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A Mitochondrial-Targetable and Turn—-On Fluorescent Probe based on Nile
Red and Monitoring for H,S in Living Cells

Yu, Haibo*” Li, Hongling” Zhang, Xinfu” Xiao, Yi’ Fang, Peiju’
Lv, Chunjiao” Hou, Wei**
(“ College of Environmental Sciences, Liaoning University, Shenyang 110036)
(* State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024)

Abstract Despite regulation of some different physiological processes such as nervous system, inflammatory stress and
cardiovascular system, hydrogen sulfide (H,S), an important signaling molecule, also can control activity of ATP enzyme and
antioxidant stress in mitochondrion of living cells. For real time quantitative detection of H,S, in this paper, a mitochondri-
al-targetable and turn-on fluorescent probe NRS has been developed and used to monitor exogenous H,S in living cells.
Based on the principle of photo-induced electron transfer (PET), 2,4-dinitrobenzen has been introduced into Nile Red moiety
in the structure of probe NRS. NRS has been shown fast response and high sensitivity to hydrogen sulfide, without interfer-
ence from other reactive oxygen species, reactive nitrogen, anions and metal ions species. With addition of sodium sulfide,
the maximum absorption wavelength of NRS at 565 nm has blue shifted to 550 nm, and the emission intensity at 640 nm is
accordingly increasing. Meanwhile, this solution is turned to purple from red color and visible with naked eye. The emission
intensity of NRS is linear function with the sodium sulfide concentration over the range from 32 to 172 umoleL™". The
cell-staining experiment indicates that NRS can diffuse across into cells. It is further proof that in colocalization experimenta-
tion NRS can be positioned in mitochondria and detecting hydrogen sulfide in living cells.

Keywords fluorescent probe; Nile Red; Mitochondrial-targetable; hydrogen sulfide; photo-induced electron transfer (PET)
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ERGVE TR EE B ER, 24— A8k
R —EAMRZ )G 1 X — A EBESAEEESTE
Ah, TAGE MR — R E BB EY), 25 RE
IR & B2 RSN, R IR SR
o LS DA R PR s 01,

LRI —REE M, HAEMIIR S5t
ST, kiR i) 3-3i 25 PN R R AE 3-350 5k TR I R
T #% F i (3-mercaptopyruvate sulfur transferase, 3-MST)
e R B4 P A i A 0 ok 4 77 A 1 Y R I
TS 40 N AL S BB SRR . —, TR MR Rk
ATP g5 MRS A S 25 Th R 4% L EAE AN, Btk
ZAk, MR B A 2H 2R 7 AR )RR A S AR B A T 2 b
(R hfgte B R 1E R, DRk, ST w284
B AL S AR A T T R e DA R SRR 45
A HEEE L

HATBAC SRS iE G V2, ARt
HL AR ey PV SR AR EL T B 2% T B SR AR
A AT, 2 IR BN T IE & TR I 8R4 A 1 i £k
A JRETET R ERE A DI AW FE i, B St 5
AL I 2 R B AL . R SRR RS T YR 2R
AT EIREO (R A s 52 0 T 2Rt b 3R B
AR EF IR IR DTS IR b 27 B R R B 7]
PERIBRALE R OGEREE. N T il Bk ) @, A SCHRGE T
BT 5B /RZ(Nile Red 1, NR)ABRA £k 1440
I 3 5 TR AR AL 8 IR ET NRS (B 1). #R%F NRS LA 5-
IR IRANERE, 5 2,4- AL SR TE 2E R 7 R R 41
MIVE AT R BEA B H bR7r 7 NRS. %R AR R
SRV, 7R H L 10%.

2 ZR5TR
2.1 NRS 5 H,S By{ER#1IE

TERKEE ) b 2,4- RS IR RS F 9 A T BS =R
TRy, HAF ok o 1 52 AR AR ET I B O AL,
&AM TR T 65 5 BT 3% # (Photo-induced  Elec-
tron Transfer, PET)ALEE (38 5 B 5 e PR El, DHHAE e
GEH I R T A . R ARAT NRS [0, I
2,4- IR GE R R T, I AR L W Ak A K L
JEIREL RN AR T R — 7 PR R, 2,4- Ry 3L K4
FI5INJG, ¥R NRS 5 NR ML PGB B K, 2t E
TRCEH 0.51 424 0.08 (FE WL SIT). XK PET Rwif#
BEREF NRS MZt & TR KA RAMCE. M50k
SAERZ G, BREF NRS &5 0y b i) — 28 kg A A i 4,
2,4- HHFOREE M TR OKIR B 2, FF IR A NR(F
W SI2). Mok ERIEWRIGE, BT 2.4-AHEIREE M
852, {§i£3 PET RUNAFLASNH, PRIk mT DL 2 Wi 5% 3] 51 2]
AT, i 2 Fis.
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Figure 1 Synthetic route of probe NRS
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Figure 2 Proposed mechanism of probe NRS in the presence of hydro-
gen sulfide

2.2 7%t NRS %f pH I Rz

T IAAREE NRS %F pH BRUREE, SEBa il 1 4R
£F'NRS (5 pmoleL™!, DMSO : H,0 4 : 1, &FE)EAR
[F] pH B 26 1F N6 FI 640 nm Ab G HEE ) AE 1.
WK 3 fion, 24 pH AT 2.95~9.12 I, 4t NRS 7
640 nm KLHITGIRERA IR AL, IXRWIIRET NRS
HARSEH) pH GG % NRS I R4 pH
FOE T, XIAD)THREN NRS BG5S AL, 72
REF NRS 1980, 2,4- T RSHERIE N 7324k, JE/R
GO N T A, BT AR S TR
(donor-excited Photoinduced Electron Transfer, d-PET)!"”
WOCRED, X 55 W2 AR 55 5 T ##2 (acceptor-
excited Photoinduced Electron Transfer, a-PET)HLHf)%¢
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Figure 3 (a) The emission spectra and (b) emission intensity at 640 nm
of probe NRS versus different pH values

FEIREF AR, D6 HREN NRS 075 6 FIE N b T
AT 324k, HUOEBREEA 52 2 pH 1520,
2.3 4t NRS g9k

PREF NRS RILH R I 16 & R e Bk, anlsl 4
Jizs. R4%EF NRS % 7(5 pmoleL ™!, pH 7.0, DMSO :
H,0 4@ 1, fRFI) RN 250 pmoleL ' AS[A] i
Y)(Na,S. COO . S,05 . H,0,. *OH. ClIO . NO.
R PR DL PR 2B KIS, AR5 23 0l
IR AMR ORI e e v, SIS R IR AL I &, W)
WO IR SRS, S RIS 565 nm W 2 550
nm, HHTE 460 nm & HIH—ANFIEE 4a); H+ HIFHR
(68 AR B e, R A N A (B 4e). X SR
THREF NRS £ S EAE G, HAM T 2,4- gk
R R L, R AR BRI S T A R RS
(Intermolecular Charge Transfer, ICT)#& R4555, M ififli
OISR, SULREIR, 26 EHELE 640 nm AL HIH
ST W] R, SREFHGR(F/F) T4 6 5. HihgEE
T EMEE S TEVERLL RO WA BRI IR SRR
£t NRS IS Bl 6 1 A B R AR (& ST 3).

LI IR AR T HREE NRS SEAL NI N . AE
ARIMATRACEHEIIE LT, KH 550 nm BOKIRE NRS #
Wi(5 umoleL™", pH 7.0, DMSO : H,O 4 : )M l4x%t
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B 4[4 3 mL NRS %5 pmoleL ', pH 7.0, DMSO : H,0 4 : 1)#14)
BIAIA 250 pmolsL ™' A THA(NayS. COO v S,03™ + H;0,+ *OH.
ClO . NO. H% Gly. *E&E R L-Cys LUK FRZR Met), THOE
(@) LR 65 () AR AL, (o) I Bl T3 Ja i it e f 2%
JGIZEAE. Ex: 550 nm $%4%: 2.5, 5 nm

Figure 4  Absorption (a) and emission (b) spectral changes of NRS (5
pumoleL ', pH 7.0, DMSO : H,0 4 : 1) in the presence of different ana-
lytes (Na,S, COO ", S20§7 , H,0,, *OH, CIO ", NO, Gly, L-Cys, Met).
(c) Naked-eye (top) and fluorescent (bottom) color changes of NRS in
addition of different analytes. Ex: 550 nm, slit: 2.5, 5 nm

NRS L[] (0~3.5 min)7E 640 nm A 1) 5% 5 5 148
th, RIERER NRS BI5GB RFEA R (Fy 72 au.), 1
Sa filt7~. 241 B ERER NRS RN 50 equiv. )
BRALENKVEWUS, % NRS /£ 640 nm AL 5¢ 608 B R
TR, 1 min JEUOEHRE(F)IAF] 385 au. FifiE S H 1)
PhELIER:, $REF NRS 7F 640 nm ARG TR E A L4
BUAE. 4EREF NRS 5 50 equiv. (BRI ENIE I, 5
B fhy o S AR, A, 640 nm b7 5 B I [E]
KA — 2 FE B KA (R =0.993).  EANE
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(M A B, A0l Sb FTaR. 40 10 equiv. FIBRAL AR 7K
WG, PR 1 min PYIRIEIGER, [ & 8] 4k
BREK, BOGHREENRALE; ARSI 20 equiv. (IR
AN/ IS, $R%ET NRS 7E 640 nm &b f7%¢ ' i ik —
SR, P AT 2 min B 40N 50 equiv. AR
WK S, REFIOETRETE 2 min PIARIFE(E
(B sb), Kk, EREFIRE NRS SHALEARI1E FH -7
B [6] 3264 2 min.

a

400 A T
pal 0 equi
350 ZO%q::Iuiv
300 - 1 Fit Analysis
> / Model: ExpGro1
B 2504 / Equation: y = A1%exp(x/t1) + y0
S f Chi"2/DoF  =18.16861
€ 2004 RA2 = 099332
= / y0 39478891  +0.11756
1504 A1 27129176  +0.63166
t1 -0.30023 +0.00112
100 4
50 T T T T T T T
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Time/min
450 b
400
350+
3004 50 equiv.

2504

\4
200+ 20 equi\/
1501 o 10 equi\:)
1001\  \

—_—
504

Fluorescence intensity/a.u.
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Time/min

Bl 5 #REF NRS SERALENIE A B S TOBREEIAR ML (a)BR%T NRS
N 50 equiv. FIBRALENIETRRTIG, #REF NRS 7E 640 nm AbF)5 658 B [
iR AE 4k (b)$R%F NRS 23 A0 I 04 104 20+ 50 equiv. Na,S J5, 640
nm Kb 158 0R FE BE B A] 1928 4K, (Bx: 550 nm $24%: 2.5, 5 nm)

Figure 5 (a) Timecourse of NRS at the maximum emission (640 nm) in
absence (black line) and presence (red line) of 50 equiv. Na,S. (b)
Timecourse of NRS at the maximum emission (640 nm) in the presence
of 0, 10, 20, 50 equiv. Na,S. (Ex: 550 nm, slit: 2.5, 5 nm)

AN S BRI, BT RE O BRAL A, S256
HE RS NRS X SR & 158 AR WSO R
TGV B (FE L ST 4). SEI6 &k PR S AL AN (0~ 480
pmol/LYIIANJG, SEAMRIEIE B AK, 565 nm AL
Wl e A= T R INE R B, 460 nm b I A HEI T AR IR g g
(SI 4a); ZOGHREE HIL/MERE5E, SRR (F/F)Z) 2 1
(ST 4b). SEREALEAAHLL, FREN NRS KR A48 1 e 3 55
W ANIRGE, X AT RESE BT B AN S PRI VR R K AR
B 2 A 0 T2
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2.4 IRt NRS S#HALMAA LN R

RIGHHE— DR T HREE NRS XA R FEBR AL AN
IV [ B Wi N . [ R EF NRS (5 pmolsL™', pH 7.0,
DMSO : H,0 4 © DI 2 AIMAN 0~272 pmolsL™
FRALEN KA, B BRAL BN EE 3K, #REF NRS (4%
AN AR A IR, IR 6a FlTaR. BEE BRAL BN K I TR
BIIN, #REF NRS 78 565 nm Ab i 55 KR IS UG AN I sk 555
(FH 0.12 55 % 0.1), B KWRUKIEH 565 nm W2 % 550
nm, [FIFF7E 460 nm b H I —ANJH U, FF IR A
Wi 5(0.01 HE3E 4 0.082), SULFIN, IS B
BARNLL . HLER 565 nm 5 460 nm ARIR IR FE ) LR
B (A565/A460)BEE B ALARIK FE A0S, & 6b fir
N, BN IR EELE 32~192 pumoleL ™ Y P EL R A
(A565/A460) 5 Titb IR E 2 R IF &G R, B
FHACIAREE I, SOtig R AT RAML.
6¢ I, 4R NRS 78 640 nm Ak 175 6 1 o 5 AN ki 14
58, TREF NRS HI9GHREETR(F/F,) T4 6 5. WAk
WRFEAE 32~176 pmolsL™" i1 il P i ¥4 NRS 7F 640 nm
Wb e S L R UL RIS R (B 6d Bt
7). PREF NRS RIS B0 5 e i e .
2.5 YHpARRIGSCIE

T EIIEREN NRS BI4ifa ek, HER% NRS(S
mmolsL ™ )] — L ANV 2 pL IIAE & 2 mL 5
FRIE(RPMI-1640, % 10%/NFI13E) ) MCF-7 4ii i
37 ‘CFHLHE 5 min, S8)5440% & )5 [ MCF-7 40 i H PBS
WEBR EE 2B e (pH 7.2 1 mLX 3 R). 4 iE0E 5 4
B T R AR T A TSR, I Y R B B
S PO, WK 7a B, 4 RRgIF A 50
equiv. FITRAL BN /KA, VA2 5 min J5, FIBERRThes
MRSV =R, BT R TSR, KN N S
EER 2 B 5O, ZFOEHI AT RIS, ik 7b
Fis. X BTE DMSO B AIIE AT, e GE%iE
IR, B B4 A R i

T I RE NRS BE TS EAL T Zkifk
AT IE YL B G ) b 2 I AT B s Y A e
IONERAR D Y75 Rh123 (ZKRFE 2 pmoleL ™ HIF
7637 CF4EE 5 min, Z )5 FHBERRER MM 3 IX.
BB VLSS 1) MCF-7 40 8 T3 5 A2 58 B Alse T Wi,
539K FH 488 F1 559 nm IR YGUE, HEAT XUEE X615
SHIRE, WK 8 s, Chl {55 R TEH 590~690 nm,
AT DU B 5 i 41 €458 (K 8a); Ch2 15 5 REETE
500~530 nm, MIBNERLARH R I H R E SR 05O
(Kl 8b). HiT Rh123 HAFLRMAEL —MEE M ThEE, &XH
2 Py SRR B A E SRt T 2 L. 4 Chl A1 Ch2 18
T G2, WK 8c Fiw, &5 A8k 4
S H B E R, Pearson REL(FEN SI)iXF 0.87,
VLAHIEIE Chl 1 Ch2 BRI I H B, it X HL B X
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Figure 6 Absorption (a) and emission (c) spectral changes of NRS (5 pmolsL™", pH 7.0, DMSO : H,0 4 : 1) in the presence of different concentrations
of Na,S (0~272 pmolsL™). (b) and (d) are the relationship of NRS at absorption ratio (4sss/4460) and emission intensity (640 nm) vs. different concentra-

tions of Na,S, respectively.

E,: 559 nm, E_: 590 ~ 690 nm DIC

Merged imaging

a

B 7 MCF-7 4% NRS (5 pmoleL™) Y 05 X NayS F3: R A 5 6 ik
5 (@A MNERALH; O)IA 50 equiv. fKIFT L4

Figure 7 Confocal fluorescence imaging of Na,S in MCF-7 cell with
NRS (5 pmolsL™) incubated for 5 min. (a) cells without Na,S. (b) cells
incubated with Na,S (50 equiv.) for 5 min.

3k 1 £ Chl A0 Ch2 @& )5 65R 44, Wil 8d B
TN, LRI X 4T G R E AR FE AR — 3, DAk
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fifbZl. A% NRS BEWSE N T 4RI Aok fk o2 il T
RET B JE IR LS5 0 BAT s AT ISR G5 A (B 1 B
), TS5 e Gkt Ju Ho B B 7 5 iR E 5 4
1) 5 AL T £ D 1 o A 200,

3 g

it AL A D 2K — A U — AL R 2 5 R S — A
HEME ST, MERRK ATP BRI SET)
R HEIH TR ], ASCEL 5-Fadk JE/RZ0AN 2,4-—
T 22 AN JFURHE AR T B R R A R, & 1 2k
WFEFIPEDOEIREE NRS, {E 5 20 & e Tt
PORG™. PREF NRS RIS PR (it A S 4 A ey
P SR I, ARG W B T4
PR T, BEERACIIRIINAN, % NRS i, 22
OB R AR AR, R KRl 565 nm 2 &
550 nm, VAR HTEE AR R OIS TE 640 nm
AR A BTG 5. TR AT 32~172
pmoleL™" JE [ Y, &3 e 5 A BA I B 2 It e
PIAER AR, MG IR, ¥RET NRS RERE N
Y, BAAREREE P 5 Rh23 #EHAT3EN
JRABAESE T HRE NRS HENS & (o T4 L 2L A h A6
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Bl 8 NRS 5 Rh123 fI3LEASL. (a) MCF-7 4184 5.0 umolsL™
NRS Fea 5N 250 pmolsL™" Na,S /KA 37 ‘CHiFF 5 min Ji5, 4ii
HiA% Chl (Aex 559 nm, e 590~690 nm); (b)FE4E 2.0 pmolsL ™" Rh123 %
tJE, MR Ch2 (L 488 nm, Aen 500~530 nm); (c) Chl F1 Ch2 —
HTCHAL B N ()RS XA 1 TS

Figure 8 NRS colocalizes to Mitochondron in MCF-7 cells. MCF-7
was stained with (a) 5.0 umol.L™ NRS with Na,S solution (250
pmoleL™") for 5 min at 37 “C. (Channel 1 (Chl): Ay 559 nm, Aey 590~
690 nm) and (b) 2.0 umol-L" Rh123 (Channel 2 (Ch2): A 488 nm, Aem
500~530 nm). (c) Overlay of (a) and (b). (d) Intensity profile of region
of interest (ROI 1) across MCF-7 cell.

AR L. REE NRS & w] R A T 4R v I e Il 41
PEGRA ARG S T DOEIRET, JL s fE TR Al R AN
A A Rk S AT EL AT ) R 4 P RIS

4 SKIGERSY
4.1 XF5RH

J B K F HP 1100 LC-MSD 15 5% it il &
H Varian Cary Eclipse G066 WRBOGIE I &
8T H TU-1901 40 AT WL A3 66 BE v 586 AR T FH A
AR WO RV BABL(IX81, Olympus, Japan), ¥
B5R X 100 oil, HEFLANAYA 1.4, HRfBEAA XY.

SEu6 R AT AR, & HF BE. DMSO. DMF.
TR BB A AT Al B, FE MNAERIRG AL 1915, BTl
&8 B T AU A R SRR Eh VA T 2SRRI, M
T BT RSN 300~400 H. RPMI 1640 £537 36 (& L-4
FI)WE T GIBCO (Invitrogen, USA), fa4-Ifi% FBS
(Fetal Bovine Serum)/4 H T GIBCO (Invitrogen, USA).
42 NRS &A%

5-$2 3L JE/RZL[NR], 9-(dimethylamino)-2-Hydroxyl-
5H-Benzo[a]phenoxazin-5-one](0.1836 g, 0.6 mmol), 2,4-
TRHFEAAE(0.2244 g, 1.2 mmol), K,CO; (0.1656 g, 1.2
mmol)¥% T 8 mL DMF 1, M#E 75 C& M 3 h. B
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FEE AR ARSI R B NRT SEATWHAE, MBI 50
mL 7K, B AU BE(50 mL X 3)AEHL, WA HLA, T8
KRB BT, Z5E(SIO, 300~400 H)KH:Z T4l
(CH,CL, : CH;0H 40 : 1, R;=0.4), 3] 110.9 mg K H
FRradh, P23 70%. mop. 128~130 C, 'H NMR (300
MHz, DMSO-dq) 6: 8.97 (d, J=2.7 Hz, 1H), 8.52 (dd, J=
9.3, 2.7 Hz, 1H), 8.27 (d, J=9.0 Hz, 1H), 8.26 (s, 1H),
7.59~7.64 (m, J=9.0 Hz, 2H), 7.40 (d, J=9.3 Hz, 1H),
6.87 (dd, J=9.0, 2.7 Hz, 1H), 6.73 (d, J=2.7 Hz, 1H),
6.35 (s, 1H), 3.43 (s, 6H); *C NMR (100 MHz, CDCL;) ¢:
182.3, 156.0, 155.4, 153.4, 152.2, 146.7, 1312, 129.7,
129.0, 122.3, 121.9, 119.4, 114.6, 110.4, 105.7, 96.8, 40.5.
HRMS [M+H]" calcd for 473.1097, found 473.1079.

X ##15 B (Supporting Information)

JRIE A s FIRA B AR R R A eI
DL S5 A RAE B 2545 B VE L SCHE B ”(Supporting

Information) .
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