Biotechnology/Tissue Engineering Taxonomy (DRAFT 06): 10 June 2002





Cellular and molecular biology of eukaryotic cells


Molecular biology of the cell


	Basic cell structure: prokaryotic, eukaryotic, plant.


	Mitosis and meiosis – cell cycle.


	Transcription of DNA to RNA.


	Translation to protein.


	Protein processing (ribosome, golgi ( secretion).


	Gene and protein regulation.





Understanding and manipulating the gene in cells


	Gene cloning.  


DNA sequencing.


	Bioengineering considerations in DNA sequencing methods and instrumentation.  


	The Human Genome Project.  


	Expression systems.





Mass and energy balances - cellular biosynthesis and energetics


Biochemistry – glycolysis, TCA cycle, pentose phosphate pathway.


Metabolic networks and metabolic engineering.


General anabolic pathways: lipids, proteins (in general), carbohydrates, and DNA/RNA.





Cellular interactions with the environment


Signal transduction.


Cell signaling.


Cell adhesion.


Cell motility.


Cell-matrix interactions.





Cellular biomechanics


Stress and strain distribution in biological systems.


Mechanical properties of biological tissues.


Mechanical regulation of biological activities.


Engineering mechanical stresses and strains in biological systems.


Electrical events in biological systems.


Electrical regulation of biological activities.





Mammalian cell bioreactors - product synthesis


Engineering aspects of mammalian cell culture


	Types of "bioreactors": batch, fed-batch, perfusion, hollow fiber, immobilized (encapsulated cells), roller bottle, etc.


	Geometrical considerations.  


Mass transfer of oxygen coupled to momentum transfer in mixing. 


	Fluid stress and cellular collisions.  


	Scaling up the laboratory bioreactor: special requirements resulting from increased culture volume. 


	


Bioengineering aspects of mammalian cell culture


Nutritional requirements and medium formulation.


Effects of process parameters such as osmolarity, pH, dissolved oxygen, waste metabolites, conditioned medium, etc.


Cell proliferations and differentiation.


Cell death – necrosis and apoptosis.





Mammalian cell bioreactor products


Overview of current and future products obtained from mammalian cell culture (case studies)


Vaccine development and production.


Therapeutic proteins (human insulin, rFVIII, EPO).


Mammalian cells for transplantation.





Separation and analytical techniques


General methods for handling proteins and DNA





Cell isolation and fractionation


	Solubilization procedures, physical methods, antibody methods, magnetic methods, flow cytometry.





Protein recovery


	Bulk methods, precipitation techniques, solid-liquid separation, membrane separation, solvent extraction, near critical fluid extraction.





Protein purification


	Chromatographic methods, electrophoretic methods, immunological methods (ELISA, western blot). 








Protein and DNA characterization


	Purity, size, molecular weight, presence of subunits, amino acid analysis, limited N-terminal sequence analysis, spectrophotometry, turbidity, refractive index, polymerase chain reaction.





Auxiliary requirements


Support systems


	Sterilization of equipment, biowaste decontamination, project planning, validation of biopharmaceutical facilities.





Pharmaceutical (protein or gene product) plant design


Designing a pharmaceutical plant to produce a given product


Raw materials and utilities. 


Choice of production platforms: bioreactor, roller bottles, transgenic animals. 


General separation scheme. 


Process economics. 


Batch scheduling. 





Agricultural biotechnology


Understanding and manipulating the gene in animals and plants


	Bioengineered mice and larger animals, generally agricultural (sheep, goats, etc.).


	Transgenic animals.


	Transgenic plants.





DNA and protein diagnostics 


ELISA, ECL, PCR/rtPCR, real-time PCR.





Drug discovery 


Identification of natural and synthesized molecules for disease management


Target identification.


Screening of combinatorial libraries.


Target validation.


	


DNA microarrays


Practical interpretation of genomic information


Introduction to DNA hybridization and microarrays.


Microarray substrates.


DNA printing technologies.


Fluorescence detection of hybridization.


Data analysis and interpretation.


Locating disease genes.


Commercial products and processes.


	


Gene therapy


Understanding and manipulating the gene in humans


	Principles and techniques of gene delivery.  


	Intracellular aspects of gene delivery. 


	Gene therapy for diseases in various systems. 


	Spatial targeting of gene delivery.  


	Temporal control of gene expression. 





Protein therapeutics


Identifying, understanding and producing proteins to serve as therapeutic drugs


(Protein) drug delivery systems. 


Pharmacokinetics of protein drugs (i.e. the half-life and fate of the proteins). 


Potential side effects. 


Protein engineering with special emphasis on MAbs and antibody


engineering (antibodies are about 40% of biotech products).


Understanding the tradeoffs between protein and gene therapies.





Tissue engineering


Applications of multicellular structures


	Cell preparation, engineering, and implantation.


	Application of polymeric materials to tissue engineering.


	Engineering tissues in vitro and in vivo.


	Neural tissue engineering.


	Cardiovascular tissue engineering.


	Pancreatic tissue engineering.


	Hepatic tissue engineering.


	Connective tissue engineering.





Organ engineering 


Replacement or augmentation of complex physiological functions


	Organ assistance.


	Organ transplantation.


	Artificial organs.


	Organ engineering in various systems.





Ethics and regulation of biotechnology


Sociological impact of biotechnology


Long-term implications for permanent gene therapy.


Sources for biological materials (animals, embryos, stem cells, aborted fetuses).


Patent rights and intellectual property.


Regulatory issues.


Economics of biotechnology.





=====================================================================


Other ideas not yet completely incorporated into the taxonomy:





1.) Addition of a plant section.  There's a high demand for technicians trained in plant biotechnology.


2.) Addition of bacteria, yeast and fungi to the list of cells to be grown.  


3.) Addition of bubble, foam and droplet fractionation to the list of protein separation methods.  4.) Addition of fermentation, enzyme reactors and enzyme kinetics.


