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COURSE NUMBER: BISI 1204

COURSE TITLE: Biotechnology Protein Purification Techniques

CREDITS: 4	CLASS HOURS PER WEEK: 3 lecture, 3 lab	CONTACT HOURS: 6

PRE-REQUISITES: Successful completion of BISI 1203

CO-REQUISITES: None

COURSE DESCRIPTION: The fourth installment of a four-course sequence designed to provide students majoring in biotechnology a solid working knowledge of how to purify proteins as well as give them hands on experience with the techniques. Subjects covered in the course include solutions, separation of proteins using different types of chromatography, monitoring protein purity using gel electrophoresis and mass spectrometry, and bioinformatics.

COURSE STUDENT LEARNING OUTCOMES:

I. Solutions, buffers, temperature, and pH
1. Be able to explain “like dissolves like”
2. Be able to identify polar, non-polar, hydrophilic, and hydrophobic solvents
3. Understand what types of solvents are appropriate for which types of proteins
4. Understand the components of the cell wall and how to lyse the cell wall without destroying the protein.
5. Understand handling and storage of proteins.

II. Chromatography
1. Describe the basic theory behind protein separation by chromatography.
2. Explain the main chromatography types: size-exclusion, ion exchange, and affinity and when you would use each type
3. Apply the principals of solutions and buffers to pick appropriate solvents and eluents

4. Be able to reproducibly achieve protein separation in a particular eluent time frame
5. Be able to set up and run a separation protocol on the HPLC.
6. Be able to read a chromatogram from the HPLC.

III. Mass Spectrometry
1. Describe the basic theory of mass spectrometry.
2. Explain that mass spectrometry can be used to check purity and identity of the protein.
3. Be able to set up and run a sample on the GC/MS.
4. Be able to interpret the spectra data.

IV. Immunoblotting
1. Understand the concept behind immunoblotting.
2. Be able to run an SDS-PAGE gel, transfer, and stain.
3. Be able to visualize and interpret proteins using immunoblotting.

V. Protein measurements
1. Understand the creation and utilization of a concentration curve.
2. Be able to determine protein concentration of an unknown sample.

VI. Creating a purification protocol
1. Apply knowledge gained through the course to novel settings.
2. Document procedures so that they can be reproduced.
3. Be able to scale up workflow for larger volumes.


INSTITUTIONAL LEARNING GOALS
1. Critical Thinking
2. Quantitative Skills
2. Scientific Literacy
4. Technological Competence
5. Communication Competence
6. Professional and Life Skills

PROGRAM OUTCOMES

· To help students develop both the theoretical foundation as well as the hands on experience of protein purification such that they successfully create a strategy and carry out the purification of a new protein.
· To help students learn calculations so that proteins can be purified based on isoelectric point and can create protein concentration curves and analyze samples.

· To provide opportunities for students to run experiments that they design and improve upon designs in low stakes environments
· To help students be able to find and distinguish good source material as well as be able to produce material at the appropriate level for the audience from industry to the public.
· To hold students accountable for deadlines and professional standards.


OT36 LEARNING OUTCOMES:
N/A

TAG LEARNING OUTCOMES:
N/A

COURSE MATERIALS (TEXTBOOKS, MANUALS, REFERENCES, AND OTHER READINGS):

Textbook (Required): Basic Laboratory Methods for Biotechnology by Lisa A. Seidman, Cynthia J. Moore, Jeanette Mowery

Textbook (Required): Protein Purification by Philip L. R. Bronner.

GENERAL INSTRUCTIONAL METHODS:
Lecture, Demonstration, Group Activities, Discussion, Assigned Readings, Research Project and Laboratory Work

STANDARDS AND METHODS FOR EVALUATION:

	2 lecture-based exams
	150 points each
	300 points

	2 lecture-based quizzes
	75 points each
	150 points

	3 formal lab protocol write ups
	50 points each
	150 points

	12 lab notebook checks
	10 points
	120 points

	Homework
	110 points
	110 points

	Comprehensive Final
	170 points
	170 points

	
	Total:
	1000 points



GRADING SCALE:

	90%-100%
	A

	80-89%
	B

	70-79%
	C

	60-69%
	D

	0-59%
	E




SPECIAL COURSE REQUIREMENTS:
· Purchases: Students are required to purchase the lab manual, review the safety instructions, and sign the safety agreement form before participating in any laboratory sessions.
· Safety: Students must follow safety rules during each lab throughout the course.
· Punctuality: Late arrival to a lab session may result in not being allowed to perform the experiment. Students are expected to complete all scheduled laboratory experiments. There are no excused absences or make-up sessions; any missed lab will receive a grade of zero.

ATTENDANCE POLICY

· It is the policy of the Biological Sciences Department that all students must earn at least 70% of the total number of laboratory points in the course in order to receive a passing grade in the course.

COLLEGE SYLLABUS STATEMENTS

Columbus State Community College has posted Standard Syllabus Statements on the Student Code of Conduct, Disability Services, Audio and Video Recording of Class, and Title IX policies here: https://www.cscc.edu/academics/syllabus.shtml


UNITS OF INSTRUCTION, OUTCOMES AND ASSESSMENT ALIGNMENT

Week 1
Unit of Instruction: Introduction and Review Student Learning Outcomes:
Students will review the properties of water as a solvent, the concepts of pH and buffering, and the structure and function of proteins. They will explore water’s polarity and its ability to form hydrogen bonds and understand how these characteristics influence the behavior of polar, nonpolar, and amphipathic molecules. The unit will cover how acids and bases affect pH and the role of buffers in maintaining pH stability. Students will examine the four levels of protein structure and the types of interactions that determine protein shape. They

will understand how DNA encodes the primary structure of proteins and explore the functional consequences and causes of protein denaturation. Finally, students will learn how protein properties can be leveraged for purification processes in a laboratory setting. Course Student Learning Outcomes: I
Assessments: Lab notebook check 1 of 12

Week 2
Unit of Instruction: Protein Laboratory Solutions
Student Learning Outcomes: Students will learn about the key components of solutions used in protein purification and how these are selected based on the properties of the target protein. They will explore the use of detergents and solubilizing agents during extraction, as well as organic solvents for protein precipitation. The unit will cover stabilizing reagents, appropriate use of protease inhibitors, and the importance of maintaining proper pH and ionic strength to preserve protein stability and function. Students will also examine the roles of cofactors, denaturants, and chelating agents, along with guidelines for selecting each based-on purification goals. Proper protein storage methods, including freeze-drying, temperature control, and the use of stabilizing additives, will be addressed. Finally, students will develop skills in handling solutions and equipment essential to the protein purification process.
Course Student Learning Outcomes: I
Assessments: Lab notebook check 2 of 12, Quiz 1

Week 3
Unit of Instruction: Introduction to Centrifugation and Bioseparation
Student Learning Outcomes: Students will learn about centrifugation in protein purification. Firstly, students will grasp the theoretical underpinnings of centrifugation, including the forces involved and their impact on particle sedimentation. They will also learn to select appropriate centrifugation parameters such as rotor type, speed, and duration based on the characteristics of the target proteins and the sample matrix. Practical skills in operating and maintaining centrifuges will be developed, ensuring safe and efficient use of this equipment. Students will gain proficiency in differentiating between the various centrifugation techniques, such as differential, density gradient, and ultracentrifugation, and comprehend their respective advantages and limitations. They will also explore the role of centrifugation in protein purification workflows, including its integration with other techniques like chromatography.
Course Student Learning Outcomes: I
Assessments: Lab notebook check 3 of 12

Week 4
Unit of Instruction: Chromatography Part I Student Learning Outcomes:
Students will get an introduction to the underlying principles and applications of different types of chromatography. Beginning with size-exclusion chromatography, students will

learn to separate molecules based on size and shape, select appropriate phases, and interpret elution profiles. For ion exchange chromatography, students will learn how separation is achieved, select suitable resins, and optimize conditions for efficient separations. Hydrophobic interaction chromatography will be explored, emphasizing differences in hydrophobicity for separation, with students gaining skills in matrix selection and optimization. Lastly, in affinity chromatography, students will delve into specific interaction-driven separations, customizing ligands and supports, and interpreting chromatograms. Students will learn about different types of chromatography systems such as HPLC and FPLC. In this unit, students will also begin learning to strategize the purification process.
Course Student Learning Outcomes: II
Assessments: Lab notebook check 4 of 12, Exam 1

Week 5
Unit of Instruction: Chromatography Part II
Student Learning Outcomes: Students will study ion exchange chromatography in the context of protein purification in depth. They will delve into the role of pH and isoelectric point (pI) in ion exchange chromatography, understanding their influence on protein binding and elution. Students will learn the intricacies of selecting an appropriate column matrix, exploring the impact of matrix composition on separation efficiency. Students will gain insights into eluent properties, learning how different solutions affect the elution of proteins. Students will learn how separation is achieved in ion exchange chromatography, providing students with a comprehensive understanding of the underlying principles that govern this essential protein purification technique.
Course Student Learning Outcomes: II
Assessments: Lab notebook check 5 of 12




Week 6
Unit of Instruction: Chromatography Part III
Student Learning Outcomes: Students will delve into hydrophobic interaction chromatography (HIC) as a pivotal protein purification technique. They will focus on understanding the significance of column matrix selection in HIC, exploring how matrix composition impacts the interaction between proteins and the stationary phase. The course will delve into the role of the eluent in HIC, elucidating how altering the salt concentration facilitates the selective binding and subsequent elution of proteins. Additionally, students will initiate their exploration of affinity chromatography, specifically with an emphasis on the choice of column matrix. This foundational knowledge will empower students to comprehend the intricacies of these chromatographic techniques and lay the groundwork for their application in various protein purification contexts.
Course Student Learning Outcomes: II

Assessments: Formal lab protocol write up 1

Week 7
Unit of Instruction: Chromatography Part IV
Student Learning Outcomes: In this comprehensive learning module, students will delve into the principles of affinity chromatography, focusing on the eluent's role and understanding how separation is achieved. They will explore the significance of selecting an appropriate eluent in affinity chromatography, considering factors such as ligand specificity and binding affinities. Additionally, students will gain insights into the mechanism of separation. Students will also learn size exclusion chromatography (SEC) in this unit. Understanding the impact of pore size in the matrix, students will grasp how SEC separates proteins based on their molecular size. The eluent's role in SEC will be explored, illustrating how it influences the flow rates and the overall efficiency of separation. By the end of the module, students will possess a nuanced understanding of both affinity and size exclusion chromatography, enabling them to apply these techniques strategically in diverse protein purification scenarios.
Course Student Learning Outcomes: II
Assessments: Lab notebook check 6 of 12

Week 8
Unit of Instruction: Protein Assays
Student Learning Outcomes: In this module on monitoring protein purification, students will develop a comprehensive skill set for assessing the efficacy of purification processes. Students will understand the importance of monitoring and evaluating protein purity. Students will delve into electrophoresis and mass spectrometry techniques, acquiring proficiency in visualizing and characterizing proteins based on their molecular weight and structure. Assays for contaminants will be a focal point, enabling students to identify and quantify impurities that may compromise the integrity of purified proteins. Total protein, specific activity, and yield assessments will be covered, with a particular emphasis on enzymatic proteins.
Course Student Learning Outcomes: V
Assessments: Lab notebook check 7 of 12, Quiz 2

Week 9
Unit of Instruction: Polyacrylamide Gel Electrophoresis (PAGE) and Western Blots Student Learning Outcomes: The module will delve into the mechanism of how proteins are separated within the gel, with a specific focus on the role of sodium dodecyl sulfate (SDS) in standardizing the charge-to-mass ratio, ensuring a consistent and reliable migration pattern. Additionally, students will be introduced to the concept of Western blots, gaining an understanding of how this technique complements SDS-PAGE by facilitating the transfer of separated proteins onto a membrane for subsequent immunodetection. By the end of this module, students will have a comprehensive grasp

of SDS-PAGE, its distinctions from PAGE, and its integration with Western blotting as a powerful analytical tool in protein analysis.
Course Student Learning Outcomes: IV
Assessments: Lab notebook check 8 of 12

Week 10
Unit of Instruction: HPLC Student Learning Outcomes:
In this module on High-Performance Liquid Chromatography (HPLC), students will attain a comprehensive understanding of the technique, beginning with a focus on the equipment and its operational intricacies. Learning objectives will include the ability to proficiently manage and operate HPLC instruments, understanding the roles of key components, and troubleshooting common issues. Students will delve into the principles behind achieving efficient separation in HPLC, exploring factors such as column selection, mobile phase composition, and flow rates. Analyzing chromatograms will be a central skill, with students gaining expertise in interpreting peaks, understanding retention times, and evaluating the overall quality of separations. The module will culminate with an exploration of the diverse applications of HPLC in analytical chemistry, biochemistry, and various scientific disciplines.
Course Student Learning Outcomes: II
Assessments: Lab notebook check 9 of 12, Exam 2

Week 11
Unit of Instruction: Mass Spectrometry
Student Learning Outcomes: In this unit, students will develop proficiency in operating Gas Chromatography-Mass Spectrometry (GC/MS) instruments, including understanding the functions of both the gas chromatograph and the mass spectrometer, and learning how to troubleshoot common issues. They will explore the principles of efficient separation, focusing on factors such as column selection, temperature programming, and carrier gas flow rates. The unit will also build students’ analytical skills in interpreting complex outputs, including mass spectra and chromatograms. Students will examine the wide-ranging applications of GC/MS in fields such as environmental analysis, forensic science, and pharmaceuticals. By the end of the unit, students will be equipped to use GC/MS as a powerful tool for compound identification and quantification.
Course Student Learning Outcomes: III
Assessments: Lab notebook check 10 of 12

Week 12
Unit of Instruction: Bioinformatics
Student Learning Outcomes: In this module, students will explore how bioinformatics supports and enhances protein purification strategies. They will gain proficiency in using computational tools to predict key physicochemical properties—such as isoelectric point and hydrophobicity—that inform purification protocol design. Students will learn to utilize

databases and algorithms to identify potential contaminants and refine purification strategies based on protein sequence data. The module will also cover the application of bioinformatics in analyzing mass spectrometry data for protein identification and characterization. By the end of the module, students will be able to effectively integrate bioinformatics tools into experimental workflows, improving the efficiency and accuracy of protein isolation and analysis.
Course Student Learning Outcomes: VI
Assessments: Lab notebook check 11 of 12

Week 13
Unit of Instruction: Strategies and Trouble Shooting
Student Learning Outcomes: In this unit, students will learn how to develop an effective protein purification strategy, beginning with clearly defining the objective of the purification process and selecting an appropriate protein source. They will design a protocol for protein extraction and choose an initial separation technique, followed by the selection of a suitable chromatographic method. Students will optimize buffer systems to ensure compatibility and consider additional strategies such as affinity purification or labeling. The unit will cover pre-treatment steps, including desalting and concentration, prior to chromatography. Students will sequence the chromatography steps to achieve optimal purification, monitor protein separation using appropriate detection methods, and evaluate purity and yield at each stage. The process concludes with final concentration and desalting of the purified protein, along with troubleshooting and optimization to improve results.
Course Student Learning Outcomes: VI
Assessments: Formal lab protocol write up 2: new protein protocol




Week 14
Unit of Instruction: Applications of Protein Purification Student Learning Outcomes:
In this module on the applications of protein purification, students will develop a comprehensive understanding of the diverse roles and significance of obtaining highly pure proteins across various industries. The curriculum will explore the crucial applications in pharmaceuticals, emphasizing the role of protein purification in the production of therapeutic proteins essential for biopharmaceutical drugs. Students will delve into the diagnostic field, recognizing how purified proteins serve as integral components in the development of accurate and reliable diagnostic assays. The module will also cover biotechnological processes, highlighting the importance of protein purification in enzyme production for industrial applications. Additionally, students will gain insights into the applications of purified proteins in structural biology, research, vaccine development, the food industry, cosmetics, and environmental monitoring.

Course Student Learning Outcomes: VI
Assessments: Lab notebook check 12 of 12

Week 15
Unit of Instruction: Scaling Up Logistics Student Learning Outcomes:
This unit aims to provide students with a comprehensive understanding of industrial practices in protein purification. Through this experience, students will familiarize themselves with the sophisticated equipment utilized in large-scale operations, gaining insights into upstream and downstream processes. This unit emphasizes learning about quality control measures, regulatory compliance, safety protocols, and optimization techniques implemented by the company to overcome challenges associated with scale-up. Students will observe the integration of automation and technology, explore environmental impact considerations, and engage with industry professionals to gain valuable insights into trends and innovations. The overarching goal is to bridge theoretical knowledge from the purification course to its practical application in an industrial setting, preparing students for the complexities and considerations involved in large-scale protein purification processes.
Course Student Learning Outcomes: VI
Assessments: Formal lab protocol write up 3, Scale-up protocol write up
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