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Purpose

The purpose of this document is to outline the proposed skills and knowledge standards for the Associate Degree Program in Biotechnology. These skills and knowledge standards were defined jointly by representatives from Baxter, Dow AgroSciences, Eli Lilly and Company, and Roche Diagnostics, and are intended to be used as the basis for the development of an academic curriculum focused on hands-on, practical training in Biotechnology and leading to an Associate (2-year) Degree. 

Organization and Assumptions

The skills and knowledge standards outlined in this document are presented in a tabular format in appendix 1 and are grouped according to the tasks a graduate with an Associate Degree in Biotechnology is expected to perform.  For each task, a description of the skills and knowledge is given. Additionally, a numeric code is also given for the skills and knowledge for two types of functions: a Laboratory Technician function and a Manufacturing Technician function. The Laboratory Technician function includes Research and Development and Quality Control laboratory activities, whereas the Manufacturing Technician function encompasses all activities surrounding manufacturing floor operations (e.g. actual production work, process support, quality assurance). The numeric code describes the preferred delivery of these skills and knowledge for the two functions as follows:

1 = must have in academic program

2 = must have in either academic program or through internship

3 = may get in internship
Based on this coding, a set of skills or knowledge with a code of 1 or 2 must be made available to either the Laboratory Technician curriculum or the Manufacturing Technician curriculum, whereas a code of 3 means that a specific set of skills or knowledge will not be made available to all students, but will rather be acquired during the internship each student is expected to complete, which will vary from student to student and internship to internship.

Articulation

It is expected that all students be repeatedly exposed to the skills and knowledge outlined in the “General Tasks” section of appendix 1 throughout their curriculum, through specific classes as well and/or as underlying themes or topics in their various laboratory classes (e.g. safety, problem solving, data analysis)

More specific skills and knowledge (e.g. Molecular Biology Technology, Protein Purification Technology) should be acquired through specific classes (either courses already offered by academic institutions or new courses to be developed), and/or through the hands-on experience resulting from the internship. It is expected that the internship will occur during the last semester of the program to ensure that the students have a broad enough skill set so they can successfully deal with the specific challenges presented by each internship. It is also expected that all students will acquire the skills and knowledge described in the “Solution Preparation”, “Cell Culture Technology”, and “Analytical Methods” sections of appendix 1. The skills and knowledge in the “Molecular Biology”, “Cell Culture Technology”, “Fermentation Technology”, “Protein Purification Technology”, “environmental Technology” and “Manufacturing Technology” sections of appendix 1 will constitute areas of specialization for the students, and as such will not be a requirement for all students. Appendix 2 depicts a possible articulation of these different skills and knowledge over the course of the curriculum.

Appendix 1: Skills and Knowledge Table

General Tasks

	Tasks


	Skills

What does someone need to be able to do to perform this task?
	Knowledge

What does someone need to know to perform this task?
	Lab/Analyst

Technician


	Manufacturing Technician



	
	
	
	Skill              Knowledge
	Skill              Knowledge

	Reliable performance of routine operations


	Attention to details

Ability to understand and follow written technical instructions
	Compliance requirements for following directions without deviating from procedures


	    1                       1
	    1                       1

	Assembly and troubleshooting of equipment
	Mechanical skills


	Equipment design

Equipment control and operations
	    2                       1
	    2                       1

	Technical data analysis


	Graphical representation of data

Application of statistical thinking to technical problems
	Statistical terms and concepts
	    1                       1
	    1                       1

	Good documentation and compliance with global regulatory guidelines 
	Attention to details

Ability to understand and follow written technical instructions
	GXP, FDA/EPA/OSHA/USDA,

USP/EP/JP, EMEA, DOT
	    1                       1
	    1                       1

	Maintenance of a safe work environment


	Equipment control and operations

Ability to understand and follow written technical instructions
	Basic industrial health and safety concepts and sources of information, lab versus industrial applications
	    1                       1
	    1                       1

	Effective communication of technical data
	Public speech

Technical writing
	Audience analysis

Intent vs. impact

Language skills
	    1                       1
	    1                       1

	Basic chemistry/biochem calculations (units, moles, kinetics, stochiometery)
	Basic mathematical calculations

Attention to details
	Basic chemistry

Basic mathematics
	    1                       1
	    1                       1


General Tasks (continued)

	Tasks


	Skills

What does someone need to be able to do to perform this task?
	Knowledge

What does someone need to know to perform this task?
	Lab/Analyst

Technician


	Manufacturing Technician



	
	
	
	Skill              Knowledge
	Skill              Knowledge

	Computer proficiency
	Instrument interface, spreadsheets, word- processing, presentation software


	Computer system structure

Data management


	    1                       1
	    1                       1

	Aseptic Operations
	Aseptic techniques, environmental monitoring (swabbing, plating)
	Classifications, environmental monitoring techniques, gowning requirements, sterilization and sanitization, cleaning
	    3                       1
	    3                       1

	Critical Thinking 
	Ability to systematically apply appropriate tools to experimental/production situations; ability to design/execute an appropriate and valid experiment; ability to systematically investigate to determine the cause of a production issue.
	Troubleshooting, systematic problem solving, investigation documentation

Potential tools:  DOE, FMEA,

Fault Tree, applied statistics,

Root cause analysis, SPC,

CAPA, Ishikawa, appropriate software programs 
	    1                       1
	    1                       1


The expectation is for all courses in a biotech curriculum to reinforce these general skills and knowledge standards.  For example, exercises and assignments need to evaluate and further develop students’ critical thinking and problem-solving skills, documentation and communication skills, and safety awareness. 

Solution Preparation

	Tasks


	Skills

What does someone need to be able to do to perform this task?
	Knowledge

What does someone need to know to perform this task?
	Lab/Analyst

Technician


	Manufacturing Technician



	
	
	
	Skill              Knowledge
	Skill              Knowledge

	Buffer Make-Up


	Ability to measure weights and volumes accurately

Proper use of filters
	Basic chemistry (pH, conductivity, ionic strength)

Chemical compatibility
	    1                       1
	    1                       1

	Media Make-Up
	Ability to measure weights and volumes accurately

Proper use of autoclaves and filters
	Basic chemistry and biology (pH, conductivity, ionic strength, requirements for cell growth, heat sensitivity)
	    1                       1
	    1                       1

	Formulation of Product
	Internship
	Basic protein/lipid chemistry

Excipients

Stability
	    3                       1
	    3                       1


Protein Purification Technology

	Tasks


	Skills

What does someone need to be able to do to perform this task?
	Knowledge

What does someone need to know to perform this task?
	Lab/Analyst

Technician


	Manufacturing Technician



	
	
	
	Skill              Knowledge
	Skill              Knowledge

	Bulk fractionation


	Solution prep
	Basic protein chemistry

Precipitation, crystallization, dialysis, immunoprecipitation
	    1                       1
	    1                       1

	Column packing
	Ability to pack and test a column
	Principles of chromatography

Column packing testing (HETP, permeability)
	    1                       1  
	     1                      1  

	Protein chromatography


	Solution prep

Ability to collect and pool fractions
	Principles of chromatography 

CEX vs. AEX, SEC, affinity, reversed-phase, expanded bed
	    1                       1
	    1                       1

	Enzymatic reactions


	Use of spectrophotometer

Solution prep
	Principles of enzymology

Enzymatic reaction kinetics
	    1                       1
	    1                       1

	Harvest techniques (including filtration)
	Mechanical skills
	Principles of solid/solid and solid/liquid separation
	    1                       1
	    1                       1

	Ultrafiltration  
	Solution prep
	Principles of filtration and UF
	    3                      1
	    3                       1

	High throughput purification techniques
	Solution prep
	Robotics/lab automation
	    3                       1
	    3                       1


Analytical Methods

	Tasks


	Skills

What does someone need to be able to do to perform this task?
	Knowledge

What does someone need to know to perform this task?
	Lab/Analyst

Technician


	Manufacturing Technician



	
	
	
	Skill              Knowledge
	Skill              Knowledge

	Protein assays


	BCA, Biuret

Solution prep
	Basic protein chemistry
	    1                       1
	    1                       1

	Enzyme activity assay


	Solution prep

Use of spectrophotometer
	Principles of enzymology

Enzymatic reaction kinetics

High throughput assays, chemiluminescence
	    1                       1
	    1                       1

	Protein characterization


	Amino acid analysis

Sample preparation (desalting, etc.)
	MS, sequencing,

amino acid analysis


	    3                       1
	    3                       1

	Immunoassays


	Western and Elisa
	ELISA, antibody production, Western, high-throughput analysis
	    3                       1
	    3                       1

	Spectrophotometry


	UV/VIS, fluorescence


	Basic protein chemistry

Flow cytometry (lasers)
	    1                      1
	    1                       1

	Gas chromatography
	Use of GC equipment and data analysis
	Principles of GC
	    3                       1
	    3                       1

	HPLC
	Use of HPLC equipment and data analysis
	LC/MS (mass spec)
	    1                       1
	    1                       1

	Electrophoresis
	Use of equipment

Gel staining

Data analysis and interpretation
	Isoelectric focusing, 

capillary, SDS-PAGE

Gel scanning
	    1                       1
	    1                       1

	Imaging
	?
	FACS, fluorescence

Luminator, 
	    3                       1
	    3                       1

	Bioassays
	Data analysis and interpretation for bioassays
	Cell vs. animal-based assays

Biopotency and bioavailability

Cytotoxicity and apoptosis
	    3                       1
	    3                       1


Analytical Methods (continued)

	Tasks


	Skills

What does someone need to be able to do to perform this task?
	Knowledge

What does someone need to know to perform this task?
	Lab/Analyst

Technician


	Manufacturing Technician



	
	
	
	Skill              Knowledge
	Skill              Knowledge

	Physical measurements
	pH, moisture, conductivity,

density, viscosity, turbidity,

hyrdrophobicity
	Basic chemistry
	    1                       1
	    1                       1

	Microbial analysis
	LAL, speciation
	Endotoxins, isolate identification
	    3                       1
	    3                       1

	Microscopy
	Visible
	Principles of microscopy

SEM, AFM, TEM

Fluorescence

Immunohistochemistry
	    1                       1
	    1                       1

	Elemental analysis
	Use of equipment

Data analysis and interpretation
	Basic physical chemistry

FTIR, atomic absorption
	    3                       1
	    3                       1

	Bioinformatics
	
	Basic protein chemistry

Homology, calculation of protein properties, predicted protein confirmation
	    3                       1
	    3                       1

	Isotopic techniques
	
	Basic physical chemistry

Theory, safety, use of 14C, 32P
	    3                       1
	    3                       1


Molecular Biology

	Tasks


	Skills

What does someone need to be able to do to perform this task?
	Knowledge

What does someone need to know to perform this task?
	Lab/Analyst

Technician


	Manufacturing Technician



	
	
	
	Skill              Knowledge
	Skill              Knowledge

	Analytical techniques


	Agarose gel electrophoresis


	Southern analysis, Northern analysis
	    1                       1
	    3                       1

	Nucleic acids isolation


	Plasmid/Plant DNA isolation


	Techniques, methods
	    1                       1
	    3                       1

	Restriction enzyme digestion


	Run gel

Analyze and interpret results
	Sequencing, standard restriction enzymes
	    1                       1
	    1                       1

	Transformation/ transfection of host cells


	Cell transformation and selection
	Basic cell lines, techniques,

construction of recombinant vectors


	    1                       1
	    3                       1

	Polymerase Chain Reaction  (PCR)


	Total PCR workflow


	Different platforms
	    1                       1
	    1                       1

	Mutagenesis studies


	Techniques used in mutagenesis
	Studies, classifications, gene mapping
	    3                       1
	    3                       1

	Computer comparison & management of DNA 

Sequence
	Ability to perform computer search 
	Computer simulation

(isolation, sequencing, identification)
	    1                       1
	    3                       1


Cell Culture Technology

	Tasks


	Skills

What does someone need to be able to do to perform this task?
	Knowledge

What does someone need to know to perform this task?
	Lab/Analyst

Technician


	Manufacturing Technician



	
	
	
	Skill              Knowledge
	Skill              Knowledge

	Sterile techniques


	Autoclaving, pipetting


	Basic microbiology

Differences between cell systems (prokaryotes vs. eukaryotes)
	    1                       1
	    1                       1

	Culture preservation and maintenance


	Cell growth and freezing
	Basic microbiology

Differences between cell systems (prokaryotes vs. eukaryotes)
	    1                       1
	    1                       1

	Operational techniques


	Cell counting, staining, passaging (culture replication)
	Basic microbiology

Differences between cell systems (prokaryotes vs. eukaryotes)
	    1                       1
	    1                       1

	Contamination detection
	Ability to detect contaminants
	Basic microbiology

Differences between cell systems (prokaryotes vs. eukaryotes)
	    1                       1
	    1                       1


Fermentation Technology

	Tasks


	Skills

What does someone need to be able to do to perform this task?
	Knowledge

What does someone need to know to perform this task?
	Lab/Analyst

Technician


	Manufacturing Technician



	
	
	
	Skill              Knowledge
	Skill              Knowledge

	Use of fermentors


	large scale, autoclavable,

monitoring equipment (bioreactor), data collection

INTEGRATION LAB-CAPSTONE
	Control algorithms (oxygen, substrate, etc), fermentor design, process scale-up
	    1                       1
	    1                       1

	Harvest techniques


	Centrifugation as a basic experience
	Overview of methods
	    1                       1
	    1                       1

	Regulatory Compliance
	
	GMP, GMO issues
	    1                       1
	    1                       1


Manufacturing Technology

	Tasks


	Skills

What does someone need to be able to do to perform this task?
	Knowledge

What does someone need to know to perform this task?
	Lab/Analyst

Technician


	Manufacturing Technician



	
	
	
	Skill              Knowledge
	Skill              Knowledge

	 Process Equipment


	Plant visits and field trips.
	Standard unit operations in biotech: pumps, valves, piping,

tanks, mixing, material flow. pressure vessels, cryo-technology, freeze drying,

fill/label equipment, filter, homogenizers, automated inspections, etc.
	    3                       1
	    1                       1

	Process/Equipment Control and Automation 


	Computer Simulation

Plant visits and field trips.


	Different modes (PLCs, DCS),

Interface, basic control theory
	    3                       1
	    1                       1

	 Heat and Mass Transfer


	Internship
	Basic concepts in heat and mass transfer
	    3                       1
	    1                       1


Environmental Technology

	Tasks


	Skills

What does someone need to be able to do to perform this task?
	Knowledge

What does someone need to know to perform this task?
	Lab/Analyst

Technician


	Manufacturing Technician



	
	
	
	Skill              Knowledge
	Skill              Knowledge

	Environmental Monitoring


	Swab

Culture
	EM equipment and methods

Room classification

Regulatory requirements
	    3                       1
	    3                       1

	Bioburden Control (including SIP)


	Internship
	Bioburden control techniques

Regulatory requirements
	    3                       1
	    3                       1

	 Cleaning (including CIP)


	Internship
	Cleaning equipment and methods

Regulatory requirements
	    3                       1
	    3                       1


Validation Technology

	Tasks


	Skills

What does someone need to be able to do to perform this task?
	Knowledge

What does someone need to know to perform this task?
	Lab/Analyst

Technician


	Manufacturing Technician



	
	
	
	Skill              Knowledge
	Skill              Knowledge

	 Validation Concepts


	Internship


	Protocol generation, method validation, DQ, IQ, OQ, PQ, PV, documentation

Regulatory requirements
	    3                       1
	    3                       1

	Validation Execution 


	Internship
	Facilities, equipment, processing, cleaning

Regulatory requirements
	    3                       1
	    3                       1

	Maintaining Validation Status


	 Internship
	Calibration, maintenance,

change control, deviations

Regulatory requirements
	    3                       1
	    3                       1


Appendix 2: Proposed Articulation of Skills and Knowledge
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•Maths (6CR)

•Statistics for Biotech (3CR)

•English/tech writing (6CR)

•Computer (3CR)

•Humanities/Social Sciences (3CR)

Total: 21CR

Core Classes

•Biology (5CR)

•Chemistry (10CR)

•Biochemistry (3CR)

•Physics for Biotech (2CR)

•Intro to Biotech (2CR)

•Compliance (1CR)

•Safety (1CR)

•Analytical methods (2CR)

•Solution prep (1CR)

•Validation (2CR)

•Cell Culture (2CR)

Total: 31CR

Molecular Biology

•Mol Biol (4CR)

•Mfg Tech (E, 2CR)

•EM (E, 2CR)

Total: 6CR

Fermentation

•Fermentation (4CR)

•Mfg Tech (E, 2CR)

•EM (E, 2CR)

Total: 6CR

Protein Purification and 

Formulation

•Protein purif (4CR)

•Mfg Tech (E, 2CR)

•EM (E, 2CR)

Total: 6CR

Laboratory or Manufacturing Technician

Internship (6CR)

(E) denotes an elective course

Minimum Total CR: 64
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