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中  文  摘  要

	我国食品中化学残留物问题比较突出，监测工作量较大。目前主要采用理化分析方法开展化学残留物监测工作，但理化分析方法的检测成本较高、检测时间较长，大大制约了食品中化学残留物监测工作的广泛开展。开展化学残留物筛选检测技术的研究对提高化学残留物的检测效率具有重要的价值。免疫分析方法是化学残留物筛选检测的主要方法，具有高特异性、高灵敏度和高通量等优点，其中开发和应用食品中多种化学残留物的免疫分析方法是人们非常关注的领域之一。本论文针对食品中主要化学残留物之一的激素残留，以制备筛选得到的特异性识别多种激素的抗体为基础，发展了酶联免疫吸附分析（ELISA）、毛细管电泳免疫分析激光诱导荧光(CEIA-LIF)检测、多残留荧光免疫多分析（FLISA）和胶体金免疫层析试纸条（CGIA）等一系列孕激素的多残留免疫分析方法，并将这些方法应用于食品中激素残留的检测与研究。为食品中化学物残留物的监测提供了高特异性、高灵敏和高通量的新方法。本论文研究工作的主要内容和创新点表现在以下几个方面：
1、制备并筛选得到特异识别多种化学残留物的抗体。通过制备醋酸甲羟孕酮（MPA）人工抗原，经动物免疫，筛选得到一种亲和常数为8.1×108 L/mol的多克隆抗体。基于此抗体建立的ELISA方法，对MPA检测的IC50值为5.8 μg/L。交叉反应分析表明，此抗体能特异识别多种孕激素，可应用于孕激素多残留免疫分析技术和新产品的开发。该工作发表在Journal of Food Science (2006, 71, C44-C50)杂志上（影响因子：1.065），并获得国家发明专利一项（ZL 200710019665.7）。
2、建立了一种化学残留物的异源ELISA多残留分析新技术, 可以显著提高原ELISA方法的灵敏度和群选择性。合成了三个异源人工包被抗原，发现在采用一种异源人工抗原（3-羧甲基肟基-17α-羟基孕酮醋酸酯与卵清白蛋白偶联物，3-CMO-HPA-OVA）作为包被抗原时，比原同源方法更灵敏更高、群选择性更好。此异源免疫分析方法对醋酸甲羟孕酮（MPA）、醋酸氯地孕酮（CMA）、醋酸甲地孕酮（MEGA） 和17α-羟基孕酮醋酸酯（HPA）的IC50值分别为1.8、4.5、2.9、2.5 μg/L；对MPA的灵敏度为0.05 μg/L，线性范围为0.1-15 μg/L, 对CMA、MEGA和HPA的灵敏度为0.1 μg/L，线性范围为0.2-30 μg/L；对MPA、CMA、MEGA和HPA其交叉反应率分别为100%、40%、62%和72%。该工作发表在Food Chemstry （2008, 109(3): 647–653）杂志上（影响因子：3.183），并申报了国家发明专利一项（公开号CN101066998）。以上研究工作的持续性研究得到了国家农业科技成果转化资金项目[207C10080041]的资助，并获得了教育部科技进步二等奖[证书号：2007-227]。
3、利用所开发ELISA试剂盒结合仪器确证方法，确定了动物适合激素残留检测的靶组织。研究了脂肪、肌肉、肝脏、肾脏等动物源样品的ELISA检测的处理方法，同时提出了饲料样品快速处理ELISA检测方法。通过ELISA和GC/MS比较分析给药动物组织中醋酸甲羟孕酮的残留，确定肌肉和肝脏为更适合ELISA和GC/MS检测的靶组织。并进一步开发了多种激素ELISA试剂盒，所开发试剂盒能满足激素多残留筛选检测的要求。该工作发表在Analytical Letters (2006, 39(8): 1865-1873)（影响因子：1.281）杂志上。
4、建立了针对食品中多种化学残留物的液相色谱串联质谱（LC-MS/MS）确证分析方法。采用溶剂提取、固相萃取净化等样品前处理方法，建立了检测脂肪组织中五种激素，包括MPA、CMA、MEGA、HPA及甲烯雌醇醋酸酯（MLA）的LC-MS/MS确证分析方法，该方法对五种激素的检出限为0.2~0.3 µg/kg，定量限为0.5 µg/kg。在空白猪脂肪样品中以0.5、1.0和5.0 µg/kg三个水平添加时，五种激素的回收率范围在60.5~84.1%之间， RSD范围为8.9~16.8%之间。该方法能满足目前五种激素残留确证分析检测的要求。该工作发表在Journal of Pharmaceutical and Biomedical Analysis上(2006，4，616-621)（影响因子：2.629）。
5、建立了适合食品中化学残留物检测的CEIA-LIF检测新方法。合成和鉴定了MPA荧光素标记物，通过毛细管电泳免疫分析激光诱导荧光(CEIA-LIF)检测证明其具有免疫反应活性，在此基础上建立了脂肪中醋酸甲羟孕酮的毛细管免疫电泳-激光诱导荧光检测方法。检测脂肪中MPA的检测限为2.5 µg/kg，此CEIA方法与ELISA方法相比，具有分析时间短、溶剂消耗小、样品前处理简单等优点。该工作发表在Electrophoresis杂志上( 2007, 28(6), 970-974) （影响因子：3.609）。以上研究工作的持续性研究得到了财政部质检公益性行业项目[200810099-2]的资助。 
6、提出了一种基于多色量子点标记的食品中多种化学残留物的 FLISA检测新技术。将变性BSA生物素化，以生物素化的变性BSA包埋量子点，得到荧光显著增强的量子点复合物。将抗体生物素化，以亲和素为桥，将抗体与量子点结合的形成抗体-亲和素-量子点复合物。通过对五种（类）化学残留物的荧光信号去卷积分析，可以实现同时对五种（类）化学残留物的定量检测，对醋酸甲羟孕酮（乙酰孕激素）、地塞米松，庆大霉素、氯硝西泮及头孢噻呋，检测灵敏度分别为0.1、0.08、0.13、0.16和0.25 µg/L。该方法能实现多种兽药同时定量检测，并具有灵敏度高，耗时少，操作简便等特点。该工作发表在Biosensors and Bioelectronics杂志上(2009, 24(12), 3657-3662)(影响因子：5.143)，并授权国家发明专利一项（ZL 200710135000.2）。以上研究工作的持续性研究得到了国家自然科学基金[20871060]的资助，相关成果发表在Analytical Chemistry 杂志上(2009, 81, 9194–9198) (影响因子：5.78)。
7、首次开发了一种孕激素的CGIA快速检测试纸条。通过制备孕激素抗体的胶体金标记物，优化了孕激素CGIA试纸条各种影响因素，开发出一种快速检测孕激素的CGIA试纸条。该试纸条对MPA的检测灵敏度为5μg/L，对CMA、MEGA和HPA的灵敏度为10 μg/L。对鸡肉样品，经过液液萃取，该试纸条检测MPA的判定限可达到10 μg/kg。对饲药阳性鸡肉样品，该GICA试纸条检测结果均为阳性，表明该方法具有较高的准确性。该工作发表在International Journal of Environmental Analytical Chemistry杂志上(2007, 87(4):275 – 283)(影响因子：1.026)。以上研究工作的持续性研究得到了国家自然科学基金国际交流合作项目[20911120035]的资助。 
本论文研究内容为所参编专著《食品安全》（浙江大学出版社，2009）和《食品免疫化学与分析》（科学出版社，2009）相关章节所收录。
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Study on high sensitive and high through-put detection techniques for chemical residues in food 
Peng Chifang
ABSTRACT
	Chemical residue in food is an important food safety factor in China. Physicochemical analysis methods are the leading actors in inspecting chemical residue in food nowadays, which have the weaknesses including high cost and low efficiency. Immunoassay methods have the advantages of high specificity, sensitivity and high-through-put, which are used as screening methods for chemical residue and can improve the efficiency of detection. Multiplex immunoassay methods are important for realize simultaneous detecting the multifold chemical residue in food. In this dissertation, antibody specific for multifold acetylgestgans (AGs) was prepared and several new multiplex immunoassay methods have been developed, including enzyme-linked immunosorbent assay (ELISA), capillary electrophoresis immunoassay laser induced fluorescence detection (CEIA-LIF), multiplex fluorescence immunosorbent assay (FLISA) and colloidal gold immunoassay strip (CGIA).

The development and application of new multiplex immunoassay methods f have been studied in detail and are summarized as follows:
1. An antibody specific for multifold chemical residues was prepared selected. An artificial antigen of medroxyprogesterone acetate (MPA) was prepared, which was applied to immunizing New Zealand rabbits. An antibody was obtained whose affinity constant was 8.1×108 L/mol. The ELISA method against MPA was developed and the IC50 was 5.8 μg/L. Also the antibody was found specific for fourAGs by analyzing cross-activity.
2. A new heterologous ELISA method for multifold chemical residues was developed which was more sensitive and class-selective than the homologous method. Three AGs, chlormadinone acetate, (CMA), 17a-acetoxyprogesterone (HPA) and Megestrol acetate (MEGA), were conjugated with carrier protein, which were applied to developing three heterologous ELISA methods. The conjugate   of HPA and ovalbumin was found better than the homologous one (MPA and ovalbumin) as coating antigen. The IC50 of the method for MPA, CMA, MEGA and HPA were 1.8, 4.5, 2.9 and 2.5 μg/L, respectively. The sensitivity for MPA was 0.05 μg/L and for CMA, MEGA and HPA 0.1μg/L. The linear range was 0.1-15 μg/L for MPA and 0.2-30 μg/L for CMA, MEGA and HPA, respectively. The cross-activities for MPA, CMA, MEGA and HPA were 100%, 40%, 62% and 72%, respectively.

3. Target tissues of white rabbit were confirmed by ELISA and GC-MS methods. Rabbits were administrated with MPA at 0.8 mg/kg.bw successively for 5 days and then withdraw for 7 days. Then they were slaughtered and the incurred samples, muscle, liver and kidney, were obtained. The mean MPA residue in muscle and liver samples were 7.2 and 5.6 μg/kg, respectively. The results obtained by ELISA method had good linear correlation with GC-MS. These showed that the method could satisfy the requirements of AGs screening. However, the negative positive results of kidney tissues obtained by ELISA detection were confirmed by GC/MS. These showed the muscle and liver tissues were suitable for MPA residue inspection. Moreover, the stability of the kits was investigated, and the results showed that they still kept good performance for application after they were stored for 6 months at 4 ℃ or one week at 37 ℃.
4. A liquid chromatography tandem mass spectrometry (LC-MS/MS) method against multifold chemical residus was developed. After solvent extraction and SPE clean-up, fat samples were detected by LC-MS/MS. A confirming method for five AGs was established, the LODs for five AGs were verified from 0.2 to 0.3 µg/kg and the limits of quantification (LOQ) were 0.5 µg/kg. When blank fat samples were fortified AGs at 0.5, 1.0 and 5.0 µg/kg levels, the mean recoveries were in the range 60.5-84.1% and the relative standard deviation (RSD) were in the range 8.9-16.8%.
5. A new CEIA-LIF method for chemical residues detection was developed. A fluorescein label of MPA was synthesized and the immune reaction activity of the label was identified by CEIA-LIF. The separation buffer was 0.2 mol/L Tis/0.1 mol/L Boric acid buffer (pH 9.0) containing 20 mM sodium dodecylbenzene sulfonate (SDS). The LOD for MPA in fat was 2.5 µg/kg, and mean recovery was 88% with RSD 5.8% at 10 µg/kg fortification level. Compared with the above ELISA method, the CEIA could be applied with less solvent consumption after easier sample pretreatment.
6. A new multiplex FLISA method for chemical multi-residues detection was developed based on multi-color quantum dots (QDs). Biotinylated denatured bovine serum albumin (Bio-dBSA) and QDs coated by Bio-dBSA were prepared. Also five biotinylated antibodies against five representative veterinary drug residues (MPA, dexamethasone, gentamicin, ceftiofur and clonazepam) respectively were prepared. Through avidin antibodies and multi-color QDs complexes were assembled and the multiplex FLISA for the simultaneous determination of the five veterinary drug residues was developed. Quantitative analysis of all five veterinary drug simultaneously can be realized through the signal deconvolution from the mixed veterinary drug residues in food. The sensitivity of the method for the simultaneous determination of MPA, dexamethasone, gentamicin, clonazepam and ceftiofur were as low as 0.08, 0.13,0.16, 0.1 and 0.25 µg/L, respectively. The linear range for MPA, dexamethasone, gentamicin, clonazepam and ceftiofur was 0.17-10 µg/L, 0.33-10 µg/L, 0.28-10 µg/L, 0.16-25µg/L and 0.32-25 µg/L, respectively. Positive samples contaminated by MPA and dexamethasone were tested by the multiplex FLISA method and the ELISA methods developed by our laboratory. The results obtained by the two methods were compared and found that the agreement were 64~98%. The multiplex FLISA method has the advantages of high sensitivity and efficiency etc.
7. A CGIA strip against AGs was developed for the first time. Colloidal gold and colloidal gold-labeled antibody against AGs were prepared and identified. The CGIA strip was assembled after the concentrations of the buffers, membrane materials and reactants were investigated. The sensitivity of the strip for MPA detection was 5μg/L, and for CMA, MEGA and HPA were 10μg/L. The method was specfic for the AGs and has low cross-reactivity against other analogs. The cut-off value for MPA detection in chicken was 10 μg/kg after the chicken was extracted through liquid-liquid extraction. The good reliability of the strips was evaluated and confirmed through positive samples detection.
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