
Electronic Supplementary Information (ESI)

An activatable fluorescent probe with an ultrafast response and large Stokes 
shift for live cell bioimaging of hypochlorous acid

Feng Liu, Ying Tang, Yongqing Kuang, Dan Pan, Xianjun Liu, Ru-Qin Yu*, Jian-Hui 
Jiang*

State Key Laboratory of Chemo/Biosensing and Chemometrics, College of Chemistry 

and Chemical Engineering, Hunan University, Changsha 410082, P. R. China

* Corresponding authors. E-mail:  rqyu@hnu.edu.cn;  jianhuijiang@hnu.edu.cn. 

Tel.: 86-731-88822577; Fax: 86-731-88822872.   

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2016

mailto:jianhuijiang@hnu.edu.cn


Table of Contents

1. Instrumentation

2. Comparison of this method and other assays

3. Structure characterizations of HPBD, HPBD-1, HPBD-2

4. Detection limit and linear range of HPBD for HOCl detection

5. Colorimetric response of HPBD to various ROS and RNS

6. Sensing mechanism study

7. MTT assay



1. Instrumentation
    

Mass spectra (MS) were performed using an LCQ Advantage ion trap mass 

spectrometer from Thermo Finnigan or Agilent 1100 HPLC/MSD spectrometer. 1H 

NMR and 13C NMR spectra spectra were recorded on a Bruker DRX-400 NMR 

spectrometer (Bruker) using tetramethylsilane (TMS) as an internal standard. UV-vis 

absorption spectra were plotted using a Shimadzu UV-2450 spectrophotometer with a 

wavelength interval of 2 nm. Fluorescence spectra were obtained on a HORIBA 

Fluoromax-4 spectrofluorometer (JobinYvon, Japan) with both excitation and 

emission slits set to 5.0 nm. The pH was verified using a Mettler-Toledo FE20 pH 

meter. The fluorescence imaging of cells was performed using a confocal laser 

scanning microscopy (Olympus, FV-1000).



2. Comparison of this method and other assays

Table S1. Comparison of this method and other assays
Methods Materials Linear 

range

Detection 

limit

Ref.

Colorimetric

Method

N,N’-diethyl-p-phenylenediamine (DPD) 0-40 μM - 1

Electrochemical

Method

a commercial 2B pencil lead-based graphite sensor 0-6 ppm 0.303 μA

ppm-1 cm-

2

2

Chemiluminescence  

Method

carbon nitride quantum dots (g-CNQDs) 0.02 -10 

μM

0.01 μM 3

Probes λex/λem 

(nm)

Sensing 

moieties

Detection medium and        

[probe]

AC-ClO 480/576 1,8-diamino

naphthalene

PBS buffer (pH 10.0, 20 

mM) and DMF (1/4, 

v/v)，          

5 μM

0-5 μM 25 nm 4

nanoprobe 

(MTPE-M)

340/498

-595

dicyanoviny

l
PBS buffer solutions (pH 
7.4, 10 mM, containing 
1% DMSO and 1 mM 

CTAB)
10 μM

0-45 μM 0.47 μM 5

HKOCl-3 490/527 2,6-

dichlorophe

nol

PBS solution (10 mM, pH 
7.4, DMF 0.1%)

10 μM

0-10 μM 0.33 nm 6

BClO 480/505 pyrrole PBS/EtOH (pH 7.4, 1:9);  

1 μM

0-10 nm 0.56 nm 7

HBP 480/508 heterocyclic 

hydrazone
PBS buffer-MeOH (v/v = 

50/50, 50 mM PBS, 
pH7.4)

5 μM

1-8 μM 2.4 nm 8

Probe 1b 464/505
540/585

diaminomal

eonitrile
PBS buffer/DMF (pH 7.4, 

8:2)

3 μM

0.9-90 

μM

0.2 μM 9

probe 1 450/556 oxime H2O:CH3CN (99.5 : 0.5, 
v/v) buffered with HEPES

(50 mM), pH = 7.4.

5 μM

0-25 μM 163 nM 10

Fluorescent probe

Flu-1 -/530 oxime HEPES/DMSO (pH 
7.05,1:9)

10 μM

- - 11



SeCy7 690/786 selenide PBS buffer (pH 7.4)

30 μM

6-60 μM 310 nm 12

CM1 405/480 selenide PBS (pH=7.4)

4 μM

0-6.4 

μM

10 nm 13

HCSe 510/526 selenide H2O-CH3CN (v/v = 99/1, 
0.1 M PBS, pH 7.4)

10 μM

0-9 μM 7.98 nm 14

Cou-Rho-

HOCl

410/473

-594
thiosemicar

bazide
PBS/DMF (pH 7.4, 1:1)

5 μM

0.1-100 

μM

52 nm 15

RSTPP 553/580 thio-lactone PBS (pH=7.4)

2.5 μM

0-35 μM 9 nM 16

FBS 498/523 thio-lactone KH2PO4 buffer (50 mM, 
pH 7.4)

2 μM

0-1.0 

μM

200 nm 17

PNIS 325/447 thione PBS solution (50 mM, pH 
7.4, DMF 0.2%)

2 μM

0-60 μM 210 nm 18

Ptz-AO 475/540 thioether H2O

5 μM

0-25μM 2.7 nM 19

Hypo-SiF 570/606 thioether pH 7.4 phosphate buffer

solution and 0.5% DMF

5 μM

- - 20

PZ–Py 400/562 thioether PBS (pH 7.3, 10 mM,

containing 0.05% DMSO)

5 μM

0-80 μM 17.9 nm 21

Cy7-NpS 750/790 thioether 100 mM PBS, pH 7.40

10 μM

0-0.384 

μM

0.62+0.09 

μM

22

TP-HOCl 1 375/500 1,3-
oxathiolane

PBS/EtOH (1:1, PH 7.4)

5 μM

0-200 

nm

16.6 nm 23

HPBD 455/585 1,3-
oxathiolane

PBS buffer-CH3CN 
(v/v=4/1, 20 mM PBS, 

pH 7.4)

10 μM

0-40 μM 50 nm This

work
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3. Structure characterizations of HPBD, HPBD-1, HPBD-2

Fig. S1. 1H NMR spectrum of HPBD in d6-DMSO.

Fig. S2. 13C NMR spectrum of HPBD in d6-DMSO.



lf-160303-251 #5 RT: 1.00 AV: 1 NL: 8.84E5
T: + c EI Full ms [ 49.50-500.50]
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Fig.S3. EI spectrum of HPBD in Methanol.

Fig. S4. HRMS (EI) spectrum of HPBD in Methanol.

                       



Fig.S5. 1H NMR spectrum of HPBD-1 in d6-DMSO.

Fig. S6. 13C NMR spectrum of HPBD-1 in d6-DMSO.
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50 100 150 200 250 300 350 400
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

206.0

159.0

117.0
132.1 172.0

189.0105.090.0
76.0 207.0

Fig.S7. EI spectrum of HPBD-1 in Methanol.

Fig.S8. HRMS (EI) spectrum of HPBD-1 in Methanol.



Fig.S9. 1H NMR spectrum of HPBD-2 in d6-DMSO.

Fig. S10. 13C NMR spectrum of HPBD-2 in d6-DMSO.
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T: + c EI Full ms [ 49.50-500.50]

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
m/z

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
A

bu
nd

an
ce

281.0

210.0

183.0
211.0

119.0 238.0146.0 264.0
282.0

198.0134.1
52.0 117.0

92.067.0 129.0 156.0 171.0105.076.0
65.0 253.0 279.083.0 225.0

Fig.S11. EI spectrum of HPBD-2 in Methanol.

Fig.S12. HRMS (EI) spectrum of HPBD-2 in Methanol.



4. Detection limit and linear range of HPBD for HOCl detection.

The spectrum of free HPBD (10 μM) was collected for 10 times to determine the 

background noise σ. Then the solution was treated with various concentration of 

HOCl from 0-40 μM. A linear regression curve was then fitted according to the 

emission intensity at 585 nm in the range of 0-40 μM. As exhibited in Fig.S13, HPBD 

can quantitatively detect HOCl in the range from 0 to 40 μM with good linearity (R2 = 

0.99604).

Another linear regression curve was then fitted according to the data in the range 

of HOCl from 0 to 4 μM, and the slope of the curve was obtained (Fig. S14). The 

detection limit (3σ/slope) was then determined to be 50 nM.

Fig. S13. The titration curve plotted with the fluorescnece intensity of  HPBD (10 

μM) at 585 nm as a function of  HOCl concentration in range of 0-40 μM. λex= 455 

nm.



Fig. S14  The titration curve plotted with the fluorescnece intensity of HPBD (10 

μM) at 585 nm as a function of  HOCl  concentration in range of 0-4 μM. λex= 455 

nm.



5. Colorimetric response of HPBD to various ROS and RNS

Fig.S15  (a) Absorption spectra of HPBD (10 μM) upon adding various ROS and 

RNS (40 μM) in a PBS buffer-CH3CN(v/v=4/1, 20 mM PBS, pH 7.4). (b) 

Colorimetric (upper row) and fluorometric (lower row, irradiated at 365 nm) 

photographs of HPBD (25 μM) in a PBS buffer-CH3CN (v/v=4/1, 20 mM PBS, pH 

7.4). Left to right: HPBD, HOCl, .OH, H2O2,1O2, NO2
-, NO3

-, NO, ONOO-, O2
- and t-

BuOOH.



6. Sensing mechanism study

pd-151111-191 #27 RT: 0.44 AV: 1 NL: 2.08E7
T: + c ESI ms [ 50.00-800.00]
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Fig.S16. ESI-MS spectrum of HPBD/HOCl mixture.

Fig.S17. Mechanistic study of probe reacting with HOCl and indentification of adduct 

using HPLC method. (a) 100 µM probe HPBD; (b) 100 µM DBDC; (c) the reaction 

products of 100 µM  probe  with  HOCl. Detection: UV-vis (398 nm) detector. 

Flow rate: 1mL/min. T: 20 °C. Injection volume: 100 µL. Mobile phase: 

methanol/water=80/20 (v/v).



7. MTT assay

Fig. S18. Cytotoxicity assay of RAW 264.7 cells were treated in the presence of 

HPBD (0-25 µM) incubated for 24 h.

 

 

 

 


