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新型体外诊断技术的建立以及应用 

 

摘 要 

 

本论文主要围绕新型体外诊断技术的建立展开研究。整个研究工作大致可以

分为两个部分。其中第一部分主要涉及新型的稀土络合物修饰的荧光二氧化硅纳

米颗粒的合成以及其在免疫分析中的应用。第二部分主要介绍了基于 aptamer 的

多重细胞富集和分选的微流控芯片技术平台的建立。 

第一章为绪论，主要是对本论文中开展的研究工作所涉及的领域进行综述性

的介绍。包括：纳米颗粒在荧光免疫分析中的应用；纳米颗粒在免疫层析中的应

用；aptamer 及其在癌细胞生物学中的应用。 

第二章主要介绍了新型的 Eu(III)-BHHCT 稀土络合物修饰的荧光硅纳米颗

粒的合成以及在时间分辨荧光免疫分析中的应用。在本章节中我们首次采用了多

重修饰的策略将 Eu(III)-BHHCT 修饰在二氧化硅纳米颗粒的表面，合成了稳定性

好、荧光强度高的荧光纳米颗粒。另外，我们以乙肝表面抗原的检测为模型，建

立了高灵敏的时间分辨荧光免疫分析体系。 

第三章主要介绍了新型的 Tb(III)-BPTA 稀土络合物修饰的荧光二氧化硅纳

米颗粒的合成以及在时间分辨荧光免疫分析中的应用。在本章节中我们通过

EDC 将络合物 Tb(III)-BPTA 交联到二氧化硅纳米颗粒表面，首次合成了共价修

饰的 Tb(III)荧光纳米颗粒。并且该纳米颗粒也具有稳定性好、荧光强度高的优点。

我们还以乙肝 e 抗原检测为模型，建立了高灵敏的时间分辨荧光免疫分析体系。 

第四章主要介绍了基于二氧化硅荧光纳米颗粒的双重时间分辨荧光免疫分

析体系的建立。我们用 Eu(III)-BHHCT 荧光纳米颗粒和 Tb(III)-BPTA 荧光纳米颗

粒，分别以乙肝表面抗原和乙肝 e 抗原为检测对象，建立了高灵敏的的双重时间

分辨荧光免疫分析体系。并且对双色检测中，两个标记物所发出的荧光间的相互

干扰进行了详细的研究，首次提出了对干扰的矫正方法，并建立模型对矫正方法

进行了验证。 

第五章主要介绍了基于稀土荧光二氧化硅纳米颗粒的免疫层析平台的建立。

在本章节中，我们选用了 Eu(III)-BHHCT 荧光纳米颗粒，以乙肝表面抗原为检测

厦
门
大
学
博
硕
士
论
文
摘
要
库



摘 要 

 2

对象，对免疫层析的实验原材料，标记方法以及实验条件的进行了优化，建立了

高灵敏的免疫层析检测平台。其检测灵敏度比传统的胶体金免疫层析方法提高了

10～20 倍。并且我们还建立了基于 PhotoShop 软件的检测结果定量分析方法。

使我们的免疫层析检测具有定量分析的能力。 

第六章主要介绍了稀土荧光纳米颗粒免疫层析技术在鼠伤寒沙门氏菌快速

检测中的应用。进一步验证了稀土荧光纳米颗粒在免疫层析中应用的可行性。与

商品化的胶体金试纸条进行对比，灵敏度提高了 2～3 个数量级。 

第七章主要介绍了基于 aptamer 的多重细胞富集和分选的微流控芯片技术平

台的建立。在本章节中我们将 aptamer 技术与微流控芯片技术相结合，将针对不

同癌细胞的 aptamer 固定于微流控芯片内通道的不同区域，实现了对混合细胞的

分离、富集和分选。这个微流控芯片平台在一次实验中可以将稀有细胞富集 135

倍。并且分选出的细胞具有和正常培养的细胞相当的生长速率，而且细胞纯度也

达到了 96%。 

第八章总结了本论文研究工作的创新性，并对该研究工作的进一步发展提出

了设想。 

 

 

关键词：纳米颗粒、免疫分析、aptamer、微流控芯片 
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Establishment and Application of Novel In-vitro Diagnostics 

Technologies 
 

Abstract 

 

This dissertation focuses on establishment and application of novel in-vitro 

diagnostics technologies. It consists of two parts. In the first part, the synthesis of 

novel lanthanide chelates coated silica nanoparticles and their application in 

immunoassaies are described. In the second part, an aptamer based microfluidic 

device for enrichment and sorting of multiple cancer cells is introduced. 

Chapter one is a microreview about our research work related area. It consists of 

three parts, including the application of nanoparticles in the fluorescent immunoassay; 

the application of nanoparticles in the lateral flow immunoassay; aptamer and its 

application in the cancer cell biology. 

In chapter two, synthesis of Eu(III)-BHHCT chelate coated fluorescent silica 

nanoparticle and its application in TrFIA (Time resolved Fluorescent ImmunoAssay) 

are described. Multi-coating strategy is used to introduce the lanthanide chelates onto 

the surface of the silica nanoparticle. The fluorescent nanopartle synthesized is highly 

bright and stable. Furthermore, we use HBsAg (hepatitis B surface antigen) detection 

as a model to setup a highly sensitive TrFIA system. 

In chapter three, synthesis of Tb(III)-BPTA chelate coated fluorescent silica 

nanoparticle and its application in TrFIA are described. EDC is used to conjugate the 

Tb(III)-BPTA chelate onto the surface of silica nanoparticle. This is the first time that 

fluorescent silica nanopartle with covalent conjugated Tb(III) chelate is synthesized. 

This fluorescent nanoparticle is also highly bright and stable. And in this chapter, we 

use HBeAg (hepatitis B e antigen) detection as a model to setup a highly sensitive 

TrFIA system. 

In chapter four, simultaneous TrFIA of HBsAg and HBeAg are described. In this 

dual-labeled TrFIA system, Eu(III)-BHHCT coated silica nanoparticle and 
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Tb(III)-BPTA coated silica nanoparticle are used as label to simultaneously detect 

HBsAg and HBeAg, respectively. Furthermore, we investigate the interference 

between the two detection signals. And a correction methord is created to eliminate 

the interference. 

In chapter five, a LFIA (lateral flow immunoassay) using Eu(III)-BHHCT chelate 

coated silica nanoparticle as labels is described. In this system, antibodies are 

covalently conjugated onto Eu(III)-BHHCT chelate coated silica nanoparticles with 

dextran as a linker. The resulting conjugates were used as labels in LFIA for HBsAg. 

We performed quantification with a digital camera and Adobe Photoshop software. 

In chapter six, the application of fluorescent silica nanoparticle based LFIA in 

Salmonella Typhimurium detection is described. This chapter further validates the 

feasibility of our fluorescent silica nanoparticle based LFIA system. The detection 

system has high sensitivity and specificity. We compare our LFIA system to the 

commercial colloid gold test strip. The detection limit of our system is 100~1000 

times lower than the commercial strip. 

In chapter seven, we have developed a microfluidic device that can 

simultaneously sort, enrich, and then detect multiple types of cancer cells from a 

complex sample. The device can yield a 135-fold enrichment of rare cell in a single 

run. The sorted cells grow at the comparable rate as cultured cells and are 96% pure 

based on flow cytometry determination. 

In the final part, chapter eight, the innovation of the dissertation is concluded and 

the prospect of this research field is given. 
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