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Development of an Ultrasensitive Mitochondria-Targeted
Near Infrared Fluorescent Probe for SO, and
Its Imaging in Living Cells and Mice

Li, Fang Tang, Yonghe Guo, Rui Lin, Weiying™
(Guangxi Key Laboratory of Electrochemical Energy Materials, Institute of Optical Materials and Chemical Biology,
School of Chemistry and Chemical Engineering, MOE Key Laboratory of New Processing Technology for
Nonferrous Metals and Materials, Guangxi Key Laboratory of Processing for Non-ferrous Metals and
Featured Materials, Guangxi University, Nanning 530004)

Abstract Sulfur dioxide (SO,) and its derivatives (sulfites, bisulfites, etc.), as important components of active sulfur species,
are closely related to the physiological processes of living organisms. In addition, excessive intake of SO, may cause irrepara-
ble damage to the respiratory system, such as lung cancer, tracheitis, asthma, efc. Near-infrared emission fluorescent probes
have strong penetrating ability and can detect biomolecules in vivo effectively. Therefore, in this paper, a mitochondrial target-
ed near-infrared SO, fluorescent probe based on the Michael addition mechanism was designed. The solution spectroscopic
experiments show that XA-SO, has significant selectivity and sensitivity to SO,, and has the ability to rapidly detect SO,. It is
worth noting that XA-SO, has good membrane permeability and has successfully detected extracellular/endogenous levels.
More importantly, XA-SO, could be enriched effectively on the mitochondria of cells, which is promising for realizing the
dynamic detection of SO, in the mitochondria of living cells.
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Figure 1 UV-Vis absorption curves of probe XA-SO, (5X107°
mol/L) reacted with different concentrations of NaHSO; (0~
8X 10~ mol/L)

UV-Vis absorption curves of XA-SO, (5X 10 ¢ mol/L) reacted with dif-
ferent concentrations of NaHSOj; (0~8X 10 * mol/L) in 1 X 10 % mol/L
PBS buffer (pH 7.4, 0.5% DMSO) for 10 min
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Figure 2 Fluorescent curves of probe XA-SO, (5X 107® mol/L)

reacted with different concentrations of NaHSO; (0~8X10™*

mol/L)

Fluorescent curves of XA-SO, (5X10 ¢ mol/L) reacted with different
concentrations of NaHSO; (1X10 ®~1.5X10"° mol/L) in 1X10 2
mol/L PBS buffer (pH 7.4, 0.5% DMSO) for 10 min. 4,,=670 nm
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Figure 3 Linear relationship between the fluorescence intensity
of the probe XA-SO, and the concentration of NaHSO; (1X
107°~1.5X 10> mol/L) at 755 nm
Linear relationship between the fluorescence intensity of the probe

XA-SO, (5% 10 ° mol/L) and the concentration of NaHSO; (1X10 ®~
1.5X10"° mol/L) at 755 nm
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Figure 4 Fluorescence intensity (755 nm) curve of probe
XA-SO0, in the presence SO, at different time (0~60 s).
Time-dependent fluorescent intensities (F7ss nm) of probe XA-SO, (5X
10 ° mol/L) in the presence SO,

BT REH VORI AN [543 B A FH 1R ¢ D' R S e 1 ok B
EIZIRE XA-SO, XF NaHSO; &3 MR BIIRE /1. i
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(1X107% 1 X107 mol/L)/EMBRZE /A L & 10 min
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Bli(glucose, 1X 1074, 1X 107> mol/L), DL- A%}t & i
(DL-Hey, 1X107% 1X107° mol/L), i % 1k & (H,0,,
1X107%, 1X107° mol/L), HIEE(FA, 1X107* 1X107°
mol/L), L-EBE & ER(L-Cys, 1X107% 1X107° mol/L), L-
HRIR(L-Ala, 1X10 %, 1X107° mol/L), L-F5 & FR(L-Arg,
1X107%, 1X107° mol/L), L-HiA MLEE (L-Ascorbic Acid,
1X107, 1X107° mol/L), A (NaClO, 1X107*,
1X10°° mol/L), Bi & L4 (NaHS, 1X10° % 1x10°
mol/L), MALER(KI, 1X107* 1X107° mol/L), Ffk4H
(NaF, 1X107%, 1X107° mol/L), H & E(Gly, 1X107*,
1X10° mol/L), & Bt H Bk (GSH, 1X10°* 1X10°°
mol/L), BiftAN(Na,S, 1X107% 1X 107 mol/L), L
FH(NaSCN, 1X107% 1X107° mol/L), iR (Na,SO,,
1X107% 1X107° mol/L), # T it LS (TBHP, 1X
107, 1X107° mol/L), &AL KCIL, 1X107% 1X107°
mol/L), &ALBEMgClL, 1X107% 1X107° mol/L), &AL
FE(CaCl,, 1X107% 1X107° mol/L), ¥ Iz 44 (SNP,
1X107%, 1X107° mol/L), WAl (NaNO,, 1X 10~ %,
1X10° mol/L), V#% 2 #H(Na,SOs, 1X10° %, 1X10°°
mol/L), HiEZAAN(NaHSOs, 1X107, 1X 107> mol/L).
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Figure 5 Fluorescence intensity of the reaction system of probe
5X 10~° mol/L XA-SO, with various analytes at 755 nm
The numbers represent: (1) probe, (2) glucose, (3) DL-Hcy, (4) H,0,, (5)
FA, (6) L-Cys, (7) L-Ala, (8) L-Arg, (9) Ascorbic Acid, (10) NaClO, (11)
NaHS, (12) K1, (13) NaF, (14) Gly, (15) GSH, (16) Na,S, (17) NaSCN,
(18) Na,SO,, (19) TBHP, (20) KCl, (21) MgCl,, (22) CaCl,, (23) SNP,
(24) NaNO,, (25) Na,SOs, (26) NaHSOs. 4x=670 nm
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Figure 6 Fluorescence intensity of probe XA-SO, and SO, in
different pH solutions at 755 nm

The fluorescence intensity changes of XA-SO, (5% 10 ° mol/L) treated or
untreated with SO, (1.2X 10 ° mol/L) at different pH (6.0~10.0) solu-
tions for 10 min
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Figure 7 Fluorescent images of probe XA-SO, in HeLa cells

for detecting added NaHSO;
(A) The HeLa cells were incubated with 1X 10 ® mol/L probe XA-SO,
for 5 min; (B) The HeLa cells were pre-cultured with 1X10 > mol/L
NaHSO; for 5 min, and then cultured with 1 X 10~° mol/L probe XA-SO,
for another 5 min; (C) The HeLa cells were pre-cultured with 1X10*
mol/L NaHSOj; for 5 min, and then cultured with 1X 10 ¢ mol/L probe
XA-SO; for another 5 min. A, =640 nm, L., =650~750 nm, scale bar=
30 pm
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FL. inteisity/a.u.
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B8 % XA-SO, 7t HeLa 41 46 I P SO, 1% LG
Figure 8 Fluorescent images of probe XA-SO, in HeLa cells
for detecting endogenous SO,
(A) The HeLa cells were incubated with 1X 10 ¢ mol/L probe XA-SO,
for 5 min; (B) The HeLa cells were pre-cultured with 2 X 10 mol/L Cys
for 20 min, and then cultured with 1X 107 mol/L probe XA-SO, for
another 5 min; (C) The HeLa cells were pre-cultured with 5X 10> mol/L
Cys for 20 min, and then cultured with 1X 10 ° mol/L probe XA-SO, for
another 5 min. Ax=640 nm, Aen=0650~750 nm, scale bar=30 um
S AN ZALAA A SO, FrAer il
VEN—MHEZLAM R EIREE, XA-SO, Bz HA B
W iZRe )], A ELIIRANEK SO, #ill. B A H Bt
R R 96 IREE XA-SO, HEAT 1 /INBR I HIAMIN SO, %,
A, A T HFRIREN XA-SO, TEAHXT 5 24 4 N 3555
HXF SO, MiRAEE S, #EAT TSN ES IR, 2 1X
10" mol/L XA-SO, ¥R Ll 5K EE4 2 1X 107 mol/L
(AR MR R 538 14 (Cys« GSH. Hey« H,0,+ HCIO)
BEAT HECIG I, PRET SO0 9 B IR A R A W] R
(A8 4k, Bl E S TP 5X 10 ° mol/L Na-
HSOs, FFXR & VE AT ZO66 . 72 AR 2 0%
FIFREEA, PREE XA-SO, 598X SO, A & BUF IR e
71, BrRAHEAT /N RSN SO, BRI, Jeikt® 1 =
FON TS e BRI/ RO T TUBERER ), RIS
BEATIEAR R 5258, X = HUNR LA RO R E S
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Merge The intensity scatter plot
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B9 e XA-SO, ik e 4kl (Mito Tracker Green)H3:
5E LR S5

Figure 9 Co-location imaging experiment of probe XA-SO,
and commercial dye (Mito Tracker Green)

Co-location imaging experiments between probe XA-SO, and Mito
Tracker Green. The green channel: 1., =488 nm, A.,,=500~550 nm; The
red channel: Ax=640 nm, A, =650~750 nm. Scale bar: 30 pm

FEAE L B AR RO /N BT SR B AL B, A A — /N E
TEHHRET XA-SO, (AR N 1X 107 mol/L); [7]
o — FUNRIESHEE XA-SO, RIHRIKE N 1X
107° mol/L), FFVES NaHSO; (MR A 5107
mol/L); [l 55 = HU/NRIESHHREN XA-SO, IR (AR
FER 1X10° mol/L), FFES ) NaHSO B (M4
N 5X107° mol/L); Bl JE XX = FU/IN R P AT I 44 %,
BsLss, B — H/NR () B HsR 2w 6 K BHE 5,
5 N T RS P0G 5 REZERE), F=HA
BUEA RIS TRICA). /D RIS RS SEE R, By
MR ZOGIREE XA-SO, R AE B N B A S AR 5L A
SEURT SO, A, H HIX ARG I 5 b 235 i S i 45 3
— 3, 2B R AR

2 g

I SR s BRI T SR i AN, A
T R LMK EL ) SO, PR XA-
SO,. T ZIRET XA-SO, (1173 F W AFAE B (R HERL
TR, AWM ICT B8, FitE/R BTt
RGTFEE. BEFEIRET S NaHSO; KA 5 R IR S R,
B T 37 IR A SR HUR R, T DL BURE 96 K 5
FrvE Ok, 2R B BT B3 D2 R, X SO, H
AL AR AR RE A PN, SRR AR S0 Ul 2 AR BT
HATH B 2R R #E R BE 71, JF BLRERAS U 4 Hg 41/ Y
EYE SO, HENE, NEWITER RS RY, %%
JCREHE RGBT B RE ST, AT LUSKBLER N SO, 1Y
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Rl PRIARE XA-SO, FEAS I AIFE S SO, R
A AR N .

3 LIRS
31 X5

Bruker A% 4L 4R %151 (600 MHz); Waters Xevo
G2-XS-QTOF Wi ¢ FHAX; Hitachi F-4700 % )64 6 6 FE
TF(HA Hitachi); UV-2700 &40 ] W46 6 EETH(H AR S
AT, W& KA LR S H IR A R, HET
TERR(H SR T ). si2as i B2 B A A3k R A i 7712
e, HA o Pralok it s A T Bt — b AL H.
32 ZWHE
3.2.1 A4 XA-SO, 894 5%

WG Z25 SCHR[42) 5 LB L &9 1, Fif3r=92
Tt — DR E .

FALEY 1 (0.538 g, 2.1 X107 mol)IIAZF] 250 mL
R B, TN 4- = 28 K W (0.389 g,
22X107° mol)fil 80 mL ZERHF, 7£ 120 C FER 30
min, fFRMNEEFR G, KHHAME=ZE, A 80 mL 4l
IKEERL, PG 78 R AR 7518, 13 2 sa g ([l 44, &
AR E TSR N A R b LB ARV D V=30 :
D4tk 3 3] 0.62 g =¥, =% 67%. mp. 154.8~
156.0 ‘C; "H NMR (600 MHz, DMSO-d;) 6: 8.31 (s, 1H),
8.08 (s, 1H), 7.79 (d, J=9.6 Hz, 1H), 7.64 (d, J=9.0 Hz,
2H), 7.31 (dd, J=9.0, 2.4 Hz, 1H), 7.20 (d, J=2.4 Hz,
1H), 6.84 (d, J=9.6 Hz, 2H), 3.66 (q, J=7.2 Hz, 4H), 3.49
(q, J=7.2 Hz, 4H), 2.94 (t, J=5.4 Hz, 2H), 2.83 (t, J=6.0
Hz, 2H), 1.84~1.88 (m, 2H), 1.25 (t, J=6.6 Hz, 6H), 1.16
(t, J=6.6 Hz, 6H); “C NMR (150 MHz, DMSO-dy) J:
164.93, 158.29, 155.00, 150.16, 146.63, 140.39, 135.29,
131.67, 123.32, 122.99, 121.96, 117.06, 116.90, 112.10,
95.97, 45.64, 44.54, 27.64, 27.49, 21.43, 13.02, 13.00;
HRMS calcd for C,3H35N,0 415.2744, found 415.2745.
3.2.2  GRgMER

FREUE & R EF XA-SO,, H 4 mL — H 3£ IR
(DMSO)# R4 XA-SO,, HFLRLAL 1X10° mol/L
TREF R &, SREH IR EE N 5X10°° mol/L. 7E
37 CHAF T AT IRER BRSO, I 2
tFH PBS ZErPAW(1 X 1072 mol/L, pH 7.4, T8N
5% LIRS FDVE IR, FFY) NaHSO; (1)
WIEJEE Ty 0~8X 104 mol/L. 7EMPR e iyt FErh,
GSH. L-Cys. Arg. HCy. Gly. Ala HIKELN 1X
1074, 1X10° mol/L, ¥ 45 LA K B BH B 125 50 Hr 4
IR IR EE ) N 1X107%, 1X107° mol/L, Na,SO; #
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NaHSO; (MR E A 1X107%, 1X107° mol/L. Jlikit
FE  PBS 223 & (1 X 1072 mol/L, pH 7.4, 16817341
N 5% LEDVE NIRRT, 75 37 CHRIZGME it
HIEEIR, FERB AR A 1 cm X1 em X4 ¢cm, 670
nm {EAIRE IO B, BR4EIE+E 10 nm.
323 mingih

T 7 1 S RS IR AT . AR FE KT 90% 1)
HeLa 405 T 96 fLiRH, #&51JE MBANFLHMA 0.1
mL FIAHHVA . K475 24 hs, 4UMONGEE, Bf 5
AL I R FEIERET XA-SO, B IR 30~
4X107° mol/L). K HANIERE; 7=/ 9% 24 h 5,
AL 5X 1072 g/L [(IMEMEE (MTT)R 773515
W, OB L R E R B IR A ARG FE 4 h, 96 FLIK
IR R R, BEJE RS FLH I 0.1 mL ) — FE
TEHR, A KO ARE . f 5 FBEARAE 490 nm T X3
HEAT IR RE R, ARAE DAR 2 AT TH 540 1 A7 26

YHIA7 5 Z2(%) = (OD gampte — ODyp1anc)/ (OD copgrot —

OD 1o)X 100 %

ODygample 7 7~ £E AN [A] B FLAR H In N AS [8] 3 B2 1 8 4t
XA-SO, i & ATl E 45 H, ODpan BT ARG F
LTI ) 45 2R, OD ool 70 15 77 32 T I 12 1) 45

F =21 SEB0 X AR ANIEPE SO, AR BEATRIEFL: 28
— A 1X10°° mol/L ##4F XA-SO, i B 41 5 min;
A FHWRE 9N 1X107° mol/L ) NaHSO; 5 HeLa
YR E 5 min J5, BERIMAKRE AN 1X10°° mol/L
PIRER XA-SO, 52 L0 E 5 min; 5 =248 KRN
1X10™* mol/L NaHSO; 5 HeLa ZH /{1l & 5 min &, BE/5
TN A 1X10°° mol/L R4l XA-SO, 52 L H 5
min, FAGEEBE KN 640 nm, KMTEEN 650~
750 nm F) 2644 34T

F = 2SI XA AR R PR PE SO, BRI TR AT 28
—4f#F 1X10°° mol/L 4 XA-SO, & 4l 5 min;
55 A IR EE N 2 X 107° mol/L 1 Cys 5 HeLa 2 ff1 i
B 20 min, FEJEIIANIKEE N 1X10° mol/L FI#R%E!
XA-SO, 52 3L E 5 min; =4 HIKE N 5X107
mol/L 1] Cys 5 HeLa 21/ & 20 min, BEJ5IIAIKEN
1X10°° mol/L 34 XA-SO, 52 L HE 5 min. %
FEAEBOR KN 640 nm, ASINSE L 650~750 nm (1) 5%
R

HA RS E A 500G EEEXRE XA-SO, T4
FiAILE A 928, FIRE N 1X1077 mol/L L kifA IR
gt ekl (Mito Tracker Deep Green) 541/l & 30
min, JIAKRE Y 1X107° mol/L AIHR4ET XA-SO, 4k 405
HAHM 10 min. A5 AT I @ AL RAR LS. X T ERER
XA-SO,, G IEE R BER N 640 nm, ALllE N
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650~750 nm FI&AF T AT, X T B i M i 2ok A TR £
B E YR, BRI 488 nm, A INTE FEl Y 500~550
nm.
324 R oAR

5y =S IEAT /N R AR N B AR T, o iles =
WSS « AARTR/INFRT R /DN BRI s v AR o Bk
A%HIKEERE 1.5X10° L, /N BUsEE. g —H
N BRI FHEE XA-SO, T (ARIKEE A 1X107° mol/L)
BFE 5 min; )55 /N RIESHRER XA-SO, I
WEN1X 107 mol/L)J¥# S min, FHE:HF NaHSO; %
WA FE RN 5X 107 mol/L), ##F 10 min; 5=
N BRI FHEE XA-SO, (AR EE A 1X107° mol/L)
B E 5 min, FES NaHSO; IR MRIKE N 5X 1072
mol/L)#F & 10 min. Bl 5 H4HBEAT /NI SO, 44 %

FAZ 26 A TEBOR N 660 F1 710 nm B ST
P SURAN Y2 18 &

45 Bh#1 Kl (Supporting Information) %t XA-SO, 1) 'H
NMR, “C NMR LA HRMS B, #R%F XA-SO, {41
B, REFS NaHSO; M Ja ARG 43 HE o i
T, A BB B AR X AR RT DL A B A ) R
(http://sioc-journal.cn/) I N #k.
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