National Academies Northstar Institute for Undergraduate Education in Biology
Teachable Unit Framework


	Title of Unit
	Protein Function Follows Form: Small Changes may Cause Big Effects

	Date and Approach for Unit Development
	July 10,2013




	Unit Developers & Contact Information
	 Moriah Beck (moriah.beck@wichita.edu)
Masih Shokrani (mshokrani@niu.edu)

Karen Koster (karen.koster@usd.edu)

William Soto (wsoto@umn.edu)

David McDonald (david.mcdonald@wichita.edu
David Swanson (david.swanson@usd.edu)



	Context
	Prior knowledge: genotype /phenotype, central dogma, chemical properties of amino acids, heme/prosthetic groups

	Abstract
	Brief description of the unit and overall teaching approaches.
This presentation aims to elucidate the relationship between structure and function of proteins. Proteins are introduced based on their amino acids sequence (primary structure), shape of backbone (secondary structure), folding and three dimensional shape (tertiary structure), and whether proteins contain any subunits (quaternary structure). Enzymes are proteins that catalyze various reactions. Allosteric regulation, binding of a regulatory molecule, on a site on the enzyme other than the active site, is one way enzyme activity is regulated. Allosteric regulation results in the activation or inhibition of enzyme activity. Structure and function relationship is also illustrated by depicting oxygen binding to hemoglobin molecule which correlates for hemoglobin structure and function. Change in hemoglobin primary sequence due to single point mutations is utilized to illustrate how change in the amino acid sequence will affect hemoglobin structure and function. 



	Learning Goals & Outcomes/Objectives
	Goal(s):  Understand:

1) The relationship between protein structure and function


	Desired Outcome(s)/Objectives(s):  

1. Predict magnitude of effect of specific amino acid changes on protein function (BT = 6)

2. Predict how changes in cellular environment e.g. temperature, pH, binding interactions affect structure and function (BT = 6)

3. Collaborate with other students to solve problems

4. Analyze data about protein structure and function (BT = 5)

5. Modify protein sequence / structure for specific function/enhancement (BT = 6)

	
	2) How environmental changes can affect protein structure/function


	

	
	3) How many mechanisms can change protein structure, which may modify function
	

	
	
	

	Incorporation of Scientific Teaching  Themes

	Active Learning

· Amino Acid classification : Group activity

· Structure/function/mutation

· Predict what will happen to structure/function upon AA change
	Assessment

· Clicker question (how many changes)
· Individual quiz; Group quiz, Group discussion

· Data Interpretation

	Diversity

· Appeals to different learning styles with multiple activities and multiple assessment types
· Labeled color on graphs for visualization by color blind individuals



	Activities outside of class:

· Paper Reading: Ikeda et al 1997 and guided problems
· 150-word essay: Hb function and altitude

Activities in class:

· Movie 

· Mini-lecture: enzyme function & regulation with clicker questions 

· Mini-lecture: Hb function and regulation + Group discussion questions
Activities during tidbit:
· Amino acid classification
· Group activity: Hb structure/ function/mutations


	Pre-assessments:

· Enzyme function & regulation clicker questions 

· Hb function and regulation group discussion questions
Post-tidbit assessments:

· Summative Assessment: enzyme function & regulation

· Formative/Summative Assessment: Hb function and altitude essay
	


Sample Presentation Plan (detailed schedule with approximate timing for unit)

	Session 1



	Time (min)
Learning Outcome(s)
Activity/assessment
Explanation, notes, suggestions, tips
1-2
Understand different levels of protein structure to emphasize flexibility/dynamic  nature
Watch movie 
2-20 
Predict how changes in binding interactions affect structure and function 
Mini-lecture on enzyme function, regulation, and allostery
20-25
Understand that binding of allosteric regulators can be both positive and negative 
Formative assessment, clicker questions on allosteric regulation figure
25-30
Continue to probe understanding of allosteric regulation if need be
30-35

Read and understand scientific literature
Jigsaw reading assignment and guiding questions presented

2nd class session; 5 min

Collaborate with other students; interpret and predict data

Discuss group answers to reading assignment questions



	

	Session 2

	Time (min)
	Learning Outcome
	Activity/Assessment
	Notes/Tips

	Preclass
	N/A

	 
	

	0-10
	Hypothesis generation from geese flying over climber on Mt. Everest slide
	Individual followed by group discussion of potential hypotheses explaining figures
	

	0-10
  
	Understand Hb functional properties and adaptive consequences

	Mini-lecture: Hb function and regulation + Group discussion questions
	

	10-20

	Should be able to classify amino acids based on structural properties
	Amino acid classification exercise


	

	20-45
  
	Predict how amino acid mutations will affect structure and function of Hb
	Group activity: Hb structure/ function/mutations


	

	45-50

	Synthesis and prediction of how Hb structure and function will respond to hypoxia
	Explanation of Summative Assessment Essay for homework
	

	3rd Class Session

10-15 min
	Discussion of Summative Assessment Essay
	Clicker Questions or Group Discussion Questions
	


Add additional activities information as needed for the unit.  
Resources for Teaching the Unit
(other files and information needed/helpful to teach the unit, including files for papers from which original data for class activities is taken, supporting information for the instructor, handouts, in class activities materials, assessments with answer keys, homework assignments, etc.)

1. Protein structure movie downloaded from: www.youtube.com/watch?v=iaHHgEoa2c8
2. Clickers

3. Ikeda et al. 1997 JBC 272:20495-20501

4. Hb mutation information from: www.globin.cse.psu.edu/html/huisman/variant/
5. Hb mutation information/data handouts

6. Amino Acid structure cut-outs
7. Site Directed Mutator Web Site: Used for determining how mutations in proteins affect structure; www.mordred.bioc.cam.ac.uk/~sdm/sdm.php
8. Protein Data Bank Web Site: Shows structures for all hemoglobin mutants and wild type. Need this information to visualize site of amino acid substitutions in hemoglobin molecule. URL: www.rcsb.org/pdb (type in 2HHB to get to 3-D structure of hemoglobin).

9. Pymol free downloadable software. Provides 3-D images of protein molecules, including hemoglobin. Download from www.pymol.org.
10. NCBI Web Site: Lists hemoglobin mutants and evidence for structural change. URL: www.NCBI.NIH.gov/protein/56749856 

Summary of Origin of the Idea 
Initial discussions centered on hemoglobin as a model for showing structure/function relationships in proteins, as several of us have had experience teaching using hemoglobin as a course topic. We initially began with sickle cell hemoglobin as a primary component of the introduction to the material. However, upon further reflection and consideration of comments during preparation of the teachable unit, we realized that sickle cell anemia was not a very useful lead-in to our proposed activity, which involved predicting the effects of amino acid mutations in Hb upon structure and function. We therefore scaled down the introductory material on Hb function and regulation and added a component on the basics of enzyme function and regulation. The specific activities were developed after carefully considering learning outcomes of the teachable unit, as well as the knowledge necessary to successfully make predictions for the Hb mutation activity.
Effectiveness of unit components (if you have used it or part of it in your own teaching)
The amino acid classification tidbit was used before in both a large lecture intro biochemistry course and a graduate level protein-structure course.  In both cases, the students worked well in groups to quickly determine the groupings and even name these groups.  It left the entire class speechless and we can’t imagine why anyone else wouldn’t want to use this in their class.

Summary of Feedback
Positive

Protein movie gave a good representation of the dynamic nature of proteins in vivo.

Unit covered all of the Bloom’s Taxonomy levels.

Loved the remediation slides!

Exercises were complicated but accessible.

Instructions were clear and helpful.

Frustration from the inability to make correct predictions can be used as a good learning tool.

Constructive

Provide a hook at the beginning of the Hb unit – perhaps use the goose-climber slide at the beginning and end of the Hb unit to make it more cohesive.
Do one of the prediction exercises as a group demonstration before breaking into groups.

If some groups get done with the activity early, make sure that you have something for them to do.
Mutation/prediction activity was fun, but somewhat frustrating because it was difficult to make correct predictions. Make sure that you drive home the point that mechanisms affecting the structure and function of hemoglobin are not well understood and that their impacts are difficult to predict, so the purpose of the exercise is to develop hypotheses and test them with data, not to make correct predictions from the data.
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