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Abstract 

Multifunctional carbon dots (CDs) present enormous potential in numerous 

applications and have attracted widespread attention for various applications in the 

biomedical field. Bacterial infection is a common health issue; the development of 

antibacterial materials with low toxicity and good biocompatibility is becoming more 

important. In this work, we synthesized a new type of nitrogen co-doped carbon 

dots-genipin covalent conjugate (N-CDs-GP) via hydrothermal methods. The 

microstructure and chemical composition of the N-CDs-GP were characterized. The 

biocompatibility, stability, antibacterial activity, and fluorescence performance of the 

N-CDs-GP were assessed. The results revealed that N-CDs-GP possessed high 

biocompatibility, high light stability, and broad antibacterial activity. Additionally, 

selective Gram-positive bacterial imaging by N-CDs-GP provided a more rapid 
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method of bacterial detection. The N-CDs-GP have the potential to be applied as 

bioimaging and antibacterial agents and for bacterial discrimination. 

Keywords: multifunctional carbon dots; antibacterial activity; bioimaging; bacterial 

discrimination 

1. Introduction 

Bacterial infection has become one of the largest global threats to public health; if 

not addressed, these infections lead to morbidity and mortality [1-3]. Conventionally, 

the most extensively used method of treating bacterial infection is antibiotic therapy 

[4-6]. However, the over abuse of antibiotics has resulted in low efficacy due to 

developed resistances [7]. As a result, conventional antibiotics lose their ability to 

prevent bacterial growth under these circumstances [8]. Therefore, efforts have been 

devoted to exploring alternative methods for treating bacterial infection. 

Nanotechnology has been recognized as a new type of antibacterial therapy and has 

shown promising efficacy. The antibacterial activity of nanoparticles (NPs) is due to 

their small size, allowing the penetration and compromising of cell membranes [9, 10]. 

Therefore, nanomaterials could be effective antibacterial agents and include silver (Ag) 

[11], titanium oxide (TiO2) [12], copper oxide (CuO) [13] and zinc oxide (ZnO) [14]. 

However, these nanomaterials may have limited clinical applications because of their 

cytotoxicity or prolonged retention. Accordingly, studies have sought to design 

materials with low toxicity and good biocompatibility while possessing high 

antibacterial activity. 

Carbon nanomaterials are highly appealing for applications in bioimaging, 

optoelectronics, and photocatalysis [15-21]. Carbon dots (CDs), one family of 

quantum dot-like carbon nanomaterials, are easily modified and have low cytotoxicity, 

high light stability, and good aqueous solubility [22, 23]. Due to their outstanding 

physicochemical properties, CDs are promising nanomaterials for biomedical 

applications and have been used in drug and gene delivery systems [24-26]. These 

nanoscale CDs also have potential as bactericides [27-31]. Combined antibacterial 

and bioimaging applications of CDs have unique advantages over traditional 

fungicides. CDs are easily modified with specific functional groups for various 
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applications, including drug delivery, sensors, bioimaging, and bacterial labeling. Li 

et al. synthesized bright yellow fluorescent CDs for the label-free detection of 

fluoroquinolone and histidine [32]. Liu et al. used a simple microwave method to 

prepare CDs as a vaccine delivery system for intranasal immunization wherein 

ovalbumin antigen was delivered using CDs as an antigen carrier [33]. Yang et al. 

used the antibiotic metronidazole to prepare CDs via hydrothermal methods [34]. 

These synthesized CDs were used to simultaneously fluorescently label and kill 

obligate anaerobes but were less effective due to drug-resistant bacterial strains. These 

findings indicate that CDs can be applied in various fields but require further work for 

their simultaneous application in different fields. Therefore, it is desirable to develop 

an antimicrobial material with low toxicity and good biocompatibility and can be 

applied in bioimaging. As such, we synthesized a novel nitrogen co-doped carbon 

dots-genipin covalent conjugate (N-CDs-GP) by conjugating N-CDs with genipin 

(GP). L-Tryptophan and chlorhexidine acetate (CHA) were used as carbon sources, 

and GP was selected as a cross-linking agent to synthesize multifunctional 

nanoparticles. CHA, as a biguanide antiseptic and disinfectant, has been widely used 

in medical applications [35]. CHA was chosen as one of the carbon sources due to its 

broad-spectrum antimicrobial activity [36-38]. GP, extracted from gardenia fruits, is 

an excellent natural bio-crosslinker and is widely used in herbal medicines and food 

dyes. GP is considered an ideal replacement for other crosslinkers because GP forms 

stable crosslinked networks and shows higher compatibility and lower cytotoxicity 

than other crosslinkers, such as formaldehyde, glutaraldehyde, and epoxy [39-41]. GP 

is also used as anti-inflammatory and choleretic drugs [42-45]. CHA and L-tryptophan 

were conjugated via carboxyl-amine reactions. GP reacts with amine groups of 

N-CDs, producing green-colored fluorescent particles (Fig. 1). The N-CDs-GP has 

superior biocompatibility, lower cytotoxicity, and better antibacterial properties than 

N-CDs. Furthermore, N-CDs-GP was prepared by a simple method and has 

antibacterial and bioimaging applications. In vitro and in vivo tests demonstrated 

N-CDs-GP has potential to treat local tissue infections. This study proposed 

multifunctional, fluorescent, cross-linked carbon dots for simultaneously inhibiting 
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bacterial growth, selectively imaging Gram-positive bacteria, and accelerating wound 

repair. 

 

Fig. 1 Schematic diagram of the synthesis and application of N-CDs and N-CDs-GP. 

2. Experimental Section 

2.1. Materials 

L-tryptophan and chlorhexidine acetate were purchased from Shanghai Huixing 

Biochemical Reagent Co., Ltd. and Shanghai Macklin Biochemical Co., Ltd., 

respectively. Genipin was obtained from Chengdu Kangbang Biological Technology 

Co., Ltd. All of the reagents were analytical reagent and deionized water (18.2 MΩ 

cm) was supplied for all experiments. 

Staphylococcus aureus (S. aureus, ATCC 25923) and Escherichia coli (E.coli, 

ATCC 25922) strains were obtained by the Jiangsu Provincial Center for Disease 

Control and prevention. Fresh whole blood and human breast cancer cell were 

separately purchased from Jiangsu blood center and the Cell Bank of the Culture 

Collection of the Chinese Academy of Sciences (Shanghai). Fetal bovine serum (FBS) 

and Dulbecco’s modified eagle medium (DMEM) were purchased from SunShine 

Biotechnology Co., Ltd. The remaining biological reagents were from Hyclone Co., 

Ltd., such as penicillin, phosphate-buffered saline (PBS), streptomycin, and methyl 
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thiazolyl tetrazolium (MTT). Animal experiments were performed according to the 

care and use guidelines for experimental animals. All experiments were conducted 

following the system guidance of Nanjing Normal University. 

2.2. Characterization 

The morphologies of the samples were observed using a Tecnai G2 F20 (FEI, US) 

transmission electron microscope (TEM). The ζ-Potential and dynamic light 

scattering (DLS) analysis were performed with Zetasizer Nano ZS90 (Malvern, UK) 

nanoparticle size potential analyzer. The X-ray diffraction (XRD) analysis was 

performed using a D8-ADVANCE X-ray diffractometer (BRUKER, Germany). The 

TGA measurements were performed on a STA449F3 (NETZSCH, Germany) 

thermogravimetric/differential thermal integrated thermal analyzer. UV-vis absorption 

spectra and photoluminescence (PL) spectra were recorded using Cary 50 (Agilent, 

Australia) and F-7000F-7000 (Hitachi, Japan) spectrophotometer, respectively. The 

functional groups of the samples were determined by a Nexus 670 (Thermo Nicolet, 

US) FTIR thermal spectrophotometer. Meanwhile, the chemical composition and 

elemental analysis of the samples were recorded using EscaLab 250Xi (Thermo 

Fisher Scientific, US) X-ray photoelectron spectroscopy (XPS). Finally, the 

fluorescent photos of cells were acquired by TI-E-A1R (Nikon, Japan) confocal laser 

scanning microscopy (CLSM). The determination of the quantum yields (QYs) of 

N-CDs-GP was similar to a previous report [26]. 

3. Results and discussion 

3.1. Preparation and characterization of N-CDs-GP 

N-CDs-GP particles were prepared through a one-step hydrothermal method using 

L-tryptophan and CHA as shown in Fig. 1. Initially, L-tryptophan and CHA underwent 

amidation polycondensation. The obtained peptide chain was then carbonized under 

extended reaction time. GP was used as a cross-linking agent to improve 

biocompatible and antibacterial properties. TEM images show that N-CDs and 

N-CDs-GP were spherical nanoparticles with average sizes of ~4.0 nm and ~80.0 nm, 

respectively (Fig. 2A and B). N-CDs formed aggregates after GP cross-linking. The 

high-resolution TEM images in Fig. S1A and B show that the crystal lattice spacing of 
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N-CDs and N-CDs-GP were 0.32 and 0.31 nm, corresponding to the (002) crystal 

plane diffraction peak, which indicated the presence of amorphous carbon. 

Crosslinking with GP did not alter the structure of the N-CDs. DLS results showed 

that the average hydrodynamic diameters of N-CDs and N-CDs-GP were 5.2 and 90.0 

nm, respectively (Fig. S2A and B). The hydrodynamic diameters of the two materials 

were consistent with the dimensions measured by TEM (DLS measures overall 

hydrodynamic size). XPS scans of N-CDs-GP indicated the particles comprised 

oxygen, nitrogen, and carbon with binding energy peaks at 532.55, 399.49, and 

284.82 eV corresponding to O1s, N1s, and C1s, respectively (Fig. 3A). Fig. S3(A-C) 

show corresponding high-resolution XPS images of C1s, N1s, and O1s, respectively. 

The three C1s peaks centered at 284.6, 285.58, and 287.7 eV were ascribed to 

C-C/C=C, C-N, and C=N/C=O groups, respectively. The high-resolution N1s 

spectrum was deconvoluted into three peaks at 399.2, 399.9, and 401.6 eV, 

corresponding to C-N-C, N-(C)3, and N-H, respectively. For O1s, three fitting peaks 

at 531.65, 532.4, and 533.1 eV corresponding to the C=O, C-OH, and C-O-C bonds, 

respectively, were observed. The typical XRD patterns of N-CDs and N-CDs-GP in 

Fig. S4 showed broad reflection peaks at 2θ = 27.84° and 2θ = 28.90°, respectively. 

The interlayer spacing of N-CDs and N-CDs-GP were calculated as 0.32 nm and 0.31 

nm (according to 2dsin θ = n λ, where d is the layer spacing, and λ is approximately 

0.154 nm), which were similar to bulk graphite, displaying good crystallization 

properties. These results were consistent with the high-resolution TEM analyses. The 

surface structures of N-CDs, GP, and N-CDs-GP were characterized by FTIR 

spectroscopy. N-CDs-GP had nearly similar characteristic peaks as N-CDs and GP 

(Fig. 3B). A strong broad peak of N-CDs-GP at 3400 cm-1 indicated the presence of 

O-H or N-H tensile vibration. Absorption bands at 2940, 1660, 1300, and 1100 cm-1 

corresponded with stretching modes of C-H, C=O, C-N and C-O, respectively, which 

indicated high densities of hydroxyl or amine groups on N-CDs-GP surfaces. These 

results indicated N-CDs-GP was successfully synthesized. The thermostabilities of 

N-CDs and N-CDs-GP were investigated by TGA in a nitrogen atmosphere. Fig. S5 

shows that N-CDs started losing mass at 52 °C, whereas N-CDs-GP began to lose 
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mass at 130 °C. This indicated that N-CDs-GP had increased thermostability 

compared with N-CDs. Further, the ζ potential of N-CDs changed from -8.82 to -17.3 

mV after GP cross-linking, which could be attributed to GP reactions with N-CDs 

amino groups (Fig. S6A and B).  

Fig. 2 TEM images and size distribution (inset) of N-CDs (A) and N-CDs-GP (B).  

 

Fig. 3 (A) XPS of N-CDs-GP. (B) FTIR spectra of N-CDs, GP, and N-CDs-GP. 

3.2. Spectral characteristics 

Optical properties were measured using PL and UV-vis spectroscopy. As shown in 

Fig. 4A, the excitation (λex) peaks of N-CDs and N-CDs-GP are at 360 and 380 nm, 

and the emission (λem) peaks are at 450 and 470 nm, respectively. The N-CDs and 

N-CDs-GP solutions exhibited different green luminescence under 365 nm UV lamp 

(Fig. 4A, inset). Fig. S7 shows that the PL emission spectra of N-CDs redshifted from 

390 to 460 nm as the excitation wavelength increased from 310 to 390 nm, whereas 

the PL emission peak of N-CDs-GP redshifted from 470 to 490 nm as the excitation 



8 
 

wavelength increased from 300 to 420 nm (Fig. S8). The maximum PL intensities of 

N-CDs and N-CDs-GP were obtained at 428 and 473 nm under 350 and 380 nm 

excitation wavelengths. The spectra showed typical excitation wavelength dependence. 

Using quinine sulfate as a reference, (QY=54% in 0.1 M H2SO4), the 

photoluminescence quantum yield of N-CDs-GP was calculated to be 4.7%. To 

investigate the applicability of N-CDs-GP as a fluorescent biomarker in physiological 

environments, the fluorescent stability of N-CDs-GP aqueous solutions at various pH 

values was evaluated. As shown in Fig. S9, while the emission wavelength of 

N-CDs-GP was constant, the fluorescence intensity was affected. At pH values of 1 

and 13, the fluorescence intensity of N-CDs-GP was nearly quenched; as the pH 

increased from 3 to 11, the fluorescence intensity of N-CDs-GP generally decreased. 

The results indicated that N-CDs-GP has potential applications in bioimaging. N-CDs 

and N-CDs-GP were thoroughly dispersed in distilled water for UV-vis analysis. The 

characteristic peaks of GP and N-CDs at approximately 240 and 290 nm, respectively, 

were also observed for N-CDs-GP (Fig. 4B). These peaks are likely attributed to π-π* 

electronic transitions for carbon nitrides.  

 

Fig. 4 (A) Normalized photoluminescence excitation and emission spectra of N-CDs 

and N-CDs-GP dispersed in water. Insets show images of N-CDs and N-CDs-GP 

aqueous solutions under ambient light and 365 nm UV lamp. (B) UV-vis absorption 

spectra of N-CDs, GP, and N-CDs-GP. 

3.3. Cell imaging and cytotoxicity of N-CDs-GP 

The cell imaging ability of N-CDs-GP were explored using MCF-7 cells. Fig. 5A 
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shows the cells exhibited bright green and red fluorescence when excited with 488 

and 543 nm laser pulses using CLSM, respectively. N-CDs-GP had good 

photostability and low photobleaching. The emission of polychromatic fluorescence 

without any discernable morphological defects demonstrated that N-CDs-GP had 

excellent biocompatibility. In determining the suitability of a compound as a 

bactericide in living organisms, it is necessary to evaluate the safety of the compound. 

MTT and hemolysis experiments were carried out to evaluate the biocompatibility of 

N-CDs and N-CDs-GP. Toxicity is an important factor limiting the biological 

applications of nanomaterials. To broaden nanomaterial applications in biomedicine, it 

is essential to evaluate their biological toxicity [46]. The in vitro cytotoxicity of 

N-CDs, GP, and N-CDs-GP were studied using MCF-7 cells by standard MTT. Fig. 

S10A and B showed the proliferation of cells co-cultured with different 

concentrations of N-CDs, GP, and N-CDs-GP for 24 and 48 h, respectively. The 

results showed that the cell proliferation rate tended to decrease with increasing 

concentration but remained above 85%. As the culture time increased, no significant 

changes in proliferation rate were observed. These results indicated that N-CDs-GP 

has great potential as a low-toxicity antibacterial agent [47]. Next, the hemolytic 

activity of N-CDs and N-CDs-GP were examined. Red blood cells (RBCs) in PBS 

and distilled water were used as negative and positive controls, respectively. 

Hemolysis refers to the interaction and incompatibility of samples with RBCs. When 

the hemolysis rate of a material is less than 5%, it is recognized as biologically safe 

[48, 49]. As shown in Fig. S11, the highest hemolysis rates of N-CDs and N-CDs-GP 

were approximately 4.2% and 3.6%, which were lower than the threshold level. Fig. 

5B shows that RBCs treated with N-CDs-GP exhibited typical morphological 

biconcave shapes compared with negative control; RBCs treated with high 

concentrations of N-CDs exhibited roughly normal morphological biconcave shapes. 

These results were consistent with those of the hemolysis analysis, suggesting that 

N-CDs-GP had better biocompatibility than N-CDs. Thus, N-CDs-GP can act as a 

potential candidate for multicolor cell imaging applications and as a potential 

antibacterial agent with high efficacy. 
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Fig. 5 Cell imaging and cytotoxicity of the synthesized compound. (A) CLSM images 

of MCF-7 cells cultured with N-CDs-GP observed under bright-field, 488 nm, 543 nm, 

and their merged images, respectively. (B) The optical images of RBCs from positive 

control, negative control, 1.0 mg/mL of the N-CDs, and 1.0 mg/mL of the N-CDs-GP. 

3.4. Selective CLSM imaging of Gram-positive bacteria 

Given the super fluorescence performance of N-CDs-GP, bacterial imaging can be 

realized [50, 51]. Gram-positive S. aureus and Gram-negative E. coli bacteria were 

selected to assess the imaging performance of N-CDs-GP by confocal microscopy. As 

displayed in Fig. 6, multi-color fluorescence signals from N-CDs-GP were visualized 

under different excitation wavelengths for S. aureus after incubating with N-CDs-GP 

for 1 h. However, E. coli cells showed no apparent fluorescent signals under the same 

conditions. To further verify the selectivity of N-CDs-GP for S. aureus, the zeta 

potential of both bacteria were measured with and without treatment with N-CDs-GP. 

Fig. S12 showed the ζ potential of S. aureus changed from -15.7 to -28.3 mV and that 

of E. coli changed from -16.5 to -18.2 mV. The results indicated that interactions 

between S. aureus and N-CDs-GP were primarily dependent on sectional interactions 

between the negatively charged bacteria surface and the positively protonated amide 

group of the N-CDs-GP; the zeta potential of the N-CDs-GP may have had little effect 

to the interaction [1]. The ability of N-CDs-GP to selectively image Gram-positive 

bacteria may be caused by the differences in cell surface structure and composition 

between the two types of bacteria. Generally, Gram-positive bacteria have thick but 
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structurally simple cell walls similar to network structures comprising a peptidoglycan 

layer interconnected with the plasma membrane [52, 53]. A number of anionic sites 

provided by teichoic acid on the peptidoglycan layer promote the electrostatic binding 

of materials to the bacteria surface. The cell walls of Gram-negative bacteria consist 

of a thin layer of glycan between the protective extracellular membrane and the 

cytoplasmic membrane, and the outer membrane is enriched with lipopolysaccharides, 

which are cross-bridged with divalent cations [54-56]. Due to the unique structure and 

composition of the outer membrane, nanoparticles or hydrophobic molecules have 

difficulty interacting with Gram-negative bacteria. Our results indicated that 

N-CDs-GP can interact more effectively with Gram-positive bacteria than 

Gram-negative bacteria. 

 

Fig. 6 CLSM images of S. aureus and E. coli cultured with N-CDs-GP for 1 h 

observed under bright-field, 488 nm, 543 nm, and their merged images. 

3.5. In vitro antibacterial activity of N-CDs-GP 

The antibacterial abilities of N-CDs and N-CDs-GP against E. coli and S. aureus 

were evaluated using the minimum inhibitory concentration (MIC) method. To 

explore the concentration effects of N-CDs and N-CDs-GP on antibacterial activity, a 

series of different doses of N-CDs and N-CDs-GP were incubated with the two types 

of bacteria, respectively. The O.D. values of the mixtures were measured at 595 nm 

(Fig. S13A and B). The MIC values of the two types of bacteria were 1.0 and 2.0 
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mg/mL, respectively. N-CDs-GP had a better antibacterial activity compared with 

N-CDs. Bacterial inhibition was also measured by MTT assay after incubating N-CDs 

and N-CDs-GP with the two bacteria, respectively. The O.D. values of the mixtures 

were measured at 510 nm. Fig. S14A and B indicate that N-CDs-GP had a better 

inhibitory effect against bacteria compared with N-CDs. Colony-forming unit (CFU) 

counting means were performed to determine the antibacterial activity of N-CDs and 

N-CDs-GP. Fig. 7A shows that the density of bacterial growth significantly decreased 

with increasing concentrations of N-CDs and N-CDs-GP. Interestingly, N-CDs-GP 

had a stronger antibacterial effect compared with N-CDs. These results suggested that 

the crosslinking of GP could improve the antibacterial ability of N-CDs.  

To further study the anti-bacterial effects of N-CDs-GP, morphological changes in 

bacteria were investigated by SEM. As shown in Fig. 7B, untreated bacteria cell 

membranes had clear edges and surface integrity. After treating with N-CDs-GP, the 

outer membranes of both bacteria collapsed and intracellular content leakage were 

observed. The synthesized N-CDs contains amide groups; when partially protonated, 

a positive charge is obtained [57-59]. GP cross-linking aggregates a large number of 

carbon dots together yielding stronger antibacterial ability. The as-prepared 

N-CDs-GP can interact with the negatively charged lipid membrane through 

electrostatic and hydrophobic reactions and induce damage to bacteria cell walls, 

leading to intracellular electrolyte leakage and cell death. 

 

 

 



13 
 

Fig. 7 (A) Colony status images of different doses of N-CDs and N-CDs-GP with 

liquid media containing the same amounts of E. coli and S. aureus. (B) SEM images 

of E. coli and S. aureus after incubating 6 h at 37 °C (untreated E. coli; N-CDs-GP 

treated E. coli; untreated S. aureus; N-CDs-GP treated S. aureus). 

3.6. In vivo antibacterial activity of N-CDs-GP 

To further investigate the in vivo antibacterial property of N-CDs-GP, mice infected 

with S. aureus were established as models. In this work, colony number and wound 

healing observations were recorded to explore the antibacterial efficacy of N-CDs-GP. 

For the colony number experiment, the mice were divided into a control group and an 

experimental group (Fig. 8A). The antibacterial efficacy was assessed by comparing 

the bacterial counts in the infected site. Fig. S15 shows that the bacteria count in the 

infected tissue after treatment was much lower than that in the control group. These 

results indicated that N-CDs-GP possessed excellent antibacterial properties.  

To evaluate the therapeutic effects of N-CDs-GP on infected wounds, mice models 

were divided into a control group and an experimental group. Fig. 8B presents images 

of the wound healing process at different time points. Fresh postoperative wounds 

with diameters of approximately 1.2 cm were infected with S. aureus. Two days after 

infection, abscesses appeared on the surfaces of the infected wounds and were treated 

with either PBS or N-CDs-GP. After 4 days, scabs appeared on infected wounds 

treated with N-CDs-GP, whereas abscesses were observed on the control wounds. 

After 7 days, the wound areas of the N-CDs-GP treatment group were significantly 

smaller than those of the control group. After 14 days, the wound areas of each group 
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were significantly reduced; the wounds treated with N-CDs-GP had healed, and the 

control group had not completely healed. The wound areas in the control and 

N-CDs-GP groups were 12.5% and 0.5% of the original wound areas, respectively. 

These results suggested that N-CDs-GP had excellent antibacterial activity.  

The in vivo toxicity of N-CDs-GP was also tested. N-CDs-GP solution was injected 

once a day into the infected sites of mice. After 3 days of treatment with PBS or 

N-CDs-GP, the mice were sacrificed, and the main organs were collected and 

subjected to H&E staining. Fig. S16 shows the tissues of the mice treated with 

N-CDs-GP were not damaged compared with the control group. The results 

demonstrated that the N-CDs-GP had good in vivo biosafety. 

 

Fig. 8 In vivo antibacterial capability of N-CDs-GP. (A) Photographs of mice infected 

with S. aureus treated with PBS (control) and N-CDs-GP solution. (B) Photographs of 

the healing process of wounds infected with S. aureus. 

4. Conclusions 

We developed a feasible and environmentally friendly means to synthesize 

fluorescent nitrogen co-doped carbon dots via hydrothermal reactions and 
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subsequently crosslinked the obtained N-CDs using GP. The prepared N-CDs-GP 

exhibited multicolor fluorescence emission, excitation wavelength-dependent 

properties, excellent thermal stability, broad-spectrum antibacterial ability, and 

excellent biocompatibility. Due to a dependence on excitation wavelengths, these 

N-CDs-GP nanoparticles have potential applications in cell imaging. Additionally, 

N-CDs-GP with strong fluorescence emission can selectively interact with 

Gram-positive bacteria and effectively distinguish between Gram-positive bacteria 

and Gram-negative bacteria. Compared with other metal-based antibiotic 

nanomaterials, metal-free N-CDs-GP has advantages of low preparation costs, low 

toxicity, and high biocompatibility. These N-CDs-GP nanoparticles can be used for 

cell imaging, selectively imaging Gram-positive bacteria, and effectively inhibiting 

bacterial growth; these particles promote the use of carbon dots for combating 

bacterial infections and overcoming bacterial resistance. 
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