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Abstract: Lysosomes are intracellular organelles with lysosomal or digestive functions which contain various
acid-dependent enzymes that are responsible for the recycling and degradation of intracellular substances. pH
changes in lysosomes can reduce the activity of various enzymes, impairing the cell’s regulatory capacity and
ultimately leading to apoptosis or pyroptosis. Therefore, monitoring lysosomal pH values is valuable for
investigating alterations in intracellular physiological and pathological processes. This study developed a novel pH-
responsive near-infrared (NIR) fluorescent probe targeting lysosomes, named piperazine-croconic acid-piperazine
(PCP). This probe was formed by connecting the electron-donating group piperazine to both ends of croconic acid.
The z-conjugated system, featuring a five-membered ring structure, endowed the probe with excellent stability and

resistance to photobleaching. The tertiary amine moiety of piperazine, serving as a lysosome-targeting group,
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produced reversible protonation/deprotonation under varying pH conditions as result of exhibiting pH-responsive

characteristics. The synthesized PCP demonstrated excellent NIR fluorescence performance, making it suitable for

fluorescence imaging of lysosomal pH values in living cells. Both solution and intracellular experiments confirmed

that PCP exhibited good biocompatibility and pH-responsive characteristics. Additionally, its symmetrical structure

and molecular rigidity contributed to its excellent resistance to photobleaching. This study employed PCP probes to

detect the pH values of the lysosomes, offering potential avenues for the treatment and prevention of diseases

associated with lysosomal dysfunction.
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Figure 1 Synthesis and characterization of piperazine-croconic acid-piperazine (PCP). A: Synthesis route; B: '"H NMR spectrum; C:

C NMR spectrum; D: UV-Vis absorption spectrum; E: Fluorescence emission spectrum
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Figure 2 Effects on cellular viability of PCP. CAL-39 cell survival rates after different time of incubation at varying PCP concentrations.

A:12h;B:24h;C: 48 h.n=5,x+s
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Figure 3 Lysosome targeting performance of PCP. A: Fluores-
cence images of CAL-39 cells stained with PCP (5 umol-L"), LTG
(5 umol-L™), and DAPI (5 pmol-L™"), scale bar: 20 pm; B: Overlay
images of the three channels from Figure 3A; showing the intensity
distribution of PCP and LTG along the yellow line marked in the
overlay; the fluorescence intensity correlation of PCP and LTG is
also provided along this line, scale bar: 20 um. LTG: LysoTracker
green DND-26
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Figure 4 pH responsive fluorescence images of PCP. A: Fluores-
cence images of CAL-39 cells stained with PCP (5 pmol-L") in
PBS at varying pH values, scale bar: 50 pm; B: Relative fluores-
cence intensity of PCP in CAL-39 cells across different pH values
inPBS.n=3,x+s. "P<0.01, "P<0.001.ns. P>0.05
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Figure 5 Photostability of PCP. A: Fluorescence images of
CAL-39 cells stained with LTG (5 pmol-L™") and PCP (5 pmol-L™)
under continuous laser irradiation, scale bar: 50 pm; B, C: Relative

fluorescence intensity of LTG (B) and PCP (C) under continuous

irradiation
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Figure 6 Energy dependence of PCP entry into CAL-39 Cells. A:
Fluorescence images of CAL-39 cells incubated with PCP
(5 umol-L™") at various temperature conditions, scale bar: 50 um; B:
Quantitative analysis of fluorescence intensity in images obtained at
different temperature conditions. n = 3, X £ ns. P> 0.05; C: Fluo-
rescence images of CAL-39 cells incubated with PCP (5 umol-L™)
under different treatment, scale bar: 50 um; D: Quantitative analy-
sis of fluorescence intensity in images under different treatment.

n=3,x+s ns. P>0.05
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Figure 7 Ability of PCP to monitor pH changes in CAL-39 lysosomes. Fluorescence images of CAL-39 cells incubated with PCP
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(5 umol-L™") after 10 and 60 min of apoptosis induced by dexamethasone (100 umol-L™), scale bar: 50 um
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