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Fig.1 Schematic diagram for synthesizing FCNs via microwave—assisted heating
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Fig. 2 Characterization of FCNs
(a) TEM image of FCNss; (b) Particle size distribution determined by DLS; (c) Zeta potential of FCN with DLS; (d) FT-IR spectra of FCN.
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Fig.3 Fluorescence characterization of FCNs

(a) UV-Vis absorption; (b) 3D fluorescence spectra; (c) Fluorescence spectrum under different excitations; (d) Fluorescence spectrum under excitation

of 348 nm.
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Fig. 4 Characterization of fluorescent lifetime and photostability

(a) Time-resolved photoluminescence decay of FCNs. The red line is a bi-exponential fit of the experimental data and the residuals of fitting.

(b) Photostability investigation of FCNs exposure for 40 min.
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Fig. 5 Cytotoxicity assessment of FCNs

(a) Bright field cell image (incubation with 25 mg/Lfor 12 h). (b) Cytotoxicity assessment of FCNs on HeLa cell in vitro by MTT assays.
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Fig. 6 The confocal fluorescent and TEM images of cells incubated with FCNs

Bright field image (a), fluorescence image (b), merge of image (c), TEM image (d), images of cells incubated with FCNs for 0 h (e), 1 h (f), 3 h (g), 5

h (h), and the intensity statistics of nucleolus incubated with different time (i) were shown.
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Fig.7 The confocal fluorescent images of HeLa cells treated with different inhibitors

(a) Without treatment; (b) Cytochalasin D; (c) Chlorpromazine; (d) Methyl-B-cyclodextran; (e) Intensity statistics of nucleolus treated with different

inhibitors.
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Microwave—synthesized Fluorescent Carbon Nanoparticles for
Nucleolus Imaging’

WANG Qian"”, FENG Zhen-Zhen”, MAO Jian", LIU Li-Hua", CHEN Xiao-Liang",
WEI Xiao-Yun", HUANG Fang"”

(VState Key Laboratory of Heavy Oil Processing and Center for Bioengineering and Biotechnology,
China University of Petroleum (East China), Qingdao 266580, China;
DTesting Institute for Chemicals & Minerals, Shandong Entry—Exit Inspection and Quarantine Bureau, Qingdao 266500, China)

Abstract The nucleolus is an important subnuclear structure in the cell, which plays an important role in the
evolution of malignancies and the diagnosis of cancer. Although the nucleolus is critical, so far, there are really
few fluorescent probes for the nucleolus. In this paper, salicylic acid and 1, 8-diaminonaphthalene were used as
carbon and nitrogen sources, and a novel fluorescent carbon nanoparticles (FCNs) were synthesized by
microwave digestion system. Its physical, chemical and optical properties of FCNs were characterized and
analyzed by using transmission electron microscope (TEM), dynamic light scattering instrument (DLS), Fourier
infrared spectrometer, ultraviolet spectrophotometer, fluorescence spectrometer, etc. The experimental results
demonstrated that the synthesized carbon nanoparticles were uniform in size and rich with amino groups on
surface. Its best excitation wavelength was 348 nm, the corresponding maximum emission peak was 432 nm. Its
fluorescence quantum yield was 17.8% and fluorescence lifetime was 1.13 ns. Moreover, the photostability and
cytotoxicity of FCNs were investigated with illumination and MTT assays. Our results suggest that FCNs exhibit
to be a really photostable and low toxic probe. To confirm the potential application of this fluorescence FCNs in
bioimaging, the FCNs were designed to stain human cervical cancer HeLa cells. After incubation, we found that
FCNs enable the function of selectively staining the nucleolus of living cells due to its positive chargeability. Its
cellular uptake mechanism and intracellular distribution in HeLa cells were explored further by using confocal
laser scanning microscopy and TEM. It was interesting to observe that more FCNs entered the cell, and lighted the
nucleolus more obviously with the extension of the co-incubation time. In addition, after investigating the cells’
uptake path of FCNs, we found that FCNs were endocytosed via caveolae-mediated pathway rather than clathrin
mediated pathways or macropinocytosis. Our study provided a potential probe for nucleolus and this finding is of

great significance for the development of functional nanomaterials targeting subcellular organelles.

Key words carbon nanomaterials, fluorescence properties, nucleolar targeting
DOI: 10.16476/j.pibb.2020.0402

# This work was supported by grants from The National Natural Science Foundation of China (05E09040310, 21874154, 42061134020), the
Fundamental Research Funds for the Central Universities (18CX02126A) and Research Project of Qingdao Customs (QK202035).

#:# Corresponding author.

Tel: 86-532-86981135, E-mail: thuang@upc.edu.cn

Received: November 9, 2020 Accepted: February 17, 2021



