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BIOT 278 [606283]:  Dissolved oxygen affects the accumulation of recombinant clostridia peptide fragment in E. coli
168
BIOT 279 [594270]:  Aromatic thiols as redox buffers: Increasing folding rates for disulfide-containing proteins
169
BIOT 280 [603687]:  Characterization and optimization of a pseudobioaffinity-based antibody separation method
169
BIOT 281 [607392]:  Hydrophobic interaction chromatography: Effect of water, salt types, and process modeling
170
BIOT 282 [605516]:  Chromatography resin evaluation procedures
171
BIOT 283 [606501]:  Development of a library of cation-exchanger salt-tolerant media based on a multimodal interaction approach
171
BIOT 284 [621046]:  Purification of 2-gram parenteral, low copy-number plasmid for phase I/II clinical trials on an ÄKTA purifier chromatography system
172
BIOT 285 [606847]:  Scale-down of continuous filtration for rapid bioprocess design
172
BIOT 286 [595736]:  Evaluation of filters for the removal of E. coli proteins
173
BIOT 287 [600449]:  Streamlining Escherichia coli S30 extract preparation for economical cell-free protein synthesis
173
BIOT 288 [605559]:  The evaluation of column performance over the lifetime of sepharose high-performance resin
174
BIOT 289 [606702]:  Topoisomerase-targeting anticancer drug screening by capillary electrophoresis
174
BIOT 290 [586905]:  A new pectate lyase from Bacillus pumilus for bioscouring
175
BIOT 291 [607501]:  Differential stability of a monoclonal antibody in acetate, succinate, citrate, and histidine buffer systems
175
BIOT 292 [605715]:  Effect of stainless steel exposure on the stability of a recombinant humanized IgG1 monoclonal antibody
176
BIOT 293 [607599]:  Chip devices for CEC of peptides and proteins using various stationary phase materials
176
BIOT 294 [602522]:  Evaluating chromatographic process variability using design of experiments
177
BIOT 295 [588341]:  Highly concentrated formulations of the HIV-1 entry inhibitor PRO 542
177
BIOT 296 [605546]:  Bridged diarylmethane fluorescent probes for labeling biomolecules
178
BIOT 297 [601926]:  Hydrophobic interaction chromatography: Using design of experiments to determine critical process parameters
178
BIOT 298 [604933]:  Enzymatic method for detection of specific DNA-protein interactions
179
BIOT 299 [606536]:  Preparative continuous annular chromatography: Investigations on the “peak wobbling” phenomenon
179
BIOT 300 [605245]:  Screening of isolated cells via arrays of impedance sensors
180
BIOT 301 [592521]:  Characterization of 3-D collagen hydrogels for functional cell-based biosensing
180
BIOT 302 [592506]:  A novel immunoassay for atrazine using tunable immunosorbent
181
BIOT 303 [605995]:  Establishment of efficient systems to quantify human monoclonal antibody for the selection of production cells
181
BIOT 304 [604954]:  Objective and quantitative method for titration of nonoccluded baculovirus
182
BIOT 305 [601485]:  New tissue micro-osmometer
182
BIOT 306 [607745]:  Direct cell and tissue analysis by infrared DIOS
183
BIOT 307 [601553]:  Measurement of the elastic modulus of thin gel layers by the atomic force microscope
183
BIOT 308 [605490]:  Microfluidic chip detection using MALDI mass spectrometry
184
BIOT 309 [607402]:  Novel assembly platform for integrating biological species within MEMS devices
184
BIOT 310 [605471]:  Protein aggregation kinetics: Applications to protein A chromatography
185
BIOT 311 [606890]:  Bti toxin Cyt1A in the lipid bilayer: Aggregation and the membrane damage
186
BIOT 312 [590141]:  Biodegradable microparticles as potent delivery systems for vaccines: Experimental measurement of factors governing antigen adsorption and efficacy
186
BIOT 313 [598716]:  Stable surface attachment and detection of fusion proteins
187
BIOT 314 [604761]:  Use of biarsenic labels to monitor protein-protein interactions
187
BIOT 315 [585378]:  Automated docking of phospholipids to the phospholipase D active site: Insight into the catalytic mechanism
188
BIOT 316 [607291]:  Effect of molecular weight on the expression and characterization of a self-assembling peptide
188
BIOT 317 [607466]:  Synthesis of protein-based artificial transaminase by site-directed mutagenesis and chemical modification
189
BIOT 318 [588573]:  Comparison of immunoassay-blocking strategies on metal oxide substrates
190
BIOT 319 [607512]:  Synthesis and biophysical characterization of template-assembled GALA
190
BIOT 320 [605834]:  Evolvability of random polypeptides through functional selection
191
BIOT 321 [607608]:  Generation of a semisynthetic oxidoreductase via chemical and genetical modication
191
BIOT 322 [607471]:  Elimination of oxygen limitation in enzmetic reactions
192
BIOT 323 [607369]:  Hydrolysis of oligosaccharides using strong cation exchange catalyst and cellulase enzymes
192
BIOT 324 [584615]:  Activity and kinetics of bovine pancreatic ribonuclease in organic-aqueous media
193
BIOT 325 [577292]:  Effect of silicon atom in substrates on ®-oxynitrilase-catalyzed enantioselective synthesis of ®-ketone cyanohydrin
193
BIOT 326 [582618]:  Enzymatic ammonolysis of trimethylsilylmethyl acetate in microaqueous phase
194
BIOT 327 [577282]:  Enzymatic enantioselective synthesis of ®-2-trimethylsilyl-2-hydroxyl ethylcyanide
194
BIOT 328 [594660]:  Lipase-catalyzed enantioselective esterification of 1-(trimethylsilyl)ethanol in organic solvent
195
BIOT 329 [598468]:  Effects of various parameters on the enzymatic degradation of chlorogenic acid in model and sunflower meal systems
195
BIOT 330 [605607]:  Enzyme mediated production of free lutein from marygold flowers in nonaqueous media
196
BIOT 331 [589428]:  Production of biodiesel fuel from soybean oil catalyzed by lipozyme TL in a solvent-free medium
196
BIOT 332 [607604]:  Structural differences between bovine and porcine vitreous humor
197
BIOT 333 [604145]:  Studies on coagulation factor VIIa autoproteolysis and formation of degradation products
197
BIOT 334 [604060]:  Collagen-hydroxyapatite multilayer sheet (fish scale model)
198
BIOT 335 [605019]:  Controlled nanostructures assembly based on DNA-protein interactions
198
BIOT 336 [603265]:  In vivo gene transfection into rat brain cells: A comparison between viral, polyethyleneimine, and calcium phosphate nanoparticle methods
199
BIOT 337 [604733]:  Surface characterization and in vitro protein adsorption studies of sol-gel derived ultrathin titanium oxide layers
199
BIOT 338 [587718]:  Binding of perfluorooctanoic acid to rat and human plasma proteins
200
Thursday Morning
201
BIOT 339 [605879]:  Accelerated biocatalyst stability testing for process optimization
201
BIOT 340 [606250]:  Multi-enzymatic synthesis of xylulose 5-phosphate
201
BIOT 341 [605214]:  Natural vanillin synthesis from corn bran
202
BIOT 342 [606279]:  Formation of lactobionic acid by a novel biocatalytic process
202
BIOT 343 [581230]:  Biocompatible and degradable biocatalytic dextran hydrogels
203
BIOT 344 [607952]:  Surface hydrophobicity of silica supports effects activity of immobilized enzymes in organic reactions
203
BIOT 345 [607340]:  Optimizing the cell concentration in thin, microporous latex biocatalytic coatings containing nongrowing Gluconobacter oxydans for very high oxidation rates of D-sorbitol to L-sorbose
204
BIOT 346 [605789]:  Efficient encapsulation of alcohol dehydrogenase in silicate matrix via sol-gel process as biocatalyst
204
BIOT 347 [596500]:  Continuously perfused fluidized bed fermentation for large-scale production of r-protein and monoclonal antibodies: Process stability and scale-up
205
BIOT 348 [621231]:  Quantifying physiology and metabolism of mammalian cells in continuous perfusion culture
205
BIOT 349 [594769]:  Protein refolding by continuous chromatography
206
BIOT 350 [585304]:  Continuous matrix-assisted refolding using annular chromatography: A technology for quantitative conversion of unfolded proteins into native proteins
207
BIOT 351 [618468]:  Kinetics and reactor design for continuous and semicontinuous processing of cellulosic biomass via simultaneous saccharification and fermentation
207
BIOT 352 [618418]:  Solvent gradient operation of simulated moving bed processes
208
BIOT 353 [620594]:  In-line, online optimization of a new SMB technology working as single-column system
209
BIOT 354 [629615]:  Advances toward process-scale countercurrent chromatography and the prospect of continuous countercurrent extraction
209
BIOT 355 [608034]:  Simulations of virus binding using Brownian adhesive dynamics
209
BIOT 356 [602584]:  Cell targeting using metabolically biotinylated adenoviral vectors
210
BIOT 357 [616130]:  Study of the adsorption effect on the diffusion of recombinant adenoviruses toward 293S cells
210
BIOT 358 [607280]:  A controllable gene delivery muscle patch
211
BIOT 359 [605327]:  Monitoring viral spread and the development of cellular defensive responses to vesicular stomatitis virus infections in vitro
212
BIOT 360 [573620]:  Retrovirus gene transfer to epidermal stem cells: The role of integrins and extracellular matrix
212
BIOT 361 [607330]:  Effects of lipid rafts on the dynamics of retrovirus trafficking
213
BIOT 362 [590854]:  Designing a gene therapy to prevent AIDS but maintain HIV
213
Thursday Afternoon
214
BIOT 363 [596046]:  Directed evolution of alkane hydroxylation activity in cytochrome P450 BM-3
214
BIOT 364 [603546]:  Engineering a protein molecular switch by combinatorial domain insertion
215
BIOT 365 [601140]:  Enzymology of xylose utilization in yeast: Coenzyme specificity of xylose reductase from Candida tenuis analyzed by site-directed mutagenesis and X-ray crystallography
215
BIOT 366 [600651]:  Novel screening method for enzyme activity and enantioselectivity using surface-enhanced resonance Raman scattering
216
BIOT 367 [606570]:  Flow cytometric screening of chimeric glutathione transferase libraries expressed in Escherichia coli
217
BIOT 368 [607585]:  Microarray-based enzymatic modification of immobilized substrates for drug discovery
217
BIOT 369 [607196]:  Solid-phase biocatalytic amplification of the natural product bergenin
218
BIOT 370 [606920]:  Comparative thermostability/thermoactivity analysis of class II xylose isomerases for high-fructose corn syrup production at elevated temperatures
218
BIOT 371 [607884]:  The impact of nanotechnology on the development of cell isolation, separation, and expansion
219
BIOT 372 [606756]:  Sequence-specific oligonucleotide purification using peptide surfactants
219
BIOT 373 [597780]:  Plasmid purification by environmentally triggered precipitation
220
BIOT 374 [617988]:  Plasmid DNA production using compaction agents and immobilized metal-affinity chromatography
220
BIOT 375 [620954]:  Purification of supercoiled plasmid DNA by selective calcium silicate adsorption of closely related impurities
221
BIOT 376 [602317]:  Metabolic biotinylation of proteins and viral vectors for purification from mammalian cells
221
BIOT 377 [620722]:  Viral vectors for gene therapy: New purification challenges
222
BIOT 378 [620614]:  Review of novel technologies for use as a virus barrier to eliminate adventitious contamination of viral drug products
222
BIOT 379 [611671]:  Expanded- and fixed-bed adsorption in capture of proteins from plant extracts
223
BIOT 380 [605410]:  Metabolic flux analysis of Catharanthus roseus hairy roots using a carbon bond labeling experiment
223
BIOT 381 [603636]:  Metabolic flux analysis of halogenated monoterpene biosynthesis in microplantlet suspension cultures of marine red macroalgae
224
BIOT 382 [606740]:  Study of polyunsaturated fatty acid synthesis in Glossomastix chrysoplastos, a marine microalgae, through optimization of bioreactor conditions and desaturase expression
224
BIOT 383 [607549]:  Investigating cell subpopulation dynamics of Taxus cell suspension cultures: A single cell method
225
BIOT 384 [590460]:  Metabolic engineering of indole alkaloid pathways in Catharanthus roseus hairy roots
225
BIOT 385 [618655]:  Analysis of theoretical metabolic yields under photo-autotrophic conditions
226


Sunday Morning

Collection, Analysis and Use of Process Data

 BIOT 1 [619571]:  Managing and analyzing bioprocess manufacturing data for process troubleshooting, statistical quality control, and regulatory submissions

 NAME:   Sandy Illich, Nicole Gerrior, and Phil Werth, Wyeth BioPharma, 181 Ballardvale Street, Wilmington, MA 01887, sillich@wyeth.com 
 Abstract

The types of data systems that Wyeth BioPharma has used to manage discrete bio-process manufacturing data are described, as well as the various statistical and graphical methods used to analyze these data. The benefits and challenges of system implementation are presented including: software validation, 21 CFR Part 11 compliance, data accessibility, integration with enterprise data systems, and sharing data with 3rd party contractors. 

These data systems provide valuable process information that is used for process troubleshooting, implementing a Statistical Quality Control system to identify process improvement opportunities, and fulfilling compliance and regulatory requirements such as demonstrating multi-site comparability. Finally, the importance of integrating LIMS and raw material tracking data with process data in order to perform the above analyses is discussed. 

[image: image2]
 BIOT 2 [607024]:  Critical assessment on the analysis of batch fermentation databases

 NAME:   Cenk Undey, and Ali Cinar, Department of Chemical and Environmental Engineering, Illinois Institute of Technology, 10W 33rd St, Chicago, IL 60616, Fax: 312-567-8874, undey@iit.edu 

 Abstract

Many pharmaceutical products are manufactured by using batch and fed-batch fermentation processes where various biological materials are transformed into high-value products such as enzymes and antibiotics. Advances in the sensor technology allow measuring more process/product variables more frequently resulting in large historical batch databases. To develop effective, online process monitoring, fault detection/diagnosis and product quality prediction in real-time requires extracting a representative set of batch run records that characterizes desired process operation which yields good quality product. Selecting this representative set might be challenging due to unaligned/unequal batch profiles, missing values in data records, etc. Data reconciliation should be performed prior to batch data analysis. We propose a number of techniques that can be effectively used for data reconciliation. Critical issues that are common to batch fermentations such as time alignment, landmark detection are comparatively evaluated. In addition to data reconciliation, the state of the art in empirical modeling with statistical techniques will be presented. Historical batch records are analyzed to reveal hidden relationships between process and product measurements. Analysis of process variable trajectories after the conclusion of the batch provides further interpretation of the batch progress that can indicate major deviations in process variable trajectories and enable plant personnel to find out significant changes have occurred, trace the source causes of disturbances and prevent the repetition of abnormal behavior in future batches. It can also point out different phases of production during the batch, providing additional insight about the process. This methodology can be incorporated into a retrospective process validation framework. 



 BIOT 3 [598457]:  On-line monitoring of bioprocesses using multiwavelength fluorescence

 NAME:   Anna Eliasson, Martin Haack, and Lisbeth Olsson, Center for Process Biotechnology, Technical University of Denmark, Building 223, Kgs. Lyngby DK-2800, Denmark, ael@biocentrum.dtu.dk 

 Abstract

Multi-wavelength fluorescence is a relatively new technique for monitoring of bioprocesses and it has a high potential for determination of different components due to that it covers a broad range in the UV/Vis area. In this presentation, work on multi-wavelength fluorescence used for monitoring of Saccharomyces cerevisiae and Bacillus polymyxa cultivations will be discussed. Quantitative on-line methods based on partial least square regression models, for estimation of central parameters in the cultivations, were constructed in order to establish mathematical relationships between on-line and off-line data. Cell mass could be well predicted from the fluorescence signals in the S. cerevisiae cultivations. In the B. polymyxa cultivations, PLS-models with good correlation were constructed for both cell mass and polymyxin. The results demonstrate that multi-wavelength fluorescence can be used for on-line analysis in bioprocesses, thereby providing a tool for continuous monitoring and a possibility to follow the process development in real time. Furthermore, based on experiences we have gained, possibilities and limitations with multi-wavelength fluorescence will be addressed.  

 BIOT 4 [620001]:  Identifying key variables for cell culture process data analysis utilizing principal component analysis and basis transformation
Stacey Kaneshiro, Thomas Monica, and Robert Kiss, Manufacturing Sciences and Technology, Genentech Inc, South San Francisco, CA 94080, smkanesh@gene.com 

 Abstract

One challenging characteristic of cell culture process data analysis is the large number of variables present relative to the number of observations available. Tailoring the variables analyzed to the question being investigated is necessary to derive meaningful answers in a limited timeframe. Utilizing principal component analysis to quantify variability in a cell culture dataset, and employing principal component basis transformation to identify specific correlations, a rigorous approach was developed to identify key variables for a variety of process questions. Results of the retrospective analysis of both pilot-scale and full-scale production cell cultures will be presented. 



 BIOT 5 [607357]:  Retrospective time-dependent optimization of recombinant E. coli fermentations using historical data and hybrid neural network models

 NAME:   Matthew C Coleman, Department of Chemical Engineering and Material Science, University of California Davis, One Shields Avenue, Davis, CA 95616, mccoleman@ucdavis.edu, and David E. Block, Department of Viticulture and Enology and Department of Chemical Engineering and Materials Science, University of California 

 Abstract

We have previously shown the usefulness of historical data for process optimization by implementing a three-step optimization routine upon a fermentation database generated in our laboratory. In the first step of this algorithm, we use database mining techniques to identify which process input variables best classify each of the process outputs (cell concentration, protein concentration, and productivity) monitored in the experimental fermentations. The second step of the optimization method is to train an artificial neural network (ANN) model of the process input-output data, using the critical inputs identified in step one. Finally, a genetic algorithm (GA) is used to identify the maximum output modeled by the ANN and the values of the input conditions that result in that maximum. In this approach, however, the time-dependent nature of the system is ignored, and therefore, does not fully utilize the available information within a database. In this work, we propose a method for incorporating time-dependent optimization into our previously developed three-step optimization routine. The general framework of the three-step method is left intact, however, the neural network model is replaced with a hybrid neural network – mechanistic model that can be numerically integrated to predict the time course of fermentations. In this approach, neural networks are used to find the relationships between the mechanistic model parameters and the process inputs not explicitly included in this model. A genetic algorithm is then implemented on the resulting hybrid model to suggest optimal time-dependent strategies (step three). The presented method is implemented upon data from simulated fermentation systems and actual E. coli fermentations. 



 BIOT 6 [621284]:  Use of statistical experimental design methods in developing a high-concentration liquid formulation for a monoclonal antibody

 NAME:   Elizabet Kaisheva, Formulation Development, Protein Design Labs, 34801 Campus Drive, Fremont, CA 94555, Fax: 510-574-1500, EKaisheva@pdl.com 

 Abstract

Developing stable liquid formulation for monoclonal antibody at high concentration has inherent formulation and analytical difficulties. Formulation concentration increase is invariably coupled with protein aggregation. Nature and mechanism of aggregate formation as well as criteria for the selection of appropriate excipients that minimize aggregation is evaluated. Statistical- Experimental designs, Quasielastic Light Scattering and additional analytical tools are applied to high concentration formulation challenges. The formulation development approach includes the selection of optimum solution pH, buffer, and stabilizing excipients. The individual and interaction effects of the excipients on product stability are examined by I-Optimal experimental design. Based on the model simulations, promising formulations are identified and further evaluated. Statistical -Experimental design methods thus provide a systematic approach in evaluating the effect of various stabilizers on formulation stability. The benefits of an integrated approach will be illustrated with a humanized monoclonal antibody. 



 BIOT 7 [618561]:  Integrated process optimization for bioparticle production

 NAME:   Pedro E. Cruz, A. Bengala, L Maranga, and Manuel J. T. Carrondo, Animal Cell Technology Laboratory, Instituto de Biologia Experimental e Tecnologica, Apartado 12, 2780 Oeiras, Portugal, Fax: 351-214 421 161, pcruz@itqb.unl.pt, mjtc@itqb.unl.pt 

 Abstract

The optimization of production and purification processes is usually approached by engineers from a strictly biotechnological point of view. In this work an optimization model that takes into account the impact of both biological and technological issues upon the optimization protocols and strategies is defined and applied to three analogous but different systems comprising animal cell growth and bioparticle production. These systems involve the production of human immunodeficiency 1 (HIV-1) and porcine parvovirus (PPV) virus-like particles (VLPs) in insect cells and the production of retrovirus in mammalian cells. Process optimization was performed by considering four distinct but interrelated levels: product, technology, design and integration. Within this conceptual framework, the limits of each of the optimization levels are discussed by applying the model to the three systems described, leading to decisions regarding the improvement of the production of VLPs and retrovirus. The definition of the objective function or performance index for each system as well as the used strategies and tools for bioprocess optimization are also described. Two examples will be further discussed: (1) statistical analysis of retrovirus stability data and degradation rate determination and (2) use of mathematical models as process optimization tools. Although developed from three different processes, this approach can, based on the recent literature evidence, be more universally applied for the process development of complex biopharmaceuticals. 



 BIOT 8 [606735]:  Correlation of physical and chemical stability of rhDNase with melting temperature

 NAME:   Mary E. M. Cromwell, Thomas Patapoff, and Steven J. Shire, Pharmaceutical R&D, Genentech, Inc, 1 DNA Way, MS96A, South San Francisco, CA 94080-4918, Fax: 650-225-7234, cromwell@gene.com 

 Abstract

The use of the Tm for prediction of long-term stability of protein formulations is attractive due to the short length of time required to get information from this technique, in contrast to the investment of several months necessitated for following real-time storage stability. The purpose of this investigation was to determine if there is a correlation of the Tm of rhDNase with physical and chemical stability of this model protein in different formulations. Solutions were stored at several temperatures and analyzed at various time points by tentacle IEC to assess deamidation, SEC to assess soluble aggregation, and UV absorption to determine protein concentration and turbidity. While for several formulations the Tm was found to be predictive of relative stability, this observation was not true for all formulations studied. The conclusions from this study indicate that the relative stability of protein formulations may not be predicted a priori from the Tm. 



 BIOT 9 [621383]:  Development of a stable parenteral formulation for Pemphigus vulgaris tolerizing peptide (PI-0824)

 NAME:   John Ghiorse, Lars Waldmann, Anne Trischitta, Tom Sawyer, and Eliana Clark, Pharmaceutics Department, Genzyme Corporation, Framingham, MA 01701-9322, eliana.clark@genzyme.com 

 Abstract

Pemphigus vulgaris (PV) is an autoimmune disease resulting from the production of autoantibodies to desmoglein 3 (Dsg3), a cell-surface adhesion molecule of keratinocytes. The therapeutic goal in the treatment of PV patients is to suppress the production of anti-Dsg3 antibodies, the pathogenic agent in PV. Specific peptide immunotherapy consisting of infusing patients with tolerizing doses of the immunodominant T-cell epitope of Dsg3 is an experimental approach for achieving this result. PI-0824 is a nineteen amino acid synthetic peptide encompassing the immunodominant Dsg3 T cell epitope. The goal of our work was to develop a stable parenteral formulation for PI-0824. Preformulation studies were performed to examine both solubility and stability of the peptide in a variety of formulations and to determine the causes and mechanisms of degradation during storage. In particular, chemical instability due to peptide bond cleavage and covalent modifications such as deamidation and physical instability due to self-assembly and gellation were examined. The development of a stable formulation of PI-0824 for clinical use is described. 



 BIOT 10 [607251]:  Characterization of albutropin fusion protein: A novel, long-acting form of human growth hormone

 NAME:   Angela M. Wilcox, Pharmaceutical Sciences, Human Genome Sciences, 9410 Key West Ave., Rockville, MD 20850, Fax: 301-309-6524, Angela_Wilcox@hgsi.com 

 Abstract

AlbutropinTM fusion protein is a novel 88.5 kDa protein produced by fusing recombinant human serum albumin (rHSA) to recombinant human growth hormone (rhGH). The gene for HSA is fused to the gene for hGH to express a single polypeptide molecule. Creating such a fusion protein delays the clearance and extends the half-life of the molecule when compared to rhGH. This novel protein may therefore offer a more convenient alternative to existing growth hormone therapies, presents a novel strategy to increase the level of circulating protein in the body, and represents a new class of proteins produced using recombinant technology. This presentation will describe the preliminary characterization of this novel protein in terms of its molecular properties and structure using several analytical and spectroscopic techniques, and a comparison of the fusion protein with rhGH and HSA will be made. In vitro benefits, such as increased half-life and solubility, resistance to denaturation (compared to rhGH), and analytical challenges of the fusion molecule will also be discussed. 



 BIOT 11 [619605]:  Stabilization of an oral rotavirus vaccine

 NAME:   Carl Burke, Pharmaceutical Research and Development, Merck &Co., Inc, P.O. Box 4, West Point, PA 19486, carl_burke@merck.com 

 Abstract

Reliable delivery of a vaccine to populations at risk will require stability for long periods, typically one to two years, under normal refrigerated conditions of storage and handling. For an oral rotavirus vaccine, protection from gastric acid is also desired. 

To pursue development of stable formulations for a live, oral rotavirus vaccine, several classes of excipients were screened and corresponding liquid and lyophilized dosage forms were examined. The choice of potential stabilizers to be included in the vaccine was based on a number of factors including possible interactions with the virus, ability to neutralize gastric acid, physical characteristics, suitability for use in humans, and taste. Sucrose and phosphate combined with citrate or succinate were found to significantly stabilize rotavirus in liquid formulations at various temperatures for up to two years. Some other stabilizers commonly used in protein and vaccine formulations did not appear to be advantageous. Potency was also preserved in the lyophilized form with a hydrolyzed gelatin/sucrose-based solution as well as a sucrose/mannitol formulation, both containing phosphate buffer. 



 BIOT 12 [607305]:  Designing an in vitro cell cell culture model to predict drug pharmacokinetics and stability

 NAME:   Sarwat F Khattak, and Susan C. Roberts, Chemical Engineering, University of Massachusetts Amherst, 686 N. Pleasant Street, Goessman 159, Amherst, MA 01003, Fax: 413-545-1647 

 Abstract
In the discovery of biopharmaceuticals, it is vital that they be tested both in cell and animal models before human testing. Our lab is developing a cell culture model that can better predict drug metabolism, stability and interactions in humans. One such drug is paclitaxel, a taxane diterpene amide used in the treatment of ovarian, breast, nonsmall cell lung cancer, and leukemia. In vitro studies of paclitaxel degradation and metabolism were investigated in a human endothelial cell line (HMEC-1) and in human hepatocytes (HepG2) in a monolayer cell culture system. Paclitaxel was added at clinically relevant concentrations and extracted with methylene chloride. The degradants were identified by HPLC-UV and the molecular weights confirmed by mass spectrometry. The primary degradant product in the HMEC-1 cell line was 7-epitaxol while in HepG2 cells, the primary product was 6-hydroxypaclitaxel. We will also comment on the stability of paclitaxel in solution over a 48 hour period. These initial studies will be used as the baseline conditions in the development of an in vitro pharmacokinetic cell culture model. The conditions will be compared to an encapsulated co-culture cell system that better mimics in vivo conditions. By using paclitaxel as our model drug, we will be able to create a general approach to designing an in vitro drug model system to predict in vivo pharmacokinetics. In the integrated cell model system, we will also be able to investigate the effects of various inhibitors (i.e., other drugs co-administered), novel drug formulations and be able to determine systemic tissue distribution. 



 BIOT 13 [601312]:  Characterization of a novel adjuvant/delivery system for plasmid DNA vaccines

 NAME:   Robert K. Evans1, Henryk Mach1, De-Min Zhu1, Robert D. Troutman1, Danilo R. Casimiro2, Stephen Chin1, Shilu Wu1, Colette Ahn1, Denise K. Nawrocki1, Lynne A. Isopi1, Donna M. Williams1, David B. Volkin3, and John W. Shiver2. (1) Vaccine Pharmaceutical Research, Merck & Co, WP78-302, Sumneytown Pike, West Point, PA 19486, Fax: 215-652-5299, robert_evans@merck.com, (2) Viral Vaccine Research, Merck & Co, (3) Bioanalytic and Formulation Development, Centocor, Inc 

 Abstract

The non-ionic block copolymer CRL1005 has been shown to enhance the immune response induced by plasmid DNA expressing the HIV-1 gag antigen. Formulation of DNA/CRL1005 with benzalkonium chloride (BAK), a cationic surfactant, alters the physical properties of the formulation and further enhances immunogenicity. We have characterized formulations with and without BAK to identify changes in physical properties that may account for the difference in immunogenicity, and to identify a 2-8C stable formulation. The results indicate that the addition of BAK to DNA/CRL1005 formulations results in the formation of smaller particles (from 1-2 microns to ~300 nm) with a negative surface charge. Calorimetry and visible fluorescence microscopy results show that BAK binds to CRL1005 particles and enhances the association of DNA, suggesting increased DNA delivery as a possible mechanism of immunogenicity enhancement. Alternative mechanisms are also discussed, with respect to particle size and surface charge. 



 BIOT 14 [620925]:  Sterilizing filtration of plasmid DNA: Effects of plasmid molecular weight and conformation

 NAME:   Matthew P Watson1, Dave Boyd2, Jason C. Murphy3, Sangeetha Sagar2, Robert K. Evans4, Ann L. Lee4, and Michael Winters2. (1) Vaccine BioProcess Engineering, Merck &Co., Inc, P.O. Box 4, West Point, PA 19486, matthew_watson@merck.com, (2) Vaccine Bioprocess Engineering, Merck &Co., Inc, (3) Department of Chemical Engineering, University of Houston, (4) Vaccine Pharmaceutical Research, Merck & Co 

 Abstract

Abstract under review 



 BIOT 15 [607409]:  Effects of formulation components on the corrosion of 316L stainless steel

 NAME:   Philippe Lam1, Rod Keck2, Sabrina Lo1, Rita Wong1, and Chung Hsu1. (1) Pharmaceutical R&D, Genentech, Inc, 1 DNA Way, MS 97B, South San Francisco, CA 94080, Fax: 650-255-3613, plam@gene.com, (2) Analytical Chemistry, Genentech, Inc 

 Abstract

The various constituents of a formulation are present to pH and buffer the solution, protect and tonicify so as to preserve the stability and provide a vehicle for delivery of protein drugs. However, these same components can also contribute to the corrosion of solution contacting metal surfaces resulting in damage to both equipment and protein. We used electrochemical pitting corrosion testing to study the effects of common formulation components on 316L stainless steel, a typical alloy used in the pharmaceutical industry. We present some results for two monoclonal antibodies that exhibited very different stabilities when exposed to 316L stainless steel. This technique can assist in ranking various formulations by “corrosiveness” and identifying species that have the greatest impact on corrosion. 



 BIOT 16 [620810]:  Enhanced solubility of TCE and other contaminants due to the presence of biological material

 NAME:   John W. Barton, Sandie A. Jones, Chris Vodraska, and Brian H. Davison, Bioprocessing R&D Center, Oak Ridge Nat’l Lab, POB 2008, Oak Ridge, TN 37831-6226, Fax: 423-576-4195, bartonjw@ornl.gov, bod@ornl.gov 

 Abstract

Biological material is shown to increase the total solubility and decrease air/liquid partioning constants of several sparingly soluble important environmental contaminants (TCE, benzene, and toluene). Careful closed vessel equilibrium experiments were used to determine these measurements with varying amounts of biological material. In dense aqueous biomass systems, the solubility limits increased approximately 3x for benzene, 5X for toluene, and over 100X for TCE. We also report the effects of various cellular fractions (e.g., membranes, cytosol) as well as the effect of model biological materials (e.g., triglycerides, protein, carbohydrate). These results should be applicable to predictions of contaminant mass transport in systems where significant biological material in present. 



 BIOT 17 [599893]:  Use of fluorinated analogs to explore pollutant fate in plant systems

 NAME:   Jacqueline M Tront, and F. Michael Saunders, School of Civil and Environmental Engineering, Georgia Institute of Technology, 200 Bobby Dodd Way, Atlanta, GA 30332, jacqueline.tront@ce.gatech.edu 

 Abstract

Fate of environmental pollutants was investigated using nuclear magnetic resonance (NMR) to identify and quantify metabolites of xenobiotics in aquatic plant systems. Liquid extraction results of plant exposed to fluorinated chlorophenols (4-chloro-2-fluorophenol) have shown that metabolites of xenobiotics, as well as parent compounds, are detectable using 19F NMR. 4-Chloro-2-fluorophenol was present in plant extracts through various exposure periods as demonstrated by chemical shift comparison with unexposed plant extracts spiked with parent material. Several fluorinated metabolites were also present, as was demonstrated by the chemical shift of -3.5 ppm from the parent compound. The metabolites isolated in extracts were fluorinated chlorophenol conjugates, as evidenced by identical signal splitting pattern between parent and metabolites and relatively small chemical shift. This work uses 19F NMR for developing a kinetic model that describes xenobiotic accumulation and transformation in aquatic plants systems. 



 BIOT 18 [606585]:  Enzymatic treatment of phenol with crude fungal peroxidase from Coprinus species

 NAME:   Keisuke Ikehata, Ian D. Buchanan, and Daniel W. Smith, Department of Civil and Environmental Engineering, University of Alberta, 304 Environmental Engineering Building, Edmonton, AB T6G2M8, Canada, Fax: 780-492-8289 

 Abstract

Phenolic compounds are found in various industrial wastewaters as well as in the environment, which poses significant concerns over human health and ecology. A biochemical treatment of phenols using peroxidase and hydrogen peroxide is a promising treatment option; however, prohibitive cost of bulk enzyme is a major obstacle to this process being used in industrial-scale operations. In this work, certain strains of Coprinus species exhibiting high productivity of extracellular peroxidase were evaluated as economical enzyme sources. The fungal survey showed that Coprinus sp. UAMH 10067, a new strain isolated from urea treated soil in Alberta, produced a considerable amount of extracellular peroxidase in the liquid culture medium. A kinetic analysis and aqueous phenol treatment trials with the crude Coprinus peroxidase revealed that this enzyme has a similar catalytic activity and phenol transformation efficiency to known peroxidases and higher stability at elevated temperature, which is advantageous for application to industrial wastewater treatment. 



 BIOT 19 [621406]:  Microbial identification using “signature probes”

 NAME:   Maia Larios-Sanz1, Katerina D. Kourentzi2, George E. Fox1, and Richard C. Willson1. (1) Department of Biology and Biochemistry, University of Houston, 4800 Calhoun Rd, Houston, TX 77204-5934, Fax: 713 743-8351, mlarios@uh.edu, willson@uh.edu, (2) Department of Chemical Engineering, University of Houston 

 Abstract

There is an increasing interest in accurate, reliable, and quantitative monitoring of biological targets such as microorganisms. Towards this goal, the development of hybridization assays targeting specific bacterial ribosomal rRNA sequences or similarly sized artificial RNAs (aRNAs) has been actively investigated. 

It is normally assumed that without prior knowledge of the organism to be detected it is not possible to design a microbial detection system. This assumption has been challenged with the development of “signature probes” (Zhang et al., BIoinformatics 18, 244, 2002) in our laboratory. The 16S rRNA sequence database was mined for “signature sequences” identifying bacteria at a selected taxonomic level with a given degree of statistical robustness. “Signature probes” directed to these sequences can be detected with molecular beacons or used in solid-phase hybridization assays where surface-captured RNA-DNA hybrids are recognized using an anti-hybrid antibody. This technology can lead to the development of a “universal identifier” array capable of rapid, approximate classification of the great majority of unknown organisms.



 BIOT 20 [606757]:  An alternative ecological approach to process control optimization for bioprocesses operated with mixed microbial populations

 NAME:   Pascal E. Saikaly, and Daniel B. Oerther, Department of Civil and Environmental Engineering, University of Cincinnati, P.O. Box 210071, Cincinnati, OH 45221-0071, Fax: 513-556-2599, saikalpe@email.uc.edu 

 Bioprocesses for treating wastewater comprise a consortium of bacterial species capable of performing different tasks. The optimum performance of these systems largely depends on maintaining the diversity of the bacterial community. Therefore, understanding the dynamic behavior of mixed bacterial populations competing for several complementary growth limiting substrates under various operating conditions provides engineers with ecologically-based tools for process control. In the current study we used mechanistic modeling and 16S rRNA-targeted Terminal-Restriction Fragment Length Polymorphism (T-RFLP) to predict and experimentally measure the impact of varying solids retention time (SRT) upon the diversity of bacterial populations in laboratory-scale bioprocesses. Results of model simulations showed that in a single continuous completely mixed reactor competition under a range of SRT from 2.28 to 5.66 d increased species diversity. The results of the T-RFLP analyses showed good agreement with the predictions of the model suggesting that the model captures an essential element of the ecology of bacteria competing for growth limiting substrates. 



 BIOT 21 [599917]:  Detoxification of organophosphates by immobilized dual functional biocatalyst in a cellulose hollow fiber bioreactor

 NAME:   Aijun A. Wang, Wilfred Chen, and Ashok Mulchandani, Department of Chemical and Environmental Engineering, University of California, Riverside, CA 92521, Fax: 909-787-5696, awang@engr.ucr.edu 

 A genetically engineered Escherichia coli strain expressing both cellulose-binding domain (CBD) and organophosphorus hydrolase (OPH) on cell surface was applied for continuous degradation of organophosphate pesticides in a cellulose hollow fiber bioreactor. These whole-cell biocatalysts were immobilized specifically and tightly to the cellulose fibers via the affinity of surface-anchored CBD, and the formation of a monolayer of cells was confirmed by scanning electronic microscopy. The immobilized biocatalyst had a high performance of detoxifying paraoxon and maintained a stable degradation capacity over a period of 48 days with only a 10% decline in efficiency. In addition, the bioreactor was easily regenerated by washing with 1% SDS, with 86.7 % immobilization capacity and 93.9% degradation efficiency recovery. The successful application of this dual-function E. coli strain in a flow-through bioreactor demonstrates its potential for the large-scale detoxification of organophosphate nerve agents suitable for both agricultural and military applications. 



 BIOT 22 [606088]:  Two-phase partitioning bioreactors: A new paradigm for xenobiotics destruction in air, water, and soil

 NAME:   Andrew J. Daugulis, and Brian G. Amsden, Department of Chemical Engineering, Queen’s University, Kingston, ON K7L 3N6, Canada, Fax: 613-533-6637, daugulis@chee.queensu.ca 

Abstract

Two-Phase Partitioning Bioreactors (TPPBs) are characterized by a cell-containing aqueous phase, and an immiscible and biocompatible organic phase that partitions toxic substrates to the cells based on their metabolic demand and the thermodynamic equilibrium of the system. TPPB technology has been demonstrated for the biodegradation of toxic (saturated) levels of benzene in water sources, as well as the destruction of highly contaminated (PAH) soil. Most recently we have shown that high concentrations of VOCs (benzene and toluene) in gas streams can be degraded in TPPBs at elimination capacities that are one to two orders of magnitude higher than has been reported for biofilters. The versatility of TPPB technology will be described via specific treatment examples (including at pilot plant scale) as will recent breakthroughs in re-defining the nature of the organic, delivery phase of this system 



 BIOT 23 [621300]:  Influence of CO2 concentration in air on algae respiration in membrane bioreactor

 NAME:   L.M. Cao1, Huan Lin Chen2, C.Y. Gao2, L. H. Cheng2, and J. Y. Feng3. (1) College of Materials Sci. & Chem. Eng, Zhejiang University, Hangzhou 310027, China, chenhl@che.zju.edu.cn, (2) College of Materials Sci. & Chem. Eng., Zhejiang University, Hangzhou, 310027, P.R.China, Hangzhou 310027, China, chenhl@che.zju.edu.cn, (3) Analysis Center of Zhejiang University, Zhejiang University 

Abstract

With optimal light quality and photon-fluence rate, algaes£¨such as spirulina and pleurocapsa can survive in high concentration of CO2 in air. It is easy to culture and keep alive with long time. In this paper, membrane bioreactors with algae are prepared for absorbing CO2 from air. When the concentration of CO2 is higher than about 0.1%, algae pursues the photosynthesis that can absorb CO2 and release O2; However, when the concentration of carbon dioxide in air is quite low, the algae in the membrane bioreactor will pursue the respiration to absorb O2 and release CO2. With variety of the concentration and the flow rate of CO2, the optimal operating conditions for the membrane bioreactor to absorb CO2 and release O2 have been obtained in this experiment. 

[image: image3]
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 BIOT 24 [600154]:  Mimicking the cytoplasmic environment of Escherichia coli with cell-free protein synthesis activates oxidative phosphorylation

 NAME:   Michael C. Jewett, Department of Chemical Engineering, Stanford University, Keck Science Bldg, Stanford, CA 94305-5025, mjewett@leland.stanford.edu, and J. R. Swartz, Rm. 185, Stanford University 

 Abstract

The need for alternative recombinant DNA protein expression technologies has provided a driving force to improve the productivity of cell-free protein synthesis systems. By seeking to mimic the cytoplasmic environment of Escherichia coli, we have developed a new in vitro protein synthesis system that produces protein for up to 6 hours in a batch format to yield 700g/mL chloramphenicol acetyl transferase. Phosphate concentration and pH are more stable than previously described systems and folding of complex proteins is improved. This system can also produce protein without an obvious secondary energy source; such as a high energy phosphate compound like phosphoenolpyruvate. Using selective inhibitors, we have determined that oxidative phosphorylation was activated and is responsible for the protein production capability of this new technology. This is the first evidence of oxidative phosphorylation in cell-free protein synthesis. 

[image: image4]
 BIOT 25 [588325]:  Cell-free protein synthesis utilizing unnatural amino acids

 NAME:   Jennifer Schulte, and James R. Swartz, Department of Chemical Engineering, Stanford University, 381 North-South Mall, Stanford, CA 94305-5025, jschulte@stanford.edu 

 Abstract

Incorporating unnatural amino acids into proteins can provide structural stability, reactive side groups for site specific chemical modifications, and unique labels to improve analysis of protein functionality and structure. Several unnatural amino acids have been incorporated by other groups using in vivo and in vitro expression. However, major drawbacks in synthesis still exist. These include low protein yields and low efficiency of unnatural amino acid incorporation. The coupled transcription/translation cell-free protein synthesis platform offers the possibility of providing more precise control of the amino acid pool, and protein yields from cell-free synthesis have increased significantly in recent years. Our batch reactions can produce protein yields greater than 500ug/ml for most proteins. We will show that substitution of fluorophenylalanine for phenylalanine into two different proteins has resulted in high yields and good incorporation efficiency. Further work is in progress with a more diverse set of unnatural amino acids and proteins. 



 BIOT 26 [605299]:  Export of correctly folded antibodies from the cytoplasm of Escherichia coli via the twin-arginine translocator

 NAME:   Matthew P. DeLisa1, Danielle Tullman1, and George Georgiou2. (1) Department of Chemical Engineering, University of Texas at Austin, 25th and Speedway, Austin, TX 78712, Fax: 512-232-3432, delisa@che.utexas.edu, (2) Department of Chemical Engineering, The University of Texas at Austin 

 Abstract

The remarkable capacity of the bacterial twin-arginine translocation (Tat) pathway to export folded enzymes clearly distinguishes this system from the Sec export system. Normally, proteins which require disulfide bonds are localized to the periplasm by the Sec pathway. However, E. coli mutants in which the reduction of both thioredoxins and glutathione is impaired can accumulate oxidized, enzymatically active multidisulfide proteins in the cytoplasm. As the Tat pathway enables essentially folded proteins to transit the cytoplasmic membrane, we tested whether multidisulfide antibodies could be delivered to the periplasm by the Tat apparatus. Specifically, fusion of a Tat leader peptide to a single chain antibody (scFv) or an antigen-binding fragment (Fab) of an antibody resulted in Tat-specific export in a mutant strain capable of oxidizing proteins in the cytoplasm. Further, it is demonstrated that cytoplasmically folded domains of targeted proteins maintain a nonlinear structure during their translocation to the periplasm. The development of technologies capitalizing on Tat-dependent export for combinatorial library screening and protein engineering applications will be discussed. 



 BIOT 27 [613422]:  NusA fusion protein expression and purification in conventional and high-throughput applications

 NAME:   Anthony Grabski1, Mark M. Mehler1, Keith W. Yaeger1, Keith Novy Jr.1, Gregory D. Davis2, and Roger G. Harrison2. (1) Novagen, Inc, 601 Science Drive, Madison, WI 53711-1074, Fax: 608-238-1388, tony.grabski@novagen.com, (2) School of Chemical Engineering and Materials Science, University of Oklahoma, Norman, OK 73019, Fax: 405 325 5813, rharrison@ou.edu 

 Abstract

In many instances, when a foreign protein is overexpressed at high levels in E. coli, the majority of the protein is present as insoluble inclusion bodies. Solubility of the heterologous protein is critical for the viability of high-throughput proteomics applications and is important in avoiding the renaturation of inclusion bodies in conventional applications. Toward this end, we have developed the fusion system that utilizes the E. coli NusA protein, which was selected based on screening the entire database of E. coli proteins based on a statistical solubility model. Results of the expression of NusA protein fused to a variety of heterologous proteins are presented. A cloning strategy for the high-throughput cloning, expression, and purification of NusA fusion proteins using the enterokinase-ligase-independent cloning (Ek/LIC) expression vectors is described. Results are described of the cloning and expression of several NusA fusion proteins using Ek/LIC vectors and then the automated purification of these fusion proteins using the RoboPopTM Ni-NTA His·Bind® Purification Kit (Novagen), which uses a unique method for high-throughput purification of His·Tag® fusion proteins directly from E. coli cultures without cell harvest, mechanical disruption, or extract clarification. 

[image: image5]
 BIOT 28 [607978]:  Engineering yeast for high-level expression of G-protein coupled receptors

 NAME:   Anne Skaja Robinson, Ronald T. Niebauer, and James Butz, Department of Chemical Engineering, University of Delaware, 235 Colburn Laboratory, Newark, DE 19716, Fax: 302-831-1048, robinson@che.udel.edu 

 Abstract

The G protein-coupled receptors (GPCRs) are a large family of similar seven-helix integral membrane proteins that mediate cellular responses to diverse stimuli, including light, hormones, and injury. Many acute and chronic disease states are linked to GPCR function, including cardiovascular disease, central nervous system disorders, metabolic disorders, inflammation, chronic pain, tumor growth, and Epstein-Barr infection. However, it has been difficult to express GPCRs at high levels in any organism. A key question is: what limits overexpression of GPCRs in yeast and higher organisms? Through molecular labeling of GPCRs, we have determined that typical cellular proofreading mechanisms that often regulate expression of soluble proteins do not play an important role in processing GPCRs. This novel finding indicates that either other mechanisms exist for GPCRs (and presumably other integral membrane proteins) or that the molecules themselves play a more critical role. Current studies are focused on optimizing gene copy number, protein engineering, and high-throughput screening using a whole cell-based fluorescent assay to identify cellular interactions that govern expression. 

[image: image6]
 BIOT 30 [572898]:  Modification of the N-glycosylation pathway of lower eukaryotes to a mammalian type

 NAME:   Roland H. Contreras, Wouter Vervecken, Nico Callewaert, Steven Geysens, and Vladimir Kaigorodov, Molecular Biology, Ghent University and VIB, Ledeganckstraat 35, B-9000 Gent, Belgium, Fax: 32 9264 8798, roland.contreras@dmb.rug.ac.be 

 Abstract

Lower eukaryotes only synthesise N-glycans of the high-mannose type, whereas human glycoproteins have a very divers, complex type of N-glycans. Redirection of the fungal pathway, even to a simple hybrid or complex mammalian type requires several genetic interventions such as gene knock-outs and heterologous expression of mammalian glycosyl transferases. Furthermore, additional in vitro enzymatic manipulations may be required. 

In general, it seems that humanising N-glycans from filamentous fungi is an easier task than modifying yeast protein linked carbohydrates because the long alfa-1,6-arm apparently is absent. The problem is reduced to importing an efficient alfa-1,2-mannosidase and addition of complex sugar glycosyl transferases. We started a strategy to humanise the N-glycosylation pathway in the filamentous fungus Aspergillus niger NW195. In a first step a HDEL tagged a-1,2-mannosidase from Trichoderma reesei was introduced. The over expression of this enzyme lead to the conversion of the majority of the N-glycans to Man5GlcNAc2 (ca. 80%). In a second step the over expression of human N&#64979;acetylglucosaminyltransferase I lead to the detection of GlcNAcMan5GlcNAc2 structures. The percentage conversion of Man5GlcNAc2 to GlcNAcMan5GlcNAc2 was inversely related to the amount of protein that was synthesised, ranging from ca. 40% to merely all. 

Yeasts, like S. cerevisiae and P. pastoris, have an extra, long alfa-1,6-arm that is mannose and P-mannose rich. Eliminating this structure causes, at least in S. cerevisiae, a weak growth and temperature sensitive phenotype. Different procedures have been followed to knock out the OCH1 gene. Expression of alfa-1,2-mannosidase has also been obtained in combination with OCH1 knock out, resulting in very high yileds of Man5GlcNAc2 N-linked structures. Furthermore, phosphodiester linked mannoses are, in general, unwanted in mammalian therapeutic situations. Knock out of phosphomannosyltransferases is required to eliminate these structures from yeast and fungal protein linked sugars. Cloning of the P. pastoris homologues of S. cerevisiae MNN4 and MNN6 genes is not an easy task. 

Ultimately, the terminal sialic acid should be added using in vitro procedures. 



 BIOT 31 [605091]:  Expression of human antibodies for clinical supply using myeloma cells

 NAME:   Lekan Daramola, and Ray Field, Cambridge Antibody Technology, Franklin Building, Granta Park, Great Abington, CB1 6GD Cambridge, United Kingdom, lekan.daramola@cambridgeantibody.com 

 Abstract

Human antibodies as therapeutics are in advanced stages of clinical development. Phage display is a rapid, powerful platform technology to isolate potent sub-nanomolar affinity human antibodies from a CAT display library of 2x 1011 entities . Panels of highly specific clones are converted to a whole human IgG format for clinical therapy. Recombinant human IgG’s are produced by transient expression for early evaluation in vitro and produced from mouse myeloma cells for scale-up and clinical supply. The GS-NS0 system is amenable for production of, high-yielding, stable cell lines suitable for scale-up in fed-batch bioreactor processes. Results from development of a gs-NS0 cell line producing an anti-cytokine human antibody of IgG4 isotype will be presented, along with process development improvements leading to increases in harvest titre. CAT has produced three human IgG4’s for clinical development at using this approach. 


 BIOT 32 [597554]:  Effect of secondary structure on protein aggregation: A replica exchange on-lattice simulation

 NAME:   Dusan Bratko, and Harvey W. Blanch, Department of Chemical Engineering, University of California, Gilman Hall 201, Berkeley, CA 94720-1462, Fax: 510-642-8979, dnb@cchem.berkeley.edu 

 Abstract

Computer modeling is playing an increasingly important role in studies of the mechanisms involved in protein aggregation and its prevention. In the present study, we use a coarse grained model of aggregating proteins interacting through a generalized Go potential for a set of sequences with different contents of secondary-structural motifs akin to alpha-helices and beta-sheets. Conformational evolution is considered by conventional Monte Carlo simulation, and by a variation of Replica Exchange technique that facilitates barrier-crossing in glass like aggregated systems. The foldability and aggregation propensity are monitored as functions of the degree of polymerization and the extent of different secondary structures. Our results indicate that increased proportion of sheet-like structures facilitates folding of isolated chains, while it strongly favors the formation of misfolded aggregates in multichain systems, in agreement with experimental observations. This behavior is interpreted in terms of cooperativity effects associated with the formation of multiple residue-residue bonds involving adjacent monomers in interacting segments which enhance both intramolecular binding and interprotein association. 



 BIOT 33 [603202]:  Critical role of hydration in enzyme activity in organic solutions

 NAME:   Lu Yang, Jonathan S Dordick, and Shekhar Garde, Department of Chemical Engineering, Rensselaer Polytechnic Institute, 110 8th ST, Troy, NY 12180, Fax: 518-276-4030, yangl3@rpi.edu, dordick@rpi.edu, gardes@rpi.edu 

 Abstract

Molecular dynamics (MD) simulations of surfactant solubilized enzyme subtilisin BPN’ were performed in three organic solvents (octane, tetrahydrofuran, and acetonitrile) and in water. The overall enzyme and backbone structures, as well as individual residue flexibility do not show significant differences among water and the three organic solvents over a timescale of several nanoseconds accessible to large scale MD simulations. The key factor that distinguishes molecular-level details in different media is the partitioning of hydration water between the enzyme and the bulk solvent. The enzyme surface and the active site region are well hydrated in aqueous medium, whereas with increasing polarity of the organic solvent (octane --> THF --> ACN) the hydration water is stripped from the enzyme surface. Water stripping is accompanied by the penetration of THF and ACN molecules into the active site, which replaces mobile and weakly bound water molecules and leaves the tightly bound water in that region. In contrast, lack of water stripping in octane allows efficient hydration of the active site uniformly by mobile and weakly bound water and some structural water similar to that in aqueous solution. These differences in active site hydration are consistent with the inverse dependence of enzymatic activity on organic solvent polarity and indicate that the behavior of hydration water on the protein surface and in the active site is an important determinant of biological function. 



 BIOT 34 [578747]:  Protein folding and proton binding are linked: Analysis by capillary electrophoresis and electrokinetic models of colloids

 NAME:   Jeffrey D. Carbeck, Department of Chemical Engineering, Princeton University, Room A319, E-Quad, Princeton, NJ 08544, Fax: 609-258-0211, jcarbeck@princeton.edu 

 Abstract

We present a methodology for measuring both the hydrodynamic size and net charge of a protein in a single capillary electrophoresis (CE) experiment. This technique is used to study the changes in charge and conformation of proteins as they transform from folded to denatured states. Charge ladders of proteins are collections of derivatives of proteins produced by the partial modification of charged groups. When separated by CE derivatives with the lowest overall net charge demonstrate a linear correlation of mobility with the number of charged groups, n, converted to neutral derivatives. Analysis of charge ladder data with an electrokinetic model provides a measure of both the charge and the hydrodynamic size of proteins. Using this approach we measured changes in the charge and size of the protein alpha lactalbumin as it unfolds to a compact denatured state under mildly alkaline conditions. We show that the unfolding of alpha-lactalbumin is linked thermodynamically to the preferntial binding of protons to the folded state. 



 BIOT 35 [594916]:  Aggregation during refolding is dependent on the second virial coefficient

 NAME:   Jason G.S. Ho, and Anton P.J. Middelberg, Department of Chemical Engineering, University of Cambridge, Pembroke Street, Cambridge CB2 3RA, United Kingdom, Fax: +44-1223-334796, jgsh2@cam.ac.uk, apjm3@cam.ac.uk 

 Abstract

Protein aggregation limits the yield attainable in industrial refolding systems. Existing methods for assessing aggregation are empirical, and rely on the screening of chemical environments. Optimal chemical conditions are often protein specific and may depend on the initial state of the denatured protein and the selected refolding method. However, empirical testing does not provide the fundamental understanding necessary to speed the development of new protein products. A preferable approach is to probe intermolecular interactions through an accessible parameter, the second virial coefficient (SVC). In this work we demonstrate that SVC measurements in denaturant can be used to assess the likelihood of aggregation during dilution refolding. We conclusively show that additives known to suppress aggregation increase SVC and improve protein solubility. Furthermore, the formation of mixed disulphides in the denatured state prior to refolding also increases solubility and inhibits aggregation. SVC measurements provide a useful technique complementing empirical screening approaches. 



 BIOT 36 [606590]:  Strategies for modulating aggregation kinetics of amyloid-forming peptides

 NAME:   Regina M. Murphy1, Jin Ryoun Kim1, Todd J. Gibson1, and Laura L. Kiessling2. (1) Department of Chemical Engineering, University of Wisconsin-Madison, 1415 Engineering Drive, Madison, WI 53706-1607, murphy@che.wisc.edu, (2) Departments of Chemistry and Biochemistry, University of Wisconsin 

 Abstract

Peptides and proteins that assemble into fibrillar beta-sheet “amyloid” aggregates are receiving increased interest due to their role in neurodegenerative and other diseases. Such amyloid aggregates are believed to be toxic to cells. We completed detailed studies of the kinetics of growth of several peptides and proteins into amyloid fibrils, and developed mathematical models describing these kinetics. We designed and synthesized several peptidyl-based compounds that interact with amyloid-forming peptides and alter the kinetics of specific steps in the aggregation pathway. We will present an analysis of the structure-function relationship between the design of the compounds and their impact on amyloid formation and growth. Cell culture data indicates that an intermediate aggregated material (thin filaments) is the dominant toxic species; we show that compounds that protect cells from amyloid toxicity do so by reducing the concentration of these toxic intermediates. 



 BIOT 37 [607948]:  Multiple active forms of single-chain antibody: Characterization and folding pathway analysis

 NAME:   Anne Skaja Robinson, and Jessica R. Sinacola, Department of Chemical Engineering, University of Delaware, 235 Colburn Laboratory, Newark, DE 19716, Fax: 302-831-1048, robinson@che.udel.edu 

 Abstract

An anti-fluorescein single-chain antibody (scFv), 4M5.3, was refolded into an active state from E. coli inclusion bodies. Size exclusion chromatography (SEC) analysis of the species distribution for active batches revealed two monomeric, active forms (A1 and A2) and an inactive, monomeric form of scFv (I) in addition to inactive aggregates. Although the two active forms are the same molecular weight, there is a significant difference in ligand affinity and chemical stability. In the presence of ligand, the discrete active forms disappear and a single conformation is observed. Denaturation studies and the A2 to A1 activation energy suggest a different in proline isomerization may account for the appearance of the two active forms. Characterization studies have been completed on the active forms and will be discussed. We will also describe preliminary results on the use of high pressures (up to 45 kpsi), to dissociate the inactive, aggregate material and to transition this material into an active state. 



 BIOT 38 [607659]:  Structure, function, and engineering of bacterial disulfide isomerases for enhancing heterologous protein expression

 NAME:   Laura Segatori, and George Georgiou, Department of Chemical Engineering, University of Texas at Austin, Department of Chemical Engineering, Austin, TX 78712-1062, laura@che.utexas.edu 

 Abstract

Disulfide isomerization is a critical step in the expression of heterologous proteins. Despite of over 40 years of biochemical studies, the mechanism by which disulfide isomerases recognize substrate proteins and mediate the isomerization of non-native disulfides has remained elusive. In an effort to design disulfide isomerases that can assist the folding of multi disulfide proteins expressed in bacteria we isolated, produced, and characterized biochemically five homologs of the E. coli DsbC. These proteins exhibit between 40% and 68% amino acid identity. The six homologs exhibited fairly similar catalytic activity in the reduction of insulin but differences in chaperone and disulfide isomerase activities. Based on the information obtained from the analysis of bacterial homologs and on exiting biochemical and structural data we have attempted to design disulfide isomerases de novo, by combining subdomains from different proteins. Several of these chimeras could be reduced in vivo by DsbD and thus fulfill a prerequisite for disulfide isomerization. The analysis of the structure and function of the de novo engineered isomerases will be presented. 



 BIOT 39 [601256]:  Exploring the dimer interface as element of kinetic stability in a bacterial starch phosphorylase

 NAME:   Bernd Nidetzky1, Richard Griessler1, Alexandra Schwarz1, Fabio Tanfani2, and Andrea Scire2. (1) Institute of Biotechnology, Graz University of Technology, Petersgasse 12, A-8010 Graz, Austria, Fax: +43-316-873-8434, bernd.nidetzky@tugraz.at, (2) Institute of Biochemistry, Medical School, University of Ancona 

 Abstract

An obvious way of improving the suitability of an enzyme for industrially relevant biotransformations is to increase the stability of the desired catalytic activity under realistic, process-near conditions. The observed loss of enzyme activity in a biochemical reactor is often irreversible and may occur as result of local alterations in structure, triggering irreversible off-reactions such as aggregation, cofactor loss, chemical modification or fragmentation. This implies that stabilization for a longer operational stability in the process quite often is a matter of increasing the kinetic rather than global stability of the enzyme. Detailed knowledge of the nature of denaturation steps and the causal relationships thereof is required to achieve this goal by rational means. We are interested to pinpoint elements of kinetic stability of alpha-glucan (starch, glycogen) phosphorylases, a family of dimeric alpha1,4 glucosyl transferases potentially useful in the synthesis of the activated glucosyl donor alpha-D-glucose 1-phosphate. We have perturbed by alanine-scanning site-directed mutagenesis interactions between paired alpha-helices at the subunit interface of starch phosphorylase (StP) from Corynebacterium callunae and characterized the resulting mutants in regard to conformational properties (measured by FTIR), activity and stability. Substitution of Arg-234 and Arg-242 gave active mutants showing stabilities against irreversible thermal and urea-induced denaturation that were much higher than the stability of the wild type. The stabilising effect of phosphate ions which is large in the wild type was markedly lower in both mutants. The mutations were shown to decrease the subunit dissociation rate, compared to that of the wild type, under weakly denaturating incubation conditions in urea. In summary, the results demonstrate the role of the dimer interface region of StP as an important element of the kinetic stability of the enzyme. Mutagenesis of this region appears to change an oxyanion ligand-dependent conformational relay that enhances oligomeric stability of the enzyme. 

Grießler, R., D’Auria, S., Tanfani, F., and Nidetzky, B. (2000) Thermal denaturation pathway of starch phosphorylase from Corynebacterium callunae: oxyanion binding provides the glue that efficiently stabilizes the dimer structure of the protein. Protein Sci. 9, 1149-1161. 



 BIOT 40 [605378]:  Analysis of cross-linking hemoglobins using variable-length reagents

 NAME:   Eugene Tarasov1, Kevin M. Bobofchak1, Grzegorz S. Gawlak1, Kieran P. Normoyle1, Rebekah M. Danner1, and Ken W. Olsen2. (1) Department of Chemistry, Loyola University Chicago, 6525 North Sheridan Road, Chicago, IL 60626, Fax: 773-508-3086, etaraso@luc.edu, (2) Department of Chemistry, Loyola University 

 Abstract

Cell-free hemoglobin (Hb) is in equilibrium between tetrameric 22 and dimeric  forms. The dimeric form is easily excreted from circulation through the renal system, resulting in a short lifetime of cell-free protein. Stability of the tetramer can be achieved through cross-linking subunits. In this study we present an analysis of Hbs cross-linked with bis(3,5-dibromosalicyl) adipate, bis(3,5-dibromosalicyl) pimelate, bis(3,5-dibromosalicyl) suberate, bis(3,5-dibromosalicyl) azelate, and bis(3,5-dibromosalicyl) sebacate, under deoxygenated and oxygenated conditions. Comparison of cross-linked species to normal Hb revealed increased thermal stability, under both oxygenated and deoxygenated reaction conditions. Deoxy cross-linked products had lower oxygen affinity than normal Hb and oxy cross-linked species, but had a greater rate of autooxidation and oxygen binding cooperatively with longer cross-linkers. Attachment sites of the cross-linkers, for oxy and deoxy reactions, were identified using electrospray mass spectrometry, after purification of samples by reversed-phase high performance liquid chromatography. 



 BIOT 41 [600597]:  Application of the focused beam reflectance measurement method to the characterization of plant cells in suspension culture

 NAME:   Paul T. Jeffers1, Sara Raposo2, Maria Emilia Lima-Costa2, Patricia Kieran1, and Brian Glennon1. (1) Department of Chemical Engineering, University College Dublin, Room 125a, Engineering Building, Belfield, Dublin D4, Ireland, Fax: 353-1-7161177, paul.jeffers@ucd.ie, (2) Faculdade de Engenharia de Recursos Naturais, Universidade do Algarve 

 Abstract

The ability to determine biomass levels and organism morphological characteristics is of importance in many bioprocesses. This study concerns the application of the Lasentec® focused beam reflectance measurement method (FBRM) to the characterization of two morphologically dissimilar plant systems Morinda citrifolia and Centaurea calcitrapa. M. citrifolia exists in suspension as elongated cells/chains. C. calcitrapa exists as an aggregated system. FBRM measurements were performed using 160ml of cell suspension agitated at 200 rpm. Image analysis was used to independently track morphology. The results suggest that this technique may be successfully used to monitor variations in biomass levels up to 400g/l fresh weight. Results are system specific and calibration curves must be developed for each cell line. The data also revealed a strong correlation between FBRM and image analysis measurements. This technique has strong potential for on-line monitoring and optimization of fermentation systems for metabolite production and downstream processing. 



 BIOT 42 [607461]:  Growth sensitivity of microbial populations in mixed cultures is determined by a new microrespirometry method

 NAME:   Peter G. Stroot, and Daniel B. Oerther, Department of Civil and Environmental Engineering, University of Cincinnati, P.O. Box 210071, Cincinnati, OH 45221-0071, Fax: 513-556-2599, strootpg@email.uc.edu 

 Abstract

To monitor in situ growth activity of bacterial populations in mixed microbial communities we coupled reverse transcription and primer extension to determine the levels of total and precursor 16S rRNA in environmental samples. Assay results for Acinetobacter calcoaceticus prepared in three growth conditions were consistent with previous results using fluorescence in situ hybridizations to measure rRNA levels. The assay was used to measure rRNA levels in activated sludge collected from a municipal sewage treatment plant in Cincinnati, OH. Sludge samples were exposed to PBS, nutrients, nutrients plus acetate, filtered sewage, and Luria-Bertani broth. A prominent precursor band of 430nt was present in all samples and a unique precursor band of 510nt was present in samples from the nutrients plus acetate and LB. Future work will identify these precursor bands using liquid chromatography. This microrespirometry method is a powerful new tool for monitoring the growth response of bacterial populations in bioprocesses. 



 BIOT 43 [620805]:  On-line viable cell monitoring during long-term microcarrier cultures

 NAME:   Franqui Jimenez-Marrero, Luc Bonnarens, Julie L. Barker, James E. Fleury, Matthew A. Forbes, Robert N. Pattison, Claudia W. Buser, and Chris Hwang, BioEngineering, Genzyme Corporation, 45 New York Avenue, Framingham, MA 01701, Fax: 508-661-8562, Franqui.JimenezMarrero@genzyme.com 

 Abstract

Our work focuses on optimizing the productivity of long-term perfusion cultures, and the concentration of viable cells is an essential parameter to that end. Typical methods for monitoring cell concentration are based on offline counts of nuclei or viable cells. We have used a radio-frequency impedance probe (Aber Instruments, Ltd.) to achieve real-time viable cell monitoring. The data obtained from the impedance probe was correlated with data obtained from off-line viable cell determinations for each of three different processes. Data from the early, growth stage of the culture was used for the correlations, and the offline measurements were performed using a protease to release cells from microcarriers. The correlations developed did not hold when applied to the later stages of a long-term culture. Using alternate metabolic parameters to estimate the profile for the viable cell concentration, we were able to demonstrate the accuracy of online capacitance profiles during long-term cultures. Initial evidence shows that, during the later stages of a long-term culture, off-line viable cell determinations are affected by phenomena such as cell clumping, cell migration into microcarriers, and geometric entrapment in microcarriers. An online viable cell monitoring system allows accurate measurements throughout the duration of a culture, and it facilitates implementation of control strategies based on viable cell density as the measured variable. 



 BIOT 44 [604448]:  On-line biomass monitoring with scanning dielectric spectroscopy

 NAME:   Christopher M. Cannizzaro, Sergio Valentinotti, Ian W. Marison, and Urs von Stockar, Laboratory of Chemical and Biochemical Engineering, Swiss Federal Institute of Technology (EPFL), LGCB/ISP/SB, Lausanne 1015, Switzerland, Fax: +41 21 693 3680, Christopher.Cannizzaro@epfl.ch 

 Abstract

Accurate on-line monitoring of biomass is an enduring problem. Of the various methods available, one of the more satisfactory is with dielectric spectroscopy (often referred to as capacitance monitoring). However, as this technique measures total ‘biovolume’, large changes in cellular morphology or population distribution will alter the calibration with respect to cell weight or number. In an attempt to minimize this problem, the full dielectric spectrum was scanned every 10-20 minutes, and then multivariate techniques were used to build predictive models for dry cell weight, cell number and median cell diameter. The method was applied to high cell density baker’s yeast fed-batch and CHO perfusion culture. Experimental results clearly showed the enhanced value of capacitance monitoring over range of frequencies. For example, a phase plot of the capacitance at a low excitation frequency versus the value at a higher frequency was an accurate indicator of the major transition points of CHO perfusion culture, i.e. maximum cell viability, end of lactate consumption, point of zero viability. 



 BIOT 45 [604818]:  A mechanism for glucose pH control

 NAME:   Michael A Alexander, Bioprocess R&D, Pharmacia Corporation, 7000 Portage Road, Kalamazoo, MI 49001, Fax: 269-833-4241, mike.a.alexander@pharmacia.com, John G. Hoogerheide, Analytical R&D, Pharmacia Corporation, and Carla M Campbell, KAPI QA, Pharmacia Corporation 

 Abstract

An antibiotic fermentation process employed at Pharmacia utilizes a glucose feed that is delivered on demand using pH as a control variable. Glucose is added as if it were an acid to maintain the pH. In this report it is shown that the primary pH effect of glucose is mediated by the concentration of dissolved carbon dioxide [CO2] and not some other acid. Since CO2 is volatile, it does not accumulate in the beer as would another acid. Its level is proportional to the carbon dioxide evolution rate (CER). Addition of glucose will increase CER until its maximum is reached, after which further addition of glucose will have no effect on CER. The limited effect of glucose on CER translates to a limited effect on [CO2] and, hence, pH. Glucose addition over long periods of time can give rise to changes in the levels of organic acids and amino acids that result in net increases in medium acidity. This secondary effect can, over time, produce pH changes much larger than those produced by CO2 alone. The consequences of this mechanism is that glucose can provide a very tight coupling of glucose delivery to demand as long as pH excursions larger than about 0.2 unit do not occur, such as from a routine pH probe recalibration, for example. If care is taken to prevent such excursions, glucose pH control provides a simple, inexpensive method of providing “on demand” glucose feeding. 



 BIOT 46 [607298]:  Novel sensors for cell culture and fermentation

 NAME:   Govind Rao1, Xudong Ge1, Yordan Kostov2, and Leah Tolosa3. (1) Department of Chemical and Biochemical Engineering, University of Maryland Baltimore County, 1000 Hilltop Circle, Baltimore, MD 21250, Fax: 410-455-1049, grao@umbc.edu, xge1@umbc.edu, (2) Department of Chemical and Biochemical Engineering, University of Maryland, Baltimore County, (3) Chemical & Biochemical Engineering, UMBC 

 Abstract

Glucose and glutamine are carbon and nitrogen sources in cell culture media, and they are considered to be the major limiting factors to cell growth and product yield. However, overladen nutrients can also be detrimental to the process, for example, unfavorable levels of glutamine can lead to the deleterious production of ammonium which is toxic to cell cultures. Exessive carbon dioxide in media can also adversely affect the cell culture process. Therefore, monitoring of the above nutrients or by-product is an essential aspect of process control in cell culture. We describe a novel naked optical CO2 sensor. The sensor was made by using HPTS as the fluorescence dye and CTMAOH as the phase transfer agent. For the other two analytes, an extremely sensitive glutamine sensor and a glucose sensor will be reported. These optical biosensors are based on the engineered binding proteins from E. coli using site-directed mutagenesis technique. By labeling the glutamine binding protein with acrylodan at the single mutant cysteine and ruthenium at the N-terminal, we have devised a dual emitting biosensor that can detect submicromolar amounts of glutamine. The glucose binding protein is labeled with ANS at the single mutant cysteine, allowing intensity-based measurements. Finally, the sensors are successfully tested in the fermentation of E. Coli and yeast. 



 BIOT 47 [606571]:  Adaptive control of a G. xylinus fed-batch fermentation using in situ mid-IR spectroscopy

 NAME:   Henri Kornmann1, Sergio Valentinotti2, Martin H. Rhiel3, and Urs von Stockar2. (1) Laboratory of Chemical and Biochemical Engineering, Swiss Federal Institute of Technology, EPFL, Lausanne 1015, Switzerland, henri.kornmann@epfl.ch, (2) Laboratory of Chemical and Biochemical Engineering, Swiss Federal Institute of Technology (EPFL), (3) Process Development, Cytos Biotechnology AG 

 Abstract

Bacterial exopolysaccharides (EPS) have unique rheological properties due to their high purity and regular structure. Thus, the food industry frequently uses EPS as thickening, gelling or stabilizing agents. The strain Gluconacetobacter xylinus I 2281 is capable of producing with a very high yield a new soluble EPS named gluconacetan, which is composed of rhamnose, glucose, mannose and glucuronic acid. 

Growth of these bacteria presents many features that represent a real challenge for both monitoring and control. High EPS concentrations in the culture broth cannot be filtered and thus, classical on-line monitoring tools, such as “Flow Injection Analysis” or chromatographic methods, are no longer suitable to follow the fermentation. Another problem is related to the ethanol concentration in the reactor. This compound is the main substrate for biomass production. Cells convert it to acetate and metabolize this last to form biomass. When ethanol concentration is above a certain threshold, the enzymatic system that digests acetate is inhibited. As a result, biomass growth is stopped and acetate accumulates in the reactor. It is thus necessary to maintain the ethanol concentration in the reactor at a very low concentration. 

In this work fed-batch fermentation of G. xylinus was performed. A concentrated ethanol solution was used as the feed solution. A very simple and novel adaptive control strategy was used to maintain the acetate concentration in the reactor constant. Consequently ethanol concentration was forced to remain very low. In situ MIR spectroscopy, a non-invasive optical sensor system that is insensitive to the viscosity changes in the broth was used to monitor simultaneously ethanol, acetate, ammonium, phosphates and fructose concentrations. Both the control strategy and the experimental results will be presented. 



 BIOT 48 [607854]:  Real-time fault detection, diagnosis, and quality prediction in batch fermentations

 NAME:   Cenk Undey, Sinem Ertunc, Eric Tatara, and Ali Cinar, Department of Chemical and Environmental Engineering, Illinois Institute of Technology, 10W 33rd St, Chicago, IL 60616, Fax: 312-567-8874, undey@iit.edu 

 Abstract

Many pharmaceutical products are manufactured by using batch and fed-batch fermentation processes where various biological materials are transformed into high-value products such as enzymes and antibiotics. Slight changes in operating conditions during critical periods may have a significant influence on growth and differentiation of organisms, and impact final product quality and yield. Changes in raw material quality and impurity levels in the feed also affect the final product. Effective, online process monitoring, fault detection, fault diagnosis and product quality prediction in real-time ensure safe operation and warn operators about the excursions from normal operation that might lead deterioration in product properties. They also provide the opportunity to take corrective action before the effects of disturbance(s) become irreversible. The ultimate goal in batch process monitoring is to monitor the batch during its progress and predicting end-of-batch product quality gives an early insight about the batch performance with respect to quality. This provides information about the progress of the batch while the physical, biological and chemical changes are taking place, enabling the observation of deviations from desired trajectories, implementation of interventions to eliminate the effects of disturbances, and decision to abort the batch if saving it is too costly or impossible. When abnormal process operation is detected, fault diagnosis tools are used to determine the source cause of the deviation. We have developed a real-time knowledge-based system (RTKBS) by integrating these monitoring, detection, and diagnosis activities. Batch length equalization and time alignment of process trajectories are also accounted for prior to modeling. A number of conventional and novel online statistical process monitoring and quality prediction techniques based on subspace empirical modeling has been implemented and compared. Multivariate control charts for fault detection and contribution plots with control limits for fault diagnosis were integrated with RTKBS as efficient automated supervision tools. A rule base is developed to interpret multivariate charts conveniently and inform process operators about process abnormalities. Details of deployment of our system are discussed via case studies with simulated penicillin fermentation data. 



 BIOT 49 [629571]:  Title to be announced

 NAME:   TBA To Be Announced, TBA, Tba, NE 90210, TBA@TBA.com 

 Abstract

Abstract forthcoming 
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 BIOT 50 [603181]:  Accelerating product and process development by using cell-free protein synthesis

 NAME:   James R. Swartz, Nathalie Michelle-Reydellet, Kurtis Knapp, Gang Yin, and Junhao Yang, Department of Chemical Engineering, Stanford University, Stauffer III, Rm 113, Stanford, CA 94305-5025, Fax: 650-725-0555, swartz@chemeng.stanford.edu 

 Abstract

Cell-free protein synthesis offers the potential for rapid and low-cost product and process development for protein pharmaceuticals. Cell-extracts can be prepared in advance and PCR products used as DNA templates. New advances suggest that even complicated proteins with multiple disulfide bonds can be properly folded. Within a matter of hours, new expression constructs can be amplified and tested. Within days, experimental quantities of product candidates can be produced. We will show how this new technology is being developed for the production of patient-specific vaccines and will present several examples that illustrate the power of this approach. 

[image: image8]
 BIOT 51 [604998]:  Enhancement of antibody fragments expression in Escherichia coli: A novel cytoplasmic screening approach

 NAME:   Raphael Levy, Department of Molecular Biology, The University of Texas at Austin, 2500 Speedway, MBB 3.312, Austin, TX 78712, rlevis@mail.utexas.edu, Brent Iverson, Department of Chemistry and Biochemistry, The University of Texas at Austin, and George Georgiou, Department of Chemical Engineering, The University of Texas at Austin 

 Abstract

We have previously demonstrated that the co-expression of specific bacterial molecular chaperones increases the production of functional antibody fragments in the oxidizing cytoplasm of trxBgor mutant E.coli strains. Here,we present a new approach to screen for folding modulators from an E.coli derived genomic library. We employ a lambda phage display system, where the library repertoire is ligated to the bacteriophage DNA, downstream of an inducible lac promoter. Following the lysogenization of trxBgor E.coli, harboring an expression plasmid of a single-chain antibody fragment (scFv) fused to the lambda minor coat protein gpD, the library members are co-expressed with the scFv fusion. Subsequently, a switch to lambda lytic phase results in the display of the fusion proteins on the heads of the assembled lambda virions. Several rounds of phage panning, infection, lysogenization and lysis of bacteria producing the fusion protein result in the selection of monoclonal phages carrying positive library sequences. 



 BIOT 52 [622139]:  Engineering fungal systems to produce human glycoproteins

 NAME:   Tillman Gerngross, GlycoFi, Inc, 21 Lafayette Street, Suite 200, Lebanon, NH 03766, Fax: 603-643-8194, tgerngross@glycofi.com 

 Abstract

Fungal and yeast protein expression systems are ideal for the production of therapeutic glycoproteins because they are non-pathogenic, do not promote human pathogens, do not rely on any animal derived growth factors, and are able to produce large amounts of properly folded proteins on an industrial scale. However the aberrant, non-human glycosylation associated with these expression systems has prevented them from becoming a major production platform for human therapeutic proteins. GlycoFi’s technology harnesses the inherent advantages of fungal-based protein expression by engineering these systems to perform human-like glycosylation. Progress in the generation of fully humanized therapeutic glycoproteins in several fungal and yeast expression systems will be discussed. 



 BIOT 53 [605898]:  Overexpression of industrial enzymes in Pichia pastoris
 NAME:   Jincai Li1, Tatsuo Kaneko1, charles Isaac1, Nisha Palackal2, Jing Wei3, Jun Sun3, Brian Steer2, and Amit Vasavada1. (1) Bioprocess Development, Diversa Corporation, 4955 Directors Place, San Diego, CA 92121, jli@diversa.com, (2) Enzyme Technology, Diversa Corporation, (3) Proteomics, Diversa Corporation 

 Abstract

In the recent years, Pichia pastoris has emerged as an attractive host for heterologous protein production. Some of the advantages of P. pastoris include its strong, tightly controlled promoter (AOX1), ease of achieving high cell density (more than 150 g/L DCW), relatively simple recovery/purification for secreted products due to little secretion of its own proteins. As a yeast species, it also has the potential to be recognized by FDA as a safe organism. P. pastoris has been used at Diversa for over-expression of several important enzymes for agricultural and chemical applications. In this talk, expression of proprietary xylanase genes, among others, will be presented where issues like codon usage, post-translational modifications /glycosylation, expression optimization and process development will be discussed, as well as protease degradation and characterization. 



 BIOT 54 [592193]:  Simulation of large-scale environments in the laboratory

 NAME:   Tim Dodge, and Peter Lundqvist, Fermentation Development, Genencor International, 925 Page Mill Road, Palo Alto, CA 94304-1013, Fax: 650-845-6525, tdodge@genencor.com 

 Abstract

Scale-up of bioprocesses from the laboratory to the production plant is a time-consuming and expensive process. Delays getting to and reduced performance at production scale results in lost sales and profits. Unfortunately, matching the large-scale environment in the laboratory can be difficult. Here we describe a method to simulate substrate gradients in production bioreactors by pulse feeding of the substrate in the laboratory. Different processes were affected differently in the tests, but some showed the need for improved mixing at large-scale. Relatively inexpensive solutions were found and resulted in significant process enhancement at large-scale. 



 BIOT 55 [614126]:  Oxidative stress responses in E. coli fermentations under controlled conditions

 NAME:   Canghai Lu1, William E. Bentley2, Hyung Joon Cha3, Jose Garcia2, and Govind Rao1. (1) Department of Chemical and Biochemical Engineering, University of Maryland Baltimore County, 1000 Hilltop Circle, Baltimore, MD 21250, Fax: 410-455-1049, grao@umbc.edu, (2) Center for Biosystems Research, UMBI, Department of Chemical Engineering, University of Maryland, (3) Department of Chemical Engineering & Division of Molecular and Life Sciences, Pohang University of Science and Technology 

 Abstract

E. coli fermentations were conducted using a variety of oxidative stress probe-GFP fusions. Under controlled conditions, various stress reporter strains were exposed to perturbations in oxygen and agitation rate. Surprisingly, oxygen related stress (via radical formation) was observed even under conditions of 30% DO control in a 1 L fermentor. Interestingly, the molecular response for an oxygen perturbation was dependent on the mode of oxygen delivery (increased agitation or aeration). Additionally, and paradoxically, a stress reporter strain that responds to oxygen depletion (a nar::gfp fusion) revealed oxygen deprived regions in well-mixed highly aerated 10 L fermentors. That is, cells were hypoxic even though mixing time analysis suggested a well-mixed system. These and other results will be presented. 



 BIOT 56 [623320]:  Accelerating development of mammalian cell bioprocesses for recombinant protein production

 NAME:   Chetan Goudar, Rüdiger Heidemann, James Michaels, and Konstantin Konstantinov, Cell Culture and Bioprocess Engineering, Bayer Corporation, PO Box 1986, 800 Dwight Way, Berkeley, CA 94701-1986, Fax: 510-705-5451, chetan.goudar.b@bayer.com 

 Abstract

Increasing amounts of therapeutic proteins are being manufactured using recombinant mammalian cell cultures and there is a great need for rapid development and optimization of the various steps involved in protein production. Moreover, these processes have to be simple and robust to facilitate seamless transfer from the development phase into the manufacturing arena. In this study, we focus on seed-train expansion and bioreactor operation and present several approaches that we have used to reduce process development time. The conventional seed-train expansion technique has been replaced with cell storage in large cryo-containers that results in almost 70% reduction in the time required to inoculate a production bioreactor along with reduced contamination risks. Scaled-down models of production bioreactors have been extensively used for bioprocess development thereby allowing for extensive experimentation and the validity of the results obtained in the scaled-down bioreactors have been verified through minimal experimentation at the production scale. A host of on-line sensors have been employed that enable quasi real-time quantification of cellular physiology and metabolism through the computation of metabolic fluxes in a bioreaction network representative of the cells in culture. This continuous feedback on the physiological state of the cells is extremely valuable for planning subsequent phases of the ongoing experiment as well as for designing additional experiments allowing for the possibility of reaching desired protein yields with fewer, carefully-planned experiments. Simplicity and robustness are common themes in all the approaches presented above as they play a pivotal role in the successful transfer of a process from development to manufacturing. 



 BIOT 57 [621210]:  Challenges of securing biologics capacity

 NAME:   Elizabeth Bramhall, Steven S. Lee, and John Tabor, Biotech Development, Bristol-Myers Squibb Company, P.O. Box 4755, Syracuse, NY 13221-4755, Fax: 315-432-2343, elizabeth.bramhall@bms.com 

 Abstract

Therapeutic antibodies and fusion proteins are providing a new hope for the treatment of disease including cancer and autoimmune-related disorders. As demand for improved quality of life continues, so does the quest to find novel therapeutics to address unmet medical needs. Larger biologics have the potential to meet the challenge by virtue of design flexibility and pharmaceutical companies have invested significant effort in their development. Unlike traditional small molecules, the dose requirements for biologics are high and the technology required for their manufacture is complex. The high cost, long lead time and compliance challenges to bring a Biologics facility to licensure has created barriers to entry in the Biologics realm. Only several companies have been willing to commit to this investment resulting in a global manufacturing shortfall. As these molecules progress through late stage clinical phase, the capacity to manufacture becomes a bottleneck for commercialization. Current and future market demands and manufacturing capacity will be critically reviewed and analyzed. Strategies to effectively invest and develop resources to reduce launch delays and capacity shortfalls will be discussed. 



 BIOT 58 [597051]:  Development of a robust fed-batch CHO cell culture platform to optimize monoclonal antibody production

 NAME:   Paul A. Garza, Christine Kopelev, Douglas Osborne, Michelle Reid, Jessica Torres, Monica Gaya, Nicolas Vargas, Wolfgang Noe, and Y. H. David Chang, Process Sciences, IDEC Pharmaceuticals Corp, 11011 Torreyana Road, San Diego, CA 92121, Fax: 858-431-8750, pgarza@idecpharm.com 

 Abstract

The biopharmaceutical industry is experiencing a shortage of cell culture production capacity. There is a need for improved yields in the current and future facilities to help alleviate these shortages. In order to improve our MAb production we employed a strategy of physical parameter testing as well as medium component screening to minimize undesirable waste products while maximizing cell growth and cell specific productivity which would result in higher MAb concentrations. We performed initial screening of medium components (hydrolysates et al) in spinner flasks and then verified our results and fine tuned the processes in 5L stirred tank bioreactors before moving the processes to our scale-up group. As a result we have developed a cell culture platform that is capable of producing MAb titers between 1.0 and 3.0 grams per liter, pending on the growth and specific productivity. 



 BIOT 59 [620416]:  Improved process yields in monoclonal antibody manufacture

 NAME:   Albert E. Schmelzer, Stephen White, Eric Tsao, and Amit Varma, MedImmune, Inc, 35 W. Watkins Mill RD, Gaithersburg, MD 20878, schmelzera@medimmune.com 

 Abstract

Monoclonal antibodies are a proven clinical success for treatment of disease where a suitable disease-associated ligand exists. Vitaxin is an antibody directed against the ƒÑvƒÒ3 integrin that is in clinical trials for oncology and rheumatoid arthritis indications. To support clinical development of this molecule a rapid approach was adopted to manufacture clinical material. The manufacturing process was scaled-up in 3L, 50L, 100L, 250L, and 600L fed-batch bioreactors. We present here process robustness experience gained at different production volumes. In order to meet the large clinical needs as well as the eventual commercial demands a program was established to increase process yields. Several process changes were introduced to improve production yields several-fold. This presentation will highlight our scale-up observations, parameters affecting process robustness, and our process yield improvements, as well as how these strategies fit into the clinical production timeline. 



 BIOT 60 [583341]:  The role of process simulation in the development, evaluation, and debottlenecking of monoclonal antibody production processes

 NAME:   Charles Siletti, and Demetri Petrides, INTELLIGEN, INC, 2326 Morse Avenue, Scotch Plains, NJ 07076, Fax: 908 654-3866, casiletti@intelligen.com 

 Abstract

This paper will review the state-of-the-art in computer-aided process design and simulation with emphasis on applications of throughput analysis, cycle time reduction, debottlenecking, and economic evaluation of integrated monoclonal antibody production processes. As we increase throughput in an existing plant, we run into bottlenecks that are either equipment or resource (e.g., utilities, labor, etc.) related. Size equipment bottlenecks are equipment items that limit the amount of product produced per batch. Scheduling equipment bottlenecks are units that limit the number of batches that can be processed per year or campaign. A methodology for systematic identification and elimination of equipment and resource bottlenecks will be described. The value of the methodology will be demonstrated with a real world example that deals with the retrofit design of a monoclonal antibody production facility. Based on recommendations of the methodology, changes in process scheduling and installation of extra capacity for selected equipment resulted in 40% plant throughput increase. 



 BIOT 61 [620399]:  Characterization of a small molecule conjugated antibody

 NAME:   Wei Zhang, ImmunoGen, Inc, 128 Sidney Street, Cambridge, MA 02139, Fax: 617-995-2510, wei.zhang@immunogen.com 

 Abstract

Tumor-activated prodrugs, or TAPs, are a unique application of recombinant monoclonal antibody (mAb). Several TAPs are currently in cancer clinical trials. Each TAP consists of a mAb that is chemically linked to a small molecule drug that serves as an effector molecule. TAPs remain inactive while circulating in the body until the drug component is released from the mAb component inside the target tumor cell. Therefore, each TAP acts as a prodrug, delivering significantly more potent drug to be delivered to tumor cells but causing minimal harm to healthy tissues. Like other protein pharmaceuticals, TAPs can undergo various enzymatic and non-enzymatic degradation reactions, which may lead to size and charge heterogeneities. Therefore, they also require extensive and stringent characterization of purity, structural integrity and stability. This presentation will summarize the characterization and stability studies of TAPs using a variety of techniques. 



 BIOT 62 [601361]:  Development of high-performance IDEC’s in-house medium for antibody production

 NAME:   Yao-ming Huang1, Thu Huynh1, Le Ly1, Wolfgang Noé2, and Y. H. David Chang2. (1) Cell Culture Process Sciences, IDEC Pharmaceuticals Corp, 11011 Torreyana Rd, San Diego, CA 92121, Fax: 858-431-8750, huangym1@yahoo.com, (2) Process Sciences, IDEC Pharmaceuticals Corp 

 Abstract

IDEC Pharmaceuticals has taken a systematic approach in developing IDEC-owned medium for monoclonal antibodies production. Through in-house medium development, IDEC gained insights in its nutrient feeding strategy as well as the complete control and know-how in its process development. In the first step, the protocols of growing cells in multi-well plates, T-flasks, spinner flasks, and shaker flasks were evaluated and modified to ensure the accuracy and consistency of the experimental results. A high-throughput well plate assay was also developed to facilitate component screening and dosing. Optimization of amino acids, vitamins, trace elements, and selected inorganic salts was then investigated using statistical experimental design. Doubling time, integrated cell growth, titer, and specific productivity were weighed as optimization criteria. The resulting fed-batch process using the IDEC-owned media produced 1-2 g/L MAbs process within two weeks in 5L bioreactors, comparable to the process using vendor’s proprietary media in terms of productivity and product quality. 



 BIOT 63 [607420]:  Impacts of glycosylation on antibody effector function

 NAME:   Victor Sarantschin, Neose Technologies, Inc, 102 Witmer Road, Horsham, PA 19044, Fax: 215-315-9400, vsarantschin@neose.com 

 Abstract

Monoclonal antibodies secreted by recombinant cell expression systems or transgenic organisms nearly always contain a single glycosylation site at Asn 297, a site located in the CH2 domain within the Fc region of the molecule. Monoclonal antibodies lacking the CH2 domain N-linked glycan exhibit normal antigen binding mediated by hypervariable regions of the Fab portions of the molecule, but are deficient in Fc effector functions such as antibody dependent cellular cytoxicity (ADCC) and complement mediated lysis (CML). These and other effector functions require molecular recognition between the Fc domain of the IgG molecule and proteins such as Fc receptors on the surfaces of immunocytes (ADCC) or soluble proteins that initiate the complement cascade (CML). 

A novel method for in vitro enzymatic remodeling of carbohydrate chains on secreted glycoproteins will be described and examples of applications of the technology will be provided. The method utilizes recombinant glycosyltransferases plus sugar nucleotides to remodel glycan chains of secreted recombinant biologically active glycoproteins. Because this technology provides independent control over glycosylation, it allows optimization of glycan synthesis during drug discovery phase, eliminates costly delays in searching for cell lines that give adequate glycosylation during product development, and enables large scale glycoprotein manufacturing in cell systems that give maximal expression of polypeptide. In addition, gaining control over glycosylation can ease regulatory hurdles such as batch to batch consistency and heterogeneity of clinical material. 



 BIOT 64 [600034]:  How can you tell if a column is doing its job?

 NAME:   Edwin N. Lightfoot, Department of Chemical Engineering, University of Wisconsin, 1415 Engineering Drive, Madison, WI 53706-1691, enlightf@facstaff.wisc.edu 

 Abstract

Characterizing the performance of a chromatographic column is not so easy as it might seem at first glance, and it must be recognized at the outset that the HETP is not a itself a column property. Rather it is determined by process conditions, and it is not even a meaningful term for many situations of industrial interest. Even where applicable the measurement of plate height is a non-trivial task. Discussion will begin with the use of tracers under conditions of differential chromatography and the interpretation of the resulting effluent curves. It will be shown that even for these simple systems effluent curves can be far from the hoped for Gaussian and that van Deemter plots based on the assumption of Gaussian behavior can lead to major misunderstanding of column performance. Methods for dealing with these problems will be discussed. Determining the effects of non-uniform flow distribution will be discussed next, and it will be shown that a surprising amount of information can be obtained by simple techniques. However, the spatial distribution of flow non-uniformities can be even more important than their bulk magnitude, and this spatial distribution can be particularly critical for the non-linear solute distributions of most commercial interest. The specific nature of the distribution can change the column behavior qualitatively. All of the points raised in this discussion will be illustrated using actual column data. 



 BIOT 65 [616143]:  Monitoring, diagnosis, and troubleshooting of large-scale chromatography

 NAME:   John Prior, Manoj Menon, Caroline Dugopolski, and Kevin Legg, Therapeutics Manufacturing Technical Support, Genzyme Corporation, 500 Soldiers Field Road, Allston, MA 02134, John.Prior@genzyme.com 

 Abstract

Large-scale preparative chromatography operations play an important role in downstream purification processes for protein therapeutics. Increasing the reproducibility of chromatography operations and minimizing process mishaps is important from a product quality as well as an economic perspective. We use automated chromatography operations that collect large amounts of on-line process data. Statistical Process Control (SPC) analysis of offline analytical data is used to monitor process reproducibility. When unusual process data is detected, on-line and off-line data are used to diagnose and trouble-shoot process problems. We will present an evolving investigation methodology that has been developed based on experience in monitoring and trouble-shooting efforts. 



 BIOT 66 [595383]:  Packing quality and integrity of industrial chromatography columns: From raw data smoothing to performance correlations

 NAME:   Alan Sonnenfeld, Helen Forrester, and Jorg Thommes, Process Sciences Department, IDEC Pharmaceuticals, 11011 Torreyana Road, San Diego, CA 92121, asonnenfeld@idecpharm.com 

 Abstract

Conventional analysis of column packing quality and integrity is performed in the biotech industry using a pulse response method in combination with a short cut analysis for HETP assuming a symmetric response peak. Recent development has shown that in-process step transitions are well suited for obtaining the packing integrity information directly from the process chromatogram. These transitions can be evaluated for HETP (or total number of plates) of the column using moments analysis. Considering that data from a large-scale manufacturing environment are convoluted with a noise function, data smoothing is an essential prerequisite for robust analysis. In this presentation, several mathematical smoothing functions are tested for their capability to eliminate the in-process noise and an optimal function is recommended. A number of manufacturing data sets from various chromatographic methods were investigated with the optimum smoothing technique followed by moments analysis. Subsequently, the packing quality data was correlated with the process performance as measured by various parameters (yield, elution volumes, purity etc..). The resulting technique represents a noninvasive method to evaluate and trend the quality and integrity of large-scale chromatographic columns 



 BIOT 67 [603682]:  Determination of the parameters governing biomolecule transport in EDTPA-modified zirconia particles

 NAME:   Anu Subramanian, Chemical Engineering, University of Nebraska, Lincoln, 207L Othmer Hall, Lincoln, NE 68588, Fax: 402-472-6989, asubramanian2@unl.edu, Sabyascahi Sarkar, Chemical Engineering, and Peter W. Carr, University of Minnesota 

 Abstract

Zirconia particles were modified with Ethylenediamine-N, N’-tetra(methylphosphonic) acid (EDTPA), further referred to as r_PEZ , to yield a support for use in chromatography. Our previous studies have demonstrated the utility of r_PEZ in the separation of immunoglobulins from biological fluids. We seek to understand the underlying factors and identify the rate-limiting mechanisms that govern the transport of biomolecules in r_PEZ. Pulse injection techniques were used to elucidate the individual mass transfer parameters. Elution profiles obtained under retaining and unretaining conditions were approximated by the Gaussian equation and the corresponding HETP contributions were estimated. The dependence of the HETP values on incremental salt concentration in conjunction with the equations outlined in literature was used to determine and estimate the theoretical number of transfer units for the adsorption process. Our results indicate that surface diffusion probably plays a minor role in the adsorption of HIgG to r_PEZ. Pore diffusion was determined to be the rate limiting process for immunoglobulin G adsorption to r_PEZ. The HETP based methodology may be used to estimate the rate limiting mechanisms of mass transfer for any given chromatographic system. 



 BIOT 68 [602518]:  Chemometric analysis of chromatography production data: Integrating principal component analysis into a highly regulated industry

 NAME:   Michelle M. Mostajo, Tina M. Larson, and Jeff O. Davis, Recovery Manufacturing Science and Technology, Genentech, Inc, One DNA Way, MS 75B, South San Francisco, CA 94080, Fax: 650-225-4436, mmostajo@gene.com 

 Abstract

The monitoring of chromatography processes relies heavily on the visual interpretation of data generated by on-line sensors. Quality Assurance personnel analyze chromatograms detailing the performance of various parameters, such as conductivity, optical density, and pH. Specific features of the chromatograms are targeted during side-by-side reviews against characteristic profiles. Achieving proficiency requires extensive training and experience. While humans are capable of such sophisticated pattern recognition, automating this task may significantly expedite the review of chromatography production data. To address this issue, automated pattern recognition was investigated. Chemometric tools were applied to extract quantitative relationships among process variables. Advanced mathematical and statistical methods were utilized to unlock valuable information within data collected from existing on-line sensors. Studies emphasized the construction of robust Principal Component Analysis (PCA) models to detect subtle process anomalies. PCA was found to effectively evaluate chromatography processes. As an automated technique, it readily provided a quantitative means for assessing chromatographic performance and proved able to identify even slight deviations in chromatography production data. 



 BIOT 69 [607323]:  Resin reuse validation and evaluation of performance over resin lifetime

 NAME:   Traci S. Taggart, David J. Dripps, Todd Kessler, Meegan E. Cameron, James E. Seely, and Robert J. Todd, Purification Process Development, Amgen, Inc, 4000 Nelson Rd., Longmont, CO 80503 

 Abstract

Establishing resin lifetime and validating resin reuse for full-scale processes is an important aspect of process validation. For one of Amgen’s large-scale processes, resin reuse validation was desired for up to 90 production lots at commercial scale, which for some resins was in excess of 700 cycles. Reductions in resin cost per lot significantly impacts the raw material cost and overall cost of goods, thus justifying the cost of performing the bench scale resin lifetime studies to support full scale validation for 90 lots. Resin reuse validation performed on a Sepharose HP resin evaluated performance of the resin for greater than 400 cycles at the commercial scale and was supported by evaluating resin performance at the bench scale for 720 cycles. Evaluation of column performance at both scales included analysis of product purities and yields over time, analysis of blank runs performed at set intervals, and analysis of HETP and Asymmetry performed periodically to assess packed bed quality. Results at both scales showed no impact to column performance over the cycles performed. 



 BIOT 70 [600090]:  Evaluation of algorithms for quantification of packed-bed integrity in production-scale chromatography

 NAME:   Jefferson O. Davis, Tina M. Larson, and Raymond Arnold, Manufacturing Sciences, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080, Fax: 650-225-4436, jeffd@gene.com 

 Abstract

When appropriately chosen and implemented, automated techniques for evaluation of chromatographic bed integrity can increase the speed, accuracy, and consistency of the overall chromatographic data review process. However, there are many algorithms available for analysis of chromatographic bed integrity and a solid understanding of the benefits and limitations of each is required to make a judicious choice. The sensitivity and robustness of several common algorithms for quantification of column packing integrity in production scale chromatography were evaluated. Each algorithm was evaluated for the ability to distinguish between chromatograms indicating a well-packed resin bed and chromatograms indicating integrity breaches of varying severity. To assess the robustness of each technique under manufacturing conditions, common types of signal variability were introduced to the source data at controlled magnitudes. To facilitate analysis, a model was developed to simulate chromatograms produced by columns exhibiting poor packing integrity. 



 BIOT 71 [616141]:  Tracking resin dynamic capacity in preparative chromatography

 NAME:   R.S. Blackmore, and J.R. Ryland, Baxter, Boulder, CO 80301, richard_blackmore@baxter.com 

 Abstract

Evaluating preparative chromatography performance is critical in ensuring the production of protein therapeutics of consistent quality. Computer monitored instruments are readily available to track elution behavior, but without approaches to analyzing the data produced, they are of little use. Here we describe two simple approaches to the analysis of the shape of chromatographic elution profiles. In the first example, we quantify the difference in shape of a pilot scale Q step gradient elution of recombinant hemoglobin (rHb) relative to a standard elution using the L1norm. In the second example, we quantify the shape of the rHb product elution peak from a Zn IMAC pilot scale column when the column is stripped with EDTA. In this case, we fit a Gaussian equation to the elution profile. We find that with these two very different chromatographic systems, the shape of the elution profile of rHb is linearly correlated with the rHb load factor and therefore, by inference, to the rHb dynamic capacity. We suggest that these methods, which give indirect measures of resin dynamic capacity and column packing, are useful in assuring the consistent performance of the chromatographic process. 



 BIOT 72 [629573]:  Title to be announced

 NAME:   TBA To Be Announced, TBA, Tba, NE 90210, TBA@TBA.com 

 Abstract
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 BIOT 73 [606390]:  Seed train development for production of HIV gag plasmid in E. coli
 NAME:   Jessica L. Okonkowski, Bioprocess Research and Development, Merck & Co., Inc, 126 E. Lincoln Avenue, RY80Y-105, Rahway, NJ 07065, Fax: 732-594-4400, jessica_okonkowski@merck.com, Randolph Greasham, Bioprocess R&D, Merck Research Laboratories, and Michel Chartrain, Department of Bioprocess Research and Development, Merck Research Laboratories, Merck & Co. Inc 

 Abstract

A fermentation process utilizing E. coli DH5 for the production of supercoiled HIV gag plasmid DNA for use as a DNA vaccine is currently under development to deliver a robust, feasible and high-yielding process at large-scale. A thorough understanding of the seed train performance is essential for implementing the fermentation process at multiple scales, including large-scale. Ideally, multiple seed-train schemes should be developed that deliver the desired reproducibility and plasmid yields within the limitations of any future facility. These limitations may include bioreactor volumes and availability, deep-freezer storage space for inoculum or production scheduling requirements. This presentation will include the development and evaluation of various seed train strategies that may be implemented in the future. Seed train schemes incorporating one, two or three-stages were explored with combinations of inoculum volumes ranging from 0.005% to 4% (v/v) of either thawed or actively growing inoculum sources. The processes were evaluated in terms of final plasmid yield, overall cycle time, reproducibility and sensitivity to external factors (i.e. robustness), and feasibility at large-scale. The working seed (inoculum source) production and subsequent freezing processes were also thoroughly explored to determine optimum freezing rate and glycerol concentration in terms of viable-cell retention. The results show that final plasmid yield remained in the desired range, despite the type of seed train implemented, although the transfer of fresh inoculum (two- or three-stage seed trains) into the production tank allowed for a more reproducible fermentation process. This permits many seed train schemes to be considered for implementation at manufacturing-scale and will allow factors such as overall cycle time and feasibility to ultimately decide which seed train scheme will be chosen. 



 BIOT 74 [595645]:  Integrated systems approach for the optimization of recombinant fermentation processes

 NAME:   Karl Bayer, Monika Cserjan, Gerald Striedner, Karin Duerrschmid, Helga Reischer, and Franz Clementschitsch, Institute of Applied Microbiology, University of Agricultural Sciences, Muthgasse 18B, A-1190 Vienna, Austria, Fax: +43-1-369 76, bayer@mail.boku.ac.at 

 Abstract

High yield in combination with the required product quality are the key objectives of process development for recombinant protein production. Therefore process optimization is aiming at maximal exploitation of the host cell’s potential by means of optimal control of the flux-ratios between biosynthesis of host cell proteins and recombinant proteins. To accomplish these requirements methods to monitor the metabolic load of the host cell resulting from overexpression of recombinant protein and process control regimes to adapt recombinant gene expression to the potential of the microbial protein synthesis machinery were developed. In this context microarray based transcription profiling was applied to screen stress relevant promoters for the construction of reporter gene fusions. Tuning of recombinant gene expression was attained by limited feed of inducer, which also enables the use of lactose to meet regulatory requirements. The integration of biological and engineering approaches largely contributes to enhance process development and optimization. 



 BIOT 75 [607614]:  Process development by CFD modeling for very large-scale fermentations: Development of yeast kinetics for batch processes

 NAME:   Colin G. Hébert1, Charles E. Wyman1, Lee R. Lynd1, and André Bakker2. (1) Thayer School of Engineering, Dartmouth College, 8000 Cummings Hall, Hanover, NH 03755, colin.hebert@dartmouth.edu, (2) Fluent Corporation 

 Abstract

Biological conversion of cellulosic biomass to fuels and chemicals would employ fermentors of 1 million gallons and more, and cellulosic streams containing combinations of compounds released during pretreatment such as furfural, soluble lignin compounds, and acetic acid that have not been dealt with at this scale. Those financially accountable are reluctant to commit funds for these first-of-a-kind operations that are unproven at a large scale. Typically, pilot and demonstration operations are run to address these issues, but such operations are costly, delay applications, and may not adequately address investor concerns. However, computational fluid dynamics (CFD) models can be applied to predict the performance of large scale systems based on data collected at a much smaller scale. In addition, CFD can be used to identify operating conditions within fermentors that might impact performance such as a change in pH with depth due to formation of carbonic acid from CO2 release, and laboratory to bench scale experiments can then be run at similar conditions to evaluate possible consequences and test solutions. In this paper, kinetic models to describe yeast fermentations are developed for integration into CFD software, and initial results reported on the effect of selected process variables on performance. 

Key words: computational fluid dynamics, CFD, yeast, fermentations, kinetics 



 BIOT 76 [615960]:  Monitoring cell populations in bioreactors

 NAME:   J. Kacmar, N. Vijayasankaran, and F. Srienc, Department of Chem. Eng. & Matl. Sci., and BioTechnology Institute, University of Minnesota, Minneapolis/St. Paul, MN 55108, srien001@umn.edu 

 Abstract

Many sensors have been developed for detecting the environmental state of a culture. However, from such data one can only indirectly infer on the state of the biomass present in the culture. Sensors that can directly probe the state of the biomass are very limited. Essentially no sensors exist that would also show, in detail, how the cellular state is distributed within the population of cells that make up the biomass. In order to obtain this kind of information one has to resort to microscopic or to other cytometric techniques that operate at the level of single cells. We have automated flow cytometry to combine analysis with frequent bioreactor sampling and highly reproducible cell preparation procedures. The approach is invaluable for the detailed evaluation of the cellular phenotype under different environmental conditions, and for the automated isolation of desired cell variants. 



 BIOT 77 [606513]:  Production of novel triketide lactone analogs by directed biosynthesis

 NAME:   Rika Regentin1, Jonathan Kennedy2, Nicholas Wu3, Jorge Galazzo1, Peter Licari1, and Ruchir Desai1. (1) Process Science, Kosan Biosciences Inc, 3832 Bay Center Place, Hayward, CA 94545, Fax: 510-732-8401, (2) Biochemistry, Kosan Biosciences Inc, (3) Biological Sciences, Kosan Biosciences Inc 

 Abstract

Precursor-directed biosynthesis was used to produce triketide lactone analogs (R-TKLs) in a fermentation process. Strains of Streptomyces coelicolor containing either the second module of 6-deoxyerythronolide B synthase (DEBS) fused to the terminal thioesterase (TE) or a mutant form of DEBS module 1 and 2 + TE where the first module ketosynthase is inactivated were tested for production. In addition, different synthetic precursors were examined for their effect on R-TKL production. The R-TKLs were unstable in fermentation broth at pH 6-8. A two-phase fermentation with a pH shift was implemented to stabilize the products. Initially the fermentation pH was controlled at optimal values for cell growth (pH 6.5). The pH was shifted to lower values during the precursor-directed biosynthesis of R-TKL. Finally the concentration of synthetic precursor in the fermentation was optimized to improve titers by using different feeding protocols. 



 BIOT 78 [585959]:  Enhanced protein production by Bacillus subtilis using a dual exponential feeding strategy

 NAME:   Hanjing Huang1, Darin Ridgway1, Tingyue Gu1, and M Moo-Young2. (1) Chemical Engineering, Ohio University, Athens, OH 45701, Fax: 740-593-0873, hanjing@bobcat.ent.ohiou.edu, gu@ohio.edu, (2) Department of Chemical Engineering, University of Waterloo 

 Abstract

A recombinant Bacillus subtilis strain (ATCC 31784) harboring the plasmid pC194 with a thermostable alpha-amylase gene was cultured in a 22-liter B. Braun Biostat C fermenter. Traditional batch operations suffer from low cell mass and protein productions because a high initial glucose concentration causes substrate inhibition and also product inhibition due to acetate accumulation. An exponential fed-batch strategy was developed in this work to prevent these inhibitions. The complicated fermenter control requirements were successfully tackled by using the versatile LabVIEW control software on a personal computer linked to the fermenter’s control unit via a serial interface. The host strain is auxotrophic for phenylalanine, tyrosine and tryptophan. Due to low solubilities of tyrosine and tryptophan in the feed stream, tyrosine and tryptophan were dissolved separately in ammonia water to form a second feed stream. By dual feeding both streams at different exponential feed rates, a high cell density of 24.2 g/l and a final alpha-amylase activity of 71.4 U/ml were achieved. The overall biomass yield was 0.39 g cell/g glucose. In comparison, for the batch culture with the initial glucose concentration of 8 g/l, the final cell density was 2.3 g/l, and alpha-amylase concentration was 1.5 U/ml. The corresponding biomass yield was 0.28 g cell/g glucose. The exponential fed-batch strategy used in this work can be applied to productions of other recombinant proteins by B. subtilis. This makes the gram-positive bacterium a more attractive host for cloning. 



 BIOT 79 [610766]:  Improvement in oxygen transfer in submerged fermentation using microbubbles

 NAME:   J Weber, and Foster Agblevor, Biological Systems Engineering Department, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, , fagblevo@vt.edu 

 Abstract

A laboratory-scale microbubble dispersion (MBD) generator has been shown to improve oxygen transfer to yeast when coupled to the conventional air-sparger. However, the process has not been demonstrated for shear-sensitive microorganisms such as filamentous fungi. We investigated the production of cellulase enzyme from RUT-C30, a mutant of Trichoderma reesei using a spinning-disc MBD generator. A one-liter spinning disc MBD generator was used to supply air to a 1-liter working volume fermentation of RUT-C30 using various levels of agitation. For all levels of agitation investigated, the MBD generator maintained an adequate supply of surfactant stabilized air microbubbles to the microorganisms at a relatively low agitation rates (350 rpm). The volumetric oxygen transfer coefficient for the microbubble system at agitation rate of 350 rpm and 0.3 vvm was 430 h-1 compared to 85 h-1 for the conventional sparger under similar conditions. For the same agitation rate (350 rpm), and using microcrystalline cellulose substrate, the cell mass productivity was twice the corresponding conventional sparger. Cellulase enzyme activity was similar for both systems, and the yield of extracellular proteins was similar. Practical application of the MBD technology can be expected to reduce power consumption and therefore operating costs for aerobic fermentation. 



 BIOT 80 [615927]:  Development and scale-up of Pichia pastoris fermentation and protein recovery processes

 NAME:   Daniel B. Rudolph, Teri Powers, Reuben Land, Susan Pittinger, and Don R. Durham, Combrex Bioscience, Baltimore, MD 21224, daniel.rudolph@cambrex.com 

 Abstract

Pichia pastoris has become a popular expression system for recombinant proteins. Among the advantages of the Pichia fermentations are the ability to reach very high cell density cultures, and the ability to express high levels of foreign proteins that may be secreted into the culture medium. The high cell densities attained in Pichia cultures, however, provide inherent challenges regarding both the fermentation process and recovery of secreted recombinant protein from the culture at production scale. Defined media for Pichia cultures and basic fermentation parameters have been established, however Pichia also secretes proteases. Altering culture pH and/or temperature to inactivate the proteases can increase yields of recombinant proteins that are susceptible to these proteases, and are among the most important process design factors. Recovery of the secreted protein at process scale requires the use of unit operations capable of handling large volumes of high cell density solutions, such as continuous centrifugation, expanded bed chromatography or tangential flow filtration (TFF). Studies were performed to evaluate fermentation and subsequent clarification of protein products from Pichia culture medium to assess clarification methods. Clarification methods include continuous centrifugation and TFF. TFF provides a reproducible and robust harvest method that can be performed in time periods competitive with existing technologies. Factors affecting TFF were examined to assess product recovery and quality. These factors included culture dilution, maintenance of consistent flux rate, diafiltration wash volume and membrane cleaning. In addition scaled-up of Pichia processes from the 10L to the 1000L scale with appropriate equipment modifications to accommodate high cell density cultures and methanol feeds were successfully demonstrated. 



 BIOT 81 [606139]:  Effects of anti-apoptosis genes on mammalian cells producing antibodies

 NAME:   Bruno Figueroa Jr.1, Eric Ailor2, Mitchell Reff2, J. Marie Hardwick3, and Michael J. Betenbaugh1. (1) Department of Chemical Engineering, Johns Hopkins University, 3400 North Charles Street, Baltimore, MD 21218, Fax: 410-516-5510, Bruno@jhu.edu, beten@jhu.edu, (2) IDEC Pharmaceutical, (3) Department of Molecular Microbiology and Immunology, Johns Hopkins University 

 Abstract

It is now recognized that mammalian cells in culture will undergo apoptosis in response to different stimuli present in bioreactor environments. In this study, we have engineered mammalian cell lines to express anti-apoptosis genes in addition to secreting monoclonal antibodies. The effects of expressing particular anti-apoptosis genes as well as combinations of anti-apoptosis genes on cell viability and monoclonal antibody production are evaluated in multiple cell culture environments. These studies will indicate whether anti-apoptosis strategies can be an effective tool to enhance antibody productivity for mammalian cell culture systems. 



 BIOT 82 [605076]:  Production of proteins with complex glycosylation in insect cells

 NAME:   Christoph E. Joosten, School of Chemical and Biomolecular Engineering, Cornell University, 120 Olin Hall, Ithaca, NY 14853, Fax: 607-255-9166, cej6@cornell.edu, and Michael L. Shuler, School of Chemical Engineering, Cornell University 

 Abstract

The insect cell-baculovirus expression vector system has widely been used for the expression of recombinant proteins, taking advantage of its potential for high productivity. However, N-linked glycosylation in insect cells is usually limited to high mannose and truncated glycans, making the system unsuitable for the expression of therapeutic proteins requiring complex glycosylation. Our work has focused on a Trichoplusia ni cell line variant, Tn-4s, with superior glycosylation ability compared to the parental Tn5B1-4 cells. Under conditions of low specific yield, it has been possible to obtain 20% sialylation of a model glycoprotein. In these conditions, forms with intermediate complex glycosylation (terminated with GlcNAc or Gal) were found in much lower proportions. Under culture conditions with high specific yield, complex glycosylation was absent. These results suggest yield-limited capacity of the cells to process glycans to sialylation, and rapid processing of intermediate complex glycans. 



 BIOT 83 [607983]:  Analysis of metabolic decline in batch/fed-batch hybridoma cultures

 NAME:   R. Robert Balcarcel, and Lindsey M. Clark, Department of Chemical Engineering, Vanderbilt University, VU Station B, Box 351604, Nashville, TN 37235-1604, Fax: 215-343-7951, r.balcarcel@vanderbilt.edu 

 Abstract

Production of therapeutic antibodies in hybridoma cell cultures is limited by growth inhibition and cell death. Apoptosis can be the dominant mode of cell death, yet the exact stimulus for its activation is not presently clear. In this work, we track the dynamic progression of metabolic rates, growth rates, and death rates of batch and fed-batch cultures. We observe that metabolism peaks before growth and death do. Moreover, metabolic rates peak as early as 14-20 hours post inoculation and begin declining steadily thereafter, well in advance of the decline in culture viability that occurs after 48 hours. These results, and several other reports in the bioprocess and biological literature, point to “metabolic decline” as a probable stimulus for activation of apoptotic pathways. In this vein, metabolic and regulatory pathways involved in metabolic decline may be considered as targets for metabolic engineering to improve production processes for biotherapeutics. 



 BIOT 84 [594064]:  Production of antibodies and antibody fragments in Aspergillus niger
 NAME:   Hendrik J. Meerman1, Huaming Wang2, Cherry Lin2, Doreen Victoria2, Marjorie Ang1, Jeff Pucci1, Meng Heng1, Xin Wang1, Robin Fong1, Brian Fox2, Beth Fryksdale2, David Wong2, and Michael Ward2. (1) BioProcess Engineering, Genencor International, Inc, 925 Page Mill Road, Palo Alto, CA 94304-1013, hmeerman@genencor.com, (2) Genencor International Inc 

 Abstract

At Genencor strains and methods to efficiently secrete foreign proteins in filamentous fungi have been developed. We have now demonstrated production of full-length IgG1, Fab’ and F(ab’)2 in Aspergillus niger. Filamentous fungi offer advantages over mammalian cell culture for production of mAbs. These fungi naturally secrete large amounts of protein in inexpensive, robust, large-scale fermentations. Production cell lines can be generated quickly and culture volumes are easily scaled from microtiter plates to thousands of liters. In addition, they share aspects of protein secretion, folding and glycosylation in common with higher eukaryotes. IgG1 production in A. niger is competitive with mammalian cell systems and much higher than previously reported for other microbial hosts. The secreted antibody is assembled and fully functional (binds antigen). Either glycosylated or non-glycosylated IgG1 can be produced, and we have characterized the structure of the high-mannose glycan added to the Fc region of IgG1. We believe that A. niger provides an attractive alternative for manufacturing some therapeutic antibodies. 



 BIOT 85 [620429]:  Engineered antibodies to treat whooping cough

 NAME:   Jennifer Maynard1, David Relman1, Brent Iverson2, Tod Merkel3, and George Georgiou2. (1) Department of Microbiology & Immunology, Stanford University, Stanford, CA 94305, jamaynard@stanford.edu, (2) Dept Chemical Engineering, University of Texas at Austin, (3) CBER, FDA 

 Abstract

In spite of vaccination efforts, whooping cough (the disease caused by the Bordetella pertussis microbe) remains a world wide health hazard and appears to be re-emerging in industrialized countries. Treatment efforts are complicated by limited available options: antibiotics are only effective during the asymptomatic phase of disease, after which only supportive care is available. Because disease is mediated by ~20 virulence factors, polyclonal anti-sera has been used with some success to treat whooping cough (even reversing disease in mice) but is no longer available. This suggests that high affinity, humanized monoclonal antibodies targeting key virulence factors may provide an even higher level of protection. Of the many neutralizing monoclonal antibodies produced, the most potent, based on a mouse protection model, appear to bind pertussis toxin, a primary component of the acellular vaccine. The variable regions of two of these antibodies have been cloned, humanized and expressed as full-length human immunoglobulins. In vitro characterization demonstrates that humanization has resulted in only minimal affinity and activity losses, in spite of reducing the number of non-human framework residues from 54 to six. The mechanism of protection has been examined in terms of neutralization of soluble and cell-associated toxin as well as the role of effector functions. Data regarding in vivo protection in a murine model will be discussed. These antibodies provide a means to investigate correlates of pertussis immunity as well as form the basis for a potential therapeutic. 



 BIOT 86 [622142]:  Toward production of therapeutic antibodies with mammalian-type glycosylation in fungal systems

 NAME:   Stefan Wildt, GlycoFi, Inc, 21 Lafayette Street, Suite 200, Lebanon, NH 03766, Fax: 603-643-8194, swildt@glycofi.com 

 Abstract

The lack of sufficient manufacturing capacity is the major bottleneck constraining growth in the biological drug industry today. The problems inherent in the production of glycoproteins by mammalian cell-systems include: efficacy, production levels, cost, safety and speed to market. In comparison to mammalian cells fungal systems are far superior fermentation organism. They lack however a “humanoid” glycosylation pattern. With 12 licensed monoclonal antibodies and an estimated >100 in development, antibodies make up the fastest growing group of therapeutic glycoproteins. There are several efforts underway to produce antibodies in fungal systems. However, mammalian-type glycosylation of the antibodies-Fc fragment is essential for its interaction with the Fc-gamma receptors and thus for the elicitation of an immune response by leukocytes. We have made significant progress towards creating fungal systems capable of secreting therapeutic glycoproteins with mammalian type N-glycans and will discuss our latest progress. 



 BIOT 87 [629687]:  Evaluation of a continuous disc stack centrifuge for the clarification of mammalian cell cultures

 NAME:   Russell Shpritzer, Wyeth BioPharma, Andover, MA 01810, rshpritzer@wyeth.com 

 Abstract

A pilot-scale continuous disc stack centrifuge was used to clarify a variety of mammalian cell cultures. The work focused primarily on a high-density monoclonal antibody culture. Bowl speeds and feed flow rates were varied to determine the effect on cell lysis, centrate turbidity, and filterability. Solids discharge also revealed itself to be an important factor affecting performance. Strategies to minimize the effects of solids discharge on process stream quality were explored 



 BIOT 88 [581920]:  CE: A rapid analysis tool and an emerging technology

 NAME:   Danielle L. Beurer, David J. Roush, and Kent E. Goklen, Merck Research Laboratories - BioProcess R&D, Merck & Co., Inc, PO Box 2000, Mail Stop: RY805S-100, Rahway, NJ 07065, Fax: 732-594-4973, danielle_beurer@merck.com 

 Abstract

Capillary electrophoresis (CE) potentially offers automated, rapid analysis of monoclonal antibody (MAb) samples with comparable performance to established techniques with small injections (10-100 nL). The goal of this research was to determine if CE was comparable to established techniques. The pI results from the CE were compared to results from standard gel electrophoretic methods; MW results from the CE were compared with results from SEC and gel electrophoretic methods. 

CE can be used to help identify the types of impurities present in purification processes – information that can be used to develop optimal conditions for ion exchange and other types of chromatography. This research revealed that the limit of detection of CE for human IgG was 0.5 g/L, significantly higher than the limit of detection of standard methods, and higher than that of most process streams. Until CE becomes more sensitive, routine use will require a pretreatment step. Reproducibility and precision between runs were determined by comparing the theoretical number of plates. Variances up to 46% were observed between successive runs on the same capillary. This research suggests that CE is still an emerging technology. 



 BIOT 89 [595261]:  Chromatography of ultralarge proteins and nanoparticles using monoliths

 NAME:   Alois Jungbauer1, Alfred Zoechling1, and Rainer Hahn2. (1) Institute of Applied Microbiology, University of Agricultural Sciences, Muthgasse 18, Vienna A-1190, Austria, Fax: +4313697615, jungbaue@hp01.boku.ac.at, (2) Institute for Applied Microbiology, University of Agricultural Sciences 

 Abstract

Monoliths, a novel generation of stationary phases, are cast into chromatography columns as one single block, interlaced by channels ramified with micropores. As a consequence mass transfer is mainly based on convective transport. Low mass transfer resistance compared to conventional beaded materials can be observed. Pulse response experiments using different proteins (or amino acids and dextran) with molecular weights ranging from 165,2 Da to 2.000.000 Da at flow rates from 50-1000 cm/h under nonbinding conditions were applied to study band broadening resistance on polymethacrylate-based monoliths. The retention volume for a broad range of molecular weight was identical, only phenylalanin (MW=165,2) and a peptid (MW=1173) exhibited a larger retention volume. The calculated total porosity is therefore approximately 0,7 and the void fraction 0,54. Then the separation of viruses and plasmids were studied. Even with these nanoparticles mass transfer resistance could not be observed. Main contribution to peak broadening was hydrodynamic dispersion. Plasmid showed identical breakthrough curves up to a velocity 0f 1000 cm/h. Dynamic binding capacity is in the range of 4 mg/ml. These novel stationary phases are considered as an interesting tool for processing of ultra large molecules and nanoparticles. 



 BIOT 90 [606443]:  Stimulus-responsive polymers used in chromatographic separation

 NAME:   Ronnie Palmgren, Jim Van Alstine, Asa Rudstedt, Anna Kjellgren, and Marie Wulff, Protein separation, R &D, Amersham Biosciences AB, Uppsala 751 84, Sweden, Fax: +46186121844, Ronnie.Palmgren@eu.amershambiosciences.com 

 Abstract

In the chromatographic separation of peptides, proteins, and other biological molecules, and when culturing cells on particulate media, it is frequently necessary to avoid the use of organic solvents or high salt concentrations in the mobile phase, which can cause sample denaturation. The complete avoidance of organic solvents is also advantageous for environmental reasons. Polymers that display a physicochemical response to stimuli have been utilized widely by a variety of scientists (e. g., Okano et al., Hoffman et al.) for drug delivery systems, cell culture substrates, and bioconjugates. Stimuli studied to date include chemical substances, and changes in temperature, pH, light and electric fields. However, there have been few reports on the use of stimulus-responsive polymers in chromatographic separations, where altering physical conditions strongly affects surface properties of the stationary phase. We have covalently attached different stimulus-responsive polymers to a support matrix. These new matrices were then characterised and chromatographically evaluated. The responsive media show different separation behaviour than regular media. 



 BIOT 91 [616826]:  Protein and stationary-phase determinants of FGF retention on cation exchangers

 NAME:   Abraham Lehnoff1, P. DePhillips2, and Y. Yao1. (1) Department of Chemical Engineering, University of Delaware, Newark, DE 19716, Fax: 302-831-1048, lenhoff@che.udel.edu, (2) Merck and Co 

 Abstract

The chromatographic retention of two heparin binding proteins, FGF-1 and FGF-2, on a set of cation exchangers was studied to probe the adsorption mechanism. Despite the similarity of their heparin binding sites, FGF-1 and FGF-2 have significant differences in amino acid composition and consequently in their charge properties. Appreciable retention and selectivity differences were seen on different cation exchangers, ranging from strong retention with low selectivity to much weaker retention with higher selectivity. In order to examine the mechanistic basis for these retention differences more closely, protein-adsorbent electrostatic interactions were calculated taking protein structural details into account. The calculations indicate that the heparin binding sites, which are located in regions of high positive charge density, should contribute most strongly to retention, but that differences in the charge distribution elsewhere on the molecules can contribute as well. The experimentally observed retention differences appear to result from differences in steric accessibility of the binding site to stationary-phase ligands, which is related to stationary-phase structure and flexibility, as well as from contributions not explicitly accounted for in the model, specifically hydration interactions. 



 BIOT 92 [577609]:  Modeling of breakthrough curves of staphylococcal enterotoxin B in peptide affinity chromatography

 NAME:   Guangquan Wang, and Ruben G. Carbonell, Department of Chemical Engineering, North Carolina State University, Box 7905, Riddick Lab 113, Raleigh, NC 27695, Fax: 919-515-3465, gwang@unity.ncsu.edu 

 Abstract

A comparative modeling of the breakthrough curves of Staphylococcal enterotoxin B (SEB) in peptide affinity chromatography is presented. The adsorption isotherm of SEB on a short peptide ligand can be described using the bi-Langmuir equation. Thus two types of binding sites (type I and type II) were assumed on the adsorbant. The general rate model (GR) was used first to fit the experimental data to obtain the intrinsic rate constants of the adsorption-desorption process on the peptide ligands. An analysis on the numbers of the transport units determined that the film mass transfer, the pore diffusion, and the adsorption-desorption kinetics on the type II sites were rate-limiting steps. Simple models including the lumped pore diffusion model (POR), the transport-dispersive model (TD), and the reaction-dispersive model (RD) were also evaluated. It was found that the POR model gave similar simulation results to the GR model, while the TD and RD models could give wrong predictions. The analysis based on the simulations from the simple models confirmed the rate-limiting steps determined from the GR model. 



 BIOT 93 [595691]:  Strategies for maintaining chromatographic column performance across scales

 NAME:   Alan Williams1, Kathryn Taylor1, Kyril Dambuleff2, and Robert Kennedy1. (1) Separation Sciences, Amersham Biosciences, 800 Centennial Ave, piscataway, NJ 08855, al.williams@am.amershambiosciences.com, (2) Amersham Pharmacia Biotech, Inc 

 Abstract

Changing the scale of operation in the production of biomolecules to meet increased market demands or for validation efforts is becoming quite common. The successful scale up / down of chromatographic separations requires maintaining resolution, throughput and yield, which is achieved by maintaining the quality and performance of the packed column. Effective strategies for developing scaleable column packing and evaluation techniques will be discussed. 



 BIOT 94 [595643]:  Purification of plasmid DNA on a novel matrix using ion-pair chromatography

 NAME:   John Curling1, Michael Chambers2, Len Smiley3, Alexandra Whan4, and Dev Baines4. (1) John Curling Consulting AB, SWEDENBORGSGATAN 3-5, S-753 34 Uppsala, Sweden, Fax: +46 18 290621, john@consultcurling.se, (2) Aldevron LLC, (3) ProMetic BioSciences (USA) Inc, (4) ProMetic BioSciences Ltd 

 Abstract

Almost all adsorbents used for plasmid DNA separations were developed and optimised for protein separations. Anion exchange, hydrophobic interaction and size exclusion chromatography have been applied to plasmid DNA purification in multiple step cascades. Ion pair chromatography has been applied to DNA and nucleotide purification. We present a novel, synthetic fluorinated polymeric adsorbent (Perfluorosorb® S) designed for DNA purification, capable of resolving supercoiled plasmid DNA from other plasmid isoforms, genomic DNA, RNA, proteins and endotoxins. This adsorbent is a spherical, 40-45 mm, porous, inert polymeric material with a DNA capacity, depending on plasmid size, up to 0.5 mg/mL, that can be run at flow rates up to 700 cm/hr. Loading and initial wash are performed with tertiary or quaternary alkyl amines as ion pairing agents. Under these conditions, plasmid DNA is retained by the extremely hydrophobic support and impurities are eluted in initial or intermediary washes. The ion-pairing agent is also eluted prior to desorption of the pDNA. Supercoiled plasmid DNA is separated from relaxed DNA isomers and is eluted in a high pH buffer containing up to 25% ethanol. The method is applicable to both capture and polishing steps and can be combined with standard anion exchange capture to yield a “GMP grade” plasmid preparation. 



 BIOT 95 [595654]:  Qualification of large-scale chromatography systems

 NAME:   Oliver Kaltenbrunner, and Ache Stokelman, Process Development, Amgen Inc, MS 30W-2-A, One Amgen Center Drive, Thousand Oaks, CA 91320, Fax: 805-499-5008, oliverk@amgen.com 

 Abstract

Differences in chromatographic process characteristics during scale change are not uncommon. Many of these differences may be attributed the mechanical inequivalency of equipment used at the bench scale to that of the pilot plant. In particular, variations in gradient formation methodology and system piping and instrumentation may introduce unwanted transients and band broadening. Avoiding process transfer complications due to these scale-dependent system characteristics requires a thorough understanding of the equipment in use. Rigorous methods for characterization of gradient forming equipment and chromatographic monitoring arrangements are presented. Using this approach, system performance of lab-scale equipment setups can be compared to large-scale equipment performance. The quality of large-scale gradient formation using various gradient formation strategies is investigated and the respective suitability for production purposes is discussed. Based on system characterization data, operational envelopes for chromatography systems can be defined in relation to their intended use. The potential impact on process performance as a result of operating a system outside its operational envelope is demonstrated. 



 BIOT 96 [589608]:  Novel software tools for evaluating integration within a downstream process: A case study of expanded-bed adsorption vs packed-bed adsorption

 NAME:   Mustafa Abbas Mustafa1, John Washbrook2, Suzanne Farid3, Ai Chye Lim3, and Nigel Titchener-Hooker3. (1) Department of Biochemical Engineering, University College of London, Gower Street, WC1E 6BT, London, United Kingdom, Fax: (+44)(0)207 916 3943, m.mustafa@ucl.ac.uk, (2) Department of Computer Science, University College London, (3) Department of Biochemical Engineering, University College London 

 Abstract

Expanded Bed Adsorption (EBA) is a downstream processing option, which relative to conventional routes based upon solid-liquid separation and packed beds, offers potential increases in productivity combined with reduction in costs. There does not exist a tool that provides a clear set of prerequisites for adopting EBA, which assesses the whole systems consequences of such a flowsheet decision in terms of utility requirements and tank usage. The paper describes the development and use of such a tool. In a case study we examine the process tradeoffs in adopting EBA relative to a packed bed route, where advantages of capital cost reduction and increased yield are compared directly against penalties of using potentially more expensive EBA matrices with lower cycle limits. Results demonstrate the usefulness of the software tool through identifying the combination of factors - EBA yield, matrix cost, matrix capacity, and cycle limit – required for EBA adoption to be competitive on a cost of goods (COG) basis. 



 BIOT 97 [607160]:  Biomediated assembly of functionalized microbeads for capture of microorganisms

 NAME:   Tom Tao Huang1, Tao Geng2, Demir Akin3, Woo-Jin Chang3, Jennifer Sturgis4, Rashid Bashir3, Arun K. Bhunia4, J. Paul Robinson4, and Michael R. Ladisch5. (1) School of Chemical Engineering and Laboratory of Renewable Resources Engineering, Purdue University, 1295 Potter Center, West Lafayette, IN 47907, Fax: 765-494-7023, huangt@ecn.purdue.edu, (2) Department of Food Science, Purdue University, (3) School of Electrical and Computer Engineering, Purdue University, (4) Department of Basic Medical Science, Purdue University, (5) Department of Biomedical Engineering and Laboratory of Renewable Resources Engineering, Purdue University 

 Abstract

There has been a growing interest to combine microbeads-based surfaces with microfluidic devices to provide bead-based separation, detection or analysis of specific biological species. This paper reports fabrication of functionalized particulate monolayer on a C18 coated SiO2 surface via bio-mediate self-assembly or adsorption. A microchip with C18 surface pre-adsorbed with biotinylated BSA enables rapid self-assembly of streptavidin coated microbeads through specific biotin-streptavidin interaction. When coated with BSA, this microchip surface immobilizes polystyrene or dimethylamino beads through possible non-specific hydrophobic or electrostatic interactions. Protein coated microbeads such as ones coated with anti-Listeria antibody can also be immobilized onto a bare C18 surface through hydrophobic interactions. A microbead patterned surface results where the only area capable of binding proteins or microbes is the microbead itself, since biotinylated BSA or BSA pre-adsorbed onto a C18 surface blocks non-specific adsorptions. Fluorescence microscopy was used in this work to study the adsorption of Escherichia coli and the food pathogen Listeria monocytogenes onto various types of microbeads immobilized on microchip surfaces. Four types of microbead coated surfaces were used: (1) streptavidin microbeads surface pre-adsorbed with biotinylated anti-Listeria anybody; (2) anti-Listeria microbead surfaces pre-blocked with BSA; (3) polystyrene microbead surfaces; and (4) dimethylamino microbead surfaces. Streptavidin microbeads pre-adsorbed with biotinylated anti-Listeria antibody and anti-Listeria antibody coated microbeads showed specific capture of L. monocytogenes while polystyrene microbeads and dimethylamino microbeads captured E. coli and L. monocytogenes non-specifically. The combined use of functionalized microbeads for specific capture and biotinylated BSA or BSA for blocking non-specific adsorption enables development of fully functional microfluidic devices for separation, detection or analysis of specific biological species. 



 BIOT 98 [587273]:  Biomembranes on a microfluidic chip

 NAME:   Paul Cremer, Department of Chemistry, Texas A&M University, MS 3255, College Station, TX 77843, Fax: 979-845-7561, cremer@mail.chem.tamu.edu 

 Abstract

The advent of parallel data acquisition and combinatorial techniques has greatly expanded the experimental approaches employed in the biological and chemical sciences. Typical strategies rely on arraying many compounds on a two-dimensional grid (e.g. a DNA chip or a multiwell plate). Variables such as buffer conditions, chemical composition and concentration can be controlled in a predetermined fashion at each address in processes ranging from materials discovery to proteomics. The addressing process, however, is typically time consuming and requires relatively large sample volumes (typically microliters). We demonstrate that microfluidics can alleviates some of the need for individual addressing by applying gradients of material in a single application. Another advantage of using a microfluidic strategy is the ability to include temperature gradients in the combinatorial toolbox. To achieve this, we developed a strategy based upon the two-dimensional diffusion of heat between a hot source and cold sink. Normally it is quite difficult to take advantage of such diffusion because of interferences from the surrounding environment. However, this method becomes very practical at micron scale in a lab-on-a-chip device. We have exploited this discovery for making one-shot melting point measurements, fluorescence quantum yield curves, and Arrhenius plots. 



 BIOT 99 [617438]:  Development of a biomimetic circulatory system using chips fabricated from PDMS

 NAME:   David J. Fischer, Nicholas J. Torrence, and Dana M. Spence, Department of Chemistry, Saint Louis University, 3501 Laclede Ave., St. Louis, MO 63103, Fax: 314-977-2521, spenced@slu.edu 

 Abstract

Recent reports in the literature have identified adenosine triphosphate (ATP) as a possible determinant in the control of vascular caliber in the intact circulation. Our group has recently shown that passage of rabbit RBCs through microbore tubing having diameters similar to those in vivo (25-75 micrometers) results in the release of micromolar amounts of ATP. Moreover, in separate studies, it was demonstrated that ATP is indeed required for NO production by endothelial cells. Taken collectively, these reports suggest a novel mechanism for the control of vascular tone by which RBC-derived ATP is a stimulus for the endothelium derived relaxing factor, NO. We have recently fabricated chips from polydimethylsiloxane (PDMS) with channels having dimensions similar to arterioles in vivo. Importantly, passage of RBCs through these channels using a pressure-driven flow mechanism results in the release of ATP, which is subsequently measured via the chemiluminescence resulting from the reaction of extracellular ATP with a luciferin/luciferase mixture. 



 BIOT 100 [599423]:  Microfluidic devices for complex sample analysis: Integrated on-chip sample preparation, cellular, and chemical analysis starting from raw samples

 NAME:   Bernhard H Weigl, Microfluidic Applications, Micronics, Inc, 8463 154th Ave NE, Redmond, WA 98052, Fax: 4258951183, bernhardw@micronics.net 

 Abstract

A microfluidic platform and devices for the analysis of complex samples such as whole blood and biological cell suspensions are presented. These devices use at their core flow structures based on Laminar Fluid Diffusion Interfaces (LFDIs). LFDIs are generated when two or more streams flow in parallel in a single microfluidic structure. It has been shown that such structures may be used for diffusion-based separation and detection applications. The method has been applied to, among other examples, the extraction and subsequent detection of drugs and small proteins from whole blood samples (H-Filter®), the lysing and detection of blood particles (MicroCytometry™), and the chemical detection of various constituents in whole blood (T-Sensor®). These devices combine several different individual analysis steps in a single on-chip process that does not require user intervention. The analysis frequently involves sample cleanup, cell lysing, extraction and concentration of analytes, concentration determination, and on-chip waste storage. The devices are plastic-laminate-based, three-dimensional microfluidic disposables. The cards are custom-designed for each specific analytical purpose, but generally operate on the same footprint of roughly the size of a credit card. The cards may comprise many different flow circuit elements, but can also contain heterogeneous elements such as silicon-based MEMS devices, electrodes, optical analysis chips, separation media, modified adsorption surfaces, and semi permeable membranes, which allow most common analytical functions to be integrated and performed directly on the card. The on-card fluid flow is controlled by an external computer-controlled micro-positive-displacement pump system and a pneumatic valve control unit. 







 BIOT 101 [601977]:  Polymer-based microfluidic devices for PCR amplification of genomic DNA

 NAME:   Steven A. Soper1, Robin L. McCarley1, and Michael C. Murphy2. (1) Department of Chemistry, Louisiana State University, Baton Rouge, LA 70803, Fax: 225-578-3458, chsope@lsu.edu, (2) Mechanical Engineering, Louisiana State University 

 Abstract

We are currently fabricating polymer-based microchips using LIGA for applications in DNA diagnostics (identifying mutations). LIGA is used to make molding tools, which can imprint high-aspect-ratio microstructures (HARMs) in polymers. In this presentation, we will discuss the fabrication of a continuous flow PCR device fabricated from polycarbonate. The device consists of two different formats, a single channel of 1.2 m in length with 3 isothermal zones that can perform 20 PCR cycles or a short channel, which is operated in a synchronized electrokinetic flow format. The operational parameters of both devices will be discussed in terms of fabrication, materials issues, electronics integration and operational flexibility. 



 BIOT 102 [574402]:  Microreactors without microfabrication: Using microscale steady-state kinetic analysis to study biological interactions

 NAME:   Nathaniel J. Gleason, and Jeffrey D. Carbeck, Department of Chemical Engineering, Princeton University, A215 Engineering Quad, Olden Street, Princeton, NJ 08544, Fax: 609-258-0211, ngleason@princeton.edu 

 Abstract

Limited mixing at low Reynolds numbers, as well as the difficulties associated with microfabrication, limit the applicability and accessibility of microfluidic systems to the analysis of biochemical reactions. In traditional microreactors, the effects of mass transport often limit the observed rates of chemical reactions. For reactions at surfaces, a concentration boundary layer depleted in reactants can form adjacent to the surface. Once developed the rate of diffusion across the boundary layer determines the observed rate of reaction. We present a new technique – microscale steady-state kinetic analysis (MicroSKA) – that employs this concentration boundary layer to effectively create microscopic reaction volumes in macroscopic systems without the need for any microfabrication. Steady state analysis of the formation of this boundary layer provides kinetic parameters. We create a microchemical system with boundaries defined by relative rates of reaction and transport, not by the imposition of microfluidic channels or micropatterned surfaces. The combined effects of reaction and diffusion restrict reactions to a thin layer of fluid adjacent to a reactive surface. For enzyme-catalyzed reactions, complete conversion in this volume occurs over microscopic distances. By monitoring the development of this concentration boundary layer at an interface, we can determine the kinetics of the underlying chemical reaction. We have developed analytical solutions to a simplified reaction-transport model to illustrate the microscopic dimensions of the reacting system. A complete model has also been solved numerically; these solutions allow quantitative kinetic data to be extracted from spatial variation in conversion under steady state operation. We demonstrate these ideas with a model system composed of the enzyme alkaline phosphatase immobilized on a surface; this enzyme converts a non-fluorescent substrate to a fluorescent product. Epifluorescence microscopy measures the spatial variation of conversion under steady state conditions. Fitting of the model to the data provides the kinetic parameters for the reaction. This system is readily adapted to parallel analysis of multiple enzyme and/or substrates. This method of analysis is broadly applicable to a wide range of interactions in biology and to different modes of detection, such as total internal reflectance and surface plasmon resonance. 



 BIOT 103 [568665]:  Microfluidic sensors for protein analyses

 NAME:   Gloria Thomas, Chemical Science and Technology Laboratory, National Institute of Standards and Technology, 100 Bureau Drive, MS 8362, Gaithersburg, MD 20899-8362, Fax: 301-975-2643, gthomas@nist.gov, and Michael J. Tarlov, Process Measurements Division, Chemical Science and Technology Laboratory, National Institute of Standards and Technology 

 Abstract

This research explores the potential of hydrogels for biological assays of high specificity in areas such as biosensing, biological interaction and diagnosis of disease. The conventional approach to developing such methods, particularly in areas of protein analysis, involves surface immobilization of probes to microchannel walls using surface chemistry and/or streptavidin/biotin linkages through multistep or coupled chemical reactions. Hydrogel plugs provide another approach for immobilizing probes in microchannels. Sensors can be easily formed in microchannels within minutes by incorporating antibody probes in the monomer solution. Upon polymerization using a photoinitiator, these probes are immobilized by physical entrapment. In this presentation, hydrogel sensors capable of specific capture of target antigens are presented as demonstration of the potential of this technology for protein based assays. Effects such as microchannel surface treatment, hydrogel composition and incubation time will be illustrated using antibody/antigen model systems and quantitative methods will be discussed. 



Tuesday Morning

 BIOT 104 [606429]:  Metabolic flux analysis based on dynamic genomic information

 NAME:   Ka-Yiu San, Departments of Bioengineering and Chemical Engineering, Rice University, 6100 Main Street, MS 142, Houston, TX 77005, ksan@rice.edu, Steve Cox, Department of Comp & Applied Mathematics, Rice University, and George N. Bennett, Department of Biochemistry and Cell Biochemistry, Rice University 

 Abstract

Significant progress has been made in using a static metabolic database to estimate metabolic fluxes. This progress is mainly due to advances in the area of metabolic flux balance analysis (MFA) and the development of experimental and analytical techniques, such as the use of isotope labeling in combination of nuclear magnetic resonance and mass spectrometry. Traditional MFA starts with a predetermined metabolic network. The current presentation focuses on the development of a new approach that utilizes genomic and metabolic databases, including available genetic/regulatory network structures and gene chip expression data, to assist metabolic flux analysis. We will illustrate the approach with the example of the Escherichia coli oxygen and redox sensing/regulatory system, which controls the metabolic patterns connected to glycolysis and TCA cycle. 

[image: image11]
 BIOT 105 [606096]:  Metabolite and protein profiling of whole cells using soft-ionization mass spectrometry for rapid microbial characterization

 NAME:   Seetharaman Vaidyanathan, and Royston Goodacre, Institute of Biological Sciences, University of Wales, Aberystwyth, Cledwyn building, Aberystwyth, Ceredigion, Wales SY23 3DD, United Kingdom, Fax: 44-01970-622307, ssv@aber.ac.uk 

 Abstract

Rapid characterization of microorganisms is important in assessing food and environmental safety, in medical diagnosis, and in the screening of biotechnologically relevant metabolites. Soft ionization mass spectrometry of whole cells, with minimal sample preparation, offers the potential for rapid, high-throughput microbial characterization based on protein or metabolite profiles, or on specific biomarkers. Electrospray ionization (ESI) and matrix-assisted laser desorption ionization (MALDI) are two complementary soft-ionization mass spectrometry (MS) methods that we are developing for the analysis of whole microbial cells and which produce predominantly metabolite and protein profiles. This presentation will give an overview on the characterization of the spectral information, optimization of experimental conditions and the application of flow injection ESI-MS and MALDI-MS for the discrimination of microbial strains using chemometric techniques. 



 BIOT 106 [606668]:  Dynamic modeling of the Escherichia coli phosphoenolpyruvate-glycose phosphotransferase system

 NAME:   Purusharth Prakash, and Jeremy S. Edwards, Department of Chemical Engineering, University of Delaware, 150 Academy Street, Newark, DE 19716, Fax: 302-831-1048, prakash@che.udel.edu 

 Abstract

The bacterial phosphotransferase system is the primary system for glucose uptake and is also involved in a key signal transduction pathway. This work studied the metabolic and regulatory behavior of the Escherichia coli PTS system. Several regulatory and mechanistic features of this pathway are not well understood. To explore these regulatory issues, a detailed dynamic model of the system was developed and alternative mechanisms were tested against available data. The model agreed well with experimental data and captured the key dynamic behaviors of the system. The modeling effort identified a single mechanism that was consistent with the experimental data and demonstrated that several alternative mechanisms proposed in the literature are not feasible. A sensitivity analysis was used to determine critical steps in the system, leading to a reduced order model that captures the key behavior. The approach used was generalized to a framework for studying the regulatory interactions and mechanisms for partially known systems. 







 BIOT 107 [618581]:  Transcriptome analysis of ethanologenic Escherichia coli strains: Tolerance to ethanol

 NAME:   Ramon Gonzalez1, H Tao2, K.T. Shanmugam2, and Lonnie O. Ingram3. (1) Department of Chemical Engineering, Iowa State University, Ames, IA 50011, Fax: 515-294-2689, ramong@iastate.edu, (2) Department of Microbiology and Cell Science, University of Florida, (3) Microbiology and Cell Science, Metabolic Engineering Program, University of Florida 

 Abstract

cDNA arrays technology is being increasingly used for large-scale quantification of expression levels of individual genes. Using this technology we are currently investigating genetic and metabolic changes that ocurred in strain LYO1, an ethanol tolerant mutant of ethanologenic E. coli KO11 that was obtained by directed evolution. Expression levels for 205 ORFs were found to differ significantly (p<0.10) between LY01 and KO11 under each of six different growth conditions (p<10-6). A large fraction of differentially expressed ORFs were globally regulated, leading to the discovery of a nonfunctional fnr gene in strain LY01. In agreement with a putative role for FNR in alcohol tolerance, increasing the copy number of fnr+ in the parent, KO11(pGS196), decreased ethanol tolerance but had no effect on growth in the absence of ethanol. Other differences in gene expression provided additional clues to ethanol tolerance that permitted experimentation. Previous studies have shown that changes in gene expression serve as a good predictor of changes in corresponding specific enzyme activities (J.Bacteriol.183:2979-2988,2001) and metabolic fluxes (Biotechnol.Prog.18:6-20,2002). Tolerance appears to involve increased degradation of glycine (higher expression of gcv genes) and increased production of betaine (higher expression of betIBA, betT). Addition of glycine (10 mM) increased ethanol tolerance in KO11 but had no effect in the absence of ethanol. Addition of betaine (10 mM) increased ethanol tolerance by over two-fold in both LY01 and KO11 but had no effect on growth in the absence of ethanol. Both glycine and betaine can serve as protective osmolytes and this may be the basis of their beneficial action. Tolerance in LY01 is associated with increased expression of stress response genes, including the marAB genes encoding multiple antibiotic resistance proteins and rpoS gene encoding the survival sigma factor. Structural changes may also contribute to higher ethanol tolerance of LYO1 (changes in the expression of several genes concerned with the synthesis of peptidoglycan and the cell envelope). 



 BIOT 108 [621306]:  A functional proteomics study in neurobiology and the elucidation of signal transduction pathways

 NAME:   Wenjun D. Mo, Analytical Biochemistry, Drug Discovery, Biogen, Inc, 12 Cambridge Center, Room 308, Bio 6, Cambridge, MA 02142, David_Mo@Biogen.com 

 Abstract

Proteomics can be described as a technology driven field that bridges two different scientific disciplines: mass spectrometry and biochemistry. Success in proteomic research does not necessary require high-throughput or ultra-sensitive sophisticated technologies however, it has been increasingly recognized that an important key to successful proteomics study relies heavily on a close collaboration with a biologist and the smart orchestration of current bio-analytical strategies and tools. 

Identifying proteins from an enzymatic digest of spots from 1D- or 2D- SDS PAGE is one of the corner stones of proteomic studies. Immunoprecipitation and affinity purification of the sample prior to SDS PAGE and mass spectrometry, are not simply a purification technique, but are also important tools that are used to investigate protein-protein interactions in signal pathway elucidation. Here we describe the application of affinity extraction, SDS PAGE, and mass spectrometry to investigate the Ephrin Receptor (EphR, a neuron specific receptor) mediated signal transduction pathways. We have identified a down stream regulated protein complex that plays a pivotal role in regulation of the cytoskeleton. We have applied a similar approach toward the investigation of neuronal latrotoxin receptors and neuronal A-type K+ channels, and successfully discovered key components for these protein complexes. 



 BIOT 109 [602923]:  Glycoside hydrolases from Thermotoga maritima: Physiological and biotechnological aspects

 NAME:   Swapnil R. Chhabra1, Keith R. Shockley1, Shannon B. Conners1, Kevin Scott2, Russell D. Wolfinger2, and Robert M. Kelly1. (1) Department of Chemical Engineering, North Carolina State University, Partners II Building, Room 3309, 840 Main Campus Drive, Raleigh, NC 27606, swapchhabra@msn.com, (2) SAS Institute 

 Abstract
Glycoside hydrolases from Thermotoga maritima: Physiological and biotechnological aspects            

Abstract
The genome sequence of Thermotoga maritima MSB8, encodes for the highest number of glycoside hydrolase genes amongst hyperthermophilic Bacterial and Archaeal genome sequences reported to date. The ability of T. maritima to utilize the polysaccharides galactomannan and CM cellulose as carbon sources can be attributed at least in part due to the presence of the genes cel5A (TM1751), man5 (TM1227) and cel74 (TM0305). Biochemical properties of recombinant versions of Tm Man5 and Tm Cel74, expressed in Escherichia coli, correlated well with predictions made by sequence comparisons unlike those of Tm Cel5A. Global gene expression analysis using a targeted cDNA microarray indicated the presence of tight regulatory mechanisms for glycoside hydrolase expression in T. maritima during growth on different carbon sources. Mixed model data analysis in conjunction with biochemical characteristics of encoded proteins were used to predict pathways for polysaccharide uptake and utilization in this organism.



 BIOT 110 [605384]:  Protein classification by ligand binding

 NAME:   Michael Farnum, and Sergei Izrailev, 3-Dimensional Pharmaceuticals, Inc, 665 Stockton Dr, Exton, PA, PA 19341, Fax: 610-458-8249, michael.farnum@3dp.com 

 Abstract

The fundamental biochemical problem of discovering functional roles of proteins has been typically approached by expert enzymological analysis, sequence analysis and structural modeling. In recent years, the appearance of databases containing protein-ligand interaction data for large numbers of protein classes and chemical compounds provided new ways of investigating proteins for which the biochemical function is not completely understood. In this work we introduce a method to use ligand-binding data for functional classification of enzymes. We present results showing automatic biochemical function assignment based on the Enzyme Commission classification and the KEGG and BRENDA databases. 



 BIOT 111 [618609]:  A computational framework for the discovery of novel biotransformations

 NAME:   Vassily Hatzimanikatis1, Chunhui Li1, Justin A. Ionita1, and Linda J. Broadbelt2. (1) Chemical Engineering, CMBL, Northwestern University, 2145 Sheridan Road, Evanston, IL 60208-3120, Fax: 847-491-3728, vassily@northwestern.edu, (2) Department of Chemical Engineering, Group of Prof. Broadbelt, Northwestern University 

 Abstract

The large number of chemical transformations involved in biochemical pathways and the even larger number of enzymes that catalyze these transformations contribute to the complexity of biological systems. Analysis of the available genome sequences, as well as results from prior and current biochemistry research, suggest that while many of these transformations are common in most of the organisms, there are many organism-specific pathways, and many new enzymes and transformations remain to be discovered. We have focused on the development of a computational framework that identifies novel biotransformation pathways based on the rules of enzyme function and evaluates the alternative pathways with respect to their thermodynamic feasibility. 

The framework is based on graph theoretic methodologies. Graph theory provides the foundation for applying mathematics and associated algorithms to represent biochemistry. As applied to biochemistry, this allows for the identification of separate molecules down to the isomeric level and provides the fundamental framework for computer generation of reactions and pathways. Representing molecules as graphs, or an equivalent matrix representation, allows biochemical reaction to be carried out using matrix addition. To apply this approach to biochemical reactions, it is necessary to determine and specify the reaction matrices, or operators, that capture the biochemical transformations of interest. Through repetitive application of the set of reaction matrices representing the enzymatic reactions of interest to the reactants and their progeny, reaction pathways are generated automatically. The reactions must be carried out in a logical fashion to ensure that all species undergo their allowable reactions. The reactants and the products are assembled into the form of a reaction and added to the growing list of reactions. An unreacted species is obtained from the list, and the algorithm is repeated. The output of the pathway generation algorithm is a set of molecules and paths connecting them based on likely enzyme-catalyzed transformations. The application of this framework to tryptophan biosythesis will be discussed. 



 BIOT 112 [606738]:  Biofunctional membranes for Listeria monocytogenes detection

 NAME:   Wan-Tzu Chen1, Michael R. Ladisch2, Tao Geng3, and Arun K Bhunia3. (1) Department of Biomedical Engineering, Purdue University, 1295 Potter Center, West Lafayette, IN 47907, Fax: 765-494-7023, chen52@purdue.edu, (2) Department of Biomedical Engineering and Laboratory of Renewable Resources Engineering, Purdue University, (3) Department of Food Science, Purdue University 

 Abstract

Membrane filtration has offered the advantage of concentrating substances into small volumes or areas. In this study, we utilized polycarbonate membrane filters with defined pore sizes and paths for filtering inoculated samples and carried out membrane-based detection for Listeria monocytogenes, which is a foodborne pathogen related to several food recalls and listeriosis outbreaks. Membranes immobilized with specific antibodies to L. monocytogenes were used to filter inoculated samples. The chemistry utilizes direction reaction of a spacer with the membrane surface, followed by reaction with a bifunctional cross-linker, glutaraldehyde. Polycolonal anti-Listeria antibody was reacted and covalently bound on this surface. Tests with L. monocytogenes showed capture of this bacteria, wich is reduced when the blocking agent BSA is added to the mix. Mechanisms for bacterial capture during microfiltration will be discussed. 



 BIOT 113 [599194]:  Enhanced ultrafiltration: Using electrostatic repulsion to increase yield and throughput

 NAME:   Glen Bolton, Ralf Kuriyel, and Steve Pearl, Biopharmaceutical R&D, Millipore, 32 Wiggins L2B, Bedford, MA 01730, Fax: 781-533-3134, glen_bolton@millipore.com 

 Abstract

The economics of ultrafiltration operations are determined by the tradeoff between yield and throughput. High molecular weight cut-off membranes typically provide high permeability at the expense of increased product passage and reduced yield. By exploiting like-charge repulsion between charged proteins and charged membranes, high throughput can been achieved with high product yield. When the protein and the membrane have like-charge, electrostatic repulsion prevents the protein from partitioning into membrane pores, which lowers protein transmission and reduces membrane adsorption. This effect is greatest at low ionic strength where the size of the electric field surrounding a protein, the Debye length, is largest. Charged cellulose membranes that are stable for up to 30 hours of operation in 1 M caustic have been developed. Improvement in flux without yield loss has been demonstrated by replacing neutral membranes with charged membranes with higher molecular-weight cut-offs. Enhanced ultrafiltration presents the first opportunity to significantly improve the process economics of TFF concentration, diafiltration and buffer exchange steps typically used at the final formulation stage in the manufacture of biopharmacetical molecules. 



 BIOT 114 [585712]:  Optimization of an osmotic shock procedure for isolation of a protein product expressed in E. coli
 NAME:   Anurag S Rathore, Robert E. Bilbrey, and David E. Steinmeyer, Pharmacia, Chesterfield, MO 63198, Anurag.S.Rathore@pharmacia.com 

 Abstract

Osmotic shock has often been used for isolation of the product from the periplasm at small scale. However, several factors have negatively impacted the adoption of osmotic shock as a large-scale isolation technology. In this study, small-scale experiments were performed to evaluate the impact of several processing variables on recovery by osmotic shock of a protein product expressed in E. coli utilizing feed material and conditions that approach those realized in typical large-scale fermentations. Equilibration time, type and concentration of osmotic supplements, and pH of the Osmotic Shock Buffer were found to have significant impact on the osmotic shock recovery. Improved recovery was documented under conditions of increased equilibration time before the osmotic shock, Tris-HCl concentration in the osmotic shock buffer, as well as, initial dispersal of cells into the osmotic shock buffer. Recovery of up to 60 % was achieved under the optimized conditions. 



 BIOT 115 [574811]:  Purification of a polysaccharide conjugate vaccine using microfiltration membrane in backpulsing mode

 NAME:   Emily P. Wen, Lynn D. D’Silva, Danielle Murray, Sangeetha L. Sagar, and Ann L. Lee, Department of Vaccine Bioprocess Engineering, Merck & Co, Merck Research Laboratories, P.O. Box 4, West Point, PA 19486, Fax: 215-993-3348, emily_wen@merck.com 

 Abstract

The underlying mechanism behind the separation of unreacted polysaccharide from a protein-polysaccharide conjugate vaccine mixture using membrane purification with backpulsing was studied. Backpulsing is commonly employed in membrane purification of highly fouling solutions to minimize gel layer formation and thereby increase the efficiency of the membrane operation. Mathematical models were applied with the aim of understanding the purification of several well-defined vaccine conjugate mixtures. Experimental results from different membranes were compared to several of the mathematical models. Backpulsing was found to clear most of the gel layer formed by the conjugate solution and to restore the performance of the membranes. A cleaning efficiency, ß, between 0.2 – 0.4 was obtained. This cleaning efficiency parameter is defined as the fraction of the membrane surface cleaned by backpulsing, with 1 being optimal. In addition, by evaluating the cake growth factor for various purifications, it was determined that polysulfone membranes fouled to a lesser extent than polyethersulfone membranes. By using the models to evaluate different membrane performances, we were able to identify a membrane from a second source vendor that was acceptable for use in the proposed manufacturing process and gain a better understanding of the interactions between the different components of the vaccine mixture and different membranes. 



 BIOT 116 [599034]:  Membrane adsorber technology for trace impurity removal applications

 NAME:   Michael W. Phillips, Research and Technology Development, Millipore Corporation, 80 Ashby Road, Bedford, MA 01730, Fax: 781-533-3143, michael_phillips@millipore.com, and Herb Lutz, BioPharm Marketing, Millipore Corporation 

 Abstract

For trace impurity removal applications, membrane adsorbers provide an attractive alternative technology to traditional bead-based chromatographic separations. In contrast to bead-based chromatography, the adsorption sites of membrane adsorbers lie predominantly within the convective flow path of the fluid. For this reason, mass transfer rates are often several-fold higher within membrane adsorber media, allowing for high efficiency, high throughput separations. Intercept Q, a linearly scalable membrane adsorber family has been specifically designed for the efficient removal of trace impurities from biotherapeutics. Performance data are presented that establish the capability of Intercept Q for reproducibly achieving greater than 4 logs removal of mammalian virus, 3 logs removal of endotoxin and DNA, and nearly 1 log removal of host cell protein from monoclonal antibody process streams. Additionally, the use of a single-use membrane adsorber device can offer distinct economic advantages when compared to standard bead-based chromatographic operations. Disposable membrane adsorbers eliminate the need for column packing and cleaning validation, while simultaneously minimizing the volume and number of required buffers. Finally, the rigid microporous structure of the Intercept Q membrane allows for high flux operation and bed consistency at all processing scales 



 BIOT 117 [601249]:  Membrane adsorber process optimization through design of experiments

 NAME:   John Pieracci, Carolyn Schifftner, Jorg Thommes, and Lynn E. Conley, Process Sciences, IDEC Pharmaceuticals, 3010 Science Park, P.O. Box 919080, San Diego, CA 92191-9080, Fax: 1-858-431-8338, Jpieracci@idecpharm.com 

 Abstract

Anion-exchange chromatography has been traditionally used in the downstream processing of antibodies as a polishing step for the removal of low-level contaminants. Anionic-exchange membrane adsorbers show the promise of replacing this chromatographic step due to their greater simplicity, decreased process time, and reduced cost. 

IDEC Pharmaceuticals has performed an evaluation of membrane adsorbers using a Design of Experiments methodology. A design was first developed to screen for significant factors affecting membrane performance during the processing of one of IDEC’s antibody products. Factors such as solution pH and conductivity, fluid velocity, and antibody loading were investigated to determine their effect on antibody recovery and contaminant levels. It was found that trans-membrane pressure was a significant process constraint. Contaminant levels were very consistent with those of conventional packed bed anion-exchange chromatography. Two different membrane adsorbers were then evaluated to establish which membrane demonstrated the best performance. A final design was used to develop a predictive model for the best performing membrane over a narrowed range of operating conditions. 



 BIOT 118 [605424]:  Strategies for optimizing the robustness of viral filtration steps in large-scale biopharmaceutical manufacturing processes

 NAME:   Robert Caren, Department of Manufacturing Science and Technology, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94110, rcaren@gene.com 

 Abstract

Virus removal steps are an essential part of a biopharmaceutical manufacturing process. A variety of filtration technologies are now available to meet this need. A case study will be presented on the strategy used for a process change from a tangential flow viral filtration step to a normal flow viral filtration step. This involved small scale filtration studies as well as full scale runs. The conclusion from this project was that the robust integration of a normal flow viral filtration step into a manufacturing process requires a detailed analysis of the process stream variability in addition to an understanding of the sieving characteristics of the filter. 



 BIOT 119 [595411]:  Strategies for improving mammalian cell clarification performance

 NAME:   Sushil Abraham1, Neil Bingham2, Kenneth Green1, and James Kenworthy2. (1) Development, Lonza Biologics Inc, 101 International Drive, Portsmouth, NH 03801, Fax: 603-334-6262, sabraham@lonzabiologics.com, (2) Lonza Biologics plc 

 Abstract

The need to produce large quantities of monoclonal antibodies and proteins for therapeutic use has led to the development of mammalian cell culture processes that achieve high cell concentration. This can pose a challenge to further downstream unit operations. Typically, cell clarification is achieved by centrifugation, filtration (dead-end or tangential) or expanded bed chromatography. This paper examines strategies used to optimize centrifugation and filtration operations. These unit operations allow for a robust generic approach across a wide range of cell types and products. Evaluation of alternative centrifugation designs and filter types was examined. The use of pretreatment steps to facilitate scale up from the bench to large manufacturing scale was evaluated and found applicable for poor filtering cell lines. The approach to optimization of operational parameters and scale up from the bench to manufacturing scale is described. The process development of these operations also considers purification, cost and validation issues. 



 BIOT 120 [623373]:  Development and characterization of an improved adenoviral gene therapy manufacturing process

 NAME:   Christopher K. Murphy, Jesse M. Keegan, and David McNeilly, Therapeutics Manufacturing and Development, Genzyme Corporation, 76 New York Avenue, Framingham, MA 01701, Fax: 508-424-4103, christopher.murphy@genzyme.com 

 Abstract

A manufacturing process was developed for the production of Ad2/Hif-1a/VP16 to support Phase I clinical studies in peripheral arterial disease (PAD) and in coronary artery disease (CAD). Ad2/HIF-1a/VP16 is a recombinant replication-deficient adenovirus propagated in human embryonic kidney 293 cells (HEK 293 cells) and purified using column chromatography. 

The manufacturing process utilizes perfusion technology with serum free medium. Process improvements aimed at improving yield, process control and robustness were implemented in parallel with the Phase I clinical trials. Changes included a different perfusion bioreactor configuration, a new cell disruption and primary isolation method and modified process chromatography matrices and buffers. Analytical methods for product characterization and comparability testing were implemented and/or improved in conjunction with this effort. Main issues involved in the selection of improved process operations and process design will be reviewed. In-process data on impurity removal and product yield will be used to demonstrate both physicochemical comparability for the two processes and improved manufacturing performance of the new process. 



 BIOT 121 [605563]:  Charged poly(lactide-co-glycolide) microparticles can effectively deliver proteins and DNA in vaccines

 NAME:   James D Chesko1, Jina Kazzaz1, Mildred Ugozzoli1, Manmohan Singh2, and Derek O’Hagan2. (1) Vaccine Research, Chiron Corporation, 4560 Horton Street M/S 4.3, Emeryville, CA 94608, Fax: 510-923-2586, James_Chesko@chiron.com, (2) Immunology and Infectious Diseases, Chiron Corporation 

 Abstract

Biocompatible polymers such as poly(lactide-co-glycolide) can be synthesized as charged microparticles and used to deliver DNA and proteins to cells. The ability to effectively carry antigens such as recombinant proteins and oligonucleotide sequences depends upon overcoming challenges related to the diverse range of physical and chemical forces present during the formulation process. Once achieved, notable enhancements in DNA potency can be realized through mechanisms such as mediated transfection (into antigen presenting cells such as dendritic cells), recruitment of APCs to the injection site, protection against degradation, and induction of potent CTL (CD8+) and TH (CD4+) immune responses. The characteristics of proteins are generally more diverse due to their greater chemical complexity, yet still show fundamental trends in adsorption and release based upon electrostatic and van der Waals affinity to the charged microparticles. Proteins delivered on microparticles lead to strong humoral immune responses as reflected in heightened production of protective antibodies. 



 BIOT 122 [617131]:  Developing an AAV-based vaccine for HIV-1

 NAME:   Barbara A. Thorne, Targeted Genetics Corporation, 1100 Olive Way, Suite 100, Seattle, WA 98101 

 Abstract

A safe and long-lasting vaccine will be needed to limit the spread of HIV-1 in developing countries. Recombinant Adeno-associated virus (rAAV) has many characteristics which make this a promising vehicle for such a vaccine, including a good safety profile, a structurally simple and stable particle, long term expression from a single dose, and ability to deliver antigens to elicit both humoral and cell based immune responses. rAAV vectors have been shown to be safe in human clinical trials and can be produced by standard scalable biopharmacutical processes, such as stirred tank bioreactors and column chromatography. We have applied rAAV-mediated gene delivery technology towards development of a prophylactic vaccine for HIV-1. In this presentation we will discuss characterization and risk assessment for such an AAV based vaccine product. 



 BIOT 123 [617157]:  High-titer production of retroviral vector with suspension-adapted 293GPG cells

 NAME:   Alain Garnier1, Karim Ghani1, Pierre Trudel1, and A Kamen2. (1) Département de génie chimique, Université Laval, Québec, Canada, Bureau 3568, Pavillon Pouliot, Québec, QC G1K 7P4, Canada, alain.garnier@gch.ulaval.ca, (2) Institut de Recherche en Biotechnologie, CNRC, Québec, Canada 

 Abstract

Recombinant retroviruses are currently the most widely used vectors in clinical trials for gene therapy. However, their production is hampered by two important limitations: relatively low titers and small production volume, partly due to the restrictive nature of adherent cell line culture. The adaptation of retrovirus packaging cell lines to suspension would improve significantly the production process by avoiding contact inhibition and permitting high cell density culture in large unit process. To our knowledge, the efficient production of recombinant retroviruses by suspension cultured cells has not been reported. In this paper, we show that it is possible to produce retroviral vector with suspension-adapted 293 cells at high titer and high throughput, by combining high cell density culture, low temperature and frequent medium replacement. 



 BIOT 124 [607304]:  Protection against anthrax toxin by heteropolymers directed against protective antigen

 NAME:   Robert Mabry1, Catharina Maassen2, Nehal Mohamed3, Kathy Brasky4, Jean Pattersen4, George Spitalny3, Leslie Casey3, Brent L. Iverson5, and George Georgiou6. (1) Department of Chemistry and Biochemistry, The University of Texas at Austin, 2500 Speedway, Austin, TX 78712-1095, robertodelqueso@mail.utexas.edu, (2) Institute for Cellular and Molecular Biology, The University of Texas at Austin, (3) Elusys Therapeutics, Inc, (4) Southwest Foundation for Biomedical Research, (5) Department of Chemistry and Biochemistry, University of Texas at Austin, (6) Department of Chemical Engineering, The University of Texas at Austin 

 Abstract

A passive immunization against the toxin of B. Anthracis could save many lives, even after the point of antibiotic treatment being ineffective. Previously, we have shown that small toxin-neutralizing antibodies (29-45kD) could prevent death in rats challenged with lethal toxin. Protection was strongly correlated with affinity and serum-half-life. In this study we show that when we conjugate these antibody fragments to an antibody directed against complement factor CR1, the serum half-life is increased from 5-10 minutes for the antibody fragments to approximately 12h, which is comparable to the serum half-life of an IgG in rats. These heteropolymer conjugates show slower time to death compared to antibody fragments in a toxin challenge in the rat model. Eventually, the efficacy of the heteropolymers will be tested in a transgenic mouse model expressing the human CR1 and could thus better reflect therapeutic modality in humans. 



 BIOT 125 [607073]:  Quantitative comparison of nonviral gene delivery vectors: Model analysis of intracellular trafficking events

 NAME:   Csanad M. Varga, Robert Langer, and Douglas A. Lauffenburger, Biological Engineering Division and Biotechnology Process Engineering Center, Massachusetts Institute of Technology, 77 Massachusetts Avenue, 16-451, Cambridge, MA 02139, Fax: 615-253-8427 

 Abstract

Despite advantages including selective cell targeting through ligand conjugation, high DNA packaging capacity, manufacturing, and safety, the use of synthetic gene delivery vectors is hampered by transfection efficiencies that are typically much lower than those of their viral counterparts. Accordingly, current design of synthetic vectors seeks to develop molecular systems mimicking virus-like infection behavior, including cellular attachment and rapid internalization, followed by endosomal escape, nuclear localization, and finally gene expression. As no single step is the chief limiting barrier for all vector types under all circumstances, improvements in vehicle design will only result from careful consideration of the contributions of each. While a variety of approaches are available for vector construction, the emphasis on quantitative analysis of rate-limiting steps in delivery and expression will lead to increased fundamental understanding. Vector comparison at the subcellular mechanistic level offers insight into the relative advantages and disadvantages of each, in turn providing information useful for improved vehicle design. 

To explore such opportunities for vector optimization and design, a human hepatocellular carcinoma cell line, C3A, was transfected by each of a set of non-viral transfection agents including LipofectAMINE, poly-L-lysine, polyethylenimine, and a novel polymers currently being developed in the Langer Laboratory, complexed with a plasmid encoding green fluorescent protein under a CMV promoter. Plasmid numbers at various time points were determined from whole cell and nuclei by real-time quantitative PCR. A mass action kinetic model of gene delivery previously constructed was employed where model parameters were obtained from literature where available or fit from quantitative experimental data. 

Using the obtained and fit parameters, sensitivity analyses were performed for the individual non-viral gene delivery vectors. Information obtained through such analyses allowed for identification of model parameters most sensitive to variation that resulted in increased nuclear delivery of plasmid. These model parameters, including endosomal escape, nuclear import protein binding, vector unpackaging, and plasmid degradation, were then compared among the different vectors in order to discern their particular advantages and disadvantages. Integration of such advantages and determining parameter optima for existing non-viral gene delivery vectors will, in turn, give rise to the next generation of more effective therapeutics. 



 BIOT 126 [626677]:  Development of a manufacturing process for a cell culture-derived smallpox vaccine

 NAME:   Florence Wu1, Gabriel Seanez1, Raymond Kiefer1, Jon Marshall1, Shantha Kodihalli1, John Gilly1, Don Fine2, and David Clanton2. (1) US Manufacturing Division, BioReliance Corporation, Rockville, MD 20850, fwu@bioreliance.com, (2) DynPort Vaccine Company 

 Abstract

A manufacturing process for a cell culture-derived smallpox vaccine to replenish military stockpiles has been developed. MRC-5 cells cultured in serum-containing medium produced high titers of vaccinia virus in a 10-layer stacked plate system, with titers reaching over 2 x 10^10 plaque forming units (PFU) per system. Cell disruption using ultrasonication was shown to be more effective for releasing virus compared to standard freeze/thaw cycles. By correlating the rate of cell disruption with the power supplied by the sonicator, a rapid method for indirectly measuring extent of virus release was developed. Virus concentration using ultracentrifugation demonstrated typical recoveries of approximately 50% with removal of key impurities such as serum proteins. Process optimization of the cell culture as well as downstream processes improved virus yields by at least five-fold compared to those obtained using the original process. The optimized process was transferred to manufacturing, and cGMP material was generated for Phase I clinical trials. In anticipation of increasing demands to support late stage clinical trials, alternate and scalable process technologies are currently under evaluation. These new development efforts will also be discussed. 



 BIOT 127 [629618]:  De novo design of protein secretion pathways for profit and for fun

 NAME:   George Georgiou, Department of Chemical Engineering, The University of Texas at Austin, 2500 Speedway, MBB 3.312, Austin, TX 78712, Fax: 512-471-7963 

 Abstract

Protein secretion in bacteria is an important process for manufacturing and in biotechnology discovery. Regarding the latter, secretion is an intrinsic step in phage display and in many other combinatorial library screening methodologies. The classical pathway for protein export (which in bacteria is termed the Sec pathway) involves the threading of a polypeptide containing an N-terminal amino acid leader sequence through a narrow protein pore. The secreted polypeptide chain folds only after export through the membrane has been completed. A fundamentally different mode of protein translocation across membranes was discovered five years ago and named the Tat pathway. The Tat pathway appears to be capable of exporting proteins with a substantial degree of native structure. We have analyzed the mechanism of protein transport via the Tat pathway and developed a series of applications that capitalize on its unique properties. Specifically, we have experimentally determined the key distinguishing features of Tat leader sequences, carried out genome-wide analysis of the E.coli proteins that are exported via Tat, and finally isolated and characterized novel cellular components that play a role in the export process. To enable the Tat secretion of complex proteins with disulfide bonds, such as antibodies, it was necessary to first completely re-engineer the redox state of the cell. In the course of these latter studies we designed de novo a pathway for oxidative protein folding which has no equivalent in the biological world. From a practical standpoint, work in our lab over the last two years has resulted in the development of several new technologies that capitalize on Tat secretion. These include: (a) A system analogous to the yeast two-hybrid technology that capitalizes on the Tat pathway for the analysis of protein:protein interactions. (b) Methods for expanding the protein diversity in combinatorial library screening experiments. (c) A platform for the secretory production of heterologous proteins that cannot be expressed by normal means. 
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 BIOT 128 [607931]:  Predicting operon and regulon structure in Archaeoglobus fulgidus using transcriptomic data

 NAME:   Lars Rohlin, Chemical Engineering, University of California Los Angeles, 405 Hilgard Ave, 5531 Boelter Hall, Los Angeles, CA 90095, Chiara Sabatti, Department of Human Genetics and Statistics, University of California Los Angeles, and James C. Liao, Chemical Engineering, University of California 

 Abstract

We have created a whole genome microarray for the sulfate-reducing, extreme thermophilic microbe, Archaeoglobus fulgidus, from the archaea kingdom. We have used cDNA microarray to monitor genome-wide responses to a variety of perturbations (growth, media, temperature shock, pH shock). We have coupled the microarray data with genomic data (sequence, secondary structures) in order to make predictions regarding genetic regulatory elements. In particular we have been able to predict the operon status of the open reading frames(ORF) and discern potential regulons and gene circuits. In addition we have created a motif finder that allows us to predicted putative binding sites for regulatory proteins. 
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 BIOT 129 [606641]:  Genome-wide analysis of protein export via the Tat pathway in Escherichia coli
 NAME:   Danielle Tullman1, Matthew P. DeLisa1, Yasuaki Kawarasaki1, and George Georgiou2. (1) Department of Chemical Engineering, University of Texas at Austin, 25th and Speedway, Austin, TX 78712, Fax: 512-232-3432, tullman@che.utexas.edu, (2) Department of Chemical Engineering, The University of Texas at Austin 

 Abstract

The recently discovered Tat (Twin arginine translocation) pathway exports folded proteins across the cytoplasmic membrane of Escherichia coli. With few exceptions, substrates of this pathway have an N-terminal signal sequence containing variants of the S-R-R-X-F-L-K motif. To date, a number of proteins have been predicted to utilize the Tat pathway based on the presence of such a sequence motif, but only a few of these have been confirmed experimentally. A bioinformatics analysis of the E. coli genome revealed 30 putative Tat-dependent proteins. To evaluate the mode of export of these proteins we constructed fusions of each leader peptide with: (a) the Tat-specific reporter Gfp-SsrA, developed recently by our laboratory and (b) a reporter protein (alkaline phosphatase) that is exported via Sec, the main secretory pathway of bacteria. The results obtained using reporter fusions were further confirmed by constructing epitope tag insertions onto the candidate proteins and monitoring the subcellular localization following fractionation. These studies have: (i) Established the identity of proteins that are exported via the Tat pathway and also those that exhibit promiscuous export via multiple secretion pathways; (ii) Helped evaluate the utility of reporter fusions in the analysis of Tat export; (iii) Finally, have helped identify optimal leader peptides suitable for the secretion of heterologous proteins via the Tat pathway. 



 BIOT 130 [602054]:  Global effects of oxygen exposure during recombinant protein production in Escherichia coli
 NAME:   William B. Perry, and Charles L. Cooney, Department of Chemical Engineering, Massachusetts Institute of Technology, 77 Massachusetts Avenue, 56-454, Cambridge, MA 02139, perryw@mit.edu 

 Abstract

During production of a recombinant protein by microbial fermentation, oxygen can have deleterious effects. Exposure to hyperoxic conditions can lead to oxidation or even degradation of the protein, ultimately reducing product yield and quality. Recombinant human 1-antitrypsin is an example of a protein that exhibits oxygen dependent proteolytic degradation when expressed in E. coli. We have monitored global gene expression of E. coli producing 1-antitrypsin under different aeration conditions. Comparisons of cultures exposed to air and pure oxygen implicated the ClpAP protease in degradation of the recombinant protein. Expression data also indicated that oxidation of iron-sulfur clusters by superoxide has widespread harmful effects, despite the cell’s attempts to regenerate those clusters. Global expression studies have suggested several strategies for increasing the resistance of bioprocesses to the damaging effects of oxygen. 



 BIOT 131 [606247]:  Analysis of mRNA and protein expression in Escherichia coli
 NAME:   Kelvin H. Lee, Chemical Engineering, Cornell University, 120 Olin Hall, Ithaca, NY 14853-5201, khl9@cornell.edu, and Pat S. Lee, School of Chemical Engineering, Cornell University 

 Abstract

The ability to measure and understand gene expression at the mRNA and protein levels permits improved understanding of the molecular basis of phenotypes and offers the possibility of understanding gene expression regulation. We have initiated a study of Escherichia coli cells with the goal of relating mRNA profiles and protein profiles to observed phenotypes. We use an Affymetrix system to measure mRNA profiles and we use 2D gel, MDLC, cleavable ICAT and MALDI TOF/TOF technologies to measure protein profiles. 



 BIOT 132 [621296]:  Proteomic analysis of metabolic changes in fed-batch CHO cell cultures

 NAME:   Deborah E. Pascoe1, David Arnott2, William M. Miller3, Eleftherios T. Papoutsakis3, and Dana C. Andersen1. (1) Cell Culture & Fermentation Research & Development, Genentech, Inc, MS 32, One DNA Way, South San Francisco, CA 94080, pascoe.deborah@gene.com, (2) Protein Chemistry Department, Genentech, Inc, (3) Department of Chemical Engineering, Northwestern University 

 Abstract

CHO cell lines expressing high levels of recombinant proteins show a wide range of growth, productivity, and metabolic characteristics for which screening early in clone selection is highly desirable. Proteins that mediate these characteristics may be useful targets for metabolic engineering to improve product quality and yield. Before a proteomic approach can be used in cell line development, the proteins responsible for such useful traits must be identified. 

In this study, we have used two-dimensional gel electrophoresis and tandem mass spectrometry (LC-MS/MS) to identify proteins associated with a metabolic shift in an antibody-producing CHO cell line. This cell line undergoes a marked change in lactate metabolism during fed-batch culture, producing lactate for several days and consuming it thereafter. Statistical analysis of multiple replicates was used to identify a number of intracellular proteins up- and down-regulated across the different metabolic phases. 

In order to separate growth and metabolic effects, we repeated the work using a second antibody-producing CHO cell line with similar growth characteristics but different metabolic profiles from the first line. A comparison of 2D gel data for this cell line in the same fed-batch process will also be presented. 

This broad approach allowed us to examine differences in intracellular protein levels over time and between cell lines without bias towards expected results. These results have significant implications for metabolic engineering targets, and build a foundation for engineering CHO cell lines for improved performance. 



 BIOT 133 [605564]:  Metabolic and evolutionary engineering in the era of genomics: Antibiotic resistance as a model for engineering new microbial behaviors

 NAME:   Ryan T Gill, Department of Chemical Engineering, University of Colorado, ECCH120/UCB424, Boulder, CO 80309, rtg@colorado.edu, Shelley Copley, Department of Molecular, Cellular, and Developmental Biology, University of Colorado, and Michael Lynch, Medical Scientist Training Program, University of Colorado Health Sciences Center 

 Abstract

Inverse metabolic engineering involves i) identifying a relevant phenotype, ii) determining the genetic basis for the phenotype, and iii) developing a method for engineering that phenotype in another strain or organism. Evolutionary engineering uses natural selection to identify desired fitness variants out of a genetically diverse population of microbes. In our research, we are combining these approaches to better understand antibiotic resistance and sensitivity in P. aeruginosa as a model system to improve understanding of how to better engineer cell phenotypes. An innovative feature of our work is the use of genomics approaches, which improve our ability to discover genes that form the mechanistic basis underlying relevant phenotypes. Parallel gene-trait mapping (PGTM) utilizes gene-chips to improve the efficiency and expand the scope of conventional genetic selection studies. Transcriptional profiling allows quantification of mRNA transcript accumulation at a genome-wide scale. Thus far, we have determined that overexpression of genomic libraries can increase aminoglycoside resistance in P. aeruginosa 256-fold when compared the WT cell. We have identified genes accounting for this resistance phenotype using PGTM with Affymetrix gene-chips. We are in the process of confirming these resistance genes and uncovering the mechanisms by which they act. We will provide an overview of this research and elaborate on our use of genomics tools to study the evolution of new microbial behaviors. 



 BIOT 134 [573688]:  Functional genomics in tissue engineering: Gene expression profile of engineered skin equivalents subjected to barrier disruption

 NAME:   Stelios T. Andreadis, Chemical Engineering, SUNY- Buffalo, 908 Furnas Hall, Amherst, NY 14260, Fax: 716-645-3822, sandread@eng.buffalo.edu, Piyush Koria, Chemical Engineering, SUNY Buffalo, Daniel Brazeau, 2Department of Pharmaceutical Sciences, SUNY Buffalo, and Patrick Hayden, MatTek Corp 

 Abstract

Engineered tissues can be used as realistic biological models to obtain fundamental understanding of the structure-function relationships under normal and disease conditions and as toxicological models to facilitate drug development and testing. In contrast to cells in culture, engineered skin equivalents mimic human epidermis in terms of tissue architecture and exhibit significant barrier function. Therefore, they are an excellent model system for studying the response of skin to environmental insults. 

Recent technological advances have made it possible to quantify the expression of a large number of genes simultaneously. Arrays of cDNAs on glass slides or nylon membranes allow the simultaneous analysis of hundreds of expressed sequences, providing a global view of gene expression and identifying unsuspected genes that may be important in wound regeneration. 

In this study we employed skin equivalents to study the response of epidermis to loss of barrier function by chemical injury. Skin equivalents were cultured for seven days at the air-liquid interface to develop barrier, which was disrupted by treatment with acetone. Long exposure (>5 min) to acetone resulted in loss of metabolic activity over time. Histological staining showed that the tissues were affected in a time and position-dependent fashion. Interestingly, addition of KGF prevented loss of metabolic activity, suggesting that KGF may protect the tissues from injury. To identify changes of gene expression in response to barrier disruption and KGF treatment, we employed cDNA micro-array technology. We found that acetone treatment increased the levels of several genes, which are involved in signaling, transcription, cytoskeletal organization, inflammation and apoptosis. Interestingly, KGF downregulated pro-apoptotic genes and upregulated genes that promote cell survival, suggesting that KGF protect skin equivalents by preventing apoptosis. Our work also suggests that functional genomics may be used in tissue engineering to understand tissue development, wound regeneration and response to environmental stimuli. 



 BIOT 135 [619849]:  Pattern discovery as a generic tool for the analysis of biological data

 NAME:   Kyle Jensen, and Gregory N. Stephanopoulos, Department of Chemical Engineering, Massachusetts Institute of Technology, 66-264 MIT, 77 Massachusetts Avenue, Cambridge, MA 02139-4307, Fax: 617-253-3122, kljensen@mit.edu 

 Abstract

Recent years have witnessed explosive growth in the development of novel high-throughput technologies for probing cellular function. These technologies have produced a flood of data, most notably from DNA and protein sequencing efforts, but also from metabolic phenotyping, gene expression, proteomics, and physiological experiments. In this talk, we will discuss syntactic pattern discovery as generic tool for revealing “associations” within and between these varied data. In this context, “associations” are rudimentary statements such as “gene A is related to gene B” or “motif C is involved in apoptosis”. Such simple statements reflect the naivety of our current understanding of complex biological systems; however, they can be very powerful as indicators of the underlying biology. We will discuss, specifically, the application of syntactic pattern discovery to three different problems: 1) antimicrobial peptide annotation, 2) cis-regulatory element discovery, and 3) linking physiological and gene expression data. 



 BIOT 136 [603479]:  Comparison of strong cation-exchange resins for protein purification

 NAME:   Arne Staby, Inge H. Jensen, Ulla Bruus, Maj-Britt Sand, Ronnie G. Hansen, and Jan H. Jacobsen, Protein Separation, Novo Nordisk A/S, Hagedornsvej 1, HAD2.304, Gentofte 2820, Denmark, Fax: +45-4443-8400, ast@novonordisk.com 

 Abstract

Evaluation of chromatographic resins are often performed during process development in the pharmaceutical industry, but comparisons are most frequently published by chromatographic equipment suppliers, who regularly find their resins to be the best under the specific conditions employed for the comparison. The scope of this paper is to present the results of a number of commercial strong cation-exchange resins by a systematic and consistent comparison. The comparison includes data on efficiency, binding strength, pH dependence, dynamic capacity, flow-pressure dependence, and particle size distribution of the ion-exchange resins performed at the same, relevant conditions with model proteins. Further, data on samples from real feed-stocks will be presented and related to the data with model proteins. 



 BIOT 137 [607414]:  New chromatofocusing methods in biotechnology

 NAME:   Douglas Frey, Xuezhen Kang, and Hong Shen, Department of Chemical and Biochemical Engineering, University of Maryland Baltimore County, 1000 Hilltop Circle, Baltimore, MD 21228 

 Abstract

The most common method for performing chromatographic separations of proteins and peptides involves using gradients in fluid composition, where the gradient is produced by mixing performed external to the column. However, rather than using these “mechanically” produced gradients, another option is to produce similar gradients “chemically” inside the column by exploiting the titration of ionogenic functional groups on the column packing and/or the adsorption behavior of the species in the liquid phase forming the gradient. Although much less widely practiced, this latter method, often termed “chromatofocusing,” has a number of useful properties, such as the ability to produce focusing effects that enhance the resolution, and the ability to retain the biological activity of an eluted species. In this talk a discussion will be given of theoretical and experimental work related to novel chromatofocusing techniques, especially techniques in which computer-aided methods are used to optimize the separation. Example applications to be discussed include high-speed analysis of protein mixtures using micropellicular packings, process-scale protein separations performed using displacement methods, tryptic peptide mapping using cation exchange chromatofocusing, and prefractionation methods in proteome analysis. 

 BIOT 138 [607542]:  Practical aspects of large-scale protein crystallization

 NAME:   Meng Heng, BioProcess Engineering, Genencor International Inc, 925 Page Mill Road, Palo Alto, CA 94304-1013, Fax: 650-621-7815, mheng@genencor.com 

 Abstract

Crystallization of many proteins has been reported at small scale in recent years, but it is still not a widely used commercial purification process. This presentation discusses the practical aspects of designing crystallization processes with desirable process attributes, such as high product purity with short process time and high recovery yield, and consistent performance. Specifically, the useful strategies listed below will be discussed with an example to illustrate the impact of each on the final process. 

1.Control of crystal size distribution. 

2.The use of temperature to increase the rate of crystallization. 

3.Control of crystal morphology. 

4.Identification and elimination of interfering components to obtain consistent crystallization performance. 

5.Crystal slurry dilution and crystal wash solution recycle. 

6.Multiple crystallization steps. 

 BIOT 139 [594063]:  Effect of support characteristics on the performance of protein A chromatography media

 NAME:   Justin T. McCue, Igor Quiñones-Garcia, Glen Kemp, and Duncan Low, BioPharmaceutical Division, Millipore Corporation, 32 Wiggins Ave., L2B, Bedford, MA 01730, Fax: 781-533-3134, Justin_McCue@millipore.com 

 Abstract

The biopharmaceutical industry faces the challenge of producing relatively large amounts of monoclonal antibodies being generated by a robust development pipeline. The current trend in the industry is towards the development of expression systems that increase product titer in the bioreactor. Thus, scaleable, robust, high-throughput downstream operations are required in order to deal with higher-titer feedstocks. One way to handle these higher-titer feedstocks is by increasing the dynamic binding capacity of the capture media. 

In process-scale antibody purification, protein A affinity chromatography is commonly used as the capture step and plays a critical role in the purification of therapeutic antibodies. This step can represent a significant cost in downstream purification. 

Chromatography media with a higher dynamic binding capacity can be produced by (i) either increasing the static capacity of the media and/or (ii) increasing the efficiency of utilization of the immobilized protein A. 

In this paper, the effect of support pore size and particle size on separation performance was examined for several commercial and prototype media. Key performance parameters such as static capacity, effective diffusivity, dynamic capacity and permeability are determined both from experiment and model calculations. Production rate is optimized in terms of important variables such as residence time and feed concentration and consideration is given to the implications of these variables on process efficiency. 



 BIOT 140 [600982]:  Efficiency of expanded-bed adsorption processes

 NAME:   Rolf A Hjorth, Amersham Biosciences AB, Björkgatan 30, SE-751 84 Uppsala, Sweden, Fax: +46 18 612 1844, rolf.hjorth@eu.amershambiosciences.com 

 Abstract

Expanded bed adsorption (EBA) is a unit operation for capture of biopharmaceuticals from unclarified feedstocks. A number of factors determine the efficiency of an EBA process. Such factors include binding capacity, liquid velocity and buffer consumption. To improve the efficiency and over-all performance of EBA, novel adsorbents have been developed. A bed of these new high-density adsorbents expands three times at 900 cm/h (in buffer) and allows for application of feedstocks with high biomass content. High bead porosity in combination with a smaller bead size gives a high protein capacity even at high liquid velocities. To avoid feedstock dilution prior to capture on ion exchange adsorbents, new salt tolerant ligands have been developed. With these ligands, binding can be achieved at 20-30 mS/cm. Elution is performed by addition of salt and/or a change of pH. The effect of those improvements is shown to significantly increase the efficiency of the expanded bed process. 



 BIOT 141 [607450]:  Multiobjective optimization strategies for preparative chromatography

 NAME:   Deepak Nagrath1, Achille Messac2, B. Wayne Bequette1, and Steven M. Cramer3. (1) Isermann Department of Chemical Engineering, Rensselaer Polytechnic Institute, Troy, NY 12180-3590, nagrad@rpi.edu, (2) Mechanical, Aerospace, and Nuclear Engineering, Rensselaer Polytechnic Institute, (3) Department of Chemical Engineering, RPI 

 Abstract

The increase in the scale of preparative chromatographic processes for biopharmaceutical applications now necessitates the development of effective optimization strategies for large-scale processes in a manufacturing setting. The current state of the art for optimization of preparative chromatography has been limited to single objective functions. Further, there is a lack of understanding of when to use a particular objective, and how to combine and/or prioritize mutually competing objectives to achieve a true optimal solution. In this paper, these limitations are addressed by using a physical programming based multiobjective optimization (MO) strategy. A set of Pareto solutions are first generated for model protein separations for both bi-objective (production rate and yield) and tri-objective scenarios (production rate, yield and product pool concentration). These Pareto frontiers are employed to visualize the Pareto optimal surface for different components with various purity constraints and provide a qualitative framework to evaluate the optimal solutions. A physical programming based multiobjective framework is then used for the quantitative evaluation of the optimal solutions for both binary and tertiary protein mixtures. This enables the interpretation of results for different sets of hierarchy and priority values assigned to the objective functions and constraints for the chromatographic processes. This novel multiobjective optimization approach provides insights into the complex interplay of various objective functions and sets the stage for the development of true optimal solutions for complex nonlinear preparative separations. 



 BIOT 142 [608236]:  Salt effects on protein RPC retention and conformation

 NAME:   Erik J. Fernandez, Jennifer M. Sokol, and John O’Connell, Department of Chemical Engineering, University of Virginia, 102 Engineers’ Way, Charlottesville, VA 22904-4741, Fax: 1 434 982 2658, erik@virginia.edu, erik@virginia.edu 

 Abstract

We have investigated the effects of salts, which span the Hofmeister series, on reversed phase chromatography of insulin and aprotinin. Hydrogen exchange (HX) labeling was performed during gradient chromatography on C18 media with ethanol as an organic modifier. Retention and peak shape changes were observed in the presence of Na2SO4, (NH4)2SO4, NaCl, and NaSCN (I=0.375), as well as in the absence of salt. Retention varied significantly with salt type including differences in retention order, along with peak broadening, fronting, tailing, and splitting. 

HX labeling showed considerable variations in solvent accessibility as a function of mobile phase conditions. While resolution of different conformers explains some of the complex peak shapes observed, no dominant or predictable pattern describes all the measurements. These observations suggest that a complex combination of salt specific (e.g. Hofmeister) and salt-independent effects on conformational stability and adsorption cause the variable chromatographic behavior. 



 BIOT 143 [603482]:  Microcalorimetry study of the interactions between poly(N-isopropylacrylamide) microgels and amino acids

 NAME:   Havazelet Bianco-Peled, Department of Chemical Engineering, Technion - Israel Institute of Technology, Technion City, Haifa 32000, Israel, Fax: 972-4-8230476, bianco@techunix.technion.ac.il, and Ohad Kimhi, The Inter-Departmental Program for Biotechnology, Technion - Israel Institute of Technology 

 Abstract

Poly(N-isopropylacrylamide) (PNIPA) is a thermo-sensitive polymer that undergoes a hydrophilic - hydrophobic transition at a “lower critical solution temperature” (LCST) of about 32oC. PNIPA-based sorbent have been successfully used in temperature-modulated chromatography of biochemicals, in which the resolution and selectivity are controlled via the column temperature. To obtain further insight into the mechanisms governing this process, we have measured the binding enthalpy between two model amino acids, valine and aspartic acid, and PNIPA microgels. Equilibrium binding isotherms of the two acids confirmed enhanced binding above the LCST. The binding of aspartic acid was somewhat higher than valine below the LCST, whereas above it the binding of valine was higher due to its more hydrophobic nature. Isothermal Titration Calorimetry (ITC) measurements showed that the binding of valine was endothermic, which implies an entropy-driven binding mechanism. Contrary, the binding of aspartic acid was exothermic, suggesting a binding mechanism based on specific interactions. 



 BIOT 144 [618956]:  Live, oral, attenuated Salmonella typhi vaccine strains as carriers of heterologous antigens

 NAME:   Eileen M. Barry, Araceli Santiago, and Myron M. Levine, Center for Vaccine Development, University of Maryland, Baltimore, MD 21201, Ebarry@medicine.umaryland.edu 

 Abstract

Attenuated strains of S. Typhi have been developed as live, oral vaccines against typhoid fever. One strain, which has been shown to be safe and immunogenic in clinical trials, is CVD 908htrA which contains attenuating deletions in aro and htrA genes. We have proceeded to use this strain as a live vector, expressing antigens from heterologous pathogens for delivery to the host immune system. In one example, CVD 908htrA has been used to create a multivalent hybrid S. Typhi/Streptococcus pneumoniae vaccine. A third generation pneumococcal vaccine strategy utilizes common, protection-eliciting proteins found on all serotypes of S. pneumoniae as vaccine immunogens. Following genetic manipulation we have used S. Typhi strain CVD 908htrA for expression of combinations of these conserved pneumococcal antigens and demonstrated elicitation of serum and mucosal immune responses in a mouse model. The immunogenicity of heterolgous, guest antigens depended on several factors including the use of a stabilized plasmid expression system, the site of antigen expression within the live vector strain, and promoter choice. Plasmids were generated which stably expressed combinations of antigens within a single replicon. Optimization of expression of each antigen allowed the elicitation of protective immune responses following immunization with the live vector strain. 



 BIOT 145 [606560]:  Toll-4 dependent adjuvant activity of emulsan

 NAME:   Bruce Panilaitis1, Lisa Glickstein2, Juliet Fuhrman3, and D. L. Kaplan1. (1) Department of Chemical & Biological Engineering, Tufts University, 4 Colby Street, Medford, MA 02155, bpanilai@emerald.tufts.edu, (2) Massachusetts General Hospital, (3) Department of Biology, Tufts University 

 Abstract

The need for effective, nontoxic and versatile adjuvants remains despite 75 years of research effort to identify replacements for alum. The complex acylated polysaccharide, emulsan, secreted from Acinetobacter calcoaceticus, represents a new structurally and functionally tailorable class of emulsifying candidate adjuvants. We have previously demonstrated its adjuvant activity in a hapten-carrier model, and report here the efficacy and lack of toxicity of one member of this family of biopolymers in an experimental Lyme disease model. Emulsan and OspA-immunized animals demonstrated high antibody titers, and lack of pathology. Moreover, this adjuvant activity is dependent on a functional toll-like-4 receptor. 



 BIOT 146 [606417]:  Antibody responses to encapsulated group C meningococcal polysaccharide-tetanus toxoid conjugates

 NAME:   Carl E. Frasch, Division of Bacterial Products, Center for Biologics Evaluation and Research, FDA, 1401 Rockville Pike, HFM-428, Rockville, MD 20852, Fax: 301-402-2776, frasch@cber.fda.gov, Che-Hung Lee, Division of Bacterial Products, Center for Biologics Evaluation and Research, FDA, and Jizhong Zhang, Center for Biologics Evaluation and Research, Laboratory of Bacterial Polysaccharides 

 Abstract

Meningococcal disease is a severe health problem in many regions of the world. The meningococcal polysaccharide (PS) vaccine has been employed to prevent these deadly diseases. However, the PS vaccines have poor immunogenicity in infants and young children, and do not induce immunological memory at this age. A meningococcal group C PS-protein conjugate vaccine has shown excellent effectiveness in the United Kingdom. Nevertheless, like most conjugate vaccines, multiple doses (usually 3 or 4) are required in order to attain the desired level of efficacy. To overcome this problem, we have investigated the immune response of mice to a single injection of a meningococcal group C polysaccharide-tetanus toxoid (MC-TT) conjugate vaccine encapsulated into microspheres of biodegradable polymers of poly lactide-co-glycolide using the methods of solid-in-oil-in-oil and solid-in-oil-in-water. Groups of 4-5 mice were injected 1) once with 3.0 mcg of encapsulated conjugate alone, 2) once with 1.5 mcg encapsulated plus 1.5 mcg added free conjugate, or 3) three times bi-weekly with 1.0 mcg of free conjugate. Antisera were collected on weeks 6, 8, and 10 after the first injection then monthly. We measured anti-MCPS antibody levels by ELISA and determined bactericidal activity against a group C meningococcal strain. A single dose of MC-TT in microspheres (MS) elicited an antibody level similar to the traditional three-injection regimen. Addition of free MC-TT to the MS elicited a more rapid immune response than MC-TT in MS only and enhanced overall antibody production. Such a synergistic effect was more pronounced at a reduced dose (0.2-0.3 mcg per mouse). Antibody induced by the encapsulated MC-TT was highly bactericidal and long lasting. Our results suggest that the presence of a priming dose combined with the MS can synergistically enhance the immunogenicity of the encapsulated vaccine conjugate, and a single administration of such a combined preparation in which the MS are prepared by the solid-in-oil-in-water method could improve vaccine delivery, especially in geographic regions with low immunization rates. 



 BIOT 147 [614045]:  Antigen-specific molecular sizing of a multivalent capsular polysaccharide vaccine by modern size-exclusion chromatography and nephelometry

 NAME:   Yingmei Yang, Alicia Matukonis, Huixin Hou, Teja Kolachina, Niranjan Kumar, Patrick McVerry, and Xinghao Wu, Analytical Industrialization, Aventis Pasteur, 1 Discoery Drive, Swiftwater, PA 18370, yingmei.yang@aventis.com, xinghao.wu@aventis.com 

 Abstract

The immunogenicity of bacterial capsular polysaccharides has been shown to directly relate to molecular size (1). For development and manufacturing of polysaccharide-based vaccines, effective and reliable determination of antigen molecular size is crucial for assessing the quality and stability of the vaccine. In this study, an antigen-specific Kd method was developed. The method uses modern nephelometer and HPLC instruments, which enable us to automate the process of sample injection, fraction collection, and nephelometry measurements with minimal human intervention. The method is specific with minimal cross-reactivity between serogroup polysaccharides and requires no sample pre-treatment. It is reproducible with relative standard deviation of no more than 6%. The validation results demonstrated that this method can be used as routine quality and stability test for vaccine production. 

References: 

1. WHO Study Group on Cerebrospinal Meningitis Control, Cerebrospinal meningitis control. WHO Tech. Rep. Ser. 1976, 588, 11-19. 



 BIOT 148 [607076]:  Strategies of purification process development for bacterial recombinant vaccines

 NAME:   Tao Yuan, and Yan-Ping Yang, Aventis Pasteur Limited, 1755 Steeles Avenue West, Toronto, ON M2R 3T4, Canada, tao.yuan@aventis.com 

 Abstract

Recombinant DNA technology has opened a new avenue for massive production of biopharmaceuticals or vaccines. Large quantities of recombinant proteins can be produced at a low cost and thus maximize the product revenue. To capture market shares, rapid process development and product launch are the keys in the overall success of a biotech or biopharmaceutical company. In vaccine development, successful downstream purification, including the production of a high quality (pure and safe) product, plays a key role in the whole process. Since the cost of purification typically accounts for >50% of the overall production cost, the reduction of cost in product purification also significantly increases the company’s revenue. 

In this presentation, strategies of developing an efficient, production-friendly, and economic purification process for bacterial recombinant vaccines will be discussed. The approaches for statistical design in process robustness study, strategies for endotoxin removal and E. coli residual DNA clearance will also be reviewed. 



 BIOT 149 [605111]:  A nicotine conjugate vaccine for the possible treatment and prevention of nicotine addiction

 NAME:   Ali Fattom1, Sofiane Ennifar1, Gary Horwith1, Steve Fuller1, Paul Pentel2, David Malin3, and Robert Naso1. (1) Nabi Biopharmaceuticals, Rockville, MD 20852, afattom@nabi.com, (2) Minneapolis Medical Research Foundation, (3) University of Houston 

 Abstract

In the USA, there are >50 million smokers, and every year >400000 deaths are attributed to cigarette smoking. The efficacy of the available therapeutic interventions such as nicotine replacement therapy and antidepressant is far lower than expected. In spite of the tremendous dimension of this public health problem, preventive approaches have not been explored. We hypothesized that antibodies specific to nicotine can be elicited with a nicotine conjugate vaccine and that such antibodies will bind free nicotine in blood, prevent it from crossing the blood brain barrier, and thus suppress nicotine’s rewarding effect and protecting vaccinees from becoming addicted to nicotine and smoking. We synthesized a nicotine hapten and conjugated it to rEPA, a non-toxic recombinant variant of exotoxin A from Pseudomonas aeruginosa, to produce NicVAX™. NicVAX was shown to elicit high levels of nicotine-specific IgG antibodies in animals. These antibodies were shown to bind nicotine in vitro and in vivo. Moreover, these antibodies exhibited <1% cross-reactivity to pharmacologically inactive nicotine metabolites such as cotinine and nornicotine. Furthermore, the nicotine specific antibodies did not cross-react with neurotransmitters such as GABA and acetylcholine. In animal models, vaccination with NicVAX was able to reduce nicotine brain content by ~65% compared to non-immunized animals. Rats actively or passively immunized were protected against the pharmacological, physiological, and behavioral effects of nicotine exposure and addiction. Repeated daily doses of nicotine-specific antibodies blocked the pharmacological effects of nicotine even when animals received an equivalent (by weight) of 20–200 cigarettes per day for seven days. NicVAX is currently being evaluated in clinical trials and preliminary data indicate that it can elicit nicotine antibodies in human volunteers. These data that suggest that NicVAX™ might serve as a useful tool for assisting smokers to quit smoking and preventing recidivism by blocking the rewarding effect of nicotine in cigarette smoke. 



 BIOT 150 [625614]:  Increase capsular polysaccharide production using fed-batch

 NAME:   Yi He, Susan Mindel, Eric McGill, Dave Anderson, Tina Kim, Sonya Carter, Mark Brancieri, and Ana Lages, Baxter Healthcare – Maryland, 9000 Virginia Manor Rd, Beltsville, MD 20705, Ana_Lages@Baxter.com, Ana_Lages@Baxter.com 

 Abstract

Capsular polysaccharide (PS) from Neisseria meningitides is a candidate to produce a vaccine against meningitis. Traditionally, it has been produced by batch fermentation with a yield of 20 mg per OD. We found a correlation between specific growth rate of cells and polysaccharide yield on cell mass.. With lower growth rate (ì=0.1), polysaccharide yield from cell mass increased from 20 mg per OD to 60 mg per OD. Experiments of fed-batch were designed based on this information. Different feeding strategy was studied to control the growth rate in fed-batch fermentation. A fed-batch with a fix-growth rate of 0.1 showed a polysaccharide yield of 60 mg per OD, which was consistent with the found correlation of yield versus specific growth rate. Higher final titer of 2 g/L was achieved as compared to 0.6 g/l in batch. The major advantage of this fed-batch strategy was reducing the oxygen demand during the fermentation. Higher productivity was also achieved, because it reduced the time for batching and cleaning the fermentor. 



 BIOT 151 [625657]:  Enzymatic versus chemical pretreatment of the fermentation broth of N. meningitidis to improve harvest recovery

 NAME:   Ana Lages1, Sanjeev Ahuja2, and Brenda Baibak2. (1) Baxter Healthcare – Maryland, 9000 Virginia Manor Rd, Beltsville, MD 20705, Ana_Lages@Baxter.com, (2) Baxter Healthcare, Inc, 10150 Old Columbia Road, Columbia, MD 21046, Sanjeev_Ahuja@Baxter.com 

 Abstract

This work describes the comparative studies for two pretreatment methods to improve the harvest process of a capsular polysaccharide from a fermentation broth of N. Meningitidis. Benzonase treatment and base treatment were evaluated as two possible pretreatment methods to improve the harvest process. The analysis included the estimations of instantaneous rejection coefficients, and various sugars, proteins, nucleic acids, and fatty acids in the process streams. Results indicated that both these options significantly improved the harvest recoveries. Estimates of the projected filter surface areas and costs for two options showed that the base pretreatment led to a better harvest process. At the same time, the base pretreatment resulted in a modified sugar molecule, which led to an altered downstream process. 



Wednesday Morning

 BIOT 152 [595602]:  An approach to second sourcing of raw materials

 NAME:   Sushil Abraham1, Heather Bevan2, Anne Thomas1, and Ashley Westlake2. (1) Development, Lonza Biologics Inc, 101 International Drive, Portsmouth, NH 03801, Fax: 603 334 6262, sabraham@lonzabiologics.com, (2) Lonza Biologics plc 

 Abstract

This paper describes an approach to second sourcing of raw materials. Second sourcing is a key initiative towards a robust supply chain. The differences between sole sourcing, second sourcing and alternative sourcing are detailed. The manufacturing process for an antibody or therapeutic protein using mammalian cell culture uses a large number of raw materials. Mapping the process flow for this effort, identification of critical raw materials from a technical, regulatory and business perspective are key towards formulating a successful plan for execution. Case studies with critical raw materials such as bovine serum albumin (BSA) and insulin, as well as defined chemicals are described. Lot to lot variability of critical raw materials could potentially impact the process and product, therefore robust selection and screening procedures should be instituted to minimize risk. Working with vendors to share an understanding of the impact of raw materials on the final process and product is key to a successful partnership. 



 BIOT 153 [581198]:  Development and qualification of a scale-down cell culture model for process validation

 NAME:   Ruth L. deVries1, Alan Gardner1, Robert Gerber1, and Paul McAllister2. (1) Biopharmaceutical Development, GlaxoSmithKline, 709 Swedeland Road, P.O. Box 1539 UE3836, King of Prussia, PA 19406, Fax: 610-270-7989, Ruth_L_deVries@GSK.com, Robert.Gerber@gsk.com, (2) Statistical Sciences, GlaxoSmithKline 

 Abstract

Scale-down model development for validating cell culture operating ranges must first assure that a small bioreactor can adequately simulate a larger bioreactor. The model is then qualified using statistical data analysis prior to implementation. Two methods of model qualification are presented. The first couples a 3L reactor qualification study directly to a production batch in a 1500L pilot plant bioreactor. The second statistically compares 3L bioreactor development data to data independently collected from 1500L pilot scale batches. Linkage of the qualified model to larger scale commercial manufacture will be discussed. 



 BIOT 154 [617909]:  Bioburden monitoring and establishment of bioburden specifications for bioprocesses

 NAME:   Chris Z Chen, and PK Yegneswaran, Biologics Process Technology, Merck and Co., Inc, WP28-70, P O Box 4, West Point, PA 19486, Fax: 215-652-7822, chris_chen@merck.com 

 Abstract

Bioburden, contaminant microorganisms in biopharmaceutical processes, can be introduced through the environment, equipment, raw materials, culture media, and processing manipulations. High bioburden levels not only increase the challenge to sterilizing filters, but also potentially introduce endotoxins and other impurities into drug formulations. Although there is currently no clear guidance from regulatory agencies that specifies the need for bioburden monitoring and in-process bioburden specifications, it is generally recognized by the industry that this is an emerging regulatory expectation. In addition to systems approaches adopted during process development to control in-process bioburden levels, bioburden monitoring is essential to ensure that the process is consistent. For sterile products, prefiltration bioburden monitoring is necessary while a microbial limit specification must be established for non-sterile products. When systematic approaches to minimize bioburden are effective, a majority of bioburden data will be near the detection limit with a few discreet data points above the detection limit. This non-normal distribution of bioburden data poses a unique challenge to establish a scientific and defensible in-process limit. A few examples of using a non-parametric method and a Poisson distribution control chart to establish in-process specifications for bioburden levels will be discussed. 



 BIOT 155 [622073]:  Process validation approach for monitoring the performance of tangential flow filtration membrane devices

 NAME:   Jon T. Petrone, Tom Erdenberger, and Connie Esenther, Purification Process Development, Wyeth BioPharma, 1 Burtt Rd, Andover, MA 01810, Fax: 978-247-2604, jpetrone@wyeth.com 

 Abstract

A master validation plan for TFF steps used in the production of recombinant protein therapeutics will be described, including evaluations of commissioning, performance, cleaning, and storage in order to provide a high degree of assurance that reusable TFF membrane devices consistently produce safe and efficacious drug substance. Commissioning and pretreatment evaluation ensures that TFF devices and contact hardware are clean, preservative-free, and integral prior to introduction of product. Performance evaluation ensures that TFF steps satisfactorily perform their design objectives during repeated cycles of use. The parameters monitored include membrane permeability, average flux during concentration or diafiltration, product recovery, run-to-run carry-over. The cleaning and sanitization evaluations ensure that product, in-process impurities, and potential contaminants are sufficiently removed prior to subsequent runs. A storage evaluation provides assurance that TFF membrane devices are satisfactorily maintained between runs. 



 BIOT 156 [607004]:  Design of a new chromatography column for cleaning effectiveness

 NAME:   Gerald Kierans, Chris Antoniou, Hilary Carter, Tom Dennen, and Aaron Noyes, BioPharmaceutical Division, Millipore Corporation, 80 Ashby Road, Bedford, MA 01730, Fax: 781-533-3117, gerald_kierans@millipore.com 

 Abstract

Cleaning validation has become more important in recent years in the pharmaceutical industry, as doses increase and analytical methods improve. In addition, regulatory authorities require validation of cleaning and sanitization operations. Inadequate cleaning can result in contamination from cleaning solutions, bacteria, endotoxins, and active pharmaceuticals from previous runs. It is critical that these contaminants are reduced to safe levels in production-scale chromatography columns, making the development of adequate SOPs for cleaning processes essential. This paper reviews the critical design issues and describes different techniques performed to validate the cleanability of an innovative new modular chromatography column. Specific protocols are discussed, as well as guidelines for designing column cleaning and validation SOP’s. 



 BIOT 157 [607824]:  Impact of column hardware on CIP and resolution during the scale-up in preparative biochromatography

 NAME:   Fred Drewe, Drewe Browning Strickler, 9294 Scenic Bluff Drive, Austin, TX 78733, Fax: 512-263-2960, docnzym@drewe.com, and J. Burton Lee, Lee BioSolutions 

 Abstract

Small columns are commonly used in development, testing and validation of chromatographic process parameters. Transfer of the developed procedures to the pilot and manufacturing scale usually calls for unchanged sorbent bed height and linear flow rate whereby the diameter of the column hardware and the piping is increased. This approach is widely believed to support process consistency during the scale-up. Nevertheless, certain process parameters can be affected by the changes in the column hardware design. Stagnant pockets are always present in chromatographic columns, for example around the wall-lid junction or under the “pack-through-the-lid” valves. Migration rate of the solutes in and out of these pockets depends on their depth which tends to be significantly longer in preparative columns. Therefore, contaminants concentration in the eluate is not strictly representative of the residual contamination within the column. CIP protocol validated on a small column does not necessarily apply to a large preparative column, especially when a high degree of inactivation/clearance of contaminants is needed. 



 BIOT 158 [591904]:  Optimization of animal-component-free medium for CHO cell growth and recombinant protein production using statistical design

 NAME:   Ravinder Bhatia1, Cory Robberson1, Tara Osborne1, Steven Walfish2, and Junli Zhang1. (1) Process Development, Human Genome Sciences, 9410 Key West Ave, Rockville, MD 20850, Fax: 301-838-0056, (2) Biostatistics, Human Genome Sciences 

 Abstract

Based on a thorough search of scientific literature and experiments, an Animal-Component-Free medium (HGS-CHO-S01) was developed, although not optimized, for CHO suspension cell growth and recombinant protein production. Optimization began with the established 72 component in-house media. Using a Plackett-Burman (PB) statistical design, 22 components (5 new) were evaluated at high and low concentrations in 24 media formulations over three passages. Analysis of cell growth, doubling time, and expression, determined the concentrations of 16 components. Using Fractional Factorial (FF) experiment, eight components selected from the PB experiment were examined. Analysis concluded that three components have a major impact on cell growth and expression. A titration study of the three components, utilizing 20 media formulations, was initiated to determine their optimal concentrations. After analysis of each study, an optimal medium batch (HGS-CHO-S02) was formulated. An optimized medium, HGS-CHO-S02, was able to support high cell densities up to 6.7x106 cells/ml compare to 1.8x106 cells/ml in non-optimized medium, HGS-CHO-S01. Recombinant protein production in optimized HGS-CHO-S02 medium was more than 400 % higher than non-optimized medium, HGS-CHO-S01. 



 BIOT 159 [605105]:  Development of feed concentrates for CHO fed-batch processes

 NAME:   Brian Horvath, Bioprocess Research and Development, Eli Lilly and Co. Inc, PO Box 4, Drop Code 3318, Indianapolis, IN 46285, BHorvath@Lilly.com, and Sherry Gu, Bioprocess Cell Culture Development, Eli Lilly and Co. Inc 

 Abstract

Production of recombinant proteins and antibodies by fed-batch processes is commonplace when cell lines of sufficient productivity are available. Selection of feed content for such processes is clone-specific in an optimization sense. Many processes, however, are not optimized at this level of detail until major product life-cycle decisions are positively made, often long after the first several batches of clinical material are required. Hence, efficient toolboxing of early process development is required. We have designed feeds having general application to CHO fed-batch processes that derive from whole-medium concentrates. Process-specific feed recipes can be created from a toolboxed medium backbone via designed experimentation using grouped nutrient classes as variables. Results from our top-down approach compare favorably to bottom-up approaches in head-to-head studies using CHO-DG44 cells. 



 BIOT 160 [607864]:  Enhancing batch efficiency by harvest/fill operations in manufacturing

 NAME:   Su Chen, Alfred Dadson, Kathleen Carswell, Frank Situ, and Abdul Wajid, Technical Development, Xoma (US) LLC, 2910 Seventh Street, Berkeley, CA 94710, Fax: 510-540-6072, chens@xoma.com 

 Abstract

While continuous culture has gained wider acceptance in cell culture industry for its high productivity and efficiency, batch culture remains as one of the most important approaches to produce biopharmaceuticals, especially in small and medium biotech companies. Batch operation offers its unparalleled advantages in terms of easy development, simple setup and cost effectiveness. However, it suffers a reduced operational efficiency from a longer turn around time for repeated clean up and culture set up work. An alternative approach to combine the advantages of both batch and continuous cultures is proposed here by extending a batch culture with repeated harvest/fill operations. A mathematical model is developed to predict the enhancement in efficiency based on harvesting ratios. An increase of 50-100% in batch efficiency could easily be achieved from the model prediction and a comparison of the model with experimental results is included in this publication. 



 BIOT 161 [620229]:  A challenge with Vero cell attachment in large-scale nunc cell factories

 NAME:   Ilse Blumentals, Colette Ranucci, Shilpa Choudhari, Alex Harris, Erin Houghton, Brian Mowrer, Samantha Ozuna, Rosario Scott, Joan Whipple, Gina Zang, John Aunins, and Charles Goochee, Bioprocess R&D, Merck Research Labs, West Point, PA 19486, ilse_blumentals@merck.com 

 Abstract

Nunc Cell Factories are simple, disposable culture systems well suited for growth of anchorage dependent cells. Due to the configuration of these systems, cultures must be operated in batch mode, or in batch mode with full medium exchange refeed. During Vero cell growth studies in 40-tray Nunc Cell Factories, a cell detachment problem was identified, where in some instances more than 50% of the cell sheet was observed to detach from the growth substrate. This study describes the systematic investigation launched to identify the root cause of cell detachment and the association of this phenomenon with the culture refeed procedure. The impact of the cell state and metabolism along with an analysis of the effect of air properties (temperature, relative humidity) during the refeed operation will be presented. 



 BIOT 162 [593954]:  Protein glycosylation is controlled by cell culture conditions

 NAME:   Michael Butler, Norman Huzel, Ming Yang, Veronica Restelli, and Jeremy Kunkel, Department of Microbiology, University of Manitoba, Winnipeg, MB R3T 2N2, Canada, Fax: 204-474-7618, butler@cc.umanitoba.ca 

 Abstract

The glycosylation of recombinant proteins secreted by mammalian cells is essential for full biological activity in vivo. However, the glycan structures attached to proteins are highly variable. The heterogeneity of complex N-glycans includes variable terminal monosaccharide structures and the degree of branching (antennarity). This variability is influenced by both the structure of the protein and the conditions during synthesis. Several culture parameters have been recognized as important in controlling this variability. 

We will present evidence that the critical culture parameters can vary depending upon the protein synthesized. For immunoglobulin synthesis the dissolved oxygen tension of the culture can affect the galactosylation of the conserved N-glycan site. A low DOT causes reduced galactosylation. This may be related to the structure of immunoglobulin in which the N-glycan is held in the interstitial space between two heavy chains held together by disulphide bridges. The timing of inter-heavy chain disulphide bond formation may be affected by the intracellular redox environment In the case of recombinant erythropoietin, DOT appears to perturb fucosylation by an undefined mechanism. Whereas the accumulation of ammonia significantly reduces the proportion of tetrasialylated and tetraantennary glycan structures. The latter change in structure can be related to a significant change in the intracellular nucleotide sugar pool that acts as a precursor to glycan synthesis. 



 BIOT 163 [605681]:  Controlling product quality of a recombinant antibody produced in CHO cells by optimizing cell culture conditions

 NAME:   Jason C. Goodrick, Stacey Kaneshiro, Robert Kiss, and Thomas Monica, Manufacturing Sciences and Technology, Genentech Inc, One DNA Way, South San Francisco, CA 94080-4990, Fax: 650-225-4436, goodrick@gene.com 

 Abstract

One of the key challenges of process optimization is maintaining product quality with increased volumetric productivity. Typically, volumetric productivity is enhanced through optimization of cell specific productivity and/or cell mass accumulation. The effect of specific productivity on product quality of a recombinant antibody produced in CHO cells was investigated. It will be demonstrated that it is possible to control specific productivity and thus product quality (galactosylation) by adjusting cell culture process conditions, with no impact on product titer. Results from both pilot-scale and full-scale production cell cultures will be presented. 



 BIOT 164 [607715]:  Bottleneck analysis of the glycosylation pathway for galactose-fed CHO cells

 NAME:   Kevin J.R. Clark1, Sarah W. Harcum1, Kevin M. Bailey2, and Frank W.R. Chaplen3. (1) Chemical Engineering, Clemson University, 123 Earle Hall, Clemson University, Clemson, SC 29634-0909, harcum@clemson.edu, (2) Preclinical Manufacturing, Regeneron Pharmaceuticals, Inc, (3) Department of Bioengineering, Oregan State University 

 Abstract

The proper glycosylation profile of a therapeutic recombinant protein is important for clinical efficacy. Methods to reduce incomplete glycosylation are varied. One method used to increase glycoprotein sialyation and galactosylation is sugar and sugar precursor feeding. Previous authors have demonstrated that sugar and sugar precursor feeding resulted in increased intracellular sugar nucleotide levels (CMP-sialic acid and UDP-galactose); however, the sialyation and galactosylation were not significantly changed. The focus of this work is to determine the bottleneck(s) in sialyation and galactosylation pathways. Real-Time PCR was used to determine the gene expression levels for key sialyation and galactosylation pathway genes with and without galactose-feeding. The four key glycosylation pathway enzymes selected were: UDP-galactose transporter, CMP-sialic acid transporter, beta1,4-galactosyltransferase, and sialidase. 



 BIOT 165 [594699]:  Enhanced specific productivity at low culture temperature in recombinant Chinese hamster ovary cells depends on the integration site of a foreign gene

 NAME:   Sung Kwan Yoon, and Gyun Min Lee, Department of Biological Sciences, Korea Advanced Institute of Science and Technology, 371-1 Kusong-Dong, Yusong-Gu, Daejon, South Korea, Fax: 82-42-869-2610 

 Abstract

Temperature, which is manipulated easily in the cell culture process, is one of the key environmental factors affecting a specific productivity (q) of recombinant protein in Chinese hamster ovary (CHO) cells. The beneficial effect of lowering the culture temperature on q appears to depend on cell types and target protein and it may also depend on the integration site of a foreign gene. To clarify the hypothesis that the location of amplified foreign gene affects the response of CHO cells to low culture temperature in regard to q, 10 antibody-producing parental CHO clones with different integration sites were cultivated at 32 and 37°ÆC, respectively. To compared with q at 37°ÆC, q of 6 parental clones was enhanced at 32°ÆC while q of the other 4 parental clones did not change or rather decreased at 32°ÆC. Their characteristics of q in response to low culture temperature were retained in their subclones obtained by limiting dilution method, and also retained in their amplified clones obtained by methotrexate-mediated gene amplification. These results demonstrate that the beneficial effect of lowering the culture temperature on q depends on the integration site of a foreign gene. Thus, clonal selection is a key factor to the success of the application of low culture temperature to the enhanced foreign protein production in CHO cells. 



 BIOT 166 [613739]:  Use of metabolic models in metabolic engineering

 NAME:   Jochen Forster, Fluxome Sciences A/S, Soltofts Plads, Building 223, Technical University of Denmark, Lyngby 80304, Denmark, and Jens Nielsen, Center for Process Biotechnology, Technical University of Denmark 

 Abstract

Metabolic engineering uses directed genetic modification to improve the properties of a given cell, e.g. improved product yields or productivity, expanded substrate range, and production of novel compounds. A possibility to direct such modifications are metabolic models using exclusively information on the stoichiometry, some information on the biomass composition and possibly on ATP requirements. Stoichiometric models are usually applied to characterize or to foresee a change in cellular behavior at the flux level under different physiological and genetic conditions. Whereas until recently stoichiometric models usually contained 50 to 300 reactions, more detailed sometimes called genome-scale metabolic models are now constructed, that allow an automated analysis of the effect of a change in physiological and genetic conditions on for example growth and product formation. Here, we will present applications of genome-scale metabolic models in metabolic engineering with emphasis on models for Saccharomyces cerevisiae and Lactococcus lactis. 



 BIOT 167 [614614]:  Large-scale cybernetic modeling of protease production in Bacillus subtilis
 NAME:   Jeffery Varner, Functional Genomics and Bioinformatics, Genencor International, 925 Page Mill Road, Palo Alto, CA 94304, jvarner@genencor.com 

 Abstract

With the rapid increase in the ability to gather data on sequenced organisms such as Bacillus subtilis, mathematical frameworks that integrate transcription, translation and metabolite dynamics with physiology are of great value. A dynamic mathematical model of minimal media fed-batch protease production in B. subtilis is presented. The model is composed of individual mRNA and protein mass balances, and metabolite mass balances for central-carbon metabolism, amino acid biosynthesis, energy pathways and protein excretion pathways (< 400 genes). The model employs two novel concepts to enhance its predictive power over a purely stoichiometric model: First, the cybernetic modeling framework is employed to heuristically capture metabolic regulation and control. An algorithm is presented which identifies the cybernetic management program governing gene expression directly from time-resolved transcriptional data. The second novel advancement is the replacement of parameterized kinetics with a low parameter dimension surrogate based upon the process control concept of error feedback. The latter innovation allows reaction dynamics to be reasonably approximated with a minimum number of kinetic parameters. Simulation results are presented and compared with experiment. It will be shown that the model is capable of capturing the metabolic reprogramming resulting from environmental and genetic changes and is consistent with known physiology. 



 BIOT 168 [606194]:  What can we learn from systems biology?

 NAME:   Jeremy S Edwards, Chemical Engineering, University of Delaware, Newark, DE 19716, Fax: 302-831-1048, edwards@che.udel.edu 

 Abstract

Systems biology is likely to have a great impact on the biological sciences in the future. For example, whole genome sequencing, DNA microarrays and proteomics are providing information that can be used to reconstruct cellular networks. However, in order to fully exploit these data, we must develop mathematical and computational methods to interpret and predict the behavior of cellular networks. We have currently addressed this challenge by studying microbial systems. In this talk, I will discuss the computational approaches we have used to study microbial metabolic and regulatory networks and the experimental techniques we are developing to test our predictions. In particular, I will emphasize new mathematical approaches for dynamic and steady state simulations of metabolic and signal transduction networks, and novel experimental approaches to study gene expression from the perspective of systems biology. 



 BIOT 169 [618827]:  Quantification and characterization of uncertainty in metabolic engineering

 NAME:   Vassily Hatzimanikatis, Inanc Birol, Jiaxiao Shi, and Liqing Wang, Chemical Engineering, CMBL, Northwestern University, 2145 Sheridan Road, Evanston, IL 60208-3120, Fax: 847-491-3728, vassily@northwestern.edu 

 Abstract

One of the central problems in metabolic engineering deals with the identification of the “rate limiting steps”, i.e. enzymes whose activities one should manipulate towards the achievement of a desirable performance. However, uncertainty about the kinetic characteristics of the enzymes involved in the pathway of interest makes such identification almost impossible. On the other hand, extensive research within metabolic engineering has enabled the estimation of intracellular metabolic fluxes. Such information, while it provides significant understanding about the functioning of metabolic pathways and, some times, guidance for metabolic engineering, it does not allow a quantitative prediction of the metabolic pathway responses to metabolic engineering actions, such as changes in enzyme activities. 

We have recently developed a method that overcomes these limitations and allows the identification of metabolic engineering targets for the manipulation of metabolic pathways based on information about the stoichiometry of the pathways and the associated values of the metabolic fluxes. The framework employs knowledge about the stoichiometry of biochemical networks and the estimated values of the associated metabolic fluxes, modeling concepts from metabolic control analysis, computational methods, and nonparametric statistics. We will present and discuss the application of the method to the central carbon pathways in E. coli and S. cerevisiae for the identification of the metabolic engineering strategies (i.e., changes in enzyme activities) with the highest probability of success in optimizing conversion of glucose to ethanol. 



 BIOT 170 [605390]:  Numerical innovations in modeling and simulation of carbon bond labeling experiments

 NAME:   Ganesh Sriram, Department of Chemical Engineering, Iowa State University, 3061 Sweeney Hall, Fax: 515-294-2689, gsriram@iastate.edu, and Jacqueline V. Shanks, Department of Chemical Engineering, 

 BIOT Division Chair/Iowa State University, 3031 Sweeney Hall, Fax: 515-294-2689, jshanks@iastate.edu 

 Abstract

Metabolic flux analysis is a crucial diagnostic tool in metabolic engineering. Carbon bond labeling experiments based on 13C NMR are particularly useful in the indirect quantification of metabolic fluxes. We report the application of two novel numerical approaches in the modeling and simulation of these experiments, and consequent flux evaluation from them. The first approach is the use of Boolean function mapping to convert carbon skeletal rearrangement information to bondomer-mapping matrices (BMMs). The BMMs can then be converted to a set of nonlinear equations, which can be solved numerically. The second is the use of singular value decomposition (SVD) to obtain a set of free fluxes (independent parameters), from the set of unknown net fluxes and reaction reversibilities. Both these approaches have been incorporated into a flux evaluation software that we have developed, and have been observed to enhance the speed and efficiency of the flux evaluation procedure. 



 BIOT 171 [606930]:  Metabolic engineering of folic acid production

 NAME:   Tao Zhu1, Richard Koepsel1, Michael M. Domach2, and MOHAMMAD Ataai1. (1) Department of Chemical Engineering, University of Pittsburgh, Pittsburgh, PA 15219, tazst6@pitt.edu, (2) Chemical Engineering, Carnegie Mellon 

 Abstract

Although digestive system is provided with folate compounds by bacteria and dietary sources, the US FDA has recommended that American diets be supplemented with folic acid to reduce the incidence of certain birth defects and for other health-related reasons. The live stock industry also relies on folic acid supplementation of animal feed. Because most folic acid is produced by synthetic processes, and the synthetic compound is a few steps removed from the compound naturally absorbed and processed by the body, a biological route to folic acid production is an attractive possibility. Computer-aided metabolic flux analysis has suggested how to divert cell raw materials to elevate the production of folic acid in E. coli and B. subtilis. The strategy entails, in part, elevating the precursors, phosphoenolpyruvate and erthyrose-4-phosphate. This presentation will present modeling analyses and data on how the folic acid production of mutants compare to wild-type strains. 



 BIOT 172 [605623]:  Designing novel metabolic control in Escherichia coli
 NAME:   Wai Chun Wong, Sungu Lee, Eileen Fung, and James C. Liao, Chemical Engineering, University of California, Los Angeles, 405 Hilgard Ave, 5805 Boelter Hall, Los Angeles, CA 90095, Fax: 310-206-4107, wai@seas.ucla.edu 

 Abstract

Metabolic engineering has achieved impressive success in producing metabolites in various hosts. The next stage in metabolic engineering is to rewire gene circuitry in host organism to perform desired tasks, such as increasing metabolite production and performing bio-computation. Our group had previously demonstrated a novel metabolic control loop that enhances chemical production by artificially engineering a controller inside the cell that can senses intracellular physiological condition. Other researchers had also created toggle switch and oscillator by rewiring gene circuitry. Here we have designed and constructed a synchronizable bio-oscillator in Escherichia coli that utilizes a common cellular metabolite, acetate, as the signaling molecule. Using acetate as the signaling molecule is extremely favorable because acetate production is intimately connected to cellular physiology. By varying extracellular environment and growth conditions, it allows external tuning of the oscillator and yields unprecedented control over the genetic circuitry. 



 BIOT 173 [607871]:  Metabolic engineering of acetyl-CoA node and its effect on metabolic flux redistribution in chemostat Escherichia coli cultures

 NAME:   Ravishankar V. Vadali, Department of Bioengineering, Rice University, Houston, TX 77081, vadali@rice.edu, George N. Bennett, Department of Biochemistry and Cell Biochemistry, Rice University, and Ka-Yiu San, Departments of Bioengineering and Chemical Engineering, Rice University 

 Abstract

Conventional metabolic engineering methodologies include pathway deletion, addition or modification. Cofactors play an essential role in a large number of biochemical reactions and their manipulation provide an additional tool to achieve desired metabolic engineering goals. One such important cofactor is Coenzyme A (CoA) and its derivative acetyl-CoA. 

Previously, we could manipulate CoA levels by over expressing the upstream rate-limiting enzyme pantothenate kinase in the CoA biosynthesis pathway. Experimental results have shown that an elevated cofactor Coenzyme A level leads to an increase in products derived from the acetyl-CoA node such as isoamyl acetate. This increase is due to a concomitant increase in levels of acetyl-CoA. As a next step, several strains with a further enhanced flux through acetyl-CoA node under elevated CoA levels were constructed. The effect of such manipulations on Escherichia coli metabolism will be presented and discussed. 



 BIOT 174 [629610]:  Scalable bioprocesses for the controlled differentiation of embryonic stem cells

 NAME:   Peter W. Zandstra, Institute of Biomaterials and Biomedical Engineering, University of Toronto, Toronto, ON 558 1A1, Canada, Fax: 416-978-1462, peter.zandstra@utoronto.ca 

 Abstract

Tissue and cellular engineering are unique in their use of living cells as therapeutics. Implementation of technologies based on these approaches requires a readily available source of cells. Because of their capacity to regenerate functional tissue for the lifetime of an organism, stem cells are an attractive “raw material” for these and other biotechnological applications. Although the potential for producing novel cell-based products from stem cells is large, there are currently no technologically relevant methodologies to grow stem cells or their derivatives. This presentation will focus on our recent efforts to identify mechanisms for the control of embryonic stem cell proliferation and differentiation. Implications of our findings for the development of bioprocesses utilizing these cells will be discussed. 
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 BIOT 175 [621199]:  Analytical methods development at FDA CBER: Analytical Chemistry staff, Office of Vaccines Research and Review

 NAME:   Alfred Del Grosso, and Joan May, Analytical Chemistry Staff, Office of Vaccines Research and Review, FDA Center for Biologics Evaluation and Research, 1401 Rockville Pike, Rockville, MD 20852, Fax: 301-435-4991, del_grosso@cber.fda.gov 

 Abstract

The characterization and measurement of chemical components including anti-microbials, excipients, stabilizers and process related impurities is a critical part of ensuring the safety and efficacy of biological products regulated by FDA’s Center for Biologics Evaluation and Research (CBER). This presentation will consist of an overview of the function and capabilities of CBER’s Analytical Chemistry Staff including recent activities in the development and validation of analytical procedures for use in the regulatory control of biological products. Laboratory programs to be covered will include the development of procedures for organic constituents and residual process agents, the determination of residual moisture in lyophilized products and the determination of aluminum and other inorganics by spectroscopic techniques. An emphasis will be placed on recent chromatographic methods development, specifically methods for the determination of the inactivating agent glutaraldehyde in vaccines and residual tetrachloroethylene in pollen source materials for allergenic extracts. 



 BIOT 176 [621208]:  FDA CDER’s perspective on specifications for peptide maps

 NAME:   Stephen K Moore, Office of New Drug Chemistry, Center for Drug Evaluation and Research, Food and Drug Administration, 5600 Fishers Lane, Rockville, MD 20852, Fax: 301-443-9282, moorest@cder.fda.gov 

 Abstract

Peptide mapping plays an integral role in the physicochemical characterization of complex protein molecules manufactured by recombinant DNA technology. For characteriztion, peptide mapping is combined with amino acid sequencing, mass spectroscopy, disulfide bond analysis, carbohydrate analysis and other analyses as appropriate to verify correct primary structure and to determine the positions of disulfide linkages and post-translational modifications, microheterogenity, proteolytic degradation, oxidation, deamidation and other structural variations. This characterization forms the basis for establishment of peptide mapping as a stringent quality contol test for identity, stability, evaluating effect of manufacturing changes and surveillance. CDER’s expectations and lessons learned from regulatory experience in establishing specifications for peptide maps will be presented. 



 BIOT 177 [621213]:  Product-directed research in the division of monoclonal antibodies

 NAME:   Kurt Brorson, Division of Monoclonal Antibodies, Center for Biologics Evaluation and Research, Food and Drug Administration, 29 Lincoln Drive, Bethesda, MD 20892, Fax: 301-827-0852, brorson@cber.fda.gov 

 Abstract

Most cell lines genetically engineered to produce monoclonal antibodies (mAb) concomitantly produce endogenous retroviruses. Calculation of retrovirus expression for each antibody-producing cell line and evaluation of virus clearance during downstream processing is standard industry practice. Many downstream unit operations commonly used for production have been found to be robust in their ability to clear/inactivate murine retroviruses. 

The Division of Monoclonal Antibodies has collaborated with ONDC/CDER and Genentech, Inc., to modernize the current approach to viral safety assurance for mAb products. The objective is to eliminate unnecessary testing and adopt bracketed generic validation approaches to impart broader flexibility to industry and facilitate product development, particularly for smaller start-up biotechnology firms. In this presentation, I will discuss: 

•
The concept of “bracketed generic clearance” where operating parameters may vary, within an established range, without impacting viral clearance/inactivation. We will present proof of concept studies performed in collaboration with Genentech, Inc., showing that a set of bracketed low pH conditions consistently achieves >4.6 log10 inactivation of Xenotropic murine leukemia virus (X-MuLV), a model for rodent endogenous retrovirus. 

•
Studies performed in collaboration with ONDC/CDER to define chromatography performance quality attributes that best predict retrovirus clearance during extended re-use of protein A media. 

•
The value of validation and product-directed research and our vision of the future of product-directed research within FDA. 



 BIOT 178 [621212]:  Regulatory considerations for rapid development of biological products

 NAME:   Patrick G Swann, Division of Monoclonal Antibodies, Center for Biologics Evaluation and Research, Food and Drug Administration, 29 Lincoln Drive, Bethesda, MD 20892, Fax: 301-827-0852, swannp@cber.fda.gov 

 Abstract

I will provide an overview of published guidance intended to facilitate the rapid development of biological products with an emphasis on monoclonal antibodies. Specifically, the guidance document entitled “Points to Consider in the Manufacture and Testing of Monoclonal Antibody Products for Human Use” discusses the abbreviated product safety testing necessary for feasibility clinical trials for serious or immediately life-threatening conditions. In addition, the guidance also provides for the use of generic viral validation which may be appropriate under limited conditions. Finally, I will provide a brief overview of the newly finalized animal rule. 



 BIOT 179 [621203]:  Substrate specificity studies on recombinant Campylobacter jejuni N-acetylneuraminic acid synthetase

 NAME:   Appavu Sundaram, and Wille Vann, Laboratory of Bacterial Toxins, Center for Biologics Evaluation and Research, Food and Drug Administration, 29 Lincoln Drive, Bethesda, MD 20892, Fax: 301-402-2776, sundaram@cber.fda.gov 

 Abstract

Sialylated polysaccharides and glycoproteins play significant roles in a number of biological processes such as metastasis, viral cell attachment to the cell receptors and cell adhesion, migration and synapse formation in nervous system. Sialic acid is present in the terminal position of a number of glycoproteins and glycolipids. Polysialic acid capsule is a virulence factor in some pathogenic microorganisms. Therefore, cell surface engineering to incorporate unnatural sugar molecules onto the cell surface glycoconjugates and polysaccharides to study and understand these biological processes is a developing tool in glycobiology. Sialic acid is formed by condensation of PEP and N-acetyl neuraminic acid (NANA), a reaction catalyzed NANA synthetase. In our efforts to study the sialylated polysaccharides and glycoconjugates in microorganisms, we have studied the biochemical characteristics of Campylobacter jejuni N-acetyl neuraminic acid synthetase. We have also chemically prepared substrate analogs such as N-acetyl, N-butanoyl, N-propionoyl and N-pentanoyl Mannosamines as well as E- and Z- 3-fluoro and 3-deuterio PEP and studied the substrate specificity of C. jejuni NANA synthetase. We find that while this enzyme exhibits similar affinity for N-acyl Mannosamine molecules with different N-acyl groups, the actual rates of the reactions are much different, i.e., the reaction rate decreases with increase in chain length without affecting the binding affinity. Enzyme catalyzed condensation of Z- 3-deuterio PEP and E- 3-deuterio PEP with ManNAc yielded (3S) 3-deuterio NANA and (3R) 3-deuterio NANA respectively. The enzyme catalyzed the condensation of Z- 3-fluoro PEP and ManNAc to form (3S) 3-fluoro NANA. Interestingly, when a mixture of E- and Z- 3-fluoro PEP was included in the reaction mixture, the enzyme utilized only the Z- isomer and not the E- isomer. Results of our studies suggest that C. jejuni NANA synthetase catalyzed condensation of PEP and ManNAc is stereospecific with respect to PEP. 



 BIOT 180 [607570]:  Pharmaceutical biocatalysis: Challenges of whole-cell bioconversions

 NAME:   David J Pollard1, Kathleen Telari1, Chris McWilliams2, Guy Humphrey2, and Randy Greasham1. (1) Bioprocess R&D, Merck Research Laboratories, 126 Lincoln Ave, Rahway, NJ 07065, Fax: 732-594-7698, david_pollard@merck.com, (2) Process R&D, Merck Research Laboratories 

 Abstract

Pharmaceutical process development requires rapid delivery of material to support the early phases of a drug candidate. Enzyme-based biocatalysis can be a valuable tool in meeting these aggressive timelines. This approach is more challenging when whole cells provide the only route forward. The challenges include low volume productivity from substrate &/or product toxicity, poor substrate solubility, control of impurities and the regulation/control of cofactor(s). These issues are discussed in our development of a whole cell asymmetric reduction of an ƒ¹,ƒº-unsaturated ketone to an ƒ¹,ƒº-unsaturated alcohol, an intermediate step in the synthesis of a pharmaceutically important drug. Yield and enantiomeric excess improvements were made from an understanding of microbial physiology of the fermentation and bioconversion. The control of key fermentation parameters, including medium composition, pH and the use of additives to the bioconversion, produced a suitable process for the pilot-scale production of clinical material. This successful bioreduction was made possible by the close collaboration between Process Chemists and Bioprocess Engineers. 



 BIOT 181 [593728]:  Ketoreductases in the synthesis of valuable chiral intermediates: Application in the synthesis of statine, phenylstatine, and their analogs

 NAME:   Spiros Kambourakis, BioCatalytics Inc, 129 N Hill Ave, Suite 103, Pasadena, CA 91106, Fax: 626-3563999, skambourakis@biocatalytics.com 

 Abstract

The use of enzymatic reactions for the production of key chiral intermediates is the focus of this presentation. Ten ketoreductases that have been cloned and overexpressed in Escherichia coli were investigated for their ability to reduce various 2-substituted diethyl 3-ketoglutarates. Highly diastereoselective reductions to the corresponding doubly chiral 2-substituted-3-hydroxy glutarates were demonstrated with several enzyme-substrate combinations. The overall chemo-enzymatic synthesis generates two chiral centers in one step in high yields. This method provides the first general synthesis of individual diastereomers of statine, phenylstatine and their analogues. 



 BIOT 182 [605870]:  Cofactor regeneration of NAD+ from NADH: Novel water-forming NADH oxidases

 NAME:   Bettina R. Riebel1, Phillip R. Gibbs2, William B. Wellborn2, and Andreas S. Bommarius2. (1) Department of Pathology, Emory University, Whitehead bldg, 615 Michael Dr, Atlanta, GA 30322, bbommar@emory.edu, (2) Department of Chemical Engineering, Georgia Institute of Technology, IBB bldg, 315 Ferst Dr, Atlanta, GA 77204-4792, Fax: 404-894-2291, prgibbs@che.gatech.edu 

 Abstract

Dehydrogenases with their superb enantioselectivity can be employed advantageously to prepare enantiomerically pure alcohols, hydroxy acids, and amino acids. For economic syntheses, however, the co-substrate of dehydrogenases, the NAD(P)(H) cofactor, has to be regenerated. Whereas the problem of regenerating NADH from NAD+ can be considered solved, the inverse problem of regenerating NAD+ from NADH still awaits a definitive and practical solution. A possible solution is the oxidation of NADH to NAD+ with concomitant reduction of oxygen catalyzed by NADH oxidase (E.C. 1.6.-.-) which can reduce O2 either to undesirable H2O2 or to innocuous H2O. We have found and cloned two novel genes from Borrelia burgdorferi and Lactobacillus sanfranciscensis with hitherto only machine-annotated NADH oxidase function. We have overexpressed the corresponding proteins and proved the annotated function to be correct. As demonstrated with a more sensitive assay than employed previously, the two novel NADH oxidases reduce O2 to H2O. 



 BIOT 183 [604697]:  Improving redox biocatalysis by engineered cells

 NAME:   Jon D. Stewart, Adam Z. Walton, Iwona Kaluzna, and Brent D. Feske, Department of Chemistry, University of Florida, 127 Chemistry Research Building, Gainesville, FL 32611, Fax: 352-846-2095, jds2@chem.ufl.edu 

 Abstract

We have used recombinant DNA techniques to tailor Escherichia coli and Saccharomyces cerevisiae strains for enantioselective redox reactions on substrates of synthetic interest.  While growing cells of these strains have proven very useful for laboratory-scale preparations of homochiral building blocks, they are not well-suited for large-scale use.  We have therefore explored strain and process engineering approaches for improving the volumetric productivities of these bioconversions.  Carrying out the reactions with glucose-fed, non-growing cells gave the most significant improvement in these bioprocesses.  For example, in the Baeyer-Villiger oxidation shown below, using the same E. coli strain under non-growing conditions led to more than a 15-fold improvement in volumetric productivity and more than a 10-fold improvement in final product titer relative to our earlier method utilizing growing cells.  Careful analysis of this reaction revealed that it was limited mainly by the stability of the Acinetobacter sp. monooxygenase.  Evidence supporting this conclusion and possible solutions to overcoming the enzyme stability problem will be discussed. 







 BIOT 184 [607515]:  Practical biohydroxylation with Sphingomonas sp. HXN-200: A highly active, regio- and stereoselective, and easy-to-handle biocatalyst

 NAME:   Zhi Li, and B Witholt, Institute of Biotechnology, ETH Zurich, Honggerberg HPT C71, Switzerland, Fax: 41-1-633-1051, zhi@biotech.biol.ethz.ch 

 Abstract

We are interested in discovery and development of new biocatalyst for practical synthesis. We have selected an area as particularly challenging to organic synthesis, namely regio- and stereoselective oxidation of heterocyclic compounds. This was tackled by isolating and identifying strains capable of such oxidations. Many alkane-degrading bacteria were found to catalyze the regio- and stereoselective hydroxylation of N-benzylpyrrolidine. Among them, Sphingomonas sp. HXN-200 showed high activity and enantioselectivity and was chosen for further investigation. Cells of Sphingomonas sp. HXN-200 were prepared in large amounts and can be stored at -80°C for two years without significant loss of activity. The easy to handle frozen/thawed cells were used for routine biohydroxylation. Moreover, rehydrated lyophilized cells were demonstrated to catalyze the hydroxylation without addition of cofactor, i.e. that they are metabolically functional. Sphingomonas sp. HXN-200 was found to catalyze the hydroxylation of a broad range of substrates with high activity, high yield, excellent regioselectivity, and good to excellent enantioselectivity (Scheme 1), representing by far the best enzyme for these reactions reported thus far. The hydroxylation products are useful pharmaceutical intermediates and difficult to make by chemical syntheses. High yield and high product concentration were achieved in the preparative biohydroxylation with frozen/thawed or growing cells as biocatalysts. Sphingomonas sp. HXN-200 was found to contain an NADH-dependent soluble P450 monooxygenase. The monooxygenase components were purified, the N-terminal sequences were determined, and the molecular weights were established. The purified components are not active in isolation, but mixing of the components restores the activity of the monooxygenase. To further study this novel biocatalytic system, and to make it even more suitable for practical syntheses, we are now working on cloning, sequencing, and overexpression of the monooxygenase genes. 



 BIOT 185 [606073]:  Application of a Baeyer-Villiger monooxygenase from Cunninghamella echinulata NRRL 3655

 NAME:   Clive S Whitcher, Department of Biochemical Engineering, Univeristy College London, Torrington Place, London WC1E 7JE, United Kingdom, c.whitcher@ucl.ac.uk, Jennifer A. Littlechild, Chemistry and Biological Sciences, University of Exeter, Roland Wohlgemuth, Fluka Chemie AG, and John M Woodley, The Advanced Centre for Biochemical Engineering, Department of Biochemical Engineering, University College London 

 Abstract

The monooxygenase catalysed Baeyer-Villiger reaction provides a method of synthesising enantiopure products which are otherwise difficult to obtain by other strategies. Cunninghamella echinulata has been shown to synthesise Baeyer-Villiger Monooxygenase enzymes which are known to catalyse the insertion of an oxygen atom in to the C-C(=O) bond of a ketone forming a lactone group. Activity has been followed by gas chromatography using a non-polar column with bicyclo[3.2.0]hept-2-en-6-one as the test substrate. This yields two enantiomeric lactones; the enzyme induced lactone 3-oxabicyclo[3.3.0]oct-6-en-3-one and to a much lesser extent 2-oxabicyclo[3.30]oct-6-en-3-one. Interestingly this BVMO produces an opposite enantiomeric form of lactone compared to Cyclohexanone Monooxygenase (cloned in E. coli from Acinetobacter calcoaceticus) when applied to racemic bicyclo[3.2.0]hept-2-en-6-one. In this paper the growth and morphology of this organism and the subsequent purification of the BVMO protein will be described. 



 BIOT 186 [606057]:  Oxygen limitations in the biocatalytic BVMO catalyzed synthesis of lacones

 NAME:   Christopher V. F. Baldwin, and John M Woodley, Department of Biochemical Engineering, University College London, Torrington Place, London WC1E 7JE, United Kingdom, c.baldwin@ucl.ac.uk 

 Abstract

The development of a process model for the whole cell catalysed Baeyer-Villiger oxidation of bicyclo[3.2.0]hept-2-en-6-one to its corresponding regio-isomeric lactones, (-) 1(S), 5® 2-oxabicyclo[3.3.0]oct-6-en-2-one and (-) 1®, 5(S) 3-oxabicyclo[3.3.0]oct-6-en-2-one, using cyclohexanone monooxygenase (CHMO) in Escherichia coli TOP10[pQR239], has produced a predictive tool to evaluate process performance. The modelled process is based on a resting cell conversion in which glycerol is required for the regeneration of NADPH necessary for CHMO activity. One resulting consequence is a high demand for oxygen for both recycling NADPH and the synthesis of the lactones. The model has been used to identify oxygen limitations on the reaction. Above a biocatalyst activity of 165 U/L, oxygen mass transfer was found to limit the rate and final yield. We have addressed this limitation and shown that by increasing the oxygen supply to the catalyst we were are able to improve the process. 



 BIOT 187 [605608]:  Expression profiling and high-temperature pressure adaptation of the hyperthermophilic methanarchaeon, Methanococcus jannaschii
 NAME:   Boonchai B. Boonyaratanakornkit1, Annie J. Simpson2, Chan Beum Park3, Claire Fraser2, Najib M. El-Sayed2, and Douglas S. Clark1. (1) Department of Chemical Engineering, University of California, 201 Gilman Hall, Berkeley, CA 94720, cornkid@uclink.berkeley.edu, (2) The Institute for Genomic Research, (3) Department of Chemical & Materials Engineering, Arizona State University 

 Abstract

Methanococcus jannaschii, a hyperthermophilic methanarchaeon, has been shown to exhibit a barophilic growth response when grown at 500 atm in a novel bioreactor, suggesting that changes in gene expression and metabolism occur in response to elevated temperatures and pressures. To investigate adaptation mechanisms underlying growth under extreme conditions, differential gene expression was profiled using cDNA microarrays. To this end, M. jannaschii was grown at temperatures of 65°C, 75°C, and 85°C, the optimal growth temperature. Total RNA was isolated from cells growing in both the exponential and stationary phase and hybridized to the arrays. Cluster analysis was performed to elucidate genes and pathways that respond to temperature and pressure. Genes up-regulated or down-regulated with increasing temperature and pressure were identified in order to study stress response mechanisms. Implications of these findings for improving recombinant expression systems will be discussed. 



 BIOT 188 [600022]:  Carbon flux analysis of metabolic reactions in cell-free protein synthesis

 NAME:   Kara A. Calhoun, and James R. Swartz, Department of Chemical Engineering, Stanford University, MC 5025, 380 Roth Way, Keck 152, Stanford, CA 94305, kcalhoun@stanford.edu 

 Abstract

In coupled transcription/translation reactions, template DNA is mixed with amino acids, an energy source, and E. coli cell extract for in vitro production of proteins. Because a cell membrane is not present, the reaction can be directly controlled and easily sampled. High protein yields have been reported using cell-free protein synthesis (CFPS); however, a systematic analysis of all active metabolic reactions has not been completed. This analysis would be useful for identifying reactions that are wasting the carbon source, wasting the amino acid substrates, or depleting the energy charge. We report a comprehensive metabolic analysis of CFPS using HPLC for quantifying organic acids, amino acids, and nucleotides. A model of the biochemical reactions taking place in CFPS was obtained, and several substrate-wasting pathways were identified. Analysis was completed on CFPS in several conditions including reactions with different energy sources and with cell extracts from various E. coli mutants. 



 BIOT 189 [605703]:  Metabolic engineering of yeast for polyketide biosynthesis

 NAME:   Nancy A. Da Silva1, Soojin Lee1, Ka Kit Michael Lee1, Claudia G. Ching1, Sarah Mutka2, and James T. Keasley2. (1) Chemical Engineering and Materials Science, University of California, Irvine, Irvine, CA 92697-2575, Fax: 949-824-2541, nadasilva@uci.edu, (2) Kosan Biosciences, Inc 

 Abstract

Polyketides are a diverse group of natural products with great significance as human therapeutics. Although they are made in a variety of microorganisms, polyketides often are produced in their natural hosts in minute quantities. To optimize production of these compounds and for the generation of novel polyketides, heterologous hosts hold several advantages. The specific attributes of yeast combined with recent success at the high-level production of a fungal polyketide in Saccharomyces cerevisiae point to the exceptional promise of this host for polyketide biosynthesis. To produce polyketides in yeast (and other nonnative hosts), the strains must be engineered to produce the active polyketide synthase, to synthesize the required precursors, to produce the required phosphopantetheinyl transferase, and to perform any additional tailoring reactions once the polyketide is synthesized. This requires the stable introduction and balancing of multiple genes and pathways. Our research has focused on two facets of the overall metabolic engineering challenge: the introduction of genes or pathways for the production of the precursors required as primer units for polyketide synthesis, and the synthesis of the phosphopantetheinyl transferase. Methods developed in my laboratory for the sequential insertion of genes and pathways were employed . The success of this approach for the metabolic engineering of yeast for polyketide synthesis will be presented. 



 BIOT 190 [605202]:  Engineering Streptomyces bacteria to overproduce natural products

 NAME:   Camilla Kao1, Amy Lum1, Jane Huang2, Stanley Cohen2, and C. Richard Hutchinson3. (1) Department of Chemical Engineering, Stanford University, MC 5025, Stanford, CA 94305, Fax: 650-723-9780, (2) Department of Genetics, Stanford University, (3) Kosan Biosciences 

 Last Modified: 2003-01-30
Abstract

Abstract text not available. 



 BIOT 191 [608190]:  Rewiring cellular circuitry to improve biomanufacturing processes

 NAME:   Edward M. Driggers, John Royer, Manor Askenazi, Kevin Madden, Reed Doten, Daniel Zimmer, Toby Feibelman, Joshua Trueheart, and Brian Cali, Microbia, Inc, One Kendall Square Building 1400W, Cambridge, MA 02139, Fax: 617-494-0908, edriggers@microbia.com 

 Abstract

Efficient biomanufacturing requires the optimization of fermentation processes on the large scale, as well as the coordinated regulation of intricate metabolic processes on the cellular scale. Current metabolic engineering strategies for industrial strain development focus primarily on overexpression of biosynthetic genes, increasing intracellular pools of precursors, and reducing metabolic flux through competing pathways. In many instances, however, the biosynthetic genes, key substrates, and metabolic control mechanisms for the production of a commercially relevant metabolite are not known. We will describe comprehensive cellular engineering methods that rapidly identify the critical genetic/metabolic components and the associated regulatory circuitry required for metabolite production, and then directly utilize this information to generate improved strains and processes. Specifically, we will present profiling data to decipher interrelationships between gene expression patterns and metabolite production, and will demonstrate the application of this data in the rapid improvement of high-yielding industrial strains. These profiling methods provide tools for powerful selection systems as well as for engineering with global regulators, single genes that modulate multiple aspects of physiology impacting metabolite production. This approach, comprised of gene discovery and strain optimization components, can be utilized both to enhance existing biosyntheses as well as to establish entirely new biomanufacturing processes. 



 BIOT 192 [608016]:  Target hierarchy: The cases for interfering RNA and transient controllers

 NAME:   William E. Bentley1, Shannon F. Kramer1, Matthew P. DeLisa2, Ranjan Srivastava3, Liang Wang4, Karen Carter1, and Chen-Yu Tsao1. (1) Center for Biosystems Research, UMBI, Department of Chemical Engineering, University of Maryland, College Park, MD 20742, Fax: 301-314-9075, bentley@eng.umd.edu, (2) Center for Biosystems Research, UMBI, Department of Chemical Engineering, UMCP, *School of Chemical Engineering, Cornell University, (3) Center for Biosystems Research, UMBI, Department of Chemical Engineering, UMCP, *Department of Chemical Engineering, University of Connecticut, (4) Center for Biosystems Research, UMBI, Department of Cell Biology and Molecular Genetics, UMCP, University of Maryland 

 Abstract

Macromolecular assembly processes are both locally and globally regulated. The metabolic engineering of protein synthesis, for example, is subject to such complex hierarchical control schemes. Attempts to alter the global metabolic landscape are often met with deleterious and distantly related pleiotropic effects, particularly when static changes in genotype are made through complementation and/or mutation. Our alternative approach, that transiently alters the global landscape, attempts to minimize the number and severity of these pleiotropic effects. We have tested this approach in E. coli by targeting the heat shock response with in vivo generated antisense RNA and by in vivo manipulating the signal transduction process of a relatively poorly characterized cell-to-cell communication system known as “quorum sensing”. In insect systems, we use double stranded RNA (dsRNA) to transiently “silence” the expression of specific host genes. The time constants associated with dsRNA are significantly longer than antisense, making dsRNA more amenable to eukaryotic processing. This presentation will describe both benefits and pitfalls associated with this approach. 



 BIOT 193 [607517]:  DNA array-based transcriptional analysis of the Clostridium acetobutylicum differentation and degeneration programs

 NAME:   Eleftherios T. Papoutsakis, Christopher Tomas, Keith Alsaker, Hendrik Bonarius, Wouter Hendriksen, Jeffrey Beamish, He Yang, and Carlos Paredes, Department of Chemical Engineering, Northwestern University, 2145 Sheridan Rd., E133, Evanston, IL 60208, Fax: 847-491-3728 

 Abstract

Clostridium acetobutylicum is the organism responsible for one of the oldest industrial fermentations, the acetone-butanol fermentation. With the recent publication of the genome sequence, a large and new variety of opportunities arise for applications of this organism in the production of chemicals, gene therapy, bioremediation, and whole-cell biocatalysis. Two important issues of critical importance to all applications are the understanding of the transcriptional basis of the differentiation (sporulation) and strain degeneration (i.e., loss of solvent-formation capability). For example, the ability to knock out the sporulation program while retaining the ability to form solvents (a capability classically viewed as dependent on sporulation) would be a major advance for increasing industrial productivity of the organism. Similarly, understanding the effects of the megaplasmid pSOL1 loss (which results in degeneration, such as in strain M5) on the readjusted molecular program of the cells, including the abolishment of sporulation, is a crucial advance for generating superior industrial strains. Our DNA-array data elucidate the molecular basis of several important phenotypes (such as changes in motility, chemotaxis, and central carbon metabolism) associated with a spo0A knockout asporogenous strain SKO1, as well as strain M5. 



 BIOT 194 [621120]:  A functional protein chip for in vitro metabolic engineering

 NAME:   Gregory Stephanopoulos, Department of Chemical Engineering, Massachusetts Institute of Technology, Room 56-469C, 25 Ames St., Cambridge, MA 02139, Fax: 617-253-3122, gregstep@mit.edu, and Gyoo Jung, MIT 

 Abstract

Numerous investigations have focused on the development of functional protein chips as diagnostic tools in medicine and biotechnology. In metabolic engineering, functional protein chips can play an important role for the in vitro optimization of metabolic pathways and even the cell-free production of biomolecules. In this research, a new functional protein chip employing RNA display technology was investigated. This method uses specific hybridization of RNA-protein fusion molecules, linked covalently by a puromycin-oligoDNA linker, on oligo-spotted cDNA microarrays. In the present work, a sequential enzymatic reaction catalyzed by nucleoside diphosphate kinase (NDK) and luciferase on a 96-well microplate was used as a model system. The whole process included three major steps, i.e., splinted ligation of mRNA and puromycin-oligoDNA linker using splint DNA, fusion molecule formation by in vitro translation using a system derived from rabbit reticulocyte, and hybridization of mRNA-protein fusion and cDNA. After optimizing each step, it was shown that the catalytic activity of each enzyme was highly dependent on the amount of cDNA spotted on the well which defines the total amount of fusion molecules loaded. These results suggest that the fusion molecules immobilized by hybridization of mRNA end and cDNA retained their enzymatic activity under immobilized conditions. As the relative amount of each enzyme can be controlled by the total amount of cDNA oligo spotted on the well (or microarray), this method allows the quick investigation of numerous combinations of enzymes participating in a conversion pathway for the determination of optimal conversion conditions in complex transformations. Additionally, they offer the possibility for in vitro biocatalysis and metabolic engineering involving hard to purify or otherwise unavailable enzymes. Examples illustrating these possibilities will be presented. 



 BIOT 195 [587220]:  Development of in vitro and in vivo models of wound healing based on engineered tissues: A novel role of fibrin in wound healing

 NAME:   David J. Geer1, Daniel Swartz2, and Stelios T. Andreadis1. (1) Chemical Engineering, SUNY- Buffalo, 908 Furnas Hall, Amherst, NY 14260, Fax: 716-645-3822, djgeer@eng.buffalo.edu, sandread@eng.buffalo.edu, (2) Physiology and Biophysics, SUNY- Buffalo 

 Abstract

We developed a modified wounding assay to study the effect of fibrin on keratinocyte adhesion and migration. In order to mimic the environment keratinocytes see in vivo, fibrin gels were added to the top of the wounded monolayers and allowed to polymerize. We found that the rate of healing depended strongly on the concentration of fibrinogen. Low concentrations of fibrinogen (1 – 2.5 mg/ml) accelerated healing significantly but high concentrations (10 mg/ml) severely inhibited keratinocyte migration. Untreated monolayers rarely healed and did so only many days after wounding. Aprotinin, a fibrinolysis inhibitor, prevented gel degradation and subsequent migration events suggesting that fibrinolysis is required for epidermal cell migration. Interestingly, physiological concentrations (1 – 5 mg/ml) of fibrinogen detached a small subpopulation of keratinocytes and higher concentrations caused severe cell detachment. To further examine this novel finding we investigated the differentiation stage of detached cells using flow cytometry and real time PCR. We found that fibrinogen detached differentiated keratinocytes expressing low levels of b1 integrin. Addition of calcium (2mM) prevented cell detachment and promoted keratinocyte migration as an epithelial sheet. Similar to 2D, fibrin accelerated healing in 3D tissue engineered skin in vitro and in vivo. For the latter, skin equivalents were implanted onto athymic mice for 2 – 4 weeks to fully integrate with mouse tissue. Grafted skin equivalents were then wounded with a 4-mm punch and filled with polymerizing fibrin gel that was supplemented with KGF (1 mg). At 7 and 14 days post-wounding, we found significant increases in reepithelialization, epidermal thickening in the center of the healed wound and increased blood vessel formation in the granulation tissue. 

Our study suggests that fibrin may aid epidermal regeneration by disrupting the adhesion of differentiated cells thus ensuring that the epidermis is reconstituted by undifferentiated basal cells. Finally, fibrin can serve as a biomaterial for growth factor and gene delivery in vitro and in vivo. 



 BIOT 196 [607826]:  Use micropatterned biodegradable materials to control cell behaviors

 NAME:   Yu-chi Wang, and Chia-chi Ho, Department of Chemical engineering, University of Cincinnati, Univ. of Cincinnati, Dept. Chem. Eng., 601 ERC, Cincinnati, OH 45221, chia_wen@ms5.url.com.tw, cho@alpha.che.uc.edu 

 Abstract

In vascular tissue engineering, scaffold morphology and mechanical strength play important roles in supporting the growth and formation of functional vascular tissue. Most studies of cell behavior on micropatterned substrates have used silicon, glass, or synthetic gels that have limited scaffold applications. Here, we report a versatile technique for generating microfeatures on biomaterials such as synthetic polymers (polyglycolic acid, polylactic acid, and their copolymers) and natural polymers (chitosan and gelatin). The morphology and cytoskeletal structures of endothelial cells align with 20-50  m grooves patterned on these biomaterials. The mechanical rigidity of these surface micropatterns can be adjusted by varying the composition of the biomaterials. Cell proliferation rates are dependent on the dimensions and rigidity of the micropatterns. These microfabricated biomaterials can help elucidate the influence of topography on cell proliferation and may have important applications in the engineering of small diameter blood vessels. 



 BIOT 197 [574409]:  Organization of cell-adhesion proteins at surfaces on a subcellular-length scale using colloidal particle assembly

 NAME:   Nathaniel J. Gleason, and Jeffrey D. Carbeck, Department of Chemical Engineering, Princeton University, A215 Engineering Quad, Olden Street, Princeton, NJ 08544, Fax: 609-258-0211, ngleason@princeton.edu, jcarbeck@princeton.edu 

 Abstract

The organization of adhesion proteins within the extracellular matrix can play an important role in determining the response of cells. Attempts to replicate features of the extracellular matrix in synthetic materials have focused on the control of protein organization either on the length scale of a whole cells (10-100 microns) or of single adhesion receptors (~1 nanometer); intermediate length scales have largely been neglected. We have developed a technique for creating tunable, hierarchical patterns of proteins using two-dimensional arrays of colloidal particles assembled on surfaces. This technique gives control over protein arrangement on length scales ranging from the size of individual particles (20 nm – 2 microns) through the size of micropatterned arrays of particles, created with soft lithography (microns to centimeters). We show that arrays of colloidal particles presenting the cell adhesion protein fibronectin (FN) supported the attachment and spreading of fibroblast cells. The behavior of adherent cells was found to be dependent on particle density; cell attachment, spreading, morphology and cytoskeletal organization changed as the particle spacing was varied from a sparse arrangement to close-packed arrays. Colloidal particle arrays were also patterned on substrates using soft lithography. The organization of cells attached to patterned particles was defined by the geometry of the particle arrays. Finally, we demonstrate the formation of more complex surfaces composed of multiple particles presenting different proteins. Surfaces functionalized with protein-coated particles will be useful for forming patterned arrays of cells and for studying the effects of substrate organization on the behavior of anchorage-dependent cells. This method also provides a general strategy for controlling the organization of proteins on multiple length scales. 



 BIOT 198 [607503]:  Mathematical model for the depth-filtration seeding of human mesenchymal stem cells in 3-D nonwoven PET matrices

 NAME:   Warren L Grayson, and Teng Ma, Department of Chemical and Biomedical Engineering, FAMU-FSU College of Engineering, 2525 Pottsdamer St., Tallahassee, FL 32310, wgrayson@eng.fsu.edu 

 Abstract

The rapid expansion of human mesenchymal stem cells (hMSCs) will facilitate the repair and regeneration of functional tissues of mesenchymal origin. The major limitation for hMSC’s clinical use is obtaining sufficient quantities within relatively short time periods. In this study, we propose to seed hMSCs in three-dimensional (3-D) polyethylene terephthalate (PET) matrices using a depth filtration method. We will investigate the effects of the 3-D structure of non-woven PET matrices on the filtration characteristics, growth and development of the cells, and then develop a mathematical model that predicts cell deposition for different 3-D structures. We will monitor the growth kinetics and detect the expressions of cell cycle markers to determine the spatial distribution of cells and their growth patterns. The study will illustrate the effectiveness of depth filtration to uniformly distribute hMSCs throughout PET matrices, the suitability of PET for rapid hMSC expansion and determine whether the process can be faithfully modeled. 



 BIOT 199 [603663]:  Physical and mechanical properties of porous scaffolds fabricated from a blend of starch and chitosan

 NAME:   Anu Subramanian, Chemical Engineering, University of Nebraska, Lincoln, 207L Othmer Hall, Lincoln, NE 68588, Fax: 402-472-6989, asubramanian2@unl.edu, Hsin-Yi Lin, Chemical Engineering, University of Nebraska, Milford Hanna, Biological systems Engineering, and Kinyong Kim, Biological Systems Engineering 

 Abstract

Starch and chitosan are by-products of bioprocessing operations and represent a natural resource from which material for agricultural, medical and industrial applications can be synthesized. The long-term research goal is to evaluate blends of natural polymers in the paradigm of tissue engineering. Chitosan was blended with commercially available polyesters like polycaprolactone (PCL) and polybutylsuccinate (PBS) in the presence of a compatibilizer or with modified starch. Test biomaterials from the chitosan based blends were either sheeted or molded into rods or fabricated into 3_D porous scaffolds via extrusion processing in the presence of blowing agents. Mechanical and physical properties of the scaffolds were evaluated as a function of percent composition, processing parameters, concentration and the type of blowing agent. Morphology of the materials produced was characterized by scanning electron microscopy. Thermal properties were evaluated by differential scanning calorimetry (DSC) and dynamic mechanical analyzer (DMA). The degradability of these test biomaterials was also evaluated in aqueous and Hanks’ solution. The cytocompatibility of these biomaterials were also evaluated. Results from our on-going research will be presented. 



 BIOT 200 [606222]:  Polysaccharide-based composite scaffolds for tissue engineering applications

 NAME:   Ali Moshfeghian, Yan Huang, Aparna Sarasam, Ryan Lanman, and Sundar Madihally, Chemical Engineering, Oklahoma State University, 423 Engineering North, Stillwater, OK 74078, svm@che.okstate.edu 

 Abstract

Scarcity of biomaterials that elicit controlled cellular response and possess essential mechanical properties has limited tissue engineering-based applications. An approach to address the issue is to blend two or more components, the key for selecting individual component being their superior biological role and/or mechanical role. Based on this concept, we synthesized and characterized the Chitosan-Poly lactide-co-glycolide (PLGA)/ polycaprolactone (PCL) blend scaffolds in this study; chitosan, a biodegradable polysaccharide, has been a candidate material due to its superior cellular support and ability to interact with negatively charged glycosaminoglycans (GAGs); PLGA and PCL are synthetic polyesters and mechanical properties can be tailored easily. Scaffolds were formed either by emulsification or using a single phase solution. Further endothelial cell spreading and proliferation were also studied. The results show the Chitosan/PLGA or Chitosan/PCL blend scaffolds can be easily obtained with varying pore sizes and morphology and have a promising potential for tissue engineering applications. 



 BIOT 201 [613582]:  Modeling of cell growth and nutrient consumption in hematopoiesis in a 3-D perfusion bioreactor

 NAME:   Pragyansri Pathi, Chemical Engineering, Florida State University, 2525 Pottsdamer St., Rm 131, Tallahassee, FL 32310, Fax: 850-410-6150, pathi@eng.fsu.edu, Teng Ma, FAMU-FSU, and Bruce R Locke, Department of Chemical Engineering, Florida State University 

 Abstract

Three dimensional perfusion bioreactors are currently under development to produce large quantities of human immune lineage cells. Specifically, the growth of hematopoetic cells is strongly influenced by the supply of oxygen and other nutrients, and therefore the design of bioreactors to grow these cells must account for the effects of convective-diffusive transport and reactor geometry on cell growth. Previous modeling efforts have not included the material balances on cell growth nor coupled the cell growth to the nutrient consumption in 3-D matrices. In the present work, several mathematical models are developed to determine the effects of transport limitations on cell growth in a 3-D matrix. The method of volume averaging is used to formulate the material balances for the cells and nutrients in the porous matrix containing the cells. Volume averaging allows determination of the effective diffusion and reaction terms in the species continuity equations in terms of local geometry and spatial restrictions. The volume averaged equations are thereafter solved over the macroscopic dimensions of the reactor to assess system performance. 



 BIOT 202 [602191]:  Tumor angiogenesis model with scaffold of small intestinal submucosa

 NAME:   He Yang1, Ricardio R Rivera1, and Teng Ma2. (1) Department of chemical engineering, college of engineering, Florida State University, 2525 Pottsdamer Street, Tallahassee, FL FL 32310-604, Fax: 850-410-6150, he@eng.fsu.edu, (2) FAMU-FSU 

 Abstract

Angiogenesis and ECM environment play important roles in tumor proliferation and resistance to chemical and radiation therapy. The development of anti-cancer therapies depends on the construction of an in vitro model. An in vitro model incorporating 3-D ECM network and micro-vascular system will be tool in the development of anticancer therapy. However, few of the existing models actually incorporate both of these factors. To address this issue, we will develop a novel model by co-culturing HUMEC & HTB-26 on SIS to study their angiogenic characteristics. We used a mechanical technique to partically decellularize porcine intestine, leaving the submucosal layer intact. The SIS matrix was then treated enzymatically to fully remove all cells and then fixed onto a ring to act as a scaffold. HTB-26 cells were cultured and their proliferation and metabolic profile were monitored using MTS assays and by measuring glucose/lactate concentration in the medium. Using immunostaining and histology methods, we examined the 3-D distribution of proliferating cells on the SIS to study the invasion characteristics of tumor cells. We will subsequently co-culture HUMEC with HTB-26 and study the proliferation, migration and differentiation of the HUMEC cells by morphology analysis and p27 assay. The results from this study will show the angiogenic characteristics in above model and pave the way for its use in the study of anti-cancer therapy. 



 BIOT 203 [583608]:  Structured decisional-support tool for rapid bioprocess modeling

 NAME:   Ai Chye Lim1, Suzanne Farid1, John Washbrook2, and Nigel John Titchener-Hooker1. (1) Department of Biochemical Engineering, University College London, Torrington Place, London WC1E 7JE, United Kingdom, Fax: (+44)(0)207 916 3943, j.lim@ucl.ac.uk, (2) Department of Computer Science, University College London 

 Abstract

As the design of production technologies for new drugs becomes progressively more complex, so the application of computer-aided tools to facilitate the development of manufacturing processes is of growing importance. A structured decisional-support tool to achieve rapid modelling of the manufacturing bioprocesses is proposed. The capability of the tool to reflect key processes features and the use of the tool to improve decision-making is demonstrated via a case study. In the study based on the production of monoclonal antibodies by perfusion culture, the modelling tool indicates how employing different pooling tactics affects the operational costs and the demand on manufacturing resources. The example illustrates how the decision-support tool can be used to facilitate early planning of process development, determine the appropriate allocation of manufacturing resources and make the selection of the most appropriate pooling strategy given a particular set of operating constraints. 



 BIOT 204 [604959]:  Principles of fermentation process development and characterization: Application to fermentation development for vaccine manufacture

 NAME:   Tsu-shun Lee, Jean H. Crinean, Jennifer R. Olges-Murphy, Brian D. Bahler, Sheryl H. Bauer, Robert L. Hopfer, and James L. Cowell, Wyeth Vaccine Research, Sanford, NC 27330 

 Abstract

An overall strategy for fermentation process development and characterization has been developed and was successfully applied to support process validation. This strategy which significantly improved the quality and quantity of the process characterization data, can be divided into five important phases. The first phase is to define a clear and achievable goal for the development campaign. Phase two is to thoroughly analyze the current process to identify potential critical parameters which may affect process performance. The third phase is to generate an experimental plan to decide the tested parameters and ranges to test. The fourth phase is to execute the experimental plan by Design of Experiment (DOE) to significantly reduce the campaign time and increase data reliability. The final phase is to perform analysis of the experimental data to improve process performance, verify process specifications, or suggest process changes. These principles are illustrated in a case study of fermentation process characterization performed in support of vaccine manufacturing process validation. 



 BIOT 205 [605717]:  Selection of chromatographic media and conditions for preferred recovery processes

 NAME:   Timothy N. Breece, Tuan M. Nguyen, and Charles Schmelzer, Recovery Sciences, Genentech, Inc, 1 DNA Way, So San Francisco, CA 94080-4918, Fax: 650-225-5275, tnb@gene.com 

 Abstract

In the past, the number of chromatography resins available for use in biotechnology recovery processes was limited and processes had to be adapted to the available materials. Currently, many suitable resins and alternatives are available from many different manufacturers. This enables specifying process parameters and then screening for the media that will facilitate your desired process. Hence, effectively the media can be adapted to the process rather than adapting a process to the media. By defining simple operating criteria that require no assays to determine success, many materials and conditions can be screened quickly. The technique is equally valid for ion-exchange, hydrophobic interaction and mixed mode chromatography. Examples of successful process design utilizing this approach and how the steps were integrated into the process will be presented. 



 BIOT 206 [601883]:  Using a high-throughput screening system for the development of scalable protein crystallization processes

 NAME:   Vadim Klyushnichenko, Process Development, Altus Biologics Inc, 625 Putnam Av, Cambridge, MA 02139, Fax: 617-299-2950, vklyushnichenko@altus.com 

 Abstract

Protein crystallization as a unit operation in the downstream processing of protein pharmaceuticals is becoming increasingly popular. One goal of the art is the scale-up of protein crystallization. We have studied the applicability of different High Throughput Screening systems for multi-dimensional optimization of protein crystallization, which allowed us to optimize various parameters including crystal formation kinetics, crystal morphology and yield. The data generated from our studies allowed us to develop scale-up and scale-down processes for reproducible crystallization of proteins. Optimization was achieved at scales ranging from a few mg to a 10 Kg and beyond. 



 BIOT 207 [621119]:  Enabling faster process development: Automation of process monitoring assays

 NAME:   Pete DePhillips, Amy Bowman, Kristine Little, Maria Vaccaro, Marc Wenger, and Ann Lee, Vaccine Bioprocess R&D, Merck & Co, WP1-9, P. O. Box 4, Sumneytown Pike, West Point, PA 19486, Fax: 215-993-6678, peter_dephillips@merck.com 

 Abstract

The development of a protein or vaccine purification process is primarily an empirical undertaking, in which multiple trial processes are carried out to select a sequence of unit operations and optimal operating conditions. One of the challenges inherent in this development effort is the rapid analysis of the samples generated by these trial purification processes. Automating this sample analysis would benefit development projects by increasing sample throughput and data quality, while decreasing assay turnaround time. A strategy is presented here to completely automate a variety of process monitoring assays, from sample preparation through to data reduction and data reporting. This strategy uses commercially available hardware and software, with some custom written VB programing to provide a more user friendly interface. Applications using this approach to automate a variety of process monitoring assays, such as total protein, nucleic acid content, excipient assays, and immunoassays will be discussed. 



Wednesday Evening Poster Session

 BIOT 208 [578848]:  Novel fluorescent pH indicator

 NAME:   George G. Yi, Zhenjun Diwu, Luke Lavis, Yen-Wen Chen, and Jesse Twu, Molecular Devices Corporation, 1311 Orleans Drive, Sunnyvale, CA 94089, Fax: 408-747-0965, george_yi@moldev.com 

 Abstract

Intracellular pH plays an important modulating role in many cellular events. pH-sensitive fluorescent dyes have been widely used to monitor changes in intracellular pH. The most popular pH probe is 2’,7’-bis(2-carboxyethyl)-5-(and-6-)carboxyfluorescein, acetoxymethyl ester (BCECF-AM). However, commercial BCECF-AM is a mixture of at least six components that have various ratios from different vendors or different batches of the same vendor. We have developed a new class of intracellular fluorescent pH indicators: 2’,7’-diethyl-5-carboxyfluorescein and its derivatives. The new indicators have a pKa of 7.0 and exhibit pH-dependent dual excitation and dual emission. Our preliminary results indicated that the new pH indicators have better spectral and biological properties for measurement of intracellular pH, and the results are more reproducible than BCECF-AM since it is a single species. 

[image: image17]
 BIOT 209 [583347]:  Overcoming the barriers to batch process scheduling in the biopharmaceutical industry

 NAME:   Demetri P. Petrides, and Charles Siletti, INTELLIGEN, INC, 2326 Morse Avenue, Scotch Plains, NJ 07076, Fax: 908-654-3866, dpetrides@intelligen.com 

 Abstract

While sophisticated systems for process control and manufacturing execution enjoy a wide acceptance in the biotech industry, tools for batch process scheduling represent a serious gap in the fully automated batch plant. Despite over fifteen years of academic research in batch scheduling algorithms and Moore’s law increases in computing power, spreadsheets and calculators remain the state-of-the-art means for scheduling in most batch plants. The potential benefit of closing this technology gap is in the billions of dollars. Factors contributing to the lack of acceptance of scheduling tools include the industry’s perception that advanced scheduling systems are expensive and risky and the shortage of individuals trained to implement or maintain scheduling systems. The vision for an integrated batch scheduling system for the biotech industry presented here features an accurate model of the manufacturing process; a constraint-guided heuristic approach to the scheduling problem; and the ability to interact with both the production planning and process control systems. An illustrative example is provided. 



 BIOT 210 [575004]:  Cloning of nattokinase genes and its preliminary studies

 NAME:   Junjian Ling1, Wei Du2, Li-xin Luo3, and Rude Yang3. (1) Procter & Gamble Technology (Beijing) Co., Ltd, Procter & Gamble Technology (Beijing) Co., Ltd, Beijing 100084, China, Fax: 0086-10-62785475, duwei@mail.tsinghua.edu.cn, (2) Department of Chemical Engineering, Tsinghua University, Department of Chemical Engineering, Tsinghua University, (3) Department of Biotechnology, South China University of Technology, Department of Biotechnology, South China University of Technology 

 Abstract

Nattokinase (NK)£a kind of protease, which was originally extracted from natto, a typical soybean food which is very popular in Japan. It has been shown that Nattokinase has thrombolytic function. Compared with several thrombolytic agents that are currently either approved for clinical use or under clinical investigation, such as Urokinase (UK), Streptokinase (SK), and tPA, NK is safer, easier to be absorbed by body and can take effect more quickly in the body. So undoubtedly NK will be developed potentially as a novel thrombolytic agent. In this study, the recombinant plasmid has been constructed with the specific Nattokinase gene cloned via PCR and the stability of the host cell has been analyzed. 



 BIOT 211 [604196]:  Construction of a vector permitting immobilization and visualization of enzymes on compatible polymeric surfaces

 NAME:   Erinc Sahin1, Alpay Taralp2, and Zehra Sayers1. (1) Faculty of Engineering & Natural Sciences, Biological Sciences & Bioengineering Program, Sabanci University, Orhanli / Tuzla, 34956 - Istanbul, Turkey, Fax: 0090-216-4839550, erincsahin@su.sabanciuniv.edu, (2) Faculty of Engineering & Natural Sciences, Materials Science & Engineering Program, Sabanci University 

 Abstract
Abstract:

The general application of immobilized proteins and enzymes has played a central role in the expansion of biotechnology and synthesis-related industries. As the efficiency, selectivity and maximum attainable loading of enzymes upon commercially produced surfaces bear strongly on product performance, much effort has been invested to introduce user-friendly, selective and vectorially orienting methods of immobilization. Continuing along this theme, we have developed a two-component system described by an expression vector and an activated polymeric surface. The expression vector pETM-11 in particular was chosen for the reason that its histidine-rich tag could facilitate the subsequent immobilization of expressed proteins and direct their surface orientation. The strategy adopted was to fuse the vector to a GFP (green fluorescent protein) gene followed by a multiple cloning site. In principle, this multiple cloning site can be used to introduce the gene of any protein, barring size constraints. It would follow that the location and loading of immobilized proteins can be conveniently assessed on the basis of fluorescence emitted by the accompanying adaptor peptide. Since the distance separating protein and surface is large in comparison to many immobilization methods, immobilized enzymes in particular are anticipated to display native-like characteristics, which may prove advantageous in certain cases. The immobilization strategy also required that a substrate surface respond selectively to the his-tag. To this end, we devised several surfaces bearing linkers that could interact covalently or electrostatically with the imidazole functional group. Current work is directed at optimizing the conditions of immobilization, quantifying the bound protein, and characterizing its function. We are also exploring secondary applications that might exploit the physico-chemical properties of this system. For example, cleaving the adaptor portion enzymatically or altering the electrostatic interaction between surface and protein could describe a selective method of purification, with the release of protein monitored visually. The novelty and preliminary results of this immobilization system will be presented in detail.

Keywords: immobilization, his tag, green fluorescent protein (GFP), Aequorea victoria, polymer(ic) surface



 BIOT 212 [607281]:  Investigation of expression strength of various antibody gene arrangements in targeted CHO genome using an flpin CHO system

 NAME:   Peiyi Fan, Jeff Larson, Honglai Qian, and Jingdong zhu, Bioprocess Research and Development, Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN 46285, , zhu_gene@lilly.com 

 Abstract

Expression of heterologous genes inserted in many mammalian genomes is poorly understood. Completion of the human and mouse genome projects will help our understanding in this area of research. However, due to the complexity of mammalian genus, deciphering of human and mouse genetic codes cannot be readily extended to structures of many other mammalian genomes. Chinese Hamster Ovary (CHO) cell is an important host for bioprocess development and manufacturing. Its genome is not yet sequenced and understood. The lack of understanding in part is also due to the lack of a simple biological model system that allows study of complex mammalian genomes and their cellular environment. We have used an flpin CHO cell line to study the effect of various gene arrangements on antibody expression when integrated in a targeted genomic site. This will avoid “positional effect” commonly observed when heterologous genes are randomly integrated in the CHO genome, thereby allowing comparison of various gene arrangements and their effects on heterologous gene expression in a target genomic site. 

The two antibody chains, heavy and light chains, were expressed independently on two transcription cassettes. They are arranged in either head to tail or head to head manner. The heavy chain can be either cDNA or genomic DNA with introns and exons. In addition, a third transcription unit expressing GFP gene was inserted in front of the light chain transcription unit to further monitor the effect of GFP on antibody expression. The orientation of gene elements and study results will be presented and discussed. 



 BIOT 213 [620600]:  Medium characterization and optimization by amino acid screening and design of experiment

 NAME:   Jean H. Crinean, Jennifer R. Olges-Murphy, Tsu-shun Lee, Sheryl H. Bauer, Robert L. Hopfer, and James L. Cowell, Wyeth Vaccine Research, Sanford, ND 27330, crineaj@wyeth.com 

 Abstract

Once the Discovery group selects the basic medium components for cell growth, it falls to the Development group to characterize and optimize cell growth and product yield. Using logical progression, the first goal is to complete medium development in a thorough and time efficient manner prior to optimizing fermentation process parameters. In this case study, the first step was to determine which amino acids were critical to bacterial cell growth by examining their utilization profile using HPLC. The second step was to determine the concentration of selected amino acids on the fermentation medium, again using HPLC. The final step was to fully characterize the remaining medium components using Design of Experiment (DOE). A modified fractional factorial design with five factors was developed, executed, and analyzed. The use of these tools resulted in a well characterized and significantly improved medium formulation. The resulting medium formulation was then used for fermentation process characterization. 



 BIOT 214 [626680]:  Utilizing microarray technology for rapid identification of influenza A

 NAME:   Michael Townsend, Department of Chemistry and Biochemistry, University of Colorado, 100 Crystol Chemistry, Boulder, CO 80302, townsenm@mail.colorado.edu, and Kathy Rowlen, Department of Chemistry and Biochemistry, University of Colorado, Boulder 

 Abstract

Rapid identification of viruses has become a very important goal in today’s society. Annual influenza A virus infections have a significant impact on humanity both in terms of death, between 500,000 and 1,000,000 people worldwide each year, and economic impact resulting from direct and indirect loss of productivity during infection. The difference between life threatening and non-life threatening influenza virus can be related to the particular strain that infects an individual. Thus, it is important not only to identify the virus but also the strain as well. Microarray technology, in concert with Rolling Circle Amplification, a novel signal amplification methodology, is being developed for use in rapid influenza identification. 



 BIOT 215 [626685]:  Morphological changes and extent of autolysis in filamentous fungi as a response to pulse-feeding of nutrients

 NAME:   Judith Kadarusman, Chem & Biochem Engr, UMBC, 1000 Hilltop Circle, Baltimore, MD 21250, jkadar1@gl.umbc.edu, and Mark R. Marten, Dept. of Chemical & Biochemical Engineering, University of Maryland, Baltimore County (UMBC) 

 Abstract

Filamentous fungal fermentations are used to produce nearly $1 billion in industrial enzymes annually, yet many suffer from high broth viscosity, resulting in reduced productivity. Recently, we found that pulsed feeding during fed-batch fermentation led to smaller mycelia, reduced viscosity, and increased productivity. The goal in this study was to study morphological changes during pulse-feeding. A model fungi, Aspergillus oryzae, was grown in a narrow (50 micron) gap, parallel plate flow chamber mounted on a microscope stage, video microscopy was used to observe the mycelial growth over time, and image analysis techniques were used to quantify the changes in morphology, vacuolation, and other cellular degradation phenomena within mycelial elements. Results of these observations will be discussed. 



 BIOT 216 [604713]:  Characterization and transcriptional analysis of three adjacent Thermotoga maritima genes that show significant similarity to both aminopeptidases and endoglucanases

 NAME:   Joshua K Michel, Donald E. Ward, Shannon B. Conners, and Robert M. Kelly, Department of Chemical Engineering, North Carolina State University, 113 Riddick Engineering Laboratories, Box 7905, Raleigh, NC 27695, Fax: 919-515-3465, jkmichel@unity.ncsu.edu 

 Abstract

In the genome of the hyperthermophilic bacterium Thermotoga maritima, there are many questions concerning the annotation of specific ORFs that encode putative proteins of unknown function. To resolve this, transcriptional analysis in conjunction with biochemical characterization is needed to correctly assign proteins encoded by such ORFs to specific physiological roles or to evaluate their biotechnological potential. Of interest here are three adjacent ORFs in the T. maritima genome, that appear to be in the same operon, which were initially classified as endoglucanases but also show high amino acid sequence similarity to the M42 family of proteases. In particular, amino acid residues involved in the putative active and metal binding sites for the M42 protease family are present in these putative proteins. The biochemical and genetic characteristics of these genes and their encoded proteins will be discussed in light of transcriptional response using cDNA microarrays to various substrates and growth conditions. 



 BIOT 217 [606476]:  A tool for the rapid evaluation of process limitation using microscale experimentation

 NAME:   Farjad Ahmed, Gary J. Lye, and John M. Woodley, Department of Biochemical Engineering, University College London, Torrington Place, London WC1E 7JE, United Kingdom, Fax: 44-207-916-3943, farjad.ahmed@ucl.ac.uk 

 Abstract

Inherently there is a need to identify the key limitations in the development of processes. Impetus is ever greater to arrive at answers and make process development decisions rapidly. Here, we aim to outline a fundamental paradigm shift in conducting experiments in parallel at 200mL scale to aid process development. Here we use the fermentation of SU2/(pQR274) in Escherichia coli BL21(DE3)pLysS and subsequent dealkylation of 7-ethoxycoumarin. We will illustrate the reproducibility of bioconversion between 1.5L and 200mL scales (+/-15%) and the limitations of this approach. Then describe the various process parameters investigated at microscale. Through these experiments bottlenecks in the process were identified eg. 25% increase in biomass through improved mixing and tenfold increase in biocatalytic rate through membrane permeability. The benefits of developing a process from this viewpoint can be seen in the efficient use of time and resources, and rapid evaluation of constraints, thereby developing a process model. 



 BIOT 218 [605849]:  Effects of bionanoconjugation on protein-DNA interactions in Lac Repressor

 NAME:   Michelle K. Calabretta1, Benjamin D. Yuhas1, Vicki L. Colvin2, and Kathleen S. Matthews1. (1) Department of Biochemistry and Cell Biology, Rice University, 6100 Main St.—MS 140, Houston, TX 77005, mcal@bioc.rice.edu, byuhas@rice.edu, (2) Department of Chemistry, Rice University 

 Abstract

Protein-DNA interactions are essential for many cellular functions, including genetic regulation. The Lac Repressor protein is being developed as a bionanoconjugate to investigate how conjugation to gold nanocrystals affects protein-DNA recognition. A cysteine mutation at threonine 334 (T334C) was engineered as an attachment site for gold nanocrystals. The nanocrystals were prepared in aqueous solution using the methyl ester of L-cysteine as the initial monolayer. This nanocrystal was then coupled by amide formation with beta-maleimidopropionic acid (BMPA) to yield a water-soluble gold nanocrystal (approx. 2.5-3.0 nm in diameter) bearing maleimide functionalities. Reaction with Lac Repressor is anticipated to occur via a covalent thioether bond specifically to T334C. Initial tests T334C show that the protein binds to wild type operator DNA sequence with only slightly diminished affinity, and remains sensitive to inducer sugar binding. Efforts are underway to examine the binding properties of the T334C-gold nanocrystal bionanoconjugate. 



 BIOT 219 [628612]:  Using atomic force microscopy to study micromechanical properties of the model fungus Aspergillus nidulans
 NAME:   Liming Zhao1, Mark R. Marten1, and David Schaefer2. (1) Dept. of Chemical & Biochemical Engineering, University of Maryland, Baltimore County (UMBC), 1000 Hilltop Circle, Baltimore, MD 21250, lzhao2@gl.umbc.edu, (2) Department of Physics, Astronomy and Geosciences, Towson University 

 Abstract

Filamentous fungi are used to produce many different pharmaceutical products and industrial chemicals, and understanding the mechanical properties of fungal mycelia is particularly important in fungal bioprocesses. However, because of their small size and instrumentation limitations, there have been few studies focused on the micromechanical properties of filamentous fungi. In this study, we use an atomic force microscope (AFM), functioning as an imaging tool (nanometer resolution) and a force sensor (pico-Newton resolution), to investigate both surface topography and micromechanical properties of wild type Aspergillus nidulans. In addition, the elastic response and elastic modulus of A. nidulans hyphae under physiological conditions (i.e., in aqueous buffered solution) and have been determined. We find hyphae exhibit a purely elastic response under nanoindentation and are homogenous in terms of elastic modulus, of 187 MPa magnitude. 



 BIOT 220 [626683]:  Using proteomics to understand how rapidly changing nutrient environments can affect E. coli during fed-batch fermentation

 NAME:   Babu Raman, Mark R. Marten, and M. P. Nandakumar, Dept. of Chemical & Biochemical Engineering, University of Maryland, Baltimore County (UMBC), 1000 Hilltop Circle, Baltimore, MD 21250, braman1@gl.umbc.edu 

 Abstract

It has been known for many years that non-ideal mixing in large-scale bioreactors can lead to oxygen limitations and substrate gradients. When this occurs, cells will experience changing concentrations of oxygen and substrate as they travel through different regions of the tank. While this condition exists for many different types of cells, in many different reactor configurations, surprisingly little is known about how cells respond to rapidly changing nutrient environments. This is because most lab-scale research is done on “ideally” mixed (i.e., homogeneous) systems that are not representative of production scale conditions. We have simulated the non-ideal mixing found in production-scale E. coli fermentations, by operating a 20 L fermentor in fed-batch mode with an intermittent or “pulsed” carbon feed. As a control, an identical fermentation was operated with a constant carbon feed (same total amount of carbon fed to both cultures). Two dimensional gel electrophoresis and MALDI-TOF mass spectrometry was used to perform a proteome analysis of these cultures, which shows the expression level of a large number of proteins is affected by intermittent carbon feeding. 



 BIOT 221 [628610]:  A simple process strategy in filamentous fungal fermentation can significantly improve recombinant protein productivity

 NAME:   S. Bhargava1, Mark R. Marten1, and Kevin S. Wenger2. (1) Dept. of Chemical & Biochemical Engineering, University of Maryland, Baltimore County (UMBC), 1000 Hilltop Circle, Baltimore, MD 21250, sbharg1@umbc.edu, (2) Novo Nordisk BioChem North America, Inc 

 Abstract

Filamentous fungal cultures are used to produce approximately half of the world’s biologicals, comprising a wide spectrum of products including small molecule therapeutics, bulk chemicals, and both native and recombinant enzymes. The world market for industrial enzymes alone is estimated at nearly a billion dollars a year. Unfortunately, the mycelial morphology in many fungal fermentations leads to high viscosity broth that impedes mixing and mass transfer, and ultimately leads to reduced productivity. Attempts have been made at reducing fungal broth viscosity, yet no solution appears to be consistently effective. In the current study, we describe a simple process strategy — pulsed addition of limiting nutrient — that leads to altered fungal morphology and reduced broth viscosity. This in turn leads to increased oxygen mass transfer, and consequently increased enzyme productivity, by as much as 75% in our model system — Aspergillus oryzae producing recombinant glucoamylase. If these results prove to be broadly applicable, this strategy is likely to provide a simple means of reducing viscosity and improving productivity in many fungal fermentation processes. 



 BIOT 222 [606950]:  Engineering of a de novo disulfide bond formation pathway in E. coli
 NAME:   Lluis Masip1, Jean-Francois Collet2, Matthew P. DeLisa1, James C.A. Bardwell2, and George Georgiou1. (1) Department of Chemical Engineering, University of Texas at Austin, Dean Keaton St & Speedway, Austin, TX 78712, lluis@che.utexas.edu, (2) Department of Molecular, Cellular and Developmental Biology, University of Michigan 

 Abstract

We have combined E.coli strains having an oxidizing cytoplasm together with the remarkable export capabilities of the twin-arginine translocation (Tat) pathway to develop a completely new pathway for folding proteins with disulfide bonds in the periplasm of E.coli. Specifically, oxidizing equivalents are transferred from the oxidizing cytoplasm to the periplasm by means of a carrier protein that is exported through the Tat pathway. A directed evolution approach was used to identify a carrier protein that was capable of delivering disulfide bonds to proteins in the periplasm. Remarkably an entirely novel homodimeric thioredoxin was evolved which was found to bind an iron sulfur cluster. In vivo and in vitro characterization of this pathway and carrier protein will be discussed. 



 BIOT 223 [606011]:  Strategic engineering of R-oxynitrilase from almonds for industrial application

 NAME:   Anton Glieder1, Wolfgang Skranc2, Peter Poechlauer2, Helmut Schwab1, Karl Gruber3, Roland Weis1, Marcel Wubbolts4, and Herbert Mayrhofer2. (1) Institute of Biotechnology, Technical University of Graz, Petersgasse 12, A-8010 Graz, Austria, Fax: +43 316 873 8434, (2) R & D Center Linz, DSM Fine Chemicals Austria Nfg. GmbH & Co KG, St.-Peter-Str.25, 4021 Linz, Austria, Fax: ++43-732-6916-62570, peter.poechlauer@dsm.com, (3) Department of Physical Chemistry, Karl-Franzens-University Graz, (4) Centre of Advanced Synthesis and Catalysis, DSM Research 

 Abstract

Hydroxynitrile lyases (HNLs) are powerful catalysts for the reversible enantioselective addition of HCN to carbonyl groups. Many potential applications have been described for R-HNLs from Prunus sp. (1). However, supply from natural sources was strongly limited and their stability at low pH was low, thereby not allowing applications on industrial scale. 

We cloned R-hydroxynitrile lyase genes from Prunus amygdalus and expressed them in heterologous hosts. This gave access to large-scale supply of R-HNLs. In the next step, we tuned the enzyme to increase the activity and selectivity in an important fine chemical intermediate synthesis. 

This paper describes the rational approach to the improvement and shows the benefits for the chemical transformation. 

(1) D.V. Johnson, A.A. Zabelinskaja-Mackova, H. Griengl, Current Opinion in Chemical Biology 2000, 4: 103 - 109 



 BIOT 224 [590458]:  The cDNA-derived amino acid sequence of hemoglobin II from Lucina pectinata
 NAME:   Juan López-Garriga1, Carmen L. Cadilla-Vázquez2, and Elineth Torres-Mercado1. (1) Chemistry Deparment, University of Puerto Rico, Mayaguez Campus, PO Box 9019, Mayaguez, PR 00681, Fax: 787-265-5476, Jlopez@sonw.uprm.edu, elineth@hotmail.com, (2) Biochemistry Department, University of Puerto Rico, Medical Sciences Campus 

 Abstract

Lucina pectinata, found in the sulfide-rich mangroves of Puerto Rico contains three hemoglobins (Hb I, Hb II and Hb III). The cDNA-derived amino acid sequence was obtained from overlapping clones containing the cDNA that codes for Hb II. The reverse transcriptase-polymerase chain reaction (RT-PCR) and rapid amplification of cDNA ends (RACE) methods were employed to synthesize the cDNA fragments. An initial 300-bp cDNA clone encoding 100 amino acid residues of Hb II was amplified from total RNA by RT-PCR using degenerate oligonucleotides. Gene-specific primers derived from the Hb II-partial cDNA sequence were used for obtaining the 5’ and 3’ ends of the cDNA by RACE. The length of the Hb II cDNA, estimated from sequence analysis of overlapping clones, was 1512 bases for the full-length cDNA. Northern blot data indicated that the mRNA size of Hb II is approximately 1.5 Kb. The calculated molecular weight of Hb II from the cDNA-derived amino acid sequence is 16994.52 Da. 



 BIOT 225 [590126]:  Tranfer of nisin gene cluster into the chromosome of B. subtilis 168
 NAME:   J. Norman Hansen, and Sahru Yüksel, Department of Chemistry and Biochemistry, University of Maryland, College Park, College Park, MD 20742, Fax: 301-314-9121, jh21@umail.umd.edu, syuksel@wam.umd.edu 

 Abstract

The post-translationally modified, anti-microbial peptide nisin, produced by Lactococcus lactis, contains unusual amino acid residues such as lanthionines and ,  dehydro reidues. Nisin has a broad spectrum of activity against gram-positive bacteria including food-spoilage bacteria and pathogens. In this work, nisin-producing capability was transferred into Bacillus subtilis 168 by cloning the cluster of eleven genes responsible for nisin biosynthesis. First a vector was constructed to introduce the flanking regions of the nisin gene cluster from L. lactis 11454 into the amyE locus of B. subtilis 168. A  genomic library of L. lactis 11454 was constructed and 16.5 kb nisin and immediate neighboring genes were recovered from the positive plaques and cloned into a shuttle vector. The resulting plasmid was transformed into the host and nisin genes were inserted into B. subtilis 168 through homologous recombination. The anti-microbial activity produced by the transformed host had the same chromatographic properties of nisin. 



 BIOT 226 [599582]:  Transchip: A new system for studies of in vitro transcription of whole genomes

 NAME:   Tian Wu1, Hua Yu2, Christopher Churas2, Shiguo Zhou2, and David C. Schwartz3. (1) Laboratory for Molecular and Computational Genomics,Department of Chemistry, University of Wisconsin-Madison, Madison, WI 53705, Fax: 608-265-6743, tian@lmcg.wisc.edu, (2) Laboratory for Molecular and Computational Genomics, University of Wisconsin-Madison, (3) Laboratory for Molecular and Computational Genomics , Department of Chemistry, Laboratory of Genetics, UW Biotechnology, University of Wisconsin-Madison 

 Abstract

The development of single molecule approaches to biochemical analysis has enabled a broad range of techniques that visualize molecular details of transcription. However, these techniques do not permit the analysis of molecular ensembles, which are easily averaged to generate meaningful data. In short, single molecule approaches excel in discerning detailed molecular events, but fail to provide statistically meaningful datasets, without enormous labor. Previous genome mapping approaches developed in our laboratory have spawned new systems for the high-throughput generation and analysis of large molecular datasets. As such, this work has produced an array of tools that are amenable to a broad range of molecular studies. 

Here, we present an emerging system named Transchip, which directly tracks transcriptional activity of elongation complexes in vitro (per individual molecule), by automated fluorescence microscopy. Detailed molecular data are extracted from such images to provide large datasets for statistical analysis and biochemical modeling. Our principal test system is based on the actions and sequences associated with T7 RNA polymerase, which are quite simple and specific. A wide variety of transcriptional templates were constructed to contain an assortment of critical sequences—promoters, terminators sequences, etc., to correlate image data with meaningful biochemical actions. More specifically, different ratios of 3’dNTP mixed NTP were used to profile elongation complexes as they developed along single molecule DNA templates. Image analysis was then used to measure fluorescence intensity (reflective of complex mass), template locus (on a per molecule basis) to find and characterize promoters, and terminators. Future work will focus on the development of a completely automated system to deal with large datasets and experimental errors, and extend this system to more complex biochemical applications. 



 BIOT 227 [606030]:  Generation of recombinant influenza virus using baculovirus as a delivery vehicle

 NAME:   Reingard Grabherr1, Kanokwan Poomputsa2, Christian Kittel1, Lars Toellner1, Wolfgang Ernst1, and Andrej Egorov1. (1) University of Agricultural Sciences, Vienna, Institute of Applied Microbiology, Muthgasse 18, Vienna A-1190, Austria, Fax: +43-3697615, r.grabherr@iam.boku.ac.at, (2) King Mongkut’s University of Technology Thonburi, School of Bioresources and Technology 

 Abstract

The use of baculoviruses for gene delivery into mammalian cells has been shown to be a powerful strategy for the transduction of a great variety of mammalian cell lines. The large double-stranded DNA genome provides multiple gene insertions and thus, allows the assembly of multi-subunit particles. In this study, a recombinant baculovirus vector containing mammalian cell-active promoters and transcription terminators was used for the delivery of influenza B virus genes into Vero cells. Transduction efficiency was determined by reporter gene delivery showing that more than 90 percent of treated Vero cells were expressing the delivered gene 24-48 hours after transduction. Successful rescue of recombinant influenza virus progeny carrying one or more synthetic genes could be demonstrated. Thus, we have devised a new method for efficient and convenient delivery of influenza virus genes by baculovirus into Vero cells, providing strategies for novel and safe influenza vaccine design. 



 BIOT 228 [607486]:  Increasing acetyl-CoA pool in the presence of overexpressed phosphoenolpyruvate carboxylase or pyruvate carboxylase enhances succinate production in Escherichia coli
 NAME:   Henry Lin1, Ravishankar V. Vadali1, George N. Bennett2, and Ka-Yiu San3. (1) Department of Bioengineering, Rice University, 6100 Main Street, MS 142, Houston, TX 77081, henlin@rice.edu, (2) Department of Biochemistry and Cell Biochemistry, Rice University, (3) Departments of Bioengineering and Chemical Engineering, Rice University 

 Abstract

One common limitation in overexpressing enzymes for metabolic engineering purposes is the inability to modulate their in vivo activities. Activators can enhance the activities of various enzymes. Acetyl-CoA and a number of other metabolites have been shown to be powerful allosteric activators of certain phosphoenolpyruvate carboxylase (PEPC) and pyruvate carboxylase (PYC) enzymes. In this study, genetically engineered strains with an elevated acetyl-CoA pool will be empolyed to investigate the effect on overexpressed PEPC and PYC in promoting succinate production. Interest in succinate production has been fueled by its practicality as an industrial chemical and by an ever increasing effort to replace chemical processes with biocatalysts for production. We have shown experimentally that it is possible to increase succinate production to a significant level under aerobic conditions by overexpressing the Sorghum malate feedback resistant PEPC, given that the requirements for the overall pathway are met. Under similar conditions, we have also shown that overexpression of Lactococcus lactis PYC also increases succinate production. We have shown previously that overexpression of pantothenate kinase (PanK) increases the acetyl-CoA pool in E. coli. This study employs cofactor manipulation to increase intracellular acetyl-CoA pool. In one study, PanK and PEPC are coexpressed, and in another study, PanK and PYC are coexpressed using high-copy compatible plasmids. The effect of the acetyl-CoA pool on succinate production will be presented and discussed. 



 BIOT 229 [607848]:  Enhanced isoamyl acetate production in Escherichia coli upon manipulation of the acetyl-CoA node

 NAME:   Ravishankar V. Vadali, Department of Bioengineering, Rice University, Houston, TX 77081, vadali@rice.edu, Ka-Yiu San, Departments of Bioengineering and Chemical Engineering, Rice University, and George N. Bennett, Department of Biochemistry and Cell Biochemistry, Rice University 

 Abstract

Esters are an important class of chemical compounds used in food and flavor industries. Esters such as isoamyl acetate are used in nail polish, lacquer coatings, plasticizers and other industrial applications. Unlike other high value compounds, microbial production of esters has been less studied. Recently, we cloned Yeast ATF2 and expressed it in Escherichia coli. This genetically engineered E. coli could produce isoamyl acetate when isoamyl alcohol was added externally to the cell culture medium. 

Studies with this genetic engineered strain have shown that an elevated cofactor Coenzyme A level leads to an increase in isoamyl acetate productivity. This increase is due to a concomitant increase in levels of acetyl-CoA, which is a substrate for the esterification reaction. Several strains with an enhanced flux through acetyl-CoA node under elevated CoA levels were constructed. The productivity of isoamyl acetate in these strains will be presented and discussed. 



 BIOT 230 [607950]:  Expression studies of affinity-tailed green fluorescent proteins in Eschericia coli: Batch productivity differences when different immobilized metal affinity chromatography tails are employed

 NAME:   Huimin Liu, Chemical Engineering, University of Arkansas, 3202 Bell Engineering Center, Fayetteville, AR 72701, Fax: 479.575.7926, hxl05@uark.edu, and Robert R. Beitle, Department of Chemical Engineering, University of Arkansas 
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Abstract

Modern cloning methodology typically provides for the use of additional amino acids to dictate the recovery of the recombinant product. Such additions, viz. affinity tails simplify isolation and are quite useful during purification steps. Since most affinity tails provide high specificity toward a given chromatography material, yields with respect to isolation are quite high. However, as the affinity tail represents an additional burden on the host machinery, it is conceivable that overall productivity may be compromised. This presentation will discuss the upstream implications of a downstream decision, using the expression of Green Fluorescent Protein as a case study. Specifically, culture parameters were followed for three constructions that differed by the incorporation of three affinity tails useful for Immobilized Metal Affinity Chromatography (IMAC). Results indicated that the choice of affinity tail affected the rate in which product was expressed (post induction) as well as other parameters of interest (glucose consumption rate, culture pH) in batch cultures. Such information may be considered utilitarian from a process design standpoint. 



 BIOT 231 [605724]:  Expression and secretion of active lignin peroxidase in the yeast Kluyveromyces lactis
 NAME:   Nancy A. Da Silva, Dhawal Shah, and Wannana Panuwatsuk, Chemical Engineering and Materials Science, University of California, Irvine, Irvine, CA 92697-2575, Fax: 949-824-2541, nadasilva@uci.edu 

 Abstract

The metalloprotein lignin peroxidase (LiP) is produced by the white-rot fungus Phanerochaete chrysosporium. LiP acts by a free radical mechanism, and has been shown to degrade lignin as well as a wide range of pollutants, including PCB’s, TNT, PCP, DDT, and azo dyes. There are several disadvantages with the native P. chrysosporium that can be overcome by introducing the gene for LiP into an appropriate alternate host. The yeast Kluyveromyces lactis grows rapidly and to high cell mass, can be successfully cultivated at pH 4-4.5 (the optimum for LiP stability and near-optimum for activity), and is capable of synthesizing and secreting many fungal enzymes. The goal of this research project has been to enhance the production and secretion of LiP by employing this promising yeast host. We have constructed and tested several LiP constructs in K. lactis, and have successfully secreted active lignin peroxidase into the medium. Current work focuses on increasing expression levels, improving stability, and enhancing the LiP activity. 



 BIOT 232 [605374]:  An investigation into the size-activity relationship of RNA catalysis

 NAME:   Tricia M. Coleman, Faqing Huang, and Jason Manning, Department of Chemistry and Biochemistry, University of Southern Mississippi, Box 5043, Hattiesburg, MS 39406, Fax: 601-266-6075, tricia_coleman@hotmail.com 

 Abstract

It is argued that longer sequences are more desirable for in vitro selection of RNA sequences with novel biochemical properties because they can form into more complex structures, allowing rare catalytic activities to be isolated. The known replication inefficiency of longer sequences however, puts them at a disadvantage in competitive situations. To determine whether shorter sequences are advantageous in selection experiments, size heterogeneous RNA pools were used to isolate a series of thioester synthetase ribozymes. RNA molecules with random regions of 30, 60, 100, and 140 nucleotides were allowed to compete under identical conditions during selection. Selection therefore mimics natural selection where individual RNA molecules compete for representation. Following selection, the relative size distribution was 30N>60N>>100N>140N. A comprehensive kinetic analysis has been conducted on isolated sequences in the 30N, 60N, and 100N groups. The results suggest that there is an optimal size for catalytic activity centered around 60 random nucleotides. 



 BIOT 233 [613636]:  Protein engineering for shifting pH optimum of Bacillus circulans xylanase

 NAME:   Jihye Yang, Yoo Seong Choi, and Young Je Yoo, School of Chemical Engineering, Seoul National University, San 56-1, Shillim-dong, Seoul 151-742, South Korea, Fax: 82-2-887-1659, wisdom5@snu.ac.kr 

 Abstract

In order to catalyze certain reactions by proteins, the ionizable residue within the active site should be charged properly. This important ionization state of the catalytic residue is differentiated by its pKa. And, the mutation of the proper site enables the change in the pKa of a few key residues, thus, it is possible the pH-dependent activity to be differed by the previous procedures. 

Except some successful cases, however, most mutants showed some problems, such as decreasing in activity and/or distortion of active sites. In this research, the molecular modeling was used for picking the promising mutants out before the mutation. The structures of mutants were predicted, by using the SWISS-MODEL and WhatIF. And, Delphi was used to estimate the change in pH optimum by calculating electrostatic potential of mutants. Bacillus circulans xylanase was selected as a model system, and molecular modeling was carried on that. 



 BIOT 234 [608080]:  Interaction of partially folded BPTI analogs with C191/C220A trypsin

 NAME:   Irina V. Getun1, Judit Tulla-Puche1, Clare Woodward2, and George Barany1. (1) Department of Chemistry, University of Minnesota, Minneapolis, MN 55455, getun@chem.umn.edu, (2) Department of Biochemistry, Molecular Biology, and Biophysics, University of Minnesota 

 Abstract
Two new  -turn variants of [14-38]Abu, a BPTI analogue with only one disulfide bond, have been studied. Analogues P26D27[14-38]Abu and N26G27K28[14-38]Abu were designed to maximize the potential for type I and type I’  -turns respectively. CD showed 75% loss of tertiary structure for the type I and non-native conformations for the type I’ analogue. In order to prevent cleavage of partially folded protein by active serine protease, a C191A/C220A rat trypsin was used to bind BPTI analogues. This trypsin mutant has considerably reduced amidase activity while retaining a high level of esterase activity and wild-type binding affinity for BPTI. Using this system, it was shown that the affinity for trypsin decreased 3-fold for P26D27[14-38]Abu and 20-fold for N26G27K28[14-38]Abu, in comparison to the parent [14-38]Abu.

We thank NIH grant GM 51628 (G.B. and C.W.) for support and Prof. Lizbeth Hedstrom, Brandeis University, for the trypsin expression system. 



 BIOT 235 [607797]:  Cofactor metabolic engineering: Comparative study of the effect of increasing NADH availability in E. coli chemostat cultures on minimal and complex medium

 NAME:   Ailen M. Sanchez, Department of Bioengineering, Rice University, Houston, TX 77005, asanch@rice.edu, Ka-Yiu San, Departments of Bioengineering and Chemical Engineering, Rice University, and George N. Bennett, Department of Biochemistry and Cell Biochemistry, Rice University 

 Abstract

We have previously developed a genetic engineered strain with increased in vivo NADH availability, capable of regenerating NADH through the heterologous expression of an NAD+-dependent formate dehydrogenase (FDH). We have also demonstrated that this manipulation produced a significant change in the final metabolite concentration pattern anaerobically in E. coli. The current work studies the combined effect of increasing NADH availability, both through genetic means (expression of heterologous FDH) and external means (feeding different carbon sources) on the NAD(H/+) levels, NADH/NAD+ ratio, metabolic fluxes and carbon-mole yields in E. coli under anaerobic chemostat conditions in minimal medium and compares these results with previously reported results obtained from complex medium. Overexpression of the NAD+-dependent FDH provoked a significant redistribution of metabolic fluxes on both minimal and complex medium, however the mechanism of redistribution utilized by the cells in order to achieve a redox balance in either case was drastically different. It was also observed that the NADH/NAD+ ratio did not change significantly when cells were fed with different carbon sources indicating that the cells are able to adjust the turnover of the NADH pool in an effort to attain a redox balance. 



 BIOT 236 [607244]:  Semiparametric regression analysis on yeast gene regulation prediction

 NAME:   Fei Pan1, Xin Hu2, and William Perrizo1. (1) Department of Computer Science, North Dakota State University, Fargo, ND 58102, fei.pan@ndsu.nodak.edu, (2) Department of Pharmaceutical Science, North Dakota State University 

 Abstract

The advent of gene microarray and gene deletion technologies have open new vistas that allow biologists to measure some aspect of cellular “activity” for thousands of genes or proteins at a time. A key problem that often arises in such experiments is in interpreting or annotating these thousands of measurements. In this paper, we focus on semiparametric regression analysis method to capture the regularities of genes that are characterized by similar activity in microarray experiments. The training and test data came from recent experiments with a set of S. cerevisiae (yeast) strains in which each strain is characterized by a single gene being knocked out. Each instance in the data set represents a single gene, and the target value for an instance is a discretized measurement of how active some (hidden) system in the cell is when this gene is knocked out. After trained by the measurements of some instances (i.e. genes), our model can accurately predict these discretized values. Empirical analysis results show our model is helpful in understanding how various genes are related to the hidden system. 



 BIOT 237 [608002]:  Probing aromatic amino acid biosynthesis in Archaeoglobus fulgidus using DNA microarray

 NAME:   Lars Rohlin, Chemical Engineering, University of California Los Angeles, 405 Hilgard Ave, 5531 Boelter Hall, Los Angeles, CA 90095, Sierin Lim, Biomedical Engineering program, University of California Los Angeles, Imke Schroeder, Microbiology Immunology and Molecular Genetics, University of California Los Angeles, Harold Monbouquette, Department of Chemical Engineering, University of California, Los Angeles, and James C. Liao, Chemical Engineering, University of California, Los Angeles 

 Abstract

We created a whole genome microarray for the sulfate-reducing, extremely thermophilic microbe, Archaeoglobus fulgidus, an archaeon. Here we used DNA microarray to explore the aromatic amino acid synthesis pathways of A. fulgidus in order to identify robust enzymes that could be used both for in vivo and in vitro synthesis applications. In order to elucidate the pathways, we have systematically collected time-course data under a variety of conditions including starvation and excess levels of amino acids and other intermediates. To aid in this study, we have cloned and characterized 15 open reading frames (ORFs) that are homologous to known aromatic amino acid biosynthesis proteins. We have confirmed the presence of a tryptophan operon and have elucidated the tryptophan regulon. 



 BIOT 238 [605544]:  Diagnosing biopharmaceutical fermentations using transcriptional profiling

 NAME:   Jeanne M. Bonomo, and Ryan T Gill, Department of Chemical Engineering, University of Colorado, Campus Box 424, Boulder, CO 80309, Fax: 303-492-4341, Jeanne.Bonomo@colorado.edu 

 Abstract

Overexpression of recombinant proteins often results in a metabolic burden phenotype. We are particularly interested in the role of recombinant protein sequence in shaping the metabolic burden response and have designed “single-feature” model polypeptides based on hypothesized mechanisms. One technique used to elucidate behavior at the genetic level is transcriptional profiling and has been successfully applied to the diagnosis and prognosis of many different disease states. The overall goal of this project is to determine if transcriptional profiling can be applied to diagnose the factors underlying “sick” biopharmaceutical fermentations. Thus far, we have determined that overexpression of our “single feature” model polypeptides results in a dramatic metabolic burden as exhibited by a complete cessation in growth. We performed transcriptional profiling using Affymetrix E. coli gene-chips and observed increased transcript accumulation from genes encoding many tRNAs as well as from several additional genes whose products are involved in ribosome stalling. 



 BIOT 239 [607987]:  Metabolic engineering of Saccharomyces cerevisiae for the production of isoprenoids

 NAME:   Eric M Paradise, Guang Yi Wang, and J.D. Keasling, Department of Chemical Engineering, University of California, Berkeley, 401 Latimer Hall, Berkeley, CA 94720-1462, Fax: 510-643-1228, emparadi@uclink.berkeley.edu 

 Abstract

Isoprenoids are among the most diverse groups of compounds synthesized by biological systems. With an estimated 22,000 known isoprenoids, these compounds are important in maintaining membrane fluidity, electron transport, protein prenylation, cellular and organismal development, as fragrances and essential oils, and as antibacterial and antifungal agents. 

The mevalonate pathway, native to Saccharomyces cerevisiae, produces isopentenyl diphosphate as well as other diphosphate precursors (geranyl diphosphate and farnesyl diphosphate). In yeast, many of these precursors are directed towards sterol metabolism (squalene and ergosterol). Our aim is to create a strain of S. cerevisiae with increased production of these precursors while redirecting metabolic flux to new and diverse compounds. Work has been done with carotenoid and terpene synthesis. Continued development of a host strain and expression system for high-level production of isoprenoids in S. cerevisiae will allow natural isoprenoid products to be produced in high levels in a simple, well understood heterologous host. 



 BIOT 240 [608176]:  Directed evolution to determine structure-function relationships in oxidosqualene cyclases

 NAME:   Seiichi P. T. Matsuda, Michael J.R. Segura, and Silvia Lodeiro, Department of Chemistry and Department of Biochemistry and Cell Biology, Rice University, 6100 S. Main St. MS 65, Houston, TX 77005, Fax: 713-348-5154, matsuda@rice.edu 

 Abstract

Oxidosqualene cyclases provide the structural diversity of triterpenoid skeletons by converting oxidosqualene to cyclic triterpene alcohols. Each of these enzymes protonates the oxidosqualene epoxide to generate a carbocation, guides specific cyclization and rearrangement reactions to a cyclic carbocation, and abstracts a proton to form the triterpene alcohol. We are studying structure-function relationships in these enzymes using genetic selections to identify mutants with different specificities, and we will describe steric and electronic features that control product structure. 



 BIOT 241 [605731]:  Metabolic engineering of yeast for the production of 1,2-propanediol

 NAME:   Nancy A. Da Silva, and Wonkyu Lee, Chemical Engineering and Materials Science, University of California, Irvine, Irvine, CA 92697-2575, Fax: 949-824-2541, nadasilva@uci.edu 

 Abstract

Metabolic pathway engineering can require the introduction of precise numbers of heterologous genes. We have employed a sequential integration method (developed in our laboratory) to engineer the yeast Saccharomyces cerevisiae to produce 1,2-propanediol. Redirection of the carbon flux requires two enzymes: gldA (glycerol dehydrogenase) and mgs (methylglyoxal synthase). To construct the broadest family of strains, we have sequentially integrated multiple copies of one gene into a yeast strain of mating type a. Multiple copies of the other gene have been integrated into an alpha yeast strain. In both cases, enzyme activity was closely correlated with gene copy number. Subsequent mating of the strains provided diploid S. cerevisiae strains with all possible combinations of the two genes (e.g., 1:1, 2:2, 2:3, 3:1, etc.). An HPLC analysis was used to demonstrate the effects on 1,2-propanediol production and to compare the results with more traditional plasmid-bearing strains. 



 BIOT 242 [605774]:  Metabolomic application of NMR and MS: Tools for broad-screening metabolic pathways

 NAME:   Teresa W-M Fan, Department of Chemistry, University of Louisville, 2320 S. Brook St., Louisville, KY 40292, Fax: 502-852-8149, twfan@earthlink.net, Richard M. Higashi, Crocker Nuclear Laboratory, Univ. of California-Davis, One Shields Ave., Davis, CA 95616, rmhigashi@ucdavis.edu, and Andrew N. Lane, The J. G. Brown Cancer Center, Univ. of Louisville 

 Abstract

Progress in bioanalytical techniques including NMR spectroscopy and hyphenated mass spectrometry has made metabolite profiling feasible directly in crude biological extracts and in vivo. The ability to acquire comprehensive metabolic pathways and interactions is important to metabolic engineering. The combined NMR/MS approach will be illustrated in profiling known and unexpected metabolites and pathways in crude extracts and in living tissues with or without standards available. The measurement of unidirectional enzyme rates in vivo will also be presented. Such a broad-screen, structure-based approach will be most valuable by coupling with bioinformatics, including metabolic databases and computational prediction, to achieve high throughput to facilitate functional genomic analysis and to aid in the design of metabolic engineering. 



 BIOT 243 [607719]:  Metabolic modeling for evaluating effects of pressure pulsation on glycerol production by Candida krusei
 NAME:   Wei-Cho Huang, and George T. Tsao, Chemical Engineering, Purdue University, 1314 Presidential Dr Apt 110, Columbus, OH 43212, huangwc@che.eng.ohio-state.edu 

 Abstract

Oxygen transfer rate plays an important role in the production of glycerol by fermentation with yeast. This investigation deals with the effect of pressure pulsation (PP) on glycerol production by Candida krusei in 2-L stirred tanks. Metabolic flux analysis (MFA) and elemental balances of simplified fermentation network have shown that PP reduced the formation of biomass and ethanol, but enhanced oxygen uptake rates 34% and 27%, and glycerol productivity 26% and 25% at 500 and 700 rpm, respectively, in 48 h, by initial glucose concentration of 250 g/L with 10 or 15 psig of PP at 30oC. Moreover, the assumption of metabolic pathway that back fluxed from G3P to DHAP, catalyzed by triose phosphate isomerase, was validated by MFA with PP at 700 rpm. 



 BIOT 244 [607373]:  Monitoring cell culture by LDH measurements

 NAME:   Juan C. Lagos, and Yung-shyeng Tsao, Biotechnology Development, Schering-Plough Research Institute, U-14-2-20 1011 Morris Avenue, Union, NJ 07083, Fax: 908-820-6995, juan.lagos@spcorp.com, yung-shyeng.tsao@spcorp.com 

 Abstract

A general approach is proposed to estimate cell density as well as specific growth and death rates for mammalian cell culture. This method involves the measurement of the released and intracellular lactate dehydrogenase (LDH) of the culture sample. This approach has been tested with human lung carcinoma A549 cells propagated in suspension. When cells were under normal conditions with high viability, the viable and dead cell densities correlated well with the LDH measurements and was confirmed by total protein measurement. However, the LDH assessment of the dead cell population seemed to lag behind that of trypan blue. This may be attributed to the retention of LDH by dying cells and can be corrected by the inclusion of a LDH inhibitor in the assay. Since assessing cell density by LDH measurements was found to be accurate statistically, a reliable mathematical modeling of cell culture has been developed and will be presented. 



 BIOT 245 [606592]:  Experimental versus simulated calibration mdels for in situ FTIR monitoring of bioprocesses

 NAME:   Sergio Valentinotti1, Henri Kornmann2, Martin H. Rhiel3, and Urs von Stockar1. (1) Laboratory of Chemical and Biochemical Engineering, Swiss Federal Institute of Technology (EPFL), LGCB/ISP/SB, Lausanne 1015, Switzerland, Sergio.Valentinotti@epfl.ch, (2) Faculté de Sciences de Base, Swiss Federal Institute of Technology, (3) Process Development, Cytos Biotechnology AG 

 Abstract

Over the past decade the interest for bioprocess monitoring using non-invasive infrared spectroscopic sensors has increased considerably. This is mainly due to their rapid simultaneous multi-analyte determination ability, in-situ sterilizability, and low need for maintenance during operation. Most of the components in culture media absorb in the MID-IR region. The complex spectra obtained can be deconvoluted using numerical methods such as Partial Least-Squares. In order to do this, a calibration model for each component needs to be generated. This model is based on an experimentally obtained calibration matrix obtained by taking the spectra of mixtures containing different concentrations of the pure components involved in the reaction. According to ASTM guidelines [1], the number of different mixtures used in such calibration models must be at least 6 times the number of absorbing components. This is usually very time-consuming for bioprocesses, since the number of spectra that need to be collected is very large. 

One of the main advantages of using Mid-IR spectra compared to NIR is in the linear features the first present. According to Beer’s law, it is possible to scale the spectrum of a pure component to obtain its spectra for different concentrations. Furthermore, the spectrum of a mixture of components can be theoretically achieved by adding up the spectrum of the different pure components involved. It is thus interesting to study if a calibration matrix such as the one proposed by the ASTM guidelines can be generated artificially. 

In this work the predictions obtained using two different calibration matrices will be studied. The first calibration matrix contains spectra of different mixtures collected manually, while in the second matrix the spectra were generated artificially from the different pure components present in the reaction system. The two models were used to monitor a fed-batch fermentation of G. xylinus. The results obtained as well as a discussion on the role of noise will be presented. 

[1] Standard practices for infrared quantitative analysis (e 1655-97). Annual book of ASTM standards. 1999. 



 BIOT 246 [606733]:  Bioreactor optimization for the production of a secreted reporter protein in CHO cells using an inducible expression system

 NAME:   Dhinakar S. Kompala, Matthew L. Lipscomb, and Mark C. Mowry, Department of Chemical Engineering, University of Colorado, Boulder, CB 424, Boulder, CO 80309-0424, Fax: 303-492-4341, kompala@colorado.edu 

 Abstract

We have studied the growth and production kinetics of the inducible mouse mammary tumor virus (MMTV) co-expression system in batch, continuous and perfusion cultures of Chinese hamster ovary (CHO) cells. This co-expression system is characterized by the use of two separate vectors: one vector containing the reporter protein, one vector containing a rate limiting transcription factor, and both vectors driven by the MMTV promoter. Results from parallel batch and continuous bioreactor experiments have consistently shown up to five fold greater product titers in the continuous cultures. These higher titers in continuous bioreactors, compared to the batch titers, are contrary to the common observations with most biological production processes. We have established that the higher protein titer in continuous cultures is due to the addition of fresh nutrients to the bioreactors, whereas in batch cultures glutamine was depleted too rapidly. To enhance the product titers further, we have cultured these inducible CHO cells in perfusion bioreactor and found the induction time after achieving the high cell density maximizes the product titer. 



 BIOT 247 [600622]:  Feeding strategy optimization for mammalian cell culture

 NAME:   Stephen F. Gorfien, William C. Paul, Jennifer L. Walowitz, David A. Judd, Lia D. Tescione, Scott J. Jacobia, and David W. Jayme, Cell Culture Research and Development, Invitrogen Corporation, 3175 Staley Road, Grand Island, NY 14072, Fax: 716-774-6996, steve.gorfien@invitrogen.com 

 Abstract

We have developed model systems using CHO, NSO or other cells adapted to simplified basal medium formulations and then fed with an optimized, cell-specific supplement of nutrients determined by analytical methods to be rate limiting. An ideal fed batch system would allow on-line measurement and control in real time. An approximation of such a system is currently possible for certain critical nutrients like glucose and glutamine. Lipid components of culture media are important for systems in which cells are grown to high density or have other needs for membrane renewal, as in secretion of expressed product. Such components are typically present in only low concentration in most culture media, making detection difficult in spent media. Our application of cyclodextrin-lipid supplements to various batch and fed batch mammalian culture systems, alone and in conjunction with other nutrients will be described and a general approach to supplement design will be presented. 



 BIOT 248 [607553]:  A multidimensional Kla model to expedite cell culture process transfer

 NAME:   J. Ashley Groves, Chung Chun, Thomas Ryll, and Steve Chamow, Process Sciences, Abgenix, 6701 Kaiser Dr, Fremont, CA 94555, ashley.groves@abgenix.com 

 Abstract

A Multidimensional Kla Model to Expedite Cell Culture Process Transfer 

Multiple corporate partnerships and contract manufacturers will ultimately result in a highly varied technical transfer of different projects into a cGMP facility currently under construction. Successful technical transfers of these processes will enter as few changes as possible to minimize potential regulatory concerns while maintaining culture performance throughout scale up. 

To prepare for the diverse philosophies of reactor designs and process control and to accelerate the transfer of cell culture processes between facilities, we have developed topographical Kla models for the reactors of the gas transfer for different spargers, RPMs, and gas flow rates. Based on some basic biological data, this model can be used to determine regions of reactor process equivalence and can be used to identify appropriate required MFC size, agitator speed and the sparger type for scale up, scale down and technical transfer. 



 BIOT 249 [606770]:  Adaptation and propagation of A549 cells in suspension culture for the production of an adenoviral vector

 NAME:   Zhong Liu, Robert Longley, Laurie Radzniak, Marc Santoro, and Marcio Voloch, Biotechnology Development, Schering-Plough Research Institute, U2-1300, 1011 Morris Avenue, Union, NJ 07083, Fax: 908-820-3305, zhong.liu@spcorp.com 

 Abstract

Recombinant adenoviral vectors are one of the most efficient means for the delivery of genetic material into mammalian cells. The Conditionally Replicating Adenoviruses (CRAV) refer to a group of adenoviral vectors targeting tumor cells that carry defects in growth regulation. These modified viruses are designed to selectively replicate in the tumor cells and eventually cause tumor cell lysis. Amplification of these viral vectors usually requires a human tumor cell line. In this report, we describe the production of such a CRAV vector in a human lung carcinoma cell line, A549. This cell line was first adapted into suspension culture containing no animal-derived material. The cell growth and virus production kinetics were then evaluated in suspension culutre. To characterize the cell line, surface profiles of CAR and integrins were measured by FACS. Infection kinetics of the attached and the suspension-adapted cells were compared by infecting with an adenovirus vector expressing GFP. 



 BIOT 250 [605241]:  Analytical methods for mammalian cell culture feed streams

 NAME:   David K. Rice II, Joseph Zdanowicz, and Jaime S. Goldfuss, Invitrogen Corporation, 3175 Staley Road, Grand Island, NY 14072, Fax: 716-774-6996, david.rice@invitrogen.com 

 Abstract

The drive to improve cell growth and productivity has provided the impetus for optimization of media formulations and feeding strategies. An important tool in this effort is the measurement of nutrient utilization during cell culture. Cell culture media are complex mixtures that can contain amino acids, vitamins, sugars, lipids, and inorganic salts. As a result of this complexity, analysis of nutrient utilization requires methods specifically developed for cell culture media. Analytical methods are presented for measuring various nutrients in cell culture media. Current methods include HPLC assays for amino acids and selected water-soluble vitamins, a biosensor analysis for glucose/lactate, a GC assay for lipids, and an ICP analysis for trace elements. An analysis for inorganic phosphate will illustrate potential interferences that are possible between components of protein free media. Case studies are presented which illustrates the usefulness of nutrient analysis in the optimization of cell growth and productivity. 



 BIOT 251 [607226]:  Applications of red fluorescent protein markers for indicating therapeutic protein expression and pericellular oxygen concentrations

 NAME:   Chong Wing Yung1, Yoshifumi Hashimoto2, William E. Bentley2, and Timothy A. Barbari1. (1) Chemical Engineering, University of Maryland, College Park, 6143 Plant Science Bldg, College Park, MD 20742, cyung@wam.umd.edu, (2) Center for Biosystems Research (CBR), University of Maryland Biotechnology Institute 

 Abstract

A non-carcinoma mouse myoblast cell line, C2C12, has been engineered to secrete a therapeutic protein, human interleukin 2 (hIL2), in conjunction with a fluorescent protein marker. In the plasmid construct, secretable hIL2 is separated from the marker by an internal ribosome entry site (IRES). The biscistronic gene is placed downstream of a constitutive cytomegalovirus promoter, which allows the simultaneous expression of the two independent proteins from one mRNA transcript. The HcRed protein marker was chosen for its ability to fluorescence in the red wavelengths. This property is particularly valuable, since red lights are translucent in cells and tissues. Using this expression system, hIL2 secretion has been correlated to fluorescence intensity of HcRed. We are also attempting to indirectly measure oxygen concentrations around a cellular mass using the fluorescence of HcRed. Cells containing this fluorescent biscistronic expression system are particularly valuable in encapsulation experiments for the production of biohybrid artificial organs. 



 BIOT 252 [602208]:  Investigation of bivalent antibodies binding on fluid supported phospholipid membranes: The effect of hapten density

 NAME:   Tinglu Yang, Olga K. Baryshnikova, Hanbin Mao, Matthew A. Holden, and Paul S. Cremer, Department of Chemistry, Texas A&M University, College Station, TX 77842, Fax: 979-845-7526, tinglu@mail.chem.tamu.edu 

 Abstract

Abstract Investigations of ligand-receptor binding between bivalent proteins and membrane bound haptens are presented. The purpose was to explore binding as a function of hapten density in a two-dimensionally fluid environment. A novel microfluidic strategy in conjunction with total internal reflection fluorescence microscopy (TIRFM) was designed to achieve this. This method afforded binding curves with excellent signal to noise while using only minute quantities of protein solution. The specific system investigated was the interaction between anti-DNP antibodies and phospholipid membranes containing DNP-conjugated lipids. Two individual dissociation constants could be extracted from the data corresponding to the two sequential binding events. The first dissociation constant, KD1, was 2.48 * 10-5 M, while the second was KD2=6.79 * 10-9 mol/m2. This corresponded to a positively cooperative binding effect with an entropic difference between the two events of about 68.1 J/mol*K. 



 BIOT 253 [617917]:  A novel heat-shock protein prevents amyloid formation and toxicity

 NAME:   Sungmun Lee1, Theresa Good2, Kenneth Carson3, and Allison Rice Ficht3. (1) Chemical and Biochemical Engineering, UMBC, 1000 Hilltop Circle, Baltimore, MD 21401, moonab@hanmail.net, (2) Chemical & Biochemical Engineering Department, UMBC, (3) Medical Genetics and Biochemistry, Texas A&M Health Science Center 

 Abstract

b-amyloid (Ab) is the primary protein component of senile plaques associated with Alzheimer’s disease (AD) and has been implicated in the neurotoxicity associated with disease. Aggregation of Ab is associated with neurotoxicity. Agents which prevent or alter the Ab aggregation pathway may be useful in treatment or prevention of AD. In this work we use a novel heat shock protein (HSP20) isolated from a hemoparasite. When added to Ab prior to aggregation, the heat shock protein prevents amyloid formation. The extent of prevention of amyloid formation is a strong function of the relative concentrations of both Ab and HSP20. In parallel experiments, the presence of HSP20 reduces the toxicity of Ab under conditions where HSP20 reduces amyloid formation. We use a combination of modeling and experiment to examine the mechanism of action of this novel heat shock protein. This work could lead to new strategies to prevent Ab neurotoxicity associated with AD. 



 BIOT 254 [596251]:  Control of temperature and pH enhances human monoclonal antibody production in CHO cell culture

 NAME:   Satoshi Oguchi, Hiroyuki Saito, Masayoshi Tsukahara, and Haruhiko Tsumura, R&D Center, Production Department, Pharmaceutical Division, KIRIN BREWERY CO.,LTD, 2-2 Souja-machi 1 Chome, Maebashi-shi, Gunma 371-0853, Japan, Fax: +81-27-255-3045, satoshi_oguchi@beer.kirin.co.jp 

 Abstract

Control for maintaining a high cell viability during cell culture is one of the effective methods to improve a production yield in mammalian cell culture. In this study, we examined the effect of temperature shift under pH control conditions on cell growth and human antibody production in Chinese hamster ovary (CHO) cells using 3L-bioreactor. The shift temperature and the shift timing were significantly influenced the cell proliferation rate and antibody productivity. The shift of the culture temperature from 37�Ž to 31�Ž before the stationary growth phase in pH 6.8 condition caused a cell growth arrest at the G0/G1 phase of the cell cycle. In this condition, a cell viability kept high level and final antibody concentration increased up to 3-fold compared with the culture at 37�Ž in the same culture period. However, there were no significant effects on the cell viability and productivity under control at pH 7.0 in the temperature shift cultivation. Further, we also confirmed these results in the larger scale bioreactors (100 L & 1000 L). It suggested that the elevated pCO2 level observed in the larger reactor did not influence both cell growth and antibody production in the downshift temperature condition. The flow cytometric analysis suggested that the accumulation of cells in the G0/G1 phase by the temperature shift or rapamycin was effective on the cell viability and antibody production. The mRNA level of antibody in temperature shift cultivation increased up to 2-fold compared with the culture at 37�Ž in the same culture period, and there was no transcriptional difference between the culture condition at pH 7.0 and pH 6.8 in the temperature shift cultivation. The transcript inhibitor, actinomycin D decreased the mRNA level, but the ratio of decrease in temperature shift condition eased up compared with the culture at 37�Ž. The result suggested that the enhancement of mRNA level in the downshift temperature condition was caused by increase of mRNA stability. 



 BIOT 255 [601672]:  Expression of EGFP reporter protein with a recombinant vaccinia virus: Comparison of microcarrier and cell-suspension-based bioreactor systems

 NAME:   Nicole A. Bleckwenn1, William E. Bentley2, and Joseph Shiloach1. (1) Biotechnology Unit, NIDDK, National Institutes of Health, 6 Center Dr. MSC 2715, Bldg. 6 Rm. B1-33, Bethesda, MD 20892, Fax: 301-451-5911, nb115q@nih.gov, (2) Center for Biosystems Research, UMBI,Department of Chemical Engineering, University of Maryland 

 Abstract

A recombinant vaccinia virus expression system was studied as an alternative method to produce recombinant proteins in a scaleable bioreactor system. A recombinant vaccinia virus containing the gene for the reporter protein, enhanced green fluorescent protein (EGFP), was used to study the system parameters that affect final protein expression. Evaluations of a microcarrier based method for adherent cell growth and infection in a bioreactor were performed. Controllable parameters such as temperature and dissolved oxygen level during production were tested to observe the effect on the level of protein production. Additionally, a cell suspension system was compared to the microcarrier method to determine if the levels of cell growth, viral infection, and ultimately protein expression could be maintained with a simpler production scheme. 



 BIOT 256 [607068]:  Influence of mixing on phenotypic differences in well and poorly differentiated prostate cancer spheroids

 NAME:   Hong Song1, Kim O’Connor1, Carrie Giordano1, Sanda Clejan2, Odile David2, and Helena LeBeau2. (1) Department of Chemical Engineering, Tulane University, Lindy Boggs Center Room 300, New Orleans, LA 70118, Fax: (504) 865-6744, hsong@tulane.edu, (2) Pathology, Tulane University School of Medicine 

 Abstract

Multicellular spheroids of prostate cancer cells mimic micrometastases and avasular regions in larger tumors. To identify culturing conditions favorable to spheroid production, we have compared the composition of well (LNCaP) and poorly (DU 145) differentiated prostate cancer spheroids in a mixed culture within a high-aspect rotating wall vessel (HARV) and in a static liquid-overlay culture. From a morphological prospective, LNCaP spheroids were larger and more compact than DU 145 spheroids, independent of culture conditions. Consider cell spacing. LNCaP nuclei at their centroid were separated 16-19 micrometer vs. 21-27 micrometer for DU 145 cultures (p<0.001). Trends in size and spacing are consistent with the adhesive properties of the two cell lines: LNCaP cells express more E-cadherin, aggregate faster and dissociate slower. With respect to protein expression, the mixed cultures consistently produced spheroids that reflect the phenotypic differences of the parent cell lines. For example, p27 is a cyclin-dependent kinase inhibitor that is a marker for cell-cycle arrested cells. The mean staining intensity of cells positive for p27 was more than 30% lower for DU 145 cells than for LNCaP cells in mixed culture (p<0.001); whereas, there was no significant differences observed between the cell lines in static culture. Similar results were obtained with Ki 67 as a biomarker for proliferation: the percentage of Ki 67-positive cells was 51% for DU 145/HARV on average; 37%, DU 145/control; 20%, LNCaP/HARV; and 36%, LNCaP/control. The lower expression of p27 and higher content of Ki 67 cells in mixed DU 145 spheroids is consistent with the more aggressive phenotype of the parent cell line. This work demonstrates the benefits of a mixed culture to spheroid production. Applications include in vitro drug testing and basic oncological research. 



 BIOT 257 [621043]:  A mini-bioreactor system for accelerated process development

 NAME:   Rishard Chen, Saravanmoorthy Rajendran, Kathy Haverty, Michael Tomkalski, Polina Teplitsky, Gan Wei, Kumar Namdev, and Rajeev Chillakuru, Protein Production, CuraGen Corporation, 16 Commercial Street, Branford, CT 06405, rchen@curagen.com, gwei@curagen.com 

 Abstract

Traditionally process development studies, such as clone selection, media screening and induction strategies optimization for high protein production, are first performed in flasks under high throughput mode. These studies are later followed by extensive development of fed-batch processes for high cell density in 1L~10L stirred tank bioreactors. Although flasks are convenient systems to screen a larger number of variables, key parameters such as pH and DO cannot be adequately controlled at high cell density. Conventional 1L~10L bioreactors, however, have excellent control capabilities to achieve high cell density but require significant resources to operate. In this study, a novel mini-bioreactor system (<500mL volume) was evaluated to determine whether it would retain best the features of the two traditional systems: high thoughput flexibility of flasks and most of the control capabilities of stirred tank bioreactors. This poster will present data on two case studies as examples of effectiveness of the mini-bioreactor system: a high cell density recombinant Escherichia coli fermentation and a mammalian cell-culture process. The process performance in this mini-bioreactor system was successfully reproduced in the 10L stirred tank bioreactors. This study demonstrates that a mini-bioreactor system with appropriate features can significantly increase number of experiments that can be performed under controlled conditions with limited resources and thus accelerate process development timelines. 



 BIOT 258 [605829]:  pH-Sensitive surfactants for water-in-oil xanthan fermentation

 NAME:   A. Sabrina Restrepo, Lu-Kwang Ju, Jane M. Bell, and Jun Yuan Xu, Department of Chemical Engineering, University of Akron, Akron, OH 44325-3906, Fax: 330-972-5856, restrep@uakron.edu, ju@uakron.edu 

 Abstract

The industrially important xanthan fermentation is limited in its productivity by high broth viscosity. Previously we demonstrated the potential advantages of xanthan production in water-in-oil fermentation. The efficiency, however, depends strongly on the aqueous droplet size that dictates the oxygen availability and, consequently, cell concentration and xanthan productivity achievable. Addition of conventional surfactants enables the formation of fine emulsions but complicates downstream phase separation. Currently we develop smart surfactants of poly(MAA-EG-LMA) that form fine dispersions at fermentation pH (6.5-7.5) but lose surface-activity and partition into the oil phase by simple change to acidic pH (~ 4.0); thus, allowing easy phase separation for recovery of product-bearing aqueous phase and for repeated usage of oil and surfactants. Results of the pH-dependent emulsification/phase separation behaviors under different variables such as MAA:EG ratio, LMA content, and polymerization conditions as well as the improved fermentation performance will be presented. 



 BIOT 259 [599827]:  Conversion of unsaturated fatty acids by compost bacteria

 NAME:   Tsung Min Kuo, Microbial Genomics & Bioprocessing Research Unit, USDA-ARS-NCAUR, 1815 N. University Street, Peoria, IL 61604, Fax: 309-681-6672, kuotm@ncaur.usda.gov 

 Abstract

Our research objective is to produce new value-added industrial products from soybean oil and its component fatty acids by microbial or enzymatic catalysis. We previously searched for reactive microbial strains from either the ARS Culture Collection or from soil and water samples collected in various geographic locations. Recently, we focused on using fatty acids (FAs) in enrichment-culture procedures manipulated in the laboratory to select microbes from composted materials. When oleic acid or 10-ketostearic acid (10-KSA) was the selective FA in the bacterial enrichments, isolates that produced either hydroxystearic acid (HSA), KSA or incomplete decarboxylations were identified as Sphingobacterium thalpophilum, Acinetobacter spp., and Enterobacter cloacae. In addition, the oleate-selective medium also yielded Bacillus cereus that converted oleic acid to octadecenamide and isolates of Acinetobacter and coryneform that produced oleyl wax esters. When linoleic acid was the selective FA, various Enterobacter, Pseudomonas, and Serratia spp. appeared to decarboxylate linoleate incompletely. When ricinoleic acid was the selective FA, isolates of E. cloacae and Escherichia sp. produced C12 and C14 homologous compounds, and Pseudomonas aeruginosa produced a novel new 7,10,12-trihydroxy-8(E)-octadecenoic acid (TOD) from ricinoleic acid. TOD was found to be an antifungal agent most effective against the species causing the rice blast disease. Strains of P. aeruginosa isolated from compost and other strains available in the ARS Culture Collection exhibited different levels of activity in the production of TOD. The results demonstrate that compost is a rich source of biocatalytic bacteria for degradation and various conversions of unsaturated FAs. 



 BIOT 260 [618721]:  High-throughput screening of heterologous P450 expression in yeast

 NAME:   John A. Morgan, Hanxiao Jiang, and Danlei chen, School of Chemical Engineering, Purdue University, 480 Stadium Mall, West Lafayette, IN IN 47907, jamorgan@ecn.purdue.edu 

 Abstract

Multiple factors are key to the optimization of in vivo enzyme activity. This study is focused on the expression of two plant P450 enzymes, ferulate 5-hydroxylase and cinnamate 4-hydroxylase, in recombinant yeast. We have developed methods that allow the examination of many variables in a parallel and high-throughput manner. The first set of experiments was designed to ensure adequate mixing and oxygen transfer in microwell plates. Conditions for growth were found that were reproducible with prior results from shake flasks. We examined the yeast growth and enzyme activity for a single stage growth and induction procedure. The factors studied included the total sugar concentration, the ratio of inducer to carbon source, and the amount of casein. Statistical analysis was used to design the experiments and determine the variables that most significantly affect the specific enzyme activity. 



 BIOT 261 [619439]:  Microbubble fermentation of recombinant Pichia pastoris for human serum albumin production

 NAME:   W. Zhang, and Foster A. Agblevor, Department of Biological Systems Engineering, Virginia Polytechnic Institute & State University, Blacksburg, VA 24061, Fax: 540-231-3199, , fagblevo@vt.edu 

 Abstract

The high cell density fermentation of recombinant Pichia pastoris for human serum albumin (HSA) production is a high oxygen demand process. The oxygen demand is usually met by increased agitation rate and use of oxygen-enriched air. Microbubble fermentation however can supply adequate oxygen to the microorganisms at relatively low agitation rates because of improved mass transfer of the microbubbles used for the sparging. Conventional air-sparged fermentations were conducted for the production of HSA using P. pastoris at agitation rates of 500, 750, 1000, and 1500 rpm in a Biostat Q fermentor. The protein concentrations after 97 h fermentation were 12.9 mg/L and 307 mg/L for 500 and 1500 rpm respectively. For similar a fermentation at 1000 rpm using the microbubble system, the cell mass concentration (86 g/L) was twice that for the conventional fermentor and the protein concentration (181 mg/L) was also more than twice that of the conventional fermentation after 73 h of fermentation. Both the cell mass concentration and the protein concentration for the microbubble fermentation at 1000 rpm was similar to the conventional fermentation at 1500 rpm for the same duration of fermentation. The dissolved oxygen level in the microbubble fermentation was above the critical DO level (20%) whereas the conventional air-sparged system was below the critical value. 



 BIOT 262 [607426]:  Methods for evaluation of composite latex coatings containing Gluconobacter oxydans: Accurate determination of the effectiveness factor for the oxidation of D-sorbitol to L-sorbose in oxygenated microbioreactors

 NAME:   Chris W Solheid1, Salim P. Charaniya1, Ulf Diel2, and Michael C Flickinger3. (1) BioTechnology Institute, University of Minnesota, 140 Gortner Lab, 1479 Gortner Avenue, St. Paul, MN 55108, solh0023@umn.edu, salim@cbs.umn.edu, (2) University of Applied Sciences, (3) Department of Biochemistry, Molecular Biology and Biophysics; BioTechnology Institute, University of Minnesota 

 Abstract

Latex polymers (mono-dispersed film-forming polymer or polymer blends) have been used for entrapment of metabolically active, strict aerobe Gluconobacter oxydans ATCC 621. These thin, porous composites have been used as 12.5 mm diameter, 30-60 µm thick, diffusive biocatalytic coatings for the oxidation of D-sorbitol to L-sorbose in highly oxygenated 10 ml micro-bioreactors. The kinetics of this reaction, in a non-growth medium, has been accurately determined for suspended cells as well as cells entrapped in the coatings, by HPLC (L-sorbose concentration) and a sensitive oxygen micro-probe. The mass-transfer resistance of the coating has been measured as the ratio of effective diffusion coefficient/diffusivity in water (Deff/D) for tracer molecule-KNO3. Since the rate of reaction in the coatings is a function of the density of viable cells, the cell concentration in the coatings has been studied by mild sonication to redisperse the coating followed by a plate count of the cells, and a luminescent-ATP assay. At high cell densities (~108 cfu/µl of coating volume), the transfer rate of oxygen can be greatly enhanced by a perfusive reactor configuration. A perfusive composite latex biocatalyst can be made by coating on hydrophilic, micro-filtration membranes or the latex coating can be delaminated from suitable substrates and used as a stand-alone biocatalytic membrane. 



 BIOT 263 [611680]:  Control of methanol feed for Bacillus methanolicus fermentation via mass spectrometry

 NAME:   Claire F. Komives1, Ching-Yun Wang1, and Sabine Rech2. (1) Dept. of Chemical and Materials Engineering, San Jose State University, One Washington Square, San Jose, CA 95192-0082, Fax: 408-924-4057, ckomives@email.sjsu.edu, (2) Department of Biological Sciences, San Jose State University 

 Abstract

The use of whole cell catalysts for the production of fine chemicals has become an important sector for research and development. One route to reducing the process costs is the use of thermophilic organisms as hosts. Bacillus Methanolicus is a gram positive thermotolerant organism that has been demonstrated for the production of glutamic acid and lysine. Additional cost benefits arise because the organism can use methanol as a carbon and energy source. The purpose of this project is to explore feeding strategies for methanol at the elevated temperatures the organism requires for growth. Specifically, the use of a mass spectrometer for monitoring the off-gas concentration of methanol has been studied. This paper will discuss the strategy of estimating the liquid methanol concentration from the concentration in the off-gas and a method for automatic control of the liquid methanol to the process. 



 BIOT 264 [610790]:  Biopesticide production through fermentation and entrapment of metarhizium anisopliae spores

 NAME:   Y. chen1, J Vaughan2, and Foster A. Agblevor1. (1) Department of Biological Systems Engineering, Virginia Polytechnic Institute & State University, Blacksburg, VA 24061, Fax: 540-231-3199, fagblevo@vt.edu, (2) Office of International Research and Development, Virginia Polytechnic Institute & State Unive 

 Abstract

Environmentally friendly technologies are required to reduce the impact of pesticides application on the environment. Metarhizium anisopliae spores and other entomopathogenic blastospores are usually susceptible to ultraviolet radiation and therefore may not survive long environmental exposure to be effective as biopesticide. Metarhizium anisopliae var acridum spores were prepared by submerged fermentation at various dissolved oxygen levels as well as from solid-state fermentation. A new technology for entrapping Metarhizium anisopliae spores with lignin was developed. The lignin coating protects the spores by absorbing the UV radiation. This process is very unique in that the entrapped-spore particles form spontaneously in solution and are easy to separate. The size of entrapped particles was strongly dependent on the ratio of lignin to lignin-reactive reagent (LRR) and the pH of the reaction medium. Over 95% of the spores were coated with lignin. The entrapment efficiency increased with LRR quantity. The median particle size distribution in the range of 5-8 ìm increased from 18.5% to 59% when the pH was raised from 6.5 to 8.5. In addition, the median particle size decreased from 10.5 to 6.8 ìm when the pH was raised from 6.5 to 8.5. About 70-80% of the coated spores were between 5-20 ìm. It appears that the new strategy developed for entrapping the Metarhizium anisopliae spores provides an efficient method for spore protection against UV radiation 



 BIOT 265 [603658]:  Biosynthesis of germanium oxide by marine diatoms

 NAME:   Gregory L. Rorrer, Chih-hung Chang, and Clayton Jeffryes, Department of Chemical Engineering, Oregon State University, 102 Gleeson Hall, Corvallis, OR 97331, Fax: 541-737-4600, rorrergl@che.orst.edu 

 Abstract
Diatoms are a class of microalgae that possess intricately patterned cell walls assembled from silica nanospheres. These organisms have a unique ability to actively assimilate in soluble silicon from seawater and then biologically polymerize the absorbed silicon into silica nanoparticles within the cell. It is possible that the biomineralization capacity of marine diatoms can be harnessed to biologically manufacture germanium oxide nanoparticles with “quantum dot” properties. Toward this end, a two-stage cultivation process was carried out in a bubble-column photobioreactor. In Stage 1, Nitschia sp. marine diatoms were grown up to cell density of 2· 107 cells mL-1 on a soluble silicon substrate (0.3 mM silicic acid) to the point of growth-associated Si depletion in the liquid medium under conditions where phototrophic growth was not limited by N, P, CO2 or light input. In Stage 2, soluble germanium (0.1 mM germanic acid) was added to the dense diatom suspension. Diatoms assimilated all the soluble Ge within two hours, and Ge uptake was not growth associated. The diatom cell mass was washed to remove salts, and then etched within an oxygen plasma to remove organic cell constituents under conditions that did not oxidize inorganic components. FT-IR analysis confirmed the biogenic formation of germanium oxide (GeO2), and ICP confirmed that the solid possessed a Si:Ge mass ratio of 1.0:0.6. This study demonstrates that biological production of SiO2/GeO2 composite materials is possible. Ongoing efforts are examining the nanostructure and optoelectronic properties of these composite materials.



 BIOT 266 [606797]:  Continuous pH monitoring during shake flask fermentations using optical sensors

 NAME:   Haley R. Kermis, Yordan Kostov, Peter Harms, and Govind Rao, Department of Chemical and Biochemical Engineering, University of Maryland Baltimore County, 1000 Hilltop Circle, Baltimore, MD 21250, Fax: 410-455-6500, haley.kermis@umbc.edu 

 Abstract

During shake flask fermentations, pH monitoring is usually accomplished by sampling the media, with analysis offline by a glass electrode. This technique requires an interruption of the bioprocess and provides only discrete information about the growing conditions inside the flask. In this work, a low cost sensor for online pH measurements is presented. Fluorescent pH indicators were selected for detection in the pH range of 3 to 9, using excitation ratiometry. The indicators were immobilized in a hydrogel patch, which was positioned on the bottom of a shake flask. The hydrogel was covered by a white microporous membrane, which restricted passage of microorganisms from the culture into the sensing layer and also served as an optical barrier to media autofluorescence. Dedicated optoelectronics were used to monitor the sensor patch through the bottom of the transparent shake flask. The sensors were used to continuously monitor the pH of bacterial and yeast fermentations. 



 BIOT 267 [583747]:  On-line process monitoring of moisture measurements and reaction kinetics by near-infrared spectroscopy for a polysaccharide vaccine

 NAME:   Jason B. Fletcher, Emily P. Wen, Sangeetha L. Sagar, and Ann L. Lee, Department of Vaccine Bioprocess Engineering, Merck & Co, Merck Research Laboratories, P.O. Box 4, West Point, PA 19486, jason_fletcher@merck.com 

 Abstract

Near Infrared Spectroscopy (NIR) methods were developed for measuring moisture content in several polysaccharide vaccine preparations and for monitoring polysaccharide derivatization reaction kinetics on-line. The moisture measurements by NIR correlated well with those obtained by the standard method for moisture measurement, Karl Fischer Titration, while saving 2-12 hours of processing and turnaround time. The NIR method showed an accuracy of >95% and was capable of detecting a minimum concentration of 0.5 mg/mL water from polysaccharide samples. NIR also offers a rapid method for the on-line monitoring for the derivatization reaction. The derivatization kinetics were measured by monitoring the disappearance of hydroxyl groups, which was easily determined from the strong absorbance of water at 1924nm and of hydroxyl groups at 2052nm. This method can be used as an on-line tool for monitoring completion of the chemical reaction , and thus ensuring process robustness and consistency during the chemical reaction. 



 BIOT 268 [606083]:  On-line cell mass monitoring of Saccharomyces cerevisiae fermentations by multi-wavelength fluorescence

 NAME:   Martin Haack, Anna Eliasson, and Lisbeth Olsson, Center for Process Biotechnology, Technical University of Denmark, Building 223, Kgs. Lyngby DK-2800, Denmark, mh@biocentrum.dtu.dk 

 Abstract

Cell mass concentration is one of the key physiological parameters to be monitored in fermentation processes. In industrial processes the monitoring of cell mass by conventional methods is often troublesome or not even possible. Alternative methods have emerged, among these; non-invasive measurement of multi-wavelength fluorescence seems to be a promising tool for on-line monitoring of fermentation processes. In order to systematically investigate the on-line monitoring of cell mass by multi-wavelength fluorescence, batch fermentations of Saccharomyces cerevisiae with glucose as carbon source were monitored with an on-line, non-invasive multi-wavelength fluorescence sensor, BioView® (Delta Light and Optics, Denmark). The on-line measured fluorescence intensities were calibrated chemometrically against off-line gravimetrically determined cell mass concentrations and a partial least square (PLS) regression model was computed. The PLS model made it possible to determine the cell mass concentration in the batch fermentations very well from the data provided on-line by the BioView® sensor. 



 BIOT 269 [590442]:  Large-scale expression and purification of hemoglobin I from Lucina pectinata
 NAME:   Evys A. Collazo-Santiago1, Juan Lopez-Garriga1, and Carmen L. Cadilla2. (1) Department of Chemistry, University of Puerto Rico at Mayaguez Campus, Post Street, Mayaguez, PR 00680, PR, evyscs@hotmail.com, (2) Biochemistry Department, University of Puerto Rico at Medical Sciences Campus 

 Abstract

Lucina pectinata is bivalve mollusk that lives in the mangroves of Puerto Rico and contains three hemoglobin’s HbI, HbII and HbIII. Hemoglobin I reacts with hydrogen sulfide to form the ferric sulfide complex needed to transport H2S to the bacterial endosymbiont. HbI cDNA was cloned into a plasmid vector (pCR T7-NT) and expressed in E. coli BL21STAR(DE3) competent cells. The large scale expression was performed using IPTG in a 5L bioreactor in the presence of -aminolevulinic acid for heme incorporation to the apoglobin. Native Protein purification was able by Ion Exchange and Gel Filtration using a FPLC System. UV-Vis spectrum of the recombinant protein showed a band at 416nm (Soret) and Q bands at 539nm and 570nm characteristic of native HbIO2. After the addition of dithionite and CO exposition the holoprotein shows a Soret at 421nm and Q bands at 539nm and 570nm characteristic of HbICO. 



 BIOT 270 [604911]:  Characterization of fermentation process by design of experimental to reduce project time

 NAME:   Jennifer R. Olges-Murphy, Jean H. Crinean, Tsu-shun Lee, Sheryl H. Bauer, Robert L. Hopfer, and James L. Cowell, Wyeth Vaccine Research, Sanford, NC 27330 

 Abstract

Rapid process development continues to be a challenge for the biopharmaceutical industry. Development of a new vaccine candidate requires efficient use of resources and thorough process characterization to establish a robust manufacturing process with proven acceptable operating ranges. The fermentation development stage can be especially tedious and time consuming due to complex variables and interactions. This example shows that once rudimentary parameter settings are established, experimental design can serve as a catalyst to expedite process characterization. In this case study, optimal conditions and operating ranges were needed for 7 critical fermentation parameters. Assessing them independently was not feasible as 56 to 130 bench scale fermentations would have been necessary. A modified fractional factorial design consisting of 20 runs was developed, allowing the work to be completed in 5 weeks as opposed to 14-33 weeks. The result was a thoroughly characterized fermentation process in a comparably short period of time. 



 BIOT 271 [583349]:  The role of computer modeling in bioprocess development and technology transfer

 NAME:   Charles Siletti, and Demetri Petrides, INTELLIGEN, INC, 2326 Morse Avenue, Scotch Plains, NJ 07076, Fax: 908 654-3866, casiletti@intelligen.com 

 Abstract

The successful development, scale-up, design, and optimization of integrated biochemical processes is a challenging task that requires collaboration of professionals from many disciplines. Process simulators and other computer aids can facilitate this task by introducing a common language of communication among the various teams involved in process development and product commercialization. They can facilitate answers to the following questions: What is the impact of product titer increase (through media change) on the capacity load of the downstream section, the overall throughput of a plant, and the total manufacturing cost? Can the cost of expensive chromatography steps be reduced through changes in preceding concentration steps? What is the impact of changes in scheduling and cycles times on the demand for resources (e.g., labor, utilities, raw materials, etc.) and the overall throughput of a plant? Our experience in addressing the above questions will be presented using an industrial example in which we evaluated alternative technologies for producing therapeutic monoclonal antibodies. 



 BIOT 272 [604825]:  Design of experiment applied to fermentation process optimization and characterization for validation

 NAME:   Brian D. Bahler, Tsu-shun Lee, Sheryl H. Bauer, Robert L. Hopfer, and James L. Cowell, Wyeth Vaccine Research, Sanford, NC 27330 

 Abstract

Statistically designed experiments were utilized to examine multiple parameters in a fermentation system. High and low ranges for the parameters were chosen according to logical limits or those previously determined for the process. Screening fermentation runs were performed to determine the most critical factors. A second series of DOE runs was performed based on this information and, when combined with the initial data, allowed a response surface to be generated for the three critical factors. Choosing the optimal conditions from this information allowed the design of a final confirmation run. The predicted results had a high degree of correlation with the actual experimental values. This example demonstrates the power of this methodology to understand process robustness and support validation efforts for a biological product. 



 BIOT 273 [592862]:  Technical and economic feasibility of a novel, low-energy sterilization process

 NAME:   Jian Zhang, Jun Li, Heinz Kaiser, Gary Lee Thomson, Terra Thomas, Thomas Davis, and Michael Matthews, Department of Chemical Engineering, University of South Carolina, Swearingen Engineering Center, 301 Main Street, Columbia, SC 29208, Fax: 803-777-8265, zhang45@engr.sc.edu 

 Abstract

High-pressure (liquid or supercritical) carbon dioxide solvent is proposed as a basis for a novel, safe, low-energy sterilization process. This process has been shown by several groups to be promising in treating various bacteria under low temperature and medium pressure. Development of an effective process for use in the medical field is a challenge. We review the technical, economical, and practical aspects associated with commercializing this process. Different process conditions (temperature, pressure, pressure cycle, pressure release speed, treatment time, and water content) have been studied to determine the effects of process conditions on sterilization several kinds of bacterial spores (Bacillus subtilus, Bacillus stearothermophilus, Bacillus pumilus). In addition to technical aspects of this novel process, we also describe an economic analysis that suggests CO2-based sterilization may be cost-competitive with certain conventional sterilization processes. 



 BIOT 274 [622686]:  Sample self-displacement purification of an antisense oligonucleotide by anion exchange membrane chromatography

 NAME:   Ajay Lajmi1, Tim Warner1, and Yogesh Sanghvi2. (1) Biopharm Group, Pall Corp, 8780 Ely Road, Pensacola, FL 32514, Ajay_Lajmi@pall.com, (2) Isis Pharmaceuticals 

 Abstract

Since the approval of Fomivirsen as the first Antisense Oligonucleotide (AO) pharmaceutical on the market more than four years ago, Antisense technology has been gaining momentum. Demand for AO biopharmaceuticals is projected to increase from kg per year to tons per year over the next five years as the industry progresses from the clinical trials phase to bulk manufacturing phase. Efficient new technologies that would clear-up bottlenecks in post-synthesis steps, namely, chromatographic purifications would determine the speed and cost of introducing an AO drug in the market. Pre-packed membrane chromatography media offer fast, high-resolution separations without any column packing or packing validation. Sample self-displacement chromatography of 300 mg of a 20-mer fully phosphorothioated oligondeoxyribonucleotide using high-resolution anion exchange membrane chromatography modules results in 60-80% yields and > 89% purity. Strategies to maximize yield, purity and throughput will be discussed. Desalting and 10-fold concentration of purified fractions by Tangential Flow Filtration (TFF) using polyether sulfone ultrafiltration membranes shows >96% recovery in 1 hour. 



 BIOT 275 [617071]:  Compaction agent clarification of microbial lysates

 NAME:   Brad DeWalt1, Jason C. Murphy1, Tony Cano1, Jan-Willerm Zijffer1, George E Fox2, and Richard C Willson1. (1) Department of Chemical Engineering, University of Houston, 4800 Calhoun Ave, Houston, TX 77204-5001, braddewalt@aol.com, (2) Department of Biology and Biochemistry, University of Houston 

 Abstract

Recombinant proteins are often purified from microbial lysates containing high concentrations of nucleic acids. Pre-purification steps, such as nuclease addition or protein precipitation using polyethyleneimine or ammonium sulfate, are normally required to reduce viscosity and to eliminate competing polyanions before anion exchange chromatography. We report that small polycationic compaction agents such as spermine selectively precipitate nucleic acids during or after E. coli lysis, allowing DNA and RNA to be pelleted with the insoluble cell debris. Analysis by spectrophotometry, protein assay and gel electrophoresis confirmed a significant reduction in the concentration of nucleic acids, with preservation of protein. Additionally, lysate viscosity is greatly reduced, facilitating subsequent processing. We have used 5 - 10 mM spermine to remove nucleic acids from E. coli lysate in the purification of a hexahistidine-tagged HIV reverse transcriptase and cytochrome b5. 



 BIOT 276 [607996]:  Membranes from whey protein isolate: Studies of flux and rejection

 NAME:   Jiunn Yeong Teo, and Robert R. Beitle, Department of Chemical Engineering, University of Arkansas, 3202 Bell Engineering Center, Fayetteville, AR 72701, Fax: 479.575.7926, jteo@uark.edu, rbeitle@engr.uark.edu 

 Abstract

In this paper, we document our efforts to develop membranes composed of Whey Protein Isolate (WPI). Specifically, membranes were prepared by a process which began with heat induced denaturation of -lactoglobulin (the principal component of WPI), and ended in the crosslinking of aggregates or fine strands of protein during gelation. The ensuing membranes were characterized by determining the flux of water or solvent at modest transmembrane pressures (10 – 100 psi), and by developing the rejection curves for compounds of varying molecular weights (several hundred to several million). Results indicated that ultrafiltration membranes with good transmission properties can be fashioned using the aforementioned process. Interestingly, the preparation of membranes from WPI represents a new use for a material typically considered low value, and illustrates the notion that membranes may be prepared from proteins in their entirety. 



 BIOT 277 [611663]:  Alternatives to protein A resin evaluated for the purification of human antibodies

 NAME:   Roger Alsop, Liem Nguyen, and Gerardo Zapata, Process Sciences, Abgenix, 6701 Kaiser Drive MS 26, Fremont, CA 94555, roger.alsop@abgenix.com 

 Abstract

Abgenix Process Development group has developed a standard platform for the purification of human antibodies. In this process, Abgenix has looked at replacements for Protein A resins. While protein A is a valuable purification tool, it has some well-known limits: leaching, cost, and its limited clean in place ability. Alternative resins to Protein A can offer a more cost effective method with enhanced clean in place capabilities. The manufacturer-supplied data shows that their resins can successfully purify antibodies but present limited data on human antibodies. At Abgenix, our core technology is human antibodies. Any decision to use a replacement for Protein A will depend on how well the alternative resins work with human antibodies. A series of experiments were designed and conducted on human antibodies of different isotypes and isoelectric points. This work used several commercially available alternates to Protein A. All resins were compared to Protein A on process parameters, examples: capacity, purity, and purification power 



 BIOT 278 [606283]:  Dissolved oxygen affects the accumulation of recombinant clostridia peptide fragment in E. coli
 NAME:   Nimish G. Dalal, Joseph Geva, Rephael Fass, and Joseph Shiloach, Biotechnology Unit, NIDDK, National Institutes of Health, 6 Center Dr., MSC 2715, Bldg.6, Rm. B1-33, Bethesda, MD 20892, Fax: 301-451-5911, nd77k@nih.gov 

 Abstract

The production of clostridia genes in E. coli is often difficult due to transcriptional and translational obstacles because of high AT content of clostridial DNA and rare codon usage. In this study, we have developed an efficient production process for the expression of the repeating units of the Clostridium difficile toxin A (rARU) that appears not to experience transcriptional and/or translational problems. However, the accumulation of rARU was observed only when the oxygen supply was limited, the culture was in stationary phase, and the carbon source was glycerol. Furthermore, when the stationary phase culture was exposed to non-limiting oxygen conditions, the accumulated rARU was degraded. We suspect that accumulation of rARU occurs at low oxygen and at stationary phase, since at these conditions there is less degradation. The expression of rARU was also dependent on media composition. The proposed work will describe the production process as well as present preliminary results on the effect of media composition on rARU accumulation. 



 BIOT 279 [594270]:  Aromatic thiols as redox buffers: Increasing folding rates for disulfide-containing proteins

 NAME:   Jonathan D. Gough, and Watson J. Lees, Department of Chemistry, Syracuse University, 1-014 CST, Syracuse, NY 13244, Fax: 315-443-4070, jdgough@syr.edu 

 Abstract

Protein folding in vitro is an important method for producing active protein for use in the study of biological mechanisms. In general the kinetically slow step for folding proteins is the rearrangement of disulfide bonds. Classically, the rearrangement is facilitated by redox buffers composed of aliphatic thiols such as glutathione. The influence of redox buffer composition on protein folding rates is not well understood. An aromatic thiol has been shown to increase the rate of protein folding by 5-6 times over that of glutathione. We have used a series of aromatic thiols as redox buffers to measure the effect of thiol pKa values on protein folding rates. These results show that aromatic thiols can fold the protein ribonuclease A an order of magnitude faster than glutathione. Our studies show that redox buffer efficiency is directly related to the concentration of the protonated thiol in solution. 



 BIOT 280 [603687]:  Characterization and optimization of a pseudobioaffinity-based antibody separation method

 NAME:   Anu Subramanian1, Jennifer Hommerding2, Swapan Roy3, and Carmine Mascoli3. (1) Chemical Engineering, University of Nebraska, Lincoln, 207L Othmer Hall, Lincoln, NE 68588, Fax: 402-472-6989, asubramanian2@unl.edu, (2) Regeneron Pharmaceuticals, (3) Ligochem Inc 

 Abstract

Chitosan beads were modified to include a spacer arm and end-capped with a caboxyethyl-group containing anionic ligand to generate a pseudo-bioaffinity support. The influence of pH, salt concentration and the effect of chaotropic salts have been studied. Ligosep Alpha® support allowed the separation of monoclonal antibodies (Mab) from cell culture supernatants. In addition, different Mab sub-species (IgG1, IgG2a, IgG2b and IgG3) were also retained from cell culture supernatants rich in the same and further eluted to yield purified Mab. Elution was possible under mild conditions with a step salt gradient. Overall protein recoveries in the range of 90 to 95% were obtained with cell culture supernatant. Purity of products, obtained form a single chromatographic step was estimated to be greater than 98%. To better understand the force of interaction between the immunoglobulin G (IgG) and the chitosan-based pseudo-bioaffinity support, the equilibrium disassociation constant (KD) was determined by static binding isotherms, as a function of temperature and by frontal analysis at different linear velocities. The maximum static binding capacity (Qmax) was found to be in the range of 60-70 mg IgG per ml of gel, and unaffected by temperature. The maximum dynamic binding capacity (Qx) was found to be in the range of 18 to 10 mg IgG per ml of beads. The adsorption rate constant (ka) was determined by a split-peak approach to be between 46 and 404 liter.mol-1.sec-1 depending on the linear velocity. A governing empirical equation relating ka to the linear velocity (u) was deduced to be ka=44.4(u) + 9.3. The kinetic parameters of the chromatographic system indicated a good capacity but a low adsorption rate constant. The chitosan-based pseudo-bioaffinity support was found to preferentially interact with the Fab and the F(ab)2 region of the HIgG molecule. This gives the further potential of adjusting the process for purifying specific paratopes, under gentle chromatographic conditions. 



 BIOT 281 [607392]:  Hydrophobic interaction chromatography: Effect of water, salt types, and process modeling

 NAME:   Fang Xia1, Deepak Nagrath1, and Steven M Cramer2. (1) Isermann Department of Chemical Engineering, Rensselaer Polytechnic Institute, 110, 8th Street, Ricketts, Troy, NY 12180, xiaf@rpi.edu, (2) Chemical Engineering, Rensselaer Polytechnic Institute 

 Abstract

Hydrophobic interaction chromatography (HIC) has become one of the most widely used separation processes in the biotechnology industry due to its unique selectivity. However, there is minimal understanding of the binding mechanism, nature of selectivity in HIC systems and how to develop selective and efficient HIC processes. This presentation will investigate several experimental and theoretical aspects of preparative HIC systems. A multicomponent isotherm based on the preferential interaction theory was developed to describe non-linear adsorption behavior in HIC systems. The isotherm was employed in concert with a general rate model to investigate the behavior of hydrophobic displacement and gradient systems. Transport and kinetic parameters were determined from chromatographic data and the theoretical predictions were shown to accurately predict experimental results for both gradient and displacement systems. Further, the effect of water structure on adsorption-desorption was studied in order to increase our understanding of the adsorption mechanisms in HIC systems. The preferential interaction approach was used to calculate the total number of water molecules released during the protein adsorption/desorption process. In addition, the selectivity of proteins on various HIC resins in the presence of different type of salts (kosmotropic, chaotropic and neutral) was studied . Finally, a simple approach based on protein structure is presented for predicting protein retention on HIC resins. The work presented in this paper provides insights to improve the performance of non-linear hydrophobic separation systems. 



 BIOT 282 [605516]:  Chromatography resin evaluation procedures

 NAME:   Meegan E. Cameron, Robert Seely, Kurt Sabados, and Holly Harker, Process Development, Amgen Colorado, 4000 Nelson Rd, Longmont, CO 80503, Fax: 303-938-6222, mcameron@amgen.com 

 Abstract

Chromatography columns employed in various purification processes utilize the specific functionality of resin products in order to optimize separation. In the biotechnology industry, there is a continuing concern over justification for resin lifetime and stability. A series of methods have been developed in order to facilitate the evaluation of resin condition. These set of resin condition evaluation (RCE) procedures, which include small ion capacity, total protein binding, particle size distribution, total organic carbon (TOC) and flow vs pressure, cover the main determinants of resin condition (i.e., functionality unrelated to packing efficiency or non-optimal operating conditions). RCE testing could be used in the future to test new lots of resin for release and issue used resin samples to be assessed for degree of cleaning, functionality and useful life. Resin evaluation is also employed (i) for process validation purposes in comparing used resin to samples of retained resin, (ii) in evaluating the stability of resins in cleaning or storage solutions and (iii) in manufacturing support to characterize resin with respect to process impact and for troubleshooting purposes. 



 BIOT 283 [606501]:  Development of a library of cation-exchanger salt-tolerant media based on a multimodal interaction approach

 NAME:   Jean-Luc Maloisel, Nicolas Thevenin, and Eggert Brekkan, Protein Separation R&D, Amersham Biosciences AB, Bjorkgatan 30, Uppsala 751 84, Sweden, Fax: +46 18 612 1844, jean-luc.maloisel@eu.amershambiosciences.com 

 Abstract

Cation-exchange chromatography is a widely used technique in the downstream processing of commercially important biomolecules. In order to meet the growing demand for robust media allowing the direct capture of biomolecules, Cation Salt Tolerant (CST) media have been developed For this purpose, a multi-modal interaction approach was investigated via the creation of a library of 100 gels based on the immobilization on agarose of ligands generated from the same scaffold by combinatorial chemistry. Correlation between ligand structures and functional behavior in high salt conditions will be discussed. Chromatographic evaluation of some of these prototypes will be detailed together with two approaches for protein desorption, namely pH and salt gradient elution. The chromatographic characteristics of optimal CST media show that they are potentially suitable for direct capture of positively charged proteins from cell culture supernatants without a predilution step. 



 BIOT 284 [621046]:  Purification of 2-gram parenteral, low copy-number plasmid for phase I/II clinical trials on an ÄKTA purifier chromatography system

 NAME:   Sibylle Herzer1, Zhuyong Mei2, Catherine L. DeSombre2, Xioming Zhang2, and Donna R. Rill2. (1) Amersham Biosciences, 800 Centennial Avenue, Piscataway, NJ 08854, sibylle.herzer@am.amershambiosciences.com, (2) Department of Pediatrics Hema & Oncology, Baylor College of Medicine 

 Abstract

Gene therapy and the demand for plasmid parenterals as vaccines or therapeutics have increased the demand for highly purified plasmids. Commonly used plasmid purification procedures fail to deliver the necessary purity and are often non-scaleable. We describe a fully scaleable process for a 2-gram, low copy, plasmid DNA, parenteral used in phase I/II of clinical trials. The process consists of five steps: ultrafiltration, group separation to remove RNA and conditioning, selective capture of supercoiled plasmid DNA by thiolic chromatography, anion exchange chromatography to remove endotoxins, and a final ultrafiltration step for concentration and formulation. The final product is greater than 99% supercoiled, free of contaminating antibiotics, RNA, or residual components, and contains only 40 pg of E.coli genomic DNA/ƒÝg of final product and less than 2 endotoxin units/mg of plasmid. The entire process takes less than 12 hours and may be accomplished in one working day. 



 BIOT 285 [606847]:  Scale-down of continuous filtration for rapid bioprocess design

 NAME:   Tommy S. Reynolds1, R. Michael Boychyn1, Mark Bulmer2, John More2, and Mike Hoare1. (1) Department of biochemical Engineering, University College London, Torrington Place, London WC1E 7JE, United Kingdom, Fax: +44-20-7383-2348, t.reynolds@ucl.ac.uk, (2) Bio Products Laboratory 

 Abstract

Developing bioprocesses for the preparation of new therapeutic materials is particularly difficult due to their complex nature and the difficulties of scale-up. To avoid extensive process discovery at large-scale it is necessary that scale-down methods be created that examine the conditions of process stages and allow production of realistic output streams A key operation in the recovery sequence for biological solids is depth filtration. The traditional approach to filtration specification utilises constant pressure batch tests. However, the structure of the filter cakes formed differ from those of continuous operation industrial filters. This paper reports the development of a new continuous mode laboratory filter to prepare filter cakes and filtrate similar to those achieved at the industrial scale. Using the new methodology gave flux predictions for a pilot-scale candle filter superior to those obtained from traditional laboratory filtration and gained new insight into the time dependant nature of the compressible cake. 



 BIOT 286 [595736]:  Evaluation of filters for the removal of E. coli proteins

 NAME:   Carl W. Richey Jr., Process Development, Amgen Inc, 4000 Nelson Road, Longmont, CO 80503, Jim Seely, Process Development, Amgen, Inc, and Heath Rushing, Quality Assurance, Amgen Inc 

 Abstract

Several filters were evaluated as a polishing step for the removal of trace amounts of E. coli protein (ECP) from a recombinant protein preparation. The filters were tested either before or after the final chromatography step in the purification train. Hydrophobic and hydrophilic filters were compared. Anti-ECP ELISA of feed vs. filtrate samples showed variable reduction of ECP, depending on the filters used. For the most promising filters, SDS-polyacrylamide gel electrophoresis of NaOH washes from the membranes showed enrichment of contaminants. This was additional evidence that the membranes had bound ECPs. A hydrophobic, sterilizing grade PTFE filter was found to provide the largest reduction of ECP, however only at relative low challenge. ELISA comparisons of filtrates from sterilizing grade PVDF and positively charged Nylon 66 filters indicated the N66 membrane as the best for removal of ECP from this preparation. 



 BIOT 287 [600449]:  Streamlining Escherichia coli S30 extract preparation for economical cell-free protein synthesis

 NAME:   David V. Liu, James F. Zawada, and James R. Swartz, Dept. of Chemical Engineering, Stanford University, Keck Science Building, Stanford, CA 94305-5025, dvliu@stanford.edu 

 Abstract

Escherichia coli cell extracts activate cell-free protein synthesis systems by providing the catalysts for transcription, translation, and other supporting reactions. The current protocol for S30 extract preparation requires multiple centrifugation and dialysis steps as well as an expensive runoff reaction. By significantly shortening key steps, the protocol duration was reduced by approximately 35%. By optimizing the runoff reaction, reagent costs also were significantly reduced. Nonetheless, there was no reduction in the protein yields produced by the new extracts. This streamlined process now provides an attractive option for the large scale, cost-effective production of cell extracts. 



 BIOT 288 [605559]:  The evaluation of column performance over the lifetime of sepharose high-performance resin

 NAME:   David J Dripps, Traci Taggart, Todd Kessler, Meegan Cameron, Robert Todd, and James Seely, Purification Process Development, Amgen, Inc, 4000 Nelson Rd., Longmont, CO 80503, Fax: 303-938-6222, ddripps@amgen.com 

 Abstract

The importance of obtaining consistent performance from a chromatographic resin during its lifetime in manufacturing is well understood by the biopharmaceutical industry. Because the performance of a resin may degrade with use, pre-determined limits are set on the number of times a resin can be reused. Prospectively defining these limits in the manufacturing setting, however, can be difficult. Here, we use a relevant scaled-down model to confirm resin performance to a proposed end point. In our process, Pharmacia’s Sepharose High Performance resin is used to purify a recombinant protein from a microbial host. In this study, the resin was cycled 720 times with no change in the pre-defined acceptance criteria for performance, product quality, and cleaning effectiveness. The evaluation of performance included peak shape parameters to quantitatively confirm consistent elution profiles, step yields and pool concentrations to confirm consistent product recovery, and relevant measurements of product purity. Resin cleaning effectiveness was assessed by running blank gradients every 80 cycles, collecting mock elution pools, and determining product and non-product related carryover. The column packing integrity was also evaluated every 80 cycles with a HETP/asymmetry analysis. Resin disposition at the end of the study showed no change to the resin’s small ion capacity, total protein capacity, particle size distribution, pressure versus flow, microscopic analysis, and organic carbon levels. This study provides justification for the use of this resin through 720 cycles of production, and is currently being confirmed by heightened testing at the manufacturing scale. 



 BIOT 289 [606702]:  Topoisomerase-targeting anticancer drug screening by capillary electrophoresis

 NAME:   Junnan Chen1, Guanshu Liu1, Ming Du1, Yue-wern Huang2, and Yinfa Ma1. (1) Department of Chemistry, University of Missouri-Rolla, 343 schrenk Hall, 1870 Miner Circle, Rolla, MO 65409, Fax: 573-341-6033, jc6v4@umr.edu, (2) Department of Biological Sciences, University of Missouri-Rolla 

 Abstract

Topoisomerase II (Topo II) regulates the topological structure of DNA by transient breaking and rejoining of double-stranded DNA in the DNA synthesis and cell growth. Many anticancer drugs target on the inhibition of Topo II, leading to an effective breakage of single-stranded and double-stranded DNAs. In this study, a CE-LIF technique has been developed to study topoisomerase-targeting anticancer drugs. A dynamically coated capillary and an ultralow viscosity polymer sieving solution were employed to separate supercoiled DNA from its linear and nicked-open DNA. The factors affecting DNA separation have been investigated for optimal separations. Some known Topo II inhibitors and novel synthesized drugs were used for screening of topoisomeric DNA breakage and topoisomerase activity. Quantitative studies show positive correlations between the topo II activity and the cell toxicity (IC50). Compared to the agarose gel electrophoresis method, the CE-LIF method is rapid, sensitive, and automatic. The high resolution and high sample throughout characteristics of CE-LIF make it suitable for anticancer drug screenings and mechanistic studies. 



 BIOT 290 [586905]:  A new pectate lyase from Bacillus pumilus for bioscouring

 NAME:   Barbara Klug, Wolfgang Schnitzhofer, Karl-Heinz Robra, and George M Guebitz, Environmental Biotechnology, Graz University of Technology, Petersgasse 12, Graz 8010, Austria, guebitz@tugraz.at 

 Abstract

The traditional scouring process consumes large quantities of alkali and energy. Bioscouring is an alternative process which requires less water due to the action of specific enzymes, pectinases. In our work an alkalophilic Bacillus pumilus was isolated, which produces an extracelluar pectate lyase (PL). This pectate lyase has been purified by hydrophobic interaction and gel filtration chromatography and the biochemical parameters are presented. PL had its optimal activity at pH 8.0 – 8.5. The half life time of PL at pH 8.5 and 60°C, 70°C and 90°C was 50, 8 and 0.5 minutes, respectively. The enzyme released pectin from cotton fabrics improving hydrophilicity and dyeability. 



 BIOT 291 [607501]:  Differential stability of a monoclonal antibody in acetate, succinate, citrate, and histidine buffer systems

 NAME:   Nicole Piros, Mary E. M. Cromwell, and Steven Bishop, Pharmaceutical Research and Development, Genentech, Inc, 1 DNA Way, South San Francisco, CA 94080, Fax: 650-225-7234, nap@gene.com 

 Abstract

Accelerated stability studies of a therapeutic monoclonal antibody were carried out in citrate, succinate, acetate, and histidine buffers in the presence of various tonicifiers. Protein stability was monitored using ion exchange chromatography. Reduced stability was observed in citrate and succinate buffers relative to histidine and acetate due primarily to an increase in acidic variants, including the formation of two new degradation products. The degradation of the monoclonal antibody showed a buffer concentration dependence in citrate and succinate, independent of ionic strength. This trend was not observed in histidine and acetate buffers. However, increasing ionic stength resulted in a reduction in overall degradation of the protein in the three carboxylate buffers. Degradation mechanisms of the monoclonal antibody in the various buffer systems will be discussed. 



 BIOT 292 [605715]:  Effect of stainless steel exposure on the stability of a recombinant humanized IgG1 monoclonal antibody

 NAME:   Rita Wong1, Sabrina Lo1, C. Quan1, Wendy Lau2, and Sharon Wang1. (1) Pharmaceutical Research and Development, Genentech, Inc, 1 DNA Way MS 97A, South San Francisco, CA 94080, Fax: 650-225-7234, wong.rita@gene.com, lo.sabrina@gene.com, (2) Analytical Chemistry, Genentech, Inc 

 Abstract

The stability of a recombinant humanized IgG1 monoclonal antibody was evaluated in small-scale 316L stainless steel and non-stainless steel mini-containers to determine the compatibility of these materials with the test solution. After three months at 2-8°C in 316L stainless steel mini-containers, the color of the bulk solution changed from colorless to light brown. A 20% increase in acidic variants and 0.9% increase in aggregate were observed by IEX and SEC, respectively. Storage of the bulk solution in stainless steel mini-cans resulted in oxidation of four of the methionines in the heavy chain of the antibody. Storage of the monoclonal antibody in glass vials and low iron containing alloy containers showed improved stability relative to storage in stainless steel. Results suggest that storage of the recombinant humanized IgG1 monoclonal antibody in non-stainless steel vessels would minimize the instability seen with storage in stainless steel containers. 



 BIOT 293 [607599]:  Chip devices for CEC of peptides and proteins using various stationary phase materials

 NAME:   Rohit Jindal, Isermann Department of Chemical Engineering, Rensselaer Polytechnic Institute, Ricketts Bldg, 110 8th Street, Troy, NY 12180, Fax: 518-276-4030, jindar@rpi.edu, and Steve M. Cramer, Deparment of Chemical Engineering, Rensselaer Polytehnic Institute 

 Abstract

A major challenge in integrating chromatographic separations into lab-on-chip devices is the packing of stationary phase particles at desired locations within a chip. In this paper, a variety of chromatographic materials are immobilized in desired locations on a chip using sol gel technology, obviating the need for frits. Channels were fabricated on quartz chips using photolithography. On-chip injection was carried out using a cross channel design. An optical fiber setup was developed for carrying out on-chip UV absorbance detection. The developed systems were then used for the separation of peptides and proteins on different chromatographic chip systems. The results presented in this paper demonstrate the suitability of this generic approach for integration of CEC in lab-on-chip devices. 



 BIOT 294 [602522]:  Evaluating chromatographic process variability using design of experiments

 NAME:   Eric R. Cunningham1, Deanna Myers1, Christopher Bork2, and Lynn E. Conley3. (1) Process Sciences, IDEC Pharmaceuticals, Inc, 3010 Science Park Road, San Diego, CA 92121, Fax: 858-431-8338, ecunningham@idecpharm.com, (2) IDEC Pharmaceticals, (3) Process Sciences, IDEC Pharmaceuticals 

 Abstract

Recent advances in cell culture have allowed IDEC to dramatically increase product titers. While significantly improving productivity and process economics, higher titers have also presented a unique set of challenges in designing downstream purification processes. These have included the ability to recover greater amounts of product from the harvested cell culture fluid while simultaneously reducing elevated impurity levels (typical of high-density cell cultures). In developing a process that would address both issues, we evaluated two different protein A resins – Prosep®-rA (Millipore) and MabSelect (Amersham Biosciences). Prosep®-rA has been used extensively at IDEC due to its high selectivity and productivity. However, recent development work has shown that high dynamic binding capacities can be achieved with MabSelect. To select the optimal resin for our process, an investigation into how process variability affected purification with each respective resin was required. In this study, each resin was evaluated based on its recovery and ability to reduce impurities using a statistical design of experiments (DOE) approach. This strategy allowed us to screen several factors at once while also identifying potentially synergistic or antagonistic interactions. Decreased product recoveries were observed with MabSelect using an elution pH above 3.5, whereas Prosep®-rA recoveries were consistently high, regardless of elution conditions. Product purified on MabSelect contained low impurity concentrations under all load, wash, and elution conditions. A difference in impurity removal as high as 4600 fold was observed between the resins. In combination with resin lifetime and pressure/flow studies, this method of evaluation could be used to establish a benchmarking system to compare the suitability of different resins for a particular purification task. 



 BIOT 295 [588341]:  Highly concentrated formulations of the HIV-1 entry inhibitor PRO 542

 NAME:   Kesh Prakash, Lu Zhao, Danielle Fisch, Soraya Rosenfield, Kirsten Nagashima, Norbert Schülke, and William Olson, Research & Development, Progenics Pharmaceuticals, Inc, 777 Old Saw Mill River Road, Tarrytown, NY 10591, Fax: 914-789-2857 

 Abstract

PRO 542 (CD4-IgG2) is a novel HIV-1 attachment and entry inhibitor that has shown favorable tolerability, pharmacology and antiviral effects in Phase I/II clinical testing. PRO 542 is a tetravalent fusion protein that comprises the gp120-binding domains of human CD4 fused to the heavy and light chain constant regions of human IgG2. We have developed new, highly concentrated formulations (up to150 mg/mL) of PRO 542 that have the potential for administration by sub-cutaneous (SC) or intramuscular (IM) routes. After optimization of the buffer matrix, we have examined the real-time and accelerated stability of these formulations using a battery of biophysical and antiviral assays. The lead formulations have been comparatively examined for IM, SC and intravenous tolerability and pharmacology in animals in anticipation of human clinical testing. The new PRO 542 formulations may enable simplified dosing options for HIV-infected individuals. 



 BIOT 296 [605546]:  Bridged diarylmethane fluorescent probes for labeling biomolecules

 NAME:   Wenhui Zhou, Zesheng An, Judi Lavin, and Seth R. Marder, Department of Chemistry, University of Arizona, 1306 E. University Blvd., Tucson, AZ 85721, Fax: 520-621-8407, wenhui@email.arizona.edu 

 Abstract

Fluorescent labels providing tremendous sensitivity due to their large quantum emission yield upon excitation have been utilized in many applications including immunoassays, DNA sequencing, ion sensors, and membrane fusion, etc. The decrease of autofluorescence from biological materials and reducing damage of biomolecules by short wavelength light sources create a motivation to synthesize new dyes absorbing and emitting in a wavelength region above 600 nm. The present study provides reliable protocols for the preparation of new amino-group containing bridged diarylmethane red fluorescent dye. The reaction of amino-containing dye with succimidyl maleimide or sucimidyl biotin produces thiol-reactive dye or biotinylated dye. The fluorescence examination of biotin-dye/avidin binding indicates that the biotinylated dye can efficiently bind to avidin, which could be potentially useful for the imminoassay, and bioimaging by one photon or two-photon confocal micro-spectroscopy. This synthetic strategy can be applied to a series of symmetric or unsymmetrical bridged-diarylmethane dyes. 



 BIOT 297 [601926]:  Hydrophobic interaction chromatography: Using design of experiments to determine critical process parameters

 NAME:   Mary Welch Baillargeon, Donald A. Ross, Don Eisenhauer, and Edwin O. Lundell, D456 R1B-6, Abbott Laboratories, Biological Development, Specialty Products Division, 1401 Sheridan Road, North Chicago, IL 60064-6250, Fax: 847-938-3300, Mary.Baillargeon@abbott.com 

 Abstract

An irregular, silica-based, commercial hydrophobic interaction chromatography (HIC) resin is used in the manufacturing process for ABT-187. Using an automated chromatography system, experiments were performed on scaled-down columns to determine the critical process parameters for the purification of ABT-187 by HIC. Three continuous factors (load volume; buffer molarity, and flow rate) and one categorical factor (lot of resin) were evaluated. A fractional factorial screening design with a resolution of 4 was used to study these four factors. One replicate experiment and three center-point experiments were run to evaluate experimental variability. Recovery of ABT-187 and purity of the recovered ABT-187 were measured to evaluate the effect of the above factors. Analysis of the experimental results using JMP® Statistical Discovery Software showed that only buffer molarity and lot of resin were critical parameters for this chromatography. These results emphasize the importance of evaluating more than one lot of resin during process development. 



 BIOT 298 [604933]:  Enzymatic method for detection of specific DNA-protein interactions

 NAME:   Grazyna E. Sroga, and Jonathan S. Dordick, Department of Chemical Engineering, Rensselaer Polytechnic Institute, 110 Eighth Street, Troy, NY 12180-3590, Fax: 518-276-4030, srogag@rpi.edu 

 Abstract

The availability of rapid and robust methods for detection of gene regulation is of prime importance to genomics and proteomics. Transcription factors (TF) and their DNA binding sites (TFBSs) represent one of the most fundamental biological affinity interactions, which require exquisite selectivity and regulatory control. Traditional methods for measuring active TFs are cumbersome, may involve radioactivity, and are not amenable to high-throughput. The ideal assay technology should be equally effective on both purified and crude protein extracts, should be fast and easy to perform, and amenable to high-throughput. To meet these criteria, we developed a method that facilitates simultaneous detection and quantification of sequence specific, biologically relevant binding of TFs to their cognate TFBSs. Specifically, we prepared an enzyme fusion tag to a given TF and directly monitored the binding to the cognate TFBS using this tag. The simplicity of initial reaction rate measurements for diverse commercially available enzyme tags should make the developed assay a valuable tool in the study of specific protein-DNA interactions. 



 BIOT 299 [606536]:  Preparative continuous annular chromatography: Investigations on the “peak wobbling” phenomenon

 NAME:   Richard van Wegen, and Joachim Prior, Prior Separation Technology GmbH, Goetzis A-6840, Austria, Fax: +43 5523 52509, office@priorsep.com, office@priorsep.com 

 Abstract

As previously reported in the literature, chromatographic separations performed on the P-CAC (Preparative Continuous Annular Chromatography) have sometimes exhibited a so-called „Peak Wobbling“ phenomenon, i.e. periodic oscillation of a product’s angular elution position about the desired mean. Such an effect can impair the quality of the separation. 

A number of experiments were carried out to characterise the problem, including time-lapse photography using coloured tracer, and deliberately introducing defects into the packing or the column construction before quantifying the peak-wobbling using an NaCl tracer. 

Key factors influencing peak wobbling have been discovered and investigated, and by ensuring that these are adequately controlled, the level of peak wobbling could be reduced to a minimum.



 BIOT 300 [605245]:  Screening of isolated cells via arrays of impedance sensors

 NAME:   Duc Nguyen1, Huang Xiaoqiu2, Themis Afentakis3, Miltos Hatalis3, Michael Domach1, and David Greve2. (1) Chemical Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, Fax: 412 363 7139, md0q@andrew.cmu.edu, (2) Electrical and Computing Engineering, Carnegie Mellon University, (3) Electrical Engineering, Lehigh University 

 Abstract

Motility studies or growth factor assays require that experiments be performed with a statistically valid number of cells. Among the current methodologies is the use of translational stage, microscope systems. Experimental sites are periodically visited and cell information (image capture) is updated. Between translational moves, however, cells and/or events can be “lost.” To address these problems, we are developing an electronic cell tracking system that could be ultimately integrated with conventional fluorescence microscopy. A silicon surface is micropatterned with cell-size electrodes. When a cell occupies a site, a change in impedance is detected. Parallel or rapid serial addressing of the sensing sites is envisioned to continually track the number and location of motile, dividing cells. Data will be presented that shows how fibroblast presence provides an electrical signal. Additionally, fluorescent indicator experiments will be described that can potentially link the electrical signal to a viable, metabolically-active cell. 



 BIOT 301 [592521]:  Characterization of 3-D collagen hydrogels for functional cell-based biosensing

 NAME:   Chen Mao, and William S. Kisaalita, Faculty of Engineering, University of Georgia, Driftmier Engineering Center, Athens, GA 30602, cmao@sparky.pharmacy.purdue.edu, williamk@engr.uga.edu 

 Abstract

To address the growing demand for functional cell-based assay technologies with accelerated drug discovery applications, we have proposed the use of human neuroblastoma cells (IMR-32) immobilized in three-dimensional (3-D) collagen hydrogel matrices. The gel protects weakly adherent cells from fluid mechanical forces while providing a more physiologically relevant 3-D environment. Hydrogels made up of collagen, between 0.5 and 1.0 mg/ml, exhibited mechanical stability adequate to withstand fluid mechanical forces (<1.09 x 10-4) typical of automated commercial fluid transfer equipment. Collagen-entrapped cells visualized with the aid of a potentiometric-sensitive dye, TMRM, exhibited round morphology in comparison to flat morphology typical of cells in two-dimensional (2-D) monolayer cultures. Morphological differentiation characterized by neurite extension and cell aggregation was observed for both 2-D and 3-D cultures. Free intracellular calcium was monitored with Calcium Green-1. Depolarization-induced Ca2+ influx was only observed with differentiated 3-D cells unlike 2-D cells, where calcium flux was observed in both differentiated and undifferentiated cells. Taken together, the results revealed that collagen hydrogels (0.5 mg/ml collagen) were suitable structural supports for weakly adherent cells. However, for voltage-dependent calcium channel function applications, further investigations are needed to explain the difference between 2-D monolayer and 3-D collagen-entrapped cells. 



 BIOT 302 [592506]:  A novel immunoassay for atrazine using tunable immunosorbent

 NAME:   Jae-Young Kim, Ashok Mulchandani, and Wilfred Chen, Department of Chemical and Environmental Engineering, University of California, Riverside, Riverside, CA 92521, Fax: 909-787-2425, jaeyoung@ucrac1.ucr.edu, adani@engr.ucr.edu 

 Abstract

Immunotechnology allows quick and inexpensive analysis of pollutants with high affinity and specificity. Recently we developed a novel phase-separation immunoassasy based on thermally tunable immunosorbents composed of elastin-like polypeptide (ELP) and single chain antibody (scAb) for the detection of atrazine from contaminated waters. The unique phase transition property of ELP enables the immunosorbent-atrazine complex to be separated from the reagents by simple thermal precipitation. However, a major limitation for the widespread usage of this technology is the requirement to generate specific ELP-scAb fusions for each target pollutant. To overcome this limitation, protein A (SpA), a cell wall component of Staphylococcus aureus, which binds specifically to the Fc portion of immunoglobulin G (IgG) was used to create ELP-SpA fusions, providing a general strategy of attaching any IgG to the ELP domain. We believe that the ELP-SpA fusion will be useful not only as an economical and highly efficient detection technology for diverse pollutants but also for the purification and immobilization of IgG. 



 BIOT 303 [605995]:  Establishment of efficient systems to quantify human monoclonal antibody for the selection of production cells

 NAME:   Taishiro Nakagawa, Yumiko Takamatsu, Masayoshi Tsukahara, Toshihiko Kadoya, and Haruhiko Tsumura, R&D Center, Production Department, Pharmaceutical Division, KIRIN BREWERY CO.,LTD, 2-2 Souja-machi 1 Chome, Maebashi-shi, Gunma 371-0853, Japan, Fax: 81-27-255-3045, taishiroun@kirin.co.jp 

 Abstract

Three kinds of assay methods (ELISA, HPLC, BIAcore) were developed for qualification of human monoclonal antibody, and these were combined to establish a system for selection of production cells. These assay methods are constructed based on affinity interactions between anti-hIgG antibody / ProteinA and human antibody constant regions. So, it is possible to use this system in the development of various human monoclonal antibody biopharmaceuticals. Moreover, the features of these determination methods are different, so the best method was adopted in each stage of the cells selection. An automatic ELISA system was established for 1st screening. Thousands of samples are assayed by this method. ProteinA-HPLC was introduced for next screening, because HPLC method can quantify precisely in the wide range. BIAcore method is used for final stage of selection. Using the method, binding activity to the antigen can be analyzed at the same time as assaying concentration. 



 BIOT 304 [604954]:  Objective and quantitative method for titration of nonoccluded baculovirus

 NAME:   Octavio T. Ramírez, Jimmy A. Mena, and Laura A. Palomares, Molecular Medicine and Bioprocessing, Instituto de Biotecnologia. Universidad Nacional Autonoma de Mexico, Ave. Universidad 2001 Col. Chamilpa, Cuernavaca, Morelos 62210, Mexico, Fax: (777)3138811, tonatiuh@ibt.unam.mx 

 Abstract

Multiplicity of infection (MOI) is key for designing bioprocesses involving viruses. However, traditional baculovirus titration methods are labor-intensive and subjective. Here, we propose a method based on an MTT viability assay that is objectively evaluated in multiplate readers. Data obtained were adjusted to a model that allowed the determination of the lethal dose for 50% of the population (TCLD50). Such analysis included statistical assays that reflected the significance of the data. The method resulted in low standard deviations of 10 to 30 %, compared to over 100%, typical of standard assays. The proposed method was compared to the end-point dilution assay. Both methods correlated with a confidence of over 99%. The conversion of TCLD50 to TCID50 (tissue culture infectious dose) allowed the estimation of titers in terms of plaque forming per mL. With this method, we accurately manipulated the concentration of recombinant proteins that conform rotavirus-like particles by manipulating MOI. 



 BIOT 305 [601485]:  New tissue micro-osmometer

 NAME:   Ferenc Horkay, Adam S. Berman, and Peter J. Basser, Laboratory of Integrative and Medical Biophysics, National Institutes of Health, NICHD, 13 South Drive, Bethesda, MD 20892, Fax: 301-435-5035, horkay@helix.nih.gov 

 Abstract

A new micro-osmometer has been constructed to determine the osmotic swelling pressure of small tissue samples. A quartz crystal microbalance is used to monitor the solvent (water) uptake of the gel layer attached to the surface of a thin quartz disk coated with metal electrodes. Controlled changes in the osmotic pressure of the gel are induced by varying the vapor pressure of the solvent in the environment. Model experiments performed on polyvinyl alcohol samples of known osmotic properties indicate short response time and excellent reproducibility. The new osmometer allows us to quantify minor changes in the swelling properties of different tissues using very small amount (<1 microgram) of tissue, and potentially can be used to detect early stages of cell/tissue injury. The apparatus is also capable to quantify changes in cell/substrate interactions (cell adhesion), and may help the development and modification of biomaterials for anatomical implants. 



 BIOT 306 [607745]:  Direct cell and tissue analysis by infrared DIOS

 NAME:   Sucharita M. Dutta, David J. Rousell, and Kermit K. Murray, Chemistry, Louisiana State University, Choppin Hall, Baton Rouge, LA 70803, Fax: 225-578-3458, sbhatt2@lsu.edu 

 Abstract

Infrared DIOS is a matrix free soft ionization technique in which samples on an untreated silicon target are irradiated with a 2.94 micrometers IR laser. Because it does not require a matrix, it is an attractive method for direct laser desorption ionization of cells and tissue. Our current research aims include the employment of IR-DIOS towards the analysis of bacterial cells, tissue, and cells from tissue isolated by laser capture microdissection (LCM). Bacterial cells are either deposited directly on the target or collected from sprayed bioaerosols. Tissue is blotted onto the silicon or deposited on the target following LCM. Spectra are obtained with a modified Bruker Omniflex reflectron TOF mass spectrometer. IR-DIOS mass spectra are free of matrix interference in the low m/z region and also exhibit peaks in the range of several tens of kDa. 



 BIOT 307 [601553]:  Measurement of the elastic modulus of thin gel layers by the atomic force microscope

 NAME:   Emilios K. Dimitriadis, Division of Bioengineering and Physical Science, OD, National Institutes of Health, 13 South Drive, MSC 5766, Building 13, Room 3N17, Bethesda, MD 20892, dimitria@helix.nih.gov, Ferenc Horkay, Laboratory of Integrative and Medical Biophysics, National Institutes of Health, NICHD, 13 South Drive, Bethesda, MD 20892, Fax: 301-435-5035, horkay@helix.nih.gov, Bechara Kachar, NIDCD/Structural Biology, National Institutes of Health, and Richard S. Chadwick, NIDCD/Auditory Mechanics, NIH 

 Abstract

Knowledge of mechanical properties of cells and biological tissues at high resolution is critically important to understand how mechanical interactions affect function. The atomic force microscope has recently emerged as a powerful microrheology tool used for this purpose. We address three problems that limit the use of the atomic force microscope when measuring elastic moduli of soft materials. The first concerns the use of sharp cantilever tips, which induce local strains that exceed the linear material regime. We show that this problem can be alleviated by using microspheres as probes. The second problem relates to the use of the Hertz contact mechanics model, which leads to errors when applied to thin samples. We develop corrections for such cases. The third problem addressed here concerns the difficulty in establishing when contact occurs on a soft material. The theoretical and experimental results are compared to macroscopic measurements of the elastic modulus of poly(vinyl alcohol) gels. 



 BIOT 308 [605490]:  Microfluidic chip detection using MALDI mass spectrometry

 NAME:   Damien A. Narcisse, Harrison K. Musyimi, Xia Zhang, Stephen A. Soper, and Kermit K. Murray, Department of Chemistry, Louisiana State University, Room 232 Choppin Hall, Baton Rouge, LA 70803, Fax: 225-578-3458, dnarci2@lsu.edu, hmusyi1@lsu.edu 

 Abstract

The goal of this research is to combine the advantages of microfluidic devices associated with sample preparation, reaction, and handling with the excellent sensitivity and resolution of the matrix-assisted laser desorption/ionization (MALDI) technique. Microfluidic chips have many advantages for the analysis of biomolecules such as low cost, small size, low sample consumption, high sensitivity, and rapid analysis. This project involves the development of a new detector for microfluidic chips using MALDI mass spectrometry with a rotating ball inlet (ROBIN) or direct frit-in-chip interfaces for on-line MALDI, and microfluidic chip fabrication procedures for online MALDI detection. Novel chip designs have been developed and constructed for a robust interface between the chip and the mass spectrometer. This research is anticipated to have broad applicability to the analysis of biomolecules and that a MALDI interface for microfluidic chips will lead to a significant advance in micro-total analysis systems. 



 BIOT 309 [607402]:  Novel assembly platform for integrating biological species within MEMS devices

 NAME:   Hyunmin Yi1, Li-Qun Wu2, David A. Small1, Tianhong Chen2, Reza Ghodssi3, Gary W. Rubloff4, Gregory F. Payne2, and William E. Bentley1. (1) Center for Biosystems Research, UMBI,Department of Chemical Engineering, University of Maryland, 6142 Plant Sciences Bldg. #036, College Park, MD 20742, Fax: 301-314-9075, hyunmin@wam.umd.edu, (2) Center for Biosystems Research, University of Maryland Biotechnology Institute, (3) Department of Electrical and Computer Engineering, Institute for Systems Research, University of Maryland, College Park, (4) Institute for Systems Research, Department of Materials and Nuclear Engineering, University of Maryland, College Park 

 Abstract

Recent advances in miniaturization have had an enormous impact on the converging worlds of chemistry, engineering, and the life sciences. In particular, micropatterned substrates and microfluidic devices have already transformed analytical methodologies in biological sciences research and will likely lead to novel microscale production technologies. There remain many problems, however, in assembling biological molecules and cells at an inorganic interface. Such biospecies are often adsorbed to surfaces through physical forces that can be irregular and non-permanent or through covalent chemistries that lead to non-functional orientations. We exploit the abundant natural biopolymer, chitosan, as a scaffold for micropatterned assembly processes. Integral to this approach is the novel use of chitosan, a pH and electrostatically responsive amine-rich polysaccharide, in delivering reactive amines onto surfaces. Our presentation will highlight successes in grafting nucleic acids and proteins onto chitosan, and further, the spatial and temporal deposition of chitosan conjugates onto polymeric/gold micropatterned substrates. 



 BIOT 310 [605471]:  Protein aggregation kinetics: Applications to protein A chromatography

 NAME:   Priyanka Gupta, and Abhinav A. Shukla, Purification Process Development, Amgen Inc, 51 University Street, Seattle, WA 98101, Fax: 206 624 7496 

 Abstract

Protein aggregation is a common problem during preparative Protein A purification of antibodies and Fc fusion proteins. Proteins are particularly prone to aggregate at low pHs typically encountered in the Protein A elution step. While studying the effect of low pH on proteins in solution can help in understanding this problem, such studies neglect the impact of the stationary phase on aggregation. Proteins often partially unfold on adsorption to chromatographic resin surfaces and desorption in this state can promote aggregation. 

Kinetics of low pH aggregation of an Fc fusion protein were modeled using a two step reaction which proceeds via an intermediate unfolded state (Lumry-Eyring framework, ). Both reactions were assumed to be first order with time. The influence of pH, temperature, stabilizing excipients and the presence of Protein A stationary phase on the kinetics of protein aggregation were studied using this framework. 

In addition to influencing the total % aggregate formed, these variables can also influence the rate of increase in the size of aggregate particles with time. The rate of increase in size was modeled using the colloidal aggregation theory. Depending on the nature of the rate-limiting step, aggregation kinetics was described as either diffusion limited (rapid aggregation once two particles come in contact) or reaction limited (slow aggregation reaction). Aggregation kinetics in solution were found to be diffusion limited at low pHs while reaction limited kinetics were found to hold at higher pHs. Solution additives were found to alter this transition pH. Destabilizing additives (such as polyethylene glycol) tended to increase the transition pH while stabilizing additives (such as sucrose and glycerol) tended to extend the reaction limited regime into lower pHs. 



 BIOT 311 [606890]:  Bti toxin Cyt1A in the lipid bilayer: Aggregation and the membrane damage

 NAME:   Slobodanka D. Manceva1, Paul S. Russo2, Marianne Pusztai-Carey3, and Peter Butko1. (1) Department of Chemistry and Biochemistry, University of Southern Mississippi, USM Box 5043, Hattiesburg, MS 39406-5043, Fax: 601-266-6075, cobche@yahoo.com, (2) Department of Chemistry and Macromolecular Studies Group, Louisiana State University, (3) Department of Biochemistry, Case Western Reserve University 

 Abstract

Cyt1A, a toxin from Bacillus thuringiensis var. israelensis (Bti), is believed to lyse cells by channel or pore formation. We used protein crosslinking, fluorescence photobleaching recovery (FPR), and epifluorescence microscopy of large (LUV) and giant (GUV) unilamellar lipid vesicles to test the hypothesis. 1. Channels and pores are usually oligomeric, stoichiometric assemblies of proteins. However, our crosslinking data show that in the membrane Cyt1A forms large aggregates that do not enter the gel. 2. When a pore is formed in a membrane under osmotic equilibrium, there is no reason for the vesicle to fall apart. However, the FPR data and fluorescence microscopy of fluorescently labeled LUV and GUV indicate that in the presence of Cyt1A a population of lipid objects significantly smaller than the original vesicles appears. Our results thus suggest that Cyt1A does not act as a pore former, at least at the toxin/lipid ratio used in the study. 



 BIOT 312 [590141]:  Biodegradable microparticles as potent delivery systems for vaccines: Experimental measurement of factors governing antigen adsorption and efficacy

 NAME:   James Chesko1, Jina Kazzaz1, Mildred Ugozzoli1, Manmohan Singh1, and Derek O’Hagan2. (1) Vaccine Research, Chiron Corporation, 4560 Horton Street M/S 4.3, Emeryville, CA 94608, Fax: 510-923-2586, James_Chesko@chiron.com, (2) Immunology and Infectious Diseases, Chiron Corporation 

 Abstract

Microparticles prepared with poly(lactide-co-glycolide) and an anionic surfactant can be synthesized and used as a delivery vehicle for recombinant proteins in vaccines. The role of buffers, surfactant concentration, ionic strength and intrinsic protein properties on adsorption to microparticles were investigated. Characteristics such as particle size, surface charge, protein isoelectric point were considered in our experiments. The adsorption process appears to have significant component of electrostatic attraction, but also exhibits complex behavior that may be attributable to hydrophobic forces and structural accommodation between the protein and microparticle. Adsorption experiments on several model proteins and two Meningococcal B vaccine candidates were performed. The immune response in mice through antibody titers and bactericidal assays demonstrated that the biodegradable microparticle formulations can be effective as vaccines. 



 BIOT 313 [598716]:  Stable surface attachment and detection of fusion proteins

 NAME:   Shawn B. Brueggemeier, and Sean P. Palecek, Department of Chemical Engineering, University of Wisconsin - Madison, 1415 Engineering Drive, Madison, WI 53706, Fax: 608-262-5434, sbbrueggemei@students.wisc.edu 

 Abstract

Recently, data from DNA microarrays has been used to unveil the control mechanisms of an organism based on gene expression profiles. However, most cellular processes are the direct result of protein-protein interactions and a thorough understanding of the regulation of cellular processes must also include a parallel analysis of protein activity. As a first step towards the creation of a stable protein microarray, we have developed a protein attachment strategy in which fusion proteins are covalently attached to glass surfaces. Fusion proteins were labeled with 6-((acryloyl)amino) hexanoic acid and attached via polyacrylamide chemistry to glass slides derivatized with (3-acryloxypropyl)-trimethoxysilane. Surface-attached proteins were detected through fluorescence and enhanced chemiluminescence (ECL) assays and have been shown to be biochemically active. We propose that such a system is capable of quantitatively measuring protein interactions and activity, and can provide a platform on which protein microarrays can be further developed. 



 BIOT 314 [604761]:  Use of biarsenic labels to monitor protein-protein interactions

 NAME:   Hildegard Eliason, Mohammed Saleh Shekhani, Matt Robers, Kurt W. Vogel, George T. Hanson, Kevin L. Vedvik, Carmen Rüttimann-Johnson, and Naveeda Qadir, PanVera LLC, 501 Charmany Drive, Madison, WI 53719, Fax: 608-204-5200, hildegard_eliason@panvera.com, mohammed_shekhani@panvera.com 

 Abstract

Fluorescein arsenical hairpin binder (FlAsH), a biarsenic derivative of fluorescein, labels proteins through binding to a specific tetracysteine motif containing the amino acid sequence Cys-Cys-Xaa-Xaa-Cys-Cys. This unique tetracysteine motif can be incorporated within protein sequences, allowing for the site-specific labeling of proteins. Fluorescence polarization (FP) is a powerful tool for drug discovery in measuring protein-small molecule interactions, but because of inherent limitations of standard fluorophores and labeling techniques, it is not a common tool for measuring protein-protein interactions in HTS applications. Due to the fact that FlAsH binds to its target through two points of attachment, FlAsH is more rigidly linked to the labeled target and thus more sensitive in FP measurements than standard labeling techniques. We have exploited this property to monitor protein-protein interactions in vitro. Potential applications of this technique in drug-discovery will be presented 



 BIOT 315 [585378]:  Automated docking of phospholipids to the phospholipase D active site: Insight into the catalytic mechanism

 NAME:   Christopher L. Aikens, Alain Laederach, and Peter J. Reilly, Department of Chemical Engineering, Iowa State University, 2114 Sweeney Hall, Ames, IA 50011, Fax: 515 294 2689, claikens@iastate.edu 

 Abstract

Phospholipase D (PLD) is an important enzyme that is involved in vesicle formation, protein transport, and signal transduction. PLD hydrolyzes phospholipids to phosphatidic acid (PA) and their corresponding alcohol head group. The first crystal structure of a PLD from Streptomyces sp. has been recently solved to a resolution of 1.4 Å and reveals an alpha-beta-alpha-beta-alpha-sandwich comprised of two tightly packed domains of similar topology. The PLD active site has been identified by homology with the well established sequence motif HXK(X)4D and the presence of an inorganic phosphate molecule in the corresponding surface well. Utilizing automated docking, we were able to predict the binding conformation of different phospholipid substrates (PA, phosphatidyl choline, ethanolamine, glycerol, serine, myo-inositol) and inhibitors (lysophosphatidyl choline and serine) by minimizing the intermolecular energy using the current crystal structure. In addition, the effect of the fatty acid chain length on binding conformation has been investigated by docking molecules ranging in length from two to 18 carbons. These results have allowed us to propose a mechanism for PLD hydrolysis and inhibition. Furthermore, a critical residue was identified within the PLD active site, that must adopt a particular conformation to allow binding of specific substrates. 



 BIOT 316 [607291]:  Effect of molecular weight on the expression and characterization of a self-assembling peptide

 NAME:   Wesley D. Marner II, Nichole L. Goeden-Wood, Jay D. Keasling, and Susan J. Muller, Department of Chemical Engineering, University of California at Berkeley, 201 Gilman Hall, Berkeley, CA 94720-1462, wmarner@uclink.berkeley.edu 

 Abstract

Molecular self-assembly is an important phenomena that can be exploited in the development of new biological materials. Peptides with alternating hydrophobic and hydrophilic amino acid residues have been shown to adopt beta-sheet conformations, and ionic self-complimentary peptides will assemble into beta-sheet fibrils and fibrous gels under appropriate conditions. We describe our use of biological synthesis and subsequent characterization of various molecular weights of a self-assembling peptide. Our peptide, poly-EAK has the amino acid monomer unit AEAEAKAKAEAEAKAK and has been expressed as a 23-mer (poly-EAK23) and a 63-mer (poly-EAK63). Expression and purification of these peptides is discussed, and preliminary characterization data is presented. We also compare data from poly-EAK23 and poly-EAK63 with that from prior work with EAK1 and poly-EAK9. 



 BIOT 317 [607466]:  Synthesis of protein-based artificial transaminase by site-directed mutagenesis and chemical modification

 NAME:   Cheng-Min Tann, Dongfeng Qi, and Mark D. Distefano, Department of Chemistry, University of Minnesota, 207 Pleasant Street SE, Minneapolis, MN 55455, tann@chem.umn.edu 

 Abstract

The efficiency and selectivity of enzymes depend on specific substrate-enzyme interaction. In concert with genetic techniques, artificial enzymes can be created by covalently attachment of a catalytic functional group into a protein cavity. Intestinal fatty acid binding protein (IFABP) consists primarily of two orthogonal -sheets surrounding a large cavity (ca. 600 Å3) and an -helical lid that covers one end of the active site. The large cavity provides enough space for cofactor attachment. Using the geometry of IFABP active site, the correct positioning of amino acid residues could provide high catalytic efficiency and selective recognition of substrates. We demonstrated that the introduction of a lysine close to the aldehyde group of pyridoxal enable the formation of an imine intermediate which enhances the catalytic efficiency. The facial location of the lysine residue also allowed the trajectory of substrate approach. By site directed mutagenesis, it should be possible to further rationally control the chemo- and enantioselectivity of the transamination reactions and/or increase the catalytic efficiency. Four double-mutant IFABPs (L38KF93A, E51KF93A, L38KR126M, E51KR126M) were prepared and pyridoxal derivatives (PX and MPX) were chemically tethered within the spacious cavities of these IFABP mutants. The syntheses of the conjugates will be presented here. The characteristic analysis of these conjugates and kinetic results are under investigation. 



 BIOT 318 [588573]:  Comparison of immunoassay-blocking strategies on metal oxide substrates

 NAME:   Alicia N. Scribner1, Chris L. Cole1, Richard J. Colton2, and Lloyd J. Whitman2. (1) Nova Research, Inc, 1900 Elkin Street, Suite 230, Alexandria, VA 22308, Fax: 202-767-3321, alicia.scribner@nrl.navy.mil, (2) Surface Chemistry Branch, Naval Research Laboratory 

 Abstract

We have developed an alumina filter-based immunosensor that is 10 times more rapid and ~3 orders of magnitude more sensitive than an analogous microtiter well-based format. However, immunoassays on metal oxide supports not based on electrochemical detection are uncommon, so comparatively little is known about the effectiveness of different blocking agents for such surfaces. We examine agents typically used to block polystyrene plates for their relative effectiveness at blocking PEGylated alumina membranes, including detergents, proteins, hydrophobic, and hydrophilic molecules. The effectiveness is determined quantitatively by measuring the amount of IgG-HRP remaining after incubation. Our results suggest that traditional reagents such as gelatin or casein do not have the same ability to block nonspecific binding on alumina as on polystyrene, and that highly charged reagents such as SDS may be more appropriate choices for the blocking of modified metal oxide surfaces. 



 BIOT 319 [607512]:  Synthesis and biophysical characterization of template-assembled GALA

 NAME:   David H Haas, and Regina M. Murphy, Department of Chemical Engineering, University of Wisconsin-Madison, 1415 Engineering Drive, Madison, WI 53706, Fax: 608-262-5434, haasd@cae.wisc.edu 

 Abstract

Intracellular delivery of drugs for gene therapy and cancer treatments require therapeutics to cross cellular membranes. A number of natural and synthetic peptides have been found to disrupt these membranes, increasing the therapeutic transfer rate. We are investigating methods to improve the utility of these membrane disrupting peptides for such applications. Specifically, we have synthesized peptide templates upon which we attach multiple copies of the pH-sensitive pore forming peptide GALA (TASP-GALA). Synthesis and purification protocols for templates of varying numbers and spacing between GALA have been developed. Circular dichroism (CD), surface plasmon resonance (SPR), and pore sizing were used to determine the effects of template design on GALA-liposome interactions. Biophysical characterization of current TASP-GALA designs is necessary for elucidation of the important design parameters necessary to create useful in vivo delivery peptides 



 BIOT 320 [605834]:  Evolvability of random polypeptides through functional selection

 NAME:   Asao Yamauchi, Itaru Urabe, and Tetsuya Yomo, Department of Biotechnology, Graduate School of Engineering, Osaka University, Yamadaoka 2-1, Suita, Osaka 565-0871, Japan, Fax: 81-66879-7428, asao3@bio.eng.osaka-u.ac.jp 

 Abstract

Natural proteins are unique in that they fold into the unique structures and have high and specific activities or functions. We have previously shown that proteins with random amino acid sequences have very slim chance to have such unique properties. Hence, the unique properties must have been acquired during the course of evolution. In this work, we showed that the minute esterase activity detected in the random protein was improved through the experimental evolution. The evolution was initiated on a library of random proteins using the phage-display system. The selection system based on the affinity to a transition state analogue for an esterase reaction was optimized to detect even minute differences in the affinity. Upon six cycles of mutation and selection, increase in the esterase activity along with the affinity was demonstrated. This result indicates the possibility of creating new enzymes by evolutionary molecular engineering starting from a random protein. 



 BIOT 321 [607608]:  Generation of a semisynthetic oxidoreductase via chemical and genetical modication

 NAME:   Cheng-Min Tann, and Mark D. Distefano, Department of Chemistry, University of Minnesota, 207 Pleasant Street SE, Minneapolis, MN 55455, Fax: 612-626-7541, tann@chem.umn.edu 

 Abstract

Proteins are attractive as scaffolds for the design of artificial biocatalysts. Intestinal fatty acid binding proteins (IFABP) are able to fully accommodate functional molecules into its active site because they composed of two orthogonal -sheets surrounding a large cavity. At one end of the protein cavity, there is an -helical lid that covers the opening of the active site. On the other hand, flavin cofactors are catalytically very versatile and they catalyze many of the same reactions promoted by naturally occurring flavoenzymes. In order to attach the bulky flavin functional group to the protein, helixless (hs) IFABPV60C was chosen as a host in the host-guest system because of the absence of the -helical lid. By replacing Val60 by Cys and deleting the helical region using site directed mutagenesis, hsIFABPV60C was purified and covalently modified with a flavin analog. The resulting conjugate (hsIFABP-FL60) with oxidoreductase activity was characterized by thiol titration, UV-vis, fluorescence spectroscopy and electrospray MS to confirm the attachment of the flavin cofactor. Recent progress in the kinetic studies of oxidation of dihydronicotinamides and molecular modeling analysis will be presented. 



 BIOT 322 [607471]:  Elimination of oxygen limitation in enzmetic reactions

 NAME:   Alan T.Y. Cheng, Praxair Inc, 175 East Park Drive, Tonawanda, NY 14150, Fax: (716) 879-7275, Alan_Cheng@praxair.com 

 Abstract

Enzymes or biocatalysts have been used successfully in many important processes to produce pharmaceuticals or pharmaceutical intermediates. As in many biological processes, air is supplied to the reactors to maintain a certain dissolved oxygen level. However, air sparging is quite often lack behind the demand of oxygen as the enzymes promote the natural biological activities and conversions by order of magnitudes. Foaming and shearing are the other negative impacts on the processes. The use of pure oxygen in these enzymatic reactions has shown to be overcome all these limitations. Short reaction time and high product yield can be sustained with pure oxygen. Examples of use enzymatic reactions with pure oxygen on 7AGA and diphtherical anatoxin is presented. 



 BIOT 323 [607369]:  Hydrolysis of oligosaccharides using strong cation exchange catalyst and cellulase enzymes

 NAME:   Young Mi Kim1, Nathan S Mosier1, Richard Hendrickson2, Joan Goetz2, and Michael R. Ladisch3. (1) Department of Agricultural and Biological Engineering and Laboratory of Renewable Resources Engineering, Purdue University, 1295 Potter Building, West Lafayette, IN 47906, kim107@purdue.edu, (2) Laboratory of Renewable Resources Engineering, Purdue University, (3) Department of Biomedical Engineering and Laboratory of Renewable Resources Engineering, Purdue University 

 Abstract

The pretreatment of corn stover in water gives a liquid stream with dissolved oligosaccharides. Enzyme hydrolysis is typically used to convert these oligosaccharides to fermentable sugars. This paper reports the use of a highly sulfonated, strong acid cation exchanger, Amberlyst 35W, as an alternate method to carry out hydrolysis. This type of catalyst can be reused and easily separated from the hydrolysis liquid unlike soluble acids that require acid neutralization. To verify the capacity of Amberlyst 35W resin for the hydrolysis of oligosaccharides, pretreatment liquid containing oligosaccharides was combined with Amberlyst 35W resin and heated at 120 °C for 6 hours in sealed, batch reactor tubes. Nearly complete conversion of the oligosaccharides to glucose and xylose was observed. Formation of sugar degradation products was minimal. The kinetic behavior of the cellobiose hydrolysis using Amberlyst 35W in packed bed, plug flow reactor and batch reactor tubes was also investigated at temperatures between 100 to 130 °C at ten different flow rates. A pseudo first-order reaction model was developed to fit the hydrolysis data. Rate constants at different temperatures were determined and then used to predict hydrolysis time course. The results show that cellobiose is hydrolyzed with high yield without significant degradation product formation in packed bed, plug flow reactors and that a first-order reaction kinetic model satisfactorily fits the data at high temperatures. This approach is being extended to model oligosaccharide conversion. The extent of conversion and fermentation to ethanol of sugar streams derived from enzyme hydrolysis is compared to sugars obtained by catalysis using ion exchange resin. 



 BIOT 324 [584615]:  Activity and kinetics of bovine pancreatic ribonuclease in organic-aqueous media

 NAME:   Saeed Emadi, and Fatemeh Masdar-al Omour, Department of Chemistry, Institute for Advanced Studies in Basic Sciences, Gavazang Street, P.O.Box 45195-159, 45195 Zanjan, Iran, Fax: +98-241-4248013, emadi@iasbs.ac.ir 

 Abstract

To investigate the effect of water-miscible organic solvents on the structure and activity of bovine pancreatic ribonuclease (RNaseA), we made use of acetonitrile and DMSO and 2’,3’-cyclic cytidine monophosphate (C>p) as substrate.Different concentrations of the solvents (10 to 50%)were used in separate media and activity and kinetics of RNaseA was studied.The peak of the enzyme in 280 nm was not changed but the 225 nm peak showed gradual hyperchromism and blue-shift upon increasing the concentration of acetonitrile and, gradual ,but more prominant,hypochromism and red-shift upon the addition of DMSO.The specificity constant (s.c., K cat/Km)decreased from 0 to 10% and started to increase upon further addition and reached maximum at 50% acetonitrile.DMSO increased the s.c. to a maximum at 30% concentration with a decrease at 20%.Together,these data indicate that upon addition of these two solvents separately, although the structural integrity of RNaseA is peturbed (within the resolution power of UV spectroscopy) but it remains active with high s.c. 



 BIOT 325 [577292]:  Effect of silicon atom in substrates on ®-oxynitrilase-catalyzed enantioselective synthesis of ®-ketone cyanohydrin

 NAME:   Ning Li1, Min Hua Zong1, Chen Liu2, and Hua Song Peng2. (1) Department of Biotechnology, South China University of Technology, Wushan, Guangzhou, China, newslx@yahoo.com.cn, btmhzong@scut.edu.cn, (2) Department of biotechnology, South China University of Technology 

 Abstract

The effect of silicon atom in substrates on the enantioselective synthesis of ®-ketone-cyanohydrins from the corresponding ketones and acetone cyanohydrin with ®-oxynitrilase in defatted almond meal in a biphasic system was first studied. Under the optimal conditions, a substrate conversion of 99.5% and a product e.e. of 99% could be achieved with acetyltrimethylsilane being the subtrate, while the maximum substrate conversion and product e.e. were only 16.4% and 82% when its carbon analogue 3,3-dimethyl-2-butanone was used as the substrate. The same phenomenon was also observed during our comparative study on the reactions with other silicon-containing ketones and their carbon counterparts as substrates. This study demonstrates that the silicon atom serves as a more effective atom than the carbon atom to enhance the activity and enantioselectivity of the enzyme, which is in accordance with our previous study about the effect of silicon atom in substrates on HLADH-catalyzed dehydrogenation of silylalcohol. 



 BIOT 326 [582618]:  Enzymatic ammonolysis of trimethylsilylmethyl acetate in microaqueous phase

 NAME:   Hua Song Peng1, Min Hua Zong1, and Yi Qun Xu2. (1) Department of biotechnology, South China University of Technology, Wushan, Guangzhou, China, penghuasong@yahoo.com, btmhzong@scut.edu.cn, (2) Department of Biotechnology, South China University of Technology 

 Abstract

The possibility of enzymatic ammonolysis of trimethylsilylmethyl acetate in organic solvent was explored for the first time. All of the five lipases used in this study could catalyse the ammonolysis of trimethylsilylmethyl acetate with Novozym 435 being the most active. Cyclohexane was found to be the most suitable reaction medium and ammonium carbamate was the best ammonia source among the several ones explored. The optimum initial water activity, temperature, and pH value were 0.55, 35 °ãC and 6.5 respectively, under which a substrate conversion of 97.6% could be achieved after reaction for 150hr. Comparative study demonstrates that silicon atom in substrate serves as a better atom than carbon to enhance the activity of the enzyme as indicated by the higher substrate conversion of trimethylsilylmethyl acetate (97.6%) than its carbon counterpart °ª t-amyl acetate (21.3%) under the same conditions. 



 BIOT 327 [577282]:  Enzymatic enantioselective synthesis of ®-2-trimethylsilyl-2-hydroxyl ethylcyanide

 NAME:   Ning Li1, Min Hua Zong1, Chen Liu2, and Hua Song Peng2. (1) Department of Biotechnology, South China University of Technology, Wushan, Guangzhou, China, newslx@yahoo.com.cn, btmhzong@scut.edu.cn, (2) Department of biotechnology, South China University of Technology 

 Abstract

The enantioselective synthesis of ®-2-trimethylsilyl-2-hydroxyl-ethylcyanide from acetyltrimethylsilane and acetone cyanohydrin with ®-oxynitrilase from defatted almond meal in a water/organic solvent biphasic system was successfully performed for the first time. The influences of some factors on the reaction were investigated systematically. Diisopropyl ether was found to be the best for this reaction among all the organic solvents explored. The optimal volume ratio of aqueous phase to organic phase, concentrations of crude enzyme, acetyltrimethylsilane, acetone cyanohydrin, shake speed, buffer pH, reaction temperature were 15 %(v/v), 5 %(w/v), 0.02 mol/L, 0.04 mol/L, 150 r/min, 5.0, 40 oC, respectively, under which the initial reaction rate, substrate conversion and product e.e. were 5.87 mmol/L.h, 99.5 % and 99.0 %. This study demonstrates the feasibility of enantioselective synthesis of optically active silicon containing aliphatic ®-ketone-cyanohydrin with ®-oxynitrilase from defatted almond meal. 



 BIOT 328 [594660]:  Lipase-catalyzed enantioselective esterification of 1-(trimethylsilyl)ethanol in organic solvent

 NAME:   Hong Wu, Min Hua Zong, and Di Heng Luo, Department of Biotechnology, South China University of Technology, Guangzhou 510640, China, btspring@163.com, btmhzong@scut.edu.cn 

 Abstract

Lipase-catalyzed enantioselective esterification of 1-(trimethylsilyl)ethanol with various acids in organic solvent was successfully performed. Among the 4 lipases from different sources explored, CRL showed the highest activity and enantioselectivity. Acyl donor had significant influence on the reaction. Saturated linear chain fatty acids(C3-C18) were better acyl donors for the esterification of 1-(trimethylsilyl)ethanol than their isomers, unsaturated fatty acids as well as aromatic acids as indicated by the higher activity and enantioselectivity of the enzyme, with n-octanoic acid being the best one among the 13 acids studied. n-Hexane was the most suitable medium for the reaction. The enantiomeric excess of the remaining 1-(trimethylsilyl)ethanol was 93.5% when substrate conversion was 53% upon incubation of the reaction mixture at 30oC,150 r/min for 12 h. 



 BIOT 329 [598468]:  Effects of various parameters on the enzymatic degradation of chlorogenic acid in model and sunflower meal systems

 NAME:   Emerson R. Martinez, and Zdravko Duvnjak, Department of Chemical Engineering, University of Ottawa, 161 Louis Pasteur, Ottawa, ON K1N 6N5, Canada, Fax: 613-562-5172, martinez@eng.uottawa.ca, duvnjak@genie.uottawa.ca 

 Abstract

Chlorogenic acid (CGA) is the most abundant phenolic compound in sunflower meal (SFM). It is responsible, together with some other phenolics, for a bitter taste of the meal and a lower digestibility of its proteins when it is used as a supplement in the animal feed. Therefore, the removal or the degradation of the CGA from the meal is desirable. In this study, the degradation of CGA in a model system with a pure CGA and in a system with SFM was investigated using an enzyme preparation from Trametes versicolor. The effects of the CGA and enzyme concentrations, temperature and pH of the model system on the enzyme activity were studied. A model that relates these parameters was developed. When the SFM system was considered, the effects of the continuous phase/meal ratio and the intensity of agitation on the decrease of the meal’s CGA content were evaluated. 



 BIOT 330 [605607]:  Enzyme mediated production of free lutein from marygold flowers in nonaqueous media

 NAME:   Eduardo Bárzana1, Mauricio J. Mora-Pale1, Sandra Pérez-Munguía1, Marisela López-Vargas1, and Agustín Lopez-Munguia2. (1) Facultad de Química, Universidad Nacional Autónoma de México, Lab. E-314, Ciudad Universitaria, México D.F 04510, Mexico, Fax: 525-5622-5345, ebg@servidor.unam.mx, (2) Instituto de Biotecnologia, UNAM 

 Abstract

Lutein is an important industrial colorant that has been used extensively for years by the poultry industry. More recently, this carotene has been associated with oxidation protection of the macula. One important industrial operation is the saponification step of the naturally present lutein diesters that is regularly performed with a strong base. Our results show that it is possible to substitute such base with commercial lipases, with the advantage that solvent extraction of lutein and enzymatic deesterification, can be conducted simultaneously on the same vessel. The process is highly dependent on the water content of the system when the reaction is conducted in hexane. Preliminary results show that the reaction is also feasible under supercritical carbon dioxide, a scheme that could represent an additional environmental advantage for industrial operators 



 BIOT 331 [589428]:  Production of biodiesel fuel from soybean oil catalyzed by lipozyme TL in a solvent-free medium

 NAME:   Yuan-yuan Xu, Wei Du, and De-hua Liu, Department of Chemical Engineering, Tsinghua University, Beijing 100084, China, Fax: 0086-10-62785475, duwei@mail.tsinghua.edu.cn 

 Abstract

Biodiesel, generally classified as fatty acid alkyl esters and synthesized from natural vegetable oils and animal fats, has become more attractive recently because of its environmental benefits. Although biodiesel has been successfully produced chemically at present, there are several associated problems to restrict its development, such as glycerol recovery, removal of inorganic salts and the cost of refined feedstocks. Lipase-catalyzed transesterification of renewable oils seems to be very promising in the production of biodiesel. However, high price of the lipase might be one of the major bottlenecks for the large-scale production. Here some efforts have been made to explore the possibility to biodiesel production catalyzed by a relatively cheap lipase from Thermomyces lanuginosus (commercially called Lipozyme TL IM) and effects of different reaction conditions on the enzymatic methanolysis of soybean oil have been investigated in this study.The optimum conditions of the methanolysis were as follows: 60% enzyme based on oil weight; oil/alcohol molar ration 1:4; temperature 40°ãC and reaction time 5h.Under the optimized conditions, maximum metyl esters (ME) yield was 92% and it also has been demonstrated that soybean oil could be converted successfully with some other short-chain alcohols(ethanol, propanol and butanol) to their corresponding esters in this paper. 



 BIOT 332 [607604]:  Structural differences between bovine and porcine vitreous humor

 NAME:   Frank, Y Ohene, Chemistry Department, Grambling State University, Grambling, LA 71245, Fax: (318)274-3703, Ohene@alpha0.gram.edu 

 Abstract

The rheological properties of the bovine and porcine vitreous gel, each sectioned into central and outer regions were characterized using both oscillatory flow and creep recovery measurements. The viscoelastic behavior was measured in terms of a four parameter model of the creep compliance. Significant differences, both regionally and interspecific, were found in the rheological measurements. The differences in the flow factors observed for both the outer and central regions of the vitreous, correlate well with the physical state of the vitreous. The central regions of both the bovine and porcine vitreous appeared to be a thick gel, whereas the outer region of the porcine vitreous appeared to be thinner in consistency than the outer region of the bovine vitreous. The samples that appeared to be “a thicker” gel consistently had larger, retardation times, recovery compliance, JOR, instantaneous shear compliance, Jm, shear compliance of the Kelvin element, JK, and zero shear viscosity. The porcine outer vitreous appeared to be more “watery” than the bovine outer vitreous and this consistently generated lower physical parameters. 



 BIOT 333 [604145]:  Studies on coagulation factor VIIa autoproteolysis and formation of degradation products

 NAME:   Janus C. Krarup, and Thomas Budde Hansen, Department of Protein Separation, Novo Nordisk A/S, Hagedornsvej 1, Gentofte DK-2820, Denmark, Fax: +45 44 43 84 00, jkup@novonordisk.com, tmhs@novonordisk.com 

 Abstract

Coagulation factor VIIa is a 50 kDa serine protease which plays a key role in the initiation of the blood coagulation system, where it can cleave factors IX and X into their active forms FIXa and FXa. Inactivated FVII is a single chain protein, which once cleaved on the C-terminal side of Arg152 is activated. FVIIa is by autoactivation capable of activating FVII into FVIIa. 

The specificity of FVIIa allows autoproteolysis directed towards the C-terminal side of Lys38, Arg290 and Arg315. The present study focuses on the conditions affecting cleavage at Lys38, generating two fragments: A Gla-domain and Gladomainless-FVIIa (GD-FVIIa), which are unwanted in the commercial production of FVIIa. 

The study aims at describing the main factors governing autodegradation at Lys38: temperature, time and concentration. The mechanism of GD-FVII(a) formation is described and rate constants derived.



 BIOT 334 [604060]:  Collagen-hydroxyapatite multilayer sheet (fish scale model)

 NAME:   Kiyoshi Yamauchi, Toshizumi Tanabe, and Tatsuya Goda, Department of Bioapplied Chemistry, Osaka City University, Sumiyoshi-ku, Sugimoto, Osaka 558-8585, Japan, Fax: 81-66605-2786, yamauchi@bioa.eng.osaka-cu.ac.jp 

 Abstract

The main constituents of fish scales are hydroxyapatite and collagen. A microscopic picture reveals that the scales structured chiefly from the cumulated thin sheets, totaling 7-10 layers and 30-70 ƒÊm in thickness. A combination of the inorganic/organic hybrid material with the lamellar structure may render the scale to assume the unique properties including high tensile, flexibility and water-tolerance. Such a scale-like substance may be utilized as a new materials for medical and pharmaceutical fields if they are prepared artificially in a large size and appropriate shape. Based on the aforementioned aspects, we undertook the study to (i) deposite hydroxyapatite on a collagen sheet by an action of alkaline phosphatase on a water-soluble polyol-phosphate Ca salt and (ii) fabricate the resulting hybrid into a multilayer sheet. 



 BIOT 335 [605019]:  Controlled nanostructures assembly based on DNA-protein interactions

 NAME:   Grazyna E. Sroga, and Jonathan S. Dordick, Department of Chemical Engineering, Rensselaer Polytechnic Institute, 110 Eighth Street, Troy, NY 12180-3590, Fax: 518-276-4030, srogag@rpi.edu 

 Abstract

An interdisciplinary field of bioinspired materials has emerged wherein diverse biological structures and functions serve as the building blocks of new materials and devices. The goal is not to imitate a particular biological structure or function but to use the knowledge about it as a source of ideas and guidance. One such research area comprises biologically driven materials self-assembly. Our work is focused on the development of several strategies that should facilitate controlled nanostructure assembly based on protein-DNA interactions. We use bacterial transcription factors and their cognate DNA binding motifs as a driving force to assemble functional nanostructures. Cognate and non-cognate DNA binding motifs were prepared as biotinylated DNA fragments and connected using streptavidin. Protein fusions of a bacterial transcription factor with different molecular tags (calmodulin, calmodulin binding protein, and green fluorescent protein) have been constructed. Directing assembly of diverse materials into organized structures should provide, for example, powerful building blocks for the fabrication of a new generation of highly sophisticated nanobiosensors, and thus, broadening the scope for ‘bottom-up’ fabrication approaches. 



 BIOT 336 [603265]:  In vivo gene transfection into rat brain cells: A comparison between viral, polyethyleneimine, and calcium phosphate nanoparticle methods

 NAME:   Thomas D. Corso1, Indrajit Roy2, Marghuretta Bland1, Timothy Buckley1, Angelo S. Gambino1, Lawrence C. Jenkins1, Benjamin Cranston1, Jason Myers3, Ewa Stachowiak3, Earl J. Bergey2, Paras N. Prasad2, David Bloom4, William J. Bowers5, and Michal K. Stachowiak3. (1) Chemistry and Biochemistry, Canisius College, 2001 Main Street, Buffalo, NY 14208, Fax: 716-888-3112, corsot@canisius.edu, (2) Institute of Lasers, Photonics and Biophotonics, The State University of New York at Buffalo, (3) Pathology and Anatomical Sciences, SUNY at Buffalo, (4) Molecular Genetics & Microbiology, Univerisity of Florida College of Medicine, (5) Aab Institute of Biomedical Sciences, University of Rochester School of Medicine and Dentistry 

 Abstract

Parkinson’s disease is caused by dopamine cell death. To investigate this death we are surgically delivering plasmids containing mutant FGFR1 growth factor receptor genes into the substantia nigra region of the brain of rats to see if it causes cell death similar to Parkinson’s disease. To determine successful transfection, we used plasmids containing the beta-galactosidase gene (which is not normally expressed in brain tissue), then staining the tissue with a dye linked to the sugar galactose (X-Gal stain). One month after surgery, expression was evident in every experiment using HSV-1 virus containing the gene. The other two methods also worked but only a small percentage of the time and need more development before they can be used as reliable non-viral transfection methods for in vivo animal work. The calcium phosphate nanoparticle method is exciting because it does not cause direct cell damage that we see with polyethyleneimine. 



 BIOT 337 [604733]:  Surface characterization and in vitro protein adsorption studies of sol-gel derived ultrathin titanium oxide layers

 NAME:   Maria C Advincula, Department of Biomedical Engineering, University of AL at Birmingham, 1075 13th Street South, School of Engineering, UAB, Birmingham, AL 35294-4440, Fax: (205) 975-4919, mca@uab.edu, Xiaowu Fan, Department of Chemistry, University of Alabama at Birmingham, Jack E Lemons, School of Dentistry, University of AL at Birmingham, and Rigoberto Advincula, Department of Chemistry, University of Houston 

 Abstract

Titanium alkoxide was adsorbed layer-by-layer to generate TiOx thin films on hydroxylated silicon wafers and gold substrates using a surface sol-gel (SSG) technique consisting of repeated chemisorption, rinsing, hydrolysis, drying, and heating. The surface properties and their effects on protein adsorption characteristics of the TiOx thin films were systematically investigated by ellipsometry, contact angle measurements, surface plasmon resonance (SPS), x-ray photoelectron spectroscopy (XPS), and atomic force microscopy (AFM). Results showed that the surface sol-gel process was an efficient and reproducible alternative to produce TiOx thin films with regular thickness growth and increased surface roughness, which enhanced protein adsorption compared to vacuum deposited TiOx. In addition, the effect of silane SAMs between the TiOx surfaces derived by sol-gel and by conventional vacuum deposition was also compared. The protein adsorption properties were dependent on the morphology of the TiOx surfaces and the functionality, surface energy, and packing of the silane SAMs. 



 BIOT 338 [587718]:  Binding of perfluorooctanoic acid to rat and human plasma proteins

 NAME:   Xing Han, Timothy A. Snow, Raymond A. Kemper, and Gary W. Jepson, Department of Biochemical and Molecular Toxicology, DuPont Haskell Laboratory, P.O. Box 50, 1090 Elkton Road, Newark, DE 19714-0050, Fax: 302-366-5003, xing.han@usa.dupont.com 

 Abstract

The binding of perfluorooctanoic acid (PFOA) to rat and human plasma proteins was investigated by a variety of techniques. Results from size-exclusion chromatography and ligand blotting suggested that most, if not all, PFOA was in protein bound form in male and female rat plasma, and the primary PFOA binding protein in plasma was serum albumin. The binding of PFOA to rat serum albumin (RSA) in the gas phase was observed by electrospray ionization mass spectrometry. 19F-NMR experiments revealed that binding to RSA caused peak broadening and chemical shift changes of PFOA resonances and based on this observation the dissociation constant was determined to be ~0.3 mM. The dissociation constants for PFOA binding to RSA and human serum albumin (HSA), and the numbers of PFOA binding sites on RSA and HSA were also determined by the separation method using micro-desalting columns. No significant difference was found between PFOA binding to RSA and to HSA. For both RSA and HSA the dissociation constants of PFOA binding and the numbers of their POFA binding sites were in the range of 0.3 to 0.4 mM and 6 to 9, respectively. Based on these binding parameters and the estimated plasma concentration of serum albumin, approximately 95% of PFOA could be accounted for binding to serum albumin in rat and human plasma. 

•
This work is sponsored by Association of Plastics Manufacturers in Europe.
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 BIOT 339 [605879]:  Accelerated biocatalyst stability testing for process optimization

 NAME:   Phillip R. Gibbs, Urban Neunert, and Andreas S. Bommarius, Department of Chemical Engineering, Georgia Institute of Technology, IBB bldg, 315 Ferst Dr, Atlanta, GA 77204-4792, Fax: 404-894-2291, prgibbs@che.gatech.edu 

 Abstract

The total turnover number (TTN) is the dimensionless amount of product per unit amount of biocatalyst and thus a key quantity for process design and evaluation. The TTN can be determined by following activity isothermally over time until the biocatalyst is deactivated. However, given the stability of some industrial biocatalysts under operational temperatures, this process may require months to collect the appropriate data. An accelerated method of testing is desirable, especially for comparison of different biocatalysts under comparable conditions. One potential method to accelerate biocatalyst aging experiments involves continuously increasing the reactor temperature beyond the Tm for the enzyme in a constant flow stirred tank reactor (CSTR). For this study the immobilized enzyme glucose isomerase was chosen and conversion was continuously monitored with an inline polarimeter. In addition to experimental results, kinetic modeling of the system was performed and a simple analytical solution for the TTN calculation was determined. 

[image: image18]
 BIOT 340 [606250]:  Multi-enzymatic synthesis of xylulose 5-phosphate

 NAME:   Jobin Shaeri1, Elner B. Rathbone2, Ian Wright2, Roland Wohlgemuth3, and John M Woodley1. (1) Department of Biochemical Engineering, University College London, Torrington Place, London WC1E 7JE, United Kingdom, Fax: 44-20-7916 3943, j.shaeri@ucl.ac.uk, (2) Sigma-Aldrich Company Ltd, (3) Fluka Chemie AG 

 Abstract

On a commercial level xylulose 5-phosphate is chemically difficult to produce and therefore biocatalysis has been considered as an alternative. A multi-enzyme kinetic synthesis was developed using fructose 1,6 bisphosphate aldolase, triosephosphate isomerase and transketolase. Particular attention was given to the mechanics of running the system starting from dihydroxyacetone phosphate rather than glyceraldehyde 3-phosphate or fructose 1,6 bisphosphate gathering the kinetic data for each reaction. This kinetic analysis enabled a comprehensive calculation of the parameters of each enzyme and the supply of glyceraldehyde 3- phosphate was shown to be the key bottleneck in the production of xylulose 5-phosphate. These data were reported in the form of operating maps / windows for the reaction system. Based on this study the yield of xylulose 5-phosphate was improved. Clearly this multi-enzyme kinetic analysis can be applied to other pathways and provide the advantage of gathering kinetic data for isolated or immobilised enzyme systems. 



 BIOT 341 [605214]:  Natural vanillin synthesis from corn bran

 NAME:   Ruizhen R Chen1, Nyan Win2, and Kennard Brunson1. (1) Chemical Engineering Department, Virginia Commonwealth University, 601 W. Main Street, Fax: 804-828-3846, rchen@vcu.edu, (2) Virginia commonwealth University, rchen@vcu.edu 

 Abstract

Vanillin is one of the most widely used flavor compounds. Natural vanillin from vanilla plant can only supply 0.2 % of the demand. Synthetic, petroleum-based vanillin is being used as the substitute. The synthetic manufacturing process involves toxic chemicals, particularly a carcinogen, dimethyl sulfate. The presentation will highlight our recent efforts in developing a renewable resource based, environmentally benign vanillin synthesis process. Bioconversion with cells immobilized in sodium alginate matrix showed that the activity could be maintained for nearly 200 hr, but the bioconversion rate was significantly lower than the suspension culture. Product inhibition was observed at vanillin concentration as low as 0.5 g/l. Above 1 g/l vanillin concentration, rapid product degradation was observed. In-situ product recovery with XAD2 resin successfully curtailed the product inhibition and product degradation, resulting in an 80% increase in bioconversion rate and an increase of product yield from 65% to 87%. 



 BIOT 342 [606279]:  Formation of lactobionic acid by a novel biocatalytic process

 NAME:   Roland Ludwig, Magdalena Ozga, Marcel Zamocky, Klaus D. Kulbe, and Dietmar Haltrich, Institute of Food Technology, University of Agricultural Sciences Vienna, Muthgasse 18, 1190 Wien, Austria, Fax: +43-1-36006-6251, roland.ludwig@boku.ac.at 

 Abstract

Cellobiose dehydrogenase (CDH), a flavocytochrome containing one heme b and one flavin adenine dinucleotide per molecule, is part of an extracellular enzyme system from wood-degrading fungi. The enzyme specifically oxidizes a number of -(14)-linked di- and oligosaccharides (e.g., cellobiose, lactose and cellooligosaccharides) to the corresponding lactones, which are subsequently hydrolyzed to the corresponding aldonic acids. Electrons from this oxidation reaction can be transferred to various quinones, phenoxy and cation radicals, cytochrome c, oxygen, and Fe(III). A promising, novel technological application for this enzyme is the oxidation of lactose, a renewable resource found in whey that is available in large quantities for biotransformations, to lactobionic acid, a useful product with possible nutritional, pharmaceutical and industrial applications. The electron acceptor reduced by CDH in this oxidation reaction is continuously regenerated by laccase, a H2O-producing oxidase and hence has to be added only in small, catalytic amounts. By using this regeneration method, lactose is specifically and quantitatively converted into the desired product using both enzymes in free, nonimmobilized form. In addition, this reaction system can be efficiently used for the formation of other carboxylic acids, including cellobionic acid, xylobionic acid and maltobionic acid. 



 BIOT 343 [581230]:  Biocompatible and degradable biocatalytic dextran hydrogels

 NAME:   Lino S. Ferreira1, Antonio M.S. Cabrita2, Ana Rafael2, Maria H. Gil1, and Jonathan S. Dordick3. (1) Department of Chemical Engineering, University of Coimbra, Pinhal de Marrocos, 3030 Coimbra, Portugal, Fax: 351-239-798703, linofer3@eq.uc.pt, (2) Faculty of Medicine, Laboratorio de Patologia Experimental, University of Coimbra, (3) Department of Chemical Engineering, Rensselaer Polytechnic Institute 

 Abstract

The use of enzymes in organic solvents has had a significant impact on synthesis of organic compounds that are becoming the targets of molecular and biomedical research. Enzymes have remarkable efficiency and selective profiles than the conventional chemical catalysts and they satisfy increasingly stringent environmental constraints. Herein we report the experimental evidence that some enzymes can be stable in DMSO and thus catalyzing acylation reactions of polyssacharides in that solvent. Furthermore, under specific reaction conditions, the enzymes are able to prepare complex three-dimensional structures like hydrogels in a single step. These hydrogels are in vitro/in vivo biocompatible and degradable at physiologic pH with degradation times from 12 days up to ca. 3 months depending on the crosslinking content. Pharmaceutical and biomedical applications will be also presented. 



 BIOT 344 [607952]:  Surface hydrophobicity of silica supports effects activity of immobilized enzymes in organic reactions

 NAME:   John P. Lindsay1, Richard F. Wormsbecher2, and Jonathan S Dordick1. (1) Isermann Department of Chemical Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180, Fax: 518-276-4030, lindsj@rpi.edu, (2) FCC Research, Davison Catalsyts 

 Abstract

Silica particles modified to present various surface chemistries have been used as supports for immobilized enzymes. These surface chemistries vary in their hydrophobicity from unmodified hydrophilic -Si-OH groups to a surface passivated more hydrophobic –CH2-OH and finally the most hydrophobic –CH3 surface. These surfaces were created with the intention of reducing nonspecific protein binding and have the added benefit of activating several enzymes in organic media. Chymotrypsin and Candida antarctica lipase B both show ca. 2–3 fold improvement in aqueous hydrolytic reaction activity when covalently immobilized on a more hydrophobic support over the enzyme immobilized to unmodified silica. Furthermore, in the case of transesterification reactions in organic media, this activation factor was ca. 10-30 fold, indicating the more hydrophobic supports were more effective in activation the enzymes in organic media. This finding suggests the hydrophobic nature of the support influences the intrinsic activity of the immobilized enzymes. 



 BIOT 345 [607340]:  Optimizing the cell concentration in thin, microporous latex biocatalytic coatings containing nongrowing Gluconobacter oxydans for very high oxidation rates of D-sorbitol to L-sorbose

 NAME:   Salim P. Charaniya1, Chris W Solheid1, and Michael C Flickinger2. (1) BioTechnology Institute, University of Minnesota, 140 Gortner Lab, 1479 Gortner Ave., St.Paul, MN 55108, salim@cbs.umn.edu, (2) Department of Biochemistry, Molecular Biology and Biophysics; BioTechnology Institute, University of Minnesota 

 Abstract

Porous latex biocatalytic coatings containing the strict aerobe Gluconobacter oxydans ATCC 621 are studied in a non-growth medium as two-layer, 12.5 mm diameter, 30-60 µm thick coatings for oxidation of D-sorbitol to L-sorbose. The two-layer coating consists of a cell coat (latex + cells) and a thin “sealant” porous topcoat, which retains the cells. At high cell density (approximately 108 cfu/µl coating volume), transfer of oxygen from the bulk liquid phase to the pores of the catalyst limits the oxidation rate. Design of this thin, porous, composite catalyst involves optimizing the cell coat thickness, effective oxygen diffusion coefficient and cell concentration in the coating, for which the reaction rate is not limited by oxygen. The effectiveness factor of 30-60 µm thick SF091 latex G. oxydans coatings in a non-growth medium has been accurately measured as a function of coating cell density using HPLC and oxygen micro-probe methods. A mathematical model for mass transfer with reaction (Monod kinetics) was used to propose a diffusive (biocatalytic coating) and a perfusive (biocatalytic membrane) reactor configuration with very high reaction rates and optimal cell loading per unit latex coating volume. 



 BIOT 346 [605789]:  Efficient encapsulation of alcohol dehydrogenase in silicate matrix via sol-gel process as biocatalyst

 NAME:   Zhong-yi Jiang Sr., School of Chemical Engineering & Technology, Tianjin University, Weijing Road 92, Tianjin 300072, China, Fax: 86-22-27404066, zhyjiang@mail.zlnet.com.cn 

 Abstract

We have reported the co-immobilization of three dehydrogenases in Sol-gel matrix for the conversion of carbon dioxide to methanol .As a consequential work of the study, this paper is concerned on the immobilization of alcohol dehydrogenase (ADH) and dynamic study for the reaction to convert formaldehyde to methanol catalyzed by both free and immobilized ADH. The property of the ADH-contained gel was tested by UV, BET, TEM and were compared with blank ones. According to the bio-bio enzymatic reaction kinetic mechanism of ADH directly from the work of Dalziel, kinetic parameters were determined. It was shown that the immobilized and free ADH catalytic reactions were consistent with the mechanism mentioned above and the kinetic parameters of immobilized ADH catalytic reactions were larger than that of free ADH. This may be due to the diffusion of the substrate from aqueous to the gel. Furthermore, the immobilized ADH can retain 45~50% of the free ADH activity for 5 cycles. 



 BIOT 347 [596500]:  Continuously perfused fluidized bed fermentation for large-scale production of r-protein and monoclonal antibodies: Process stability and scale-up

 NAME:   Gerald Blueml1, Karlheinz Landauer2, Markus Duerrschmid2, S. Wiederkum3, H. Klug3, O. Doblhoff-Dier3, and Hermann Katinger2. (1) Cell culture & cell separation, Amersham Biosciences, c/o Institute of applied Microbiology, Muthgasse 18/ Haus B, Vienna A-1190, Austria, Fax: +43-1-36006-6206, Gerald.blueml@eu.amershambiosciences.com, (2) Institute of Applied Microbiology, (3) Igeneon 

 Abstract

Economically viable biopharmaceutical production is to a high degree dependent on high product-yields and stable fermentation systems that are easy to handle. Advanced scale-up is usually coupled with cell retention to fulfil the need of process intensification and to utilise the perfusion technology. The perfusion technique was initiated as it was recognised that cells in vivo are continuously supplied with blood, lymph, or other body fluids to keep them in a constant physiological environment. Several systems have been developed for that purpose such as spin filters, hollow fibre, ultra sonic, packed bed and fluidized bed technology. Fluidized bed system is fully scaleable and can be used for industrial high cell density bioprocesses. As a model cell lines we have used a recombinant CHO cell line producing the enzyme arylsulfatase B (ASB) and an anti HIV1 monoclonal Ab. CHO cells were cultivated as adherent cell culture attached on Cytoline&#61652; macroporous microcarrier (Amersham Biosciences, Sweden) using a Cytopilot Mini&#61652; fluidised bed bioreactor (FBR, Amersham Biosciences, Sweden; Vogelbusch, Austria). We will also discuss process stability for large scale production with the fluidized bed and scale up issues. A biophamraceutical production run, integrating the fluidized bed technology with an expanded bed affinity chromatography system will be presented. 



 BIOT 348 [621231]:  Quantifying physiology and metabolism of mammalian cells in continuous perfusion culture

 NAME:   Chetan Goudar, Rüdiger Heidemann, Jens H. Vogel, James Michaels, and Konstantin B. Konstantinov, Bayer Corporation, PO Box 1986, 800 Dwight Way, Berkeley, CA 94701-1986, Fax: 510-705-5451, chetan.goudar.b@bayer.com 

 Abstract

Perfusion cultures with cell recycle allow for high density cell cultivation coupled with stable operating conditions over extended periods of time. Moreover, their continuous mode allows for steady supply of harvest for downstream purification processes. An understanding of cellular physiology and metabolism is essential for optimizing the perfusion process and the respiratory coefficient (RQ) is widely recognized as a valuable indicator of the cellular physiological state. While methods for the computation of RQ in batch and chemostat systems are readily available, similar calculations are more complex for perfusion systems, especially when an external cell separation device is used. In the present study, we develop comprehensive mass balance expressions for oxygen and carbon-dioxide in a perfusion bioreactor system. CHO cells were cultured in bicarbonate buffered medium in a perfusion bioreactor at steady-state concentration of 20 x 106 cells/mL. Culture conditions such as pH, dissolved oxygen and temperature were varied during the course of the experiment. Concentrations of oxygen and carbon-dioxide measured in both the gas and liquid streams used in the oxygen and carbon-dioxide mass balance expressions to compute the oxygen uptake rate (OUR) and carbon-dioxide evolution rates (CER), respectively, which were subsequently used to calculate the RQ. Estimates of RQ at varying culture conditions helped obtain valuable information on the physiological state of the cells. It also allowed for an upgrade of the physiological information content by providing data for estimation of metabolic fluxes under the varying experimental conditions. 



 BIOT 349 [594769]:  Protein refolding by continuous chromatography

 NAME:   Heikki Lanckriet, and Anton P.J. Middelberg, Department of Chemical Engineering, University of Cambridge, Pembroke Street, Cambridge CB2 3RA, United Kingdom, Fax: +44-1223-334796, hl239@cam.ac.uk, apjm3@cam.ac.uk 

 Abstract

Preparative protein refolding is most easily achieved using either dilution-based or column-based refolding methods. Size exclusion refolding offers certain advantages including integration of the refolding and purification processes. It has also been suggested that these systems offer yield advantages over conventional dilution refolding. However, size exclusion chromatography is an inherently low productivity operation, requiring multiple batch runs for preparative work. In this research we established a continuous chromatography system for size-exclusion refolding, using a commercially available preparative high-capacity system. Importantly, the process was first developed at batch scale and was then scaled to the continuous system. Refolding with integrated separation of monomeric protein from aggregates and small molecular weight contaminants, including redox and denaturing agents, was achieved. The continuous reactor can be integrated with upstream methods for preparing denatured protein (e.g., continuous chemical extraction) to give a continuous flowsheet for processing recombinant inclusion bodies. 



 BIOT 350 [585304]:  Continuous matrix-assisted refolding using annular chromatography: A technology for quantitative conversion of unfolded proteins into native proteins

 NAME:   Alois Jungbauer1, Christine Machold1, Robert Schlegl2, and Wolfgang Buchinger2. (1) Institute of Applied Microbiology, University of Agricultural Sciences, Muthgasse 18, Vienna A-1190, Austria, Fax: +4313697615, jungbaue@hp01.boku.ac.at, (2) Process Development, Boehringer Ingelheim Austria 

 Abstract

A general bottleneck of production of recombinant protein using inclusion body technology is the low yield and low productivity of the refolding process. The equilibrium between native and unfolded protein determines yield in conventional refolding processes by batch dilution. High refolding yield can be only achieved by extreme dilution, since aggregation follows at least a reaction kinetic of second order while folding to native protein is a first order reaction. A novel refolding reactor was developed for continuous matrix assisted refolding of proteins. The reactor was composed of an annular chromatography system and an ultrafiltration system to recycle aggregated proteins produced during refolding reaction. These aggregates are wasted in a conventional process. The feed solution containing the denatured protein was continuously fed to the rotating bed perfused with buffer promoting folding of the protein. As the protein passed through the column, it was separated from chaotropic and reducing agents and the refolding process took place. Matrix assisted refolding was accomplished with size exclusion chromatography and ion-exchange chromatography. Then new process allows a stoichiometric conversion of unfolded proteins to native protein. 



 BIOT 351 [618468]:  Kinetics and reactor design for continuous and semicontinuous processing of cellulosic biomass via simultaneous saccharification and fermentation

 NAME:   Xiongjun Shao1, Charles E. Wyman2, and Lee R. Lynd2. (1) Dartmouth College, Thayer School of Engineering, Hanover, NH 03755, Xiongjun.Shao@Dartmouth.EDU, (2) Thayer School of Engineering, Dartmouth College 

 Abstract

Analysis of kinetics and reactor design for processes involving cellulosic substrates via enzymatic hydrolysis has some important differences relative to such analysis for soluble substrates. In particular, cellulosic substrates readily exhibit rate saturation with enzyme as well as substrate and the specific hydrolysis rate per enzyme adsorbed to cellulose drops sharply with increasing particle conversion. For continuous reactors, a particle population model that accounts for variation in rate over the time individual particles spend in the reactor is required for cellulosic substrates even in well-mixed reactors, although not for soluble substrates. South et al. (Enz. Microb. Technol., 1995) previously incorporated these features into a model for a steady-state CSTR. In this presentation, we report extension of the model of South et al. to accommodate transient state modeling with emphasis on semi-continuous operation and to eliminate iterative calculations. After presenting the theory and solution method for the extended model, incorporation of the model into a CFD framework and application to conversion of pretreated hardwood and paper sludge will be briefly addressed. 



 BIOT 352 [618418]:  Solvent gradient operation of simulated moving bed processes

 NAME:   Marco Mazzotti1, Stephanie Abel1, Lars Aumann1, and Massimo Morbidelli2. (1) Department of Chemical Engineering, ETH Zurcih, Sonneggstrasse 3, Zuerich, Switzerland, Fax: 0041-1-63211 41, mazzotti@ivuk.mavt.ethz.ch, (2) Department of Technical Chemistry 

 Abstract

Classical, single column preparative chromatography is now complemented by alternative operation modes that allow for significant improvements in terms of productivity and solvent consumption, particularly when the separation process is scaled up. The more important technology available is the Simulated Moving Bed (SMB) that is a continuous multi-column chromatographic technique. Both single column batch chromatography and SMB have gone through tremendous improvements during the last few years, particularly in the field of chiral and fine chemical separations. In the standard implementation, SMBs are operated under isocratic conditions, whereas it is well known that bio-chromatography most often requires gradient elution conditions, which are realized by modulating the mobile phase through changes in solvent composition, pH, or buffer concentration. However, recently it has been shown that also SMBs can be operated in the so-called solvent gradient mode (SG-SMB), where streams with a different solvent composition are fed at the feed and desorbent inlets of a standard SMB unit. In this work, the SG-SMB concept has been analysed theoretically and then applied experimentally to the separation of the enantiomers of the flavour keton á-ionone, in a water/methanol mobile phase using a Nucleodex chiral stationary phase. Design criteria that had been previously developed for isocratic SMB have been extended to the SG-SMB case, where the mobile phase composition levels inside the unit influence the retention behaviour and in turn depend on the flow rates through the solvent balances at the feed and desorbent nodes. These criteria allow locating the region where a SG-SMB can be operated effectively for a given separation. The experiments have been carried out by applying the theoretical findings, and have indicated that rather significant performance improvements can be achieved when a SMB separation is carried out in the solvent gradient mode. In this context, we also present some results the SG-SMB separation of nucleosides in an ethanol modified aqueous mobile phase on a polystyrene divinylbenzene resin, where design and simulation tools for multicomponent SMB separations have also been exploited. This application demonstrates that the gradient mode implementation of the SMB technology for bio-separations is indeed possible. 



 BIOT 353 [620594]:  In-line, online optimization of a new SMB technology working as single-column system

 NAME:   Peter Poetschacher, Research and Development, Vogelbusch, Blechturmgasse 11, Vienna 1040, Austria, Fax: 43 1 545 29 79, poep@vienna.vogelbusch.com 

 Abstract

The new SMB technology distinguishes from other systems by the application of one single packed bed. Resin used as adsorbent in industrial applications (e.g. Fructose/Glucose separation) is changing its working volume during loading and regeneration. This effect gains weight when the plant is operated at industrial conditions like higher concentration. In one single packed bed column both effects are equalizing each other because expansion and contraction of the resin bed are appearing simultaneously. The resulting benefits are decreased stress for the resin and higher purities caused by lack of headspace. The SMB unit was optimised by variation of several process parameters in order to reach targets prescribed by industry. During optimisation the behaviour of the system concerning concentration profile and pressure was detected. The concentration profile was measured by in-line, on-line instruments in the circulation loop. 



 BIOT 354 [629615]:  Advances toward process-scale countercurrent chromatography and the prospect of continuous countercurrent extraction

 NAME:   Ian Sutherland, Brunel Institute for Bioengineering, Brunel University, Uxbridge UB8 3PH, United Kingdom, Fax: +44 (0) 1895 274608, ian.sutherland@brunel.ac.uk 

 Abstract

It is becoming increasingly important for pharmaceutical manufacturers to shorten the time taken to develop manufacturing processes for their new products, increase efficiency and reduce costs. This paper describes how countercurrent chromatography can be scaled up from analytical to a pilot scale capable of processing up to 10kg/day. The progress and prospects for full process scale countercurrent chromatography (100kg/day) and the feasibility of continuous processing will be discussed. 



 BIOT 355 [608034]:  Simulations of virus binding using Brownian adhesive dynamics

 NAME:   D. A. Hammer, Department of Bioengineering, University of Pennsylvania, 120 Hayden Hall, Philadelphia, PA 19104, hammer@seas.upenn.edu, and Thomas English, Chemical and Biomolecular Engineering, University of Pennsylvania 

 Abstract

We have developed a new computational method for the simulation of receptor-mediated virus binding to cell surfaces. The technique, called Brownian Adhesive Dynamics, combines the simulation of adhesive interactions between virus and cell via macromolecular binding between receptor and ligand with thermal motion on the virus. Using this technique, we can simulate the trajectory of the virus in the vicinity of the cell, and the number and location of bonds during virus docking and release. We show that the equivalent site hypothesis, in which every viral attachment protein is assumed to bind with the same affinity and rate, which is often used to characterize the binding of multivalent particles (such as viruses), is substantially in error. We use the technique to simulate the attachment of HIV to the surface of cells, as well as understand the role of soluble CD4 inhibiting the docking of HIV particles. 



 BIOT 356 [602584]:  Cell targeting using metabolically biotinylated adenoviral vectors

 NAME:   Michael A. Barry1, M. Brandon Parrott1, Samuel Campos2, and Kristen E. Adams1. (1) Center for Cell and Gene Therapy and Department of Bioengineering, Baylor College of Medicine and Rice University, One Baylor Plaza, BCM505, Houston, TX 77030, Fax: 713-798-1481, mab@bcm.tmc.edu, (2) Department of Biochemistry, Rice University 

 Abstract

Current gene therapy vectors are limited by an inability to deliver therapeutic genes specifically to target cells. For viral vectors, one method of altering vector specificity is to genetically introduce cell-targeting ligands into the structure of the viral fiber protein. For many ligands, these insertions either disrupts the function of the ligand or reciprocally ablates the function of the virus. As one approach to address this problem, the adenoviral fiber was genetically engineered to be metabolically biotinylated in mammalian cells to generate a vector directly from virus producer cells that could be purified on monomeric avidin (Kd=10-7 M) and be re-targeted to alternate receptors by conjugation of biotinylated ligands to the virus using tetrameric avidin (Kd up to 10-15 M). We demonstrate here the ability to efficiently re-target cells by conjugation of the virus to biotinylated antibodies both in vitro and in vivo. 



 BIOT 357 [616130]:  Study of the adsorption effect on the diffusion of recombinant adenoviruses toward 293S cells

 NAME:   Alain Garnier1, A-P Gilbert1, and A Kamen2. (1) Département de génie chimique, Université Laval, Québec, Canada, Bureau 3568, Pavillon Pouliot, Québec, QC G1K 7P4, Canada, alain.garnier@gch.ulaval.ca, (2) Institut de Recherche en Biotechnologie, CNRC, Québec, Canada 

 Abstract

The diffusion of viruses is not well represented by the existing models which do not take into account the adsorption step. Virus diffusion can be slower than predicted by purely diffusional models. Surprisingly, in some cases it can be faster. In order to understand these behavior, a complete phenomenological model, which takes into account the finite thickness of the stagnant boundary layer, the virus concentration profile in that layer, the depletion of the virus concentration at the liquid-cell interface, and the initial virus concentration profile in the film has been developed and validated by experimental results. This model can explain both cases of diffusion rate reduction or acceleration. It explains the acceleration phenomenon that takes place under particular conditions. 



 BIOT 358 [607280]:  A controllable gene delivery muscle patch

 NAME:   Jeffrey Bonadio, and Maja Salva, Department of Bioengineering, University of Washington, Box 351720, Seattle, WA 98195-1720, Fax: 206-616-9763, jbonadio@u.washington.edu 

 Abstract

Primary hypoparathyroidism is a potentially life-threatening disorder for which there is no form of replacement therapy. While current therapy controls the hypocalcemia and hyperphosphatemia associated with parathyroid hormone (PTH) deficiency, hypercalciuria is poorly controlled. In children, this clinical concern may eventually lead to nephrocalcinosis, nephrolithiasis and renal insufficiency. Recently, a clinical study in 10 hypoparathyroid patients showed that once-daily subcutaneous hPTH 1-34 injection effectively controlled blood and urine calcium. In a follow-up study (17 patients with calcium-sensing receptor mutations), twice-daily hPTH 1-34 administration provided better metabolic control of blood and urine calcium at a significantly reduced total daily PTH dose. These exciting results suggest a potential treatment breakthrough for individuals with primary hypoparathyroidism. Continued progress will likely require alternate methods of safe and effective PTH delivery: one may anticipate significant compliance problems with a treatment strategy based on multiple daily injections, and the optimal delivery method should allow for individualized treatments, especially since hypoparathyroidism is genetically heterogeneous. With these considerations in mind, we suggest controllable muscle gene therapy as a promising alternative to PTH skin injection. To establish feasibility, we generated a convenient rAAV2 subcloning plasmid, pSPF, which contains the MCS of pBluescript, and we used pSPF to generate rAAV2 vectors that code for heat-stable alkaline phosphatase (AP) and enhanced green fluorescent protein (EGFP). Cultured muscle progenitors showed significant reproducible marker protein expression 48-h after incubation with rAAV2 vectors, while significant marker protein was expressed for >1-month following injection of rAAV2 vectors into quiescent mouse muscle. We also generated controllable rAAV2 vectors (pARTF and pZRAP) that express AP, and showed that AP expression was effectively regulated by small molecule controller in cultured skeletal muscle progenitors as well as quiescent mouse muscle. Finally, in direct comparison, rAAV6 proved to be a significantly more powerful muscle gene therapy vector than rAAV2. 



 BIOT 359 [605327]:  Monitoring viral spread and the development of cellular defensive responses to vesicular stomatitis virus infections in vitro

 NAME:   Vy Lam1, Karen Duca2, and John Yin1. (1) Department of Chemical Engineering, University of Wisconsin at Madison, 1415 Engineering Dr, Madison, WI 53706, Fax: 608-262-5434, lamv@cae.wisc.edu, (2) Virginia Bioinformatics Institute, Virginia Tech 

 Abstract

We have constructed an in vitro system for monitoring the development of cellular responses and their effects on viral propagation. In our experiments vesicular stomatitis virus (VSV) was used to infect two cell-lines: BHK-21 (baby hamster kidney) and DBT (murine astrocytoma). Cell monolayers were infected focally and at set times post infection, samples were fixed and fluorescently labeled to visualize the infections. We observed that the infections in BHK-21 monolayers propagated outward at a constant rate while the ones in DBT cells were arrested at 48 hours. Further studies showed that while nitric oxide production was induced quickly and helped to reduce the rate of viral propagation in both cell-lines, it was interferon signaling that induced the infection arresting phenotype in the DBTs. We propose that our experimental system is a useful approach to visualize the time dependent induction of cellular responses and their effects on propagating viral infections. 



 BIOT 360 [573620]:  Retrovirus gene transfer to epidermal stem cells: The role of integrins and extracellular matrix

 NAME:   Stelios T. Andreadis, Chemical Engineering, SUNY- Buffalo, 908 Furnas Hall, Amherst, NY 14260, Fax: 716-645-3822, sandread@eng.buffalo.edu, and Bharat Bajaj, Chemical Engineering, SUNY - Buffalo 

 Abstract

The epidermis is an attractive target for gene therapy because it is easily accessible and shows great potential as an ectopic site for protein delivery in vivo. Genetically modified epidermal keratinocytes are used to prepare three-dimensional skin equivalents, which when transplanted into animals act as in vivo “bioreactors” that produce and deliver the desired therapeutic proteins either systemically or locally. Although retroviral transduction results in permanent genetic modification, differentiation and loss of transduced cells from the epidermis results in temporary transgene expression. To ensure permanent genetic modification epidermal stem cells must be transduced with high efficiency. 

Recombinant retrovirus has been shown to bind to fibronectin (FN) through the heparan sulfate proteoglycans in the surface of the viral particles. Epidermal keratinocytes also bind to the RGD sequence in the cell-binding domain of FN through integrin a5b1. In addition, rapid attachment to FN has been shown to correlate with high colony forming efficiency and high levels of integrin expression, both characteristics of keratinocyte stem cells. 

We hypothesized that FN may increase gene transfer to human epidermal keratinocytes, especially to the least differentiated cells expressing the highest levels of integrins. We found that the transduction efficiency of keratinocytes is significantly higher on recombinant FN than on tissue culture plastic. The rate of retroviral transduction on FN is four times faster than transduction on tissue culture plates and is independent of polybrene (PB). The transduction efficiency correlates with the levels of expression of integrin subunits a5, a2 and b1, which have been shown to correlate with stem cell phenotype. Notably, cells that adhere rapidly to FN are transduced more efficiently than slowly adherent cells and integrin-blocking antibodies decrease the efficiency of gene transfer in a dose dependent way. Most importantly, the efficiency of gene transfer increases with cell passage. An increase in the fraction of transduced cells over time suggests selective transduction of progenitor cells, as the non-transduced differentiated cells exhaust their proliferative potential and stop propagating. These results may have important implications for gene therapy of the skin. 



 BIOT 361 [607330]:  Effects of lipid rafts on the dynamics of retrovirus trafficking

 NAME:   Kwang-il Lim, Chemical Engineering, University of Wisconsin-Madison, 1415 Engineering Drive, Madison, WI 53706, Fax: 608-262-5434, klim@cae.wisc.edu, and John Yin, Department of Chemical Engineering, University of Wisconsin at Madison 

 Abstract

The association of viral receptors with lipid rafts may affect binding and trafficking dynamics of viruses. Other investigators have observed lipid-raft-dependent entry kinetics of Avian Sarcoma and Leukosis Virus(ASLV). The virus initiates infection by binding to either transmembrane TVA receptor(TVA950) or mainly lipid-raft-associated glycophosphatidylinositol(GPI)-anchored TVA receptor(TVA800). Viruses using TVA800 are more slowly internalized from cell surface but more rapidly trafficked to fusion compartment than viruses using TVA950. To explore potential molecular mechanisms of these results we developed a mathematical model for ASLV entry. Our simulation shows differences in lateral diffusivity between the two receptors can account for the different internalization rates. Furthermore, the model enables to assess potential tradeoffs introduced by the clustering of receptors in lipid rafts. Receptor clustering can be detrimental to viral infection by reducing the probability that viruses find their receptors, but helpful by facilitating multivalent interactions between viruses and receptors that may accelerate intracellular trafficking. 



 BIOT 362 [590854]:  Designing a gene therapy to prevent AIDS but maintain HIV

 NAME:   Leor S. Weinberger, Biophysics Graduate Group, Univ. of California, Berkeley, Calvin Lab #5230, Univ. of California, Berkeley, CA 94720-5230, Fax: 501-486-6054, leor@uclink.berkeley.edu, David V. Schaffer, Department of Chemical Engineering and the Wills Neuroscience Institute, University of California at Berkeley, and Adam P. Arkin, Department of Bioengineering and the Howard Hughes Medical Institute, Univ. of California 

 Abstract

An HIV-1 vaccine appears far off and the most effective HIV-1 drug therapy, Highly Active Anti-Retroviral Therapy (HAART), is highly toxic to patients, expensive, and quickly overcome by resistant mutants. Due to the presence of long-lived, latently infected cell populations, HAART appears incapable of eradicating HIV-1 from the patient. An alternative to virus eradication may be to use gene therapy to induce a pseudo-latent state in all virus-producing cells, thus transforming HIV-1 into a lifelong, but manageable, virus. Conditionally replicating HIV-1 (crHIV-1) gene therapy vectors provide an avenue for subduing HIV-1 expression in infected cells, potentially reducing HIV-1 set point and delaying or forestalling AIDS onset. Development of crHIV-1 vectors has proceeded in vitro, but the requirements for a crHIV-1 vector to persist in vivo have not been explored. We expand a widely accepted mathematical model of HIV-1 in vivo dynamics to include a crHIV-1 gene therapy virus and derive a simple criterion for designing crHIV-1 viruses that will persist in vivo. The model introduces only 2 new parameters, viral inhibition and crHIV-1 encapsidation—both can be experimentally engineered and controlled. Analysis demonstrates that crHIV-1 gene therapy can indefinitely reduce HIV-1 set point, to levels comparable with HAART, provided crHIV-1 packaging is highly efficient. Paradoxically, highly efficient therapeutic inhibition of HIV-1 was found to be disadvantageous for long-term therapy. Thus, the field may benefit by shifting the search for more potent anti-viral genes towards engineering optimized therapy viruses that package ultra-efficiently but downregulate viral production moderately. 
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 BIOT 363 [596046]:  Directed evolution of alkane hydroxylation activity in cytochrome P450 BM-3

 NAME:   Frances H. Arnold1, Matthew W. Peters1, Peter Meinhold1, Edgardo T. Farinas1, Anton Glieder2, and Charles W. Bugg1. (1) Division of Chemistry and Chemical Engineering, California Institute of Technology, Mail Code 210-41, Pasadena, CA 91125-4100, Fax: 626-568-8743, frances@cheme.caltech.edu, mpeters@cheme.caltech.edu, (2) Institute of Biotechnology, Technical University of Graz 

 Abstract

Cytochrome P450 BM-3 from Bacillus megaterium is a soluble, self-sufficient medium-chain (C12-C18) fatty acid hydroxylase easily expressed in E. coli. A highly efficient enzyme, it is a good candidate for synthetic applications. Mutations to P450 BM-3 accumulated by random mutagenesis/recombination and screening in our laboratory have increased its hydroxylation activity towards linear alkanes as small as propane by two orders of magnitude. The screening strategies used to discover active mutants from these libraries include both colorimetric assays dependent upon the hydroxylation of surrogate substrates and kinetic assays dependent upon activity towards the desired alkane substrates. A colorimetric screen capable of selecting mutants with specific regioselectivity was also developed. The demonstrated ability of the P450 BM-3 framework to accommodate these enhanced activities towards small alkanes suggests that methane hydroxylation activity might be accessible to this system upon the application of further rounds of directed evolution. 
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 BIOT 364 [603546]:  Engineering a protein molecular switch by combinatorial domain insertion

 NAME:   Marc Ostermeier, and Gurkan Guntas, Department of Chemical Engineering, Johns Hopkins University, 3400 N. Charles St., Baltimore, MD 21218, Fax: 410-516-5510, oster@jhu.edu 

 Abstract

A protein molecular switch exists in two or more states depending on the presence of a signal. Two non-interacting proteins, TEM1 -lactamase (BLA) and the E. coli maltose binding protein (MBP), have been functionally coupled (i.e. a switch has been created) using a directed evolution scheme involving libraries of one gene randomly inserted into other. From these random domain insertion libraries we have identified two fusions in which BLA activity can be modulated by maltose. In one switch the presence of maltose increases the kcat for nitrocefin hydrolysis 80%. In the other switch, kcat/Km increases almost 100% in the presence of maltose. This switch is sensitive, as the half-maximal effect on BLA activity occurs at 3 M maltose. Biochemical evidence indicates that the switching behavior requires a conformational change upon maltose binding. The nature of these engineered switches will be contrasted with that of natural allosteric enzymes. 
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 BIOT 365 [601140]:  Enzymology of xylose utilization in yeast: Coenzyme specificity of xylose reductase from Candida tenuis analyzed by site-directed mutagenesis and X-ray crystallography

 NAME:   Bernd Nidetzky1, Barbara Petschacher1, Mario Klimacek1, Kathryn L. Kavanagh2, and David K. Wilson2. (1) Institute of Biotechnology, Graz University of Technology, Petersgasse 12, A-8010 Graz, Austria, Fax: +43-316-873-8434, bernd.nidetzky@tugraz.at, (2) Section of Molecular and Cellular Biology, University of California 

 Abstract

Xylose reductase (XR) is an oxidoreductase widely spread in yeast and fungal species. It catalyzes the NAD(P)H-dependent reduction of D-xylose to xylitol in the catabolic pathway. Microbial xylose utilization is integral part of any biotechnological process that strives to make useful compounds such as ethanol from renewable lignocellulose-based raw materials. XR is an interesting target for enhancing the efficiency of yeast xylose conversion. Obviously, well characterized structure-function relationships will be paramount for engineering an enzyme with tailored specificities and produce novel yeast strains with increased metabolic capabilities. In that regard, the coenzyme specificity of XR is of great importance. We report crystal structures of apo and holo forms of xylose reductase from Candida tenuis. The enzyme is active with NADH and NADPH, and the binary complex structure with NADP(H) bound suggests interactions that contribute to an approximately 6-fold preference for NADPH over NADH. Side chains interacting with the 2’-phosphate group of NADP+ (e.g., Lys-274) have been replaced site-directed mutagenesis in an effort to produce a variant enzyme more active with NADH. Results of characterization of selected mutants (e.g., K274M) reveal that local conformational plasticity is likely responsible for the ability of the co-substrate binding site of the wild-type enzyme to accomodate NADH and NADPH with similar affinities. Prospects for further engineering the coenzyme specificity of XR and implications for yeast xylose utilization are discussed. 

Kavanagh, K. L., Klimacek, M., Nidetzky, B., and Wilson, D. K. (2002) The structure of xylose reductase, a dimeric aldo-keto reductase from Candida tenuis. Biochemistry 41 8785-8795. 

Nidetzky, B., Klimacek, M., and Mayr, P. (2001) Transient-state and steady-state kinetic studies of the mechanism of NADH-dependent aldehyde reduction catalyzed by xylose reductase from the yeast Candia tenuis. Biochemistry 40 10371-10381. 
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 BIOT 366 [600651]:  Novel screening method for enzyme activity and enantioselectivity using surface-enhanced resonance Raman scattering

 NAME:   Lorna C Stevenson, Duncan Graham, and Barry D Moore, Department of Pure and Applied Chemistry, University of Strathclyde, Thomas Graham Building, 295 Cathedral Street, G1 1XL, Glasgow, United Kingdom, lorna.stevenson@strath.ac.uk 

 Abstract

Surface enhanced resonance Raman scattering (SERRS) is one of the most sensitive spectroscopic techniques for molecular detection. To exploit this sensitivity, benzotriazole based dyes have been developed as optimal labels for detection and analysis using SERRS as they adsorb strongly onto metal surfaces. Masked benzotriazole dyes should be SERRS inactive, thus facilitating development of benzotriazole derivatives which can be cleaved via an enzyme-catalysed reaction to release the SERRS active benzotriazole group. We report the development of SERRS as a technique to determine the activity and enantioselectivity of an enzyme-catalysed hydrolysis reaction. The course of an enzyme-catalysed reaction was monitored successfully in the presence of silver nanoparticles with the use of a specifically designed masked benzotriazole dye. The technique was found to be very sensitive and reproducible. Furthermore, it was found that the enantioselectivity of the enzyme could be determined and the structure of the parent dye does not affect this determination. 
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 BIOT 367 [606570]:  Flow cytometric screening of chimeric glutathione transferase libraries expressed in Escherichia coli
 NAME:   Karl E. Griswold1, Yasuaki Kawarasaki2, Tzvia Selzer3, James D. Stevenson3, Stephen Benkovic3, Brent L. Iverson1, and George Georgiou2. (1) Department of Chemistry & Biochemistry, The University of Texas at Austin, Austin, TX 78712, (2) Department of Chemical Engineering, University of Texas at Austin, (3) Department of Chemistry, The Pennsylvania State University 

 Abstract

Libraries of heterodimer glutathione transferase (GST) genes were generated from parental theta class human T1-1 and rat T2-2 sequences using ITCHY, a recombination technique that allowed for crossover formation over the entire length of the genes regardless of the degree of homology in any local area. Shuffling of the two complementary single crossover libraries resulted in a highly diverse population of GST sequences containing members with both single and multiple crossovers. These libraries were expressed in E. coli and sorted using fluorescent probes for GST activity. An analysis of isolated clones will be presented along with conclusions regarding the relative efficiency of using ITCHY to generate enzyme variants with interesting catalytic activity. 



 BIOT 368 [607585]:  Microarray-based enzymatic modification of immobilized substrates for drug discovery

 NAME:   Lakshmi Santhanam1, Michael G Hogg2, James A Holland2, and Jonathan S Dordick3. (1) Department of Chemical Engineering, Rensselaer Polytechnic Institute, 110 8th Street, Troy, NY 12180, santhl@rpi.edu, (2) VA Medical Center, (3) Isermann Department of Chemical Engineering, Rensselaer Polytechnic Institute 

 Abstract

Enzymatic catalysis is extraordinarily broad-based, with applications in the synthesis of a range of products of pharmaceutical relevance. We have developed several enzymatic processes at multiple scales for the synthesis and discovery of a wide range of biologically active polymers. Specifically, we are synthesizing phenolic oligomers on an array-based solid-phase matrix to generate a class of compounds that show promise in inhibiting the assembly of the NADPH oxidase complex, an enzyme involved in signal transduction and implicated in several vascular diseases. This is achieved by first attaching the seed phenol to APTES derivatized glass slides via ester or amide bonds; the oligophenols for screening are then generated in a spatially addressable format combinatorially and in a controlled manner using soybean peroxidase using nanoliter pipetting techniques. Purification steps are eliminated as the products are recovered merely by removing excess reagents. The compounds are screened for biological activity based on their ability to bind to specific peptide sequences from NADPH oxidase subunits that participate in the assembly mechanism. 
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 BIOT 369 [607196]:  Solid-phase biocatalytic amplification of the natural product bergenin

 NAME:   Umar Akbar1, Jonathan S. Dordick2, and Douglas S. Clark1. (1) Department of Chemical Engineering, University of California, 201 Gilman Hall, Berkeley, CA 94720, Fax: 510-643-1228, u_akbar@uclink.berkeley.edu, (2) Department of Chemical Engineering, Rennselaer Polytechnic Institute 

 Abstract

Despite the proliferation of solid-phase techniques in combinatorial chemistry, similar methods have not been widely available for enzymatic transformations, especially in organic media. To this end, we are developing solid-phase techniques for both aqueous and nonaqueous biocatalysis using the flavonoid bergenin as a model lead compound. Bergenin was attached to three different TentaGelTM supports using chemical and biocatalytic reaction schemes as appropriate for each solid-phase system. Each attachment technique was evaluated in terms of yield, specificity of attachment, and reactivity of the attached bergenin. Two types of reactions were performed for each solid-phase system with the aim of determining the optimal reaction conditions: nonaqueous acylations using solubilized enzymes, and halogenations carried out in an aqueous/organic two-phase solvent system. Aqueous-phase hydroxylation reactions are also under development, and kinetic studies of bergenin derivatization in non-aqueous solution as well as on the solid support are underway. 
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 BIOT 370 [606920]:  Comparative thermostability/thermoactivity analysis of class II xylose isomerases for high-fructose corn syrup production at elevated temperatures

 NAME:   Kevin L. Epting1, T. Vann Pearce Jr.1, Claire Vieille2, Dinlaka Sriprapundh2, J. Gregory Zeikus2, and Robert M. Kelly1. (1) Department of Chemical Engineering, North Carolina State University, 840 Main Campus Drive, Parterners II Bldg. Room 3304, Raleigh, NC 27606, klepting@eos.ncsu.edu, (2) Department of Biochemistry and Molecular Biology, Michigan State University 

 Abstract

Xylose isomerase (XI) is used industrially to catalyze the conversion of glucose to fructose in the production of high fructose corn syrup (HFCS). Current HFCS production operates at temperatures around 60 degrees C, which limits conversion to forty-two percent. More thermostable, thermoactive XIs would allow the process to operate at higher temperature and, hence increase conversion rates. Based on their sequences, XIs are divided into two classes, I and II. While class I XIs are highly conserved and have similar thermostability levels, class II XIs are less conserved and their thermostability levels are more variable. Recombinant class II XIs from mesophilic (Escherichia coli, Bacillus licheniformis), thermophilic (Thermoanaerobacterium thermosulfurigenes), and hyperthermophilic (Thermotoga neapolitana) sources were examined with respect to their biochemical, biophysical, and bioprocessing characteristics. Factors contributing to XI’s thermostablity and the potential for using a thermostable XI in HFCS production will be discussed. 



 BIOT 371 [607884]:  The impact of nanotechnology on the development of cell isolation, separation, and expansion

 NAME:   Gary Keller1, James Martinec2, and Domanik Richard1. (1) ZelleRx, 600 S. Hoyne, Chicago, IL 60612, Fax: 773-577-0912, gary.keller@zellerx.com, (2) Gambro BCT 

 Abstract

Nanotechnology is making a significant contribution to the advancement of therapies for cancer and autoimmune disease. The progression in cell separation technology has progressed through a myriad of approaches to both optimize the selection and viability of a variety of cell sources. Cell separation technology is used to purify desired populations of cells or to deplete undesirable populations. Separation technology has progressed from simple substrates coating surfaces to trap cells, to more sophisticated methods involving technologies such as immunoadsorption and nanotechnology. Nanotechnologies that are impacting cell isolation, separation, and expansion include micormanipulation and microfluidics. As cell separation has advanced our knowledge of cell biology and opened the door to new sources of transplantable cells and tissue. Hematopoietic cell transplant, originally confined to the use of bone marrow derived cells has expanded to employ peripheral blood derived stem cells, cord blood and more recently mesechymal stem cells, dendritic cells and other cell types whose isolation and use rely extensively on the new technologies of cell separation. We review trends and developments in the cell therapy industry and the implications of these advancements in technology. 



 BIOT 372 [606756]:  Sequence-specific oligonucleotide purification using peptide surfactants

 NAME:   James W. Schneider, James P Vernille, and Bruno F Marques, Department of Chemical Engineering, Carnegie Mellon University, Carnegie Mellon University, Pittsburgh, PA 15213-3890, Fax: 412-268-7139, schneider@cmu.edu 

 Abstract

The greater understanding and detection of genomic information requires new nucleic-acid separation processes with increasing resolution and speed. We have been investigating the use of surfactants that bind DNA or RNA nucleotides in a sequence-specific way, tagging them for isolation from complex mixtures. The surfactants (PNAS) have a peptide headgroup containing peptide nucleic acid (PNA), a synthetic DNA mimic which confers unique nucleic-acid binding properties on the surfactants, including the ability to bind DNA in double-stranded form. PNAS -based methods are sequence-specific, provide important mass-transfer advantages over surface immobilized probes, and are easily scaled. Large changes in retention time in hydrophobic interaction chromatography are realized by PNAS binding to oligos prior to injection. Recovery of the target oligo is nearly quantitative and is also highly specific for the target sequence. We present thermodynamic and elution data for PNAS-DNA oligo binding and outline plans to use PNAS for front-end processing of dilute environmental samples for genomic detection. 



 BIOT 373 [597780]:  Plasmid purification by environmentally triggered precipitation

 NAME:   Jan Kostal1, Ashok Mulchandani2, and Wilfred Chen2. (1) Department of Chemical and Environmental Engineering, University of California, Riverside, Riverside, CA 92521, Fax: (909)787 5696, jkostal@engr.ucr.edu, (2) Department of Chemical and Environmental Engineering, University of California 

 Abstract

This talk describes a new method for plasmid purification by taking advantage of the DNA-binding affinity and specificity of the bacterial metalloregulatory protein MerR towards its recognition sequence, and the temperature responsiveness of elastin-like proteins (ELP). Upon increasing the temperature, ELP undergo a reversible phase transition from water-soluble forms into aggregates, resulting in precipitation of plasmids containing the MerR recognition sequence. We have successfully demonstrated that plasmid DNA could be purified from cell-free extract by co-precipitation with the ELP-MerR protein, with purity better than using the standard alkaline miniprep method. This ability to purify plasmid DNA by simple environmental triggers makes the reported method a possible candidate for large-scale plasmid purification suitable for applications such as nonviral gene therapy or DNA vaccines. 



 BIOT 374 [617988]:  Plasmid DNA production using compaction agents and immobilized metal-affinity chromatography

 NAME:   Tony Cano1, Jason Murphy2, George E. Fox3, and Richard C. Willson1. (1) Department of Chemical Engineering, University of Houston, 4800 Calhoun Ave, Houston, TX 77204-5001, Fax: (713) 743-4323, tony@alum.vanderbilt.edu, (2) Merck, (3) Department of Biology and Biochemistry, University of Houston 

 Abstract

We have developed techniques for the scaleable production of plasmid DNA using compaction agents and Immobilized Metal Affinity Chromatography (IMAC). Compaction agents (e.g. spermidine) allow reversible selective precipitation of DNA away from contaminants, as well as protection of DNA from shear during mechanical cell disruption. The use of compaction agents in this manner allows high throughput cell disruption using a French press or homogenizer, combined with an effective purification step which effectively removes RNA, protein, endotoxin, and other cellular contaminants from the DNA. The major contaminant remaining after compaction-protected mechanical disruption is the host genomic DNA, which is co-precipitated along with the product plasmid by the compaction agent. We have previously shown that IMAC can effectively remove RNA and genomic DNA contaminants from plasmid DNA. The use of protected lysis in conjunction with IMAC will be explored as an efficient, highly scalable method of plasmid production. 



 BIOT 375 [620954]:  Purification of supercoiled plasmid DNA by selective calcium silicate adsorption of closely related impurities

 NAME:   Michael A. Winters, Jesse D. Richter, Sangeetha L. Sagar, and Russel J. Lander, Vaccine Bioprocess Engineering, Merck &Co., Inc, West Point, PA 19486, Fax: 215-993-3348, michael_winters@merck.com 

 Abstract

A novel approach to supercoiled plasmid purification is reported in this presentation wherein key impurities from E. coli lysates, such as genomic DNA and open-circular plasmid, are selectively bound to gyrolite, a compound from the class of crystalline calcium silicate hydrates. This selective adsorption of genomic DNA and open-circular plasmid from solutions containing more conformationally constrained supercoiled plasmid product is investigated and exploited for purification purposes. The removal of DNA impurities is conducted in a single, high yielding adsorptive contact step. In addition, surfactants from upstream processing steps, such as cetyltrimethylammonium bromide (CTAB) and Triton X-100, as well as endotoxin, are removed. The selective removal of this wide range of impurities from supercoiled plasmid product, which remains non-bound, represents a powerful downstream polishing step for the manufacture of supercoiled plasmid that is a scaleable, economical alternative to chromatography. 



 BIOT 376 [602317]:  Metabolic biotinylation of proteins and viral vectors for purification from mammalian cells

 NAME:   Michael A. Barry1, M. Brandon Parrott1, Kristen E. Adams1, Samuel Campos2, and Debadyuti Ghosh1. (1) Center for Cell and Gene Therapy and Department of Bioengineering, Baylor College of Medicine and Rice University, One Baylor Plaza, BCM505, Houston, TX 77030, Fax: 713-798-1481, mab@bcm.tmc.edu, (2) Department of Biochemistry, Rice University 

 Abstract

We have previously demonstrated the ability to metabolically biotinylate genetically-tagged proteins in mammalian cells and in living mice. To extend this technology for gene therapy vectors, the adenoviral fiber was genetically engineered for metabolic biotinylation to generate a vector that is covalently biotinylated by the holocarboxylase synthase enzyme of 293 virus producer cells. In addition to re-targeting applications, we demonstrate the ability to magnetically separate the biotinylated virus as well as affinity purify it on monomeric avidin using biotin as a biocompatible release agent. This work on adenovirus provides proof of principle for a unified vector technology for vector purification on monomeric avidin (Kd=10-7 M) and vector re-targeting by conjugation of biotinylated ligands to the vector using tetrameric avidin (Kd up to 10-15 M). Generation of metabolically biotinylated VSV-g proteins and AAV vectors provides additional proof of principle for this approach for variety of viral gene therapy vectors. 



 BIOT 377 [620722]:  Viral vectors for gene therapy: New purification challenges

 NAME:   Sibylle Herzer1, Robert Morenweiser2, Nicole Brument3, and Peter M. Moore1. (1) Amersham Biosciences, 800 Centennial Avenue, Piscataway, NJ 08854, sibylle.herzer@am.amershambiosciences.com, (2) Amersham Biosciences Europe GmbH, (3) Laboratoire de Thérapie Génique, INSERM ERM-0105 

 Abstract

Gene therapy applications and gene delivery with viral vectors have created a need for highly purified, infectious virions at large scale. Traditional bench scale ultracentrifugation methods are time consuming and impractical at a larger scale. The chromatographic purification of infectious virions is not trivial due to size, shear-related issues and the fragility of especially enveloped viruses. This seminar will try to address the current needs for vector purification case by case illustrating purification strategies for adenoviridae and parvoviridae (AAV). Examples of chromatographic purification approaches will be given. Strategies for the design of purification processes to isolate new viral vectors will be discussed. 



 BIOT 378 [620614]:  Review of novel technologies for use as a virus barrier to eliminate adventitious contamination of viral drug products

 NAME:   Richard Pearce, and Herb Lutz, BioPharm Marketing, Millipore Corporation, Unit 3+5 The Courtyards, Hatters Lane, Watford, United Kingdom 

 Abstract

Adventitious viral contamination is a real concern in the production of viral drug products. Difficulties in implementing and validating adventitious viral inactivation and removal technologies in downstream processing results in a greater need to protect the cell culture for adventitious viral contamination. The use of virus barriers will eliminate the entry of adventitious virus into viral vector/vaccine manufacturing processes. In this presentation an overview of regulatory requirements on adventitious viral testing will be presented. The use of novel technologies that can be used to create virus barriers will be reviewed; the benefits of each technology will be presented along with the effects on cell growth and manufacturing costs. Novel normal flow filtration devices offer an effective and easy to use solution. Data will be presented on an application where Viresolve NFP devices were used as part of a virus barrier strategy in the production of a viral drug product. 



 BIOT 379 [611671]:  Expanded- and fixed-bed adsorption in capture of proteins from plant extracts

 NAME:   Charles E. Glatz, Todd J. Menkhaus, and Yun Bai, Chemical Engineering, Iowa State University, 2114 Sweeney Hall, Ames, IA 50011, Fax: 515-294-2689, cglatz@iastate.edu, toddmenk@iastate.edu 

 Abstract

The plant host matrix components play a role in the compatability of ion exchange adsorption with protein recovery from plant extracts. The host particulates determine the suitability of using expanded bed mode for adsorption. We present results for two plant hosts corn and canola and two product proteins. These form the basis for a methodology of evaluating the suitability of using these methods and some generic conclusions of downstream processing strategies for proteins from plant seeds. 



 BIOT 380 [605410]:  Metabolic flux analysis of Catharanthus roseus hairy roots using a carbon bond labeling experiment

 NAME:   Ganesh Sriram, Department of Chemical Engineering, Iowa State University, 3061 Sweeney Hall, Ames, IA 50011, Fax: 515-294-2689, gsriram@iastate.edu, Bruce Fulton, Laboratory of Carbohydrate Chemistry and Enzymology, Iowa State University, Ames, IA, and Jacqueline V. Shanks, Department of Chemical Engineering, 

 BIOT Division Chair/Iowa State University, 3031 Sweeney Hall, Ames, IA 50011, Fax: 515-294-2689, jshanks@iastate.edu 

 Abstract

Metabolic flux analysis is recognized as a powerful tool in metabolic engineering. We report the application of a carbon bond labeling experiment for evaluating metabolic fluxes in a plant system (Catharanthus roseus hairy roots). The experiment involves culturing the roots on a mixture of 10% U-13C sucrose and 90% natural-abundance (predominantly 12C) sucrose, extracting the proteinogenic amino acids, and conducting a 2-D [13C, 1H] HSQC NMR experiment on them. The multiplet intensities of various carbon nuclei from the NMR spectrum will then be analyzed and converted to metabolic fluxes by a computer software that we have developed, based on the concept of bondomer balances. Fluxes through primary/intermediary metabolic pathways such as glycolysis, pentose phosphate, TCA cycle, and the anaplerotic and glyoxylate shunts can be concurrently evaluated using this methodology. This is expected to be valuable in assessing the impact of genetic or environmental changes in the hairy roots. 



 BIOT 381 [603636]:  Metabolic flux analysis of halogenated monoterpene biosynthesis in microplantlet suspension cultures of marine red macroalgae

 NAME:   Gregory L. Rorrer, and Jason P. Polzin, Department of Chemical Engineering, Oregon State University, 102 Gleeson Hall, Corvallis, OR 97331, Fax: 541-737-4600, rorrergl@che.orst.edu 

 Abstract
Two species of tropical macrophytic marine red algae, Ochtodes secundiramea and Portieria hornemannii, are unique sources of halogenated monoterpenes possessing novel chemical structures and anti-tumor activity. Microplantlet suspension culture systems were developed for each plant using callus induction and shoot tissue regeneration techniques. Both culture systems generated an array of acyclic and cyclic halogenated monoterpenes from a common precursor, myrcene. However, O. secundiramea possessed only bromonium ion (Br+) generation capacity whereas P. hornemannii possessed both Br+ and Cl+ generation capacity. Metabolic flux analysis was used to deduce important steps in the bioreaction network to halogenated monoterpenes. Toward this end, a cell line of the O. secundiramea culture was established where all halogenation processes were disabled. This cell line produced myrcene, one sesquiterpene, and no halogenated monoterpenes. However, coordinated addition of bromide and vanadate (a co-factor for marine halogenase) in perfusion culture restored halogenated monoterpene biosynthesis, and rates of product formation were estimated from this pulse-response data. The highest metabolic fluxes corresponded to reaction steps that favored the formation of stable bromonium ion / carbocation intermediates, particularly those formed in the acyclic manifold of the pathway.



 BIOT 382 [606740]:  Study of polyunsaturated fatty acid synthesis in Glossomastix chrysoplastos, a marine microalgae, through optimization of bioreactor conditions and desaturase expression

 NAME:   Tracy Y. Hsiao, Chemical Engineering, University of California, Berkeley, 201 Gilman Hall, Berkeley, CA 94720, Fax: 510-643-1228, tyhsiao@uclink4.berkeley.edu, and Harvey W. Blanch, Department of Chemical Engineering, University of California 

 Abstract

Characterization of microalga Glossomastix chrysoplastos, an eicosapentaenoic acid (EPA) producer, was performed to maximize algal growth and EPA production. The effect of environmental factors such as dilution rate, pH, and temperature on the algae lipid production, especially EPA, was investigated in a continuous photobioreactor. To study the relationship between EPA production and desaturase expression in different fermentation conditions, probes to identify fatty acid desaturase were generated by reverse transcription of algal RNA with poly-A primers and PCR amplification with degenerate primers designed from conserved histidine regions of desaturases in other species. A cDNA library constructed with the algal mRNA is used to identify the full-length gene by the fatty acid desaturase probe, and gene transformation into yeast provides functional analysis for further identification. 



 BIOT 383 [607549]:  Investigating cell subpopulation dynamics of Taxus cell suspension cultures: A single cell method

 NAME:   Michael C. Naill, and Susan C. Roberts, Department of Chemical Engineering, University of Massachusetts, 686 North Pleasant Street, Goessmann Lab, Amherst, MA 01003 

 Abstract

Cell subpopulations play an important role in the behavior of plant cell culture, particularly in the production of secondary metabolites. Previous studies aimed at the understanding cell population dynamics have been performed with protoplasts. However, single cells are more representative of the culture characteristics, especially in situations where secondary metabolites are stored in the cell wall. In order to better understand cell subpopulation dynamics, we have developed an enzymatic method of isolating single cells from plant cell suspension cultures for their individual study via techniques such as flow cytometry. Multiple enzymes were tested, as well as several mechanical techniques for effectiveness in producing single cell suspensions. Our experiments were performed on the Taxus system for the production of the anticancer agent paclitaxel, and protocols were optimized for multiple Taxus cell lines. The combination of 0.5% (w/v) pectolyase Y-23 and 0.05% (w/v) cellulase produced the best results in terms of yield, viability, preparation time, and generation of a single cell population that best represents the culture as a whole. In order to compare the isolated cells with aggregated cells in culture, we monitored protein content over the cell culture period. Isolated single cells were stained with fluorescein isothiocyanate (FITC) at 25 µg/ml and analyzed via flow cytometry to determine individual protein content. Cultured cells were simultaneously measured for protein via the Bradford assay. Results from the two methods demonstrated similar trends over the culture period. In this talk, we will additionally comment on the comparison of single cells and protoplasts analyzed via flow cytometry and the adaptation of our protocols to cultures elicited with methyl jasmonate. 



 BIOT 384 [590460]:  Metabolic engineering of indole alkaloid pathways in Catharanthus roseus hairy roots

 NAME:   Erik H. Hughes1, Seung-Beom Hong1, Sue Gibson2, Jacqueline V. Shanks3, and Ka-Yiu San1. (1) Department of Bioengineering, Rice University, MS 142, PO Box 1892, Houston, TX 77251, Fax: 713-348-5877, erik@rice.edu, (2) University of Minnesota, (3) Department of Chemical Engineering, Iowa State University, 

 BIOT Division Chair 

 Abstract

Catharanthus roseus produces a number of indole alkaloids including the anti-cancer drugs vincristine and vinblastine. Previous studies have focused on the characterization of enzymes and cloning of genes necessary for the production of indole alkaloids. The current literature indicates a complicated network involving numerous cellular compartments, several differentiated cell types, and developmentally controlled expression levels. 

We are interested in the metabolic engineering of the indole alkaloid related pathways and the subsequent effects in C. roseus hairy roots. Although C. roseus cell culture has been the predominant system used in metabolic engineering studies, hairy roots have a number of advantages over cell cultures including increased genetic stability and substantially higher alkaloid content. We also believe that the availability of an inducible promoter could facilitate improved metabolic engineering studies by allowing for the investigation of temporal effects, providing an improved negative control against clonal variation, and avoiding the deleterious effects of constitutive expression. Previous characterization of the glucocorticoid inducible promoter in C. roseus hairy roots demonstrated activity with low basal expression, high inducibility, and a dosage-dependent response. 

Although the related pathways are not completely characterized, a sufficient number of vital genes have been cloned to warrant metabolic engineering efforts. The biosynthetic pathway leading to the indole alkaloids involves the coupling of secologanin from the terpenoid pathway with tryptamine of the indole pathway by strictosidine synthase. Subsequent enzymatic modifications create the array of indole alkaloids identified. Previous precursor feeding studies have pointed to the potential success of efforts aimed at the terpenoid and indole pathways. By expressing a feedback insensitive anthralinate synthase (AS) behind an inducible promoter, we have been able to increase tryptophan and tryptamine levels dramatically. As is often the case with upstream modifications, the impact on the alkaloids, the downstream products, was limited. Further studies on the indole pathway will explore the metabolic effects of inducible tryptophan decarboxylase (TDC) activity alone or coupled with inducible AS expression. Progress will also be discussed on lines metabolically engineered in the terpenoid pathway, specific alkaloid pathways, and at the level of a transcriptional activator known to modulate expression of a number of alkaloid biosynthetic genes. 



 BIOT 385 [618655]:  Analysis of theoretical metabolic yields under photo-autotrophic conditions

 NAME:   John A. Morgan, and Ogbane M. Akpobasah, School of Chemical Engineering, Purdue University, 480 Stadium Mall, West Lafayette, IN IN 47907, jamorgan@ecn.purdue.edu 

 Abstract

The calculation of theoretical yields is useful to evaluate the real yields of metabolites as well as proposed metabolic engineering steps. We have determined the theoretical yields and energetic requirements for the formation of intermediary metabolites under photoautotrophic conditions. Important in the analysis is consideration of cellular energy in the forms of ATP and NAD(P)H. Using available literature and genomic annotation data to construct metabolic pathways, we performed a comparison of theoretical energetic costs of biomass production for Synechocystis sp. 6803 and Arabidopsis thaliana. Special attention is given to a comparison of C3 vs. C4 metabolism and the costs of photorespiration. Implications for the metabolic engineering of central metabolism of plants will be discussed. 
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