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Background: The preclinical diagnosis of tumors is of great significance to cancer treatment. Near-infrared fluorescence imaging 
technology is promising for the in-situ detection of tumors with high sensitivity.
Methods: Here, a fluorescent probe was synthesized on the basis of Au nanoclusters with near-infrared light emission and applied to 
fluorescent cancer cell labeling. Near-infrared methionine-N-Hydroxy succinimide Au nanoclusters (Met-NHs-AuNCs) were prepared 
successfully by one-pot synthesis using Au nanoclusters, methionine, and N-Hydroxy succinimide as frameworks, reductants, and 
stabilizers, respectively. The specific fluorescence imaging of tumor cells or tissues by fluorescent probe was studied on the basis of 
SYBYL Surflex-DOCK simulation model of LAT1 active site of overexpressed receptor on cancer cell surface. The results showed 
that Met-NHs-AuNCs interacted with the surface of LAT1, and C_Score scored the conformation of the probe and LAT1 as five.
Results: Characterization and in vitro experiments were conducted to explore the Met-NHs-AuNCs targeted uptake of cancer cells. 
The prepared near-infrared fluorescent probe (Met-NHs-AuNCs) can specifically recognize the overexpression of L-type amino acid 
transporter 1 (LAT1) in cancer cells so that it can show red fluorescence in cancer cells. Meanwhile, normal cells (H9c2) have no 
fluorescence.
Conclusion: The fluorescent probe demonstrates the power of targeting and imaging cancer cells.
Keywords: Au nanoclusters, fluorescence imaging, cancer cell imaging, molecular docking

Introduction
Epidemiological studies have shown that the incidence and mortality of cancer have been increasing in recent decades.1,2 

Thus, the early screening of people who are at high risk of cancer can detect tumors in time and increase their chances of 
receiving treatment and cure.3 Therefore, the use of sensitive and specific detection techniques to locate solid tumors is 
the first and indispensable step in the treatment of cancer patients.4

With the continuous development of optical imaging technology for decades, it has been widely used in the 
preclinical diagnosis and treatment of cancer in biomedical research.5–8 Nanomaterials for optical imaging, such as 
nano clusters,9 silicon dioxide, carbon dots and magnetic materials,10,11 have always been the focus of cancer 
diagnosis research because of their uniqueness.12 The intrinsic optical properties of nanoparticles make them 
quickly become the best choice for various cell imaging modes.13 Nanoparticles usually combine with suitable 
targeted ligands on the particle surface to form luminescent materials with different emission wavelengths because 
of their high sensitivity, small size, and composition. Among them, Au nanoclusters (AuNCs) have become a hot 
research fields of cancer cell imaging applications because of their ultra-fine size, biocompatibility (eg, bioinertia 
and low cytotoxicity),14 unique and highly adjustable optical properties, and photostability. However, the most 

Drug Design, Development and Therapy 2024:18 29–41                                                      29
© 2024 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Drug Design, Development and Therapy                                               Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 6 October 2023
Accepted: 21 December 2023
Published: 10 January 2024

http://orcid.org/0000-0003-3826-934X
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


challenging issues for large-scale application of imaging Au nanoclusters of cancer cells are their specificity and 
sensitivity. In tumor diagnosis, distinguishing cancer cells from normal cells accurately is very important.15,16

To improve the sensitivity and selectivity of tumor imaging, it is the most ideal method to develop targeted tumor 
fluorescent imaging materials that can specifically recognize the entry of overexpressed receptors into tumor cells. In 
recent years, a variety of functional small molecule dyes have been developed for specific targeted fluorescence 
imaging of specific tissues or receptors.17–22 For example, Wang et al successfully synthesized a CP-IRT Nir-II 
molecular imaging probe with high affinity and specificity by coupling CD133 Targeting peptide CP with Nir-II 
fluorophore IRT.23 Wang et al synthesized cyanine dyes with three organic compounds, namely, Pyridinium salt, the 
α-diketone compound, and potassium tert-butoxide. The cyanine dye can distinguish normal cells from cancer cells 
successfully.24 These fluorescent imaging materials that target cancer cells show good application prospects. 
However, the complicated synthesis conditions and synthetic after tedious purification process and other issues for 
the development of Au nanomaterials have certain challenges. Therefore, fluorescent dye ligands must be explored 
with simple, safe, and rapid synthesis. Due to the rapidly proliferating nature of cancer cells, a large supply of sugars, 
amino acids, and other nutrients is necessary for their continued growth. In order to obtain adequate nutrition, nutrient 
transporters on the surface of tumor cells are upregulated.25,26 In particular, the L-type amino acid transporter (LAT1) 
is of interest and widespread due to its cancer-specific expression, while it is also an essential amino acid 
transporter,27 which is poorly expressed or absent in most non-cancerous tissues.28 Therefore, many anti-tumor 
drugs have chosen LAT1 as a target to treat cancer.25,29,30 From this point of view, LAT1 can also be a promising 
method for cancer diagnosis.

As shown in Figure 1, based on the principle of AuNP colorimetry, the colorimetric sensor was constructed with 
methionine and N-Hydroxy succinimide as reducing and stable ligands, respectively. Compared with the previously reported 
strategy for the synthesis of metal nanoclusters, the proposed method is simple, green, and does not use any toxic organic 
reagents. Met-NHs-AuNCs showed the strongest red fluorescence at 634 nm. Methionine is one of the essential amino acids 
for cancer cell proliferation and metastasis and is one of the substrates of LAT1 transmembrane transporter.31–33 Therefore, 
the Met-NHs-AuNCs fluorescent probe synthesized in this study can target LAT1 on the surface of cancer cells for 
fluorescence imaging with high specificity. Several cancer cells incubated with Met-NHs-AuNCs for 2 hours showed bright 
red fluorescence, whereas normal cells (H9c2) showed no obvious phenomenon. In addition, the probe has strong red 
fluorescence, which has the advantages of eliminating the influence of cell fluorescence, less dispersion, and increased tissue 
penetration.34 Therefore, Met-NHs-AuNCs has a promising application in targeted tumor imaging.

Methods and Materials
Materials
Methionine and Hydroxydatum natrium were obtained from the National Pharmaceutical Group Corporation (Shanghai, 
China). N-Hydroxy succinimide and HAuCl4 were supplied by Aladdin Reagent (Shanghai) Co., Ltd. Cell culture 

Figure 1 Met-NHs-AuNCs Au nanoclusters form and show high specificity in cancer cells.
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medium and culture medium 1640 were purchased from GIBCO LTD. Fetal Bovine Serum (FBS) purchased ExCell Bio. 
Met, sodium hydroxide (NaOH), N-Hydroxy succinimide (NHs), PBS (phosphate buffer saline), and Amino acid were 
obtained from Shanghai Aladdin Bio-Chem Technology Co, Ltd, and were used as received without further purification. 
All chemicals were of analytical grade and prepared in ultrapure water (18.2 MΩ.cm). H9c2, AC16, A549, MCF-7, 4T-1 
and HeLa cells were purchased from Shanghai Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences 
(Shanghai, China).

Instruments
UV−vis absorption spectra of Met-NHs-AuNCs were recorded using a Shimadzu Corporation of Japan. Infrared spectroscopy of 
Met-NHs-AuNCs was recorded using NICOLET Is50 Fourier transform spectrometer (Thermo Fisher Scientific, US). 
Photoluminescent (PL) spectra were measured by FLS980 fluorescence spectrophotometer (Edinburgh Instruments, EI). 
Sample freeze-drying was used FD-1B type freeze dryer (Beijing Boyikang Experiment Instrument Co., Ltd). 
Photoluminescent (PL) spectra were measured by LitesizerTM500 nanoparticle size and potential analyzer. Fluorescence was 
recorded using inverted fluorescence microscope (Germany Laika Co., Ltd) equipped with a CCD camera. The size and dispersity 
measurements of the nanoclusters were performed with Tecnai G2 F20 field emission transmission electron microscope.

Synthesis of Au Nanoclusters
All glassware used in the experiment were thoroughly washed and dried with freshly prepared aqua regia. After mixing 
1 mL (217.6 mmol L−1) methionine with 0.485 mL chloroauric acid (6.4 mM) and 0.15 mL sodium hydroxide (0.5 mol 
L−1) for 30 minutes, 0.375 mL of N-Hydroxy succinimide (7.5 mM) was added to react in 50 water bath. The solution was 
removed from the heater, cooled slowly to ambient temperature, and then centrifuged at 10,000 rpm for 10 minutes to 
discard large particles. Finally, the obtained Met-NHs-AuNCs were stored in a refrigerator at 4°C and kept away from light.

Characterization of Au Nanoclusters
The morphology and lattice of the samples were observed by transmission electron microscope. The excitation and emission 
spectra of Met-NHs-AuNCs of the synthesized near-infrared fluorescent probe were measured by fluorescence spectrometer. 
The ultraviolet-visible (UV-vis) absorption spectrum of the fluorescent probe was measured by UV-vis spectrophotometer. 
Quantum yield were measured on FLS980 fluorescence spectrometer. The surface groups of Met-NHs-AuNCs were analyzed 
by infrared spectrometer. A total of 200 μL probe solution was sent to the Malvern potential sample cell, and the surface charge 
of Met-NHs-AuNCs was measured by LitesizerTM500 nanoparticle size and potential analyzer.

Stability of Nanoclusters in Au Nanoparticles
Optical stability investigation: the Met-NHs-AuNCs were continuously tested for 3600 s under the excitation of 380 nm 
in the Time Course Parameters mode of the fluorescence spectrophotometer. Ion strength stability test: first, a series of 
concentrations of sodium chloride solution (0.01 MM-1.0 M) was prepared, and a fixed volume (ie, 1.5 mL NaCl 
solution) of different concentrations was added to 0.5 mL Met-NHs-AuNCs. Second, a negative control group was set up, 
mixed, and placed at room temperature in the dark for 30 min. Finally, the solution was transferred for fluorescence 
spectrum scanning, and each group concentration was repeated three times. PH stability test: first, a series of pH 
containing PBS buffer solution (pH3-11) was prepared, and a fixed volume of 1.5 mL PBS solution with different pH 
values was added to 0.5 mL Met-NHs-AuNCs. Then, the PBS solution was mixed and placed at room temperature in the 
dark for 30 min. Finally, the solution was scanned by fluorescence spectrum, and each group concentration was repeated 
three times.

The effects of common cations on the fluorescence of the Met-NHs-AuNCs were determined by testing NaCl, KCl, 
Zn(NO3)2, H2PO4

−. For cell imaging, the effects of common cellular substances, including L-His, Lysine, L-Ascorbic 
acid, Glucose, Urea, on the fluorescence stabilities of the Met-NHs-AuNCs were, respectively, investigated. The 
concentration of all common substances is 1 mM. In addition, in order to prove that the fluorescence intensity of the 
probe is dose-dependent, we carried out fluorescence titration experiments. The detection limit is one of the important 
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bases to evaluate the performance of the probe. We calculated the detection limit of fluorescence according to the method 
in the literature.35

Cytotoxicity Assay
MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide) assay was performed to measure the cyto-
toxicity of Met-NHs-AuNCs to the normal target cells. H9c2 cells and AC16 cells were separately seeded in 96-well 
plates (7×103 cells/well) and incubated in the incubator for 24 hours. Then, the original culture medium was changed to 
different concentrations (0, 15.63, 31.25, 62.5, 125, 250, 500, 1000, 2000, 4000 μg/mL). After incubating for 24 hours, 
cells were treated with 100 μL of MTT solution (0.5 mg/mL). After another 4 hours of incubation, the medium containing 
MTT was cleared out with care and 150 μL of DMSO was used to dissolve the purple crystals in each well. 
After the reaction for 10 minutes, the absorbance was measured at 490 nm with an enzyme label. 
Cell viability % ¼ OD of test wells � OD of medium control wellsð Þ= OD of untreated wells � OD of medium control wellsð Þ�100% 
, OD denotes the optical density.

Cell Culture and Fluorescence Microscopy Imaging
Lung cancer cells (A549), breast cancer cells (MCF-7), mouse breast cancer cells (4T-1), and cervical cancer cells 
(HeLa) were cultured in 1640 culture medium, and cell blast suspension was added into 75 cm2 culture flask and cultured 
in 37°C 5% CO2 incubator. Hepatoma cells (HepG2), [Human hybrid] epithelioid cells (AC16) and cardiac myocytes 
(H9c2) were inoculated in DMEM culture medium containing 10% FBS, added to a 75 cm2 culture flask, and cultured in 
a 37°C 5% CO2 incubator. When the cells are in good condition, the cells reach the logarithmic phase when they cover 
90% of the bottom area of the culture bottle, and the cells are plated for imaging. All cells were seeded in confocal dishes 
with a density of 2×104 cells per well. After overnight culture, 2 mL of synthetic fluorescent probe cell culture solution 
suspension was added and cultured in a 37°C 5% CO2 incubator for 2 hours, then sucked off the supernatant and washed 
it with PBS for three times. After treatment, the targeted imaging between the near infrared fluorescent probe Met-NHs- 
AuNCs and the cell line on the cell imager was observed.

Molecular Docking Studies
The docking studies were carried out with Sybyl X-2.1.1. The PDB structure of LAT1 was selected from the Protein 
Database (RCSB PDB, the domain from human LAT1 (PDB ID:6IRT)). The PDB structure file was imported to Sybyl to 
generate active pocket based on Ligand mode, and the target protein was saved in SFXC format after optimization. All 
other parameters were in Sybyl software default value. LAT1 protein preparation step involved energy optimization and 
the addition of hydrogen and electric charge. The C_Score consistency evaluation scoring function of Surflex-Dock 
molecular docking module was used to score the interaction between active components and target protein LAT1. The 
larger the C_Score is, the better the affinity between the probe and LAT1 will be.

Results
Synthesis of Met-NHs-AuNCs
Met-NHs-AuNCs were prepared by using methionine as reductant and stabilizer, and then stabilizer N-Hydroxy succinimide 
was added. After mixing by suspension instrument, the solution was moved to a constant temperature instrument at 50°C for 5 
h. After the reaction, the temperature was cooled to room temperature, and then the Met-NHs-AuNCs fluorescent probe was 
prepared by centrifugation. Met-NHs-AuNCs showed strong fluorescence emission at 634 nm, and the best excitation 
wavelength is 380 nm (Figure 2A). The Stokes shift of Au nanocrystals is calculated as 254 nm. This large Stokes shift 
may be caused by the formation of a luminescent Au (I) - mercaptan complex or a polynuclear Au (I) cluster, in which the 
hybrid S-Au transfer state participates in the luminescence transition.36 The solution is yellowish at room temperature 
(Figure 2A-a) and emits strong red fluorescence under ultraviolet light excited by 365 nm (Figure 2A-b). The absolute 
quantum yield of Met-NHs-AuNCs in the aqueous solution was 3.35%.
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Figure 2 Optimization diagram of Met-NHs-AuNCs preparation conditions. (A) Fluorescence excitation and emission spectra of Met-NHs-AuNCs. (B) Optimization 
diagram of methionine chloroauric acid ratio. (C) Optimization of incubation temperature. (D) Optimization diagram of NHs concentration. (E) Optimization diagram of 
chloroauric acid concentration. (F) Optimization diagram of reaction time. (G) Optimization diagram of reaction pH.
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In order to optimize the fluorescence intensity of Met-NHs-AuNCs, we investigated the optimum reaction concentra-
tion and the most suitable reaction conditions among the components. The concentration ratio of methionic-chlorauric 
acid was optimized separately, and chlorauric acid (0.485 mL, 2.5 mM) was fixed, methionine volume was 1 mL, and the 
concentration ratio was 1:10, 1:20, 1:30, 1:34, 1:38, 1:42, 1:46, 1:50, and 1:60, mixed with the same (0.15 mL, 0.5 M) 
NaOH reaction for 30 min. Next, N-Hydroxy succinimide (0.375 mL, 10 mM) was added to react in 50 water bath for 4 
hours, and fluorescence intensity was measured (Figure 2B). The optimal ratio of methionine to chlorauric acid was 1:34, 
and the fluorescence intensity gradually increased with the increase of chlorauric acid ratio. When the concentration ratio 
was 1:34, the fluorescence intensity was the highest and an inflection point appeared. Then, the system temperature and 
concentration of N-hydroxy succinimide, chloroauric acid concentration, reaction time, and pH were optimized (Figure 
2C–2). According to the optimization results, we selected 1 mL, 217.6 mM methionine, 0.485 mL of 6.4 mM chloroauric 
acid and 0.15 mL of 0.5 M Sodium hydroxide in stirring, mixed at room temperature for 30 minutes, then added 
N-Hydroxy succinimide of 0.375 mL and 7.5 mM, and incubated at 50°C for 5 h as the best preparation condition.

Characterization of Met-NHs-AuNCs
The morphology and lattice of Met-NHs-AuNCs were studied by transmission electron microscope (TEM). TEM analysis 
indicates the uniform morphology of Met-NHs-AuNCs (Figure 3A), and the average core size is 2.55 nm (Figure 3B). High- 
resolution transmission electron microscope images (Figure 3A) show individual Au nanoparticles with 0.232 nm lattice 
stripes that correspond to the (111) lattice plane of Au nanoparticles and confirm the crystal structure of metallic Au.37

The optical properties of AuNCs were studied by UV-vis absorption spectra. As shown in Figure 3C, the spectra of 
the prepared Au nanoparticles show an insignificant absorption peak and do not have the characteristic surface plasmon 
resonance peak of the larger Au nanoparticles (around 520 nm), thereby suggesting that Met-NHs-AuNCs show similar 
molecular properties that differ from relatively large Au nanoparticles.38 In addition, Met-NHs-AuNCs have an absorp-
tion peak at 260 nm. In contrast, no peak is observed at 260 nm in the absorption spectra of pure methionine, chloroauric 
acid, and Met-AuNCs, whereas N-Hydroxy succinimide has a weak absorption at 260 nm. The absorption peak of Met- 
NHs-AuNCs at 260 nm corresponds to the n→π* transition of C=O and C-N in NHs structure, which may be caused by 
the increase in absorption intensity due to the connection with the auxochrome -OH and -NH2 in methionine.39

The surface groups of Met-NHs-AuNCs were analyzed by Nicolet Avatar 300 Fourier transform infrared spectro-
meter. In the FT-IR spectra, the peak at 1583 cm−1 may be υasNH3

+(N-H stretching vibration), and the peak at 1506 cm−1 

may be υasCOO− (C=O stretching vibration). In FT-IR spectra of Met and Met-AuNCs, only C–S stretching vibration 
(600–800 cm−1) is observed. The υasNH3

+ and υasCOO− of Met did not shift or disappear in the Met-AuNCs (Figure 3D). 
Therefore, the sulfur atom of methionine, rather than -NH2 and -COOH groups, is involved in the bonding of Met- 
AuNCs.40,41 As shown in Figure 3E, the peak near 1509 cm−1 is produced by the C=O stretching vibration of methionine 
-COO−. The intensity and position of the peak do not change, thereby proving that -COO− is not produced in the system, 
that is, the C–N bond of N-Hydroxy succinimide is not hydrolyzed to form succinic acid and still maintains the five- 
membered ring structure. The stretching vibration peak signal of hydroxyl O–H (3428 cm−1) that corresponds to Met- 
NHs-AuNCs was increased significantly and far exceeded the superposition of the stretching vibration peak signal of 
N-Hydroxysuccinimide at 3421 cm−1, suggesting the formation of -O–H structure. The peak of 1664 cm−1 is the C=O 
stretching vibration peak of N-Hydroxysuccinimide, whereas the corresponding position of Met-NHs-AuNCs does not 
superimpose the carbonyl signal peak of NHs. Meanwhile, Met-NHs-AuNCs showed distinct peaks at 1580, which are 
ascribed to the υasNH3

+ However, the peak signal of -N-H stretching vibration (1571 cm−1) of N-hydroxysuccinimide 
itself was weak, which might be caused by the peak superposition of the C=O stretching vibration of N-Hydroxy 
succinimide moving to low wave number, which is inferred to be the nucleophilic addition reaction of -NH2 of 
methionine and -C=O group of N-Hydroxy succinimide on Met-AuNCs, resulting in the formation of amide structure 
-CO-NH2. The aforementioned speculation also supports the cause for the increase in O–H stretching vibration 
(3428 cm−1) peak signal. Combined with the results of UV spectrum analysis, it was verified again that -C=O in the 
structure of N-Hydroxysuccinimide was connected with the chromophore -NH2 in methionine.
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Stability of Fluorescent Met-NHs-AuNCs
The high stability of fluorescent nanomaterials is an important factor in evaluating their practical application. The zeta 
potential of Met-NHs-AuNCs solution was detected. By using ultrapure water as solvent, the average surface potential 

Figure 3 Characterization of Met-NHs-AuNCs. (A) TEM and high-resolution TEM of AuNCs prepared (inset). (B) Histogram of particle size distribution of AuNCs. (C) 
UV-vis absorption spectra of Met-NHs-AuNCs and its single component. (D) Comparison of infrared spectra of Met-AuNCs and Met. (E) Infrared spectra of Met-NHs- 
AuNCs and single component.
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was −38.34 mV ± 0.69 mV. Met-NHs-AuNCs solution was negatively charged, and the synthesized Au nanoclusters were 
proven to be stable.

The fluorescence intensity after 3600 s was 105.34% of the initial intensity, thereby indicating the excellent optical 
stability of Met-NHs-AuNCs (Figure 4A). In addition to optical stability, the stability of ionic strength is also very 
important. With the increase in the concentration of sodium chloride, the fluorescence intensity of Met-NHs-AuNCs 
increased slightly at first and then decreased (Figure 4B). Meanwhile, the fluorescence intensity of the prepared probe 
was 85.68% of the initial intensity even at high ionic strength (1 M NaCl), which shows that Met-NHs-AuNCs have 
excellent ionic strength stability. In addition, the pH stability of the probe was also tested. As shown in Figure 4C, under 
various pH values from 3 to 11, the fluorescence intensity curve of Met-NHs-AuNCs at 634 nm fluctuates slightly, 
indicating that Met-NHs-AuNCs have relatively high pH stability. Due to its high stability, the synthesized Met-NHs- 
AuNCs fluorescent probe can be extended for practical applications. As shown in Figure 4D, common cellular substances 
did not give rise to radical changes in the PL intensity of the Met-NHs-AuNCs. These results revealed that the fluorescent 
Met-NHs-AuNCs are quite stable; thus, they are promising for biological applications. To ensure the sensitivity of the 
probe, we evaluated changes in fluorescence intensity in the presence of Met-NHs-AuNCs at different concentrations. 
The fluorescence intensity of Met-NHs-AuNCs gradually increased with the increase in concentration, showing 
a concentration dependence, as shown in Figure 4E. The fluorescence quenching factor (F-F0)/F0 was plotted against 
Met-NHs-AuNCs ion concentration. The acquired results showed the appropriate linearity ranges of R2 value 0.98841, 
LOD value 1.66×10−4 mM (Figure 4F).

In vitro Imaging of Near-Infrared Fluorescent Probe
Due to the advantages of simple synthesis method, green synthetic reagent, and high sensitivity, Au nanoclusters have 
been widely used in cancer cell imaging.42 Met-NHs-AuNCs fluorescent probe contains methionine, which can target the 
overexpressed receptor LAT1 on the surface of cancer cells.43 At the same time, through the network pharmacology 
Sybyl X molecular docking software, the consistency evaluation showed that the C_Score score of Met-NHs and LAT1 
was 5, which had a high score evaluation and had a good interaction with the receptor LAT1 target and binds to the 
surface of LAT1. Therefore, the fluorescence imaging capability of Met-NHs-AuNCs fluorescent probe for carcinoma 
cells was investigated. We tested the toxicity of the Met-NHs-AuNCs to normal cells H9c2 and AC16 by MTT method. 
As shown in Figure 5A and B, the Met-NHs-AuNCs had little effect on the cell activity concentrations ranging from 
15.63 to 2000 μg/mL on cells (H9c2 and AC16). We first studied the fluorescence imaging of cervical cancer cell HeLa 
and cardiomyocyte H9c2 by Met-NHs-AuNCs and followed the imaging process with a fluorescence microscope. After 
incubation with the probe for 2 hours, HeLa cells showed strong red fluorescence. For comparison, normal H9c2 cells 
showed no obvious fluorescence after being incubated with the same volume of fluorescent probe for 2 hours 
(Figure 5C). The results showed that HeLa and H9c2 showed different fluorescence intensities, indicating different 
expression levels of LAT1 on their surfaces and the possibility of imaging cancer cells. In order to verify the targeted 
imaging of fluorescent probes, we used the competitive uptake experiment of methionine (Met) and Met-NHs-AuNCs. 
For the experimental group, HepG2 cells were pretreated with methionine (217.6 mM) for 2 h, and then incubated with 
fluorescent probes. For the control group, HepG2 cells were only incubated with the probe. Compared with the control 
group, the fluorescence signal of the experimental group was significantly weakened (Figure 5D).

In order to further explore the wide applicability of the fluorescent probe for cancer cell imaging, A549, MCF-7, 
HeLa, 4T-1, HepG2 and AC16 cells in the laboratory were incubated with Met-NHs-AuNCs for targeted cancer cell 
imaging. Under the same conditions as HeLa cells, all five cancer cells showed strong red fluorescence after incubation 
with Met-NHs-AuNCs (Figure 6). These results suggest that Met-NHs-AuNCs can distinguish normal cells from cancer 
cells and can be used for targeted imaging of cancer cells.

Discussions
This study indicates that (1) methionine and N-Hydroxy succinimide can be successfully combined with Au nanoclusters and 
their solutions emit strong red fluorescence under 365 nm UV excitation. (2) Met-NHs-AuNCs showed high stability in 
different environments. (3) The selective uptake of the probe by cells was attributed to the interaction between the probe and 
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LAT1 receptor. (4) Met-NHs-AuNCs can distinguish between normal and cancer cells and can be used for targeted imaging 
of cancer cells. Previous studies have shown that Au nanoclusters exhibit fluorescent properties that can be used to easily 
track them in biological systems. Gold nanoclusters are non-toxic and stable in body fluids. Also, due to their small size (2–3 

Figure 4 (A) Relationship between fluorescence emission intensity of Met-NHs-AuNCs in 634 nm and excitation time (λex=380 nm). (B) Effect of different concentrations 
of NaCl on the fluorescence stability of Met-NHs-AuNCs. (C) Effect of different pH on the fluorescence stability of Met-NHs-AuNCs. (D) Fluorescence stability of Met- 
NHs-AuNCs in the presence of different environments. (E) Fluorescence spectrogram (λex=380). (F) Changes upon increasing addition of Met-NHs-AuNCs concentration 
monitored using Luminoscope.
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nm), they interact with living systems in a different way and do not trigger any immune response. Therefore, we aim to take 
advantage of the benefits of gold nanoclusters to improve the sensitivity and selectivity of tumor imaging with a view to 
developing targeted tumor fluorescence imaging materials that specifically recognize overexpressed receptors that enter 
tumor cells.44 Therefore, in this study, Au nanoclusters (Met-NHs-AuNCs) were designed and prepared reduced and 

Figure 5 (A) Cell viability tests of H9c2 cells. (B) Cell viability tests of AC16 cells. (C) Fluorescence imaging of HeLa cells and H9c2 cells. (D)Selective imaging of HepG2 
cells.

Figure 6 Cell imaging of A549, HepG2, MCF-7, HeLa, 4T-1 and AC16 incubated with Met-NHs-AuNCs for 2 hours.
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protected by methionine (Met) and N-Hydroxy succinimide (NHs) as fluorescent probes, and characterized and studied the 
stability of the probes. Through a series of studies, the prepared fluorescence probe has excellent properties such as large 
Stokes shift, strong red fluorescence emission, low background, high stability and selectivity, and can be used as a candidate 
for cancer cell imaging. Au nanomaterials are ideal materials for biological imaging because of their good biocompatibility, 
simple preparation and low price. We docked Met-NHs-AuNCs with LAT1 by using Sybyl X 2.1.1 software, selected high 
precision mode Surflex-Dock, and scored the structural conformation of probe and cancer cell overexpression receptor LAT1 
more reasonably and accurately by using the consistency evaluation function C_Score, which integrates D_Score, 
PMF_Score, G_Score and Chem_Score functions. The C_Score of Met-NHs and LAT1 is 5, indicating that the probe has 
high affinity with LAT1 and binds to the surface of LAT1, so it has specific cancer cell or tissue imaging ability. Through the 
competitive experimental study of Met and Met-NHs-AuNCs, it is concluded that the targeting ability of Met-NHs-AuNCs is 
related to the interaction of LAT1, which is overexpressed on the surface of cancer cells. Due to the recognition of LAT1 
transporter, the Met-NHs-AuNCs synthesized in this study can distinguish normal cells from cancer cells, showing strong red 
fluorescence in cancer cells (MCF-7, HepG2, HeLa, A549, 4T-1) while showing no fluorescence in normal cells. It has high 
targeting and sensitivity.

Conclusions
In summary, the synthesized Met-NHs-AuNCs red fluorescence probe has high specificity and can minimize the 
interference of autofluorescence of cells and tissues. Met-NHs-AuNCs are expected to be used in the diagnosis of 
clinical tumors.
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