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Abstract: Development of biodegradable and highly biocompatible polymer with intrinsical 

photoluminescence and high photostability for real-time live cell bioimaging has attracted much attention 

recently. Here, a biodegradable and amphiphilic poly (citrate)-co-poly (ethylene glycol) (PEG) grafted with 

arginine (PCGA) polymer with intrinsical fluorescence was synthesized for targeted live cell bioimaging. 

The physicochemical structure, photoluminescent properties, hemocompatibility, cytotoxicity and 

fluorescent bioimaging studies in live cells were determined in detail. PCGA showed a significantly high 

hemocompatibility, low cytotoxicity and excellent photostability, which allows for imaging the live cells 
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attachment and proliferation. Furthermore, PCGA could efficiently enhance cell attachment and 

proliferation due to the presence of arginine, suggesting their high cellular biocompatibility. Importantly, 

PCGA could selectively stain the lysosome in cells. Our results demonstrated that the amino acid-based 

polymer functionalization may be an important strategy to develop multifunctional biomaterials with 

enhanced biocompatibility for targeted bioimaging, cancer therapy and regenerative medicine. 

Key Words: bioactive biomaterials, poly(citrate), arginine, intrinsical photoluminescence, live cell 

bioimaging 

INTRODUCTION 

Live cell imaging is a powerful tool to continuous observe the activities within the live cells and becomes 

increasingly important for biomedical applications.1,2 Specially, by the advanced fluorescent bioimaging 

techniques, the critical insight of biological activities in subcellular and molecular levels in living cells 

could be demonstrated.3,4 Currently, the most widely used fluorescent probes are still organic dyes such as 

fluorescein isothiocyanate (FITC) and 5-carboxyfluorescein (Fam), but the main limitations in conventional 

fluorescence dyes include poor hydrophilicity, low photostability and instability in bio-environment.5 

Compared with the conventional fluorescence dyes, many novel biomaterials have been explored for 

bioimaging applications because of their highly photostability such as inorganic fluorescent materials and 

aggregation-induced emission polymers (AIE) and so on.6-9 However, most of current organic and 

inorganic fluorescent materials are still not biodegradable and may have potential toxicity concerns in 

large-scale applications. Therefore, it is very urgent and necessary to develop highly biocompatible and 

biodegradable biomaterials with intrinsical stable photoluminescence for live cell imaging applications.  

2 

 

This article is protected by copyright. All rights reserved.



In recent years, poly (citrate) (PC)-based polymers have been gaining great interest in biomedical 

application such as tissue regeneration and gene delivery, due to their high biocompatibility, controlled 

biodegradation and low cost.10,11 In previous study, our group developed a series of highly elastomeric 

PC-based hybrid polymers, demonstrated their potential biomedical applications including bone tissue 

repair and gene delivery in vitro and in vivo.12-14 However, the conventional PC polymer shows the poor 

hydrophilicity and photoluminescent property, which limit their promising application in live cell imaging. 

On the other hand, the cellular biocompatibility of PC-based polymers is also needed to be improved for 

their long-term biomedical applications.  

Polyethylene glycol (PEG), as a biocompatible polymer, has been widely used to modify hydrophobic 

polymers to improve their solubility.15,16 As a semiessential amino acid in human, L-arginine plays an 

important role in biological activity such as cell division and wounds healing.17 Therefore, the 

functionalization of L-arginine on PC-based polymers may significantly enhance their biocompatibility. In 

addition, amine-abounded branched polymers such as the hyperbranched poly(amine-ester), 

poly(propyletherimine) dendrimers and poly(amidoamine) present significant inherent photoluminescent 

properties.18 As an alkaline amino acid, L-arginine functionalized PC-based polymer may also exhibit 

stable photoluminescent ability. Conventional polymers with intrinsic photoluminescent properties are 

usually conjugated polymers containing conjugated main chain or π-aromatic building blocks.19 However, 

conjugated polymers are always hydrophobic, non-biodegradable, multistep processing, which limit their 

wide biomedical applications such as long-term live bioimaging and tissue engineering. Therefore, the 

development of non-conjugated photoluminescent polymer with control biodegradation and 
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biocompatibility is very necessary in biomedical applications. 

In this study, we report the synthesis of water-soluble PC-co-PEG grafted with L-arginine (PCGA), 

and investigate the effect of L-arginine on the photoluminescent properties, blood compatibility, and 

cellular compatibility. We also demonstrate the live cell imaging application of PCGA.  

MATERIALS AND METHODS 

Materials 

Citric Acid (99%), 1, 8-Octanediol (98%), polyethylene glycol (PEG) (1 kDa), and 

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) were obtained from Sigma-Aldrich. 

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC, 99%), N-Hydroxysuccinimide 

(NHS, 98%) and 2-(N-Morpholino) ethanesulfonic Acid (MES, 99%) were purchased from J&K Scientific. 

Phosphate buffered saline (PBS), Dulbecco's Modified Eagle Medium (DMEM), 

4'-6-diamidino-2-phenylindole (DAPI), LIVE/DEAD staining kit, Alamar Blue kit, Mito-Tracker Green 

and Lyso-Tracker Red were bought from Invitrogen. All chemicals were used as received. 

Synthesis of PCGA polymer 

The PCGA polymer was synthesized via a typical catalytic reaction of EDC and NHS using PCG and 

arginine in 50 mM MES buffer anhydrous, and the PCG prepolymer was synthesized according to our 

previous report.20 To synthesize the PCGA polymer, the PCG prepolymer was first added into MES buffer 

anhydrous include EDC and NHS to activate the carboxyl groups. After 30 min, arginine with various 

amounts was added in the reaction system, and the reaction mixtures were continuously stirred for 24 h at 

room temperature. Finally, the resulted PCGA polymer was purified by dialysis using a dialysis tube 
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(MWCO 1000) for 3 days. The final PCGA polymers were collected after freeze-drying and stored until 

use. 

Physicochemical structure characterization of PCGA polymers 

The 1H nuclear magnetic resonance (1H NMR) instrument (Ascend 400 MHz，Bruker) and Fourier 

transformation infrared (FT-IR) spectroscopy (NICOLET 6700, Thermo) were performed to determine the 

chemical compositions and structures of PCG and PCGA polymers. Briefly, for 1H NMR analysis, the 

polymers were dissolved in dimethyl sulfoxide-d6 (DMSO-d6) with a concentration of 40 mg/mL. The 

polymers were mixed with KBr to be pressed into a transparent slice for FT-IR measurement. 

Photoluminescence capacity evaluation of PCGA polymers 

The photoluminescent (PL) spectra of PCGA polymers solutions with different concentrations were 

obtained by a spectrophotometer (F-4500, Hitachi) equipped with a 150 W Xe arc lamp at room 

temperature, and the slit widths of excitation and emission were 2.5 nm for all samples. The fluorescence 

lifetime and quantum yield of PCGA were obtained by a steady-state and transient fluorescence 

spectroscopy (FLS980, Edinburgh), respectively. The fluorescent images of PCGA polymers solutions were 

obtained by excitation at 365 nm using a UV lamp. The photoluminescent stability of PCGA polymers were 

evaluated through continuous irradiation for a period of time by excitation at 405 nm using an inverted 

fluorescent microscope (IX 71, Olympus). 

Hemocompatibility analysis of PCGA polymers 

The rats were ordered from animal medical center in Xi’an Jiaotong University, and all procedures were 

approved by the Animal Care and Use Committee. The hemocompatibility of PCGA polymers were 

5 

 

This article is protected by copyright. All rights reserved.



investigated according to the destructed level of erythrocyte after incubated with the polymers for 1 h. 

Briefly, the blood, collected in heparinized-tubes from rats, was centrifugated at 1000 rpm for 10 min, and 

the precipitate was washed three times with PBS buffer solution (pH 7.4). The precipitate of erythrocyte 

was resuspended in the wash buffer at 5 % (v/v) and used within 24 h after collection. The polymers 

solutions prepared in the PBS buffer were added to the erythrocyte at different concentrations for 1 h in a 

37 oC incubator. The release of hemoglobin was determined using a microplate reader (SpectraMax i3, 

Molecular Devices) at 540 nm. The completeness of erythrocyte was investigated using a fluorescent 

microscope (BX51, Olympus). The 0.1 % Triton X-100 was used as the complete hemolysis control value 

(100 %) and PBS buffer was used as the low hemolysis control value (0 %). Less than 10% hemolysis was 

regarded as good blood compatibility in our experiments. 

Cytotoxicity of PCGA polymers 

The cytotoxicity of PCGA polymers against rat-derived myoblast line (C2C12) was investigated using 

Alamar blue® assay kit and Live/dead staining kit (Thermal Sci.). Briefly, the C2C12 cells were incubated 

with a complete Dulbecco’s modified Eagles medium (DMEM, Invitrogen) with 10% (v/v) fetal bovine 

serum (FBS) at 37 oC under a humidified atmosphere containing 5% CO2. After 24 h, the medium was 

replaced by a mixed DMEM solution including the polymers with different concentrations (25, 50, 100, 

200 μg/mL). The cell viability was investigated using a microplate reader (SpectraMax i3, Molecular 

Devices) through measuring the fluorescent intensity at an excitation/emission wavelength of 530 nm/600 

nm after cultured for 1 d and 3d, respectively. Live/dead staining study was also used to investigate cell 

viability using a fluorescent microscope (BX51, Olympus) to observe the live cells morphology after d 
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days culture. The tissue culture plate (TCP) without adding any polymer was used as the control. 

Fluorescent imaging studies of PCGA polymers 

The fluorescent imaging studies of PCGA polymers (100 μg/mL) in C2C12 cells in vitro were determined 

using a laser confocal fluorescent microscope (CLSM, TCS SP5, Leica). Briefly, the cells were seeded onto 

glass cover slips in 24-well plates with a density of 5×104 cells per well. After the cells were cultured for 

24h, the slips were treated with medium including PCGA polymers for another 24h. Subsequently, the slips 

were washed by PBS three times, fixed by methyl alcohol and acetic acid for 30 min and stained by FITC 

for 20 min. Finally, the cellular imaging was observed using a CLSM to determine the fluorescent imaging 

studies of PCGA polymers. To investigate the fluorescent imaging stability of PCGA polymers in vitro, the 

cellular imaging was determined by incubating cells with polymers for 1 day and 3 day, and incubating 

cells through continuous irradiation for different time by excitation at 405 nm.  

Mitochondria and lysosome costaining evaluation 

To study the intracellular trafficking, PCGA solution with a concentration of 100 µg/ml was incubated with 

cells for 30 min, then the PCGA solution was replaced by fresh medium. The cells were co-stained by the 

Mito-Tracker Green and Lyso-Tracker Red respectively. Here, the cells were stained as blue by PCGA, 

green by Mito-Tracker and red by Lyso-Tracker.    

Statistical analysis 

All date was expressed as the mean± standard deviation (SD) and the experiment were repeated at least 

three times. Statistical results were determined by a student’s t-test. The statistically significant difference 

between groups were considered when *P<0.05, **P<0.01. 
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RESULTS AND DISCUSSION 

Synthesis and characterizations of PCGA polymers 

The PCGA polymers were synthesized from various monomers via a two steps method. Firstly, the PCG 

polymer was synthesized using citric acid (CA), 1, 8-octanediol (OD) and polyethylene glycol (PEG) by a 

melt polymerization (Figure 1A). The PCGA polymers were fabricated by further crosslinking L-arginine 

with PCG through a catalytic reaction of EDC and NHS in anhydrous MES buffer solution (Figure 1B). In 

the reaction process of the polymerization, the main chain of polymer was composed of citric acid, 1, 

8-octanediol and PEG, and L-arginine were grafted onto the residual carboxyls of PCG through its primary 

amines. In the structure of PCGA polymer, hydrophobic PC provides biodegradability, hydrophilic PEG 

provided water-solubility, and L-arginine was used to increase biocompatibility and enable 

photoluminescent ability.  

The successful synthesis of PCGA polymer was determined by 1H NMR and FT-IR analysis, as shown 

in Figure 2. The representative methylene peaks (-CH2-) identified at 1.2, 1.5, 3.9 and 4.1 ppm were 

assigned to 1, 8-octanediol (Figure 2A). The multiple peaks between 2.6 and 3.0 ppm (-CH2-) were 

attributed to citric acid (Figure 2A). The peaks at 3.5, 4.2 and 4.3 ppm were identified as the methylene 

(-CH2-) of PEG. The presence of peaks at 3.9 ppm, 4.1 ppm, 4.2 ppm, 4.3 ppm (-CH2-) indicated the 

successful synthesis of PCG (Figure 2A). The presence of characteristic peaks at 7.8 ppm (-NH-) confirmed 

the successful grafting of arginine into the PCG prepolymer (Figure 2B). In addition, the molar weight 

ratios of the monomer (CA: OD: PEG: Arg) was 1: 0.72: 0.28: 0.22 by the analysis 1H NMR spectra. The 

further analysis demonstrated that the actual arginine grafting ratio in PCG was about The presence of 
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characteristic peaks assigned to -OH between 3300 and 3700 cm-1, -CH2- between 2800 and 3000 cm-1, 

-C=O at 1747 cm-1 and -C(=O)NH- at 1620 cm-1 were confirmed by FT-IR spectra (Figures 2C-D). 1H 

NMR and FT-IR analysis indicated the successful synthesis of PCG and PCGA polymers. 

Photoluminescence ability of PCGA polymers 

The inherent photoluminescent properties of PCGA polymers are shown in Figure 3. Compared with the 

PCG prepolymer, the PCGA polymers exhibited an optimum excitation wavelength of 395 nm (Figure 3A). 

The stronger fluorescent emission at 490 nm was found from PCGA and no significant fluorescent emission 

was observed in PCG polymer (Figure 3B). The fluorescent emission (490 nm) of PCGA was significantly 

increased with the polymer concentration, suggesting the ignorable aggregation-induced fluorescent 

quenching effect which was usually presented in organic dyes (Figure 3C).21 Additionally, under different 

excitation wavelength, the emission wavelength of PCGA showed a slightly red shift to be 520 nm (Figure 

3D). It should be indicated that PCGA also exhibited high fluorescent stability against acid/alkaline and 

temperatures (Figures 3E-F). The fluorescent emission spectra of PCGA solution just presented a little 

change at the intensity between pH 3.9 to pH 8.3 and 25 ℃ to 50 ℃, suggesting their high photoluminescent 

stability at various environments. There were no significant differences in fluorescent emission position of 

PCGA polymer as different pH values and temperatures. Furthermore, as compared to fluorescein 

isothiocyanate (FITC), the fluorescence of PCGA polymers was still strong under continuously irradiation 

for 10 min at the excitation of 405 nm, but the intensity of FITC has been decreased significantly (Figures 

3G-H). The stable and bright blue light in PCGA solution with different arginine contents could be 

observed under a UV lamp at the excitation of 365 nm (Figure 3I). These results demonstrated that PCGA 
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polymers possessed a highly stable fluorescent emission under various conditions including acid-alkaline 

environment, temperature and long-time light irradiation. In addition, the fluorescence lifetime and 

fluorescence quantum yield of PCGA were 3.03 ns and 11.00%, respectively. In recent years, it was shown 

that some non-conjugated polymers containing amine group such as poly(amidoamine) showed excellent 

fluorescent emission.22,23 Further studies exhibited that the heteroatom-containing double bonds in these 

non-conjugated polymers may contribute to their excellent photoluminescent performance.24 The detailed 

fluorescent mechanism of amine-contained non-conjugated polymers is still under investigation. In PCGA, 

there were many heteroatom-containing double bonds such as C=N and C=O which may arouse the strong 

photoluminescence. The high photoluminescent ability and photostability of PCGA make them highly 

competitive for live cell bioimaging. 

Hemocompatibility and cellular biocompatibility evaluations of PCGA polymers  

The hemocompatibility of PCGA polymers were investigated through analyzing the release of hemoglobin 

(Figure 4). After 1 h incubation with different polymer concentrations in the range of 0.16-1.25 mg/ml at 37 

oC, PCG, PCGA(3), PCGA(5), PCGA(10) showed significantly low hemolytic effects up to 1.25 mg/mL 

compared with the Triton and PBS (Figures 4A-B). The further analysis indicated that the morphology of 

erythrocyte was not damaged after incubation with various polymers (Figure 4C). These results 

demonstrated that PCGA polymer possessed good hemocompatibility and may be promising for further 

biomedical applications.25 

The cytotoxicity of PCGA polymers were evaluated in C2C12 cells using Alamar blue® assay and 

Live/dead staining study (Figure 5). The PCG and PCGA polymer did not exhibit any significant 
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cytotoxicity at different concentrations (25, 50, 100 and 200 μg/mL) against C2C12 cells after cultured for 

72 h, indicating their good cytocompatibility (Figure 5). Interestingly, C2C12 cells showed significantly 

high proliferation after incubated with PCGA polymers for 1 and 3 day in all range of concentration, as 

compared to TCP and PCG (Figure 5A and 5B). Meanwhile, the Live/dead staining study showed the good 

cell attachment and cell numbers on PCGA polymer compared with the PCG polymers (Figures 5C-D). The 

reason may be that the trace amount of positive charge of polymers influenced the cell fate due to the 

introduction of L-arginine in PCGA. L-arginine have been investigated that it can facilitate the cellular 

uptake of covalently conjugated particles due to the existence of guanidyl group, and may improve cellular 

proliferation by increasing specific receptor expression and the utilization of interleukin-2.26-28 These 

results demonstrated that the addition of L-arginine could efficiently enhance the cellular biocompatibility 

of PCG polymer. 

Live cell imaging studies of PCGA polymers  

Based on the excellent multifunctional properties of PCGA polymers such as highly stable 

photoluminescence and enhanced cellular biocompatibility, the in vitro live cell imaging applications were 

investigated by CLSM. The live cell imaging, proliferation tracking and photostability of PCGA were 

observed (Figure 6). After incubated with PCGA at the concentration of 100µg/mL, the cells were stained 

as blue clearly (Figure 6A). The cell morphology and nucleus was also stained as green and blue by 

commercial FTIC (Figure 6A). After mergence, completed cell morphology could be imaged by different 

fluorescent molecules.    

Significantly, the fluorescence of POCG was still observed clearly after incubated with C2C12 cells 
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for 3days. Additionally, compared with day 1, the cell numbers were increased significantly at day 3, 

suggesting potential long-term live cell imaging of PCGA (Figures 6B-C). To show the advantage of PCGA, 

the photostability in cell imaging was observed through continuous irradiation by CLSM, as compared to 

commercial FITC (Figure 6D). After 10 min irradiation, the blue fluorescence of PCGA was still seen 

clearly, however, the fluorescence of FITC-labeled cells was significantly decreased due to the well-known 

photobleaching (Figures 6D-E). These results demonstrated that PCGA polymer could efficiently image the 

live cells, tracking their proliferation with high photostability.  

Intracellular mitochondria and lysosome staining  

To investigate the selective distribution and imaging of PCGA, the mitochondria and lysosome costaining 

with PCGA in cells were performed. The mitochondria and lysosome in cells was labeled by a commercial 

Mito-Tracker (Green) and Lyso-Tracker (Red) respectively. As shown in Figure 7, the cell was stained as 

blue by PCGA and green by Mito-Tracker. After merging PCGA and Mito-Tracker Green, just part of the 

overlap was observed, indicating the low mitochondria selectivity of PCGA. Then the lysosome was also 

costained with Lyso-Tracker Red and PCGA. Different with mitochondria staining, the Lyso-Tracker 

staining (red) was well overlapped with PCGA (blue). This result suggested that PCGA could selectively 

stain the lysosome in cells. It is well known that lysosome possesses a representative acidic 

microenvironment.29 In this study, PCGA shows an alkaline structure (arginine) which may have strong 

interaction with lysosome and then presents the selective staining with lysosome (Figure 7).  

In this study, we developed a biodegradable and nonconjugated amino acid-based soluble polycitrate 

polymer with highly stable photoluminescent capacity and excellent biocompatibility for 
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lysosome-selective live cell imaging. As compared to conventional photoluminescent polymers and 

inorganic nanoparticles used in bioimaging, as-developed PCGA polymers possess several advantages.30-33 

Firstly, PCGA is biodegradable amphiphilic polyester which was composed of citric acid, polyethylene 

glycol and arginine, and the introduction of PEG greatly improved the hydrophilicity of the polymer. 

Therefore, the degradable monomers are highly biocompatible and inexpensive, which enables their 

large-scale fabrication and applications. Secondly, PCGA could efficiently stain the lysosome in cells with 

high fluorescent stability, which provides a promising application in targeted bioimaging and cancer 

therapy. Thirdly, the introduction of L-arginine greatly improves the biocompatibility of the polymer, which 

could efficiently promote cell proliferation. Finally, PCGA possess many free carboxyls and hydroxyls in 

their side chains, which makes them facile functionalization for enhancing their biomedical applications. 

For example, PCGA can be grafted using various fluorescent molecules to extend their emission up to near 

infrared region (NIR, 650-900 nm) which was considered to be an optimum window for in vivo 

bioimaging.34 For targeted imaging and therapy, PCGA can also be functionalized by targeted peptide or 

molecules. For long-term imaging and cancer therapy, the further bio-functionalization and the in vivo 

performance should be carried out.     

CONCLUSIONS 

In summary, novel biodegradable amino acid-functionalized nonconjugated polycitrate polymers with 

strong and stable intrinsical fluorescence were successfully synthesized using biocompatible citric acid, 

polyethylene glycol (PEG) and L-arginine. PCGA exhibited highly stable photoluminescence. Importantly, 

PCGA polymer showed a good hemocompatibility, significantly enhanced cellular biocompatibility in 
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which cell viability was significantly improved. The further cellular imaging results showed that PCGA 

could efficiently image live cell and track cell proliferation with high fluorescent stability. PCGA could also 

selectively stain the lysosome in cells, demonstrating their potential targeted bioimaging and cancer therapy 

applications. The facile synthesis and functionalization, strong photoluminescence, high biocompatibility 

and excellent lysosome-selective live cell imaging performance make PCGA highly promising as novel 

biodegradable water-soluble biomaterials for targeted live cell bioimaging and potential cancer therapy. 
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Figure captions 

Figure 1. Schematic illustrations for synthesizing PCG and PCGA polymers. (A) Polymerization 

routine of PCG prepolymer; (B) Polymerization process of PCGA polymer through a representative 

EDC/NHS reaction. 

Figure 2. Chemical structure characterization of PCG and PCGA polymers. (A-B) 1H NMR spectra of 
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PCG prepolymer (A) and PCGA polymer (B); (C-D) FT-IR spectra of arginine, PCG and PCGA polymers 

between 3800-500 cm-1(C) and 2000-1000 cm-1 (D). 

Figure 3. Intrinsically photoluminescent ability of PCGA polymers. (A) Excitation spectra of PCG and 

PCGA polymers in deionized water under the emission wavelength of 490 nm; (B) Emission spectra of 

PCG and PCGA polymers in deionized water under the excitation wavelength of 395 nm; (C-F) Emission 

spectra of PCGA(3) polymer in deionized water under different concentrations (C), excitation wavelengths 

(D), pH values (E), temperatures (F); (G) Fluorescent images of PCGA(3) polymer irradiated for different 

time intervals by an inverted fluorescent microscope under 405 nm excitation (scale bar：100µm); (H) 

Fluorescent stability after irradiated for various times by a high pressure mercury lamp (365 nm); (I) 

Fluorescent images of PCG and PCGA polymers in deionized water (1.25 mg/mL) under 365 nm excitation 

by a UV lamp. 

Figure 4. Hemocompatibility evaluation of PCGA polymers. (A) Hemolysis ratio of rat erythrocyte after 

1h incubation with different concentrations of various polymers at 37 oC; (B) Photos of hemolysis of 

erythrocyte after 1h incubation with different polymers at various concentrations at 37 oC; (C) Morphology 

change of rat erythrocyte after 1h incubation with various polymers (1.25 mg/mL) at 37 oC. Triton and PBS 

were used as positive and negative control respectively (**P<0.01, ***P<0.001). 

Figure 5. Cytocompatibility analysis of PCG and PCGA polymers. (A, B) C2C12 cells viability after 

incubation with PCG and PCGA polymers for 1 d and 3 days at different concentrations (*P<0.05, 

**P<0.01); (C) Live C2C12 cells numbers after culture with PCGA at day 3; (D) Live C2C12 morphology 

after 3 days incubation with PCG and PCGA at different concentrations (scale bars: 200 µm). 
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Figure 6. Live cells bioimaging evaluation of PCGA polymer in vitro (scale bars=20 µm). (A) 

Fluorescent images of C2C12 cells after incubated with PCGA polymer for 24 h (PCGA: blue, FITC: green, 

scale bar: 50 µm); (B) Fluorescence images of C2C12 cells after incubated with PCGA for 1 and 3 days, 

showing the proliferative cell imaging (scale bar: 100 µm); (C) Live cell numbers stained by PCGA after 

culture for 1 and 3 days (**p<0.01); (D) Fluorescence stability evaluation through tracking the cellular 

imaging after continuous irradiation for different time, using commercial FITC as control (cells was 

incubated with PCGA for 24 h, scale bar: 80 µm); (E) Relative fluorescent intensity  of C2C12 after 

continued irradiation for various times (*p<0.05, **p<0.01). The PCGA stained cells were excited at 405 

nm, FITC stained cells were excited at 488 nm. 

Figure 7. Intracellular organelles staining analysis of PCGA using Mito-Tracker Green and 

Lyso-Tracker Red as the control (scale bars=20 µm). The staining position of PCGA was well matched 

with that of Lyso-Tracker, suggesting that PCGA could selectively image the lysosome in cells. 
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