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Construction and Cell Imaging Study of a Novel Fluorescent
Probe for ONOO Detection

Li, Jiaxin' He, Ruyan’ Duan, Senlin Li, Jinhua Han, Xiaojing Ye, Yong*

(College of Chemistry, Zhengzhou University, Zhengzhou 450001)

Abstract As an important reactive nitrogen species, peroxynitrite (ONOO ) is closely related to the occurrence of various
diseases. The development of methods to detect ONOO is of great significance for understanding its related physiological
and pathological mechanisms. A novel ONOO fluorescent probe TPE-ONOO was successfully constructed using tetra-
phenylethylene as a fluorophore and a pyrylium group as the specific recognition site of ONOO . The probe showed high
selectivity, strong anti-interference ability and high sensitivity to ONOO . Cell assays suggested that the probe had low
cytotoxicity and was successfully used for imaging monitoring of exogenous and endogenous ONOO in cells. The novel

probe synthesized here provides an efficient tool for studying ONOO ™ physiological processes.
Keywords fluorescent probe; ONOO ; tetraphenylethylene; cell imaging
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VYK 204 (TPE) & — M W) B A REH T kO
(AIBYRFIE IR, # )2 F T 2 Sa R 4EH I T R A&
THeU8I91 I TR IE I ZE TPE T 5] A\ R 64 45 (41 i T4
#—FE A ONOO K Jt#R 4t TPE-ONOO. H T
ONOO ™ A B sE M, AIRE S P 5 i 84 56 [
AN, Gt EALRUK T b N, B &7 A N
R4, el R I, #R%F TPE-ONOO % ONOO i
N 2% B A S AR 3 B PR RD v R R (R PR A 64
nmol/L). 4HMISEERE, RFEW], K5 TPE-ONOO X 4
FiL P B FDANJE 1 ONOO ™ 3B AT 45 et %, 4=
ONOO A BEALHIF& H— Flofr 84 & 7t T A.

1 ZR51He
1.1 REPFHRITEERK
WE D PR =B RN, HaAEY H-1 M
H-2 7EVUEPRIE AR T, fEEem A AL ER AR, &
RO MAFEIL AV H-3; (LAY H-3 51E T 2E4ERH S,
HEMmE NN-— Eﬁﬁmﬁ'ﬁﬂ;‘?&ﬁt{ﬁitﬁrﬂiwé\% H-4; 1b
EYIH-4 50EY) H-5 [E R ERVE W P S S A5 3 B FRaR
#4F TPE-ONOO. ﬁﬁj\%,ﬂﬁéﬁ? T R0 v 3 o 1
RAEHHUE, A B2 U Scheme 1 7w,
1.2 {R%t TPE-ONOO X} ONOO Kyt sEM R
RS 3] B AR IREr f5, 165248 TPE-ONOO 1E
R 2 AW (PBS) [pH=7.4, 10 mmol/L, & — ¥
H(DMSO)VEFR > H0 o 60%] 1 ) 48 Ah R Ui A8 4k, 21 /&
1A 7R, #%%F TPE-ONOO & iAE 340 A1 595 nm EA
AR S R AT, FE TR A Z PN 100 pmol/L ONOO ™

H-2

TPE-ONOO

Ph)‘\©\ Br
. O O

n- Butylllthlum DMA
Zn, TiCly, THF O O O O

J&i, 595 nm ALIRUSCH 2K, T 340 nm WU A 40F8, i
BI#R4F TPE-ONOO 5 ONOO™ K4 ) B8 TPE %)t
B, #t—%80 T REF AIE TERE, 7685 H A RIEF
$1¥) DMSO (1) PBS 22l i 73R4 1 58 6 R 5,
KR IAREF TPE-ONOO i . ONOO ™ f5 B A AIE K6
JR.
1.3 {R$t TPE-ONOO 5] ONOO KU IBIRZT
R4 SCRRRIE[ 15, 20], FRATTHENEREE TPE-ONOO

5 ONOO™ [z 3 f5 42 il TPE-COOH (Scheme 1). A T 5
VIE N J5 =4, 33 v o o0 s B A R AT R
M. J&F TPE-ONOO g HIIAE m/z 738.3691(H it it
%iﬁﬂj 738.3690), FH-IillW %< F|JE T TPE-COOH [T

m/z 463.2380(F it it 51H 463.2380). ItAt, ibimd #%

TG ALIR N 2 SL IR IR L &9 TPE-COOH A K. =%
HE 55 R e 25 R R W% TPE-ONOO 5 ONOO ™ [ M.
Ja B TPE-COOH.
1.4 1%t TPE-ONOO %t ONOO™ HyF ik ¥ M BEFA 5

B )5, XHEEF TPE-ONOO iR %] ONOO ik # i iE4T

52 TEEA 10 pmol/L FREFMHRA I H, 2Bl
100 umol/L HINHEMEREAEMFI(NO, HNO, CIO ™, 'O,
H,0,, --BuOOH, «OH 105 ). @.ﬁ A (GSH, Cys, Hey 1
SO M F(F, CI', Br, I, AcO", CO¥, NO;
FNO;). iﬂﬂiﬁiﬁb@%ﬂﬁﬁf 500 nm RIS 1%
K, RAAIAN ONOO (100 umol/L)JF, 500 nm 4t
TG FE B I, TN A o BT A H I
PRI 1B). K66l SL G 45 R R R E TPE-
ONOO i1l ONOO™ B A5 & —ik k.

TPE-COOH

B 1 K% TPE-ONOO I & ki £ AR ONOO FrIHLEE
Scheme 1 Synthetic route of probe TPE-ONOO and its response mechanism for ONOO
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1.5 #REt TPE-ONOO ¥t ONOO™ HYZR S FHL M BERFZR

M AR E 40, ZREEYM T RES T
PREFIIIRRE 77, N Hpr FHEEIT 5%, 7£ 10
umol/L FREMETR H 4 HIIIAN 100 pmol/L G TER . &
P TEMERATE WA BT, 500 nm AbEA B KR
B TEEA TS PR, 48250 100 umol/
L ONOO ", £ 500 nm A% R 5T B I 5E, e &
Haaxtth—2. Stiegs RRY, AT IR AL
T, BHEHMRAREIE AT ONOO HE kiR, BAEA
HREREE (1) R 7).

1.6 {REt TPE-ONOO %t ONOO ™ HUZR A5 RE SE48

PRk, %% 7 ¥4 TPE-ONOO 5 ONOO K
KA. WE 2A AR, BE%E ONOO ™ (0~100 pumol/L)JiH
N, % TPE-ONOO 7E 500 nm 4 (1) 75 Yt 35 B ANy 18 5,
WO TR E 2N, K 500 nm AbWOLIERE S
ONOO ™ ¥R & AT LR PERL & K I B A BT 2R PE R &R
(K 2B, R*=0.9941), H[FHZHETTFERA Y=2046.5+
232.1 X[ONOO™]. R MR 1HE AKX (DL=30/k), 15

( A) —— Probe
—— Probe+ONOO"

0.31

Probe ONOO™
=, 2 =
0.2 1 y ‘

0.11
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300 400 500 600 700 800
Wavelength/nm

FIRTMPR N 64 nmol/L. SEEG4E KK W TPE-ONOO X}
ONOO ™ [1A& I L A5 3¢ vy 1 R A5 DA B s S A 1) T i
PE.
1.7 #R%t TPE-ONOO %t ONOO™ HiEh 113 %1 pH i&FH
SEERAR

HE—25 23 HIR T #24F TPE-ONOO (10 pmol/L)¥%
WAENN ONOO™ (100 pmol/L)J& AS [B] i 8] i) 26 't 2 5
M2k, HmERER TPE-ONOO & R IR i TR) 38 n, 5% %
SR EIEEH IR AR, RRE B R I refa e
P 20\ ONOO™ (100 pmol/L)J&, 500 nm 7%t 58 %
MGEIE SR, 76 14 min J58 B KW N6, A RAAR
th. NT HEEHE TPE-ONOO 7EANE pH FA3% bt
ONOO HJIRANEBL, ST HREHTE pH 1~12 1] PBS Z21Pi%
WX ONOO ™ % 6 & F dF 47 il . 5 b 48 41
TPE-ONOO TEAN [A] pH A5 A 5 ' i BE 5 A H I BH 2
ARk, BEERHARE N pH AEUK. fEIIN ONOO™ (100
umol/L)J5, 7E pH=7~~9 Ju [ M, 500 nm 4b 7% 55 FE B
SR, P SEIe 2 BUIE B4R TPE-ONOO % ONOO ™
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B 1 (A)RE TPE-ONOO Xt ONOO 48 47T WO 6 1E FI(BY#RET TPE-ONOO (10 umol/L)MH % ONOO ™ (100 wmol/L)F1I:

18 F-(100 pmol/L) % Y6 ) i

Figure 1 (A) UV-visible absorption spectrum of probe TPE-ONOO for ONOO  and (B) fluorescence spectra of probe TPE-ONOO (10
pmol/L) in response to ONOO (100 umol/L) and other ions (100 pmol/L)
pH=7.4,25 °C, V(PBS) : (DMSO)=4 : 6, spectra were tested after adding ONOO 0.5 h. Excitation: 400 nm, emission: 500 nm.
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Figure 2 (A) Fluorescence spectra of probe TPE-ONOO (10 pmol/L) in response to ONOO  (0~100 pmol/L) and (B) linear relation-
ship between probe TPE-ONOO fluorescence intensity at 500 nm and ONOO  concentration
pH=7.4,25 C, V(PBS) : (DMSO)=4 . 6, spectra were tested after adding ONOO ™~ 0.5 h, Excitation: 400 nm, emission: 500 nm
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HAE BRSO LR S T A3 pH - PR3 A A
ONOO s FMA.

1.8 1X%t TPE-ONOO Hy4mpa R AT

TEARANERE SRS, #R4F TPE-ONOO X ONOO ™
PRI S e ERE, 2D VPSR ET X Al e 1)
FEMAYIE Y. £ MCF-7 40089, IR R E (0,
5,10, 15, 20 pmol/L)¥R% TPE-ONOO AbFE 24 h. i id HE
M (MTT)F IR 04 R B, 454 TPE-ONOO Ky
20 pmol/L B, ZHAKIAA I 80.3%MIAFIH %, T IR
Bt S%of 0t EL A T A B PR R ) A M s . k2B
WO LR ER BBV 7L T TPE-ONOO X}
MCEF-7 4uffirh MM ONOO™ A& B8 /1. (E4H M i
TPE-ONOO, 7E 37 ‘CH CO.(EFHH 5%)iEE 0.5 h
J&, F PBS ZEpiisiise = e AT . Wk 3a B,

Green

Bright
a1

Merge

Probe

100 umol/L SIN-1 50 pmol/L SIN-1

IFN-y + LPS

B3 4R%H TPE-ONOO £ MCF-7 4H i i) 5% iR
Figure 3 Fluorescence imaging of probe TPE-ONOO in MCF-7
cells
MCF-7 cells were first co-incubated with the probe TPE-ONOO (10
pmol/L) for 0.5 h, and then imaged under natural light and green light
channels. (al) natural light; (a2) green channel; (a3) overlay of al and a2.
Imaging was performed under natural light and green channel after add-
ing 50 umol/L SIN-1 and co-incubating for 0.5 h. (bl) natural light; (b2)
green channel; (b3) overlay of bl and b2. Imaging was performed natural
light and green channel after adding 100 pmol/L SIN-1. (c1) natural light;
(c2) green channel; (c3) overlap of cl and c2. Imaging was performed
natural light and green channel after adding LPS (10 pg/mL)/IFN-y (50
ng/mL) staining respectively 4 h. (d1) natural light; (d2) green channel;
(d3) overlap of d1 and d2. Excitation: 400 nm, Emission: 450~530 nm.
Scale bar: 20 pm
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MCF-7 47 % 63838 5 U055 7 6 K 5. MCF-7 41 i
FEHI 50 AT 100 pmol/L SIN-1 (ONOO #E4£)## & 0.5 h
&, FINA$REE TPE-ONOO (10 umol/L)ILi¥E 0.5 h,
PG IHTE S (058 6 ] B3GR 3b, 3c). AAEsRIRLs
R RE W] DL A BN IEPE ) ONOO ™ HEAT SEBT A4

A LB R R 2 T BURRE R AR ) R A
ONOO ™ 1E 15 LI Y B AR =4, 2 I 1 I Py
TR AR A LB, BT ER-y (IFN-p) AL
PE(LPS)i5 3 MCF-7 4S84 Sk, NV
ONOO . M\RHBUEZEEHKE(E 3d), K4S TFN-y
(50 ng/mL)M1 LPS (10 ug/mL)§ & 4 h, X5 FIMAIRE
TPE-ONOO (10 umol/L)#% & 0.5 h, PBS Z& A J5
AT R RUG, WS B Ol E B g ag. BL Bk
56 235 SRAIE AR T X PO R ONOO ™ #3047 SRS R 15 W i,
X F 78 ONOO ™ AE FRMLAI LA BB & .

2 g

F T DU 2085 5 e [ R0 b g 45 325 [ 4R 0 457 A5 B B
WA R—MHE ONOO % iK% TPE-ONOO. R4
XF ONOO ™ H A 5 57 1 ik £ M DL 458 e 1) R 0P (A1
K BN 64 nmol/L). 4 Mg #5 14 SL 46 E B 4R %1 TPE-
ONOO X4 B A BARF 5 R UF AR M. BEAk,
JE O IR E G, RE TPE-ONOO SEZHLGH AR M
ONOO HIEfg, L XFHz-y (IFN-y)FIlE % Hi(LPS)
FHFWIEME ONOO /KPR AT SR W, 1Z3RE R
7~ ONOO™ A= BEMLH| $ ik —Fh B R R T A, X1
ONOO HHKEIRIZ W 5ihyT B EEE L.

3 SEEY

31 UESEHT

'H NMR (400 MHz)f1 3C NMR (100 MHz)X
Bruker Avancelll-400 T #Z i LRGN 52, #7718 CDCl;,
Whs A TMS; =439 K ] Waters Micromassr 7 )
1) Q-Tof A= 7 He sl A i ; 28 4h—nT WL oL
K A N T 2 HEAG 8453 BUE AT WG e e B T
Mg, 726K HHEHE R HAL FL4600 5% e
HIE; IO AE K LeicaTCS SP8 B4R 4>
HEELUE TIOC IR ERH R400E. 3-2%E-NN-—4
RN I CHEKIRER . SRR MR B 4-IR K
PR DUSAERFT NN-— 5 2 e B BTz T 7).
&%) H-3, H-4 7% A RIE I SCHR[21, 225 L.
3.2 ZWHE

TPE-ONOO (& H: 1E 50 mL R, $ib&
) H-4 (460.0 mg, 1 mmol)F! H-5 (313.2 mg, 1 mmol)#s
T 5 mL 98% H,SO4 1, £ 90 CHn#acf4 N v 12 h.
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R SERE, B IHEIN 50 mLykKdr, FEAIA 1 mL &4
R P AR A TTUE, IR = ). B A ik
[MeOH/ — & HE(DCM), V: V=1 : 151155 130.2 mg
LOER, 2N 17.9%. mp. 220~221 C; 'H NMR
(CDCls, 400 MHz) §: 8.10 (d, J=8.11 Hz, 1H), 7.73 (d,
J=8.76 Hz, 2H), 7.65 (d, J=8.08 Hz, 1H), 7.28 (s, 1H),
7.10~7.18 (m, 6H), 7.05 (d, J=6.92 Hz, 2H), 6.87~6.95
(m, 5H), 6.82 (d, J=8.76 Hz, 2H), 6.48~6.55 (m, 4H),
3.54~3.57 (m, 4H), 2.92 (s, 12H), 1.28 (t, J=7.00 Hz
6H); 3C NMR (CDCls, 100 MHz) ¢: 168.5, 161.3, 157.4,
153.9, 151.2, 148.9, 144.3, 1442, 140.7, 135.6, 132.8,
132.7, 132.6, 132.5, 1322, 131.7, 131.6, 130.7, 130.1,
129.9, 129.5, 127.9, 127.6, 127.1, 126.4, 126.1, 115.3,
113.5, 112.0, 111.5, 113.5, 112.0, 111.5, 106.2, 96.5, 77.3,
77.0, 76.7, 45.7, 40.6, 40.4, 12.5; HRMS calcd for
C49H47N305 738.3690, found 738.3691.

REF TPE-ONOO EBREMIECE: H 7 B RFFREL
(8.38 mg)f*) TPE-ONOO ¥fi#T DMSO ™, FLE KL 1
mmol/L B, AEET 4 CUKF & H.

Tt A TR R F R R B (ONOO T ): HX 0.7
mol/L i FALEINA 0.6 mol/L HC1 ¥4 R A 5 it B &
) 0.6 mol/L JEAHERM(0.207 g, NaNO, & T 5 mL 2 &1
AORA, BHEMA 1.5 mol/L EEALH9(0.3 g, NaOH %
T 5 mL LB FK), EHOKBEFTEE, B35EA
W MAE & SRR LE T BT EE), T
THEAARTE R ONOO JEWE. FH 0.1 mol/L FIE AL ANA
TRRRE, RIS AMESOE TSI 302 nm AL ROLEE, FEAR
PEWIA LL R E T A=kbe (k=1670 mol/L 'scm !,
b=1 cm). FHABGEPEAYFIECE WA K]

4 BhA %} (Supporting Information) R4 TPE-ONOO

ff) 'H NMR, *C NMR 1 HRMS B, ixebptpla) bl 4
F A F] W 335 (http://sioc-journal.cn/)_E T 2.
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