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    Abstract

        
            The purpose of this research was to improve the fluorescence detection for the multiplexed capillary array electrophoresis, extend its use beyond the genomic analysis, and to develop an integrated micro-sample preparation system for high-throughput DNA sequencing. The authors first demonstrated multiplexed capillary zone electrophoresis (CZE) and micellar electrokinetic chromatography (MEKC) separations in a 96-capillary array system with laser-induced fluorescence detection. Migration times of four kinds of fluoresceins and six polyaromatic hydrocarbons (PAHs) are normalized to one of the capillaries using two internal standards. The relative standard deviations (RSD) after normalization are 0.6-1.4% for the fluoresceins and 0.1-1.5% for the PAHs. Quantitative calibration of the separations based on peak areas is also performed, again with substantial improvement over the raw data. This opens up the possibility of performing massively parallel separations for high-throughput chemical analysis for process monitoring, combinatorial synthesis, and clinical diagnosis. The authors further improved the fluorescence detection by step laser scanning. A computer-controlled galvanometer scanner is adapted for scanning a focused laser beam across a 96-capillary array for laser-induced fluorescence detection. The signal at a single photomultiplier tube is temporally sorted to distinguish among the capillaries. The limit of detection for fluorescein is 3 x 10-11 M (S/Nmore » = 3) for 5-mW of total laser power scanned at 4 Hz. The observed cross-talk among capillaries is 0.2%. Advantages include the efficient utilization of light due to the high duty-cycle of step scan, good detection performance due to the reduction of stray light, ruggedness due to the small mass of the galvanometer mirror, low cost due to the simplicity of components, and flexibility due to the independent paths for excitation and emission.« less
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                    A new sieving matrix for DNA sequencing, genotyping and mutation detection and high-throughput genotyping with a 96-capillary array system

                    
                        Thesis/Dissertation
                            Gao, David
                            

                    Capillary electrophoresis has been widely accepted as a fast separation technique in DNA analysis. In this dissertation, a new sieving matrix is described for DNA analysis, especially DNA sequencing, genetic typing and mutation detection. A high-throughput 96 capillary array electrophoresis system was also demonstrated for simultaneous multiple genotyping. The authors first evaluated the influence of different capillary coatings on the performance of DNA sequencing. A bare capillary was compared with a DB-wax, an FC-coated and a polyvinylpyrrolidone dynamically coated capillary with PEO as sieving matrix. It was found that covalently-coated capillaries had no better performance than bare capillaries while PVPmore » coating provided excellent and reproducible results. The authors also developed a new sieving Matrix for DNA separation based on commercially available poly(vinylpyrrolidone) (PVP). This sieving matrix has a very low viscosity and an excellent self-coating effect. Successful separations were achieved in uncoated capillaries. Sequencing of M13mp18 showed good resolution up to 500 bases in treated PVP solution. Temperature gradient capillary electrophoresis and PVP solution was applied to mutation detection. A heteroduplex sample and a homoduplex reference were injected during a pair of continuous runs. A temperature gradient of 10 C with a ramp of 0.7 C/min was swept throughout the capillary. Detection was accomplished by laser induced fluorescence detection. Mutation detection was performed by comparing the pattern changes between the homoduplex and the heteroduplex samples. High throughput, high detection rate and easy operation were achieved in this system. They further demonstrated fast and reliable genotyping based on CTTv STR system by multiple-capillary array electrophoresis. The PCR products from individuals were mixed with pooled allelic ladder as an absolute standard and coinjected with a 96-vial tray. Simultaneous one-color laser-induced fluorescence detection was achieved by using a CCD camera. The allele peaks for the unknown sample were identified by comparing the normalized peak intensities of the mixtures to those of the pooled ladder by using a straightforward algorithm. An extremely high level of confidence in matching the bands was indicated with negligible cross-talk (< 0.89%) between adjacent capillaries.« less
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                    Indirect fluorescence detection of native amino acids in capillary zone electrophoresis

                    
                        Journal Article
                            Kuhr, W; Yeung, E - Anal. Chem.; (United States)
                            

                    Amino acids are but one of several important classes of small chemical compounds in biological chemistry that have an inherent lack of analytically useful physical properties. Amino acids, peptides, fatty acids, sugars, many mono-, di-, and tricarboxylic acids, and phosphorylated intermediates in glycolysis and metabolism show little, if any, UV or visible absorption, fluorescence, or electrochemical activity. As the emphasis of biochemical research shifts to smaller samples where, for example, picomolar quantities of amino acids are analyzed in gas phase protein sequencing or in microliter samples of the extracellular fluid of the mammalian brain, the analytical problem becomes even moremore » challenging due to the small volume of sample available for analysis. In this work, laser-induced fluorescence spectroscopy is performed on-column to detect the bands separated with capillary zone electrophoresis (CZE). CZE is an instrumental form of zone electrophoresis where chemical species are separated purely on the basis of their electrophoretic mobility, since no supporting gel is utilized. Both anions and cations can be separated in the same run because of the large electroosmotic flow generated in small diameter capillaries. This technique has already been used successfully in the rapid, efficient separation of dansyl-amino acids.« less
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                    Optimization of sensitivity and separation in capillary zone electrophoresis with indirect fluorescence detection

                    
                        Journal Article
                            Kuhr, W; Yeung, E - Anal. Chem.; (United States)
                            

                    Laser-induced indirect fluorescence detection can be used a general detector in capillary zone electrophoresis. Indirect fluorescence detection, where a fluorophore is used as the principal component of the electrophoretic buffer, allows the visualization of nonfluorescing ions through charge displacement of the fluorophore. Stabilization of laser power improves the dynamic reserve to 10/sup 3/ without the complication of double-beam correction techniques. A modification of the CZE power supply allows the use of dilute solutions and narrow bore capillary tubing (< 15 ..mu..m i.d.). The stability of the background fluorescence is improved by silylation of the fused silica capillary. These modifications improvemore » the detection limits for many anions, nucleotides, and proteins to the range of 50-100 amol of sample injected. Additionally, this improvement in sensitivity results in a concomitant increase in separation efficiency. The electrophoretic separation can be optimized by calculating effective mobilities of ions based on their dissociation as a function of pH. More than 300,000 theoretical plates are observed in a separation of the nucleotide 5'-monophosphates optimized in this manner.« less
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                    Capillary liquid chromatography using laser-based and mass spectrometric detection. [Capillary zone electrophoresis (CZE); micellar electrokinetic capillary kchromatography (MECC)]

                    
                        Technical Report
                            Sepaniak, M; Cook, K
                            

                    In the years following the 1986 seminal paper (J. Chromatogr. Sci., 24, 347-352) describing modern capillary zone electrophoresis (CZE), the prominence of capillary electrokinetic separation techniques has grown. A related electrochromatographic technique is micellar electrokinetic capillary chromatography (MECC). This report presents a brief synopsis of research efforts during the current 3-year period. In addition to a description of analytical separations-based research, results of efforts to develop and expand spectrometric detection for the techniques is reviewed. Laser fluorometric detection schemes have been successfully advanced. Mass spectrometric research was less fruitful, largely owing to personnel limitations. A regenerable fiber optic sensor wasmore » developed that can be used to remotely monitor chemical carcinogens, etc. (DLC)« less
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                    High-speed DNA genotyping using microfabricated capillary array electrophoresis chips

                    
                        Journal Article
                            Woolley, A; Sensabaugh, G; Mathies, R - Analytical Chemistry (Washington)
                            

                    Capillary array electrophoresis (CAE) chips have been designed and fabricated with the capacity to rapidly (<160 s) analyze 12 different samples in parallel. Detection of all lanes with 0.3 s temporal resolution was achieved using a laser-excited confocal-fluorescence scanner. The operation and capabilities of these CAE microdevices were first determined by performing electrophoretic separations of pBR322 MspI DNA samples. Genotyping of HLA-H, a candidate gene for the diagnosis of hereditary hemochromatosis, was then performed to demonstrate the rapid analysis of biologically relevant samples. Two-color multiplex fluorescence detection of HLA-H genotypes was accomplished by prelabeling the standard pBR322 MspI DNA laddermore » with a red emitting bisintercalation dye (butyl TOTIN) and on-column labeling of the HLA-H DNA with thiazole orange. This work establishes the feasibility of using CAE chips for high-speed, high-throughput genotyping. 44 refs., 7 figs.« less
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