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建立一種可應用於流式細胞儀上檢測之螢光微脂體複合體及

其特性探討 

研究生：馬冠倫       指導教授：廖光文 博士 

國立交通大學分子醫學與生物工程研究所 

摘要 

 用於檢測與定量生物標記之技術已被快速發展及應用於研究與臨

床診斷上。一般而言，生物標記是利用抗體-抗原為主之免疫檢測系統

進行偵測，抗體會專一性地與特定抗原蛋白結合並可藉由標定物來定

量。此篇研究建立之螢光物質標定之微脂體可作為探針應用於免疫檢

測系統上。Lipo-PEI-PEG complex (LPPC)為本實驗室開發出來之新型

微脂體，它具有穩定且快速吸附各種蛋白之能力且蛋白本身可保有原

本之生物活性，此外 LPPC 亦具有容易被脂溶性螢光物質標定之特性。 

 

 這篇研究成功建立了螢光標定之 LPPC，並測試其在流式細胞儀上

偵測細胞激素(cytokine)之可行性。研究結果顯示其螢光強度與細胞激

素之濃度成正比。同時此研究亦比較了與傳統用來偵測細胞激素之酵

素連結免疫吸收分析（ELISA）間的差異性。因此，以螢光標定之 LPPC

作為檢測探針可提供作為另一種免疫檢測之方式。 



 

ii 
 

Development and characterization of a velcro liposomal complex 

as a fluorescent probe by the flow cytometer 

Student: Kuan-Lun Ma           Advisor: Dr. Kuang-Wen Liao 

Institute of Molecular Medicine and Bioengineering 

National Chiao Tung University 

Abstract 

 The techniques to identify and quantify biomarkers have been 

developed rapidly on research and clinical diagnosis. Generally, detections 

for biomarkers are performed using the antibody-based immunoassay 

system, in which the targeting proteins are specifically bound by their 

antibodies and the complex can be detected via some signal-reporting 

labels. Here, an alternative is the fluorescent dyes incorporated liposomes 

as immunoassay probes. Lipo-PEI-PEG complex (LPPC) is a novel 

liposome, composed of lipids and two polymers. LPPC can strongly and 

quickly adsorb various proteins and maintain their own functions on 

surface. Furthermore, LPPC are easily incorporated lipophilic fluorescent 

dyes.  

 

 In this study, fluorescent dye-labeled LPPC was constructed and its 

ability for detection of soluble proteins by the flow cyotometer was 

examined. At the field of soluble cytokines, the total fluorescence intensity 

is proportional to the concentrations of target cytokines. The limitations 

were also evaluated compared with traditional ELISA assay. Thus, LPPC as 

a probe may provide an alternative method to immunoassay.  
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Introduction 

 

 To devise a detecting system with high sensitivities, the nano-particles, 

such as liposomes, colloidal golds, and quantum dots, are recently utilized 

as assay system’s materials. Liposomes were first described by A. D. 

Bangham in England at 1965 [1] and they have been widely investigated in 

recent four decades. Liposomes are spherical particles and are composed of 

one or more phospholipid bilayers surrounding an aqueous volume. 

Liposomes have two parts of lipophilic and hydrophilic in their formation. 

The lipophilic part is composed of the hydrocarbon chains, and the other 

part is made of phosphate and choline groups [2]. The amphiphilic 

character provides not only self-assembly but also the abilities of carrying 

the lipophilic and hydrophilic molecules. Besides, liposomes are usually 

modified on their surface to enhance the encapsulation, provided the 

targeting ability, protected the structure, and prolonged the circulation 

times. For instance, modification of liposomes with specific ligands, such 

as antibodies or oligopeptides enables liposomes to target to specific 

tumors or tissues [3, 4]. On the other hand, another approach for prolonging 

circulation times of liposomes is modified by poly-ethylene glycol (PEG) 
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on the surface [2]. Nowadays liposomes have been utilized for biological or 

clinical diagnostics [5-7]. At this field, liposomes in which the detectable 

molecules, e.g. dyes or specific markers are encapsulated, can provide 

significant enhancement in immunoassays. Fluorescent markers such as 

sulforhodamine B (SRB) were also used for liposome immunoassay and 

measured by spectrofluorometer [8]. 

 

 Our laboratory has developed a novel liposome, Lipo-PEI-PEG 

complex (LPPC), which is a cationic liposome with an average diameter of 

nanometer scale. Our unpublished results showed that the zeta-potential of 

LPPC on its surface was about positive 41.4±1.2 mV, and the average 

diameter was about 216±4 nm. The previous data also illustrated LPPC 

could adsorb various proteins on its surface mainly via the electrostatic 

force, and the proteins still maintain their bio-activities and functions. Until 

now, LPPC presented the abilities of being a good carrier and showed the 

potential to induce specific immune responses in vitro and in vivo. 

Nevertheless, the probabilities of LPPC to apply on detection or diagnosis 

still need further investigation. 
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 Flow cytometry is a well-known technique especially for laboratory 

research, biological practice, and clinical diagnosis worldwide. Flow 

cytometry has the following advantages of being fast, sensitive, and 

accurate for both qualitative and quantitative analysis [9]. Compared to 

traditional immunoassay or fluorescent microscopy, flow cytometry 

provides an alternative to present particle numbers and quantify of 

interesting markers simultaneously. However, flow cytometer cannot detect 

smaller components, e.g. soluble chemical compounds or proteins. This 

inconvenience may limit the applications for specific usages. 

 

 Trying to improve the inconvenience, one of the methods is 

incorporating fluorescent dyes into liposomes. Brussaard et al. reported that 

virus could be detected when used nucleic acid specific dyes, SYBR 

GREEN [10]. Another method is utilizing targeting liposomes or nano 

particles to catch the targets and then detect the particles to represent 

interesting targets [5]. So a liposome-based probes should have the 

properties of being detectable on the flow cytometry, being separable from 

other particles, and having the specific binding activity to targets. In this 

research, we used the LPPC as a liposome-based fluorescent probe, 
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modifying by fluorescent dyes, target antibodies, and blocking reagent, 

PEG, on its surface (Fig. 1). Then we evaluated the feasibility of 

applications with the flow cytometry, the results indicated that the novel 

LPPC-based fluorescent probe indeed measured the cytokines by flow 

cytometer. 
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Materials and Methods 

 

Materials 

Reagents 

 The following reagents and chemicals were obtained or purchased as 

indicated: DOPC and DLPC were purchased from Avanti Polar Lipids. 

Cholesterol, DiI, DiO, PEG8000, and PEI25000 were purchased from SIGMA. 

PEG1500 was purchased from SHOWA. BSA was purchased from 

Invitrogen. DMSO was purchased from MP Biomedicals.  Methanol was 

purchased from C-Echo. 

 

Kits 

Rat IL-6, Rat IL-10, and Mouse IFN- DuoSet ELISA kits were purchased 

from R&D systems. 

 

Methods 

LPPC preparation 

 LPPC was prepared by thin-film hydration method with modified. 

Briefly, both DOPC and DLPC were dissolved in chloroform in a 
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concentration of 50 mg/ml (w/v). 200 l of DOPC and DLPC were mixed 

with 400 l of methanol in a round-bottom flask. Then placed the flask on a 

rotary evaporator and exposed to vacuum until the solvent removed. Added 

2 ml of methanol to re-dissolve the lipids, exposed to vacuum again until 

the solvent almost removed. Then placed the flask on the rotary evaporator 

with 37℃, minimum rotary speed, and without exposed to vacuum until 

dried. After the solvent was removed, a thin, homogeneous lipid film was 

obtained on the bottom of the round-bottom flask. 2 ml of aqueous solution 

containing 0.27 g of PEI25000 and 0.088 g of PEG8000 was added and gently 

rotated for about 30 minutes to rehydrate the lipid film. When finished the 

rehydration, the solution in the flask was agitated for 10 minutes. The 

LPPC was placed at room temperature overnight after agitation. Then, 

using an extruding apparatus to extrude the LPPC through 200 nm 

polycarbonate membrane filter 9 times. Last, the LPPC was stored at 4℃ 

until used. 

 

Cholesterol liposome preparation 

 Two different amounts of cholesterol were mixed with DOPC and 

DLPC to obtain two molar ratios of cholesterol and lipids, namely 1:9 and 
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1:4. The following procedures were the same as LPPC preparation. 

 

Determination of characteristics of LPPC 

Centrifuge speed 

 20 l of LPPC was added in 980 l of ddH2O and returned to room 

temperature. Then different centrifuge speeds were utilized for 5 minutes. 

The supernatants were separated from pellets and the pellets were 

suspended by 1 ml of ddH2O. The turbidities were estimated via OD600. 

Capacity 

 20 l of LPPC was added in 980 l of ddH2O and returned to room 

temperature. Then it was centrifuged at 10,000 rpm for 5 minutes to 

separate free components from LPPC. After removed the supernatants, 500 

l of ddH2O were added to suspend the LPPC pellets. The above procedure 

was the basic purification of LPPC, and all the following experiments 

related to LPPC were utilized the pretreatment or with little modified. 

 

 For estimation of BSA capacity on LPPC and cholesterol liposome, 20 

l of LPPC or cholesterol liposome were purified first as previous 

described. Then different amounts of BSA were added and mixed into 40 
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g of LPPC or cholesterol liposome suspended in 100 l of ddH2O. After 

incubation at 37℃ for 20 minutes, 900 l of ddH2O were added and then 

centrifuged at 10,000 rpm for 5 minutes. The pellets were suspended and 

dissolved by 1 ml of 1:1 (v/v) DMSO/PBS. The quantifications of BSA 

capacity were measured by Bradford protein assay. 

 

DiI and DiO labeling and purification 

 DiI and DiO were dissolved in DMSO at a concentration of 375 M 

and 93.75 M respectively. Different amounts of DiI or DiO were 

incubated with 100 g of purified LPPC suspended in the 100 l of ddH2O 

for 30 minutes at room temperature and avoid light. Then, the dye-labeled 

LPPC were centrifuged at 10,000 rpm for 5 minutes and repeated once to 

remove free DiI or DiO. 

 

Measurement of particle numbers of components by the flow 

cytometer 

 BSA was dissolved in ddH2O at a concentration of 50 g/ml. PEG1500 

was also dissolved in ddH2O and at a concentration of 2 mg/ml. 5 l of 

LPPC was suspended in 995 l of ddH2O at a concentration of 50 g/ml. 
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The above three components and two solutions, H2O and PBS, were 

measured for 30 seconds at various FSC gates, E01, E00, and E-1, by the 

flow cytometer. 

 

Determination of blocking reagents and fluorescence performance 

 DiI and DiO were incorporated into the LPPC and purified as previous 

described. The pellets of 100 g dye-labeled LPPC were suspended by 100 

l of ddH2O. Then 20 l of PEG1500 solution or BSA solution at 

concentrations of 100 mg/ml and 5 mg/ml respectively were added to 20 g 

of DiI or DiO-labeled LPPC suspended in 20 l of ddH2O. The mixture 

were incubated for 30 minutes at room temperature and avoid light. After 

incubation, the appearances and fluorescence intensities were measured at 

the E00 gate. 

 

 To observe the influence of blocking reagents on fluorescence, 

different amounts of DiI and DiO labeled on the LPPC and purified as 

previous described. The pellets of 100 g dye-labeled LPPC were 

suspended by 100 l of ddH2O. After suspension, 20 l of PEG1500 solution 

at a concentration of 100 mg/ml or ddH2O were mixed with 20 g DiI or 



 

10 
 

DiO labeled LPPC in 20 l ddH2O for 30 minutes at room temperature and 

avoid light. Last, the fluorescence intensities were measured by the flow 

cytometer. 

 

Preparation of fluorescent probes 

 DiI and DiO were dissolved in DMSO at a concentration of 375M 

and 93.75M respectively. And 4 l of DiI and 4.8 l of DiO were mixed 

with 100 g of purified LPPC suspended in 100 l of ddH2O for 30 

minutes at room temperature and avoid light. Then the dye-labeled LPPC 

were centrifuged at 10,000 rpm for 5 minutes and repeated once. After 

centrifugation, the pellets were suspended by 10 l of ddH2O. Then various 

amounts antibodies depended on cytokine kits were mixed with DiI or DiO 

LPPC for 30 minutes. Next, LPPC-DiI and LPPC-DiO were blocked by 

PEG1500 as previous described. The fluorescent probes were performed after 

blocking. 

 

The effects of fluorescent probes by the flow cytometry 

 The fluorescent probes were prepared as previous described. 25 g of 

LPPC-DiI and LPPC-DiO were mixed with various amounts of target 
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cytokines for 30 minutes and avoid light. Then 1 ml of ddH2O was added. 

The solutions were analyzed by the flow cytometer to detected the 

fluorescence on FL-1 and FL-3 filters. 

 

Statistical analysis 

 All results were presented as mean±SD. All results were performed at 

least two independent experiments. The statistical significance were 

computed by Student's t-test. p < 0.05 was considered significant. 
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Results 

 

Characterizations of LPPC 

 In this study, the characteristics of LPPC were examined. LPPC 

consisted of lipids and polymers, it appeared as white and suspended 

complex after preparation. First, we determined whether LPPC could be 

purified by centrifugation to discard the nonreactive components. Therefore, 

the various speeds of centrifuge were tested to precipitate LPPC. The 

turbidities of the supernatants and the pellets were used to evaluate the 

efficiency of centrifugation. The results showed the turbidities of 

supernatants' were decreased and the pellets' were increased as the 

centrifuge speeds were raised (Fig. 2a), and centrifugation from 8000 rpm 

reached a plateau for the efficiency of pellet formation. Figure 2b showed 

that LPPC could be formed a solid pellet at the bottom of the tube after 

centrifugation.  

 

 To be a detective probe, LPPC should have the ability to adsorb or 

conjugate with the targeting proteins, e.g. antibodies. Here, we first 

examined whether LPPC owned the capacity to adsorb proteins. BSA was 
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utilized to study this characteristic. The results showed the adsorbed BSAs 

on LPPC were increasing as the additions of BSA were increased and the 

maximum adsorption was about 130 to 140 g BSA per 40 g LPPC (Fig. 

3). In contrast, it was showed that the protein binding capacity of LPPC 

almost disappeared as LPPC was modified by adding 10% or 20% 

cholesterol related to lipids in the LPPC preparation (Fig. 3). In addition, 

LPPC showed it could not only adsorb BSA on its surface but also various 

proteins, such as enzymes and antibodies (Table 1).  

 

 To evaluate the feasibility of LPPC as fluorescent probe, fluorescent 

lipophihlic dyes, DiI or DiO, were utilized as labeling molecules. The 

results displayed that DiI and DiO both could incorporated into LPPC at 

different concentrations (Fig. 4). 

 

The performance of detection probe on the flow cytometry 

 Different gates of forward scatter (FSC) were selected and monitored 

the particle distribution of LPPC using FSC and side scatter (SSC) plot on 

the flow cytometry. The blocking components or solutions were also 

determined their particle distributions as above. The FSC-SSC dot 
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histogram demonstrated that no particles of the blocking components or 

solutions were detectable under the E-1 gate except the particles of LPPC. 

However, only few LPPC particle numbers were present in FSC-SSC dot 

histogram under the E-1 gate. On the other hand, the FSC-SSC dot 

histogram under E00 gate also showed only LPPC could be detectable but 

not other components, and the E00 gate could detect more the particles of 

LPPC than E-1 gate. Although E01 gate could monitor more the particle 

numbers of the LPPC than E00, however, other materials were also 

detected at this gate, even were H2O or PBS. As a consequence, E00 gate 

might be a suitable condition for detection (Fig 5). 

 

The effects of blocking reagents on the fluorescent intensity 

 It is required to block the positive charge on the surface of LPPC to 

prevent from causing non-specific bindings between antigens and LPPC. 

For this reason, BSA and PEG were respectively used to determine their 

effects and the results revealed BSA seemed to increase the fluorescence 

intensities of DiI or DiO labeled LPPC as monitoring with FL-3 or FL-1 

filter. In contrast, PEG as blocking reagent could neutralize the positive 

charge of LPPC surface (data not shown) and slightly decreased the 
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fluorescence intensities of LPPC, no matter which fluorescent dyes utilized 

(Fig. 6). 

 

The fluorescent intensities of probes with various concentrations of 

dyes 

 At this part, various concentrations of DiI or DiO were added to 

incorporate into LPPC, and the fluorescent intensities were quantified by 

the flow cytometry. The results illustrated the concentrations of DiI or DiO 

were proportional to the fluorescent intensities. DiI emitted red 

fluorescence, so it was detectable with FL-2 and FL-3 filters but not FL-1 

filter. Similarly, DiO emitted green fluorescence and represented evidently 

at FL-1 filter. Surprisingly, the results also showed the fluorescence of DiO 

could be detected at FL-2 and FL-3 filter, though the intensities were lower 

than FL-1 filter. According previous results, PEG was used to block the 

non-specific adhesion. Thus, whether the PEG-blocking will influence the 

fluorescent intensity or not was next examined. Figure 7 showed that both 

the fluorescent intensity of DiI and DiO would be reduced by 

PEG-blocking. But the trends did not change significantly. 
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The measurements of cytokines by the fluorescent probes 

 Sequentially, the detection probes were further examined whether they 

could detect various soluble cytokines or not. The specific antigens were 

mixed with DiO-labeled and DiI-labeled probes, quantified their 

fluorescent intensities by flow cytometer. And two fluorescent filters, FL-1 

or FL-3, were used to detect green or red fluorescence. Figure 8a and 8b 

showed the fluorescent distributions of LPPC-DiI or LPPC-DiO alone 

respectively. Figure 8c showed the fluorescent distributions of two 

fluorescent probes mixed without the addition of antigen, and their 

fluorescence were not interfered each other comparing to the results of 

figure 8a and 8b. Figure 8d revealed the intensities of fluorescence would 

be increased by the addition of antigen. Here, the total fluorescence 

intensity (TFI) was used to represent the amounts of antibody bound to 

antigen, and TFI is calculated as the mean fluorescence intensity (MFI) 

multiplied by the numbers of events in gate. 

 

 Rat IL-6, rat IL-10 or mouse IFN-cytokines were utilized as 

examples in this study. The plots revealed the relative fluorescent 

intensities were antigen dose-dependent (Fig. 9a, 9b, 10a, 10b, 11a, and 
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11b). As measurement of rat IL-6 cytokine (the amounts are between 30.4 

to 820 pg), the fluorescent intensities of FL-1 showed a linearity (Fig. 9a) 

when the amounts of IL-6 cytokine were increased but their FL-3 

fluorescence is not linear (Fig. 9b). Figure 9c showed a standard curve of 

IL-6 cytokine measured by traditional ELISA kit, and it represented a linear 

curve. Figure 9d illustrated that the ELISA assay curve which was tested 

those amounts of IL-6 cytokine applied on the flow cytometry before, and 

it revealed the values of optical density were too low to distinguish the 

difference between the background and samples when the quantities of 

cytokines was below to 91.1 pg. 

 

 Contrary to rat IL-6 cytokine test, FL-3 fluorescence showed a better 

linearity than FL-1 fluorescence when rat IL-10 cytokine was measured as 

quantities between 14.8 to 400 pg (Fig. 10a and 10b)The standard curve 

of IL-10 cytokine measured by ELISA kit assay at figure 10c showed a 

linear curve. The conditions of IL-10 cytokine for flow cytometry also 

tested by the ELISA assay and the results showed all samples could be 

significantly detectable by this kit (Fig. 10d). 
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 Third, different amounts of mouse IFN- cytokine were also measured 

by flow cytometer as their quantities were between 0.74 to 60 pg. The 

fluorescence measured by FL-1 or FL-3 filters both could express linearity 

as the amounts of antigens increased (Fig. 11a and 11b). Figure 11c showed 

the mouse IFN- cytokine standard curve measured by ELISA assay. In 

addition, the quantities of cytokines used on the flow cytometry also were 

measured by the ELISA kit assay. And the results showed the values of 

OD450 were not obviously distinguishable from background when the 

amounts of cytokine were below 6.7 pg (Fig. 11d). 
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Discussion 

 

 In this study, we developed liposomal fluorescent probes and they will 

be applied to quantify the soluble cytokines by the flow cytometry. The 

principle section of the fluorescent probes was utilized a novel, cationic 

liposome-based complex, LPPC, which were developed by our laboratory 

previously. The feasibility of LPPC could be fluorescent probes was first 

evaluated. LPPC could be purified easily by centrifugation, be incorporated 

by fluorescent DiI or DiO, adsorb antibodies and remain the activities of 

bound antibodies. The non-specific bindings of this fluorescent probe could 

be eliminated by PEG modification on the surface. Finally, we proved the 

fluorescent LPPC could interact with target cytokines and the complex 

could be analyzed on the flow cytometry. 

 

 The basic characteristics of LPPC have been described as previously, 

here other characteristics were examined. The optical density at 600 nm 

was usually used as the indicator to express the turbidity [11] and here it 

was used to determine the efficiency of centrifugation at different speeds 

for LPPC. We found LPPC could be centrifuged and reached a plateau from 
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8000 rpm (Fig. 2). This feature could purify the LPPC immunocomplex to 

discard the free additives easily. Besides, LPPC could be labeled by 

fluorescent dyes, DiI or DiO (Fig. 4). DiI and DiO are long-chain, 

lipophilic fluorescent dyes and they are commonly applied to detect 

cell-cell fusion and adhesion [12-14], trace cells migration in vitro [15], or 

label the lipoproteins [16, 17]. The dyes label cells via diffusion into the 

membrane and do not transfer from labeled cells to unlabeled cells in 

general [18]. Here we also discovered the particle sizes of dye-labeled 

LPPC became larger compared to unlabeled LPPC (274.6 and 255.5 nm for 

DiI and DiO-labebled LPPC v.s. 216.4 nm for unlabeled LPPC). In addition, 

LPPC could adsorb proteins on the surface. However, the capacity of LPPC 

for protein adsorption was decreased violently by modification of 

cholesterol (Fig. 3). Generally, cholesterol was added into the liposomes 

during preparation, in order to modulate the flexibility and increase the 

rigidity. It could enhance the stability of liposomes in circulations. 

However, if the proportion of cholesterol was raised, the amounts of PEI in 

the surface might be decreased. The capability of LPPC for adsorption is 

resulted from electrostatic forces by PEI and velcro-like interactions. So 

addition of cholesterol would cause velcro-like surface of LPPC to become 
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rigid and the percentage of phospholipids on the surface would further 

decrease [19], thus resulted in  declines of PEI content and LPPC protein 

capacity.  

 

 The fluorescence of DiI or DiO labeled LPPC could be detected on the 

flow cytometry and the fluorescent intensities were proportional to the 

concentrations of additional dyes (Fig. 7a). The fluorescent peaks on the 

plot of emission wavelength (x-axis) and intensity (y-axis) were 

asymmetrical, they had a tailing-shift phenomenon at longer wavelength 

but not at shorter wavelength [20]. Thus, we also found the DiO 

fluorescence could be detected by FL-2 FL-3 filters except of FL-1. It may 

be explained why the DiO fluorescence could be detected at FL-2 and FL-3 

filters.  

 

 On the other hand, minimizing the non-specific bindings is one of the 

most important parts of being probes. The positive charge of PEI on the 

surface of LPPC is one of the main factors to cause the non-specific 

bindings. Here, BSA and PEG1500 were tested as blocking reagents and 

evaluated the impacts on fluorescent intensities (Fig. 6). Our laboratory 
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previously discovered PEG1500 showed better blocking effect than BSA. 

Besides, we observed PEG1500 reduced the fluorescent intensities; however, 

the fluorescent intensities increased when used BSA as blocking reagents. 

PEG1500 has smaller molecular weight and caused less structural hindrance 

than BSA. As a result, PEG1500 could spread on the surface of fluorescent 

LPPC and thus quenched the fluorescence. On the contrast, the average 

molecular weight of BSA is 66,000 Da, LPPC might aggregated each other 

when adsorbed BSA. So the increment of fluorescent intensities as BSA 

added might result from the LPPC aggregation. 

 

 The practicable probe for use on the flow cytometry should: (1) 

provide a strong and stable fluorescence in the detectable range, (2) not be 

affected or contaminated by changes in the solutions or samples, (3) 

provide a satisfied sensitivity and repeatability, (4) not disturb the process, 

(5) simplify the procedure as much as possible [21]. Fluorescent LPPC was 

attempted to achieve the applications on the flow cytometry. Consequently, 

the soluble cytokines were tested and evaluated the efficacy compared to 

ELISA assays. Figure 8 showed DiI or DiO labeled LPPC did not interfere 

each other, and when the target cytokines added, the fluorescent intensities 
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would increase. Figure 9 to 11 illustrated fluorescent LPPC could be 

utilized for measurements of rat IL-6, rat IL-10, and mouse IFN- 

cytokines at various concentrations. The fluorescence were different 

between cytokines, and different affinities between antibodies and antigens 

resulted in the variances. The same conditions of target cytokines were also 

estimated, and we found the ELISA assays showed less sensitivity than 

fluorescent LPPC assays on the flow cytometry at some cytokines 

detection. 

 

 In conclusion, this study showed LPPC had the abilities of being 

fluorescent probes, including the convenience purification, antibodies 

adsorption, fluorescent dyes labeling, and detectable by the flow cytometer. 

Thus soluble cytokines could be detected on the flow cytometry with 

fluorescent LPPC. This fluorescent probe provides alternatives for soluble 

proteins detection in biological applications and diagnosis.  
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Figures and Legends 
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Figure 1. Schematic illustration of the fluorescent detection probes for 

the flow cytometry. 

The following procedures were utilized for the preparation of fluorescent 

probes: The LPPC was first labeled by fluorescent dyes, DiI or DiO. Next, 

the target antibodies were adsorbed on their surface. Then PEG1500 was 

used to block the surface of fluorescent liposomes. After preparation, 

DiI-labeled and DiO-labeled liposomes were mixed and incubated with 

target cytokines. The degrees of detection were measured by the flow 

cytometer.
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(a) 

 
 

(b) 
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Figure 2. The characteristic of centrifugation of LPPC. 

Various speeds of centrifugation were used to determine whether LPPC 

could be purified by centrifugation. OD600 was presented as the tubidities of 

the supernatant and pellet to evaluate the feasibility of centrifugation (a). 

The appearances of LPPC before and after centrifugation (b). Results were 

presented two independent experiments. 
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Figure 3. The character of protein adsorption of LPPC. 

Various amounts of BSA were incubated with 40 g of LPPC for 20 

minutes. After centrifugation, the quantities of adsorbed BSA on the LPPC 

were determined by Bradford protein assay. The protein capacity of 

cholesterol modified LPPC were also tested as the previous described. 

Results were represented at least two independent experiments.
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Proteins Assay methods 

Bovine serum albumin (BSA) Bradford protein assay 

FITC-conjugated BSA Spectrofluorometer 

-galactosidase Enzyme activity 

HRP-conjugated antibody Enzyme activity 

Helicobacter pylori heat shock 

protein 60 

OD280 absorbance 

Urease B OD280 absorbance 

 

Table 1.The various proteins could be adsorbed by LPPC. 

A variety of proteins were added to incubate with LPPC, then the different 

methods were used to estimate whether LPPC could adsorb other proteins. 

The results were cited from Yen-Ku Liu and Chia-Hung Chen (NCTU). 
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(a) 

 
 

(b) 

 

 

Figure 4. The character of fluorescent dyes labeling on LPPC. 

Various concentrations of DiI (1.875 to 120 M) or DiO (2.25 to 144 M) 

were mixed with 100 g of LPPC. After centrifugation, the feasibility of 

dye incorporation into LPPC was evaluated by observing the pellets. 

Results were displayed the representative patterns and performed at least 

three independent experiments. 
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(b) 

 
 

(c) 

 
 

(d) 
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(e) 

 
 

(f) 
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Figure 5. The particle distributions of LPPC, blocking reagents, and 

solutions on the flow cytotmetry. 

H2O (a), PBS (b), 50 g/ml of BSA (c), 2 mg/ml PEG1500 (d), and 50 g/ml 

of LPPC (e) were measured for 30 seconds via E01, E00, and E-1 gate 

(from left to right) of FSC and SSC plots on the flow cytometry. Figure a to 

e were displayed the one of the representative patterns of the experiments. 

Histogram displayed the particle numbers of various subjects at E00 gate of 

FSC (f). * means significant compared with other subjects (p < 0.05). 

Results represented two independent experiments.
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Figure 6. The influences of BSA and PEG1500 as blocking reagents on 

fluorescent intensities. 

100 g of BSA or 20 l of PEG1500 at a concentration of 50 mg/ml were 

added with LPPC-DiI or LPPC-DiO. After purification, the fluorescent 

intensities were measured by the flow cytometer. Figure 6a displayed the 

LPPC labeled by DiI and figure 6b were LPPC labeled by DiO. Black lines 

meant LPPC-DiI (a) or LPPC-DiO (b); Red lines represented LPPC-DiI or 

LPPC-DiO blocked by PEG1500; Green lines illustrated LPPC-DiI or 

LPPC-DiO blocked by BSA. Results represented three independent 

experiments.
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Figure 7. The fluorescent intensities of the various concentrations of 

dyes on the flow cytometry. 

Different concentrations of DiI (0.23 to 60 M) or DiO (0.28 to 72 M) 

were mixed with 100 g of LPPC. After purification, fluorescent 

dye-labeled LPPC were further incubated without (a) or with (b) PEG1500 

blocking. The fluorescent intensities were estimated by the flow cytometer. 

Although DiI emitted red fluorescence and DiO emitted green fluorescence, 

all of the three fluorescent filters could be still measured. Results 

represented three independent experiments. 
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Figure 8. The fluorescent distributions of fluorescent probes on the 

flow cytometry. 

FL1-FL3 dot plots were utilized to evaluate the fluorescent distributions of 

LPPC-DiI and LPPC-DiO. After preparation of fluorescent probes, 

LPPC-DiI was displayed on the FL1-FL3 dot plot as figure 8a and 

LPPC-DiO was figure 8b. When mixed two fluorescent probes without 

target antigens, the distribution was presented as figure 8c. As target 

antigens were mixed with two fluorescent probes, the FL1-FL3 dot plot 

was presented as figure 8d. The above patterns were one of the 

representative of the experiments. Results were performed at least three 

independent experiments. 
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(a)          (b) 

 

 

(c)          (d) 

   

 

Figure 9. The measurements of rat IL-6 cytokines on the flow 

cytometry or ELISA assay. 

Fluorescent probes were prepared as previous described. Various amounts 

of rat IL-6 cytokines were mixed with two probes, and then their 

fluorescence were detected on the flow cytometry. The green fluorescent 

intensities presented on FL-1 filter (a) and red fluorescent intensities 

presented on FL-3 filter (b). The commercial standard curve for rat IL-6 

test showed a linear curve on the ELISA assay (c). The quantities of target 

antigens for flow cytometry were also applied on the ELISA assay, and the 
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pattern showed on figure 9d. Results represented three independent 

experiments.
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(a)          (b) 

 

 

(c)          (d) 

   

 

Figure 10. The measurements of rat IL-10 cytokines on the flow 

cytometry or ELISA assay. 

Fluorescent probes were prepared as previous described. Various amounts 

of rat IL-10 cytokines were mixed with two probes, and then their 

fluorescence were detected on the flow cytometry. The green fluorescent 

intensities presented on FL-1 filter (a) and red fluorescent intensities 

presented on FL-3 filter (b). The commercial standard curve for rat IL-10 

test showed a curve on the ELISA assay (c). The quantities of target 
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antigens for flow cytometry were also applied on the ELISA assay, and the 

pattern showed on figure 10d. Results represented three independent 

experiments.
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(a)          (b) 

 

 

(c)          (d) 

   
 

Figure 11. The measurements of mouse IFN- cytokines on the flow 

cytometry or ELISA. 

Fluorescent probes were prepared as previous described. Various amounts 

of mouse IFN- cytokines were mixed with two probes, and then their 

fluorescence were detected on the flow cytometry. The green fluorescent 

intensities presented on FL-1 filter (a) and red fluorescent intensities 

presented on FL-3 filter (b). The commercial standard curve for mouse 

IFN- test showed a linear curve on the ELISA assay (c). The quantities of 
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target antigens for flow cytometry were also applied on the ELISA assay, 

and the pattern showed on figure 11d. Results represented four independent 

experiments. 
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