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Abstract: Carbon monoxide (CO) is an indispensable endogenous gaseous signaling molecule in organisms that
modulates inflammatory responses, plant metabolism and responses to heavy metal stress. The accurate capture of its
transient dynamic fluctuations remains a major obstacle, which restricts the research on CO biological functions.
However, the existing CO fluorescent probes suffer from slow response speed and poor compatibility with high-aque-
ous media. In this work, we constructed a near-infrared fluorescent probe (JBX-CO) based on the xanthene deriva-
tive. JBX-CO exploits a Pd (0) -mediated Tsuji — Trost allylic cleavage reaction to elicit a robust turn-on fluores-
cence emission centered at 646 nm. JBX-CO completes response to CO within 45 s in aqueous solution and 5 min in
mice. The limit of detection towards CO was calculated to be 0.203 wM. JBX-CO can be used in the solution sys-

tem containing 97% water, which makes it compatible with high-water-content plant tissues as well as early-stage
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acute inflammation models. JBX-CO possesses weak background fluorescence, outstanding signal-to-noise ratio and

excellent spatiotemporal resolution due to the near-infrared emission performance. In vivo fluorescence imaging re-

sults demonstrated that JBX-CO can trace endogenous CO during peanut germination and visualize endogenous CO

in Brassica rapa subsp. chinensis. In addition, the in situ detection of endogenous CO in lipopolysaccharide (LPS)

-induced inflammatory mouse models has also beensuccessfully verified. This work provides a high-performance opti-

cal tool for revealing the transient physiological regulatory mechanisms of CO.
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Fig. 1 (A) Response mechanism of JBX-CO probe toward CO; (B) JBX-CO for monitoring CO release in plant models under

heavy metal stress and animal inflammatory responses; (C) Intracellular CO monitoring by JBX—-CO probe
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wM). Inset: absorbance at 605 nm vs. concentration; (B) UV - vis absorption selectivity of JBX-CO toward various ana-

lytes; (C) Fluorescence competition response of JBX—CO toward CO with coexisting interferents; (D) Fluorescence emis-

sion titration spectra of JBX-CO toward gradient CORM-3 (0 - 40 wM). Inset: fluorescence intensity at 646 nm vs. con-

centration; (E) Fluorescence emission selectivity of JBX—CO toward various analytes; (F) Linear calibration curve and

detection limit of JBX-CO. Experimental conditions: 20 mM PBS (pl‘l 7.4, DMSO:PBS = 3:97, v/v), A, = 605 nm,

New = 646 nm.
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Fig 3

(A) Fluorescence imaging of endogenous CO in Brassica rapa subsp. chinensis under cadmium ion stress: (a) control

group; (b — j) Brassica rapa subsp. chinensis roots were exposed to 0, 100, 200, 300, 400, 500, 600, 700, 800, 900

M CdCl, for 1 day, respectively, and then incubated with JBX-CO test solution at 25

°C for 12 h. (B) Correspond-

ing bright-field images under natural light for (A). (C) Quantitative analysis of the mean fluorescence intensity corre-

sponding to the fluorescence images in (A). One-way ANOVA was used for multiple comparison statistical tests. Data an-

alyzed by one-way ANOVA with multiple comparisons
P <0.05,"P<0.01, P <0.001. A =600 nm, N\ =650 nm
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Fig4 (A) Fluorescence imaging of endogenous CO in peanut seeds during early germination at different days. (a) Blank sam-

ple as control group. Peanut seeds were treated with 900 uM CdCl, for (b) 0 days, (c¢) 2 days, (d) 4 days, (e) 6 days

and (f) 8 days, respectively, and then incubated with JBX-CO test solution for 5 min at 25°C in an incubator. (B)

Bright-field images of peanut seeds under natural light corresponding to (A). (C) Schematic diagram of peanut seed

structure. (D) Photographs of peanut seeds under cadmium stress. N, = 600 nm, \,,, = 650 nm
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Fig5 Fluorescence imaging of exogenous and endogenous CO in HUVEC cells. (A) Cells incubated with JBX-CO (5 pM)

alone for 2 min; (B) Cells incubated with JBX—CO assay solution for 2 min; (C) Visualization of exogenous CO: cells
pre-treated with CORM-3 (40 wM) for 30 min, then incubated with JBX—CO assay solution for 2 min; (D) Visualization
of endogenous CO: cells stimulated with lipopolysaccharide (LPS, 0.1 mg/mL) for 6 h, then incubated with JBX-CO as-

say solution for 2 min; (E - H) Corresponding bright-field images; (I - L) Overlay of fluorescence and bright-field imag-

es. Scale bar: 50 wm. Excitation wavelength: 561 nm; Emission collection range: 620 - 680 nm.

BG40 M 28 e 7R T SR A
JEE AR T S R K T AR M CO S A DU
(& S8) o R By plt % 52 5 3R W, Jmy 3 1
CORM-3 {4 5 56 21 %¢ ) Fifi 8% & Bsf 1] (0-350 s) 5 42
T, 17 PBS X B 2H Jo W W 5 S A8 Ak Ik S JBX -
CO i A mw Rz PR M REAR A (181 S9) .

B S A HE LPS 5 5 19 R BRLJR) 3510 % i 55 7021
FIHH IBX-CO W i 4 4iE 78 F2 v N I PR CO I 3l &
Ak, HJE R LPS i A5 L 430 T 3.6.12.24 h
JEAE 0% B R AR, 45 T 0 s R E A 2 o Bl 4%
i S JE 2 AL T, 4 ARAE T A5 S ML SR 2 7 AR
P CO, ATl T BB 28 615 55 B R Il 48 9 &
JE R IR E AT P IR PR IR T ROR
ARWFFE 5] A HLZE K S (DEX) JF R - il 52 36>
XU 5 BB LPS T Ak BE 24 b #4 # 54 R RE B AL, A7
[58 25 7 DEX Ja # 1 8 BT R IG 97 22 B PBS XJ R,
S5 R LW, DEX R YT 5 ' 53 2 Bl 6 ¥ 1 T8 (0
12.24 .48 h) B il , — i 5 2¢O 5 5 5 A2 —
o 5 R R B — B0, R 4 25 0 BRI R 24 4

R e 96K 41 0] 22 S 35 G WA B AT e i
I IR CO R S BT 4 36 7 AR (181 6) o

HE— 2P LPS 5 5 1 /) B2 B il A
B PRI ERET 70 & 2 AE Hh A9 BB BE 1™ 03l
TS5 10,15 KA BLAS [7] 7 B A i 38 58 4 , B
PR IUE AR AR 45 2R Won AR AT 0 I L il
PR S B F 1 R, H 9Ot R A BE 4 AE I
K22 Tk, 4 BT 0 4 ZURy S 4 55 e 1] 498
Vi, R AT 2808 B il 7 A 4 05 HE AR o LR E SR AE
525 S IR T DS T 45 25 0 2 LPS B R U
T, R ER HO-1 A8 e i R4 ™ CO 5 AR k4% 0
ELHAI, HO-1 R IBKCHIR, 9OLM5 5 559, R BH &
B A 70 A S P AR AR o R 15 R HAE i A /Dy
SUEAT DEX T 23697 i, il 20 2158065 5 . 3% [l
v L B TR R OKF 5 R RE AR o — B (A
7)o R AR B A S BURE I ] ) CO {5 =, B
15 B A8 B AR T MR A% UE 2% 8] 1 5% 02, ) 20k T
R W R R B PO AR B, SEBLE RRZE E 2%
RAE AL AR



BE A, 5 SR ETEITL0A— S AL B DO TR BT (4 H) 1 B H Sl ) 4 15 4 ) 8 30 AR T 5 9

(C) AL o R
A) (B) Max 3]
., h ; o z
2
- £
-
. (D)
R g * 310
A 5
25
c
8
E

04

El6  JBX-CO Wil LPS 5 /s BUIR 8 5 4 S DEX LA AAYT 1L A2 19 CO A5 MR o (A) G I TP AR = (a) 28 FUXF I (D)
FLALRETXS BE A7 B ST LPS(2 mg/mL, 50 wL) Y H R 8 RAERL AL, (¢)3.(d)6. () 12.(1)24 h 57 4T JBX-CO
B E 5 mins (B)BHURIAYT ISP UL < (a) 28 PR IR (b) BB R X B, U IS B LPS 194k 2 24 b, 47 BB 1 4T DEX
(0.5 mM,30 pL) ZE R PBS X IR, (¢)0.(d)24 . (e)48 h . ()1 R E M7 F Wi1% ; (C.D) 4358 A (B 1Y 5 Gk & 22 & )
Bro Bl R SR 2R O 2250 #r

Fig. 6 Dynamic CO imaging of LPS-induced leg inflammation and DEX anti-inflammatory therapy monitored by JBX-CO. (A)

Time-series inflammation imaging: (a) blank control, (bh) probe-only control. Local inflammation was induced by LPS
(2 mg/mL, 50 pL) in the right hind leg. Images were acquired after in situ incubation with JBX-CO for 5 min at (¢) 3,
(d) 6, (e) 12, and (f) 24 h post-modeling. (B) Time-series treatment imaging: (a) blank control, (b) probe-only con-
trol. Both hind legs were pretreated with LPS for 24 h. The right hind leg was treated with DEX (0.5 mM, 30 L), and
the left with PBS. Imaging was performed at (¢) 0, (d) 24, (e) 48 h, and (f) 1 week post-treatment. (C, D) Quantita-
tive fluorescence intensity for (A) and (B). Data analyzed by one-way ANOVA. "'P < 0.001, ns: not significant. \,, =
600 nm, N\, = 650 nm.
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Fig. 7 CO-mediated inflammation and therapeutic response in bacterial pneumonia. (A) Ex vivo fluorescence imaging of con-
trol groups: (al) blank, (b1) PdCl,, and (c1) probe-only; (B) Fluorescence imaging of heart, liver, spleen, lung,
and kidney from LPS-induced pneumonia at (d1) 5, (el) 10, and (f1) 15 days; (C) (g1) Fluorescence imaging of or-
gans after DEX treatment. 1 - 5: heart, liver, spleen, lung, and kidney; a2 - g2: corresponding bright-field images.
) Quantitative fluorescence intensity analysis. One-way ANOVA, P < 0.001, \. =600 nm, X\, =650 nm.
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