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- Application -



Integration of a Robotic Arm with the cePRO 9600™ System: Multiplexed Capillary Electrophoresis with Continuous Unattended Operation Bruce Boeke Jason Gruenhagen, Ph.D. Ho-ming Pang, Ph.D. Introduction The vast numbers of unique entities generated by combinatorial methods in the pharmaceutical, biotechnology, and chemical industries require high throughput methods for sample characterization, to avoid bottlenecks created by the use of conventional, serial-based analytical techniques. The majority of commercial separation methods including high performance liquid chromatography (HPLC), gas chromatography (GC), and capillary electrophoresis (CE) have been configured for 96-well plate sampling compatibility and unattended 24 h/7 day operation. However, while this level of automation can significantly decrease the amount of user intervention necessary for sample analysis and provides overnight operation, it does not serve to increase the overall throughput of the involved instrument.



oligonucleotides, protein sizing analysis, peptide mapping, amino acid analysis, and others. The slide-out stage mechanism of the cePRO 9600™ provides for the placement of four 96-well plates. Typically, one position serves as the waste tray for flushing of the capillary array, a second position is used for the running buffer, and the remaining two positions are used for two different 96-well sample plates. This allows for the unattended analysis of 192 samples. To allow for continuous 24/7 operations, automated replacement of the sample and buffer trays is required. This application note documents the integration of a robotic arm with the cePRO 9600™ system to provide overnight, high throughput sample analysis. A standard protein ladder was analyzed repeatedly in an overnight sequence to examine the utility of the robot for sample tray handling. Experimental



The cePRO 9600™ system is a multiplexed, 96-capillary electrophoresis system utilizing UV-absorbance detection for performing simultaneous, parallel separations of 96 different samples. The multiplexed capabilities of the cePRO 9600™ system result in a significant increase in sample throughput when compared to traditional serial-based separation methods. The cePRO 9600™ has been successfully employed for numerous applications, including high throughput determination of small molecule pKa values and log P values in drug discovery, quality control of synthetic



Protein Standard Sample All protein standards were obtained from Sigma (St. Louis, MO) except for phosphorlyase b and β-galactosidase, which were from Prozyme (San Leandro, CA). The protein standard solution contained 12.5 mM Tris-HCl, 0.5% SDS and 5 mM Dithiothreitol along with the following proteins at 100 µg/ml each: α-lactalbumin (MW = 14.2 kDa), trypsin inhibitor (20.1 kDa), carbonic anhydrase (29.0 kDa), ovalbumin (45.0 kDa), bovine serum albumin (66.0 kDa),



phosphorylase b (97.0 kDa) and βgalactosidase (116 kDa). The sample was denatured in a 95°C water bath for 15 min prior to analysis.



flushed with sieving matrix for 2 min. Instrument control and data analysis were provided by cePRO Manager™ software (CombiSep, Ames, IA).



Multiplexed Capillary Electrophoresis



Robotic Arm Integration



A standard cePRO 9600TM system (CombiSep, Ames, IA) was used for performing the protein sizing separations and for evaluating the robotic interface. The instrument was fitted with a 96-capillary array with effective and total capillary lengths of 33 cm and 55 cm, respectively. Protein separations were performed using a proprietary sieving matrix containing 50 mM Tris-borate and 0.1% SDS. Prior to the first analysis in a sequence, the capillaries were conditioned with 0.1 M NaOH for 10 min, followed by deionized water for 10 min and finally sieving matrix for 10 min. The CE analysis consisted of a 3 min equilibration pre-run under a 4.5 kV applied electric field, a 30 sec sample injection at 4.5 kV, and a 30 min separation under at 12 kV. Between each analysis cycle, the capillaries were



Extended unattended operation was accomplished through the integration of a Catalyst-5 robotic arm (ThermoCRS, Burlington, Ontario, Canada) to supply sample trays to the cePRO 9600™ system. The robot arm was configured using the ThermoCRS ActiveRobot™ software. The operational sequences were executed by inhouse developed software on a computer running under Windows XP, which acted as a server. The robot arm was controlled via the ActiveX interface provided by the ThermoCRS ActiveRobot™ software. The server also controlled and monitored the cePRO 9600™ system during the entire operation using the cePRO Manager™ software’s remote network interface TCP/IP protocols.



Figure 1. The cePRO 9600™ system configured with a robotic arm for automated tray handling.



Results Figure 1 shows the cePRO 9600™ system as it appears when equipped with a robotic arm. After training the robotic arm, the system was prepared for overnight operation. A 96-well plate containing the seven protein standard ladder in each well was placed on the bench-top. The computer controlling the robot was programmed to contact the cePRO 9600TM system computer to gain access to the sample stage. When the stage was at its loading position, the



robot was instructed to pick up the sample tray and set it in the appropriate stage position. The control computer then directed the cePRO 9600TM system to perform a protein separation. Once the separation was completed, the control computer instructed the cePRO 9600TM system to eject the sample stage, and the robotic arm removed the sample tray from the stage and placed it on the bench-top, thereby completing a single analysis cycle. This process was repeated 29 times during the overnight operation. A successful protein separation



was yielded for every cycle performed. In total, this corresponded to the analysis of



over 2784 samples in less than 19 hours with no user intervention.



Run #5



Run #15



Run #22



Run #29



th th nd th Figure 2. Electropherograms from capillary #76 of the array obtained on the 5 , 15 , 22 and 29 cycles of an overnight operation. The peaks correspond to the protein standards listed in the experimental section. Increasing migration time corresponds to increasing molecular weight.



Figure 2 shows electropherograms obtained from capillary # 76 on the 5th, 15th, 22nd and 29th cycles of the overnight operation. Good run-to-run reproducibility was obtained. The mean peak areas and migration times for the seven protein standards are listed in



Table 1 along with the corresponding standard deviations. The data shows good precision attained throughout the overnight operation even without the use of internal standardization.



Table 1. Mean and Standard Deviation of the Run-to-Run Reproducibility for the Protein Standard Peaks During Overnight Operation Protein α-lactalbumin trypsin inhibitor carbonic anhydrase ovalbumin BSA phosphorylase b β-galactosidase



Retention Time (s) 980 +/- 21 1039 +/- 22 1142 +/- 23 1247 +/- 26 1394 +/- 27 1500 +/- 27 1559 +/- 28



Peak Area 2.13 +/- 0.23 0.96 +/- 0.09 1.40 +/- 0.13 0.98 +/- 0.10 1.32 +/- 0.09 1.40 +/- 0.13 3.09 +/- 0.28



Summary This application note has described the successful integration of a robotic arm with the cePRO 9600™ system for performing unattended, automated multiplexed capillary electrophoresis separations. While the experiments described here utilized only a



single sample tray, practical use of the automation features would entail manipulation of numerous individual sample and buffer trays. This can be achieved in a straightforward manner via training and instructing the robot to access trays stored in hotels positioned near the cePRO 9600TM system.
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