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HNO HNO o ER-IN
HNO.
2
2.1
PH-3C ( ) ; RF5301PC ( ) ; NanoDrop 2000/
2000C ( Thermo Scientifisher ) ; XS105 ( Mettler Toledo );
Cascade-bio ( Pall ); AVANCE IIITM 500 ( Bruker ) ; FluoView
FV1000 ( Olympus ); (BD); ( Bruker );
RAW264.7  ( ) : DMEM (Gibco  ):344 5- 2)2 5-
( MTT Sigma ); ; ( ) o
2.2 ER-JN
ER-IN 1 o Aza-BODIPY (52.9 mg 0.1 mmol) .2+ )
(61.2 mg 0.2 mmol) 4- DMAP(24.4 mg 0.2 mmol) .1-  H3- )
( EDCI 19.2 mg 0.1 mmol) 25 mL 24 h
TLC o NaBr o
. 28% .' H NMR ( 500 MHy

DMSO-D,) & (ppm): 8.31 ~8.01 (m 1H) 7.53~7.40 (m 6H) 7.25~7.23 (m 23H) 7.16 (m
2H) 6.98~6.94 (m 2H) 4.05 (m 2H) 1.98 (m 2H) 1.26~0.98 (m 37H) "“C NMR
(125 MHz DMSO-D,) & (ppm): 165.02 162.82 157.01 152.12 137.63 137.54 134.31 134.14
133.97 133.63 131.84 131.66 131.00 129.96 129.77 129.63 129.52 125.39 129.31
129.26 129.21 129.16 122.40 121.27 116.72 60.22 30.01 21.02 14.55. *'P NMR (200 MHz
CDCL,-D) & (ppm): —4.05. LC-MS (ESI') : C, H,,BF,N,0,P caled. 1097.56 found 1097.57.

+ ! OO Epct, pMaP, cH.CL
©/ 25 °C, 24 h, 28%

HO
Aza-BODIPY %
| ER-IN
Fig.1 The synthetic steps for probe ER-JN
Azo-BOTIPY: A BF2-chelated tetraarylazadipyrromethane fluorophore.
2.3 ER-JN
Tween 80( 10% 0.4 ml) 10.0 mL HEPES (10 mmol /L. pH =7.4)
10.0 mL AS( HNO ) o ER-JN.
20 min o - NanoDrop 2000/2000C -
2.4
( RAW264.7)
o 10% Dulbecco’s modified Eagle’s medium ( DMEM)

37°C 5% CO,/95% MCO-5AC ( Sanyo )
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PBS
2.5
RAW264.7
MCO45AC o
0.1 ~100 pwmol/L
(5.0 mg/mL 20 plL)
( DMSO)

0.25% o

DMEM
RAW264.7
RAW264.7 24 h.
4 h 96—

( Formazan) o

10%
8000/

37°C

oD

10 min
2.6

1 mL DMEM

DiOC4 (3) (3 3 Dihexyloxacarbocyanine iodide 0.1 pmol/L)

1 wmol/L)  HNO(200 wmol/L) 37C
DMEM 3 o

2.7

30 /

15 min

PBS

RAW264.7
5 pmol/L ERN
DMEM
750 ~810 nm.,

48 h

3

3.1 ER-JN

HNO ER-IN.
ERJN 3

Aza-BODIPY

mic reticulum ER) . 2

~ o

HNO
Aza-BODIPY

HNO o

HNO

2 ER-N HNO

490 nm o

37C

96—

MTT
96—

37°C 5% CO,
200 wmol/L AS
( BD Aria)

5% CO,/95%
24 h,
MTT( Sigma )
150 pL

Hoechst 33342 (1 pg/mL)
ER4N ( DMSO

( X60) o

24 ~
10 20 min

633 nm

( Endoplas—
Aza-BODIPY .
o HNO

Aza-BODIPY

Fig.2  Proposed reaction mechanism for HNO detection

3.2
( 10 mmol /L. HEPES
ER-IN (5 pmol/L)
675 nm
AS

o 3a
50 wmol/L AS
10* mol/L * cm)

707 nm

pH 7.4 0.5%

80)

ER-IN

675 nm (£=5.2 x 10* mol/L * cm)

(g =6.9 x

Aza-BODIPY . ER-JN
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HNO 690 nm o
AS HNO 0 50 pmol/L ER-JN
710 nm 0.01 0.35. AS 0 ~50 pmol /L
4) Fiiomm =6.3C o pmol /L) + 39.7 (r=0.9981) .
(S/N=3) 0.03 pmol/L ERIN  HNO .
ER-IN o
0.7 N ~ 400 b
0.6 Aza-BODIPY s 350
os 7:;: 300
i:% 04 g 2(5)3 50 pmol/L
:% 0.3 = 150
0.2 Z 100
0.1 Z 50 =
D0 550 6(|)0 65‘0 760 750 800 0 6é0 7<|)0 72‘0 74'10 750 780
A (nm) X (nm)
3 50 wmol/L HNO ERIN (a); 0 ~50 pmol/L HNO 20 min
ER-N (10 pmol/L) (b)
Fig.3 a. UV—is absorption spectral of probe ERJIN (10 wmol/L) before and after addition of 50 pmol/L
HNO; b. Fluorescence spectra of ER4N (10 wmol/L) upon addition of HNO (0 =50 wmol/L) for 20 min
3.3 400
ERJIN  HNO 3500 $
. % 3001 3 t
: 051015 £ 250 t
20 min  ERJIN  HNO g 2007 3
(5. ;o :
S 100F @
N N . = -
o GSNO 0 0 20 30 40 50
HNO o 5 Cimo ( pmol/L)
GSNO 20 min
. HNO 4 HNO (0 ~50 wmol/L) 710 nm
o ERJN HNO . . . . . .
Fig.4  Linear relationship between fluorescent intensity
GSNO. NO, AS at 710 nm and Angeli’s salt ( AS) (0 -50 wmol/L) in
ERIN buffer solution
o ER-N HNO
ER-N HNO o
3.4
o MTT RAW264.7
. 6
(0.1 ~100 wmol /L) 24 h 90% .
HNO o
3.5
ERIN  HNO
HNO . 1 pmol/L. ERIN
15 min  DMEM ( 7a).
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400 40077
s B 0 min
5 mi

300 3001 —RTe

[ 15 min

B 20 min

200 2001

100 100

Fluorenscence intensity (a.
Fluorenscence intensity(a.u.)

5 10 pmol/L ERJN  HNO
Fig.5 Fluorescence responses of 10 wmol/L ER-JN to testing species in 4 2-Hydroxyethyl) 4 piperazineethanesul-
fonic acid ( HEPES) buffer solution
(a) 1 50 wmol/L HNO; 2 20 pmol/L S-nitrosoglutathione ( GSNO) ; 3 200 wmol/L Peroxynitrite ( ONOO~) ; 4 50 pmol/L
3~ Aminopropyl) 4 -hydroxy-3-isopropyl2-exo- -riazene ( NOC5) ; 5 500 wmol/L NO3; 6 200 umol/L H,0,; 7 100 wmol/L

1833

03; 8 20 pmol/L Methyl linoleate hydroperoxide ( MeLOOH) ; 9 200 pmol/L CIO™. (b) 1 50 pmol/L
( Glutathione GSH); 3 500 pwmol/L NaHS; 4 200 wmol/L
( Tocopherol VE); 6 100 wmol/L

Cys); 2 100 pmol/L
5 200 pmol/L

HNO

8 50 wmol/L ( Hydroxylamine HA) .
200 pmol/L HNO 10 min
( 7hb)
( 7¢)o ER-N
HNO o
DiOCy(3) (3 3’-dihexyloxacarbocyanine iodide)
Hoechst 33342 RAW264.7
DIOC, ( 3)
Hoechst 33342 o
ER-N
HNO o
3.6
o 7
HNO
o 8 X Y
(¢) 200 pmol/L HNO 10 min ; (d)
a b o C
7 o
HNO o
4
Aza-BODIPY HNO

( L-Cysteine
( L-Ascorbic acid V) ;

( Citrate) ; 7 200 wmol/L ( Tyrosine Tyr) ;

100
80
X
£ 60
=
=]
: 40
o)
&)
20
0
Control 0.1 1 10 100
ER-JN ( pmol/L)
6 ERJN  RAW264.7 B
0.1 ~100 pwmol/L 24 h.
+ 3

Fig. 6  Cell viabilities of ER-JN against RAW264.7
cells. Cells were treated with 0. 1 =100 pwmol/L of ERJN
for 24 h. Data were expressed as the means = SD of data

obtained from triplicate experiment

4 1 (a) ; (b)
200 pmol/L HNO 10 min 8
d o
ER-N
ER-JN.
o HNO “ ”

HNO
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HNO

ER-JN DiOC(3) Hochest Overlay  Channels

7 ER-JN RAW264. 7 HNO - (a)
ERIN( 1 pmol/L) 15 min; (b) (¢) a 200 pmol/L HNO 10
20 min ; : DiOC,( 3) ; Hoechst 33342
i3 ER-JN.DiOC¢( 3) .Hochest 33342 i3 o
- ER-N 690 nm 700 ~ 800 nm; : DiOCq 488 nm
560 ~ 600 nm; : Hochest 33342 405 nm 420 ~480 nm

Fig.7  Confocal fluorescence images of HNO in RAW 264. 7 cells with ERJN. ( a) Cells loaded with
I wmol/L probe for 15 min. (b) and (c¢) Cells treated with 200 pmol/L HNO for 10 and 20 min
respectively; In each group: ER-JN bioimage from red channel. 3 3 -dihexyloxacarbocyanineiodide
( DiOCq) (3) bio—image from green channel. Hochest 33342 bioimage from blue channel. Overlay of red

channel green channel and blue channel and overlay of red channel green channel blue channel and bright

field. Red channel: A, =690 nm A_, =700 —800 nm; Green channel: A, =488 nm A,, =560 — 600 nm;

Blue channel: A, =405 nm A_, =420 —480 nm
64 64r, 641 641
a b ¢ d
4 4 g £
0 0 0 0
10 10 10? 10 10 10? 10° 10 10? 10° 10 10? 10° 10*
8 ER-N RAW264.7 HNO o (a) 7 (b) 1 wmol/L
15 min DMEM 3 ; («¢) b) 200 pmol/L HNO 10 min
(d) c) 200 wmol /L HNO 20 min

Fig. 8 Represent data of flow—cytometric analysis: ( a) Control; (b) The cells were incubated with 1 pmol /L
ER-IN for 15 min then washed with dulbecco’s modified eagle medixm ( DMEM) three times to remove the
overdose probe; (c) The cells were treated as described in (b) then incubated with 200 pmol/L HNO for
10 min; ( d) The cells were treated as described in (¢) then exposed to another dosages of 200 pmol/L HNO
for an additional 20 min

HNO o AY Al
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A Near-dnfrared Fluorescent Probe for Detection
of Nitroxyl in Living Cells

LIU Ping' HAN Xiao-Yue'> YU Fa-Biao"' CHEN LingXin"'
'( Key Laboratory of Coastal Environmental Processes and Ecological Remediation
The Research Centre for Coastal Environmental Engineering and Technology
Yantai Institute of Coastal Zone Research ~Chinese Academy of Sciences Yantai 264003 China)
*( University of Chinese Academy of Sciences Beijing 100049  China)

Abstract Nitroxyl ( HNO) the one-electron reduced and protonated congener of nitric oxide ( NO) has
been demonstrated with excellent bio-pharmacological effects in cardiovascular disorder treatment which is
distinctive from that of NO. The high reactivity of HNO challenges the accurate detection. To resolve this
problem a near-infrared ( NIR) metalfree fluorescent probe ER-JN was developed for the detection of
intracellular HNO concentration in simulated physiological conditions and living cells. The probe was consisted
of two moieties the A BF2-chelated tetraarylazadipyrromethane fluorophore ( aza-BODIPY) and the HNO
recognition unit diphenylphosphinobenzoyl group. The probe was purified by column chromatography on silica

eluting with CH,Cl, to give the product as a green solid with a yield of 28% . Our probe exhibited high
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sensitivity good selectivity and low cytotoxic effect and could be applied to the fluorescent bio-imaging of
HNO in simulated physiological conditions. When detected HNO quantum yield increased from 0. 01 to
0.35. The linear range located at 0 —50 pmol/L. The detection limit was 0. 03 wmol/L( S/N =3) . With
confocal laser scanning microscope imaging analysis the probe could detect HNO concentration changes in
living cells. Furthermore the results of flow cytometry confirmed that our probe could be employed for the
qualitative and quantitative detection of intracellular HNO concentration level. In this work we found that
probe ERIN could not only detect HNO in aqueous and in living cells but also targets endoplasmic
reticulum. We anticipated that ER-JN would provide experimental bases in studying physiological and
pathological functions of HNO in cells in vitro and in vivo.

Keywords Fluorescent probe; Nitroxyl; Cell analysis; Near-infrared bioimaging
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