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摘 要 

荧光分子探针具有特异性、专一性、灵敏性、快速便捷以及可视化等优点，

近年来逐渐在环境监测、生命科学研究、医学诊断等领域得到重视。尤其是在生

物医学领域，人们对于应用荧光探针来检测细胞内环境的变化以及实现肿瘤的可

视化诊断越来越有兴趣。细胞内或肿瘤内环境具有特殊的性质，如溶酶体的pH

要比其他细胞内囊泡的pH更低，肿瘤的pH比正常组织更低。利用这一性质可以

为肿瘤的早期诊断提供思路。本文总结了现有的研究成果，设计了新的酸敏感的

荧光分子探针R6G-EDA，基于该探针设计了一系列测定胞内酸度的纳米颗粒，

并研究了酸敏感纳米颗粒在肿瘤诊断中的应用。 

一、基于罗丹明衍生物“开关环”机理的酸敏感探针R6G-EDA 

设计了以罗丹明内酰胺(intra-lactam)的“开关环”(open-closed ring)机理为基

础的酸敏感探针R6G-EDA。该探针利用罗丹明这类荧光分子具有酸响应的内酰

胺结构“开关环”机理，实现对溶酶体酸度的高灵敏响应。该探针具有低背景，高

亮度，抗淬灭，良好的生物兼容性，长时间保留等优点，是一类有前景的溶酶体

酸性探针，有希望在生命科学基础研究中广泛应用。 

二、基于罗丹明内酰胺的双色二氧化硅荧光纳米颗粒 

设计了基于罗丹明内酰胺为响应发光团，偶联有高亮度的荧光分子荧光素

(FITC)作为内参，以二氧化硅为载体的双色荧光纳米颗粒，可以实现溶酶体内酸

度的高灵敏的比率测定。二氧化硅纳米颗粒具有良好的生物兼容性，该荧光纳米

颗粒可以实现细胞内酸度的测定，基于该探针我们用流式细胞仪的方法测定了在

细胞凋亡（apotosis）过程中细胞内溶酶体酸度的变化。 

三、罗丹明偶联丹磺酰氯的比率型荧光分子探针Lyso-DR 

设计了基于丹磺酰氯(dansyl)共价偶联酸敏感的罗丹明R6G-EDA的比率型荧

光小分子探针Lyso-DR，实现细胞内酸性囊泡的pH精确测定。以丹磺酰氯为内参，

通过测定罗丹明发光团对酸度的响应，从而精确测定囊泡的酸度。该探针可以精

确测定细胞内单个溶酶体的酸度变化。利用该探针我们探索了Hela细胞和L929

细胞的酸度差异，证实了肿瘤细胞酸性强于正常细胞的事实，并用于比较细胞凋

亡和细胞坏死时细胞酸度的差异，证明了细胞凋亡时pH要高于细胞坏死时，这
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是首次基于图像法得到的比较凋亡和坏死这两种重要信号转导通路的研究。 

四、偶联有罗丹明内酰胺的聚苯乙烯马来酸酐高分子纳米在肿瘤成像中的研究 

设计了偶联有酸敏感的脱氧罗丹明内酰胺（rhodamin-deoxylactam）的聚苯

乙烯马来酸酐高分子，实现小鼠体内肿瘤组织的成像。我们发展了一个比之前工

作报道的罗丹明内酰胺（R6G-EDA）更优良的探针脱氧罗丹明内酰胺

(rhodamin-deoxylactam，dRB-EDA)，该探针具有亮度更高，对酸更加敏感等优

点。将此探针偶联在生物兼容性良好的聚苯乙烯马来酸酐高分子上，利用生物体

内肿瘤血管的 EPR(Enhanced permeability and retention)效应，以及肿瘤细胞比正

常组织更酸等特性，实现对肿瘤的特异性聚集和低背景成像。该高分子具有特异

性、低背景、良好的生物兼容性、较长的保留时间等优点，有望在肿瘤成像中发

挥作用。  

五、基于罗丹明脱氧内酰胺检测细胞表面的唾液酸 

细胞膜表面唾液酸具有多种生物学功能，如免疫、信号传递等，研究细胞膜

表面的唾液酸一直是研究的热点。设计了对醛基灵敏的脱氧内酰胺罗丹明

dRB-EDA，可以有效监测细胞表明的唾液酸。和传统唾液酸监测方法不同的是，

dRB-EDA只有在和醛基反应后，脱氧内酰胺的环打开才会有荧光，因而具有低

背景、高灵敏度等优点。 
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Abstract 

Fluorescence molecular probe has advantages such as specificity, specificity, 

sensitivity, fast, convenient and visualization. In recent years, people pay great 

attention to its application in environmental monitoring, medical diagnostics, and 

other fields. Especially in the biomedical field, people have great interests for the 

application of fluorescent probe to detect cellular changes in the environment and 

visualization diagnosis of tumors. Environment within cells or tumor has special 

properties, for examples, lysosomes has a lower pH than than that of the other 

intracellular vesicles, and pH of tumor is lower than those of normal tissue. Use of 

this nature can offer ideas for the early diagnosis of tumors. This paper summarizes 

the existing research results, designs a new acid sensitive R6G fluorescence molecular 

probe, the R6G-EDA. We design a series of intracellular pH responsive nanoparticles 

based on the probe, and study the application of acid sensitive nanoparticles in cancer 

diagnosis. 

1, pH probes based on ring “open-cloesed” mechanism of rhodamine 

We designed acid sensitive probe R6G-EDA based on rhodamine lactam (intra - 

lactam) ring "switch" (open-closed ring) mechanism. Using rhodamine lactam 

structure of this kind of fluorescent molecules with acid response "switch ring" 

mechanism, the probe realize the high sensitive corresponding lysosome acidity.  The 

probe has a low background, high brightness, resistance to quenching, good biological 

compatibility, a long retentation time, and is a kind of promising lysosome acid probe, 

hoping to be widely used in the basic research of life science. 

2, Ratiometric pH fluorescent probe based on rhodamine lactam 

Based on rhodamine lactam in response to the chromophore,we design a two-color 

fluorescent nanoparticles with silicon dioxide as a carrier,coupled with high 

brightness of the fluorescent molecules fluorescein (FITC) as an internal, which can 

realize to dissolve ratio of high sensitive determination of the acidity in vivo. Silica 

nanoparticles has good biological compatibility, the fluorescent nanoparticles can 

realize the determination of the acidity in cells. We use flow cytometry instrument to 

determine lysosome acidity change in vivo in the process of apoptosis. 

3, Dual colored mesoporous silica nanoparticles with pH activable 

rhodamine-lactam for ratiometric sensing of lysosomal acidity 

We designed ratiometric pH fluorescent probe Lyso-DR based on the dansyl chloride 

(dansyl) covalent coupling acid sensitive rhodamine R6G small molecules, which can 

realize accurate measurement of the pH value of the acidic vesicle in the cell. With 

dansyl chloride as internal, we can get accurate pH determination of vesicles through 

the determination of rhodamine luminophor response to acidity. The probe can 

measure precise single lysosome acidity change in the cell. Using the probe we 

explored the difference of acidity between Hela and L929 cell, confirmed the acidity 

of tumor cells is stronger than that of normal cells, and is used to compare the 

difference of acidity between apoptosis and necrosis, proved that the pH of apoptosis  
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cells is higher than the that of necrosis cell, which is the first time to get the 

comparison of apoptosis and necrosis, the two kinds of important signal transduction 

pathways, based on imaging methods. 

4, Rhodamine-deoxylactam functionalized nanoparticles as lysosome activatable 

probes for intraoperative detection of tumors 

We design polystyrene maleic anhydride polymer, coupled with acid sensitive 

deoxidization rhodamine lactam (rhodamin-deoxylactam), realize the tumor imaging 

in mice. We developed an excellent probe rhodamine lactam (rhodamin-deoxylactam), 

better than the previous reported rhodamine lactam (R6G-EDA). The probe has higher 

brightness, and is more sensitive to pH. The probe based on polystyrene polymer 

maleic anhydride, which has good biological compatibility, realized the tumor specific 

aggregation and low background image using EPR(Enhanced permeability and 

retention) effect in tumor blood vessels and the much lower pH of tumor tissues. The 

polymer has specificity, low background, good biological compatibility and longer 

retention time, is expected to play a role in tumor imaging. 

5, Detectioning of sialic acid on cell surfaceusing rhodamine lactam 

Sialic acid on the cell membrane surface has a variety of biological functions, such as 

immunity, signal transmission, while the research on the sialic acid of the cell 

membrane has always been a research hot spot. We designed deoxidization lactam 

rhodamine dRB-EDA which has a sensitive aldehyde responsing group, can 

effectively monitor sialic acid on cell surface. Different to traditional sialic acid 

monitoring method, dRB-EDA will not has fluorescentce until reacting with aldehyde 

with the deoxidization lactam ring opening, thus has the advantages of low 

background and high sensitivity.
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