KT P1E Co® I EHE K,=7.34X10* Lemol ', AT
PLROCIRE, i 7 s,

600

5004 5 equiv.
EDTA

400+

0 equiv.
300+
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Fluorescence intensity
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B 7 EDTA X P1-Cu*" ) i &
Figure 7 Fluorescence spectra of P1-Cu®’ upon addition of
EDTA

1.3 ARG

TEYN M A% sz 5 rf, B 20 uL EL & Pl
(1.0X 107* mol/L)INA B 2 mL 3% 754 1) PK-15 % 40 o 15
FRFER, E 37 CNEFE 30 min 5 A%, TE4IAE A A H
T HIE R (6K 8a), IR IR A & AT Ik
FEN 1.0X107° mol/L. 241 b3 & R ET 4 i 3% 377
SRR 20 A1 40 pL Cu®® (3.0X107° mol/L), f£75
Cu® ER TR R AP IREE /2 5 5.0X107° 1 1.0X
107* mol/L, J1E 37 CHIZM FIHL 30 min J& FF KL
%, AN Cu®" (20 pL)fiS 4 s e Bukss(E 8d),
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TN Cu*" (40 pL) TG4 2 Je 3 A R (B 8g), IF
5 HLAR T N R B 3 B (T 8D, 8e, 8h) AT R AT A
(K 8c, 8f, 8i NEZ ), XKMIRE P1 BA RIFHI41i
BB, T LU R A IS A0 1 Cu®

B8 AF Co® W T, HRE P17E PK-15 3E40M 158 ik

&

Figure 8 Fluorescence images of P1 as a function of concentra-

tion of Cu®" in PK-15 cells

(a) Fluorescence images of PK-15 cells treated with P1; (b) bright-field
image of cells shown in panel; (c) overlay image of a and b; (d) fluores-
cence images after presence of Cu>" (20 pL); (e) bright-field image of
cells shown in panel; (f) overlay image of d and e; (g) fluorescence imag-
es after presence of Cu>" (40 pL); (h) bright-field image of cells shown
in panel; (i) overlay image of g and h

1.4 HpasH

IAL-&% P1 AFETEZS, H 3-(4,5- = W k-2
ME)-2,5- 7 JR B YR AL DU UM HE L S (MTT) VA VP T4 A
Vit PK-15 J 40 ey 4 i 7 A5 R 2o, (e E
P1 XN PK-15 A o B 1 40 i 25441 F,
H 1Cso 18N 376.558 pmol/L.

2 i

Wit &l 7ML E Y P, BFFE T HEE SRS
AT, FERTT T % IRE &R T R R )
PER. S5SREW, Pl POLIRENRETIE .. misk. Al
i Cu®" HEA BRI IL 2.21X 1077 mol/L; [AHf 1k
AW P1 A BRENR. SROTERIR. AR, £
— P ATV RA L . R S S TR
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SR 73T, 7E PK-15 35 40 A0 8 AU A S 56 o T I
AREN TR TS ARG M Cu® I, 4 it 7 5
B UE W Z AR AL A DT I 41 B YR A R A
H.

3 SLIEES
3.1 UES5HF

XRC-1 A s s A (WY N KR ACER ),
Bruker Avance 400 R ZHEILIRAL(TMS AWNHE, DMSO
YE¥77); Esquire 6000 7 AR (213 /57 3% Bk FH A (Bruker 2
A]); Leica TCS SP8 MP £t T RiBi(4E E Leica Mi-
crosystems it 2% il i A 7] ); FEO6CN-IF171(ZB)LD/LM
DI E T (VARIAN A #]); Cary 50 &A1) Ko
He (35 Varian /A F]); RPMI1640 55373 (_Fig+
BAEMBEERAT); PK-15 4080t & E AR B
=5 S PR AE TR ALY, JLw A F R 8 S i A A 4t
stk A,

FIr A GRS e pr 4, DY SR I A T
PRALFE, 25K (28 T A, TG &8 B 1 i 45 U
FHNE ) S Eh B3 W R RV T 28 T /K il 15
32 EmFIE
3.2.1 A 1-Q-FAERI)-4-(9-F A)-3- K R K
s ok (P1) B9 A 5%,

WEY 1 G RTTESHCER[53], tha 2 G
52 IR OCHR[54]. 4 0.17 g (lmmol) L &4 1 F10.33
g (1 mmol).&W) 2 Vi RAE 15 mL BEFERH, #ide T ok
[FI3 6 h, 2 EEG(TLO) MM & M3EFE. &N 58 A,
REPAENZE SR, BAKOK, LR OEREEI, A HUAHE
PR Eh K BR, ToKIRIREE T4, W4 oA 2 M4l
1h185] 029 g HEHLEY P1, FEEAEEK, 77 62%.
m.p. 187 ‘C; 'H NMR (DMSO-d, 400 MHz) J: 2.82 (dd,
J=16.0, 4.0 Hz, 1H), 3.90 (dd, J=16.0, 12.0 Hz, 1H),
7.11 (d, J=8.0 Hz, 1H), 7.16~7.24 (m, 3H), 7.54 (dd, J=
8.0, 4.0 Hz, 5H), 7.61 (d, J=4.0 Hz, 1H), 7.62 (s, 1H),
7.95 (dd, J=8.0, 8.0 Hz, 1H), 8.15 (dd, J=4.0, 4.0 Hz,
2H), 8.67~8.71 (m, 4H); *C NMR (DMSO-d;, 100 MHz)
5: 161.8, 136.6, 131.6, 129.7, 129.6, 129.3, 129.2, 127.1,
126.8, 125.6, 122.0, 121.6, 118.7, 76.2, 42.9; ESI-MS m/z:
471.3. Anal. calcd for C;0H,;N;OS: C 76.47, H 4.51, N
8.90; found C 76.41, H 4.49, N 8.91.

3.3 MiENEFRE

Kb A 4 P1 I DY SRR T A 1.0 X 107 mol/L ¥R,
& J@ Eh FH 78 /KR A 5.0 X 1072 mol/L VAW, FHUF4AT
P1 %3 30 uL B T&A 3 mL PUSRIR A3 ) bt I
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W ARG BN M E R R B R, A DA
AR RE S DR i GRBENE. SatE. WA
FAFE. Job HHZE).

MR IR, RN T emX 1 cmX 4 cm A3 5%
Eo o, Bk BRE% 5 5.0 nm, KESP4ETEE 5.0 nm,
PR EK dex N 350 nm, REUEA 1, WRIEE 0.5s, T
350~550 nm Ju [ ARG, FEIREERZAGT, B o1
emX1 cmX4 cm [FERANF N EIFAHE LA, F
200~600 nm 35 [ P RS0 25 SR L.
34 RHEFFENTERE

TEERAM-A] WA G NG A EIEHRE P11
WO e R ¢ e R B i, A0SR B KRS e . R i
K DL S5 KR IS K AR IR B AR 5 s TR R 22
JEIEAE 0.06~0.08 X [8], W HoR A, IR FX
THEREHEZIE TR T =% &= XA X
FJAXFPL b @ AR T2, F R H6E il
LRIFUE, A RTEBOR B ARG, Thss flu 4
SR AH B AR E S LA B DI (BR R ZE 7)) FREHL &)
P1.
3.5 ZApaE M

4 PK-15 40 E T & 5%/ N ILiE Y RPMI1640 15
TR, £ 37 C. & 5% CO, TR a5, Bt 2
R, B2 3 RN EAN T 96 FLAR, £FFL 100 uL, 153% 24
h 37 C, 5% CO,); 7 AN ZEARFRAS [F)9R BE (A RF f v
(DMSO 1R, {ELZIREE 5779 104 50, 100+ 200
300 400 pmoleL ', AR 3 7L, DMSO 1 [ 11X HE,
FREE 48 h, FEFLIIA 20 uL MTS ¥, F B
R 9% 4 h; 7EEEFRAX 570 nm K AL E TG, - 5HFE
X7 PK-15 40 i A2 K 0 310 11 28 (%), 4 1] 26 (%) =
(OD 51—0D 44)/OD ¢ X 100%8. 301 B2 (1C0)
B A SPSS Gttt 515 2.

%4 Bh #4 ¥} (Supporting Information)  1-(2- & & %
$5)-4-(9- B IE)-3- 2R FFWEMRIL I ek (PT)Y "H NMR 5
PC NMR i &, i SR} AT Ll 4 B AT 9 355 (http:/
sioc-journal.cn/) b F %K.
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