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Development of a New Carbon Monoxide Fluorescent Probe
Based on Nitro Reduction and Its Bioimaging Research in
Living Cells

Chen, Enqing* Tang, Yonghe® Wang, Lei” Ren, Jiangbo* Lin, Weiying™“
(“ Guangxi Key Laboratory of Electrochemical Energy Materials, Institute of Optical Materials and Chemical Biology,
School of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004)
(® Nanning Institute for Food and Drug Control, Nanning 530007)

Abstract Carbon monoxide (CO), as an important cell signaling molecule, is involved in important physiological and patho-
logical functions in organism. A new fluorescence enhanced CO fluorescent probe NaLy-CO was developed by using naph-
thalimide dye as fluorescence platform and nitro group as the recognition site. The results of spectrum test in solution showed
that the fluorescent probe NaLy-CO had good selectivity and sensitivity to CO. The fluorescent probe NaLy-CO was success-
fully used to detect exogenous and endogenous CO in living HeLa cells by using confocal fluorescence imaging technology. In
addition, the colocation imaging experiments showed that the fluorescent probe NaLy-CO could detect CO in the lysosome of

living cells.
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Scheme 1 Sensing mechanism of probe NaLy-CO to CO
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Scheme 2  Synthetic route of probe NaLy-CO
REF NaLy-CO. AL ML« Bl ) A sy 43 9% T i 5
B B & AT T S5 R 3RAE
1.2 ##*%t NaLy-CO X} CO BURAFEAILEH R
B R CIRER NaLy-CO e Hest 2 &, #HT
TEREF CO MEAER M GIENIR. 37 CHMHT,
1 X 10> mol/L % FIAS[RIIR B () CORM-2 (= Fii ik &
RET =W, CO BtRFA, 0~5X10"* mol/L)7E R 2%
MR (PBS, pH 7.4, 1X 102 mol/L){EFH 40 min Ji5 #E4T
P REMAR, SR 1 s, MR —FE,
FMEREF I DOETCT KA. i CO g, Mk R
MR BN RE CO [V FE [ BG iz i g 5. 38 o s
G, EHL 523 nm AT ERR BRI (R BERE CO WKREE
AL I 2R), FTEAE Y, CO WIEAE 0~1X10° mol/L
T FBL P, A B 1R O 5 B B AT L IR 2R M G R (S
PEFIDE R B RP=0.9966)(F 2). WHEEF RN PR BE T
(3ol iEP%), TRER CO IR H PR A 7.90 X 10 mol/L.
XEHHRERY], %964 NaLy-CO %t CO B fA#
S e L AN R ABORE, & TRl A S i CO.
1.3 #%%t NaLy-CO %t CO BTN N1 RIRETHIEE
M RERF SR
b5, 34T 7 4% NaLy-CO 5 CO AH T4 FH (i} ]
WAGPERT FE 48%H(1 X 10> mol/L)FIAN A & ) CORM-
2(2.5X107% 2X107* 1X107*, 5X107° mol/L){E PBS
s EAEAER. W 3 Fon, BEERES CO fE

O
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Figure 1 Fluorescent curves of probe NaLy-CO (1X10°°
mol/L) encountering with CORM-2 (0~5 X 10™* mol/L)

In 1X 102 mol/L PBS buffer (pH 7.4, 10 vol% DMSO) for 40 min. L, =
430 nm
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Figure 2 Linear relationship between the fluorescence intensity
of the probe NaLy-CO and the concentration of CORM-2 (0~
1X107° mol/L) at 523 nm
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Figure 3 Time-dependent fluorescent of probe NaLy-CO in-
tensities at Fisy3 o treated with CORM-2

V¥ 2.50X10 * mol/L, A 2X10 * mol/L, ® 1X10 * mol/L, m 5X10°
mol/L. 2,=430 nm
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mE 4 Fros, SHE4%F NaLy-CO #8548 ] 365 nm 9484+
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Bl 4 % NaLy-CO (1 X 10> mol/L)i e Ha & Mg
Figure 4 Photo-stability profiles of probe NaLy-CO (1X 107
mol/L)

Photo-stability profiles of the probe NaLy-CO (1X10 > mol/L) in the
absence (M) or presence of UV-irradiated (@) (365 nm)

1.4 #R%t NaLy-CO SNG4 i iIR0iE 5T
PREFAR S e 3, AT A 2808 I H A5 43 1 2
BRFEZ —. KT T 9% NaLy-CO i #vEiR
SR, ] 1X107° mol/L #REF AR F I AE WA % 43
HT¥IAE PBS G2 A BAE A 30 min J53EAT 980 K 5t
FEREMAR, FECTAE 523 nm AL HIDEIRE AL, X4y
P4y SR A M H K(GSH, 5 X107 mol/L). L-F & 1%
(L-Cys, 1 X107 mol/L). H&FR(Gly, 5X10"* mol/ L)+
DL- 7 B 2 bk & 2 (DL-Hey, 5X 10 * mol/L). %% ¥k
(glucose, 5X10™* mol/L). L-Pidk IR (Ascorbic Acid,
5X10"* mol/L). HMi(acetone, 5X 10~* mol/L). A EiiZ
(pyruvic acid, 5X107* mol/L). PR %H(pyruvic acid
sodium, 5X10°* mol/L). X & 44 (NaClO, 5x10*
mol/L). HEAE(H,0,, 5X10* mol/L). HIE(FA, 5X
10™* mol/L). FitkH(Na,S, 5X10* mol/L). FiEfb4n
(NaHS, 5X10°* mol/L). fif H 1L4H(NaSCN, 5x10°*
mol/L). T #idE A (TBHP, 5X10 % mol/L). i
FREN(SNP, 5X107* mol/L). iR 5(Na,SO;, 5x107*
mol/L). WAiEEZE4H(NaHSOs, 5X10* mol/L). LAY
HY(NaNO,, 5X 10 * mol/L). Z —-&(GO, 5X 10 * mol/L)
1 CORM-2 (CO, 1X10* mol/L). & 5 frzx, % 1 in
A CO Ak, B Hrnt %t NaLy-CO {175 Yo 5 ) 17
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(V V=8 2)IREWMNERE 30 min J5HATE P
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FEIE R PR ET NaLy-CO il J 2 [ v] LA CO b JiR.
1.6 X%t NaLy-CO ZEA[E) pH A&+t CO AR B
5_3
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N 25 1 B HRET NaLy-CO 78 4E B pH 345 T % CO
AN E 71, FEANF pH {E(4.5~10.0)[) PBS iR
oL HRER . REFRT CO 1R R G 72 65 B AT AR
M. Wl 6 iR, B4R NaLy-CO (1 X 10 ° mol/L){E
ANIF] pH B ¥ PBS G2 M v Hh 1 5% 16 e S s BE AR A AN K,
Ut BHIREE NaLy-CO (1752 5E P AN 52 B2 FE FHHRE 1 52 ).
R%F NaLy-CO (1X107° mol/L)5 CO (1X 10™* mol/L)
MEAERE, HARGHEAAR pH F44F NA 2EZ,

2500 —
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X R IFAERE NaLy-CO 1] DATEAS [F] I ERBEA B H 6t CO
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R, A ICEE AL 5 I AR AR 2 M — A B A R T
FRY 06 T 2% . W IR S (MITT) V2 46 I B4 BB o, 1R 4
NaLy-CO 7E AR EE(0~5X 10" mol/L) FXF HeLa 4
MOTCH] R @, UIEREE NaLy-CO w] LA T 2EWFRE
H CO HIAII.

TERfEPRET NaLy-CO A U B dn i d s, I
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N T IRAEREN NaLy-CO 1] DLfE & % 1) A B PR 855 o X6t
CO FHATRMRA A, i AN CO HI AT 40 M )
DOLME. WK 7 FoR, A 1X107° mol/L #8% NaLy-
CO (B 7B) 1 X10™* mol/L CORM-2 (/& 7E)i & 41 /it
30 min JEIFTHRIGHUE, HEARNESH. SHA
SO0 G R EE W X EL G A2, HeLa 40ES 110 ¢
mol/L CORM-2 i 5 30 min JG4kZEM 1X10° mol/L ##
£t NaLy-CO #% & 30 min [G#HT 5 CHUE, I ol ]
TERFIIS AT S5 (B TH). AMINFY CO Rifg seie &5
RE RIS 25 B — 8, UL OGERENTT DUAAS E HhA7
ETREARMAMpIAEEF, HHiZRE NaLy-CO AA R
ERAH B ANEE CO MIRE
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Bl 5 7% NaLy-CO 5 & Bl 7t AH EAE S TE 523 nm AL 175 G50 BE AR 1L
Figure 5 Fluorescent intensity changes of the probe NaLy-CO interacts with various analytes at 523 nm
The numbers represent: (1) probe (1>X 10 mol/L), (2) glucose (5X 10 * mol/L), (3) L-Cys (1X 10 * mol/L), (4) ascorbic acid (5% 10 * mol/L), (5) ace-
tone (5X 10™* mol/L), (6) pyruvic acid (5X 10~* mol/L), (7) pyruvic acid sodium (5X 10™* mol/L), (8) NaCIO (5x10~* mol/L), (9) Gly (5X 10~* mol/L),
(10) DL-Hey (5X 10 * mol/L), (11) GSH (5X 10 * mol/L), (12) H,0,(5X 10 * mol/L), (13) FA (5X 10 * mol/L), (14) Na,S (5X 10 * mol/L), (15) NaHS
(5%X10* mol/L), (16) NaSCN (5X 10 * mol/L), (17) TBHP (5X 10 * mol/L), (18) SNP (5X 10 * mol/L), (19) Na,SO; (5X 10 * mol/L), (20) NaHSO;
(510 * mol/L), (21) NaNO, (5X 10 * mol/L), (22) GO (5X 10 * mol/L), (23) CORM-2 (1 X 10™* mol/L). Ax=430 nm
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Figure 6 Fluorescence intensity of probe NaLy-CO and

CORM-2 in different pH solutions at 523 nm

Fluorescence intensity changes of the probe NaLy-CO (1X 10 ° mol/L)
at different pH values in the absence (@) or presence (H) of CO (1X
10"* mol/L) for 40 min
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Figure 7 Fluorescent images of probe NaLy-CO in HeLa cells
for detecting exogenous CO

A~C: the HeLa cells were incubated with 1X10 > mol/L probe
NaLy-CO for 30 min; D~F: the HeLa cells were incubated with 1 X 10
* mol/L CORM-2 for 30 min; G~1I: the HeLa cells were pre-cultured with
1X10* mol/L CORM-2 for 30 min, then cultured with 1X10° mol/L
probe NaLy-CO for another 30 min. 1=405 nm, .= 500~550 nm,
scale bar=>50 pm.
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CO. WHFRRIAar A A KPR TE CO RIF T MR AE
B (HO) M Ab 43 i 1 £ 3 (Heme)™, TR B F1 FEI 41 0 £ 1 21
PR R EE CO. F 1X107* mol/L M43

(K 8B)F & 41 120 min /G347 XSG IR A KIS
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S BRI, S6M 1X 107 mol/L L2412 Hill EL 40 A 120
min J5 kS8 R4 NaLy-CO ¥ & 30 min J5 847 9¢ %
B8, MR R TR P65 5 (B 8E). FHFHIMA %
PRSI ) PR ER G, BT W82 B I 2 58 6 R S 5 Bk i
(K 8E A 8H). ixubsh JLiG MR, R4 NaLy-
CO fEVEAM AR TE CO [N AT A HK 1 R 7
77.

Bright field Green channel

Merge

Heme (2h)

Heme (2h)
+ NaLy-CO

Heme (4h)
+ NaLy-CO

B8 %l NaLy-CO 7t HeLa 40 g Hofil py 1 CO RIZEE
(SEEA
Figure 8 Fluorescent images of probe NaLy-CO in HeLa cells
for detecting endogenous CO
A~C: the HeLa cells were incubated with 1X10™* mol/L Heme for 2 h;
D~F: the HeLa cells were pre-cultured with 1X 10 * mol/L Heme for 2
h, then cultured with 1X 10° mol/L probe NaLy-CO for another 30 min;
G~I: the HeLa cells were pre-cultured with 1X10* mol/L Heme for 4
h, then cultured with 1X 10 ° mol/L probe NaLy-CO for another 30 min.
Aex=405 nm, A,y =500~550 nm. scale bar=>50 um

TERRINEAE T HR%F NaLy-CO BEWHEIT4lfliy CO
FORIN 5, BEAT 3L A7 SE LG DL € #8%E NaLy-CO 741
WL ) o AR O A SR HE n (B 9 MR 1), R
b VAR 52 47 G2k} Lyso Tracker Deep Red [T £L ANk
5%t NaLy-CO H)& (7 A RIF I E S, 1HEH
Pearson 5% RN 0.85. MLLZF, R4l NaLy-CO 1
SRR M b A4 58 A 44 kL Mito Tracker Deep Red
] Pearson AHICREMUA 0.48. g A plifg sLit & R
B, ¥Rt NaLy-CO T2 A/E4fflin g iA1= 4, aeigta
N2 e 5 WA A ) CO.

F 1 HEF NALy-CO 5k fr gupt 3t fr R 40
Table 1 Co-localization coefficient of probe NALy-CO and
commercial localized dye

Lyso Tracker Mito Tracker Red
Deep Red
Pearson’s correlation 0.85 0.48
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Figure 9 Co-location imaging experiment of localized dyes and exogenous CO test system (probe NALy-CO and CORM-2)
Co-location imaging experiments between Lyso Tracker Deep Red and probe NALy-CO; (B) Co-location imaging experiments between Mito Tracker
Deep Red and probe NALy-CO. The green channel: ,=405 nm, A, =500~550 nm; The deep red channel: Aex=647 nm, A, =670~720 nm. Scale bar:

50 pm
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JEDTH D UK QR 3 IR, JEDHE FH VKBS R34 T H 4G i,
23] 0.18 g tFHEEME A, % 52.1%. mp. 207.7~
208.2 °C; '"H NMR (600 MHz, DMSO-dy) 6: 9.42 (d, J=
2.4 Hz, 1H), 8.85 (d, J=2.4 Hz, 1H), 8.73 (d, J=8.4 Hz,
1H), 8.61 (d, J=7.2 Hz, 1H), 8.44~8.46 (m, 1H), 8.01 (t,
J=17.8 Hz, 1H), 7.71 (td, J=7.8, 1.8 Hz, 1H), 7.33 (d, J=
7.8 Hz, 1H), 7.21~7.24 (m, 1H), 4.38 (t, J=7.8 Hz, 2H),
3.10 (t, J=7.8 Hz, 2H); >*C NMR (150 MHz, DMSO-d;)
5: 163.08, 162.58, 158.93, 149.52, 146.24, 137.08, 136.76,
134.34, 131.29, 130.15, 129.89, 129.70, 124.38, 123.68,
123.23, 122.96, 122.15, 40.52, 35.76; HRMS calcd for
C1oH3N30, 396.1686, found 348.0979.
322 K

HU&E & (4R 4 NaLy-CO, A —FISE WA, Bk
1X107° mol/L FIIREN R # F, REF B0 IR K FE AN
1X10°° mol/L, 7EM LRI F, GSH MIIKE N
5X10* mol/L, L-Cys #RFEEHN 1X10° mol/L, HAM—
BESIEIR [T PH B LA S 1t S8V 43 B P o e kA
%14 5X107* mol/L, CORM-2 KR E N 2X107*
mol/L. MRiEFEd, BATER PBS LA Hi(1X 1072
mol/L, pH 7.4, 1AF143 %1 10% DMSOYE AMNRIER. 74
FIERIMARIRE N 37 C, REMIBAIIEN 1 emX1
cmX 4 cm, EFHHOR I N 430 nm, EFESESEN 10 nm.
323wk

YA EEPESLLG: K RE IR Hela 40301 96 FL
B4R, AL 0.1 mL, B0 s 75 %
BEFS, MM FEIREEREE NaLy-CO #5775
(0~5X 10" mol/L), TEANMIRTFRAIRGFR 24 h )5, [
FEANFLAIIANIKEE A 5X 1072 g/L HIBEMETE(MTT)RS 7%
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FEVER, IRERAEANIIERFENIR S 4 h J5, #BBR 96 FLik
BT FREE IR M AN 0.1 mL /)= F B ARA 2R
BRSO diAR, E 490 nm T~ B FRACEEAT RO FE AR
i, 48 Eq. 1 THE 4 A A7 2.
Cell viability(%)=(OD e — ODyianc)/
(ODcontrol —~ ODpjani) X 100% (1)

ODygumple T8 AN [FIVR FEFRET 7 & BIAH ML EBE, ODeongron
P AR INERET % & BIAH PRI S, ODypjan N AL &R TR
BT RE.

5y ST AR AMIETE CO BB AT B —
A 1X10° mol/L #4l NaLy-CO % & 41 i 30 min;
% AR 1X107* mol/L CORM-2 W& 4Hfifd 30 min;
B REEMMH 1X107* mol/L CORM-2 W & 4Hf 30
min JE I 1X 107 mol/L 84+ NaLy-CO 4k 45205 & 41 iy
30 min. BHJEIFLEHATANEME CO AR SES. R 21T
WOR PN 405 nm, AGIUSE N 500~550 nm.

gy = SEIS AT A M ) IR CO UGt AT B —
ZHAE ] 1} 107" mol/L M40 X% & 40 120 min; 25 —4H
FESEAE A 1X107* mol/L M40 K1 & 40M0 120 min J5 0
A 1X107° mol/L ##%+ NaLy-CO k4L & 41 30 min;
A= AH RS 1X 10 mol/L L4125 6% & 411 240 min
JEIIN 1X10° mol/L #¥%t NaLy-CO 4k & 4il i 30
min. B JEIFEEIET AMENE CO BB sett. mifg &1t
KK 405 nm, FITE DY 500~550 nm.

ST 11 5 A R L e 0 SR TV B AL
RESES, 56 5X107° mol/L HIVABAIRLL th 5 Yukl
(Lyso Tracker Deep Red)#ll 1 X 10™* mol/L CORM-2 i &
30 min i, MO 1X107° mol/L 4t NaLy-CO 4k&:05 5
Y 30 min; X F 2R RIS E AT L5, JeH 1X1077
mol/L FIZRLAARVR L (.5 6 G Bl (Mito Tracker Deep Red)
A 1X107* mol/L CORM-2 W7 30 min J&, M 1X
10> mol/L #¥%t NaLy-CO 4k L% & 411 30 min. [ 5 7F
U HEAT FR e A R L. R & X TR A
NaLy-CO, R EK N 405 nm, #I5EEAN 500~550
nm; X T T R T PR 9 B A R 40 €8 5% it e R R 2R R A R
LRl WORIEKN 640 nm, FYEH Y 670~
720 nm.

¥ Bh# &L (Supporting Information) 8% NaLy-CO [
'H NMR, “C NMR PAK HRMS i, 408 AR

1206 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

¥t5 CORM-2 J I J 1 ey 20 4 o 1 R I 84 k) m LA
G % MASTI] 9 3 (http://sioc-journal.cn/)_F R %K.
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